Data Input Guide for HYDROBIOGEOCHEM 123D

Release 1.0

January, 1999

Table of Contents

About HydroBioGeoChem123D . . . . . . . 3

About the I/O Superfile . . . . . . . . 5

Units ofMeasure and Data Preparation . . . . . . 6

Data set 1: Title . . . . . . . . . 7

Data set 2: Basic Integer Parameters . . . . . . . 8

Data set 3: Basic RealParameters . . . . . . . 12

Data set 4: Printer Output, Disk Storage Control, and Times For Resetting Step Size 13

Data set 5: Printout Indicator . . . . . . . 15

Data set 6: MaterialProperties . . . . . . . 16

Data set 6a: Heat Transfer Control . . . . . . . 16

Data set 6b: Water Thermodynamic Properties and Temperature Correction Functions 16

Data set 6c: Heat Transfer Iteration Parameters . . . . . 17

Data set 7: NodalCoordinates . . . . . . . 18

Data set 8: Element Incidences . . . . . . . 20

Data set 9: MaterialType Correction . . . . . . 23

Data set 10: ChemicalComponent Information . . . . . 24

Data set 11: Input for Initialor Pre-InitialConditions . . . . 25

Data set 12: Integer Parameters for Sources and BoundaryConditions . . 27

Data set 13: Element (Distributed) and Well(Point) Source/Sink . . . 28

Data set 14: Variable BoundaryConditions . . . . . . 31

Data set 15: Dirichlet Boundary Conditions . . . . . . 35

Data set 16: Velocity, Moisture Content, and Liquid Density . . . 37

Data set 17: Number ofComponents and Product Species . . . . 40

Data set 18: H+, e-, and Ionic Strength Correction Information . . . 41

Data set 19: Temperature, Pressure, and Expected pe and pH . . . 42

Data set 20: Adsorption Information . . . . . . . 43

Data set 21: Ion-Exchange Information . . . . . . 44

Data set 22: Basic BiogeochemistryRealand Integer Parameters . . . 45

Data set 23: Names and Types ofChemicalComponent Species . . . 46

Data set 24: Component Species and Their Ion-Exchanged Species . . 47

Data set 25: Complexed Species and Their Ion-Exchanged Species . . 49

Data set 26: Adsorbed Species . . . . . . . 51

Data set 27: Precipitated/Dissolved Species . . . . . . 52

Data set 28: MicrobialSpecies . . . . . . . 53

Data set 29: Reaction Data . . . . . . . . 54

Data set 30: End-of-Job Line . . . . . . . . 58

About HydroBioGeoChem123D (HBGC123D)

HBGC123D is a computer code for the simulation ofcoupled non-isothermalhydrologic transport and biogeochemicalkinetic and/or equilibriumreactions in variablysaturated media.

HBGC123D iterativelysolves the 1-, 2-, or 3-dimensionalheat transfer equations, transport equations, and the ordinarydifferentialand algebraic equations ofmixed biogeochemical reactions. The transport equations are solved for allaqueous chemicalcomponents and kinetically controlled species. A Lagrangian-Eulerian finite element method is used to solve the heat transfer and transport equations. The computer code accommodates hexahedral(6 faces), pentahedral(5 faces), and tetrahedral(4 faces) elements in three-dimensionaldomains, quadrilateral(4 sides) and triangular (3 sides) elements in two-dimensionaldomains, and line elements in one-dimensional domains. The Newton- Raphson method is used to solve the biogeochemicalsystemofequations.

HBGC123D is designed for generic applications to reactive transport problems in subsurface media that are affected bymicrobiologicaland geochemicalreactions. Input to the program includes the geometryofthe media, the spatialdistribution of finite elements and nodes, the properties ofthe media, the possible chemicaland microbialreactions, and the initialand boundaryconditions. Output includes the spatialdistribution ofchemicaland microbial concentrations as a function oftime and space, and the chemicalspeciation at user-specified nodes.

HydroBioGeoChem , a two-dimensionalcode and the predecessor ofHBGC123D, was developed byDr. George Yeh, Dr. Karen Salvage, and their co-workers at the Pennsylvania State

University. HBGC123D is the multidimensionaland enhanced release of HydroBioGeoChemby the Oak Ridge NationalLaboratory(ORNL). The development ofHBGC123D is one ofthe tasks supporting the DOE EnvironmentalTechnologyPartnership Initiative project Influence of

Coupled Processes on the Fate and Transport ofIndustrialMixed Waste Plumes in Structured

Media. In conjunction with field scale mutlitracer injection, a three-dimensionalcomputer model ofthe field site at Waste Area Grouping 5, ORNL is being developed. HBGC123D is being used to studythe coupled, multiscale (laboratoryundisturbed soilcolumns to the field site) processes ofmicrobiologyand subsurface multicomponent reactive transport.

Acknowledgement

This work is funded bythe EnvironmentalTechnologyPartnership programofthe US

Department ofEnergy(DOE). The development teamis especiallygratefulto the guidance ofDr.

PaulBayer in the Office ofBiologicaland EnvironmentalResearch ofthe US DOE Office of

Science . This work is also partiallysupported bythe ORNL Partnership in Computational

Sciences (PICS) program, supported bythe Department ofEnergy´s Mathematical, Information, and ComputationalSciences (MICS) Division ofthe Office ofComputationaland Technology

Research. Implementation ofthe microbialkinetics and geochemicalkinetics into the

HydroBioGeoChem (two-dimensional) code was supported byThe Department ofEnergy,

Battelle Pacific Northwest Laboratory. This implementation is under the guidance ofDr. Frank

Wobber, also at the US DOE Office ofBiologicaland EnvironmentalResearch. The present version ofHydroBioGeoChem123D reflects the manycontributions made byan armyof colleagues fromthe Civiland EnvironmentalEngineering Department at the Pennsylvania State

University, the Oak Ridge Institute for Science and Education, and the Center for Computational

Sciences, the Computer Science and Mathematics Division, and the EnvironmentalSciences

Division ofthe Oak Ridge NationalLaboratory.

Release Notes

· Densityeffects on heat transfer and transport caused bybiogeochemical speciation and species concentration variations are not accounted for in this release.

· AVS interface is not available for the Windows 95 (FORTRAN only) distriubition.

· For the Windows 95 (FORTRAN only) precompiled executable, hbgc123d.exe , a Pentium

PC or above with more than 32 MB ofmemoryis recommended. For other memory constraints such as hardware configuration and problemsize, it is advisable that the source be downloaded and recompiled.

· For efficient computer memoryuse, the user is recommended to adjust the totalnumber of arrayelements allocated to dmem ( dmemdim) and imem( imemdim) in the header file memcom.h . The number ofelements in these two arrays that are used for the current problemis always reported on the screen and near the top ofthe ASCII output file.

The Consultant

Gour-Tsyh Yeh, Pennsylvania State University.

The ORNL Development Team

J. P. (Jack) Gwo, Center for ComputationalSciences.

Hartmut Frenzel , Oak Ridge Institute for Science and Education.

Ed D’Azevedo, Computer Science and Mathematics Division.

Forrest M. Hoffman, EnvironmentalSciences Division.

About the I/O Superfile - the List ofInput File

A superfile that contains a list ofinput/output filenames needs to be present in the same directory as the compiled and linked executable, either hbgc123d or hbgc123d.exe . The filename of the superfile must be hbgc123d.in . The superfile contains the following five filenames, including the entire path, in the same order as given below:

1. The filename ofthe input data file, prepared as outlined in this document.

2. The filename ofthe ASCII output file, in plain text format, fromthe HBGC123D simulation.

3. The filename ofthe binaryfile that contains the hydrologicalconditions (velocityand water content) generated bya subsurface flow code. The format ofthis binaryfile is the same as that specified for the LogicalUnit 11. This file is used for input ifKVI (defined in DATA SET 2)

> 0. IfKVI = -1, the filename stillneeds to be present, but the file willnot be used.

4. The filename ofthe binaryfile that stores the output fromthe HBGC123D simulation.

5. The filename ofthe binaryfile that stores the required information for a subsequent

HGBC123D restart job.

UNITS OF MEASURE: The unit ofmass and length used for the data input should be kilogram

(kg) and decimeter (dm), respectively. Anyunits oftime maybe used as long as the same unit is used consistentlythroughout alldata sets. Alltotalanalyticalconcentrations and initialconditions should be specified in units ofmoles ofchemicalper unit total volume of media (mol/dm 3 ). All source/sink concentrations should be specified in units ofmoles ofchemicalper unit volume of liquid (mol/dm 3 ). Allboundarycondition concentrations should be specified in units ofmoles of chemicalper unit mass or volume of phase in which the chemical exists (mole/kg or mole/l).

PRACTICE OF INPUT DATA PREPARATION: Clarityand documentation is the soulofinput data preparation. In general, the current version ofHYDROBIOGEOCHEM123D requires and recommends the following practice ofinput data preparation.

Definition:

1. Arrayofinteger and realnumbers: XX(I), I=1,N. The notation suggests the input of

N arraymembers in ascending order from1 (one) to N. The associated FORTRAN

READ statement dictates that N integers or realnumbers be placed in sequence without interruption, separated onlybyspaces or a comma character. These N numbers, however, do not have to be present in the same line.

2. A line ofinput: A line of80 characters, including signs, exponentialcharacters, etc.

Required:

1. An I/O superfile named hbgc123d.in that contains a list ifinput and output filenames.

2. Alldata sets except for Data Set 1 must be preceded bya data set name in a single line ofwidth £ 80 characters.

3. It is the user’s responsibilitythat the data entered are within the reasonable and acceptable range. No error checking to user’s input is performed.

Recommended:

1. Line length is recommended to be less than 80 characters. Although in a text file a line length can go beyond 80 characters, it maynot meet the clarityrule ofthumb.

2. Documentation ofan input data set or even an input line is highlyrecommended. Free format integer and realnumbers are required throughout the entire input file unless otherwise noted. The free format FORTRAN read statement ignores the trailing spaces after the last number. Documentation in the trailing spaces, even limited, will clarifythe preceding data in the same line or section.

DATA SET 1: TITLE

Two lines are used for each problem.

