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ABSTRACT

The BLT-EC computer code has been developed, implemented, and tested. BLT-EC is 8 two-dimensional finite
clement computer code capable of simulating the umne-dependent release and reactive transport of aqueous phase species
in a subsurface soil system. BLT-EC contains models to simulate the processes (container degradation, waste-form
performance, transport, chemical reactions, and radioactive production and decay) most relevant 1o estimating the release
and transport of contarminants from & subsurface disposal system. Water flow 1s provided through tabular input or auxiliary
files. Container degradation considers localized failure due to pitung corrosion and general failure due to uniform surface
degradation processcs  Waste-form performance considers release to be limited by one of four mechanisms: nnse with
partiionung, diffusion, uniform surface degradation, and solubility. Transport considers the processes of advection,
dispersion, diffusion, chemical reaction, radioactive production and decay, and sources (waste form releases) Chemical
reactions accounted for include complexation, sorption, dissolution-precipitation, oxidation-reduction, and 1on exchange
Radioactive production and decay 1n the waste form 1s simulated. To improve the usefulness of BLT-EC, a pre-processor,
ECIN, which assists in the creation of chemistry input files, and a post-processor, BLTPLOT, which provides a visual
display of the data have been developed. BLT-EC also includes an extensive database of thermodynamic data that 1s also
accessible 10 ECIN. This documnent reviews the models implemented in BLT-EC and serves as a guide 10 creating input files
and applying BLT-EC
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EXECUTIVE SUMMARY

The objective of the source term ¢valuation project 1s to provide a suite of models capable of predicting
racionuchde release rates from low-level radioactive waste disposal faciliies. Six models have been produced thus far under
thus program These models sumulate container performance, waste-form performance, and advective-dispersive transport
n & porous media  Two of these models, DUST (Disposal Umit Source Term) [Sullivan, 1993] and BLT (Breach, Leach,
and Transport) |Sullivan and Suen, 1989] are single-species, single-solute codes. DUST 1s a one-dimensiona! finiie-
difference model which was developed 10 permut rapid simulation of a large number of simple cases and is extremely useful
for screenung studies (o determune, for example, the radionuclide released from the facility at the highest rate. BLT is a two-
dimensional finite-element model designed to permit more detailed analyses taking into account the effects of geometry and
material amsotropy due to different facility designs and hydrogeologic conditions. A third model GETAR (Gas Evolution
Transport and Reaction) [Yim, 1994] wes developed to examine release of gas phase contaminants, e g, “C, *H, *Rn
It 1s a one-dimensional, multiple solute code capable of analyzing production of gases due to biodegradation and their
subsequent transport out of the disposal facility.

Although DUST and BLT are apphicabie 1o a wide range of LLW performance assessment problems, they can only
calculate the release and equeous phase transport of a single chemical species duning a simulation  In some applications,
this limutation precludes adequate assessment of potentially important processes of radioactive production due to decay and
geochemical interactions between the vanous radionuclides, chemicals in the aqueous phase, and the surrounding porous
media  To better address these problems, DUST and BLT have been extended to include scquential and branched chain
decay wheremn a parent may produce two progeny radionuchdes  The resulting codes are DUST-MS (Disposal Unit Source
Term - Multiple Spezies) and BLT-MS (Breach, Leach, and Transpont - Mulupic Species) [Sullivan et al, 1996) To address
geochemical interacuons, BLT-EC (Breach, Leach, and Transport - Equilibrium Chemustry) has also been developed
[MacKinnon et al, 1995]

The objective of this document 1s to provide the necessary information to understand and apply the BLT-EC code
1o problems n subsurface disposal of wastes. BLT-EC 1s a two-dimensional finite-element computer code capable of
simulating the tme evolution of concentrations and chemical reactions resuling from the ime-dependent release and
transport of aqueous phase chemical components in a subsurface soil system It has the following features.

B Container degradation models, BLT-EC simulates local corrosion (only a small fraction of the container
area 1s breached) and general corrosion (entire container 1s assumed to fail when corrosion thickness
reaches the corrosion allowance) BLT-EC permuts simulation of multiple sets (currently dimensioned
as 20) of container failure parameters. This feature permits an casy method 1o simulate the different
failure umes expected from the different containers.

. Waste-form leaching maodels, BLT-EC simulates four processes that can control release from the waste
form The processes are: surface nnse upon contact with water subject (o equilibrium partitioning,
diffusion, uniform degradation, and solubility hmited release. BLT-EC permuts simulation of muluple
(currently dimensioned as 20) waste-form release parameters. In addition each waste form may have @
unique mventory. This allows a method 1o simulate the range of waste forms that may potenually occur
in disposal

. A transport model that considers advection, dispersion, diffusion, radactive decay and production,
chemicel reactions, waste-forni sources, and external sources and sinks

. An equilibnum chemuistry model that simulates complexation, sorf»uon. dissolution-precipitation, ion-
exchange, and oxadation-reduction

. Simulation of up to 25 radionuclides and chermical components, each with unique waste-form release and
transpont propertic
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Simulation of chain decay with branching in the waste form prior to release and during transport.
Seven sorption models including 1) the activity K, model, 2) the activity Langmuir model, 3) the activity
Freundhich model, 4) the 1on-exchange model, 5) the constant capacitance model, 6) the tnple-layer
model, and 7) the diffuse-laver model

An input processor (o assist the user in defining system chemistry.

A thermodynamic database that is accessed automatcally during simuletion

BLT-EC, in addition to the capability of simulating muluple species and radioactive ingrowth within a single
stmulation, has a number of other improvements over its predecessor, BLT These include

L I

improved treatment of how the sources are placed into the transport equation,

improved treatment of the rinse release model with partitioning,

improved treatment of the uniform degradation model,

improved methods of specifving the finite-clement geometry, and

improved post-processor, BLTPLOT, which can be used 1o visualize the data and generate a paper copy

Thus report provides:

the theory and governing equations used to simulate release from the waste form and reactive transport
n porous mecha.

the results of a number of verification studies that demonstrate BLT-EC 1s capable of accurately
predicing transport wath chermical reaction. chain decay, and mgrowth of progeny 1n the waste form prior
10 release

@ detailed discussion of input requirements and formatting requirements

an overview on how 1o use ECIN, a menu-driven pre-processor that is useful in creating chemistry input
files used by BLT-EC

8 discussion of the output files generated by BLT-EC

information on the use of BLTPLOT, & menu-driven post-processor that 1s capable of generating a
graphucal or hard copy display of the information generated by BLT-EC

an overview of chemical concepts, adsorption models, and the thermoadynamic database
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FOREWORD

This technical report was prepared by Brookhaven National Laboratory as part of a research project with the
Waste Management Branch of the Office of Nuclear Regulatory Research (FIN A3276). This report documents
the background and requirements for use of one of the research computer codes developed under this project.

NUREC/CR-6515 is not a substitute for NRC position papers or regulations, and compliance is not required.

The results, approaches, and methods described in this NUREG are provided for information only. Publication
of this repurt does not necessarily constitute NRC approval or agreement with the information contained herein.
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I INTRODUCTION

1.1  Background

The U S. Nuclear Regulatory Commussion (NRC) 1ssued the regulation 10 CFR Part 61, “Licensing Requirements
for Land Disposal of Radioactive Waste” [Federal Register, 1982] This regulation specifies license requirements and
performance objectives for low-level radioactive waste (LLW) disposal facihiies with the goal of protecting public health
and safety and the environment  In particular, a requirement found in 10 CFR PART 61 states that “proposed disposal site,
disposal facihity design, land disposal facility operations (including equipment, faciliies and procedures), disposal site
closure and post-closure nstitutional control 1s adequate to protect the public health and safety .. " In the post closure
period, protection of the public 1s judged by requinng that potential releases do not exceed an equivalent dose of “25
mullirems to the whole body, 75 millirems to the thyroid, and 25 mullirems 1o any v'her orgaa of any member of the pubhic ™
A LLW performance assessment 1s an essential component of the licensing process (o provide reasonable assurance that
these performance objectives will be met.

A LLW performance asscssment itegrates all of the processes and events that influence the potential for human
exposure 1o radioac! vity disposed 1n a LLW facility A key component of a performance assessment 1s the source term.
The source \erm 1s defined as the radionuchide release rate from a disposal facility. In general, release can oceur in both
gaseous and aqueous (ground water) phases Often, there 1s confusion over the definitions of inventory and source term
Inventory 1s the mass of each contaminant disposed and is one component of the source term. The source term refers to a
more peneral concept that includes the inventory as well as the physical and chemical processes that influence releasc and
transport of contaminants out of # facility.

In this report, attention 1s focused on radionuchide releases-to ground water. Releeses 10 ground water from o
disposal facility are controlled by water infiltrating into the facility, access of water to the waste forms, release of
radionuchides 10 the contacung water, and subsequent migration of radionuclides out of the facility These processes are
influenced by facility design, precipitation, hydrology, geochemustry, and waste-form and contamer performance
charactenstics  All of these processes can play an important role in esumating the source term.

The BLT-EC (Breach, Leach, Transport - Equilibrium Chemustry) code has been developed to simulate the major
processes that control release to the ground water from LLW disposal facilives. This code can simulate container
degradation. waste-form leaching, geochemical processes, radioactive production and decay in the waste form as well as
dunng transport, and contarmunant migration 1n unsaturated or saturated porous media. In addition, BLT-EC allows the user
1o specify releases of iron, calcium hydroxide, or other matenials to infiltrating water resulting from the degradation of metal
containers and concrete engineered barriers

BLT-EC combines portions of three existing computer codes, BLT [Sullivan and Suen, 1989]
HYDROGEOCHEM |Yeh and Tripathy, 1989), and MINTEQAZ2 [Allison et al, 1991] The container and waste-form
performance models (Breach and Leach) from BLT are improved and used in BLT-EC to esimate the ime at which release
begins and the rate of release of contarmnants from waste forms  The transport model in BLT-EC is based on a modified
version of the hydrologic transport module contained 1n the fimite-clement code HYDROGEOCHEM  The geochermical
model used 1o solve the chemical equilibnum reaction equations i BLT-EC 1s 8 modified version of the geochemical
computer code MINTEQAZ2  The fact that this geochemical computer code has a large user community was an important
factor i the selection of this code for BLT-EC. In addition, the code 's extensive thermodynamic data base 1s continually
being expanded for applications in waste management.  Also provided with BLT-EC is the preprocessor ECIN, an
interactive program designed 1o help the BLT-EC user ereate BLT-EC’s chemistry input file. Water flow is handied through
tabular input, or auxiliary files created by hydrological codes BLT-EC has been designed with the objective of being flexible
enough 10 handle the wade vanety of conditons that may potenually exist However, to allow for special cases and to permut
casy modification of the models within the code, a8 modular code structure has been used
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1.2 An Overview of BLT-EC

An objective in developing the BLT-EC code was to produce a tool that could, based on mechanistic prnciples,
sumulate 8 wide vanety of situations that may be encountered in low-level waste disposal  The pnmary output from BLT-EC

phase species out of a disposal facthty  This information 1s used as mput to other codes with the ulumate objective of

obtaining an estimate of the dose that could potentally occur due to waste disposal. An overview of the processes considered
in BLT-EC 1s presented n Table 1.1 BLT-EC has the following features:

. Container degradation models BLT-EC simulates local corrosion (enly a small fraction of the container
area is breached) and general corrosion (entire container is assumed to fail when corrosion thickness
reaches the corrosion allowance) BLT-EC permits simulation of multiple sets (currently dimensioned
as 20) of contamer failure parameters This feature permits an casy method 1o simulate the diflerent
futlure umes expected from the different contamers

. Waste-form leaching models. BLT-EC simulates four processes that can control release from the waste
form The processes are surface ninse upon contact with water subject to equilibrium partitioning,
diffusion, umform degradation, and solubility limited releas.  BLT-EC permits simulation of multiple
(currently dimensioned as 20) waste-form relcase parameters. In addition, cach waste form may have a
unique inventory  This allows & method o simulate the range of waste forms that may potentially occur

in disposal

. Water-flow rates and moisture contents, which nfluence container degradation, waste-form leaching, and
transport are input variables

. A transport model that considers advecton, dispersion, diffusion, radioactive decay and production,
chemical reactions, waste-form sources, and external sourzes and sinks

. An equilibnum chemistry model that simulates complexation, sorption, dissolution-precipitation, ion-
exchange, and oxidation-reduction

. Sunulation of up 1o 25 radionuclides and chenucal components, each with unique waste-form release and
transport properties

. Simulation of chain decay with branching in the waste forn prior to release and during transport

. Seven sorpuon models including 1) the activity K, modr ., 2) the activity Langmuir model, 3) the activity

Freundlich model, 4) the 1on exchange model, 5) e constant capacitance model, 6) the tnple-layer
model, and 7) the diffuse-laver model

. An mput processor 1o assist the user in defining system chemustry
. A thermodynamic database that 1s accessed automnatically during simulation

Each of these features are discussed in detail in this report
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Table 1.1 Overview of Process Models Considered in BLT-MS

CONTAINER DEGRADATION
Model.  Local failure (partial failure)
General failure (ime 10 failure)
Output Fraction of the container that 1s breached as function of time

WASTE-FORM RELEASES
Model.  Rinse release subject 1o partitioning
Diffusion controlled release
Uniform degradation release
Solubility limited release
Chain decay
Output:  Waste-form mass release rate per unit volume for the transport
equation.

TRANSPORT
Modri.  2-dimensional finite-clement simulation of
advection, dispersion, diffusion, linear sorption, radioactive
production and decay, first-order degradation in the hiquid and solid
phases, and sources (waste forms as well as external sources)
Output:  Time evolution of concentration at each spatial location in the
modeled domain

CHEMISTRY
Model:  Simultaneous solution of nonlinear mass action and linear mass
balance equations to represent complexation, dissolution-
precipitation, sorption, 1on-exchange, and exidation-reduction
reactions
Output:  Total component concentrations in aqueous, sorbed, and solid phase,
speciation of chemical components, and pH and Eh conditions

The ~aputational approach that implements the models outlined in Table 1.1 includes the following procedures within each
time step

water-flow rates and moisture contents are updated based on input, if necessary.
container performance 1s calculated.
radioactive production and decay in each waste form 1s calculated

if container failure has occurred, waste-form release rates are calculated for each contaminant in each
container

the transport of each contaminant s calculated over the time step

chemical reactions controlling solubility and sorption duning transport are calculated
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BLT-EC, in addition to the capability of simulating multiple-species transport with chemical reactions, has a
number of other improvements over its predecessor, BLT  These include

. improved treatment of how sources are placed into the transport equation,

. improved treatment of the rinse release model with partitioning, and

. improved treatment of the uniform degradation model.

. improved post-processor, BLTPLOT, which can be used to visualize the output data and generate a

paper copy of concentration contour plots, system maps, and x-y plots of leaching data, concentration
or flux at specified locations

These improvements will be described in later sections of the report

1.3  Code Structure

The modular structure of the complete BLT-EC vode package 1s illustrated 1n Figure 1 1 This package consists
of six modules. (1) an optional preprocessor, ECIN, that assists the user in preparing chenucal input data, (2) the BLT
maodule that simulates radionuclide release and mugration, (3) the EC module that simuiates the chemical reactions. (4) the
hydrogeologic data module that transfers data from FEMWATER's finite-clement mesh to BLT-EC's finte-clement mesh
for use by the BLT module, (5) the thermodynamic data base that provides the EC module with the pertinent reac.ions and
data, (6) the postprocessing module BLTPLOT that provides graphical displays of output

BLT loput ECIN
File (EC Input
File)
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Figure 1.1 Top-Level Flow Chart of the BLT-EC Code
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1.4 User Requirements

To effecuvely apply BLT-EC the code user will need a fundamental understanding of the physical and chemical
processes that influence release and transport of radioactive materials in subsurface systems  These processes are
summarized in section 2 of this report and are described in detail in a companion report [MacKinnon, ¢t al 1995]. In
addition, a basic understanding of finite-clement methods 1s also nceded A number of references on the finite-ciement
method exist [Finlayson, 1980, Carey and Oden, 1986] and implementation of the finite-element methods in the
FEMWATER code is discussed in [Yeh, 1987]

Misuse of computer codes oceurs frequently.  The chances of misapplication of the code can be mimmized by
acquinng basic experience with BLT-EC prior to application on a ficld-scale problem Basic expenence can be gained
through the apphication of test problems supplied with the code and examination of the output generated by the code

1.5 Computer Requirements

BLT-EC and ECIN are written in standard FORTRAN 77 and can be compiled on most personal computer (PC)
and work station systems with only minor alterations (1 € , changes in OPEN statements, etc.). The majority of development
and ‘esting of BLT-EC and ECIN have been performed on DOS-BASED PC's However, the code has been compiled on
a number of workstations (SUN, IBM, and Hewlett Packard)  As configured, BLT-EC requires, as a mimmum, a 486-based
PC machine with a math coprocessor and at lcast 8 MB of RAM  The memory requirement 1s large because of the size of
the arrays in BLT-EC  Much smaller configurations can be obtained by redimensioning the arrays in BLT-EC. ECIN
requires | MB of memory

1.6  Report Outline

The objective of this document 1 to provide the necessary information to understand and apply the BLT-EC code
{0 problems i subsurface waste disposal  Section 2 provides the theory, governing equations, and numerical approximations
used to simulate release and transport. Section 2 has a brief discussion of water flow, followed by more detailed discussions
of container performance, waste-form leaching including the process of ingrowth, contaminant transport, chemycal re.ctions,
and finite-element approx:mations to the governing equations  Section 3 discusses the coupling between major process
models and assumptions that are used in the code. Section 4 presents the results of a number of verification studies that
demonstrate BLT-EC is capable of accurately predicting reactive transport with chain decay, and ingrowth of progeny in the
waste form prior to release  Section S provides an input guide for BLT-EC’s man mnput file which defines matenal
properties, problem geametry, chemical components, waste forms, invenlory, and imitial and boundary conditions. Section
6 provides an overview on how 1o use ECIN, a preprocessor that creates BLT-EC’s chermstry input file. The chemistry input
file defines the chemical reactions and conditions that are to be included 1n an analysis. Section 7 discusses the output files
generated by BLT-EC. In addition to the mamn output file, 2 number of auxiliary output files containing information on waste-
form releases, waste-form mass balances, and detailed chemical conditions at specified pomnts in the modeled domaun are
generated  Section 8 presents information on the use of BLTPLOT a post-processor that 1s capeble of generating a graphical
or hard copy display of the information generated by BLT-EC. Section 9 provides a summary and concluston of the matenial
contaned 1n this report. Finally, appendices A, B, C, D, and E provide descripuons of program routines and arrays, output
files. chemical and mathematical concepts, the thermodynamic database, and adsorption models, respectively
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2 MATHEMATICAL MODEL DESCRIPTION OF BLT-EC

2.1  Overview of Important Processes Controlling Release

Subsurfece release and transport of radionuclides from a low-level waste disposal facility involves estimation of
the rate of water flow through and around the facility, container performance, waste-form performance, and radionuclide
transport with chemical reactons.  This section of the report describes the conceptual models, major assurptions, and
governing equations used to represent these processes.

A flow diagram of the mejor processes and events 1s presented in Figure 2.1. In thus diagram, the centrally located
components (nventory, container performance, waste-form performance, and transport) represent the primary factors that
directly determune the release of contarninants. The secondary factors, represented by infiltraton and chermustry, influence
the primar v factors and their control on release. Arrows leading from one factor to another denote coupling between the
factors. Arrows that poii. = both directions indicate that each factor can influence the other. The dashed arrow signifies
a weak coupiing between infil'ration and container performance. Each of the factors, and the influence they exert on the
release of radionuchdes, are briefly summarized in the following paragraphs.

Inventory

Container

Performance '——*I

-

Nouop - :
ﬁnﬁlnatnon L—-—-—. Waste Form ghemnstry

|
!
1

i Performance g
T ]
___Transport
|

| SOURCE TERM |
[ x |
'Gas ; | | , Liquid
‘Phase | ' Phase
'Release | 'Release
o St o R

Figure 2.1 Major Processes Involved in BLT-EC Simulations of Release and Transport

The inventory represents the mass of radioactive contaminants in the system upon disrosai. jucallv. the distnbution
of the inventory by waste container and waste form is known and this information is usec. in estimating releasc: from the

7 NUREG/CR-C515




waste form  The usc of this information is represented by the arows leading from the inventory to the waste form and
container performance sections, as shown in Figure 2.1 In general, the chemical form of the inventory can influence
contaner performance through interactions that cause degradation of the container  Typically, chemical interactions between
inventory and continers are not considered exphicitly in source-term modeling. The physical and chemical forms of the
inventory, however, directly impact waste-form performance.

Accurate representation of the source term requires knowledge of the inventory n terms of its physical and chemical
form, its incorporation into specific waste forms, and its disposal n specific containers  Close to 300 different radionuchides
have been disposed in LLW disposal sites. The vast majonty of these do not significantly contribute to predicted dose.
Almost all of the disposed activity 1s found in relatively short-lived (e.g., half life < 301 years) radionuchides including Cs-
137, Co-60, 8r-90, H-3, Fe-55. These radionuclides are generally precluded from senious concern in erms of predicted dose
because of their short half-lives, waste container and waste-form performance, and long travel times 1o the accessible
environment.  The major contributors to predicted dose tend to be long-hved, soluble, mobile, radionuclides. These
radionuclides include 1-129, Tc-99, C-14, CI-36, and, under the proper chemical conditions, uranium 1sotopes and their
daughter products

Container performance 1s measured in terms of the ability of the container 10 control the access of air and water o
the waste form  While the container 1s intact, it will provide a barner to prevent contact of wastes with aqueous fluds.
Failed containers permit communication between aqueous fluids and waste forms and this communication s represented
schematically in Figure 2.1 by the arrow poinung from container performance to waste-form performance. Container
performance can be influenced by chemustry and, 10 a lesser extent, infiltration. Electrochemical reactions are the primary
means by which containers degrade, e g comrosion  As containers degrade, reactions can alter the Jocal chemical
environment i the disposal facility, in particular the redox and pH conditions Although container performance is typically
assumed to be independent of infiltration rate, subsidence of containers and wastes can influence the infiltration rate into the
wasle containing region

LLW containers span & wide vanety of sizes, shapes, and materials of construction. The majonty of LLW
contamners are 55 gallon carbon steel drums. More active wastes, Class B and C wastes, are often disposed in high integnty
containers (HICs) Matenal used to construct HICs include stainless steels, Ferallium, and high-density polyethylene
(HDPE). To simplify the task of modeling contamer performance, assumptions are typically made which permit containers
1o be grouped nto a few different categones. Within each category of container, the performance of each individual
contamner 15 assumed to be identical,

The waste as generated is called a waste stream A waste stream may be placed untreated into the container, or
it may be treated with sorbents or sohdification agents, compacted or incinerated to reduce volume, de-watered, or
surrounded wath backfill to mimimize void space in the container. A waste form is defined as the final physical form of the
contwrunated matenal as placed in the waste container. Waste-form performance 1s measured 1n terms of the ability of the
waste form lo control release of the radionuchdes 1o the contacting fluids Release to contacting fluids 1s denoted in Figure
2.1 by the arrow pomnting from waste-form performance to transport. Waste-form performance can depend on the imitial
physical and chermical form of the inventory, e of contamer failure, the local chemical environment, infiltrating water flow
rate, and transport away from the waste form. Release of contaminants and other waste form constituents may also alier the
local chemical environment

A review of the compilation of data from commercial shipping manifests [Roles, 1990) indicate there are 19
caiegones of waste forms. Evaluaung the release from different waste forms on an individual basis 1s impractical  Therefore,
as with containers, assumpuons are made 10 group waste forms into a few different categones. Exarmination of inventory data
indicate that over 95% of the total activity [Cowgill and Sullivan, 1993] 1s contained in the following waste form groups
activated metals, cement solidified wastes, dry solids, de-walered resins, evaporator bottoms, filter sludges, and solid
noncombustibles. The grouping of wastes assumes that al! different waste forms within a group have the same relcase
mechamsm, although the release rates could be different.

Release from the waste form provides a source of contarminants for transport out of the disposal facility The
processes that influence transport of contamnants nclude advection, diffusion, dispersion, solubility, sorption, and
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racioactive decay - Advection caused by infiltrating water 1s often the dominant transport mechanism. As radionuclides
migrate away from their release point, they may encounter progressive changes in chemical conditions (e.g., pH, Eh,
mineralogical constituents) and expenence changes in their chemical form  These changes, if significant, may produce
substantial alterations in solubilities and sorption capacities of the contaminants and ulumately their transport rates.
Transport of materials released from facility components (e g, engineered barmiers, contamers, and waste forms) due to
chemical reactions may also alter the chemical environment

Infiltration 15 the rate of water flow into the disposal facility. Infiltration into a facility is controlled by the rate and
duration of precipitation at the surface, and the hydraulic properties of the cover and engineered barners. Water that enters
the top soil layer ulumately becomes separated into four fractions: (1) water that remains in storage in the soil pores, (2)
waler that retums to the atmosphere due (o evapotranspiration, (3) water that is diverted laterally by the cover, and (4) water
that percolates downward. If the duration and application of precipitation at the surface are sufficiently large, a wetting front
will penetrate deep nito the waste contawning region. Once the apphication of precipitation stops, water infiltration in near-
surface matenals will cease, while the deeper penctrating water will continue 10 redistribute as it flows downward through
the facility  In general, flow through shallow-land disposal facilities 1s three-dimensional and nonuniform due o obstructions
to flow and localized eflects such as cracking of engneered barmiers. In performance assessment, the source region s
typicaily treated as containing a steady and spatially uniform flow field

The ume frame for performance assessments (thousands of years) often leads to the assumption of steady-state flow

The justification for thus assumption 1s that seasonal fluctuations will not be important, in the long term, as compared to the
long-term average [Kozak et al,, 1989] Numencal studies have shown this 1o be true for non-recctive transport in & spatially
uniform flow field [Dugwd and Reeves, 1977, Weirenga, 1977) However, sorption processes often exhibit hysteresis and
transitory effects can influence long-term transport in a non-linear manner [Jones and Watson, 1990 In addition, use of
lime-dependent flow rates may be required if there are localized eflects that favor movement of contaminants over large
distances in short penods of time due to episodic flow events. Ir: a disposal vault, this could oceur through channels that may
form due to improper placement of backfill or subsidence of the wastes.

The secondary factor denoted as chemustry consists of all chemical reactions, including microbially facilitated
reactions, that can alter the mobility of radionuclides. Chemical controls on transport involve solubility limits and sorption
reactions. Solubility lumits may restnct the amount of contaminant in solution. Excess amounts form an immobile precipitate.
Chermical reactions may be reversible, or irreversible. Chemical reactions such as surface adsorption and 1on exchange act
to reduce solution concentrations and delay or retard the movement of radionuclides. Complexation of radionuclides with
ligands and chelaung agents can enhance the mobihity of radionuchdes by increasing their solubility and reducing their
tendency to adsorb.  In addition to solution reactions, colloidal particles may form  Colloids are naturally occurring
suspended particles with diameters less than ten microns.  Colloids have different transport properties than aqueous solution
species and can serve as an important mechanism for increasing the mobility of radionuchdes.

In LLW shallow land disposal facibues, the dependence of water flow parameters, such as hydraulic conductivity,
on contaner degradation and waste form leaching should be small. Therefore, water flow 1s assumed to be independent of
all other processes All other processes, however, are coupled to water flow. Container degradation (breach) modeling
involves the prediction of piting and general corrosion rates These processes are, in general, functions of the moisture
content, pH, and redox conditions 1n the backfill adjacent to the contmners Waste-form release (leach) modeling requires
informauon from all four other process models. This information includes the breached area as a function of ime from the
container degradation model, the concentration of contaminants in solution adjacent 1o the waste form from the
transport-chemical process models, and the inlet and outlet flow rates and moisture content from the water flow model
Chermucal process modeling requires, besides therrnodynamic data, concentrations of all chemical components in the system,
these are provided by the transport model Transpont modeling requires the release rate from the leaching models, and the
water flux and moisture content distnibution in the soil

Before proceeding with the mathematical model description, a bnef description of the finite-element approach 1s
provided in the next section.  Thus description 1s necessary to provide the framework for model calculations in BLT-EC
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2.2 Overview of the Finite-Element Approach to Modeling a LLW Disposal
Facility

A gencral approach to modeling & low-level waste disposal facility begins with & definition of & conceptual model
of the system and its behavior Based on this conceptual model, appropnate data on inventory, waste forms, containers, and
transport propertics are collecied  The geometry of the different regions (engineered barmers, cover systems, waste
contamning region, soil layers, Jocation of the water tablc, ctc ) are also defined.  Based on this information, assumptions are
tymcally made to simplify the system into a form amenable for numencal simulation. For BLT-EC, these assumptions will
likely include homogenizing the wastes and containers into a few types with specific release properties, assuming uniform
transport properties for certain regions in the modeled domain, and reducing the three-dimensional disposal system into a
two-dimensional representation

The fintte-element approach discretizes the domain to be modeled into a collection of subregions called finite
clements. An example of a fimte-element gnd 1s presented in Figure 2.2 The modeled region shown 1s subdivided into a
number of quadrilateral regions The size of the finite elements are selected to provide the desired level of numenical spatial
accuracy in the solubon  As the finite element size becomes larger, numernical dispersion can significantly degrade solution
accuracy.  The comer pownts of fimite clements are called node pomnts and each element has four node points and four
quadrature or Gauss integration points Concentrations are calculated in BLT-EC at the node ponts

ey
S

% R R & B o)

g Waste FoomType 1 g Waste Form Type 2
M \Waste Form Type 3

Figure 2.2 Example of 2 Finite-Element Grid Representation of the Model Domain

The finite-element grid represents the transport domain of the BLT-EC calculation Waste forms are associated
with an element, and mass released from a waste form 1s ijected at certain node points of the finite element (Figure 2 3)
The method of entenng waste-form sources into the transpon equation depends on the flow rate through the finite-element
and 1s descibed in section 2 8 However, waste-form processes are assumed to be independent of transport processes, 1 ¢ |
diffusion in the waste form is independent of diffusion in the porous media This distinction is important when attempting
to model large (greater than the fimte element size) waste forms and when using the ninse-release model (section 2 5 1)
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Figure 2.3 Graphical Display of Waste Form Release to Specific Nodes in & Finite Element Based on the
Darcy Flux Vector

2.3  Water Flow Simulation

In source-tertn assessment, the objective of the water flow simulation 1s to ebtain the flow rate and moisture content
in the region being analyzed BLT-EC can accept these moisture and flow rate values from two sources: 1) they can be
specified as part of the mput file or b) be automatically read from an auxihary file. The auxiliary file contams a series of
velocities and moisture contents to represent the time evolution of the quantities at finite-element quadrature points.

The foundation for modeling ground-water flow 1s based on the physics of fluid flow through porous media. Soil
can be viewed as a solid matrix with & network of pores and channels through which flwd flows. 1t 1s impracucal to descnibe
the flow at thus level of detail (< 0.001 m) when attemnung to simulate {low over tens or hundreds of meters. Therefore, a
continuum approach is used in which fine details are averaged over a larger spatial domain

The governung equation for ground-water flow 1s formulated based on Darcy's Law for flow through porous media
and conservation of mass. Darcy's law states that the volumetnc flow rate 1s proportional to the hydraulic gradient and the
cross-sectional area

Ve-KVH @1

where V, 1s the Darcy flux (cm/s), K 1s the hydraulic conductuvity (cm/s), and H is the total head (cm) which 1s the sum of
the gravitauonal head and the pressure head  The mass balance equation obtained using Daicy's law to specify the flux is
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§ —=V- K'VH
> (2.2)

where S 1s the storativity, the additional volume of water stored in the porous medium, per unit nse of hydraulic head, per
unit volume of porous medium multiphied by the aquifer thickness

Equation 2 2 1s the fundamental equation for ground-water flow in porous media A number of excellent
discussions of the process of flow as well as methods for solving Eqn. 2.2 are avalable [Freeze and Cherry, 1979, Nzuonal
Research Council, 1990 In low-level waste disposal, the facility 1s usually located in the unsaturated zore As 8
consequence, the solubon of Egn. 2.2 18 numenically challenging because the hydraulic conductivity 1s a non-linear function
of the suction head  The hydraulic conductivity 1s highest when the porous media 1s saturated and decreases as the pores
become less filled with water. In certain regions of the conductivity versus head curves, a small change in suction head can
lead 1o several orders of magnitude change in conductivity. If the porous medium 1s saturated, the suction head 1s zero and
the hydraulic conductivity ne longer varies with changes in head and Eqgn. 2.2 15 linear

Solution of Eqn 2.2 yields the distnbution of total head in the modeled domain  The calculated total head
distribution 1s used in Eqn. 2.1 to obtain the Darcy flux.  The Darcy flux 1s the volumetnc flow rate per unit area of the
porous medium and 1t 1s not the seepage velocity, the rate that water moves through the pores. The seepage velocity, V,,
15 obtamed by dividing the Darcy flux by the moisture content, 0.

V, = == 2.3)

Similur to hydraulic conductivity, the moisture content 1s a non-linear function of suction head. Knowledge of the
head permits an . 'stimation of the moisture content in the vadose zone. In the saturated zone, the moisture content 15 equal
10 the porosity

In general, solution of the equation for hydraulic head can be a difficult numencal task. For low-level waste
disposal, the task 1s often extremely difficult because of the use of multi-layered covers and concrete engineered barners with
markedly different hydrologic properties

To overcome difficulties in obtaining a numenical solution, the unit gradient approximation 1s ofien used. This
epproximation states that the flow through the system is one-dimensional (in the z-direction) and the hydraulic gradient is
unuty above the watertable  With this assumption, the Darcy flux can be obtained by estimating the hydraulic conductivity
As an upper bound to flow, the flow velocity is imited 1n magnitude to the minimum of the natural recharge rate or the
saturated hydraulic conductivity of the most resistive flow laver in the cover or engineered barmier. The moisture content
for each matenal 1s obtained through usc of the moisture content versus hydraulic conductivity curve for the material. While
the unut grachent approximation may not yield a realisuc description of flow in and around a disposal facility, it will provide
an upper bound on the flow rate. If it can be demonstrated that the upper bound on flow rate leads to a conservative estimate
on release rates, then the approximauon can be useful  However, 1t 1s not always possible to demonstrate that this approach
leads 1o conservative release rates, particularly when production of progeny 1s a concern

BLT-EC uses a two-dimensional finite-clement representation of the subsurface system to simulaie transport. The
flow velocities must be provided at the nodal points that are simulated. BLT-EC is currently structured 10 aceept flow
velocity input from an auxihiary file created by the computer code FEMWATER, Version | [Yeh, 1987] The interface
between FEMWATER and BLT-EC 1s identical to that between FEMWATER and BLT. A detailed description on how 1o
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create FEMW ATER mput decks and the coupling between FEMWATER and BLT can be found in the input guide prepared
for the BLT code [Sullivan and Suen, 1989

A more recent version of FEMWATER, version 2, has been released. Version 2 has improved numencal solution
techmques for the non-linear equations and should provide more robust estimates of water flow velocities  However, the
input and output requirements have undergone substantial modification since version | Therefore, the output file 1s not
directly useable i BLT-EC. Thus can be overcome by either writing a post-processor for the FEMWATER version 2 output
file, or by altering the statements in BLT-EC that read the output file. In general, any water flow code could be used 10
calculate velocities provided a post-processor was developed to manipulate the data to the form required by BLT-EC.

Time-dependent flow rates can be simulated i BLT-EC through the auxiliary file created by FEMWATER. The
auxihary file can have several sets of flow velocities at various imes  BLT-EC has the capability to read the auxihary file
to get the flow rate at vanous umes. Flow 1s assumed 1o vary linearly in tume between the two time points of the velocity
ficlds

2.4  Container Degradation (Breach)

In source-term assessment, the objective of the container performance modeling is to determine how long the
container protects the waste forin from being contacted by water  The parameter of importance is the the fractional arca of
the container that has falled Once the container fails, water can contact the waste form. The ume-dependent estimate of
the fracuon of the container that has failed 1s approximated through the BREACH modecls in the code. BLT-EC has two
general categones of contaner degradation mode s (1) general degradation models in which the container fails completely,
exposing the er’_re waste form to water at the time of failure; and (2) local degradation models which permit only a fraction
of the container to fail and thereby expose only a small fraction of the waste to water

The majonity of containers used 1n low-level waste disposal are made out of carbon steel  However, other matenals
are used, parucularly for high integnty contamners (HIC's) which are used for class B and € wastes These matenals include
several different stainless steel alloys, including Ferallium a duplex stainless steel, high-density polyethylene, cement, and
combinations of matenals (e g , igh-density polyethvlene container placed inside a cement overpack)

A considerable data base of information exists on both general and local corrosion of carbon sieels [Romanoff,
1957] Information 1s also available on the general corrosion rates of stamless steels {Gerhold et al , 1981] A summary
of this data has been included in [Sullivan and Suen, 1989] For other materials, the data base for performance in subsurface
systems 1s more sparse. A detailed examination of the available literature on high density polyethyiene has been performed
[Cowgill, 1992] with the conclusion that the data available to predict the long-term behavior of high density polyethylene
has large uncertainties. Examunation of concrete container performance has also received little attenuon. There 1s a wealth
of information on concrete performance in engineered structures and this could be used as a basis for estimating the time
over which conerete protects the wastes from water

When there are large uncertainties in predicted container lifetime, it is often assumed that the container fails at a
ume near the low end of the range in expected performance. For example, high integrity containers are ofien assumed to
fail &t 300 years, their minimum design hife

2.4.1 General Degradation

The general degradation model assumes that the degradation process is constant and independent of ume. For
corrosion of metals, this can be conservative because the corrosion data in soil systems generally indicate & decreasing rate
of corrosion 1n ime {Romenoff, 1957, Gerhold et al , 1981] The output of the general degradation model 1s the time at
which failure oceurs, 4, and can be determined from the following
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[:1 ‘
/g (2.9)

where d 1s the degradation allowance thickness (cm) and g 1s the general degradation rate (cm/s) Both d and g are mput
parameters. The degradation thickness 1s the thickness of the container that is allowed to degrade pnor to failure. This value
1s often taken to be the container thickness munus a small fraction of the thickness. This small fraction of thickness accounts
for mechanucal failure when the container gets 100 thin to support the overburden

To sumulate faslure at the start of the calculation, set g to 8 value much greater than the degradation allowance. The
average and range of carrosion rates of carbon s.cel, 304 stainless steel, and 316 stainless steel are presented in Table 2.1

Table 2.1 Average and range of corrosion rates for carbon steel, 304 stanless steel, and 316 stainless steel

Material Average (cm/s) Range (cm/s)
Carbon Steel 1.8 10" 2710"-610"
304 Stainless Steel 8910M 3510"-53 10"
316 Stainless Steel 41 10" 8910"-.1810"

2.4.2 Local Degradation

The objective of the local degradation model 1s to calculate the fraction of the container that has been penetrated
due 1o degradation as a funcuon of ume. The localized failure model generally permuts water access 1o the wastes at earlier
times than the general corrosion model. Therefore, it will tend 1o be more important for short-lived radionuclides which
undergo substantial decay prior to release.

The localized failure model in BLT-EC 1s structured to evaluate pitting corrosion of metallic containers. The data

 base used o generate the empirical parameters are based on carbon stec] data. Stainless steel did not show significant pitting
for times up to 14 years in soil systems [Gerhold et al,, 1981]. For hugh density polyethylene containers data is also
msufficient to esumate localized corrosion in an empincal manner. For conerete contaners, crack formation will occur and
permut enhanced water flow through the conerete to the wastes. Concrete degradation models can be used to estimate the
rate and extent of crack formation  The models in BLT-EC ere not appropnate for modeling crack formation 1 concrete

The localized corrosion pitung model estimates the area breached based on the maxamum pit depth h, corrosion
allowance, d, and the number of penetrating pits per container, N;. The area breached 1s equal to

Ay = N,n(h?-d% h>d 2.5)

A, =0, hy s0

In BLT-EC, the arca breached calculated in Eqn. 2.5 15 limited to the area of the container as an upper bound
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The number of penetrating pits on carbon steel has been estimated to range between 0.05 and 0.5 per em® For &
55pllmdnmwuhlufwemonl.OOOcm’.mummthenunbad‘pawwngpmmudrmgeﬁun 1,100 to
11,000, [Sullivan et al., 1988)

The maximum pit depth, h, is obtained from the data generated by the National Institute of Standards and
Technology [Romanofl, 1957] and takes the form:

4
§ = k1"t
1553 (2.6)

where k 1s the empincal pitting parameter cm/yr®, t is the corrosion time in years, A is the surface ares of the container in
cm’, the constant 372 cm %s & scaling factor and represents the size of the samples in Romanofl’s study, and a is an
expenimentally denived empincal correlation coefficient. All of the parameters necessary for calculating the meximumn pit
depth can be input directly in BLT-EC, or the code will calculate values based on the following expressions

Values for the pitung parameter k are determuned from the following relationship [Mughabghab and Sullivan,

1989
k=001458 (10 - pH) pH <68
k =0.0457 68 < pH <73
k =00256(pH - 5.13) pH >73

If the pH 15 not known, the user may input a value of O for pH end the code will assume a value of 7. This pH value provides
the mumimum value of the pitung parameter, pH 7 is the mean value in the studies of Romanoff [Romanoff, 1957]. In the
present version of BLT-EC, the pH value used for calculating the pitting parameter is a constant and must be provided by
the code user in the BLT-EC input fiie. In theory, this pi value could be computed by BLT-EC and provided for the pitting
parameter calculation.

Values for the empirical constant n depend on the degree of soil acration. 1t is known that soil aeration plays an
important role i pitting. However, 1t 1s not & well defined property. General guidelines for determining aeration can be
found i Romanoff [Romanoff, 1957] In general, aeration factors influence the access of oxygen and moisture to the metal.
Aeration charactenstics of a soil are dependent on physical characteristics such as particle size, particle-size distribution,
and apparent specific gravity. All of these are related to the size and continuity of the pore space which are also related to
dramnage. Acration is & more general concept than drainage, however, as acration also depends on topographic features,
depth to the water table, and amount of rainfall. In general, soils of course texture, such as sands, tend to have low water-
holding capacity and are charactenized by high aeration Fine textured soils, such as clays, tend to have poor aeration

There are four general categones of seration. good, fair, poor, and very poor [Romanoff, 1957]. The average n
value for these categones 1s 0.26, 039, 0 44, and 0.59, respectively. If the clay content of the soil 1s known, the parameter
n may be calculated from

n=n@8q -CL" 2.7

wheren, = 1, 1.5, 2, 2.5, for good, fair, poor, and very poor aeration in the soil, respectively, 8 is the volumetric water
content, and CL 1s the fraction of clay in the soil
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exponent “a” deper and soil. Extensive studies by Logan, [Logan
t iron and carbon steels 0. 32 with a mean value of 015
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2.5.1 Rinse Reiease with Partitioning

The conceptual model represented by the nnse-release model assumes that all of the racdioective contarmination 1s
or the surface of the wastes and will be released as soon es water contacts the wastes (e g . immediately following contamer
failure) subject 1o equilibnum partitioning and solubility limits In the absence of partiboning and solub:thty constraints, an
instantaneous release of the entire waste-form inventory occurs and the inventory 1s available for transport

The more general case occurs when there 1s partiioning of the mass between the wastes and the contacting porous
wedium due to sorption. - Conceptually, this model considers three media, the waste form, the aqueous solution, and the
porous media surrounding the waste form  This approach 1s an improvement from the partitioning mode! found i BLT
which did not consider sorption onto the porous media when ca'culaung release. That model would under predict releases
(1€, equilibrium between the solution and waste form would be lost due to sorption on the porous media)

Initially, the entire inventory 1s in the waste form and the system 1s not at equilibnum  Afier container failure, the
mass released from the waste form is calculated 1o correspond 1o the amount required such that there is equilibriurn between
the three components in the system  In theory, this 1s an instantaneous process. In the implementation in BL. T-EC, the mass
1s released over the ime step. The amount of mass released over the time step 1s obtamned by performing a mass balance
Prior to equilibration, the mass of component k in the system is

+ M

' M

M, = M, = (2.8)

wf

where, for component k, M,, is the total mass (moles) in the system (1 ¢, finite element), M, 1s the mass on the waste form,

M,, 1s the mass in aqueous solution, and M,, 1s the mess sorbed on the porous media  The latter two quantities are given by
the following expressions

M0 =8V, C 0 (2.9

M0 = p S0V, (2.10)

where 8 1s the volumetnc moisture content 1n the system, V, (cm’) 1s the volume of the porous media and aqueous solution
system, L1s the ume (s), C,, 15 the concentration of component k in the aqueous solution (tuole/em’), p (g/em’) is the bulk
density of the porous media, and S, 1s the mass of component k adsorbed on the solid p»r unit mass of the solid (mole/g)

The mass contained in the waste form, M., 1s the inventory of the waste form at ime, t. Expressing the waste-
form mass 1n a form similar to the porous media mass, vields

Mo A0 = Py S A0V, (2.11)

where the subsenipt wf refers to the waste form  Notice that the volumes of the waste form and porous media are assumed
to be different. This distinction 1s important when homogenizing regions of waste and soil into & single computational
volume Computationally. the wastes and the soil occupy the same region of the finite element domain
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The assumption of chemical equilibrium permits a direct relationship between the amount sorbed on the soil (or
waste form) and the solution concentration as expressed by

Se0) = KgCu(0) (212

Spf) - K Col) (2.13)

where, for component k, K, (em”/g) is the soil-solution distribution coefficient and K,, (cm’/g) 1s the waste form-solution
partition coeflicient. The partibon and distribution coefficients are conceptually and physically similar parameters. For
clanty i the repert, however, distribution coefficient will be used to discuss the soil-solution chemical equilibrium used in
the transport equation, and partition coefficient will stnctly apply to the waste form-solution equilibrium coefficient

Assuming that the soil and solution are always in equilibnum, the mass balance becomes:

M0 R, + M0 = M (t+80 R, (2.14)

where R, 1= the retardation coefficient (R, = 1 + p K/8) R,’ is the three component (soil, porous media, waste form)
retardation coefficient and is given by

oKy PV K
R‘I:]Q_G_.‘.o._'fw'}_.ﬁ (2.15)

The three component model accounts for the differences in mass of the waste form and porous media

Solving Eqn. 2.1.4 for the mass in solution at time t + At yields.

M0 R, + M0

Rk’ (2.16)

M, (t+41) =

To obtain the mass released over the time interval At, the difference in the mass contained on the waste form is
esumated from:

AM, = th(’) " Py l’., K’. C(1+4n 2.17)

The estumale for the concentration can be obtained from Eqns 29 and 216 To ease the input burden 1n BLT-EC, the term
PurVe/V, 15 approximated as p V., The density p 1s input as part of the matenal propertics and V. 1s input as part of
the waste-form properties. Using this assump...on and performing a few algebraic manipulations leads to the expression’
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(2.18)

BLT-EC requires the mass release per unit ime per unit volume, s, as the source 1o the transport equation. This
source 1s:

AM,
St © m (2.19)

where AM, is determined from Eqn. 2.18.

Exaruming Eqn 2.18 the following limiting behavior can be determined. n the case of no partitioning (K= 0),
the entire nventory of component k 1s released over the first time step. In the other extreme, as the partition coefficient
becomes large, the amount sorbed can become negative. That is, the waste form will act as a sink 1o sdsorb material
Another interesting point about the release equation is that 1t accounts for sorption on the soil For example, if V. = | and
the partition and distribution coefficients are equal and much greater than unity, then R, is approximately twice the value
for R, and the mass released at the first time step (C,,(0) = 0) 1s about % of the tota! inventory. The model 1n BLT [Sullivan
and Suen, 1989], which did not consider sorption onto the porous media when calculating release, would predict releases
proportional to the inverse of the waste form-solution retardation coefficient which would be much less than % If the
homogenization process has one part waste per ten parts of porous media (V,,, = 1/10), larger releases will occur than if
the reverse was true. Thus behavior reflects the amount of mass available for sorption in the porous media and waste form
Use of Vo, permits a convenient method to homogenize the wastes and soils into a single computational element. Equetion
2.18 also demonstrates that if the system starts at equilibrium, the release is zero.

The above treatment calculates the release based on the concentrations at the beginning of the time step. As such,
it s an explicit numerical procedure and is accurate 1o order At. Over the time step, there may be transport, decay and
ingrowth, and releases from other mechanisms (diffusion and uniform degradation). Therefore, the system will be out of
equilibrium at the start of the next time step. Typically, the nnsz model will predict a large reiease at the failure time of the
container. This large release 1s caused by the condition that the solution concentration is often zero prior to failure. Smaller
releases are predicted at subsequent ume steps

An alternative approach to model ninse release with partitioning would be to immediately adjust the solution
concentrations at the beginning of the time stey o force equilibrium. During the ume step, equilibrium would be maintained
by placing the equilibrium relationship directly into the transport equation &nd obtaining the modified retardation coefficient,
R,’. Ths approach has the advantage of being an implicit approach. The fact that release can be recast into & form that
modifies the transport equaton by R, ' 1s an unportant consideration. It demonstrates that using & partition coefficient and
a dismbution coefficient can be viewed as changing the retardation coefficient in the transport equation. The analyst must
ensure that sorption is not excessively represenied.  This can be done by appropriate choice of the retardation parameters
(P, Ky Ky V. and V).

2.5.1.1 Time-Dependent Partition Coeflicient
Parutioning on the waste form may change 1 e In particular, ion-exchange resins may degrade over ime. This

process is sunulated in BLT-EC through the use of an exponentially decaying value for the partition coefficient. The
EXPression 1s.
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Kglh) = Kg(0) e ™ « K (=) (1 - ™) (2.20)

where, for component k, K (0) is the initial value for the partition coefficiant, K, (=) is the value for the partition coeflicient
as ume approaches infimity , and A, 1s the partiion decay coeflicient. Input for BLT-EC requests K, (0), K, (=), and A,,

Often, reliable parameters for the degradation rate constant and the final value for the partition coefficient are not
available If these are unavaiiable, input the degradation rate as zero and the partition coeflicient will be maintained at its
nitial value at all imes

2.5.2 Diffusion Release

This conceptual model for release assumes that the wastes are uniformly and homogeneously distributed throughout
# solidified waste form and that diffusion 15 the domuinant process  Under these conditions, analytical solutions for release
rates from waste forms can be obtaned for a vanety of geometnes.  However, exact analytical methods for treating ingrowth
of progeny are unavailable. BLT-EC uses an approximate method. It 1s strongly recommended 1o use the finite-difference
waste-form release models, section 2.5.5, when ingrowth occurs.

The BLT-EC code permuts selection from three different analytical diffusion release rate models:

a) plane geometry, release into a semi-infinite medium
b) plane geometry, zero boundary concentration
¢) cyhindncal geometry, zero boundary concentration

The plane geometry model simulates a waste form with finite dimensions n the direction of transport and infinute size in the
plane perpendicular to transport. The cylindnical model simulates a cylindrical waste form of fixed height and radius. Other
analytical models exist for rectangular and sphencal waste forms [Pescatore, 19911 and are implemented in the DUST code
[Sullivan, 1993)

All three modeis solve the diffusion equation

aC, (x.0) .
"‘3" = Dy, V3C, (x) - A,C (50 2.21)

where, for component k, C,,(x.t) (mole/cm’) is the concentration within the waste form, D,,, (cm*/s) is the waste form
diffusion coefficient, A, (s) 1s the radioacuve decay constant, x 1s the spatial location vector, and t 1s the time since container
fulure The duffusion ume does not start untl the container fails  All references to tme in this section reier to the time since
the diffusion process starts. The BLT-EC code aliows selecton of & umique diffusion coefficient for each radionuchde.

The imual condition for all three models 1s

Colx0) = Cy, (2.22)

where C,, 1s the imitial concentration of component k in the pore waters of the waste form. 1t is esumated from the imual
inventory and waste form volume
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2.5.2.1 Finite-Sized Plane Waste Form Releasing into a Semi-Infinite Medium

Thcﬁmmdyﬁcdmodel:imulntuuplmwmefo:mofhalf-uucknm,h,mmeregwnos x < h. The model
predicts the release from the waste form into & semi-infinite porous medium. It may be useful to simulate releases from waste
forms which are not close enough to other waste forms for there releases to interact and if diffusion 18 appropnate for
transport outside of the waste form  The boundary conditions are, symmetry in the waste form,

aC, (0.0
= 0 b’
o (2.23)
and zero concentration as x approaches infiruty
Cal=h) = 0 (2.24)

Solution of the diffusion equation for the flux at the edge of the waste form [Crank, 1975) gives:

e
Jy =05 Cyy |20 oW [ 1 o Te (225)
r " . Okw —-RT- ¢ [l'f ] -

The quantity required by the transport equation is the release rate per unit volume. This quantity 1s obtained by multiplying
the flux by the surface area of the waste form. A_, and dividing by the volume of the computational element, V,, into which
the mass 1s released

Q‘ ¥ T (2.26)

This value of Qg is placed into the transport equation as the release from the waste form.
2.5.2.2 Finite-Sized Plane Waste Form with a Zero Concentration Boundary Condition

This model simulates & plane waste form of half-thickness, h, located in the region -h < x < h. At the boundaries,
the concentration 1s assumed 1o be zero at all times. That is, everything that reaches the boundary 1s swept away instantly.
This maxamuzes the concentration gradient and therefore, the flux (and mass released) is also maximized This conceptual
model predicts the highest releese rate possible from a semi-infinite plane waste form. The boundary conditions are:

aC, (0,0
=0 £
T (2.27)
Colh.0=0 (2.28)
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The solution for the concentration as 8 function of position and time 1s obtained using Laplace transforms and can be found
n [Crank, 1975; Sullivan et &l , 1988] The important quantity for source term modeling 1s the flux from the we='e form.
In general, the solution involves an infinite series and can be found in [Crank, 1975, Sullivan et al , 1988] However, for
numnenical implementation, four cases are considered based on the dimensionless parameter, y,

hz
Vi = e (2.29)
Dyt
If y,<005
D 4
Jy = 05 Cy, IT‘:’ e 1" (2.30)

This soluton 1s equivalent to the solution for release into a semi-infinite mediurn. This result implies that at early times the
release from the concentration at the boundary in the semi-infinite medium mode! has not increased 1o a level such that the
release 1s diminished as compared to the case with zero boundary concentration.

If0.05 <y, <1

J, = C, J% e IR Ay (e L gy @.31)
Ifl<y,<20
k% 2D, fo e™! > . -’m:.lﬁ. (2.32)
fy,>20
J, =0 2.33)

The number of terms evaluated in the series 1s estimated based on the value of y,. It is selected to ensure that the terms
neglected in the senes are at most 10 of the sum of the previous terms of the series. The solution for y, < 0.05 1s the
leading order term in Eqn 2.31. For vy, > 20 the first term in the series 1s less than ¢ which 1s epproximated as zero.
Equations 2.31 and 2 32 are equivalent solutions provided N = w.

The calculated value for the flux, J,, 1s placed into Egn. 2.26 to obtain the release rate per unit volume required
in the transport equation.

2.5.2.3 Finite-Sized Cylindrical Waste Form with a Zero Concentration Boundary Condition

The final analyucal model simulates a cylinder with radius, R, and height, H. At the edge of the waste form, the
contaminant concentration 1s zero. As with the finite plane model, this boundary condition causes the maximum
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concentration gradient to be mamtained and leads to the lughest release as compared to other possible boundary conditions
The boundary conditions are:

oC, (02,0
i % )
> (2.34)
Co Rz = C (r0,0) = C (rJ,0) =0 (2.35)

The solution for the cumulative fractional release, CFR, is the product of two infinite series [Nestor, 1980}

28,8,

CFR, = 1 - -—1-5—— (2.36)
where
-(:a-n’n’D”z
TTRS, 3 AR SRR 2.37)
ok Qn - 17

-u,’,ozl

) e a"l’" » (2.38)

where the B, are the zeroes of the zero™ order Bessel function.

The Amenican Nuclear Society (ANS) has published a standard, ANS 16.1, which describes procedures for testing
and analyzing the release from sohidified low-level radioactive wastes [American Nuclear Society, 1986]). In ANS 16.1, Eqn.
2.36 15 the recomnended approach for estimating releases from cylindrical waste forms provided the release is greater than
20% When the release is less than 20% ANS 16.] recommends using the predicted release based on treating the waste form
as & semi-infinite medium  The reason for this recommendation is the poor convergence of the semi-infinite senes at low
CFR values and the munor difference in predicted CFR between the semi-infinite medium model and the finite cylinder
model, Eqn 2.36 when the CFR is less than 0.2 Even though the difference is small, the semi-infinite model always predicts
reater release than the senes solution. Thus, at the time step when the switch 1s made, an under prediction of release ut that
ume step will occur.

The semi-infinite waste form mode! for release is
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2 84 ’1) !
C[-‘R‘ = __'.._"! .L.:.. (2.39)
w

where SA,, 15 the surface area of the waste form and V_, is the volume of the waste form

An improved method for calculating the senes solution has been developed [Pescatore, 1991) which permits
truncation of the senes after only a few terms. In this approximation,

128..8
(:FR‘ =] - —N kM (2.40)

n?
where

“Lan-1y w? D! !
S

oN-| 1 Ml
s - ¢
wr © 22 @n - 1y

'a‘"HD:ﬁ
, N e (2.41)
(N - 1)

nD, 1
. bt ot
Jw"f

D
@V - 1z | oL

2
-ﬂ,D!‘l
R? (2.42)

m’zpi,'

o
where
Ju* B — (2.43)
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Through testing 1t has been determined that setung N and M equal to ten provides sufficient accuracy

BLT-EC uses both the semi-infinite model. Eqn. 2.39 and the senies solution, Eqn, 2 40 to estimate releases.
Fsumated releases from both equations ere compared, BLT-EC selects the mmimum of these two esimates. At early times
the senes solution over predicts release as it s not fully converged. At later iimes, the semi-infinite medie model predicts
higher releases as depletion 1n the waste form 1s not simulated

The Eqns. 2.39 and 2 40 esumate the cumulative fractional release, not the release rate, the quantity needed in the
transport equation. The release rate per unit volume due to diffusion 1s over the time step 1s estimated from the following
expression

CFR(1+80 - CFRD  , .
Of = s MY 2.44)

where M,”1s the onginal mass in the waste form.
2.5.2.4 Approximate Treatment of Ingrowth in the Analytical Diffusion Models

The analytical diffusion release models are all based on the assumption that the production of the radionuclide due
1o radioactive decay of other species does not occur When ingrowth occurs, the approximation is made that the distnbution
of mass due 1o ingrowth is identical to the distribution of mass in the waste form generated by diffusion.

Thus spproximation is not true in general due to diffening diffusion coefficients of the parent and progeny. However,
the approxamation does conserve mass. If the parent moves at a slower rate than the progeny, this approximation will under
predict release. The cause for this behavior is that the parent's diffusion profiie will be shifted more towards the outer edge
of the waste form as compared 1o the faster moving progeny. In the lumit that the parent 1s immobile, the production of
progeny will occur uniformly throughout the waste form. Therefore, more progeny will be produced closer to the edge of
the waste form than would be predicted by the model.

In general, if ingrowth of progeny occurs, it is strongly recommended to not usc the analytical diffusion models.
Instead the finite-difference diffusion models described in section 2.5.5 should be used

2.5.3 Uniform Degradation Release

The conceptual mode! for uniform release assumes that the waste form releases the radioactivity at a uniform rate
Typically th.s release behavior would be caused by degradation reactions occurring at the surface of the waste form (1.¢,
metal comosion, glass dissolution, etc). In the BLT code [Sullivan and Suen, 1989], this mode! was called the dissolution
model and was meant 10 simulate corrosion of activated metals  Due to the wide variety of waste forms/waste streams that
this model may be used to represent, and to avoid confusion with the term dissolution which has a specific definition, the
name has been generalized to the uniform degradation release model

In BLT-EC each radionuclide may be assigned a unique uniform release rate  In the absence of ingrowth the release
rate per unit volume 15 estimated from:

u Mf . C
e = 2.45)
= ke

Qu"’
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where u1s the fractional release rate, C,, 1s the solution concentration of companent k, C,,* 1s the user-specified solubility
lumit, and other quantiies have been previously defined  1f ingrowth occurs, the mass available for release, M, is
generalized o the mass available at that ume M(1) based on ingrowth as well as decay. This treatment discussed further in
section 2.5.7

A further difference between BLT and BLT-EC is that in BLT, the model relied upon mput of the waste form
dissolution velocity. This dissolution velocity was multplied by the surface area of the waste form and divided by the volume
of the waste form to get the fractional release rate, u, n Egn. 2.45.

The umform release model 1s the only model to exphicitly represent solubility constraints. The conceptual model
employed in Egn 2 45 assumes that as the solubility limit is approached, the release rate decreases. 1f the solubility hmit
15 exceeded, the excess mass released will precipitate according 1o solution of the mass action equations. The release rate
ts zero when the solution concentration reaches the solubility limit. The treatment of solubility is discussed further in section
256

2.5.4 Total Waste-Form Release Rate

BLT-EC permuts cach waste form 1o release mass by any of the release mechanisms described 1n section 2.5 1 (nnse
with partiioning), 2.5.2 (diffusion) , and 2 5.3 (uniform degradation) In the absence of solubility constraints, the release
rate per uri’ volume to the transport equation 1s the sum of the three individual release rates given by Eqns. 2.19, 2.26, 2 39,
240, and 2 45 If solubslity limuts release, the source term to the transport equation 1s reduced in an attempt to prevent
exceeding the solubility imit. This procedure is discussed in more detail in section 2.5.6.

2.54.1 Influence of Localized Failure on Release

I there is localized failure, the intact portion of the container still provides » varner 1o release from the waste form-
container system. The conceptual model for release from partially failed containers assumes that once a container 1§
breached, there will be a steady flow of water into and out of the container. The flow rate is estimated from the Darcy flux
muluphed by the fractional area of container that has failed Other conceptual models could be envisioned. For example,
if the breach occurred at the top, water could begin to fill the container and a bathtub could form until the waler level reached
the lowest breached area  This could potentially lead to a large pulse of radioactive contaminants. However, accurately
predicting the location of failures around the contamner is bevond the state-of-the-art.  The selection of the model for instant
flow through the contaner once a breach has occurred was selected to provide an estimate of the earliest time that releases
could ocour

An important aspect of the strategy used 10 represent localized failure 1s the treatment of waste form releases. The
diffusion model assumes that once the waste form 1s contacted by water, the release process begins and is given by the
analytical models in section 2.5.2. These models are unaffected by the breached area  Similarly, release from the uniform
release model 1s also calculated independent of the breached ratio. To adjust for the fact that the entire contaner is not
breached, the release rate per unit volume from the diffusion and uniform releasc models 1s reduced by the breach rauo, (arca
of the breach over the total container area). Mass not released is transferred o the rinse release model. This treatment
permuts the analyucal solutions to be retained while still taking credit for partial container failure. Release from the rinse
model 1s treated as release from a mixing cell, al! of the mass available for rinse release (including mass transferred from
the diffusion and uniform release models) 1s assumed to enter into a muxing cell. The release from the mixing cell = he
product of the Darcy flux, breached rauo, the area available for flow, and the concentration in the muxing cell

A number of assumptions have been made in developing the waste form release models in the case of partial
container failure  Data to support these assumpions (or any other possible set of assumpuions) does not exist due to the long
ume frame over which these processes will occur and the difficulty of experimentally measuning the entire process Due to
the speculative nature of the assumptions the model results are also speculative and care should be used when interpreting
the results
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2.5.5 Finite-Difference Waste-Form Release Model

BLT-EC provides an alternative approach 1o simulating release from the wasie form as compared 10 the analvtical
models presented i secion 2.5 3. In this approach all processes, nnse with parttioning, diffusion, and uniform degradation
are modeled simultancously using the method of finte-differences  This numenical approach offers the following advantages
over the analvtical models

« simultancous treatment of all release processes,
«  dircet coupling of diffusion release to the concentration of the contacting solution, and
o methad for modeling ingrowth of radionuchides in the waste form which are released by the diffusion process

The disadvantages of the numerical models, as compared to the analvtical models, 1s the possibility for numenical
error and the increased computational requirements  In addition, the finite-difference models assume one-dimensional
geometry (either planar or eylindncal) as compared 1o the three-dimensional cyhndnical diffusion release model. Expenence
has shown that calculation of waste form release 1s a small fraction of the entire BLT-EC calculaion  Therefore, the penalty
in slower execution bt ¢ 18 not large  Testing of the fimte-difference models and comparison to the analytical models show
excellent agreement under most situations

The finte <hfference maodel retains the disinction between mass availeble for release due to each mechamsm (ninse
with parutionung, diffusion, and umiform degradation). The finite-difference model assumes that the waste form 15 a porous
media with a liquid phase that permuts movement by diffusion of aqueous species and a solid phase that reicases species duc
1o dissolution of the surface of the waste form This dissolution will remove the outer layer of the wastc form. Ths alters
the diffusion release in two wavs. First, mass in the pore waters of the dissolved region is released  Sccond, the size of the
waste form, and therefore diffusion distance to the boundary, decreases in ume.  These effects demonstrate the direct couphing
between the dissolution and diffusion models which was absent from the analytical models A discussion of when this
coupling is important 1s provided in [Sullivan and Suen, 1991].

The general equation for predicting release with all three mechanisms 1s-

G .
6‘ a’h . V'GDM vC,, + VI, C,, - A8C, + E-l-h' fg A} C;_ ' 8, (2.46)

where
0 is the moisture content within the waste form For simphicity this 1s taken as the moisture content within the finite
clement volume
C,, 18 the concentraton of the k* radionuchide (mole/em?),
D, .. s the waste form diffusion coefficient for the k* radionuchide (cm’/s),
V., 1s the volumetric flow rate per unit area through the waste form (cnv's),
A, 1s the radioactive decay constant for the k™ radionuchide (1/5)
f,, 1s the fraction of decays of species ) that form species K, and
S,, 15 the source/sink term within the waste form  This term could be used to represent coupling between the
immobile and mobile phases in the waste form due to precipitation or sorption

Eqn 2 46 accounts for ingrowth directlv.  Theoretcally, there 1s one equation for each type of mass (nnse,
diffusion, and gencral degradation) However, the ninse release model simulates a surface process and solution of Eqn 2 46
15 not required. The mass released due to ninse with parutioming is treated using the approach described in section 2.5

Although Egn 2 46 1s quite peneral, thus equation 1s numencally difficult to solve when the waste form 1s dissolving

In thus case, the volumes represented by the finite-difference mesh may change in time. For example, the outermost volume
will decrease as dissolution of the surface occurs To avoid this problem a change in the position vanable 1s introduced
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Z'(‘a *(2.47)

where
y 15 a dimensionless distance vanable,
x 15 the dimensioned distance variable (em),
L{t) 1s the length (radius) of the waste form at ume t

In the transformed variable space, the waste form lies between the region of O and 1 at all times as shown in Figure
24 However, the distance vanable y 1s now a function of ume Differentiating Eqn. 2 47 wath respect to time gives

dv vy dlL
dt L di Qs
Waste Form
Rk
x=0 x=LMt) x=L(o)
y=0 y=1 y=1

Figure 2.4 One-dimensional representation of a waste form that undergoes surface degradation at a uniform rate, u. x is
the distance vanable, y 1s the normalized distance vanable such that at the surface y=1 at all times.

The ime derivatve of concentration in the transformed plane becomes

0. 0 3C,, gy OC, (2.49)
ot ot o oy :

The rate of change in waste-form length with tume 15 the dissolution velocity, dL/dt = u(t). Using this equation
gives

oC ) oC, wydC,
ot at L o

(2.50)

The dissolution veiocity 1s negative since the leagth of the waste form decreases in ume. For consistency with the uniform
degradation model, the dissolution velocity 1s asy imed to be solubility limsted and 1s taken to be
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ulh) = < u, L, (1-—=) (2.51)
ka

where u, is the fractional degradation rate, section 2.5.3 (1/5) and L, 1s the oniginal waste form half width (radwus) (cm)
Using thus definition, different radionuchides may have different dissolution rates due to the choice of fractional degradation
rate or solubility hmit.

Using the transformation in position and the definition of dissolution velocity, the mass balance equation for the
waste form becomes

Ba(,‘,_ ) 0D, #C, . Vy 3G By 6C,
d Ly at  MD &y Uy Oy

(2.52)

v $AAC, - 1,80, + S,

J=n

4

( OPug X | Voo
Lot oy L

where C,, takes the value of O for plane geometry and 1 for cylindncal geometry Eqn. 252 forms the basis for the fimte-
difference equations used to solve for the concentration related to diffusive species and immobile dissolving species. In Eqn.
2.52 the parameter 0 is the volumetnc content of the phase being modeled. For the mobile phase, it 1s the moisture content.
For the immobile phase, it is the fraction of the wasie form in the solid phase, (1 - 1)), where 1 is the porosity of the waste
form. In BLT-EC, the velocity of flow through the waste form, V15 set to zero.

For the immobile phase, Eqn. 2.52 greatly simplifies to the following:

(1-n)

aC,,  (1-m) u(n y 9C, -
s - C + l C + S ¥
ot L ay A8Cs, ng fb Y g & (2.53)

where C,, is the concentration of immobile species in the waste form

Eqgn 2.53 1s used to calculate the immobile species concentrations in the waste form in BLT-EC. If the imital
condition is a uniform concentration, and the production due to sources and radioactive decay are also uniform, Eqn. 2.53
predicts a uniform concentration of immobile species in the waste form (dC,,/dy = 0 in the waste form). This condition 15
consmstent with the assumptions used to generate the analytical model  To improve the computatonal efficiency of BLT-EC,
solution of Eqn 2.53 could be omitted and the releases due 1o degradation could be accounted for using the analytical models
of section 2.5.3.

The initial waste-form condition used in BLT-EC 1s that imtially mass 1s homogeneously distributed within the
waste form  This condition prevents the need to input detailed information on the distnbution of contamunants within the
waste form. The only information that 15 required is the waste form inventory and volume. Conceptually, non-uniform initial
conditions could be handled by the finite-difference approach if this information was provided.

The boundary condition used to calculate diffusive release from the waste form 1s the solution concentration in the
finite element calculated by the transport equation. This allows direct coupling of the aqueous concentration to waste form
release. This coupling is explicit as the aqueous concentration at the beginning of the ime step 15 used and releases do not
change thus concentration instantly. That 1s, releasc 1s calculated from the finite-difference model and the mass release rate
per unit volumne of the finite element 1s provided to the transport calculation. The aqueous concentration 1s calculated as a
result of the source as well as transport processes
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The weatment of solubility hmited reiease 1s prov:ded in section 2 5 6

2551 Qualitative Comparison of Predicted Releases Based on the Finite-Difference and Analytical Release
Models

The nnse madels in the finite-difference and analytical models are idenucal and will give identical release results
if solubility lumits do not apply

The diffusion models in the finte-difference and analytical models should also give essentially idenucal predicted
release results of the following conditions apply

+  Dussolution does not substantially decrease the size of the waste form during the time required for diffusion
release

«  Solubility “oes not hmit relcase.

*  Ingrowth of progeny does not occur

If substanuial dissolution of the waste form does oceur, the finite-difference model will predict higher reicases due 1o the
shorter effective diffusion length as well as dissolution of the wastes.

The general degradation models in the finite-difference and analytical procedures are shightly different conceptually.
The analytical model assumes a fractional release rate ndependent of geometry. In the finite-difference models, the
conceptual model assumes a surface process which dissolves the waste form. The total mass release rate over a ime slep
15 proporuonal to the waste form surface area. For & plane waste form, this 1s constant and the results of the finite-diflerence
model should be 1dentical to the analyuical model, section 2.5 3. However, for & cylindrical waste form, as the waste form
radus decreases due to corrosion, the surface area also decreases. Al carly times, the finite-difference model for degradation
of a cylindncal waste form predicts hugher releases than either the plane finite-difference model or the analytical model This
behavior occurs because the waste-form volume dissolved per unut time 1n a cylinder 1s imtially greater than for a plane form

Ingrowth 1s modeled in both the analytical and finite-difference degradation models  Since the contaminants
available for degradation release are assumed 10 be immobile within the waste form, their distribution remains uniform at
all tmes. Therefore, the analytical and plane fimite-difference models should give ssmular results when ingrowth occurs
The cylindncal geometry degradation model results will differ due to the geometne eflect discussed in the previous
peragraph

In the case of solubility limuted release, total release to the transport equation through all mechamsms should be
identical.  However, the amount released that 1s attnbuted to each mechanism may be different due to the accounting
procedures used. A full discussion of thus process is deferred unul section 2 5.6,

2.5.6 Solubility Limited Release

In BLT-EC solubility limited release 1s treated by attempting to limit the mass relcase rate per unit volume to the
transport equation 1o a level such that the solubility imat of the radionuclide 1s not exceeded BLT-EC uses an explicit
procedure to estimate the amount of mass that can be released without exceeding solubility limits. However, 1f the solubility
limut 15 exceeded the exouss mass released will precipitate according to solution of the mass action equations. This approach
lineanzes the equations and does not require solution of the release equations coupled into the matrix equation representing
transport  This greatly simphfies the solution procedure

The following procedure 1s used to lumit releases from the waste form for the analytical release models.

*  The mass released due 10 the diffusion release mechanism is calculated  The aqueous solution concentration,
C,™ 15 esimated by dividing the released mass, AM,,, by the volume of the water in the finite element
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(moisture content. 0, multiphed by element volume, V,) and the porous medium retardation coefficient, R,

as follows:
#3l - AA’H
Cu = Cul) R, (259)

This concentration is the solution concentration that would occur if transport, decay, and ingrowth do not oceur over
the ume step  Inclusion of the retardation factor 1s important as much of the mass released may sorb on the soil and not
contribute o the aqueous solution concentration

The estimated concentration 1s compared te a modified solubility hmat, C,.*, defined as.

v, IC2-C,) At
OR,L

Ca = C' » (2.55)

where V, is t'x Darcy flow veloaity, C,, 1s the aqueous solution concentration at the beginning of the time step, At is the time
step size, and L 1s the length of the finite element in the direction of flow.  This 1s an hewstic atiempt o0 account for
transport due to flow over the ime step. In general, BLT-EC under predicts releases when solubility imited release occurs
because of the explicit solution procedure that is used. If an implicit procedure were used, this problem would not oceur
and the correction term would not be necessary.

After companson of the esumated concentration and modified solubility constraint, if the estimated concentration
15 less than the constraint, the entire diffusion mass 1s released. 1f the estima.cd concentration exceeds the constraint, the
mass released is hmited as follows:

AM, - | Co - C OV, R, (2.56)

In this case, AM, 1s the mass required to bring the solution concentration to the modified solubility mat.

The analytical diffusion model can not adjust the released mass 1n a consistent fashion  Therefore, mass predicted 1o be
released due 10 diffusion, but lmuted by solubility, is transferred to the nnse mass  This treatment 1s equivalent to assuming
that the mass is released due to diffusion and precipitates at the surface and is available for release immediately once the
aqueous concentration drops below the solubility limit

*  The mass released due to general degradation 1s calculated and the procedure i1s repeated  However, now, the
estimated aqueous solution concentration is the concentration at the start of the time step plus the additional
concentration resulung from the mass released due to diffusion and degradation. This esumated concentration
1s compared to the modified solubility constraint and the release due to degradation 1s restricted as necessary
Mass not released is transferred to the rinse release process. If the release from the diffusion process 1s
sufficient 1o reach the modified solubibity constraint, release of degradation mass to the transport equation does
not oceur,

*  Finally, the mass released due to the nnse with partitioning mechanism is calculated and the procedure is
repeated with the esimated aqueous solution concentration based on the concentration at the start of the time
step and the release from the diffusion and degradation models. Mass not released because of solubility
constraints 1s available for release during the next time step
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Solubility himited releasc 1s treated in 8 similar fashion 1 the finte-difference models  However, in the finite-
difference models release s caleulated simultancously for all three release mechamsms Therefore, there s a shght difference
in the inteipretation of the mechanism leading to release In the finite-difference models, the total release from all three
mechanisms is calculated and the estimated aqueous concentration 1s evaluated as before  If this value is less than the
solubility constraint, the entire mass 1s released for transport. If it 1s more than the solubility constraint, the mass relcased
1s hmited as before. Mass predicted 1o be released due 1o dissolution and degradation but not released due to solubility
constraints 15 transferred to the rinse model consistent with the conceptual model of precipitation on the surface. The mass
released from cach mechanism 15 estimaied based on the fractional contribution of each mechanism  For example, if the
models predicied 10% release from diffusion, 30% from degradation processes, and 60% from rinse processes and, due 1o
solubility constraints, only % of the mass was released during the time step, the finite-difference models would release %
of the predicted mass of each mechamsm. In contrast, the analytical models would have first released all of the diffusion
mass (10%), then all of the degradation mass (30%) and only 10% of the nnse mass

Thus dufference in interpretation of the mechanism for release 1s not important in teims of the source 1o the transport
equation.  The analyucal and finite-difference models both provide the same source In addition, since mass not 1eleased
1s transferred to the nnse model, both types of models (analytical and finite-difference) provide the same disposition of mass
at the end of the ume step In the above example, at the end of the time step, the finite-difference mode! would end up with
all of the mass not released, 50%, (5% from the diffusion process, 15% from the degradation process, and 30% from the
nnse process) available for ninse release. As compared 1o the analytical model which would also have all the mass not
released, 50%, avatlable for rinse releasc.

While the interpretations for solubility limited release do not affect the source to the transport calculation, they do
effect mass balances based on release mechamisms performed in BLT-EC. BLT-EC tracks the release by mechanism for
the analyucal models. Mass transferred from one mechamsm to another 1s carefully followed and the output in the
LEACHRL and LEACHMS files described in Chaper 7 15 consistent with the onginal input. For example, 1f the only
mecharusm for release 15 dufusion, the mass released due to diffusion in these files would equal the total mass released. even
if some of the diffusion mass is transferred to the rinse model due to solubility constraints  The code tracks the original
source of the mass. However, 1f the fimte-cifference models are being used, mass transferred to the ninse release mechanism
is treated as “ninse” mass. Therefore, i solubility linuted problems with diffusion and degradation processes, the rinse mass
will actually increase in time due to the transfer process.

2.5.7 Treatment of Chain Decay in the Waste-Form

Decay of radionuchides to produce other radionuchdes can be an important process for uranium and thorium
containing wastes. Progeny of these nuclides may be more mobile and provide higher doses per unit intake. BLT-EC
accounts for production of progeny 1n the waste form pror 10 release and duning transport. Definition of the decay ciiains
15 controlled by user supplied input. BLT-EC permuts muluple decay chams and branching of decay chains. Guidance on
how 1o simulate these processes within the BLT-EC framework 1s provided in Chapter §

The treatment of chain decay 1s comphicated by the multiple release models permutted in BLT-EC. Withun a single
waste form each radionuchde can have unique release mechamsms For example, consider a thiee member decay chain,
Species | could have all of the mass designated to be released via diffusion. While for species 2 .. could be assumed that
mass release 15 a uniform degradation process and species 3 could be assumed to release via nnse with partitioning. To
complicate matters, cach specics may designate a fracuon of the itial inventory to cach of the relcase mechanisms  There
15 N0 obvious method for determuning the release mecharusm for the decay product, 1 ¢, should the release mechanism remain
that of the parent or of the progeny. This 1s somewhat of an aruficial result of defimng multiple release mechanisms for a
waste form  However, cases could be envisioned where the parent is released via diffusion while the progeny could be
incorporated nto the solid phase of the waste form and released by dissolution. Generally, data on the release from a waste
form of dufferent rachonuchides in a decay chain does not exist. For this reason, 1t s strongly recommended that when using
BLT-EC to simulate decay chans, all members of the chain should have the same fraction of mass available for release to
cach mechanism. Unusual results may occur when altening the release mechanisms on & radionuchide specific basis for
members of a decav chain
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In BLT-EC te following assumptions are used when different release mechanisms are specified for the members
of a decay chamn

*  Pnor to contaner breach, the mass that decays 10 the progeny are apportioned consistent with the input choices
of release mecharusn. For example, if the release mechamsms assigned to species | are 30% diffusion release
and 70% ninse release, while for species 2 100% uniform degradation release is specified, all of the mass that
decays 10 species 2 will be assigned for release via the degradation model.

*  Affer container breach, the release mechanism for the decayed mass remains the same as the parent. Using
the above example afler container fuilure, all of the mass that decays from the diffusion release portion 1s
assigned to diffusion release for species 2 and similarly the decayed nnse mass is assigned 1o be released via
the rinse mechamsm for species 2. None of the decayed mass 1s assigned 10 the degradation release
mechamism. This approximation was selected to avoid complications when solubility limited release occurs
and o simphify the treatment of the finite-difference equations. In the finte-difference approach, with this
assumption, mass that decays 1s transferred directly 1nto the next member of the chams finite-difference
equation Transfernng mass among release mechanisms 1s possible, but difficult 1o achieve numenically in
the fimte-difference equations.

The actual process for esumating ingrowth is accomplished by using an explicit esumate of decay at the beginning
of the ime step Prior to breach and at all umes for the analyucal models, the decay mess produced over a time step, At,
for the j* member of a chain 1s estimated from:

AM, = §% . 1, M) [1-¢ ™) %?IM% 2.57)

where { 1s the fraction of decay of species 1 that produce species j, M,(1) 1s the mass available at time t, and ATM s the
atomic mass. This ratio of atomic masses correction term is needed because the mass of the parents and progeny per atom
are not identical. Ean. 2 57 is repeated for each release mechanism and the mass is apportioned 1o the release mechanisms
of the progeny according 1o the procedure described above

After breach, for the finite-difference release model, the decay 1s treated directly in the model equations as defined
in the summation expression found Eqns. 2 52 and 2.53.

The coupling between different species due to radioactive decay is treated explicitly. That is, the mass or
concentration value used 1o estimate ingrowth is that at the beginning of the tme step  This approach removes the need to
simultaneously solve each transport equation to determine the appropnate values o be used for ingrowth

2.5.8 Selection of Waste-Form Release Parameters

Due 10 the wide range of waste forms used in low-level waste disposal there is extremely httle information on
releases that 1s waste form specific. Even when there 1s informauon, 1t tends to focus on the short-lived radionuclides that
have the hughest activity in the wastes but not the hughest impact in terms of potential dose to the public as evaluated through
performance assessments. Tvpically, long-lived, mobile radionuclides are responsibie for the majonty of the estimated dose

In esumnating waste form release parameters it 1s recommended to use the rinse model without partitioning when
contarmnant spectfic, waste form specific data are unavailable This model provides the highest release rate (instantancous
release of the entire inventory at the ime of contamer failure) and therefore, highest doses through the ground water pathway
in most instances (if ingrowth 1s of concern, the high release rate may cause releases from the facility to oceur prior to
substantial ingrowth and this may under predict release of progeny)
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For many sohdified waste forms 1t can be shown that diffusion 1s the rate controlling release process 1f this 1s the
case, and 1f waste-form specific contarmnant specific data are unavailable, modehing of diffusion release can be sccomphished
with a waste form diffusion coeflicient of 10 em™s. This value 1s the maximum acceptable value for a waste form diffusion
coeflicient [Lohaus, 1991] A compilation of diffusion coefTicients for solidificd waste forms 1 presented in | Sullivan and
Suen, 1989)

For metallic waste forms (activated metals) and glass waste forms surface degradation processes often control
release  Estimates for metallic corrosion rates can be obtained by examining the soil corrosion data [Romanoff, 1957,
Gerhold et al, 1981 A discussion of this data and its apphcability to modeling waste form release 1s in [Sullivan and Suen,
1989] Sumilar glass dissolution rates may be esumated from values reported in the Iliterature  Often, due to the uncertaintics
in these processes, waste form release rates due 1o degradation processes are estimated based on values at the high end of
those reported in the Iiterature

In all cases when there are large uncertamties in the releasc rate parameters, 1t is recommended that multiple
analvses be performed sampling from the range of expected release rate parameters.

The waste form properties are independent of the transport properties and care must be taken to ensure that
properties are not accounted for twiee. For example, if BLT-EC 15 used to model contaminated soils, it 1s mappropnate to
use parutioning with waste form relcase and a distnbution cocfficient in the soil. 1f the soil 1s 1n a container, the rinse model
should be used - Afier release. the contamunant wall sorb to the soil based on the distribution coefficient used in the transport
section of the code  In general, extreme care must be used when sclecting 10 use a non-zero value for the waste form
partitioning cocflicient. Negative releases (1.¢., sorption onto the waste form) can oceur and the potential for accounting for
sorption twice (in waste form release and duning transport) is large  The waste-form partitioning model has been the most
widely misused of all BLT release models

2.6 Contaminant Migration (Traasport)

The major pathway for release of most radionuchides in a low-level waste disposal facility 1s the ground-water
pathway. The mobility of subsurface contamunans 1s mfluenced by the processes of ground-water flow, dispersion, diffusion,
radicacuve production and decay, chemical reactions (solubility and sorption), and sources and sinks (waste form releases).
The relative importance of these processes 1s site- and contaminant-specific

In BLT-EC, after the completion of the waste-form release calculations, the movement of the radionuclides through
the subsurface system 1s calculated using a two-dimensional finite-clement approximation to simulate transport. Two
governing transpon equations are solved in BLT-EC, one equation describes the transport of aqueous-phase * components™
and the other equation desenbes eonservation of immobile adsorbent “components” Components are lincarly independent
basis entities that lincarly combine to produce all chemical species in the system [Van Zeggeren and Storey, 1970]. For
example. the two chemical components UO,* and CO,” can combine to form the chemical species UO,CO, During
transport, the vanous chemical components are distributed among the aqueous, precipitated, and sorbed phases under the
assumption of loca! chermucal equilibnum  in BLT-EC, chemical equilibrium 1s governed by nonlinear mass action and linear
mass balance cquations

2.6.1 Transport Equation with Chemical Reactions and Radioactive Decay

The equation that describes the transport of chemical components in vanably saturated media can be wnitien as
{Yeh and Tripathu, 1991, MacKinnon et al , 1995)
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where © is the volumetric moisture content [cm’sem”) and V is the Darcy flux [emes"). T, 1s the total concentration of
component k and can be written as:

T =C* Ca; *Cy (2.59)

with C,,, C,,, and C,, defined as total concentrations of component k in moies of %, per unit volume of the aqueous phase
[mole/liter] in the aqueous, precipitated, and sorbed phases, respectively. These concentrations are given by:

CH=§ Vi (2.60)
CozXovie, @2.61)
Co 2 Vu, (2.62)

where € is read "belonging 10" and each sum ranges over the species containing component k, v, 1s the stochiometric
coefficient of the k-th component in chemical species 1, and ¢, are species concentrations in moles of species 1 per unit
volume of the aqueous phase jmole/liter] in the aqueous (i € A), precipitated (i € P), and sorbed phases (1€ S). D s the
hydrodynamic dispersion tensor [em’« 5”'] given by [Bear, 1972]

"
QD=OD.t6u4t,.lVlbu'(cl_-c,)% (2:63)

where D, is the molecular diffusion coefficient [em® « s, 7 is & tortuosity factor [em » cm '), V* and V' are the components
of the Darcy flux vector [em « 5], and €, and £, are longitudinal and transverse dispersivities [cm), respectively. Q (em’
*em” + ") 15 the source/sink term due to aqueous fluid injection and C,” is the concentration of component k in the mjected
aqueous phase. The total radioactive decay rate, R}, and total source terms, S} and S}, for component k, are given by
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RE-0% v, r 0Y v, r 0y v,r,
red wr s

(2.64)
<-B[A,T,- ;fu_)‘LTL]
and
S"z'z Vb-!',w (w)
S: = 'z VbJ"‘ (2-66)

where the sum over L represents the sum over all parent species of component k, f, i1s the branching fraction for component
k, 4, is the decay constant 5], 5" [mole= I' « 5”'] represents the release of radioactive and nonradioactive specics from waste
forms, and 5" represents the release of species from enginecred structures and waste containers.

Equations governing conservation of adsorbent component concentrations (these concentrations are on & per unit
volume of aqueous phase basis) are required (o complete the system of transport equations. This equation can be written as:

a07,)
mapmates S0 ¥
3 (2.67)
with
T,= g v,€, (2.68)

for k ranging over the adsorbent components only.

2.6.2 Initial and Boundary Conditions

The solution of aqueous phase transport Eqn. (2.58) and sorption/ion exchange conservation Eqn. (2.67) requires
that the imual total analytical concentrations of all components [molel”], including aqueous phase and adsorbent
components and number of equivalents of 1on exchange sites [molesgm '], be specified in the flow domain Q, that is:

Txy2,0)= T, (xy.2) (2.69)
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A, (xy2.0)=A b(xy.2) 2.70)

where k ranges over the aqueous components, m ranges over the adsorbent components and 1on-exchange sites, and the
superscript | denotes iitial values

In BLT-EC, two types of boundary condibons may be specified on the boundary I" of flow domain Q . If & boundary
condition is not specified, the default boundary condition, which 1s zero dispersive mass flux through the boundary, is
apphed.

Dirichlet conditions prescribe analytical concentrations on boundary segment I'y,

Txz =T (x20, (x2)el,0 @.1)

The second type of boundary condition is a vanabic boundary condition on boundary segment I',. This boundary condition
1s usually applied at the air/ground surface boundary. If aqueous-phase flow is outward from the variable condition
boundary, the Neumann flux of dissolved component k is set to zero, that is:

-8DV(C ) n=0, (x2)el >0 (2.72)

If flow 1s into the domain at the variable condition boundary, the Neumann flux is prescribed as:

“BDV(C ) n=VC n-0DV(C )n

(2.73)
= VTgm + NCyurCrm, (x2)elt>0

In the above boundary conditions (Eqns. 2.69 - 2.73), k ranges over the aqueous components and n 1s the outward unit
normal vector to I',. In Eqn. 2.73, the gradients in flux cancel and the flux entering the system is the advective flux, i.e.,
incoming concentration multiplied by velocity component normal to the surface.

