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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT 

This report contains instructions for using the STMVOC numerical simulator. This 

code, which was developed at Lawrence Berkeley Laboratory, is an extension of the TOUGH 

geothennal code for use in problems involving subsurface contamination by nonaqueous 

phase liquids (NAPLs). The code is used for modeling the nonisothennal transport of air, 

water, and an organic chemical in three fluid phases. A discussion of the physical processes 

included in the simulator is given along with a brief outline of the mathematical fonnulation. 

A detailed guide to preparing the STMVOC input file with several illustrative examples is 

provided . 

.... __ 
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INTRODUCTION 

The STMVOC code is a three dimensional numerical simulator developed for modeling 

the transport of organic chemical contaminants in nonisothermal multiphase systems. In par

ticular, the code was designed to simulate steam injection for the removal of hazardous 

nonaqueous phase liquids (NAPLs) from contaminated soils and aquifers. Although it is 

expected that this will be the primary area of application of the code, the STMVOC simula

tor may be used to simulate many other multiphase contaminant transport problems such as 

NAPL migration in variably saturated media, forced vacuum extraction of organic chemical 

vapors from the unsaturated zone, and evaporation and diffusion of chemical vapors in the 

unsaturated zone. 

STMVOC uses a general integral finite difference method formulation known as MUL

KOM [Pruess, 1983; 1988]. Several versions of MULKOM have been developed for solving 

different multiphase flow problems. The features and capabilities of these different versions 

have been summarized by Pruess [1988]. The most well known and widely used version of 

MULKOM is the TOUGH simulator [Pruess, 1987]. TOUGH (Transport of Unsaturated 

Groundwater and Heat) is a three dimensional code for simulating the coupled transport of 

water, water vapor, air, and heat in porous and fractured porous media. The STMVOC 

simulator has been developed directly from TOUGH, and for the purpose of this report, it is 

assumed that the reader is familiar with the TOUGH code. It is intended that this report be 

used in conjunction with the original TOUGH user's guide [Pruess, 1987] rather than as a 

"stand alone" user's guide. 

This report contains a description of the physical processes included in the STMVOC 

simulator, and a limited discussion of the mathematical formulation. Instructions for generat

ing the input file are given along with four illustrative sample problems. For more complete 

details concerning the STMVOC formulation, the reader is referred to Falta [1990] or Falta 

et al. [ 1990a]. Several problems other than those described in this report have been modeled 

using STMVOC, and these are discussed in Falta [1990] and Falta et al. [1990b]. 
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The original STMVOC code development was carried out on a Cray X11P supercom

puter. However, a double precision version of the code has been generated for use on 32-bit 

workstations, and the results of simulations performed on these machines have been quite 

satisfactory. For purposes of comparison, using the Cray XMP cpu time as a baseline, a 

given problem will run about 2-3 times slower on an IBM Series 6000 Model 320 worksta

tion, about 5-6 times slower on a Solbourne Series 5 Model 502 workstation, and about 12-

14 times slower on a Sun Sparcstation workstation. 

.... ,. .... 

....... 
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PHYSICAL PROCESSES AND ASSUMPTIONS 

In the STMVOC fonnulation, the multiphase system is assumed to be composed of 

three mass components: air (or some other noncondensible gas), water, and a volatile, 

slightly water-soluble organic chemical Although air consists of several components (nitro

gen, oxygen, etc.), here it is treated as a single "pseudo" component with averaged proper

ties. These three components may be present in different proportions in any of the three 

phases, gas, aqueous, and NAPL. The components and phases considered by the STMVOC 

simulator are listed in Table 1. Each phase flows in response to pressure and gravitational 

forces according to the multiphase extension of Darcy's law, including the effects of relative 

penneability and capillary pressure between the phases. 

Transport of the three mass components occurs by advection in all three phases, and by 

multicomponent diffusion in the gas phase. At the present time, no allowance is made for 

molecular diffusion in the aqueous and NAPL phases, or for hydrodynamic dispersion. It is 

assumed that the three phases are in local chemical and thennal equilibrium, and that there 

are no chemical reactions taking place other than interphase mass transfer and adsorption of 

the chemical component to the solid phase. Mechanisms of interphase mass transfer for the 

organic chemical component include evaporation and boiling of the NAPL, dissolution of the 

NAPL into the aqueous phase, condensation of the organic chemical from the gas phase into 

the NAPL, and equilibrium phase partitioning of the organic chemical between the gas, aque

ous, and solid phases. Interphase mass transfer of the water component includes the effects 

of evaporation and boiling of the aqueous phase, dissolution of water in the NAPL (not usu

ally important), and condensation of water vapor from the gas phase. The interphase mass 

transfer of the air component consists of equilibrium phase partitioning of the air between the 

gas, aqueous. and NAPL phases. 

Heat transfer occurs due to conduction, multiphase convection, and gaseous diffusion. 

The heat transfer effects of phase transitions between the NAPL, aqueous and gas phases are 

fully accounted for by considering the transport of both latent and sensible heat. The overall 
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Table 1. Components and Phases 

Components Phases 

air gas 

water aqueous 

organic chemical NAPL 

heat 
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porous media thermal conductivity is calculated as a function of water and NAPL saturation, 

and depends on the chemical characteristics of the NAPL. 

Thermophysical properties of the aqueous and NAPL phases such as saturated vapor 

pressure and viscosity are calculated as functions of temperature, while specific enthalpy and 

density are computed as functions of both temperature and pressure. Vapor pressure lower

ing effects due to capillary forces are not presently included in the simulator. ·Gas phase 

thermophysical properties such as specific enthalpy, viscosity, density, and component molec

ular diffusivities are considered to be functions of temperature, pressure, and gas phase com

position. The solubility of the organic chemical in water may be specified as a function of 

temperature, and the gas-aqueous Henry's constant for the organic chemical is calculated as a 

function of temperature. The gas-aqueous and gas-NAPL Henry's constants for air are 

assumed to be constant, as is the water solubility in the NAPL phase. 

The necessary NAPL/organic chemical thermophysical and transport properties are 

computed by means of a very general equation of state. This equation of state is largely 

based on semi-empirical corresponding states methods in which chemical parameters are cal

culated as functions of the critical properties of the chemical such as the critical temperature 

and pressure. Because these data are available for hundreds of organic compounds, the 

NAPL/organic chemical equation of state is quite flexible in its application. 

By virtue of the fact that the integral finite difference method [Narasimhan and Wither

spoon, 1976] is used for spatial discretization, the present formulation makes no reference to 

a global coordinate system other than the direction of the gravitational acceleration vector, 

and no particular dimensionality is required. The STMVOC simulator may therefore be used 

for one, two, or three-dimensional anisotropic, heterogenous porous or fractured systems hav

ing complex geometries. The porous medium porosity may be specified to be a function of 

pore pressure and temperature, but no stress calculations are made. 
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GOVERNING EQUATIONS 

In a nonisothermal system containing three mass components, three mass balance equa-

tions and an energy balance equation are needed to fully describe the system. The following 

summary of the governing transport equations follows Pruess [1987; 1988] with extensions 

to account for a NAPL phase and a chemical component. The balance equations are written 

in integral form for some flow region, V1, having a surface area r 1, as follows 

:t J M K dVt = f FK ·n d r1 + J qK dV1 
I f1 I 

(1) 

K = a : air; K = w: water; K = c : chemical; K = h : heat 

where MK is the amount of component K per unit porous medium volume, FK is the total 

flux of component K into V1, n is the outward unit normal vector, and qK is the rate of gen

eration of component K per unit volume. For K =a ,w ,c, MK is the mass of component K 

pe; ~nit porous medium volume, F is the mass flux of component K, i!ild qK is the rate of 

mass generation of component K per unit volume. For K =h, MK is the amount of energy 

(heat) per unit porous medium volume, F is the heat flux, and qK is the rate of heat gen-

eration per unit volume. 