Line 1: FORMAT(I5,7A10)

1. NPROB = Problemnumber.

2. TITLE = Arrayfor the title ofthe problem. It maycontain up to 70 characters from column 6 to column 75.

Line 2: Free format input contains 5 integers as follows:

1. IITR = Integer indicating ifit eration table ofconvergence information to be printed:

0 = no.

1 = transport iteration table printed.

2 = both transport and chemicaliteration tables printed.

2. INTER = Integer indicating ifconcentration field is to be printed for each hydrological -chemicalinteraction:

1 = yes

0 = no.

3. ICOND = Integer indicating ifthe condition number ofthe Jacobian matrix in biogeochemicalcomputations is to be printed:

1 = yes.

0 = no.

4. NHGCI = Integer indicating ifbiogeochemicalinformation is to b e printed:

0 = no.

> 0 = print everyNHGCI inter-hydro-geochemiterations.

5. IGEOM = Integer signifying ifthe geometric data are to be printed:

0 = no.

1 = yes.

DATA SET 2: BASIC INTEGER PARAMETERS

Free format input contains 24 or 25 integers as follows:

1. IDIM = Number ofdimensions (1, 2, or 3).

2. NNP = Number ofnodalpoints.

3. NEL = Number ofelements.

4. NMAT = Number ofmaterialtypes.

5. NCM = Number ofelements with materialpropertycorrection.

6. NTI = Number oftime steps or time increments.

NOTE : NTI can be computed byNTI = I1 + 1 + I2 + 1, where

I1 = Largest integer not exceeding Log(DELMAX/DELT)/Log(1+CHNG).

I2 = Largest integer not exceeding (RTIME ˘ DELT * ((1 + CHNG) (I1+1) ˘

1)/CHNG)/DELMAX.

RTIME = Real simulation time.

DELMAX, DELT, and CHNG are defined in Data Set 3.

7. KSS = Steady-state simulation control:

0 = Steady-state solution desired.

± 1 = No steady-state solution desired.

NOTE: The combination ofKSS and NTI willdetermine the type o fsimulations.

· IfKSS = 0 and NTI = 0, a steadystate simulation willbe performed.

· IfKSS = 0 and NTI > 0, a transient simulation using the steadystate solution as the initialcondition willbe performed.

· IfKSS =1 andNTI > 0, atransient simulationusing user supplied initialcondition willbe performed. The programwillequilibrate the user supplied initialcondition before the transient simulation is run.

· IfKSS = -1 and NTI > 0, a transient simulation using user supplied initial condition willbe performed. The user supplied initialcondition will not be equilibrated. The user is cautioned against using this option.

8. NMPPM = Number ofmaterialproperties per material(4 materialproperties are needed for simulations without heat transfer, i.e., ISHEAT = 0 in Data Set 6a;

otherwise 7 materialproperties are needed).

9. KVI = Velocityinput control:

- 1 = Velocityand moisture content defined byData Set 16.

1 = Steady-state velocityand moisture content read fromLogicalUnit 11.

2 = Transient velocityand moisture content read fromLogicalUnit 11.

10. ILUMP = Mass matrix lumping control:

0 = No lump.

1 = Lump.

11. IMID = Mid-difference control:

0 = No mid-difference.

1 = Mid-difference, and W in Data Set 3 should be 1.

12. IWET = We ighting function control:

0 = Galerkin weighting.

1 = Upstreamweighting.

13. IOPTIM = Optimization factor computing indicator:

1 = Optimization factor is to be computed.

0 = Optimization factor is set to 1.0, 0.0, or -1.0.

14. NITER = Number ofi terations allowed between hydrological -chemicaliterations.

15. NDTCHG = Number oftimes to reset the time-step size to the initialvalue.

16. NPITER = Number ofiterations alowed for solving the linear matrixequationwithpointwise iteration.

17. IPNTS = Method to be used to solve the matrix equations:

0 = standard-banded Gaussian direct elimination procedure.

1 = pointwise iteration method.

2 = preconditioned conjugate gradient method, with polynomialas preconditioner.

3 = preconditioned conjugate gradient method, with incomplete Cholesky decomposition as preconditioner.

4 = preconditioned conjugate gradient method, with modified incomplete

Choleskydecomposition as preconditioner.

5 = preconditioned conjugate gradient method, with symmetric successive over-relaxation as preconditioner

6 = preconditioned conjugate gradient method, with diagonalelements ofthe originalmatrix as preconditioner.

7 = preconditioned bi-conjugate gradient method.

18. KSTR = Restart auxiliarystorage input control:

0 = No restart. Use this option when NSTR = 0.

1 = Input stored in LogicalUnit 12, in FORTRAN double precision format.

2 = Input stored in LogicalUnit 12, in C double precision format, option not available for the FORTRAN onlyversion.

3 = Input stored in LogicalUnit 12, in C single precision format, option not available for the FORTRAN onlyversion.

19. NSTR = Number oflogicalrecords to be read fromLogicalUnit 13 for restarting the calculation:

0 = No restart.

20. LGRN = Is th e Lagrangian-Eulerian approach to be used:

1 = Yes.

0 = No.

21. IQUAD = Indicator for quadrature integration:

11 = nodalquadrature for both surface integration and volume integration.

12 = nodaland Gaussian quadrature for surface and volume integr ation, respectively.

21 = Gaussian and nodalquadrature for surface and volume integration, respectively.

22 = Gaussian quadrature for both surface and volume integration.

22. IDETQ = Option for velocityfor the Lagrangian step.

1 = average velocityapproach, available for two-dimensionalproblems only.

2 = single velocityapproach.

23. IOPTRS = Option for operator splitting.

0 = do not use operator splitting (use fullyimplicit scheme).

1 = use operator splitting.

24. IAIEF = Optionfor adaptive implicit-explicit handling ofthe reactionterminthe transport equations.

0 = no. (reaction termon RHS oftransport equation).

1 = yes. (reaction termadaptivelyadjusted to LHS or RHS depending on sign).

IfIPNTS ³ 2 (i.e. ifa preconditioned conjugate gradient method (PCG) is to be used), a second line is needed for the following 4 parameters:

1. IEIGEN = Signalofparameter estimation for GG in the polynomialPCG method:

0 = not requested.

1 = requested.

2. GG = The upper bound on the maximum eigenvalue ofthe coefficient matrix used in the polynomialPCG method.

3. ALPHA = Weighting factor for computing the diagonalelement ofthe diagonalmatrix used in the modified incomplete CholeskyPCG method.

4. OMEGA = Relaxation parameter used in the SSOR PCG method.

DATA SET 3: BASIC REAL PARAMETERS

Free-field format input contains 10 realnumbers as follows:

1. DELT = Initialtime-step size (T).

2. CHNG = Percent change in the time-step size ineach ofthe subsequent time increments,

(dimensionless in decimalfraction).

3. DELMAX = Maximumallowable time-step size (T).

4. TMAX = Maximumsimulation time (T).

5. W = Time-derivative weighting factor for allterms except the velocityterms:

0.5 = Crank -Nicholson central.

1.0 = Backward difference and mid-difference.

6. WV = Time integration factor for the velocityterms:

0.0 = Forward difference (explicit).

0.5 = Centraldifference.

1.0 = Backward difference (completelyimplicit).

7. OME = Relaxation parameter for solving the n onlinear equation:

0.0 - 1.0 = Under -relaxation.

1.0 = Exact relaxation.

1.0 - 2.0 = Over -relaxation.

8. OMI = Relaxation parameter for pointwise iterative solution ofthe matrix equation:

0.0 - 1.0 = Under -relaxation.

1.0 = Exact relaxation.

1.0 -2. 0 = Over -relaxation.

9. TOLA = Error tolerance for solving the nonlinear equations. Halfofits value is used as the tolerance for solving the linearized matrix equation with pointwise iteration.

10. APHAG = Upstreamweighting factor ifIOPTIM = 0:

Values are between 0.0 and 1.5 when the advection formofthe equation is used. IfAPHAG > 1.34, the programwillchoose appropriate values of weighting factor. When the conservative formofthe equations is used or when IOPTIM = 1, this value is not used bythe program.

DATA SET 4: PRINTER OUTPUT, DISK STORAGE CONTROL, AND TIMES FOR

RESETTING STEP SIZE

The number oflines here depends on the number oftime increments, NTI, and the number of times to reset the time step, NDTCHG. The number oflines is [(NTI/80+1)*2] + NLINE:

(NTI/80+1) lines for printer output control, (NTI/80+1) lines for storage control, and NLINE lines for time -step -size resetting control, which depends on NDTCHG. NLINE lines are required to enter NDTCHG realnumbers with free format.

Line 1 to Line [(NTI/80+1)]: FORMAT(80I1)

KPR0, KPR(I), I=1,NTI, where

KPR0 = Printer controlfor initialand steadystate conditions.

KPR(I) = Printer controlfor the I -th time step:

0 = Print nothing.

1 = Print chemicalcomponent data fromwithin biogeochemicalsubroutine.

2 = Print above plus chemicalcomponent species data.

3 = Print above plus product species data.

4 = Print above plus stoichiometric coefficients and reaction data.

5 = Print above plus mass flow rates (FLOW, FRATE, and TFLOW).

6 = Print above plus velocities.

(Note: summaryconcentration values at each node are printed when a convergent solution is reached for each time step. Options 1 through 4 provide more detailed output on the chemical speciation in the systemfromwithin the biogeochemicalportion ofthe programeveryNHGCI iterations. NHGCI is specified in Data Set 1).

Line [(NTI/80+1)+1] to Line [(NTI/80+1)*2]: FORMAT(80I1)

KDSK0, KDSK(I), I=1,NTI, where

KDSK0 = Auxiliarystorage controlfor s teadystate and initialconditions.

KDSK(I) = Auxiliarystorage controlfor theI -thtime-step, thesameallowablevalues as for KDSK0;

0 = No storage.

1 = Store in LogicalUnit 12, in FORTRAN binary.

2 = Store in LogicalUnit 12, in C double precision binary. This option is not available for the FORTRAN onlyversion.