2.6.3 Chemical Processes

The vanous chemical species of concern include radioactive and nonradioactive substances introduced into the
subsurface by waste disposal and those naturelly present in the subsurface. Key reactions among the various chemical species
include complexation, acid-base, oxidstion-reduction, precipitation-dissolution, sorption, and 10n exchange. The complete
system of key chemical reactions can be wnitten in symbolic matrix form as

0~ NB (2.74)

where B is the vector of molecular formulas B, (e g, B, = H,'0, B,, = ®*U"0,, etc.) and N is the stochiometric reaction
matrix comprsed of stochiometnc coefficients v, for each k" component in chemical species 1. Chemical species may reside
in the aqueous, precipitated, and sorbed phases. any two chemical spscies having the same molecular formula but occupying
ditferent phases (e g , calcium carbonate CaCO,(s) in the sohid phase (calcite) and CaCO,® in the aqueous phase) are two
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different species [t is important to note that each product species 1s expressed as a lincar combination of the components
and components cannot be expressed as hincar combinations of other components

The key reactions in (Egn 2 74) can be separated into three main categonies of reactions: aqueous complexation,
dissolution-precipitation, and sorption reactions,  These reaction can be wntten as:

Aqueous Complexation
Y
2 v,ﬁ,--lﬁ vV product species ] € A (2.75)
k=)
M,
S v ‘/3*--8/ v product species | ¢ P (2.76)
kel
Sorpuon Resclions
M, M
):v.,li.*i Vth“B/ YV  product species ] € § 2.77)
kel kel

where A, P, and S denote the sets of species that may be present in the agueous, precipitated, and sorbed phases,
respectively, the symbol V 1s read “for every,” and € 1s read “belonging to ”

Under the assumption of chermical equilibrium, the above chemical reactions are described by a system of (N,-M)
nonlinear mass action equations and a system of M mass balance equations. The (N,-M) mass action equations can be
writlen as

Agqueous Complexation
M,
Y-K[1XY v product species ) ¢ 4 (2.78)
kel
Precipitanon-Dissoluon
M v
I=K}n XY ¥ product species ] € P 2.79)
k=)
Sorpuon
M, M,
)'}-Kln ey 'n XY ¥V product species ] € § (2.80)
kel k=)
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where [ ] indicates the product over component species k, K 1s the equilibrium constant for the formation of species ), and
X, and Y, are thermodynamuc acuviies of component species and product species [molesl”], respectively. For solid phases,
the activity 1s assumed to equal | as indicated in Eqn. (2.79). The thermodynamic activities are approximated by the
relations.

hoYs, Bes

XY (2.82)

where v, and v, are acuvity coeflicients of the component and product species and ¢, and ¢, are the component and product
species concentrauons [molesl']. In general, equilibrium constants in Eyns. 2.78 - 2.80 and activity coeflicients in 2.81
and 2 82 are functions of lemperature and 1onic strength. Ofien used approximations for these parameters are described in

Appendix C.

The companion M mass-balance equations for the M components are given by

Mg} Ve, - Ty =0 k=12, M (2.83)

where T, is the total concentration of component kT, 1s provided at each point (x,z,t) in the problem domain by the
solution to the hydrologic transport equations.

2.6.4 System Summary

In general, all N, chemical species are present at all points (x,z,1) in the spatial and temporal problem domain
Recall that the N, chemical species are divided into M,+M, independent species called components and N,-M,-M, dependent
species called product species. Therefore, in general, at each point (x,z,t) we have M, unknown aqueous component
concentrations, M, unknown adsorbent component concentrations and/or number of 10n-exchange site equivalents, and (N,
M,-M,) unknown product species concentrations These unknowns are determined by M, transport Egns. 2.58, M,
conservation Egns 267, and (N,-M,-M,) algebraic Eqns 278 - 2 83 The unknown dependent quantities C,, and C,, in Eqn
2. 58 are determined from product species concentrations according to Eqns. 2.61 and 2.62. The system of equations 1s
completed by auxiliary relations 2 81 and 2 82 and associated equations in Appendix C, th total radioactive decay rate given
by 2.64, the waste-form release term given by 2 65, and the source term given by 2.66 due to injection/extraction.

2.7 Numerical Approximation to Contaminant Migration (Transport)

The transport model in the BLT-EC computer code 1s based on a modified version the hydrological transport
module contained in the finite-element code HYDROGEOCHEM [Yeh and Tripathi, 1989). This module approximates the
governing transport Eqns. 2 58 and 2 67 with bilinear fimite elements for the spatal discretization, 8 vanable two-point
finite-difference scheme for ime integration, and either direct or pointwise iteration methods for solution of the matrix
equations. Tne code user can also seiect the following options: (a) an upstream weighting finite-element approximation
for advection-dominated flows, (b) lumping of the mass matnx, and (c) tetrahedral or quadrilateral elements (although the
source term models require quadnlateral elements for their implementation).

The chemucal equilibnum Eqns 2 78 - 2 83 are solved with a modified version of the computer code MINTEQA2
referred to herein as EC-MINTEQA2. In a BLT-EC simulation, mixture compositions at each node and ume step are
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provided by the transport module The pre-solution routines in MINTEQA2 have been modified extensively to interface
cfficiently with the transport module The chemical concepts, mathematical structure, solution procedures, and
thermodynamic data base used in EC-MINTEQAZ are described in detai) in Appendix E. This appendix 1s taken directly
from the MINTEQA2/PRODEFA2 Version 3.0 User's manual [Allison ¢t al, 1991] and reproduced here for completeness
Minor text changes necessary 10 maintain consistency n notet.on and to disinguish differences between EC-MINTEQA2
and MINTEQAZ2 have been introduced when appropnate.

2.7.1 Transport Equations

The hydrologic transport equations in BLT-EC are solved using the finite-element method.  The hydrologic
transport module contained in HYDROGEOCHEM was used for this purpose and coupled with EC-MINTEQA2. The
approximation of transport equations by the finite element method is described by several authors | Huyakomn and Pinder,
1983, Carcy and Oden, 1986, Yeh and Tripaths, 1991]; therefore, only a bnef development is presented here

To obtain a discrete form of the continuum problem defined by 2 58 - 2 68, the problem domain Q is discretized
as a union Q, of M, finite clements and M, nodal points. Let {N,} be the global finite element basis approximation space
H'« H'onQ, The approximate semi-discrete statement of transport Eqn 2 58, afier integration by parts, is for t > 0 find
T, € HYQ) such that

aT,
f |e_~_'w,.o7;.°?.u',,er,u'peo-vr‘-vw,,
6, ot ot
-, By 9, W, -BDV(C, 1 C) I Jdxds
s 'S oS VI
(2.84)
d w P} , 5
s fn.m, 085708 OCGAT ~(Copr CINIW ddiz
+ fr 6DVT :nW, (T,
where T, and W, have the form:
e
Tdxzd) = 3 Ty(ON(x2) (285)
)
and
W, = N(x2) (2.86)
Introducing Egns. 2.85 and 2. 86 into 2 84, the following set of semi-discrete matnx equations are obtained
(@ 1 K Ep (1) A Kpdc,) « iCh + Q) + B 2.87
l-"ﬂ"}“"’(l-"’ll‘!-])w("(ll'[l)(,y ) * Q) (2.87)
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where { dT/dt ).{ T, }.{ C, }. and { C,, } are column vectors at all nodes and matrices [M], [A], [K], and [E) and load
vectors {Q) and {B) are given by

M, = ,§ fQ'N,'BNJ'dxdz (2.88)
- B o o
K =¥ f [VN“BDVN* + N(Q - Q)N']dxd.-
i &t Jo, ' J i 3 ! (2.90)
lm .
E‘I = “‘SM_: fn'N, —BTNJ dxdz (2.91)
0, = X [ N'OCdxdz 292

B,= ¥ f NODVC nds = - ¥, f NIVC, n-8DV(C ) n
o8, °T, 0B, T,
(2.93)
- MTpn + VC,+C)mlds

where (2, is the subdomain of element e , I', 1s the length of boundary segment B,, and N and N are finite clement basis
and weighting functions. Note that boundary condition Eqn 2 73 was used in 2.93.

Quadnilateral bilinear elements are used to discretize the spatial domain. Triangular lincar elements are coded in
BLT-EC, however, these eiements have not been tested.  Also, the source-term models described in section 2.5 are

umplemented in quadrilateral elements only. The bilinear basis functions for the )-th node of a typical quadrilateral element
are:

NY=(1 o+ §5) (1 + nm), -15§<1, -lsn<l (2.94)

where § and n), are the local coordinates of the four corner nodes which are numbered from j=1 1o j=4 beginning with the
lower left hand comer and going around the element in a counter clockwise direction The mapping from local coordinates
£ and 1 to the global coordinates x znd z is defined by
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4 K

x= LaNGn) Az e FaNEm) 2.95)

=l =l

For advection dorminated flows 1t may be necessary to upwind bias the weighting function in the advection term so that the
nodal solution of total concentrations T, will not exhibit supurious oscillations. Refer to the upwind weighting option flag,
IWET, in data set 4 1f this option is selected ( IWET=1), the weighting function N, is set equal to an upwind biased
weighting function W, defined as follows {Yeh and Tripathy, 1989)

N, = W, (2.96)
where
W, = 1(2-3a) - 2§ + 3a,£%((2-3B,) - 2n + IB,n*)16 (2.97)
Wy = [2+3a) + 2§ - 3a,E%)((2-3B,)) - 21 + 3IBn’)16 (2.98)
Wy = [(2+3my) + 26 - 3e,87)((2+3B,) + 2n - 3p,n’)16 (2.99)
W, = 2-3e,) - 2§ - 3a.8%((2+3,) + 2n - 3B,n°)16 (2.100)

where @, @ ,, B, and B, are weighting factors assigned (o clement sides 1-2, 4-3, 2-3, and 1-4, respectively, of a typical four-
node quadrilateral element. If the optimization flag, IOPTIM = |, these weighting factors are determined by the equation:

a = coth{{UL)2D] - [(2DY/UL) (2.101)

where @ denotes a@,, & ,, B,, and B,, L 1s the length of the corresponding element side, and U and D are the average values
of velocity component and dispersion along the corresponding element side. [f IOPTIM = 0, first-order upwinding 1s invoked
and these parameters are set 1o | or -1 depending on the flow direction and 0 if flow velocity along the element side is zero

Eqn 2.87 represents a system of ordinary differential equations for nodal concentrations T(t) To evaluate the
behavior of this system in the ume domain, the vanation of T, over ime step At 1s approximated with the linear function
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Tt wi™ + wmI'  0swsd (2.102)

+
J

where U=t"+w(1""'-1"). The velocities are approximated m similar fashion as

Vet = wl™ s (1w, 0<w <1 (2.103)

For Eqn. 2.103 to be stnetly true the velocity weighting parameter w, must equal w However, for added flexibility
the value of w, is permited to be different than w The ume derivative is approximated with a two-point difference
approximation as

aray ' -1"
AW, L (2.104)
ar At

Applying Eqn. 2 87 at uime 1* and introducing Eqns. 2.102 and 2 104, the fully discrete system of equations is
obtained

(G = (HC)r (G + 17 (2.105)
where
|G*] = IM*)/Ar + wid®] « w(K*} + [E°) - wv[V]"" (2.106)
{H®) = wA®] + wK*) - w [ (2.107)
[L7) = 1Q°) + (IM°VAr - (1-wIE°)TY
. 3 (2.108)
= ((b-w)l4°] + (1-wIK PIC,I" + lq]) + (1-w)I(C,)"
where
q -"z‘:fr‘.\"(l’-n)z,';ds (2.109)
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v~ g f,.'/*'.("’")ds (2.110)

and the astensk denotes evaluation at tmet” The values of w and w, control the implicitness of the time integ-ation scheme.
If w=0 and w,=0 (1"=1") the integration scheme 1s exphicit. If w=0 5 and w,=0.5 (t"=(t"+ ("')22) the scheme is an implictt
Crank-Nicolson scheme. If w=1 and w,=1 (1"=t""") the scheme is & fully implicit Backward-Euler scheme.

2.7.2 Chemical EquilibriumEquations
The solution method used EC-MINTEQA2 to solve the mulu-component chemical equilibrium problem 1s outlined

in this section. The primary unknowns of the chemical equilibrium problem are the activities of the components. To begin,
the algebraic system Eqns 2 78 - 2 80 can be represented by the single mass action expression:

¢ A'/'H F 2.111)
with K°, using Eqn. 2 81, defined as
.. k’,
Byt 2.112)
y}

where [] indicates the product over all components in species | To reduce the nonlinearitites, Eqn. 2.111 is solved in
loganthmic form

log ¢ = log K* + N log X (2.113)

where the vector ¢ of length N, contains th= concentrations of all species, vector K* is the vector o mndified equilibrium
constants of length N, the matrix N of dimension (M x N,) contains the stoichiometric coefficients vy, and the vector X of
length M contains the component activities

The nerauon begins by solving for the concentrations of each species, according to Eqn. 2.113, based on an initial

guess for each component activity. The total mass of each component is then calculated from the concentrations of every
species containing that component using Eqn. 2 83, written here in matrix form as:

T =NTe (2.119)

where matnx N7 1s the transpose of matnx N and T 1s the vector of calculated total component concentrations of length N,
The calculated total concentration for each component 1s then compared with the known input total component concentration
(provided by the solution to the component transport Eqn 2,105, that 1s
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/

Ty - T) =« TOL,  k=12,.N, (2.115)

where TOL 1s preset in EC-MINTEQAZ2 to be 10 imes T, If TOL 1s exceeded by any component k, a new estimate of
the component activity 1s made and the entire process is repeated  The Newton-Raphson approximation method is used to
estimate X at each iteration (see Appendix C)

After the the aqueous phase 1s equilibrated, EC-MINTEQA2 computes the saturation index (S1) for each possible
solid with respect to the aqueous solution. The solid with the largest SI is allowed to precipitate by reducing the dissolved
concentrations of those components comprising the solid species according to stoichiometry. Once mass 1s removed from
the aqueous phase, the aqueous phase solution 1s re-equilibrated as described above with one less degree of freedom The

reverse process (dissolution) oceurs if a solid 1s found 1o be undersaturated with respect to the aqueous solution. In this case
an additional degree of freedom 1s added and the aqueous phase 15 re-equilibrated

2.7.3 Solution Scheme

Since C,, and C,, arc functions of T, matrix Egn. 2 105 1s nonl near and therclore requires an iterative solution
techruque.  Thus solution scheme 1s as follows

. At current time level t*, obtain an nitial estimate of [T]™' using [C,]"and [C, ] "in Eqn 2.114 in place of
(€ and [C, )"

2. The new estimate (T]™'* 1s computed from a weighted average of the initial estimate and the previous time
step solution; [T]""* = [T]™' + (1- W)(T]"

3. Using [T)™'*, the sorbed and precipitated concentrations [C,]"'* and [C )"'* are computed using the
equilibrium chemical reacton equations.

4. Substutute [C])"'* and [C,]""* into 2.114 and resolve for [T]™"

5 If(T™ - [T]™"* | « specified tolerance then stop iteration, otherwise continue

6 The new iterate value 1s calculated from [T]™'*"' =  [T]™' + (1- @)[T]™™*

7 Repeat steps 3-6 until convergence 1s achieved or untl the maximum number of iterations 1s achieved

In the above iteration, iteration parameter w can range from 0 to 2. When iteration parameter w satisfies O< w <
1. the solution iteration 1s under relaxed 1f w=1, there 1s no relaxation and if 1<w s 2 the iteration 1s over relaxed

The solution to the hineanzed matnx equation inside the iteration loop can be obtained by either direct elimination
or pointwise iteration methods { Yeh and Tripaths, 1989]  The pointwise iteration method offers three options for solution
successive under relaxation (SUR), successive over relaxation (SOR), and Gauss-Seidel (G-8) tteration. The user selects
the solution option 1n Data Set 11 (Chapter 5)

Finally, the solution to the conservation equation for adsorbent components is determined using the following

implicit scheme

0 + MWL - foTy @116
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where k ranges over the adsorbent components

2.8 Numerical Treatment of Waste-Form Sources

It1s important for the analys* «© recognuze that within the finite-element framework, the waste form acts o provide
& source 1o specific Jocatons within the fimte element domain, Figure 23 BLT-EC uses a substanuially different approach
to allocating the waste form source available for transport as compared to BLT.

In BLT, waste-form sources were treated as volumetnic sources and the mass released was delivered to the four
nodal points within the Frute element uniformly. For example, if the mass relcase rate per unit volume was one, the four
comers would all have a concentration of 1/4. While this 1s & consistent finite element approach, it 1s felt that this approach
may underestimate peak concentrations that could oceur.

In BLT-EC 1t1s postulated that the waste form souree should enter the two downstream nodes in the clement. Using
the preceding example and for simphety assuming flow is downward and paralle! (o the z-axis, with the BLT-EC approach
the concentrations in the two downstream nodes (1.¢ , the two bottom nodes) would be % and the concentrations in the
upstream nodes (i€, two tap nodes) would be zero  This may lead to higher predicted peai. concentrations and earlier
releascs

Caleulation of the distribution of the source i BLT-EC depends on the flow velocity. For the degenerate case of
no flow. the source 1s split equally between the bottom two nodes of the finite clement. When flow oceurs, the allocation
of the source depends on the geometry of the finite element and the magnitude of flow in both the X and Z directions Figure
2.5 provides a graphucal display of the sclection of upstream nodes for a finite element with Jocal node numbers 1 , 2,3, and
4 1n the lower iefl, Jower nght, upper rght, and upper left corers, respectively  The downstream nodes are selected based
on the quadrants defined in Figure 2.5 and the direction of flow. As drawn in Figure 2.5, nodes 2 and 3 are the upstream
nodes

4, 3
roy
Vekoky
Vector
1 2

Figure 2.5 General procedure to select upstream nodes based on the Darey flux vector

The amount released to each node 1s a funcuon of the relative magnitude of velocities in the X and Z direction For
example, if flow 1s vertically downward, V, = 0, the relcase 15 split evenly between nodes | and 2 in Figure 2.5. As the
horizoniel veloeity increases, the Darey flux vector begins 1o point more towards node 2 and the wasic form release is
weighted in favor of node 2. For example, if the magnitude of V, 1s % of V,, 75% of the waste form release rate would be
@iven to node 2 and 25% tonode 1 As the flow in the x-direction increases until the magnitude of velocity in each direction
18 equal, the weighng becomes more pronounced towards node 2. When the magnitude of the X and 7 components of the
velocity are equal, 1.¢ , the flow hes paralle] to one of the lines that defines the boundanes of the four quadrants, the entire
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source 1s placed 1n the one node  In our example, this would be node 2 As the X component of the velocity increases 10
a value greater than the Z component of veloaity, the downstream nodes shift to become nodes 2 and 3 As long as V, 18
negative, node 2 will receive greater weighting than node 3

2.9 Selection of Transport Parameters

Proper selection of the ransport parameters 1s cntical 1o obtaiming defensible esimates of the release and transpont
of contaminants 1n the subsurface system Whenever possible, site-specific, matenal specific values should be obtained

The mosture content and Darcy flux required in Egn. 2.58 are obtained through tabular input or other computer
code analysis. A full discussion of how 10 obtam flow rates using the FEMWATER [Yeh, 1987] code 1s found in the data
input guide for BLT [Sullivan and Suen, 1989) Oblaning flow rates i unsaturated systems 1s & challenging task and beyond
the scope of discussion here. A number of excellent reviews are available [Meyers et al, 1996, National Rescarch Council,
1990). These parameters are ofien enbcal to ransport and care should be exercised 1o nsure that the Darcy veiocities used
o simulate flow adequately represent the system

In general, diffusion coeflicients are contaminant specific and porous media specific. However, they typically do
not play a large rolc i transport in subsurface sy siems as transport in most subsurface systems 15 dominated by advective
wansport Typical values for difTusion coeflicients (1icluding the effects of tortuosity) in soil are of the magnitude 10 em'/s
If duffusion 1s the domunant transport process (low fiyw systems) more effort should be placed in accurately determining the
diffusion cocfTicient under site specific conditions

Dispersion 15 a term that refers 1o the obscrved spreading of contamunants in an advective flow field  Dispersion
results from the fact that in a porous medium indi ndual contamunants move at a different rate than the Darcy flux, which
represents an average flow rate. The causc for the vanation around the average flow rate 1s the different transport paths
expenenced by individual fluid particles as they flow through pores and around soil particles. From a practical standpoint,
these flow paths will not be known on e ficld scale and inclusion of the dispersion term provides a uscful mathematical
construct 10 examine contaminant transport

Field measuremenits of dispersivaty involve injection of a source and measuring the concentration at a downstream
well Using this data, the disy ersivity values can be estimated. There are few measurements of ficld scale dispersivity The
measurements that do exist [Wa'drop, 1985) generally indicate that the dispersivity increases with distance  Longitudinal
dispersivities range from 0 1% to 10% of the distance between the source and meas wrement location  Transverse
dispersivities are less than longitudinal dispersivities by a factor of 0.05 10 0.2, 1t 1s often recommended [Yeh, 1982, Looney
ot al, 1987] 10 use & longitudinal dispersivity value of 0.1 umes the ficld scale and a transverse dispersivity of 0.1 of the
longitudinal dispersivity. While this approach 1s useful as a guide to selecung dispersivity values, the data do not support
sclection of any particular value [Gelhar et al, 1992] Dispersion 1s & site-specific process and requires site-specific
parameters for accurate esumation.

Due to the uncertainties involved in esimating dispersivity values it is recommended that they should be vaned
within the range of expected values to determine the nfluence on release  In general, hugher values of dispersivity will tend
1o spread the contamination out and lead 10 lower peak concentrations, while lower values of dispersivity provides less
spreading and penerally higher peak concentrations  For short-half life radionuclides dispersion may provide & mechanism
1o reach the monitoring point prior to decay

The distnbution coefficient 1s & measure of the amount sorbed on to the porous media in equilibrium with the
aqueous solution concentrauon. 1115 often a entical parameter in esimating transport. A number of compilations of values
for distribution coeflicients in soil systems exist [Baes and Sharp, 1983, Looney et al,, 1987, Thibault et al , 1990] For
most radionuchdes, the compilations typically show a several order of magmitude range n distnibution coefficient This
hughlights the site-specific nature of this parameter and need for site-specific values Again, due 1o the uncertainties imvolved
n estimatng this parameter, 1t 1s recommended to perform several analyses with K, vaned among the range of expected
values 1o determine the importance of K, on transport
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2.10 Limitations in the BLT-EC Computer Code

BLT-EC 15 capable of simulating a wide range of container, waste form, and material behaviors that will impact
the release and subsurface transport of radionuchides from LLW disposal facilines However, s number of assumptions have
been made in the development of BLT-EC  (Under certain conditions these assumptions may lead to himitations in the
apphicability of BLT-EC The potential imitations are

BLT-EC approximates only two spatial dimensions in rectangular coordinates

BLT-EC 1s structured as a deterministic computer code  The range of uncertainties in many transport
paramelers may require muluple simulations using BLT-EC. However, BLT-EC does not have a formal
procedure for sampling among the input parameters  This task is lefl 1o the code user

The localized corrosion model 1s developed for pitting corrosion of carbon steels. Data for other materials 1s
non-existent

Time-dependent changes in waste-form release properties are not modeled with the exception of the partition
coeflicient  In addition to changes in chemical conditions which may cflect release, physical changes 1o the
waste form may occur (plugging of pores in concrete due to precipitation, surface layer formation on glasses
and metals, swelling of resins, incorporation of radionuchides nto the solid phase of the waste forms, etc) that
may also aflect release

Chemical reactions are computed under the assumption of local chemical equilibriurn. - Some important
reactions such as precipitation and adsorption may be kinetically limited and far from equilibrium  In such
cases, BLT-EC may under esumate contaminant migration if the analyst does not take care in introducing off-
setung assumptions.

BLT-EC can model closed systems only. Mass transfer between the aqueous and gaseous phases 1s not
accounted for, nor is transport in the gaseous phase. In some appheations, dynamic changes in CO,
concentrations in the gaseous phase may impact contaminant mobility,

Although quite extensive, the thermodynamic database provided with BLT-EC does not include data for a
number of important radionuchides such as Pu and Th.

BLT-EC does permut transpont calculatons that involve sorption only. This capability is useful in applications
where standard K, type calculations are adequate or when there is & lack of thermodynamic data for
contarmunants of concern  However, in such applications, the transport equations do not himit concentrations
based on solubility  This limitation may causc a problem for species produced due to radioactive decay during
transport. For example, consider a two member decay chain at secular equilibrium Further, the solubility of
the first member of the chain 1s several orders of magnitude greater than that of the second member. Also,
assume that the difference in decey constants 1s smaller than the difference in solubility limits In thus case,
if the concentration of the first member is near its solubility limit, the predicted concentration of the second
species will be above its solubility mit

Darcy flux and moisture content values are not calculated wit v BLT-EC They must be supplied by mput
Time dependent velocities can be accommodated through mpul files coritaining this data

The waste-form leaching models consider surface rinse with partutioning, diffusion, end surface degradation
If other processes oceur, such as swelling of bitumen wastes, or fracturing of glass or cement waste forms due
to handling, other models may be necessary
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3 BLT-EC SOLUTION PROCEDURE

The first step towards using BLT-EC as a method for analyzing release and transport from a low-level waste
disposal system 1s 10 define a conceptual model of the system and its behavior. This coneeptual model should include all
of the phy*- .al and chemical processes that are expected to significantly influence radionuclide release and transport. Based
on this eunceptual model, appropriate data on inventory, waste forms, conlamers, and transport properties are collected
The geometry of the different regions (enginecred barmiers, cover systems, waste contaiming region, soil layers, locstion of
the water table, etc ) must also be defined

In developing a conceptual model, assumptions are made 10 reduce the system into @ form amenable for numenical
simulation A surple conceptual model, for example, may assume that the water flow rate is the natural mfiltration rate, all
containers fail intantly, all radionuchdes are released from the waste forms instantly, and advective transport i1s hmited by
sorption and rahoactuve decay  More complexity could be added to the conceptual model 10 take credit for addibonal
chemical processcs, engineered barmers, waste containers, and waste forms as needed. The general procedure to analyze
releases from a low-level waste disposal facihity 1s presented in Fagure 3 |

I
Design 4____!“__ | Collect | !
Facllity Data | '
v

~a Ry |
Develop | :
Conceptual . ) Interpret |

: Model L Results
] t ’
i 5 o o b s &« - 4‘ B . } I
Y f Y |
implement '
Mathematical Results No
Model Satisfactory? {
BLT-EC | i
Yes i

A Y |

Perform Analysis: 4

Repeat as needed to . Modeis and Data P_«‘g._)l
understand system Satistactory?
behavior

Figure 3.1 Flow chart of the procedure to exe mine releases from a subsurface disposal facihity using BLT-EC

Typically, five major processes are assumed 1o control the release and transport of radioactive contarmunants in the
groundwater pathway. They are.
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. water flow,

. contamner performance,

. waste-form performance,
. transport,

.

and chemical processes.

The coupling between these five models in BLT-EC 1s schematically represented in Figure 3 2 and described below to
provide the background for understanding the calculational procedure used in BLT-EC.

- Water Flow
Flow Rate
and Moisture Content

: Container
Performance

Jscuehod Area

‘ N Waste-Form
Performance

Release rate per
untt voiume

— Transport

Concentrations Precipitated Concentrations

Chemical
Processes

Total Compomm1 t Dissolved, Sorbed, and

Figure 3.2 Coupling between major processes simulated in BLT-EC.

Water flow 1s & function of the local hydrology, disposal system design, and precipitation  Frequently, water flow
15 assumed constant for long penods of time with step changes in flow rate to simulate degradation of the cover system and
engineered barmers. Transient events such as large storms or scasonal vanations are generally not considered in safety
assessment analysis. The justification for this upproach 1s the long time frame of the analysis (hundreds or thousands of
vears), and the belief that over this time frame average flow rate values are acceptable for estimating transport

In BLT-EC water flow 1s not caloulated exphicitly, 1t 1s defined through mpu;  This imphies that container
performance and leaching do not influence bulk water flow In general, these effects are expected to be small. However,
if subsidence oceurs due to contaner collapse (or engineered barner collapse) the flow rate may change drasucally and will
be a function of contaner performance
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Figure 3.3 Flow chart of BLT-EC solution procedure
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4 VERIFICATION PROBLEMS

It 1s importaix to venfy that BLT-EC can solve the types of problems for which 1t 1s intended  Venfication 1s entical
to building confidence in the rehiability of the computer model  Venfication 1s usually accomplished through comparison
with other codes or known analytical solutions  Both approaches are used here

Successful code venfication does not imply that the model can or will be successfully apphed to any parucular
problem. It 1s the job of the code user to demonstrate that the models incorporated into BLT-EC capture the major physical
and chemical processes that influence release from the disposal facility, that the data sclected to represent the system
accurately reflect the expected values, and that the code is properly implemented (i ¢, ume step selection, element size,
application of the initial and boundary conditions, proper translation of the physical model into a form amenable to solution
by computer, elc.)

Even when properly applied, BLT-EC, in all likelihood, will not be able to reproduce the actual release rates that
will eventually occur with a hugh degree of accuracy. The primary causes for potential discrepancies are the long ime frame
(hundreds or thousands of vears) in most simulations, the complex, heterogeneous nature of the natural and enginecred
physical setung, the vaniability in wastes and containers, and lack of understanding of the physical and chemical processes
that control release and transport. Thesce limitations apply 10 all models BLT-EC provides an excellent method for
evaluating the interaction between several processes tha! are behieved 1o control release from s disposal sie.

BLT-EC mcorporates the waste-form leaching and container degradation models of the BLT code [Sullivan and
Suen, 1989] These models have undergone extenaive venfication studies previously [Sullivan and Suen, 1989, Suliivan and
Suen, 1991] Verification test cases have been performed to demonstrate that in the absence of chain decay the BLT-EC
model can reproduce the results generated by BLT  The container degradation, waste form leaching, and wansport models
were all tested independently. For presentation in this report, venfication problems focused on capabiliies which permit
solution of reactive transport and chain decay problems. Three major classes of problem were investigated (1) multi-species
transport with chain decay, (2) release of contamminants from the waste form when ingrowth occurs duc to radicactive decay,
and (3) reactive transport. The results of the first two classes of problem are presented in section 4 | through 4 3

In section 4 4 through 4 7 we present four example problems which partially venfy and demonstrate the reactive
chemistry capabilities of BLT-EC. All problems make comparnisons between solutions computed with HYDROGEOCHEM
and BLT-EC. The first three of these problems focus on testing the equilibrnium chemustry module at a single node point,
complexation, redox, acid-base, and precipitation reactions are considered  The fourth problem considers both transport
and reaction in @ one-cimensional column  These four problems were used previously as HYDROGEOCHEM venficaton
problems in the earher work by Yeh and Trpathi [1990]. The final example problem is more representative of a
performance assessment application a... - . ulates the release of uramum from a hypothetical two-dimensional shallow land
burial trench  Thi« example is non-site specific and 1s designed to demonstrate BLT-EC's ability 10 couple transport,
chemical resction, container degradaton, and waste-form release

4.1 One-Dimensional Transport of a Single Three-Member Decay Chain

To demonstrate that BLT-EC can accurately sumulate transport, a one-dimensional test problem for a three-member
decay chain was simulated  This problem contained a boundary source for the three members of the chain. Al the left
boundary, x = 0, the incoming concentration of the radionuchde of interest 1s specified  For the first member of the chain,
the irutial concentration 1s unity and this changes in ime due 1o exponenual decay  The concentration of the second and thurd
members of the chain are calculated using Bateman's equation [Bateman, 1910) with the assumption that their el
concentration 1s zero  The time dependence of the boundary condition was simulated through tabular input of the boundary
condition concentration values at specified umes, Table 4 1 Linear interpolation was used for times not in the table The
wuual conditions were zero concentration at all locations for all radionuclides being simulated. The distance simulated in
this problem was 70 meters. This distance 1s large enough such that during the problem simulation time of 273 vears,
essentially no matenal reached the nght boundary. For companson purposes, the contaminant and matenial specific transport
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parameters for this test problem were chosen to correspond with those reported by Huyakorn [Huyakom et al , 1989] These
parameters are reported in Table 4 2

The decay chain in this problem assumes that contaminant | always decays to contaminant 2 which always decays
to contaminant 3. Branching of the decay chain is not considered The values of half-lives in Table 4.2 for the three
contaminants are similar 1o those of Am-241, Pu-241, and Pu-240  These three contaminants do not form a decay chain
(e.g, Pu-241 decays to Am-241 which decays 10 1'7-237). The half-lives were chosen to reflect a vaniety of decay rates over
the uime scale of interest (hundreds of years). The 1.alf-life of the first member of the chain was selected to be short enough
to insure that decay would occur and long enoug' such th~: i ould not all decay The contaminants are referred 1o as
contaminant 1, 2, and 3 to emphasize that this problem Jues not represent a real decay chain

Table 4.1 Incoming Concentration at the Boundary for the Single Decay Chain Problem

Concentrations versus time at the boundary. Concentration values are in g/lem’

Contaminant Time (yrs)
0 91 200 300
] 10 861 0725 0619
2 0 0.0305 0.026 0.022
3 0 0103 0247 0.353

Table 4.2 Transport Properties Used in the Three-member Decay Chain Transport Problem

Radionuclide Dependent Properties
Contaminant T ¥ (years) Distnibution Coeflicient (K,)
1 433 0
2 15 0
3 6540 0

Transport Properues for all Contaminants

Mousture Content 0.1

Darcy Flux 247 10* em/s
Bulk Density 2.34 g/em’
Dispersion Coefficient 259 em
Molecular Diffusion Coefficient 0 cm’/s

The finite element solution was obtamed on & uniform grid consisting of two elements 100 ¢m high in the z-
direction and 70 elements 100 cm long in the X-direction  Flow was uruform in the X-direction and all transport properties
were held constant over the modeled domain A constant ime step of onc year was used for the entire simulation
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The distnbution of the three contaminants as a function of distance at 273 years 15 presented in Figure 4 |
Comparison of the predicted concentrations with results obtained using BLT-MS [Sullivan, et. al | 1996] shows excellent
agreement [Table 4 3] Previously, BLT-MS was compared to VAM2D on a similar problem [Huyakorn, et al , 1989] In
that problem, the advective flux was specificd at the boundary instead of the concentration, the ground water flow rate was
much higher, and sorption was modeled  Agreement between BLT-MS and VAM2D was within a few percent at locations
up to the first 50 meters afler 273 vears. In thus problem, diflerences between the BLT-MS and BLT-EC concentrations were
generally less than a few percent in the regions where the concentration is within two orders of magmitude of the maximum
incoming concentration (unity).  For the first contaminant, the codes gave identical results. For the second and third
contaminants shght differences were observed  This 1s due to the treatment of ingrowth due 1o decay. BLT-MS calculates
the transport of contamnants sequentially and uses the nost recently calculated concentrations 1o estimate ingrowth  BLT-
EC uses the values available at the beginning of the tune siep 1o estimate mgrowth. Both approximations are accurate to
order At Comparisons at cther imes duning the simulation showed simular differences in predicted results The largest
differences occurred for contaminant three as shown in Table 4.5

- e
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001 § ~0—BLT-EC (1) focsmsmn i
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—i— BL1-EC(2)
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Figure 4.1 Companson of BLT-EC and BLT-MS Predicted Concentrations at 273 Years for a Three Member Decay Chain
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Table 4.3 Comparison of BLT-MS and BLT-EC Results at 273 Years for the One-dimensional Single
Decay Chain Problem

Contamnant | Distance (m)

0 10 20 30 40 30
BLT-MS 06476 0.5977 04179 0.16805 0.0359 0.00366
BLT-EC 0.6476 0.5977 04179 0.16805 0.0359 0.00366
Contamunant 2 Distance (m)

0 10 20 30 40 50
BLT-MS 0.023] 002144 00148 000603 0.00127 1 330:-4
BLT-EC 00231 002145 00148 0.00598 0.00125 1 28E-4
ifference 0 000001 0.0000 0.00005 0.00002 5 0E-6
% Difference 0 -0.005 0.0 0K 16 38
Contarminant 3 Distance (m)

0 10 20 30 40 30
BLT-M)> (03244 0.3005 02079 0.0856 001834 000196
BLT-EC 03244 0.3003 0.2065 0.0839 0.01761 000184
Difference 00 0.0u02 0.0014 0.0017 0.00073 000012
% Difference 00 0.1 07 20 39 6.1

4.2 One-dimensional Transport with Two Decay Chains

To demonstrate the ability of BLT-EC to simulate muluple decay chains with branching, the preceding test problem
was modified  The change i the problem involves the definution of the decay chain  In this simulation, contammant | decays
to contaminant 2 one-half the ime and 1t decays to contaminant 3 one-half of the time. Contaminant 2 alwavs decays Lo
contamunant 3. The change in decay chain causes & change in the boundary conditions for the second and third contaminants
The new boundary conditions are presented in Table 4 4 In the multiple decay chain model, all transport parameters are
identical to the problem described in section 4 1 and Table 4 2

The change in the decay scheme reduces the source for contammmant 2 by a factor of one-hall  This reduction in
source 1s reflected in the boundary concentrations  specified in Table 4 4 Therefore, predicied concentrations for
contarrunant 2 should be one-half the value of the previous test case  The situation is more complex for contaminant 3 One-
half of the decay from contaminant one goes directly to contaminant 3 while the other half goes 1o contaminant 2 before
decaving to contamunant 3 The decay directly to contaminant 3 would indicate that the predict~4 concentrations should be
higher than in the previous case when all of contaminant | decayed 1o contaminant 2 prior 10 bew. ‘ng contamsnamt 3. Due
1o the shon-half life of contamunant 2 (15 years), this effect 1s not large  1f the half-life of contaminant 2 were much larger
(hundreds or thousands of years), the effect of branching on contaminant 3 would be much more pronounced

NUREG/CR-6515 56



Table 4.4 Incoming Concentrations at the Boundary for the Two Decay Chain Problem

Concentrations versus time at the boundary. Concentration values are in g/cm’

Contaminant Time (yrs)
0 91 200 300
1 10 0861 0.725 g 0619
2 ) 0016 0013 0011
3 0 0118 0.260 0364

The results from this simulation are presenied in Table 4.5 and compared to results from BLT-MS and the previous
results from BLT-EC  The results are as expected Contaminant 1 concentrations rema:n unchanged, contaminant 2
concentrations have decreased by %4, and contarmunant 3 concentrations have increased by a few percent. A graphical display
of the results gencrated by VAM2D 1s presented in [Huyakomn et al, 1989]
concentrations (o those 1n the graph showed agreement similar to that found for the problem described in section 4.1 (i.e.,
differences in predicied values less than 10%) A detailed estimation of the differences could not be made because of the
difficulties in obtaining two significant figures from the graph

Comparnison of the BLT-EC predicted

Table 4.5 Comparison of BLT-EC Results at 273 Years for Chain Decay and Chain Decay with Branching

In the branched chain example, contarminant one decays 1o contaminant two one-half of the time and to contaminant
three the other half. Contaminant two decays 1o contamunant three all the time.

Contaminant | Distlance (m)

0 10 20 30 40 50
Single Chain 06476 0.5977 04179 0. 16805 0.0359 0.00366
Branched Chain
BLT-EC 06476 05978 04129 0.1681 0.0353 0.00366
BLT-MS 0.6476 05978 04129 0.1681] 0.0353 0.00366
Contamunant 2 Distance (m)

0 10 20 30 40 50
Single chain 00231 002144 00148 0.00603 0.00127 1.33E-4
Branched chain
BLT-EC 00115 001072 0.0074 0.003 0.000623 6.44E-5
BLT-MS 00115 001072 00074 0.003 0.000635 6 64E-5
Contaminant % Distance (m)

0 10 20 30 40 50
Single chain 0.343 02002 0.2064 0.0839 00176 000184
Branched chain
BLT-EC 0336 03111 0.2143 00873 0.0184 000192
BLT-MS 0336 03112 02154 0 0886 00189 000201
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4.3 Ingrowth of Progeny Prior to Release from the Waste Form

For radionuchdes that are members of a decay chain, their inventory will change in time prior to release from the
waste form. A test problem was devised to demonstrate that BLT-EC could accurately simulate ingrowth in the waste form
In the test problem, there are two containers with identical waste forms. The first container fails at emplacement, (ime =
0) and the second fails afier 99 years. For the analyucal release models in BLT-EC, the mass assigned for release due to
one mechamsm is independent of the other mechamsms (i ¢ , mass apportioned to diffusion must be released via diffusion)

4.3.1 Rinse Model

The nnse model releases all of its available inventory duning the first ime step afler container breach Therefore,
it provides an excellent method of testing the BLT-EC calculation of ingrowth 1n the waste form because the analvtical
nventory pnor to release can be calculated using the Bateman equations. In this test problem, the three contaminants from
the previous example were used. The mtial inventory of contaminant 1 was selected to be umity while the initial inventonies
of contaminant 2 and 3 were zero. Therefore, any inventonies of contaminant 2 and 3 are a result of radioactive decay and
ingrowth  The half lives are given in Table 4.2

Thz results of this test are presented in Table 4 6. For the container that failed at time 0, contaminant | released

the entire inventory as expected At 99 years, the time of failure for the second container, the predicted results matched the
analytical results to three significant figures

Table 4.6 BLT-EC Predicted Rinse Release Compared to Analytical Rinse Release (Analyt)

Container Contaminant | Contaminant 2 Contaminant 3
Failure Time BLT-EC Analyt BLT-EC Analwvt BLT-EC Analwvt
(yrs) :
0 1.0 1.0 0 0 0 0
99 - 0853 0852 00309 0.0309 0.115 0116

4.3.2 Diftusion Model

BLT-LC contains two classes of waste form leaching diffusion release models The first class contains analvtical
soluuons for duffusion Tom a finite-sized cylinder or plane with & uniform initial concentration and zero concentration at the
boundary between the outside edge of the waste form and the contacting solution  When diffusion can be shown (o be the
dormnant release mech inism, these models can be an excellent approximation to release from solidified waste forms. The
second class contams & one-dimensional finite difference representation of diffusion through a solidified medium. This
procedure 1s more gereral and permits solution feedback effects (non-zero concentraticas at the boundary, ¢.g., solubility
himuted), and non-uniform production due to decay to be addressed in the framework of diffusion controlled release. These
models are discussed in detail in sections 2.32 and 2.3 5

When ingrowth occurs, the assumptions used to generate the analytical solution are no longer met. The production
of progeny depends on the distribution of the parent radionuclide. Even if the parent radionuclide begins with & uniform
distribution in the waste form, due to the diffusion process, in time, the parent will have a spatially dependent distribution
which implies a spatially dependent production rate of the progeny  To overcome the lack of an analytical solution for the
case of a spatially varying source, the approximation is made that the spatial distribution of the source due to decay 1s
identical o the spatial vanaton in concentration of the progeny 1n the waste form. In this case, the effect is 10 shift the entire
concentration versus location curve in the waste form up to account for ingrowth. This approximation allows the analytica!
soluuon for diffusion release (o be retained by simply adjusting the “initial concentration” This approximation does not have
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a physical basis although 1t will conserve mass. In most cascs, this approximation will tend to under predict releases from
the waste form of the progeny contammant  1f diffusion controlled release from the waste form is important, the use of the
analyucal diffusion models 15 not recommended when ingrowth oceurs

In contrast, the finite-difference leaching model accounts for the spatial vanation in production rate as the problem
evolves. Ingrowth s calculated within cach finie difference volume used to represent the waste form. Therefore, if the
parent and progeny have different diffusion rates this 15 automatically caleulated as part of the solution procedure.

Several test problems were simulated 1o test the diffusion-controlled release leaching model when ingrowth occurs.
The test problems considered three contammnants. The iital inventory of contarninant 1 was unity while the imitial inventory
of the second and third contaminants were zero In the first test problem, the diffusion coefficient of each contaminant was
10* em’/s. The waste form was assumed to be represented by a plane with a half-width of 25 em. Two containers were
considered, the first faled upon emplacement, the second failed afier 99 years. The half-lives of the contaminants are those
used previously and can be found in Table 4.2

Table 4 7 contans the cumulative release and mass available for release afier 273 vears for the three contaminants
For the first contaminant, the results of the two models are essentially identical  This agreement indicates that the finne-
difference model can accurately reproduce the analytical solution when ingrowth is not a concem  For the second
contaminant the available mass m the two modcls 1s almost idenuical  This agreement is due to the short-half hife of the
second contaminant as compared to the first; it 1s in equilibrium with the parent at this ume  This result indicates that the
fimte-difference model 1s accurately accounting for ingrowth  The amount of contaminant 2 released 1s substantially wgher
for the finite-difference model as compared to the approximate analytical model. Similarly for contaminant 3, the amount
released is higher for the finite-difference model For both contaminants 2 and 3, the difference between the two models is
greatest for the contaner that failed at t = 0. This behavior is expected becausc as the diffusion time increases, the
approximation used 1n the analytical model to correct for ingrowth loses accuracy

Table 4.7 Comparison of Finite-Difference (FD) and Approximate Analyticai Madel (AAM) Predictions for
Cumulative Fractional Release (Rel) from a Plane Waste Form with Each Contaminant Having Identical

Diffusion Coefficients

Mass in the waste form available for release 1s presented under the columns labeled Avl

Contaminant | Contaminant 2 Contamunant 3 Container
Fatlure

ume

Model Avl Rel Avl Rel Avl Rel

FD 0376 0359 00135 9.57E-3 0.1892 0.0448 0

AAM 0375 0.365 00136 1. 74E-3 0.2051 0.0345 0

FD 0430 0 255 00154 9 10E-3 0216 00634 99

AAM 0429 0261 00156 4 64E-3 0224 00594 99

Assuming negligible decay of the third contaminant (half-life 6540 years) over the 273-year time frame that was
simulated, an approximate mass balance can be obtained by summing up the mass availabie for each contaminant and the
mass released for cach contaminant It should sum 1o approximately one. The mass balance error for all four cases 1s less
than 1%
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A similar test problem was simulated for a cylindrical waste form with a 25 em radus The analvtical diffusion
model n cylindncal geometry also accounts for the finite height of the waste form  In this problem the height was setto a
large value (>5000 cm) to insure that release occurred primarily in the radial direction This allowed direct comparison with
the firute-difference model which only simulates the radial direction Other than the change in geometry, all other parameters
were unchanged from the problem described above in this section

Table 4 8 presents the cumulative release and mass available after 273 years for three contarninant from a
cylindnical waste form.  The releases of the first contammnant are much higher in this case  This result is duc to the waste-
form geometry, more of the mass lies closer to the outside boundary in a cylinder of 25 cm radius as compared (o planc
of 25 em half-width  Thus, the average diffusion length 1s shorter and the releasc 1s higher. Again agreement between the
snalytical diffusion model and the finite-difference model 1s excellent for the first contammant  For the second and third
contamunants, the results were simular 1o thosc found for plaae geometry. The finite-difference model predicts higher releases
of each contamunant with the difference between the two models more pronounced as the diffusion time (ime since breach)
increases.  Again, mass balance errors were less than 1%

Table 4.8 Comparison of Finite-difference (FD) and Approximate Analytical Model (AAM) Predictions for
Cumulative Fractional Release (Rel) from a Cylindrical Waste Form with Each Contaminant Having
Identical Diffusion Coefficients

Mass in the waste form available for release is presented under the columns labeled Avl,

Contaminant | Contaminant 2 Contaminant 3 Container
Failure

uime

Model Avl Rel Avl Rel Avl Rel

FD 0.204 0.607 7.3E-3 00147 0103 0063 0

AAM 0.195 0619 7.4E-3 0.0029 0.143 0039 0

FD 0.276 0451 99E-3 0.0163 0.138 0.105 99

AAM 0266 0462 1. OE-2 0 00K 0 188 0.096 99

4.3.3 Uniform Degradation Model

There are two major classes of solution procedures for the uniform degradation model  The analytical umiform
degradation model, which in the absence of ingrowth and decay, projects a uniform tume independent release rate untl the
entire nventory 1s released  For example if the fractional degradation rate was 0.01 per year, 1% of the inventory would
be released for 100 consecutive years afier breach. This release 15 adjusted for decay and ingrowth as discussed in section
2.37.

The second class of degradation model 1s the finne-difference models, discussed in section 2 3.5. The finite-
difference models can simulate either plane or cvlindncal geometry  In either case, the fractional degradation rate 1s
multiphed by a charactenstic length (width for plane geometry, radius for cylindncal geometry) 1o obtain a dissolution
velocity. The release rate is the concentration in the wasle form available for uniform degradation reiease muluplied by the
dissolution velocity multiphed by the surface area to volume ratio of the waste form  For plane geometry, this reduces to
an expression identical to the analytical model. For cylindrical geometry, the effects of curvature cause a ime-dependent
release raie. That is, the amount released 1s proportional to the surface area which is a function of the time-dependent radius
As the radius decreases due to dissolution, the surface arca decreases and so does the release rate
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To test the dissolution madels in BLT-EC, the test problem described in the previous section was modified slightly
The problem again considers three contaminants with the initial condition thit contaminant one has a unit inventory while
contaminant two and three are initially absent  The fractional degradation rate was set to 0 001 for all three contaminant
Two container failure imes, 0 and 99 years, were simulated  For the finite-difference models, the half-width was set o 25
cm for plane geometry and the radius was set to 25 cm for cylindnical geometry

The results of this test problem are presented in Table 49 As expecied, the analytical mode! and the plane-
geometry fintte difference model gave identical results for all three species. The cylindnical release model exhibits higher
releases as expected  As before an approximate mass balance can be obtained by summing up the mass available for cach
contaminant and the mass released for each contaminant. In all three cases, the mass balance crror was less than 1%

Tuble 4.9 Comparison of Plane Finite-difference (PFD), Cylindrica! Finite Difference \FD) and Analytical
Model (AM) Predictions for Cumulative Fractional Release (Rel) from a Cylindrical Wate Form with Each
Contaminant Having Identical Diffusion Coefficients

Mass in the waste form available for release is presented under the columns labeled Av

Contaminant | Contarminant 2 Contarmnant 3 Container
Failure
time
Model Avl Rel Avl Rel Avl Rel
PFD 0.470 0.221 00168 7.5E-3 024 0.048 0
AM 0.469 0.221 0.0165 7.38E-3 0.239 00438 0
CFD 0.342 0.387 00123 00129 0.224 0073 0
PFD 0.534 0.129 0.0191 4 84E-3 0.271 0.039 99
AM 0.533 0.129 0.0187 491E-3 0272 0 03886 99
CFD 0.44) 0238 00158 8 9SE-3 0.1745 0.07] 100

To venfy the accuracy of the models an analytical expression for the cumulative fractional release is obtained for
the first member of the chain

. [t - Al
Q - fo uly M, e T (4.1)

Where u is the fractional degradation rate, L, 15 the characteristic length (width for plane geometry, radws for
cylindncal geometry), M, is the initial inventory in the waste form, 2 is the decay constant, V, is the volume of the waste form
at emplacement, and A(t) is the surface aree of the waste form For plane geometry, L A(1)/V, is unity and the expression
reduces to

- uM_ An
g, = — (1] (4.2)
A
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For the contaner that fails at emplacement, evaluation of the above expression at 273 years yiclds a valuc of 0.22
as predicted by the BLT-EC analyucal model and planc finte-difference model. For the container that fails at 0 99 years,
M, is reduced to 0.85 (to account for decay prior to breach and t is 174 years. In this case, the analytical release 15 0.13
which agrees with the BLT-EC model predicions. The above relationship could be generalized by replacing M, ¢ “* by
the expression for the mass as a function of ume as determined from the Bateman equations.

For eylindrical geometry, L, 1s the initial radius r,, V, is the imual volume of the waste form, = r, * h, and A1) is
the area which can be expressed as

Using these expressions,

Lo AWV, = 21 - up (@4)

Placing this into the integral for Q(1) yields'

2uM
e, * "i{" l“';'{') ('Y « u ¢ ¢4} 4.5)

Evaluation of this expression at 273 years yields a cumulative fracuional release of 0.38, consistent with the prediction of
the cyhindncal finite-difference mode!

44 Aqueous Complexation

Thus problem considers aqueous complexation of the following components, Na*, Pb*, H', and CI in a solution
having a fixed hydrogen acuvity of pH=7.10535. The imitial analytical concentrations (mole/liter) of these components are
1.0x107, 2 9x10%, 1.0x10", and 2 9x10“, respectively Two BLT-EC simulations were performed, (1) reactions are
specified a prion and correspond with the reactions considered in the HYDROGEOCHEM simulation, and (2) reactions
are not predefined and are automatcally selected by the equilibnum module and thermodynamic database. The
HYDROGEOCHEM solution was obtained from Yeh and Tripathu [1990) Species concentrations at equilibrium, along
with equilibnium constants, are presented in Table 4.10. Shght differences in computed equilibnum concentrations between
simulations are apparent. By comparing the tabulated results we see that BLT-EC concentration results, C*%, agree closely
with the HYDROGEOCHEM results, the exception being hydrogen concentration It 1s stated in the HYDROGEOCHEM
problem description [Yeh and Tripathi, 1990] that hydrogen acuviny 1s fixed at pH=7 10535, vet the negative log of the
computed equilibnum hydrogen concentration 1s given as 7.11 (7.10535 rounded up). However, activity and concentration
values are cqual only in solutions of very low 1onic strength Note that the negauve log of the BLT-EC hydrogen
coneentration, which corresponds to pH = 710535, 15 6 99

BLT-EC results, C%, are computed by allowing BLT-EC 1o select, from its database, the relevant reactions These
results are significantly different than the HYDROGEOCHEM results because a significant quanuty of Pb(COH), precipitates
As a result, the concentrations of free Pb* differ substantially This latter simulation illustrates the advantage of having the
computational capability to automatically access a thermodynamic database This capability cases the burden of having to
predefine the reactions, which may lead to errors or misleading results if important reactions are neglected Moreover, an
automatically accessible database climinates the cumbersome and error prone task of organizing and inputting the required
stoichiometne and thermodynamic constants

For further venfication, this problem was also exarmuned using MINTEQA2. The results of BLT-EC, concentrations
C™, and MINTEQA2 were in exact agreement with each other
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4.5 Acid-Base and Redox Reactions

Ths problem considers acid-base and redox reactions involving Fe*', SO, H', and ¢ The imitial concentrations
(mole/liter) of these components are, respectively, 2 0x107, 3 0x10", 1 0x107?, and 1 3x10* Equilibrium concentrations
of these components, associated dependent species, and equilibrium constants are given in Table 411 In this problem, the
reactions that are automatically selected by BLT-EC correspond with the reactions considered in the HYDROGEOCHEM
simulation. Disagreements in concentrations are significant for several species, particularly for Fe*', Fe(OH),", and HSO,
These differences are hikely do in part 1o differences between equilibrium constants for Fe species. Comparisons between
MINTEQA2 and BLT-EC showed cxact agreement with each other

4.6  Precipitation -Dissolution Reactions

This problem considers complexation and precipitauon-dissolution reactions involving Na*, U0, H', CO,*,
SOF, and CI'. The equilibnium results are presented in Tabie 4 12 The HYDROGEOCHEM concentrations are denoted
by C" Two BLT-EC simulations were performed  In the first simulation, BLT-EC was allowed to select, from its database,
the relevant reactions, the resulung concentrations are denoted by C% Morceover, several of the equilibrium constants differ
from those used in the HYDROGEOCHEM simulation. In the second BLT-EC simulation, the database was modified so
that the reactions and equilibnum constants matched those in the HYDROGEOCHEM calculations. Reasonable agreement
between the HYDROGEOCH!EM and BLT-EC results 1s obtamned with very shight differences occurring between the two
BLT-EC simufations. In addition, results computed using BLT-EC (1 ¢, C*") and MINTEQA2 were 1n exact agreement

4.7 Reactive Transport

Thus applicaton compares BLT-EC and HYDROGEOCHEM simulation results for 8 problem involving transport
with reaction 1n @ one-dimensional column The reactions involve components Ca™*', Mg**, CO,*, SO,*, and H' in water.
Twelve aqueous species and eight minerals were considered as shown in Table 4 13

The column 1s 100 dm long with a porosity of 0.3, a bulk density of 1.2 g/ee, and dispersivity of 5 dm. Water flow
is from nght to lefl at a velocity of 0 5 dm/day. For each simulation the column was partitoned into one hundred finite
elements of size | dm x 1 dm Simulations were conducted for 100 days using a constant time step of 0.5 days Two iterations
between transport and reaction calculations were allowed

Inial conditions 1n the column were the following The pH vaned linearly from 7.7 at the lefi end 10 8.0 at the nght
end (the pH 1s held fixed dunng the simulation) The mual Ca* concentration was umiform at 10 mole/liter The
concentration of Mg™ decreased hinearly from 5x107 mole/liter at the left end 10 107 mole/liter at the right end. The SO,?
concentration also decreased lincarly from lefl to night, ranging from 2x10" to 10 mole/liter. The CO,* concentration
ncreased linearly from 2x10™ mole/liter at the left end to 8x10 mole/liter at 85 dm and then finally to 8 6x10” mole/lnter
at the nght end

Al the nght end of the column the boundary conditions deseribing the composition of the incoming water were as
follows: the pH was held fixed at 8 0, the CO,*, Mg¥, end SO, concentrations were constant at 2x107, 10?, and 2x10?
mole/liter, respectvely. and the concenitration of Ca® was fixed at 10 mole/liter between 0.0 and 1.0 days, 9x10” mole/hiter
between 1.0 and 9 5 days, and 10 mole/lnter thereafier

Simulation results showing caleium carbonate and magnesium carbonate at 50 and 100 days are presented in
Figures 4 2 - 4 5 HYDROGEOCHEM results are represented by a solid line and BLT-EC results are represented by tnangle
svmbols As shown, excellent agreernent between the sinulations was obtained Initially magnesium carbonate precipitation
exsted throughout most of the column. Near the nght end of the column, compeution for carbonate by the injected calcium
pulse, see Figure 4.2, caused gradual dissolution of magnesium carbonate as shown in Figure 4 4. Note that the
concentration scales in the figures at S0 and 100 days are different to accommodate the substantial increase in magnesium
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carbonate precipitation and decrease in caleium carbonate precipitation at the nght end afler the passing of the injected
calcium pulse.
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Figure 4.2 Distribution of Calcium Carbonate at 50 Days.
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Figure 4.3 Distribution of Calcium Carbonate at 100 days
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Figure 4.5 Distribution of Magnesium Carbonate at 100 Days

65 NUREG/CR-6515




SISOUI/AUNN

99

Table 4.10 Species Concentrations at Equilibrium for the Complexation Problem

Components and Stoichiometry
| Na' 000 1 D00E-1 0.00 1 000F-1 000 1 000E-1 i 0 0 0
Pb* 000 2 570F-4 0.00 2 600F -4 000 2 421E-6 0 1 0 0
i 000 7 R4SE-8 000 1 012E-7 000 1012E-7 0 0 1 0
Cl 000 1 DOOE-1 0.00 1 000E-1 000 1 DOOE-1 0 0 0 !
Ol 1399 1 660F-7 -13.99 1 647E-7 -1399 | 646F-7 0 0 -1 0
PhHOH)’ 17 1 090E-5 -7.71 2 999E-5 -1.71 2 796E-7 0 1 1 0
Other species from database
Ph, (01D, i . 231 88 6 369F-14 0 3 -4 0
PhH(OID),” 3969 1 261E-17 0 | -4 0
PhCl . . 1 60 3 485E-6 0 i 0 1
I PhCl, . - 1 80 3 245E-7 0 ] 0 2
I PhCl, — 1 69 2631E-8 0 1 0 3
PhCI, - 138 2 099E-9 0 1 0 4
PH{OH), = . 1712 1 047E-9 0 1 -2 0
Ph(OH), 28 06 2 016E-13 0 1 3 0
Pb,OH™ . 636 4 193E-11 0 2 -1 0
l Precipitated solids from database
! Ph(OH), 815 2 835E-4 0 1 2 0
CTHYDROGEOCHEM solution
CTBLT-EC solution
CTRLT-FC swlution mvoliang additional reactions provided by MINTEQA database



Table 4.11 Species Concentrations at Equilibrium for the Acid-Base and Redox Reactions Problem

Q
®)
=
&
w
w

e ——————————— —
| Fe* 000 6.516E-4 0.00 1.398E-2 ] 0 0 0
| so, 000 2 148E-2 000 5 S98E-2 0 1 0 0 |
| w 000 1 633E-3 000 8 528E-3 0 0 1 0
| 000 4 426E-19 0.00 2.772E-19 0 0 0 1
| o1 -13.99 6. 266E-12 -13.99 2273E-12 0 0 g 0
FeSO,’ 392 1.167E-1 392 1.198E-| i 1 0 0
Fe(SO,), 542 7 925E-2 542 5 S99E-2 1 2 0
| FeOH™ 219 2 S76E-3 219 2.771E-3 ! 0 1 0
Fe(OH)," 567 5 236E-4 567 S 481E-5 1 0 2 0
- Fe(Ol1), 1360 3 767E-9 1360 6.972E-11 l 0 3 0
| Fe(otn), 21 60 2 307E-14 2160 1 694E-16 i 0 4 0
b Fe (OH)," 295 1 791E-4 295 2 965E-3 2 0 2 0
| Fe 01D 631 1 914E-5 631 4871E-4 3 0 4 0
| Feso, 1521 1 00SE-8 225 5 103E-9 l I 0 |
FeOH' 351 5 71SE-16 950 1 492E-16 1 0 1 ]
Fe(OH), 2 979E-24 2061 1.37SE-25 0
Fe(OH), 6.776E-32 3101 1 241E-33 0
HS0, 3 428E-3 1.99 1.223E-2
g l Fe? 2 951E-9 13.03 7 897E-9

C™BLT-EC solution

C"HYDROGEOCHEM solution
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Table 4.12 Species Concentrations at Equilibrium for the Precipitation-Dissolution Problem

. e
3 532E-1 3 S67E-1 3 S3IE-I 0 0
2 512E-9 1 053E-8 2 649E-9 0 0 0

H 000 1 000E-7 1 412E-7 1 000E-7 0 0 1 0 0 0
co; 000 1 194E-6 2 289E-6 1 187E-6 0 0 0 1 0 0
S0, 000 3 614E-3 6 896E-3 3611E-3 0 0 0 0 1 0
000 4 797E-1 4 800E- 1 4 8OOE- | 0 0 0 0 0 1

NaCO), 127 7 RME-6 3 R09E-6 7.767E-6 1 0 0 1 0 0
NaliCO), 1008 5 047E-4 1 SRI1E-4 5 03RE-4 ! 0 1 1 0 0
NaSO, 070 6 383E-3 3 103E-3 4 389E-3 1 0 0 0 | 0
UO(OHY -5 30 1 259E-7 1 847E-7 1 30BE-7 0 i -1 0 0 0
(U0, (O, -5 68 1 318E-9 5 658E-9 1 424E-9 0 2 2 0 0 0
(UO,),(0HD)," -1188 2089E-10 | 9184E-10 2 312E-10 0 3 -4 0 0 0
(UO,),(OH),* 1582 2 399E.7 3 692E-7 2615E-7 0 3 $ 0 0 0
(U0, (OH)." -21.90 5012E-8 7.901E-8 5 596E-8 0 4 7 0 0 0
(U0 )(O1 1Y, -28 34 7.244E-6 1 OB3E-5 7 669E-6 0 3 -7 0 0 0
U0,C0, 965 1 337E-5 1 736E-5 3 958E-5 0 1 0 1 0 0
UOLC0,); 1708 4 295E-4 3513E-4 3 752E-4 0 i 0 2 0 0

I U0LC0,)," 2170 2 138E-5 £ 327E-4 2 220E-5 0 i 0 3 0 0
I (U0,),CO,(OH), 118 4977E-4 2310E-4 5 266E-4 0 2 3 1 0 0
I vo.cr 021 7430E-10 | 7841E-10 7 841E-10 0 ! 0 0 0 !
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Table 4.12 Continued

8 091E-9 2 186E-9 S.O031E-9 G
UOLS80,).! 400 3273E-10 5 037E-10 5 485E-10 0 i 0 0 2 0
HCO, 1032 2 495E-3 1.737E-3 2.53SE-3 0 0 1 1 0 0
H,CO, 16 67 5.585E-4 2497E-4 5.693E-4 0 0 2 1 0 0
HSO, 199 3 S32E-R 2.379E-8 3.50SE-8 0 0 1 0 1 0
UO,(OH);" (Schoepite) -5 40 1 S17E-3 1.502E-3 1 486E-3 0 1 -2 0 0 0
l UO,CO, (Rutherfordin) 1303 --- - 0 1 0 1 0 0
CPHYDROGEOCHEM solstion
C™BLT-EC solution

CPBLT-FC solution (sctivity coefficients = 1)



Table 4.13 Chemical Species for the Reactive Transport Problem

e BRECICS, Jop K E 1 _COol 1 _Co Mg S0
Aqueous Species
H* 0.0 1 0 0 0 0
Co,’ 0.0 0 ] 0 0 0
Ca™ 00 0 0 ] 0 0
{t_Mg” 00 0 0 0 I 0
SO 0.0 0 0 0 0 |
OH -13.99 -1 0 0 0 0
CaCO, 3.22 0 1 1 0 0
h CaHCO," 1143 | ] | 0 0
CaSO, 2.3} 0 0 ] 0 ]
CaOH" -12.85 -1 0 1 0 0
MgCO, 298 0 | 0 1 0
i MgHCO," 1140 1 1 0 1 0
|_MgSO, 2.25 0 0 0 ! |
MgOH' -11 44 -1 0 0 | 0
HCO, 10.32 ] ] 0 0 0
f H.CO, 16 67 2 | 0 0 0
HSO, 1.99 | 0 0 0 1
Minerals aliowed to precipitate
Calcite K 48 0 | ] 0 0
FI_M_ECO) 8.20 0 x 0 ] 0
Gypsum 462 0 0 ] 0 ]
Calcium Hyvdroxide -21.90 -1 0 ] 0 0
Mg.(OH).CO, -9 65 -2 | 0 2 0
Mg (OH),(CO,), 972 -2 4 0 - 0
|_Mg(OH), -16 80 -2 0 0 | 0
MESOI 214 0 0 0 ] ]
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5 BLT-EC DATA INPUT GUIDE

This secuon gives the input requirements for BLT-EC's main nput file. BLT-EC handles up 10 25 different
contamuinants in a single run and can simulate muluple decay chains and chemical reactions In many respects, the input
vanables of BLT-EC are similar to those found in BLT  The reader 1s referred 1o the BLT input guides, NUREG/CR-5387,
“Low-Level Waste Shallow Land Disposal Source Term Model Data Input Guides™ for additional guidance [Sullivan and
Suen, 1989].

While there se many simuiarities between the BLT and BLT-EC mnput formats, there are also substantial
dfferences  The BLT-EC code uses an annotated inpui deck that allows the user 1o write comment lines and define the input
vanables that follow. In this sense, it 1s simular 10 the DUST code [Sullivan, 1993] In addition, many of the vaniables are
read into BLT-EC using free-format (list-directed) mnput  This removes the restriction of aligning vanables within certain
columns as required by BLT However, values of zero can no longer be input by leaving certain columns blank A value

must be specified for cach value required for input List directed nput also permits placing comments at the end of the line
after ali of the numenc information has been completed

A BLT-EC input file 1s divided into 24 data sets, Table 5 1 Each data set is o unique grouping of input variables
which perform a specific function withun BLT-EC. In the BLT-EC input file, each data set starts with a comment line {up
to eighty characiers) that idenufies the data set. Each data set ends with s blank line The remainder of this section proceeds
through all 24 data sets providing definition of each vanable in BLT-EC and the FORTRAN read statements and the logic
used when deciding which input to read

When using BLT-EC, the code asks for the name of the input file for this problem. Ths file 1s designated as unit
7. BLT-EC creates s file called ECHODAT. Thus file echos the nput as itis read 1t 1s extremely useful in determining
the cause of an error in the input deck. In BLT-EC ECHO DAT is designated as unit 60 These umit designations can be
seen in the FORTRAN programming found in BLT-EC’s subroutine GM2DXZ

In addition to the main nput file described in tus chapter, BLT-EC may use two additional mput files If requested
by input read in the mar. file, water flow rates, moisture content, and geometry definition may be read from an auxihary file
This auxiliary file may be created by the code FEMWA TER or constructed on an ad hoc basis following the input format
required for this file. Instructions for creating 8 FEMWATER input file can be found 1n Sullivan and Suen, 1989 An

example FEMWATER nput file 1s presented in Appendix B The other input file that may be required defines the chemical
reactions that are simulated A complete discussion of the chemustry input 1s provided in Chapter 6

5.1 Input File

All data sets must be preceded by an input line contaiming the data set name. Data Set 1 is one of the few areas
where formatted input 1s required

S.1.1 Data Set 1: Title

Formatted input for the problem number and description are read on one line

Definitions:
NPROB = Problem number
TITLE = Alpha-numenc description of the problem It may contain up to 70 characters from column 6

to column 75
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Table 5.1 BLT-EC Data Sets

1 Problem ldentification Title and problem identifier

2 Integer Velocity, Storage, and Restart Control Selection of source for velocities and storage
and restart control

3 Container and Waste Parameters Number of contaminants, contamers and
waslc types

4 integer Integration Paramcters Numerical solution control factors

5 Integer Solution Control Parameters Number of time steps

6 Gnd and Element Parameters Number of nodal ponts and finite clements

7 Parameters for Boundary Conditions (BC) Number of BC nodes, profiles, table length

8 Parameters for Sources Number of element and pont sources,
profiles, table length

9 Chemical Component Information Contaminant name, half-hfe, solubility himit

10 Time Integration Control Parameters Time step size, maximum simulation time

11 Paramete-s for Nonhinear Solve Iteration, relaxation, tolerance, and upstream
waighting factors

12 Facility Width and Gnd Generation Data X and Z locations, element defimtions,
automatic mesh generation 1if selected

13 Porous Media Propertics Diffusion, dispersion, coefficients, porosity

14 Material Type Correction Redefine matenal index

15 Initial/Pre-Imitial Conditions Initial concentrations for all components

16 Variable Boundary Conditions Flux at the specified boundanes

17 Dinchlet Boundary Conditions Concentration at the specified boundaries

18 Element Scurce/Sink Data Element source strength versus time and thesr
location

19 Well (POINT) Source/Sink Data Point source strength versus time and their
location

20 Element Source/Sink(LEACHING) Data Element source strength versus time and their
location (For corrosion and barmer
degradation)

21 Waste Container Parameters Container performance parameters,
container locations

22 Waste Form And Leaching Info Waste form performance parameters,
mventory

23 Printer and Auxihary Control Output control for the main output file and
the trace files

43 Hydrological Data Veloeity at each nodal potnt, and moisture
content in each finite clement

Format:

Subrouuns Slalemen

GM2DXZ

READ(7,6) LABEL
100  READ(7,40) NPROB, (TITLLE(D,I=1,7)

40  FORMAT(I5.7A10,311,12)
6 FORMAT(A79)
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5.1.2 Data Set 2: Integer Velocity, Storage, and Restart Control Parameters

Free formatted mput contains 4 integers. Four hines of input are required between the data in data sets | wad 2 The first
line 1s typically blank. ‘ndicating the end of the data set. The next three lines define the data set and variables (examples of
BLT-EC input fiies are provided in Appendix B),

Definitions:

KVI

KSTR

NSTR

KSS

DATAHT

Veloeity input control,
- 1= input for velocity and moisture content read in Data Set 23,
1 = steady state velocity and moisture content input via logical unit 1,
2= transient velocity and moisture content input via auxihiary storage logical unit 1.

Auxihary storage output control,
0=  no storage,
1 = output stored in logical unit 2.

Number of logical records to be read via Logical Unit 3 for restarting caleulation,
0= norestan,

Steady-state simulation control,

0= steady-state solution calculated A steady-state solution may be desired to obtain
the initial conditions for a transient calculation, or to obtain the final state of the
system.

1= steady-state solution 1s not calculated

Staiemen)

6

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,*) KVLKSTR NSTR KSS
FORMAT(A79)

5.1.3 Data Set 3: Integer Parameters For Containers and Waste

Free formatted input contains 5 integers.

Definitions:
NCON
NCTYPE
NWTYPE

IDIFF

Number of containers
Number of container types
Number of waste tvpes

Used to select the waste-form diffusion controlled release model. In all cases, the analytical
models assume a uniform concentration within the waste form at the start of leaching
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IACT

Format:

Subroutine
DATAHT

NUREG/CR-6515

Diffusion 15 assumed 1o be spatially symmetnic and therefore, the gradient at X = 0 (or r =
0 for cylindrical waste forms) is zero. Five models are available as described below

0=

plane geometry, semi-infinite medium model. Waste form is treated as a plane with
half-length POUREL(]), defined in Data Set 21, and diffusion occurs into a semi-
mfinite medium  The boundary condition 1s the concentration approaches zero as

X approaches infimty.

plane geometry, finite medium model. Waste form is treated as a plane with half-
length POREL. In this model, transport processes outside of the waste form are
assumed to be rapid enough to maintain the concentration at the edge of the waste
form as zero. This leads to hugher release rates than selecting IDIFF = 0, or | and
15 the recommended model for plane geometry.

cvlindnical geometry, finite medium model. The waste form is treated as & cylinder
of rachus, POREL and height, HT (HT is calculated based on the input value of the
volume of the waste form, VOLWF, Data Set 22). This mode! assumes that the
concentration at the boundary of the wasie form is zere. This model 1s consistent
with the models recommended in ANS 16 1 (o caleulate diffusion coefficients bascd
on experimental leaching data.

Plane geometry finite-difference model. The waste form is simulated using & one-
dimensional finite difference mode! with half-length POREL (Data Set 22). Thus
model is most useful when simulating ingrowth of radionuclides during transport
within the waste-form. The analytical models (IDIFF = 0,1, or 2) can not accurately
simulate ingrowth.

Cylindrical geometry finite-difference model. The waste form is simulated using o
one-dimensional finite difference model with radius, POREL. This model 1s most
useful when simulating ingrowth of radionuclides during transport within the waste-
form. The analytical models (IDIFF = 0,1, or 2) can not accurately simulate
ingrowth,

= Activity flag,

0=

Statement

waste form mventory tutal conditions, and boundary conditions input with units of
moles

waste form inventory, imtial conditions, and boundary conditions input with units
of cunes (presentiy not an option). For typica! geochemical calculations, may of the
components will not be radioactive. Therefore, this option 1s not allowed.

READ(7.€} LABEL

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,*) NCONNCTYPE NWTYPE IDIFF JACT
6 FORMAT(A79)



5.1.4 Dats Set 4: Integration Integer Parameters

Free formatied input contains 4 integers

Definitions:

ILUMP

IWET

10PTIM

Format:

Subrouting
DATAET

Mass matrix lumping control,

0= nolump,

1= lump Lumping leads to a8 more diagonally domunant matnix representation of the
system which tends to be more stable but less accurate.

Mid difference control,
0= no mud-difference,
1= md-difference and W in DATA SET 10 should be |

Weighting function control,
0= Galerkin weighting,
1=  upstream weighting

Optimization factor computing indicator,
| =  optumizauon factor 1s to be computed,
0= optmization factor 1s setto 1.0, 0.0, or -1.0.

Statement

6

READ(7,6) LABEL

READ(7,6) LABEL

REAID(7,6) LABEL

READ(7,*) ILUMP IMID,IWET IOPTIM
FORMAT(A79)

5.1.5 Data Set 5: Integer Solution Control Parameters

Free formatied input contains 5 integers

Definitions:
NTI

NITER

NDTCHG

Number of ime steps or ime incrernents

Number of iterauons aliowed between transport and cherical equilibnum solutions
Typically less than 10

Number of times the ume step size 1s reset 10 its onginal value It 15 ofien useful to have
a vaniable time step size which 1s allowed to increase until a change in the system
performance occurs. At this ime, the time step can be reset 1o its onginal value For
example, large ime steps may be used prior 1o container failure and at this time, the ume
step can be reset to the onginal ime step
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NPITER

IPNTS

Number of iterations allowed for solving the linear transport matnx equation with

powntwise iteration. Not used if IPNTS=0 In this case, the matrix equation for transport
1s solved by direct conversion

Is pointwise iteration method to be used to solve the matrix cquations?
0= no,
= yes

NOTE: NTI can be computed by NTI =11 + 1 + 12 + 1. where

Format:

DATAHT

1= largest integer not exceeding Log(DELMAX/DELTYLOG(1+CHNG),

12= largest integer not  exceeding (RTIME-DELT*((1+CHNG)**(1141)-
I/CHNGYDELMAX RTIME = real simulation time, DELMAX, DELT, and
CHNG are defined in DATA SET 10.

Stalemeny

READ(7.6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,*) NTILNITER NDTCHG NPITER IPNTS
FORMAT(A79)

§.1.6 Data Set 6: Grid and Element Parameters

Free formatted input contains § integers.

Definitions:
NNP
NEL
NMAT

NCM

KMESH

NUREG/CR-6515

Number of nodal points.
Number of elements

Number of material types

Number of elements with matenal property correction. In many situations, only a small
number of elements differ in transport properties from the majority of elements Therefore,
it1s often easier 1o initiahze the whole field with one matenal type, and then reassign this
small number of elements NCM. Initially, all elements are defined as having matenal type
1. To select another type of matenal requires material property reassignment, data set 14,
or reassignment directly in the geometry defimtions section, data set 12

Mesh generator flag,

0= do not use mesh generator, specify all locations in data set 12,
1= use mesh generator, specify mesh in data set 12..
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Format:

2ubrouuns Slalemens

DATAHT
READ(7.6) LABEL
READ(7.6) LABEL
READ(7,6) LABEL

READ(7,*) NNP NEL NMAT NCM KMESH
6 FORMAT(A79)

5.1.7 Data Set 7: Integer Parameters For Boundary Conditions
A) DIRICHLET BOUNDARY CONDITIONS DATA

Free formatted input contains 3 integers. The specified values apply to all components in the simulation.

Definitions:
NDNP = Number of Dinichlet nodes
NDPR = Number of Dinichlet profiles, should be greater than or equal to )
NDDP = Number of data points in cach of the NDPR profiles, should be greater than or equal to 2
Format:
Subroutine Statement
DATAHT
READ(7,6) L/ "EL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,*) NDNP ,NDPR NDDP

6 FORMAT(A79)
B) VARIABLE BOUNDARY CONDITIONS DATA

Free formatted input contains 4 integers. The specified values apply io all components

Definitions:
NVNP = Number of vanable-boundary nodes
NVES = Number of vaniable-boundary sides
NVPR = Number of incommng flud concentration profiles to be applied to vanable-boundary
clement sides.
NVDP = Number of data points in each of the NVPR profiles.
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Format:

Subroulne Stalement
DATAHT

REAID(7.6) LABEL

REAID(7.6) LABEL

READ(7.%) NVNP NVES NVPR NVDP
6 FORMAT(A79)

5.1.8 Data Set 8: Integer Parameters For Sources
A) ELEMENT SOURCE/SINK DATA

Free formatted input contains 3 integers. The specified valucs apply to all components in the simulation

Definitions:
NSEL = Number of source/sink elements
NSPR = Number of source/sink profiles
NSDP = Number of records 1n each source/sink profile
Format:
Subrouune Slalemens
DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL

READ(7 *) NSEL ,NSPR,NSD"
6 FORMAT(A79)

B) POINT SOURCE/SINK DATA

Free formatted input contains 3 integers. The specified values apply to all components in the sunulation.

NWNP = Number of well or point source/sink nodes
NWPR = Number of well or point source/sink strength profiles
NWDP =  Number of data points in each of the NWPR profiles
Format:
Subrouune Stalemens
DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
READ(7 6) LABEL

READ(7,*) NWNP NWPR NWDP
6 FORMAT(A79)
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C) ELEMENT SOURCE/SINK DATA (LEACHING)

Free formatted input contains 3 integers. The specified values apply to all components in the simulation.

Definitions:
NLEL = Number of leaching source elements
NLPR = Number of leaching source profiles.
NLDP = Number of data pairs in each leaching source profile.
Format:
Subrouuns Stalemenl
DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,*) NLEL NLPR NLDP

6 FORMAT(A79)

5.1.9 Data Set 9: Chemical Component Information

Line 1. Free formatted input contai=s 3 integers.

Definitions:
NON = Number of components
NONC = Number of non-conservative components
LNH = The number K corresponding to the hydrogen component. Hydrogen component is
signified by CNAM = Hydrogen. If hydrogen is not modeled, set LNH to a value greater
than NON.
LNE = The number K corresponding to the electron component. If electror:s are not modeled, set
LNE to a value greater than NON.
Format:
Subroutine Statement
DATAHT
READ(7,6) LABEL
REAID(7,6) LABEL
READ(7,6) LABEL
READ(7,*) NON,NONC,LNH,LNE

6 FORMAT(A79)

Line 2 through Line (NON + 1): Free formatted input contains 9 variables
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Definitions:
CNAM(D)
IDN(D)

INDC(J)

CSAT()

DCAY())

JDOTERI

DFRACI

JDOTER2

DFRAC2

Format:

DATAHT

= Component name of the J* component

= Identification number of the J* component

= Indicator of the J* component,
0= conservative component, i ¢., does not undergo chemical reaction
I = nonconservative mobile component
2= immobile component,
3= component whose activity 1s fixed

= Solubility lumut for contaminant J (mole/liter). This value cannot be input with mass units
of cunes. :

= Half hife of the contaminant in years. If this value is input as 0, it is assumed that the
clement 1s stable and does not undergo radioactive decay. This value is converted to the
decay constant in (s") internally within BLT-EC.

= Component number of progeny number 1 of the J* component.

= Branching fraction for decay of component J to daughter product number 1.

= Component number of progeny number 2 of the J* component.

= Branching fraction for decay of component J to daughter product number 2.

Statemens

READ(7,6) LABEL
READ(7,6) LABEL
READ(7,*XCNAM(J),IDN(J),INDC()),CSAT(J),DCAY()),JDOTER|
1.DFRAC1,JDOTER2 DFRAC2
6 FORMAT(A79)

5.1.10 Data Set 10: Time Integration Control Parameters

Free formatied input contains 6 real numbers, followed by NDTCHG (specified in data set 5) real numbers  Note two label
clrdurercquirad,bet\vemﬂnmdoflhcﬁm:ctofvmnblcsmdthcumcwm&mumeltcplschangcd

Definitions:
DELT

DELMAX

NUREG/CR-6515

= Initial ume-step size, (yr)

= Percentage of change in time step size in each of the subsequent tme increment,
(dimensionless in decimal point)

= Maximum value of DELT, (yr)
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TMAX

wv

TDTCH (1)
TDTCH(2)

TDTCH(N)

Format:

Subrouting
DATAHT

Maximum simulation time, (y1)

Time derivative weighting factor for all terms except for the velocity terms,
0.5 = Crank-Nicolson central difference schemes,
1.6= backward difference scheme

Time integration factor for the velocity terms,

00 = forward difference (explicit),

0.5= central difference,

1 0= hackward difference (complete implicit)
Time when the first ime to reset me-step size (yr),

Time when the second time to reset time-step size (yr),

Time when the N* ume to reset ime-step size (yr)

Statement

6

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,*) DELT,CHNG DELMAX TMAX W WV
DELTO=DELT

IF(TMAX LE.0.0) TMAX=] 0D38
IF(NDTCHG GT 0) THEN
READ(7,6) LABEL

READ(7,6) LABEL

READ(7,*) (TDTCH(I)I=1 NDTCHG)
ELSE

NDTCHG=1

TDTCH(1)=TMAX+10

ENDIF

FORMAT(A79)

5.1.11 Data Set 11: Real Parameters for Nonlinear Solve

Free formatted input contans 4 real numbers

Definitions:

OME

OMI

lteration parameter for solving nonlinear equation,
00-10= under-relaxation,

1.0 = exact relaxation,

10-20= over-relaxation

Relaxation parameter for pointwise solution of the matrix equation,
00-10= under-relaxation,

1. 0= exact relaxation,

10-20= over-relaxation
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TOLA = Enor tolerance for solving the nonlinear chemustry equations. Half of its value is used as
the tolerance for solving the lincarized matrix cquation for transport wih pomtwise
neration, IPNTS=1 1n Data Set 5.

APHAG = Upstream weighting factor if IOPTIM = 0, (Data Set 4). Values ar: between 0.0 and 1 50
when the advection form of the equation 1s used. If APHAG © t. 1.34D0, the program
will choose appropriate values of weighting factor. When the conservative form of the
equation is used or when IOPTIM = |, this value is not used by the program

Format:
Subrouting Statement
DATAHT
REAIDX(7,6) LABEL
READ(7.6) LABEL
READ(7,6) LABEL
READ(7,*) OME, OMI, TOLA APHAG

6 FORMAT(A79)
5.1.12 Data Set 12: Facility Width And Grid Generation Data

Data set 12 1s composed of three sets of information, to be used according to conditions being met. Facility width
data compnse data set 12A, and is required input. Nodal coordinate data and node connectivity compnise data set 1 2B, and
1s required when K V1 is less than or equal 1o zero and when KMESH i less than or cqual to zero. Automatic grid generation
data compnise data set 12C. Data set 12C 1s required when K V1 is less than or equal to zero and when KMESH is greater
than zero. For KVI greater than zero, data are read via an auxihiary file and labels are required (see data set 12B, Pant 1)

S.1.12.1 Data Set 12A: Facility Width

Definitions:

WIDFAC = Facility width (cm). Used to calculate concentrations. Ofien, the total inventory of the
facility i1s known Because BLT-EC models two-dimensions, a value for the third
dimension 1s needed to properly estimate concentrations For example, consider a trench
that is 100 m long, 25 m wide, and 10 m deep with an initial inventory of 100 Moles.
Typically, BLT-EC would model a slice of the facility that is 25 m wide by 10 m deep. If
the value for WIDFAC is set to 10,000 em, then the inventory can be input as 100 Moles
and the concentrations will be calculated correctly.

Format:
Subroutine Statement
DATAHT

L READ A BLANK LINE, TITLE OF DATA SET, SUBTITLE,
C AND WIDTH OF WASTE CONTAINING REGION
READ(7,6) LABEL
REAIX7,6) LABEL
REAID(7,6) LABEL
READ(7,*) WIDFAC
6 FORMAT(A79)

NUREG/CR-6515 82




5.1.12.2 Data Set 12B: Nodal Coordinate Data And Node Connectivity

Data set 128 1s composed of two parts: Nodal coordinate data and node connectivity. Data set 128 1s required
when K V1 is less than or equal to zero and when KMESH 1s less than or equal te zero

This data set contains the information to define the finite element gnd. There are three options for gnd defimtion
a) read gnd data from an input file (generally created by FEMWATER), b) read gnd data for the X and Z coordinates
individually, or ¢) use automatic uniform gnd generation for regions withun the domain. In this example, option b was
selected. An example for options a and ¢ will also be provided  Selection of option a, b, and ¢ 15 obtained based on the
values of KVI and KMSH as follows

KVl Dala Se(2) KMSH (Data Se10) Qplion
>0 NA a
<0 0 b
<0 I ¢

PART 1. NODAL COORDINATE DATA SET 12B1, OPTION B

In this option, the X and Z locations element definitions, and number of elements in each direction are definec
The element definition specifies which nodal points correspond to which element. The following variables are used only
when defining nodal point coordinates through option b. In thus case, X and Z coordinates are read in through subroutine
READR READR requires six vanables per line and uses a free-format read. The end of READR 1s signaled through input
of zero for the first vanable on the line. All other values must be input on this final ine due to the use of free-format input
statements

Usually a total of 2*NNP lines are required, NNP lines for the x-coordinate and NNP lines for the z-coordinate
However, 1f a group of cards appears in regular pattern, automatic generation may be made

Line 1 to Line NNP: Each line 1s free formatted input of 6 vaniables.

Definitions:
X-Coordinates
NI = Node number of the first node in the sequence.
NSEQ = NSEQ + 1 nodes will be generated automatically.
NAD = Increment of the node number for each of the NSEQ + 1 nodes,
XNI = X coordinate of Node NI (cm.)
XAD = Increment of the X coordinate for each node in this senes
XRD = Fractional increase of the increment over its preceding increment

The values for the X locations are calculated from

X(NI) = XNI,
X(NI + N*NAD) = XNI + XAD*(] + XRD)™

where N ranges from | to NSEQ.

The end of this input set 1s identified by defining NI = 0

83 NUREG/CR-6515



Z-Coordinates

NI = Node number of the first node n the sequence.

NSEQ = NSEQ + 1 nodes wiil be generated automatically

NAD = Increment of the node number for each of the NSEQ + | nodes
ZNI = Z coordinate of Node NI (cm.)

ZAD = Increment of the Z coordinate for each node in this series.

ZRD = Fractional increase of the increment over its preceding increment

The values for the Z locations are calculated from

Z(NI) = ZNI
Z(NI + N*NAD) = ZNI + ZAD*(1 + ZRD)™

where N ranges from | to NSEQ.
The end of this data set 1s 1dentified by defining NI = 0
Format:

Subrouune Stalement
DATAHT
IFKVILEO)GO TO 110
C READ A BLANK LINE, TITLE OF DATA SET 12 AND
C NOTE THAT DATA SETS 12B AND C ARE NOT USED
READ(7,6) LABEL
READ(7.6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7.6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
C READ NODAL AND ELEMENT DATA FROM LOGICAL
CUNIT 1 IFKVIGTO
REWIND 1|
110 CONTINUE
READ(7.,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
[F(KMESH GT. 0) THEN
CALL RNODE(X,Z,IE MAXEL MAXNP)
ELSE
CALL READR(X MAXNP ,NNP)
READ(7,6) LABEL
READ(7,6) LABEL
CALL READR(Z MAXNP NNP)
ENDIF
6 FORMAT(A79)
READR
150 READ(7,*) NI NSEQ,NAD,XNI XAD.XRD

Line (NNP+1) to Line 2*NNP Input similarly but for the z-coordinate
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PART 2: NODE CONNECTIVITY DATA SET 12B2

Usually a total of NEL hnes are needed, one for cach clement. However, if a group of elements appears in regular pattern,
automatic generation 1s made.

Input of 8 vanables is free formatted.

Definitions:
Mi Global element number.
IE(ML1) = (Global node number of the first node of element M1.
IE(M!,2) = Global node number of the second node of element MI.
IEMML3) = Global node number of the third node of element MI.
IE(ML4) = Global node number of the fourth node of element M1
IE(MLS) = Matenal type to applied to be element M
MODL = Number of elements in the direction of most rapidly numbered nodes
NLAY =  Number of elements in the direction of least rapidly numbered nodes.

IE(MI, 1) - IE(MI,4) are numbered beginning with the lower left corner and progressing around the element in a
counterclockwise direcion. For a rectangular block of elements, it is only necessary to specify the first element, the width
MODL and the length NLAY, where MODL and NLAY are measured in elements. Element numbering proceeds most
rapidiy along MODL dimension and least rapidly along the NLAY dimension. The following figure provides an example.
The object is considered 1o be rectangular, since it has width MODL = 5 on two opposite sides and length NLAY = 10 on
the other two opposite sides. To generate definitions of elements 2 through 50 automatically, inciuding both the indices and
matenal type, only one card 15 necessary.

Although all elements of this example will be assumed to contain the same material type, MTYP = 1, this situation
«an easily be changed by using matenal-correction facility, Data Set 14.

Format:

Subrouting Stalemen!

DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
READ(7.6) LABEL
IF (KMESH GT 0) THEN
READ(7,6) LABEL
GO TO 210
ENDIF

120 READ(7,*) Ml, (IE(ML1),1=1,5)

READ(7,6) LABEL
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READ(7,6) LABEL
READ(7,*) MODL, NLAY
IF (MODLLE.0) GO TO 120
DO 200 I=1, NLAY
LL=2
DO 200 J=1 MODL
[F(MJ.EQ MI) GO 70O 190
DO 180 KQ=1,4

180 [E(MJKQ)=IE(MJ-1,KQ) + LL
[E(M,5)=IEMJ-1,5)

190 LL=]

200 MI=MJ+]
Ml=MJ-|
IF (MJ LT NEL) GO TO 120

210 CONTINUE

6 FORMAT(A79)

|

P -
1

|
1 7 54

Figure £.1 Example finute element gnd that is 5 elements high by 10 elements wide. Element numbers are listed
nside the gnd, node numbers are listed outside the gnd

5.1.12.3 Data Set 12C: Automatic Grid Generation Data

Data set 12C is required when K V1 is less than or equal to zero and when KMESH is greater than zero
Usually & total of | plus (2 imes NREG) lines are required

Input 1s free formatied for each line.
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Definitions:

NELX = Total number of elements in the x-direction
NELZ = Total number of elements in the z-direction
NREG = Number of regions with ordered pairs for the coordinates

For each region, input with the following six vanables is required

IMIN = Node number for the minimum x-direction node in the region.
IMIN = Node number for the minimum z-direction node in the region.
IMAX = Node number for the maximum x-direction node in the region.
IMAX = Node number for the maximum z-direction node in the region
X1 = X coordinate of node | (¢cm)
X2 = 7 coordinate of node [ (¢cm).

Note four ordered co-ordinate paris are required 1o define the four comers of the region.

In this input structure, the x and z-direction nodes are numbered independently. Coordinate pairs are ordered from the lower
left hand comer, counter clockwise That 1s, the (X,Z) coordinates of the (IMIN, JMIN) node, the (X,Z) coordinates of the
(IMAX, IMIN) node, the (X,Z) coordinates of the (IMAX,JMAX) node, and the (X,Z) coordinates of the (IMIN,JMAX)
node.

Example Case ¢, automatic gnd generation.
This example completely replaces the input required for option B if KMSH = |.

C w##+++» DATA SET 12: NODAL POINT COORDINATE read if KVI le 0; kmsh ge 0
WIDTH OF THE WASTE CONTAINING REGION MODELED (CM)
100.0
BLANK'
kmsh = 1 perform automatic grid generation
Nelx Nelz Nreg
70 2 1
For each of the NREG regions read nodal identifiers and coordinates
Imin Jmin Imax Jmax
1  § 71 3
Enter four coordinate pairs start at lower left hand and go counter clockwise
0.040 0.040 7.0d403 0.040 7.0403 2.,0d402 0.Cd0 2.0d02
blank'

Comments.

Automatc gnd generation assigns all materials as type |. These can be redefined using matenal type-reassignment,
DATA SET 14

Example Data read from auxihary file
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C #+%** DATA SET 12: NODAL POINT COORDINATE read if KVI le 0; kmsh ge 0
WIDTH OF THE WASTE CONTAINING REGION MODELED (CM)
100.0

BLANK'

Grid generation read from FEMWATER tape. Input file name interactively

BLANK

Comments:

Gnid generation through use of an auxiliary file assigns all matenals as type 1. These can be redefined using
matenal type-reassignment, DATA SET 14.

Format:

Subrouling
DATAHT

RNODE
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Slalemens

IF(KVILLEO) GO TO 110

C READ A BLANK LINE, TITLE OF DATA SET 12 AND
C NOTE THAT DATA SETS 12B AND C ARE NOT USED

READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL

C READ NODAL AND ELEMENT DATA FROM LOGICAL
CUNIT 1 IFKVIGT.0

110

210
6

REWIND 1

CONTINUE

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

IF(KMESH GT. 0) THEN

CALL RNODE(X,Z,IE MAXEL MAXNP)
ELSE

CALL READR(X MAXNP NNP)
READ(7,6) LABEL

READ(7,6) LABEL

CALL READR(Z MAXNP NNP)
ENDIF

READ(7,6) LABEL

READ(7,6) LABEL

REAID(7,6) LABEL

IF (KMESH GT.0) THEN
READ(7,6) LABEL

GO TO 210

ENDIF

CONTINUE

FORMAT(A79)

C READ THE NUMBER OF DATA RECORDS

READ(7,*) NELX NELZ NREG
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DO 101 IREC=1 NREG
READ (7,3) LABEL
READ (7,3) LABEL
READ(7,*) IMIN,JMIN IMAX JMAX
READ (7,3) LABEL
READ (7,3) LABEL
READ(7,*) (X1(1),X2(I),I=1 KIND2)
101 CONTINUE
CALL RELEM(X,Z IE IXREF IXMAX MAXEL MAXNP NELX

1,NELZ)
3 FORMAT(A79)

S.1.13 Data Set 13: Porous Media Properties
A total of NMAT lines are required for this data set
Each line 1s free formatted input of NMPPM=4 vanables.
Definitions:

PROP(1,) = Longitudinal dispersivity, (cm)

PROP(2,1) = Lateral dispersivity, (cm).

PROP(3.I) = Effective molecular diffusion coefficient of the I* medium, (cm?/s).

PROP(@4.) = Bulk density of medium I, (g/cm?).

Format:

Subroutine Statement

DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL

READ(7,*) (PROP(],1),J=1 NMPPM)
6 FORMAT(A79)

5.1.14 Data Set 14: Material Type Correction

This data set is required cnly 1 NCM GT 0. Normally NCM lines are required. However, if the elements to be corrected
with different matenal y roperties appear in reguler patterns, automatic generation may be made.

Each line is free formatted input of S vanables

Definitions:
Ml = Global element number of the first element in the sequence
NSEQ = NSEQ subsequent elements will be generated automatically
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MAD = Increment of element number for each of the NSEQ subsequent elements

MITYP = Type of matenial made up of clement M1

MTYPAD = Increment of the type of material for each of the end of this data set
NOTE: A line contaning five zeros must be used to signal the end of the data set.

Format:

Slatement

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

IF (NCM LE.0) THEN

READ(7,6) LABEL

GO TO 270

ENDIF

CALL READN(IE(1,5),MAXEL NCM)
C WRITE ELEMENT INFORMA.TION
270 LINE=0
6 FORMAT(A79)

Subrouting
DATAHT

READN
110 READ (7,*) MINSEQ MAD MITYP MTYPAD

5.1.15 Data Set 15: Initial or Pre-Initial Conditions
This data set 1s needed only if NSTR EQ. 0. When this data set is needed, normally a total of NNP lines are required for

each chemical component, one each for a node. However, if the initial or pre-initial conditions appear in a regular pattern,
sutomatic generation may be made. The following set of lines should be repested for each of the NON components.

Each line 1s tree formatted input containing 6 variables

Definitions:
NI = Global node number of the first node in the sequence.
NSEQ = NSEQ subsequent nodes will be generated automatically.
NAD = Increment of node number l:bf each of the NSEQ subsequent nodes
RNI = Initial or pre-iniual total concentration &t node N1, (moie/liter).
RAD = Increment of iniual or pre-initial total concentration for each of the NSEQ subsequent
nodes, (mole/liter)
RRD = Fractional increase in the concentration to be added, normally = 0

NOTE: A hne with five zeros must be used to signal end of this data set for each chemical component
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NOTE: For any chemical component, if its INDC 1s equal to 3, then the Log,, of its activity shouid be the input for initial
values or pre-imitial values

NOTE ON INITIAL CONDITIONS: The nitial conditions for a transient calculation may be obtained in three different
ways  from batch input, swaliary storage input, or stcady-state calculation using ime-invariant boundary conditions In the
latter case @ batch input of the pre-imtial conditions is required as the zero® order iterate of the steady state solution
Auxiliary storage input 1s necessary whenever the restarting facility 1s being used  That is, concentration distribution for
NSTR different umes have been generated and written on a file. If NSTR GT. 0, these distributions will be read from
Logical Unit 3, and NSTR® distribution will be used as the initial condition for current calculation 1f KSTR is greater than
zero, the concentration values will be wnitten cn & different device as they are read out form Logical Unit 3 so that a complete
record of calculations may be kept on one device, Logical Unit 2. If either the first (card input) or the last (steady-state)
options are used, then NSTR =0

NOTE ON AUXILIARY UNITS: Logical Unit | is used to input hydrodynamic variables to BLT-EC if KVI GT. 0,
Logical Unit 2 15 used to siore output of BLT-EC if KSTR GT. 0. Logical Unut 3 1s used 1o input initial condition if NSTR
GT.0 Proper identfication of these three units must be made in the JCL if either of these options are used. It can be seen
that the DSAME for Logical Unit 3 of the current job should be the same as that for Logical Unit 2 of the previous job.

NOTE ON STEADY-STATE INPUT: A steady-state option may be used to provide either the final state of a system under
study or the iutial conditions for a transient state calculation. In former case KSS = 0 and NT1 = 0 and in the latter case KSS
=0and NTI GT. 0. IfKSS .GT 0, there will be no steady-state calculation.

Format:
Subroutine Statemens
DATAHT
IF (NSTR.EQ.0) GO TO 320
C READ INITIAL OR PRE-INITIAL CONDITIONS VIA CARD IF
CNSTR EQ. 0
320 CONTINUE
READ(7,6) LABEL
READ(7,6) LAREL
READ(7,6) LABEL
DO 330 K=1 NON
READ(7,6) LABEL
330 CALL READR(TP(1,K),MAXNP,NNP)
6 FORMAT(A79)
READR

150  READ(7,*) NINSEQ,NAD,RNI,RAD RRD
5.1.16 Data Set 16: Variable Boundary Conditions
Four groups of cards are required for this data set 1f and only if NVES GT. 0. The first group is used 1o specify the incoming
concentration profiles, the second group 1s used to assign the type of incomng concentration profile to each of the NVES
boundary sides, the third group is used 1o read the global nodal number of NVNP flowing-in and flowing-out nodes, and the
fourth group 1s used to specify the information of the NVES element sides. The first group and the second group should be
repeated once for each of the NON chemical components
A) INCOMING CONCENTRATION PROFILES

Free formatied input of 2 vanables has the following profiles:
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First profile: |

.........

.. TCVBF(NVDP, 1K) CVBF(NVDP,| K)

Second profile:

TCVBF(1,2,K) CVBF(1,2K) TCVBF(2,2K)CVBF(22K) .

.. TCVBF(NVDP2K) CVBF(NVDP,2K)

I* profile:

———— -

TCVBF(1,1LK) CVBF(1,1K) TCVBF(2,1K) CVBF(2,LK) ...

.. TCVBF(NVDP LK) CVBF(NVDP LK)

NVPR* profile:

TCVBF(1,NVPRK) CVBF(1 NVPRK) TCVBF(2NVPR K) CVBF(2ZNVPRK) ...

----------------------
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Definitions:

- TCVBF(J,1K)

CVBF(J,LK)

Format:

DATAHT

Time of the J* data point on I* incoming-concentration vs time profile for K* component,
years

Concentration of the J* data point on I* incoming-concentration vs time profile for K*
component, (mole/liter).

Statemen!
C THE FOLLOWING LABEL IS A BLANK

READ(7,6) LABEL

IF (NVES LE.0) THEN
READ(7,6) LABEL
REAID(7,6) LABEL
ELSE

C THE FOLLOWING LABEL 18 A BLANK

350

6

READ(7,6) LABEL

DO 360 K=1 NON

READ(7,6) LABEL

READ(7,6) LABEL

DO 350 I=1 NVPR

READ(7,*) (TCVBF(J,1 K),CVBF(J,1.K),J=1 NVDP)
CONTINUE

FORMAT(A79)

B) OMING CONCENTRATION TYPE ASSIGNED TO VARIABLE-BOUNDARY SIDES

Each tine 1s free formatted input containing S vaniables.

Definitions:
Ml
NSEQ

MIAD

MITYP

MTYPAD

Compressed vaniable-boundary element side number of the first side in a sequence.
NSEQ subsequent sides will be generated automatically.

Increment of the compressed vanable-boundary element side number for each of the NSEQ
subsequent sides

Type of incoming concentration profile assigned to side M1

Increment of the type of incoming concentration profile for each of the NSEQ subsequent
sides

NOTE: A line contsining five zeros 1s used to end the input of this subdata set.

Format:

Subroutine
DATAHT
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C READ INCOMING CONCENTRATION TYPE ASSIGNED

C TO EACH OF VB SIDES

C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL
REAID(7,6) LABEL
CALL READN(IVTYP(1 K) MXVES,NVES)

C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL

360 CONTINUE

6 FORMAT(A79)

READN
110 READ (7,*) MINSEQMAD MITYP MTYPAD

C) GLOBAL NODAL NUMBER OF NVNP VARIABLE-BOUNDARY CONDITION NODES
Normally NVNP lines are needed However, automatic generation can be made.

Each line 1s free formatted input contamning § vanables.

Definitions:
NI = Compressed vanable-boundary node number of the first node in a sequence.
NSEQ = NSEQ subsequent nodes will be generated automatically.
NIAD = Increment of the compressed variable-boundary node number for each of the NSEQ
subsequent sides.
NODE = Global node of the compressed node NI.
NODEAD = Increment of NODE for each of the NSEQ subsequent nodes.

NOTE: A line containing five zeros is used to end the input of this subdata set

Format:
Subrouting Statement
DATAHT
C READ GLOBAL NODE NUMBER OF VB NODES
READ(7,6) LABEL
READ(7,6) LABEL
CALL READN(NP VB MX VNP NVNP)
6 FORMAT(A79)
READN

110 READ (7,*) NI NSEQ,NIAD,NODE ,NODEAD
D) SPECIFICATION OF VARIABLE-BOUNDARY SIDES

Each line 15 free formatted mput containing 9 variables
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Definitions:

Normally, NVES lines are required, one each for & vanable-boundary element side. However, if & group of vanable-
boundary element sides appears in a regular pattern, sutomatic generation may be made

Each line 1s free formetied input containing 9 vanables.

Definitions:
Mi = Cammdvmcbkbamdnydmun-adcmmbaofﬂnfmelmlndcmlnqm.
NSEQ = NSEQ subsequent variable-boundary element sides will be generated automatically.
M = Global element number to which MI* element-side belong to.
IS1 = Compressed vanable-boundary nodal number of the first node of element side M1
182 = Compressed variable-boundary nodal number of the second node of element side M1
MIAD = Increment of Ml for each of the NSEQ subsequent variable-boundary element sides.
MAD = Increment of M for each of the NSEQ subsequent variable-boundary element sides.
IS1IAD = Increment of IS] for each of the NSEQ subsequent variable-boundary element sides.
1S2AD = Increment of IS2 for each of the NSEQ subsequent varisble-boundary element sides.

NOTE: A line with 9 zeros is used to end the input of this subdata set.

Format:

Subrouting Statement
DATAHT

C READ VARIABLE BOUNDARY ELEMENT SIDES
MPI=0

C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL

370 READ(7,*) MINSEQM,IS1,182 MIAD MAD,IS1AD IS2AD
[FIMLEQ 0) GO TO 390
MJ=MI+NSEQ
DO 380 MP=MIMJ
I=MI+(MP-MI)*MIAD
MVES(T)=M+(MP-MI)*MAD
ISV(1,D)=181+(MP-MI)*IS1AD
ISV(2,1)=1S2+MP-MI)*1S2AD
MPI=MPI+]

380 CONTINUE
GO TO 370

390 IF(MPILEQ.NVES) GO TO 400
STOP
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C THE FOLLOWING LABEL IS A BLANK
400 CONTINUE

READ (7.6) LABEL
6 FORMAT(A79)

5.1.17 Data Set 17: Dirichlet Boundary Conditions

Thus data set 1s required if and only NDNP GT 0 Subdata sets A) and B) should be repeated NON times, one for each of
the NON components

A) DIRICHLET CONCENTRATION PROFILE
Free formatted mput of 2 vanables has the following profiles

First Profile:

TCDBF(1,1, K) CDBF(1,1 K) TCDBF(2,1 K) CDBF(2,1 K)

.. TCDBF{NDDP,1 K) CDEF(NDDP,1 K)

Second profile:

TCDBF(1,2,K) CDBF(1,2K) TCDBF(2,2,K) CDBF(2,2.K)

- ———— - -

. TCDBF(NDDP22,K) CDBF(NDDP,2K)

] "

I* profile

.......................................

................................................

.....................

. TCDBF(NDDP,1LK) CDBF(NDDP 1K)

] "
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NDPR® profile

TCDBF(1,NDPR K) CDBF(1,NDPR K) TCDBF(2,NDPR K) CDBF(2,NDPRK) ..

.. TCDBF(NDDP ,NDPRK) CNBF(NDDP,NDPRK)

-

Definitions:

TCDBF(J,LK) = Time of J* data point in [* Dirichlet-concentration profile for K™ component, (years).

CDBF(J,1K) = Dinchlet concentration of J* data point in I* Dirichlet concentration vs time profile for K*

component, (mole/liter).
Format:
Subroutine Statement
DATAHT

C READ DIRICHLET CONCENTRATION PROFILE
480 [F(NDNP.EQ.0) THEN

READ(7,6) LABEL

READ(7,6) LABEL

ELSE
C READ DATA SET TiTLE

READ(7,6) LABEL

DO 500 K= 1,NON

READ(7.%) LABEL

READ//,6) LABEL

DO %90 I=1 NDPR

RLAD(7,*) (TCDBF(J,1,K),CDBF(J,1 K),J=1, NDDP)
490 CONTINUE
6 FORMAT(A79)
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B) TYPE OF DIRICHLET NODE
This subd ata set 1s read in simularly o DATA SET 16 B)

Each hne 1s free formatted mput containing 5 integers.

Definitions:
NI = Compressed Dinchlet node number of the first node in the sequence
NSEQ = NSEQ subsequent Dinchlet nodes will be generated automatically.
NAD = Increment of compressed Dinichlet node number for each of the NSEQ subsequent nodes.
NITYP = Type of Dinchlet concentration profile for node NI and the NSEQ subsequent nodes.
NTYPAD = Increment of NITYP for each of the NSEQ) subse’ uent nodes.

NOTE A line with 5 zeros must be used to signal the end of this subdata set.
Format:

Subroutng Statement
DATAHT

C READ TYPE OF DIRICHLET CONCENTRATION PROFILE ASSIGNED
C TO DIRICHLET NODES
C READ BLANK
REAI(7,6) LABEL
READ(7,6) LABEL
CALL READN(IDTYP(1,K) MXDNP ,NDNP)
C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL
500 CONTINUE
6 FORMAT(A79)
READN
110 READ (7,*) NINSEQNAD NITYP NTYPAD

C) DIRICHLET NODES
This subdata set 1s read in simular 1o DATA SET 16 €)

Each hine 1s free formatted input contaimng S integers

Delinitions:
NI = Compressed Dinchlet boundary node number of the first node in a s2quence.
NSEQ = NSEQ subsequent nodes will be generated automatically
NIAD = Increment of the compressed Dinchler boundary node number for each of the NSEQ

subsequent sides

NUREG/CR-6515 98



A line containing five zeros

5.1.18 Data Set 18: Element Source/Sink Data

Si1ihelat e A\ thr
YUDAALa sets A) U

through (

repeated for NON + | umes

‘R OF COMPRI

i

SK1

Nl NUMOErs

Definitions:

al element number of ¢

bal element number

are needed if and only 1if NSEI

" e sl ¢ N
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When NSEL GT. (
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), subdata sets B) and C
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READ(7.6) LABEL
READ(7,*) (LES(MP)MP=1 NSEL)
6 FORMAT(A79)
B) ELEMENT SOURCE/SINK PROFILE

Number of lines depends on NSPR, NSDP, and NON (K=1,NON + 1) Each line contains a number of data points Each
line 15 free formatted input

First profile:

——

TSOSF(1,1,K) SOSF(1,1 K) TSOSF(2,1, K) SOSF(2,1 K)

........

-

......................

Second profile:

TSOSF(1,2,K) SOSF(1,2,K) TSOSF(2,2,K) SOSF(2,2K) ..

- ——— ———

.. TSOSF(NSDP,2K) SOS(NSDP,2K)

.............. S

I* profile:

...................................................

.........................................................................

.............................. -

. TSOSF(NSDP,1LK) SOSF(NSDP,LK)

........................ -
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NSPR* profile

TSOSF(1,NSPR,K; SOSF(1 NSPR K) TSOSF(2 NSPR K) SOSF(2,NSPRK) ...

........ - v mem—- e em -

...................................

Definitions:
TSOSF(J,LK) = Time of J* data point in I* profile for K* component, (years).

SOSF(J,LK) = Source/sink value of J* data point in I* profile for K* component,
(mole/s/em’) if K LE. NON,
(em*/s/em’) if K EQ (NON+1).

Format:

Subrouting Staicment
DATAHT

C READ ELEMENTAL SOURCE PROFILES
NONI1=NON+1
DO 530 K=1,NONI
C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
DO 520 I=] NSPR
READ(7,*) (TSOSF(J,1.K),SOSF(J,1 K),J=1 NSDP)
520 CONTINUE
6 FORMAT(A79)

C) SOURCE/SINK TYPE IN EACH SOURCE/SINK ELEMENT
Usually one line per element. However, automatic generation can be made.

Each line 1s free formatted input containing 5 variables.

Definitions:
Ml = Compressed source/sink element number of first element in the sequence.
NSEQ = NSEQ subsequent source/sink elements will have type MITYP.
MAD = Increment of Ml for each of the NSEQ subsequent elements
MITYP = Source/sink type for element MI.
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MTYPAD = Increment of sour e type in each of the NSEQ subsequent elements.
NOTE A line contaming 5 zeros must be used to end this data set

Format:

Subrouling St cent
DATAHT

C READ SOURCE TYPE ASSIGNED TO EACH SOURCE

C ELEMENT

C THE FOLLOWING LABEL IS A BLANK
READ(7,6) LABEL
REAID(7,6) LABEL
CALL READN(ISTYP(1,K) MXSEL,NSEL)

530 CONTINUE

540 CONTINUE

C THE FOLLOWING LABEL 1S A BLANK
READ(7.6) LABEL

6 FORMAT(A79)

READN
110 READ (7.*) MINSEQMAD MITYP MTYPAD

S.1.19 Data Set 19: Well (Point) Source/Sink Data

Subdata sets A ) through C) are needed if and only if NWNP GT 0. When NWNP GT. 0, subdata sets B) and C) should
be repeated for (NON + 1) times

A) GLOBAL NODE NUMBER OF COMPRES SED PCINT SOURCE/SINK NUMBER
Unformatted mput contains node numbers
NPW(1) = Global node number of the first source/sink node.
NPW(2) = Global node number of the second source/sink node.
NPW(N) = Global node number of the N* source/sink node

Format:
Slatemen)

C READ WELL SOURCE/SINK NODES
IFINWNP EQ 0) THEN
READ(7.6) LABEL
READ(7.6) LABEL
GO TO 565
ENDIF
READ(7 6) LABEL
READ(7,6) LABEL
READ(7.*) (NPW(NF) NP=1 NWNP)
6 FORMAT(A79)

Subroutne
DATAHT
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B) POINT SOURCE/SINK PROFILE
N of lines depends on NWPR, NWDP, and NON (K=1,NON + 1). Each card contains a number of data points.

First profile

TWSSF(1,1,K) WSSF(1,1,K) TWSSF(2,1 K) WSSF(2,1 K) ...

- —n-

TWSSF(NWDP,1 K) WSSF(NWDP,1 K)

Second profile

- ——

TWSSF(1,2,K) WSSF(1,2 K) TWSSF(2,2 K) WSSF(2,2 K)

TWSSFINWDP 2 K) WSSF(NWDP,2 K)

...........

I* profile:

TWSSF(1,1,K) WSSF(1,1L,LK) TWSSF(2,1K) WSSF(2,1K) ...

TWSSF(N'WDP,LK) WSSF(NWDP,1K)
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NWPR® profile

TWSSF(1 NWPR K) WSSF(1 NWPR K) TWSSF(2 NWPR K) WSSF(2NWPRK) ..

————

R I e T T T N ——

. TWSSF(NWDP NWPR K) WSSF(NWDP NWPR K)

Definitions:
TWSSF(J, 1K)
WSSF(J,1LK)

Format:

Subrouune
DATAHT

Time of ™ data point in I* profile for K* component, (years).

Source/sink value of J* data point in I* profile for K* component,
(moles/siem®) if K .LE. NON,
(em's) f K EQ (NON+1).

Stalemen)

C READ WELL SOURCE/SINK PROFILES

NONI1=NON+1
DO 560 K=1,NONI

C THE FOLLOWING LABEL IS A BLANK

550
6

READ(7,6) LABEL

READ(7,6) LABEL

READ(7,6) LABEL

DO 550 I=1, ,NWPR

READ(7 *) (TWSSF(J,LK) WSSF(J,LK),J=1 NWDP)
CONTINUE

FORMAT(A79)

C) TYPE OF POINT SOURCE/SINK NODES

Normally one line per well node. However, automatc generation may be made.

Each line 15 free formatted input contaiming 5 vanables

Definitions:
NI
NSEQ
NIAD

NITYP
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Compressed well node number of the first node in a sequence.
NSEQ subsequent well nodes will be generated automatically for the source type
Increment of compressed well node number for each of the NSEQ subsequent nodes

Type of well source/sink profile assigned to NI* well node
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f thus subdata set
Format
< }

stithronitie
UL

MXWNP NWNI

contains one vanabic

Definitions:

» [irst leaching source element

1 leaching source ¢ier

Format




6 FORMAT(A79)
B) ELEMENTAL SOURCE PROFILES

Profiles are input sunilarly to data set 18 Free formatted input contains 2 variables

Definitions:
TSLEA(JLK) = Time of " data point in I* profile for K® component, (vears).

SLEA(,LK) = Source value of J* data point in I* profile for K* component,
(mole/s/liter)

Format:

Subrouune Stalemen
DATAHT

C READ ELEMENTAL SOURCE PROFILES
NONI=NON + |
DO 567 K=1 NON
C THE FOLLOWING LABEL 1S BLANK
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
DO 566 I=1 NLPR
READ(7,*) (TSLEA(J,1K), SLEA(J,LK) J=] NLDP)
566 CONTINUE
6 FORMAT(A79)

C) SOURCE TYPE ASSIGNED TO EATH SOURCE ELEMENT

Free formatied nput contains 5 variables

Definitions:
NIl = Compressed element number of the first node in a sequence
NSEQ = NSEQ subsequent element will be generated automatically for the source type
NIAD = Increment of compressed element number for each of the NSEQ subscquent nodes
NITYP = Type of well source/sink profile assigned to NI* element
NITYPA = Increment of NITYP for each of the NSEQ subsequent elements

NOTE: A line contaiing five zeros must be used to signi] the end of this subdata set
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Format:

Subrouting Statemens
DATAHT

C READ SOURCE TYPE ASSIGNED TO EACH SOURCE
C ELEMENT
READ(7,6) LABEL
READ(7,6) LABEL
CALL READN(ILTYP(1 K)MXLEL NLEL)
567 CONTINUE
6 FORMAT(A79)
READN
110 READ (7,*) NINSEQNIADNITYP NTYPA

5.1.21 Data Set 21: Waste Container Parameters

NOTE: The following set of cards cannot be included 1if the waste containers are not simulated. ¢, NCON =0
A) CONTAINER DEGRADATION PARAMETERS

Requires 2*NCTYPE cards in free format.

CARD 1.

THICK(1) PITN(1) PITK(]) AREA(l) ASCALE(1) PITS(1)

CARD 2

GRATE(1) CLAY(1) SPHi(1) IAER(1)

CARD 2*NCTYPE - 1.

THICK(NCTYPE) PITN(NCTYPE) PITK(NCTYPE) AREAINCTYPE) ...

... ASCALE(NCTYPE) PITS(NCTYPE)
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CARD 2*NCTYPE:

......................................

Definitions:
THICK(I)

PITN()

PITK(I)

AREA(D)

ASCALE()

PITS(I)

GRATE()

NUREG/CR-6515

L]

.....

Thickness of the I* contaner (cm). 55 gellon drums are generally 0 127 - 0.152 cm thick.

Pitting parameter n in the 1" container (dimensioness). The equation for calculating pit
depth is h=k(1")*(A™)

where
h 1s the maximum pit depth,
k.n, and m arc the parameters PITK, PITN, AND ASCALE,
A 18 the area of the container, AREA, normalized to the arca of the NBS test
samples, and
115 the simulation time in years
ITPITN(I) 15 zero, a value 15 calculated by the code based on input parameters for clay
content (CLAYO, soil aeration (IAER), and the calculated moisture content.

Piting parameters k in the I* container (em/yr®). If PITK(1) 1s zero, a value is calculated
based on soil pH (SPH). Mecasured values [Romanoff, 1957) range from 0.03 - 0.15

emAr”. IfPITK and soil pH (SPH) are input as zero, the default value for PITK is 0.0737,
the average value for all soils

Arca of the waste container in em’. Used to calculate the area scaling factor in the equation
for maximum pit depth. The area of the 55 gallon drum is 21,000 ecm®. It is also used to
caleulate the fraction of the container that has been breached due to pitting This fraction
18 used 1n determining releases from partially failed containers

Area scaling exponent (dimensionless). Values have been measured by Logan [Logan,
1939] for wrought ron pipes buned in 47 different soils. Values ranged from 0.08 - 0.32
with a mean value of 0 15 and a standard deviation of 0.04. 1f ASCALE is input as zero,
a default value of 0.2 15 used in the code.

The number of penetrating pits in the container (dimensionless). The total area breached
15 hinearly proportional to the number of pits that penetrate the container, PTIS(I)
Measurement of the total number of pits on Fe samples ranged from 14 - 80 pits/em?
[Isaacs, 1987) Of these, only & small fraction (less than 1%) will grow large enough lo
penetrate the container. Based on the carbon steel pitting data obtained by Marsh [Marsh,
et al, 1986] an esumate of 0 05 penctrating pits/‘cm’ has been made. For a 55 gallon drum
with a surface area of 21,000 cm® , this implies a total of 1,000 penetraung pits. The
default value 1s 1,000

The general carrosion raie (L/T) Values measured in the NBS study reported by
Romanoff [Romanoff, 1957] for the corrosion rate of carbon steel ranged from 2 7E-1 -
6E-10 cm/s. For a wall thickness of 0 127 cm, theses corrosion rates correspond to

penetrating 1n 6.7 - 150 years. If the input value of GRATE(]) is xero, then the default
value of 3E-10 em/s is used
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CLAY(D)

SPH(I)

IAER(T)

Format:

DATAHT

= Fracuon of ciay in the soil, 0 LT CLAY(I) LE. 1. If PITN 1s input as zero, PITN 1s
calculated as function of clay and moisture content as well as degree of soil acrauon If

CLAY(I) 1s also zero, PITN is calculated only as function of aeration.

= Soil pH IfPITK is input as zero, PITK is calcualted as e function of pH. If SPH(I) 1s input
as zero, a default value of 7.0 1s used. This leads to a low value for PITK, however, it 18

consistent with the average value for soil pH.

= Aeration index of the soil. 1=good, 2=fair, 3=poor and 4 = very poor. Used in calculating
PITN. If PITN and clay are input as zero, PiTN is set equal 10 0.26, 0.39, 0.44, 0.59 for
IAER =1, 2,3, 4 respectively. Most soils considered for low-level waste disposal will have

fair or good aeration

Stalement

570 IF(NCONEQ.0) THEN
C IF DATA SET 21 18 NOT BEING USED
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
C IF DATA SET 22A 1S NOT BEING USED
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
C IF DATA SET 22B IS NOT BEING USED
REAID(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
C IF DATA SET 22C IS NOT BEING USED
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,6) LABEL
ENDIF
IF(NCON.NE.0) THE
READ(7,6) LABEL
READ(7,6) LABEL

C READ FROM INPUT FILE THE PARAMETERS OF EACH

C CONTAINER

CTYPE
DO 580 J=1 NCTYPE
READ(7,6) LABEL

READ(7,*)THICK(J) PITN(),PITK(J),AREA(J) ASCALE(J)

LPITS(J)
READ(7,6) LrJEL
READ(7,6) LABEL

READ(7,*) GRATE(J),CLAY(J),SPH(J),JAER(J)

READ(7,6) LABEL
580 CONTINUE
6 FORMAT(A79)

B) CONTAINERFINITE ELEMENT LINK
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Requires | card for each 16 values in free format as follows:

------

Definitions:

NELCON(I) = Global element number for the I" container  NELCON s the compressed element index
for the elements with containers

Format:
Subrouting Stalcment
DATAHT
C READ GLOBAL ELEMENT NO. AND THE CONT. TYPE
C ASSIGNMENT
READ(76) LABEL

READ(7,*) (NELCON(I),I=1 NCON)
6 FORMAT(A79)

C) CONTAINER TYPE
Waste contamner type for cach element that has a waste container 1s gven in the array ICTYPE(I) This requires at most one

card for each container, however, ofien, automatic generation can be used Input of § variables n free format 1s used to
calculate the vanables in the array ICTYPE

Definitions:
Ml = Compressed clement number of the first element in the sequence.
NSEQ = The container type 1s calculated for NSEQ+] elements
MAD = Increment of compressed element number for each of the NSEQ + | elements
MITYP = Container type in compressed clement Ml
MTYPAD = Increment of container type in each of the NSEQ + | elements

The values in the array ICTYPE are calculated from the following expression
ICTYPE(MI+N*MAD) = MITYP + N*MTYPAD
where N is an index that ranges from 0 10 NSFQ
For example, 1o specify that the first five containers are all type | would require the following input
14110

To specify that the first five containers were sequentially numbered from 1 1o 5 could be achieved with following
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14111

NOTE: A lank card rrust be used to signal the end of this data set

Foriaat:
Subroutine Statemen!
DATAHT
READ(7,6) LABEL
READ(7,6) LABEL
CALL READN(ICTYPE MXCON NCON)
6 FORMAT(A79)
READN

110  READ (7,*) MINSEQMAD MITYP MTYPAD
5.1.22 Data Set 22A: Wasteform and Leaching Information
NOTE: The following set of cards can not be included 1f there are no waste forms, 1.e, NCON = 0.
Required are 2*NWTYPE cards in free format.

CARD |:

SFRACT(1,1SO) PFRACT(1,1SO) BFRACT(1,ISO) DEFF(1,ISO) ...

. DISOL(1,1SO) PARTKO(1,1SO) PARTKI(1,1SO) PARTKD(1,ISO)

CARD 2

-

POREL(1) VOLWF(1) VRATIO(1)

CARD 2*NWTYPE - 1!
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- DEFF(NWTYPE,ISO) DISOLINWTYPE,ISO) PARTKO(NWTYPE,ISO) ..

- PARTKI(INWTYPE,ISO) PARTKD(NWTYPE,ISO)

CARD 2*°NWTYPE.

POREL(NWTYPE) VOLWF(NWTYPE) VRATIOINWT YPE)

Definitions:
SFRACT(J,1ISO)

PFRACT(J,ISO)

BFRACT(J,ISO)

DEFF(J,1S0O)

#

DISOL(J,1SO)

PARTKO(J,ISO)
PARTKI(J,1SO)

PARTKD(],ISO) =

POREL()) -

VOLWEF())

NUREG/CR-6515

Fraction of the mass of the ISO® contaminant in the J* waste form that is immediately
available for surface wash-off in the rinse model. Useful for surface contaminated waste
forms such as lab trash. 0 LE. SFRACT(J,1SO) LE. 1.0.

Fraction of the mass of the ISO* contaminant in the J* waste form that 1s available for
release due to diffusion. Useful for diffusion controlled releases such as from cement
solidified waste forms 0 LE. PFRACT(J,ISO) LE 10

Fraction of the mass of the ISO* contaminant in the * waste form that is available for
release due 1o dissolution. Useful for dissolution controlled releases such as from activated
metals. 0 LE. BFRACT(J,ISO) .LE. 1.0.

J* waste form effective diffusion coefficient for contaminant iso (em 7s). Used only if
PFRACT(J,ISO) > 0.

J* waste form fractional release rate (1/year) for contaminant iso. Used only if
BFRACT(J,1SO)> 0.

T* waste form partition coefficient for contaninant iso (L’’MASS) at time zero.
J* waste form partition coefficient for contaminant 1so (L’MASS) at time t = infinity.

J* waste form parttion coefficient degradation rate constant for contaminant iso (17s).
PARTKD(J,ISO) must be greater than or equal to 0.

Effectve diffusion length within the waste form (cr). For plane geometry (IDIFF =0, 1,
or 3), POREL(J) should be selected as a value the! is the 172 the thickness of the simulated
waste form. For cylindrical geometry, IDIFF =  or 4, POREL(J) is the radius of the waste
form Not used if PFRACT()) = 0.

Volume of the waste form (cm’)  Used 1o calculate the height of & cylindrical waste form
when IDIFF = 3
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; 1 4 terial
Rato of the t i non-waste-form matenal (0 waste-lorm maienal
U

element. Used when partition controlled release occurs (PARTKD

P

11SO) + BFRACT(J,1ISO

31 1 D NI
EAD FROM 1!

VPl
1l

CON . .T‘\
'

READ(7,6

READ(7.*

NI TE
CONTINUT

FORMATI(A
£.1.22.1 Data Set 22B: Read Initial Masses a. Each Waste Element

§ required

{or each waste container

Additional cards required if input exceeds 80 cha
Definitions
WTIN

nresently
pPre

Format:




READ(7,*) (WTINIT(1,1SO),I=1, NCON)
650 CONTINUE
6 FORMAT(A79)

5.1.22.2 Data Set 22C: Read Waste Type Assignments

Waste form type for each element that has & waste form is given in the array INTYPE. Required is at most one card for each
waste form, however, automauc generation can be used  Free formated input of 5 variables used to calculate the variables
in the array IWTYPE type.

Definitions:
Ml = Compressed element number of the first in the sequence
NSEQ = The waste form type is calculated for NSEQ + 1 elements.
MAD = Increment of compressed clement number for each of the NSEQ + 1 elements
MITYP = Waste form type in compressed clement M,
MTYPAD = Increment of waste form type in each of the NSEQ + | elements

The values in the array IWTYPE are calculated from the following expression:
IWTYPEMI+N*MAD) = MITYP + N*MTYPAD
where N is an index that ranges from 0 to NSEQ

Facxunpk.mlpecifyﬂmﬂxcﬁmﬁvewm:fmmalltypc I and waste forms 6, 7 and & are type 2 would require the
following input:

14110
62120
00000

NOTE' The input file must contain five values. The final line of nput 1s indicated by having the first value equal 0.
NOTE' In data set 18 and 19 the Source/sink definitions, and data sets 16 and 17 the boundary condition definstions, the

input structure is similar. Each of these processes are simulated through tabular input of the appropriate value as a function
of ime At ime intermediate 10 those in the tables, linear interpolation between the two times 1s used

Format:
Subrouting Siatemens
DATAHT
READ(7.6) LABEL
REAIX7.6) LABEL
READ(7,6) LABEL
CALL READN(IWTYPE MXWTYP NCON)
6 FORMAT(A79)
READN

110 READ (7,*) MINSEQMAD MITYP MTYPAD
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§.1.23 Data Set 23A: Printer and Auxiliary Storage Control

The number of lines 1s [(NTIRO+1)*2], (NTIB0+1) lines for pnnter output control and (NTI/80+1 lines for storage control

Line 1 is free formatied.

Line 2 1o Line [(NT1/80+1)] - FORMAT(8011)

KPRO KPR(1) KPR(2)

.. KPR(I) ... KPR(NTI)

1 2 3

80

Line [(NTI/80+1)+1] to Line [(NT1'80+1)*2) - FORMAT(8011)

KDSKO KDSK(1) KDSK(2) ... KDSK(I) ... KDSK(NTI)

] 2 3
Definitions:
IITR =
INTER =
ICOND =
NHGCI =
KPRO =
KPR(]) -
KDSKO =

——

80

Integer indicating if iteration table of convergence information to be printed?

0= no,

I =  transport iteration table be printed, |
2= both transport and chemical iteration tables printed.

Integer indicating 1f concentration field to be printed for each hydrological-chemical
interaction?

0= no,

= vyes

Integer indicating if the condition number of the Jacobian matrix in chemical equilibrium
computation 1o be printed?

0= no,

l= yes

Integer indicating if chemical equilibrium information to be printed?
0 = no,
>0 = every NHGC inter-hydro-geochem iterations print once

Pninter control for steady-state and inutial conditions;
0 = pnint nothing,

| = print FLOW, FRATE, and TFLOW,

2 = print above (1) plus concentration,

3 = pnint above (2) plus matenial flux

Printer control for I" uime-step similar to KPRO.
Auxiliary storage control for steady-state and initial condition,

0 = no storage,
| = store on logical unit 2
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KDSK(I) = Auxiliary storage control for I* ime-step sumilar to KDSKO

Format:

Subrauting Statemeny ‘
DATAHT
READ(7,6) LABEL \
READ(7.6) LABEL
READ(?.6) LABEL
READ(7,6) LABEL
READ(7,*) IITR INTER, ICOND, NHGC]
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,30) KPRO,(KPR(1)I=<1 NT1)
READ(7,6) LABEL
READ(7,6) LABEL
READ(7,30) KDSKO,(KDSK(1)1=1 NT1)
0 FORMAT(8011)
6  FORMAT(A79)

5.1.23.1 Data Set 23B: Nodes Where Detailed Chemical Printout Is Needed and Chemical Property (Sorption)
Type Assigned te Each Node

Two groups of data are needed  The first group reads the chemical pnntout indicator and the second group reads type of
chemical property (sorption) assigned 10 each node

GROUP 1!
The number of lines depends NCPRT. Normally, two lines should be sufficient.

Lane | input 15 unformatted with one integer. Line 2 input is unformatted with NCPRT integers

Definitions:
NCPRT = Number of nodes where detailed chemical equilibrium information wili be printed.
NODEP(1,2) = Global node number of the first node where detailed chemucal equilibrium information will
be printed
NODEP(2,2) = (lobal node number of the second node where detatled chemical cquilibnum information
will be printed
NODEP(N,2) = (Giobal node number of the N* node where detailed chemical cquilibrium information will
be pninted
Format:
Subroutine Statement
DATAHT

READ(7,6) LABEL
REAID(7,6) LABEL
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5.1.24 Data Set 24: Hydrological Data - Velocity and Moisture Control
IFKVI GT 0, this data set is not needed because these will be read via Logical Unit |

A) VELOCITY FIELD

Normally, one line per node is needed However, automatic generation can be made

Each line 1s free formatted input contaiming 7 vaniables

Definitions:
NI = Node number of the first node in the sequence
NSEQ = NSEQ scbsequent nodes will be automatically generated
NAD = increment of node number in cach of the NSEQ subsequent nodes
VXNI = X-velocity component of node NI, (cm/s)
VZNI = Z-velocity component of node NI, (cm/s).
VXAD = Increment of x-velocity for cach of the NSEQ subsequent nodes, (cmvs)
VZAD = Increment of z-velocity for cach of the NSEQ subsequent nodes, (cmv/s)

NOTE: A line with 7 zeros is used to signal the end of this subdata set
Format:

Subrouune Siatemen;
GM2DXZ

IF(KVI GT 0) THEN
READ(7,6) LABEL
READ(7 6) LABEL
READ(7,6) LABEL
ELSE

C READ VELOCITY CARD IF KVILE.0
NODES=0
READ(7,6) LABEL
READ(7.6) LABEL
READ(7,6) LABEL

110 READ(7,*) NI,NSEQ,NAD, VXNI,VZNI. VXAD .VZAD
IFINLEQ 0) GO TO 120
NJ=NI+NSEQ
DO 115 NP=NI,NJ
NODES=NODES+1
I=NNI+(NP-NI)*NAD
VX(I)=VXNI+VXAD*DFLOAT(NP-NI
VZ(1)=VZNI+VZAD*DFLOAT(NP-NI)

115 CONTINUE
GO TO 110
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120

125

130
6

IF(NODES EQ NNP) GO TO 125
STOP

IF(NODES LE MAXNP) GO TO 130
STOP

CONTINUE

FORMAT(A79)

B) MOISTURE CONTENT FIELD

Normally, one line per element  However, automatic generation can be made

Each line is a free formatted input contaiming five vaniables

Definitions:
NI =
NSEQ =
NAD -
THNI -
THNIAD =

Element number of the first element in the sequence

NSEQ subsequent elements will have the moisture content automatically generated
Increment of element number for each of the NSEQ subsequent elements

Marsture content of node element NI, (dimensionless, 0 < THNI < 1)

Increment of moisture content for cach of the NSEQ subsequent elements, (dimensionless)

NOTE: A line with 5 zeros signals the end of this subdata set

Format;
Subroutine Statement
GM2DXZ
C READ MOISTURE CONTENT VIA CARD IF KVILE.O
NODES=0
READ(7,6) LABEL
READ(7,6) LABEL

165

170

175

180
6

READ(7,*) NLNSEQNAD, THNI THNIAD
IF(NLEQ 0) GO TO 170

NI=NI+NSEQ

DO 165 NP=NINJ

NODES=NODES+|

I=NI+(NP-NI)*NAD

DO 165 1Q=1 4
TH(Q.I)=THNI+THNIAD*DFLOAT(NP-NI)
CONTINUE

GO TO 160

IF(NODES EQNEL) GO TO 175

sTOP

IFCNODES LEMAXEL) GO TO 180

STOP

CONTINUE

FORMAT(A79)
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6 ECIN: A PRE-PROCESSOR FOR CREATING CHEMISTRY
INPUT FILES FOR BLT-EC

ECIN 15 a FORTRAN program designed 1o assist the BLT EC code user in creating the chemistry input file. ECIN
15 an interactive code that works by supplying a senies of menu's that direct the user through the steps necessary to create
a chemustry input file. 1t 1s capable of creating a new chemustry input file, or modifying an existing file ECIN also creates
two awdlhary output files, LAST DAT and SAMPLE QUE  LAST DAT provides a back-up hsting of the chemustry input
file created by the user and SAMPLE QUE provides a histing of commands entered by the user during the course of using
ECIN 1o create a chemustry input file. Because BLT-EC has its own database, the prnimary information that must be conveyed
through the chemistry iput file 1s the identification of each chemical component in the disposal system being modeled
Components are selected from the pre-defined sct by specifying either the first letter of the component name or the 3-digit
component D) number. In general, 1t 1s not necessary 1o wdentify the species that are reaction products of the selected
components. BLT-EC will scarch the database 10 find the species that can be formed from the specified components.
Exceptions are specifving that a particular species 1s 1o be excluded, specifving the disposition of & particular solid with
regards 1o oversaturation (explained below), or for any database species, spzcifiving a different equilibnum constant than
that provided in the thermodynamic database  When 1t 1s necessary 1o do o2, aqueous speeies that are reaction products are
wdentified by specifying the components that represent the major cation and major anon. Sohids are identified to ECIN by
specifying the component that represents the major cation and the main mineral group to which the solid belongs (e g
carbonate, sulfide) Alternatively, one may specify the 7-digit 11D number for any aqueous or solid species if it 1s known
Menus and prompts within ECIN allow all of these things to be done with relative case

ECIN has the following features

- New components may be defined by editing the component database file, COMP.DBS. Of course, new
components are of little use unless reactions incorporating them as reactants are also provided New reactions between new
or existing components may be permanently added te the database files (sce Appendix A) or may be added for a particular
execution by including them mn the input file. ECIN will prompt for the information needed to do this

- BLT-EC solves the equilibnum problem iteratively by computing mole balances from estimates of component
activities, that 1s, activities of the free species represented by the components. Henee, 1t 1s necessary 10 provide an initial
esumate or guess for the activity of each component. ECIN makes this guess automatically for every component as equal
1o the component total dissolved concentration but also provides the means for the user to change the guess.

- It1s possible for the user to insist that certain conditions prevail at equilibnum. For example, it may be desired
to equilibrate the solution to a specified pH  This 1s done by specifying that the activity of H+ is fixed as dictated by the
selected pH. The pe may be fixed in a simular manner 1t 15 also possibie to insist that a given solid is present at equilibrium
This is done by specifying it as an INFINITE solid in ECIN

- The user has four options with regard 1o allowing oversaturated solids to precipitate (not including the infinite
solids option above). 1) No sohds are allowed to precipitate, 2) No solids are allowed except for those explicitly specified
in the mput file, 3) All oversaturated solids are allowed, or 4) All oversaturated sohds are allowed except for those exphicitly
excluded in the input file

- At start-up, ECIN asks for the name of the chemustry input file to be created. It also asks for the name of an
existing chermstry input file 10 use as a seed file or “template™. If the user does not wish 1o use & seed file, program defaults
are used for all system vanables and pr gram flags and the single component H' 1s entered automatically. 1f & seed file 1s
used, all system vanables, program {lags, and species defimuions become identical 10 those of the seed file.  Note that the
seed file itself 1s not modified by this procedure unless the filename selected for the chemustry file to be created and the seed
fil¢'s name are the same

~ ECIN 15 divided mto four distinet sections called edir levels. After inquinng for file names, ECIN goes
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automatically 0 EDIT LEVEL 1 1o display the sctungs and parameters of the default problem or the seed problem
represenied by a seed file if onc has been specified  Upon the users acceptance of the EDIT LEVEL 1 setungs, a main menu
screen 1s displaved from which the user may choose to enter any of the four edit levels, to use the current problem as a seed
for another sumular problem 1o be included in the same chermistry input file, or to exit the program  Upon returning from any
edit Jevel, this MAIN MENU 1s always displayed

6.1 Running ECIN for the First Time

The following pages provide a basic ntroduction 1o ECIN by “walking-through” a short session where only the
problem title 1s changed. Afier that session, each edit level 1s explored separately in greater detail

In order 10 execute ECIN, you must type ECIN at the prompt. ECIN will begin by prompung you for the name of
the chermistry input file you will create durmg this session. ECIN allows you 1o ereate an input file by beginning with the
standard default valucs or by using an existing mput file as a seed file  The following 1s 8 sample hsting of the opeming
dialogue with ECIN . Lines that are indented and appear smalier characters represent what actually appears on your computer
screen. ltems that are underined are examples of entrics made by the program user

RSN T L FNAAV SIS 200 17 RSN B 0 MDA RESTE RS
ECIN

Version 1 .00 08-21-96

ECIN is an interactive program used to build
chermustry input files for BLT-EC v1 00

If you encounter errors, please print the file named SAMPLE QUE or
copy it o & diskette and send along with a desenption of the problem
you were attempting o model to

Robert J. MacKinnon
45 Caballo de Fuerza Rd SE
Albuguerque, NM 87123

or

Terry M Sullivan

PO Beox 5000

Brookhaven Natonal Laborstory
Upton, NY 11973

In responding to prompts, use: Y ory = Yes, N or n = No,
K or r = Return 10 previous prompt (where applicable)
[D]=default choice obtained by pressing ENTER

Enter the name of the chemustry input file to be created Use up to 8
characters PLUS from 0 to 3 characiers for an extension

ENTER FILENAME (enter “X" to exit ECIN) > TESTA INP

If you want to use an existing chemistry input fiie as & “seed” file to be
copied into ECIN and modified, enter the filename  Otherwise

-~ Enter an K 1o return to the previous guestion, or

- = Simply press ENTER to start 8 new file from scratch
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ENTER filename, R, or press ENTER

The chemusiry input file to be created 1s calied TESTA INP No seed file 1s specified, so ECIN's default values will
be used for all system parmneters and program flags and the component H+ will be entered automatically with a log activity
guess of -7 (0. Had an exisung filename been entered at the second prompt, the parameters, flags, and species entnes of that
file would be entered automatically.  Note that n the VAX environment, the name of the existing file must be dificrent from
the name of the file to be created. When the two names are identical in 8 PC environment, the existing file 1s overwntien by
the onc being created  An accessory file called LAST DAT s periodically updated throughout the ECIN session so that if
an abnormal termination occurs, some portion of the work will be recoverable

As previously mentioned, ECIN has four sections called edit levels By default, you will automatically be placed
in EDIT LEVEL 1 afier responding to the filename prompts

"~ EDITLEVEL 1 " PROBA 1

Tutle 1

Tutle 2

Temperature (Celsius) 25 00

Units of concentration MOLAL

lonic strength: TO BE COMPUTED

Inorganic carbon 15 not specified

Terminate if charge imbalance exceeds 30% 7 NO

Owersaturated solids ARE NOT ALLOWED 1o precipitate. EXCEPTIONS: Solids hsted in this file as TYPE-III (Infinite),
IV (Finite) or -V (Possible)

9 The maximum number of iterations is: 40

10 The method used to compute activity coeflicients 1s° Davies equation
11 Level of output: INTERMEDIATE

12 The pHis TO BE COMPUTED

13 The Eh 15 undefined

99  Choose a different file to modify OR return to output filename prompt

90 2 ON BN e

Toct;me any of the above entnes or 1o explore other possible values, enter the number 1o the left of the entry. Enter zero when
you are finished. ENTER CHOICE >

In EDIT LEVEL 1, & screen of information is displaved on vour computer, as shown above. In this example, ECIN's default
settings for system parameters, and program flags are displayed  If you had sclected a previously existing input file as the
starting pont, its values would be displayed nstead In order to change any of the entries on this screen, enter the number
to the left of the entry and respond to the questions presented  For example, to change the first hine of title information for
the run, enter & 1" as shown below  The program will then prompt vou to enter the first line of the title for this problem

ENTER CHOICE > |

Enter problem title ( 1 of 2 lines),
OR press ENTER to omnt title,
OR enter “R" 1o return to previous prompt:

This cxercise illustraies ECIN's “default problem”

Afier any option 1s selected and changes are spectfied, the EDIT LEVEL [ screen is updated 10 reflect the changes  The
remainder of the EDIT LEVEL | options are discussed 1n a subsequent section. To exit EDIT LEVEL 1 enter a “0" at the
“ENTER CHOICE =" prompt in the EDIT LEVEL I menu

After exaung from EDIT LEVEL 1, the MAIN MENU 1s displaved  From the MAIN MENU the user may choose

10 enter any of the four edit levels, to use the current problem as a seed for another similar problem to be included m the same
chermustry input file, or the exit the program. Upon returming from any edit level, the MAIN MENU 1s always displaved. The
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options presented in each edit level will be the subject of the remainder of thas chapter. For the moment, let us exit ECIN

MAIN MENU. SELECT OPTION __ PROB# 1

I = EDIT LEVEL 1 (Change 1onic strength, pli, Lh, temperature, adsorption pnm;nlcu, number of werations,
precipitation options, eic.)

2 = EDIT LEVEL 1I (Speify components, gas, redox, aqueous, and mineral species, adsorplion sites and reactions, add
new species of all types)

3 < EDIT LEVEL W (Check, ndividually edit all entrics)
X = EXIT (Write the curtent problem 1o the new C hemustry input file and EXIT PROGRAM)
ENTER CHOICE =~ X

Thus causes the file “testa np™ 10 be wnitten to the directory that you are currently connected to and ECIN reminds you of the
filename as you exit the program

A Problem File Named TESTA INP Has Now leen Generated
It Can Be Modified By This Same Program By Recalling It As The Old File

The contents of the file TESTA INP arc shown below
This exercise illusrates ECIN's “default problem”

2500 MOLAL 0000 000000E<00  000000E400  0.00000E+00 0.00000E+00  0.00000E+00
0010000011000

O 0 0
330 1 000E+00 700 v M1
0 0.000E+00
0

6.2 Detailed Explanation of ECIN Options

The pnmary options available in ECIN are explained and illustrated below. The specific setings associated with
each option are not necessanly default values, most were chosen for illustration only Default values in program start-up are
discussed above. Others are mentioned where appropriste

6.2.1 Main Menu Option 1: Edit Level |

EDIT LEVEL 1 displays the current settings of system parameters such es temperature as well as program flag
setungs such as the number of iterations allowed  The user may change any of these settings by sclecting the option number
and responding to the resulting prompts

Thi section contains & more detailed explanation of EDIT LEVEL 1 options and suggestions for using them. For
most options, the explanation provided by ECIN will prove adequate  You are encouraged to experiment with all of the
optons available 1o become famibar with the capabiliues of the program. Below 1s a sample of the display that appears when
you enter EDIT LEVEL 1

____EDITLEVELT_____ _PROB# )
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Title 1:

Title 2

Temperature (Celsius): 25 .00

Units of concentration. MOLAR

lenic strength: TO BE COMPUTED

Inorganic carbon is not specified.

Terminate if charge imbalance exceeds 30% 7 NO

Oversatursted solids ARE NOT ALLOWED to precipitate. EXCEPTIONS: Solids listed in this file as TYPE-III (Infinite),
AV (Finite) or -V (Possibie).

9 The maximum number of terations is: 40

10 The method used 1o compute ac tivity coeflicients is: Davies equation
i1 Level of output: INTERMEDIATE

12 The pH s TO BE COMPUTED

13 The pE and Eh are undefined

99  Choose a difTerent file to modify OR return to output filename prompt.

2 3 W» B WM -

To change any of the above entnes or lo explore other possible values, enter the number to the levt of the entry. Enter zero when
vou are finished ENTER CHOICE >

6.2.2 Edit Level 1 Options 1 and 2: Titles

These two entries allow you to enter a two line title for the BLT-EC run. The titles will appear in PART | of the
chemustry output file and serve as a reminder of the purpose of the run.

6.2.3 Edit Level 1 Option 3: Temperature

Many of the parameters used in BLT-EC are temperature dependent and we recommend that you set this value to
the actual conditions BLT-EC will automatcally correct as many values as possible 1o the tenaperature that you specify. See
Appendix C for a description of temperature corrections to eq2uilibrium constants.

6.2.4 Edit Level I Option 4: Units of Concentration

The user does not have the option of selecting units of concentration. Option 4 is printed to the screen to remind
the user that units of concentration are molar.

6.2.5 Edit Level I Option 5: lonic Strength

Two choices are available, the jonic strength can either be computed by BLT-EC from the solution chemistry or it
can be fixed at a molal value specified by the user. Fixing the ionic strength will generally improve convergence umes since
changes 1n 10nic strength also change the activity coefficients and hence the solution composition. When the 1onic strength
15 fixed, it becomes independent of the solution chemistry. Fixing the ionic strength imphies that there are inert ions present
in large enough concentration for thewr impact on 1onic strength, and hence on activity coefficients, to be important. However,
because these jons are not very reactive they need not be included as actual components. Examples are Na+and Cl" in many
surface water problems (though 1t 1s not true that they should always be represented solely by fixing the 1onic strength). An
example of the dialogue when Option 5 1s selected 1s shown below.

Should the ionic strength be fixed? (Y<N<[D]=N)>Y

Enter fixed ionic strength (molal) > 0]
6.2.6 Edit Level 1 Option 6: Inorganic Carbon

BLT-EC needs the total dissolved concentration of each component for use in the mole balance equations
Frequently, the dissolved total for carbonate (CO,”) is not available but alkalinity is. ECIN allows you to enter the alkalinity
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in your choice of several commonly used units - The alkalimity value 15 stored in the data location ordinarily used for total
dissolved carbonate and a special program flag is sct in the input file so that BLT-EC will know 10 treat this value as
alkaliuty  BLT-EC computes the total dissolved carbonate concentration from the alkalinity value by the method described
m Appendix C. You should read that portion of Appendix C carefully before using this option. When the alkalinity option
15 not used, total dissolved carbonate concentration may be entered just as any other concentration Allernatively, you may
set the total dissolved carbonate concentration 10 zero and specify that carbonate 1s in equilibrium with a fixed partial
Ipressure of CO,(g) i EDIT LEVEL 1l The ECIN dialogue for entering alkalinity is shown below.

Deo you want 1o specify dissolved inorganic carbon in this problem? (Y, N)=> Y

When alkaliraty 1s specified, no solids are allowed. (Set EDIT LEVEL 1 Opuion § 10 zero and specify
the no TYPE I IV, or V solids )

Also, the titration used Lo determine alkahinity 1s assumed 1o be to the pll that 1s the equivalence point
of the solution)  Otherwise the alkalingty |, (actors in the database will not be applicable

You have the option of specifying alkshinity as & measure of dissolved morganic carbon
Alternatively, vou may specify dissolved inorganic carbon exphieitly.  Your choice will generally
depend upon the way carbonate concentration is expressed in the chemical analysis of the sample you
arc modeling

Do you want to specify alkalinnty? (Y, N)> Y
0 = Return to previous question
1 = mg/l CO3-2
2 = mg/l CaCO3
3=eqg/l
ENTER CHOICE -2
Enter alkahnity in mg/1 CaCO3 > 0.500F+02
Alternatively, 1if you choose to entered total dissolved carbonate directly, the dialogue 1s
Do you want to specify alkahnmty? (Y, N )= N

Do you want to enter total inorganic carbon as total dissolved concentration of the EC component for
morganic carbon CO3-27 (Y, N) > Y

Enter 1otal ino~anie carbon as total dissolved concentration of CO3-2 in MOLAL > 0.3500F-03

The same result could have been achueved by entening total carbonate as you would any other componenent in EDIT LEVEL
I

6.2.7 Edit Level I Option 7: Termination of Charge Imbalance

Generally, 1t 1s not important for BLT-EC to terrninate 1if the charge balance exceeds 30%. There are some cases
when a large charge imbalance would indicate improper data, however. When & large charge imbalance occurs, the user
should consider whether 1t results from omitting a relatively ent species such as Na' or from omitung a more reactive
species such as SO.”  In the former case the equilibrium composition will be affected very hittle (provided the effect on jonic
strength 18 accounted for by fixing 1t as if Na+were present), but in the latier, the omission might be important

6.2.8 Edit Level 1 Option 8: Precipitation

Thus entry allows you to turn precipitation on or off for the solids in the database except those which you exphieitly
speeify as “POSSIBLE" or “EXCLUDED" These special designations for solids can be made in EDIT LFVEL 11
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6.2.9 Edit Level I Option 9: Maximum Number of Iterations

6.2.10 Edit Level 1 Option 10: Calculation of Activity Coeflicients

6.2.11 Edit Level I Option 11: Chemistry Output File Options




Option 3 provades the least information. For wansport problems with more than 10 elements, 1t 1s recommented that Option
3 be seiected  You should experniment with these 1o determine how much of the information you really need to obtain. In
general, Option 2 provides the best combination of brevaty and completeness. Care should be used in selecting Option |
and simultancously choosing the solids print Option 2 (see EDIT LEVEL 1 OPTION 8)  Very large output files and long
run times may result

Select the output option
0= Return 10 previous question
1= FULL output file
2=  INTERMEDIATE (omit some of the thermodynamic data read from the databuse
uncorrected log K values, gfw, elc )
3= ABBREVIATED (mass distribution at equilibnum only)
ENTER CHOICE >

6.2.12 Edit Level 1 Option 12: pH

The hydronium 1en concentration can be entered as a measured pli, or as total hydrogen. Each of these options
also allows you the choice of fixing the pH or letting BL'T-EC calculate the equilibrium value

Select pH option
1 = Speeify EQUILIBRIUM PH
2 = Allow pH 10 be computed but specify total hydrogen concentration
R = Return to previous menu
ENTER CHOICE > }

Note' The user must specify pH (Option 1) or total hydrogen concentration (Option 2) in the BLT-EC
input file (sec data sets 9 and 15)

6.2.13 Edit Level I Option 13: Eh

Redox potential 1s entered as Eh. Note, systems conlaiming redox chermustry can be very sensitive to the mnitial
acuvity guesses made for the electron or for the components of redox couples

Select redox potential option
1 = Speafy equilibnum Eh
R = Return to previous menu
ENTER CHOICE > |

Note that by selecting 1, the user must specify Eh in the main BLT-EC iput file

6.2.14 Edit Level I Option 99: Choose a Different File to Modify or Return to Output File
Name Prompt

This option allows you to abandon any work up to the point it 1s selected and choose & different existing file to use
as & seed file  Once vou armive at the prompt that allows this adjustme nt, you have the option of returming to the very first
prompt of the ECIN session and specifving a different filename for the chemstry input file to be created, or to exit the
program

6.3  Main Menu Option 2: Edit Level 11

EDIT LEVEL 11 1s used to specify the chemstry of the system  Total dissolved concentrations or fixed activities
of components are specified by selecting the appropnate option from the EDIT LEVEL Il menu  Infimite sohds, redox
couples, and other possible solids may also be specified  Many of the options involving aqueous species and so..ds provide
a facility for searching the databasc 1f the user 1s uncertain whether that species 1s included  New species may be defined
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by followang the prompts. EDIT LEVEL [1 also provides for choosing an adsorption madel, specifying its parameters, and
defining adsorption reactions.  The menu screen for EDIT LEVEL 11 appears below,

SELECT OPTION

1= Specify AQUEOUS COMPONENTS: TOTAL CONCENTRATIONS or FIXED ACTIVITIES

2= Speafy AQUEOUS SPECIES not in the database, scarch the database, or alter a database AQUEOUS
SPECIES equilibrium constant

3= Specify and ADSORPTION MODEL and REACTIONS

4 = Specify GASES at FIXED partial pressure

$= Specify REDOX COUPLES with FIXED activity ratios

6 = Specify INFINITE SOLID phases

7= Speafy POSSIBLE SOLID phases

8= Specify EXCLUDED SPECIES of any type

A = Speaify reactions (o be included dunng calculations

R = RETURN 10 MAIN MENU

All choices allow you to browse and return without changing anything,
Most allow you 1o search or view a directory of the relevant database
ENTER CHCICE > |

Each of these selections will prompt you for informauon in approximately the same way you will find some
repetition in the discussion of the different options that follow

6.3.1 Edit Level Il Option 1: Specify an Aqueous Component

This opion 1s used to select the basic components that you will need in the chemustry input file. Components are
the building blocks for all other species in the database. A complete hist of all components and their ID numbers can be
found in Appendix E. When a component 1s selected, you must specify either its total dissolved concentration or the fixed
activity of the free component.

Components arc ydentified to ECIN by specifying the first letter of the component name or the 3-digit component
ID number. In the example below, Ca'* 1s selected from the list of components starting with the letter “C " For Ca*® this
ID number w suld be 150 shown below. To signal that you are fimished entering components, enier & zero. You may toggle
between the first letter mode of entry and the ID number mode by entenng -1 as directed. Note that the names of some
compaonents are written as acids. For example, an entry of “S” in the first letter mode will produce a numbered list of
components that begin with the letter “S™ but the component for silicon will not be among them. That component, H,$10,,
1s listed under “H". Also, when you enter a total dissolved concentration, an ectivity guess 1s made by ECIN unless the
eniered concentration 1s zero. In that case vou will be asked to supply the acuvity guess (read the prompi carefully, you may
be asked for the “log activity” which should be taken to mean the common logarithm of the free component activity). For
components that you specifv as having fixed actvity, vou will likewise be asked to specify the fixed activity. Note that
activities, whether fixed or guessed, are always 1n units of molal (approximately molar) regardless of the concentration units
specified in EDIT LEVEL 1.

EDIT LEVEL Il PROB # |
DEFINE COMPONENT SPECIES

Specify components for which vou know the
1 = TOTAL DISSOLVED CONCENTRATION
2 = FIXED EQUILIBRIUM ACTIVITY
R = Return to previous options menu (EDIT LEVEL II)
ENTER CHOICE > |
- Enter the FIRST LETTER for the COMPONENT
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To identify the component you want, enter the first letter in its chemical symbol (inorganic)
or name (organic),
OR enter & minus one (-1) to switch to component entry by [ number,
OR press enter to terminate component entry.

ENTER you chowe > ¢
i CO3-2 2CN- 3CLIG2 4Ca+2 5Cd+2
6 Cl- 7Cr42 8 Cr(OH )2+ 9Cr04-2 10 Cu+l
11 Cu+2 12 Citrate

Select the number of the appropriate component ( 0 = None) > 3

- Enter the FIRST LETTER for the COMPONENT:
To identify the component you want, enter the first letter in its chemical symbol (inorganic)
o name (organic),
OR enter a minus one (-1) to switch to component entry by IID number,
OR press enter ¢ lerminate component entry

ENTER you choice > ¢
i CO3-2 Z CN- 3CLIG2 4 Ca+2 5Cd+2
6 Cl-1 7Cr+2 B Co(OH)2+ 9 Cr04-2 10 Cu+l
11 Cu+2 12 Citrate

Sclect the number of the appropniate component ( 0 = None) > |
Note: Concentrations are specified in the main BLT-EC input file (see data set 15)

- Enter the FIRST LETTER for the COMPONENT:
To dentify the component you want, enter the first letier in its chemical symbol
(norganic) or name (organic),
OR enter a m..aus one (-1) 10 switch to component entry by ID number,
OR press enter to terminate component entry.
ENTER your Choice > OR

Specify components for which you know the

I = TOTAL DISSOLVED CONCENTRATION FRACTION

2 = FIXED EQUILIBRIUM ACTIVITY

R = Return 1o previous options menu (EDIT LEVEL II)
ENTER CHOICE > R

6.3.2 Edit LEVEL Il Option 2: Specify an Aqueous Species

There are two reasons for selecting this option  One 1s 1o change the equilibrium constant associated with a
partcular species from the database value to some other value that you have reason 10 believe 1s more appropniate. The other
reason 1s to search the databasc 1o see whether a particular species 1s included and, if 1t 1s not, to define that species as an
added reacuon  The senies of prompts that assist you in defiming the new aqueous species are similar to those encountered
in defining a new solid or an adsorption reaction in other EDIT LEVEL Il options. You should have the reaction already
writien out in terms of components so that you can provide the stoichiometry and you should have the log K for the reaction
as written as well as the species charge and molar mass. Other entnes (enthaipy, Debye-Huckel constants, alkalinity factor)
can be entered as zero if you do not have good values

In identifiing the species of interest, the uscr is asked for both the major cation and anion in a manner that 1s similar
to EDIT LEVEL I OPTION | above The database 1s scarched for complexes that contain both components  1f any matches
arc found, the reactions that contain them and their products are displayed on the screen.  You may select any of these
reactons 1f no match 1s found or the species you want 1s not among those found, you are given an opportumity to add a new
reacuon. Note that you may skip the database search when a new species 1s to be added, but do this ONLY 1f you are sure
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the species 1s not in the databasc aiready. It 1s generally best 1o first search the database by choosing the search option (1)
first An example dialogue for adding a reaction i1s shown below

Specify a species that is & product of a:
1 = CONVENTIONAL REACTION
2 = REACTION involving a COMP SITE LIGAND
K = Return to previous menu

Il option | or 2 15 selected, choose an option
1 = Search the thermodynamic database for the species you want. 1f it is in the databasc,
display s log K and enthalpy values for you to change if desired If not in the database,
assist you in defining and adding the species.
2= Amuyoumdcﬁnmgmdnddmgumthﬂywdmﬁyknowhnmmthc

thermodynamic database.
ENTER CHOICE > |

The idea of the next series of prompts 15 1o identifv the species you want 1o ECIN. The 7-digit ID number should
be used for an existing species (assuming you want to check or change 1ts equilibrium constant)

EDITLEVELD PROB # |
DEFINE AQUEOUS SPECIES

Is the ID # known for AQUEOUS SPECIES? (Y N) > N
Define MAJOR cation component

- Enter the FIRST LETTER for the COMPONENT:
To identify the component you want, enter the first letter in its chemical syrnbol
(inorganic) or nam- (organic),
OR enter & minus one (-1) to switch to component entry by ID number,
OR enter & zero (0) to terminate component entry.
ENTER your choice > ¢

1 CLIG2 2Cat2 3Cd+2 4 Cr+2 5 Cr(OH)2+
6 Cu+tl 7Cu+2

Select the number of the appropriate component (0 = NONE) > 3
Define MAJOR anion component

- Enter the FIRST LETTER for the COMPONENT:
To dentify the component you want, enter the first letter 1n its chemical symbol (inorganic) or
name (organic),
OR enter a minus one (-1) 10 switch to component entry by ID number,
OR enter & zero (0) to terminate component entry.

ENTER your choice > ¢
1C0O3-2 2 CN- 3CLIG2 4Ca+2 5Cd+2
6Cl-1 7Cr+2 B CrOH)2+ 9 Cr04-2 10 Cu+l
11 Cu+2 12 Citrate

Sciect the number of the appropriate component (0 = NONE) > 3

Once you have completed choosing the major 10ns, the computer will search the entire database for entries that
contain those two major components. In this case, no matches were found. Had one or more species been found that
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included both of these components, a numbered menu would appear from which to choose. If none were the species of
interest, you would be given opportumty to define a new species just as the case where no matching species was found, as
in this exaraple  The dialogue which informs you that no matches were detected and proceeds Lo prompt you for information
for the new species follows.

PATIENCE . Thermodynamic database file 7 is being searched'
No NEAR match found in the database for 1D 2101800

Do you want 1o define 8 new species compnsed al least partly of those constituents you have already
specified? (Y, N)> Y

Is [D = 21018u1 accepabie for & new AQUEOUS SPECIES? (Y, N, H)> Y
Now Add Reaction Not Yet In Data Base For AQUEOUS SPECIES

Enter Name For AQUEOUS SPECIES >CrClé
Enter Charge On Species > 100
Enter Debye-Huckel A Parameter > 0,00
Enter Debye-Huckel B Parameter > 0,00
Enter Alkalinity Factor > 0.00
Enter Molecular Wt (GFW) >R1S
THE REACTION THUS FAR CREATED IS:
0.000 CI-1 + 0.000Cr+2  <eoenes > CrCl4
« =« - Specify MASS ACTION and MASS BALANCE stoichiometry- - - -
Reactants (entities ordinarily on the left side) have positive stoichiometry
Products (entities ordinarily on the right side) have negative stoichiometry
Enter the stoichiometry of CI-1
THE REACTION THUS FAR CREATED IS
1.000 Ci-1 +0.000Cr+2 Cennons > CrCl
Enter the stoichiometry of Cr+2
THE REACTION THUS FAR CREATED IS
1.000 Cl-1 +1.000Cr+2 AP > CrCl+
Are there any other components in this reaction? (Y N)>N

For The Request That Follows, K Must Be Consistent With Molar Concentrations.

Enter the Log K value for formation of this species >56
Enter the enthalpy for formation of this species >:202
D # 2101800 CrCl+ Chosen. Current LOG10 (KEQ) = 0 56000E+01
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EDIT LEVEL TWO PROBKI
DEFINE AQUEOUS SPECIES

Specify AQUEOUS SPECIES? (Y, N, H) > N

Note that the stoichiometry coeflicients requested are for the mass action expression. BLT-EC supports the option of having
mass balance stoichiometry that differs from that of the mass acuons expression. For added reactions with this charactenistic,
the mass balance stoichiometry can be specified m EDIT LEVEL [11. Also, note that we cen tell by examination of the above
of the gbove example that the components Cl and Cr** had not been selected as components for this problem when this
reaction was defined

6.3.3 Edit Level Il Option 3: Specify Adsorption Definition

Thas option 1s chosen when you want to specify an adsorption model and add adsorption reactions o the problem
Descriptions of input parameters for the available models are provided in Appendix D In the following examyple, Ca*? 1s
allowed to adsorb 1o surface 1 site type | by a simple activity Kd sorption algorithm  The adsorption reactions are created
and treated similarly to aqueous complexation reactions in the above example.

EDIT LEVEL Il PROB# 1 __

DEFINE Adsorption Problem

Select an adsorption algonithm
1 = Activity Kd
2 = Activity Langmuir
3 = Activity Freundlich
4 = Jon Exchange Model
5 = Constant Capacitance Model (CCM)
6 = Tnple Layer Model (TLM)
7 = Diffuse Layer Model (DLM)
R = Retum to edit level 2 menu
ENTER CHOICE > |

A maximum of five adsorbing surfaces, each with one or two types of binding sites may be defined
Opportunity to define multiple surfaces is presented in a succession of prompts. The identifying
surface numbers | through S serve only to distinguish one surface from another when specifying
surface reactions. There 1s no intnnsic difference between surfaces of different identifying numbers.
Similarly, there is no intrinsic difference between sites 1 and 2 on a surface. For both surfaces and
sites YOU establisti any differences by assigning different charactenstics and parameters for
different surfaces and different reactions and equilibrium constants for the different sites on a
surface

PRESS ENTER TO CONTINUE

Sorne of the modifications to be made are matenal dependent. Please enter the number (1-5) of the
material 1o be modified
(This can be changed later) > |

Enter the mass of soil (kg) to which one liter of solution is exposed (Enter zero to return to previous
prompt) > 3177

Omce vou have selected (he adsorption model, a screen displaying the status of currently defined surface and site

defirsuons will appear. Thus screen \v1ll be updated as you set additional parameters. You may define one or more reactions
nvolving each site The procedure 1s almost identical 1o that required to enter a new aqueous species as shown in EDIT
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Enter the FIRST LETTER for the COMPONENT:
To 1dentfy the component you want, enter the first I>tter in its chemical symbol (inorganic) or
name (organic),
OR enter a minus one (-1) to switch to component entry by ID number,
OR enter a zero (0) to terminate component entry.
ENTER your choice ~ ¢

1 C03.2 2CN- 3CLIG2 4Ca+2 5 Cd+2
6 Cl-1 7Cr+2 8 Cr(OH)2+ 9 Cr04-2 10 Cu+l
11 Cu+2 12 Citrate

Select the number of the appropnate component (0 = None) > 4
Is ID = 8111500 acceptable for a new ADSORBED SPECIES? (Y,N)> Y
Now Add Reaction Not Yet In Data Base For ADSORBED SPECIES
Enter Name For ADSORP'N PRODUCT > XLCa
THE REACTION THUS FAR CREATED IS:
0.000ADSITYPI + 0000 Ca+2 <owen- > X-Ca
----- Specify MASS ACTION and MASS BALANCE Stoichiometry - - - - -

Reactants (entities ordinanly on the left side) have positive stoichiometry
Products (entities ordinarily on the right side) have negative stoichiometry

Enter the stoichiometric coefficient for ADS1TYP]
ENTER stoichiometry > ].00

THE REACTION THUS FAR CREATED IS:
1.000 ADS1TYP! + 0000 Ca+2 <----->XCa
----- Specify MASS ACTION and MASS BALANCE stoichiometry - - - - -

Reactants (entities ordinarily on the left side) have positive stoichiometry
Products (entities ordinarily on the nght side) have negative stoichiometry

Enter the stoichiometnc coefficient for Ca+2
ENTER stoichiometry of Ca+2 > ] 00

Are there anv uther components in this reaction? (Y, N) > N
THE REACTION CORRESPONDING TO MASS ACTION THUS FAR CREATED IS
1.000 ADS1TYP1 - 1000 Ca+2 <-vve->XCa
The distributon coefficient needed for the activity K, mode! 1s expressed in liters/kg. The nulmber
of kg of soil with which one liter of solution is in equilibrium has been entered already and will be
used to normalize this value to 3 mg (sorbed) per mg (dissolved) basis for use es an equilibrium
constant in the above reaction.
Enter the distribution coefTicient, K, for this metal for material 1 (Vkg) >1.0
Enter Enthalpy For Reaction To Form X-Ca > 0.00000F +00

ID# 8111500 X-Ca Current LOGK (KEQ) = 0.502
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Any MORE ADSORPTION REAC'NS for Site Type 17(Y,N)> N

ADSORPTION STATUS _
MATERIAL #1

The following binding-site tvpes are defined for | surface(s).

Surface Site Type Number Component Number  Site Cone (moles/1)
| 1 811 Infinute Supply
ADSORPTION OPTIONS
Select an Option:
1 = ADD a NEW SURFACE with a site

2 = ADD a NEWS SITE on a currentiy defined surface
3 = ADD a NEW REACTION at a currently defined site
4 = ATTACH an suxiliary database of adsorption reactions
5 = DELETE a currently defined site
6 = Change the matenal currently being modified
7 = Characterize OLD SURFACE for CURRENT MATERIAL
8 = Characterize OLD REACTION for CURRENT MATERIAL
C = CANCEL adsorption option for matenal 1 and return
R = RETURN without changing anything
Enter Choice > R

Note that a currently defined site and all added reactions in which 1t 1s involved may be deleted by choosing Option 5.

6.3.4 [Edit Level Il Option 4: Specify a Fixed Gas Species

This option should not be selected for transport caiculations. This option is provided only to give the user the
option of examining fixed gas species on chemical equilibna in the sbsence of transport. When this option is chosen, you
are prompted with a compiete hist of the gases present in BLT-EC's database. You then make a selection and enter the fixed
equilibrium partial pressure of the gas. You are allowed to change the log K if you desire, otherwise, it is automaticelly
corrected to the partial pressure you have specified (in atm). All gases are automatically defined as EXCLUDED species
in BLT-EC unless exphcitly entered here.

EDIT LEVEL Il . PROB¥# 1
DEFINE GASEOUS SPECIES

Specify FIXED GASES? (Y,N)> Y

1-CH4(g) 2-CO2(g) 302 (g) 4-Hg ()

5-Hg2 (g)  6-Hg(CH3)2(g)  7-HgBr(g) 8-HgCl (g)

9-HgF (g)  10-Hal (g) 11-HGBr2 (g) 12-HgF2 (g)
13-Hgl2 (g)
Enter the number corresponding the gas you want. Enter zero 1o sbort the specification of  gas.

ENTER CHOICE > 2

PATIENCE. thermodynamic database file 9 is being searched'
13301403 CO2 (g) <-10C03-2 + 20H+1 + .10 H20

Enter the non-zero parual pressure (atm of CO2 (g) > 0 10000E-02

Corrected log K is 21,160

Do you want to Change the Log K value from 21.16007 (Y<N) >N
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6.3.5 Edit Level 11 Option 5: Specify a Redox Couple

When thus option 1s selected, redox couples in the thermodynamic database will be displayed in 2 numbered menu
from which you may choose those you want 10 include in the BLT-EC problem 1115 also a good idea to specify the Eh either
as & guess at the equi'ibnum value (if the true Eh s 1o be computed) or as a fixed value (if the solution 1s 1o be equilibrated
to a given Eh).

EDITLEVEL I _ — PROBAI
DEFINE REDOX SPECIES

CHOOSE FROM THE FOLLOWING REDOX COUPLES

1 Fe+2/Fe+3 2 NO2/NO3 3 NH4A/NO3 4 AsO3/AsO4

5 SBOH3/SbOH6- 6 U+3/U0242 7 U+4J02+2 8 UO2+/UQO2+2

9 Mn+2/Mn+3 10 Cu+1/Cu+2 11 V+42/'VO2+1 12 V43/VO2+41

13 VO+2/VO2+1 14 HS-/804.2 15 TH/THKOH)3 16 HSe-/HSe03-

17 HseO3-/SeOd 18 Hg2/Hg(OH)2 19 Cr+2/C(OH)2 20 Cr(OH)2/CrO4

Enter the index corresponding 1o the couple you want. Enter zero 1o abort the selection of a redox
coupic

ENTER CHOICE > |

PATIENCE. Thermodynamic database file 8 1s being searched!
12812810 FE+2/FE+3 < -1.0 Fe+3 +-10Fet2 + 10E-]

Do you want To Change Log K value from 13 03207 (Y, N) >N
Do you want To Change the enthalpy value from -10.00? (Y, N)> N

Nole that had the electron not already been entered as a component (by specifying the pe or Eh in EDIT LEVEL 1 OPTION
13 or by sumply selecting it as a component in EDIT LEVEL OPTION | above), ECIN would have entered it as a component
with total dissolved concentration of zero and inquired whether to fix its activity /=t the program default value of log activity
= -16.0)

6.3.6 Edit Level Il Option 6: Specify an Infinite Solid

An infinite solid is one that 15 not subject to complete dissolution  As such, the solution 1s required to be at
equilibnum with the infinite solid All precipitated solids, whether infinite or finite, reduce the degrees of freedom by 1 (see
Appendix C). As was shown above for EDIT LEVEL 11 OPTION 2 (Specify Aqueous species), ECIN provides means of
searching the database to sec whether a particular solid is present, allowing you to specify an equilibrium constant different
from the database value if desired, and allowing you to define # new solid species if the one you seek 1s not found in the
database.  The method of identifying the solid species you want 1s the pnmary difference between the aqueous species
procedure and that shown below (which applies to INFINITE and POSSIBLE solids). In general, the major cation and major
rmuneral group as given by 8 numbered menu are specified For solids that are known 10 be included in the database, the 7-
digit ID number may be specified instead

EDIT LEVEL I PROB # | _
DEFINE MINERAL SPECIES

- - Thus section allows you 1o specify minerals that are present in complete dissolution

Choose an option:
1 = Search the thermodynamic database for the species vou went. I it is in the database, displey
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its log K and enthalpy values for you to change if desired If not in the database, assist you
in defining and adding the species.

am Assist you in defining and adding & specics thet you already know is not in the
thermodynamic database.

R = Retum to the previous question
ENTER CHOICE > ]

Is the ID # known for the MINERAL? (Y, N)> N

| Elemental 10 Sulfide 11 Cyanide
12 Selenide 14 Antimonide 20 Oxide or Hydroxide
30 Multiple Oxide 40 Bromide 41 Chloride
42 Fluonde 43 lodide 50 Carbonate
51 Nitrate 52 Borate 60 Sulfate
61 Selenate or Selenite 70 Phosphate 72 Arsenate
73 Venadate 80 Orthosilicate 82 Chain Silicate
84 Framework Silicate 86 Sheet Silicate

Enter the number corresponding to the class to which the mineral belongs,
ENTER CHOICE ( 0 = none) > |0

>>>>>8PECIFY MAJOR CATION <<«<<<
- Enter the FIRST LETTER for the COMPONENT:

To identify the component you want, enter the first letter in its chemical symbol (inorganic) or
name (organic),
OR enter a minus one (-1) to switch to component entry by ID number,
OR enter a zero (0) to terminate component entry.
ENTER your choice >
1 Fe+2 2 Fet3
Select the number of the appropnate component (0 = NONE) > |

PATIENCE.. Thermodynamic database file 19 is being searched!

1 1028000 FES PPT < -1.0 H+1 + 10Fe+2 + 1.0 HS-

2 1028001 GREIGITE <- 4.0 H+] + 20Fe+3 + 1.0 Fe+2
+ 40HS-1

3 1028002 MACKINAWITE <. -1.0H+] + 10Fe+2 + 1.0HS-

4 1028003 PYRITE < :20H+1 + 20E1  + 10Fe+2
+ 20HS

Enter the number aligned with the species you wani. (0 = None of above) > 4
DoyoumlToChm.étheLo. K value from 1847907 (Y,N)> N
Do you want to Change the Enthalpy value from -11.30007 (Y, N)> N

Remember thal each sobid specified, as well as each gas, each redox couple, each finite solid, and each component with fixed
actuvity reduces the number of degrees of freedom for solving thus problem by 1. If the degrees of freedom 1s reduced to zerc,
phase-rule violation wall occur in BLT-EC. ECIN checks the degrees of freedom upon attempting to exit the program and
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warns if it 1s zero at the outset due to the presence of more fixed species than variable components. It may be necessary to
remove some constraints such as one or more infinite solids if such 8 waming occurs

6.3.7 Edit Level Il Option 7: Specify a Possible Solid

POSSIBLE SOLIDS are sohids that are permitted to precipitate if equilibrium conditions warrant. All database
sohids become POSSIBLE SOLIDS when the precipitation flag in EDIT LEVEL 1 OPTION 8 1s so set. In that case there
15 no need for thus option. However, the other setting of the EDIT LEVEL 1 flag dictates that ail sohds be EXCLUDED
SPECIES except those explicitly designated as POSSIBLE SOLIDS through this option. The manner of identifving
POSSIBLE SOLIDS 1s identical to that for INFINITE SOLIDS above and is not repeated here.

6.3.8 Edit Level Il Option 8: Specify an Excluded Species

This option allows you to exclude any type of species from mole balance. In the case of solids, one setting of the
precipitation flag in EDIT LEVEL I provides for all database solids to be excluded from precipitating (the equivalent of
defirung them as EXCLUDED SPECIES) Another provides for all to be permitted to precipitate if equilibrium conditions
warrant.  This option can be used in conjunction with the latter EDIT LEVEL ] option to exphcitly exclude certain solids
(see EDIT LEVEL 11 OPTION 8). Any aqueous species may also be excluded including any component as an aqueous
species. The user will note that certain species appear in the hist of EXCLUDED SPECIES automatically when BLT-EC
1s executed  These include the electron unless its activity 1s fixed, all electrostatic components of the adsorption models, all
database gases and redox couples not expheitly defined as SPECIES WITH FIXED ACTIVITY. EXCLUDED solids do
not appear in the list unless explicitly defined as EXCLUDED SPECIES in BLT-EC.

The procedure for explicitly excluding & species amounts to little more than identifying it to ECIN. The procedures
for doing that are basically the same as for identifying species of the various types as shown above. The same questions and
rules follow here as well, except a hittle less information is required. Please refer to the options above for examples of the
selection dialogue. An example of excluding & component follows

EDIT LEVEL Il PROB# 1
DEFINE Excluded Species

- - This section allows you to specify component, aqueous, or mineral species that you want to
exclude from mass balance calculations. Note that all redox, gas, and adsorbed species are excluded
by default exoept those you enter as TYPE 3 or as ADDED speciles in this input file. Components
used for electrostatic potentials are excluded automatically.

Specify the type of species.

1 = COMPONENT species

2 = AQUEOUS species

3 = MINERAL species

4 = ADSORBED species

$ = FIXED RATIO REDOX couple

6 = FIXED GAS specics

R = RETURN to EDIT LEVEL I menu
ENTER CHOICE ([D]=R) > 3

Is the ID # known for the EXCLUDED SPECIES? (Y, N)>N

1 Elemental 10 Sulfide 11 Cyamde
12 Sclenide 14 Antimonide 20 Oxide or Hydroxide
30 Multiple Oxide 40 Bromide 41 Chionde
42 Fluonde 43 lodide 50 Caroonate
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51 Nitrate 52 Borate 60 Sulfate

61 Sclenate or Selerite 70 Phosphate 72 Arsenate
73 Vanadaic 80 Orthosilicate 82 Chain Silicate
84 Framework Silicate 86 Sheet Silicate

Enter the number corresponding to the class to which the mineral belongs,
ENTER CHOICE (0 = none) » 10

»255255 »>8PECIFY MAJOR CATION>>>55335>
- Enter the FIRST LETTER for the COMPONENT:
To wdentify the component you want, enter the first letter in its chemical symbol
(imorganic) or name (organic),
OR enter & nunus one (-1) to switch to component entry by ID number,
OR press ENTER to terminate component entry.
ENTER your choice > [
1 Fet2 2 Fe+3
Select the number of the appropriate component (0 = NONE) > 1

PATIENCE. Thermodynamic database file 19 is being searched!