Accumulation Terms 

The mass accumulation terms for air and water (K =a ,w) contain a sum over the gas, 

aqueous, and NAPL phases 

(2) 

~ = g: gas; ~ = w: aqueous; ~ = n: NAPL 

where <P is the porosity, S ~ is the ~ phase saturation, p~ is the ~ phase density, and ro{ is the 

mass fraction of component K in phase ~· The organic chemical accumulation term (K =c) 

includes the effect of linear equilibrium adsorption onto the solid phase. 

....... •. 
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(3) 

where Pb is the dry bulk density of the soil, ro; is the mass fraction of the chemical in the 

aqueous phase, and Kv is the solid-aqueous distribution coefficient for the organic chemical 

[Freeze and Cherry, 1979]. The first term in (3) may be written as 

(4) 

where c; is the adsorbed mass of chemical per unit volume of soil, and c; is the chemical 

mass concentration in the aqueous phase. The use of (4) assumes that some liquid water is 

present in the system, and that the soil is preferentially wetted by the aqueous phase. In very 

dry systems, the use of (4) to describe vapor adsorption may lead to some error. Because it 

has been found that the degree of adsorption of organic chemicals depends largely on the 

amount of organic carbon present in the soil, Kv is often written as 

(5) 

where Kac is the organic carbon partition coefficient, and f oc is the organic carbon fraction 

in the soil [Karickhoff et al., 1979; Schwarzenbach and Westall, 1981]. 

The heat accumulation term (K =h) includes contributions from both the solid and the 

fluid phases 

(6) 

where PR is the soil grain density, CR is the heat capacity of the soil grains, T is the tern-

perature, and u 13 is the speci fie internal energy of phase ~· Because the mass fractions of air 

and organic chemical in the aqueous phase are small, the specific internal energy of the aque-

ous phase is assumed to be independent of composition. Likewise, because the mass frac-

tions of air and water in the NAPL phase are small, the specific internal energy of the NAPL 

phase is also assumed to be independent ofcomposition. The gas phase internal energy is a 

very strong function of.composition, and is calculated by 
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(7) 

where u: is the specific internal energy of component K in the gas phase. 

Flux Terms 

The three mass flux terms (air, water, chemical) sum over the three phases (gas, aque-

ous, NAPL) 

(8) 

The mass flux of each component in the gas phase includes both advection and diffusion 

(9) 

where k is the absolute permeability, krg is the gas phase relative permeability, Jlg is the gas 

phase dynamic viscosity, P g is the gas phase pressure, g is the gravitational acceleration vec

tor, and J: is the diffusive mass flux of component K in the gas phase. In (9), Knudsen 

effects are neglected. The diffusive mass fluxes of water vapor and organic chemical vapor, 

J;'. and J; are calculated by 

(10) 

where D: is the multicomponent molecular diffusion coefficient of component K in the gas 

phase, and 'tg is the gas phase tortuosity computed from the Millington and Quirk [1961] 

model 

(11) 

The use of (11) to predict the gas phase tortuosity does not account for possible enhance-

ments to the diffusive flow of condensible vapors which may occur when the liquid conden-

sate is also present [Walker et al., 1981 ]. With the water and chemical diffusive mass fluxes 

given by (1 0), the air diffusive mass flux, J; is determined from the requirement that 
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(12) 

The use of (12) ensures that the total gas phase diffusive mass flux summed over the three 

components is zero with respect to the mass average velocity [Bird et al.,. 1960]. Then, the 

total gas phase mass flux is the product of the gas phase Darcy velocity and the gas phase 

density. 

The component mass fluxes in the aqueous and NAPL phases are calculated by consid-

ering only advection, 

FK- -kkrwPw ro! (VP w - Pwg) w-
!lw 

(13) 

FK = -kkrn Pn 
(J)~ ('VPn - Pn g) n 

lln 
(14) 

The aqueous phase pressure in (13) is related to the gas phase pressure in (9) by 

(15) 

where Pcgw is the gas-water capillary pressure. The NAPL phase pressure in (14) is related 

to the gas phase pressure by 

(16) 

where Pcgn is the gas-NAPL capillary pressure. It follows that the NAPL-water capillary 

pressure, p cnw. is 

(17) 

The heat flux includes both conduction and convection 

(18) 

where A. is the overall porous medium thermal conductivity, hf3 is the J3 phase specific 

·enthalpy, and Ff3 is the total J3 phase mass flux (not to be confused with the component mass 

flux). As in the case of the aqueous and NAPL phase internal energies, the aqueous and 
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NAPL phase specific enthalpies are assumed to be independent of composition. The gas 

phase specific enthalpy is calculated as 

hg = L ro{h{ (19) 
K=a,w,c .. r ..,.. 

and is a very strong function of composition. From thermodynamics, the relationship 

between the enthalpy and the internal energy of a fluid is h = u + P lp [Sonntag and van 

Wylen, 1982]. 

The nonlinear coupled balance equations given by (1) are linearized using an iterative 

Newton-Raphson technique, and the linearized equations are solved directly. Complete 

details of the numerical solution method used in STMVOC are given in Falta [1990] and 

Falta et al. [1990a]. 

- .,. 
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PRIMARY VARIABLES AND VARIABLE SUBSTITUTION 

In order to describe the thennodynamic state of a four-component (three mass com

ponents and heat) system in which local thennal and chemical phase equilibrium is assumed, 

it is necessary to choose four primary variables. In addition to the four primary variables, a 

complete set of "secondary variables" is needed for the solution of the four coupled balance 

equations. These secondary variables include thennodynamic and transport properties such 

as enthalpies, densities, relative penneabilities, viscosities, and mass fractions. The four pri

mary variables must be chosen so that the entire set of secondary variables may be calculated 

as functions of the primary variables, and so that all of the primary variables are indepen

dent. 

In multiphase flow problems involving phase transitions (ie. appearance or disappear

ance of a phase), the number of possible phase combinations may become large. In a system 

in which a maximum of three fluid phases may be present, there are seven possible phase 

combinations. These combinations include three single phase systems (eg. gas, aqueous, 

NAPL), three two-phase systems (eg. gas-aqueous, gas-NAPL, aqueous-NAPL), and one 

three-phase system (eg. gas-aqueous-NAPL). 

Ideally, a different set of primary variables should be used for each different phase 

combination. With this technique, during each phase transition (in each element) the primary 

variables are switched so that the system is al~ays fully defined thennodynamically by the 

primary variables. 

While the technique of variable substitution during phase transitions is quite attractive, 

implementing this procedure for a three-phase system with seven possible phase combina

tions would require seven sets of primary variables and would be cumbersome to code. An 

alternative method is to prohibit complete phase transitions; that is, each phase must be 

present to some degree in each element. The phases are prevented from completely disap

pearing by artificially reducing rates of interphase mass transfer from a phase when its 
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saturation becomes small. In practical tenns, the minimum saturation of each phase using 

this method may be very small, on the order of 10-3 or 10-4, and numerical results ·using this 

method are usually satisfactory. 

A drawback of this method is that it is not possible to rigorously simulate the complete 

removal of a phase (for example, a NAPL) from the porous medium. Although the 

minimum phase saturation may be as small as 10-4, in some problems this may be a 

significant amount of the phase. Consider a system with a porosity of 0.4. A NAPL satura

tion of 10-4 corresponds to 40 ml of NAPL per m 3 of porous medium. For toxic organic 

chemicals, this is a substantial level of contamination. 

In the STMVOC simulator, a compromise is made between the robustness and elegance 

of the variable substitution method, and the simplicity of the minimum saturation method. 

To reduce the number of phase combinations to two, it is assumed that the gas and aqueous 

phases never totally disappear, although the phase saturations may be quite small (=10-4
). In 

regions where the N APL phase is present, the system is considered to be under three-phase 

conditions (gas-aqueous-NAPL), and the primary variables are gas phase pressure Pg, gas 

phase saturation Sg, aqueous phase saturation Sw, and temperature T. The disappearance of 

the NAPL phase is recognized when Sg + Sw~l. In this case, the system is in two-phase 

conditions (gas-aqueous), and the variables are switched to Pg, x;. Sw, T where x% is the 

mole fraction of the organic chemical in the gas phase. If at any point the partial pressure of 

the chemical <x;Pg) becomes greater than the saturated vapor pressure of the chemical (P;01 ), 

the NAPL phase evolves and the variables are switched to the three-phase set of variables. 