3 = Store in LogicalUnit 12, in C single precision binary. This option is not available for the FORTRAN onlyversion.

Note : It is the user’s responsibilityto maintain a uniformdata format in LogicalUnit 12 throughout the NTI time steps. That is, ifoutput is to be stored in FORTRAN binary format, allthe values of KDSK(I) and KDSK0 should be either 0 or 1 (one). Ifoutput is to be stored in C double precision binaryformat, allthe values of KDSK(I) and KDSK0 should be either 0 or 2, and so on.

Line greater than line (NTI/80+1)*2: Free-field format input contains NDTCHG realnumbers:

TDTCH(I), I=1, NDTCHG, where TDTCH(I) is the time (T) at which the time-step size is to be reset to the initialvalue for the I-th time.

DATA SET 5: PRINTOUT INDICATOR

The number oflines in this data set depends on NCPRT. Normallytwo lines are sufficient.

Line 1: Free-field format input containing one integer.

1. NCPRT = Number ofnodes at whichdetailed biogeochemicalinformationwillbe printed.

Line 2: Free-field format input contains NCPRT integers.

IWRK(I), I=1,NCPRT, where IWRK(I) is the globalnode number ofthe I-th node where detailed chemicalinformation willbe printed

NOTE : IWRK(I), for 1 £ I £ NCPRT, is used to temporarilystore the node numbers where detailed chemicalinformation is to be printed. These node numbers are then used to set NODEP(NP) =1 or 0. When NODEP(NP) = 1, detailed chemicalinformation will be printed for the NP-th node. When NODEP(NP)= 0, detailed chemicalinformation willnot be printed for the NP-th node.

DATA SET 6: MATERIAL PROPERTIES

A totalofNMAT lines are required for this data set, each containing materialproperties ofa materialtype, in sequence and order frommaterialtype 1 (one) to materialtype NMAT (specified in DATA SET 2). For each materialtype, 4 or 7 materialproperties are needed (NMPPM specified in Data Set 2). Properties 5 to 7 are needed onlyfor simulations with heat transfer

(ISHEAT > 0 in Data Set 6a).

Each line is free-field format input containing the following information:

1. PROP(1,I) = Longitudinaldispersivity(L).

2. PROP(2,I) = Lateraldispersivity(L).

3. PROP(3,I) = Effective molecular diffusion coefficient ofthe I -th medium(L 2 /T).

4. PROP(4,I) = Bulk densityofmediumI (M/L 3 ).

5. PROP(5,I) = Specific heat ofdrymediumI (L 2 /T 2 / o K).

6. PROP(6,I) = Apparent thermalconductivityofmediumI (ML/ o K/T 3 ).

7. PROP(7,I) = S aturated water content ofmediumI (L 3 /L 3 ).

DATA SET 6a. HEAT TRANSFER CONTROL

1. ISHEAT = 0, no heat transfer.

1, heat transfer only.

2, nonisothermalreactive transport, or reactive transport with heat transfer.

DATA SET 6b. WATER THERMODYNAMIC PROPERTIES AND TEMPERATURE

CORRECTION FUNCTIONS

This data set is needed onlywhen ISHEAT (specified in DATA SET 6a) > 0.

Line 1: includes the following five realnumbers:

1. SPHEAT = Reference groundwater specific heat (L 2 /T 2 / o K).

2. GASCNT = Idealgas constant (ML 2 /T 2 / o K/mole).

3. RHO_PW = Reference water density(M/L 3 ).

4. AMU_PW = Reference water dynamic viscosity(M/LT).

5. TEMPREF = Reference temperature for densitycorrection ( o K).

Line 2: include the following integer number.

1. NRHO = Number o fcoefficients for the densitycorrection function.

Line 3: includes NRHO realnumbers ofthe following coefficients.

RHOC(I), I=1,NRHO, is the I-th coefficient ofthe densitycorrection function.

Line 4: includes the following one integer number.

1. NMU = Number ofcoefficients for dynamic viscositycorrection function.

Line 5: include NMU realnumbers ofthe following coefficients.

AMUC(I), I=1,NMU, is the I-th coefficient ofthe viscositycorrection function.

Line 6: includes the following one single integer number.

1. NLAMBDA = Number ofcoefficient for the apparent heat conductivitycorrection function.

Line 7: includes the following NLAMBDA realnumbers.

DMBC(I), I=1,NLAMBDA, is the I-th coefficient ofthe apparent heat conductivity correction function.

DATA SET 6c. HEAT TRANSFER ITERATION PARAMETERS

This data set is needed onlywhen ISHEAT (specified in DATA SET 6a) > 0.

1. TOLSTDY = convergence criterion ofthe steadystate heat transfer simulation ( o K/ o K).

2. TOLTRNST = converg ence criterion ofthe transient state heat transfer simulation ( o K/ o K).

DATA SET 7: NODAL COORDINATES

Formats for one-, two-, and three-dimensionalproblems are slightlydifferent. However, the nodalcoordinates can allbe automaticallygenerated ifthe coordinates appear in regular patterns.

This data set is not needed ifLogicalUnit 11 is used as input (i.e., ifKVI > 0 in Data Set 2).

One-DimensionalProblems:

Typically, a totalofNNP lines are required.

Line 1 to Line NNP:

The coordinates should be in ascending or descending order. Each line is in free-field format containing:

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent nodes to be automaticallygenerated.

3. NAD = Increment ofthe node number for e ach ofthe NSEQ subsequent nodes.

4. XNI = x -coordinate ofnode NI (L).

5. XAD = Increment ofthe x -coordinate for each ofthe NSEQ subsequent nodes (L).

6. XRD = Percent increase ofthe increment over its preceding increment (decimal fraction):

0 = Allincrements, XAD’s, are the same.

> 0 = The first increment is XAD*(1+XRD), the second increment is

XAD*(1+XRD) 2 , the third increment is XAD*(1+XRD) 3 , and so on.

NOTE : A line containing six zeros separated byspaces or commas must be used to signalthe end ofthe x-coordinate data.

Two-DimensionalProblems:

Typically, a totalof2*NNP lines are required: NNP lines each for the x - and z -coordinates.

Line 1 to Line NNP: Each line is in free-field format containing:

1. NI = Node number oft he first node in the sequence.

2. NSEQ = NSEQ subsequent nodes to be automaticallygenerated.

3. NAD = Increment ofthe node number for each ofthe NSEQ subsequent nodes.

4. XNI = x -coordinate ofnode NI (L).

5. XAD = Increment ofthe x -coordinate for each ofthe NSEQ subsequent nodes (L).

6. XRD = Percent increase ofthe increment over its preceding increment (decimal fraction):

0 = Allincrements, XAD’s, are the same.

> 0 = The first increment is XAD*(1+XRD), the second increment is

XAD*(1+XRD) 2 , the third increment is XAD*(1+XRD) 3 , and so on.

NOTE : A line containing six zeros separated byspaces or commas must be used to signal the end ofthe x-coordinate data.

Line (NNP+1) to Line 2*NNP: contain the same information as described above but for the z -coordinate.

Three-DimensionalProblems:

Usuallya totalofNNP lines are required. Each line contains the following variables and is in freeformat.

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent nodes willbe automaticallygenerated.

3. NAD = Increment ofnode number for each ofthe NSEQ subsequent nodes.

4. XNI = x-coordinate ofnode NI, (L).

5. YNI = y-coordinate ofnode NI, (L).

6. ZNI = z-coordinate ofnode NI, (L).

7. XAD = Increment ofx-coordinate for each ofthe NSEQ subsequent nodes, (L).

8. YAD = Increment ofy-coordinate for each ofthe NSEQ subsequent nodes, (L).

9. ZAD = Increment ofz-coordinate for each ofthe NSEQ subsequent nodes, (L).

NOTE : A record with 9 0’s must be used to signalthe end ofthis data set.

DATA SET 8: ELEMENT INCIDENCES

Formats for one-, two-, and three-dimensionalproblems are slightlydifferent. However, the element incidences can allbe automaticallygenerated ifthe globalnode numbers ofelements appear in regular patterns. This data set is not needed ifLogicalUnit 11 is used as input (i.e., if

KVI > 0 in Data Set 2).

One-DimensionalProblems:

No input data is required. Node numbers are automaticallygenerated, which requires the nodal coordinates in ascending or descending order.

Two-DimensionalProblems:

Typically, a totalofNEL lines are needed, one for each element. However, onlyone line is needed ifa group ofelements appears in a regular pattern. Free-field format input for each line contains the following information:

1. MI = Globalelement number.

2. IE(MI,1) = Globalnode number ofthe first node ofelement MI.

3. IE(MI,2) = Globalnode number ofthe second node ofelement MI.

4. IE(MI,3) = Globaln ode number ofthe third node ofelement MI.

5. IE(MI,4) = Globalnode number ofthe fourth node ofelement MI.

6. IE(MI,5) = Materialtype to be applied to element MI.

7. MODL = Number ofelements in the direction ofthe smaller increment in node numbers.

8. NLAY = Number ofelements in the direction ofthe larger increment in node numbers.

IE(MI,1) to IE(MI,4) are numbered beginning with the lower left corner and progressing around the element in a counterclockwise direction. For a logicallyrectangular block ofelements, it is onlynecessaryto specifythe first element, the width MODL and the length NLAY, where MODL and NLAY are measured in elements. Element numbering proceeds most rapidlyalong the

MODL dimension and least rapidlyalong the NLAY dimension. Figure A.1 provides an example.

The object is considered to be logicallyrectangular because it has width MODL = 3 on two opposite sides and length NLAY = 5 on the other two opposite sides. To generate definitions of elements 1 through 15 automatically, including both the incidence and materialtype, onlyone line

21

is necessary. Although allelements ofthis example willbe assumed to contain the same material type, MITYP = 1, this situation can easilybe changed byusing the material -corr ection option in

Data Set 9.

MI IE(M,1) IE(M,2) IE(M,3) IE(M,4) IE(M,5) MODL NLAY

1 1 5 6 2 1 3 5

Fig. A.1. Automatic generation a 3 ´ 5 logicallyrectangular mesh.

Three-DimensionalProblems:

Usually, a totalofNEL records are needed. Each record contains the following variable and is

FREE-FORMATTED.