1 1028000 FES PPT < «JOH+1 + 10Fe+2 + 10 HS-

2 1028001 GREIGITE < 40H+1 4 20Fe+3 + 10 Fe+2
+ 4.0HS-

31028002 MACKINAWITE < J]OH+l # 10Fe+2 + 1.0HS-|

4 1028003 PYRITE < 20H+1 + 2.0E-1 +  1.0Fe+2
+ 20HS-]

Enter the number aligned with the species you want. (0 = None of above) > |
6.3.9 Edit Level Il Option A: Specify Chemical Reactions

Opuon A allows the user to specify chemical reactions that are (o be included in the BLT-EC calculations. This
feature permuts the cherustry problem to be limited to choose reactions determined 10 be umportant, an important capability

in large transport problems

EDIT LEVEL I PROB # |
DEFINE REACTIONS

- - Thus secuon allows you 1o specify reactions that will be used for type I, type V, and ligand-bound
specics dunng calculations

Please enter the type of reaction 1o be added or deleted
I = Reaction involving & complex ligand
2 = Type Il species (species in solution)
3 = Type V species (possible solid)
R = RETURN to previous options menu (Edit Level 1)
ENTER CHOICE ([D]=R) >2

Please select how you would like 1o input the reactions
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1 = Input & hst of ID numbers
2 = ldentify major components and sclect reaction(s)
3 = Identify only one component und choose from
reactions involving that component
R = RETURN to previous menu
ENTER CHOICE ([D)=R) »2

>>5>>53>>SPECIFY MAJOR CATION»>>>5555>

- Enter the FIRST LETTER for the COMPONENT:
To identify the component you want, enter the first letier in its chermical symbol
(inorganic) or name (organic),
OR enter a minus one (-1) to switch to component entry by ID number,
OR press ENTER to terminate component entry
FNTER your choice > ¢

1 CLIG2Z 2Ca+2 3Cd+2 4Cr+2 5 Cr(OH)2+
6 Cutl 7 Cu+2

Select the number of the appropriate component (0 = NONE) > 2
»>5>55>5>5>>>>SPECIFY OTHER MAJOR ICN>>>>>>>>>

Enter the FIRST LETTER for the COMPONENT.:
To identify the compenent you want, enter the first letter in its chemical symbol
(inorganic) or name (organic),
OR enter & minus one (-1) to switch to component entry by ID number,
OR press ENTER to terminate component entry.

ENTER your choice > ¢
1 C03-2 2CN- 3CLIG2 4 Ca+2 5 Cd+2
6Cikl1  7Cr+2 8 Cr(OH)2+ 9 Cir04-2 10 Cu+l

11 Cu+2 12 Citrate
Select the number of the appropriate component (0 = None) > |

The following reactions involve those components
Reaction #1:

561400 CaHCO3 + <----- >100Ca+2 +100C03-2 +1.00 H+)

Reaction #2:

501401 CaCO3 AQ <-v--- >1.00Cs+2 +100CO3-2

Enter the number of the reaction vou would like to add or <R> to retumn to the previous menu

ENTER CHOICE ([D)=R) >}

The following reactions involve those components:
Reaction #1.

501400 CaHCO3 + <ovvvn > 1.00Ca+2 +1.00C0O3-2 +1.00 H+1
Enter the number of the reaction you would like to add or <R> 10 retumn to the previous menu

ENTER CHOICE ([D}=R) >R

Are you fimshed entening reactions”?
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(Y=yes, N=no, [D)*N) » Y

Sclect & reaction hist option
1 = See the current bist of reactions
2 = Add a reaction 10 the list of reactions 10 be used
3 = Lelect a raction from the list
4= Deleci the entire list (use whatever reactions are found in thermo unf)
R = RETURN to previous menu (select different type of species)
ENTER CHOICE ( [D]=R) >R

EDIT LEVEL Il PROB # 1
DEFINE REACTIONS

- = This section allows you to specify reactions that will be used for type L1, type V, and ligand-bound
species duning calculations

Please enter the type of reaction 10 be added or deleted:
| = Reaction involving a complex hgand
2 = Type 1l specics (species in solution)
3= Type V species (possible solid)
R -REﬂJRprvwiounopﬁmmenu(Ediluvclm
ENTER CHOICE ([D]=R) > R

6.4  Edit Level I11

EDIT LEVEL Il functions as a “line editor” in displaying by category or TYPE of data line by line entries of those
species that have been exphicitly entered through EDIT LEVEL I1. The order of data presentation is: 1) COMPONENTS,
2) TYPE 1l - AQUEOUS SPECIES, 3) TYPE 1l - SPECIES WITH FIXED ACTIVITY, 4) TYPE V - POSSIBLE
SOLIDS, and 5) TYPE VI - EXCLUDED SPECIES Finally, any new species for which the reaction has been entered in
ECIN (referred to as TYPE VII in this hsting) is displayed. Note that TYPE | - COMPONENTS AS SPECIES IN
SOLUTION are omitted because displaying the components themselves is sufficient here. Also, if no species have been

As each screen 1s displayed, the user is @ven opportunity to edit specific entries by specifying the number displayed
to the left of each entry. Upon selecung an entry for editing, that entry is 1solated and a menu of change operatons is
displayed. The change commands are rather straightforward.

6.5  Main Menu Option X: Exit

Upon selecting the EXIT option, ECIN re-orders the list of TYPE Ill - SPECIES WITH FIXED ACTIVITY so
that fixed components are last in the hist It also checks to be sure that the electron is excluded if it is not a FIXED SPECIES.
Finally, as mentioned in the explanation sbove the EDIT LEVEL I1 OPTION 4 (infinite solids), ECIN determines the 1nitial
degrees of freedom If found to be zero or less, the user is advised 1o add more components or remove some of the species
from the TYPE 11 list Finally, upon exiting ECIN reminds the user of the name of the chemustry input file just created
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7 BLT-EC OUTPUT FILES

BLT-EC creates several output files  The exact number depends on whether containers are simulated, whether trace
files have been requested through input, and the number of contaminants in the simulation. Table 7.1 lists the vanous output
files that may be created by BLT-EC At a mimmum, two output files will be created, the main BLT-EC output file, and
ECHO DAT, a file which provides an immediate echo pnnt of the BLT-EC input file asat 1s read. ECHO DAT 1s extremely
useful 1n detecung errors in input that cause the program to fail. 1f chemical reactions are computed a third output file, the
chemustry output file is also created by the chemical processes module At a maximum, BLT-EC can create fify-three
separate output files. For DOS based users, this will cause a problem if the number of files specified in CONFIG SYS 15
less than 60. In addition to the three files already discussed, BLT-EC may create a concentration trace file, flux trace file,
waste form release rate file, and waste form cumulative mass release file for each contaminant. The waste form files are
created every ime waste forms are simulated  The trace files are created if requested by nput (Data Set 22 of the BLT-EC
input deck, vanables NTRC and NTRF)  With the exception of the main output file, the file names are fixed by BLT-EC
and the files will be overwritten every time the code 1s executed. Renaming of the files is necessary if they are to be used
at a later ume afler subsequent BLT-EC simulations.  This section will deseribe each of the output files, their naming

convention, and therr structure

Table 7.1 BLT-EC Output Files

File Name Contents
ECHODAT List of main BLT-EC input file as it is read
User Specified Primary BLT-EC output file. It prints out the input with text to identify the parameters. Plus,

it prints concentrations, fluxes, and waste form release rates as specified through the printer
control parameters in Data Set 23, variable, KPR,

Chemustry output file. Ths file Lists detailed chemistry information at nodes specified by the
User Specified user in the main BLT-EC input file (see Data Set 23B)

LEACHRL? DAT* Lists the time, cumulative mass released from the waste form, the mass release by
mechanism (rinse, diffusion, degradation), the mass relcase rate (tota! and by mechanism),
the breached area of the contaner, and the element number of the container for each element
with a waste container

LEACHMS? DAT* Lists the tme, mass remawnung in the waste form, mass released from the waste form, and the
mass decaved over the ime step for cach release mechanism, and the waste container
location

* For each of these types of files, one file 1s created for each contammunant in the simulation. The first contaminant would have
its informaton stored in LEACHRL1.DAT, ete. The second contarminant in LEACHRL2 DAT and so on

7.1  Input Check File (ECHO.DAT)

Ths file contains output wnitten immediately afier reading the BLT-EC input file  Therefore, it is quite useful for
debugging invalid input decks  In some cases, all of the input 1s not printed in the ECHO DAT file. Thus 1s done to save
space and does not influence the ability to determine the last read statement exccuted in BLT-EC  The pnmary output file
1s not as reliable for Jocating the source of improper imput as ECHO.DAT because 1t does not always create output
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exampic of the pnmary output file 1 provided in Appendix B

Oy the program BLTPLOT. BLTPLOT reads t
wasle container waste container and waste form type information, velocit
al each output ume. Any changes in the formatting or order of the output may re

neci1find b
5 ‘ 1°¢
WCCLUICA DY the

scveral imes 1n one




equilibrium pH and pe, clectrostatic surface potentuial and charge for electrostatic adsorption models
PART 6 - Saturation indices of all database solids with respect to the solution

The “provisional” designation in PART § pertains (o the use of solids print option 2 where provisional results are written
1o the output file each time a solid precipitates. The final results will be designated “equilibrated” in the output file. Only
equilibrated results are written when the solids print option 1s set to |

The FULL OUTPUT option in ECIN resuits in an output file that includes all six parts. The INTERMEDIATE
OUTPUT option causes PART 2 to be omitted. The ABBREVIATED OUTPUT opuion causes PART 2, most of PART
3, and all of PART 6 to be omitted. Appendix B contains an example output file.

7.4  Waste-Form Release Rate Files (LEACHRL?.DAT)

A LEACHRL output file contains information on cumulative mass release and mass release rates for each release
mechamsr) and each waste form. An individual LEACHRL file 1s ercated for each contaminant in the simulation.

Each LEACHRL file contains a title hne which identifies the contaminant and the BLT-EC mnput file used in
creaung this file  This is followed by a blank line. The following hine provides eleven identifiers for the data that follows.
The 1dentifiers pertain to the waste form located in the finite element domain at the location identified by the vanable
NELCON and are

i G

Time (yr) Simulation time 1n years

Cumr Cumulative mass released

Trinse Cumulative nnse mass released

Tdif Cumulative diffusion mass released
Tdis Cumulative degradation mass released
Sosl Total mass release rate

Rinser Rinse mass release rate

Difr Diffusion mass release rate

Dasr Degradation mass release rate

Barca Contaner breached area

Nelcon Finite element containing the waste form

Beneath the identifiers the data generated by BLT-EC 1s pninted  An example of a LEACHRL file 1s presented in Table 7.2.

Table 7.2 Example of LEACHRL Output File

lsctope = Al Input file = chain”.dat
Time iyr) Cumr Trinss Tdit Tdis Sosl Rinser Difr Disg Barea Nelcon
1.00 0.000800 0.C00E+00 ¢.000E«0C C.000E«00 0.000E+00 0.000E«00 £.000E+00 0,000E«00 0.000E+00 23
1.00 C,000E+00 0.000F«00 0.000E«00 C.000E+00 0,.000E+00 0.000E+00 0.0008+00 0.000E+00 C.000E«00 22
1.00 C.000E00 0.,0008400 0.000E0¢ C.000E«00 C.0008+00 0.000E« 00 C.00CE~ DO 0.000E+ 00 0. CO0E+0OD LI
1.00 C.000E00 C.0U0E-00 0.000E+0C C.00CE«00 ¢.000E~00 0.p00E0C C.CO0E+00 0.0008+00 0.000E+00 417
1.00 1.026E00 $.990E-0! 2.5868-02 $.990E-04 3.2518-34 3.166E-14 E.196E-16 3.166K-17 2,100E+04 61
1,00 V. 0268000 9. 9%08-01 2.58&L-02 5. 990E-04 3.250€-1¢ 3,.166E-14 B.198E-16 3, 166E-17 2. 100804 (¥
.00 £.C00E 00 C.0C0E+00 0.00CE«00 ¢.000E+00 0. 000E+00 C.000E+00 0.000E«00 0.0608+00 0.000EsO0 2}
2.00 0.0C0E«00D 0.000E<00 0.000E~00 0.00084+00 0.000E+00 G.C00E«00 0,600E+00 U.CO0E~00 0,000€E4+00 a2
<.60 C.00CR00 0.000E»00 0.0008400 C.000E00 0.000E+00 C.000E 00 0.600F+00 0.000E00 C.000E« 00 L
2.00 0. 000800 C.000E+00 0.000E«00 C.000R+00 C.000k«00 0.00GE+O0C ¢.000E+00 ¢.CO0E+00 0.000E«00 L
2.00 1.Cagge00 9.990E-0} 3.676E-02 }.9%8E-03 1.767E-16 3.5C7E-30 J.A51E-16 . 161E-17 2. 100E+04 [
2,00 1. 038E«00 8.990E-61 1.676E-02 1.996E-03 3.767E-1¢ 3.507E-30 J.451E-16 3. 161E-17 2.100E+04 62
3.00 ¢.0o0E«00 ¢, 008GE+00 0. 00GE«0D 0. 000E+00 C.000E+00 0. 000E0D 0.000E+00 0,000E+00 C.000E«00 21
3.00 00008200 C.000E+0C ¢.000E«00 C.000E+ 00 0.000F+00 0.000E+00 0.000k«00 ¢.000E«00 0.000k+00 2
3.00 0.000800 0.000E+00 0.000KE«00 C.000E+00 0.000:400 0.000E+00 C.000E«00 0.000&+00 0.000E+00 LR
J.o0 0.C000E<00 0.000R+00 0.000E«00 £.000E+00 0. 000800 C.000E~00 0.000E«00 0.000E«C0 U.000E«00 L
.00 1.0478400 $.9%08-01 4.5128-02 2.9828-02 2.967E-16 0.000E+00 2.651E-16 3.156€-17 2. V00EO4 €1
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3.00 1.0476+00 9.9508 01 .50 .992k-03 dLRETE Qe 0.0008400 Z.6%1K 10 1. 1568-17 2. I00E 04 62
.00 0.000E«00  0.000K400  0.000F+00 ©.CO0F+0C 0, 0006400 0.000F«00  0.000F«00  0.000F+00 0,0005400 4]
A, 08 0.000E00 C.000Ks00 C.000k+00  0.000E+00  ©,000k+00 0. 000K 00 0,000k 00 0.000E«00 0. 000E+00 22
.00 0.000ECD 0.000E+00 0,000E+00  0.000E+00  0.000£400 ¢,0008+0¢ V.000EYO0  0,000E+00 0.000E+00 L
4,00 G.000E00 0.000E«00  ©.000E+00 0.0005+00 0.0008+00 0,000E+00 0.000E+D0  ©.0008+00 0.000E+00 L F
.00 1.045E+00 §.9908-0) 5.217¢-02 3.986L-03 2. 548816 0.000K+00 JINE- 16 3. 150837 Z.100k+04 L3
4.00 1.055E+400 9.990F-0) 5,.2178-02 J.886k-0) Z.H48E-16  0.0008+00  2,234K-36  3.350K-17 2. 100E+04 L
5.00 C.000E 00 0.0008+00 0.0008+0C  0.0008400 ©U.000E«00 0.00Us00 0. 0008400 0,000k 00 0.00CE«00 ra)
.00 0,000E+00 0,0008+00 0.00DE+00  ©.000E+00 ©,000E+00 0, 0008400 0.000E+00  0.0008400 0.000F+00 22
5.00 0.000E+00  0.000E+00 0.000E+00  0.000B400  ©.0008400 ©.0008400 ©.000B+00 0.000K«00  0.0008+00 4
5.00 ¢, 000E«00 C./OD0E+00  ©.000F«00 0. 000E+00 C.0D0E«0C ©.0D00E+0D C. 000800 0. CooR«00 0.000KE+00 42
$.00 1.007E400 §.99CE-01 5.8388-02 4.979€-03 2.281E-16  0.000E+00 1.9678-16 3, 145-17 2.100E+04 61
5.00 1.0625400 9,990§-0} S.EI0E-02  4.979E- 01  2.2801E-16 0.000E400 1.967E-16 1. 045E-17 2.100K+04 €2
6.00 0.0008400 0.000E+00 0,000K+0D0 0.POUE+00  0.C0DE+0C  0.000K+00 0.000E+00  0.0CO0E+00 0.000E+L0 23
€.00 C.O0D0E+00  ©.000E+00 0.000K+00  ©0,000E+00  0.0008400 0.000E+00  0.000K+00 0.000K+00  0.000E+00 22
6.00 0,0006460 0.000E«00 0.0008e00 C.000E+G0  0,0008+00 0.000K400 0.000E+00 0.000K+ 00 0.000E+00 4
6.00  C.000K400 0.000£+00 0.0006+00 0,080E¢00 0.000Es0C  0.000L400 0.0008+00  C.000E400  6,000E+00 LF
6.00 1.009E400 %.990E-01 €. 20%K-02 5.9708-03 2.091E-16  0,000L400 PTTT6-06 304017 21008404 61
6.00 1.069E+00 §.5908-0) 6.399E-02 5.970F 03 Z.0%1E-16  0.000K+0C L.7776-16  3,.1408-)7 2.100k+04 62
7.00 0.000KE+00  C.O00K«00 0.000E+00  0.000E+00 0,0005+00 ©O,000E+00 0.000E+00  0.000E4DO 0.000£+00 21
7.00 0.0006400 0, 000E400 0.000B40C  ©.000E408 ©,0008+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 22
7.00 0.000E+00 C.000E+00  0.C00B400 0.000E+00 ©.000E+00 0.00084C0  0.000E+00 0,000E+00  0.000E+00 L)
1.00 D.000E+/00  0.000K+00  0.000K+00 0.000E+00 0, 0008400 0.000K+00 ©.0008+00 0.000F400  0.0008+00 62
7,00 1.07%E+00 9. 99080} 6.9148-02  6.%60E-03 1,9478-16  0.000E+00 1.633E-.i6 3.135¢-17 2.100E+04 61
7,00 1,075%E400 9.9908-01 6. 9145-02  €.960L-02 1.9470-16  0.000E+00 1.633F-16 3. 135817 4. 100E+04 o
8.00 0.000E400 C,000E+C0 0.0006+00  ©0,000£+00 0.0008+00 ©.000E+00  0.0008400 0.000K+G0 C.000E+00 21
68.00 C.C00E«00 C.0008+00 0.000E+0C 0. 000Es00  0.O00E480  0.000§400 0.000E400 ©,0008+00 ©.,00CE400 22
6.00 0.000E+00 0.000E«00 0.000E+00  ©.000E+00  5.000E+0C  C.000E*00 0.000E400 C.000E+00 C.000E+00 L}
k.00 €. 00CFE+00 £, 0008400 0.000E+00 0.CO0E+00 ©.000E+00 0,0008+00 0.000E+00  0.CO0E+00 0.C00E+00 L
B8.00 1.0B1E+00 9,.990KE-0) T.394E-02 7.947E-03 1.833E- 16 0.000k00 1.9208-1¢ 3.1308-17 Z.100E+08 €l
#.00 1.001E+00 $.990K-01 T IME-02 7.9478-03 1.B30E-16  0.000E+0C 1.520E-1¢  3,1308-17  Z.100E404 2
9.00 €.0 e 0. 000800 0.000E+00  0.000E+00  ©,.000E+00 0.0005400 0.C00B+00  0.000E+00 C.000E«00 21
9.00 ©.003E+00 0.0006+00 0,000E+40C0 0.0006+400 0.000KE+00 ©.000E+00 ©0.000E+00 0.000E400  0.000E+00 22
9.00 C.000E+00  0.000L+00 O.D00E+00 O,000E+00 0.000E+«00 ©.000E+00 0.D0CE+00  0.000E+00 ©.000E+00 4l
9.00 0.000F+00  ©0.000E«00 0.000E+00  C.C00E+00  0.000E+00 0.000F+00 ©.000F+00 0.000E+00  ©.000E+00 42
9.00 1.066E+00 9.990E-C1 T.044E-02 E.934E-03 1.40E-16  0.000E+00 1.827E-1€ 3 12UE-17  2.100E+D4 6l
§.00 1. 0BBE+0C 9.990€-01 T.B48E-02 6.934E-02 1.740£-16  0.000E«00 L.A27E-16  3.125E-17  2.100B+04 €2
i0.00 0.000L+00 0.CO0E+D0  0.000E+00 0.000E+00 0.000E+00 ©.000E«00 0.000E+00 0.0COE+0C  ©.000E+00 21
ic.00 0.000E+00 0.000E+00 €.0008+00 0.000E+00 C.000E+00  0,000E+00 0.000E400  0.000E+00 0.000E+00 2
1¢.¢c0 0.0008400 C.000E+00 0.000E+00 0.000E+00 U.000E«00 0.000F+00 0.000E+00 0.000E+00 0.000E+00 LB}
10.0¢0 C.000E40C  C.0Q0E+D0 0.000E+00  0.000E+00 0.000E+00 ©0,.000FE+00 0.000K+00 0,000E+00 0.0005+00 4
0,00 1.082E+00 9.9908-01 B.305E-02 9.9186-03 1.7728-16  0.000E«00 1.860E-16 3.1208-17 2. 1008404 6!
i0.00 1.092€+00 9.5908-0) 8.305E-02 9.91¥E-02 1.772E-16  0,000E+30 1.460E-16  13.120E-17 2.100E404 62

When muluple contaminants are simulated, the first contaminant LEACHRL file is named LEACHRL1 DAT. The
second 1s LEACHRL2 DAT. This continues until all contaminants have a umque LEACHRL file. The maximum number
of contaminants permitted in BLT-EC is 25 In this case, LEACHRO.DAT would be used 1o store information pertamning
to the tenth contamunant, LEACHR 11 DAT for eleventh contaminant and so on.

LEACHRL files can be used in BLTPLOT to display the cumulative mass released from each waste form by release
rate mechamism

7.5  Waste Form Mass Balance Files (LEACHMS?.DAT)

A LEACHMS output file contains information on mass available for relcase, mass released, and decay mass over
a time step for each reiease mechanism and each waste form. An individual LEACMS file 1s created for each contaminant
in the simulation.

Each LEACHMS file contains a titie line which identifies the contaminant and the BLT-EC input file used in
creating thus file. This 1s followed by a blank line. The foilowing line provides eleven identifiers for the data that follows.
The 1dentifiers pertain to the waste form located 1n the finite element domain at the location identified by the vanable
NELCON and are

\dentif Definiti

Time (yr Simulation time

Asmass Mass available for release due to rinse limited by partitioning
Rsmass Cumulative mass relcased due to rinse processes

Dstnass Mass available for rinse release that decays over the ime step
Apmloc Mass available for relcase through diffusion processes
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Rpmass
Dpmass
Abmass
Rbmass
Dbmass
Nelcon

Cumulative mass released due 10 diffusion processes

Mass available for diffusion release that decays over a time step
Mass available for relcase due to degradation processes
Cumulative mass released through the degradation process

Mass available for degradauon release that uecays over & ime step
Finite element that contains the waste form

Beneath the identifiers the data generated by BLT-EC 1s pnnted  An example of a LEACHMS file 1s presented
in Table 7.2.

When multiple contaminants are simulated, the naming convention 1s similar to that for the LEACHMS files

discussed in section 7.4
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8 BLTPLOT: A GRAPHICAL POST-PROCESSOR FOR
BLT-MS AND BLT-EC

BLT-MS and BLT-EC generate large quanuties of numenc output. It is not practical 1o examine this output without
the aud of an interpreter that translates the numenc output into & graphicel display. This can be accomplished through spread
sheel programs  However, 1o ease the burden on the user, BLTPLOT was specifically written to read information from BLT-
MS and BLT-EC output files and provide graphical output.

BLTPLOT is a FORTRAN computer program that was created to enable output from the programs BL.1-MS and
BLT-EC 1o be readily analyzed graphically on a video display device BLTPLOT runs on DOS or in a full screen DOS
window under Windows (3.) WFW 3,11, or 95). Version 2 0 1s an extension of version 1.0 which works with BLT files.
Improvements to version | include a new menuing system, ability to plot loganthms of concentrations, and the ability to
make paper copies of the plots. BLTPLOT uses multple colors to depict the features of the output. In addition, these plots
may be saved as PostScript files which are copies of the displaved graphical output. PostSenpt files can be generated for
black and white printers as well as color printers. The Post Scnipt file can also be imported directly into WordPerfect as an
image. The program BLTPLOT 1s menu dniven 1o provide easy access to the vanous display options  On screen help 1s
displayed with all menu items to assist the user in selection of the proper choice from the menu.

BLTPLOT has the following plotting capabilities:

A) System Maps:
1. A matenal location plot with unique colors to depict regions of dissimilar matenial type
2, A container location plot with unique colors to depict each container type
3. A waste form location map with umque colors to depict each waste form type

B) Contour Maps with different colors 1o depict the different levels for:

Moisture content

X-direction velocity

Z-direction veloeity

Pressure head

Total head

Concentration of each contaminant at selected tmes For BLT-EC, the user is allowed 10 plot
total concentration, dissolved concentration, precipitated concentration, adsorbed concentration,
and Kd

W B W -

C) Vector plots of the total velocity at each location The magnitude and direction of the velocity are
depicted through arrows of different size and colors

D)  X-Y plots for

1 Concentration at user specified locations

2 Flux at user specified locations

3 Cumulative mass released for each wasie form by release mechamsm (nnse, diffusion,
degradation).

The program relies on calls 1o graphics library provided as part of the MS FORTRAN package for its video

displays. The video display and the PostScript files are generated by calls to the NASADIG [NASA, 1994) library of
routines
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8.1 BLTPLOT Configuration Files

BLTPLOT determines the names of the output files that are read and screen plotung parameters from a
configuration file  These files always have an extension of * CNF” When the program begins, the user 1s presenied with
amenu of available configuration files in the working directory

A configuration file 1s presented in Table 8 |

Table 8.1 Example of the Configuration File, BLTEC.CNF

MS: type of F.ta to be plotted
T: t superimposes grid over the plot
F: t adjusts x and y scale to fill the screen
T: t plots velocity-arrow outline in white
1,500E-01: character height in inches
2.100E-U1: velocity arrow length in inches
aux_in.dat ¢ Name of the file output from FEMWATER
: Name of the BLT restart file
! Name of the BLT input file
leachrll.dat : Name cf the BLT waste-leaching output file
bltec.out : Name of the BLT output file
7: Function number (F) to plot;

~ Material number,
- Water content,

- X velocity,

- Y velocity,
Total velocity,
~ Total head,

~ Pressure head,

- Concentration,
- Container type,
- Waste type.

VWO 2008 WNFHO
1

1.000E-10: Interval for pleotting function

Table 8 | contains the following information

A twe Jetter code, MS or EC, which specifies whether the data to be displaved comes from the program BLT-
MS or BLT-EC

Severa! logical vanables used for display options

fill screen a logical vanable that if true will cause differing scaling in the x and v direction such that the
viewing window will essentially fill the screen.

overlay gnd a logical vanable that if true will cause the fimite element grid to be plotted as an overlay 1o
the plot

outhine arrow.  a logical vaniable that if true wall cause the program to outline arrows in white if drawing
velogily vectors
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Two real vanables for the size of the characlers and arrow

character size. o real vanable that represents the height of characters in inches used during plotung and

graphing

AITOW §12¢ a real vanable that represents the maximum dimension (in inches) of arrows used to

represent veloerty veetors duning ploting  Velogity less than maximum are scaled to the
maxinsum magmtude of velocity and the maximum arrow size.

Several character vanables used to define the names of the files read as input If a file name 15 left blank,
BLTPLOT automatcally skips through the sections of the code that use that particular file and does not permit the user
10 select options supphed by the missing file. For example, the FEMWATER output file provides the pressure head  If
it 1 not specified, the option 1o plot pressure head 1s not displayed in BLTPLOT. The files potentally used for plotting

FEMWATER output: the name of the file output by FEMWATER that 1s used as mput for the BLT-
MS run o supply pressure head and total head

BLT-MS or BLT-EC restart file: Historical and not used i this version of the program
BLT-MS or BLT-EC mnput file: Historical and not used in this version of the program

BLT-MS output: the name of the file created for lising the BLT-MS output
or
BLT-EC output : the name of the file crealed for histing the BLT-EC output.

Leaching file: the name of the file created by BLT-MS contaiming the mass released as a function of
ume from ecach waste form. Generally, this will be LEACHRL?. DAT. Where the “?™ 1s @ number
vetween O and 9 that represents the number of the 1sotope  The capability to plot lcaching file output
from BLT-EC has not been implemented into BLTPLOT

Trace concentration: the name of the file created by BL.T-MS contaiming the concentration as a
function of time at specific nodes Generally, this will be TRACECN? DAT. Where the “?”
represents the number of the 1sotope. The capability to plot concentration trace files generated by
BLT-EC has not been implemented into BLTPLOT

Trace Mass-flux file: the name of the file created by BLT-MS contaming the flux as a function of time
at specific nodes. Generally, this will be TRACEFX?.DAT. Where the “7” ~epresents the number of
the isotope. The capability to plot concentration trace files generated by BL'1-EC has not been
implemented into BLTPLOT

BLTPLOT permits the user to select the contaminant for which a plot will be generated. Therefore, for the
leaching and trace files any number can be used in place of the question mark. BLTPLOT will select the correct file
based on input that requests the plotung of a gives contamunant. This will be true as long as the file name contains eight
characters before the extension and the eighth character must be a number

The list of files 1s followed by an integer flag indicating the default value for the function to plot. The selection
of which funcuor. to plot can be changed during use of BLTPLOT. Thus s followed by the list of available functions

U - Material number,
1 - Water content,

2 - X velocaty,

3-Y velocty,
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Total velocity,
'vial head

- Pressure head

I « Concentration

Container type

Waste type

I'he final line in the configuration file contains the default contour interval lhis value 1s reset wher

selection of plot vanables 1s made
8.2 Use of BLTPLOT

When BLTPLOT 1s started, 1t displays a menu of available configuration files in the current xw!b,xr:y directory
These are files \"101 the extension ‘CNF’. A maximum of twenty configuration files can be used. In addition. a menu item
of "New" is available for defining e new configuretion file. Generally it is best to have BLTPLOT1 '.::-Jull;\.‘ in the same
directory as the output files generated by BLT-MS or BLT-EC

Afler defining a new configuration file or sclecting an existing file, BLTPLOT reads the specified input file(s) and
pnints the main menu on the screen. Movement between choices 1s accomplished by enher typing the first letter of the choice
to be used or by using the arrow keys on the keyboard. The Enter key impiements the selected choice. The main ment

displays the following five choices
Configure Options Graph Function Exit
Configure 1o seiect or modify the configuration file used

Options to adjust the contour interval options and choose the onentation and ty pe (color or B&W) of the
PostScript output file

Graph when appropniate) 1o select a graph of a time trace of a function for a specific node or elemer
Function to select (and plot) a function. The available functions were listed above i
Exit to exit the program

8.2.1 Configure Option

The Configure option allows modification of the current configuration file, or selection of a new file as discussed

above. The information 1s entered on an input form with data checking where possible and an on screen help for each item

2.2 Options Option
The Opuons option allows selection of the choice of contour colors for the i st negative contour interval and the
choice of the PostScript output file format. Finite element programs such as BJ 1-MS and BLT-EC sometimes predict
negative concentrations which are small relative to the peal concentrations  Away from the source, the con auons car
oscillate between negative and positive values This leads to a st riped contour piot  To avoid this behavior negative values

with values less than the first positive contour interval can be plotted wit's the same color as the positive values. For

st ~ et ¥ - n v v T ree > ] t
example, if the first posit ntour interval 1s from O 1o | I ¢ user can request that all vah
¢ "\ 0y 1N . e |
less than 107" be plotted

value of the first positive contour interval, a unique contour color will > usec to highlight the re

1 ) P & P T a 1
if the predicted concentration i1s negative and the




Thus typically indicates a problem with the stmulation (1.e, numencal stabihity limits exceeded) and changes should be made
in the input deck

The PostSerip. pnnter options permit selection of color or black and white pninters wath either portrait or landscape
onentaton For color plots, the number of different contour colors 1s 14, 1f more than 14 color contours are requested, the
color sequence 1s repeated For black and white printers, the number of different contour shadings 1s four. For output to
postseript printers select the portrait onentation. Landscape onentation 1s appropnate if the files wre to be read in by other
software that reads PostScript files  For output that will be used in WordPerfect, select landscape onentation with a black
and white pnnter The PostScript file can be imported as an image 1t 1s important to recognize that BLTPLOT generates
PostSeript files and not Lncapsulated PostScript files, (EPS files) While EPS fles are more widely accepted by
commercially available software, the routines used to generate the files were not capable of creating EPS files

8.2.3 Graph Option

The Graph option allows X-Y plots of selected vanables. When the Graph option 1s selected, ELTPLOT first
displays a sub-menu with up to four choices If trace and leaching files are not specified in the configuration ‘ile, this graph
option 1s not enabled
Leaching Concertration Flux Quit

The number of choices depends on the files specified in the configuration file. Leaching refers to mass released
from each waste form  Concentration refers to the concentration at selected nodes stored in the concentration trace files,.
Flux refers to the flux at selected nodes stored in the flux trace files. These three functions are plotted as & function of time
Quut returns to the main menu

After selection of the type of plot, BLTPLOT lsts all contarmnants modeled 1n the simulation and requires selection
of a single contaminant. Afier selection of a contaminant for plotting, a hist of all the elements (leaching) or node locations
(concentrations and mass flux) where information is available is shown on the screen as a mena. Also included in the
location menu are the following options:

Map, PlotOptn, Contaminant, Hard Copy, and Done

Map prints a map with labeled element or node locations for all locations associated with the plot
information

Plot Options for graphs include the ability to alter the following axis parameters
tmin:  mimmum value of ime for the horizontal axis
tmax:  maximum value of time for the horizontal axis
vmin©  mimmum value on the vertical axis
ymax.  maximum value on the vertical axis
Depending on the selected plot, ymin and ymax may refer to the mass released from the waste form, concentration, or flux
Contaminant permuts selection of a different contaminant for plotung
Hard Copy gencrates a PostScnpt file based on the options set in the Options option of the main menu. The file

name is the first six letters of the configuration file name followed by two digits and an extension of PS For example, if
the configuration file name 1s CHAIN7 CNF, the first hard copy file name would be CHAIN700 PS. The second file would
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be CHAIN701.PS and so on A check 1s performed to prevent overwnung of exisung PS files  The name for the PS file
generated by BLTPLOT 1s pninted on the visual display. In addition, the name of the file and the type of plot and the data
1 contains is histed in the BLTPLOT.LOG file. BLTPLOT LOG will be overwniten each time BLTPLOT is started and a

PostSenpt file 1s generated If several PostSeript files are generated in a single use of BLTPLOT, they will all be contained
n BLTPLOT LOG.

Done returns to the submenu which permits selection of Leaching, Concentration, or Flux graphs.

If a node number 15 selected, a plot is generated on the screen  Afier viewing the plot, the user is instructed to
strike any key to return to the menu lisung all of the nodes and the plot options.

8.2.4 Function Option

The function option permuts selection among a number of different function: 1o be plotted. These functions include:

Matenal number,
Water conient,

X veloeny,

Y velocity,

Total velocity,

Total head,

Pressure head,

Concentration,

Container type,

Waste type

In any particular application of BLTFLOT, some of the preceding values may not be available for plotting
Specifically, unless an auxibary file for FEMWATER output 1s specified in the configuration file, the total head and pressure
head will not be listed as plotting options.

The concentration plots depend on the contamunant of interest. All other plots are independent of the contaminant

For plots that are contamunant independent, upon sclection a plot is immediately gencrated.  After viewing the plot,
a sub-menu appears with the following choices PlotOptn, HardCopy, Function, and Quit

PlotOptn for contamunant independent plots, thus option allows selection of the contour intervals as follows
minimum contour munimum value of vanable to be colored.
maximum contour: maximum value of vanable to be colored.
contour interval. interval of vanable to be represented as a. uniform color
HardCopy makes a hard copy (as previously discussed)
Function changes the function to be plotted
Quit retums 1o the main menu,
For concentration contour plots, all contaminants simulated in the problem are listed and the user 1s first asked to

select which contamunant (o represent in the plot. Second, the list of umes at which information has been stored for plotung
15 cisplayed along with the options o change the plotung parameters, change the contaminant, generate a hard copy, or quit
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and return to the main menu. If a ume 1s selected, a plot 1s generated and displayed  After viewing the plot, control 1s
returned to this menu

If PlotOptn is used with a concentration contour, an additional menu 1s presented Concentration contours may
be plotied based on the value of the concentration at the nodes or as the Log of the concentration. The new menu is thus
Linear and Log If Log 1s chosen, the plot will be automatically generated for the current contaminant at the currently
chosen tme. Once a linear or log contour has been completed, further selections of PlotOptn will allow the modification
of the munimum, maximum, and contour interval values in the chosen variable type (linear or log) For log plots, the interval
is also the log of concentration. T'or example, if the minimum log value was -10 and the maximum log value was -6, a
contour interval of 1 would provade contours at -10, -9, -8, -7, and -6. Non-integer conlour intervals are permitted.

When himiting the contour range, all values above the maximum specified value are plotted as one color, all values
below the mumimum specified value are also plotied as a unique color

8.2.5 Exit Option

Option 1o exit the program and return to DOS
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9 CONCLUSIONS

The BLT-EC computer code has been developed, implemented, and tested  This code 1s 8 two-dimensional finite-
element computer code capable of simulaung the time evolution of chemical concentrations and reactions resulung from the
ume-dependent release and transport of aqueous phase chemical components in a subswface soil system BLT-EC combines
portions of three existing computer codes, BLT [Sullivan and Suen, 1989) , HYDROGEOCHEM [Yeh and Tripathy, 1989),
and MINTEQA2 [Allison et al, 1991 Improved container and waste-form performance models (Breach and Leach) from
BLT are used in BLT-EC to esumate the ime at which release begins and the rate of release of contaminants from waste
forms. The transport model in BLT-EC 1s based on a modified version of the hydrologic tranport module contained in the
fimte-clement code HYDROGEOCHEM  The geochemical mode! used to solve the chemical equilibrium reaction equations
in BLT-EC 1s a modified version of the geochemical computer code MINTEQA2 In addition, BLT-EC interfaces
automaucally with MINTEQAZ2's thermodynamic database.  Also provided with BLT-EC is the preprocessor ECIN, an
nteractive program designed to help the BLT-EC user create BLT-EC's chemustry input file Water flow is handled through
tabular input, or auxihary files created by hydrological codes

To permit rapid analysis of the output data created by BLT-EC, a graphics program, BLTPLOT has been written.
BLTPLOT 1s capable of providing two-dimensional contour plots of a) the concentration for each contaminant at specified
times, b) moisture content, and ¢) velocity in each direcion BLTPLOT also provides two-dimensional systerr maps of
contaner location, waste form type, and matenal regions with different transport properties. BLTPLOT also provides X-Y
plots of &) the concentration (or flux) as a function of ume at specified nodes for each contaminant, and b) cumulative mass
released from esch waste form for each contaminant.

BLT-EC has been venfied through comparisun with other computer codes and analyucal solutions to certain
problems The models for production through radioactive decay have been verified in both the waste form and the transport
segments of the code. Although BLT-EC has been verified, this does not mean that the code applies to all situations Prior
1o use of BLT-EC, a conceptual model of the system should be developed This conceptual model should include all of the
processes and events that impact on release and transport of the contaminant. If BLT-EC simulates these processes, it may
be applied to the problem. In addition, as with all computer models, the validity of the projections rely heavily on the vahdity
of the model parameters. Often, large uncertainties exist over the proper choice of the model parameters. It 1s crucial to
document and support the choice of the model parameters Model projections are only as good as the model input
parameters.
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APPENDIX A
LIST OF BLT-EC SUBROUTINES AND ARRAY VARIABLES

This appendix lists major subroutines in BLT-EC and their function  This appendix also provides s lisung and
Aefimtion of array vanables and a discussion on the specification of array dimensions

The subroutine GM2DXZ controls the entire sequence of operations, a function generally performed by the MAIN
program It 1s, however, preferable 10 keep & short MAIN and several subroutines with vanable storage allocation  This
makes it possible 10 place most of the FORTRAN deck on a permanent file and to deal with a site-specific problem without
making changes in array dimensions throughout all subroutines

I'he subroutine GM2DXZ will perform either the steady-state computation alone (K88 = 0 and NT]1 = 0), a
transien state computation using the steady state solution 8 s the imtial conditions (KSS = 0, NTI > 0), or a ransient
computaon using user-supphed imtial conditions (KSS = 1, NT1 > 0)

GM2DXZ calls to subroutine DATAHT to read and print input data required for hydrologic transport computation
and subroutine DATACS to read and pnint input data required for chemical equilibnum computation, subroutine LNDGEN
10 generate the relationship between node number and equation number when point wise iteration solution strategies are
used, subroutine AFABTA 1o compute upstream weighting factors, subroutine INTERP to obtain sources/sinks and
boundary values, subroutine OCSPIT to obtamn total dissolved concentrations, total sorbed concentrations, and total
precipitated concentrations of all components at all nodes given the total analytical concentrations; subroutine TACADC
to compute the total analytical concentrations of all adsorbent components, subroutine ASEMBL 10 assemble the element
matrices and load vectors over all elements to form & compressed global matrnix and global load vectors, subroutine
HYRDROT to perform & hydrologic transport computation, subroutine SFLOW to compute net rate of chemicals through
open boundanes, subroutine CALKD to compute equivalent K,; subroutine PRINTT 10 print out the results, subroutine
PRITER to print the intermediate results between hydrologic transport and chemical equilibnum iterations, and subroutine
STORE to store the results for plotung.

SUBROUTINE OCSPIT

This subroutine calculates the dissolved concentrations, total sorbed concentrations, and total precipitated
concentrations of all components and the values of the negative loganthm of the concentrations of all component species by
calling the subroutne EQMOD. The input to this subroutine 1s the total analytical concentrations of sll components and their
identification number

Subroutine DATAHT
Subroutine DATAHT reads Data sets 2 through 22. 1t also prints all the input information and calls subroutine

SURF 1o identify the boundary segments and boundary rodes and subroutines RELADR and READN, respectively, 1o
automatically generate real and integer numbers

Sul SURE

Subroutne SURF idenufies the boundary sides, sequences the boundary nodes, and computes the directional cosine
of the surface sides  The mapping from boundary nodes to global nodes 1s stored in NPB(1), where NPB() 1s the global node
number of I* boundary node. The element number associated with the boundary sides are stored in NBE  The length and
directional cosines for each side are stored in NBE. The length and directional cosines for each side are stored in DLB and
DCOSXB and DCOSZB, respectively. The local and global nodal aumber of two nodes of each side are stored in 1SB. The
information contaiming in NPB, NBE, I1SB, DCOSXB, and DCOSZB, along with the number of boundary nodes and the
number of boundary sides, are returned to subroutine DATAHT for use by other subroutines

A-l NUREG/CR-6515



Reads in & sequence of integer and real numbers and generates a one-dimensional array based on these numbers.
For example, X and Z node-pont locations

ul ¢ READN
Reads in a sequence of integers and generates a one-dimensional array based on these numbers.

Subroutine LINDGEN

This subroutine 1s called by the controlling subroutine GM2DXZ. to preprocess the pointer array that 1s needed 1o
assemble the global matnx i compressed form when pomntwise solution methods are used. The pointer array automatically
generated i thus subroutine 1s the global node connectivity (stencil) LLNODE (JN). Here LLNODE() ,N) is the global node
number of J* node connected 1o the global node N. This pointer array is generated based on the element connectivity
IE(M,J), which 1s the global node number of J* node of element M

Subrouune AFARTA
Subroutine AFABTA 15 called to compute the optimum weighting factors for all sides of an element. The results

are stored in array WETAB (M,J), where M= 1,2, . NEL and J = 1, 2, 3, 4 for quadrilateral elements and J = 1, 2, 3 for
tnangular elements

Subroutine INTERP
This subroutine 1s called by subroutine GM2DXZ to compute the functional values (such as the Dinchlet

concentrations, element source/sink, point source/sink, incoming concentrations of fluids through vanable boundary segment)
at a particular ume for all profiles. It uses the linear interpolation of the tabular data.

Subroutine BREACH

This subroutine calculs:=s the fraction of & contarser that has been breached.
Subroutine LEACH

This subroutine calculates waste-form release rates for each container and each contpminant.
Subroutine SUBELER

Thus subroutine apportions the nnse source to specific nodes within the element contarung a simulated waseform
based on the Darcy flux.

Subroutine LEACHFD
This subroutine 1s the finite-difference leaching model general manager

Subroutine FDASSM

This subroutine assembles the matrix equations for the finite-difference leaching mode)
Subroutne FDSLV

This subroutine solves the finite-difference leaching equations
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Subroutine PARTCO

Thus subi outine calculates the ume-dependent waste-form partition coefficient
' inc DECAYIN

Thus subroutine calculates decay and ingrowth of progeny in the waste form
Subroyune SFLOW

This subroutne is called by subroutine GM2DXZ to compute mass fluxes through all open boundary nodes.
Subrouune CALKD

This subroutine is called by subroutine GM2DXZ 10 caiculate 1*.c equivalent K, for all components.
Subroutine RNODE

This subroutine reads in geometry values (o create automatic mesh generation.
Subroutine RELEM

Thus subroutine generates the finite-element mesh based on input values.
Subrouune SHAP2

Thus subroutine calculates shape factors for finite-element equations when automatic mesh generation is used
Subroutine PRINTT

Thus subroutine is used 1 ) line-print the transport variable  These include the total analytical concentrations, total
dissolved concentrations, total sor ved concentrations, total precipitated conzentrations of all components, and the values of
negative loganithm of the concentrations of all component species.
Subroutine PRITER

This subroutine is used to line-print the intermediate total analytical concentrat.ons of all components between
hydrologic transport and chenucal equilibrium iterations.

Subroutine STORE

Thus subroutine 15 used to store the transport variables on Logical Unit 2. It is intended for use for plotting. The
information stored includes region geometry and transport vanables

Subroutine LOUT

This subroutine 1s called by the subroutine EQMOD to line print chemical species distribution at desired nodes
a! deswred ume interval. The information printed ncluded concentrations, modified equilibrium constants, and stoichiometnic
coefficients of all species.

Subroutine TACADC
This subroutine is called by GM2DXZ 1o compute total concentrations of all adsorbent components
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Subroutine ASEMBL

Thus subroutine calls Q4 and Q3 1o evaluate the element matrices. It then sums over all element matrices to form
the compressed global matrices MMTRX, SMTRXD, VMTRX, and DMTRX and the global load vector RLD.

Subroutnes Q4 and O3

These subroutines are called by the subroutine ASEMBL to compute the element matrix. Q4 computes the element
integration for quadnlateral elements, whereas Q3 computes those for tnangular elements  Subroutines Q4 and Q3 also
caleulate the element load vector

Subroutine SHAPE

This subroutine 15 called by the subroutines Q4 10 evaluate the value of the base and weighting functions and the
denvatives of the buse functions and the derivatives of the base functions at & Geussian point. The computation is
straightforward.

Subroutine HYDROT

Thus subroutine 1s called by GM2DXZ to perform hydrologic transport computations. Two additional entries are
called by GM2DSXZ HYTRNI and HTYRNC. When the subroutine HYDROT 15 called, it simulates the transport of
conservative chemical components. At entry pomnt HY TRNI, 1t makes an initial guess of all nonconservative chemical
components by solving the transport equations. At entry pomt HY TRNC, it simulates the transport of nonconservative
chermical components for the new iterates. This subroutine calls 1o subroutine EQNGEN to obtain the matnix equation out
of the compressed matnx and load vector fore each chemical component, subroutine BC to implement the boundary
conditions; subroutine SOLVT or subroutine ZITS to solve the resulting matrix equations with direct elimination method
or pointwise iteration methods.

Subrouting EONGEN
This subroutine generates the matrix equation for an aqueous component out of the compressed global matnces

and the global load vectors. It utilizes the array of the node connectivity produced in the subroutine LNDGEN to form a
banded matrix and load vector for all aqueous components.

Subroutne BC
This subroutine incorporates Dirichiet and vanable-boundary conditions. For a Dinchlet boundary condition, an
idenuity aigebraic equation 1s generated for each Dinchlet nodal pomnt. Any other equation having this nodal variable 15

modified accordingly to sumplify the computation  The subroutine BC also implements the vanable-boundary conditions
1t calls the subroutine Q2VB to compute the contributions of a vanable-boundary segment to the global matrix equation

Subrouune Q2VE

This subroutine 1s called by the subroutine BC to compute & 2 by 2 matrix BQ and a load vector RQ for each
vanable boundary segment

Sul SOVLT
This subroutine 1s called by the subroutine GM2DXZ. 10 solve for the matrix equation of the type
[C}{x}= {y}.
where [C]1s the coefficient matnx and {x} and {y} are two vectors. {x} 1s the unknown 10 be solved, and {v} 1s the known
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load vector. The computer returns the solution {v} and stores it in {y} The computation 1s & standard banded Gaussian
direct-elimination procedure.

Subrouunc ZITS

This subroutine is calied by the subroutine HYDROT 1o solve the global matrix equation with point iteration
solution strategies 1f desired by setung IPNTS = | 1n Data Set 5.

Subrouune EOMOD

Subroutine EQMOD 15 called by the subroutine OCSPIT to schedule the chemical equilibrium computation. It
mitiates the concentrations of all product species, given the guess of component species concentrations from subroutine
OCSPIT. It then calls to subroutines PREP2ACT, ADSET, and MAINDB 1o solve the set of algebraic equations goverming
mole balance and chemical equilibrium reactions Finally, total dissolved, total sorbed, and total precipitated concentrations
of all components are returned to OCSPIT afier concentrations of all species have been found.

Specifications of Array Dimensions

The subscripted vanable arrays have to be dimensioned for each site-specific problem in the MAIN program  Thie
histng and definitions of these parameters and their associated subscripts (maximum-control numbers) are given below.

X(MAXNP), Z(MAXNP), IE(MAXEL,5), LRN(JBAND, MAXNP)

MAXEL = maximum number of elements

MAXNP = maximum number of nodes

JBAND = maximum number of non-zero elements in any row of the matrix

X(NP) = x-coordinate of NP* nodal point

Z(NP) = z-coordinate of NP* nodal point

IEMM) = global node number for the I* node of the M™ element if | 1s between | and 4, integer to inuicate the material type
of the M™ element if | is equal 10 § '

LRN(1,NP) = globa! node number of I* node connected to node NP

Amays for Boundary Surfaces

DLB(MAXBES), DCOSXB(MAXBES), DCOSZB(MAXBES)

MBES(MAXBES), ISB(4, MAAXBES), NPBB(MAXBNP)

MAXBES = maximum number of boundary-element sides

MAXBNP = maximum number of boundary nodal points

DLB(I) = length of the I"* boundary element side

DCOSXB(I) = x-direcuonal cosine of I* boundary element side

DCOSZB(1) = z-directional cosine of I'* boundary element side

MBES(I) = element number 1o which the I* boundary element-side belongs

ISB(1,1) = global nade number of the first node of I* boundary element surface

ISB(2,1) = global node number of the second node of I* boundary element surface

ISB(3,1) = element NBE(I)'s local node number of the first node of the I* boundary element side
1SB3(4,]) = element NBE(I)'s local node number of the second node of the I* boundary element side
NPBB(I) = global node number of I'* boundary node

Arrays 1o Store Compressed Global Matnces and Global Load Vegtors
SMTRX(MAXNP, JRAND), BMTRX(MAXNF, JBAND), DMTRX (MAXNP JBAND), MMTRX (MAXNP, JBAND),
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RLD (MAXNP MXNCC)

SMTRX(N, 1) = compressed global matrix from dispersion terms, source terms, and moisture change terms
VMTRX(N,I) = compressed global matnx from the veloeity term = sum of QV

DMTRX(N,I) = compressed global matrix from moisture change terms = sum of QC

MMTRX(N,I) = compressed global matrix from moisture terms = sum of QA.

RLD(NK) = compressed global load vector of the N* node for the K* component = sum of QR

\ Store the Global Matrix and Global Load V

CMATRX(MAXNP, MAXBHP), RVCTR(MAXNP), RIIMAXNP), RL(IMAXNP)
MAXBHP = maximum number of half bandwidth plus |

CMATRX(NP,I) = an array o store the assembled global matrix

RVCTR(NP) = »n wray i» store the assembled global load vector

RI(NP) = cancentration ilera's in subroutine ZJITS

T(MAXNP, MAXN), TP(MAXNP MAXN), TW(MAXNP, MAXN), C(MAXNP MAXN), CP(MAXNP, MAXN),
S(MAXNP MAXN), XLOG(MAXNP MAXN), CNAMMAXN), INDC(MAXN), IDN(MAXN), TMC(MAXN),
DMC(MAXN), SMC(MAXN), PMC(MAXN), XMC(MAXN)

MAXN = Maximum number of chemical components
T(N K) = total analyucal concentration at he N* node for the K* chemical component
TP(NK) = value of T(NK) at the previous ime step
TW(N K) = value of T(N K) for the previous iteration
C(N.K) = total dissolved concentration at the N* node for the K* chemical component,
CP(N K) = value of C(N K) at the previous time-step
S(N.K) = total sorbed concentration at the N* node for the K* chemical component
P(NK,) = total precipitated concentration at the N* node for the K* chemical component
XLOG(N K) = negative logarithm of free ion concentration at the N* node for the K® chemical component
CNAM(K) = name of the K* chemical component
INDC(K) = index of the type of the K* chemical components
0 = mobile conservauve chemical (aqueous components)
I = mobile non-conservative chemical (aqueous components)
2 = immobile non-conservative cheacal (sorbing sites)
3 = mobile chemcal component with acuwity specified
IDN(K) = denufication number of the K* chemical
TMC(K) = total molar concentration of the K* chemical component at any given node
DMC(K) = total dissolvec molar concentration of the K* chemical component at any given node
SMC(K) = total sorbed molar concentration of the K* chemical component at any given node
PMC(K) = total precipitated molar concentration of the K™ chemical component at any given node

Arrays for Hydrological Vanables and Nonconvergent Nodes
VX(MAXNP), VZ(MAXNP), TH(4 MAXEA4L), THP(4 MAXEL), DTH(4 MAXEL), WETAB(4 MAXFEL)

VX(NP) = x-component velocity at NP* node,

VZ(NP) = z-component velocity at NP* node,

TH(IM) = water content of the I* Gaussian point of the M ¢lement,
THP(IM) = value of TH(I,M) at previous time step,

DTH(I,M) = dTH/dt at the I* Gaussian node of the M™ element,
WETAB(1,M) = weighung factor for the I* side of the M* element

NUREG/CR-6515 A-6



SOSF(MXSDP, MXSPR, MAXN!), TSOSF(MXSDP, MXSPR, MAXN1 ), SOS(MXSI’R, MAXN1 ), ISTYP(MXSEL,
M/XNI), LES(MXSEL), WSSF(MXWDP, MXWPR, MAXNI), TWSSFF (MAWDP, MXWPR, MAXNI),
WSS(MXWFR, MAXNI), INTYP(MXWNP, MAXN1), NPW(MXWNP)

MAXNI *= maximum number of chemical components plus |

MXSEL = maximum number of source eclements

MXSPR = maximum number of source profiles

MXSDP = maximum number of data points on cach well-source profile

MXWNP = maximum number of well nodal points

MXWPR = maximum number of well-source profiles

MXWDP = maximum number of data pownt on each well-source profilc

SOSF(1JK) = source concentration of I* data point in J* element-source vs time profile for the K* chemical, component,
when K = NCC+1, SOSF (1,J,K) 1s the source flow rate

TSOSF(1,J,K) = uime of I" data point in J* element -source vs tme profile for the K* chemical component

SOS(LK) = value of I" element-source profile for the K* chemical component, when K = NCC + 1, SOS(LK) s the source
flow rate

ISTYP(MK) = source type assigned 1o M” source-clement for the K* chemical component

LES(M) = element number of the M™ source-element

WSSF(LJK) = source concentration of the I* data point in the J* well-source vs time profile for the K" chemical component,
when K = NCC + 1, WSS(1,J K) 1s the source flow rate

TWSSF(IJK) = ume of the I" data point in the J* well-source vs ime profile for the K* chermical component

WSS(1X) = value of 1" well-source profile for the K* chemical component; when K = NCC + 1, WSS (1K) 1s the source
flow rate

IWTYP(NK )= source type assigned to the N* well source node for the K* chemical component

NPW(N) = global node number of the N* well-source node

for Di

CDBF(MXDDP, MXDKPR, MAXN) TCDBF (MXDDP, MXDPR, MAXN), CDB (MXDPR, MAXN), IDTYP (MXDNP.,
MAXN), NPDB(MXDNP)

MXDNP = maximum number of Dirichlet nodal points

MXDPR = maximum number of Dinchlet 1otal head profiles

MXDDP = maximum number of data points on each Dinchlet profile

CDBF(1,J K) = total cuneentration of the I* data pomt in the J* Dirichlet totel concentration vs time profile for the K*
chemical

TCDBF(LJK) = ume of the I" data point in the J* Dirichlet total concentration vs ume profile for the K* chemical
component

CDB(1,K) = value of total concentration at the present ume of the I* total concentration vs time profile for K* chemical
component

IDTYP(NP K) = type of Dinchlet total concentration vs time profile assigned to the NP* Dinchlet node for the K* chemical
component

NPDB(NP) = global node number of NP* Dirichlet node

Arravs for Vanable Boundary Conditions

DLV(XVES), DCOSXV (MXVES), DCOSZV(MXVES), MVES(MXVES, 'SV(4, MXVES), IVFTYP(MXVES,
MXNCC), NPVB(MXVNP), CVBF(MXVDP, MXVPR, MAXN), TCVBF(MX VLIP, MX VPR, MAXN), CVB(MX VPR,
MAXN)

MXVES = maximum number of vanable boundary element sides
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MXVNP = maximum number of vanable boundary node points
MXVPR = maximum number of vanable boundary profiles
MXVDP = maximum number of data point on cach vanable profile

DVL(MP) = length of the MP* vanable boundary element side

DCOSXV(MP) = x-directional cosine of the MP* vanable boundary element side

DCOSZV(MP) = z-directional cosine of the MP™ vanable boundary element side

MVES(MP) = element number to which the MP" vanable boundary element-side belong

IS(1 MP) = Compressed vanable boundary node number of the first node of the MP)" vanable boundary element side
I1S(2MP) = Compressed vanable boundary node number of the second node of the MP™ variable boundary element side
1S(3,MP) = Element MVES(MP)’s local node number of the second node of the MP* variable boundary element side
1S(4, MP) = Element MVES(MP)'s local node number of the second node of the MP* variable boundary clement side
ISVTYP(MP K) = type of incomung-flud-concentration profile assigned to MP* vanable boundary side for the K" chemical
component

NJPVB(NP) = global node number of the NP* variable boundary node

CVBF(1,J K) = concentration of incoming fluid of the I* data point in the J* concentration vs time profile for the K* chemical
component

TCVBF(1.JK) = ime of the I'" data point in the J* incoming concentration vs ime profile for the K* chemical component
CVB(],K) = concentration of the |* profile for the K* chemical component

PROP(MXMPPM, MAXMAT), NODEP(MAXNP 2)

MAXMAT = maximum number of material types (medium formations)
MXMPPM = maximum number of matenal properties per matenial
PROP(J.1) = I* matenal property of [* matenals

J =1 = longitudinal dispersivity (L)

J =2 = lateral dispersivity(L)

J =3 = effecive molecular diffusion coefficient (L**2/T)

J =4 = bulk density of the medium, (M/L.**3)

NODEP(NP,1) = are chemical equilibrium results at the NP* node 1o be printed” | = yes, 0 = no
NODEP(NP,2) = chemical property type assigned to node NP,

: for O C | and Time Step Size C}
KPR(MAXNTI), KDSK(MAXNTI), TDTCH(MXNDTC)

MAXNTI = maximum number of ume steps

MXNDTC = maximum number of DELT changes

KPR(I) = line print for I" ume step | = yes, 0 = no

KDSKI1) = store results on unit 2 for the [* ime step? 1 = yes, 0 = no

TDTCH(I) = ume of I' ume 1o reset ume step size to onginal ime sicp size, DELTO

Arrays for Required for Other Computations

RKD(MAXNP MAXN), IWRK(MAXNF}, THN(MAXNP), DTHN(MAXNP), RHOBN(MAXNP),
FRATE(MXVNP MAXN), FLOWMXVNP, MAXN), TFLOW(MXVNP, MAXN),

RKD(N K)=computed equivalent Kd at the N* node for the K" chemical component
IWRK(N) = a working array for computing THN(N) and DDTHN(N)
THN(N) = moisture content at the N* node
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DTHN(N) = dTH/dt at the N® node

RHOPBN(N) = bulk density at he N* node

FRATE(LK) = rate of material flux at the I* varizble node for the K" chemical component

FLOW(LK) = FRATE(1LK)*DELT (ume step size)

TFLOW(LIK) = accumulated amount of matenal per unit ares going through the I* vaniable node for the K chemc 4l

component.

The subscripts (maximum-control numbers) of the above arreys should be specified in the BLOCK DATA in the source

One should always assign correct numbers to these subscnpls so that the program can function properly. If the
program fauls to function, it is most likely that erl:c the arrays mentioned above are not properly dimensioned or the numbers
assigned in the BLOCK DATA to these specifi :ation numbers of the arrays are not correct. The following lising represents
the BLOCK DATA as it exists in BLT-EC.

BLOCK DATA
IMPLICIT REAL®*8(A-H,0-Z)
COMMON /TCONVR/ TIMEYR
COMMON/SGEOM/MAXEL MAXNP MAXBES MAXBNP MAXBW JBAND MAXNTI,
& MXNDTC
COMMON /CSEL/ MXSEL,MXSPR MXSDP NSEL NSPR NSDP
COMMON /CLEL/ MXLEL MXLPR MXLDP NLEL NLPR NLDP
COMMON /CSNP/ MXWNP, MXWPR MXWDP NWNP NWPR NWDP
COMMON /CDBC/ MXDNP MXDPR MXDDP NDNP,NDPR NDDP
COMMON MATL/ MAXMAT MXMPPM ,N!AT NMPPM
COMMON/CVBC/MX VES MX VNP, MX VPR MX VDP NVES NVNP NVPR.NVDP,
$ NRSN
CUMMON /DIM/ MAXN, MAXN | MAXM MAXMZ MAXMP MAXPD MAXEQ
DATA MAXEL MAXNP,MAXBES MAXBNP MAXBW JBAND/$50,600,202,203 45,9/
DATA TIMEYR /3.15576D+07/
DATA MAXNTILMXNDTC/1000,20/
DATA MXSEL MXSPR MXSDP/5,2,8/
DATA MXLEL MXLPR MXLDP/50,2,8/
DATA MXWNP MXWPR MXWDP/10,4,8/
DATA MXDNP MXDPR MXDDP/51,2,8/
DATA MXVES MXVNP MXVPRMXVDP/101,102,2,8/
DATA MAXMAT MXMPPM ,NMPPM /5 8.4/
DATA MAXN,MAXN1 MAXM MAXMZ MAXMP MAXPD MAXEQ/25,26,450,20,
& 16,78,90/
C
END

In the following, we will demonstrate how to dimension the above arrays in the MAIN and how to specify the maximum-
control numbers 1n the BLOCK DATA with an example

Let us assume that a region of interest is discretized by 15 by 89 nodes and 14 by 88 elements. In other words, we
are discretizing the region with 89 nodes along the lengitudinal, or x-direction, and 15 nodes along the vertical, or z-
direction Because we have a total of 15 x 89 = 1,335 nodes, the maximum number of nodes 1s MAXNY = 1335 The total
number of elements 1s 14 x 88 = 1232, ie MAXEL = 1232 For this simple discretization problem, the maximum
connecting number to any of the 1,335 nodes in the region of interest 1s 9 (1e., JBAND = 9) There will be 14
clement-sides each on the right and left sides and 88 element-sides each on the top and botiom sides of the region. Thus,
there will be & total of 204 element-sides (i ¢ , MAXBES = 204) Similarly, we can compute the boundary nodes to be 220
(e MAXBNP= 220) The bandwidth is equal 10 twice the minimum number of nodes in the x or z-direction (15 in this
exampie) plus three, therefore, 33 (1e, MAXBW= 33) We further assume that we are dealing with 12 chemical
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componerits, 1, (MAXN = 12) Among these 12 components, there will be chemical reactions to result In & maximum of
78 product species, of which a maximum number of 10 species nvolve 1on-exchange and a maximum number 9 of 38 are

potentially precipitated species. Thus, we have MAXPD = 78, MAXMZ = 10, MAXMP = 38 and MAXM = 90 Of
= “+ +

course, the maximum number of equations will be B = With these maximum-

control numbers specified, the arrays related to the global region, global boundary, and hydrologic va-iables can be
dimensioned as

DIMENSION X (1335), 2(1335), IE(1232,5), LRN(9,1335)

DIMENSION DLB(204), DCOSXB(204)H, DCOSZB(204), MVES(4,204), ISB(4,204)
DIMENSION NPBB(204)

DIMENSION  SMTRX(1335,9), VMTRX (1335, 9), DMTRX(1335,9), MMTRX(1235, 9)
DIMENSION RLD(1335, 12)

DIMENSION CMATRX(335, 33), RVCTR(1335)

DIMENSION  RI(1335), RL(1335)

DIMENSION  T(1335, 12), TP(1335, 12), TW (1335, 12)

DIMENSION  C(1335, 12), CP(1335, 12)

DIMENSION  §(1335, 12), P(1335, 12), XLOG(1335,12)

DIMENSION  CNAM(12), INDC (12), IDN(123

DIMENSION  TMC(12), DMC(12), SMC(12), PMC(12)

DIMENSION  SPECN(90)

DIMENSION  VX(1335), VZ(1335), TH(3, 1232), DTH(4, 1232))

DIMENSION WETAB(@, 1232)

We will assume that there will be a maximum of 11 elements that have the distributed sources/sinks (i.e, MXSEL
= 11) and o maximum of 10 nodal points that can be considered as well sources/sinks (1.¢., MXWSNP = 10). We will also
assume that there will be three different distributed source/sink profiles and five distinct point source/sink profiles. Then
we will have MXSPR = 3 and MXWPR = 5 Let us further assume four data points are needed to describe the distributed
source/sink profiles as function of ume and 8 data pomnts are required to described pownt source/sink profiles, i e | MXSDP
=4 and MXWSDP = & With these assumptions, we can now dimension the arrays related to source/sink conditions.

DIMENSION  SOSF(4,3,12), TSOSF(4,3,12), S08(3,12)
DIMENSION ISTYP(11,12), LES(11)

DIMENSION WSSF(8,5,12), TWSSF(8,5.12). WSS(5,12)
DIMENSION 1WTYP(10, 12), NPW(10)

To specify arrays for boundary conditions. let us assume that the total analytical concentrations on the left side . o
the left half of the top side are known The night half of the top side, botiom side, and nght side are specified as variuoie
boundaries

On the left side there are |5 nodes, and on the left half of the top side there are 44 nodes  Thus, we have a total
of 59 Dinchlet nodes 1et us assume that the middle 9 nodes on the lefi side have # specified total anal ical concentration,
the botiom 3 nodes on the left side have a d:fferent specified concentration, and the other 47 nodes have another specified
total analvtical concentrabon We further assume that both total analytical concentrations can be described by 8 data points

as funcuons of tme. We then have MXDNP = 59 MXDPR = 3, and MXDDP = &, and the Dinichiet boundary condition
arrays can be dimensioned as

DIMENSION CDBF(8.3,11), THDBF(8,3,11), CDB(3.11)
DIMENSION IDTYP(59,11), NPDB(59))

There are 147 nodes and 146 element-sides on the right half of the top side, bottom side, and nght side; thus
MXVNP = 147 and MXVES = 146 It 1s further assumed that there three different incomung fluid concentrations going mnto
the region trough the top, bottom, and nght sides, respectively, and each of these three concentration 1s function of ime and
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can be descnbed by ¥ data ponts With these descriptions, we have MXVPR = 3 and MXVDP =8 The vanable boundary
condition arrays can be specified as'

DIMENSION DLB(146), DCOSXB(146), DCOSZB(11446), MVES(4,146), ISV(4,146)
DIMENSION IVTYP(146,11), NPVB(147)
DIMENSION CVBF(8,3,11), TCVBF(8,3,11), CVB(3,11)

IN BLT-EC there may be up to 8 matenial propertics per matenal. We will assume that the whole region of interest

1s composed of three dufferent kinds of materials. We then have MAXMAT = 3 and MXMPPM = 8 The material property
and node-output indicator arrays can be dimensioned as:

DIMENSION PROP (8,3), NODEP(1335,2)

If we assume that we wall make a 500 time step-simulation and we will re-imtiate the change on the time step size

for 20 times during our simulation, then we have MAXNTI = 500 and MXNDTC = 20, With this assumption, arrays
related to time can be dimensioned as:

DIMENSION KPR(500), KDSK(5009), TDTCH(20)
Other muscellaneous arrays can be dimensioned as:

DIMENSION RKD(1335,12), IWRK(1335), THN(1335), THN(1335), DTHN(1235), RHOWB(1335)
DIMENSION FRATE(147,12), FLOW(146, 12), TFLOW(147,12)

Corresponding to the above dimension specifications, the following data statements must be made in BLOCK
DATA 10 specify the maximum-control integers:

DATA MAXEL, MAXNP, MAXBES, MAXBNP, MAXBW, JBAND/1232, 1335, 204, 204,33, 9/
DATA MAXNTI, MXNDTC/500, 20/

DATA MXSEL, MXSPRK, MXSDP/11, 3, 4/

DATA MXWNP, MXWPR, MXWDP/10, §, 8/

DATA MXDNP, MXDPR, MDDP/59, 3, 4/

DATA MXVES, MXVNP, MXVPR, MXVDP/146, 147, 3, 4/

DATA MAXMAT, MXMPPM/3 8/

DATA MAXN, MAXM, MAXMZ, MAXMP, MAXKPD, PLAXEQ/12,90, 10, 38, 78, 60/

If we use the point iteration methad to solve the matnx equation in stead of the direct band matnx solver, we should
set MAXBW equal to JBAND.
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B.1

APPENDIX B
EXAMPLE INPUT AND OUTPUT FILES

BLT-EC Main Input File for the Chain Decay Problem

Thus appendix presents selected input files and example output files. The first input file provided corresponds to
the chain decay problem examined in section 4 1. Note in this problem, use of the geochemistry modules is not required,
variable INDC = 0 for all components.  Therefore, the input file specifying the geochemical reaction 1s not required

C trnstn

C wvsrnw

C *%eey»

C ey

C #wewew

C *h ke

O werww

O wwwan

DATA SET 1:

PROBLEM IDENTIFICATION AND DESCRIPTION -- BLTEC DATA

3 SPECIES CHAIN DECAY & EMPTY CONTAINERS

DATA SET 2:

KVI
0

DATA SET
NCON
2

DATA SET
ILUMP
1

DATA SET
NTI
273

DATA SET

DATA SET
NDNP
3

NVNFP
0

DATA SET
NSEL
0

NWNP

INTEGER PARAMETERS FOR
STATE CONTROL
KSTR NSTR Ksg
0 0 b

INPUT, STORAGE, RESTART AND STEADY

INTEGER PARAMETERS FOR CONTAINERS AND WASTE
NCTYPE NWTYPE IDIFF IACT
2 2 1 0

INTEGRATION INTEGER PARAMETERS
IMID IWET IOPTIM
0 1 i

INTEGER SOLUTION CONTROL PARAMETERS

NITER NDTCHG NPITER IPNTS
1 1 1 0

: GRID AND ELEMENT PARAMETERS

NEL NMAT NCM KMESH

140 : 0 1

INTEGER PARAMETERS FOR BOUNDARY CONDITIONS

NDPR NDDP

1 G

NVES NVPR NVDP
0 0 0

INTEGER PARAMETERS FOR SOURCES

NSPK NSDP
¢ 0
NWPR NWDP
0 0
NLPR NLDP
0 0
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C we¢*+ DATA SET 9: CHEMICAL COMPONENT INFORMATION

NON NONC LNH LNE

3 0 4 10
CNAM (J) IND(J) INDC(J) CSAT(J) T(1/2) JDOTER1 DFRAC1 JDOTERZ DFRAC2
Am241 1 0 1.0 433.00 2 1.0 0 0.0
Pu241 2 0 1.0 15.000 3 1.0 0 0.0
Pu240 3 0 1.0 6540.0 0 0.0 0 0.0

C #e%*+ DATA SET 10: TIME INTEGRATION CONTROL PARAMETERS
DELT CHNG DELMAX TMAX W WV
1.0 0.0D0 1.0 lel 1.0D0 1.0D00

DELTA T CHANGES AT YEAR (SEC) :
1.d38

C ¢¢e++ DATA SET 11: REAL PARAMETERS FOR NONLINEAR SOLVE
OME OMI TOLA APHAG
1.0D0 1.0D00 1.0D-5& 1.0D0

C w#%#*+ DATA SET 12A: WIDTH OF FACILITY AND NODAL POINT DATA
WIDFAC
100.0

***KMEH=1, PERFORM AUTOMATIC MESH GENERATION*++
NELX NELZ NREG
70 2 |

IMIN JMIN IMAX JMAX
i 1 71 3

ENTE" FOUR COORD. PAIRS STARTING AT LOWER LEFT AND GO CCWSE
0.0DC 0.0D0 7.0D03 0.0D02 7.0e3 2.0D02 0.0D02 2.0002

C #ees+ DATA SET 12B: ELEMENT INCIDENCES
MI IE1 IE2 IE3 IE4 IES
(DATA SET NOT USED)

C #e++e+ DATA SET 13: POROUS MEDIA PROPERTIES

PR1 PR2 PR3 PR4 PRS PR6 PR7 PRB
AL AT DM RHOB CEC CP1 cP2 SREA
259.0 25.9 0.0D-6 2.34 0.0 0.0 0.0 0.0

C #+*++ DATA SET 14: MATERIAL TYPE CORRECTION
MI NSEQ MAD MITYP MTYPAD
(DATA SET NOT USED IN THIS SIMULATION)

C #e=++ DATA SET 15: INITIAL OR PRE-INITIAL CONDITIONS

NI NSEQ NAD RNI RAD RRD
Am241

L 212 1 0.00D0O 0.0D0 0.0D0O

0 0 0 0.0DCO 0.0D0 0.0D0
Pu241
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1 212 1 0.00D-0 0.0D0 0.0D0

Pu240

0 0 0 0.0D00 0.0D0 0.0DO
; 212 1 0.0D-0 0.0D0 0.0DO
0 0 0 0.0D00 0.0D0 0.0DO

a **v++* DATA SET 16: VARIABLE BOUNDARY CONDITIONS

-

N

(DATA SET NOT USED IN THIS SIMULATION)

#**%+* DATA SET 17: DIRICHLET BOUNDARY CONDITIONS
#+ B.C., Am241 *~
TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0 1.0D00 91.00 .B61 200.0 .725 300.00 0.619
NI NSEQ NAD NITYP NTYPAD

b 2 1 1 0

0 0 0 0 0

v B.C, Pu24ql ¢
TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0 0.0D-5 91.0 0.0305 200.0 0.0260 300.0 0.022
NI NSEQ NAD NITYP NTYPAD

1 2 | i 0

0 0 0 0 0

t* B.C. Pu24( =
TCPDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0 0.0D-32 91.0 .103 200.0 0.247 300.0 0.353
NI NSEQ NAD NITYP NTYPAD

1 2 - | - 0

0 0 0 0 0

** GLOBAL DIRICHLET NODES **

NI NEEQ NIAD NODE NODEAD
1 2 2 1 3
0 0 0 0 0

v##%% DATA SET 18: ELEMENT SOURCE/SINK DATA
(DATA SET NOT USED)

sssvs DATA SET 15: WELL (POINT) SOURCE/SINK DATA
(DATA SET NOT USED)

w+e++ DATA SET 20: ELEMENT SOURCE/SINK DATA
(DATA SET NOT USED)

#+ss+ DATA SET 21: WASTE CONTAINER PARAMETERS

THICK1 PITN1 FITK1 AREAL ASCALE1 PITS1
1.00D0 0.0010 0.007D0 2.1D04 0.2 5.0D03
GRATEL CLAY1 SPH1 IAER1
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0.317D~-11

THICK1
1.00D0

GRATEL
0.317D-11

0.185

PITN1
0.0010

CLAY1
0.15

NELCON1 NELCON2 X3

30 40

MI
1
0

NSEQ
i
0

6.0

PITK1
0.007D0

SPH1
6.0

X4 X5

MAD

1
0

AREAL
2.1D04

IAER1

-
.

X6 X7

MITYP

1
0

ASCALE]
0.2

X8 X9 X110

MTYPAD
1
0

C ##e+» DATA SET 22A: WASTE FORM LEACHING PARAMETERS
WASTE FORM 1

W1l-1801

W1l-1I802

W1-1803

W2-I8C1

W2-1802

W2-1I803

SFRACT1,1 PFRACT1,1 BFRACT1,1 DEFF1,1

0.333

PARTKO1,1
0.0

SFRACT1, 1
0.333

PARTKO1, 1
0.0

SFRACT1,1
0.333

PARTKO1,1
0.0

POREL1
2.5D1

SFRACT1,1
0.333

PARTKO1,1
0.0

SFRACT1,1
0.333

PARTKO1,1
0.0

SFRACT1,1
0.333

NUREG/CR-6515

0.333

PARTKI1,1
0.0

PFRACT1,1
0,333

PARTKI1, 1
0.0

PFRACT1,1
0.333

PARTKI1, 1
0.0

VOLWF1
1.0D6

PFRACT1,1
0.333

PARTKI1, 1
0.0

PFRACT1, 1
0.333

PARTKI1, 1
0.0

PFRACT1, 1
0,333

0.333

PARTD1,1
0.0

BFRACT1,1 DEFF1,1

0.333

PARTD1,1
0.0

BFRACT1,1 DEFF1,1

0.333

PARTD1, 1
0.0

WWF1
1.0D0

BFRACT1,1 DEFF1,1

0.333

PARTD1,1
0.0

BFRACT1,1 DEFF1,1

0.333

PARTD1, 1
0.0

BFRACT1,1 DEFF1,1

0.3323

1.0D-8

1.0D-8

i.0D-8

1.0D-8

1.0D-8

1.0D-8

B-4

DISOL1,1
1.0D-03

DISOL1,1
1.0D-03

DIsOL1, 1
1.0D-03

DISOL1, 1
1.0D-03

DISOL1, 1
1.0D-03

DIsOL1, 1
0D-03

PITS1
5.0D03




PARTKO1,1 PARTKI1,1 PARTD1,1
0.0 0.0 0.0

POREL1 VOLWF1 WWF1
2.5D1 1.0Dé 1.0D0

C ##*#*%* DATA SET 22B: INITIAL MASSES OF EACH WASTE ELEMENT

WTINIT1,1 X2 X3 X4 X5 X6 X7 X8 X9
0.0D3 0.0D3

WTINIT1,2 X2 X3 X4 X5 X6 X7 X8 X9
0.0 0.0

WTINIT1,3 X2 X3 X4 X5 X6 X7 X8 X9
0.0 0.0

C #v+*» DATA SET 22C: READ WASTE TYPE ASSIGNMENTS

MI NSEQ MAD MITYP MTYPAD
1 : 1 1 1
0 0 0 0 0

C ##++» DATA SET 23A: PRINT AND AUXILIARY STORAGE CONTROL
INTEGER PRINT PARAMETERS
IITR INTER ICOND NHGCI
0 0 0 0

KPRO,KPR(I),I=1,NTI

X10

X10

X10

22000200000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000200000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000020000002000000000000000000000000000000000000000

11000000000000000000000000000010000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000:00000000CC000000000000000000000000000000000000

C #w++v+ DATA SET 23B: CHEMICAL OUTPUT AND CHEMICAL PROPERTY TYPE INDICATOR

NCPRT
2

NODEP1,2 NODEP2,2

| 140

NI NSEQ NAD NITYP NTYPAD
1 212 1 1 0

0 0 0 0 0

C w#++++ DATA SET 24: VELOCITY AND MOISTURE CONTENT

NI NSEQ NAD VXNI VZNI
1 212 p | 2.47e-8 -0.000DCO
0 0 0 .0 0.0

B-§

VXAD
0.0
0.0

VZAD
0.0
0.0
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NI NSEQ NAD THNI THNIAD
139 1 0.1D0 6.0
0 0 0 0.0 0.0

-

Note that n the above example if ncon in data set 3 was set 1o 0 then data sets 21, 22A. 22B. and 22 would not have been
used Using empty containers accomplishes the same objective, however, this approach is less computationally efficient
Sze the next input file for an example with ncon=0

B.2  BLT-EC Main Input File for One-Dimensional Reactive Transport
Problem

The followang BLT-EC mamn mpaut file and chemistry input file correspond 1o the reactive transport problem given in section
47

Main BLT-EC file

C ##*»»+ DATA SET 1: PROBLEM IDENTIFICATION AND DESCRIPTION
1 1D Reactive transport problem: from Y&T, WRR,vol.27,no.12,1991

C ##¢++ DATA SET 2: INTEGER PARAMETERS FOR INPUT, STORAGE, RESTART AND STEADY
STATE CONTROL
KVI KSTR NSTR KSS
-1 0 0 1

C #we++ DATA SET 3: INTEGER PARAMETERS FOR CONTAINERS AND WASTE
NCON NCTYPE NWTYPE IDIFF IACT
0 0 0 0 0

C ##+++ DATA SET 4: INTEGRATION INTEGER PARAMETERS
ILUMP IMID IWET IOPTIM
- | 0 3 0

C #++++ DATA SET 5: INTEGER SOLUTION CONTROL PARAMETERS
NTI NITER NDT" .3 NPITER IPNTS
300 2 1 300 0

C ##*»w+ DATA SET 6: GRID AND ELEMENT PARAMETERS
NNP NEL NMAT NCM KMESH
202 100 3 0 0

C #+*e+ DATA SET 7: INTEGER PARAMETERS FOR BOUNDARY CONDITIONS

NDNP NDPR NDDP

0 1 2

NVNP NVES NVPR NVDP
4 2 2 6

C w+*++ DATA SET 8: INTEGER PARAMETERS FOR SOURCES
NSEL NEFR NSDP
0 0 0
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NWNP NWPR NWDP

0 0 0
NLEL NLPR NLDP
0 0 0

C #%#*» DATA SET 9: CHEMICAL COMPONENT INFORMATION

NON NONC LNH LNE
5 5 5 10

CNAM (J) IND(J) INDC(J) CSAT(J) DCAY JDOTER1 DFRAC1

CALCIUM 150 1 0.0 1.d32 3 8
CARBONATE 140 3 0.0 1.d32
MAGNESIUM 460 1 0.0 1.d32
SULFATE 732 1 0.0 i.432
HYDROGEN 330 3 0.0 1.d432

cCooCoC

0

OO0 00

C #+s++ DATA SET 10: TIME INTEGRATION CONTROL PARAMETERS

DELT CHNG DELMAX TMAX
0.13689d-2 0.0D0 0.13689d-2 1.0D4

DELTA T CHANGES AT YEAR (SEC) :
1.d38

C #+#++ DATA SET 11: REAL PARAMETERE FOR NONLINEAR SOLVE

OME OMI TOLA APHAG
1.0D0 1.0D00 1.0D-1 1.0D0

C #+»»+ DATA SET 12A: WIDTH OF FACILITY AND NODE POINT DATA

WIDFAC
1.0
#*%+ NODE POINT DATA **+
NI NSEQ NAD XNI
1 100 2 0.0
2 100 2 1.00050
(¢ 0 0 0.0
NI NSEQ NAD ZNI
1 100 2 0.0
2 100 2 0.0
0 0 0 0.0

C ew+e*+ DATA SET 12B: ELEMENT INCIDENCES

MI IE1 IE2 IE3
3 i 2 4
MODL NLAY

1 i00

C #++»» DATA SET 13: POROUS MEDIA PROPERTIES

PR1 PR2 PR3 PR4 PRS
AL AT DM RHOB CEC
B-7

JDOTER2 DFRAC2

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
W wv
1.0D0 1.0D00
XAD XRD
0.0 0.0
0.0 0.0
0.0 0.0
ZAD ZRD
1.000D0 0.0
1.000DO 0.0
0.0 0.0
IE4 IES
3 1
PR6 PR7 PR8
CPl CpP2 SREA

NUREG/CR-6515



5.0 0.0Do 0.0D0 1.3 0.0 0.0 0.0 0.0
C ##+++ DATA SET 14: MATERIAL TYPE CORRECTION

M1 NSEQ MAD MITYP MTYPAD

(DATA SET NOT USED)

C ¢«ev+ DATA SET 15: INITIAL OR PRE-INITIAL CONDITIONS

NI NNODE NAD RNI RAD RRD
CALCIUM

1 173 1 1.0CD-4 0.0D0 0.0D0

175 7 1 1.00D-4 0.0D0 0.0D0

183 19 1 1.00D-4 0.0D0 0.0DO

0 0 0 0.0D00 0.0D0 0.0D0
CARBONATE

1 84 2 2.00D-4 9.26D-5 0.0D0

2 84 2 2.00D-4 9.26D-5 C.0DC

171 15 2 8.00D-3 0.4D-4 0.0D0O

172 15 2 8.00D-3 0.4D-4 0.0D0

0 0 0 C.0D00 0.0DO 0.0D0
MAGNESIUM

: § 100 2 5.0D-03 ~4.0D-5 0.0D0

2 100 2 5.0D-03 ~4.0D-5 0.0D0

0 0 0 0.0D00 0.0D0 0.0D0O
SULFATE

] 100 2 2.00D-3 «1.9D~5 0.0D0

e 100 2 2.00D-3 -1.8D-5 0.0D0

0 0 0 0.0D00 0.0D0 0.0D0O
HYDROGEN

1 100 2 -7.70D00 -0.003D9 0.0DO

2 100 2 ~7.70D0 -0.003D0 0.0DO

0 0 0 0.0D0O 0.0D0 0.0D0

C ##+++ DATA SET 16: VARIABLE BOUNDARY CONDITIONS

** B.C. CALCIUM #+
73,1 1,3 T2,2 €2 1 73,1 €3.1 T4,1 C4,1 78,3 €8,1 76,1 C6,1
0.0 1.0D-4 2.7105::-3 1.0D-4 2.7379d-3 9.0D-3 2.5982d-2 9.0D-3 2.60104-2
1.0D-4 8,21344d-1 1.0D-4
0.0 1.0D-4 2.7105d-3 1.0D-4 2.7379d-3 9.0D-3 2.59824-2 9.0D-3 2.6010d-2
1.0D-4 B8.21344d-1 1.0D-4

MI NSEQ MIAD MITYP MTYPAD
1 0 1 1 0
2 0 1 2 0
0 0 0 0 0

*+ B.C. CARBONATE #*+*
%14 C1,3 T2,2 C2,2 5.2 C3,8 T4,2 C4,2 T§,2 €5,3 T6,2 C6,2
.0 2.0D-3 2.71054-3 2.0D-3 2.7379%4-3 2.0D-3 9.5825d-3 2.0D-3 9,6099d-3
.0D-3 8.213444-1 2.0D-3
.0 2.0D-3 2.7105¢-3 2.0D-3 2,7379d4-3 2.0D-3 9.5825d-3 2.0D-3 9.6099d-3
.0D-3 B.21344d-1 2.0D-3

NoOoONVNO

M1 NSEQ MIAD MITYP MTYPAD
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o

21,3'C3.3 T2,3 €2,3 3.3 €3,3 T4,3 C4,3 T5,3 C5,3

0 1 1 0
0 1 2 0
0 0 0 0

** B.C. MAGNESIUM =+

T6,3 C6,3

0.0 1.0D-3 2.7105d-3 1.0D-3 2,7379d-3 1.0D-3 9.5825d-3 1.0D-3 9.6099d4-3 1.0D-3

8.21344d-1 1.0D-3
0.0 1.0D-3 2.7105d-3 1.0D-3 2.7379d4-3 1.0D-3 9.5825d-3 1.CD-3 9,60994-3
1.0D-3 8.21344d4-1 1.0D-3

MI NSEQ MIAD MITYP MTYPAD

1 0 1 1 0

2 0 1 P 0

0 0 0 0 0

v¢ B.C. SULFATE *+

Ti,4 Cl,4 T2,4 C2,4 T3,4 C3,4 T4,4 C4,4 T6.4 C5.4

T6,4 C6,4

0.0 2.0D-3 2.7105d-3 2.0D-3 2.73794-3 2,0D-3 9.5825d-3 2.0D-3 9.6099d-3
2.0D-3 8.21344d-1 2.0D-3
0.0 2.0D-3 2.71054-3 2.0D-3 2.7379d4-3 2.0D-3 9.5825d-3 2.0D-3 9.6099d-3
2.0D-3 8.213444-1 2.0D-3

MI

o N =

NSEQ MIAD MITYP MTYPAD
0 1 1 0
0 1 2 0
0 0 0 0

*+ B.C. HYDROGEN *+

Ti,5 €1.8 T2,8 C2,8 T3.8 C3,5 T4,5 C4,5 T8.5 C5,8

0.0 -8.00 2.71054-3 -8.00 2.7379%4-3 -8.00 9.58254-3

-8,00 B8.213444d-1

0.0 -8.00 2.7105d4-3 -8.00 2.73794-3 -8.00 9.5825d-3

-8.00 8.21344d-1

O N
o oo

-8.00

-8.00
NSEQ MIAD MITYP MTYPAD
0 1 1 0
0 1 2 0
0 0 0 0
*+ GLOBAL NODE NUMBER +*+*
NSEQ NIAD NODE NODEAD
3 1 1 1
3 . 201 i
0 0 0 0
*+ BOUNDARY:  ELEMENT SIDES +**
M I8l Is2 MIAD MAD IS1AD
1 1 2 0 0 0
100 3 4 0 0 0
0 0 0 J 0 0

C ##++e+ DATA SET 17: DIRICHLET BOUNDARY CONDITIONS

B-9

~8.00

-8.00

IA2AD

T6,5 C6,5
9.6099d-3

9.6099d4-3
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C LR AR ]

C LA R R

O *ewww

C o awhan

C #ases

O o wreww

c LA AR

C whnrw

(DATA SET NOT USED)

DATA SET 18: ELEMENT SOURCE/SINK DATA
(DATA SET NOT USED)

DATA SET 19: WELL (POINT) SOURCE/SINK DATA
(DATA SET NOT USED)

DATA SET 20: ELEMENT SOURCE/SINK DATA (LEACHING)
(DATA SET NOT USED)

DATA SET 21: WASTE CONTAINER PARAMETERS
(DATA SET NOT USED)

DATA SET 22A: WASTE FORM LEACHING PARAMETERS
(DATA SET NOT USED)

DATA SET 22B: INITIAL MASSES OF EACH WASTE ELEMENT
(DATA SET NOT USED)

DATA SET 22C: READ WASTE TYPE ASSIGNMENTS
(DATA SET NOT USED)

DATA SET 23A: PRINT AND AUXILIARY STORAGE CONTROL
INTEGER PRINT PARAMETERS
IITR INTER ICOND NHGCI
0 0 %} 0

KPRO,KPR(I),I=1,NTX

2000000000000000000000000000000000¢000000000000000000000000000000000000000000000
00000000000000000000200000000000000020000000000000000000000000000000000000000000
0000000000000000000000000000000000000%002000000000000000000000000000000000000000
0000000000000000000000000000000000000¢ 000000000000000000000002000000000000000000

KDSKO,KDSK(I) ,I=1,NTI

1000000000000000000000000000000000000( 000000000000000000000000000000000000000000
00000000000000000000100000000000000£00000000000000000000000000000000000000000000
0000000600000000000000000000000000000000109000000000000000%,000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000

C #++++ DATA SET 23B: CHEMICAL OUTPUT AND CHEMICAL PROPERTY TYPE INDICATOR

NCPRT
2

NODEP1,2 NODEP2,2

i 201

NI NSEQ NAD NITYP NTYPAD
1 201 1 1 0

0 0 0 0 0

C #e+++ DATA SET 24: VELOCITY AND MOISTURE CONTENT

NI NSEQ NAD VXN VZNI

NUREG/CR-6515 B-10
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«0.5787D-% 0.0 0.0
0.0 0.0 r.0
THNIAD
0.0
0.0

B.2.1 BLT-EC Chemistry Input File for One-Dimensional Reactive Transport Problem

BLT-EC chemustry input file for problem described in section 4 7

Reactive Transport, from Yeh and Tripathi,WRR,vol27,n0l2,1991
€03, and S04)
25.00 MOLAL 0.000 0.00000E+00 O0.00000E+400 ©0.00000E+00 0.000C0E+00 0.00000E+0Q0

0012200012000

( Mg, Ca,

0 0 0
330
460
732
150
140

20
1503300
1501400
1501401
1507320
4603300
4601400
4601401
4607320
3301400
3301401
3307320
3300020
6015001
5015001
5046000
2046000
5046002
5046001
6046000
2015001

2 4
1501401
1501400
1503300
4603300

3 1

330

5 8
5015001
5046002

R b e O

.00CE+00
. 111E-04
.639E~-03
.000E-04
.95%E-03

3.2200
11.4300
-12.8500
=11.4400

7.7000

8.4750
8.2000

-7.
-3.
=2
~4.
s

4
1
14
1%

o

76
95
78
00
71

L S

.0300
. 7900
.535%0
. 9350

.0000

. 5850
.1690

/H+1
/Mg+2
/504~-2
/Ca+2
/CO3-2

/CaC03 AQ
/CaRCO3 +
/CaOH +
/MgOH +

/H+1
/CALCITE

/MAGNESITE
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€015001 4.6200 -0.2610 /GYPSUM

2015001 =21.9000 30.65900 /PORTLANDITE
5046000 ~9.6500 28 7420 /ARTINITE
5046001 9.7200 2.2100 /HYDRMAGNESIT
2046000 ~16,7920 25.8400 /BRUCITE
6046000 2.1400 -2.8200 /EPSOMITE

0

B3 BLT-EC Input Files for Two-Dimensional Reactive Transport Problem

The following set of mput and output files are for a test problem that was developed 10 1llustrate the complex non-
lincar behavior that can occur when chermical reactions are modeled  The following files arc provided FEMWATER mput
file, FEMWATER output file, 8 REDIMGRD output file, 8 BLT-EC main input file, 8 BLT-1:C chemstry input file, and
BLT-EC man and chemustry output files. The REDIMGRD output file 1s crested by the code REDIMGRD which translates
FEMWATER output to a format readable by BL.T-EC.

