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Ovarviaw

BIO1D, developed by P, Srinivasan and J.W. Mercer
is a ome-di onal modeling codc which simulates
biodegradation and sorption in contaminant transport.
The objective was to provide an interactive, user-friendly
microcomputer software package to scrve as an educa-
tional ool for understanding the rclative importance of
various physicochemical and biochemical proccsses.

Applloations

BIO1D may be applied to solute transport problems
involving a rcactive substrate, The reactions may include
acroblc and anacrcbic degradation and/or - adsorpiion
described by a linear, Freundlich or Langmuir isothcrm,
Figurc 1 shows the simulation of organic transport involv-
ing acrobic biodegradation al a waste site in Coaroe,
Texns, and is based on an earlicr study by Borden, ef al.
(1984).
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Figure 1. Bimulatdon of asvobic bicdegradation at
Conroa s, Texas

The codc may be uscd in a conceptualization mode
for many applications to help determince the importance
of transport processes. The applications can involve a
number of rcactive substrates such as organic solvents
and petroleum vroducts. In addition, becanse anaerobic

radionuclides with decay can be simulated. The code will
be especially useful for analyzing laboratory data from
column experiments.

Model Fealures

* Advective and dispersive transport of a hydro-
carbon and an electron accoptor (.4, oxygen)

& Agcrobic biodegradation using modified Monod
fuaction

» Anaerobic biodegradation using Michaelis-
Mentcn kinetics

» First-order degradation for both substances

# Linear, Freundlich, and Langmuir adsorption
isutherms for both substancos

» Dirichlet, Neumann, and Cauchy boundary con-
ditions modified to include first-order degrada-
tion

& Cupmulative mess balance report

Limitations

# Transport is one-dimensional.

The flow field is uniform (consiant velocity).

& Material properties of both substances are
uniform throughout the medium.

&« Only one reactive substrate is considered per
simulation.

® Microbial density is assumed constant.

Governing Equations

A summary of the cquations solved in BIOID is
presented below,
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wherc
$ substratc concentralion in the pore fluid (ML=,
O oxygen concentration in the pore fluid (ML),
D longiindinal hydrodynamic dispersion coefficient
(ng'l);
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V interstitial fluid velocity (LT™), assumecd uniform;
B(5,0) biodegradation term (M‘L_BT' , expressed as &
function of the dependent variables 8 and O;
F ratio of oxygen to substrate consumed;
A(S) substrate adsorption term;
A(D) oxygen adsorption term; and
t time (T).

Aerobic Blodegradation (Monod function)

[ 58
B0 ~ME LS Er s S @
= 0 for § = Smin or O = Omin

wherc
B(5.0) acrobic biodcgradation term, a function of sub-
strate and oxygen concentration (ML‘BT"‘);
M microbial muss (ML‘B) assumed constant;
k maximum substrate utilization rate per unit mass
of microorganizms (T );
ks substrate half-saturation constant (4% | Sy ™
ko oxygen half-saturation constant (ML %
Smin minimum substrate concentration thai Kmits
growth and decay (ML‘C‘); and
Omin minimum oxygen concentration that limits growth
and decay (ML_G).

Angerobic Blodegradation (Michaells-Menten kineticy)

B(S}=MnKn E'?ﬁ %ﬂg& @)

where the terms, My, kn, and kea arc counterparts of M,
k and ks under anaerobic conditions. As a special casc,
Mp, kp, and ksp may be set equal to M, k and kg,
reapectively.

Firat-Orider Decay
B(S)=mus 5 (3)
where g is a first-order degradation coefficicnt (rh.

Linear Adsorption Isotherm
A(S) = poKa/d )

where
pn bulk mass density of the porous medium (ML,
¢ cffective porosity; and
Ks distribution coefficicnt (L2M™),

Freundiich Adsorption Isotherm
A(S)=ppnKpg ™ )

where ‘
Kr rate constant; and
n Freundlich isalthcrm exponcnt
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Langmulr Adsorption Izsotherm
b
A(8)= HI>DS)> (8)

where
b comstant; and
K maximum sorption capacity of solid.

uncouplad Simulation Option

When the biadegradation option is not wsed, the cqua-
tions (1) and (2) arc uacoupled and may be solved simul-
taneously. Two sets of inpat valucs are used for all
parameters cxcept those defining the grid and time
steps. This permits a wide range of possible comparison
studics. Some are listed below.

« Different velocities. This is an indircet way of
compating the effeet of two hydreulic condue-
tivity values. Figure 2 illustrates a field applica-
tion of BIO1D where the predicted break-
through curves are bracketed with two cs-
timates of clay permcability. Similarly, hydraulic
gradicnts may also be used for comparison.
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Figure 2. Varying clay permaablilty.

Different digpersion coefficicnls.

Diffcrent adsorption rates. BIO1D is an exgal-
lent tool for eomparing two isothcrms, or vary-
ing cocfficients of the same isotherm. Figuro 3
illustratcs a study on varying Freundlich
isotherm exponcnl.

Different first-order doeay rales. As a special
case, one of the decay rates may be set to zero.
» Diffcrent boundary conditions, Three types of
boundary ¢onditions with built-in first-order
degradations arc available. In ficld situations,
boundary conditions are not always clearly un-
derstood, Thus the importance of assumptions
made at the bousdary may be studicd.
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Figurs 3. Unooupled simulation option:
varying Freundiich leotherr sxponent.