1. MI = Globalelement number ofthe first element in a sequence,

2. NSEQ = NSEQ subsequent elements willbe automaticallygenerated,

3. MIAD = Increment ofMI for each ofthe NSEQ subsequent elements,

4. IE(MI,1) = Globalnode number ofthe first node ofelement MI.

5. IE(MI,2) = Globalnode number ofthe second node ofelement MI.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

�

�

�

�

�

�

�

1/$<

02’/

6. IE(MI,3) = Globalnode number ofthe third node ofelement MI.

7. IE(MI,4) = Globalnode number ofthe fourth node ofelement MI.

8. IE(MI,5) = Globalnode number ofthe fifth node ofelement MI.

9. IE(MI,6) = Globalnode number ofthe sixth node ofelement MI.

10. IE(MI,7) = Globalnode number ofthe seventh node ofelement MI.

11. IE(MI,8) = Globalnode number ofthe eighth node ofelement MI.

12. IEMAD = Increment ofIE(MI,1) through IE(MI,8) for each ofthe NSEQ elements.

Note : For tetrahedralelements, set IE(MI,5) ˘ IE(MI,8) equalto zeros. For pentahedral

elements, set IE(MI,7) and IE(MI,8) equalto zeros. For hexahedralelements, IE(MI,1) -

IE(MI,8) are numbered according to the convention shown inthe Fig. A.2. The first four nodes

start fromthe front lower left corner and progressing around the bottomelement surface in a

counterclockwise direction. The other four nodes begin fromthe front upper left corner and

progressing around the top element surface in a counterclockwise direction. Pentahedrons are

similarlynumbered except that there are three nodes on the top and bottomfaces.

Hexahedron Pentahedron T etrahedron

Figure A.2. Node numbering convention ofthree-dimensionalelements.

� �

� �

� �

� �

� �

�

� �

�

�

�

�

�

DATA SET 9: MATERIAL TYPE CORRECTION

Thisdataset is required onlyifNCM>0. NormalyNCM linesare required, but iftheelements with

different materialproperties appear in regular patterns, automatic generation can be used.

Free-field format input for each line contains the following information:

1. MI = Global element number ofthe first element in the sequence.

2. NSEQ = NSEQ subsequent elements willbe generated automatically.

3. MAD = Increment ofelement number for each ofthe NSEQ subsequent elements.

4. MITYP = Materialtype to be applied to element MI.

5. MTYPAD = Increment ofthe type ofmaterialfor each ofthe NSEQ subsequent elements.

NOTE : A line containing five zeros separated byspaces or commas must be present to

signalthe end ofthis data set.

DATA SET 10: CHEMICAL COMPONENT INFORMATION

Line 1: Free-field format input contains eight integers.

1. NOHA = Number ofmobile components.

2. NOHS = Number ofimmobile components.

3. NOKX = Number ofkinetic aqueous complexed species.

4. NOKY = Number ofkinetic adsorbed species.

5. NOKZ = Number ofkinetic ion-exchanged species.

6. NOKP = Number ofkinetic precipitated species.

7. NOMB = Number ofaqueous phase microbialspecies.

8. NOMA = Number ofadsorbed phase microbialspecies.

Line 2 and Line 3 are repeated (NOHA + NOHS) times, once for eachcomponent inthe simulation.

Line 2 : FORMAT(A10) contains the following information:

1. CNAM(I) = component name ofthe I-th component.

Line 3 : FORMAT(2I5) contains the following information:

1. IDNTC(I,1) = Chemicalcomponen t number ofthe I-th transport component.

2. INDTC(I,1) = indicator ofthe I- th transport component,

0 = conservative component,

1 = nonconservative mobile component,

2 = immobile component,

3 = component whose activityis fixed.

DATA SET 11: INPUT FOR INITIAL OR PRE -INITIAL CONDITIONS

This data set is needed onlyifNSTR = 0, or the simulation is not a restart one. (NSTR is

specified in Data Set 2). When this data set is needed, typicallya totalofNNP lines are required

for each chemicalcomponent and the temperature ifheat transfer simulation is needed (ISHEAT

> 0), one each for each node. However, ifthe initialor pre -initialconditions appear in a regular

pattern, automatic generation maybe used. The following set oflines should be repeated for each

ofthe NOHA + NOHS components, the NOKX + NOKY + NOKZ + NOKP kinetic chemical

product species, the NOMB + NOMA microbialspecies, and the temperature ifISHEAT > 0.

(NOHA, NOHS, NOKX, NOKY, NOKZ, NOKP, NOMB, NOMA are specified in Data Set 10).

Each line is free-field format input containing the following information:

1. NI = Globalnode number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent nodes willbe generated automatically.

3. NAD = Increment ofthe node number for each ofthe NSEQ nodes.

4. RNI = Initialor pre -initialtotalconcentration/temperature at node NI

(moles/totaldm 3 or o K).

5. RAD = Increment ofinitialor pre -initialtotalconcentration/temperature for each of

the NSEQ nodes (moles/totaldm 3 or o K).

6. RRD = Percent increase ofthe increment over its preceding increment (decimal

fraction):

0 = Allincrements, RAD’s, are the same.

> 0 = The first increment is RAD*(1+RRD), the second increment is

RAD*(1+RRD) 2 , the third increment is RAD*(1+RRD) 3 , and so on.

NOTE ON INITIAL CONDITIONS :

· A line with six zeros separated byspaces or commas must be used to signal

the end ofthis data set for each species.

· Allinitialconcentrations are in moles per volume ofmedia (= totalvolume of

the solid and liquid phases).

· Ifthe INDTC for anychemicalcomponent is equalto 3, then the log10 ofits

activityshould be entered for initialor pre-initialvalues. (INDTC is specified

in Data Set 10).

· The initialconditions for a transient simulation maybe obtained in three

different ways: (1) frombatch input, (2) auxiliarystorage input, or (3)

steady -state calculation using time -invariant boundaryconditions. In the

latter case, a batch input ofthe pre -initialconditions is required as the zeroth order iterate ofthe steadystate solution. Auxiliarystorage input is necessary

whenever the restarting facilityis being used. That is, concentration

distribution for NSTR different times have been generated and written on

disk or magnetic tape. IfNSTR > 0, these distributions willbe read from

LogicalUnit 13, and NSTR -th distribution willbe used as the initial

condition for the current calculation. The format ofLogicalUnit 13,

FORTRAN binary, C single- or double-precision binary, is determined bythe

parameter KSTR. KSTR must be greater than 0 ifNSTR > 0 for restart

jobs. Ifeither the first (batch input) or the last (steady -state) option is used,

then NSTR = 0. (NSTR is specified in Data Set 2).

NOTE ON AUXILIARY UNITS : LogicalUnit 11 is used to input hydrodynamic variables

to HYDROGEOCHEM123D ifKVI > 0. LogicalUnit 12 is used to store output of

HYDROGEOCHEM123D whenever KDSK0 and KDSK(I), I = 1, NTI > 0. LogicalUnit 13

is used to input initialcondition ifNSTR > 0. Proper identification ofthese three units must

be made ifeither ofthese options is used. The filename for LogicalUnit 13 ofthe current job

should be the same as that for LogicalUnit 12 ofthe previous job.

NOTEONSTEADY-STATEINPUT : Asteady-state optionmaybe used to provide either the

finalstate ofa systemunder studyor the initialconditions for a transient state calculation. Inthe

former caseKSS = 0 and NTI = 0, and inthe latter case KSS =0 andNTI > 0. IfKSS ¹ 0, there

willbe no steady-state calculation.

DATA SET 12: INTEGER PARAMETERS FOR SOURCES AND BOUNDARY

CONDITIONS

Free-field format input contains 13 integers as follows:

1. NSEL = Number ofsource/sink elements.

2. NSPR = Number ofsource/sink profiles.

3. NSDP = Number ofdata points in each source/sink profile.

4. NWNP = Number ofwellor point source/sink nodes.

5. NWPR = Number ofwellor point source/sink strength profiles.

6. NWDP = Number ofdata points in each ofthe NWPR profiles.

7. NDNP = Number ofDirichlet nodes.

8. ND PR = Number ofDirichlet profiles.

9. NDDP = Number ofdata points in each ofthe NDPR profiles.

10. NVNP = Number ofvariable-boundarynodes.

11. NVES = Number ofvariable-boundarysides.

12. NVPR = Number ofincoming fluid concentration profiles to be applied to variable-

boundaryelement sides.

13. NVDP = Number ofdata points in each ofthe NVPR profiles.

DATA SET 13: ELEMENT (DISTRIBUTED) AND WELL (POINT) SOURCE/SINK

(1) Element Source/Sink : This data set is needed ifand onlyifNSEL > 0. When NSEL > 0,

data subsets (b) and (c), together and in sequence as a supergroup, should be repeated

(NOHA + NOHS + NOKX + NOMB + 2) times for simulations without heat transfer or

(NOHA + NOHS + NOKX + NOMB + 3) times for simulations with heat transfer (i.e.,

ISHEAT > 0). (NSEL is specified in Data Set 12. NOHA, NOHS, NOKX, and NOMB

are specified in Data Set 10).

(a) Globalelement number ofcompressed source/sinkelement number:Free-fieldformat

input contains the following information:

1. LES(I) , I = 1, NSEL, Globalelement number ofthe I-th distributed source/sink

element.

(b) Element source/sink profile: Number oflines depends on NSPR, NSDP, and NON.

Each line contains a number ofdata points = 2*NSDP numericalnumbers. Each line

is free-field format input. For a transport component, fluid density, flow rate, and

temperature, the sequence ofinput goes bya (time, source strength) pair that is

repeated untilallthe NSDP pairs are entered. This sequence ofinput is then repeated

for the next component, flow rate, fluid density, and/or temperature.