A description of the example problem is as follows The facility contains 6 waste containers and 1s surrounded by
aconcrete vault The initial pH of the pore water in the region surrounding the facility and the far-field 1s 7.3 The pHin
the facility 1s iitialized at a hugher value of 9.5 to reflect cement leaching during the period prior to facility famlure. At the
tume that the facility 1s assumed to fail, water mfiltrates into the facility and transports the higher pH pore water and facility
contents downward towards the water table located at 30 meters below the ground surface. Interactions between transport,
complexation, precipration/dissolution, and adsorption of uranium are ckamined as the clevated pH pore water and released
uranium migrate downwards

The problem domas~ .+ aken to he a two-dimensional vertical cross-section perpendicular to the longitudnal axis
of a disposal facihity. Thus 1s the same grid used in MacKinnon et al, [1995]. 1t 1s assumed that the length of the facility in
the longitudinal direction 1s much longer than the width of the facility Therefore, a two-dimensional cross-section provides
a reasonable representation for simulating radionuchde migration near the central portion of the facility. Symmetry within
the cross section 1s further assumed, thus requinng only half the problem domain to be modeled The water table 1s located
approxamately 30 meters below the ground surface. The waste containing portion of the facility 1s taken to be & meters deep
and 18 meters wide, with the side walls slanung at an angle of approximately 12 degrees from vertical The facihity region
15 completely enclosed by a concrete vault  The entre disposal facility contains 12 waste containers (6 in the simulated
region due to symmetry) that are surtounded by backfill. Above the top portion of the concrete vault 1s a | meter thick clay
layer with a low hydraulic conductivity to minimize water intrusion from above The clay layer 1s covered by a high
conductivity cap layer, which is 2 meters thick and slants off towards the edge of the facility. The soil properties are assumed
to be umform in each facility region and in the underlying unsaturated zone. At the time of infiltration, the clay cover and
concrele barmer are assumed to have failed and therefore, there saturated conductivities are set 1o one order of magnitude
less than the value for the undisturbed soill. Values of the hydrauhic conductivities (cm/sec) and porosities for the undisturbed
soil, backfill, clay layer, and gravel cap, respectively, are 10 and 30%, 107 and 40%, 10 and 50%, 10" and 30%

This problem involves two simulations, & steady-state water-flow simulation and a radionuchde transpont
simulation. The water-flow problem 15 simulated over the enure cross section, which 1s divided into 624 bilinear finite
clements and 675 nodes. The steady-state flow problem 1s solved once for the hvdrogeologic data (moisture contents and
flow velocities)

The boundary concitions for the flow simuiation are as follows The vertical left and nght boundanes are
homogeneous Neurnann or no-fiow boundanies. The bottom honzontal boundary 1s a Dinichlet boundary with a preseribed
1000 em hvdraulic head The top boundary (ground surface) 1s a Neumann boundary with a prescribed rain fall infiltration
of 1.25 cmAT

The wanspont problem considers a soil-surface component, SOH, and eight aqueous components including
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hydronium, carbonate, calcium, sulfate, phosphate, zine, magnesium, and uranium 1n the form of uranium oxide. These
components formed 17 chemical species and | surface complex. The initial composition of the pore water (in mole/l) was
CO=10x10%, S0,=3.0x107, Ca"*=1 7x10", SOH=1 0x10"*, PO, =5 010", Zn=7 6x10", Mg=12x10" and U0O,"=0 0
The component concentrations in the facility (1n mole/l) were similar except for the following, Ca**=2 5x10* and H'=
4 0x10° These concentrabions are specified to represent the impact of cement leaching prior to failure of the facihty. At
the top infiltration boundary the infiltrating rain water was assumed 1o have the same composition as the pore water. The
vertical and bottom boundaries were no-flow boundanies The pH of the ground water was mnitially at 7.3 throughout the
problem domain except in the facility where it initially 1s at 9.5

The source concentration in cach 1.0 m’ container was 1 0 moie of U0, This initial uranium concentration is
representative of average uranium concentrations found at Barnwell and Richland LLW disposal facilitics Localized and
general corrosion resulted 1n gradual and complete container breach by 20 years Release from the waste form occurred by
nnse (1% of the mventory) and dissolution release processes. The waste-form degradation rate was set to give a fractional
releasc rate of 0. 1% per vear for the dissolution mass (99% of the mventory) Note that at this conservative dissolution rale,
the waste forms will completely dissolve in 100 years

B.3.1 FEMWATER Input File

Development of a FEMWA'ER input file is discussed n detail in the BLT input guide [Sullivan and Suen, 1989]
In this problem, the FEMWATEP input file 1s

4 2D EXAMPLE FLOW PROBLEM 8/96 3+
675 624 4 110 0 0 1 § 5 1 0 1 0 20 25 1
0 0 0 300 0 b
300.0 0.5 86400.0 1.0E% 0.0 0.01 0.1 1.0
980.6 0.013 0.5 1.0 1.0 0.0
58
11
1.0D38
0. 0. 0.3 1.0E-4 1.0E-4
0 0. 0.4 1.0E-3 1,0e-3
0, 0. 0.3 1.0B-5 1.0E-5
0. 0, 0.3 1.0E-85 1.0E~§
~800.0 ~200. =100. -25. =12.% 0. 100. 2000.
-800.¢C -200. =100. ~23, -32.8 0. 100, «000.
-800.0 -200. =-100. =25, -12.5 0. 100. 2000.
~800.0 =200, -100. =25, o g 0. 100. 2000,
.100 . 1630 .29 .285 290 2925 .2985 0.3
120 .2000 .30 . 380 g7 .3900 .39893 0.4
200 . 2500 .35 475 .483 4875 . 4992 .5
100 . 1€30 - .2B5 . 290 . 2925 .2995 0.3
0.0758607 0.1120675 C.27%6126 0.9463156 0,9655139 0.9655139 0,9999657 0.9999857
0.0758607 0.1120€75 0.2758126 0.94B3156 0.9655139 0.9655139 0.9999857 0.9999857
0.0758607 0.1120675 0.2758126 0.94B3156 0.965513% 0.9655139 0.98999857 0.9999857
0.0758607 0.1120675 0.2758126 0.9483156 0.9655139 0.9655139 0.9999857 0.9999857
0. .10E-3 3852 .40E-2 .20E~3 - 10E~3 .26E-6 0.
0. 1.33E-4 4.278~3 5.33E-4 2.67E-4 1.33E-4 3.47E-7 0.
0. 1.33E-4 4.27E-3 §,33E~4 2.67E~4 1.33e~4 3.47E-7 0.
¢ JA0E~3 .32E-2 -40E-3 .20E-3 10E-3 .26E-6 0
26 24 15
1 1 € 9
000D+1 .000D+1 .260D+4 .000d+4 .260d+4 .200d+4 .0004+4 .200d+4
6 1 13 9

. 260d+4 . 000d+1 .420d+4 .000d+1 .420d+4 .200d+4 ,260d+4 .200d+4
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13 1 27 9
.420d+4 . 000d+1 .560d+4
¢ 9 6 15
.000d+1 .200d+4 .260d+4
6 9 10 15
.260d+4 .200d+4 .3514d+4
10 9 13 15
.3514d+4 . 200d+4 .420d+4
13 9 f 18
.420d+4 . 200d+4 .560d+4
1 15 6 22
.000d+1 .260d+4 .260d+4
6 15 10 23
.260d+4 .260d+4 .3514d+4
10 15 13 23
.3514d+4 . 260d+4 .420d+4
13 15 27 23
.420d+4 260d+4 .560d+4
1 23 6 25
.000d+1 .335d+4 .260d+4
§ 28 10 25
.260d+4 .335d+4 .340d+4
10 23 13 25
.340d+4 .335d+4 .400d+4
13 23 27 25
.400d+4 .340d+4 ,560d+4
37% 10 24 2 0
376 10 24 2 0
377 10 24 2 0
378 10 24 2 0
379 10 24 2 0
360 10 24 2 0
38l 10 24 2 0
382 10 24 3 0
383 10 24 4 0
384 10 24 4 0
1 674 1
0 0 0 0 0
0 0 0 0 0
0.0 0000.0
0.0 0000.0
26 51 76 101
401 426 451 47€ 501
26 b : 0
0.0 -4.000E-8
25 50 7% 100 125
425 450 475 500 525
1 26 1 1 0
1 2% i 2 1
NUREG/CR-6515

.C00d+1

.200d+4

.200d+

.200d+

.200d+4

.260d+4

.260d+

.260d+

.260d+4

.335d+4

.335d+4

,340d+4

.340d+4

1.0E9
1.0E9
126
526

1.0E9
150
550

.560d+4

.260d+4

4 ,3514d+4

4 .420d+4

.560d+4

.260d+4

4 ,340d+4

4 .400d+4

.560d+4

.260d+4

.340d+4

.400d+4

.560d+4

0 27

0000.0
0000.0
181 176
551 576

-4.000E~8
175 200
575 €00

200d+4

260d+4

.260d+4

.260d+

.260d+4

.335d+4

.335d+

.340d+

.340d+4

.340d+4

.340d+4

.350d+4

.360d+4

201
601

225

B-14

. 420d+4

.000d+4

4 .3514d+4

.420d+4

.000d+4

4 .260d+4

4 .340d+4

.400d+4

.000d+1

.260d+4

.340d+4

.400d+4

226
626

251
651

250 275
650 675

.260d+4

.200d+4

.260d+4

.260d+4

.260d+4

.260d+4

. 335d+4

.335d+4

.335d+4

.340d+4

. 340d+4

.340d+4

.340d+4

.350d+4

26 1 2 0

276 301 326 351

END OF IDTYPE

300 325 350 375

END OF I1DTYPE

END OF SIDES

376

400



1PROBLEM 4..

Problem

The truncated FEMWATER output file is:

SPECTRUM 96 FLOW PROBLEM

B3.2 Truncated FEMWATER Output File for Twe-Dimensional Reactive Transport

4/96 111

*#e#*+ BASIC INTEGER PARAMETERS *#*e+*

NUMEER OF NODAL POINTS. 675

NUMBER OF ELEMENTS. > K 5 624

NUMBER OF DIFFERENT MATERIALS 4

NUMBER OF CORRECTION MATERIALS. 10

NUMBER OF TIME INCREMENTS . 0
STEADY-STATE I.C. CONTROL . 0

MESH INPUT CONTROL . 1
SOIL-PROPERTY CONTROL . 1

NUMBER OF SOIL PARAMETERS 8

NUMBER OF MATERIAL PROPERTIES 5
AUXILIARY STORAGE CONTROL . . 1
CONDUCTIVITY~-PERMEABILITY CONTROL . 0

GRAVITY CONTROL . 3

RESTART PARAMETER ., 0

NO. OF ITERATIONS PER CYCLE 20

NO. OF CYCLES PER TIME STEP 25

NO. OF TIMES TO RESET TIME STEP SIZE 3

NO. OF POINTWISE ITERATIONS ALLOWED . 300

LUMPING INDICATOR, ILUMP., . . . . 0
TIME-DIFFERENCE INDICATOR, IMID . 0

IS POINTWISE ITERATION SOLUTION USED? 0

IS VELOCITY-SOLVING MATRIX LUMPED? 0

TIME INCREMENT. « R 0.300000E+403
MULTIPLIER FOR INCREASING DELT, 0.500000E+00
MAXIMUM VALUE OF DELT . 0.B64000E+05
MAXIMUM VALUE OF TIME . 0.100000E+10
DEGREES OF PRIN-AXIS INCLINATION, 0.00C000E+00
STEADY-STATE TOLERANCE. 0.100000E~01
TRANSIENT-STATE TOLERANCE 0.100000E+00
DENSITY OF WATER. . 0.100000E+01
ACCELERATION OF GRAVITY . 0.980600E+03
VISCOSITY OF WATER. . 0,130000E-01
TIME-INTEGRATION PARAMETER. « 0.500000E+00
ITERATION PARAMETER FOR NONLINEAR EQ. 0.100000E+01

RELAXATION PARAMETER FOR POINTWISE SOL. 0.100000E+01
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CYLINDER COORDINATOR PARAMETER . . . . 0.000000E+00

OUTPUT CONTROL
5

DISK OUTPUT CONTROL

1
0 TIME OF CHANGING DELT
0.1000E+39
1 #¢#+ MATERIAL PROPERTIES ****
MAT. NO. ALP BETAP POR KSX/PSX KSZ/PS2

1 0.0000E+00 O0.0000E+00 O0.3000E+0C0 0.10 OOE-03 0.1000E-03
2 0.0000E+00 ©0.0000E+00 0.4000E+00 0.1000E-02 0.1000E-02
3 0.0000E+00 0.0000E+00 0,5000E+00 0.1000E-04 0.1000E-04
4 0.0000E+00 O0.0000E+00 0.3000E+00 0.1000E-04 0.1000E-04

1 ¢*+* S50IL PROPERTY INTERPOLATION VALUES *##**
MAT. NO. PRESSURE MOISTURE CONTENT RELATIVE CONDUCTIVITY WATER CAPACITY
1 -0.8000E+03 0.1000E+00 0.758B6E-01 0.0000E+00
-0.2000E+03 0.1630E+00 0.1121E+00 0.1000E-03
~0.1000E+03 0.2500E+00 0.2758BE+00 0.3200E-~02
-0.2500E+02 0.2850E+00 0.9483E+00 0.4000E-03
~0,1250E+02 0.2900E+00 0.9655E400 C.2000E-03
0.0000E+0C0Q 0.2925E+00 0.9655E400 0.1200E-03
0.1000E+03 0.2995E+00 0.1000E+01 0.2600E~-06
0.2000E+04 0.3000E+00 0.1000E+01 0.0000E+00
 § #¢#¢ SOIL PROPERTY INTERPOLATION VALUES ¢*+**
MAT. NO. PRESSURE MOISTURE CONTENT RETATIVE CONDUCTIVITY WATER CAPACITY
2 -0.8000E+03 0.1200E+00 0.7586E-01 0.0000E+00
-0.2000E+03 0.2000E+00 0.1121E+00 0.1330E-03
| ~0.1000E+03 0.3000E+00 0.2758E+00 0.4270E-02
| =0,2500E+02 0.3BOCE+00 0.9483E+00 0.5337%E-03
| =0.1250E+02 0.3870E+00 0.9655E+00 0.2670E-03
0.0000E+00 0.3900E+400 0.9655E+00 0.1330E~03
0.1000E+03 0.3993E+00 0.1000E+01 0.3470E-06
0.2000E+04 0.4000E+00 0.1000E+01 0.0000E+00
1 we*¢ SOIL PROPERTY INTERPOLATION VALUES #*+*»
MAT. NO. PRESSURE MOISTURE CONTENT RELATIVE CONDUCTIVITY WATER CAPACITY
3 -0.8000%+03 0.2000E+00 0.7586E~01 0.0000E+00
-0.2000E+03 0.2500E+00 0.1121E+00 0.1330E-03
| =0.10C0E+03 0.3500E+00 0.2758E+00 0.4270E-02
t =0 2500E+:2 0.4750E+400 0.9483E+00 0.5330E-03
| =0.1250+02 0.4B30E+00 0.9655E400 0.2670E~-03
| 0.0000E+00 0.4875E+00 0.9655E+00 0.1330E-03
0.1000E+03 0.4992E+00 0.1000E+01 0.3470E-C6
0.2000E+04 0.5000E+400 0.1000E+01 0.0000E+00
1 *e+* SOIL PROPERTY INTERPOLATION VALUES ***+
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MAT NO. FRESSURE MOISTURE CONTENT RELATIVE CONDUCTIVITY WATER CAPACITY

4 -0.B000E+03 0.1000E+00 0.7586E~-01 0.0000E+00
~0.2000E+03 0.1630E+00 0.1121E+00 0.1000E-03
~0.1000E+03 0.2500E+00 0.275BE+00 0.3200E-02
-0 2500E+02 0.2850E+00 0.9483E+00 0.4000E-03
~0.1250E+02 0.2900E+400 0.9655E+00 0.2000E-03

0.0000E+00 0.2925E+00 0.9655E+400 C.1000E-03
0.1000E+03 0.2995E+00 0.1000E+01 0.2600E-06
0.2000E+04 0.3000E+00 0.1000E401 0.0000E+00

B.3.3 Using REDIMGRD to Process the FEMWATER Output File

Often when simulating water flow using FEMWATER, a much larger spatial domain must be simulated than for
the transport scgment of the simulation  When this occurs, the program REDIMGRD can be used o process the
FEMWATER file and reduce the spatial domain.

In thus example, the aqufer flow is along the direction of the x-axis. Therefore, symmetry can not be assumed about
the center hine of the disposal facility dunng the flow caleulation However, for the wastefarm release and contaminant
transport segment of the problem, this example focuses on the near field (waste region and vadose zone). In this case,

svmmetry can be assumed and the resulung simulation domain can be decreased, thereby savings in computational time can
be achieved

When the user runs REDIMGRD 1o translate FEMWATER output into a format readable by BLT-EC, the user is

prompled for spaual coordinates (in em ) defining the transport region. The following coordinates were mnput for this
example

Xmin = 3400 Xmax = 5600
Zmin =0 Zmax = 3600

The resulting REDIMGRD output file contains information on the finite element geometry, flow velocities, and moisture
content. The file created by REDIMGRD can be read directly by BLT-EC  In this example, the REDIMGRD output file

15

2D EXAMPLE FLOW PROBLEM 8/96
4 450 408 82 B2 0 0
1 2 3 B -] 6 7 8 9 10 11 12 13 14 15 16
i 15 20 21 22 23 24 25 26 27 28 29 30 31 32 33
34 35 37 3g 39 40 41 4L 43 44 45 46 47 48 49 50
51 2 53 5% 56 57 56 59 60 61 62 63 64 65 66 67
13 69 70 b 73 74 7% 76 m 8 79 80 81 82 83 B84
85 86 87 88 8% 91 92 83 94 95 96 97 98 99 100 101
102 103 104 105 106 107 109 110 2111 3112 113 114 115 116 117 118
119 120 121 122 123 124 125 127 128 129 130 131 132 133 134 135
136 137 138 139 140 141 142 143 145 146 147 148 149 150 151 1852
153 154 155 156 157 158 159 160 161 163 164 165 166 167 168 169
170 172 172 173 174 175 176 177 178 179 181 182 183 184 185 186
1B7 188 189 190 191 192 193 194 195 196 197 1:i3 200 201 202 203
204 205 206 207 208 209 210 211 212 213 214 215 217 218 218 220
221 222 223 224 225 226 227 228 229 230 231 232 233 235 238 237
238 239 240 241 242 243 244 245 246 247 248 245 250 251 253 254
255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 271
272 273 274 275 276 277 278 279 280 281 2B 283 284 285 286 287
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289
305
322
339
356
373
390
407
424

10

27

44

61

78

95
112
129
146
162
179
196
213
230
247
264
281
298
315
332
349
366
383
400
417

20

36

53

70

87
104
121
138
158
172
189
206
223
240
257
274
291
303
324
341
358

290
307
323
340
357
374
391
408
425

11

28

45

62

79

96
113
130
147
164
180
197
214
231
248
265
282
299
316
333
350
367
384
401
418

21

3e

54

7

88
105
122
139
156
173
190
207
224
241
258
27%
292
309
326
342
359

291
308
325
341
358
375
392
409
426

12

29

46

63

80

87
114
131
148
165
182
198
215
232
249
266
283
300
317
334
351
368
385
402
419

22

39

56

72

89
lus
123
140
157
174
191
20%
225
242
259
276
293
310
327
344
360
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292
309
326
343
359
376
393
410
427
13
30
47
64
81
98
115
132
149
166
183
200
216
233
250
267
284
301
318
335
352
369
386
403
420
23
40
57
74
90
+07
124
141
158
175
192
209
226
243
260
277
294
ED B
28
45
362

293
310
327
344
361
377
394
411
428

14

a3

48

6%

82

99
116
133
150
167
174
201
218
234
251
268
285
302
319
336
353
370
387
404
421

24

41

58

75

92
108
125
142
159
176
193
210
227
244
261
278
295
312
329
346
363

294
311
328
345
362
379
395
412
429

15

32

49

66

63
100
117
134
151
168
185
202
219
236
252
269
286
303
320
337
354
in
386
405
422

25

42

59

76

93
110
126
143
160
177
194
211
228
245
262
279
296
313
330
347
364

295
212
329
346
363
380
387
413
430

16

33

50

67

g4
101
118
138
152
169
186
203
220
237
254
270
287
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2904266E-10-0.
2737957E~10-0.
3798909E~10-0,
. 2852099E-10-0.
$183403E~11-0.
1931336E-09-0.
1916627E-09-0.
1159439E-09-0.
7100417E~11~0.
331404€E-09-0,
2725780E-09-0.
1161010E-09-0.
4203738E~-09-0.
5260086E-09-0,
3558418E-09-0.
$856723E~10-0.
7918405E~-09-0.
7282490E~09-0.
3661777E~09-0.
5706843E-09-0.
11873208E~08-0.
8610882E-09-0.
2522450E-09-0.
1374133E-08~0.
1630335E-08-0,

.1000000E+D0
.1000000E+0Q0
.100000CE+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+400
.1000000E+00
-1000000E+00
.1000000E+00
.1000000E+00
-1000000E400
-1000000E+400

.1000000E400
.1000000E+00
.100000CE+00C
.1000000E4+00
.1000000E+00
.1000C00E+00
.1000000CE+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00-0.

1000000E+00

€311457E~10-0.
5157048BE-10-0.
2209481E-10-0.
3243567E-10-0.
3711166E-10-0.
2524986E-10-0.
4220781E-11~0.
2035153E-09-0.
1814248E-09-0.
9478386E~10-0.
2214836E-068-0,
3286733E-05-0.
2475458BE-09-0

7920038E-10-0.
4912878BE-0%-0.
S5069507E-09-0.
30339€4E-09-0.
1837557E~10-0.
8165988E-09-0.
6729503E-09-0.
2763690E-09-0.
7915456E-09-0.
1168797£-08-0.
7466475E~-09-0.
11498%1E-09-0.
1621176E-08-0.
1507097E-08-0

0 0.1000000E+00
0 0.1000000E400
0 0.1000000E+00
0 0,1000000E+00
0 0.1000000E+00
0 0.1000000E+00
0 0.1000000E+00
0 0.1000000E400
0 0.1000000E400
0 0.1000000E+400
0 0.1000000E+00
0 0.1000000E400
0 C.1000000E+00
0.1000000E+00 ©.
.1000000E+00 O, 0.1000000E+00
0 0.1000000E+00
e 0.1000000E+00
0 0.1000000E+00
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0

-1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00

1000C00E+00

0
0
0
0
0
0
¢}
0
0
0
0
0
0
1000000E+00 O.
0
0
0
0
0
1000000E400 ©
0

0

0

0

0

0

0

4490973E-10-0.
6242794E-10-0.
4687009E~10-0.
15087€3E-10-0.
3633124E-10-0.
3570011E-10-0.
2161196E-10-0.
1325570E-11-0.
2056564E~09-0.
1685136E-09-0.
7208225E-10-0.
2690595E-09-0.
3218751E-09-0.
2188935E-09-0,
3637€44E-10-0.
S278271E-08-0.
47%87770E-09-0.
24718B2E-0%-0.
4610743E-09-0.
8142249E-09-0.
6072064E-09-0,
1875307E~0%-0 .
1008393E-08-0
1122€28E-08-0
6254685E-09-0.
3593804E-10-0.
1734815E-08-0.
1351525E-0€8-0.

B-33

-1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00D
-1000000E+400
.1000000E+00

1000000E+00

.10C0000E+00
.10000C0E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00
.1000000E+00

5323895E-10
€099058E-10
4149226E-10
6934252E-11
3811124E-10C
3378426E-10
1767580E~10
1430425E-08
2036256E-09
1531297E-09
4920710E-10
3076775E~-09
3100303E-09
1870945E-09
1142063E-10
5392158E-09
444967BE-05
1874203E-09
59920€7E-09
8003937E-09
532B542E-09
B586780E-10
1134602E-08
1053478E-08
501163BE-09
6378707E~09
1743407E~-08
1176916E-08

NUREG/CR-6515



.9941551E-09-0.
.1397954E-09-0.
.2364B03E-08-0,
.2156170E-08-0.
. T027471E~09-0.
.5134%06E-09-0.
.3292465E-08-0.
.1609531E-08~0.
.3033966E-09-0.
.2191030E-08-0
.3552033E-08-0.
.8681413E-09-0.
.3459851E-10-0.
.5117576E-08-0,
.2211240E-08-0,
.3415723E-09-0,
.5216479E-09-0.
.7628121E~-08-0.
.7387956E-09-0.
+2624013E-10-0.
.4473064E-08-0.
.1812584E-08-0.
.3373089E-09~0.
.6805448E-09 0,
.2196982E-07-0.
.4211027E-09 0.
.7043250E-09 0.
0.5145589E-09-0,
~0.1044269E-07-0.
0.3226955E-08 0,
0.2372191E-09 ©.
0.1623761E-09-0.
0.4439403E-08 0©.
0.2479756E~08
0.2314320E-08
0.B563694E-08
0.6B42392E-08
C.8926100E-09
0.8462601E-08
0.2093555£-07
0.4932206E-08
0.208508BE-08
0.2287427E~-07
0.1529325E-07
0.2249166E-08
0.5015275E-08
0.8498782E-07
0.8617423E-08
0.3118823E-09
0.2307586E-08
0.1964362E-07
0.2330528E-08
0.2991805E-08
-0.5460677E~07~0.
~0.1142052£-07-0.

0
0
0
0
0
¢
Lo}
0
0
0.
4]
0
0
e
0
0
0
0
0
0

NUREG/CR-6515

.1677069E-08
.3867389E-08
.154%655E-07
.5429734E-08
. 2769270E-09
.1338855E-07
.1686431E-07
.3426B8BBE-08
.2B15972E-08

.1076064E-07
. 9B70529E-09
.78066951E-08
«4665625E-07
.5814321E-08
:2195989E-08
+4913014E-07
-1100293E-07
.1440972E-08
.3206829E-08

8117774E-09-0
4347825E-10-0
2658365E-08~0
1B35362E-08-0
4979571E-09-0
1094240E-08-0
3176919E-08-0
1241278E-08~0
1341686E-09-0

.3266547E-08-0

2B84606BE-08-0
6133196E-09-0
2120890E~09-0

5407978E-08-0.
1557689E-08-0.
2096601E-09-0,
2194129E~086-0.
6183719E-08-0.
4313566E-09-0.
7327671E-11 0.
9162646E-08-0.
989893EE~09-0.
23B3557E-09-0.
5200930E-09-0.
3077013E-07-0.
1020080E-08 U.
3296142E-09 0.
1492853E~08-0.

6385717E~08
2914521E-08
1364032E-08
5663168E-08
4724385E-08

2961689E-07

€6203372E-07-0
B034313£-08-0

0
0
0
0
0
0
0
0
0
0
0
0
-
¢
0
0
C
0
0
0
0
¢
0
0
0

+635534€6E-09-0,
.59036E5E-09-0,
.2690084E~08-0.
.1510250E~-08-0,
.3222792E-09-0,
.2020613E-08-0,
-2873285E-08-0,
.9349291E-09~0.
.4120420E~10-0.
.401648B5E-08-0,
.22024B9E-08-0.
.41478B45E-09-0.
.8325B44E~09-0.
4858653E~08-0,
1087640E-08-C,
9066823E~-10-0.
4390194E~-08-0.
3404859E-08-0.
2460451E-09-0.
3218722E-09-0.
1215631E-07-0.
8107428E-09-0.
1539439E-09-0.
8708537E-19-0.
1393252E-07-0.
1264B5BE-08 0.
1043939E-09 0.
5647537E~08-0.
.2587599E~10 0.
.2321579E~08
.1827018BE-08
.4910500E~-09
.4543232E-08
.7655026E-09
.5267238E-08
.1160839E-07
.4171447E-08
-1913018E-~-08
.1076534E-07
.123B596E~07
2194350E-08
.5233479E-08
.3662078E-07
.T1574571E-08
.3020966E-~09
.2310850E-07
.2958563E-07
.3B27282E-C8
.3070137E-08
.1162157E~06
.78516C1E-08
.6261353E-05
-1893635E-08~0.
.2B52249E-07-0.
.56548B82E-08-C

0
0
0
0
0
0
0
0
0
0
0
Q.
0
0
0
¢
¢
0
0
0
0
0
0

.1621B74E-08
.2242013E-08
.7209613E-08
.3998196E-08
.2393375E-09
.6429791E-08
+1016274E-07
.3016074E-08
«2621356E~08
.2035896E-07
.9223077E-08

.1013080E-07
+3091088BE-07
.5300340E-08
.2206682E~-08
+33B2640E-07
.1926232E-07
<2359657E-08
.3516165E-08
. T161043E-07
.51B29B4E-08
.191B825E-09

4659612E-09-0.3092374E-09
1106689E~08-0.1828579E~08
2629664E-08-0.2436430E-08
1206965E-08-0.9370858E~09
1436438BE-09-0.4431316E-10
2775039E~08-0.3230702E-08
24B0419E-08-0.2031490E-08
6839240E-09-0.4753875E-09
3900052E~09-0.1013884E-08
4102548E-08~0.4016492E-08
1641126E-08~0.1202971E-08
2594216E-09-0.1134084E-09
2284406E-08-0.3836378E~08
3918719E-08-0.3133813E-08
7561838E-09-0.5177253E-09
2748654E-10 0.2590958E-10
684B375E-08~0.7177872E-08
20B5664E-08-0.1232405E~08
1341930E-09-0.6879794E~-10
5339695E-10-0.1818901E~08
TOB4170E-08-0.1870636E~08
5948BBlE-09-0.456695BE-09
6861697E-10-0.2116182E~10
4144064E-08-0.7720770E-08
3265102E-08-0.1468668E-08
1202780E-08 0.9911803E-09
1025378E-08 0.1214112E-08
1291734E-07-0.1383250E~07
1990057E-08 0.3107589E-08

0.7521641E-09

0.1675446E-08

0.3199461E-08

0.3282641E-08

0.1663302E~08

0.2521995E-08

0.8329434E-08

0.1983894E-08

0.5004377E~08

0.2830317E~07

0.6792439E-08
9733213E-09 0.2995725E~-09
0.1978146E-07
0.2194105E-07
0.3581846E-08
0.2836593E-08
0.7149047E-07
0.1278024E-07
0.1025661E~-08
0.6592886E-08
0.2174382E-07
0.35485%1E-08
0.2210305E-08
24310B5E-08-0.8023705E-08
2365969E-07-0.1560525E-07
380L6B0E-08~-0.2375223E~08

B-34



-0

-0

-0

=if)

.1036440E-08-0.
.6431736E-09-0.
-0.

6270679E-07-0.

.1123093E-07-0.
.2231177E-08 0.
0.
.26789B7E-07~0.
.3864835E-08-0.
0.
=0
-,

5373480E~07-0.

7629027E-07-0.
7705628E-07~-0.
7753536E-07~0.

. 7771585E-07-0.
0.
.1821842E~07-0.
-0.
-0,
=0.
~-0.
-0.

1807763E-07-0.

1830905E-07-0.
4645358E-07-0.
4703927E-07-0.
4738215E-07-0.
4754565E-07-0.

. 3775405E-07~0.
=0,
=Q.
+0.
-0,
=
=0,
=,
=0,
=0.
-D.
-0
=0.
'
0
-0,
0.
i
=0.
=R
=0.
0,
o
=0.
=0
-0,
-0 .
-@ .
.
=0,
L
8.
=0.
ot
L
-0,

3812191E-07-0.
3838563E-07-0.
4057812E-07-0.
4128963E-07~0.
4173355E~07-0,
4197651E~07-0.
3989782E-07-0.
4065179E-07-0.
4112457E-07-0.
4128187E~07-0.
4048212E-07~0.
4130350E-07-0.
4173375E-07-0.
3930723E-07-0.
4090597E-07~-0.
4188837E-07-0.
4208979E-07-0.
397883BE~07-0.
418344BE-07-0.
4241158E-07-0.
3865102E-07-0,
4063761E~07-0.
4277056E-07-0.
4266640E-07~0.
3610446E-07-0.
4248222E-07-0.
4303325E-07-0.
4274481E-07~0.
3918565E-07-0.
4383001E-07-0.
4302732E-07-0.
3739220E-07-0.
4227105E-07-0,
4390139E-07-0.
4294105E~07-0.

3190386E~09 0.
5516531E-08-0.
4472566E-07-0.
7478010E-08-0.
3000254E-08 0.
1113192E-06-0.
1941779E~-07-0.
1620623E-08-0.
7656790E~-07-0.
77165%06E-07-0.
7759911E-07-0.
1786668BE-07-0.
1810755E-07-0.
1824193E-07-0.
1831789E-07~0.
4661705E-07-0.
4711695E-07-0.
4743213E-07-0.
4755051E-07-0.
3762913E-07-0.
3818712E-07-0.
3841624E-07-0.
4071365E-07-0.
4138668BE-07-0.
4180222E~07-0.
4199312E-07-0.
4015274E-07-0.
4076797E-07-C.
4118176E-07-0,
3961226E-07-0.
4066224E-07-0.
4142818E-07-0.
417€718E-07-0.
3956575E-07-0.
4117801E-07-0.
4196524E-07-0.
4209314E-07~0.
4019356E-07-0.
4208013E~07-0
4241623E-07-0.
3846582E-07-0.
4135847£-07-0.
4280365E-07-0.
4264254E-07-0.
3891649E-07-0.
4288923E-07-0.
4294002E-07-0
3828752E-07-0.
4055401E~07-0.
4371012E~07-0.
4293306E-07-0.
3658802E-07-C.
4551743E-07-0.
4357712E-07-0.
4291667E-07-0.

2210390E-08 ©
3698660E-07-0

3200396E~07-0.
4592327E-08-0.
3170595E-08-9.

8607191E-07-0

1368224E-07-0.

4647966E-09-0

T669225E-07-0.
7727482E-07-0.
7764964E-07-0.
1791961E-07-0.
1813701E-07-0.
1826304E-07-0.
1832325E-07~0.
4679695E-07-0.
4719116E-07-0,
4747398E-07-0.
3732737E-07-0.
3790470E-07-C.
3824693E-07-0.
3843B33E-07-0.
4088895E-07-0.
4148135E-07-0.
4186141E-C7-0.
4199866E-07-0.
4027607£-07-0,
4087487E-07-0.
4122578E-07-0.
3974834E~-07-0.
4083524E-07-0.
4153325E-07-0.
4178655E-07-0.
4005082E-07-0.
4141928E-07-0.
4202353E-07-0.
3894743E-07-0.
4064473E-07-0.
4224295E-07-0.
42413B0E-07-0.
3857543E-07-0.
4192522E-07~0.

42785%94E-07-0
4263429E-07-0
3968261E~07-0
4313331E-07-0
42858228-07-0
3777176E-07-0
4236893E~07-0
4351535E~07-0
4287667E-07-0
3675107E-07-0
45048B34E-07-0
§332800E-07-0
3799589E-07-0

. 3053450E-C8 0,
.B856180E-07-0.
2278190E-07-0.
1960841E-08-0
4845777E-09-0
.5008407E-07~0.
9543413E-08-0.
.1581224E-07-0.
7681621E~07-0.
7737204E-07-0.
71768625E-07-0.
179808€E-07-0,
1816557E-07-0.
1828142E-07-0.
1832505E~07-0.
4687811E-07-0.
4726077E-07-0.
4750713E-07-0.
3744572E-07-0,
3797952E-07-0.
3830043E-07-0.
384516BE-07-0.
4109564E-07-0
4157178E~07-0.
4191045E-07-0.
3956065E-07-0.
4040261E-07-0.
4097068E-07-0.
4125690E-07-0.
399B8695E-07-0.
4100354E~07-0.
4161847E-07-0.
4179289E-07-0.
4032281E-07-0.
4161811E-07-0.
4205822E-07-0.
3892307E-07-0.
4109191E-07-0.
4234014E-07-0.
4241018E-07-0.
3935226E-07-0.
238017E-07-0.
.4274631E-07-0.
.384B476E-07-0.
.4066545E~07-0.
.4317324E-07-0.
.4279615E-07-0.
.3740520E-07-0,
.4301645E-07-0
.4332511E-07-0.
.4285792E-07-0.
.3811284E-07-0.
.4477966E-07-0.
4314245E-07-0.
.3703908E-07-0,

B-35

3034695E-08
9242552E-07
161531%E-07

.5857024E-09
.4990281E-08

3908775E-07
6341810E-08
7603453E-07
7693811E~07
7745930E-07
7770B43E-07
1804764E-07
1819285E-07
1829683E-07
4631407E-07
4695927E-07
4732475E-07
4753112E-07
3759C18E-07
3805233E~-07
3834687E-07
3845615E-07

.411%200E~07

4165634E-07
4194890E~07
3969809E-07
4052907E-07
4105413E-07
4127542E-07
4032189E-07
4116081E-07
4168477E-07
3923003E-07
4061351E-C7
4177349E-07
4207895E~07
3915176E~07
4150466E-07
4239061E-07
4240B63E-07
3994906E-07
4264292E-07
4270295E-07
3616253E-07
4154172E-07
4312194E-07
4275776E-07
3811125E-07
43788B34E-07
431588BE-Q7
3812531E~07
4075923E-07
4428457E-07
4301529E~07
3561726E-07

NUREG/CR-6515



-~

B.3.4 BLT-EC Main Input File for the Tv.o-Dimensional Reactive Transport Problem

The preceeding file 1s read by BLT-EC dunng execution, flag KVI=1. The man BLT-EC input file for this two-dimensional

. 3468573E-07-0.

4677927E-07-0.

A344822E-07-0.
< 3796692E-07-0.
«2551064E~-07-0.
.4523651E~07-0.
.4295981E-07-0.
-3464560E-07-0.
. 1620340E-07~0.
.63B3908E-07-0.
.4223414E-07-0.
.«667036E-07-0,
.5294842E-07-0,
-419B059E-07-0.
+3T45675E-07-0.
-4385221E-07-0.
.44552¢4E-07-0.

406" ,80E~-07-0.

.2228059E-07-0.
.5548622E-07-0.
.4037689E-07-0,
.3893380E-07~0,
.1008031E-07-0.
.4146652E-07-0.

3863963E-07-0.

.394488B0E-07-0.
. T1232656E-07-0.
.3632551E~07-0.
.3769873E-07-0.
+9257190E~07~0.
.2649366E-07-0.
.3598643E-07-0.
,3989192E~07-0.
.1015743E-06 0,
.3208632E-07-0.
«36980B4E~07-0.
.421B28B3E~07-0.
.3565847E-07-0.
.3799546E-07-0,
.4002343E~07-0.
.5935444E-07-0.
.4029326E-07-0.
«3979824E-07-0.

example problem 1s

C #%wes DATA SET 1:

NUREG/CR-6515

3490444E-07-0
4527864E-07-0,
4322913E-07-0.
3680943E-07-0.
STS0538E-07-0.
4450616E-07-0.
4285514E-07~0.
2%920610E-07-0.
5178443E-07-0.
4314073E-07-0,
3817591E~07-0,
B6BEYI4E-08-0,
4771541E-07-0.
4165009E-07-0.
3562641E-07-0.
7940311E-07-0.
4269133E-07-0.
4057355E~07-0.
2891492E-07-0.
5107490CE-07-0.
3994977E~07-C.
3850252E-07~0.
4302071E-07-0.
3993436E-07~0.
3865947E-07~-0.
4106866E-07-0.
3269538BE-07-0.
36681720E-07-0.
3958197E-07-0.
6802047E-07-0.
3015385E-07-0.
3652913E-07-0.
3959879E-07~0.
1757076E-07-0.
3406B99E-07-0.
3708703E-07-0.
4134845E-07-0.
33B84360E-07~-0,
3831037E-07-0.
4006166E-07-0,
4972392E-07-0.
3999364E-07-0,
3972276E-07-0,

3976951E-07-0.
4473304E-07-0.
430803%E~-07-0.
3495970E-07-0.
5898483E-07-0.
4384956E-07~0.
4282157E-07-0.
2YB1281E-07-0.
5049390E-07-0.
§268825E-07-0.
3705158E-07-0.
4409752E-07-0.
4523797E-07-0.
4148104E-07-0.
2930378E-07-0.
5765025E-07-0.
4167193E-07-0.
3864198E-07-0.
7119687E-08-0.
4529035E-07-0.
3974677E-07-0.
3820210E-07~-0.
8101897E~07-0,
3906590E~-07-0.
3B66%42E-07-0.
5014025E-07-0.
3789016E-07-0.
3718719E-07~0.
3944901E-07-0.
8793127E-07~0.
3225740E-07-0.
3663434E-07-0.
4528472E~-07-0.
2901118E-07-0,
3527049E~-07-0,
3999150E-07-0.
7388612E-07-0.
3609348E-C7~-0.
3849299E-07-0.
3995731E-07-0.
343933€E~07-0.
3999309E-07~0.
3969809E-07

4€331278-07-0.
4415226E-07-0.
429946%E-07-0.
3179573E-07-0.
471€977E-07~0,
4343695E-07-0,
3802871E-07-0.
1132030E-07-¢
4658603E-07-0 .
424213BE~07-0.
3483106E-07-0.
7993368BE-07-0,
4353804E-07-0,
4142961E-07-0,
2657738E-07-0,
5328422E-07-0.
410B495E-07-0.
3796415E-07-0.
4512410E-07-0,
4278545%E-07~0.
3965758E~07-0,
3705121E-07-0.
5007600E~07-0.
3874806E-07~0.
3924829E-07-0.
2C83072E-07-0.
3522246E-07-0.
3747153E-07-0.
3991737E-07-0.
1036633E-07-0.
3396676E-07-0.
3692884E-07-0.
4247511E-07-0.
2391173E-07-0.
3613533E-07-0.
4003232E-07~0.
6239805E~-07-0.
3680419%E-07-0.
3B57439%E-07-0.
4138960E-07-0.
4240B13E-07-0,
3981879E-07-0.

B-36

4590244E-07
4375603E-07
4296663E-07
3251042E-07
4717102E-07
4314528BE-07
3678136E-07

-4950177E-07

4504608E-07
4227859E-07
2B848564E-07
570621%E-07
4256783E-07
3838381E-07
6935050E-08
4737205E-07
4077178%E~07
3687932E-07
7922595E-07
4118001E~07
3963333E-07
3583699E-07
458428B2E-07
3864298E-07
3895157E-07
6497937E-07
3604743E-07
3764078E-07
4367527E-07
2516198E-07
3515067E-07
3978293E-07
1099640E-06
3026362E-07
3667683E-07
3988762E-07
1965578E-07
3754148E-07
3860983E-0C7
3879177E-07
3960186E-07
3986441E-07

TWO-DIMENSIONAL EXAMPLE APPLICATION
USES MESH AND FLOW FROM Prob.5 IN ELT-EC NUREG/CR-630S5



#wve¢+ DATA SET 2: INTEGER PARAMETERS FOR INPUT, STORAGE AND
RESTART CONTROL

KVI KSTR NSTR KSS
1 0 0 1

w##++ DATA SET 3: INTEGER PARAMETERS FOR CONTAINERS AND WASTE
NCON NCTYPE NWTYPE IDIFF IACT
6 1 b | 1 0

###++ DATA SET 4: INTEGRATION INTEGER PARAMETERS
ILUMP IMID IWET IOPTIM
1 0 1 0

w#+++ DATA SET 5: INTEGER SOLUTION CONTROL PARAMETERS
NTI NITER NDTCHG NPITER IPNTS
300 1 1 1 0

#e4++ DATA SET 6: GRID AND ELEMENT PARAMETERS
NNP NEL NMAT NCM KMESH
450 408 4 140 1

###++ DATA SET 7: INTEGER PARAMETERS FOR BOUNDARY CONDITIONS

NDNP NDPR NDDP

18 1 2

NVNP NVES NVPR NVDP
ise 17 1 2

®##%«+ DATA SET 8: INTEGER PARAMETERS FOR SOURCES

NSEL NSPR NSDP
0 0 0
NWNP NWPR NWDP
0 0 0
NLEL NLPR NLDP
25 1 2

##w++ DATA SET 9: CHEMICAL COMPONENT INFORMATION
NON NONC LNH LNE
9 9 5 11

CNAM () IND(J) 1INDC(J) CSAT(J) T(1/2) JDOTER1 DFRAC1 JDOTER2 DFRAC2

CALCIUM 150 2 1.0dé 1.D32 0 0.0 0 0.0
CARBONATE 140 p 1.0d6 1.D32 0 .0 0 0.0
URANIUM 893 1 1.0d6 1.D32 0 0.0 0 0.0
SULFATE 732 1 1,046 1.D32 0 0.0 0 0.0
HYDROGEN 330 i 1.0d6 1.D32 0 0.0 0 0.0
SOH 811 2 1.0d46 1.D32 0 0.0 0 0.0
MAGNESIUM 460 1 1.0deé 1.D32 0 0.0 0 0.0
PHOSPHATE 580 1 1.0d6 1.D32 0 0.0 0 0.0
ZINC 950 1 1.0d6 1.D32 0 0.0 0 0.0

B.37 NUREG/CR-6515



(S

C LA A A S

C R W Ew

C *hhEe

C AEEEw

c LR A A R

O weraw
PR1
AL
10.
10.
10.
10.

C sty

C #rnur

CALCIUM

DATP SET 10: TIME INTEGRATION CONTROL PARAMETERS

DELT
.50

CHNG DELMAX TMAX

0.0D0 0

.50

102.0

DELTA T CHANGES AT YEAR (SEC):

1.0D

DATA SET 11:

38

OME OM1
1.0D0 1.0D00O
DATA SET 12:
WIDFAC

2.0

APHAG

1

.0DO0

NODAL POINT COORDINATE

DATA SET READ FROM FEMWATER FILE

DATA SET 12A: AUTOMATIC MESH GENERATION

(DATA SET NOT USED)

DATA SET 12B: ELEMENT INCIDENCES
(DATA SET NOT USED)

DATA
PR2
AT

10.

10.

10.

10.

DATA
MI
242
259
276
293
310
327
344
361
378
i8s
0

DATA
NI

1

271
278
289
296

NUREG/CR-6515

SET 13: POROUS MEDIA PROPERTIES
PR5
CEC

PP3

DM
.0D~8
.0D-5
.0D-5
.0D-5

S ==

PF4

RHOB
TS
.75
D
18

R

OO0 oOoC

O o0ooo

SET 14: MATERIAL TYPE CORRECTION

NSEQ
13
13
13
i3
13
13
13
13
13
13
0

SET 15: INITIAL
NSEQ

269
6
10
6
10

MAD

O B b b b R

M
2

O N NN NDND

ITYP

1.0D0

OO0 0CO0OO0O0DO0OO0OO0ODOO

REAL PARAMETERS FOR NONLINEAR SOLVE
TOLA
1.0D-9

OR PRE-INITIAL CONDITIONS
RAD

NAD

T T T

RNI

(S S e

.7E-04
.7TE-04
. T0E-04
.7E-04
.45E-04

B-38

0
0
0
0
0

. 0DO
.0DO
.0D0
, VDO
. 0DO

1.0D00

PR7
cpP2

0.

o oo
o O o

0

RRD

oo o000

. 0DO
.0D0
. 0D0
.0DO
.0DO

PRE
SREA

o oCc oo
o 0O 0o



307
314
325
332
343
350
361
368
379
g6
397
404
415
422
433
440
0
CARBONATE

1

271
275
289
293
307
311
32%
329
343
347
361
365
379
383
397
401
415
419
433
437

URANIUM

271
275
289
293
307
311
325
329
343
347
361

269

13

13

13

13

13

13

13

13

13

i3

269

13

13

13

13

13

T = -

Sl ol I T S S S S S S S S T OB H B e

o S S S S S S

.7E-04
,45E-04
.7E-04
.45E-04
.TE-04
.45E-04
.7E-04
.45E-04
.7E-04
.45E-04
.7E-04
. 70E-04
. 7E-04
.70E-04
.7E-04
. 70E-04
.0DOO

Tl T I SIS C RS SRS S N S

o

.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-~4
.00D-4
.00D-4
.00D-4
.00D-4
.00D-4
.0D00

e I S S e S o ol I S = O U

.0D-20
.0D-20
.0d-20
.0D-20
.0d-20
.0D-20
.04-20
.0D-20
.04-20
.0D-20
.0d4-20
.0D-20

I S S

B-39

O 000 Q000D 0DO0O0CD OO0V oOoOo0DOO0O

D000 O0DO0OCO0O0D0O0O0DO0CDO0OO0DO0OO0CCcCOO0OO

o

OO0 00000 O0CO o0 -

.0DO
.0DO
.0DO
.0DO
.0DO
. 0DO
. ODO
.0DO
.0DO
.0DO
.0DO
.CDO
.0DO
.0DO
.0DO
.0D0O
.0DO

.0DO
.0DO
.0D0
.0DO
.0DO
. 0DO
.0DO
.0D0
. 0DO
.0DO
.0D0
.0DO
.0DO
.0DO
.0D0
.0DO
.0D0
.0D0
.0DO
.0DO
.0D0
.0DO

. 0DO

0DO

.0DO
.0DO
.0DO
.0D0
.0D0
.0DO
.0D0
.0DO
.0D0
.0DO

D0 000000000 DO0OO0O O OO

OO0 0000000000000 O0OCO0O0O0OO0O0O

0O 0000000000 o

.0DO
.0DO
. 0DO
.0DO
.0DO
.0D0
.0DO
.0D0
.0DO
.0DO
.0DO
.0D0
.0DO
.0DO
.0D0
.0DOo
.0DO

.0DO
.0DO
.0DO
.0DO
.0DO
.0Do
.0DO0
.0DO
.0D0
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO

.0DO
.0DO
.0D0O
.0DO
.0DO
.0DO
.0DO
.0D0
.0DO
.0DO
.0DO
.0DO

NUREG/CR-6515



365
379
383
397
401
415
419
433
437

SULFATE

271
278
289
293
307
311
325
329
343
347
361
365
379
-83
397
401
415
419
433
437
0
HYDROGEN

1
271
278
289
296
307.
314
325
332
343
350
361
368
379
386
397
404
4185
422

NUREG/CR-6515

13

13

13

13

13

269

13

13

13

13

13

i3

13

13

13

13

269

10

10

10

10

10

10

10

10

10

- I = S T S

L T e e e e e = I S Sy T S

e I S S S S S T I T T S S S S S

.04-20
.0D-20
.0d-20
.0D-20
.0D-20
.0D-20
.0D-20
.0D-20
.0D-20
.0D00

O B R e e

.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-§
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.00D-5
.0D00

O W W W WwwWwwwwivw wWwww Wwiw W wwww

.1E-04
.1E-04
.1E-04
.1E-04
.0E-05
.1E-04
.0E-05
.1E-04
.0E-05
.1E-04
.0E-05
.1E-04
.0E-05
.1E-04
.0E-0§
.1E-04

1E-04
.1E-04
.1E-04

Tl e e S S S R e T T T

B-40

OO0 O0CDO0OO0OO0CO0OO0OO0CO

O0O0O0O0DO0O0DO0DO0O0DO0ODO0OCLCOOCQOOOCOOD OO0

O 00000 0DO0DO0ODO0ODO0ODCOD0DOO0ODO0OO0OO

.0D0
.0DO
.0DO
.0DO
.0D0
.0DO
.0D0
.0DO
.0DO
.0DOo

.0DO
.0D0
.0DO
.0DO
.0D0
.0D0
.0DO
.0D0
.0DO
.0DO
.0DO
.0DO
.0DO0
.0D0
.0DO
.0D0
.0D0
.0DO
.CDO
.0DO
.0DO
.0DO0

.0DO
.0DO
.0D0
.0D0
.0D0
.0D0
. 0DO
.0DO
.0DO
. 0DO
.0D0
.0DO
.0DO
.0DO
.0D0
.0DO
.0DO
.0DO
.0DO

OO0 O0cOO0OO0OO0ODOCOoOCQCC

Q0000000 0CO0ODO0OCO0DOO0ODO0OO0OOCO0OO0 O

0O0000D0O0CDO0O0CDO0ODO0OO0DDODO0OO0COOOCO

.0DC
.0DO
.0D0
.0DO0
.0DO
.0D0
. 0DO
.0D0
. 0DO
. 0DO

.0DO
.0DO
.0DO
. 0DO
. 010
. 0o
. 0DC
.0DO
.0Do
.QDO
. 0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
. 0DO
.0DO0
.0DO
.0DO

.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0DO
. 0RO
.0DO
.0DO
.0DO
. 0DO
.0DO
.0DO
.0DO
.0DO
.0DO
.0D0



433
440

SOR

271
275
289
293
307
311
328
328
343
347
361
365
379
383
397
401
415
419
433
4137

MAGNESIUM

271
275
289
293
307
311
326
329
343
347
361
365
379
383
397
401
415
419
433
437
0
PHOSPHATE

1

271
2758

269

13

13

13

13

13

13

13

13

13

13

269

i3

13

13

13

13

13

13

i3

13

i3

269

i3

O

L N il ol o I S R S S W S

I e S R o o S S S S S

e

1.1E-04
1.1E-08

o I S I S S S T o i O i S S U S

l= T S S S S S S S R o e e i = S S I S

.0D00

.00d-5
.00d-5
.00d-5
.004-5
.00d-5
.00d-5
.004-5
.00d-5%
.004-5
.004-5
.004-5
.00d-5
,00d-5
.00d4-5
.00d4-5
.00d4-5
.00d-5
.004-5
.00d4-5
.004-5
.00d4-5
.0D00o

.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.20D-4
.0D0O

5.00D-7

wn

B-41

.00D-7
.00D-7

Lo =

0O 000 O0O0DO0O0DO0CO0ODO0ODODOCO0ODO0OO0CDODODOCO

O 00 Q000000000 O0DO0O0DO0DO0OCOO0O0OO

o

.0DO
.0DO
.0DO

.0D0
.0DO
.0DO
. 0DV
.0DO
.0DO
.0DO
.0D0
.0D0
. 0D0
.0D0
.0DO
.0DO
.0DO
.0DO0
.0D0
.0DO
.0DO
.0D0O
.0DO
.0DO
.0DO

.0D0
.0DO
.0DO
. 0DO
.0DO
.0D0
.CDO
.0DO
.0DO0
. 0DO
. 0DO
.0DO
.0DO
.0DC
.0D0
.0DO
.0DO
. 0DO
. 0RO
.0D0
.0DO
.0DO0

. 0DO
.0DO
.0DO

o o o

OO0 O0O00DC0O0DO0OO0OCOO0ODOO0DO0OC0COQCOC OO

OO0 00000000 O0DO0OCO0OO0COCCO0O0DQCO0OO0 O

o o

.0D0
.0DO
.0DO

.0DO
.0DO
.0DO
. 0D6
. 0DO
.0DO
.0DO
.0DO
.0DO
.0D0O
.0Do
.0DO
.0DO
.0DO
.0D0O
.0DO
.0DO
.0D0
.0DO
.0DO
.0DO
. 0DO

.0D0
.0D0
.0D0
.0DO
.0DO
.0DOo
.0D0
.0DO
.0D0
.0D0
.0DO
.CDO
.0DO
.0D0
.0DO
.0DO
.0D0
.0D0
.0DO
.0DO0
.0DO
. 0DO

.0DO
. 0DO
.0DO

NUREG/CR-6515



ZINC

271
275
289
293
307
31l
325
329
342
347
361
365
379
g3
387
401
415
419
433
437
0

C #++*%+ DATA SET 16: VARIABLE BOUNDARY
t* B.C. CALCIUM #+

TCDBF-1,1 CDBF-1,1

1.70D-04

0.0D0

MI
1
0

NUREG/CR-6515

269
3
13
3
13
3
i3
3
13
3
13
3
13
3
13
3
13
3
i3
3
13
0

NSEQ

16
0

© B b R R B B b B RS B B B

L T S S S e S T T W o

TCDBF-2,1

MIAD

1
0

** B.C. CARBONATE **

.00D-7
.00D-7
.00D-7
.00D-7
.00D-7
.00D-7
.00D-7
. 00D~-7
.00D-7
.00D-7
.0CD-7
.00D-7
.00D-7
.00D~7
.00D-7
.00D-7
.00D-7
.00D-7
.0D0O0

oOwvuUUOuUuUUUuULnUuEeUVVEVLTEVL O,

.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D~7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.60D-7
.0DOO0

L= e e e B B B e B B B I I B B B S e e |

CONDITIONS

CDBF-2,1
1.70D-04

MITYP

-
-

0

B-42

O O0C 0000000000000 O0DO0O0COO0ODO O

CO0O0OO0O0DOoODO0O0O0DO0ODOO0OO0O0DOQCOO

.0DO
. 0DO
.0DO
.0DO
.0DO
. 0DO
.0D0
.0DO0
.0DO
. 0D0
.0DO
.0DO
.0DO
.0D0
.0DO
.0D0
.0D0
.0DO

.0DO
.0D0
.0D0
.0DO
.0DO
.0DO
.0DO0
.0DO
.0D0
.0DO
.0DO
.0DO
.0DO
.0DO
. 0D0
.0DO
.0D0
.0DO0
. 0DO
. 0D0
.0DO
.0D0

0O 0 0C 00000000 CO0D0O0CO0OCD OO O

MTYPAD

OO0 00000000 0DO0O0DOODO O OO

.0DO
.0D0O
.0DO
.0D0O
.0DO
.0DO
.0DO
.0DO
.0D0
.0DO
.0DO
.0DO0
. 0DO
.0DO
. 0DO
.0DO
.0DO
.0D0

.0DO
.0D0
.0D0
. 0DO
.0D0
.0bo
.0DO
. 0DO
. 0DO
.0DO
.0D0
.0D0
.0D0
.0DO
.0D0
.0DO
.0DO0
.0DO0
. 0DO
.0DO
.0DO
.0DO




TCDBF-1,2 CDBF-1,2 TCDBF-2,2 CDBF-2,2
0.0D0 1.0D-04 1.0D20 1.0D-04

MI NSEQ MIAD MITYP
1 16 3 1
0 0 0 0

*+ B.C. URANIUM #»
TCDBF-1,3 CDBF-1,3 TCDBF-2,3 CDBF-2,3
0.0D0O 1.0D-20 1.0D20 1.0D-20

MI NSEQ MIAD MITYP
1 16 1 &
) 0 0 0

** B.C. SULFATE ++
TCDBEF-1,3 CDBF-1,3 TCDBF-2,3 CDBF-2,3
0.0D0O 3.0D-05 1.0D20 3.0D-08

MI NSEQ MIAD MITYP
1 16 1 1
0 0 0 0

** B.C. HYDROGEN #+
TCDBF-1,5 CDBF-1,5 TCDBF-2,5 CDBEF-2,5
0.0D0 1.1D-4 1.0D20 1.1D-4

MI NSEQ MIAD MITYP
1 16 1 1
0 0 0 0

** B.C. SOR =~
TCDBF-1,6 CDBF-1,6 TCDBF-2,6 CDBF-2,6
0.0D0 1.0D-05 1.0D20 1.0D-05

MI NSEQ MIAD MITYP
3 16 1 1
0 0 0 0

*+ B.C. MAGNESIUM w+
TCDBF-1,5 CDBF-1,5 TCDBF-2,5 CDBF-2,5
0.0D0 1.2D-04 1.0D20 1.2D-04

MI NSEQ MIAD MITYP
1 16 1 1
0 0 0 0

** B.C. PHOSPHATE #+
TCDBF-1,5 CDBF-1,5 TCDBF-2,5 CDBF-2,5
0.0DO 5.0D-07 1.0D20 5.0D-07

MI NSEQ MIAD MITYP
1 16 1 1

B-43
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0 0 0 0

** B.C. ZINC »¢

TCDBF-1,5 CDBF-1,5 TCDBF-2,5 CDBF-2,5

0.0D0

MI
0

NI

MI NSEQ

1 16
0 0

7.6D-07 1.0D20 7.6D-07

NSEQ MIAD MITYP MTYPAD
i6 1 | 0
0 0 0 0

*+ GLOBAL NODE NUMBER *+*

NSEQ NIAD NODE NODEAD
17 1 433 1
0 0 0 0

*+ BOUNDARY ELEMENT SIDES *+
M Is1 Is2 MIAD MAD IS1AD IA2AD
382 1 2 1 1 1 1
0 0 0 0 0 0 0

C #w%»++ DATA SET 17: DIRICHLET BOUNDARY CONDITIONS

*+ B.C. CALCIUM #*+

TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0

NI
1
0

1.7D-4 1.0D3e 1.7D-4

NSEQ NAD NITYP NTYPAD
17 1 A 0
0 0 0 0

** B.C. CARBONATE **

TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0

NI
1
0

1.0D-4 1.0D38 1.0D-4

NSEQ NAD NITYP NTYPAD
17 % i | 0
0 0 0 0

*+« B.C. URANIUM #+#

TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDBF-2,1

0.0D0

NI
1
0

1.0D-20 1.0D3¢ 1.0D-20

NSEQ NAD NITYP NTYPAD
17 1 1 0
0 0 0 0

s+ B.C.. SULFATE *+

TCDBF-1,1 CDBF-1,1 TCDBF-2,1 CDEF-2,1

0.0D0O
NI

2
0

NUREG/CR-6515

3.0D+-8 1.0D28 3.0D-5

NSEQ NAD NITYP NTYPAD
17 1 : | 0
0 0 0 o
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** B.C. HYDROGEN +*+

TCDBF-1,1 COBF-1,1
0.0D0 1.1D-4

NI NSEQ
1 37
0 0

TCDBF-2,1
1.0D38

NAD
1
0

*¢ B.C. BONe»

TCDBF-1,1 CDBF-1,1

0.0DO 1.0D-5
NI NSEQ

3 N

0 0

TCDBF-2,1
1.0D38

NAD
:
0

** B.C. MAGNESIUM #v

TCDBF-1,1 CDBF-1,1
0.0D0 1.2D-4

NI NSEQ
1 17
0 0

TCDBF-2,1
1.0D38

NAD
3
0

*+ B.C. PHOSVAATE #*+

TCDBF-1,1 CDBF-1,1
0.0Do 5.0D-7

NI NSEQ
1 17
0 0

TCDBF-2,1
1.0D38

NAD
1
0

** 3.C. ZINC »»

TCOBF-1,1 CDBF-1,1

0.0DC 7.8D-7
NI NSEQ
1 17
0 0

TCDBF-2,1
1.0D38

RAD
1
0

CDBF-2,1
1.0D-5

NITYP

CDBF-2,1
5.04-7

NITYP

CDBF-2,1
7.6D-7

NITYP
1
0

*+ GLOBAL DIRICHLET NODES ++

NI NSEQ
1 17
0 0

NIAD
|
0

NODE
433
0

C #wess DATA SET 18: ELEMENT SOURCE/SINK DATA
(DATA SET NOT USED) .

C #weev DATA SET 19: WELL (POINT)

(DATA SET NOT USED)

NTYFAD

o

NTYPAD

NTYPAD

NTYPAD

o

NTYPAD

NODEAD
1

SOURCE/SINK DATA

C #weees DATA SET 20: ELEMENT LEACH SOURCE/SINK DATA
LEACHING ELEMENTS ARE:
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263 264 265 266 267 268 269 270 271 272 280 297 314 331 348
365 366 367 36B 369 370 371 372 373 374

** CALCIUM we
TLEA-1,1 QLEA-1,1 TLEA-2,1 QLEA-2,1

0.0DO 0.65D-14 1.0D38 0.65D-14

NI NSEQ NAD NITYP NTYPAD
1 24 1 1 0

0 0 0 0 0

** CARBONATE ++*
TLEA-1,2 QLEA-1,2 TLEA-2,2 QLEA-2,2

0.0D0 0.0D-14 1.0D38 0.0D-14

NI NSEQ NAD NITYP NTYPAD
1 24 1 1 0

0 0 ¢ 0 0

**  URANIUM #+
TLEA-1,3 QLEA-1,3 TLEA-2,3 QLEA-2,3

0.0D0 0.0D-14 1.0D38 0.0D-14

NI NSEQ NAD NITYP NTYPAD
1 24 1 1 0

0 0 0 0 0

% SULFATE »+
TLEA-1,4 QLEA-1,4 TLEA-2,4 QLEA-2,4

0.0D0 0.0D-14 1.0D38 0.0D-14

NI NEEQ NAD NITYP NTYPAD
1 24 1 1 0

0 0 0 0 0

** HYDROGEN »*+
TLEA-1,5 QLEA-1,5 TLEA-2,5 QLEA-2,5

0.0D0 ~1.3D-14 1.0D38 -1.3D-14
NI NSEQ NAD NITYP NTYPAD
1 24 - & 1 0
0 0 0 0 0
*%  SOH %+
TLEA-1,6 QLEA-1,6 TLEA-2,6 QLEA-2,6
0.0D0 0.0D-14 1.0D38 0.0D-14
NI NSEQ NAD NITYP NTYPAD
1 24 1 b 0
0 c 0 0 0

** MAGNESIUM ++
TLEA-1,7 QLEA-1,7 TLEA-2,7 QLEA-2,7
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C ##+v» DATA SET 21: WASTE CONTAINER PARAMETERS

0.0D0

NI

0.0D-14
NSEQ

24
0

L

1.0D38

NAD
b |
0

PHOSPHATE #»

0.05D-14

NITYP
1
0

TLEA-1,8 QLEA-1,8 TLEA-2,8 QLEA-2,8

0.0D0

NI
1
0

0.0D-14

NITYP
1
0

TLEA-1,9 QLEA-1,9 TLEA-2,9 QLEA-2,9

0.0D0

NI
1
0

THICK)

0.127

GRATE1
2.0D-10

0.0D-14 1.0D38
NSEQ NAD

24 1

0 0

**  ZINC w+
0.0D-14 1.0D38
NSEQ NAD

24 i

0 0

PITN1
0.29

CLAY1
0.15

NELCON1 NELCON2 X3

299 302
MI NSEQ
| 5
0 0

PITK1
0.074

SPH1
€.0

X4

MAD

1
0

0.0D-14

NITYP
1
0

AREA1L
2.1D04

IAER1

2

MITYP
1
0

NTYPAD

NTYPAD

NTYPAD

ASCALE1l
0.2

PITS1
5.0D03

X5 X6 X7 X8 X9 X10
305 333 336 339

MTYPAD
0
0

C wwewes DATA SET 22A: WASTE FORM LEACHING PARAMETERS
WASTE FORM 1
SFRACT1,1 PFRACT1,1 BFRACT.,1 DEFF1,1

W1l-1I801

W1l-1I802

W1-1I803

0.000

PARTKO1,1
0.0

SFRACT1,1
©.000

PARTKO1,1
0.0

SFRACT1,1
G.00010

0.000

PARTKI1,1
0.0

PFRACT1,1
0.000

PARTKI1,1
0.0

PFRACT1,1
0.000

0.000

PARTD1,1
0.0

1.0D-8

BFRACT1,1 DEFF1,1

0.000

PARTD1,1
0.0

1.0D-8

BFRACT1,1 DEFF1,1

0.99990

1.0D-8
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DISOL1,1
1.0D-11

DIisoOLl,1
1.0D-11

DISOL1,1
2.0D-7
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e

W1-1804

W1-1805

W1-18506

W1-1807

wW1-1808

W1-1509

C sowry

PARTKO1,1
0.0

SFRACT1,1
0.000

PARTKOL, 1
0.0

SFRACT1,1
0.000

PARTKO1 ,1
0.0

SFRACT1,1
0.000

PARTKO1,1
0.0

SFRACT1,1
0.000

PARTKO1, 1
0.0

SFRACT1,1
0.000

PARTKO1,1
0.0

SFRACT1,1
0.000

PARTKO1,1
0.0

POREL]
2.5D1

DATA SET 22B:

WTINIT1,1
0.0

WTINIT1,2
0.0

WTINIT1,3
1.0

WTINIT1,4

NUREG/CR-6513

PARTKIL, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

PFRACT1,1
0.000

PARTKI1, 1
0.0

VOLWF1
1.0D6

Xz X3
0.0 0.0
Y2 X3
0.0 0.0
X2 X3
1.0 1.0
X2 X3

FARTD1, 1
0.0

BFRACT1,1
0.000

PARTD1,1
0.0

BFRACT1,1
0.000

PARTD1, 1
0.0

BFRACT1, 1
0.000

PARTD1,1
c.0

BFRACT1,1
0.000

PARTD1, 1
0.0

BFRACT1, 1
0.000

PARTD1,1
0.0

BFRACT1,1
0.000

PARTD1,1
0.0

WWF1
1.0D0

X4 X5
0.0 0.0
x4 X5
0.0 0.0
X4 X5
1.9 1.0
X4 X5

DEFF1,
1.0D-8

DEFF1,
1.0D-8

DEFF1,
1.0D-8

DEFF1,
1.0D-8

DEFF1,
1.0D-8

DEFF1,
1.0D-8

X6 X7
00

X6 X7
0.0 0.0
X6 X7
1:0 3.0
Xé X7
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1

1

1

1

1

1

DIsSOL1,1
1.0D-11

DIsOL1,1
1.0D-11

DIsOL1,1
1.0D-11

DISOL1,1
1.0D-13

DIsSOL1,1
1.0D-11

DIsOLl,1
1.0D-11

INITIAL MASSES OF EACH WASTE ELEMENT

X8 X9

0.0 0.0 0.0

Xe X9
0.0 0.0
b ] X9
1:0 3.0 %.
X8 X9

Xl0C
0.0

X10

X10



l

0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WTINIT1,5 X2 X3 x4 X5 Xé X7 Xe X9 X10
0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0

WTINIT1,6 X2 X3 X4 X5 X6 X7 X8 X9 X10
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WTINIT1,7 X2 X3 x4 X5 X6 X7 X8 X9 X10
0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

WTINIT1,8 X2 X3 X4 X5 X6 X7 X8 X9 X10
0.0 0.0 0,0 0.0 0.0 0.9 0.0 0.0 0.0 0.0

WTINIT1,9 X2 X3 X4 X5 X6 X7 xe X9 X10
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

C we¢++ DATA SET 22C: READ WASTE TYPE ASSIGNMENTS

MI NSEQ MAD MITYP MTYPAD
1 2 1 1 0
4 2 1 1 0
0 ] 0 0 0

C ww#ws+ DATA SET 23A: PRINT AND AUXILIARY STORAGE CONTROL
INTEGER PRINT PARAMETERS
IITR INTER ICOND NHGCI
0 0 0 0

KPRO,KPR (I),I=1,6NTI

20000000000000000000000000000000000000000000000000000000000000000000006000000000
00000000000000000000000000000000000000002000000000000000000000000000000000000000
00000000C00000000000000000000000000000000000000000000000C00000000000000000000000
00000000000000000000000000000000000000002000000000000000000000000000000000000000

KDSKO, KDSK (1) ,I=1,NTI

00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000007000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000

C w#+++ DATA SET 22B: CHEMICAL OUTPUT AND CHEMICAL PROPERTY TYPE INDICATOR
NCPRT
3

NODEP1,2 NODEP2,2 NODEP3, 2

234 320 321
NI NSEQ NAD NITYP NTYPAD
1 449 1 1 0
0 0 o 0 0

C #s+++ DATA SET 23: VELOCITY AND MOISTURE CONTENT
(DATA SET 1S NOT USED)
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B.3.5 BLT-EC Chemistry Input File for the Two-Dimensional Reactive Transport Problem

The chermustry input file for the two-dimensional example problem 1s
2D EXAMPLE PROBLEM
SAME MESH AS PROB 5 IN NUREG 6305
25.00 MOLAL 0,000 0.00000E+00 0.00000E+0Q0
0.00000E+00
001313301012 000
1 1 2
81
0.000E+00 0.00 0.000 0.000
0.000E+00 0.00 0,000 0.000
0.000E+00 0.00 0.000 0.000
0.000E+00 0.00 C.000 0.000
0.000E+00 0.00 0.000 0.000
811 0.000E+00 0.00 y /ADS1TYP1
z 330 1.000E-32 ~-32.00 y /H+1
150 1.000E-32 -32.00 y /Ca+2
140 1.000E-32 -32.00 vy /CO3-2
460 1.000E~32 -32.00 y /Mg+2
580 1.000E-32 -32.00 y /PO4-3
732 1.000E-32 -32.00 ¥y /804-2
950 1.000E-32 -32.00 y /2n+2
893 1.000E-32 ~-32.00 ¥y /U02+2
0
3
8116930 sohml
0.000000 3.00000 3 1.00000
1.00000 B33 -1.00000 330
0.000000 0.000000 0 0
0.0C2000 0 0 0.000000
0 0 0.000000 0.000000
8113300 s0O
0.000000 -10.3000 2 1.00000
-1.00000 330 0 0.000000
0 0 0.000000 0.000000
0.000000 0.000000 0 0
0.000000 0 0
8113301 sohh
0.000000 $.40000 2 1.00000
1.00000 330 0 0.000000
0 0 0.000000 0.000000
0.000000 0.000000 0 0
0.000000 0 0
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0.00000E+00

0.00000E+00

811
0
.000000
.000000
0 0
811
.000000
0 0
.000000
Bl1
. 000000
0 0
.000000



B.4  BLT-EC Main Output File for the Two-Dimensional Reactive Transport
Problem

The parual main output file follows In ths example, the input is read and prinied on pages B-51 to B-84 Time-dependent
output begins on page B-85 and contains flow rates of each component through the boundaries reicase rates from the
wasteform, and concentration at each nodal point

PROBLEM. 0. .
USES MESK AND FLOW FROM Prob.5 IN BLT-EC NUREG/CR-€305
¢*¢* INTEGER INPUT, STORAGE, & CONTROL PARAMETERS ##*#+

STEADY-STATE CONTROL Wl W'e &
VELOCITY INPUT CONTROL . . . . . , . . 1

STORAGE CONTROL . . . . . ., . . , . . . 0
RESTART CONTROL e 2 » oW b I 0

#*¢* INTEGER PARAMETERS FOR CONTAINERS AND WASTE **++

NO, OF WASTE CONTAINING ELEMENTS. 6
NO. OF CONTAINER TYPES. 1
NO. OF WASTE TYPES. ‘ 1
LEACHING SUBROUTINE FLAG. 1
FLAG FOR INVENTORY UNITS, 0
“#4* INTEGRATION INTEGER PARAMETERS #%++ ;
MASS LUMPING CONTROL 1
MID-DIFFERENCE INDICATOR s 0
UPSTREAM WEIGHTINC TNDICATOR, IWET. 1
WEIGHTING FACTOR OPTIMIZING IWDICATOR . 0 |

**** INTEGER SOLUTION CONTROL PARAMETERS *##e 3

NUMBER OF TIME INCREMENTS . . . ., . . . 300 |
NO. OF ITERATIONS TO SOLVE NONLINEAR EQ 1
NO. OF TIMES TO RESET TIME STEP SIZE 1
NO. OF POINTWISE ITERATIONS ALLOWED 3

IS POINTWISE ITERATION SOLUTION USED? 0

#¢¢* GRID AND ELEMENT PARAMETERS **+**

OLD(0) OR NEW (1) MESH GENERATOR . . . ., 1
NUMBER OF NODAL POINTS. . . . . . . ., 450
NUMBER OF ELEMENTS. . . . . . . . . , . 408
NUMBER OF DIFFERENT MATERIALS ¢ W 4
NUMBER OF CORRECTION MATERIALS. . . . . 140
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NO,
NO.
NO .,
NO.
KO.
NO.
NO.

NO.
NG,
NO.
NO.
NO.
NO.
NO.
NO,
NO.

NUREG/CR-6515

OF SOURCE

NO, OF COMPONENTS,

COMPONENT
CALCIUM
CARBONATE
URANIUM
SULFATE
HYDROGEN
SOH
MAGNESIUM
PHOSPHATE
ZINC

[T . L ST R -

OF SOURCE ELEMENTS
OF SOURCE PROFILE : y
OF SOURCE DATA POINT IN EACH PROFILE .

ELEMENTS

OF SOURCE PROFILE :
OF SOURCE DATA PCINT IN EACH PROFILE g

OF WELL (POINT) SOURCE/SINK NODE POINTS.
OF WELL (POINT) SOURCE/SINK PROFILE ’
OF DATA POINTS IN WELL SOURCE/SINK PROFILE .

HYDROGEN COMPONENT NO.,

ELECTRON COMPONENT NO.,

#s¢» INTEGER PARAMETERS FOR

OF DIRICHLET NODAL POINTS
OF DIRICHLET BOUNDARY COMDIITION ?ROFILEa
OF DIRICHLET DATA POINTS IN EACH PROFILE .
OF VARIABLE BOUNDARY NODE POINTS .

OF VARIABLE BOUNDARY ELEMENT-SIDES

OF INCOMING CON. PROF. FOR VARIABLE BOUNDAR!
OF DATA POINTS ON EACH NVFPR PROFILES .

SOURCES #%+**

{INJECTION)

(LEACHING) .

NON .

NO, OF NON CONSERVATIVE COMP.