In either case, the minimum saturation method is used for the gas and aqueous phases in 

order to prevent complete disappearance of these phases. Because these phases must always 

be present to some degree, the initial conditions for STMVOC simulations must always 

include at least a small amount of the gas and aqueous phases (Sg and Sw >10-4). The 

different primary variables used under two-phase and three-phase conditions are summarized 

in Table 2. 

.. ·"{,.. 
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Table 2. Primary Variables. 

Fluid Mixture 

two-phase (no NAPL) 

three-phase (w/NAPL) 

t must be specified> 10-4 

Variables 
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SECONDARY VARIABLES 

In nonisothennal multiphase flow simulations, major nonlinearities in the governing 

equations occur due to large variations of secondary thennodynarnic and transport parameters 

that arise from changes in the values of the primary variables. For this reason, the accurate 

calculation of secondary variables from the primary variables is of considerable importance. 

In the fonnulation of STMVOC an effort has been made to include all of the secondary vari

ables which significantly contribute to the nonlinearity of the problem. A complete list of all 

of the variable secondary parameters along with their dependence on the primary variables is 

given in Table 3. The dependence of the secondary variables on specific primary variables 

may change under different phase conditions due to the primary variable switching. In Table 

3, it is assumed that the pressure used as a primary variable is the gas phase pressure. For 

this reason, it is not necessary to compute a gas phase capillary pressure. A detailed discus

sion of how all of the secondary variables used in STMVOC are computed may be found in 

Falta [1990] and Falta et al. [1990a]. 

. - ~ 
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Table 3. Secondary Variables and Functional Dependence 
-. -

Phase 
Parameter 

gas aqueous NAPL 

Saturation Sg(Sw) - Sn(Sg,Sw) 

Relative Permeability krg(Sg,Sw) krw(Sw) km(Sg,Sw) 

Viscosity J.lg(P,x~·T) J.lw(P,T) J.ln(T) 

Density Pg(P,x~,T) Pw(P,T) Pn(P,n 

Specific Enthalpy hg(P,x~,T) hw(P,T) hnCP,n 

Capillary Pressure - Pcgw(Sg,Sw) Pcgn(Sg,Sw) 

Air Mass Fraction co~ (P, X~, T) co!,(P,x~, T) ro~ (P,X~, T) 

Water Mass Fraction co; (P,x~, T) co~(P,x~,T) ro ~ (P, X~ , T) 

Chemical Mass Fraction co~(P.x~.T) co~(P,x~. T) ro~ (P,X~, T) 

Water Molecular n;cP.x~,T) - -

Diffusivity 

Chemical Molecular D~(P.x~,T) - -
Diffusivity 

Tortuosity 'tg(Sg,Sw) - -

Chemical Henry's H~w CD 
Constant 

Thermal Conductivity A.(Sg,Sw,T) 
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INCORPORATION OF SOURCE TERMS AND INITIAL AND BOUNDARY CONDI-

TIONS 

Several options are available in the STMVOC simulator for specifying the injection or 

production of fluids and heat For the injection of fluids, any of the three mass components 

(air, water, chemical ) may be injected in an element at a constant or time-dependent rate. 

Alternately, a total gas or aqueous phase mass injection rate may be specified in which the 

injected phase composition (water and air components only) is given by the user. The 

specific enthalpy of the injected fluid is input by the user as either a constant or time-

dependent value. Heat sources/sinks (with no mass injection) may be either constant or 

time-dependent. 

Fluid production from an element is handled using one of two options. With the first 

option, the total mass rate of production is given as a constant or time-dependent value. In 

this case, the phase composition of the produced fluids may be determined by the relative 

phase mobilities in the source element. Alternately, the produced _phase composition may be 

specified to be the same as the phase composition in the producing element. In either case, 

the mass fraction of each component in each of the produced phases is determined by the 

component mass fractions in each phase in the producing element. 

The second production option is a well deliverability model in which production occurs 

against a prescribed flowing well bore pressure, P wb, with a productivity index PI [Coats, 

1977]. With this option, the mass production rate of phase ~ is 

(20) 

--.,.. .. 
and the rate at which each mass component (K *-h) is removed is 

(21) 

For wells which are screened in more \han one layer (element), the flowing wellbore pressure 

is approximately corrected for gravity effects according to the depth-dependent flowing 



~ . . 
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density in the wellbore. Further details of this method are given by Pruess [1987]. 

During fluid production or injection, the rate of heat removal or injection is determined 

by 

(22) 

where h ~ is the specific enthalpy of phase p. 

The initial conditions for a simulation are introduced by specifying the values of the 

four primary variables in all volume elements. As discussed earlier, the choice of these pri-

mary variables depends on the phase conditions in a given element. ln many instances, it is 

convenient to use the results of an earlier simulation as the initial conditions for a later simu-

lation. This feature is particularly useful for simulations in which the initial conditions con-

sist of a steady-state flow field, or static equilibrium. 

Boundary conditions are normally applied through the use of appropriately chosen 

volume elements, nodal point to interface distances, and source/sink terms. Boundary condi-

tions of the "no flow" type are applied by simply not including any elements beyond the "no 

flow" boundary. Specified flux boundary conditions (Neumann) are maintained by means of 

source/sink terms in elements adjacent to the boundary on the outside of the flow region. 

Boundary conditions in which the primary variables are constant (Dirichlet) are specified by 

introducing boundary elements having a very large volume (=loZOm\ In this case, the dis-

tance from the nodal point of the boundary element to the boundary is given a very small 

value. Specifying a very large volume for the boundary element ensures that the primary 

variables at the boundary will not change during the course of the simulation. Several other 

types of boundary conditions are made possible by assigning special values of certain param-

eters such as capillary pressures, relative permeabilities, thermal conductivity, or heat capa-

city to the boundary elements. In the assembly and solution of the linear equations, boun-

dary elements are not distinguished from other elements, and no special numerical treatment 

is required. 
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STMVOC INPUT FORMATS 

The input data used by STMVOC is read in a fonnat which is nearly identical to that 

used by the TOUGH simulator. The primary difference in the two input files is the addition 

of a data block called CHEMP after the ROCKS data block. CHEMP contains all of the 

infonnation about a given chemical needed to compute the various thennophysical properties 

of the NAPL/chemical. 

This section, which is intended to be used as an addendum to the original TOUGH 

User's Guide [Pruess, 1987], gives the specific changes needed for the STMVOC input file 

with respect to the TOUGH input file. Unless otherwise stated, all fonnats and variables in 

the STMVOC input file are identical to those in the TOUGH input file. 

TITLE unchanged from TOUGH. 

ROCKS 

Record ROCKS. I unchanged from TOUGH. 

Record ROCKS.1.1 unchanged from TOUGH except that if TORTX = 0, the gas phase 

tortuosity will be calculated using the Millington and Quirk [1961] 

model as 't8 = ~wst3 . 

Record ROCKS.1.2 unchanged from TOUGH except that three additional three phase rela

tive penneability relationships are available (see Appendix 1). If one 

of the TOUGH two phase relative penneability functions is chosen, 

the NAPL relative penneability will be set to zero. 

Record ROCKS.1.3 unchanged from TOUGH except that a three phase capillary pressure 

relationship is availabie (see Appendix 2). If one of the TOUGH two 

phase capillary pressure functions is chosen, the gas-NAPL capillary 

pressure will be set to zero. 

........ 



Record ROCKS.2 

CHEMP 

Record CHEMP.l 

.. -· Record CHEMP.2 

..... ~ 
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a blank record closes the ROCKS data block. 

This data block provides the constants for a given organic chemical 

that are used to calculate the thermophysical properties of the 

NAPL/chemical. The units of many of these constants are not stan

dard metric units, and care must be taken to ensure that the appropri

ate units are used. Most of the data used in this block is from 

Appendix A of Reid et al. [1987], where it appears in the same units 

used here. Details of the methods used to compute the properties of 

the NAPL/chemical may be found in Falta [1990] or Falta et al. 

[1990a]. 