For K = 1, NOHA + NOHS + NOKX + NOMB + 3, I = 1, NSPR, J = 1, NSDP,

1. TSOSF(J,I,K) = Time ofJ-th data point in I -th profile for K -th component (T).

2. SOSF(J,I,K) = Source/sink value ofJ-th data point in I -th profile for K -th

component:

· concentration (moles/dm 3 liquid) ifK £ (NOHA + NOHS + NOKX +

NOMB),

· flow rate ofliquid (L 3 /T) ifK = (NOHA + NOHS + NOKX + NOMB

+ 1),

· densityofincoming liquid (kg/dm 3 ) ifK = (NOHA + NOHS + NOKX

+ NOMB + 2), and

· temperature ofincoming liquid ( o K) ifISHEAT > 0 and K = (NOHA +

NOHS + NOKX + NOMB + 3).

(c) Source/sink profile type in each source/sink element: Typically, one line per element is

needed. However, automatic generation can be used. Each line is free-field format

input containing the following:

1. MI = Compressed source/sink element number of first element in the sequence.

2. NSEQ = NSEQ source/sink elements willhave profile type MITYP.

3. MAD = Increment ofMI for each of the NSEQ elements.

4. MITYP= Source/sink profile type for element MI.

5. MTYPAD = Increment ofsource profile type in each ofthe NSEQ subsequent

elements.

NOTE : A line containing five zeros separated byspaces or commas must be used to

end this data set.

(2) Point source/sink : This data set needed ifand onlyifNWNP > 0. When NWNP > 0, data

subsets (b) and (c), together and in sequence as a supergroup, should be repeated (NOHA

+ NOHS + NOKX + NOMB + 2) times for simulations without heat transfer or (NOHA +

NOHS + NOKX + NOMB + 3) times for simulations with heat transfer (i.e., ISHEAT >

0). (NWNP is specified in Data Set 12. NOHA, NOHS, NOKX, and NOMB are specified

in Data Set 10).

(a) Globalnode number ofcompressed point source/s ink number: Free-field format

input contains the following information:

1. NPW(I), I = 1, NWNP, Globalnode number ofthe first source/sink node.

(b) Point source/sink profile: Number oflines depends on NWPR, NWDP, and NOHA +

NOHS + NOKX + NOMB. Each line contains a number ofdata points = 2*NWDP

numericalnumbers. Each line is free-field format input. For a transport component,

fluid density, flow rate, and temperature, the sequence ofinput goes bya (time,

source strength) pair that is repeated untilallthe NWDP pairs are entered. This

sequence ofinput is then repeated for the next component, flow rate, fluid density,

and/or temperature.

For K =1, NOHA + NOHS + NOKX + NOMB + 3, I = 1, NWPR, J = 1, NWDP,

1. TWSSF(J,I,K) = Time ofJ-th data point in I -th profile for K -th component (T).

2. WSSF(J,I,K) = Source/sink value ofJ-th data point in I -th profile for K -th

component:

· concentration (moles/dm 3 liquid) ifK £ (NOHA + NOHS + NOKX +

NOMB),

· flow rate ofliquid (L 3 /T) ifK = (NOHA + NOHS + NOKX + NOMB

+ 1),

· densityofincoming liquid (kg/dm 3 ) ifK = (NOHA + NOHS + NOKX

+ NOMB + 2), and

· temperature ofincoming liquid ( o K) ifISHEAT > 0 and K = (NOHA +

NOHS + NOKX + NOMB + 2).

(c) Type ofpoint source/sink nodes: Typically, one line per wellnode is needed.

However, automatic generation maybe used. Each line is free-field format input

containing the following:

1. NI = Compressed wellnode number ofthe first node in a sequence.

2. NSEQ = NSEQ subsequent wellnodes willbe genera ted automaticallyfor the source

profile type.

3. NIAD = Increment ofcompressed wellnode number for each ofthe NSEQ

subsequent nodes.

4. NITYP = Type ofwellsource/sink profile assigned to NI -th wellnode.

5. NITYPA= Increment ofNITYP for each ofthe NSEQ subsequent nodes.

NOTE : A line containing five zeros separated byspaces or commas must be used

to signalthe end ofthis data subset.

DATA SET 14: VARIABLE BOUNDARY CONDITIONS

This data set is required ifand onlyifNVES > 0. Boundaryconditions must be specified for all

mobile components (i.e. those with INDTC(I,1) = 0 or 1), for allkinetic aqueous complexed

chemicalproduct species, for allaqueous phase microbialspecies, and for temperature ifISHEAT

> 0. (NVES is specified in Data Set 12; INDTC is specified in Data Set 10).

Four groups ofrecords are required for this data set: The first group is used to specifythe

incoming concentration profiles. The second group is used to assign the type ofincoming

concentration profile to each ofthe NVES boundarysides. The third group is used to read the

globalnodalnumber ofNVNP in-flow and out-flow nodes. The fourth group is used to specify

the information ofthe NVES element sides. The first group and the second group, together and

in sequence as a supergroup, should be repeated (NOHA + NOKX + NOMB) times for

simulations without heat transfer or (NOHA + NOKX + NOMB + 1) times for simulations with

heat transfer (i.e., ISHEAT > 0). The programchecks INDTC(I,1) for each ofthe NOH

components, and onlyreads a boundarycondition ifINDTC(I,1) £ 1 (i.e. do not specifya

boundarycondition for fixed concentration or immobile components).

(a) Incoming concentration profiles: Number oflines depends on NVPR, NVDP, and NOHA

+ NOKX + NOMB. Each line contains a number ofdata points = 2*NVDP numerical

numbers. Each line is free-field format input. For a transport component and temperature,

the sequence ofinput goes bya (time, concentration/temperature) pair that is repeated

untilallthe NVDP pairs are entered. This sequence ofinput is then repeated for the next

component and/or temperature.

For K=1, NOHA + NOKX + NOMB +1, I = 1, NVPR, J = 1, NVDP,

1. TCVBF(J,I,K) = Time ofJ-th data point in I -th incoming concentration/

temperature versus time profile for K -th component (T).

2. CVBF(J,I,K) = Concentration (K £ NOHA + NOKX + NOMB) or

temperature (K = NOHA + NOKX + NOMB + 1) ofJ-th data point in I -th

incoming concentration/temperature versus time profile for K -th c omponent:

(moles/liter or o K).

(b) Incoming concentration/temperature profile type assigned to variable-boundarysides:

Typically, one line per wellnode is needed. However, automatic generation maybe used.

Each line is free-field format input containing the following:

1. MI = Compressed variable-boundaryside number ofthe first side in a

sequence.

2. NSEQ = NSEQ subsequent sides willbe generated automatically.

3. MIAD = Increment ofthe compressed variable-boundaryelement side number for

each ofthe NSEQ subsequent sides.

4. MITYP = Type ofincoming concentration profile assigned to side MI.

5. MTYPAD = Increment ofthe type ofincoming concentration profile for each ofthe

NSEQ subsequent sides.

NOTE : A line containing five zeros separated byspaces or commas is used to end the

input ofthis data subset.

(c) Globalnodalnumber ofNVNP variable-boundarycondition nodes: Typically, NVNP lines

are needed. However, automatic generation can be used. This group ofdata is needed

for two- and three-dimensionalproblems only. Each line is free-field format input

containing the following:

1. NI = Compressed variable-boundarynode number ofthe first node in a sequence.

2. NSEQ = NSEQ subsequent nodes willbe generated aut omatically.

3. NIAD = Increment ofthe compressed variable-boundarynode number for each ofthe

NSEQ subsequent sides.

4. NODE = Globalnode ofthe compressed node NI.

5. NODEAD = Increment ofNODE for each ofthe NSEQ subsequent nodes.

NOTE : A line containing five zeros separated byspaces or commas is used to end the

input ofthis data subset.

(d) Specification ofvariable-boundarysides: The formats for one-, two-, and three-dimensional

problems are slightlydifferent.

One-DimensionalProblems:

One or two integer numbers specifying the elements associated with the ends ofthe domain

are required.

1. MVES(1) = globalelement number ofthe first variable boundaryside (=1 or NEL).

2. MVES(2) = globalelement number ofthe second variab le boundaryside

(=1 or NEL).

Two-DimensionalProblems:

Typically, NVES lines are required, one each for a variable-boundaryelement side. However,

ifa group ofvariable-boundaryelement sides appears in a regular pattern, automatic

generation maybe used. Each line is free-field format input containing the following:

1. MI = Compressed variable boundaryelement -side number ofthe first element

side in a sequence.

2. NSEQ = NSEQ subsequent variable-boundaryelement sides willbe generated

automatically.

3. M = Globalelement number to which the MI -th element side belongs.

4. IS1 = Compressed variable-boundarynodalnumber ofthe first node ofelement

side MI.

5. IS2 = Compressed variable-boundarynodalnumber ofthe second node of

element side MI.

6. MIAD = Increment ofMI for each ofthe NSEQ subsequent variable-boundary

element sides.

7. MAD = Increment ofM for each ofthe NSEQ subsequent variable-boundary

element sides.

8. IS1AD = Increment ofIS1 for each ofthe NSEQ subsequent variable-boundary

element sides.

9. IS2AD = Increment ofIS2 for each ofthe NSEQ subsequent variable-boundary

element sides.

NOTE : A line with nine zeros separated byspaces or commas is used to end the

input ofthis data subset.

Three-DimensionalProblems:

Normally, NVES records are required, each for a variable boundary(VB) element side.

However, ifa group ofvariable boundarysides appears in a regular pattern, automatic

generation maybe made. Each record, in free format, contains the following variables.

1. MI = Compressed VB element side number ofthe first element side in a sequence.

2. NSEQ = NSEQ subsequent VB element sides willbe generated automatically.

3. M = Globalelement number ofthe element a ssociated with the VB element side.

4. I1 = Compressed node number ofthe first node ofelement side MI.

5. I2 = Compressed node number ofthe second node ofelement side MI.

6. I3 = Compressed node number ofthe third node ofelement side MI.

7. I4 = Compressed node number ofthe fourth node ofelement side MI.

8. MIAD = Increment ofMI for each ofthe NSEQ subsequent VB element sides.

9. MAD = Increment ofM for each ofthe NSEQ subsequent VB element sides.

10. I1AD = Increment ofI1 for e ach ofthe NSEQ subsequent VB element sides.

11. I2AD = Increment ofI2 for each ofthe NSEQ subsequent VB element sides.

12. I3AD = Increment ofI3 for each ofthe NSEQ subsequent VB element sides.

13. I4AD = Increment ofI4 for each ofthe NS EQ subsequent VB element sides.

NOTE : A blank line with 13 0’s must be used to signalthe end ofthis subset.