LNH

LNE

#ss+ COMPONENT INFORMATION ****

IDEN INDC CSAT

150
140
893
732
330
811
460
580
950

IME INCREMENT,

—

B b b B e e b

R B e B B B R B

.00E+06
.00E+06
.00E+06
.D0E+06
.O0E+06
.O0E+06
.00E+0€
.00E+06
.O0E+06

£, NONC . . 9

11

DCAY JDOTER]

se+¢ INTEGER PARAMETERS FCR BOUNDARY CONDITIONS ***¢

D

ie

18
17

ODON=UCOoOOoOC

FRAC1

- - -

.20E~40
.20E-40
.20E-40
.20E-40
.20E-40
.20E~40
.20E-40
.20E-40
.20E~ 40

RN

®wess TIME INTEGRATION CONTROL PARAMETERS *¢*+**

oOooo0ooCco0oo0oo0oO o

oo o000 OO0

.O0E+0D
.00E+00
.00E+00
.00E+00
,00E+00
.00E+00
.00E+00
.00E+00
.Q0E+00

5.000000E~-01

JDOTER2 DFRAC2

oo CcoOoO0OO0O OO

O 00000 ODOO

.O0E+00
,O0E+0D
.00E+00
.00E+00
.00E+00
.00E+00
.OCE+00
.00E400
.O0E+00






Lol o I e i i N R R R e N T e Jae Y R T )

.Q00E+02
.000E+02
.D00E+02
.S00E+02
.500E+02
.500E+02
.500E+02
.S00E+02
. 500E+02
. 500E+02
. 500E+02
.S00E+02
-000E+03
.000E+03
.CODE+03
.000E+03
.000E+023
.O00E+03
,C00E+03
.DOOE+03
.OCOE+03
.250E+03
.250E+03
.250E+D3
.250E+03
.250E+03

50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
B2
84
86
BE
90
92
94
96
98
100

.200E+03
.400E+03
. 600E+03
. T43E+03
.200E+03
.400E+03
.600E+03
.BOOE+03
.000E+03
.200E+03
,400E+03
,600E+D3
. T43E+403
200E+03
.400E+03
.600E+03
.BOOE+03
.000E+03
.200E+03
400E+03
.600E+03
. T43E+03
.200E+03
.400E+03
.600E+03
.BO0DE+03

i T E R C o U N SURRT T T R I O S ST T

#4e* NODAL COORDINATES *#e+

49 5.100E+03
51 5.300E+03
53 5.500E+03
55 3.514E+03
57 3.971E+03
59 4 300E+03
61 4.500E+03
63 4.700E+403
65 4.900E+03
67 5.100E+03
69 5.300E+03
71 5.500E+03
73  3.514E+03
7% 3,971E+03
77  4.300E403
79 4.500E+03
Bl 4.700E+03
83 4 900E+03
85 5,.100E+03
87 5,300E+403
69 5.500E+03
91 3.514E+03
93 3.971E#+03
95 4.300E+03
97 4.500E+03
99 4.700E+03
NODE X
101 4.9C0E+03
103 5,100E+03
105 5.300E+03
107 5, 500E+03
109 3.514E+03
111 3.971E+03
113 4.300E+03
115 4.500E+03
117 4.700E+03
119 4,900E+03
121 5.100E+03
123 5.300E+03
125 5.500E+03
127 3.514E+03
129 3.971E+03
131 4.300E+403
133 4.500E+D3
135 4.700E+03
137 4,900E+403
139 5.100E+03
141 5.300E+03
143 5.500E+03
145 3.514E+03
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2

«250E+03
.250E+03
«250E+03
.250E+03

S00E+03

.S00E+03
.500E+03
.500E+03
.S500E+03
.500E+03
.S500E+03
.500E+03
.S00E+03
. T50E+03
. 750E+03
.T750E+03
. 150E+03
. 750E+03
. T7S0E+03

750E+03

. 750E+03
. T750E+03
.000E+03

NODE
102
104
106
108
110
112
114
116
11e
120
122
124
126
128
130
132
134
136
138
140
142
144
146

X
5.000E+03
.200E+03
.400E+03
.600E+03
.T43E+03
.200E+03
.400E+03
.600E+03
.BOOE+03
,000E+03
.200E+03
-.400E+03
. 600E+03
.T43E+03
.200E+03
.40CE+03
.600E+03
. 800E+03
5.000E+03
$.200E+03
5.400E+03
5.600E+03
3.743E+03

LE B C R R TURR T RS S

v

B D S W
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PO b b B R b B B b bk A B b R b Bl b S B s b b

,000E+02
.000E+02
.000E+02
.500E+02
.S00E+02
. S00E+02
. S00E+02
. S500E+02
:S00E+02
.S00E+02
.S500E+02
.S500E+02
.D00E+03
.000E+03
.000E+03
.000E+03
.000E+03
. 000E+03
.0D0E+03
.D00E+03
.000E+03
.250E+03
.250E+03
.250E+03
.250E+03
.250E+03

Z

.250E+03
.250E+03
.250E+03
.250E+03
.500E+03
.S00E+03
. 500E+03
.500E+03
.500E+03
. SO00E+03
.500E+03
.500E+03
.S00E+03
. TSOE+03
.750E+03
.750E403
. T50E403
. 750E+03
.750E+03
.750E+03
.750E+03
. 7150E+403
.C0CE+03



147
149
151
153
15%
157
159
161
163
165
167
169
in
173
17%
1717
179
181
183
185
187
189
191
193
195
197
199

NODE
201
203
205
207
209
211
213
215
217
219
221
223
225
227
229
231
233
235
237
23%
241
243

uumu.aahuumuuansauuuumaaa.u

Aaauwuuw-aaowuuuuhs&.w

.971E+03 2.000E+03 148
.300E+03 2.000E+03 150
.500E+03 2.000E+03 152
. TCOE+03 2.000E+03 154
.900E+03 2.000E+03 156
.100E+03 2.C0O0E+03 158
-300E+403 2.000E+03 160
.S00E403 2,00CE+03 162
514E403 2.100E+03 164
(9T1E+03 2.100E+03 166
.300E+03 2.100E+03 168
.S00E+03 2.100E+03 170
. TOOE+03 2.100E+03 172
.900E+03 2.100E+03 174
.100E+03 2.100E+03 176
.300E4U3 2.100E+03 178
+500E+03 2.100E+03 180
.514E403 2,200E+03 182
.971E+403 2.200E+03 184
-300E+03 2.200E+03 186
.S00E+03 2.200E+03 1ge
. TO0E+03 2.200E+03 190
.900E403 2.200E+03 192
.100E+03 2,200E+03 194
.300E403 2.200E+03 196
.H00E+03 2.200E+03 198
(S14E+02 2.300E+03 200

MUU'U!U'.‘-‘UU‘\I‘UU‘A..&UU‘U‘U‘U.-‘-

.200E+03
.400E+03
.600E+03
.BODE+03
.000E+03
,200E+03
.400E+03
.600E+03
. T43E+03
.200E+03
.400E+03
.600E+03
.BOOE+(3
.000E403
.200E+03
.400E+03
.600E+03
. T43E+03
.200E+03
.400E+03
.600E+03
.B0CE+03
.000E+03
.200E+03
.400E+02
.600E+03
. T43E+03

**** NODAL COORDINATES ***+

X Z NODE
.971E+03 2,300E+03 202
.300E+03 2.300E+03 204
.S500E+403 2.300E+03 206
.700E+03 2, 300E+403 208
.900E+03 2.300E+03 210
.100E+03 2.300E+03 212
.300E+03 2.300E+03 214
.500E+03 2.300E+03 216
.S514E+03 2 400E+03 218
L 971E+03 2 .400E+03 220
,300E+03 2.400E+03 222
.S00E+03 2.400E+02 224
.T00E+03 2.400E+03 226
.900E+03 2.400E+03 228
.100E+03 2.400E+03 230
.300E+03 2 .400E+03 232
.500E+03 2.400E+03 234
.514E+03 2,.500E+03 236
.971E+03 2 .500E+03 238
.300E+03 2.500E+403 240
.S00E+03 2.500E+03 242
.TO0E+03 2.500E+03 244

BB D S WU LS S DS S WYY TS A AN

X

-

.200E+03
.400E+03
.600E+03
.BOOE+03
.000E+03
.200E+03
.400E+03
.600E+03
. T43E+03
.200E+03
.400E+03
.600E+03
.B00E+03
.000E+03
.200E+03
.400E+03
.600E+03
.T43E403
.200E+03
.400E+03
.600E+03
.B00E+03

B-55
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PR B RS RN MR RN RN R RN

.DO0E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+23
.200E+03
.300E+03

Z

. 300E+03
.300E+03
.300E+03
.300E+03
.300E+03
.300E+03
.300E+03
.300E+03
.400E+03
.400E+03
.400E+03
,400E+03
.400E+03
.400E+03
.400E+403
.400E+03
.400E+03
.S500E+03
.500E+03
.S0CE+03
.S00E+03
.SCOE+03

NUREG/CR-6515



245
247
249
251
253
255
257
259
261
263
2865
267
269
2N
273
278
21
279
281
283
285
287
289
291
293
295
297
299

NODE
301
303
305
307
309
il
313
315
317
319
321
323
az2s
327
329
i
333
335
33?7
339
341

S S 8 DWW YU D E S DWWy U S D e D W WYL A

LS DS S WWww Uy a &b s W wewy

. 900E+03
.100E403
.300E+03
.500E+03
.514E+403
.971E+03
.300E+03
.S500E+03
. T00E+03
. 900E+03
.100E+03
.300E+03
.500E+03
.500E+03
.950E+03
L2TTIE403
.4B0E+03
.6B4E+03
.BBBE+03

091E+03

(295E403
.498E+03
.4B6E+03
.929E+03
.254E+03
.461E+03
.66BE+03
.B75E+03

we«* NODAL COORDINATES

X

.0B2E+03
.289E+03
LA456E+03
471E+03
.907E+03
,230E+03
.441E+03
.652E+03
.B6IE+03
. 073E+03
.2B4E+03
.495E+03
.457E+03
.8BEE+D3
.207E+03
.421E+03
.636E+03
.BS0E+03
.064E+403
.279E+03
. 493E+03

NUREG/CR-6515
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.S500E+03
.S500E+03

S00E+03

.S00E+0C3
.6O00E+03
.600E+03
.600E402
.600E+03
.600E+03
.600E+03
,600E+03
. 600E+03
. 600E+03
L 694E+03
.69BE+03
. 700E+03
.700E+03
.TO0E+03
. T00E+03
. T00E+03
.TOOE+03
.TO00E+03
.T8EL+03
. 196E+03
.BODE+03
.BOVE+03
.B00E+03
,800E+03

Z

.BOOE+03
.BOOE+03
.800E+03
.8BlE+03
.B94E+03
.900E+03
.900E+03
.900E+03
.900E+03
.900E+02
.900E+03
.900E+03
.975E+03
L992E+403
.000E+03
.000E+03
.QO0E+03
.O00E+03
.000E+03
,000E~+03
.000E+03

246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
282
284
286
268
290
292
294
296
298
300

NODE

302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334
336
338
340
342

5. 000FE+03
.200E+403
.400E+03
.600E+03
.T43E+03
,200E+03
.400E+03
.600E+03
.800E+03
.OCOE+03
.200E+03
.400E+03
.600E+03
. T25E403
,175E+403
.379E+03
.582E+03
.TB6E+03
. 989E+03
.193E+03
.396E+03
. 600E+403
,T07E+03
.150E+03
.357E403
.S564E+03
. T71E4+03
.979E+03

O B DD DWW U S D DD A WU WL LWL A S D B WL

LR

X
.1BEE+03
.393E403
.600E+03
.689E+03
.125E+03
.336E+03
.546E403
.157E+03
.968E+03
.179E403
.3B9E+03
.600E+023
. 6T1E+03
.100E+03
.314E+03
.529E+03
. T43E+02
L957E+03
.171E+03
.3B6E+03
.600E~+03

P & d L& s wWu;moe,

WS s S W
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LW W W Wi w e

.500E+03
.S00E+03
.500E+03
.500E+03
. 600E+03
.600E+03
.600E+03
.600E+03
.600E+03
.600E+03
. 600E+03
. 6C0E+03
.600E+03
.696E403
.T00E+03
.T00E+03
. TO0E+03
.700E+03
.TO0E+03
.TO0E+03
. 700E403
. 7T00E+03
.T92E+03
.B0DE+03
.BOOE+03
.B00E+03
.BOOE+03
.BOOE+03

Z

.BOOE+03
.BO0E+05
.BODE+03
.BBBE+03
. 900E+03
.900E+03
.900E+03
. 900E+03
. 900E+03
.900E+03
. 900E+03
.S00E+03
.983E+03
.000E~+03
.000E+03
.CO0E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+C3



343
345
347
349
351
353
355
357
359
361
363
365
367
369
n
373
375
7
379
38l
383
385
387
389
391
393
395
397
399

NODE
401
403
40%
407
409
411
413
415
417
419
421
423
425
427
429
431
433
435
437
439

W win " 0" & d b & W iwwttn v a o ad b Wiwid v aaas a Wwiw

S B W WS s WWUrOUDS DS

.443E+03
.B64E+03
.1B4E+03
.402E+03
.620E+03
.B3BE+03
.D55E+03
.2T3E+03
.491E+03
L429E+03
.B43E+03
161E403
.3B2E+03
. 604E+03
.B25E+03
046E+03
L26BE+03
L4BSE~03
C414E+03
LB21E+03
.13BE+03
.363E403
.5BBE+03
.B13E+03
.03BE+D3
L263E+03
.488BE+03

400E+03

.BOOE+03

.069E+03
.090E+03
.100E403
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.163E+03
.188E+03
,200E+03
.200E+03
.200E+03
.200E+03
.200E+03
,200E+03
.200E+03
.256E+03
.2BSE+03
.300E+03
. 300E+03
,300E+03
.300E+03
.300E+03
.300E+03
.300E+03
.350E+03
.383E403

W W wwww e Www wwis Wwwiw wiw W W www ww w w

344
346
348
3%0
352
354
356
358
360
362
364
366
368
370
372
374
376
378
380
382
384
386
388
390
392
394
396
398
400

B W YWY E S b A D WYL UY S S S S A WYL Y S SRS D W

.654E+03
.075E+03
.293E+03
.511E+03
.T29E+03
.946E4+03
.164E+03
.3B2E+03
.600E+03
.636E+403
.050E+03
.271E+03
.493E+03
.714E+03
. 936E+03
.157E+03
.379E+03
.600E+03
.61BE+03
.025E+03
. 250E403
.475E+03
.T700E+03
.925E+03
.150E+03
.375E+03
.600E+03
. 600E+03
.000E+03

¢*** NODAL COORDINATES ****

X

.114E403
.343E+03
.S5T1E403
.BO0E+03
.029E+03
L257E+03
.4B6E+03
,400E+403
.B00E+03
.114E+03
.343E+03
.S5T1E+03
.B00E+03
.029E+03
.257E403
.4B6E+03
.400E+03
.BO0E+03
.114E+03
.343E+03

2
. 400E+03
.400E+03
.400E+03
.400E+03
.400E+03
.400E+03
.400E+03
.375E+03
.425E+03
L454E+03
.461E+03
.46BE+03
.475E+03
.482E+03
.489E+03
.496E+03
.400E+03
.46TE+03
.507E+03
S521E+03

WOW W W W W W W W W W W W W W W W Www W

NODE
402
404
406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438
440

BSOS B WU USsS S&SDES DLW Ss DS S

X
L229E+03
LA57E+03
.6B6E+03
.914E+03
.143E+03
+371E+03
.600E+03
.600E+03
.000E+03
.229E+03
.457E+03
.6B6E+03
.914E403
.143E+03
.371E+03
.600E+03
.600E+03
.000E+03
L229E+02
.457E+03

B-57
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Wi W Wi wwwwwuwuwwwwwwww

.079E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.100E+03
.175E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
.200E+03
L2T71E+03
.300E+03
.300E+403
.3C0E+03
.300E+03
. 300E+03
.300E+03
.300E+03
.300E+403
.367E+03
.400E+03

z

.400E+03
.400E+03
.400E+03
.400E+03
.400E+0C3
.400E+03
.400E+03
.400E+03
.450E+03
.457E+03
. 464E+03
.471E+03
.479E+03
.4B6E+03
.493E+03
.S00E+03
.433E+03
.500E+03
.514E+03
.529E+03
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441 4.571E403 3.536E+03 442
443 4 .BOOE+03 3.550E+03 444
445 5.029E+403 3.564E+03 446
447 5.257E403 3.579E+03 448
449 5.4BGE+03 3.593E+03 450

.6B6E+03 3 .543E+03
.914E+03 3 ,.557E+03
«143E403 3, 571E+03
.371E403 3 .586E+03
.600E+03 3, 600E+03

e aa s

#ées MATERIAL PROPERTIES ##+e

M AL AT DM RHOB

- - - -

1 1.000E+01 1.000E+401 1.000E~05 1.,750E+00
2 1.000E+01 1.000E+01 1.000E-05 1.750E+00
3 1.000E+01 1].000E+01 1.000E-05 1.750E+00

4 1,000E+01 1.000E+01 1.000E-05 1.750E+00

##%* VARIABLE BOUNDARY CONDITIONS ###+

$8% FOR CHEMICAL NO. 1 (CALCIUM ) 888

=== INCOMING FLUID CONCENTRATION PROFILE -~-~
PROFILE NO. 1
TIME CIN TIME CIN TIME

- - - - - -

0.000E+00C 1.700E-04 1.000E+20 1.700E-04

=== TYPE OF FLOW~IN CONCENTRATION ~--~

MP CTYP MP CTYP MP CTYP MP CTYP MP CTYP
1 1 2 1 3 1 4 1 5 1
€ 1 7 1 8 1 9 1 10 1
11 1 12 1 13 1 14 1 15 b
16 b 17 1

$5$ FOR CHEMICAL NO. 2 (CARBONATE ) §88§

=== TNCOMING FLUID CONCENTRATION PROFILE -=--
PROFILE NO. 1

TIME CIN TIME CIN TIME

- - - - -

NUREG/CR-6515 B-58

CIN

CIN

-



0.000E+00 1.000E-04 1.000E+20 1.000E-04

=== TYPE OF FLOW-IN CONCENTRATION =~~~

MP CTYP MP CTYP MP CTYFP MP CTYP MP CTYP
1 1 2 1 3 3 4 1 5
6 1 7 1 L] 9 1 10
11 1 12 1 13 1 14 1 15
16 1 17 1
$5% FOR CHEMICAL NO. 3 (URANIUM ) $8%

“== INCOMING FLUID CONCENTRATION PROFILE ---

PROFILE NO. 1

TIME CIN TIME CIN TIME

- - - - -

0.000E+00 1.000E-20 1.000E+20 1.000E-20

-

=== TYPE OF FLOW-IN CONCENTRATION -~~~

MP CTYP MP CTYP MP CTYP MP CTYP MP CTYP
1 i 2 1 3 1 4 1 5
6 1 7 1 g 1 9 10
11 1 12 1 13 1 14 1 1%
16 1 17 1
$$% FOR CHEMICAL NO. 4 (SULFATE ) $§§

=== INCOMING FLUID CONCENTRATION PROFILE ---

PROFILE NO. 1

TIME CIN TIME CIN TIME

- - - - -

0.000E+00 3,000E-05 1.00CE+20 3.000E-05

==~ TYPE OF FLOW~IN CONCENTRATION ---

MP CTYP MP CTYP MP CTYP MP CTYP MP CTYP
1 1 2 1 3 & 1 5
§ 1 71 8 s 1 10
11 12 1 13 1 14 1 15
T 17 1

B-59

CIN

CIN

-
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$564 FOR CHEMICAL NO. 5(MYDROGEN ) §8§

~== INCOMING FLUID CONCENTRATION PROFILE ~--~-
PROFILE NO. 1
TIME CIN TIME CIN TIME

- - - - - -

0. 000E+00 1.100E-0C4 1.000E+20 1.100E-04

==« TYFE OF FLOW-IN CONCENTRATION =~~~

MP CTYP MP CTYP MP CTYP MP CTYP MP CTYP
1 1 2 1 3 1 4 1 5 1
6 1 7 1 8 1 9 1 10 1
1 1 12 1 13 14 1 15 1
16 1 17 1
$9% FOR CHEMICAL NO. 6(SOH ) $8%

=== INCOMING FLUID CONCENTRATION PROFILE ~---
PROFILE NO. 1
TIME CIN TIME CIN TIME

- - - - -

0.000E+00 1.000E~05 1.000E+20 1.000E~05

=== TYPE OF FLOW-IN CONCENTRATION =~-~-

MP CTYP MP CTYP MP CTYP MP CTYP MP CTYP
1 1 2 1 3 1 4 1 5 1
6 1 ? 1 8 1 9 1 10 1
13 1 12 1 13 1 14 1 15 1
16 1 17 1

$$% FOR CHEMICAL NO. 7 (MAGNESIUM ) $%%

-== INCOMING ».7'"D CONCF™.RATION PROFILE ---
PROFILE NO. 1
TIME CIN TIME CIN TIME

- - - - -

0.000E+00 1,200E-04 1.000E+20 1.200E-04

NUREG/CR-6515 B-60
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NP NPVB NP NPVB NP NPVE NP NPVB NP NPVB

- - S - - - - - -

1 433 2 434 3 435 4 436 5 437

6 438 T 438 8 440 9 441 10 442
11 443 12 444 13 445 14 446 15 447
16 448 17 449 18 450

==~ RS ELEMENT-SIDES INFORMATION ---

SIDE  ELEMENT NODE1 NOUE?2 SIDE ELEMENT  NODE1 NODE2

1 392 1 2 2 393 2 3
3 394 3 4 4 395 4 5
5 396 5 6 6 397 6 7
7 398 7 8 8 399 8 9
4 400 9 10 10 40] 10 11
11 402 11 12 i2 403 12 13
13 404 13 14 14 405 14 15
15 406 15 16 16 407 16 17
17 408 17 18

*** COMPUTED RAINFALL SEEPAGE ELEMENT SIDE INFORMATION #*##

MP M NP1 NP2 L1 L2 DL(MP) DCOSX (MP) DCOSZ (MP)
1 392 pa 1 3 4 2.028E+02 ~1.644E-01 9.864E-01
2 393 3 2 3 4 2.,02BE+02 -1.644E-01 9.B64E-01
3 394 4 3 3 4 2.028E+02 -1.644E-01 9.B64E-01
4 395 5 4 3 4 1.145E+402 -6.23BE-02 9.981E-01
5 2396 6 5 3 4 1,145E+02 -6.238E-02 9.981E-01
6 397 7 6 3 4 1.145E+02 -6.23BE-02 9.9B1E-01
7 398 8 7 3 4 1.145E402 -6.237E-02 9.9B81E-01
8 399 9 8 3 4 1.145E402 -6.23BE-02 9.981E-01
9 400 10 9 3 4 1.145E+02 ~6.23BE-02 9,981E-01
10 401 11 10 3 4 1.145E+402 -6.23BE-02 9.981E-01
11 402 12 11 3 4 1.145E+02 -6.23BE-02 9.9B1E-01
12 403 13 12 3 4 1.145E+02 -6.23BE-02 9.98B1E-01
13 404 14 13 3 4 1.145E+02 -6.23BE-02 9,981E-01
14 405 15 14 3 4 1.145E+02 ~-6,237E-02 9.981E-0}
15 406 16 15 3 4 1.145E+02 -6.23BE-02 9.981E-01
16 407 17 16 3 4 1.145E+02 -6.23BE-02 9.981E~01
17 408 18 17 3 4 1.145E+02 ~-6.23BE-02 9.981E-01
#¢** DIRICHLET BOUNDARY CONDITIONS *#++
$5S FOR CHEMICAL NO. 1 (CALCIUM ) 8$8%

=~= DIRICHLET CONCENTRATION PROFILES ~---

NUREG/CR-6515 B-62




PROFILE NO. 1

TIME

0.000E+00

DCON

1.700E-04

TIME

1.000E+38

DCON

1.700E-04

=== CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP
1 1
6 1
11 1
16 1

NP CTYP
. 1
7 1
12 1
17 1

$6§ FOR CHEMICAL NO,

=== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1

TIME

0.000E+00

=== CONCENTRATION TYPE OF

NP CTYP
1 1
6 1
11 1
16 1

DCON

1,000E-04

NP CTYP
2 1
7 1
12 1
17 1

$$% FOR CHEMICAL NO.

NP CTYP
3 1
8 1
13 1
18 1
2 (CARBONATE

TIME

1.000E+38

3 (URANIUM

:

=== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1

TIME

-

0.000E+400

DCON

1.000E-20

TIME

1.000E+38

A

NP CTYP

4 1

9 1
14 1
) §5%
DCON
000E~04

DIRICHLET NODES

- —————

) $8%

DCON

C00E-20

=== CONCENTRATION TYPE OF DIRICHLET NODES

B-63

TIME DCON
NP CTYP
5 1
10 1
15 1
TIME DCON
NP CTYP
5 1
10 1
15 1
TIME DCON

- -

NUREG/CR-6515



1 i 2 1
6 1 7 1
1l 1 12 1
16 1 17 1

NP CTYP
3 1
L] 1
13 1
18 1

$5% FOR CHEMICAL NO. 4 (SULFATE

=== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1

TIME DCON

0.000E+00 3.000E-05

TIME

-

1.000E+38

NP CTYP
4 1
9 1
14 1
) 5%%
DCON
3.C00E-0CS

=== CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP
1 1 2 1
6 1 7 1
11 1 12 1
16 1 17 1

NP CTYP
3 1
8 1
13 1
18 1

$9% FOR CHEMICAL NO. 5 (HYDROGEN

=== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1

TIME DCON

- -

0. ODOE+00 1.100E~04

TIME

1.000E+38

NP CTYP
4 :
9
14 1
) $8%
DCON
.100E-04

=== CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP
1 1 2 1
6 1 7 1
11 1 12 1
16 1 1? 1

§8% FOR CHEMICAL NO.

NUREG/CR-6515

NP CTYP

3 1

8 1
13 1
i8 1
OH

NP CTYP

4 1

9 1
14 3
) $§%

B-64

NP CTYP
5 1
10 1
15 1
TIME DCON
NP CTYP
5 1
10 1
15 1
TIME DCON
NP CTYP
5 1
10 1
15 1



1

-

~== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1
TIME DCON TIME DCON

- - - - -

0.000E+00 1.000E-05 1.000E+38 1.000E-05

=== CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP NP CTYP NP CTYP
1 1 2 1 3 1 4 1
6 1 7 1 8 1 9 1
1 1 12 1 13 i 14 1
16 1 17 1 18 1

$9% FOR CHEMICAL NO. 7 (MAGNESIUM ) $5%

=== DIRICHLET CONCENTRATION PROFILES

'

-

PROFILE NO. 1
TIME DCON TIME DCON

- - - -

0.000E+00 1.200E-04 1.000E+38 1.200E-04

=~= CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP NP CTYP NP CTYP
SN 2 1 31 a1
6§ 1 7 8 1 9 1
111 121 131 14 1
| 16 1 171 18 1

$55 FOR CHEMICAL NO. B (PHOSPHATE ) §58

~== DIRICHLET CONCENTRATION PROFILES

PROFILE NO. 1
TIME DCON TIME DCON

- - - -

i 0.000E+00 5.000E-07 1.000E+38 5.000E-07

B-65

TIME

-

NP CTYP

-

TIME

- -

TIME

-

DCON

DCON

- -

DCON

NUREG/CR-6515



~== CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP NP CTYP NP CTYP
1 1 2 1 3 1 4 1
6 1 7 1 8 1 9

11 1 12 1 13 1 14 1

16 1 17 1 18 1

$5% FOR CHEMICAL NO. 9(ZINC ) $5%

=== DIPICHLET CONCENTRATION PROFILES

PROFILE NO. 1

TIME DCON TIME DCON

- - - -

0.000E+00 7.6V0E-07 1.000E+38 7.600E-07

==~ CONCENTRATION TYPE OF DIRICHLET NODES

NP CTYP NP CTYP NP CTYP NP CTYP
1 b 2 1 3 1 < 1
6 1 7 1 8 1 9 1
11 1 12 1 13 1 14 1
16 1 17 1 18 3

NP NPDB NP NPDB NP NPDB NP NPDB
1 433 2 434 3 435 4 436
6 438 7 439 8 440 9 441
11 443 12 444 13 445 14 446
16 448 17 449 18 450

**¢ ELEMENT SOURCE INFORMATION **+*

- ELEMENT NUMBER OF SOURCE/SINK ELEMENT (L)

MP MLEA MP MLEA MP MLEA MP MLEA
1 263 2 264 3 268 4 266
6 268 7 269 B 270 ? an
11 280 12 .2%7 13 314 14 331
16 365 17 366 i8 367 19 368
21 370 2 M 23 372 24 2373

NUREG/CR-6515 B-66

- ——

TIME

-

- -

DCON



$%% FOR CHEMICAL NO. 1 (CALCIUM ) $8%

==« ELEMENT SOURCE/SINK PROFILES ~~--
PROFILE NO. 1

TIME SOURCE TIME SOURCE

0.000E400 6,500E~15 1.000E+38 6.500E-15

=== GOURCE TYPE ASSIGNED TC ELEMENT ---

MP STYP MP STYP MP STYP MP STYP
1 1 2 1 3 1 4 1
6 1 7 1 8 1 9 1
11 1 12 1 i3 1 14 1
16 1 17 1 18 1 19 1
21 1 22 1 23 1 24 1

£55 FOR CHEMICAL NO. 2 (CARBONATE ) $8%

=== ELEMENT SOURCE/SINK PROFILES ---
PROFILE NO. 1

TIME SOURCE TIME SOURCE

0.000E+00 O 9J0E+00 1.000E+38 0.000E+00

=== SOURCE TYPE ASSIGNED TO ELEMENT --~

MP STYP MP STYP MP STYP MP STYP
1 1 2 1 3 1 4 1
6 1 ? 1 8 1 9 1
11 1 12 1 13 i 14 1
16 1 & | i | 18 1 19 1
21 1 22 1 23 1 24 1
$65 FOR CHEMICAL NO. 3 (URANIUM ) $8§

~== ELEMENT SOURCE/SINK PROFILES --~
PROFILE NO. 1

TIME SOURCE TIME SOURCE

0.000E+00 0.000E+00 1.000E+38 0.000E+00

=== SOURCE TYPE ASSIGNED TO ELEMENT --=-

MP STYP MP STYP MF STYP MP STYP

1 1 2 1 3 1 B 1

6 1 ? 1 L 9 1
B-67

- -

TIME

-

TIME

- -

SOURZE

SOURCE

SQURCE

NUREG/CR-6515



$5% FOR CHEMICAL NO. 4 (SULFATE

) 588

==~ ELEMENT SOURCE/SINK PROFILES ~---
1

PROFILE NO.

TIME

0.000E+00 0.000E+00

SOURCE

TIME

SOURCE

-

1.000E+38 0.000E+00

=== SOURCE TYPE ASSIGNED TO ELEMENT ---

MP STYP
1 1
6 i
i1 1
16 1
21 1

MP STYP
2 1
7 1
12 1
17 1
22 1

MP STYP
3 1
] 1
13 1
1g 1
23 1

$%9 FOR CHEMICAL NO. 5 (HYDROGEN

=== ELEMENT SOURCE/SINK PROFILES -~~

PROFILE NO.

TIME

1

SOURCE

-

TIME

0.000E+00 ~1,.300E~-14 1.000E+38 ~-1.300E-14

=== SOURCE TYPE ASSIGNED TO ELEMENT ---

MP STYP
1 1
) i
11 1
16 b
21 1

MP STYP

MP STYP
3 1
8 1
33 1
18 1
23 :

$55 FOR CTHEMICAL NO. 6(SOH

=== ELEMENT SOURCE/SINK

PROFILE NO,

TIME

0.000E+00

1

SOURCE

0.000E+00

PROFILES ===

TIME

1 000E+38 ©

) 558

SOURCE

.000E+CO

==~ SOURCE TYPE ASSIGNED TO ELEMENT ---

NUREG/CR-6515

B-68

15 1
20 1
25

TIME SOURCE

- -

- -

TIME SOURCE

- -



"

M3

b 3

M)
oV

- .
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-

-

0.000E+00 0©.000E+00

1.000E+38

“== SOURCE TYPE ASSIGCNED TO ELEMENT ~-~

0.00CE+00

MP STYP MP STYP MP STYP MP STYP MP STYP
1 A ! 4. 1 5 1
6 1 S | R 9 1 10 1
1 ¥ S | 33 1 14 1 19 . 1
16 1 3 RS | 18 1 19 1 20 1
21 1 22 1 23 1 24 1 25
*** CONTAINER/PACKAGE AND WASTE TYPE INFORMATION  *#+¢
TYPE THICKNESS PARAM N PARAM K AREA ASCALE PITS GRATE
SPH AERA_IND
1 1.270E-01 3.900E-01 7.400E-02 2.100E+04 2.000E-01 5.000E+03
1.500E-01 6.000E+00 2

GLOBAL ELEMENT NUMBER AND CONTAINER/I ACKAGE TYPE SOURCE

;S W e

299
302
305
333
336
339

ELEMENT NO.

TYPE
1

e

TYPE COMP SURF_FRACT PORE_FRACT BULK FRACT
0.

1

S S e B e b e

TYPE

el = U S S

000E+00

.000E+00
.000E~04
.000E+00
.000E+00
. 000E+00
.000E+00
.000E+00

,000E+00

1 0.
2 0
3 1
B 0
5 0
6 0
7 0
8 0
9 0

COMF

1

2

3

B

5

6

?

8

]

NUREG/CR-6515

el S S

VOL_WF
.O00E+06
.CO0E+06
000E+06
.000E+06
.000E+06
.000E+06
.O00E+06
.Q00E+D6
.000E+06

0.

Cco0oo0OO0CcCOoO0O

000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

VOL_RATIO
.D00E+00
. 000E+00
. 0DOE+00
. 000E+00
. 0DOE+00
. DODE+00
. 000E+00
. 000E+00
. D0DE+00

e B b B B s B b g

OO0 000 wvwo

.000E+00
. 999E-01
.Q00E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

O 0000000 O

C00E+00

L e L

KD (0)
.000E+00
.000E+00
. 000E+00
.000E+00
.000E+00
.CO0E+00
.000E+00
.000E+0D
.000E+00

B-70

E

FFECT_D

.000E-08
.000E~08
.000E~08B
.000E-08
.000E~-08
.000E-0B
.000E-08
.000E-08
.000E-08

oOoCcoOO0oDoOoOCcoOoOo0OOCO

KD (INF)

.000E+00
.000E+00
.00CE+00
.000E+00
.GOOE+00
.000E+00
.000E+00
. 000E+0Q0
.000E+00

DISOL_FRACT_REL_RATE
1.
.000E-11
.000E-07
.000E-11
.000E-11
.000E-11
.000E-11
.000E-11
,000E-11

KD-DECAY

.000E+00
.000E+00
.000E+00
,000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.D00E+00

o000 C0CcCoOoO0DoOO0 O

il = S R

000E-11

PORE_LEN

.500E+01
.S00E+01
.500E+01
.500E+01
.500E+01
.500E+401
.500E+01
.500E+01
.500E401

NN NN

CLAY

2.000E-10






81
83
85
87
89
91
93
95
97
99

NODE
101
103
108
107
109
111
113
115
117
118
121
123
12%
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
17
173
175
177
179

i P
wif .
-3,

.
S ]

-

-7

798E-10 -4,
033E-10 -4.
-4,
~4.
I
~3,
.990E-08
~4.
-4,

034E-10

.B74E-10
-5,
-4,

857E-11
611E~10

.239E-10
b
-8,

166E-10
004E-10

.2B2E-10

- -

072E-10
.518E-10
. T64E-10
.587E-11
.707E-10
.00BE~09
.187E-09
.169E-09
.053E-09
.611E~10
.255E-10
. T46E~10
.150E-10C
.379E-10
.374E-09
. T35E-09
.713E~-09
.S507E-09
.177E~09
+118E-10
.660E~10
.398E-10
.904E-~10
.B29E-09
. 658E-09
.630E-09
.156E-09
.510E-09
.371E-10
.9B0E~10
.436E~10
.135E-10
.021E~09
.231E-09
. 177E~09
.4BOE~-09
.610E-09
.349E-10
. 754E-10
.342E-10

NUREG/CR-6515

-3

.097E~08
.112E-08
.123E-08
.12BE-08
.961E-08
.999E~-08
.049E-08
.0B4E-08
.116E-08
.143E-08
.162E-08
.173E~08
.179E-08
.923E-08
.957E-08
.032E~08B
.091E-08
.142E-08
.177E-08
.197E-08
.206E-08
.209E-08
.895E-08
. 915E~-08
.019E-08
.109E-08
.183E-08
.224E-08B
.239E-08
.242E-08
+241E-08B
.B65E-08B
.B5BE-08
. 995E~08
.136E-08
.23BE-0B
.277E-08
.279E~08
.270E-08
.264E-08

187E-08
173E-08
186E-08
195E-08
199E-08
956E-08

028E-08
0S3E-08

.077E~08

82
B84
86
68
920
92
94
96
98
100

-4,
~3;

wy.
-3,
“$.

-7

-7
-6

450E-10
558E-10
472E-10
276E-10
838E-11
992E-10
.91BE-10
142E-10
.710E-10
. 730E-10

-4.
-4,
-4
-4
-4
»3
-4
-4,
= T

INITIAL DARCY VELOCITY (L/T)

vi

NODE
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180

VX

.329E-10
.662E-10
.B75E-10
.691E-11
.915E-10
.135E~09
.1B7E-09
.123E-09
.649E-10
.466E~10
.012E-10
.522E~10
.594E-11
.B56E-10
.621E-09
.T43E-09
.630E-09
.352E-09
.942E-10
.355E~10
.092E~10
.34BE-11
+107E-09
.365E-09
.690E~09
.436E-09
.BISE-09
.207E~09
«027E~10
.223E-10
-431E-11
.0%4E-09
. T715E~09
.292E-09
.873E~09
.031E-08
.241E~09
.839E-10
.034E~10
.120E-11

B-72

-

166E-08
1B0E-0B

.191E-08
.19BE-08
.200E-08
.970E-08
.015E-08
.040E-08

C65E-08
087E-08

-105E-08
.11BE-08
.126E-08
.128E-08
. 975E-08
.032E-08
.066E-08
.100E~-08
.130E-08
.153E-08
.16BE-08
.177E~08
.17%E-08
.931E-08
-005E~-08
.061E-08
+11BE~08
.162E-08
.189E~-08
.202E-08
.20BE-08
.209E-C8
.B92E-08
.979E-08
.064E-08
.150E-08
.20BE-08
.234E~-08
+241E-08
.241E~08
.241E-08
.B47E-08
. 935E-08
.064E-(8
+193E-08
.264E-0B
.2BOE-0B
.275E~08

267E-08
263E-08



13

BEE
it
6£5F

o

DAR

5
1F
445
97F
g
h"}
¥
3%
44F

4

FN

i1F
(3
“
¥
2F
BE
¥
3
2F
21
4F
Q'r
R¥
N
5%
B¥
-
¥
¥

™M M om

™




281
283
285
287
289
291
293
295
297
299

NODE
301
303
305
307
309
311
313
315
317
319
321
323
325
327
329
331
333
335
337
339
341
343
345
347
349
351
3583
355
3587
359
361
363
365
367
369
n
373
375
an
379

B W d N g N W

.998E~09
.480E-09
.655E~-10
.663E-09
.B6T7E~09
.430E-09
.5B4E-09
.161E-08
.329E-09
.420E-09
.016E~09
.926E-10
.913E-09
.D04E-0Y%
.339E-08
.036E-01
.094E-08
.239E-08
.792E-09
.427E-09
. 733E-10
. OBSE-09
.233E-09
.978BE-08
.962E-08
.091E-08
.529E-08
.575E~09
.SB2E~09
.871E-10
.207E-09
.015E-09
.311E-08
.149E-08
.666E-08
.926E-08
.617E-09
.827E-09
.026E-09
.196E~09

B v W B RN R W W W RN R WO W RD R R L WU N W N W

.990E-09
.227E-09
.322E-09
. 522E-10
.364E-09
.242E~-09
.624E-10
.910E-10
.199E-09
.724E~09

NUREG/CR-6515

-4,
~4.
~4 .
-4,
3.
=i
of
o
-8,
.

. 354E-08
.198E-08

659E-08
3B4E-08
269E~-08
22BE-08
B1BE-08
4B3E-08
667E-08
410E~-08
706E-08
772E-08

282
284
286
288
290
292
294
296
298
300

S b W e R o N W

.108BE-09 -4.
.915E~-09
.622E~-09
.372E-10
.B27E-09
.675E-09
.663E-09
.210E-089
.439E-09
. 543E-09

-4

-7

INITIAL DARCY VELOCITY (L/T)

vz

-

148BE-08

.B38BE-0B
.563E-08
.65BE-08
.385E-08
. 765E~-08
.737E-08
.269E-08
.108E-08
.062E-08
.B64E-08
.68BE-08
.891E-08
.512E-08
.549E~08
.529E-08
.11BE-08

995E-08

.966E-08
.B93E-08
.B20E~-08
.584E-08
.302E-08
.008E-0B
.147E-08
.907E~-08
.B64E-08
.BE6GE-08
.925E~08
.945E-08
.D14E-08
.49BE-08
.270E-CB
.522E-08
.633E-08
.719E-08
. 764E~08
.958BE-08

NODE
302
304
306
3es
310
312
314
316
318
320
32«
324
326
328
330
332
334
336
338
340
342
344
346
348
350
352
354
356
358
360
362
364
366
368
370
372
374
376
378
380

W B WU e W N WNU N W RN NN S W R R DR R D N NN W

VX

.283E-09
.677E~-09
.393E-10
.314E-09
.267E~09
+522E~-09
.543E-08
.016E-08
.842E-09
.171E-09
.9B4E~09
.T69E-10
.621E-09
.463E~09
.077E~-08
.B30E-08B
.686E-08
.223E-09
.932E-09
.194E-09
.996E-10
.B16E~-09
.013E-08
.287E-08
.662E-08
.194E-08
.076E-08
.300E~09
.249E~09
.021E-10
.837E-09
.807E-09
.383E-08
.499E-08
.956E~-08
.27BE-08B
.B14E~0%
.360E-09
.119E-10
.070E-09

B-74

SOSE~08

+314E-08
e
-4 .
3.
-
~8.

242E~08
223E-08
705E~08
B49E-08
689E-09

.993E~08
=B
e

295E-08
524E-08

-

.25T7E~08
.165E-08
.143E-08
. 746E~08
.930E-08
. 935E-09
.940E-08
.32BE-08
.455E-08
.167E-08
.077E-08
.057E-08
.796E-08
.22BE-08
.120E-09
.923E-08
.107E~-08
.279E-08
.03BE-0B
.975E-08
.963E-08
.850F-08
. T05E-08
.00BE-08
.102E~08
.584E-08
.993E-08
.875E-08
.864E-08
.867E-08
.B95E-08
.107E-08
.0B3E-08
.233E-08
.T89E~CB
.605E-08
.682E-08
.747E-08
. 7T70E-08
. 945E-08



sl
383
385
387
389
39
393
395
397
399

WMo N W

NODE

- -

401 -2,
403 ~5.
405 -2.

407 -1

427 -1

433 2
435 32
437 -4

447 -6

ELEMENT

-

O Y ™ JdOWVEs WwN -

-

.516E-09
.30BE-C9
.162E-07
.174E-08
.100E-08
.183E-09
«331E-09
.261E-10
.210E-09
.207E~09

431E-09
461E-08
8S2E-08

.561E-08
409 -8,
411 -3.
413 ~1.
415 2.
317 3.
419 -5,
421 -8B.
423 ~6.
425 -3.
.615E-08
429 -7.
431 -1.
.231E-09
.171E~09
.990E-09
439 -1.
441 -5.
443 -2.
445 -1.

034E-09
BO3E-09
036E-09
210E-09
035E-09
517E-09
856E-08
271E-08
200E-08

47BE~08
961E-09

113E-07
00BE-08
679E-08
368E-08

.342E-09
449 -1.

€621E-09

=0
i,
-8
&2
=4
ey
e
3.
=
=3

.24BE-08
.016E-07
.901E~08
.026E-08
.407E-0B
.614E~-08B
. 69BE~08
.999E~-08
.989E-08
.135E-08
.240E-0B
.566E-08
.609E-08
. 154E~08
.831E-08
.B57E-08
.002E-08
.996E-08
.979E-08
.972E-08
.241E~08
.029E-08
.999E~08
.9B6E-08
.972E-08

992E-08
257E~08
793E-08
51€E-08
015E-08
397£-08
599E~-08
683E-08
978E~08
9650E-08

B2
384
386
388
390
392
394
396
398
400

.593E-09
.913E-08
.161E-08
.964E-08
.852E-09
.549E~-09
.441E-09
9198~ )
. 992E-09
.B94E-09

Lo I S e B . - )

-4 .368E-08
~6.802E-08
~1.037E~08
~2.649E-08
~3.226E-08
-3.515E-08
~-3.653E-08
~3.693E-08
-3.98%E~08
~-4.528E-08

INITIAL DARCY VELOCITY (L/T)

vz

INITIAL MOISTURE

MC PT.
. 7204E-01
.7204E-01
. 7204E-~
. 7204E-01
. 7204E-01
. 7204E-01
. T204E~
. 7204E-~
. 7204E-
» 7204E-01

NN NN YN N

1

-

01

01
01
01

MC PT, 2
. T204E-01
. 7204E-01
. T7204E-01
.7204E-01
.7204E~01
.7204E-01
. 7204E-01
. 7204E-01
. 7204E-01
.7204E-01

MM NMNNNNNNNNNNN

NODE
402
404
406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438
440
442
444
446
448
450

CONTENT

D S S S S S S S

. 6563E-01
.6563E-01
.6563E-01
.6563E-01
. 6563E-01
.6563E~01
.6563E-01
.6563E-01
. 6563E-01
.6563E-01

VX
~8.024E-09
-6.203E-08
~2.366E-08
-1.142E-08
~5.655E~09
-2.375E-09
~3.190E-10

3.053E-09
6.432E-10
~3.699E~08
~9.243E-08
~4.473E-08
-2.278E-08
-1.123£-08
~4 .592E-09
~-5.857E-10

3.000E-09
~4.8B46E-10
~5.373E-08
-8.607E~-08
~3.909E-08
-1.942E-08
~9.543E-09
~3.B65E-09
~4.648E-10

MC PT. 3

L T S S O T Sy

B-75

~1.100E-07

1.757e~08
~2.391E-08
~3,209E-08
~3.527E-08
~3.66BE-08
~3.709E-08
~4.003E~-08
-4.218E~08
~7.389E-08
~1.966E~-08
~3,384E-08
-3.680E-08
~3.800E~08
-3.849E~08
-3.8B61E~08
-4.006E~08
~4.13%E-08
~5,935E-08
-=3.439E-08
-3,960E-08
~3.999E~-08
-3.992E-08
~3.980E-08
-3.970E-08

(L9433 /1043)

MC PT. 4

-

.6563E-01
. 6563E~01
.6563E~01
.6563E-01
.6563E-01
.6563E-01
.6563E-01
. 6563E-01
.6563E-01
.6563E-01

NUREG/CR-6515



A —

11 2.7204E-01 2
12 2.7204E-01 2
13 2.730._-01 2
14 2.7204E-01 2
15 2.7204E-01 2
16 2.7204E-21 2
17 2.7204E-01 2
18 1.5225e-01 1
19 1.522%c-01 1
20 1.522%e-01 1
21 1.5225E-01 1
22 1.5225e~-01 1
23 1,5225E-01 1
24  1.532%8-01 1
2% 1.52258-01 1
26 1.522%8-01 1
27 1.5225E-01 1
28 1.5225E-01 1
29 1.5225E-01 1
30 1.5225e-01 1
31 1.5225e-01 1
32 1.5225E-01 1
33 1.5225£-01 1
34 1.5225e-01 1
35 1.2611E-01 1
36 1.2611E-01 1
37.,2.26118~01" 1
38 1.2611E-01 1
39 1.2611E-01 1
40 1.2611E-01 1
41 1.2611E-01 1
42 1.2611E-01 1
43 1.2611E-01 1
44 1.2611E-01 1
45 1.2611E-01 1
4€¢ 1.2611E-01 1
47 1.2611E-01 1
48 1.2611E-01 1
49 1.2611E-01 1
50 1.2611E-01 1

INITIAL

ELEMENT MC PT. 1
51 1.2611E-01 1
52 1.0000E-01 1
$3 1.0000E-01 1
54 1.0000E-01 1
55 1.0000E-01 1
56 1.0000E-01 1
$7 1.0000E-01 1
¢ 1.0000E-01 1
5¢ 1.0000E-01 1
60 1.0000E-01 1
NUREG/CR-6515

1B-76

.7204E-01 1.6564E-01 1.6563E-01
.7204E-01 1.6564E-01 1.6564E-01
.7204E-01 1.6564E-01 1.6564E~01
.T7204E-01 1.6564E-01 1.6564E~01
.7204E-01 1.6564E-01 1.6564E-01
.7204E-01 1.6564E-01 1.6564E-01
.7204E-01 1.6564E-01 1.6564E-01
.5225E-01 1.3715E-01 1.3715E-01
.5225E-01 1.3716E-01 1.3715E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E-01 1,3716E-01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E~-01 1.3716E-01 1.3716E-01
J5225E-01 1.3716E-01 1.3716£-01
.5225E-01 1,3716E-01 1.3716E-01
.5225E-01 1.3716E-~01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E~-01 1.3716E-01 1.3716E~01
.5225E-01 1.3716E-01 1.3716E-01
«5225E-01 1.3716E-01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.5225E-01 1.3716E-01 1.3716E-01
.2611E-01 1.1102E-01 1.1102E-01
.2611E-0]1 1.1102E-01 1.1102E-01
.2611E-01 1.1102E-01 1.1102E-01
.2611E-01 1.1102E-01 1.1102%x-01
.2611E-01 1.1103E-01 1.1102E-01
.2611E-01 1.1103E-01 1.1103E-01
.2611E-01 1.1103E-01 1.1103E-01
.2611E-02 1.1103E-01 1.1103E-01
.2611E-01 1.1103E-01 1.1103E-01
.2611E-01 1.31103E-01 1.1103g£-01
.2611E-01 1.1103E-01 1.1103E-01
.2611E-01 1.1103E-01 1.1103E-01
.2611E-01 1.1103E-01 1.11C3E-01
.2611E-01 1.1103E-01 1.1103e-01
.2611E-01 1.1103E-C1 1.1103E-01
.2611E-01 1.1103E-01 1.i103E-01
MOISTURE CONTENT (L**3/L**3)

MC PT. 2 MC PT. 3 MC PT. 4
,e611E-01 1.,1103E-01 1.1103E-01
.0000E-01 1.0000E-01 1.0000E-01
.0000E-01 1.0000E-01 1.0000E-01
.0000E-01 1.0000E-01 1.0000E-01
.0000E-CI 1.0000E-01 1,0000E-01
.0000E-01 1.0000E-01 1.0000E-01
.0D0OE-01 1.0000E-01 1.0000E-0O1
,0000E-01 1.0000E-01 1.0000E-01
.0000E-01 1.0000E-01 1.0000E-01
.0000E-C1 1.0000E-C1 1.0000E-01



61
62
63
64
65
66
67
68
69
70
71
72
73
74
7%
76
e
78
79
80
81
82
83
84
85
86
87
es
g9
90
91
92
93
94
95
96
97
98
99
100

et e e T Dl e

MHO—‘S-AMHb—lwHu—ob-c;-o-.-ppuw.—du—-upwﬂu»wt—tﬁiﬂa—ﬂwuwuhwhb‘

B b B b s b e b B B

.000CE-C1
.0000E-01
.0000E-01
.0000E-01
.QU00E-01
.0000E-01
.0C00E~01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~D1
.0000E~-01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
-0000E~01
.0000E-01
.0000E-01
.0000E-01
.0CO0E-01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
,C000E-01
.0000E~0Q1
.0C00E-01
.0000E-01
.0000E-01
.0000E-0C1
.0000E~01
.0000E-01
.0000E-01
.0000E-01

INITIAL

MC PT. 1

-

.0000E-01
.0C00E-01
.0000E~01
.000QE-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01

Bh B s e R e B e A B b B B B b B B B B e s b B B B B RS B B bl e B B b b e R s B s

B S S T e

.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
. 0000E~01
. 0000E-01
. 0000E-01
.0000E-01
. 0000E-01
.0000E-01
.0000E-01
.0000E-01
. 0000E-01
. 0000E~01
. 0000E-01
.0000E-01
. 0000E~-01
.0000E-01
.0000E-01
.0000E-01
. 0000E~-01
.0000E-01
.0UO0E-01
.0000E~01
.0000E~01
. 0000E-01
.0000E-01
.000PE-01
. 0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
. 0000E-01
. 0000E-01
.0000E-01
. 0000E-01
.0000E-01
.0000E-01

i i i e I e I e T S e e e i I S S P D U

.0000E-01 1
.0000E-01 1
.0000E-01 1
-0000E-01 1
.0000E-01 1
.0000E~-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E~01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E~-01 1
.0000E-01 1
.0000E~01 1
.0000E-01 1
.0000E~01 1
<0000E-01 1
.0000E-01 1
.0000E~01 1
.0000E-C1 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E~01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1
.0000E-01 1

.0000E-01
.0000E-01
.0000E-01
.0000E~01
-0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~-01
.0D000E-01
.0000E-01
.0000E~-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~C1
.0000E-01
.0000E-01
.C000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-D1
.0C00E~-01
.0000E-01
.0000E-01
.0000E-01
.0000E~-01
.0000E~01
.0000E-01
.0000E~0C1
.0000E-D1

MOISTURE CONTENT (L**3/L#**3)

MC PT. 2

.0000E~D1
.0000E-01
.0000E-01
.0000E~01
.000CE-01
.0000E-01
.0000F-01
.0000E-01
.0000E~-01
.0000E~01

L S S S I S S

MC PT. 3

-

.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
-G000E~-C1
.0000E~-01
.0000E-01
-0000E-D1

B-77

e e S

MC PT. 4

-

.0000E-01
.0000E~01
.0000E~01
.0000E-01
.0000E-D1
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.0000E-01

NUREG/CR-6515
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INITIAL MOISTURE CONTENT (L**3/L**3)
ELEMENT MC PT. 1 MC PT. 2 MC PT. 3 MC PT. 4

- - - -

111 1.0000E-01 1.C0000E-01 1.0000E-01 1.000CE-01
112 1.0000F-01 1.0000E-01 1.,0000E-01 1.0000E-01
113 1.0000E-01 1.C000E-01 1.0000E-01 1.0000E-01
114 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
115 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
| 116 1,0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
} 117 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
118 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
’ 119 1.0000E-01 1.0000E~01 1.000CE~-01 1.0000E-01
| 120 1.0000E-01 1.0000E-01 1.0000E~01 1.0000E-01
I 121 1.0000E-01 1.0000E-01 1.00C0E-01 1.0000E-01
122 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
. 123 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
[ 124 1.0000E-01 1.0000E-01 1.0000E-01 1.000CE-0O1
| 125 1.0000E-01 1.0000E-01 1.0000E-C1 1.0000E-01
| 126 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
127 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
128 1.0000E-01 1.0000E-01 1.0000E-C1 1.0000E-01
129 1.0000E-01 1.0000E-01 1.0000E-C1 1.0000E-01
| 130 1.0000E-01 1.0C00E-01 1.0000E-01 1.0000E-01
131 1.0000E-01 1.0C00E-01 1.0000E-01 1.0000E-01
132 1.0000E-01 1.0000E-01 1.0000E-01 1.0CO0E-01
133 1.0000E-01 1.0000E-C1 1.0000E-01 1.C000E-01
134 1.0000E-01 1.C000E-01 1.0000E-01 1.0000E-01
| 135 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
136 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
137 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
138 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
139 1.0000E-01 1.0000E-0C1 1.0C0OOE-03 1.0000E-01
| 140 1.0000E-01 1.0000E-01 1.00v0E-O01 1.0000E-01
! 141 1.0000E-01 1.0000E-01 1.0000E~01 1.0000E-01
| 142 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
l 143 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
144 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
L 145 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-0Q1
146 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
l 147 1.0000E-01 1.0000E-0C1 1.0000E-OC1 1.0000E-01
[ 146 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
| 149 1.0C00E~-01 1.0000E-01 1.0000E-01 1.0000E-01
i 150 1.0000E-01 1.0000E-C1 1.0000E-01 1.0000E-01
|
!
| 151 1.0000E~01 1.0000E-01 1.0000E-01 1.0000E-01
| 152 1.0000E-01 1.0000E-01 1.00O0E-01 1.0C00E-01
153 1.0000E-0i 1.0000E-01 1,0000E~01 1.0000E-01
154 1.0000E-01 1.0000E~0C1 1.0000E-01 1.0000E-01
155 1.0000E-01 1.0000E~01 1.0000E-0) 1.0000E-01
156 1.0000E-01 1.0000E~01 1.0000E-01 1.0000E-01
157 1,0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
158 1.0000E-01 1.0000E-01 1.0000E~-01 1.0000E-01
159 1.0000E-01 1.0000E-01 1.0000E-01 1.0000E-01
160 1.0000E-01 1,0000£-01 1.0000E-01 1.0000E-01

NUREG/CR-6515 B-78



161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
178
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
169
200

ELEMENT

L p——

..Apd'-cMi—l“l—aw.—aHV“MHHWMHu“““ﬁ”.—‘pw“yp““uub“up”p

D S S S S e e

.0000E~-01
.0000E~01
.0000E~C1
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.000CE-01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
,0000E~-01
.0000E-C1
.0000E-01
.0000E-01
.0000E-01
.000CE~01
.0000E-01
.0000E~01
.0000E-01
.C000E-01
.0000E-01
,0000E-01
.0000E-C1
.0000E~-01
.0000E-01
.0000E-01
,0000E-01
.0000E~01
,0000E-01
.0000E-01
.Q000E-01
.0000E~01
.Q000E-01
.0000E~01
.0000E-01
.0000E~01

,0000E-01
.Q000E-~-01
.0000E-C1
-0000E-01
.0C00E-01
.0000E-01
.0000E~01
.000CE-01

.00C0E-01

uppp;JHHH..A...H..-...p‘_.p.a._aus.‘;.a”u”uuppupupug..pupuwyw

INITIAL
MC PT. 1

-

00C0E-01

B b d e b ha b B R e

0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-C1
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
+0000E~-01
.0000E~D1
.0000E-01
.0000E~-01
.0C00E~-01
.000CE-01
.0000E-01
.0000€-C1
.0000€-~01
.0000E-01
.0000E-01
.000CE~01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
+0000E-01
.0000E-01
.0000E~-01
.0000E-01
.000CE-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.D00CE-01
.0000E-01

At it el el ol o ol Sl R R I I I o S S G g S AR O

.0D00E-01

.0000E-01
.0000E-01
. 0000E-01
.0000E~01
.0000E~01
.0000E~01
.0000E~01
-0000E~01
.CO0D0E~01
.0000E-01
.000CE-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000DE-01
.Q000E~01
.0000E-01
.0000E~C1
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.0000E-01
.0000E~D1
.0000E-01
.0000E-01
.0000E-01
.0CO00E~01
.0000E~-01
.0000E~-01
.0000E-0C1
.0000E~-01
.0000E~01
.000CE~01
.0000E-01
.0000E-01

0000E-01

B2 B B e B R e e R e B B b R B B B B e B B B e B b e R B B O e B e e e e

.0000E~01
.0000E-0]
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-D1
»0000E~-01
.0000E-0D1
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01

0000E-01

.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E~0]
.0000E~01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
. 0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~-01

MOISTURE CONTENT (L**3/L**3)

MC PT. 2

.0000E~01
.0000E-01
.0000E-01
.0000E-0]
.0000E~0C1
.0000E-01
.0C00E~01
. 0000E-01
.00C0E-01
.0000E~C1

el R S S e

.000CE~01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.0000E~-01

MC PT. 3

Bt B R b B B 3 s e b

B-79

MC PT. 4

-

.0000E~01
.0000E-01
+0000E~01
.0000E-01
.Q000E-01
.000CE-01
.0000E~02
.0000E~01
.0000E~01
.0000E-01

NUREG/CR-6515



211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
217
238
239
240
241
242
243
244
245
246
247
248
249
250

-

B B B b B B B B BB B B B Bk B e B B B B B R B B B e B B e B B S R S B e R e e e

1
1
1
3
1
1
1
1
1
1

NUREG/CR-6515

.0000E-01
.0000E-01
.0000E-01
.Q000E~01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
,0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E-~01
.0000E-01
.0000E-01
.0000E~01
.0000E~-01
.0000E~01
.0000E-01
.0000E-01
.0000E-0C1
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E~-01
.0000E-01
.0000E-C1
.0000E-01
.0000E-01
.0000E-01
.0000F-01
.0000E-01
.2000E-01
.2000E~-01
.2000E-01
.2000E-01
.2000E~-01
.2000E-01

.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E-01
.000CE-~01
.0000E-01
,0000E-0C1
,0000E-01
.0000E-C1

B e B B b B S e b B B B R B B e B B B B B B B A B B B e R e R R R e e e e e

INITIAL
MC PT. 1

- - -

O R

.0000E-01
.0000E~01
.0000E~01
.0000E~0C1
.00C0E~-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.CO00E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01

B B b e e e B B B B A B B R el e B e B R B b B R B R b B R Bl B e e e e e e e

.0000E-01
.0000E-01
.0000E-01
.D000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.0000E-0C1
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-C1
.0000E~01
.2000E-C1
.2000g-01
.2000E-01
.2000E-01
.2000E-01
.2000E~01

B B ek ek e b b B Bl B b B ba 3 B b B e B s B B e B B B B B b b B e e e e e R R e

.0000E-01
.0000E-01
.0000E-01
.Q000E-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0000E~-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000=-01
.0000E-01
.0000E-01
.0000E~01
.0000E-0C1
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E-01

MOISTURE CONTENT (L**3/1L**3)

MC PT. 2

- -

.2000E~01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.0000E-01
.0000E~01
.Q000E-01
.0000E~01
.0C0CE~-O1

R

MC PT. 3

-

.2000E-01 1
.2000E-01 1
.2000E-01 1
.2000E-01 1
.2000E-01 1.
.0000E-01 1
.Q000E~01 1
.000CE-01 1
.0000E-01 1
.0000E-01 1

13-80

MC PT. 4

-

.2000E~01
.2000E-01
.2000E-01
.2000E-01

2000E-01

.0000E-01
.0000E~C1
.0000E-01

0000E-01

.0000E~01




261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
91
292
293
294
295
296
297
298
259
300

Ll e e e i e e e i e e T e U E P A O

e S S S S T

.0000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01

.2000E~01
.2000E-01
.2000E-01
.0000E~01
.0000E~01
.0000E~01
.0000E~01
.0000E~01
.0000E~01
.2000E-01
.2000E-01
.2000E-C1
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E~01
.2000E~01
.0000E~01
.0000E-01
.0000E-01
.Q000E~01
.C00CE-01
.0000E~01
.2000E-01
.2000E~01
.2000E-01
.2000E~01
.2000E-01

.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E~-01
.0000E-01
.0000E~01
.C000E~01
.0000E~-01

2000E-01

P R R B R e B R S b e R B B B B B B B e b e e R B B B e B B B b B b S RS b e e b

INITIAL
MC PT. 1

T S S S S S

.D000E~D1
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.0CO0E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.2000E-01
.2000E~01
.2000E-01
. 2000E-01
.2000E~01
.2000E~01
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E~-01
.0000E-01
.0000E~-01
.0000E-01
.0000E-01
.0000E~01
.0000E~01
.2000E-01
.2000E~01
.2000E-01
.2000E~01
.2000E-01

S e S e R R R S B R R B S B B B B b B B B B el Bl B b B e B B B e b b b s B s

.0000E~01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-D1
.0000E-01
.0000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E~-01
.2000E-01
.2000E~01
.2000E-01
.2000E~0C1
.2000E~01
.2000E-01
.2000E~01
.0000E-~01
.D00CE-01
.0070F~01
.0000E-01
.0000E~01
.0000E~-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01

i T o e S S S N A U SR

.0000E-01
,2000E-01
.2000E-01
.2000E~-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.0000E~-01
.0000E~-01
.0000E-01
.,0000E~01
.0000E-01
.0000E-01
.2000E-01
.2000E~01
.2000E~01
.2000E-01
.2000E~-01
.<000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E~01
.2000E~-01
.00CCE~-01
.0000E~01
.0000E~01
.D000E-01
.0000E~-01
.0000E~01
,2000E-01
.2000E~01
.2000E-01
.2000E~01
,200CE-01

MOISTURE CONTENT (L**3/L**3)

MC PT. 2

.2000E~01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.0000E-01
.0000E~-D1
.0000E~01
.0D00E~01

L S S S S S o S S

MC PT. 3

.2000E-01
.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.0000E~-01
.0000E~01
.C00CE-01
.0000E-01

B-81
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MC PT. 4§

-

.2C00E-01
.2000E-N1
.2000E~01
.2000E-01
.2000E-01
.2000E-01
.DOO0OE-01
.0000E-01
.0000E~01
.0000E-01
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311 1.0000E-01 1
312 1.0000E-01 1
313 1.2000E-01 1
314 1.2000E-0) 1
315 1.2000E-01 1
316 1.2000E-01 1
317 1,2000E-01 1
318 1.200CcE-01 1
319 1.2000E-01 1
320 1.2000E-01 1
321 1.2000E-01 1
322 1.2000E-01 1
323 1.2000E-01 1
324 1.0000E-C1 1
325 1.0000E-C1 1
326 1.0C00E-01 1
327 1.0000E-01 1
328 1.0000E-01 1
32% 1.0000E-01 1
330 1.2000E-01 1
331 1.2000E-01 1
332 1.2000E-01 1
333 1.2000E-01 1
334 1.2000E-01 1
335 1.2000E-01 1
336 1.2000E-01 1
337 1.2000e-01 1
338 1.200C0E-01 1
33% 1.2000E-01 1
340 1.2000E-01 1
341 1.00C0E-01 1
342 1.0000E-01 1
343 1.0000E-01 1
344 1.0000E~01 1
345 1.0000E-01 1
346 1.0000E-01 1
347 1.2000E-01 1
348 1.2000E-01 1
349 1.2000E-01 1
350 1.2000E-71 1

INIT.AL

ELEMENT MC PT. 1

...............

351 1.2000£-C1
352 1.2000E-01
353 1.2000E-01
384 1.2000E-01
355 1,2000E-01
356 1.2000E-01
357 1.2000E-01
358 1.0000E-01
359 1.0000E-01
360 1.0000F-01

NUREG/CR-6515

.0000E~-01
.0000E~-01
.2000E~01
.2000E-01
.2000E-01
.2000E~-01
.2000E~01
.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E~01
.0000E-01
.0000E~-01
.0000E-01
.000CE~01
.0000E-01
.0000E-01
.20C0E-01
.2000E-01
.2000E-01
.2000E-01
.2000E-01
.2000E~01
.2000E-01
.2000E-01
.2000E-01
.2000E~-01
.2000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.2000E~-01
.2000E-01
.2000E-01
.2000E-01

MOISTURE CONTENT

MC PT. 2

-

.2000E-01
.2000E-01
.2000E-01
.¢0C00E-01
.2000E- 01
.2000E-01
.2000E-01
.0000E~-01
.0000E-01
.0000E-01

D e e e e e e I Tl o e

Ll S S S S i

.0000E~01 1.0000E-01
.0000E~01 1.C000E-01
.2000E-01 1.2000E-01
.2000E-C1 1.2000E-01
.2000E~01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E~01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
,2000E-01 1.2000E-~01
.2000E-01 1.2000E-01
.2000E-01 1.2000E~01
.0000E~C1 1.0000E-01
+0000E-01 1.0000E~-C1
.000CE-01 1.0000E-01
.000CE-01 1,0000E-01
.0000E-01 1.0000E-01
.0000E~01 1.0000E-01
.2000E-01 1.2000E-01
.2000E~01 1.2000E-01
.2000E-01 1.2000E-C1
.2000E-01 1.2000E-01
.20U0E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-C1 1.2000E-01
.0000E~01 1.0000E-0C1
.C000E-01 1.0000E-D1
.0000E-01 1.0000E-C1
.0000E-01 1.0000E-01
.COMME-01 1.0000E-01
.07 . T~01 1.0000E-01
.20, £-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E-01 1.2000E-01
{3243/ 144 3)
MC PT. 3 MC PT. 4
.2000E-01 1.2000E-01
.2000E~-01 1.2000E-0C1
,2000E-01 1.2000E-01
.2000E-01 1.2000E-01
.2000E~01 1.2000E-01
.2000E-01 1.2000E-01
.2000E~01 1.2000E-01
.0000E~01 1,0000E-01
.0000E~C1 1.0000E-D1
.0000E-01 1.2000E-01
B-82



161
362
363
364
365
166
367
368
369
370
M
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
3187
388
3E9
390
391
392
393
394
195
396
397
398
399
400

ELEMENT
401
402
402
404
4058
406
407
408
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00C0E~01

.0000E-01
.0000E-01
.0C00E~01
.0000E-01
-0000E~0]
.0000E~-01
.0000E~01
.0000E-01
.0000E~01
.0000E-01
.0C00E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.C00CE-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.C000E-01
.0000E~-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.D000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01

INITIAL

MC PT. 1

.0000E-01
.0000E-01
.0000E-01
.00060E~01
.0000E-01
.0000CE-01
.0000E~01
.0000E-01

uwuo—owwpwuwwwwwwpwwkuvuwuHrJNNNNNNNNNNH»‘H

Bt bd bd A A b b b

.0000E-0Q1
.0000E-01
.0000E-01
.CO00E-01
.000QE-01
.0000E-01
.0000E-01
.0000E~D1
.0000E-01
.0000E~01
.0000E-01
.C000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01
.0000E-01
.0000E-01
.C000E~03
.0000E~01
.0000E~01
.0000E~-01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.000CE~D1
.0000E-01
.0000E~01
.0000E~C1
.0000E-01
.0000E-01
.0000E~01
.0000E-01
-0000E-01
.0000E~01
.0000E~-01

MOISTURE CONTENT

MC PT. 2

.0000E~-01
.0000E~01
.0000E~01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E~01

Lol ol ol el el ol ol ol i et ol e i S S U U S U U S SO N SO SO S SN

e i

.0U00E~01 1.C000E~01
.0000E-01 1.0000E~01
.0000E-01 1.0000E-01
.0000E~01 2.0000E-01
-0C00E~01 2.0000E-~01
.0000E-01 2.0000E-01
-0000E~01 2.0000E-01
.0000E-01 2.0000E-01
.0000E-01 2.0000E-01
.0000E-01 2.0000E-01
.0000E-01 2.0C00E-~01
.0000E-01 2.0000E-01
»0CDOE-01 2.0000E-01
.0000E-01 2.0000E-01
.Q000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-C1 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E~01 1.0000E-0}
.0000E~01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E~01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-C1 1.0000E-01
<0000E-01 1.00002-01
.Q000E-01 1.0000£-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E~01
.0000E~01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
{L**3/1*+3)
MC PT. 3 MC PT. 4
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E~-01 1.0000E-01
.0000E-01 1.0000E-01
.0000E-C1 1.0000E-01
.0000E-01 1.0000E-01
.0000E-01 1.0000E-01
-0000E-01 1,0000E-01
B-83

NUREG/CR-6515



OUTPUT TABLE 11.. MASS FLOW AT TIME = 6.0000E+01
(DELT = 5.0000E-01), ITIM = 120, ITER = 1

FLOW RATE (M/T/L) AT LOCAL BOUNDARY NODE 1
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
-6.88E-10 -4.05E~10 ~1.56E~-26 -1.21E-10 ~4.45E-10 0.00E+00
MAGNESTIUM PHOSPHATE ZINC
~4.85E-10 -2.02E-12 -3.07E-12

FLOW (M/L) AT LOCAL BOUNDARY NODE 1
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
~1.09E-~02 -6,38E-03 ~2.46E~19 ~1.91E~03 ~7.01E-03 0.00E+00
MAGNESIUM PHOSPHATE ZINC
~7.66E-03 ~3.19E-05 -4.85E-05

TOTAL FLOW (M/L) AT LOCAL BOUNDARY NODE 1
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
~-1.30E+00 -7.66E-01 -2.95E~17 ~2.30E~-01 ~8.42E-01 0.00E+00
MAGNES IUM PHOSPHATE ZINC
-9.19E-01 ~3.83E-03 -5.82E-03

FLOW RATE (M/T/L) AT LOCAL BOUNDARY NODE 2
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
=1.38E-0% ~8.10E-10 =3.12E~26 ~2.43E~10 -8.91E~10 0.00E+00
MAGNESIUM PHOSPHATE ZINC
-9.73E-10 -4.05E-12 ~6.16E~12

FLOW (M/L) AT LOCAL BOUNDARY NODE 2
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
-2 17E~02 -1.28E-02 ~4,.93E-19 -3.84E-03 ~1.41E-02 0.00E+00
MAGNESIUM PHOSPHATE ZINC
~1,838-02 -6.39E-05 -9.72E~05

TOTAL FLOW (M/L) AT LOCAL BOUNDARY NODE 2
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
~2.61E+00 -1.53E+00 =5.91E-17 -4.60E~-01 -1.69E+00 0.00E+00
MAGNESIUM PHOSPHATE ZINC
~1.B4E+00 ~7.67E-03 =1.37E-02

FLOW RATE (M/T/L) AT LOCAL BOUNDARY NODE 3
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
-1.38E-09 ~8.13E-10 =3.13E-26 ~2.44E-10 -8.93E~10 0.00E+00
MAGNESTIUM PHOSPHATE ZINC
~9,75E-10 -4.06E~12 ~6.18E~12

NUREG/CR-6515
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CALCIUM

-2.18E-02
MAGNESIUM
~1.54E-02

CALCIUM

~2.62E+00
MAGNESIUM
-1.85E+00

CALCIUM

~1.09E-09
MAGNESIUM
=7.72E~10

CALCIUM

~-1,73E-02
MAGNESIUM
-1.22E-02

CALCIUM

~2.07E+400
MAGNES IUM
=1.46E+00

CALCIUM

-8.27E~10
MAGNES IUM
~5,83E-10

CALCIUM

=1.30E-02
MAGNESIUM
~-9.21E-03

CALCIUM
=-1.57E+00

FLOW
CARBONATE
-1,28E-02
PHOSPHATE
-6.41E~05

(M/L) AT
URANIUM
-4,94E~-19
ZINC
9. 715E-05

TOTAL FLOW (M/L) AT

CARBONATE
~1.,54E+00
PHOSPHATE
~7.69E~03

URANIUM
=5.93E-17
ZINC
~1.17E-02

FLOW RATE (M/T/L) AT

CARBONATE
~6.43E-10
PHOSPHATE
-3.22E-12

FLOW
CARBONATE
-1.01E~02
PHOSPHATE
~5.07E~05

URANIUM
~2.48E-26
ZINC

~4 89E~12

(M/L) AT
URANIUM
~3.91E~19
ZINC
=7.71E-05

TOTAL FLOW (M/L) AT

CARBONATE
-1.22E+00
PHOSPHATE
-6.09E-03

URANIUM
-4.69E-17
ZINC
~9.25E-03

FLOW RATE (M/T/L) AT

CARBONATE
~4,.86E-10
PHOSPHATE
-2.43E-12

FLOW
CARBONATE
~7.67~03
PHOSPHATE
~3.,8B4E-05

URANIUM
-1.87E-26
ZINC
=3.70E~12

(M/L) AT
URANIUM
~2.96E-19
ZINC
-5.83E-05

TCTAL FLOW (M/L) AT

CARBONATE
~9,21E-01

URANIUM
-3.988-17

LOCAL BOUNDARY
SULFATE
~3,.85E-03

LOCAL BOUNDARY
SULFATE
~4.62E-01

LOCAL BOUNDARY
SULFATE
-1.93E-10

LOCAL BOUNDARY
SULFATE
~3.04E-03

LOCAL BOUNDARY
SULFATE
-3.65E-01

LOCAL BOUNDARY
SULFATE
=1.46E-10

LOCAL BOUNDARY
SULFATE
~2.30E~03

LOCAL BOUNDARY
SULFATE
~2.76E~01

B-85

NODE 3
HYDROGEN
-1.41E-02

NODE 3
HYDROGEN
~-1.69E+00

NODE 4
HYDROGEN
-7.07E~10

NODE o
HYDROGEN
«3.12E~02

NODE -
HYDROGEN
~1.34E+400

NODE -]
HYDROGEN
-5.34E-10

NODE $
HYDROGEN
~8.43E-03

NODE 5
HYDROGEN
-1.01E+00

SOH
0.00E+00

SOH
0.00E+00

SO0H
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+0CO

SOH
0.00E+00

SOH
0.00E+00
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MAGNES 1UM
~1.10E+00

CALCIUM

~9.92E~10
MAGNES TUM
~7.00E-10

CALCIUM

~1.56E-02
MAGNES TUM
-1.10E-02

CALCIUM

~1.88BE+00
MAGNESIUM
=1.33E+00

CALCIUM

-8.29E-10
MAGNESTUM
-5.85E-10

CALCIUM

~1.31E-02
MAGNESIUM
~9.24E-03

CALCIUM

=1.57E+00
MAGNES IUM
=1.11E+00

CALCIUM

“6.41E-10
MACGNES IUM
~4.53E-10

NUREG/CR-6515

PHOLPHATE ZINC
~-4.60E-03 ~7.00E~03
FLOW RATE (M/T/L) AT
CARBONATE URANIUM
~5.83E~-10 ~2.25E-26
PHOSPHATE ZINC
«2.92E~12 ~4.43E-12
FLOW (M/L) AT
CARBONATE URANIUM
~9.20E-03 =3,55E~19
PHOSPHATE ZINC
~4.60E-05 ~6.99E-05
TOTAL FLOW (M/L) AT
CARBONATE URANIUM
~1.10E+00 -4.26E-17
PHOSPHATE ZINC
-5.52E-03 -8.39E-03
FLOW RATE (M/T/L) AT
CARBONATE URANIUM
-4.88E-10 -1.88E-26
PHOSPHATE ZINC
~2.44E-12 =3.71E-12
FLOW (M/L) AT
CARBONATE URANIUM
~7,70E~03 ~2.97E-19
PHOSPHATE ZINC
=3.85E-05 ~5.B5E~05
TOTAL FLOW (M/L) AT
CARBONATE URANIUM
~9.24E-01 ~3.56E-17
PHOSPHATE ZINC
-4.62E~03 ~7.02E-03
FLOW RATE (M/T/L) AT
CARBONATE URANTIUM
~3.77E~10 ~1.45E-26
PHOSPHATE ZINC
-1.89E-12 «2.,878-12

LOCAL BOUNDARY
SULFATE
~1.785E-10

LOCAL BOUNDARY
SULFATE
-2.T6E~-03

LOCAL BOUNDARY
SULFATE
=-3.31E-01

LOCAL BOUNDARY
SULFATE
~1.46E-10

LOCAL BOUNDARY
SULFATE
~2.312~03

LOCAL BOUNDARY
SULFATE
-2.77E~01

LOCAL BOUNDARY
SULFATE
*1.13Kk=10
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NODE 6
HYDROGEN
~6.41E-10

NODE 6
HYDROGEN
=1.01E~-02

NODE 6
HYDROGEN
=1.21E+00

NODE 7
HYDROGEN
-5.36E-10

NODE 7
HYDROGEN
~8,46E~03

NODE ?
HYDROGEN
=1.01E+00

NODE 8
HYDROGEN
-4.15E-10

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00FE+00



CALCIUM

-1.01E-02
MAGNESIUM
~7.14E-03

CALCIUM

-1.21E+00
MAGNESIUM
~-8.57E-01

CALCTUM

«7.23E-10
MAGNES IUM
~5.10E~10

CALCIUM

~1.14E~02
MAGNESIUM
~8.05E~03

CALCIUM

=1.37E+00
MAGNES IUM
~9.66E~01

CALCIUM

~7.34E-10
MAGNESIUM
-5.18£-10

CALCIUM

-1.16E-02
MAGNESIUM
-8.17E~03

CALCIUM
=1.38E+00
MAGNES IUM

FLOW (M/L) AT
CAREONATE URANIUM
-5,95E-03 ~2.29E-19
PHOSPHATE ZINC
~2.98E-0% ~4.52E~05

TOTAL FLOW (M/L) AT
CARBONATE URANIUM
=7.14E-01 -2 19E~37
PHOSPHATE ZINC
~3,57E~-03 ~5.43E-03

FLOW RATE (M/T/L) AT
CARBONATE URANIUM
-4.25E-10 -1.64E-26
PHOSPHATE ZINC
-2.13E~12 -3.23E-~12

FLOW (M/L) AT
CARBONATE URANIUM
-6.71E-03 ~2:59E-1%
PHOSPHATE ZINC
-3.36E-05 ~-5.10E-05

TOTAL FLOW (M/L) AT
CARBONATE URANIUM
-8.05E~01 -3,10E-17
PHOSPHATE ZINC
-4.03E~03 ~6,12E-03

FLOW RATE (M/T/L) AT
CARBONATE URANIUM
~4.,318~10 ~1.66E-26
PHOSPHATE ZINC
-2.16E~12 ~3,28E8-12

FLOW (M/L) AT
CARBONATE URANIUM
-6.81E-03 ~2.62E-19
PHOSPHATE ZINC
-3.40E~05 =5.17E+-05

TOTAL FLOW

CARBONATE
-8.17E~01
PHOSPHATE

(M/L) AT
URANIUM

=3, 10E~-17
ZINC

LOCAL BOUNDARY
SULFATE
«1,719E-03

LOCAL BOUNDARY
SULFATE
-2.14E-01

LOCAL BOUNDARY
SULFATE
~1.28E-10

LOCAL BOUNDARY
SULFATE
-2,01E-03

LOCAL BOUNDARY
SULFATE
-2.42E-01

LOCAL BOUNDARY
SULFATE
~1.29E-10

LOCAL BOUNDARY
SULFATE
-2.04E-03

LOCAL BOUNDARY
SULFATE
=2 .45E-01

B-87

NODE €
HYDROGEN
-6.54E-03

NODE 8
HYDROGEN
-7.85E-01

NODE 9
HYDROGEN
-4 . 67E-10

NODE 9
HYDROGEN
~7.37E-03

NODE 9
HYDROGEN
-8.85E-01

NODE 10
HYDROGEN
~4.74E-10

NODE 10
HYDROGEN
-7.48E-03

NODE 10
HYDROGEN
~8.9BE-01

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
n.00E+00

ESOH
0.00E+00

SOH
0.00E+00

NUREG/CR-6515



~9.80E-01

CALCIUM

~7.46E-10
MAGNES IUM
-5.278-10

CALCIUM

-1.18E-02
MAGNESIUM
-8.31E-03

CALCIUM

-1.41E+00
MAGNES IUM
~-9.97£-01

CALCIUM

«7,54E~10
MAGNES IUM
~5.32E-10

CALCIUM

=1.19E~02
MAGNES IUM
~8,40E~03

CALCIUM

=1.43E+00
MAGNESIUM
~1.01E+00

CALCIUM

-7.60E-10
MAGNESIUM
-5.36E~10

NUREG/CR-6515

-4,09E-03 -6,21E-03
FLOW RATE (M/T/L) AT
CARBONATE URANIUM
~4.39E-10 -1.69E-26
PHOSPHATE ZINC
-2.19E~12 -3.34E~-12
FLOW (M/L) AT
CARBONATE URANIUM
~-6.93E-03 ~2.67E-19
PHOSPHATE ZINC
~3.46E-05 ~5.26E-05
TOTAL FLOW (M/L) AT
CARBONATE URANIUM
-8.31E-01 -3.20E~17
PHOSPHATE ZINC
~4.16E-C3 -6.32E-03
FLOW RATE (M/T/L) AT
CARBONATE URANIUM
~4.44E~-10 =1.71E-26
PHOSPHATE ZINC
-2.228~12 =3.375-12
FLOW (M/L) AT
CARBONATE URANIUM
-7.00E-03 -2.70E-19
PHOSPHATE ZINC
~3.50E-05 -5,32E-05
TOTAL FLOW (M/L) AT
CARBONATE URANIUM
-8.40E-01 =3.248~17
PHOSPHATE 2INC
~4.20E~03 -6.38E-03
FLOW RATE (M/T/L) AT
CARBONATE URANIUM
-4.47E-10 «1.728-28
PHOSPHATE ZINC
-2.23E~12 -3.40E-12

LOCAL BOUNDARY
SULFATE
=1.348~10

LOCAL BOUNDARY
SULFATE
~2.0BE-03

LOCAL BOUNDARY
SULFATE
~2.49E-01

LOCAL BOUNDARY
SULFATE
~1.33E-10

LOCAL BOUNDARY
SULFATE
-2.10E-03

LOCAL BOUNDARY
SULFATE
-2,52E-01

LOCAL BOUNDARY
SULFATE
-1.34E~10

B-88

NODE 11
HYDROGEN
=-4.82E~10

NODE 11
HYDROGEN
-7.61E-03

NODE 11
HYDROGEN
=9.138~01

NODE 12
HYDROGEN
~-4,87E-10

NODE 12
HYDROGEN
-7.69E-03

NODE 12
HYDROGEN
~9.23E-01

NODE 13
HYDROGEN
-4 .91E~10

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00



CALCIUM

~1.20E-02
MAGNES TUM
~8.46E-03

CALCIUM

~1.44E+00
MAGNESIUM
-1.02E400

CALCIUM

~7.64E-10
MAGNESIUM
-5.39E-10

CALCTIUM

=1,21E~02
MAGNESIUM
~8.51E~03

CALCIUM

~1.45E+00
MAGNES IUM
~1.02E+400

CALCIUM

~7.67E-10
MAGNES IUM
~5,41E-10

CALCIUM

-1.21E-02
MAGNESIUM
-8.54E-03

CALCIUM
~1.45E+00
MAGNESIUM

FLOW
CARBONATE
~7.05E-03
PHROSPHATE
-3.53E-05

(h/L) AT
URANIUM
-2.72E~19
ZINC
~5.36E-0%

TOTAL FLOW (M/L) AT

CARBONATE
-8.46E-01
PHOSPHATE
-4.23E-03

FLOW
CARBONATE
~4.49E-10
PHOSPHATE
»2.89E>12

FLOW
CARBONATE
~-7,09E-03
PHOSPHATE
~3.54E-05

URANTUM
-3.26E-17
ZINC
~6.43E~03

RATE (M/T/L) AT
URANIUM
-1.73E-26
ZINC
-3.41E-12

(M/L) AT
URANIUM
~2.73E~19
ZINC
~5.39E-05

TOTAL FLOW (M/L) AT

CARBONATE
-8.51E~01
PHOSPHATE
~4.25E-03

FLOW
CARBONATE
-4.51E-10
PHOSPHATE
~2.25E~12

FLOW
CARBONATE
-7.12E-03
PHOSPHATE
-3.56E-05

" URANIUM
-~3.28E-17
ZINC
-6.47E~03

RATE (M/T/L) AT
URANIUM
~1.74E-26
ZINC
-3,43E-12

(M/1) AT
URANTUM
-2.74E-19
ZINC
-5,41E-05

TOTAL FLOW (M/L) AT

CARBONATE
~-8.54E-01
PHOSPHATE

URANIUM
3. 298=12
ZINC

LOCAL BOUNDARY
SULFATE
~2.128-03

LOCAL BOUNDARY
SULFATE
~2.54E-01

LOCAL BOUNDARY
SULFATE
-1.35E~-10

LOCAL BOUNDARY
SULFATE
-2.138-03

LOCAL BOUNDARY
SULFATE
~2.95E-01

LOCAL BOUNDARY
SULFATE
«1.35E~10

LOCAL BOUNDARY
SULFATE
~2.13E-03

LOCAL BOUNDARY
SULFATE
~2.56E~01

B-89

NODE 13
HYDROGEN
-7.75E-03

NODE i3
HYDROGEN
~-9.30E-01

NODE 14
HYDROGEN
-4.94E-10

NODE 14
HYDROGEN
~7.79E~03

NODE 14
HYDROGEN
~-9.35E~-01

NODE 15
HYDROGEN
~4.96E~10

NODE 15
HYDROGEN
~7.82E~-03

NODE 15
HYDROGEN
-9.38E-01

SOH
0.00E+00

SOH
0.00E400

SOH
0.00E400

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

NUREG/CR-6515



~1.02E+00

CALCIUM

-7,6BE~10
MAGNESIUM
~5.42E~10

CALCIUM

=1.218-02
MAGNESIUM
-8.56E-03

CALCIUM

~1.46E+00
MAGNESIUM
-1.03E+0C

CALCIUM

-7.70E-10
MAGNESIUM
~-5.43E-10

CALCIUM

~1.21E-02
MAGNES IUM
=£.57e~-03

CALCIUM

=1.46E+00
MAGNESIUM
=1.03E+00

CALCIUM

-3.85E-10
MAGNESIUM
-2.72E-10

NUREG/CR-6515

~4.27E-03 ~6.49E-03
FLOW RATE (M/T/L)
CARBONATE URANIUM
~4.52E-10 =1.74E-26
PHOSPHATE ZINC
~-2.26E-12 -3.44E-12
FLOW (M/L)
CARBONATE URANIUM
-7.13E-03 -2.75€~19
PHOSFHATE ZINC
-3.57E-05 -5.42E-05

TOTAL FLOW (M/L)

CARBONATE
~8.56E-01
PHOSPHATE
~4.28E-03

FLOW RATE
CARBONATE
~-4,53E-10
PHOSPHATE
~2.26E~-12

FLOW (M/L
CARBONATE
~7.14E-03
PHOSPHATE
~-3.572-05

URANTUM
~3,30E-17
ZINC
~6.5S0E-03

(M/T/L)
URANIUM
-1.74E-26
ZINC
~3,44E-12

)

URANIUM
~2.75E-19
ZINC
~-5.43E-05

TOTAL FLOW (M/L)

CARBONATE
-8.57E-01
PHOSPHATE
-4,29E-03

FLOW RATE
CARBONATE
-2.27E-10
PHOSPHATE
=1.13E-12

URANIUM
~3.30E-17
ZINC
~6.52E-03

(M/T/L)
URANIUM
-8.73E~-27
ZINC
=1.72E~12

AT

AT

AT

AT

AT

AT

AT

LOCAL BOUNDARY
SULFATE
=1.36E-10

LOCAL BOUNDARY
SULFATE
~2.14E-03

LOCAL BOUNDARY
SULFATE
«2,87E~-01

LOCAL BOUNDARY
SULFATE
=1,36E-10

LOCAL BOUNDARY
SULFATE
-2.14E-03

LOCAL BOUNDARY
SULFATE
~-2.57E-01

LOCAL BOUNDARY
SULFATE
-6.80E-11

B-90

NODE 16
HYDROGEN
-4.97E~10

NODE 16
HYDROGEN
-~7.84E-03

NODE 16
HYDROGEN
=9.41E~-01

NODE 17
HYDROGEN
~4.98E~10

NODE 17
HYDROGEN
~7,85E~03

NODE 17
HYDROGEN
~9.42E-01

NODE i8
HYDROGEN
~2.49E-10

SOK
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E+00

SOH
0.00E4+00



FLOW (M/L) AT LOCAL BOUNDARY NODE 18
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
~6.08E-03 ~3.58BE-03 ~3.38E-1% -1.07E-03 -3.93E~03 0.00E+00
MAGNESIUM PHOSPHATE ZINC
-4.29E~-03 ~1.79C2-05 -2.72E-05
TOTAL FLOW (M/L) AT LOCAL BOUNDARY NODE 18
CALCIUM CARBONATE URANIUM SULFATE HYDROGEN SOH
-7.29E-01 ~4.29E-01 ~1.65E-17 =1.,29E-01 -4.71E-01 0.00E+00
MAGNESIUM PHOSPHATE ZINC
~5.15£~01 ~2.156-03 ~3.26E-03
URANIUM CHEMICAL = 3
CONTAINER BREACH
ELEMENT CONTAINER TIME BREACHED CONTATINER RATIO
TYPE BREACH AREA AREA
299 1 5.00E-C1 2.10E404 2.10E+04 1.00E+00
302 1 5.00E-01 2.10E+04 2.10E+04 1.00E+00
308 1 5.00E-01 2.10E+04 2.10E+04 1.00E+00
333 1 5.00E~-01 2.10E+04 2.10E+404 1.00E+00
336 1 5.00E-01 2.10E+04 2.10E+04 1.00E+00
339 1 5.00E-01 2.10E404 2.10E+04 1.00E+00
SOURCE TERM TO THE TRANSPORT CALCULATION --- IN MOLE/LITER-S
ELEMENT CONTAINER WASTE TCTAL RINSE DIFFUSION DISSOLUTION
TYPE TYPE REL RATE REL RATE REL RATE REL RATE
299 1 1 5.96E~-16 0.00E+00 0.00E+00 5.96E-16
302 1 i 5.96E-16 0.00E+00 0.00E+0D 5.96E-18
305 1 1 $.96E-16 0.00E+00 0.00E+00 5.96E-16
333 1 1 5.77E-16 0.00E+00 0.00E+00 5.77E-16
3386 1 1 5.77E~16 0.00E+00 0.C0E+00 5,77E~16
339 5 i 5.77E-16 0.00E+00 0.00E+00 8.71E~16
CUMULATIVE RELEASE FROM THE MIXING BATH AVAILABLE FOR TRANSPORT -~--- IN MOLES
ELEMENT CUM. REL
299 1.11E-04
302 1.11E-04
B-91 NUREG/CR-6515






30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

OUTPUT TABLE 14.

51
52
53
54
55
56
57
58
59
60
61
€2
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7

O L - O 0 duaNhes agndaoooo

meNHQQQCOOQO\JOU‘WNF‘U‘HU‘NOOO\D

.6917E-16
.T074E~16
.5664E-16
.3672E~16
.1B49E-16
.0634E-16
.0213E-16
.0182E-17
«H219E-1"7
.6684E-16
.1516E-16
. 6244E~-15
.B226E-15
.2973E-15
.9291E-15
.$091E-15
.B05BE~15
.6532E-15
.0013E-14
.9761E~15
.7064E-15

ITIME =

TOTAL €

-

.36B1E-15
.0763E-15
.8889E-15
.8253E~15
.3133E-16
.3B30E-16
.B548E-15
.3695E-15
.2B22E~14
.3026E~-14
.6030E~-14
.0796E-14
.5301E~14
. 7209E~14
.48B12E-14
. T732E~14
.6942E-14
.4129E-14
.OBB3E-14
.B219E-14
.6564E-14
.6012E-14
.0992E-15
.B3I49E-15
.DE40E~14
.4524E-14
.B487E-14

HNNUUNNPHQNHWHNNNNNNFJ

€

12

wv‘hH&NNNNUWMUNNN"G&f}\INOUWWN

.5734E-16 ~-15.17 4.1183E-16 0.0000E+00 1
.$794E~16 -15.17 4.1279E-16 0.0000E+00 1
.5253E-~16 -15.18 4.0412E-16 0.0000E+00 1
.4487E-16 ~15.20 3.9185E-16 0.0000E+00 1
.3786E-16 ~-15.21 3.8063E-16 0.0000E+00 1
.3319E-16 ~-15.22 3.7315E-16 0.0000E+00 1
.3157E-16 -15.22 3.7056E-16 C.00C0E+00 1
.5481E~17 -16.40 2.4701E-17 0.0000E+00C 1
.2827E-17 ~-16.07 5.2392E-17 0.0000E+00 1
,0272E~16 -15.57 1.6412E-16 0.0000E+00 1
.7494E-16 ~-15.15 4.4022E-16 0.0000E+00 1
,2339E-16 -14.79 1.0011E-15 0.0000E+00 1
L0B10E~15 =-14.55 1.7416E-15 O0.0000E+00 1
.6426E-15 ~-14.37 2.6547E-15 0.0000E+00 1
. 2623E~15 ~-14.23 3.6669E-15 0. 0000E+00 1
.B611E~15 ~-14.12 4.6481E-15 0.0000E+00 1
.351BE-15 ~-14.06 5.4540E-15 0.0000E+00 1
.6723E-15 -14.02 5,9809E-15 0.0000E+00 1
.BOB4E-15 ~-14.00 6.2047E-15 0.0000E+00 1
,7943E-15 ~-14.00 6.181BE-15 0.0000E+00 1
.6921E-15 ~-14.01 6.0143E-15 0.0000E+00 1
ONCEN. (M/L**3) AT TIME = 6.0000E+01, (DELT
0 ITER = 1 ==~ CHEMICAL NO. 3 (URANIUM
DISSOL C XLOG SORBED C PRECIP C
.5638E-15 =-14.03 5,.8043E~15 0.0CO0E+00 1
,4532E-15 ~-14.04 5.6231E-15 0.C000E+00 1
.3821E~15 =-14.05 5.5068E-15 O0.0000E+00 1
,3580E-15 -14.05 5.4674E-15 0.0000E+00 1
.9093E-17 ~15.64 1.4224E-16 O0.0000E+00 9
,0718E-16 ~15.27 3.3111E-16 0.0000E+00 9
.1219E-16 -14.73 1.1426E-15 0.0C00E+00 &
,0513E~15 ~14.27 3,3182E-15 0.0000E400 9
,B651E-15 ~13.89 7.9572E-15 0.0000E+00 9
.6703E~15 ~-13.64 1.4356E-14 0.0000E+00 9
.3463E-14 =13.44 2.2567E-14 0.0000E+00 1
.BB49E~14 -13.29 3.1947E-14 0.0000E+00 1
.4099E-14 ~-13.19 4.1202E-14 0.0000E+00 1
.8390E-14 ~13.11 4.8B19E-14 O0.0C00E+00 1
.1124E-14 -13.07 5.368BE-14 0.0000E+00 1
.2174E-14 -13.06 5.5559E-14 0.0000E+00 1
.1887E-14 -13.06 5.5056E-14 0.0000E+00 1
.0868E-14 -13.08 5.3261E-14 O0.0000E+00 1
.9691E-14 -13.09 5.1192E-14 0.0CO0E+00 1
.8724E-14 -13.11 4.9495E-14 0 .0000E+00 1
.8123E-14 ~-13.12 4.8441E-14 0.0000E+00 1
.7923E-14 ~-13.12 4.8089E-14 0.0000E+00 1
.2299E-16 -14.96 6.7617E-16 O.0000E+00 ¢
.0BB9E-15 ~-14.55 1,7460E-15 0©.0000E+00 9
.1332E-15 ~-13.96 6.7071E-15 0.0000E+00 9
,2943E-14 ~-13.46 2.1582E~14 0.0000E+00 9
.2425E-14 ~-13.05 S5.6063E-14 0.0000E+0D0 9

B-93

.4535E-01
.4535E-01
.4535E-01
.4534E-01
+4534E-01
.4534E-01
.4533E-01
.2001E-01
.2005£-01
.2018E-01
.2044E~01
.2079E~-01
.2118E-01
.2157E~01
.2192E-01
.2220E~01
.2239E-01
.2250E-01
. 2255E-01
.2255E-01
.2253E-01

= 5.0000E~01)

) ——— WE

KD

.2251E-01
.2249E~01
.2247E-01
.2247E-01
.6256E-02
.6357E-02
.6732E-02
-7833E-02
.8614E-02
.9829E-02
.0107E-01
.0218E-01
.0308E-01
.0368E-01
.0400E-01
.0412E-01
.0410E-01
.0403E-01
,0396E~-01
.0389E-01
.0385E-01
.0384E-01
.1345E-02
.1623E-02
.2T728E-02
.S28B3E-02
.BBOOE-02

NUREG/CR-6515






126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

QUTPUT TABLE 14.