Format (5E12.5) 

TCRIT, PCRIT, ZCRIT, OMEGA, DIPOLM 

TCRIT chemical critical temperature, K. 

PCRIT chemical critical pressure, bar (1 bar= 105 Pa). 

ZCRIT chemical critical compressibility. 

OMEGA Pitzer's acentric factor for the chemical. 

DIPOLM chemical dipole moment, debyes . 

Format (5E12.5) 

TBO~. VPA,VPB,VPC,VPD 

TBOIL 

VPA 

chemical normal boiling point, K. 

chemical vapor pressure constant from Reid et al. 

[1987]. 



Record CHEMP.3 

Record CHEMP.4 
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VPB chemical vapor pressure constant from Reid et al. 

[1987]. 

VPC chemical vapor pressure constant from Reid et al. 

[1987]. 

VPD chemical vapor pressure constant from Reid et al. 

[1987]. 

Format (5E12.5) 

~O.CPA,CPB,CPC,CPD 

~0 chemical molecular weight, g/mole. 

CPA chemical ideal gas heat capacity constant from Reid et 

al. [1987]. 

CPB chemical ideal gas heat capacity constant from Reid et 

al. [1987]. 

CPC chemical ideal gas heat capacity constant from Reid et 

al. [1987]. 

CPD chemical ideal gas heat capacity constant from Reid et 

al. [1987]. 

Format (5E12.5) 

RHOREF, TDENRF, DIFVO, TDIFRF, TEXPO 

RHOREF reference NAPL (liquid) density, kg/m 3
. 

TDENRF reference temperature for NAPL density, K. 

....... 

- ..,-



Record CHEMP.5 -·- .. 

.. ·-· 

· .. 

Record CHEMP.6 

DIFVO 

TDIFRF 

TEXPO 
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reference chemical gas diffusivity, m 2 /s. 

reference temperature for gas diffusivity, K. 

exponent for calculation of chemical diffusivity. 

two options are available for calculating the NAPL liquid viscosity. 

If the liquid viscosity constants VLOA - VLOD for the desired NAPL 

are found in Table 9-8 of Reid et al. [1987], then the viscosity is cal

culated using a polynomial fit to actual viscosity data. Otherwise, 

VLOA and VLOB should be set equal to 0, and VLOC becomes a 

reference liquid viscosity with VLOD equal to the reference tempera

ture. In this case, the viscosity is calculated from a more general (and 

less accurate) empirical relationship. 

Format (5E12.5) 

VLOA,VLOB,VLOC, VLOD, VOLCRT 

VLOA 

VLOB 

VLOC 

VLOD 

liquid NAPL viscosity constant from Reid et al. [1987]. 

liquid NAPL viscosity constant from Reid et al. [I 987]. 

liquid NAPL viscosity constant from Reid et al. [1987], 

or, if VLOA and VLOB = 0, reference NAPL viscosity, 

cP. 

liquid NAPL viscosity constant from Reid et al. [1987], 

or, if VLOA and VLOB = 0, reference temperature for 

NAPL viscosity, K. 

VOLCRT chemical critical volume, cm 3/mole. 

the chemical solubility is calculated from the polynomial SOLUBIL

ITY = SOLA + SOLB *T + SOLC*T**2 + SOLD*T**3. If data for 

the solubility as a function of temperature are available, then SOLA, 



Record CHEMP. 7 

START 

PARAM 

Record PARAM.l 
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SOLB, SOLC, and SOLD are calculated from a polynomial fit of the 

data. If these data are not available (the usual case), the solubility 

will be assumed to be constant, and SOLA should be set equal to the 

known solubility with SOLB, SOLC, and SOLD set equal to 0. 

Format (4E12.5) 

SOLA,SOLB,SOLC,SOLD 

SOLA 

SOLB 

SOLC 

SOLD 

constant for chemical solubility in water, mole fraction. 

constant for chemical solubility in water, 

mole fraction IK. 

constant for chemical solubility in water, 

mole fraction !K 2. 

constant for chemical solubility in water, 

mole fraction !K3
• 

Format (2El2.5) 

OCK, FOC 

OCK chemical organic carbon partition coefficient, m 3 /kg. 

FOC fraction of organic carbon in soil. 

unchanged from TOUGH. 

unchanged from TOUGH except that if DIFFO=O, there will be no 

gas phase diffusion of chemical vapor. 

.. 

... -

- .... 
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Fonnat (4E10.4,I5,5X,3El0.4) 

TSTART.~AX,DELTEN,DEL~.NELST,GF,REDLT, 

SCALE 

TST ART unchanged from TOUGH. 

~AX unchanged from TOUGH. 

DEL TEN unchanged from TOUGH. 

DELTMX unchanged from TOUGH. 

NELST the number of elements (up to 20) for which a short 

printout after every timestep will be provided. 

GF 

REDLT 

SCALE 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

Record P ARAM.2.1 optional for NELST greater than 0. 

Fonnat (20A5) 

ELST(K), K=1,NELST 

ELST(K) name of each element for which a short printout at every 

timestep is desired. 

Record PARAM.2.2, 2.3, etc 

Record P ARAM.3 

Fonnat (8E10.4) 

DLT(I), 1=1,100 

DL T(l) unchanged from TOUGH. 
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Fo1111at (7E10.4) 

REl,RE2, U, vruP, ~.DFAC,RE~AX 

REI 

RE2 

u 

WUP 

WNR 

DFAC 

RERMAX 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

maximum relative residual. If the maximum relative 

residual exceeds RE~AX at any iteration, the timestep 

will be reduced (default=oo ). 

this record contains the default initial values of the four primary vari

ables for all elements not specified in block IN CON if option START 

is used. Note that Sg and Sw must be at least 10-4. 

Fo1111at (4E20.14) 

DEP(I), I = 1 ,4 

DEP(l) 

DEP(2) 

DEP(3) 

pressure, Pa. 

~ 1.5: temperature, ° C; two phase gas/aqueous points. 

< 1.5: gas saturation; three phase gas/aqueous/NAPL 

points. 

~ 1.5: temperature, ° C; three phase gas/aqueous/NAPL 

points. 

< 1.5: chemical vapor mole fraction in the gas phase; 

two phase gas/aqueous points. 

.. -·-



RPCAP 

Record RPCAP.l 

Record RPCAP.2 

TIMES 

ELEME 

CO NNE 

GENER 

Record GENER.l 

25 

DEP(4) aqueous phase saturation. 

unchanged from TOUGH except that three additional three phase rela

tive permeability relationships are available (see Appendix 1). If one 

of the TOUGH two phase relative permeability functions is chosen, 

the NAPL relative permeability will be set to zero. 

unchanged from TOUGH except that a three phase capillary pressure 

relationship is available (see Appendix 2). If one of the TOUGH two 

phase capillary pressure functions is chosen, the gas-NAPL capillary 

pressure will be set to zero. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

Format (A3,12,A3,12,415,A4,A 1 ,4El1.4) 

EL, NE, SL, NS, NSEQ, NADD, NADS, LTAB, TYPE, ITAB, GX, 

EX, HG, XMAW, 

EL,NE unchanged from TOUGH. 



SL,NS 

NSEQ 

NADD 

NADS 

LTAB 

TYPE 

26 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

unchanged from TOUGH. 

HEAT - heat sink/source. 

COM 1 - water injection. 

W ATE - water injection. 

COM2 - air injection. 

AIR - air injection. 

OIL - chemical injection. 

MASS - mass production rate specified (extended to 

three phase flow). 

DELV - well on deliverability, extended to three phase 

flow. See TOUGH user's guide for details of use. 

IT AB unchanged from TOUGH. 

GX unchanged from TOUGH except that OIL is an addi

tional generation type. 

EX unchanged from TOUGH. 

HG unchanged from TOUGH. 

XMAW for W ATE or COM 1, XMA W is the mass fraction of air 

in the injected water. For AIR or COM2, XMA W is the 

mass fraction of water in the injected air. 

" "'" 
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Record GENER.l.l unchanged from TOUGH. 

Record GENER.1.2 unchanged from TOUGH. 