DATA SET 15: DIRICHLET BOUNDARY CONDITIONS

This data set is required ifand onlyifNDNP > 0. Boundaryconditions must be specified for all

mobile components (i.e. those with INDTC(I,1) = 0 or 1), for allkinetic aqueous complexed

product species, for allaqueous phase microbialspecies, and for temperature ifISHEAT > 0.

(NDNP is specified in Data Set 12; INDTC is specified in Data Set 10).

Data groups (a) and (b), together and in sequence as a supergroup, should be repeated (NOHA +

NOKX + NOMB) times for simulations without heat transfer or (NOHA + NOKX + NOMB + 1)

times for simulations with heat transfer (i.e., ISHEAT > 0). The programchecks INDTC(I,1) for

each ofthe NOH components, and onlyreads a boundarycondition ifINDTC(I,1) £ 1.

(a) Dirichlet concentration profile: Number oflines depends on NDPR, NDDP, and NOHA +

NOKX + NOMB. Each line contains a number ofdata points = 2*NDDP numerical

numbers. Each line is free-field format input. For a transport component and temperature,

the sequence ofinput goes bya (time, concentration/temperature) pair that is repeated

untilallthe NDDP pairs are entered. This sequence ofinput is then repeated for the next

component and/or temperature.

For K=1, NOHA + NOKX + NOMB +1, I = 1, NDPR, J = 1, NDDP,

1. TCDBF(J,I,K) =Time ofJ-th data point in I -th Dirichlet concentration/

temperature versus time profile for K -th component (T) .

2. CDBF(J,I,K) = Concentration (K £ NOHA + NOKX + NOMB) or

temperature (K = NOHA + NOKX + NOMB+1) ofJ-th data point

in the I -th Dirichlet concentration/temperature versus time profile

for K -th component: (moles/kg or o K).

(b) Type ofDirichlet node Typically, one line per wellnode is needed. However, automatic

generation maybe used. Each line is free-field format input containing the following:

1. NI = Compressed Dirichlet node number ofthe first node in the sequence.

2. NSEQ = NSEQ sub sequent Dirichlet nodes willbe generated automatically.

3. NAD = Increment ofcompressed Dirichlet node number for each ofthe NSEQ

nodes.

4. NITYP = Type ofDirichlet concentration profile for node NI and the NSEQ

subsequent nodes.

5. NTYPAD = Incre ment ofNITYP for each ofthe NSEQ subsequent nodes.

NOTE : A line with five zeros separated byspaces or commas must be used to signal

the end ofthis data subset.

(c) Dirichlet nodes: Typically, NDNP lines are needed. However, automatic generat ion can

be used. Each line is free-field format input containing the following:

1. NI = Compressed Dirichlet boundarynode number ofthe first node in a

sequence.

2. NSEQ = NSEQ subsequent nodes willbe generated automatically.

3. NIAD = Increme nt ofthe compressed Dirichlet boundarynode number for each of

the NSEQ subsequent sides.

4. NODE = Globalnode ofthe compressed node NI.

5. NODEAD= Increment ofNODE for each ofthe NSEQ subsequent nodes.

NOTE : A line containing five zeros separated byspaces or commas is used to end the

input ofthis data subset.

DATA SET 16: VELOCITY, MOISTURE CONTENT, AND LIQUID DENSITY

The first two data subsets (velocityand moisture content) are needed onlyifKVI £ 0. IfKVI >

0, the velocityand moisture data willbe read via LogicalUnit 11. (KVI is specified in Data Set

2).

(a) Velocityfield: Normally, one line per node is needed. However, automatic generation can

be used ifthere is a pattern. Format varies slightlyamong one-, two-, and three-

dimensionalproblems in this group ofdata.

One-DimensionalProblems:

Each line is free-field format input containing five variables:

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent nodes willbe automatica llygenerated.

3. NAD = Increment ofnode number in each ofthe NSEQ subsequent nodes.

4. VXNI = x -velocitycomponent ofnode NI (L/T).

5. VXAD = Increment ofx -velocityfor each ofthe NSEQ subsequent nodes (L/T).

NOTE : A line with five zeros separated byspaces or commas signals the end of

this data subset.

Two-DimensionalProblems:

Each line is free-field format input containing seven variables:

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent node s willbe automaticallygenerated.

3. NAD = Increment ofnode number in each ofthe NSEQ subsequent nodes.

4. VXNI = x -velocitycomponent ofnode NI (L/T).

5. VZNI = z -velocitycomponent ofnode NI (L/T).

6. VXAD = Increment ofx -velocityfor eac h ofthe NSEQ subsequent nodes (L/T).

7. VZAD = Increment ofz -velocityfor each ofthe NSEQ subsequent nodes (L/T).

NOTE : A line with seven zeros separated byspaces or commas signals the end of

this data subset.

Three-DimensionalProblems:

Each line is free-field format input containing nine variables:

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subsequent nodes willbe automaticallygenerated.

3. NAD = Increment ofnode number in each ofthe NSEQ subsequent nodes.

4. VXNI = x -velocitycomponent ofnode NI (L/T).

5. VYNI = y -velocitycomponent ofnode NI (L/T).

6. VZNI = z -velocitycomponent ofnode NI (L/T).

7. VXAD = Increment ofx -velocityfor each ofthe NSEQ subsequent nodes (L/T).

8. VYAD = Increment ofy -velocityfor each ofthe NSEQ subsequent nodes (L/T).

9. VZAD = Increment ofz -velocityfor each ofthe NSEQ subsequent nodes (L/T).

NOTE : A line with seven zeros separated byspaces or commas signals the end of

this data subset.

(b) Moisture content field: Typically, one line per element is needed. However, automatic

generation can be used ifthere is a pattern. Each line is free-field format input containing

five variables:

1. NI = Element number ofthe first element in the sequence.

2. NSEQ = NSEQ subsequent elements willhave the moisture content automatically

generated.

3. NAD = Increment ofelement number for each ofthe NSEQ subsequent elements.

4. THNI = Moisture content ofelement NI (decimalpoint).

5. THNIAD = Increment ofmoisture content for each ofthe NSEQ subsequent elements (decimalpoint).

NOTE : A line with five zeros separated byspaces or commas signals the end of

this data subset.

NOTE : IfKVI > 0, LogicalUnit 11, instead ofthe listed format above, willbe used for

hydrologicalcondition input. The hydrologicaldata must be written bya Fortran program

into an unformatted file with this set ofWRITE statements:

CHARACTER TITLEM*70

INTEGER NPROBM ,NNPB,NELB,NBNP,NBES,NTIM

REAL*8 (A-H ,O-Z)

WRITE(11) TITLEM,NPROBM,NNPB,NELB,NBNP,NBES,NTIM

WRITE(11) (X(N),N=1,NNP),(Y(N),N=1,NNP),(Z(N),N=1,NNP),

& (( IE(M,I),M=1,NEL),I=1,9)

WRITE(11) TIMEM,(H,NP=1,NNP),(HT,NP=1,NNP),

& (( TH(IQ,M),IQ=1,8),M=1,NEL),

& ( VDCY(NP,1),NP=1,NNP),(VDCY(NP,2),NP=1,NNP),

& ( VDCY(NP,3),NP=1,NNP)

For KVI = 2 (transient flow field), the last statement has to be repeated (NTI + 1) times

(initialconditions and the flow field for each time step). NTI is defined in data set 2.

(c) Liquid densityfield: Typically, one line per node is needed. However, automatic

generation can be used. Each line is free-field format input containing six variables:

1. NI = Node number ofthe first node in the sequence.

2. NSEQ = NSEQ subs equent nodeswillhave liquid densityautomaticalygenerated.

3. NAD = Increment ofthe node number for each ofthe NSEQ subsequent nodes.

4. RHOLNI = Liquid densityat node NI (M/L 3 ).

5. RHOLAD = Incrementalincrease ofthe liquid densityfor each ofthe NSEQ

subsequent nodes (M/L 3 ).

6. RHOLRD = Percent increase ofthe increment over its preceding increment (decimal

fraction).

NOTE : A line containing six zeros separated byspaces or commas must be used to

signalthe end ofthe this data subset.

DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES

One line (FREE FORMAT) contains 6 variables as follows:

1. NONA = Number ofaqueous components.

2. NONS = Number ofadsorbent components.

3. NOMX= Number ofcomplexed species.

4. NOMY= Number ofadsorbed species.

5. NOMZ = Number ofion-exchanged species.

6. NOMP = Number ofspecies subject to precipitation/dissolution.

DATA SET 18: H + , e - , AND IONIC STRENGTH CORRECTION INFORMATION

One line (FREE FORMAT) contains the following five variables:

1. SICOR = User’s specified ionic strength for computing activitycoefficients. (This willbe

used as a constant ionic strength ifthe user sets ICOR = 1 below).

2. ICOR = Is ionic strength used to correct activitycoeffici ent?

0 = no,

1 = constant ionic strength is used (value specified bythe user above),

2 = variable ionic strength is used (as calculated bythe program).

3. LNH = Location ofthe component H + among component list (in Data Sets 23 and 24), 0

ifnot present.

4. LNG = Location ofthe gas component among component list (in Data Sets 23 and 24),

0 ifnot present.

5. LNE = Location ofthe component e - among component list (in Data Sets 23 and 24), 0

ifnot present.

DATA SET 19: TEMPERATURE, PRESSURE, AND EXPECTED pe AND pH

Two lines per problemare required.

Line 1 (FREE FORMAT) contains the following information:

1. TEMP = Absolute temperature in Kelvin ( o K).

2. PRESU = Pressure in ATM.

Line 2 (FREE FORMAT) contains the following information:

1. PEMN = Expected minimumpe.

2. PEMX = Expected maximumpe.

3. PHMN = Expected minimumpH.

4. PHMX = Expected maximumpH.

DATA SET 20: ADSORPTION INFORMATION

This data set is needed ifand onlyifNONS > 0. (NONS, the number ofadsorbent components,

is specified in Data Set 17). This data set contains information for NSORB adsorbing sites, which

is divided into three data groups.