NP
151
152
153
154
153
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
imn
172
173

oW WWw B D NN NNRN RN S D S WO W e

W W 0N NN NN - O D

.0474E-10
.4077E~14
. 7014E-13
.5350E-13
«1317E~12
+3B46E-11
.4700E~10
.4775E-10
.7835E~10
.6301E-09
.1825E-09
.4699E-09
.4938E-09
.3725E~09
.2222E-09
.1010E~-09
.0209E-09
.9767E-09
.962€6E-09
.B727E-14
.5740E-13
.BO64E-12
.1382E-11
.2093E-10
.4849E-09

¢ox ITIME =

.468BE-09
.5673E-09
.5583E-08
.0380E-08
.2584E-08
.2506E~-08
.1370E-08
.0149E-08
.9222E-08
.8651E~-08
.E332E-08
.822BE-08
.1266E-14
.9787E~-13
. 9125E-12
.3874E-10
.6177E-09
.9061E-09
.9206E-08
.BB37E-0B
.1005E-08
.BO33E-0B
.5322E-08

=N RN NN WWWN - O OS>

L S S

C

12

O d & v s DD

W B R B o

.9667E-12 -9.98 9.8775E-11
,30756-14 ~-13.47 2.1003E-14
.4234E~-14 -12.77 1.0590E-13
.2833E-13 ~12.02 6,2517E-13
,2290E-12 ~-11.29 3.5027E-12
,1224E-12 -10.47 2,9724E-11
,0595E-12 -9.83 1.3994E-10
.B941E-11 -9.35 4.1880E-10
.0B03E-11 -9.01 8.8755E-10
,8611E~10 -8.79 1.4440E-09
.7602E~10 ~8.66 1.9065E-09
.2452E-10 -8.61 2.1454E-09
.2865E-10 -8.60 2.1652E-09
.0882E-10 ~8.82 2.0636E-09
.6471E-10 -8.65 1.9375E-09
,6547E-10 -8.68 1.8356E-09
.5278E-10 -8.69 1.76B2E-09
.4577E-10 -8.70 1,7309E-09
.4353E-10 -8.71 1,7181E~0%
L2719E-14 -13.31 3.000BE-14
.7194E-13 -12.34 2.8B546E-13
.2.74E~12 -11.42 2.5890E-12
.0455E-12 =-10.50 2.7337E-11
L79,.85E~11 ~9.49% 3.0342E-10
.7344E-10 -8.83 1.3114E-09
ONCEN. (M/L**3) AT TIME =

0 ITER = 1 -~~~ CHEMICAL NO.
DISSOL C XLOG SORBED C
,0366E~10 ~8.35 3.6651E-09
.1B17E- 09 -8.02 7.3856E-09
.0360E-09 -7.81 1.1547E-08
.6063E-09 ~7.69 1.4773E-08
.3409E-09 -7.65 1.6243E-08
.3179E-09 -7.65 1.6188E-08
.951ZE-09 ~7.67 1.5419E-08
.5611E-09 -7.70 1.4588BE-08
.2691E-09 =7.72 1.3963E-08
.0B3BE~09 -7.73 1.3567E-08
.98B20E-09 -7.74 1,3350E-08
.94BBE~09 -7.74 1.3279E-08
.1843E-15 -13.67 1.3082E-14
.6308E-13 ~-12.16 4.3479E-13
,7109E-12 -11.05 ©6.2017E-12
.5037E~12 -9.86 1.2924E-10
+5391E-10 -8.79% 1.4638E-09
.2608BE~09 -8.16 5.6453E-09
.9176E-09 =7.72 1.42B9E-08
.1987E-08 -7.41 2.6B50E-08
.0827E-08 =7.21 4.0178E-08
.7936E-08 -7.11 5.0097E-08
.1018E-08 ~7.07 5,4305E-08

B-95

6.0000E+01,

.0000E+00
.0000E+00
.0000E+CQOD
.DOOOE+00
.0000E+00
.0000E+00
.0000E+CO
.0000E+00
.Q000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0C
.0000E+00
.000CE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

OO0 0000000 C DO 0DDO0OO0DOCO0CDOoO0DOoODOCoOoOCO OO

.4596E-01
1794E-02
.4209E-02
.0BBOE-01
.B146E-01
.1202E~01
.1327E+00
.2692E-01
.5854E~01
.4336E-01
.9468E-01
.7777E-01
.7647E-01
.81¢5E-01
.8BBTE-01
-9511E-01
+9971E-01
.0246E~0C1
.0337E-01
. 1605E~02
.4870E-02
.2152E-01
.8614E~-01
.899CE-01
.3207E-01

DY W WO W S DS W W W W W W WS U - s Y oW

(DFLT = 5.0000E-01)

3 (URANIUM } S AR
PRECIP C KD
0.0000E+00 2.6060E-01
0 . COOOE+00 1.9344E-01
0.0000E+00 1.6348E-01
0.\'00fE+00 1.5058BE-01
0.0000E+00 1.463BE-01
0.0000E+00 1.4642E-01
C.0000E+00 1.4B05E-01
0.0000E+00 1.49%0E-01
0.0000E+00 1.5142E-01
0.0000E+00 1.5250E-01
0.0000E+00 1.5312E-01
0.0000E+00 1.5333E-01
0.0000E+00 9.1340E-02
0.0000E+00 9.4441E-02
0.0000E+00 1.30732-01
0.0000E+00 7.7707E-01
0.0000E+00 5.4346E-01
0.0000E400 2.5586E-01
0.0000E+00 1.6604E-01
0.0000E+00 1.2800E-01
0.0000E+00 1.1023E-01
0.0000E+00 1.0247E-01
0.0000E+00 1.0004E-01

NUREG/CR-6515



174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

QUIPUT TABLE 14,

NP
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

et R - - R S S G R

L S RS -]

.4600E~08
.0612E~08
.664BE-08
.3B03E-08
.2076E~-08
-1120E-08
.0790E-08
.3203E-15
.B949E-13
.4398E~11
.5566E~10
.1558E-09
.6595E-08
.3720E-08
.5511E-08
. 3213E-07
.6§737E-07
.8162E-07
. 7950E-07
. 7165E-07
.6432E-07
.5924E-07
.5633E-07
5 38E~07
.5403E-07
.1300E~-14
.6524E-13

*#9¢ ITIME =

O NN R R NN DWW W W N D W g e

TOTAL C

.BO32E-11
.2787E-10
-5B15E-09
.24B6L-08
.1765E~08

S636E-07

.3976E-07
.0276E~07
.2675E~07
2210E-07
.0945E-07
.9829E-07
.9072E-07
.B689E-07
.8453E-07
.8333E-07
.678B3E-14
.5685E-13
L7319E~11
.1563E-09
.4596E-08

NUREG/CR-6515

F‘WOG\OQOG\J\DQUNPWUN‘NUNNNNMNU

JC

12

T U0 U0 O W v b s R b e e e e O LN B D M W

.0733E-08 =7.07 5.3B67E-08 0.0000E+00 1
.9106E-08 =7.09 5.1506E-08 0,0000E+00 1
.7503E~08 =7.12 4.9145E-08 0.0000E+00 3
.6356E-08 ~7.13 4.7447E-08 0.0000E+00 1
.5657E~08 =7.14 4.641BE-08 0.0000E+00 1
.5272E-08 =7.15 4.5B4BE-08 0.0000E400 1
.5140E-08 =7.15 4.5650E-08 0.0000E+00 1
\B513E-33 -32.00 6.1487E-33 0.0000E+00 9
«6135E-15 ~12.16 4.2814E-13 0.0000E+00 ¢
-363BE-12 ~-10.84 1.0034E~11 0.0000E+00 1
.6982E-11 -9.4% 3.386BE-10 0.0000E+00 1
.217%E-10 -8.38 3.6340E-09 0.0000E+00 3
.7018E-09 =7.78 1.2893E~08 0,0000E+00 1
.3099E-08 -7.36 3.0621E-08 0.0C00E+00 1
.U203E-08 =7.07 5.530BE~C8 0.0000E+00 1
.1097E-08 -6.8B8 B.1029E-08 0.0000E+00
. 1559E-08 ~6.78 9.9811E-08 0.0000E+00 8
.4288E-08 ~6.74 1.0733E-07 0.0000E+00 B8
.3334E-08 =6.75 1.0617E-07 0.0000E+00 8
.9748E-08 =6.77 1.0190E-07 0.0000E+00 &
.6432E-08 -6.78 9.78BBE-08 0.0000E+00 8
.4148BE-08 -6.80 9.5090E-08 0.0000E+00 8
.2B40E-08 -6.81 9.3494E-08 0.0000E+00 8
.2101E-08 -6.81 9.2579E-08 0.0000E+00 @
-1617E-08 ~6.81 9.2214E-08 0.0000E+00 8
-8517E-33 -32.00 6.1483E-33 0.0000E+00 9
~7741E-13 ~-12.33 2.8782E-13 0.00N0E+00 9
ONCEN. (M/L**3) AT TIME = 6.0000E+401, (DELT
0 ITER = 1 =~== CHEMICAL NO. 3 (URANIUM
DISSOL C XLOG  SORBED C PRECIP C
«6110E-12 ~10.74 1.2421E-11 0.0000E400 1
.4961E-11 -9.14 6.9291E-10 0.0000E+00 1
.2554E-09 -8.07 7.3261E~-09 O0.0000E+00 3
-0B79E-09 ~-7.49 2.4398E-08 0.0000E+00 1
.6639E~08 ~7.09 5.5126E~08 0.0000E+00 1
.9423E-08 -6.81 9.6941E-08 0.0000E+00 9
.9549E-08 ~6.62 1.4022E-07 0.0000E+00 8§
-3119E-07 -6.52 1.7157E-07 0©.0000E400 7
.4342E-07 -6.49 1.8333E-07 0.0000E400 7
+4117E-07 -6.49 1.B092E-07 0.0000E+00 7
.3493E-07 =6.51 1.7452E-07 0.0000E+00 7
.2948E-07 -6.53 1.6€81E-07 0.0000E+00 7
.2584E-07 =-6.54 1.6488E~07  O0000E+00 7
.2399E-07 =6.54 1.6290E-07 0.U700E+00 7
.2287E-07 ~6.55 1.6166E-07 0.0002€400 7
«2232E-07 =6.55 1.6101E-07 0.0000E-00 7
.BS11E-33 -32.00 6.1489E-33 0.0000E+)0 §
.B39BE-14 ~12.59 1.5B46E-13 0.0000E+20 9
-6042E-12 -10.77 1.1515E-11 0.0000E+00 1
.S861E-11 -8.94 1.1005E-09% 0.0000E+v0 1
.2B67E-09 =7.84 1.2309E-08 0.0000E+00 3
B-96

.0016E-01
.0112E-01
.0211E-01
0287E-01
.0332E-01
.0367E-01
.0376E-01
-1143E-02
.3612E-02
-314CE-01
.1396E+00
.9797E-01
-9902E-01
.3358E~-01
.0464E-01
.0618E-02
.4422E-02
.2560E-02
.2728E-02
.3489E-02
.4201E-02
.4705E-02
.S019E-02
.5188BE~-02
.5242E-02
.1143E-02
.2705E-02

= 5,0000E-01)

) ——— WA

KD

.2650E-01
«1325E+00
.3347E~-01
.7238E-01
.1825E-01
.3222E-02
. 0486E~02
.4731E~-02
.3045E~02
.3233E~02
.3912E-02
-4496E-02
.4B71E-02
.5078E-02
+5182E-02
.5216E-02
+1143E~-02
.2020E-02
-1741E-01
.1257E+00
.0759E~-01



222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

CUTPUT TABLE 14.

NP
251
252
253
254
258
256
287
258
259
260
261
262
263
264
265
266
267
268
269

N NN WE QN DS DD AaaDdD ey E WM W

.3832E-08
.3088E-07

4535E-07

. 1734E-07
. 1768E-07
.130BE~-07
.0452E-07
.8775E-07
. 7359E~-07
.6389E-07
.6023E 77
.5744E-07
.5527E-07
. 748B2E-15

5573E-14

+5175E~11
.3282E-09
.0064E-08
.6658E-08
.B327E-07

3919E-07

.2837E-07
.1269E~07
.1558E-07
.0096E-07
-8275E-07
.6790E-07
.5716E-07
.5539E-07

te* ITIME =

t

@ o om0 DD NDN OO

TOTAL C

.5282E-07
.4922E-07
.9980E~14
+STB3E~13
,5T770E-12
.0296E-09
.0619E-08
9333E-08
.2038E-07
i 1945E-07
. 1766E~-07
.647BE-07
. 9489E~07
N2B4E- .,
. 561BE~07
.4326E-07
;3382807
.3439E-07
.328BE-07

W W W wWwwWwwiheE o WwWo W W N NN M N NN MO S

g »

12

wow

W oW W o b s od S W N W oW N

4125E-08 =7.27 3.9707E-08 0,0000E+00 1
4252E-08 ~6.88 B.6630E-08 0.0000E+00 1
.6551E~08 ~6.61 1.4B8B0E-07 0.0000E+00 8
.6312E-07 =6.42 2.1423E-07 0.0000E+00 7
.1629E-07 =6,32 2.6139E~-07 0.0000E+00 6
.356BE-07 ~6.29 2.7740E-07 0.0000E+00 6
.3149E-07 ~6.30 2.7303E-07 O0.0000E+00 6
.2264E-07 ~6.31 2.6511E-07 O0.0000E+00 6
.1526E-07 ~6.32 2.5834E-07 0.0000E+00 6
.1033E-07 ~6.33 2.5356E-07 0,0000E+00 €
.0B43E-07 -6.34 2.5179E-07 0.0000E+00 6
.0707E-07 ~6.34 2.5037E-07 0.0000E+00 6
.0605E-07 ~6.34 2.4923E-07 0.0000E+00 6
.8518E~33 ~-32.00 6.1482E-33 0.0000E+400 §
.8367E-33 -32.00 6.1633E-33 0.0000E+00 9
.2795E-12 ~10.82 9.8959E~12 0.0000E+00 1
.35152-11 ~8.88 1.2647E-09 0.0000E+00 1
.0861E-09 =7.70 1.6977E-08 0.C000E+00 3
.0258E-08 =7.12 5.€400E-08 0.0000E+00 1
.1879E-08 ~6,74 1.2139E-07 0.0000E+00 1
.3447E-07 -6.47 2.0472E-07 0.0000E+00 8
.3312E-07 ~6.28 2.9525E-07 0.0000E+00 7
.1250E-07 ~6.17 3.6019E-07 0.0000E+00 6
.3868E-07 ~6.15 3.,7690E-07 0.0000E+00 6
.3194E-07 =6.15 3.6902E-07 O0.0000E+00 6
.2161E-07 -6.17 3.6114E-07 0.0000E+00 6
«1327E-07 ~6.18 3.5463E-07 0.0000E+00 6
.0753E-07 ~6.18 3.4963E-07 0.0000E+00 6
.0646E-07 ~6.18 3.4893E-07 0.0000E+00 6
ONCEN, (M/L**3) AT TIME = 6.0000E+01, (DELT
0 ITER = 1 <+-- CHEMICAL NO. 3 (URANIUM
DISSOL C XLOG SORBED C PRECIP C
.0516E-07 -6.19 3.4766E-07 0.0000E+00 €
.0342E-07 ~6.19 3.4580E-07 O0.0000E+00 6
.6955E-14 -13.16 4.3026E-14 0.0000E+00 9
.8451E-33 -32.00 6.1549E-33 0.0000E+00 §
»0762E-12 -11.07 5.5008E-12 0.0000E+00 1
.4840E-11 ~8.99 9.4481E-10 O0.0000E+00 6
.6B57E-09 =7.69 1.7933E-08 0.0000E+00 3
.2354E-08 =7.05 6.6979E-08 0.0000E+00 1
.1802E-08 ~6.66 1.48B57E-07 0.0000E+00 1
. 6521E~-07 -6.38 2.5424E-07 0.0000E+00 §
.0187E-07 ~6.17 3.757BE-07 0.0000E+00 7
.0536E-07 ~6.06 4.5942E-07 O0.0000E+00 7
.3136E-07 ~6.05 4,6353E-07 O0.0000E+00 6
.228B1E-07 -6.06 4.4973E-07 O0.0000E+00 6
-1282E-07 -6.07 4.4336E-07 O0.0000E+00 6
.048B0E-07 -6.07 4.3B47E-07 O0.0000E+00 6
.9819E-07 -6.08 4.3432E-07 O0.0000E+400 6
.9947E-07 ~6.08 4.3492E-07 0.0000E+00 6
.986BE-07 ~6.0B 4.3420E-07 0.CO00E+00 6
B-97

. 6063E-01
.1187E-01
.BO6EE-02
.5047E-02
.9059E-02
«1257E-02
<1395E-02
.BO46E-02
8579E-02
.88B7E-02
.9029E-02
.9094E-02
«9118E-02
<1182E-02
.1143E-02
.0711E-01
.1378E+00
-1436E-01
.5909E~01
-1210E-01
.6997E-02
.2373E-02
.5864E~02
.3590E-02
.3526E-02
.4166E-02
- 4687E~02
.4966E-02
.5060E~-02

« 5.0000E-01)

) == twe

KD

.5100E~02
.5125E~02
+1213E~-02
.1191E-02
.0218E-01
.3636E~01
.8156E~01
. 7122E-01
.2415E-01
.6729E-02
.8247E-02
.1241E-02
. 7544E-02
.6B59E-02
.7507E~02
.BOBGE-02
.B388E-02
.B436E~02
.B458BE~02

NUREG/CR-6515



2710
2mn
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

OUTPUT TABLE 14.

Cih - B T I e e e R T L E RN

.2836E-07

B213E~-14

.4289E~13
.5069E-13
.71327E-10
.BI03E-09
.4570E-08
-5927E~-07
.9068E-07
-7480E-07
.0641E~06
.1601E-06
.0764E-06
.1182E-06
.1233E-06
.0538BE-06
.102BE~06
.1037E-06
.0420E-06
.6921E-14
.9769E~14
.1020E-12
.4735E-11
.9776E~09
.7875E-08
.4318E~08
.5653E-07
. 3655E-07
.73B9E-06
. T€3BE-06
.1252E-06

st ITIME =
NP TOTAL C
301 6.3822E-06
302 7.3946E-06
303 3.7S58B0E-06
304 6.6571E-06
305 7.0121E-06
306 3.80BOE-06
307 -7.6B76E-15
308 3.436BE-14
309 5,0421E-13
310 2.9174E-11
311 2.7097E-10
312 4.8365E-09
313 3.5187g-08
314 2.1003E-07
315 6.4235E-07
316 2.798BE-05
317 3.2505E-05
NUREG/CR-6515

YW NN LW R D S DS D NS DA WY WM W W W

A

12

BN Pt Wl e Wwa W W

.9637E-07 -6.08 4.3199E-07 0.0COOE+00 6
-8537E-33 -32.00 6.1463E-33 0.0000E+00 9
-3183E-13 =-12.46 2.1107E-13 0.0000E+00 9
-T413E-32 -32.00 6.2587E-33 0.0000E+00 &
«6616E~11 ~9.43 2.9666E-10 0.0000E+00 2
.B573E~10 -6.01 9.2B45E-092 0.0000E+00 9
.4988E-0% =7.26 4.5071E-08 0.0000E+00 2
.2413E-08 -6.80 1.1685E-07 O0.0000E+00 1
.4616E-07 ~6.41 2.4452E-07 0.0000E+00 1
.4577E-07 =6.11 4.2903E-07 0.0000E+00 8
.7881E-07 =£.97 5.6043E-07 2.4905E-08 8
.B469E-07 =5.94 5.2791E-07 1.4747%E-07 7
. 9060E~07  ~5.97 4.9541E-07 9.0411E-08 6
. 1661E-07 =5.95 4.9118E-07 1.5037E-07 7
.6914E-07 =5.95 4.BBS7E-07 1.6554E-07 7
.6527E~-07 ~5.98 4.8671E-07 1.0181E-07 7
.6546E-07 ~5.96 4.8715E-07 1.5021E-07 7
.6549E-07 ~5.96 4.8714E-07 1,5108E-07 7
.6454E-07 ~5.98 4.8634E-07 9.1112E-08 7
.0374E-14 ~13.57 1.6547E-14 0.0000E+00 9
.B492E-33 -32.00 6.1508E-33 0.0000E+00 9
.9684E-13 ~-11.68 1.3051E-12 0.0000E+00 9
.5620E-11 ~-10.07 5.911%E-11 0.0000E+00 1
.6812E-10 -8.70 1.7095E-09 0.0000E+00 3
.3879E-09 ~7.75 1.6487E-08 0.0000E+00 6
.6633E-08 -7.03 7.7684E-08 0.0000E+00 2
.4468BE-08 =6.59 1.7207E-07 0.0000E+00 1}
.8421E~-07 ~6.03 5.5233E-07 0.0000E+00 9
.1873E~07 =5.17 9.8238BE-07 5.2378BE-06 1
«2255E-07 =5.06 1.0460E~06 7.1952E-06 1
.0231E-07 ~5.38 7.6699E-07 2.BSS9E-06 1
ONCEN. (M/L**3) AT TIME = 6.0000E+01, (DELT
0 ITER = 1 === CHEMICAL NO. 3 (URANIUM
DIsSEOL C XLOG SORBED C PRECIP C
.0533E-07 =5.20 8.3456E-07 5.0423E-06 1
0576E-017 ~5.13 B8.680BE-07 6.0207E-06 1
.9211E-07 =5.43 7,2047E~07 2.5455E-06 1
.0193E~07 =5.18 8,3465E-07 5.3205E-06 1
.0319E-07 =5.15 B8.5156E-07 5.6573E-06 1
-914BE-07  ~5.44 7.1771E-07 2.39B9E-06 1
-B535E-33 -32.00 6.1465E-33 0.0000E+00 ¢
+3238BE~14 ~-13.46 2,1130E-14 0.0000E+00 9
-9242£-13 -12.30 3.1179E-13 0,CO000E+00 9
.0123E-11 ~-10.54 1.9051E~11 0.000CE+00 1
.2838F-11 =9.57 1.9813E-10 0.0000E+00 1
.0738BE~10 ~8.32 4 .4291E-09 0.0000E+00 6
+405BE-09 -7.45 3,.17B1E-08 0.0000E+00 §
.4701E-08 -6.68 1.5533E-07 0.0000E+00 3
.1849E-07 -6.19 4.2386E-07 0 COOOE+00 1
.2627E-06 ~4.55 B.7380E-06 1.79B7E-05 4
.0831E-06 -4.49 9.3672E-06 2.1085E-05 3

B-98

.B506E-02
.1143E-02
, 14%3E-02
.2T44E~02
.2126E-0]
.0578E-D1
. 7114E~-01
. 731BE-01
.1472E-01
.5083E~02
.0260E~-02
.4685E-02
. 9244E-02
.0667E-02
.1412E-02
1732E-02
.1767E-02
.1762E-02
.1789E-02
.1147E~02
-1143E-02

3594E~02

. 3185E-01
.6434E-01
» 7881E-01
.9357E-01
.396BE-01
.8576E-02
.2986E~01
.3727E~01
.0470E-01

= 5,0000E~01)

) - W ww

KD

<1325E-01
<1769E-01
.0039E-01
.1403E-01
.1604E-01
.0013g-01
.1143E-02
.120%E-02
. 2595E-02
.0754E-01
.5544E-01
.2126E-01
.8655E-01
. 9472E-01
.3302E-01
. 7453E-01
.1286E~-01



318
319
320
a1
322
323
324
325
e
7%
528
329
330
33
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

NP
351
352
353
354
ks
356
357
358
359
360
361
362
363
364
365

NN AN LSS YLD OUY O DWW W B DS W W e W W

-

1

o U R DN RN RS e

-

5426E-06

.1249E-05
.354BE-05
.3745E-06
.2213E-05
.28BS5E-05
.2907E-06
.3165E~-15
.2443E-15
.2267E~-13
.B474E-12
. 2582E~11
.0037E~10
JIS6LE~0B
.2597E~08
. 7306E-07
.24BZE-06
.1596E-05
.6591E-06
.B175E-06
. 1B47E-06
.23BBE-06
.7103E-06
.3128E-06
. 7945E-06
.BB30E-15
.BT69E~15
-7012E-14
.1994E~12
. 7938E-11
.0354E-10
.1230E-09
.1414E-08

QUTPUT TABLE 14.

ITIME =

TOTAL C

. 9034E-07
.9573E-05
.BESTE~DS
.448B2E-08
. SB4BE-05
.B607E-05
.5645E-07
.671SE-05
.741BE-05
.4977E~-07
+25B5E~15
1912E-15%
.BEB16E-14
.4178E~12
.9214E~-11

W W P = W WU WL R U WU U W WD e e ke e W W B L S S e e B b e (Y

&£
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[ R T I PURE S S Sl S S S NS

=== CHEMICAL NO.

.1899E-07 =5.81
.5317E-06 ~4§.351
.9B15E~C6 -4.47
.7320E-07 -5.86
.7342E-06 ~4.49
.8919E-06 ~4.48
.3980E-07 ~5.89
.6633E-15 -14.36
.B530E-33 -32.00
.6204E-13 -12.37
/1603E-12 ~11.0%
.0147E-11 +10.03
. 7502E-10 9 .10
.4650E-09 =753
.3B20E-08 «7,14
.9527E-07 «§.17
.5143E-07 ~5.20
. 1749E~07 ~4.94
.4768BE-07 -5.18
.5120E-07 =5 .31
.6054E~07 ~$.01
(4128E-07 ~9.28
.5663E~07 -5.06
.6012E~-07 -5.03
.4065E~07 =5.32
.B535E-33 =32.00
.BO59E-15 ~14.01
.807BE-14 ~13.33
.5703E~12 ~11.38
.7601E~12 ~10.55
.1257E~-10 =9.39
. 7846E~10 =B.56
.164%E-09 =718
ONCEN. (M/L**3)

0 ITER = 1
PISSCL C XLOG
.6160E~-CB w§.%2
,8915E-07 ~4.71
,9966E-06 ~4.54
.1352E-07 ~-5,84
+3125E-06 ~4.59
.B753E-06 ~-4.5¢4
«3524E-07 ~6.07
.S5669E-06 4. 8%
. 12B4E~06 -4.56
«7411E~07 -5.19
.B456E-16 -14.90
.8534E~33 -32.00
2652E-14 =13.23
+BTTIE=13  ~=15,85
«9339E~12  ~10.72

N NN OO - RMNNE N &R - AWUNG Y N N DY O O O O

AT TIME =

W DY e 9

.0077E-06
.0560E-06
+3381E-06
.0130E-07
,207BE-06
.2962E~06
.5085E~07
. 6532E-15
.1470E-33
.6063E-13
.4871E~-12
.2434E~11
+2535E-10
.9096E-08
.8777E-08
«1779E~07
.B8346E-06
.8T44E-06
. 1247E-06
.8592E-06
.2215E-06
.5329E~-06
.0718E-06
.20B4E-06
.5135E-06
.1465E~-33
.0710E-15
.8934E-14
.6291E-12
.8178E-11
.9097E-10
.3446E-08%
.2249E-08

SORBED C

.4418E-0C7
.0149E-06
.3439E-06
.0347E-06
.B124E-06
.2867E-06
.2122E-07
.0B53E-06
.2027E-06
. 1566E-07
.7350E-16
.1466E-33
.61l64E-14
,8011E~13
.22B0E~-11

1B-99

OO0 D0 OO0 ONOOWIUVLODODWODD OODOOO O OO0 MNND N N =

6.0000E+01,

OO0 OO WO O W= o

.5BB4E-08
.0661E~05
. 2228E-05
.0000E+00
.1270E-05
.1697E~05%
.Q000E+00
.Q000E+00
.0000E+00
. 0000E+00
.0000E+00
,0000E+00
,0000E+00
.0000E+00
.Q000E=00
.000CE+00
.8622E-06
.1443E-06
,3867E~06
.4071E-06
.0027E-06
.1646E-0G6
.OB1BE-06
.5443E-C6
.7404E~06
.CO00E+00
.0000E+00
.0000E+00C
.0000E+CO
.0000E -00
.0000E+00
.0000E+00Q
.00C0E+00

3 (URANIUM

PRECIF C

.0000E+00
.1769E-05
. 1357E-05
.0000E+0QD
.5723E~05
. T445E~- 25
.0000E+00
.6062E~05
.6487E-05
.0000E+00
.0000E+00
-0000E+CD
.0000E+00
.0000E+00
.00C0E+0D

B W W0 W W R RN RS R R W RN R D00 WD S W W e WD e

(DELT

OO W O W W W WS W e

.3314E-01
.0542E-01
.2316E-01
.3061E-01
. 6409E-01
. 3693E-01
.3266E-01
.1147E-02
.1143E-02
«1911E-02
:9216E-02
.1834E-01
.0417E-01
.248B4E+00
+9163E-01
.6778E-01
.2B13E-0)
»4130E-01
.1594E-01
.3128E-01
.7176E-01
. 9420E-01
.5523E-01
. T036E-01
.9196E-01
+1143E-02
.1152E-02
.1460E-02
.5673E-02
.0643E-01
.4770E-01
.894CE-01
.6574E~-01

= 5.0000E-01)

KD

.1419E-01
.0954E-01
.2091E-01
.7158BE-01
.6039E-01
.3957E-01
.8109E-01
.9759E-01
.6510E-01
.B734E-01
.1143E-02
.1143E-02
.1230E-02
.3526E-02
.0120E-01

NUREG/CR-6515



366
367
368
369
370
n
372
373
374
378
376
377
378
379
380
381
382
383
384
385
386
387
3gs
389
330
391
392
393
394
395
396
397
398
399
400

OQUTPUT TABLE 14.

NP
401
402
403
404
405
406
407
408
409
410
411
412
413

6
1
1
1
5
9
1
9
1
1
1
1
1
-4
2
ot
6
6.
i 3
2.
8.
2.
¥.
: 48
: S
2.
1.
- iR
s+
1.
6.
=1,
23
48

.

BoD oSS DD WD NN NN

9422E-11
9731E-09
1847E-08
5059E-07
7178E~-07
0326E-07
3780E-06
7237E-07
0924E-06
1367E-06
0375E-06
1148E-06
0565E-06
7211E-16
2857E-15
1276E~15
4160E-13
3792E-12
13R9E-~11
4477E-10
81B3E-L 9
3363E-(8
0536E-09
5260E-17
9287E-07
1117e-07
813BE-07
8678E-07
8448BE-07
7938E~-07
8289E-07
2521E-16
3135E-16
9882E-15
6353E-14

ITIME =

TOTAL C

.4381E-12
. B492E-11
.S5903E~10
.1583E-09
1712E-09%
.0111E-08
.5357E-08
.7201E-08
. 9229E-08
.6B64E-0B
.3961E-D8
. 3259E-08
.2314E-08

NUREG/CR-6515

8+

12

LAl LT . R T S I S € Y

2.13478-11 -10.16 4.B075E-11 0.0000E+00
3.4309E-10 ~8.70 1.6300E-09 0.00C0E+00
9.0265E-10 =7.93 1,0944E-08 0.0000E+0D
3.1622E~08 ~6.82 1.1B96E-07 0.0000E+00
1.4081E-07 ~6.24 4.3097E~07 0.0000E+00
2,4083E-07 ~6.04 6.6242E-07 0.0000E+00
3 .8064E-07 ~5.86 9.9740E-07 0.0000E+00
2.6235E-07 =6.01 7.1002E-07 0.0000E+00
2.9156E--07 -5.96 8.0081E-07 0.0000E+00
2.996BE~07 ~-5.94 8,3704E-07 0.0000E+00
2.6968E-07 -5.98 7.6785E-07 0.0000E+00
2.8B90E-07 ~5.95 B8.2591E-07 0.0000E+00
2.7263E-07 =5.98 7.8384E~-07 0.0000E+00
3.8536E-33 -32.00 6.1464E-33 0.0000E+00
8.8B079E-16 -14.64 1.4049E-15 0.0000E+00
3.8531E-33 ~-32.00 6.14695-33 0.0000E+00
2.4570E~13 ~-12.19 3.9590E-13 0.0000E+00
2.3684E-12 -11.20 4.010BE-12 0.0000E+00
2.3270E~11 -10.15 4.8119E-11 0.0000E+00
4.9316E-11 =9.61 1.9545E-10 0.0000E+00
5.8253E-10 ~8.05 8.23%8E-09 0.0000E+00
5.1572E~09 =7.63 1.8206E-08 0.0000E+00
1.7909e-08 =7.15 5.2627E~08 0.0000E+00
3.9860E-08 -6.82 1.1274E~07 0.0000E+00
4.9977E-08 =6.71 1.4290E-07 0.0000E+00
5.3679E-08 ~6.68 1.5749E-07 0.0000E+00
4.5174E-08 -6.74 1.3621E-07 0.0000E+00
4.5832E-08 =6.73 1.4095E-07 0.0000E+00
4.4819E-08 =6.73 1.3966E-17 0.0000E+00
4.3331E-08 =6.75 1.3606E-07 0.0000E+00
4.4088E-08 =6.74 1.3880E-07 0.0000E+00
2.4093E-16 -15.20 3.842BE-16 0.0000E+00
3.8535E-33 -32.00 6.1465E-33 0.0000E+00
3.0783E-15 ~-14.10 4.9099E-15 0.0000E400
2.93B1E-14 ~13.12 4.6972E-14 0.0000E+00
ONCEN. (M/L**3) AT TIME = 6.0000E+01, (DELT
0 ITER = 1 === CHEMICAL NO. 3 (URANIUM
DISSOL C XLOG SORBED C PRECIP C
.2770E-13 -11.61 1.5104E-12 0.0000E+00 9
.0071E-11 ~-10.55 1.8421E-11 0.0000E+00 1
.6796E-11 -9.59 2.0223E-10 0.0000E+00 2
.4847E~10 ~8.67 2.0099E-09 0.0000E+00 1
.03B3E-09 -8.09 7,1328E-09 0.0000E+00 5
.9557E-09 =7.70 1.7156E-08 O0.0000E+00 4
.2209E-09° ~7.45 3.0136E-08 0.0000E+00 4
.813BE-09 -7.33 4.0387E-08 0 OOO0OE+00 &
.9043E~09 =7.31 4.2325E-08 0.0000E+00 &
.4090E~09 ~7.33 4,0455E-08B 0.0000E+00 5
<9056E-09 -=7.36 3.8056E-08 0.0000E+00 5
.1526E-09 -7.36 3.7506E-08 0.0000E+00 5
.6012E-09 =7.37 3.6713E-08 0.0000E+00 5
B-100

1
2
8
2
2
1
1
1
1
1
1
1
1
9
9
9
9
9
1
¥
1
3
2
2
2
2
2
2
2
2
2
9
9
9
9

.2B69E-01
+9B64E-01
.3140E-01
.5797E-01
.0987£-01
.8861E-01
.796BE~-01
.B558E-01
.8834E-01
«9153E~01
.9524E-01
.9603E-01
«9715E-01
-1143E-02
.1145E-02
-1143E-02
«2073E-02
.6767E-02

1817E-01
9441E-01

.2926E+00
+2276E-01
.6867E-01
.5859E~01
.6142E-01
. 6825E-01
.7567E~01
.8118E-01
.8490E-01
.8708BE-01
.8785E-01
+1143E-02
.1143E-02
.1143E~02
<1355E-C2

=~ 5.0000E~01)

) s www

KD

.3C35€-02
.0453E-01
.5433E-01
.1604E- "0
.B8B2E-01
.9750E-01
.9476E-01
.0B06E~-01
.2545E-01
.4105E-01
.5234E-01
. 58B5E-01
.6182E-01



414
415
416
417
1B
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

=
o

WA O YD B W N e

P B R e

Lol S S i S S S i R R R R U T PO N S S S = e i e T L L B T T

EE A BEES B B B B B R IR I S I |

.1795E-08
.3547E-16
.6561E~15
.7292E~-15
.7514E-14
.4734E~13
.0BB4E~-11
.5816E~10
.4211E-10
.7156E-09
.0420E-09
.1507E~09
.6048.-0%
.4176E-09
. 91B1lE-09
.4746E-09

1877£-09

.9261E-09
.7111E-09
.2000E~20
.0000E~-20
.0000E~-20
.0000E-20
.0000E-20
.0000E-20
.0000E-20
.0000E-20
.000CE~-20
.0000E~20
.0000E-20
.0000E~20
.0000E-20
.0000E~-20
.0000E-20
.0.7TE~20
.0000E-20
.0000E-20

.326BE+00
.326BE+00
. 326BE+00
.3269E400
.3269E+00
.3269E400
.3270E400
.3270E+00
.3271E400
.3271E4+00
L3271E+00
.3271E400
.3271E4+00

Wi W wwwwwwww wwwwwwuwo Jdu9om e =W aJuanmwe weer

5092E-09

.B536E-33
.3B17E-16
.B8537E~33
.5999E-14
.4853E-13
S5857T76=12
.4B98BE-11
.6529E~10
.5580E~10
.3708E-10
.9633E-10
.0273E~-09
.013BE-09
.2119E-10
.2362E-10
.7068BE-10
.2444rC-10
.8915E-10
.B536E-21
.BE36E-21
.B536E-21
.B536E-21
.8536E-21
.B536E-21
.B536F 21
.8530E-21
.B536E-21
.B5386E-21
.B536E-21
.B536E-21
.B536E~-21
,B536E-21
.8536F-21
.B536E-21
.B536E-21
.B536E-21

OO0 0000 0DO0O 00 O

-

.0000E+00
.0000E=+00
.0000E+00
.DO00E+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E#0"
.0000E+00
,0000E+00

O000E+00
.0000E+00

-7

4.
-8,
o &
-B.
-8.
=By
wl .
~.
-20.
-20.
-20.
~20.
~-20.
~20,
-20.
~20,
20
-20.
-20.
=20
“3.0.
=20.
-20.
~20.
-20.
=20,

.38
=32,
~14.
~32.
«13,
=12
~10.
s P
-9.
w8,
.52

00
78
00
17
19
68
80
13
77

38
34
35
41
46
50
53
57
00
00
00
00
00
0o
00
00
00
00
0o
00
00
00
00
00
00
00

DDA NNNRRN RN W W W R U WEs N W

. 6286E-08
.1464E-33

0179E-15

.1463E-33
+1514E~14
.98B1E-13
.3326E-11
.1426E-10
.T68ZE~10
.359BE-09
.4050E~09
.2543E-09
.5776E-09
.4038E-09
.9969E-09
.6410E-09
.3870E-09
.2017E-09
.0219E-09
.1464E-21
.1464E-21
.1464E-21
.1464E-21
.1464E-21
.14€4E-21
.1464E-21
.1464E-21
.1464E-21
.1464E-21
.1464E-21
-1464E-21
.1464E-21
.1464E-21
-1464E-21
.1464E-21
.1464E-21
.1464E-21

B-10]

C OO0 C 00000000000 OO0 OO oOCOoOC

=

O o000 oOoOC oo

.0000E+00C
.O000E+00
.0O000E+00
.00C0E+C0
. 000NE+00
.000OE+00
.000CE+00
.0000E+00
.Q000E+00
.0000E+00
.0000E+00
.0000E+00C
. 7000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.O000E+00
.Q000E 00
.OU00E+00D
.000C0E+00
.0000E+00
.0000E+00
.CODOE+00
-0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

W W W WY WO WO YW WO YW IO W W W W @ e R R e e )RR DWW 0 DY

.6455E~01
.1143E-02
.1145E-02
.1143E-02
+1242E-02
.1694E-02
.0076E-01
.4542E-01
.9941E-01
.1B40E-01
«1571E-01
.0747E-01
. 9900E-01
.9186E-01
.8591E-01
.8104E-01
. 7699E-01
.7366E-01
.6765E-01
.1143E-02
-1143E-02
.1143E-02
.1143E-02
.1143E-02
.1143E-02
.1143E-02
.1143E-02
-1143E-02
.1143E~-02
.1143E-02
+1143E-02
-1143E-02
.1143E-02
.1143E-02
.1143E-02
.1143E-02
.1143E-02

NUREG/CR-6515



-

14
15
16
39
18
19
20
21
22
23
24
25
26
al
28
29
30
3]
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
45
50
51
52
53
54
85
56
57
58
59
60
61
62
63
64
65
66
67
68

qqq444444444444gqqq444qqqq4qqqqqqqqq4444444444444444444

.3271E+00
.3271E+00
.3271E+00
.3271E400
.3271E400
.3268BE+00
.326BE+00
.3269E+00
.3270E400
.3271E+00
.3273E400
.3274E+400
.3276E400
.3277E400
L3277E400
.3278BE+00
.327BE+00
.327BE+D0
.327BE+00
.327BE+00D
.3278BE+00
.3278BE+00
«327BE+00
.3269E+00
.3270E+00
.3273E+00
.32BOE+00
.3289E+00
.3299E+00
.3308BE+00
.3317E+00
.3324E+00
.3329E+00
.3332E+00
.3333E+00
.3333E+00
.3332E+00
. 3332E+00
.3331E+0C0
. 3331E+00
.3331E+00
,3271E+00
.3274E+00
.32B6E+00
.3312E+00
.3345E+00
.33B3E+00
.3420E+00
.3454E+00
.34B0E+00
.3698BE+00
.3507E+00
.3510E400
.3510E+00
.3508BE+00

NUREG/CR-6515

OOOOOOOOOOOOOOOOOOOOOOOOOGOOOOOOOOOOOOOOOOOOOOOQOOOOOOO

.0000E+00
. O000E+00
.0000E+00D
,0000E400
.0000E+00
.0000E+00
.O00CE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0C00E+00
.000CE+00
.0000E+00
.0000E+00
.0000E+00
.000CE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.C000E+00
.0000E+00
.0000E+00
.000CE+00
.000CE+00
.000CE+00
.0000E+0O
,0000E+00
.O00CE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+D0
.0000E+00
-0000E+00C
. 0000E+00
.0000E+00
,0000E+00
.0D0OE+00
.0000E+0D

B-102



€9
70
b
72
73
74
75
76
77
78
79
80
Bl
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

.3505E+00
.3504E+00
.3502E+00
, 3502E400
.3275E+00
.32B5E+00
. 3322E400
.3406E400
.3517E400
. 3642E+00
.3770E400
. 3BBSE+00
.3974E+00
.4033E+00
.4062E400
.4071E+00
.4067E+00
.4059E+00
.4051E+00
.4044E+00
,4040E+00
.4039E+00
L32B1E+00
.3304E+00
.3400E400
.3636E+00
.3952E+00
.4326E+00
.4721E+00
.508BBE+00
.537BE+00
.5566E+400
. 5656E+00
.5677E+00
.5660E+00
.5631E+00
.5602E+00
.55B1E+00
.5568E+00
,5564E+00
.328BE+00
. 3336E+00
L3559E+00
.4177E+00
. 5062E+00
.6222E400
.7596E+00
.8972E+00
.0043E+00
.0661E+00
.0832E+00
L097SE+00
.0%06E+00
.OBOSE+00
L0712E+00

.0000E+00
.0000E+CO
.0000E+00
.0000E+00
.0000E+00
.D000E+00

0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.CO00E+00
.0000E+00
.D000E+00
.0000E+00
.0000E+00
.00DOE+00
.0000E+0C
.0000E+00
.0000E+00
.0000E+00
.D000E+00
.0000E+00Q
.U000E+0D0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
,Q000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0D
.0000E+00
,D000E+00
.D000E+00D
.O000E+0D
,0000E+00
., 00D0E+00
.0000E+0Q0
.0000E+00
.0000E+00
.Q000E+Q0D
.0000E+00

B-103
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124 B.0D644E+00
125 B8.0603E+00
126 8.0590E+00
127 7.3291E+00
128 7,3375E+00
129 7.38B29E+00
130 7.5352E+00
131 7.7916E+00
132 8.1493E+00
133 8.4520E+00
134 B.6396E+400
135 B.7450E+00
136 B8.7976E+00
137 8.8177E+00
138 8.B196E+00
139 B.B136E+00
140 8.8B056E+00
141 B.7985E+00
142 8.7934E+00
143 8.7903E+00
144 B.7893E+00
145  7.3285E+00
146 7.3397E+00
147 7.4185E+00
148 7.7736E+00
149 B.3529E+00
150 8.7557E+00
151 8.9803E+00
152 9.1115E+00
153 9.1B861E+00
154 9.2234E+00
155 9.2373E+00
156 9.2385E+00
157 9,2346E+00
158 9.2297E+00
159 9.2255E+00
160 9.2225E+00
161 9.2207E+00
162 9.2201E+00
163  7.3276E+00
164 7.33B4E+00
165 7.4363E+00
166 €.0117£+00
167 8.6514E+00
168 B.9879E+00
169 9.1773E+00
170 9.2917E+00
171 9.35BBE+00
172 9.3933E+00
173 9.406BE+00
174 9.40B9E+00
175  5.4067E+00
176 9.4035E+00
177  9.400BE+00
178 9.39B7E+00
NUREG/CR-6515

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOO

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.CO00E+00
.0000E+00D
.0000E+00
.00COE+00
.0000E+00
.00C0E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.00COE+00
.0000E+00
. 0000E+00
.0D000E+00
.0000E+00
.QO00E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00Q
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0C00E+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E+00
.0000E+00

O000CE+00

.0C00E+00
.0000E+00
.O000E+00
.DOODE+00
.0000E~00
.0000E+00
.0000E+00
.D000E~00
.0000E+00
.0000E+00
.D00DE+00
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179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
187
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

O‘O\DOOO\BOO‘O@&QOs)\1QOO\OO\DO\DOUOOOO@QQ\I\IOOO000000@000.@44400

. 3975E+00
.3971E+00°
.3272E+00
.3359E+00
. 4397E+00
,1613E+400
.7921E+00
.0975E+00
,2716E+00
.3792E+00
L4443E+00
L 47B6E+00
L4926E+00
.4958E+00
.4949E+00
.4930E+00
. 4912E+00
LABY9E+00
.4B90E+00
L4BBT7E+00
.3271E+00
. 332BE+00
.4300E+00
.2431E400
.B706E+00
L1597E400
.323BE+00
.4283E+00
.4943E+400
.5301E+00
.5452E+00
.5497E+00
.5502E+00
.5496E+00
.54B7E+00
.547BE+0Q0
.S473E+00
.5471E+00
.3271E400
.3302E+00
.4099E+00
.2504E+00
. 9050E+00
.1EBS7E+00
,3466E+00
.4509E+00
.5214E+00
.5598BF +00
.5763E+00
.5B24E+00
,5B44E+400
.S5B4BE+00
.5B47E4+00
.5843E400
.5B41E+00

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOGOOOOOOOOOOOOOOOOOOOO

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.000C: +00
.0C00E+0U
.0000E+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.Q000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.000CE+00
.0C00E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0Q000E+00
.0000E+00
.0000E+00
.0C000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0Q0
.0000E+00
.0000E+00Q
.D000E+00
.0000E+00
.CODOE+00
.0000E+00
. 0000E+00
.0000E+00
,C000E+00
,0000E+00
.0000E+00
. 0000E+00
,0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E+00
.0000E+00
.0JC0E+00
.0000E+00
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234 9.5B40E+00
235 7.3271E+00
236 7.32BBE+00
237 7.3B51E40U
238 B.1637E+00
239 6.8961E+00
240 9.1931E+400
241 9.3440E+00
242 9.4536E400
243 9.5333E+00
244 9.5735E+00
245 9.5915E+00
246 9,5996E+00
247 9.6029E+00
248 9.6043E+00
249 9.6047E400
250 9.6047E+00
251 9.6046E+00
252 9.6046E+00
253 7.3270E+00
254 7.3263E+00
255 7.3632E+00
256 7.9745E+00
257 8.B1COE+00
258 9.1604E+00
259 9.3192E+00
260 9.4466E-00
261 9.537BE+00
262 9.8743E+00
263 9.5949E+00
264 9.6060E+00
265 9.6106E+00
266 9.6125E+00
267 9.6133E+00
268 9. 6134E+00
269 9.6134E+00
270 9.6134E+00
271 7,326BE+00
272 7,3282E+00
273  7.342BE+00
274 7.6277E+00
275 @©.4024E+00
276 B.9600E+00
277 9.1949E+00
278  9.4094E+00
279 9.5374E+00
280 §5.55B1E+00
281 5.5B1BE+00
282 & 606BE+00
283 9.6102E+00
284 9.6122E400
285 9.6137E+0D
286 9.6134E+00
287 9.6134E+00
2BE 9.6140E400
NUREG/CR-6515

OODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOO

.0000E+00
.0000E+00
.0000E+00
.D000E+00
.0000E+00
.0000E+00
.0000E+00
.CODOE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
,Q000E+0CO
.0000E+00
,0000E+00D
.0000E+00
,0000E+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.D000E+0C
.0000E+00
.DOCOE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0C0
.0000E+00
.0000E+00
.0000E+0Q0
.0000E+00
.0000E~+00
.Q000E+00
.0000E+00

O00CE+00

.0000E+00
.0C00E+00
.0000E+00
.0000E+COQ
.OD0OE+00
.0000E+0C
.0000E+00
.DOOOE+00
.0000E+00
-Q000E+00
.0000£+00
.00COE+0OC

0000E+00
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289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
308
306
307
308
308
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
n
332
333
334
335
336
337
338
339
340
341
342
343

T I I R R IR I R e T e e T e R T I s I e BRI I I B - e e e e

.3268E+00
.3274E+00
.3365E+400
.4516E+00
.B12BE+00
.5468BE+00
.9655E+00
.3249E+00
LG65TE400
.3232E+00
.2954E+00
.4296E+00
.3%39E+00
.3770E+00
.4558E+00
. 393BE+00
.3852E+400
.4574E400
.326BE+00
.3271E4+00
.3324E400
.3851E+00
-5122E+400
.973BE+00
. 65B3E+00
.1BO1E+00
.3370E+00
.5599E+00
.226%E+00
.3120E+00
.4173E+00
.24B0E+00
. 3271E+00
.3332E+00
.2770E+00
.3227E+0C
.326BE400
.3269E+00
.3298E400
.3572E+00
.41B3E+00
.6216E+00
.2106E+00
.0073E+00
.2325E400
.0297E+00
.7851E+400
.06C6E+00
.0229E+00
.9300E+00
.11B5E+00
.9670E+00
.9332E+00
L,1246E+00
.326BE+00

COO0O0CO0O0O00OCO0O0O00CO000C0O0DO0O0000CO00000000COC00O00D000D0CO0OO00C0O0O00DO0O0C OO0

.0000E+00
.Q000E+00
.0000E+00
.D000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00D
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00Q
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.GO00E+00
.0000E+00D
.0000E+00
.0000E+00
.0000E+00
.0000E+0D
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00Q
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0D
.0000E+00
.0000E+00
.0000E+00
.000CE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0D
.0000E+DD
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344 7.326BE+00
345 7.3281E+00
346  7.3442E400
347 7.38B26E+400
348 7.4923E+00
349 7.8B79E+00
350 B8.BOO3E+00
351 9.138BBE+00
352 B.0296E+00
353 7.2439E400
354 9.1980E+00
355 7.5296E+00
356 7.2834E+00
357 9.1935E+00
358 7.4021E+400
359 7.3362E+400
360 $.1848BE+00
361 7.3268E400
362 7.326BE+00
363 7.3271E+00
364 7.3361E+00
365 7.3641E+00
366 7.4501E+00
367 7.7032E+00
368 B.5371E+00
369 9.058B5E+00
370 9.1363E+400
371 9.1733E+00
372 9.1793E+00
373 9.1785E+00
374 9.1679E+00
375 9.1589E+00
376 9.1536E+00
377 9.1491E+00
378 9.14B6E+00
379 7.2268E+00
380 7.326BE+00
381 7.3269E400
382 7.33C5E+00
383 7.348B3E+00
384 7.418BE+00
385 7.6372E+00
386 B.4619E+00
387 9.0%03E+00
388 9.1690E+00
3B9 9,1834E+00
390 9.1776E+0D
381 9.165BE+00
3%2  9,.1547E+00
393 9.1459E+00
394 9.1402E+400
395 9.1370E+00
395 9.1357£+00
397 7.326BE+00
398 7.326BE+D0
NUREG/CR-6515

COoOO0 00000000000 CO00 0000000 CO0OO0O0DDO00CO0C00O00D0D000DDO000ODO0ODOCO0CO00O0OOO00 D

.000DE+00
.00D0E+00
.O000E+CO
.0000E+00
.0000E+0C
.D000E+00
.0000E+00
.0000E+00
.0O00E+00
.0000E+00
.0000E+00
.0000E+00
.Q000E+00
.0000E+00
.0000E+00
.O000E+0D
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E~ 00
.0000E+LO
.0000E+00
.0000E+0C
.CO00E+00
.0000E+00
.0000E+00
.0000E+00
.00C0E+00
.0000E+00
,0000E+00
.0000E+400
.0000E+00
.O000E+00
.0000E+00
.QODOE+00
.0000E+00D
.00C0E+CD
.0000E+00
.DGO0E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.OUOOE=+00
.0000E+00
. 0000E+00
.0000E+00
.0G00E+COC
. 0000E+GQ
.CO0OE+D0
,0DO0E#DD
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399
400
401
402
403
404
40%
406
407
408
409
410
411
412
413
414
415
415
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

QQQQsj\!wl\lsislsl\I\I~Jwlslds)d\l\l\l\ldd\l\lQQQQQQ\IQQQOOOU0.0DQOQQQd*J

.326BE+00
.3276E400
-3342E+00
.3757E+00
.6057E+00
.4B39E+00
. 7976E+00
.B721E+00
.8740E+00
.B61BE+00
.B46BE+00
.B339E+00
LB24BE+00
,B196E+00
.B8173E+00
.B151E+00
.326BE+00
.326BE+00
.326BE+00

272E+00

,3290E+00
,3626E+00
.4909E+00
. 629BE+00
, 6830E+00
.6956E+00
.6801E+00
.6595E+00
.6411E+00
.6256E+00
.6131E+00
.602BE+00
.5945E+00
.5B00E+00
.3268BE+00
.326BE+00
.326BE+00
,326BE+00
.3268E+00
.326BE+00
.326BE+00
.326BE+00
.326BE+00
,326BE+00
.326BE+00
.3268BE+00
.326BE+00
.326BE+00
.326BE+00
.326BE+00
.326BE4+00
.3268BE+00

.0000E+00
.0000E+00
.0000E+0C
.0000E+00
.0000E+00
,NOOCE+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E+00
.0000E+00
.0000E+00
,0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0C
.Q000E+00
.000QE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.000QE+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.COD0E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
We0D0E+00
.0000E+00D
.0000E+00
.D000OE+0DO
.0000E+00
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B.4.1 BLT-EC Chemistry Output File for the Two-Dimensional Reactive Transport Problem

The chemistry output file 15

2D EXAMPLE PROBLEM
SAME MESH AS PROB § IN NUREG 6305

Temperature (Celsius) 25 00

Units of concentration: MOLAL

lonic strength: 0 000 molal, FIXED

If specified, carbonate concentration represents total morganic carbon

Do not sutomatically terminate if charge imbaiance exceeds 30%

Precipitation 1s allowed for all solids in the thermodvnamic database and
the print option for solids is set o' 1

The maximum number of iterations is: 200

The method used to compute activity coefTicients 15 Davies equation

Abbreviated output file

Adsorption model: Activity Langmuir

Number of adsorbing surfaces: |

81

0.000E+00 0.00 0.000 0 000
0.000E+00  0.00 0.000 0000
0.000E+00  0.00 0.000 0 000
0.00CE+00 0.00 0.000 0.000
0.000E+00 0.00 0.000 0.000

COMPONENTS AND REACTIONS SPECIFIED IN THE CHEMISTRY INPUT FILE

811 0.000E+00 000y
330 0000E+00 000y
150 0.000E+00 000y
140 0.000E+00 0.00y
460 0000E+00 000y
580 0.000E+00 000y
732 0.000E+00 000

950 0.000E+00 000y
893 0.000E+00 000y

8118930 sohm1
0 000000000000000 3 00000000000000 3 1.00000
811 1.00000 893 -1.00000 330 0
0.000000000000000 0 000000000000000 0 0
0.000000000000000  0.000000000000000 0 0
0.000000000000000 0 000000000000000 0 0
0.000000000000000  0.000600000000000 0 0
2113300 so
0.000000000000000  -10.3000000000000 2 100600
811 -1.00000 330 0 0.000000000000000
0.0000000000000006 0 0 0.000000000000000

NUREG/CR-6515 B-110
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0 000000000000000
0.00000G000000000
0.000000000000000
$113301 sohh
0 .000000000000000
Bi1 1.00000
0.000000000000000
0.000000000000000
\L000000000000000
1 000000000000000

AR R R R L R L e
LA AL A L L L R Rt

CHEMICAL CONDITIONS AT NODE 234
TIME = 0.000000E+00

| IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION: |
| CO3-2 Logsctvity guess: -1277 |

| PO4-3  Logsctivity guess: -1794 |

| SO4-2  Logactwvity guess: 453 |

| I

PART 3 of QUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME TOTALMOL DIFFFXN LOGACTVTY RESIDUAL
U02+2 1.000E-20 9.124E-19 -20.00000 9.124E-19
U02+2 1.000E-20 ).558E-18 -21.00000 1.558E-18
U02+2 1.000E-20 5.317E-18 -22.00000 $5.317E-18
U02+2 1.000E-20 6.012E-18 -23.00000 6.012E-18
U02+2 1.000E-20 1.514E-18 -24.00000 1.514E-18
U02+2 1.000E-20 2798E-17 -23.24833 2798E-17
U02+2 1.000E-20 4.336E-18 -23.05192 4.336E-18
U02+2 1.000E-20 1260E-18 -23.44567 1260E-18
U02+2 1.000E-20 4 897E-20 -24.76318 4.897E-20
UQ02+2 1.000E-20 1.371E-22 -25.52670 1371E-22

Lo IO s WK —D

ID  NAME ANAL MOL CALC MOL LOG ACTVTY GAMMA DIFF FXN
811 ADSITYPI  1.000E-05 9873E-06 500557 1.000000 8470E-21

330 H+1 1.100E-04 4.712E-08 -7.32681 1000000 1274E-18

150 Ca+2 1 700E-04 | 68BE-04 -3.77258 1000000 -1.355F-19

140 CO3-2 1 000E-04 8 948E-0B -7 04829 1000000 -3.158E-18

460 Mg+2 1.200E-04 1.192E-04 -3.92360 1.000000 -1.220F-19

580 PO4.-3 5000E-07 2 446E-12 -11.61159 1.000000 -2 824F-18

B-111 NUREG/CR-6515
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732 SO4-2 3000E-05 2 842505 -4 84645  1.000000 3.727E-20

950 Zn+2 T600E-07 7 142E07 614617 1 000000 3.282E-20
893 UO2+2 1000E-20 2933E-26 -25.53262 1.000000 .3 952E-28
2 20 1 000E-32 -2 430E-07  0.06000 1 000000 0000800

__ PART 4 of OUTPUT FILE

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE Land TYPE 1l (dissolved and adsorbed) specics

*ADSITYPI

+ 987 PERCENT BOUND IN SPECIES # 811 ADSITYP!

+ 12  PERCENT BOUND IN SPECIES #8113301 sohh

+H+1

+ 819 PERCENT BOUND IN SPECIES #3301400 HCO3 -

+ 173 PERCENT BOUND IN SPECIES #330140)  H2CO3 AQ
+Cg+2

+ 993 PERCENT BOUND IN SPECIES # 150 Ca+2
+C03.2

* 900 PERCENT BOUND IN SPECIES #3301400 HCO3 -

“+ 95 PERCENT BOUND IN SPECIES #3301401 H2CO3 AQ
*Mg+2

+ 994  PERCENT BOUND IN SPECIES # 460 Mg+2

~P04.3

* 46 PERCENT BOUND IN SPECIES #4605802 MgHPO4 AQ
“ 47 PERCENT BOUND IN SPECIES #1505800 CaHPO4 AQ
* 51.1  PERCENT BOUND IN SPECIES #3305800 HPOM -2

¢ 388 PERCENT BOUND IN SPECIES #3305801 H2PO4 -

. 947 PERCENT BOUNDIN SPECIES ¢ 732 8042
20 PERCENT BOUND IN SPECIES #4607320 MgSO4 AQ

33  PERCENT BOUND IN SPECIES #1507320 CaSO4 AQ

«/n=2
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* 940 PERCENT BOUND IN SPECIES # 950 Zn+2

‘ 22 PERCENT BOUND IN SPECIES #9503300 ZnOH +

‘ 1.7 PERCENT BOUND IN SPECIES #9501401 ZnCO3 AQ
100242

. 379 PERCENT BOUND IN SPECIES #8935801 UO2HPO4)2
: 615 PERCENT BOUND IN SPECIES #8118930 sohm1

‘H20

. 877 PERCENT BOUND IN SPECIES #3300020 OH-

. 1.7 PERCENT BOUND IN SPECIES #4603300 MgOH +

. 68 PERCENT BOUND IN SPECIES #9503300 ZnOH +

4 33 PERCENT BOUND IN SPECIES #9503301 Zn(OH)2 AQ

PART $ of OUTPUT FILE

EQUILIBRATED MASS DISTRIBUTION —eeeeee

IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOLKG PERCENT

330 H+1 1099E-04 999 1.063E-07 01 0000E+00 00

150 Ca+2 1.700E-04 1000 0.000E+00 0.0 0.000E+00 0.0
140 CO3-2 1.000E-04 1000 0.000E+00 00 0.000E+00 00
460 Mg+2 1.200E-04 100.0 0.000E+00 0.0 0000E+00 00
580 PO4-3 5.000E<07 1000 0.000E+00 00 0.000E+00 00
732 804-2 3 000E-05 1000 0.000E+00 00 0.000E+00 00
950 Zn+2 7.600E-07 1000 0000E+00 00 0.000E+00 00
893 U0O2+2 3854E-21 385 6.146E-21 61.5 0000E+00 00
2 H20 2430E-07 1000 0000E+00 0.0 0.000E+00 00

Charge Balance: SPECIATED

Sum of CATIONS = § 779E-04 Sum of ANIONS 1 480E-04

PERCENT DIFFERENCE = 5.923E+01 (ANIONS - CATIONS)(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 0.000E+00
EQUILIBRIUM pH = 7327

e i i
e R L T T L

CHEMICAL CONDITIONS AT NODE 320
TIME = 0.000000E+00
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| IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION |
| CO3-2  Logactvity guess: -11.89 |

| PO4-3  Logactvity guess: -1706 |

| 8§04-2  Logactivity guess: <452 |

| |

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME  TOTAL MOL DIFFFXN LOGACTVTY RESIDUAL
U242 1 D00E-20 2517E-18 -20.00000 2.517E-18
U0o2+2 1. 000E-20 9.671E-18 -21.00000 9671E-18
U02+2 1 000E-20 3312E-17 -22.00000 3.5.2E-17
U02+2 1.000E-20 2.652E-17 -23.00000 2652E-17
U02+2 1 000E-20 9.659E-18 -24.00000 9659E-1%
U02+2 1. 000E-20 1.522E-18 -25.00000 1.522E-18
U02+2 1 000E-20 6472E-19 -26.00000 6472E-19
UOo2+2 1.000E-20 7.027E-20 -26 88853 7.027E-20
U0o2+2 1.000E-20 ©632E-21 -27.52601 6632E-2]
U02+42 1.000E-20 10S1E-23 -27.74583 1.050E-23

Do IO h W —DT

PART 3 of OUTPUT FILE _

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE.
ITER NAME TOTALMOL DIFFFXN LOGACTVTY RESIDUAL
10 UO2+2 1 000E-20 -9.266E-24 -2774628 9.256E-24
11 Zn+2 7. 600E-07 -2897E-11 836293 2821E-11

ID NAME ANAL MOL CALC MOL LOG ACTVTY GAMMA DIFF FXN
811 ADSITYP! 1.000E-05 8 466E-06 -507235 1.000000 2421E-15
330 H+1 4 000E-05 2.766E-10 -9.55813 1000000 -7 475E-14
150 Ca+2 2.450E-04 2378E04 .362375 1.000000 3.049E-16
140 CO3-2 1 000E-04 1.354E-05 -4 86836 1.000000 -1920E-14
460 Mg+2 1.200E-04 1.171E-04 -393145 1.000000 1085E-15
893 UO2+2 ] .GOOE-20 1 BIOE-28 -27.74232 1.000000 -8.994E-30
732 804-2 3.000E05 2.806E-05 -4.55197 1.000000 <4 405E-20
950 Zn+2 7.600E-07 4336E-09 -8.36288 1000000 -3.295E-15
580 PO4-3 5.000E-07 1.320E-12 -1187946 1.000000 -6 776E-21
2 H20 1 000E-32 -3 8B7E-05  0.00000 1.000000 0 000E+00

1 .

PART 4 of OUTPUT FILE

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE Il (dissolved and adsorbed) species

NUREG/CR-6515 B-114




+ADSITYPI

-

1+

+Ca+2

+Mg+2

+U02+2

.

+Zn+2

B47 PERCENT BOUND IN SPECIES # 811 ADSITYPI

153 PERCENT BOUND IN SPECIES #8113300 so

1992 PERCENT BOUND IN SPECIES #3301400 HCO3 -

974  PERCENT BOUND IN SPECIES # 150 Ca+2

1.9 PERCENT BOUND IN SPECIES 71501401 CaCO3 AQ

135  PERCENT BOUND IN SPECIES # 140 C03-2
15 PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ
46 PERCENT BOUND IN SPECITS #1501401 CaCO3 AQ

80.0 PERCENT BOUND IN SPECIES #3301400 HCO3 -

976 PERCENT BOUND IN SPECIES # 460 Mg+2

13 PERCENT BOUND IN SPECIES 44601400 MgCO3 AQ

334 PERCENT BOUND IN SPECIES #8931401 UOQ2C03)2-2
109 PERCENT BOUNT IN SPECIES #8931402 UQ2C03)34

554 PERCENT BOUND IN SPECIES #8118930 sohm]

935 PERCENTBOUND IN SPECIES ¥ 732 SO4-2
19 PERCENT BOUND IN SPECIES #4607320 MgSO4 AQ

45 PERCENT BOUND IN SPECIES #1507320 CaSO4 AQ

23 PERCENT BOUND IN SPECIES #9503300 ZnOH +
941 PERCENT BOUND IN SPECIES #9503301 Zn(OH)2 AQ
11 PERCENT BOUND IN SPECIES #9503302 Zn(OH)3 -

1.5 PERCENT BOUND IN SPECIES #9501401 ZnCO3 AQ

B-115
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“PO4-3
¢ 240 PERCENT BOUND IN SPECIES #4605800 MgPOM4 -

4 28 PERCENT BOUND IN SPECIES #4605802 MgHPO4 AQ
4 42 PERCENT BOUND IN SPECIES #1505800 CaliPO4 AQ
+ 362 PERCENT BOUND IN SPECIES #1505801 CaPOM -

. 325 PERCENT BOUND IN SPECIES #3305800 HPO4 -2

+H20

+ 938 PERCENT BOUND IN SPECIES #3300020 OH-

+ 18 PERCENT BOUND IN SPECIES #4603300 MgOH +

+ 3.7 PERCENT BOUND IN SPECIES #9503301 Zn(OH)2 AQ

o PART § of OUTPUT FILE

wessemneene EQUILIBRATED MASS DISTRIBUTION

IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOLKG PERCENT

330 H+1 4.170E-05 1038 -1533E-06 -38 0000E+00 00
150 Ca+2 2442E-04 997 0O000E+00 00 8292E07 03
140 CO3-2 1.000E-04 1000 0.000E+00 00 0000E+00 00
460 Mg+2 1.200E-04 1000 0.000E+00 00 0000E+00 00
893 UO2+2 4461E-21 446 5539E-21 554 0000E+00 00
732 S04-2 3.000E<G5 1000 0.000E+00 00 0.000E+00 00
950 Zn+2 7.600E-07 100.0 0000E+00 00 GOO0E+00 0.0
580 PO4-3 2494E09 05 0000E+00 00 4975E07 995
2 H20 3 870E-05 1000 0.000E+00 00 0.000E+00 00

Charge Balance: SPECIATED

Sum of CATIONS = 7.1 11E-04 Sum of ANIONS 1 995E-04

PERCENT DIFFERENCE = 5618E+01 (ANIONS - CATIONS)Y(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 0.000E+00
EQUILIBRIUM pH - 0558

LR R R L A L R L A L R R L L

LR L R R R A A R A )

CHEMICAL CONDITIONS AT NODE 321
TIME = 0 000000E+00
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| IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION |
I CO3-2 Logactivity guess. -11 89 |
|
|

PO4-3  Log acuvity guess: -17.06 |
SO4-2  Log activity guess. 452 |
!

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME  TOTALMOL DIFFFXN LOGACTVTY RESIDUAL
U02+2 1.000E-20 2.517E-18 -20.00000 2517E-18
U02+2 1 000E-20 9671E-18 -21.00000 9671E-18
U02+2 1.00GE-20 3.312E-17 -22.00000 3.312E-17
UO2+2 1 000E-20 2. 652E-17 -23.00000 2 652E-17
UQ02+2 1OOOE-20 9 659E-18 -24 00000 9659118
U02+2 1 000E-20 1.522E-18 -25.00000 1.522E-18
U02+2 1000E-20 6472E-19 -26.00000 6 472E-19
U02+2 1.000E-20 7 C27E-20 -26 88853 7.027E-20
U02+2 1 000E-20 6632E-21 -27.52601 6.632E-2]
U02+2 1 OO0E-20 1.0S1E-23 -27 74583 1.050E-23

S/’ IDLE SN —D

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME TOTALMOL DIFFFXN LOGACTVTY KESIDUAL
10 U02+2 1 000E-20 -9.266E-24 -27.74628 9 .256E-24
11 Zn+2 7.600E-07 -2.897E-11 -8.36293 2821E-11

ID  NAME  ANAL MOL. CALC MOL LOGACTVTY GAMMA DIFF FXN
811 ADSITYP1  1.000E-05 B466E-06 -507235 1000000 2421E-15
330 H+1 4 000E-05 2766E-10 -9.55813 1000000 -7 475E-14
150 Ca+2 2450E-04 2378E-04 -3.62375 1000000 3.049E-16
140 CO3-2 1 O00E-04 1354E-05 -4 86836 1.000000 -1 920E-14
460 Mg+2 1.200E-04 1.171E-04 -393145 1000000 108SE-15
893 UO2+2 1. 000E-20 1 B10E-28 -27.74232 1000000 -8 994E-30
732 S0O4.2 3.000E-05 2 BOGE-05 455197 1.000000 <4 405E-20
950 Zn+2 7600E-07 4.336E-09 -8.36288 1000000 -3.295E-15
580 PO4.3 S ODOE-07 ] 320E-12 -11.87946 1000000 -6 776E-21
2 H20 1.000E-32 -3 887E-05 000000 1.000000 0.000E+00

PART 4 of OUTPUT FILE

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE land TYPE [I (dissolved and adsorbed) specics

+ADSITYP]
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K47

' 153
1=+
¢ 1992
+Ca2
4 074
' 19
CO32
' 13§
5o
46
4 80.0
+Mg+2
+ :)') (’
13
<0242
4 334
+ 109
554
-804.2
' 935
1.9
45
v In2
- 23
94 )
* 11
15
1043
4 240

PERCENT BOUND IN SPECIES # - 811 ADSITYP)

PERCENT BOUND IN SPECIES #8113300 so

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES # 150 Ca+2

PERCENT BOUND IN SPECIES #1501401 CaCO3 AQ

PERCENT BOUND IN SPECIES # 140 CO3-2
PERCENT BOUNDIN 8t .0 - 74601400 MpCO3 AQ
PERCENT BOUND IN SPECIES #1501401  CaCO3 AQ

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES # 460 Mg+2

PERCENT BOUND IN SPECIES #4601400 MgCO3 AQ

PERCENT BOUND IN SPECIES #8931401 U02C0O3)2-2
PERCENT BOUND IN SPECIES #8931402 UO2C03)3-4

PERCENT BOUND IN SPECIES #8118930 sohm|

PERCENT BOUND IN SPECIES ¢ 732 §04-2
PERCENT BOUND IN SPECIES #4607320 MgSO4 AQ

PERCENT BOUND IN SPECIES #1507320 CaSC4 AQ

PERCENT BOUND IN SPECIES #9503300 ZnOH -
PERCENT BOUND IN SPECIES #9503301 Za(OH)2 AQ
PERCENT BOUND IN SPECIES #9503302 Za(OH)3 -

PERCENT BOUND IN SPECIES #9501401 Znl03 AQ

PERCENT BOUND IN SPECIES #4605800 MgPO4 -

NUREG/CR-6515 B-118




* 28  PERCENT BOUND IN SPECIES H4605802 MgHPO4 AQ

“ 42 PERCENT BOUND IN SPECIES # 1 505800 CaliPO4 AQ
4 362 PERCENT BOUND IN SPECIES #150580) CaPO4 -

+ 325 PERCENT BOUND IN SPECIES #3305800 HPO4 -2
+H20

+ 938 PERCENT BOUND IN SPECIES #3300020 OH-

4+ I8 PERCENT BOUND IN SPECIES #4603300 MgOH +

37 PERCENT BOUND IN SPECIES #9503301 Zn(OHR2 AQ

e PARTSGfOUTPUTFLE T

wesmwmeees EQUILIBRATED MASS DISTRIBUTION —meeeeeaee

IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOLKG PERCENT MOLKG PERCENT

330 H+1 4170E-05 1038 -1 533E-06 -38 0000E+00 00
150 Ca+2 2442E-04 997 0.000E+00 00 8292E07 03
140 CO3-2 1 000E-04 1000 0.000E+00 00 0.000E+00 00
460 Mg+2 1.200E-04 1000 0000E+00 0.0 0000E+00 00
893 UO2+2 4461E-21 446 5539E-21 554 0.000E+00 0.0
732 804-2 3.000E-05 1000 0.000E+00 0.0 0000E+00 0.0
950 Zn+2 7600E-07 1000 GO00E+00 00 0.000E+00 00
580 PO4-3 2494E-09 0.5 0000E+00 0.0 4975E-07 995
2 H20 3B70E-05 1000 0G00E+00 00 0.000E+<00 00

Charge Ealance: SPECIATED
Sum of CATIONS = 7 111E-04 Sum of ANIONS | 995F-04

PERCENT DIFFERENCE = 5 618E+01 (ANIONS - CATIONS)(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 0.000E+00
EQUILIBRIUM pHl ~ 9558

........l‘.‘l‘.l..‘.Q‘.......‘.'....ll.l‘....‘...l.......l.‘.‘.....
.l'."..l.‘..".........l".......'....'D'.“..........O.I.....'.‘.

CHEMICAL CONDITIONS AT NODE 234
TIME = 0.189346F+ 10
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IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION: |
C03-2  Logactivity guess. -1177 |
PO4-3  Log activity guess -17.25 |
| 8§04-2  Logactivity guess -4 52 |
| i

" PART 3of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE
ITER  NAME  TOTAL MOL DIFF FXN LOGACTVTY RESIDUAL
0 U02+2 4 553E-07 1.321E-04 -634173 1321104
U242 4 553807 5236LE-04 -734173 5230E-04
U02+2 4 533E-07 1721503 -834173 1721E03
U02+2 4.553E-07 1.343E-03 934173 134303
U242 4 553E-07 1.104E-03 -1034173 1.104E-03
U02+2 4 553E-07 1.571E-02 -1134173 | 571E-02
UQ02+2 4 553E07 4671E-03 -11.50953 4.671E-03
U02+2 4.553E-07 4791E-04 -12.02270 4791E-04
U02+2 4.553E-07 1.095E-04 -1231190 1.095E-04
9 UQOQ2+2 4 553E-07 3.243E-05 -12.53098 3.243E-05
10 U02+2 4 553E07 1.058E-05 -12.77731 1 058E-05
11 UO2+2 4 553E-07 3.003E-06 -1319177 3. 003F-06
12 U02+2 4.553F-07 -8.712E-09 -14.10485 8712E-09
13 UO2+42 4 553E-07 1.587E-11 -14.10170 1. 541E-1]

220 -3 W B WA -

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE!
ITER NAME TOTALMOL DIFFFXN LOGACTVTY RESIDUAL
14 UO2+2 4 553E-07 -9270E-11 -14.10171 9.224E-11
15 Zn»2 7600E-07 <6.135E-12 -841324 S375E-12

m NAME  ANAL MOL. CALC MOL LOG ACTVTY GAMMA DIFF FXN
811 ADSITYPI 1 000E-05 8.178E-06 -508737 1.000000 9952E-17
330 H+) 3456E-05 2.606E-10 -9.58397 1.000000 -3 401E-15
150 Ca+2 2329E-04 2264E-04 -364515 1.000000 1347E-17
140 CO3-2 9 772E-05 1.384E-05 485873 1000000 -8 554E-16
460 Mg+2 1.200E-04 1.170E-04 -3 93172 1.000000 5008E-17
893 UQO2+2 4.553E-07 7943E-15 -14.10000 1000000 -1 625E-17
732 SO4-2 3.000E-05 2812E-05 455101 1000000 -2.033E-20
950 Zn+2 7.600E-07 3 862E-09 -841323 1000000 -1 458E-16
580 P0O4-3 2414E07 1405E-12 -11.85240 1.000000 0.000E+00

< H20 1.000E-32 -4 106E-05  0.00000 1000000 0 000E+00

1

PART 4 of OUTPUT FILE

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE | and TYPE 1l (dissolved and adsorbed) species

NUREG/CR-6515 B-120




*ADSITYPI

818 PERCENT BOI VD IN SPECIES ¢ 81 ADSITYP!

PERCENT BOUND IN SPECIES #8111 893 sohm |

PERCENT BOUND IN SPECIES #8113300 &

PERCENT BOUND IN SPF( [ES #

#3301400 HCO3 .

PERCENT BOUND IN SPECIES # 150

Ca+2

PERCENT BOUND IN SPJi( [ES #1501401 CaCO3 AQ

E’i!"Li,“f}s:'I'}\'j)IN,\I’,("‘\r 140 CO3.2

14

PERCENT BOUND IN SPECIES #460 140 MgCO3 AQ

PERCENT BOUND IN SPECIES #1501401 CaCO3 AQ

PERCENT BOUND IN SPECIES #33014

1400 HCOs3

PERCENT BOUND IN SPECIES # 460 Mg+2

PERCENT BOUND IN SPE( IES #4601 40 MgCO3 AQ

PERCENT BOUND IN SP} CIES #893140]

PERCENT BOUND IN SPECIES #8931402

ND IN SPECIES 81189

PERCENT BOUND IN SPECIES #950330

PERCENT BOUND IN S}
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| IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION |
| CO32 Logactivity guess. 1215 |
| PO4-3  Logactivity guess -19.09

I 8042 Log activity guess. -4 53

| I

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE
ITER NAME TOTALMOL DIFFFXN LOGACTVTY KESIDUAL
uo2+2 3.355E-05 6220E-03 447433 6.220E-03
U02+2 3355E-05 4716E-03 -547433 4.716F-03
U02+2 3355E-05 1015E02 -647433 1015E-02
U02+2 3355605 9224E-02 747433 9224502
U02+2 3355E-05 4506FE-03 -B47433 4 S06F-03
U02+2 3355E05 1 060E-03 -8.5i1377 1.060E-03
U02+2 3 355E-05 1.558E-04 -B97044 | SSBE-04
U02+2 3355E-05 1.823E-05 927795 1.823E-05
U02+2 3355E-05 4.793E-07 -9.32579 4.793E-07
U02+2 3355E-05 3435E-10 -932349 3.099E-10

S AL W -

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME TOTALMCL DIFFFXN LOGACTVTY RESIDUAL
10 PO4.3 B4R2E-09 4 443E-09 -1343035 4.443E-09
11 Zn+2 7600E-07 7.550E-08 -6.09443 7.550E-08
12 Zn+2 7.600E-07 1730E-10 -6.14193 1722E-10
13 Zn+2 7.600E-07 1.358E-10 -6.14209 1350E-10
14 Zn+2 7.600E-07 8920E-13 -6.14227 1.320E-13
15 PO4-3 8 482E-09 9903E-13 -1398397 98I8E-13

ID  NAME ANAL MOL CALC MOL LOGACTVTY GAMMA DIFF FXN
Bl1 ADSITYPl 1 000E-05 6.521E-07 -6.18571 1.000000 3388E-21
330 H+1 5400E-05 5649E-08 -7.24B04 1000000 5498E-17
150 Ca+2 2 072E-04 2058E-04 -3.68654 ) 000000 -8.132E-20
140 CO3-2 9 989E-05 7.200E-08 -7.14269 1.000000 -1 355E-20
460 Mg+2 1 200E-04 | 193E-04 -392347 1.000000 1.355E-20
580 PO4-3 B 482E-09 |1 O38E-14 -13.98400 1000000 2 750E-17
732 S04-2 3 000E-05 2 B21E-05 454954 1000000 -1.355E-20
950 Zn+2 7.600E-07 7207E07 +6.14227 1000000 4.235E-22
B93 U0O2+2 3.355E-05 B.O9E-10 909206 1.000000 -1.323E-22
2 H20 1.000E-32 <6 818E-0S  0.00000 1.000000 0.000E+00

PAKRT 4 of OUTPUT FILE

B-123
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PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE | and TYPE 1l (dissolved and adsorbed) specics

“ADSITY?P]
v O ‘
934

+H+1

+Ca42
90 3

«CO03-2
' 87.0
+Mg+2

+ 994

«PO4-3

+504-2

39

+Zntd
94 8

PERCENT BOUND IN SPECIES ¢+ 811 ADSITYPI

PERCENT BOUND IN sPrCIES #81)18930 sohm]

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES #3301401 H2CO3 AQ

PERCENT BOUND IN SPECIES # 150 Ca+2

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES #3301401 H2CO3 AQ

PERCENT BOUND IN SPECIES # 460 Mg+2

PERCENT BOUND IN SPECIES #4605802 MgHPO4 AQ
PERCENT BOUND IN SPECIES #1505800 CaHPO4 AQ
PERCENT BOUND IN SPECIES #3305800 HPOM4 -2
PERCENT BOUND IN SPECIES #3305801 H2POM -
PERCENT BOUND IN SPECIES #8935800 UO2HPO4 AQ

PERCENT BOUND IN SPECITS #8935801 UO2HPO4)2

PERCENT BOUND IN SPECIES # 732 SO4-2
PERCENT BOUND IN SPECIES #4607320 MgSO4 AQ

PERCENT BOUND IN SPECIES #1507320 CaSO4 AQ

PERCENT BOUND IN SPECIES # 950 Zn+2
PERCENT BOUND IN SPECIES #9503300 ZnOH +

PERCENT BOUND IN SPECIES #9501401 ZnCO3 AQ

NUREG/CR-6515 B-124



0242

+ 10 PERCENT BOUND IN SPECIES #8933300 UO20H +1
+ 62 PERCENT BOUND IN SPECIES #8933302 U02)30H5+1
+ 65 PERCENT BOUND IN SPECIES #8931400 U02C03 AQ
+ 3.7 PERCENT BOUND IN SPECIES #8931401 U02C03)2-2
B 825 PERCENT BOUND IN SPECIES #8118930 sohm]
+H20
B 119 PERCENT BOUND IN SPECIES #3300020 OH-
. 78 PERCENT BOUND IN SPECIES #8933300 UO20H +1
. 786 PERCENT BOUND IN SPECIES #8933302 UQ2)30H5+1
1

PART § of OUTPUT FILE

wsenmeee EQUILIBRATED MASS DISTRIBUTION

IDX NAME DISSOLVED SORBED PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT

330 H+1 1.078E-04 1095 -9329E06 -9.5 0.000E+00 0.0
150 Ca+2 2072E04 1000 0.000E+00 00 0.000E+00 00
140 CO3-2 9.989E-05 1000 0.000E+00 0.0 0.000E+00 00
460 Mg+2 1.200E-04 1000 0.000E+00 0.0 0.000E+00 0.0
580 PO4-3 8.482E-09 1000 0000E+00 00 0000E+00 00
732 S04-2 3.000E-05 1000 0000E+00 00 0.000E+00 00
950 Zn+2 7.600E07 1000 0000E+0C 00 0.000E+00 00
893 UO2+2 1981E06 59 9338E06 278 2223E-05 66.3
2 H20 1494E-06 1000 0000E+00 00 0000E+00 0.0

Charge Balance: SPECIATED
Sum of CATIONS = 6.523E-04 Sum of ANIONS 1.445E-04
PERCENT DIFFERENCE = 6.374E+01 (ANIONS - CATIONS)(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m)= 0.000E+00
EQUILIBRIUM pH - 7248

AR AR L L R L L e R
LA R L L L )

CHEMICAL CONDITIONS AT NODE 321
TIME = 0.189346E+10

B-125 NUREG/CR-6515



| IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION |
| CO3-2  Logactivity guess: -1226 |

| PO4-3  Log sctivity guess: <1742 |

| 804-2  Log activity guess: 453 |

5 |

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME  TOTAL MOL DIFFFXN LOGACTVTY RESIDUAL
U02+2 1.37SE06 2241E-04 -586185 2241E-04
U02+2 1.375E-06 S694E-04 686185 5694E-04
UQ02+2 1 375E-06 2249E-03 -786185 2249E-03
U02+2 1375E-06 2 147E-03 -B 86185 2147E-03
V0242 1.375E-06 1615E-03 -986185 1615E-03
UO2+2 1.375E-06 2359E-02 -1086185 2.359E-02
U02+2 1.375E-06 6960E-03 -11.03528 6 960E-03
U02+2 1 375E-06 8.037E-04 -11.51578 8037E-04
U02+2 1.375E-06 1656E-04 -11.83673 1 656E-04
U02+2 1375E-06 4.713E-05 -1206044 4 713E-05
10 UO2+2 1.375E-06 1495E-05 -1229054 | 495E-05
11 U02+2 1 375E-06 4.523E-06 -1262156 4 .523E-06
12 U02+2 1.375E-06 1628E-07 -1323157 1628E-07
13 UO2+2 1.375E-06 -9222E-09 -1329922 9.220E.09

LSV SE W -0

PART 3 of OUTPUT FILE

PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE.
ITER NAME  TOTAL MOL DIFF FXN LOG ACTVTY RESIDUAL
14 UO2+2 1.375E-06 -5 180E-09 -13.29634 5.178E-09
15 Zn+2 7.600E-07 -1.087E-10 -7.91649 1.079E-10

ID  NAME ANALMOL CALC MOL LOG ACTVTY GAMMA DIFF FXN
811 ADSITYP1  1000E-05 8222E-06 -508500 1000000 4924E-15

330 H+ 6 164E-05 4708E-10 -932713 1.000000 -7.391E-13

150 Ca+2 2.081E-04 2.033E-04 -3.69176 1000000 2683E-15

140 CO3-2 9.986E-05 BS91E-06 -506596 1000000 -2 168E-13

460 Mg+2 1.200E-04 1.179E-04 -3 92845 1000000 1154E-14

893 UO2+2 1375E-06 5161E-14 -13.28727 1.000000 -2 533E-14

732 8042 3 000E-05 2824E-05 -4.54916 1000000 1694E-20

950 Zn+2 7.600E-07 1213E08 -791629 1.000000 -5.021E-14

580 PO4.3 5.161E-07 2 046E-12 -11.68911 1000000 3.388E-21

2 H20 1 000E-32 -2 346E-05  0.00000 1.000000 0 000E+00
1

PART 4 of OUTPUT FILE
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PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE 1 and TYPE 11 (dissolved and adsorbed) species

+ADSITYP1

+ 822
+ 90
* &8
+H+

+ 1398
+Car2

* 98.1
+ 13
+CO3-2

+ 86
_ 25
+ B6.S
0M3¢2

» 983
+U02+2

+ 279
+ 58
+ 656
+804-2

+ 941
* 20
* 39
+Zn+2

+ 1.6
+ 37
+ 908
. 2%

PERCENT BOUND IN SPECIES # 811 ADSITYPI
PERCENT BOUND IN SPECIES #8118930 sohm|
PERCENT BOUND IN SPECIES #8113300 so

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES # 150 Ca+2

PERCENT BOUND IN SPECIES #1501401 CaCO3 AQ

PERCENT BOUND IN SPECIES # 140 CO3-2
PERCENT BOUND IN SPECIES #1501401 CaCO3 AQ

PERCENT BOUND IN SPECIES #3301400 HCO3 -

PERCENT BOUND IN SPECIES # 460 Mg+2

PERCENT BOUND IN SPECIES #8931401 U02C03)2-2
PERCENT BOUND IN SPECIES #8931402 UQ2C03)34

PERCENT BOUND IN SPECIES #8118930 sohm]

" LRCENT BOUND IN SPECIES # 732 S04-2
PERCENT BOUND IN SPECIES #4607320 MgSO4 AQ

PERCENT BOUND IN SPECIES #1507320 CaSO4 AQ

PERCENT BOUND IN SPECIES # 950 Zn+2
PERCENT BOUND IN SPECIES #9503300 ZnOH +
PERCENT BOUND IN SPECIES #9503301 Zn(OH)2 AQ

PERCENT BOUND IN SPECIES #9501401 ZnCO3 AQ
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APPENDIX C
CHEMICAL AND MATHEMATICAL CONCEPTS

This appendix provides a brief review of the important concepts used to solve the general chemical equihbrium
problem. Afier developing some defintions, we provide the relevant mass action and mole balance equations and describe
thexr solution using an example problem first without, then with a solid phase. Other equations and algonthms used in BLT-
EC for correcting equilibrium constants, computing total dissolved carbonate concentration from alkalinity, and obtaining
other values are also presented. The matenal presented in this appendix 1s laken directly from the MINTEQA2 user’s
manual and modified 1o be consistent with this report. This matenial also applies to adsorption reactions, but the additional
concepts that disunguish adsorpuion algorithms arc presented in Appendix D.

C.mponent and Species Defiptions

Components - These are the basis entities or building - blocks from which all species in the system can be built. BLT-EC
has an associated component database file containing more than 100 components (see Appendix E) from which the user
sclects only those needed i the specific problem of interest. The components used in BLT-EC form a pre-defined set, ¢ g,
the component for calcium 1s Ca’* and not some other species such as CaOH'. The thermodynamic database, writien in
terms of these components, 1s searched automatically to retneve only those species relevant to a specific problem
Components represent an accounting s -« and, while 1t 1s not required that they be actual chemical species, nearly all BLT-
EC compaonents except certain of those used to represent electrostatic wrms in adsorntion models are physicaily realizable
species

Type | Components as Species in Solution - These are the components themselves defined as actual chemical species. As
mentioned above, in the general case, a component need not be an actual chemical species. The set of available components
in BLT-EC happens to include components that are all bon.: fide chemical species (excepting the electrostatic companents)
Thus, all (non-electrostatic) components in 8 BLT-EC problem will also be defined as Type | species

Type Il Other Species 1 Soluton or Adsorbed - These are all dissolved species other than those that are Type I These may
be cauuplexes or free 1ons, for example, Cr** (the component for Cr** 1s Cr(OH),"). Insofar as components may be thought
of as reactants, TYPE I species may be considered aqueous and adsorption reaction products.