Record GENER.1.3 unchanged from TOUGH. 

Record GENER.2 

IN CON 

Record INCON.l 

Record INCON.2 

ENDCY 

a blank record closes the GENER data block. 

unchanged from TOUGH. 

Note that S
8 

and Sw must be at least 10"4
. 

Format (4E20.4) 

Xl, X2, X3, X4 

X 1 pressure, Pa. 

X2 ;::: 1.5: temperature, ° C; two phase gas/aqueous points. 

< 1.5: gas saturation; three phase gas/aqueous/NAPL 

points. 

X3 ;::: 1.5: temperature, ° C; three phase gas/aqueous/NAPL 

points. 

< 1.5: chemical vapor mole fraction in the gas phase; 

two phase gas/aqueous points. 

X4 aqueous phase saturation. 

closes the STMVOC data file. 
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STMVOC OUTPUT 

The output produced by STMVOC is similar to that produced by TOUGH, and consists 

mainly of two types of output. The first type of output is printed at every time step for ele

ments specified in record PARAM.2.1. For each of these elements, the following quantities 

are printed: 

P gas phase pressure, Pa. 

T temperature, ° C. 

SO NAPL phase saturation. 

SG gas phase saturation. 

PCW gas-water capillary pressure, Pa. 

PCO gas-NAPL capillary pressure, Pa. 

CG chemical concentration in the gas phase, kg 1m 3
• 

CW chemical concentration in the aqueous phase, kg lm 3. 

The second type of output occurs at times specified by the user (as in TOUGH), and 

includes a listing of the conditions in all elements at that time. The STMVOC output lists 

each element twice in order to give a more complete description of the conditions present. 

The first time the elements are listed, the following quantities are tabulated: 

p 

T 

so 

sw 

SG 

PVOC 

gas phase pressure, Pa. 

temperature, o C. 

NAPL phase saturation. 

aqueous phase saturation. 

gas phase saturation. 

chemical vapor partial pressure, Pa. 

...... ·-

.. 16'-
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PAIR 

PSATO 

PSATW 

PCO 
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air partial pressure, Pa. 

chemical saturated vapor pressure, Pa. 

water saturated vapor pressure, Pa. 

gas-NAPL capillary pressure, Pa. 

PCW gas-water capillary pressure, Pa. 

The second time the elements are listed, the following quantities are tabulated: 

CVOCG 

cvocw 

DGAS 

DOlL 

VISGAS 

VI SOIL 

DIFFO 

DIFFW 

KRGAS 

KRWAT 

KROlL 

chemical concentration in the gas phase, kg lm 3. 

chemical concentration in the aqueous phase, kg lm 3. 

gas phase density, kg 1m 3
. 

NAPL density, kg lm 3. 

gas phase viscosity, kg/m s. 

NAPL viscosity, kg/m s. 

multicomponent chemical vapor diffusivity, m 2!s. 

multicomponent water vapor diffusivity, m 2!s. 

gas phase relative permeability. 

aqueous phase rel~tive permeability. 

NAPL relative permeability. 

The remaining output options are similar to those produced by TOUGH with appropri

ate modifications for three phases and three mass components. 
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SAMPLE PROBLEMS 

The following problems were run on a Solboume Series 5 Model 502 workstation 

using a double precision version of STMVOC. The execution times listed for these prob

lems pertain only to this machine. For the purpose of comparison, simulations performed on 

a Cray XMP would run about 5-6 times faster, simulations performed on an IBM Series 

6000 Model 320 would run about 2-3 times faster, and simulations performed on a Sun 

Sparcstation would run about 2-3 times slower. 

. . . 

-. -
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Problem No. 1 - One Dimensional Gas Diffusion of an Organic Chemical With Phase 

Partitioning 

In this problem, chlorobenzene vapor diffuses through an initially clean one dimen-

sional column. Phase partitioning of the vapor into an immobile aqueous phase and the solid 

phase (adsorption) is included. Initially, the column does not contain any chlorobenzene, and 

the aqueous phase saturation is 0.25. The initial temperature and pressure are 10 ° C and 

101325 Pa, respectively. A listing of the input file used for this problem is provided in Fig-

ure 1. The mesh consists of 100 interior elements with two boundary elements. For the first 

5 m, the mesh spacing is 0.1 m. After 5 m, the mesh spacing is increased to 0.2 m to a total 

length of 15 m. The constants needed to calculate the properties of chlorobenzene are 

included in the data block CHEMP. Adsorption to the solid phase is included by specifying 

the fraction of organic carbon in the soil to be 0.005. Due to the relatively high aqueous 

solubility and organic carbon partition coefficient of chlorobenzene, the chlorobenzene vapor 

is strongly retarded. Calculating the gas phase retardation coefficient from [Falta et al., 

1989] 

(23) 

gives a value of 67.8 indicating that the vapor is very strongly retarded in this problem. 

For this problem, the source of chlorobenzene is provided by giving the inner boundary 

element a NAPL saturation of 0.05. The initial time step size is set equal to 1 second, and is 

allowed to grow to a maximum value of 5 days. After one year, the simulation is ter-

minated. A printout of the STMVOC simulation results after one year is given in Figure 2. 

These results are compared with an analytical solution for transient gas diffusion with 

phase partitioning [Baehr, 1987] in Figure 3. The numerical solution calculated using 

STMVOC is in excellent agreement with the analytical solution. It should be mentioned here 

that this example has been specifically designed so that there will be no deviation from 
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ecce•••••• 1d gas diffusion of chlorobenzene with phase partitioning •••••••• 
rocks----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
dirt1 2650.0 .400 1.0000e-141.0000e-141.0000e-14 3.1 1000.0 

chemp----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
632.4 45.2 0.265 0.249 1.6 
404.9 -7.58700 2.26551 -4.09418 0.17038 
112.559 -3.3890e+01 5.631e-01 -4.522e-04 1.426e-07 
1106.0 293.00 8.000e-06 283.15 1.00 

-4.573 1.196e+3 1.37e-3 -1.378e-6 308.0 
7.996e-5 0. 0. 0. 

0.15 0.005 
start 
param----1----•----2----•----3----•----4----•----s----•----6----•----7----•----8 

1 350 350100000000100010410000000 2.13e-5 
3.1558e+7 1.0 4.32e+5 1 9.8060 

a a 
1.e-5 l.e00 1.e-8 0.00 

101325.00 10.00 0.0 .2500 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 0.4 0.1 0.001 1. 
9 

eleme----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
aa 1 49 1dirt1 0.100 
bb 1 49 1dirt1 0.200 
bn 1 1 1dirt1 1.e+20 

conne--.--1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
bn 1aa 1 1 .0001 .0500 1.00 0.0 
aa 1aa 2 48 1 1 1 .0500 .0500 1.00 0.0 
aa 50bb 1 1 .0500 .1000 1.00 0.0 
bb 1bb 2 48 1 1 1 .1000 .1000 1.00 0.0 
bb 50bn 2 1 .1000 .0001 1.00 0.0 

incon----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
bn 1 .4 
101325.00 0.750 10.0 0.200 

gener----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 

en dey 

Figure 1. STMVOC input file for problem 1. 