(a) Sorbing sites and model: One line containing the following two variables:

1. NSORB = Number ofadsorbing sites.

2. IADS = Adsorption modelindex:

0 = simple surface complexation,

1 = constant capacitance model,

2 = triple layer model.

Note : IfIADS = 0, NONS = 1 x NSORB

IfIADS = 1, NONS = 2 x NSORB

IfIADS = 2, NONS = 3 x NSORB

(b) Adsorbent locations: Totalnumber oflines in this subset is NSORB. Each line contains

the following two variables, for I = 1, NSORB:

1. LNOA(I) = Location ofthe exp(-e*psio/kt) component in the component l ist for the

I-th adsorbing site. (Components are listed in Data Sets 23 and 24).

2. LNBA(I) = Location ofthe exp(-e*psib/kt) component in the component list for the

I-th adsorbing site. (Components are listed in Data Sets 23 and 24).

(c) Double/triple layer capacitance and surface area: The totalnumber ofrecords in this

subset is NMAT, each maycontain multiple lines. Each record contains the following

variables, for J = 1, NSORB , I = 1, NMAT:

1. CAP1M(J,I) = Capacitance between the sur face and "o" plane, (Faraday/L 2 ) for

the J-th adsorbing site in materialI,

2. CAP2M(J,I) = Capacitance between the "o" plane and "b" plane, (Faraday/L 2 ) for

the J-th adsorbing site in materialI,

3. SREAM(J,I) = Surface area ofthe J-th adsorb ing site in materialI, (L 2 /M ofsolid).

DATA SET 21: ION-EXCHANGE INFORMATION

This data set is needed onlyifNOMZ > 0. (NOMZ, the number ofion-exchanged species, is

specified in Data Set 17). This set reads information ofion exchange information for NSITE

exchange sites. Three groups ofdata are needed.

(a) Ion-exchange sites: containing the following one variable:

1. NSITE = Number ofion-exchange sites.

(b) Ion-exchange species: The totalnumber oflines in this subset is NSITE. Each line

contains the following two variables for the I-th site for I = 1, NSITE:

1. NOMZI(I) = Number ofion-exchanged species participating in reactions at the I-th

exchanged site.

2. LNI(I) = Indicator for the "reference" ion-exchange species for the I-th site. It gives

the location ofthis "reference" species on the ion-exchanged species list.

(c) Ion-exchange capacity: The totalnumber ofrecords in this subset is NMAT, each may

include multiple lines. Each record contains the following variables, for J = 1, NSITE, J =

1, NMAT,

1. CECM(J,I) = Ion-exchange capacity(equivalents per unit mass ofsolid) for the J-th

site in materialI.

DATA SET 22: BASIC REAL AND INTEGER PARAMETERS FOR

BIOGEOCHEMISTRY CALCULATIONS

One line ofunformatted input contains the following 6 variables.

1. OMEGAC = relaxation parameters for iteration:

0 ~ 1 = under-relaxation,

1 = exact relaxation,

1 ~ 2 = over-relaxation.

2. NPCYL = number ofcycles allowed for iterating precipitation-dissolution. (Set

NPCYL = 1 ifprecipitation-dissolution is not present in the simulation).

3. NITERC = number ofiterations allowed.

4. EPSC = error tolerance for iteration.

5. CNSTRNX = a factor for the constraint on complexed species concentration. No

complexed species concentration would yield a totalcomponent

concentration greater than CNSTRNX times ofthe input totalcomponent

concentration.

6. CNSTRNY = a factor for the constraint on adsorbed species concentration. No

adsorbed species concentration would yield a totalcomponent

concentration greater than CNSTRNY times ofthe input totalcomponent

concentration.

7. IPIV = option for pivoting for solution ofthe Newton-Raphson matrix equations.

1 = fullpivoting.

2 = partialpivoting.

DATA SET 23: NAMES AND TYPES OF CHEMICAL COMPONENT SPECIES

For each component, two lines are needed.

Line 1 - FORMAT(A20,*)

1. CNAM(J,2) = Component name ofthe J-th component.

Line 2 - free format, containing two variables.

1. INDTC(J,2) = Type ofthe J-th com ponent species,

1 = mobile aqueous species, e.g., Ca 2+ ,

2 = immobile adsorbent species, e.g., SOH

3 = fictitious species, e.g., sigmao or sigmab

4 = mobile adsorbent species, e.g. colloid component species

2. IFCS = Indicator for free component specie s:

0 = free component species subject to transport.

1 = free component species not subject to transport.

DATA SET 24: COMPONENT SPECIES AND THEIR ION-EXCHANGED SPECIES

For each component species, either two lines or (2 + 3*IONEX) lines are needed, depending on

whether the species participates in ion-exchange reactions. Ifthe species does not participate in

ion-exchange reactions, two lines are needed for the species. Ifthe species is involved in IONEX

sites ofion-exchanged reactions, (2+3*IONEX) lines are needed for the species.

Data for the NONA aqueous components should be listed first, then for the NONS adsorbent

components. (NONA and NONS are specified in Data Set 17). Allinformation relating to one

component species is input (either 2 or (2+3*IONEX) lines), then the information for the next

component species. Components should be entered in the same order used in Data Set 23.

Line 1 : FORMAT(A20)

1. SPECN(I) = Name ofthe I-th component species.

Line 2 : Free format. This line contains three variables:

1. ISCN(I) = Indicator ofthe I-th species concentration:

0 = Species concentration or activitywillbe computed.

3 = Species concentration or activityis fixed.

2. VJ(I) = Charge ofthe I-the component species.

3. IONEX = Intege r indicating thenumber ofionexchangesitesto whichthis component

species participates:

0 = This component species does not participate in anyion exchange

reaction.

IONEX = This component species participates in IONEX ion exchange

reactions.

The following data subset is needed for a component species onlyifIONEX is not equalto zero.

When IONEX is not equalto 0, this subset is repeated IONEX times. For each ofthe IONEX ion

exchange sites on which this component species is involved in ion-exchange reactions, the

following three records are needed.

For k = 1, IONEX

Record 1 - This record contains the following variable in one single line:

1. J = This species participates in the J-th ion exchange site’s reaction.

Record 2 - FORMAT(A20): This record contains the following variable in one single line:

1. SPECN(II) = Name ofthe II-th ion-exchanged species resulted fromthe I-th

component species involving in the J-th ion exchange site reaction.

NOTE : II is internallyarranged according to the order ofion exchange site.

Record 3 - Free Format. This record contains the following variables, which mayoccupymultiple

lines:

1. ISCN(II) = Indicator ofthe II-th ion-exchanged species concentration:

0 = species concentration is to be computed,

3 = species concentration is fixed.

2. AXYZP(IPD,J), J = 1, NON, is the stoichiometric coefficient ofthe J-th component in the

II-th ion exchange species for use in mass action, where IPD=II-NON.

3. BXYZP(IPD,J), J = 1, NON, is the stoichio metric coefficient ofthe J-th component in the

II-th ion exchange species for use in mole balance, where IPD=II-NON.

DATA SET 25: COMPLEXED SPECIES AND THEIR ION-EXCHANGED SPECIES

This data set is needed onlyifNOMX > 0. For each complexed species, either two lines or (2 +

3*IONEX) lines are needed, depending on whether the species participates in ion-exchange

reactions. Ifthe species does not participate in ion-exchange reactions, two lines are needed for

the species. Ifthe species is involved in IONEX sites ofion-exchanged reactions, (2+3*IONEX)

lines are needed for the species. NOMX, the number ofaqueous complexed species, is specified

in Data Set 17.

Line 1 : FORMAT(A20)

1. SPECN(II) = Name ofthe II-th species or the I-th complexed s pecies.

Line 2 : Free format contains the following variables, which mayoccupymultiple lines:

1. ISCN(II) = Indicator ofthe II-th species concentration:

0 = Species concentration willbe computed.

3 = Species concentration is fixed.

2. AXYZP(I, J), J = 1, NON, is the stoichiometric coefficient ofthe J-th component in the I-

th complexed species, for use in mass action equation.

3. IONEX = Integer indicating the number ofion exchange sites on which this

complexed species participates in ion-exchange reactions:

0 = This complexed species does not participate in anyion exchange

reaction.

IONEX = This complexed species participates in IONEX ion exchange

reactions.

4. BXYZP(I,J), J = 1, NON, is the stoichiometric coefficient ofthe firs t component in the I-th

complexed species, for use in mole balance equation.

The following data subset is needed for this aqueous complexed species onlyifIONEX is not

equalto zero. When IONEX is not equalto 0, this subset is repeated IONEX times. For each of

the IONEX ion-exchange sites on which this aqueous complexed species is involved in ion-

exchange reactions, the following three records are needed to read ion exchanged species

information.

For k = 1, IONEX

Record 1 - This record contains the following variable in one single line:

1. J = This complexed species participates in the J-th ion exchange site’s reaction.

Record 2 - FORMAT(A20): contains the following variable in one single line:

1. SPECN(II) = Name ofthe II-th ion-exchanged sp ecies resulted fromthe I-th

complexed species involving in the J-th ion exchange site reaction.

NOTE : II is internallyarranged according to the order ofion-exchange sites.

Record 3 - Free Format. This record contains the following variables, which mayoccupymultiple

lines.

1. ISCN(II) = Indicator ofthe II-th ion-exchanged species concentration:

0 = species concentration is to be computed,

3 = species concentration is fixed.

2. AXYZP(IPD,J), J = 1, NON, is the stoichiometric coefficient of the J-th component in the

II-th ion exchange species for use in mass action, where IPD=II-NON.

3. BXYZP(IPD,J), J= 1, NON, isthe stoichiometric coefficient ofthe first component inthe II-

th ion-exchange species for use in mole balance, where IPD=II-NON.

DATA SET 26: ADSORBED SPECIES

This data set is needed onlyifNOMY > 0. Two records per adsorbed species are needed.