Type Il Species with Fixed Actvity - Generally, these are cither species that are present at fixed equilibrium activity or are
mock species that define a fixed equilibrium activity relationship between two real species. In earlier MINTEQ
documentaton, Type I1] species were referred to as Fixed Solids because all TYPE I11 species e treated mathematically
in the same way as solids that are explicitly constrained to be present at equilibrium (not subject to complete dissolution,
an infinite solid), any components whose activities are exphicitly constrained to a given equilibrium value (e.g. fixed pHor
pe), any gases whose parual pressures are explicitly constramned to a given equilibnum pressure, or any mock species whose
equilibrium acuvity, 1s explicitly constrained to an equilibnum value (such &s a redox couple that fixes the equilibrium
actvity ratio of two components that form a redox pair )

Type 1V Finute Solids - These are solid phases that are presumed present imitially or precipitate from the solution In the
laser case, the appropnate components are depleted in the aqueous phasc 1o “create” the precipitated solids  With BLT-EC,
1t 15 also possible to specify one or mor precipitated solids as present irutially at some given amount (per liter basis) For
those Type |V solids that are specified as present imtially, the entire amount may dissolve if equilibrium demands it and the
concentrations of the appropnate components will then be ~upplemented in the aqueous phase. The reader should realize
that, in theory, it doesn’t matier to BLT-EC whether the sys m totals for various componeriis are specified al the outsel as
all dissolved or all bound precipitated solid(s) of given amount(s). In practice, it helps to avoid phase rule violations
(cdiscussed later) if Type IV sohds are entered with a concentration of zero. In that case, the total dissolved concentrations
of the components of the solid represent total system concentrations BLT-EC will shift mass from the dissolved to
precipitated phases or vice versa as required by equilibrium

Type V Possible (Undorsaturated) Solids - These are solid phases that are defined in BLT-EC, however, they are not
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oversaturated, do not physically exist, and thus have no direet impact oi e chemical equilibrium problem  When the
soluton becomes oversaturated with respect 1o a particular possible solid, and if that sohid 1s more oversaturated than any
other possible solid composed of the same components, BLT-EC will precipitate that solid depleting the agueous phase
concentrations of the appropnate components The newly precipitated solid 1s then re-assigned as a Type 1V species If any
Type 1V solid dissolves completely so that its entire mass 1s shified to the aqueous phase, that solid 1s re-assigned es Type
V. Note that in ECIN and in the hsting of input data that BLT-EC includes in its output file, Type V solids are referred to

as POSSIBLE sohids In the lisung if equilibrated results however, Type V species are referred to as UNDERSATURATED
solids

Type VI Excluded Species - These are species that would ordinarily be Type 1, 11, 111, or V but are assigned as Type VI to
exclude them from mass balance calculations Reasons for wanting 1o impose such exclusions are varied For example, the
mass of the component representing the electron (¢-) 1s entered as zero in the database  For obvious reasons, one would not
want to impose the condition of mass balance on ¢- Therefore, unless an equilibrium pe 1s imposed, e- 1s excluded from
mass balance calculavons by designating it as Type VI When BLT-EC reads the mput file for a specific problem, 1t searches
the database to find all species that can be reaction products of the specified reactants (components)  Of these possible
species, all gases and redox couples are entered as Type VI unless they are expheitly designated in the input file as Type Il
Unless a flag in the input file directs otherwise, all solid phases are treated as Type VI by default Al electrostatic
components used in adsorption reactions arc entered as Type V1 in the input file because they are not real chemical entities:
they have no mass Finally, a 1y species that the user wishes to explicitly exclude may be so designated in the input file  For
example, a sohid phase that 1s suspected to be unrealistic for kinetic reasons, but which would otherwise precipitate may be
expheitly excluded  ECIN has the logic to properly assign species to the TYPE VI category as necessary and provides for
exphciily assigning any species to Type VI as desired by the user

Iper. 8

The pre-defined set of components available in BLT-EC (see Appendix E) includes naked ions such as Na® and
neutral and charged complexes (e g H,$10,, CR(OH),") In general. the species chosen to serve as components are those
that are expected (0 be the dominant dissolved species in natural waters, 1., H,S10, as opposed to some other species of
dissolved silica. Of course, for a specific problem, the species which represents the component may not always be the
dormnant equilibriums speczes. Whatever components are selected, it 1s only necessary that they linearly combine to produce
every species in the system and that it be impossible to produce any component through another combination of components
(muluple oxidation states of the same chemical clement being exempted form this latier requirement, i ¢, the fact that
component Fe™* can be produced from a combination of components Fe* and e 1s acceptable)

Oxdation/Reduction Reactions

Redox reactions are represented in either of two ways m BLT-EC. One way 1s the designation of separate
components to represent the oxidation staies of inierest. For example, in the current database, there are separate components
for Fe* and Fe” . Thus, separate reactions can be wntten for each of these components. in fact, this has been done and those
reactions are available in the thermodynamic database  Also, as mentioned earhier in defimng Type 111 Species with Fixed
Activity, mock species are defined Lo represent the activity ratio between two members of a redox couple. When such a
species is assigned as Type 111 and the equilibrium pe 15 also specified, mass 1s shifiec from one member of the couple to
the other in such & way as 10 cause thew actvity rauio to honor the Nernst Equation at the equilibrium pe specified  The other
way to represent different oxidation states requires only on oxidation state to be defined as a component Then aay reaction
that would involve a different oxidation state of that same component is written 1o include the gain or loss of electrons and
the log K for the formation of the product 1s adjusted accordingly  Had the scheme been used for the iron system, Fe’” mught
have been chosen as a component and Fe* would have been a Type I1 species with Fe ™ and ¢ as reactants. While most of

the redox cherustry in BLT-EC 15 represented by the components of separately defined oxidaton states, the electron appears
In many reactions as well
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General Problem Formulation

Two general approaches arc commonly used to formulate and solve multiple-component chemical cquilibnum
problems ) minnization of the »vstem free energy under mass balance constramnts or 2) simultancous solution of the
nonlincar mass action expressions and hnear mass balance relabonships BILT-1:C uses the latter approach, frequently
referred 1o as the “equilibrium constant method”

To solve the chemical equilibrium provlem, BLT-EC uses an initial guess for the activity of cach component 10
calculate the concentration of cach species according to mass action expressions written in terms of component acuvities
The total mass of each component is then calculated from the concentrations of every species contaming that component
The calculated total inass for each component 1s then compared with the known input total mass for cach component 1 the
calculated total mass and the known input total mass for any component differ by rmore than a pre-set tolerance level, a new
estimaie of the component acuvity is made and the enre procedure is repeated. The aqueous phase equilibnum e MposIon
15 that set of species concentrations which gives a mass imbalance less than the tolerance level for every component

After equiibrating the aqueous phase, BLT-EC computes the saturation index (S1) for cach posssble sohid wath
respect 1o the solution. The solid with the most positive S1s allowed 1o precipitate by depleting the dissolved concentrations
of those components compnising the solid in accordance with the known stoichiometry of cach component The reverse
process oceurs 1f an existing sohd 1s found to be undersaturated with respect to the solution In either case, 1t 1s necessary
1o re-equiibrate the solution afier mass has been added to or depleted from the aqueous phase  Thus the aqueous solution
15 re-equilibrated just as before except with one less degree of freedom if precipitation has occurred or one more 1f
chssolution has occurred  The entre computational loop of terating to equilibrium, checking for precipitation or dissolution,
and shifting mass from the aqueous to the solid phase or vice versa 1s repeated until equilibrium 1s achieved and there are
no oversaturated possible sohids and no undersaturated existing solids

The number of degrees of freedom of the system 1s the number of independent vaniables  These would ordinanly
include temperature, pressure, and all the component activities that can be independently varicd  Several constraimts are used
in BLT-EC that modufy the usual phase rule relauonship. Because temperature and pressure are both specificd to be invaniant
by the user, the phase rule expression that applies to BLT-EC calculations is

g = o (c-n

where
{ = the number of degrees of freedom
C = the number of components
P = NN(IIT) + NN(1V)
NN(III) = the number of Type 1 Species with Fixed Acuvity
NNV} = the number of Type IV Finite Sohd Species

BLT-EC calculates f at the outset of each problem and if { 1s greater than zero, proceeds with the caleulations One
addiional degree of freedom 1s lost for each new sohd phase that forms, that is, cach species that 1s reassigned fiom Tyvpe
V to type 1V, Conversely, cach existing sohid that dissolves (Type IV species reassigned to Type V) adds one degree of
freedom Examples of constraints that result in reducing the number of degrees of freedom, that 1s, that contribute to I 1n
Egn C-1, are the fixed acuvity of the component H,O or of other components with fixed activities  As 1s evident above, cach
sohd phase present (Type 111 or 1V) also contributes to P. This follows from the solubihity product constramnt imposed by
the presence of a sohid phase  To see why the precipitation of a sohid results in the loss of one degree of freedom, consider
the example
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AG*+Cl"»AgCls) log K - 975 (C-2)

By convention, the activity of the pure precipitated AgCl(s)1s 1.0 Thus,

K = 10°" = (AgCl(s)}{Ag “}{Cl"} (C-3)

or

{Ag) = 107y (C-4)

Thus, when pure AgCl(s) exists{Ag"} and {Cl '} are no longer independent vanables

A svstem of n independent components that can combine to form species 1s represented by a set of mass action
expressions of the form

K =5 [Tx™ (C-5)
J

where
K, = equilibrium constant for the formation of species 1
{S,} = activity cf species i
X, = activity of component
a, = stoichiometric coefficient of componznt ) in species 1
11 = indicates the product over all components in species |

The concentration of species 1, [S,), 1s related to the activity {8} by the activity coefTicient, vy,

8} = yIS) (C-6)
Substtuting this expression for {S,} in Eqn. C-5 and rearranging gives

1) = K, TTx™ (C-7)
J

Now, if we define K, such that
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KAI K; /Y: (C"s)

C =180 - K [T (C-9)

For notauonal convemence, we will use C, and |S,] interchangeably, both mean the concentration of speaies 1 In Eqn C-9,
the actvity coeflicient term 1s incorporated into the equilibrium constant K’ and ideal conditions (ionic strength = () activity
coeflicients = 1) correspond 10 the condition K', = K,

In logarithmic form, Egn. C-9 becomes

log C, - log K/+3 a, lop X (C-10)
J

In addition to the mass action expressions, the s:t of n independent components 1s governed by n mass balance
equations of the form

¥ Zau £;~T, (C-11)

where:

T, = total dissolved concentration of component | (also referred 10 as the total analvtical concentration because T,
1s generally a known measured 'aput parameter)

Y, = the difference between the calcudc*d total dissolved concentration of component j and the known analvtical
total dissolved concentratior: of component

The solution (in the mathmatical sensc) is that set of component activities X (using matrix notation for brevity)
which results i the set of concentrations C such that each individual of the set of mass balance differences Y 1s equal to zero
In practice, it 1s only necessary to find X such that each individual of Y 1s made less thar. some tolerance value The general
procedure is 1o first guess X (ECIN makes this guess and puts 1t in the input file), then calculate C and Y If any individual
oY exceeds (in absolute terms) its prescribed tolerance value, a new guess is made for X, C and Y are recalculated, and
the test 1s repeated  This steratve procedure is continued until all the individuals of Y are less than the tolerance value Like
MINTEQAZ2, BLT-EC uses the Newton-Raphson approximation tnethod 1o estimate the new X at cach iteration. The
tolerance value or convergence critena for BLT-EC 1s pre-set to 10™ imes T, for cach component )

To illustrate the generalized mathematical formalisms used 1o solve chemical equilibrium problems, 1t 1s instructive
to consider a simple problem in detail.  The example problem formulation that follows 1s based on a simple calcium
carbonate (CaCO,) solution. A 0 001 molar solution of CaCO, that has no access 10 atmospheric gases 1s considered  No
solid phases are considered  Furthermore, no absorbent phases are present. no redox reactions oceur, and no Type 111 species
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are included

The CaCO, solution » equilibrium will contam ten soluble species Ca®', CaOll’, CaCO,*, CaHCO,", H,CO,,
HCO,, COZ Y, OHL and HO (Note CuCO," refers to the soluble complex, not the sold which is designated CaCQ,(s) )
The set of 6 independent reactions involving these species 18 shown i Table C 1 The choice of components to represent
a given solution, i general, 1s not unique, however, the component set used in BLT-EC 1s pre-set (see Append:x )

The required number of components 1s equal to the number of species minus the number of independent reactons
Thus, for this problem we need four components. Some general guidelines for choosing components arc

1) Always choose 11,0 as a component. this 1s required in BLT-EC and, 1n fact, H,0 15 chosen automatically

2)  Always choose H' as a component; ths is not required but, except for certain problems of academic interest,
1" should always be a component

3) I redox transformations are involved m this problem, include the electron as a component. Remember that
those database reactions that involve the electron as a component, such as CH,(g). will not be brought into the
problem if ¢ 1s not a component  Fiven so, do not include ¢ unless 11 1s neeessary

4)  For all other components, the choiees are obvious, ECIN can provide a isting of all available components but
there is only one that can represent As', one that can represent Ca'', ete

The four components that are applicable (o the CaCO, solution are H,0, H', Ca®', and CO,* 1,0 1s presumed to exist at
constant activity  This is a good assumption for all dilute solutions because the mass of H,0 present 1s several orders of
magnitude greater than the other components. The small mass of water consumed (or generated) by reactions with other
components 18 justifiably neglected, there 1s no mole balance on 11,0

Table C.1. Rcactions and log equilibrium constants for soluble species in a 0.001 M solution

of CaCO, a1 25°C

Reactions logK
H,0-H' »~ Ol -140
CO» + 11" » HCO, 10.2
CO,” + 211" » 1,CO, 16.5
Ca*" + H,0 - H' » CaOH’ <122
Ca** + CO* + H' » CaHCO," 116
Ca' + CO,"» CaCO3" 30

For any species, the stoichiometnie coefficients for each component are given by the corresponding reaction written with the
components all on the left side of the reaction and the species as the sole reaction product on the nght side. For example,

Ca” « H,0O-H" «CaOH"
Thus, the stoichiometric coef' . 1ent for the component H' in the species CaOH™ 1s -1 Similarly for H,CO,

CO2 + 21« HLCO,
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the stoichiometne coeflicient for the component H' in the species H,CO, 15 +2. If BLT-EC's component list had been chosen
dufferently (we have already observed that the selection of components in our pre-defined list 1s arbitrary) so that 0 were
a component, then the reaction for 1,CO, in the data base would have been

CO} + HO-0, = HLO,

In that case, the components CO,*, H,0, and 0* would have stoichiometries 1, 1, and -1 respectively  Of course, the
equilibrium constant for this reaction would be different from that of the former H,CO, reaction

The stoichiometric coefTicients and log equilibrium constants for all species in the CaCO, problem are shown in
Table C2. Note that the equilibrium constants are for the formation of the species from the components with the
corresponding stoichiometnes and that these are thermodynamic database constants Before they are used i BLT-IC, they
will each be corrected by the species activity coefficient as in Eqr 7.8

Table C.2 Stoichiometric matrix representing the 0 001 M CaCO, solution.

Species Components

H,0 H’ Ca*™ cot K
H,0 | 0 0 0 K,
H’ 0 1 0 0 K
Ca™ 0 0 ] 0 K,
Co* 0 0 0 1 K,
OH 1 -1 0 0 K,
HCO, 0 1 0 | K,
H,CO, 0 2 0 1 K
CaOH" 1 -1 1 0 Ky
CaHCO,’ 0 1 ] 1 K,
CaCO3" 0 0 1 1 K

Note that Table C 2 includes several idenuty relationships  The generalized nature of the computational algorithm
is such that to make the species H' for example, requires that the stoichiometry of the component H' be one and that of all
other components be zero.

The set of mass acton constrants that apply o the reactions in Table C 2 are given in Table C. 3 Note that because

e are expressing species concentrations in terms of component activities, we must use the mixed equilibrium constants as
given by Egn C-8
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Table C 3 Mass action expressions apphicable to the CaCO, solution using mixed equilibrium constants

(N [H,0] = {H,0} K',

() [H'] = {H'} K,

(3) [Ca™] = (Ca™} K,

4 [CO,") = {CO" K,

(5) {OH] = {H,0} {H'}'K",

(6) [HCO,'} = {CO,™} {H'} K',

(7 [H,CO,) = {€O,*} {H'}' K,

(%) [CaOH'] = {Ca™} {H,0} {H'}"' K,
) [CaHCO,'] = {Ca"} {CO,*} {H"} K',
(10) [CaCO," ] = {Ca"} (CO*} K6

Three mole balance expressions are required to complete the set of equations that define the CaCO, system (recal)
that mass balance is neglected on H,0). The mole balance expressions corresponding to Eqn C.11 are generated by
summung the concentrations of all species involving & particular component and subtracting the respective analyvtical input
concentration for that component. The resulting expressions are:

Y2 = [Ca®] + |CaOH ") +|CaHCO,) + [CaCO,*) - TZs (C-12)

‘Cozz.’ + [HCO5) + [11,€0,) + [CaHCOy) + [CaCO,"] - Tco," (C-13)

Yeod =

Yy = |H"]+|HCO; ) + 2[H,CO,) + [CaHCO, + ) C-14
-[CaOH "} - |OH ")~ T}, i

The ulumate goal 1s 1o solve these mole balance equations under the constraints of the mass action expressions in
Table C.3. To do thus, the species concentration terms in those equations are replaced with their corresponding mass action
expressions from the table. The final set of mole balance equations th- 1 becomes:

Yo = K'{Ca® )+ K' (Ca* W H,OMH ") + K'o(Ca?*}{H "HCO; ")

: i C-15
1K' ACa** HCO;) - Ty (=49

Yy. = K'(H*} +K AH"JCO; )+ 2K {H *}H{CO; ) +K'o{Ca**}H 10Oy )

-K"‘H:O)(CGZ'}{H -}-I _Krs{l_{zc}{flo}-l A TH. (C.|6)
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Yot = K'{CO7Y K AHJ(COTFY « K' {1 *Y(CO)

- " _2e . Ny - ' “_ 2« ary 2 2 (C-I7)
VK {Ca ™) (" HCOTY K (Ca* 00T} - T2,

These three equations are now expressed in terms of three unknowns, {H'}, {Ca™}, and {CO,*}. The adjusted
equilibnum constants, analytical component total dissolved concentrations, and the activity of H,0 are known (Recall that
the analvtical input concentrations (T, T.,,*, and T,") are supphed by the user when the problem is specified and H,0
always has activity fixed at approximately 1.0) The mathematical solution is that set of component activities which gives
Ve Yo' and Y, all equal to zero, or more practically, all less than some acceptably small error (convergence criteria)
From final component activities, the equilibrium concentrations of all species can be calculated using the mass action
expressions in Table C 3

Let us consider the same calcum carbonate system as before except with a solid phase, caleite, present at
equilibrium . In that case, we would add the following reaction to Table C 1

Ca + CO} »CaCO,@s) K,
and the stoichiometric cocfficients for CaCO,(s) in Table C.2 would be the same as for the dissolved species CaC0,° The
appropriate mass action expression (Eqn C-9) that would be added to Table C.3 is

[CaCO,°) = {Ca*}WCOS) K, (C-18)
Now, because CaCO, (s) 1s a pure phase,
[CaCO /] = {CaCO, (s)} = |
and we can solve Eqn C-18 for either {Ca® } or {CO,"}; let us choose {CO,*}. Then,

- 1
(€COfy ;
3 K, {Ca™} (C-19)

Thus, the three unknowns of Eqn s C-15 thru C-17 have been reduced to only two by making use of the fact that 2 pure phase
has activity of 1. If we make this substitution (Eqn. C-19) in the three mole balance equations, we obtain

Year = K'{Ca®} 2 K'y{Ca™ Y HORH "} o Kol H WK\ ))! + K oK) = T (C-20)

Yy, = K'{H ) s K" {H YK {Ca?* )" + 2K {H Y(K", {Ca®"))™ eea
K H WK ) - K A HONCa? Y H ) - K {H,0(H )" - T,,. etty
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Yoot = KK {Ca™ D) oK (WK 4 Ca™ ) KPR {Ca ™y
o Ko HE ) ¢ Kl ) = T =%

Note that Egn s C-20 through C-22 now contain only {Ca® | and {11’} as unknowns Carbonate 1on acuvity has
been eliminated as a component and the dimensions of the Jacobian matrix that must be calculated 1o estimaie new
component activities at each succeeding ieration during the Newton-Raphson iteration sequence have been reduced

For more complicated systems that may contain a namber of sohds (Types 111 or 1V), the process of eiminating
vanables 1s more complicated A priority order of thermodynamic stabilities of cach solid 15 established by companing the
appropriate 1on activity products (IAP) with the corresponding formation constant afier the agueous phase has been
equilibrated  The loganithmic ratio of these terms (saturation index) 1s calculaied and used to establish the stability order
for precipitation or dissolution of sohids

Saturation Index - log l:—-—[’ (C-23)

If the saturauon index for a particular muneral 1 negative, the system 1s undersaturated with respect to that nuneral.
If the index 1s positive, the solution 1s supersaturated and, if the user has sclected the appropriate precipitation option, BLT-
EC will precipitate the solid 111 question until the equilibrium condition 1s sausfied, 1 ¢, untl

mnr

log “A2 - 0
og == (C-24)

Undersaturation for a grven mineral can anse from three situations: a) a less soluble mineral phase could be controlling the
acuivities of one or more common 1ons, b) the component input concentrations are insufficient to exceed the formation
constant, or ¢) frec solution 10n activities are limited by sorption reactions

BLT-EC re-evaluates the saturation indices for each solid cach time the aqueous puase 1s equibbrated. The user
may choose to

1) Allow no solids to precipitate regardiess of saturation state,

2) Allow the precipitation of expheitly designated sohids but only if they become oversaturated,

3) Allow all oversaturated solids to precipitate, or

4; Allow all oversaturated sohids to precipitate except for those expicitly designated as excluded (Tvpe V1)

In cases where precipitation is allowed, the entire computational loop of iterating to equilibrium, checking for
precipitation or dissolution, and shifung mass from the aqueous io the solid phase or vice versa is repeated unul equbibrium
15 achueved with no oversaturated Tvpe V Possible Sohids and no undersaturated Type 1V Finite Sohds

[3ecause the formation of solid phases changes the equilibnum species distributions, the inclusion of a large number
of Tvpe IV or V solids in BLT-EC executions requires that the species distnbution equilibnia problem be resolved several
umes during the iteration sequence for precipitaung sohds. The difficulty of obtaiming convergence 1s increased accordingly

For this reason, model systems should be spared unnecessary detail  The user should note that usually only a small number
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of sohds control the free solution activities of species representing a given metal 1t may be useful 1o perform a run with all

solids prohibited from precipitating, examination of the saturation indices will provide information as 1o the dominant solids
The imtial rule 1s, “If in doub? Jeave it out™ The saturation index hstings can be used to detect first-pass mistakes  All
unprecipitated (supersaturated) solids will be represented by a positive saturation index  1f any positive values are found.
the user may then add the omitied solid and repeat the execution. In the final analysis, all controlling solids (those that
actually precipitate) will be identified with saturation indices cqual to zero

Specifying a gas phase at a fixed partial pressure in the example CaCO, system would have much the same effect
mathematically as did the solid calcite phase When a CO,(g) gas phase 1s present, the following reaction would apply

CO;™ 2 - HO=COMg) K, (€-25)

The corresponding mass action expression would be represented by

Peo, = (COJ WU ViH,0)' K, (C-26)

where Peg, = the partial pressure of CO jn atmospheres. For sysliems open to the atmosphere, P 45 fixed at 10
atmospheres. The new equilibrium constant would be.

A”,z = A"‘ﬁfl,m7 (C.27)
Then,
{H*} = [{CO;"} K" )™ (C-28)

If the solid phase 1s present as before, the expression for {CO,* } (Eqn C-19) can be substituted in Egn C-28 (o give

{(H7} = {Ca™ )K", (K" )] (€-29)
Thus expression for {H'} can be substituted into the mole balance Eqn s (C-20 theeo* ~.22) which are then expressed in
terms of the only remaining unknown, namely {Ca®"}

Note that ECIN computes the adjusted equilibnum constant from the user-specified partial pressurc. The database
log K is 18 16 and if P, = 10 “atm, then the adjusted log K 1s computed from

log K“,, < 1816 -(-3.5) = 2166 (C-30)

It is possible to over-constrain a system (eliminate all degrees of freedom) by entering 100 many fixed species. If,
for instance, a user simultancously fixed P, and {H'} in the CaCO, problem above and then if a solid phase is precipitated
(by BLT-EC in computing the equilibrium or by the user speeifying an iniual solid), there would be no remaining vanables
in the mole balance equatons and the system would be over-constramned BLT-EC would report a phase rule violation and
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execution would end with an error

In introducing the CaCO, problem onginally, the gas phase reactions were excluded  1f this problem had been
executed using BLT-EC, the user would have been reminded of this exclusion in the output histing for Type VI Excluded

Species

The equilibnum constants in Egn s C-15 through C-17 are functions of the system temperature and 1onic strength
The values supplied n BLT-EC's thermodynamic databasc are referenced to 25°C and an 1onie strength of zero 1f the
temperaturc is not at 25°C, a new set of equilibrium consiants must be calculated before solving the equations. The jonic
strength alfects activity coeflicients which in tum affect the adjusted equilibrium constants (Egn. C-8) BLT-EC allows the
option of specifving @ fixed 1onic strength or of recalculating the jome strength from the new estimates of species
concentrations at cach iteration

T 2 syons of 1 g $

BLT-EC incorporates two schemes for adjusting the equilibrium constants for temperature. If the necessary data
are available in the thermodynamie database, BLT-EC uses a power function of the form

K, = A+BT+CIT+D Log(T) «ET*+ FIT* «GT" (C-31)
where
T = (emperature (K°)
AB G = ¢mpincal constants stored in the thermodynamic database

Only 25 of the more than 1000 specics in the database have these constants available

For any species that does not have the constants needed for Egn. C-31, the equilibrium constant is corrected for
tlemperature vanations from 25°C by the van't Hofl equation

Al [y
log K. = log K. - A EP 3 "
i i 2.303/(‘ ¥ /] R

where
= reference temperature, 298 16°K
log K, = logarithm of the equilibrium constant at the reference temperature
R = molar gas constant
T = temperature of the svstem to be modeled (Kelvin)
Ah* = standard enthalpy change of the reaction
Caution should be used in attempting to apply BLT-EC to high temperature systems. The van't Hofl equation
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implicitly assumes the enthalpies of reaction 1o be independent of temperature. This assumption is not always vahd and
siguficant errors can 7ot at temperatures far above 25°C For this reason, BLT-EC calculatons should be restricted to
& temperature range below 100 Applications to high temperature geothermal systems should definitely not be attempted
unless empinical temperature corren..on data are available

If the standard enthalpy change 1s not available in the database, BLT-EC uses the uncorrected log K's 25°C)
Users are encouraged to become famihar wath the database and to evaluate the impacts of these hmitations on their systems
Missing enthalpy data can be permanently added to the database or, alternatively, temporanily entered into a given model
execution using instructions provided by ECIN. The latter option 1s convenient for testing a given system's sensitivity for
individual reaction enthalpies.

Acumty cocfficients for all species are functions of solution 1onic strength (1) and vary as species distributions alter
the 1onic strength. Unless a fixed 1omic strength is specified, successive sets of activity coefficients are calculated for all
solution species with each iteration These are used to generate corrected values of the equilibrium constants (se¢ Egn C-R)
that appear n the mole balance expressions (Eqn. C-11). Imbial actvity guesses for the input compenents are provided in
the input file for a given problem. These imtial component activity guesses are used to”crudely” estimate the concentrations
of each dissolved species 5o that the solution 1onic strength can be calculated  Each succeeding iteration provides improved
estimates of species concentrations and activity corrections. The solution 1onic strength is used in either the modified Debye-
Hackel equauon or the Davies equation to calculate activity coefficients (y) for all charged species 1i the user selects the
modified Debye-Huckel equation, it will be used for those species that have the necessary parameters in the database  For
any species lacking the necessary parameters, the Davies equation will be used to estimate the activity coefficient for that
species. If the user selects the Davies equation at the outset, it will be used throughout the problem because it requires no
species-specific data other than charge. The activity coefficients are used in Eqn. C-8 to compute adjusted equilibrium
constants

The modified Debye-Huckel expression used to calculate the activity coefficients is

-A 2 1%

o LAY C-33
1+B,a, 1% o

where:

A, and B, = constants that depend on the dielectric constant and temperature

T = the charge on each species |

a = jon size parameter

b, = ion specific parameter that accounts for the decrease in solvent concentration in concentrated
solutions

] = solution ionic strength

the 1onic strength (1) 1s calculated from
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l1=%ZX 7.,:(" (C-34)
i<l

where
C, = coneentration of 1n species 1
m = number of charged species present in the solution
Z, = charge on species |
The modified Debye-Huckel relation above 1s used oaly when the parameters a, and b, are available  the database
The current database contains a, and b, parameicrs for niany major inorganic 1on species and a few important trace metals
The values used were taken large!y from the WATEQS data compilation. Where data are not available or if the user selects
it, the Davies equation will be used.
The Davies equation as implemented in BLT-1:C 18

log ¥, - ~AZ’:(—I% ~u.241] (C-35)
Pog®

in which the vanables are defined as in Egn C-33

With the exception of H,0, activity cocfTicients of neutral species are calculated using

log v, = «,/ (C-36)

where the constant a, 18 set equal to G.1 in BLT-EC

Users are cautioned that the activity correction models presented here are generally not intended for use at jonic
strengths greater than 0.5, At hugher 1omic strengths, as in manine conditions (1onic strength = 0.7 m), these correction
equations may still provide usable results, this should be verified for the specific system to be modeied  Allernatively, one
should consider adding expanded versions of the Debve-Hucke! equation, which include terms to account for 1on interactions
occurring 1n more concentrated sclutions

Successive sets of log K values that reflect the temperature corrections (van't Hoff) and actvity coefficient
corrections (Debve-Hockel or Davies) above are computed and substituted into the mole balance expressions. If no solids
are specified, the Jacobian matrix relating changes in mass balance to changes in component activities 1s used (o calculate
that set of component activities that will simultaneously mimmize the mass imbalance for all species The procedure used
1s an iterative Gaussian elimination and back substitution with a convergence test following each iteration

Activaty of H,0

The activity of water 1s estimated from
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n
1,0y - 1-0017 2 =, (C-37)
i1

where the C's represent the concentrauons of individual 1on species Eqn. C-37 15 applicable only in dilute solutions and

15 based on a derivation using Raoult’s law. The proportionahity constant (0.017) 1s derived from a plot of H,0 actwity
versus the number of solute 1ons

Most geochemica! equilibnia of the natural environment are in some way dependent upon the total dissolved
carbonate concentration, Te,," Water analyses frequently provide an alkalimty measurement rather than an analytical
measurement of dissolved carbonate. BLT-EC can compute T,.,,* from alkahimity  Imphiett in the method used to comptte
Teen” are the assumptions that the ttraton used to determine alkalinity was 1o the CO, equivalence pomt and that there exists
no solid phase in the ttrated solution possessing additional acid-neutralizing capacity, all solids having been dissolved This
last assumption means that no solids should be allowed n a BLT-EC run that uses alkalmuty. If modeling of solid phases
15 desired, do a prelmminary model run without solids solely for calculating T\, then usc that calculated value in further
maodeling with solids rather than alkalinity

Alkahimity as used here means that the value supplied represents the acid-neutralizing capacity of the solution as
determined by titrating the solution to the CO, equivalence pont. This corresponds to an operational defimtion implemented
in BLT-EC wiuch 15 the alkalinity is given by the negative of the TOTH expression when the components are the principal
components at the CO, equivalence point. Beyond this, the exact defimtion of alkalnity as used in a particular problem
depends upon the content of the database file, ALK.DBS The content of that file is entirely the responsibility of the user,
it 1s not to be thought of as a database file, but rather as an auxihary input file. The definition of alkalinity as the negative
of the equation for TOTH and the use of ALK DBS are illustrated below

In general, the principal components of an aqueous solution at the CO, equivalence pont are H,0, H', and the most
abundant soluble species of each chemical entity. BLT-EC has a pre-defined set of components not all of which are the
principal corponents at the CO), equivalence point, but this does not invalidate the applicability of the operational defimition
of alkalinity It simply means that the alkalmnity expression will incorporate species that may also be components
Practically, the procedure for determining the alkalinity factors needed for carbonate contarmng species in THERMO DBS
and for entnes in ALK DBS 1s to write (outside of BL.T-EC) the TOTH expression derived using the prnincipal components
at the CO, equivalence point. The negative of the coeflicient for each species as 1t oceurs in the TOTH equation 1s the
alkalinity factor for that species »ated differently, the contnbution of each species 1 solution to the alkalinity is given by
the negative of the stoichiometry of H' in that species times the species concentration. The only species that are implicitly
included as contributors to the entered alkalintty is the Type | species (CO,™) and those Type 2 species for which there is
a non-zero entry for the alkalty factor in THERMO DBS (such as for HCO,). For these species, it 1s not necessary for
the user to know the alkality factor, the appropnate factor 18 glready in THERMO DBS. If otner species are 1o be included
as contributors 1o alkality, the [1 number and the proper alkalimity factor, #s given by the TOTH expression derived using
the pnncipal components at the CO, equivalence point, must be entered in ALK DBS  Entries for species containing CO,*
MUST NOT be ncluded in that file  Suppose for example that the sample you wish to model and for which you have
measured the alkalinity contains appreciable dissolved phosphate  You may wish to account for the phosphate contribution

10 the measured alkalinuty so as to armve at a more correct value for total dissolved carbonate  The procedure for doing this
I8

1) Determine the principal components at CO, equivalence point

W, HCO, H,PO,
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2)  Wnie cut a mole balance equation for H' including all species for which the stotchiometry of the component
H* 1s non-zero. This 1s done by first writing the reactions 1o produce all the species using the components
above es reactants. For example,

HPO; + H* »H PO,

,IICO, =~ H. - HCO]’

The stoichiometries of H' in HCO," and H,PO,, respectively, are 1 and -1. The complete TOTH expression then 1s

TOTH = |H "] - |OH "} -|HCOy | - 21CO; ) + |H,PO,) - |HPO | - 21PO,") (C-38)

3) Noting that the pK, for H,PO, 1s 2.2, we mught choose to omit that species altogether due to its neghigible
concentration above pH 4. Retaining 1t here for illustration, entnes in ALK DBS would be:

3305802 -1.00
3305800 1.00
580 2.00
3300020 1.00
330 -1.00

whe ¢ the 7-digit and 3-digit numbers are species ID numbers and the nghtmost digit in each ID number is
in column 7 and the first line 1n the file bolds the first entry. The IID numbers correspond to species:

3305802 = H,PO,
3305800 = HPO,*

580 =PO,”
3300020 =OH
330 =H'

The alkalinity equation to which the value input for alkalinty corresponds 1s alk = -TOTH or.

alk = -[H")+[OH "] + |HCO;] +2(COX) - [H,PO,) + [HPO. ] +2{PO,") (C-39)

In most natural systems, the phosphate species are at much lesser concentration than the carbonate and can be
neglected. In any case, the user controls the alkalinity equation by prepanng ALK.DBS.

If thus same file 15 used in a BLT-EC run for which component ID # 580 (PO,* nis not inciuded, then those entries
in ALK DBS that involve component 580 are sumply 1gnored and the alkalimity equation that would be used 1s.

alk = -[H")+|OH ")+ [HCO,) +2(CO; (C-40)

Let the contribution of non-carbonate containing species to the input alkalinity be called non-carbonate alkalinity.
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Then, the dissolved total morgarnic carbon Ty, is given by

Tco{ = alk - excrb - noncrb + [H,CO;) (C-41)
where
alk = input alkahnity value converted to eq/L.
excrb = total number of excess equivalents of acid consumed per mole of carbonate containing

species, (summed over all such species). For cach carbonate species, the alkalinity factor
gives the total number of equivalents of acid consumed per mole.  Therefore, the excess
equivalents for each such species 1s given by the difference between the alkalmty factor and
the stoichiometry of CO,” in that species times the number of moles, that is, times the
concentration (per liter basis).

nonerb = total number of equivalents of non-carbonate alkalimity (summed over all species contributing
to non-carbonate alkalinity) For each non-carbonate species, the alkahmty factor 1s the
number of equivalents of acid consumed per mole.  Therefore, the number of equivalents of
non-carbonate a'kalinity for each such species is the alkalinaty factor times the species
concentration (per liter basis).

Since the alkalinty as given by Eqn. C-41 is a function of the speciation and thus, 5018 Te,,*, BLT-5C re-computes
the Te,™ with each iteration  The user is reminded that the measured alkalinity assumes that there is no additional acid-
neutralizing capacity in the form of solids. The measured alkalinity value cannot be used to compute an accurate value of
Tew™ 1f sohid phases are specified or allowed o precipitate. If the problem being modeling involves solids, use the alkalmty
value in a preliminary run with no solid phases present or allowed. Then, in subsequent runs with solid phases, use the
computed total dissolved carbonate concentration (T .,*) from that prelinunary run rather than the measured alkalinity.
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APPENDIX D
ADSORPTION MODELS

Seven options are currently available in BLT-EC for modeling surface reacions. These mclude 1) the activity K,
model, 2) the activity Langmuir model, 3) the activity Freundhch model, 4) the 1on exchange model, 5) the constant
capacitance model, 6) the trple-laver model, and 7) the diffuse-layer model. Thermodynamic database files of surface
reactions are generally not provided for these models as 18 done for aqueous and solid species, the user must provide the set
of surface reactions and their equilibrium constants An exception 1s a database of several surface reactions relevant (o the
diffusc-layer model for trace metal adsorption onto an won oxide surface Mathematical formalisms and mput data
requirements of the individual adsorption models are discussed in separate sections below.

To accomodate different matenals with different sarpion praperties, up to five different materials may be specified
(sec DATA SET 238 1n BLT-EC's main mput file) in the transport domain In the implementation of adsorption models
in BLT-EC, five different surfaces may be simultancously defined for cach material  Each surface may have up 1o two types
of sites Only one adsorption model may be specified in a single execution - ¢.g , 1t is not possible 1o define one surface
undergoing adsorption in accordance with the Freundlich mode! and another surface undergong Langmuir adsorption in the
same BLT-EC run However, cach matenial may have different surface properties (1 ¢, solid concentration, specific surface
arca, and capacitances) and reaction data (log K and stoichiometries)  The gencral modehing approach 1s to creale a
component Lo represent a paricular type of site on @ particular surface and then (o write reactions between other components
and that site. The reactions are introduced to BI.T-EC through its input file and the solution is equilibrated with the surface
species treated mathematically as aqueous species except with certain pecuharities pertinent to the adsorption mode!
specified  When the equilibrium composition is determined. the cquibibrated mass distribution between the dissolved,
sorbed, and solid phases 1s computed and reported  When comparing BLT-EC cquilibrated results with experimental K,
values, the BLT-EC adsorbed and precipitated species should be grouped together because these two phases arc not
expenimentally disunguishable There 1s no intrinsic difference within BLT-EC that distinguishes one surface from another
nor one site on a surface from another. The user establishes the difference between any two surfaces and between the two
siles on a surface by specifying the surface concentration and other surface specific parameters, such as specific surface arca
and by specifving the reactions that each site may undergo

Namng and Numbering Surface Species

Developing a coberent notational scheme for the naming of surface sites and the speeies that pertain to them 1s a
difficult task. The notation frequently used in the literature for the electrostatic modely seems 10 be primarily applicable o
oxide surfaces  Nevertheless, it does provide a coherent svstem and we have used “SOH" to designate a surface site
throughout this Appendix  Within BLT-EC, & more elaborate but generic scheme 15 used both for naming and numbenng
surface species  The explanation that follows 1s not intended as a guide on how to name or number surface reactions In
fact, ECIN 15 aware of the rules deseribed below so that specifving surfaces, sites, the parameters that define them, and the
reactions in which they are involved is rather automatic BLT-EC does not really care about the names, they are for the
benefit of the user in organizing the problem and interpreting the results 1D numbers do have sigmficance within BLT-1:C
The cardinal rule 15 do not change the component or species 11D numbers assigned by ECIN

As for all BLT-EC components, the pre-defined adsorption components have 3 digits - they span the range 81|
through 859 The middie digit designates the surface number (1-5) and the meaming of the rightmost digit 1s

| = surface site |

2 = surface sue 2

3 = electrostatic component for the o-plane
4 = clectrostatic component for the B-planc
5 = clectrostatic component for the d-planc
6 = not used

7 = not used
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& = not used
9 = not used

thus, component 834 represents the clectrostatic component for the B-plane for the surface number 3, ete 1t 1s not really
necessany to have defined surfaces | and 2 i order to have a surface with the number 3 although ECIN, which would
ordinanly be used to design the input file, will define the surfaces beginning with number 1. Also, as wall be seen below,
the electrostatic component for the B-planc is relevant to the tnple-layer model only, this component would never be used
for anv of the other models ) The 3-chgit 1D number of a site and the 3-digat 1D number of another component that reacts
with that site are combined by suffixing the former with the latter and then an arbitrary digitis suffixed to that result to grve
a 7-chgt number 1o represent the reaction product. For example, 8123301 would represent a surface species resulting from
a reaction between site 2 on surface 1 and 1’ (whose 3-digit number is 330). The rightmost digit (1) is arbitrary and 1s there
1o mnsure that the 7-digit number 1s umque (there could be other reactions between this site and H*)

The names assigned o those surface species that are reaction products are left to the diseretion of the user (ECIN
will query for the name). However, the names of the surface components themselves are pre-determined  These names are
of the form ADSTYP !, ADSHTYPZ, ADSHPSIO, ADSnPSIB, ADSnPSID where n refers to surface number. For example,
ADSITYP] comresponds to site 1 on surface 1 (component ID aumber 811), ADSAPSID corresponds to the electrostatic
component representing the d-plane on surface number 4

For the explanation and discussion of the adsorption models that follows, we have used the simpler notation of SOH
10 designate a surface site and electrostatic terms are referred to in aceepted notation of 0 and Y to represent surface charge
and potential, respectively.

The seven adsorption models in BLT-EC are conveniently grouped into those that involve electrostatic terms and
those that do not  The non-clectrostatic models have been in common use and certain conventions as to their use have
hecome accepted [Morel, 1983 The specifics of cach model and departures from accepted model conventions in BLT-EC
arc explained below

cuvity K sorpu ]
The actvity K, adsorption model implemented in BLT-EC differs in two respects from the usual defimtion of the

K, model For an adsorbing metal M, K, 1s conventionally defined as the ratio of the concentration of metal bound on the
surface 1o total dissolved metal concentration at equilibrium. That is,

K, . 150t o
(M, )

where [ SO+ M] represents the concentration of adsorpuion sites occupred by an or. M or surface-bound metal and (M},
is the total dissolved equilibnum concentraticn of M

In the BLT-EC activity K, model,

{SOH M)
(M)}

co6
Kg =

(D-2)

where (M1 is the free activaty of M in the equilibrium solution. Following convention and because there 1s no generally
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aceepted method of computing acuvity coefficients for unreacted or reacted adsorption sites, we define those coeflicients
as unity so that {SOH'M} = [SOH'M]. Then in terms of concentrations, Egn. -2 becomes

K“’ » SOH'
“ TyIM ®-3)

where y,, 15 the actvity coeflicient of dissolved species M and K *' may be thought of as the equilibrium constant of the
surface reaction

SOH + M= SOHM (D-4)

SOH represents unreacted surface sites and is present at a fixed activity (or fixed concentration if we insist that the activity
coefficient pertaining 1o SOH 1s umity). Taking the activity of SOH as 1.0 Eqn. D-3 may be thought of as a mass action
expression for reaction D-4. This 1s implemented in BLT-EC by assigning the component representing unreacted sites,
SOH, as a Type Il species. The constraint 1s that there is an unlimited supply of fresh unreacted sites; the surface cannot
approach saturation no matter how much M adsorbs. Th-~ reader will note that this constraint also renders competition
between different metals (M,, M,,...) meaningless. Eqn. D-2 defines the equilibrium constant actually used for an sctivity
K, reaction in BLT-EC, the reader will observe that his is a unitless ratio. However, ECIN calculates this value from the
more common expression of K, in 1/kg and solid concentration in kg/! (e g , the number of kg of soil with which one liter
of solution 1s equilibrated).

In the Langmuir adsorption model, the number of surface sites available for adsorption must be specified at the
outset. The surface reaction can be written identically as for the activity K, mode! )

SOH +M=SOHM K[ (D-5)

and where we again express the equilibrium constant in terms of acuvities

ot . _ASOHM)
£ 7 IM{SOH) e

If, s 1s the case for every adsorption model in BLT-EC, we arbitrarily assign the value of unity to the acuvity coeflicients
pertaining to unreacted and reacted surface sites, we can rewrite the mass action Eqn D-6 as

et ISOH-M)
K o DTN, !
Y, IMISOH] ®0

To see the correspondence between this implementation of the Langmuir model and the defining equation to which
that model 1s commonly ascnibed, we note that the mass balance equation written for the surface sites is
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(SOH), - [SOHM) +[SOH) (D-8)

where [SOI], = total concentration of surface sites available. The combined mass balance and mass action expressions vield
the Langmuar relationship in terms of acuivities

K/“1S0H),y M)
Lo KMy M)

|SOHM) =

(D-9)

To express -9 in terms of concentrations, replace K *' with K, and let y, = |

The so~called competiuve Langmuir model for the competing metals M, M, 1s derived in a similar manner with
additional reactions defined.

SOI + M, »SOHM, K[}
SOH + My SOIM, K[

SOH + M, = SOHM, K

SOH + M, = SOHM, K

All that 1s required to model such compeution in BLT-EC 1s to define these separate reactions on the surface.

The only difference between the Langmuir and activity K, treatments 1s that the Langmuir equation accounts for
the finite concentration of surface sites 1 1s also important to remembs .t the K, used i1s an “activity” K| rather than the
conventional concentration-based constant

A meamngful way to employ commonly available “concentration” K data 1s to model the expenmental supernatant
solution in which the K, was determined and replot the data in terms of the BLT-EC activities of the sorbate. To do this,
the Langmuir 1sotherm 1s first rewnitten in the lincar form

M) | .0
[SOHM] K, ISOH), |[SOI, (D-10)

If the Langmuir 1sotherm accurately describes the system, a plot of [M}/|SOH M| will yield a straight Line of slope 1/[SOH,]
and intereept 17K, [SOH,]. Conventionally, the constant K., is obtained by dividing the slope by the intercept. The K*' can
be derived from an analogous plot in which the BLT-IC sorbate activities {M} arc plotted in place of the sorbate
concentration terms [M]
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The mass action equation representing the Freundlich model can be written

SOH + (UM = SOHM K (D-11)

o _ASOHM)
(M) (SO ®-12)

Like the activity K, model, an unlimited supply of unreacted sites is assumed and the activity and concentration of surface
species are considered o be equal. Imposing the condition {SOH} = 10

[SOHM) = K7 (M™ )i (D-13)

[SOHM| = equilibnium concentration of reacted sites or surface-bound metal
{M} = equilibrium activity of the free metal species M

I/n = mass action stoichiometric coefficient pertaining to M

Ths 1s sumular to the acuvaty K, relationship except that the stoichiometric coefficient of the reactng species M 1s
Un For the special case where n = |, the Freundlich and activity K, mass action equations are identical  Note that the mass
balance stoichiometry for M 1s 1.0, ju-t as 1t 1s for the activity K., model. It is only the mass action stoichiometry that 1s I/n

K may be denved from conventional concentration K, data in @ manner similar to obtaining K,** from
conventional K, data. The loganthmuc form of the Freundlich mass action Eqn (D-13)1s

log [SOH:M] = log K[+ 1/n log {M} (D-14)

[f the Freundlich model 1s applicable 1o a given system, a plot of log ISOHM] versus log {M} will yield a straight hne of
slope Un and intercept log K. Expenimental isotherms usually involve concentration rather than activity plots. The K,
vaiues from these plots can be converted to K* 's by using BLT-EC to speciate the equilibnum solution at each point along
the adsorption 1sotherm and re-plotung the 1sotherm in terms of log {M} rather than log [M] The resulting intercept will

be the K required by BLT-EC. Alternatively, one can simply guess the acuvity coefficient of the adsorbing metal M for
cach concentration along the curve.

lon-Excheng= Adsorption Model

lon-exchange sorption 1s defined as the process by which an i1on from solution is exchanged for one on the solid
surface. The relative abilities of solute 10n species to compete for surface sites is governed by intninsic factors and their
soluton activiies. The 1on-exchange mode| assumes that the surface site 1s iniually occupied by an exchangeable 1on that

is released into soluuon duning the exchange process The 1on-exchange reaction and its corresponding mass action equation
can be expressed as
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SOHM, - M, +M,» SOI‘M, (D-15)

(M, } (SOHM,)

@ (M) {SOlM,) (D-16)

where M, 1s the 10n imally occupying the exchange site, M, is the replacing 1on to be adsorbed, and SOHM,, SOHM, arc
surface sites occupied by the respective ions. As for the previous models, no attempt 1s made to caleulate activity coeflicients
for the occupied sites, they are arbitranly taken as unity and K, 1s written in terms of concentrations by replacing activity
of each species in Egn D-16 with the product of concentration and activity coefficient

Earher versions of MINTEQ implemented the ion exchange model in such a way as to require an infinite supply
of sohd of constant composition. This condition implied a fixed solution phase activity ratio between the two exchanging
wons Also, there was no mass balance on the 1on that imually occupied the surface and was expelled during the exchange
reaction. Beginning with MINTEQA2 version 3 00, these features are no longer model constraints, the model conforms to
conventional and accepted usage as given by Eqns. D-15 and D-16

Selectivity coefficients (K,,’s) can be derived from the literature for most common ions such as Na*, K* Ca®* Mp*,
etc., but are seldom available for trace metals In using the 1on exchange algonthm, users must supply the reaction
stoichiometnes and selectivity constants and specify the jon that imtially occupies the exchange sites. Note also that reaction
stoichiometnies may be related to 1on charge  For example, a single Ca®* 10n may replace two Na' 1ons and thus occupy two
siles

All four adsorption models discussed thus far neglect the electrostatic influences of charged surfaces on the solution
and the counter influences of changes in surface charge due to solution composition. Many colloidal particles carry a
significant surface charge that creates electrostatic potentials extending into the suspending solutions. Solution 1ons with
charge of the same polanty as the surface are repelled and 1ons of opposite charge are attracted  Because of this, the
clectrostauc potentials associated with charged surfaces may greatly influence the adsorptive behavior of charged species
Thus influence 15 incorporated in electrostatic adsorption models by including terms in the mass action equations that modify
the activities of sorbate jons approaching charged surfaces by the electrical work necessary to penetrate the zone of
clectrostatic potentials (P's) extending away from the surface

Several models are available 10 sccount for these effects in vanous degrees of detail Readers are referred to
Westall and Hohl's excelient review [Westall and Hohl 1980] for clear companisons of the presently available surface
complexation/electrosatic models. The discussion that follows will be limited to brief descriptions of the three surface
complexauon model options provided in BLT-EC' the constant capacitance, diffuse-laver, and triple-laver models These
three models are closcly related n many ways. Each treats adsorption as & surface complexation reaction (that 1s, the reaction
15 treated as analogous o a solution phase complexation reaction governed by a mass action equation) and each accounts
for the electrostatic potentials at the charged surface.  They differ pnimanly in the types of surface species that are allowed
withun specific physical locations or layers extending away from the surface and in the parameters of the electrostatic mode!
that each employs

The surface compiexation models available in BLT-EC were developed to describe surface reactions in amorphous
metal oxide systems [Dawis and Leckie, 1978] and have also been applied to clay systems [James and Parks, 1982] The
large body of expenmental evidence that has accumulated from laboratory bench studies of pure oxide systems indicates that
surface complexation models can predict adsorption behavior [Dzombak, 1986] Few data exist for applying these models
to natural systems where complex mixtures of impure amorphous oxides, clays, and humic matenials provide the reactive
surfaces Recent work [Loux et al, 1989) has demonstrated good model agreement with experimental results on an aquifer
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matenal spiked with trace metal cations  The adsorbing surface was modeled as amorphous ron oxide using MINTEQ with
the diffuse-layer model using surface reactions and their associated stability constants as given by Dzombak [1986] In
general, freshly prepared laboratory oxide systems often behave differently from the aged, impure mixtures found in the
environment  The interactions are such that properties of the mixture as a whole are not necessanly those obtamned by

sumrmung the properties of the individual components  Care must be used in selecting input parameters for natural systems
using BLT-EC's surface complexation models

The constant capacitance, diffuse-layer, and tnple-laver models all treat trace metal surface reactions as
complexation reactions analogous to the formation of complexes in soluton Surface sites are represented as SOH groups
where 8's are me*als associated wath the solid structure and located at the solid-hquid interface. Some 10ns, such as H', Ol
and a vanety of trace metal 10ns are presumed to be specifically adsorbed at the surface via complexation with the surface
sites. In all three models, a charge (0) associated with the surface 15 assumed to be balanced by a charge (0,) associated with
a diffuse layer of countenons. These charges are such that 0 + 0, = 0. In the constant capacitance and diffuse-layer models,
all specifically adsorbed 1ons contnibute to the surface charge (0) However, in the triple-laver model, the net charge due
to adsorption is the sum of the charges associaled with two adsorbing planes rather than one. The innermost of the two
planes (the o-plane) specifically adsorbs H' and OH' and 1s charactenzed by charge 0, The other plane (B-plane) has charge
0y resulting from the adsorption of other 1ons. The net surface charge 1s given by 0 = o, + 0, and 1s balanced by the charge
i the diffusc layer such that 0 + 0,= 0. Because the electrical potential gradients extending away from the surface arc the
direct result of the surface charge, the specifically adsorbed potenual determining 1ons also govern distributions of
counterions in the diffuse layer,

Activities of 1ons 1n solution and near the surface are influenced by the presence of electrostatic potentials ansing
from the surface charge The activity difference between ions near the surface and those far away is the result of electrical
work i moving the ions across the potential gradient between th charged surface and the bulk solution The activity change
between these zones 1s related to the 10n charge () and the electrical potential () near the surface and can be expressed
using the exponential Boltzmann expression,

(X)) = (X e ¥Ry (D-17)
where.
Z = charge of 1on X
(X)) =activity of an 10n X of charge z near the surface

{(xX¥ = corresponding activity of X in bulk solution outside the influence of the charged surface

¢*"T = Boltzmann factor

F = Faraday constant
R = 1deal gas constant
¢ = absolute temperature

Cieneral Implementaion of Elecurosiatic Modcls 1n BLT-EC

The general algonthm 1s similar for all three of the electrostatic models  Specific details for each model are
discussed separately below  As mentioned above, for the constant capacitance and diffuse-laver models, there 1s only one
layer or plane within which specifically adsorbed 10ns define the surface charge 0 Accordingly, that plane 1s commonly
referred 10 as the o-plane and the surface charge and potential are denoted o, and §,. We will ratain that notation here as
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well as the notation 0, and §, for their counterparts in the diffuse laver We point out, however, that the o-plane 1s defined
differently i the tripie-laver model and those parameters subscripted with “o™ in that model should not be regarded as
equivalent to the o-plane parameters of the former two models  Also, with regard 1o the constant capacitance and diffuse-
laver models, we may refer to o, and §, as “surface” charge and “surface”potential - This is not true of the triple-laver model
because there arc two planes (“o” and “B”) associated with the surface Thus, the charge at the beginning of the diffuse layer
18 defined in terms of 0, + 0,

The Boltzmann factor of Eqn. D-17 (with the potential ¢ subscripted to indicate the layer to which it applies) 18
incorporated as a scaling factor by assigning it a component 1D number and writing the surface reaction so as to include it
as a reactant of appropnate stoichiometry. The reader should realize that this i1s only a mathematical way to incorporate the
parameters of the desired model into an existing computational scheme. The mass action equations for surface reactions will
contain those fake components (which we shall refer to as electrostatic components) that are really the Boltzmann factors
Also, because they are not real chemical entities, there 1s no analvtical total 1o aseribe as input for the clectrostatic
components, rather the total charge 15 caleulated via expressions that are unique to cach model and are mathematically related
to the potential. Sull, we will refer below to T, referenced to a specific plane as the total charge for that plane but note that
we do not imply a measured input value as was the case with earlier references to T Also, BLT-EC will seek to perform
mass balance calculations on all components. 1t 1s necessary, therefore. to direct otherwase for the clectrostatic components
by designating them as Type VI (excluded from mass balance) Charge balance equations that are analogous to mass balance
(see Eqn C-10) are defined for the electrostatic components and have the form

"o . Zaw (‘i 70 (D"|8)

where a,, 1s the stoichiometry of the electrostatic component pertaining to 0 in species i
The overall sense of the electrostatic calculations for a given plane 1s this'

1) Calculate the total charge T, from the potential on the plane by using a functional relationship appropriate for
the model (see below). Initial guesses for the potential of each plane are provided in the input file

2)  Caleulate the total charge on the plane by a different method, namely, by summing the charges of all species
specifically adsorbed on that planc. Operationally, this becomes a summation of the charge contribution from
all species in which the stoichiometry of the component representing the plane 1s non-zero

2 a,C,

3)  Obtain the diffierence in the total charge pertaming to the plane as in Egn D-18. Test whether the difference
15 less than some small tolerance value  If not. adyust the potential for that plane and repeat. Of course, the
potenuals are adiusted simultaneousiy with the activitics of other components

Calculations mvolving the surface sites themselves are exactly as described for other real chemical entities by the
mass action Egns (C-8) and mass balance Eqns (C-10)

As for all BLT-EC adsorption models, the activity coefficients of both the reacted and unreacted surface sites are
always taken as umity. The aruficial contrivance whereby we have created components to represent the Boltzmann factors
demands that we create activity coefficients for them as well  Imaginary though they be, we make thern mnocuous by setng
them to unity

All surface reactions in BLT-EC are written in terms of the neutral surface site SOH (components 8nl or 8n2, n
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= 1,2,.,5) and the equilibnum constants appropnate for BLT-1:C arc formation constants - The constants from any reactions
found in the literature arc intninsic constants, which sometimes arc referenced to the protonated surface site SO, (for
adsorbing anions) and 10 the deprotonated site SO (for adsorbing cations)  Such reactions must be rewnitien in terms of
BLT-EC components and their equilibrium constants adjusted accordingly before use in BLT-1C The surface reactions,
which are generally model specific, must be provided 1o BLT-EC through its chemustry input file, there i1s no permanent
database of adsorption reactions BLT-EC includes a separate file contaming surface reactions that are applicable 10 the
diffuse-layer model for an iron oxide surface. To be used, that file (FEO-DLM DI3S) must be appended to a previously
prepared nput file Instructions for doing this arc provided in ECIN  For other surface reactions that the user may wish to
create for an input file, ECIN 1s capable of computing the correct stoichiometry for the electrostatic components  In fact,
this 1s done automatically without user wtervention. The user may be asked to supply an intial acuvaty guess for the
clectrostatic components (for use in item | above)  Specifically, a seed value representing the negative of the exponent in
th. Boltzmann factor of Egn. D-17 1s requested and a guess of zero will usually work

The analvtical input concentration for the surface site, Ty, 18 expressed in moles of sites per hiter and 18 caleulated
from

(D-19)

where
N, - the analyucally determined surface site density (number of sites/m?)
S, = specific surface area of the solid (m*/g)
C, = concentration of solid in th. ~enston (g/L.)
N, = Avogadro's number (6.02 - .
N,, §,, and C, are requested from the user by ECIN. From thesc parameters, Ty, 18 calculated
The constant capacitance and diffuse-laver models have many similanties  Both define specific adsorption of all
1ons on the “o” plane.  Also, their mass action and charge balance equations are identical (except for the numencal value

of the equilibnum constants) The difference in these two models 15 1n the function relating total surface charge o, to surface
potential ¢, For the diffuse-laver model,

7". = 01174 I"sinh(Zy F12RT) (D-20)

where Z is the valency of the symmet . al electrolvie (which we take as umity), 1 1s 1omic strength, and all other parameters
are defined as in Eqn. D-17. This expression 1s used 1n evaluating bgn. D-18

The constant capacitance model 1s a special case of the diffuse-laver mode! for solutions of gh 1onic strength and
surfaces of flow potential In such svstems, Egn D-20 can be approximated by

To, = (Y, (D-21)
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where €' 1s a constant capacitance term. Egn D-21 1s used to evaluate Eqn 118 for the constant capacitance model
Although the models are similar in implementation, the capacitance term C 1s ofien treated as & fiting parameter rather than
as a measured characienstic of the system and the constant capacitance model can be applied 1o systems of all 1onic strengths
Outside the range of 1omic strength where the approximation of Eqn. D-21 1s valid, the constant capacitance and diffuse-layer
models are not the same.

As mentioned, the assignment of specifically adsorbed species to the o-plane, the mass action equations, and the
charge balance equations for the constant capacitance and diffuse-layer models are the same  The discussion of surface
reactions that follows applies to either mode!

Surface reactions are represented by mass action expressions with Boltzmann factors represented as components
(see Eqn D-17) Stoichiometnies of those components are included in the definition of surface reactions provided to BLT-
EC. Several examples of such reactions and their corresponding mass action expressions are given below to illustrate the
use of Boltzmann factors. Consider the protonation reaction

SOH + H,' « SOH, (D-22)

where H," denotes a hydronium 1on near the surface. The corresponding mass action expression is

{SOH,)

N Tl (D-23)
(SOHY {H}

As mentioned previously, the surface species are presumed to have activity coefficients equal to unity and the terms
{SOH,"} and {SOH} need no further conversion, however, the activity of the surface hydronium ions must be corrected for
the energy expended in moving them to the charged surface where the reaction occurs. This 1s accomplished by expressing
{H,"} i terms of the bulk solution hydronium 1on activity {H'} In this case, z = | and Eqn. D-17 1s written

(H'} = (H)e ™ (D-24)

The mass action expression used in BLT-EC 1s obtained by substituting this expression into Eqn. D-23.

£ {SOH.") D-25)
(SOHY {H*} [e ™)

With the Boltzmann factor incorporated as a component, the stoichiometry for this reaction in BLT-EC corresponds to

SOH 11" +e ™™ v SOH, (D-26)

For the corresponding deprotonation reaction
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SOH -H =80~ (D-27)

and 1ts mass action expression

{807y {4} 1 ™)

K
{SOH}

(D-28)

The stoichiometry in BLT-EC corresponds to:

SOH -H*-¢ ™™ u50" (D-29)

For multivalent species, both charge and stoichiometry of the adsorbing 10n must be considered in writing the mass
action expression. Consider the surface reaction invoiving the divalent cation M**

SOH +M} -H, wSOM* (D-30)

The corresponding mass action expression is

(SOM"} {H})
{SOH} (M)
_ {SO-M") (H*}le ™) (D-31)

(SOH} (M*}le /™)
(SOM*) {H"}
(SOHy (M**}le ™)

In this case, the Boltzmann factor in the numerator can be canceled and the stoichiometry in BLT-EC corresponds 10

SOH MY -H*+e "™ uSOM* (D-32)

Mass action expressions for other surface reactions are formulated in a .umla v+ ner.
In addiuon 10 the surface reactions with their equilibrium constants and the parameters of Eqn. D-19, the constant

capacitance mode! requires an input value for the capacitance, C. Thus 1s the capacitance (farads/m’) between the o-plane
and the diffuse layer of counterions

Inpie-Laver Model

The tnple-layer model 1s generally more complex than the constant capacitance and diffuse-layer models In the
BLT-EC implementation of the tnple-layer model, only protonation and deprotonation of surface sites are assigned to the
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o-planc Other specifically adsorbed 1ons arc assigned 10 the B-planc and determne the charge 0, and potenuial g, 1n that
zone. Non-specificall; adsorbed 1ons are envisioned as residing in the diffuse laver or 'd" planc and are influenced by ¢,
potentials The capacitance between the o-plane and the B-planc 1s denoted C, and between the B-planc and d-planc, C,
Both arc reated as user-supphied constants in BLT-EC Background clectrolytes are allowed to adsorb. Also, note that the
potential gradients in the inner and outer zones are lincar, but potentials decay exponentially in the diffuse layer zone

The input parameters for the wpl2-layer model are similar 10 Lose for the constant capacitance model except that
two capacitance terms and three clectrostatic components are required  As with the other electrestatic models, the first of
these components (1d number 8n3) pertains Lo the charge and potential on the o-plane. The sccond (1d number 8n4) pertains
to the charge and potental on the B-plane and the third (3d number 8n5) 1o the d-plane

Total charges associated with the tniple-layer model o-, B+, and d-planes are related to the potential differences
between planes

T =C, (b, Wy (D-33)

Tan = €= ) +C, (W~ ) (D-34)

Toa=Cy (- W) (D-35)
Where

Ton Tog . and T, = total charges associated with the o-, B-, and d-planes
', and (', = capacitances associaled »vith the zones betrveen the o- and B-planes and f- and d-planes, respectively
¥, ¥y, and g, = clectrostatic potentials at the o-, -, and d-planes

The total charge on the o- and B-planes are used in Eqn D-18 along with the summation of species that are specifically
adsorbed on cach plane and have non-zero stoichiometry in the approprate electrostatic component

Recalling that the d-plane has no specifically adsorbed 1ons and thus has zero stoicisometry mn all species, we
replace tign. D-18 for that plane only with

o = 9T, (D-36)

where the diffuse layer charge (0,) for a monovalent symmetric electrolvie 1s given by the Gouy-Chapman relationship

0, = -(ee, RITY" sinh(F /2RT) (D-37)

where
€ = dielectne constant
<, = permituvity in free space (8 85 x 107 (coulombs)*/joule-m)

| = jonic sirongth
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BLT-EC also uses Eqn 12-37 as an approximation for non-symmetnc electrolytes
Surface reactions in the tnple-laver model are represented in a manner similar to the other two clectrostatic models
except that mass action expressions must have the proper stoichiometry for the electrostatic component represenung the B-
plane as well as the o-plane.  No stoichiometry 1s needed for the d-plane because no specific adsorption oceuss on that plane.
The following surface reactions an  mass action expressions illustrate the determunation of stoichiometnic
coeficients for those components  For the surface protonation and de-protonation reacuions, the triple-layer model results

are identical to thuse obtained for the constant capacitance and diffuse-layer models in Eqns. D-26 and D-29 (although one
could expect the numerical value of the equilibrium constants te be different). For the monovalent metal ion M+

SOH ~H, + M, »(SOM) (D-38)

With the substitution for H,’

(1) = (H*) 1e™"™) (D-39)

(see Eqn. 1>-17) and a similar substitution for the metal ion near the surface (except the effective potential refiers to the p-
plane because that 1s where M’ is specifically adsorbed)

(M} = (M) [ ™) (D-40)
the mass action expression 1s
K - 150M) () |e ™) (D-41)
(SOHY (M) fe ™)
The reaction written in terms of BLT-EC components and including the electrostatic components is
SOH -H*-¢ ™™ sp"+ e ™™ wSOM (D-42)
For & surface reaction involving & divalent metal, M**
SOH ~H, + M" # (SOM) (D-43)
the substitution of Eqn D-39 together ‘with
(M) = (M) (e (D-44)
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provides the mass action expression

K - 1SOM) (1 jle ™)
(SOH) (M*)|e ™y

The corresponding EUT-EC reaction 1s
SOH-H* -¢ ™™\ p2 4 20 ™ 0 500+
The combined hydrolysis/sorption reaction for an M?* 1on is expressed
SOH 42, « H,0 - 21, » SOMOH
and the corresponding mass action expression 1s written

¥ s {SOA’OI’} {]['}2 le ‘VﬂRT]!

The corresponding BLT-EC reaction is

SOH +M** 42 ™™ s .0 - 21+ - 26 ™ 0 5001+

For the reaction of a monovalent anion (A’), & neutral surface species can result

SOH +A, + H] » SOH A

With the substitution
(A4} = (47} (e ™™
the mass action expression 1§

g . . \SOH;a) le "™}
(SOHY (A4 WH"} 1™
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and the BLT-EC reaction 1s written

SOH+A" - ™™ s 1+ e ™0 500, 4 (D-53)

Finally, for a divalent anion,

SOH A} +H = SOH, A" (D-54)

the mass action expression 1s

i . \SOH, A }e i

. (D-55)
(SOHY (A }{H “Ye ™)

the BLT-EC reaction 1s written

SOH +A* -2e ™™ s+ e ™ uSOH, 4~ (D-56)

The reader 1s remunded 1o write adsorption reactions in terms of BLT-EC cor ponen.. and to adjust the equilibrium
consiants accordingly before entening the reaction through ECIN. The electre~iauc componen. are of no concern in this
procedure. ECIN will add the appropriate electros atic components at the correct stoichiometry when he reaction is entered
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APPENDIX E
THE THERMODYNAMIC DATABASE USED BY BLT-EC

The thermodyramic database used by BLT-EC contains over 1000 species. The best way to scarch the database

for a species of interest 1 to usc LCIN or an editor with a scarch/find utility If the latier option 1s used, you must know how
the species 1D number or names are dertved and expressed. Because FORTRAN does not support the use of super - or
subscripts, the customary method of writing chemical formulas cannot be accommodated without modification  The
following r:aming rules are used in BL'T-EC.

1) Stoichiometnic coeflicients are written with parentheses and brackets enclosing the elements in the formula to
which the stoichiometry applies

2) Species charge numbers will always be preceded with a sign (4/-) The one (1) 1n (+1) and (-1) may be omitted
Il a species name ends with an unsigned number, that number represents stoichiometry.,

3) Species names ivolving organics may be shortened by leaving out letters

Examples

H20 means H,0

CR(OH)2+ means CR(OH),’
HG(OH)2 means Hg(OH),
$04-2 means SO,}
TARTRAT mean Tartrate

The following is an explanation of BLT-EC's thermodynamic database files  This information 1s useful for adding

new reactions 1o any of the four database files: THERMO DBS, TYPE6.DBS, REDOX DBS or GASES DBS  Before
attempting to add to or modify these files, note the following.

- You should make a backup copy of the file vou are going to modify before you start - Give the copy a name
such as TYPEG SAV. This 1s just in case things do not go as planned

- When adding to or modifving the thermodynamic databasc, if the reaction 1s an Aqueous species, vou need
only edit THERMO DBS . If the reaction 1s a SOLID (mineral), REDOX couple, or GAS, vou must edit two
files as explained below. The main file, THERMO DBS, 1s divided into several sections delineated by lank
lines and lines that contain a zero in column 7. The first section 1s for AQUEOUS species and 1s followed by
three lines with zeroes separated by blank lines Afier these separator lines, the next section 1s for SOLIDS
and that section 1s followed with one blank line and one line with a zero. The next section 15 for REDOX
couples and is followed immediately by the GAS section. The file 1s terminated with a blank line then a line
with a zero. YOU MUST HONOR THE SECTIONAL DIVISIONS WHEN MAKING ADDITIONS- - DO
NOT DELETE OR CHANGE THE SEPARATOR LINES The arrangement of these sections serves 10
signal BLT-EC as to the nature of the species (AQUEOUS speaies, SOLID, ete.)

To add a new AQUEQUS species, 1t need only be entered in THERMO.DBS  The other files remain
unchanged

- To add a new SOLID (MINERAL), it must be entered in THERMO.DBS and in TYPEG.DBS
To add a new REDOX couple, 1t must be entered in THERMO DBS and in REDOX DHS

- After all desired changes are made to THERMO DBS and TYPE6 DBS, new versions of the corresponding
files that are actually used by BLT-EC and ECIN must be created  This 1s casily accomplished by executing
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the program UNFRMT EXE (included on the distnibution media)  Before executing UNFRMT, rename the
current THERMO UNF and TYPEG UNF to something clse for safe keeping UNFRMT creates unformatied
versions of THERMO and TYPEG that can be read faster than their formatied counterparts. The unformatted
files cannot be edited directly because they are unmteligible  The program FRMT EXE does exactly the
mverse of UNFRMT so that THERMO DBS and TYPE6.DBS can be recreated from the unformatted files
if desired

+ Toadd a new GAS, it must be entered in THERMO DBS and in GASES DBS
- Constants for all entries are referenced o a temperature of 25 degrees C AQEUOUS species constants are

for 1omic strength of zero, REDOX couple constants are for zero potential, and GAS constants are for a partial
pressurc of one atmosphere

Ihe C Database Fil

The component database file 1s shown below. The 3-digit 11D number, BLT-EC name, and real chemical name are
shown for each component. Note that ID numbers 240 through 259 are reserved and should not be used for newly created
components  Also, note the adsorption components are numbered 811 through 859

001 E-1 '3 030 Al+3 AT
002 H20 H,0 060 H3AS03 H'AsO,
020 AG+1 AG*! 061 H3As04 H'AsO,
i 090 H3BO3 H,BO, 815 ADSIPSID Adsorbant 1, electrostatic
d layer
, 100 BA+2 Ba"? 821 ADS2TYPI Adsorbant 2, type |
| 130 BR-] Br! 822 ADS2TYP2 Adsorbant 2, type 2
f 140 CO3-2 CeL? 823 ADS2PSI0 Adsorbant 2, clectrostatic
| surface layer
l
\ 143 CN CN 824 ADS2PSIB Adsorbeat 2, electrostatic
| layer
144 OCN- OCN 825ADS2PSIB Adsorbant 2 electrostatic
d layer
150 Ca+2 Ca*™ 831ADS3ITYPI Adsorbant 3, type |
160 Cd+2 Cd? 832 ADS3TYP2 Adsorbant 3, type 2
180 Cl-1 Cl! 833 ADS3PSIO Adsorbant 3, clectrostatic
surface layer
210 Cr=2 Cr 834 ADS3PSIB Adsorbant 3, electrostatic
laver
211 Cr(OH)2+ Cr(OH)," 835 ADS3PSID Asorbant 3, electrostatic d
laver
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212 Cr04-2
230 Cu+|
231 Cu+2

240-259

270 F-1

280 Fe+2
28] Fe+3
330 H+|

360 Hg2+2

361 Hg(OH)2

380 I-1
410 K+1
440 Li+]
460 Mg+2
470 Mn+2
471 Mn+3
490 NH4+1
491 NO2-1
492 NO3-1
S00 Na+1
540 Ni+2
580 PO4-3
600 Pb+2
680 Rb+1
730 HS-1

7318

cm‘ ‘z
Cu"'

Cy*?

RESERVED

F

Fe*?
Fe*
H"

l'lgz.l

Hg(OH),

K
L™
Mg"

841 ADSATYPI
842 ADSTYP2
843 ADS4PSIO

844 ADS4PSIB

845 ADS4PSID

851 ADSSTYP1
852 ADSSTYP2
853 ADSSPSIO

854 ADSSPSIB

855 ADSSPSID

870 Ti+1

871 TI(OH)3
891 U+4
890 U+3

892 UO2+]
893 UO2+2
900 V+2

901 V43
902 VO+2
903 VO2+!
950 Zn+2
955 Diethar
956 Nbutyam
958 Metham
959 Dimetham
960 Trbuth

Adsorbant 4, type 1
Adsorbant 4, type2

Adsorbant 4, clectrostatic
surface layer

Adsorbant 4, electrostatic
layer

Adsorbant 4, electrostatic
d layer

Adsorbait 5, type |
Adsorbant 5, type 2

Adsorbant 5, clectrostatic
surface layer

Adsorbant 5, electrostatic
layer

Adsorbant 5, electrostatic
d layer

e
TOH),

U

U

vo,"

Uo,"

v

Vv

VO™

Vo,

Zn"
diethylamine
n-butylamne
methylamine
dimethylamine

tributvlphosphate

E-3
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732 804-2

740 Sb(O11)3
741 Sb(OH)6-
760 HSe-1

761 HSeO3-1
762 Se(4-2
770 148104
8OO Sr+2

811 ADSITYPI
¥12 ADSITYP2
R13 ADSIPSIO

814 ADSIPSIB

981 3Metpyr
983 Formate
985 Valerat
991 [lumate
993 Tarrat

995  Salicyl

997 Phthala

50,7

Sh(Of )’

Sbh(Ol 1),

HSe™!

H8e0,!

Se0),?

H,S10,

Sr'?

Adsorbant 1, type |
Adsorbant |, type 2

Adsorbant 1, clectrostatic
surface laver

Adsorbant 1, clectrostatic
laver

3-methyl pynidine
formate

valerate

humate

tartrate

sahicvlale

phthalate

961
963
964
965
966
967
908
969
971
972

973

980

9R2
984
990
992
994

996

Hexam
EN
Npropam
Ipropam
Tmetham
Citrate
NTA-3
EDTA-4
Prpanot
Butanot

Isobuty

2Metpyr

4Metpyr
Isvaler
Fulvate
Acetale
Glycine

C'utama

hexylamine
cthylencdiamine
n-propylamine
1so-propylamine
tn-methylamine
citrate
mitriotnacetate
EDTA?
propanoate

bbutyrate

1so-butyrate

2-methyl pynidine

4-methy] pyndine
1so-valerate
fulvate

acetate

giyscine

glutamate

Fach reaction in THERMO.DBS, TYPEG DBS, GASES DBS, and REDOX DBS is specified by a two or

three ine entry. The explanation of cach linc 15 as follows:

EIRST g
Column(s) Mecaning Format
1-7 Species reaction product [D number  If vou are adding a 17
new reaction, you create this numbe:
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For aqueous species, this 1s the thermodynamic stability or
formation constant, 1 ¢., for the reaction

For BLT-EC, this reaction would be writlen
WA+2B -yC<--ooozD

n the thermodynamic database where A, B, and C are
PLT-EC components and 1) 1s an AQUEOUS species
reaction product

For SOLIDS, K 15 the reciprocal (log K 1s the negative) of
the solubility product. This is because BLT-EC treats
precipitation reactions as if written with reactants on the
left and precipitates on the nght which 1s reversed
compared with the solubility product rule. A
representative BLT-EC precipitation reaction 1s

Ag' +Cl < vnns > AgCl (s)
K = {AGCl}/ {Ag'} {CI}
where brackets { } again denote activity. The activity of
solid AgCl1s 1.0 because it 1s a pure phase sot hat we may

wrile

K=1/{Ag'} {CI)

Now, the solubility product rule applies to the silver
chionde reaction gives

K. = {Ag"} {CI)
Therefore, the K needed in BLT-EC 15 related to the Ko
K=1K,

log K=-logK

In summary, the log K value for a SOLID in the database is
the negatve of log K,

NUREG/CR-6515



For REDOX Couples, the value entered fc
imputed forn the Nemst equatior

2303 RT/F log Q

wherc E 1s the potential | E° 15 the standard reduction

potential al 25 degrees C, R 1s the molar gas constan! |

absolute temperature, F 12 the Faraday constant, n 1s the
f ¢lectrons in the half-reaction, and Q 1s that
1 of concentrations (activities) of g‘rmf ICLS and
reactants that ocours in the equilibrium constant which 1s
sought. For potentials measured in volts at 25 degrees (

10§ Q

Just as log K's for AQUEOUS species are referenced
onic strength of zero, the log K's for REDOX couples are

referenced to a potential of zero. So, with rearrangement

and taking E = 0, the above equation becomes

| og Q =
A

Forthe Fe ' /I'e’ couple (species [D # 28

for which the standard reduction potential 1s 0.77] and n =
|, the above expression gives
y O

log

['his 15 the value entered for log K in that reaction




For GASES, the log K entered 15 log K* where the partial
pressure of the gas 18 1n atmospheres. The values currently
i the databasc files are for a partial pressure of one
atmosphere If you want (o compute equilibra at pressures
other than one atm, you will need to adjust the log K*
sccordingly. ECIN makes this adjustment for you by
asking for the desired partial pressure, obtaiming the
constant for the atm from the database, and entering the
corrected log K in your input file. An example of a gas
reaction and the partial pressure adjustment 1s species
3301403

CO? #2H" . HO<---. > CO, (g)

The log K, at one atm 1s 18.16. The log of the partial
pressure of CO, (g) in the atmosphere 1s abou -3 §
Therefore, the corrected log K, 1s

log K, = log K - log 10**
=816 - (-3.5)
=21 66

BLT-EC requires that the partial pressures of ail gases be
fixed for a given problem

Maximum reported fog K This entry is made only for

4] - 48 F8.3
SOLID species and 1s not actually used in BLT-EC's
equilibna caleulauons 1015 intended 1o provide a means of
judging the rehiability of the log K given in columns 31 -
40
49 - 56 Minimum reported log K This entry 1s made for SOLID F8.3
species only and 1s not actually used IN BL.T-EC's
cquihibria caleulations. It 1s intended to provide a means of
judging the rehiability of the log K given in columns 31 -
40
57 - 61 Charge of species reaction product F52
62 - 66 Debye-Huckel & parameter for species reaction product F5.2
6771 Debye-Huckel b parameter for species reaction product F§52
72 - RO Gram formula weight of species reaction product. No entry | F9 4
for REDW2 souples
SECOND |
Column(s) Mcaning Format
NUREG/CR-6515 -8




1-5 Carbonate alkahimty factor This entry is made only for F5.2
AQUEOUS species that have carbonate (1D # 140) as a
component. In cases where the user has chosen to specify
' inorganic carbon as alkalinity (ths is an option when

cuting BLT-EC), the carbonate alkalimity factor 1s used
to determine total dissolved inorganic carbon concentration
from a measurc of alkalimty

To compute the carbonate elkalinity factor for a new
species, use the formula

alkalimty factor = 2 x STOIC (CO,*) - STOIC (H")

Where STOIC(x) 1s the stoichiometry of component x in

the reaction.

6 blank

7 * Number of components (as reactants or products in this I
reaction. Maximum = 9

8-10 blank

11-17 Stoichiometry of the first component. F7.3

Negative if the component 1s a reaction product, that is if it
occurs in the lefi-hand side of the chemical equation with a

negative coeflicient
18 blank
19-21 ID number of the first component
22-1 Additional stoichiometry/component [D # pairs with

separating spaces so that the total number of pairs 1s equal
1o the number of components as specified in column 7.
These are entered in the same manner as the first pair in
columns 8 - 21. That is, 3 blank columns followed by
seven columns for the stoichiometry in ¥7 3 format, one
blank column and finally, three columns for the component
ID #1n [3 format. The remainder of the second line will
hold 4 additional pairs thiough column 77 If the total
number of components is greater than 5, continue on a
third line with the 3 columns 78 - 80 of the second line
counted as the 3 blank columns for the sixth pair Use
columns | - 7 of the third line for the stoichiometry of the
sixth pair. Column 8 should be blank and columns 9 - 10
should contain the component ID #  Continue with the 3X,
F7.3, 1X, 13 format for up to three additional pairs on the
third line

The following are excerpts from the thermodynamic database files Each excerpt is followed by an explanation
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of all entnes. The explanation is presented with the component names just as they appear in BLT-EC.
AQUEOQUS Specics

3300020 OH- 13 345 -13.998 -1. 35 00 17.0074
2 1.000 2 -1.000 330
1501401 CACO3 AQ 40300 3.1500 0 00 00 1000890
200 2 1.000 150 1.000 140
2113300 CR+3 -20.1400 9.62 300000000 51.9960
000 3 1.0000 211 2.000 330 -2000 2
EXPLANATION.
First reaction - -
Species [D number 3300020 Minimum Log K. not used
Species name OH Species charge: -]
Delta H: 13.345 Kcal/mole Debye-Huckela: 3.5
Log K. -13.998 Debye-Huckel b 0 or unknown
Maximum Log K: not used Gram Formula Wt.: 17.0074
A:alimty factor: none Number of components: 2

Chemical Equation (from stoichiometry/components):
HO0 - H" <.-.... > OH
or, in terms of (stoichioinetry component [D #'s:

1(002) - 1(300) <-----> 3300020

Sccond reaction - -

Species [D number. 1501401 Minimum Log K: not used

Species name: CaCo3 (ag) Species charge: 0
DeltaH 4 03 keal/mole Debye-Huckel a: © or unknown
Log K 3.15 Debye Huckel b' 0 or unknown
Maxamum Leg K not used Gram Formul Wt.: 100.089
Alkalinity factor: 20 Number of components: 2

Chemical Equation (from stoichiometry/components)

or, in terms of (stoichiometry) component [D#'s

1(150) + 1(140) < -..- > 1501401

Thard reaction

Species ID number: 2113300 Minimum Log K. not used
Species name: Cr+3 Species charge.  +3

Delta H: -20.140 keal/mole Debye-Huckel 2. 0 or unknown
Log K 962 Debye Huckel b: 0 or unknown
Maximum Log K not used Gram Formul Wit 51.996

NUREG/CR-6515 E-10



Alkalinity factor none Number of components 3

Chemical Equation (from stoichiometry/components

or in terms of (stoichiometry component 11D #'s

Species 1D number { Minimum Log K

Species name ante Spceies charge

Delta H -6.280 kcal/mole Debye-Huckel a. unkown
9.97¢ Debye-Huckel b: unknown

num Log K unknown Gram Formula Wt

facior. none Number of components

Chemical Equation (from stoichuometry/components

Ba™ 50, --.> BaSO, (Bante)

1M #
Or, in terms of (stoichiometry) component 1) #

uckel 2. not use
ickel t

ormula W1

faclor none { ot nents

quaton

toichiometry) componen




1(281) + 1(280) + 1(001) <-=-wv-- > 2812800

GAS speces
3301403 CO2 (GAS) -0.53 1816
3 1.000 140 2.000 330 -1.000 2

EXPLANATION:
Species 11D number: 33014C3 Minimum Log K not used
Species name: CO2 (g) Speeies charge: 0
Delta H -0.53 Debye-Huckel a: unknown
Log K: 1816 Debye-Huckel b unknown
Maximum Log K: not used Gram Formula Wt . 41010
Alkalinity factor: none Number of components: 3

Chemical £quation (from stoichiometry/components)
CO? + 2H" HO <---- >CO, (g)
Or, in terms of (stoichiometry) component ID #'s:

1(140) + 2(330) - 1(002) <----.>3301403
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APPENDIX F
CHEMISTRY MODULE ERROR DIAGNOSTICS

If an error oceurs dunng the execution of the chemustry module, the chemustry output file will contain an error code
of the form BLT-EC Vx.xx-yy where xxx 15 the BLT-EC version number and yy refers (o an error message code  All error
message codes are written to the chemstry output file along with a suggested REMEDY and sometimes an AL TERNATIVE
remedy  The complete set of error message codes and their corresponding remedies are listed below along with addiional
explanation and remedial suggestions if appropriate

BLT-EC V1.00-01
The number of COMPONENTS specified exceeds the maximum allowed, NXDIM.

REMEDY Eliminate unnecessary components (those that are chermically non-reactive in this system, the
reduced members of redox couples when the pe 1s very high or vice versa, ete,)

ALTERNATIVE. Re-compile BLTEC3 FOR with a larger value for parameter NXDIM in the file
EQCHEM. INC

Too many components are specified in the chemistry input file. Eliminate those that would probably remain as free species
at equibbrium anyway. If eliminating such components adversely affects the 10nic strength , fix it at the appropniate value
The effect of Na*, CI', NC, , and K* on the final equilibrium composition can frequently be adequately modeled by merely
fixing the 1omic strength
BLT-EC V1.00-02
The number of species read from the database exceeds the maximum aliowed, NYDIM
REMEDY Elminate unnecessary components (those that are chemically non-reactive in this system, the
reduced members of redox couples when the pe 1s very high or vice versa, etc ). This will resuv't in fewer

species.

ALTERNATIVE: Re-compile BLTEC3 FOR with a larger value for parameter NYDIM in the file
EQCHEM.INC

Same comment as for BLT-EC V1.00-01

BLT-EC V1.00-03
A species inciuded in the input fiie as TYPE 3, 4, 5, or 6 was not in the thermodynamic database
REMEDY: Check 1o make sure that the [ID numbers of TYPE 3, 4, 5, and 6 entnies in the input file are vahd

If the mput file ID numbers are all legiumate database species, check 10 be sure you have not inadvertently changed the
databasc

BLT-EC V1.00-04

The number of adsorption parameters entered 1s insufficient for the adsorption model specified

Fel NUREG/CR-6515
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BLT-EC V1.00-1007
Computations have resulted in an esumate of zero for the activity of some component

REMEDY: Check initial activity guesses  Poor guesses may lead to divergence rather than convergence.
For fixed pH or fixed pe runs, use the sweep option starting at a pH or pe where you can make good guesses
to compute equilibria at a difficult pH or pe by specifying a small increment with each swewp.

ALTERNATIVE: Eliminate the component whose actis ity has become zero
Same comment as BLT-EC V1.00-09

A phase rule violation has occurred.

REMEDY' ixplained in d=tail in Appendix C

Phase rule violaons are more likely when a FINT 2 solid with non-zero concentration 1s specified in the input file. This
s because the solid specified may not be the most insoluble at equilibrium If it 1s not, BLT-EC will dissolve it in favor of
the more insoluble form  Should the replacing rmineral precipitate before the initial one has dissol ved. a phase rule violation
may cccur. The remedy 1s to either remove the FINITE solid from the input file or set its concentration to zero. In either
case, the lotal dissolved concentrations of 1ts constituent components must be supplemented

Also, phase rule violauons are more likely when all over saturated solids of the database are allowed to precipitate.
I thi~ option 1s used and a phase rule violation oceurs, execute the model a second time with no solids allowed. The

saturation indices of database solids will be printed out and can be used as a guide for deciding which solids to specifically
allow.

A general observation regarding this type of phase rule violation 1s illustrated by imagining a model run with
several metal components. [n such a run, imagine that afler converging several times and precipitating 2 solid each time,
a solid of metal “M" precipitates  lterations continue and several more solids precipitate, none invelving metal “M."
Finally, o second sohid of metal “M" precipitates and execution ends with a phase rule violation. It is usually the case that
the correct remedy is to run the model again with that solid of metal “M” that precipitated first explicitly EXCLUDED
That this 1s the correct remedy can be venified by examining the listing of saturation indices in PART 6 of the output file.
[f no phase rule violaton oceurs ord the index calculated for the EXCLUDED solid is less than zero, the problem has been
ot Ay resolved [t may be that the first phase rule violation will be elimunated, but a new one involving a different solid
(wiuch has taken the place of thi: one you excluded and 1s now the first precipitate of metal “M™) now occurs Try applying
the same procedure again, excluding the rew offending solid as well as that which was formerly excluded. It may be
necessary (o repeat the procedure several umes before the most insoluble solid 1s finally the first to precipitate.

BLT-EC V1.00-12 04
The number of degrees of freedom is zero. This problem 1s over-constrained.

REMEDY' Specify additional components or reduce the number of fixed species. Remember that cach
solid that precipitates introduces an additional fixed constraint ea the system.

There are too many fixed species for computations to continue. If, for example, Ca’, CO*, and H" are the only components
(other than H.0) and if the pH 1s fixed and & CO,(g) phase with fixed partial pressure 1s imposed, and if solids are allowed
1o preespitate, tus error wall oceur when a solid contaiung calcium precipitates. In that case, there will be four components
and four fixed species and no vanables remaimng in the problem. Add inert components to allow computations 1o continue
or restrict certain solids from precipitation
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BLT-EC V1.00-13 04
The number of iterations has reached the maximum allowed as specified in the input file

REMEDY. Use ECIN to re-set this to a larger value or else make better imtial activity guesses to produce
convergence in fewer iterations

Most well-formulated problems take fewer than 100 iterations unless there are many sohd phases
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