Iinteractiva Preproceassor

A preproceszor has beea built inte BIOLD which
enables the user to prepare input data interactively. The
preparation incudes features such as inputting new data
and storing them in a disk file, or reading data from a
disk file and editing them. The preprocessor has built-in
error recovery procedures to forgive most input errors
made by a user during interaction.

FPor Fhirst-order decay and linear, Froundlich, or
Langmuir adsorplion isothorms, definitions found in the
literature are not always uniform. The preprocessor
provides the uscr with alternative definitions, and the
user may select the onc that is most familiar. Figure 4 il-
lustrates the definitions available for lincar isotherm.
The uzer may define the isothorm in ferms of lnear
isothcrm coefficicnt, distribution cocfficient and bulk
density, or retardation factor. Many such useful features
may be found throughout the interaction,
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Run-Time Options

Taking advantage of the siogle-user microcomputer
enviropment, many simulation options arc provided al
run-time. A run-time monitor as illustrated in Figure 5 is
displayed and updated constantly as the simulation
progregscs. The uscr may ruo the simulation for a cer-
tain time period, monitoring ite behavior, and then
choose a different set of run-time options for the rest of
the simulation. The options include printing concentra-
tions, cumtlative muss balance information, and select-
ing plotting intervals, Advanced debugging options such
as iteration information, nodal mass balance tables, dis-
placement matrices, and matrix solver monitors are also
available at run-time. Thesc options can be useful when
the processcs simulated are highly nonlincar, or if the
results of the gimnlation show unusual behavior.
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Figurs 5. BIO1D run-time monitoer.

The advanced debugging option: may also be used by
students lcarning numerical methods. Every step of the
nonlinear iterative solution scheme used in BIO1D may
be monitored by thc user. The Peclet and Cowrant
stability numbers are displayed automatically during data
preparation, and a stop waich (Figure 5) is activated to
measurc the CPU time during the simulation. These [ea-
tures are useful in understanding the cffects of varying
the input paramctors such as, grid spacing, time step
size, and convergence crileria which are associated with
the numerical solution.

Plotted Rexulls

Concentration vs. distance at a certain lme, or con-
ceptration ve. time (or pore volume) at any node may he
plotted. Concentration may be plotted in lincar or log
scale. Figures 1, 2 and 3 illustrate these options. Flots
may be previewed on the sereen and sent to any of the
plotters listed under Hardware (page four). For compara-

tive studies, hard copy plets from uncoupled simulation
anian Fme Elanear 3 amd T3 ron he raeadile need in resnrrs.
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Verification Tests

The featurcs available in BIOQ1D have boen tested in a
systematic manner. A varicty of problems have bcon
selected to tost major options in biodegradation, adsorp-
tion, and boundary conditions. The data files for the
above problems have also beea carcfully prepared to test
many of the minor options (grid spacing, plotting, etc.)
available in BIO1D, Table 1 shows the featurcs tested by
the problem sets A through F.

Table 1. BIO1D faatures tested.

FEATURES PROBLFM SETS
advection/disporsion ABCDETF
degradation - aerobic F

- anaeroblc F

- firsr-order B F
uncoupled simulation D
adsorpdon - [Hnear B C

: - Froundbich D

- Langmuir E
boundary - Dirichiet A CDEF
( : pulse) - Naumanrn .

- Cauchy - B
solution - tridlagonal A B C E

- pentadiagonal D F
grid - uniform ABCDE

- variable
plots - Cvr X A

- Cw T B

- Cw PV C DE

Features that are not yct teated may also be identificd
from this table. A description of cach test along with a
completc list of corresponding input and ontput files of
the BIOID simulations ar¢ presentcd in the BIOID
documentation,

Documentation

The documecntation for BIOID iz believed to be the
most comprehensive ever for & groundwater code, sct-
ting new standards for the tndwstry. It is divided into two

major parts. The first part covers the theorotical aspects
nf BIATY mihirh inchids: darivation of the mathematical
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verification tests. The sccond part gerves as tho wser's
manual for the cods. The scctions included are: stop-by-
atep installation instructions; threc guided towrs to
familiarize the user with the data preparation, simula-
tion, and plotting of the results; dstailed input data in-
structions; interpretation of output; and error conditions
and handling.

Hardware

BIOID runs on an IBM PC, XT or AT compatible
microcpmputer with 640K memory. A mumneric coproces-
sor (8087 or B80287) is required. CGA, Hercules
monochrome of BGA graphics card is neaded for
scrcon  graphics. HF 7440A, T4T0A, TFATSA, 1550A,
75808, ‘75858, 75868 plotiers; HI DMP-51, 32, 56 plot-
ters; Enter SP-600, 1200 plotters; EPSON FX, RX, MX,
LG, and JX scrics printers; IBM Proprinter, PC
Graphics printer; Okidata ml 92/93, 182/192/193
printers; Ceotromics GLP printer; and HP Laserjet
serics laser printers arc supported for hard copy plots.
Fxamples shown in thiz brochure were made using the
HP 7475A 6-pen plotter.

Scientific Sosftware Group
P.O. Box 23041

Washington, DC 20026-3041
Telephone: (703) 620-9214
FAX: (703) 620-6793