NOMY, the number ofadsorbed species, is specified in Data Set 17).

Record 1 - FORMAT(A20), contains one variable in one single line:

1. SPECN(II) = Name ofthe II-th species or the I-th adsorbed species.

Record 2 - Unformatted input containing the following variables that mayoccupymultiple lines:

1. ISCN(II) = Indicator ofthe II-th species concent ration:

0 = species concentration is to be computed,

3 = species concentration is fixed.

2. AXYZP(II,J), J = 1, NON, is the stoichiometric coefficient ofthe J-th component in the II-

th product species or in the I-th adsorbed species, for use in mass action

equation.

3. BXYZP(II,J), J = 1, NON, is the stoichiometric coefficient ofthe J-th component in the II-

th product species or in the I-th adsorbed species, for use in mole

balance equation.

DATA SET 27: PRECIPITATED/DISSOLVED SPECIES

This data set is needed onlyifNOMP > 0. Three records per precipitated species are needed.

NOMP, the number ofprecipitated species, is specified in Data Set 17.

Record 1 - FORMAT(A20), containing one variable in one single line:

1. SPECN(II) = Name ofthe II-th product species or the I-th precipitated/dissolved

species.

Record 2 - Unformatted input containing the following variables that mayoccupymultiple lines:

1. ISCN(II) = Indicator ofthe II-th species concentration:

0 = species concentration is to be computed,

3 = species concentration is fixed.

2. PKIPD = Log10 ofthe equilibriumformation constant for the I-th precipitated

species.

3. AXYZP(II,J), J = 1, NON, is the stoichiometric coefficient ofthe J-th component in the I I-

th product species or in the I-th precipitated/dissolved species, for use in

mass action equation.

4. BXYZP(II,J), J= 1, NON, is the stoichiometric coefficient ofthe J-th component inthe II-th

product species or inthe I-thprecipitated/dissolvedspecies, for use inmole

balance equation.

Record 3 - Enthalpyofprecipitation/dissolution reactions, contained in one single line. This

record is needed ifand onlyifISHEAT (specified in DATA SET 6a) > 0.

1. ENTHPYPR(II) = The enthalpyofthe I-th pr ecipitation/dissolution reactionthat creates the

II-thproduct speciesat the reference temperature TEMPREF specified in

data set 6b (ML 2 /T 2 ).

DATA SET 28: MICROBIAL SPECIES

This data set is needed onlyifNOMB or NOMA > 0. For each species, two lines are needed.

The NOMB aqueous microbialspecies should be listed first, then the NOMA adsorbed microbial

components. (NOMB and NOMA are specified in Data Set 10).

Line 1 - FORMAT(A20, I5)

1. SPECN(II) = Name ofthe II-th species.

Line 2 - (FREE FORMAT) contains the following variables:

1. ISCN(II) = Indicator ofthe II-th species concentration,

0 = species concentration is to be computed.

3 = species concentration is fixed.

2. PKD = Log10 ofthe death/decayconstant ofthe I-th mi crobialspecies.

3. NER = Number ofchemicalspecies affected byendogenous respiration ofthis

microbialspecies.

The following lines are needed onlyifNER > 0. Two lines are needed for each ofthe J = 1, NER

species affected byendogenous respiration.

Line 1 - (FREE FORMAT) contains the following variable,

1. IGER(II,J) = globalspecies number ofthe J-th chemicalspecies affected byendogenous

respiration ofthe II-th microbialspecies.

Line 2 - (FREE FORMAT) contains the following variables,

1. ERAIJ = stoichiometric coefficient for use ofthe J-th chemicalspecies due to

maintenance/decayprocesses ofthis microbialspecies.

2. ERKIJ = halfsaturation constant for the J-th chemicalspecies in the maintenance/decay

processes ofthis microbialspecies.

DATA SET 29: REACTION DATA

Equilibriumchemicalreactions involving aqueous complexation, adsorption or precipitation may

involve as manyreactants as necessarybut must be written as the formation ofonlyone

equilibriumproduct species. Each equilibriumproduct species mayparticipate in onlyone

equilibriumreaction.

Ion exchange (IE) reactions, whether equilibriumor kinetic, must have one aqueous species and

one ion exchanged species both as reactants and as products. The reactant ion exchanged species

must be the reference ion exchange species for the site involved, i.e.:

Aqueous Species + Reference IE Species « New Aqueous Species + New IE Species

Allother kinetic chemicalreactions mayinvolve anyspecies as reactants or products.

Microbiologicalreactions mayinvolve anychemicalspecies as reactants and products. One

reactant maybe identified as the substrate, one as the electron acceptor, one as the nutrient, and

one as the inhibitor for use in the Monod kinetic expressions.

One line is needed specifying the number ofmixed kinetic/equilibriumreactions in the simulation.

Line 1 - (FREE FORMAT) contains the following variable:

1. NRXN = The number ofkinetic/equilibriumreactions in this simulation.

The following subset is needed onlyifNRXN is greater than zero. For each ofthe NRXN

kinetic/equilibriumreactions four or five records are needed.

Record 1 - (FREE FORMAT) contains the following variables in one single line:

1. NRTS = The number ofreactant sp ecies participating in this kinetic reaction.

2. NPDS = The number ofproduct species participating in this kinetic reaction.

3. KRTYP(I) = Kinetic reaction type ofthe I-th reaction.

0 = Equilibriumreaction.

1 = Kinetic chemicalreaction.

2 = Monod kinetic microbialreaction.

3 = Microbialphase transfer reaction.

Record 2 - (FREE FORMAT) contains variables in one ofthe following three subsets, in one

single line:

(a) KRTYP(I) = 0 , equilibrium reaction ,

1. PEQK = Log10 ofthe equilibri umconstant for this reaction.

(b) KRTYP(I) = 1 or 3 , kinetic reaction or microbial phase transformation ,

1. PBK = Log10 ofthe backward rate constant for this kinetic reaction.

2. PFK = Log10 ofthe forward rate constant for this kinetic reaction.

(c) KRTYP(I) = 2 , microbial reaction (Monod kinetics),

1. GRMAXK = maximumspecific growth rate ofthe i-th reaction, m max , (1/T).

2. HSCS = halfsaturation constant for the substrate in the i-th reaction, K S ,

mass/mass ofphase (M/M). (Ifthe substrate availabilityis not to be

incorporated in the Monod kinetic expressions for this reaction, set = 0).

3. HSCA = h alfsaturation constant for the electron acceptor in the i-th reaction, K A ,

mass/mass ofphase (M/M). (Ifelectron acceptor availabilityis not to be

incorporated in the Monod kinetic expressions for this reaction, set = 0).

4. HSCN = halfsaturation constant for the nutrient in the i-th reaction, K N ,

mass/mass ofphase (M/M). (Ifnutrient availabilityis not to be

incorporated in the Monod kinetic expressions for this reaction, set = 0).

5. LOCS = reactant number whichisthe substrateinthe i-threaction. (Set = 0 ifnot used).

6. LOCA = reactant number which is the electron acceptor in the i-th reaction. (Set = 0 if

not used).

7. LOCN = reactant number whichisthe nutrient inthe i-threaction. (Set = 0 ifnot used).

8. TAUL = lag time for the i-th reaction.

9. TAUE = time to reach exponentialgrowth for the i-th reaction.

Record 3 - (FREE FORMAT) contains the following variables that mayoccupymultiple lines:

1. CXYZP(I,J), J = 1, NRTS, is the stoichiometric coefficient ofthe J-th reactant species

in the I-th reaction.

2. DXYZP(I,J), J = 1, NPDS, is the stoichiometric coefficient ofthe J-th product species

in the I-th reaction.

Record 4 - (FREE FORMAT) contains the following variables that mayoccupymultiple lines:

1. IGSNRT(I,J), J = 1, NRTS, is the globalspecies number ofthe J-th reactant species in

the I-th reaction.

2. IGSNPD(I,J), J = 1, NPDS, is the globalspecies number ofthe J- st product species in

the I-th reaction.

Record 5 - Enthalpyofequilibrium/kinetic reactions: this record, in one single line, is needed only

ifISHEAT (DATA SET 6a) > 0 and KRTYP(I) = 0 or 1.

1. ENTHPY(I) = The enthalpyofthe I-th reaction at the reference temperature TEMPREF

specified in data set 6b (ML 2 /T 2 ).

NOTE : The total, or global, number ofspecies in the simulation is NONA + NONS + NOMX +

NOMY + NOMZ. + NOMP + NOMB + NOMA. (Allspecified in Data Set 17). These species

are stored in the following order:

GlobalSpecies Number:

NONA aqueous component species 1 through NONA

NONS adsorbent component species (NONA + 1) through (NONA + NONS)

NOMX aqueous complexed species (NONA + NONS + 1) through

(NONA + NONS + NOMX)

NOMY adsorbed species (NONA + NONS + NOMX + 1) through

(NONA + NONS + NOMX + NOMY)

NOMZ ion-exchange species (NONA + NONS + NOMX + NOMY + 1)

through (NONA + NONS + NOMX + NOMY +

NOMZ)

NOMP precipitated species (NONA + NONS + NOMX + N OMY + NOMZ

+ 1) through (NONA + NONS + NOMX +

NOMY + NOMZ + NOMP)

NOMB aqueous phase microbialspecies (NONA + NONS + NOMX + NOMY + NOMZ +

NOMP + 1) through (NONA + NONS + NOMX +

NOMY + NOMZ + NOMP + NOMB)

NOMA adsorbed phase microbialspecies NONA + NONS + NOMX + NOMY + NOMZ +

NOMP + NOMB + 1) through (NONA + NONS +

NOMX + NOMY + NOMZ + NOMP + NOMB +

NOMA)

Within the NONA, NONS, NOMX, NOMY, NOMP, NOMB, and NOMA groups ofspecies, the

species are stored in the same order in which theyare input. Within the NOMZ group ofspecies, the

ion exchanged species are internallyrearranged and are stored in order first byion exchange site and

then bythe order ofthe aqueous species corresponding to the ion exchange species at that site.

DATA SET 30: END-OF-JOB LINE

A blank line must be used to signalthe end ofthe job.