. --
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ecce•••••• ld gas diffusion of chlorobenzene with phase partitioning ••••6••• 
output data after ( 91, 2)-2-time steps the time is 0.36525E+03 days 

ooooooooooooooooocoooooooooooooooooooooooooooooocoococcooooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooaoo 
total time kcyc iter iterc kon dx1m dx2m dx3m max. res. ner ker deltex 
0.31558E+08 91 2 191 2 0.91312E-01 0.74481E-05 0.18641E-04 0.20000E-08 2 2 0.36171E+06 

OOOOOOOOOQOOOOOOOOOOOOOOOOOQOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOQOOOOOOOOOQOQOOOOOOOOOQOOOOOOOOQQOOQQQOOOOOQ 

elem index p t so sw sg pvoc pair psato psatw pco pew 
(ra) (deg-c) (pa) ( pa) (pa) (pa) (pa) (pa) 

a a 1 1 101324. 10.000 0.0000E+00 0.2501E+el0 0.7499E+00 658. 99440. 674. 1227. 0. 0. a a 2 2 101323. 10.000 0.0000E•00 0.2501[+00 0.7499E•00 626. 99470. 674. 1227. 0. 0. a a 3 3 1013?.2. 10.1'!00 0.01'!00[+00 0.2501E+00 0.7499E•00 594. 99501 0 674. 1227. 0. 0. ,.,, 4 " Hl13:?0. 10.000 0.0000[•00 0.2501[•00 0. 7499[d:l0 GG:?. 99532. 674. 1227. 0. 0. a a_. 5 5 101319. 10.001 0.0000[+00 0.2501E•00 0.7499[•00 530. 99562. 674. 1227. 0. 0. 
a a 6 6 101318. 10.001 0.0000[+00 0.2501[+00 0.7499E+00 500. 99591 0 674. 1227. 0. 0. 
a a 7 7 101 31 7 0 10.001 0.0000E•00 0.2501E•00 0.7499E•00 41l9. 99620. 674. 1227. 0. 0. 
a a 8 8 101315. 10.001 0.0000[+00 0.2501[•00 0. 7499E+00 440. 99649. 674. 1227. 0. 0. 
a a 9 9 101314. 10.001 0.0000E+00 0.2501E•00 0.7499E+00 411. 99676. 674. 1227. 0. 0. 
aa 10 10 101313. 10.001 0.0000E+00 0.2501[+00 0.7499E•00 383. 99703. 674. 1227. 0. 0. 
aa 11 11 101312. 10.001 0.0000E+00 0.2501E•00 0.7499E•00 356. 99729. 674. 1227. 0. 0. 
aa 12 12 101311. 10.001 0.0000E+00 0.2501E+00 0.7499E+00 330. 99754. 674. 1227. 0. 0. 
aa 13 13 101310. 10.002 0.0000E+00 0.2501E+00 0.7499[+00 306. 99777 0 674. 1227. 0. 0. 
aa 14 14 101309. 10.002 0.0000E+00 0.2500E•00 0.7500[•00 282. 99800. 674. 1227. 0. 0. 
aa 15 15 101308. 10.002 0.0000E+00 0.2501'!E+00 0.7500[+00 259. 99822. 674. 1227. 0. 0. 
a a 16 16 101307. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 238. 99843. 674. 1227. 0. 0. 
aa 17 17 101307. 10.002 0.0000E+00 0.2501'!E+00 0.7500E+00 217. 99862. 674. 1227. 0. 0. V.) 

aa 18 18 101306. 10.0~2 0.0000E+00 0.2500E+00 0.7500[+00 198. 99881. 674. 1227. 0. 0. 
V.) 

a a 19 19 HH305. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 180. 99898. 674. 1227. 0. 0. 
aa 20 20 101305. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 164. 99914. 674. 1227. 0. 0. 
aa 21 21 101304. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 148. 99929. 674. 1227. 0. 0. 
aa 22 22 101304. 10.002 0.0000E+00 0.2500[+00 0.7500E+00 133. 99943. 674. 1227. o. 0. 
aa 23 23 101303. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 120. 99956. 674. 1227. 0. 0. 
aa 24 24 101303. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 108. 99968. 674. 1227. 0. 0. 
aa 25 25 101303. 10.002 0.0000[+00 0.2500E+00 0.7500[+00 96. 99979. 674. 1227. 0. 0. 
aa 26 26 101302. 10.002 0.0000E+00 0.2500E•00 0.7500E+00 86 0 99989. 674. 1227. 0. 0. 
aa 27 27 101302. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 76. 99999. 674. 1227. 0. 0. 
aa 28 28 101302. 10.002 0.0000[+00 0.2500E•00 0.7600[+00 67. 100007. 674. 1227. 0. 0. 
aa 29 79 101302. 11:1.002 0.0000E•00 0.2500[•00 0.7500[•00 60. 100016. 674. 1227. 0. 0. 
aa 30 30 101301. 10.002 0.00001::+00 0.2500E+00 0.7501'1E+00 53. 100022. 674. 1227. 0. 0. 
aa 31 31 101301. 10.002 0.0000E+00 0.2500[•00 0.750e!E+00 46. 100028. 674. 1227. 0. 0. 
aa 32 32 101301 0 10.002 0.0000E+00 0.2500[+00 0.7500E+00 40. 100034. 674. 1227. 0. 0. 
118 33 33 101301. 11'1.002 0.0000E+00 0.2500E+00 0.7500[+00 35. 100039. 674. 1227. 0. 0. 
aa 34 3·~ 101301. 10.002 0.0000E•ei0 0.2500E+00 0.7500E+00 31. 100043. 674. 1227. 0. 0. 
~:) 35 35 10111111 0 10.002 0.0000E•00 0.2500[+00 0.75e10E+00 27. 100el47. 674. 1227. 0. 0. 
>l!!l 38 313 101301. 10.002 0. 0000E • '"' 0.2600[•00 0.7500E•00 23. 100051. 674. 1227. 0. 0. 
aa 37 37 101301. 10.002 0.0000[+00 0.2500[•00 0 0 7500[+00 21'1. 10005-1. 674. 1227. 0. 0. 
aa 38 38 101301. 10.002 0.0000E+00 0.2500[+00 0. 7500E+00 17. 100057. 674. 1227. 0. 0. 
aa 39 39 101302. 10.002 0.0000E•00 0.2500E+00 0.7500E+(l0 15. 100060. 674. 1227. 0. 0. 
99 40 40 101302. 10.002 0.0000E•00 0.2500E•00 0.750e!E•00 13. 100062. 674. 1227. 0. 0. 
aa 41 4 I 101302. 10.002 0.0000(+00 0.2500E+00 0.7500E+00 1 1 0 100064. 674. 1227. 0. 0. 
aa 42 42 101302. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 9. 100066. 674. 1227. 0. 0. 
aa 43 43 101302. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 8. 100067. 674. 1227. 0. 0. 
aa 44 44 101302. 10.002 0.0000E•00 0.2500[+00 ei.7500E+00 7. 100069. 674. 1227. 0. 0. 
'"' "5 45 101302. 10.002 0.0000E+OO 0.25el0E+00 0.7500[+00 6. 100070. 674. 1227. 0. 0. 

Figure 2. Printed output for problem I. 



eiAm inrlex p t. so sw <:g rvo<: f':lir p<;<lt0 psat.w pco pew 
(p;~) ( d"'fJ· c) (ra) ( r") (pa) (p;~) (pa) (pa) 

aa 46 46 101303. 10.002 0.0000[+00 0.2500[+00 0.7500[+00 5. 11'J0071. 674. 1227. 0. 0. 
aa 47 47 101303. 10.002 0.0000E+00 0.2500[•00 0.7500[•00 4. 100072. 674. 1227. 0. 0. 
aa 48 48 101303. 10.002 0.0000[+00 0. 2500E•eJ0 0. 7500E•00 3. 100073. 674. 1227. 0. 0. 
aa 49 49 101303. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 3. 100073. 674. 1227. 0. 0. 
aa 50 50 101303. 10.002 0.0000[+00 0.2500[+00 0.7500[+00 2. 100074. 674. 1227. 0. 0. 
bb 1 51 101304. 10.002 0.0000E+00 0.2500E•00 0.7500[+00 2. 100075. 674. 1227. 0. 0. 
bb 2 52 101304. 10.002 0.0000E•00 0.2500[+00 0.7500E•00 1 . 100076. 674. 1227. 0. "'· bb 3 53 101304. 10.002 0.0000[+00 0.2500E+00 0.7500E+00 1. 100077. 674. 1227. 0. "'· bb 4 54 HH305. 10.002 0.0000E+00 0.2500E+00 0.7500E•00 1. 100077. 674. 1227. "'· "'· bb 5 55 101305. 10.002 0.0000E+00 0.2500E+00 0.7500E+00 0. 100078. 674. 1227. 0. 0. 
bb 6 56 101306. 10.002 0.0000[+00 0.2500[+00 0.7500[+00 0. 100078. 674. 1227. 0. "'· bb 7 57 101306. 10.002 0.0000[+00 0.2500[•00 0.7500E+00 0. 100079. 674. 1227. 0. 0. 
bb 8 58 101307. 10.002 0.0000[+00 0.2500E+00 0.7500E•00 0. 100079. 674. 1227. 0. 0. 
bb 9 59 101307. 10.002 0.0000[+00 0.2500[+00 0.7500[+00 0. 100080. 674. 1227. 0. 0. 
bb 10 60 101307. 10.002 0.0000E+00 0.2500E+00 0.7500[+00 0. 100080. 674. 1227. 0. 0. 
bb 11 61 101308. 10.002 0.0000E+00 0.2500[+00 0.7500[+00 0. 100081. 674. 1227. 0. 0. 
bb 12 62 101308. H'~ .001 0.0000E+00 0.2500[+00 0.7500[+00 0. 100081. 674. 1227. "'· 0. 
bb 13 63 101309. 10.001 0.0000[+00 0.2500[+00 0.7500[+00 0. 100082. 674. 1227. "'· 0. 
bb 14 64 101309. 10.001 0.0000[+00 0.2500[+00 0.7500E+00 0. 100082. 674. 1227. 0. 0. 
bb 15 65 101310. 10.001 0.0000[+00 0.2500E+00 0.7500E+00 0. 100083. 674. 1227. 0. 0. 
bb 16 66 101310. 10.001 0.0000E+00 0.2500E+00 0.7500[+00 0. 100083. 674. 1227. 0. 0. 
bb I 7 67 HJ1311. 10.001 0.0000E+00 0.2500E+00 0.7500[+00 0. 100083. 674. 1227. 0. 0. 
bb 18 68 101311. 10.001 0.0000[•00 0.2500[+00 0.7500E•00 0. Hl0084. 674. 1227. 0. 0. 
bb 19 69 101311. 10.001 0.0000[+00 0.2500E+00 0.7500E•00 0. 100084. 674. 1227. "· "· bb 20 70 11'J1312. 10.001 0.0000E+00 0.2500E•00 0.7500E+00 0. 100085. 674. 1227. 0. 0. 
bb 21 7 1 101312. 10.001 0.0000E+00 0.2500E•00 0.7500[+00 0. 100085. 674. 1227. 0. 0. 
bb 22 72 101313. 10.001 0.0000E+00 0.2500E•00 0.7500E+00 0. 100086. 674. 1227. 0. 0. 
bb 23 73 101313. 10.001 0.0000[+00 0.2500E+00 0.7500E+00 0. 100086. 674. 1227. 0. 0. Vl 
bb 24 74 101314. 10.001 0.0000[+00 0.2500E+00 0.7500E+00 0. 100086. 674. 1227. 0. 0. 

.,.. 
hb 25 75 101314. 10.001 0.0000E+00 0.2500[+00 0.7500E•00 0. 100087. 674. 1227. 0. "'· bb 26 76 101314. 10.0e1 0.0000E•00 0.2500[+00 0. 7500E+00 0. 100087. 674. 1227. "'· 0. 
bb 27 77 101315. 10.001 0.0000[+00 0.2500[+00 0.7500[+00 0. 100088. 674. 1227. "'· 0. 
bb 28 78 Hll315. 10.001 0.0000[+00 0.2500E+00 0.7500E+00 0. Hl0088. 674. 1227. 0. 0. 
bb 29 79 101316. 10.001 0.0000E+00 0.2500E•00 0.7500E+00 0. 100089. 674. 1227. "· 0. 
bb 30 80 101316. 10.001 0.0000[+00 0.2500E+00 0.7500[+00 0. 100089. 674. 1227. 0. 0. 
bb 31 81 101317. 10.001 0:0000[+00 0.2500E•00 0.7500E+00 0. 100090. 674. 1227. . 0. "'· bb 32 82 101317. 10.001 0.0000E+00 0.2500E+00 0.7500E+00 0. 100090. 674. 1227. 0. 0. 
bb 33 83 101317. 10.001 0.0000E+00 0.2500E•00 0.7500E+00 0. 100090. 674. 1227. 0. 0. 
bb 34 84 101318. 10.001 0.0000E+00 0.2500E+00 0.7500E+00 0. 100091. 674. 1227. 0. 0. 
bb 35 85 101318. 10.001 0.0000E+00 0.2500[+00 0.7500E+00 "'· 100091. 674. 1227. 0. 0. 
bb 36 86 101319. 10.001 0.0000[+00 0.2500E+00 0.7500E+00 0. 100092. 674. 1227. 0. 0. 
bb 37 87 101319. 10.000 0.0000[+00 0.2500E•00 I'J.7500E+00 0. 100092. 674. 1227. 0. 0. 
bb 38 88 101320. 10.000 0.0000E+00 0.2500E•00 0.7500[+00 0. 100093. 674. 1227. 0. 0. 
bb 39 89 101320. 10.000 0.0000E+00 0.2500[+00 0.7500E+00 0. 100093. 674. 1227. 0. 0. 
bb 40 90 101320. 10.000 0.0000E+00 0.2500[+00 0.7500[+00 0. 100093. 674. 1227. 0. 0. 
bb 41 91 101321. 10.000 0.0000E+00 0.2500E+00 0.7500[+00 0. 100094. 874. 1227. 0. 0. 
bb 42 92 101321. 10.000 0.0000E+00 0.2500E+00 0.7500E+00 0. 100094. 674. 1227. 0. 0. 
bb 43 93 101322. 10.000 0.0000[+00 0.2500E+00 0.7500[+00 0. 100095. 674. 1227. 0. 0. 
bb 44 94 101322. 10.000 0.0000[+00 0.2500E+00 0.7500E+00 0. 100095. 874. 1227. 0. 0. 
bb 45 95 101323. 10.000 0.0000E+00 0.2500E+00 0.7500E+00 0. 100096. 874. 1227. 0. 0. 
bb 48 98 101323. 10.000 0.0000E+00 0.2500E+00 0.7500[+00 0. 100096. 674. 1227. 0. 0. 
bb 47 97 101323. 10.000 0.0000E+00 0.2500E+00 0.7500[+00 0. 100096. 674. 1227. 0. 0. 
bb 48 98 101324. 10.000 0.0000[+00 0.2500E+00 0.7500E+00 0. 100097. 674. 1227. 0. 0. 
bb 49 99 101324. 10.000 0.0000E+00 0.2500E+00 0.7500E+00 0. 100097. 674. 1227. 0. Ill. 
bb 50 100 101325. 10.000 0.0000[+00 0.2500E+00 0.7500E+00 0. 100098. 674. 1227. ,, 121. 
bn 1 101 101325. 10.000 0.5000E-01 0.2000E+00 0.7500E+00 674. 99424. 674. 1227. 0. 0. 
bn 2 102 101325. 10.000 0.0000E•00 0.2500[+00 0. 7500E+00 0. 100098. 674. 1227. 0. 0. 

rigurc 2 . Printed output for prohlcm 1 (continued). 
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ecce•••••• ld gas diffusion of chlorobenzene with phase partitioning •••••••• 

kcyc = 91 - iter = 2 - time = 0.31558E+08 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo diffw krgas krwat kro i I 

(kg/m .. 3) (kg/m .. 3) (kgjmu3) (kg/m .. 3) (kg/m•s) (kg/m•s) (m .. 2/s) (mu2/s) 

a a 1 1 0.3145E-01 0.4877E•00 0.1264E+Ol O.OOOOE+OO 0.1752E-04 0.1000E•01 0.7979E-05 0.2237E-04 0.1248E+01 0.0000E+00 0.0000E+00 
~t} 2 2 0.2991E-01 0.463BE+00 0.1263E+01 0.0000E+00 0.1753E-04 0.1000E+01 0.7979E-05 0.2238E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 3 3 e.2838E-01 0.4401E•OO 0.1262E•01 0.0000E+00 0.1754E-04 0.1000E+01 0.7979E-05 0.2240E-04 0.1248E•01 0.0000E+00 0.0000E+00 
a<J 4 4 0.2686E-01 0.4166E+00 0.1261E+01 0.0000E•00 0.1755E-04 0.1000E•01 0.7980E-05 0.2242E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 5 5 0.2536E-01 0.3933E•00 0.1260E+01 0.0000E+00 0.1756E-04 0.1000E+01 0.7980E-05 0.2244E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 6 6 0.2389E-01 0.3705E+00 0.1258E•01 0.0000E+00 0.1757E-04 0.1000E+01 0.7980E-05 0.2245E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 7 7 0.2244E-01 0.3481E+00 0.1257E+01 0.0000E+00 0.1758E-04 0.1000E+01 0.7980E-05 0.2247E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 8 8 0.2103E-01 0.3262E+00 0.1256E+01 0.0000E+00 0.1760E-04 0.1000E+01 0.7980E-05 0.2248E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a a 9 9 0.1966E-01 0.3049E+00 0.1255E+01 0.0000E+00 0.1761E-04 0.1000E+01 0.7980E-05 0.2250E-04 0.1248E+01 0.0000E+00 0.0000E+00 
lila H'l 10 0.1833E-01 0.2842E•00 0.1254E+01 0.0000E•00 0.1762E-04 0.1000E•01 0.7980E-05 0.2252E-04 0.1248E•01 0.0000E+00 0.0000E+00 
a a 11 11 0.1704E-01 0.2643E•00 0.1253E+01 0.0000E•00 0.1763E-04 0.1000E•01 0.7980E-05 0.2253E-04 0.1248E•01 0.0000E+00 0.0000E+00 
aa 12 12 0.1580E-01 0.2450E+00 0.1252E+01 0.0000E+00 0.1763E-04 0.1000E+01 0.7980E-05 0.2254E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 13 13 0.1461E-01 0.2266E+00 0.1251E+01 0.0000E+00 0.1764E-04 0.1000E•01 0.7980E-05 0.2256E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 14 14 0.1347E-01 0.2090E+00 0.1251E•01 0.0000E•00 0.1765E-04 0.1000E•01 0.7981E-05 0.2257E-04 0.1248E+01 0.0000E+00 0.0000E•00 
aa 15 15 0.1239E-01 0.1922E+00 0.1250E+01 0.0000E+00 0.1766E-04 0.1000E+01 0.7981E-05 0.2258E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 16 16 0.1137E-01 0.1763E+00 0.1249E+01 0.0000E•00 0.1767E-04 0.1000E+01 0.7981E-05 0.2259E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 17 17 0.1040E-01 0.1612E+00 0.1248E•01 0.0000E+00 0.1768E-04 0.1000E+01 0.7981E-05 0.2261E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 18 18 0.9481E-02 0.1471E+00 0.1248E+01 0.0000E+00 0.1768E-04 0.1000E+01 0.7981E-05 0.2262E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 19 19 0.8623E-02 0.1337E+00 0.1247E+01 0.0000E+00 0.1769E-04 0.1000E+01 0.7981E-05 0.2263E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 20 20 0.7820E-02 0.1213E+00 0.1246E•01 0.0000E+00 0.1770E-04 0.1000E•01 0.7981E-05 0.2263E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 21 21 0.7072E-02 0.1097E+00 0.1246E+01 0.0000E•00 0.1770E-04 0.1000E+01 0.7981E-05 0.2264E-04 0.1248E+01 0.0000E•00 0.0000E+00 
aa 22 22 0.6377E-02 0.9891E-01 0.1245E+01 0.0000E+00 0.1771E-04 0.1000E•0l 0.7981E-05 0.2265E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa _23 23 0.5734E-02 0.8893E-01 0.1245E+01 0.0000E+00 0.1771E-04 0.1000E+01 0.7981E-05 0.2266E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 24 24 0.5140E-02 0.7973E-01 0.1244E+01 0.0000E+00 0.1772E-04 0.1000E+01 0.7981E-05 0.2267E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 25 25 0.4595E-02 0.7128E-01 0.1244E+01 0.0000E+00 0.1772E-04 0.1000E+01 0.7981E-05 0.2267E-04 0.1248E+01 0.0000E+00 0.0000E+00 Vl aa 26 26 0.4096E-02 0.6354E-01 0.1244E+01 0.0000E•00 0.1772E-04 0.1000E+01 0.7981E-05 0.2268E-04 0.1248E•01 0.0000E•00 0.0000E+00 Vt 
88 27 27 0.3641E-02 0.5647E-01 0.1243E+01 0.0000E~00 0.1773E-04 0.1000E+01 0.7981E-05 0.2268E-04 0.1248E•01 0.0000E+00 0.0000E+00 
aa 28 28 0.3227E-02 0.5005E-01 0.1243E•01 0.0000E+00 0.17·73E-04 0.1000E+01 0.7981E-05 0.2269E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 29 29 0.2851E-02 0.4423E-01 0.1243E+01 0.0000E+00 0.1773E-04 0.1000E+01 0.7981E-05 0.2269E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 30 30 0.2512E-02 0.3897E-01 0.1242E+01 0.0000E+00 0.1774E-04 0.1000E+01 0.7981E-05 0.2270E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 31 31 0.2207E-02 0.3424E-01 0.1242E+01 0.0000E+00 0.1774E-04 0.1000E+01 0.7981E-05 0.2270E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 32 32 0.1933E-02 0.2999E-01 0.1242E+01 0.0000E•00 0.1774E-04 0.1000E+01 0.7981E-05 0.2270E-04 0.1248E•01 0.0000E+00 0.0000E+00 
aa 33 33 0.1689E-02 0.2620E-01 0.1242E•01 0.0000E+00 0.1774E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 34 34 0.1471E-02 0.2281E-01 0.1242E+01 0.0000E+00 0.1774E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 35 35 0.1277E-02 0.1981E-01 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 36 36 0.1106E-02 0.1716E-01 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
88 37 37 0.9549E-03 0.1481E-01 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 38 38 0.8221E-03 0.1275E-01 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2271E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 39 39 0.7057E-03 0.1095E-01 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E~01 0.7981E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
88 40 40 0.6041E-03 0.9371E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
a8 41 41 0.5157E-03 0.7999E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 42 42 0.4389E-03 0.6809E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 43 43 0.3726E-03 0.5779E-02 0.1241E+01 0.0000E•00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 44 44 0.3154E-03 0.4892E-02 0.1241E+01 0.0000E•00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
88 45 45 0.2662E-03 0.4129E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 46 46 0.2241E-03 0.3476E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-06 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 47 47 0.1881E-03 0.2919E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 48 48 0.1576E-03 0.2444E-02 0.1241E•01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 49 49 0.1316E-03 0.2042E-02 0.1241E+01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
aa 60 50 0.1097E-03 0.1702E-02 0.1241E•01 0.0000E+00 0.1775E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 1 61 0.8198E-04 0.1272E-02 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7981E-06 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 2 52 0.5591E-04 0.8673E-03 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 3 53 0.3773E-04 0.5853E-03 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
elem index cvocg cvocw dgas doil visgas visoil diffo diffw krgas krwat kroil .. 

Figure 2. Printed output for problem I (continued). 



(kg/m••3) (kg/m••3) (kg/m••3) (kg/m••3) (kg/m•s) (kg/m•s) (m••2/s) (m••2/s) 

bb 4 54 0.2520E-04 0.3909E-03 0.1241E•01 0.0000E•00 0.1775E-0~ 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 5 55 0.166GE-04 0.258~E-03 0.1241E•01 0.0000E+00 0.1776E-0~ 0.1000E+01 0.7981E-05 0.2272E-04 0.12~8E•01 0.0000E•00 0.0000E+00 
bb 6 56 0.1090[-04 0.1691E-03 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 7 57 0.7060E-05 0.1095E-03 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 8 58 0.452AE-05 0.7025E-0~ 0.1241E•01 0.0000E+00 0.1776[-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 9 59 0.2877E-05 0.4462E-04 0.1241E•01 0.0000E+00 0.1776E-04 0.1000E•01 0. 7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 10 60 0.1810[-05 0.2808E-04 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E•01 0. 7981[-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 11 61 0. 1128[-05 0. 1750[-04 0. 1241[•01 0.0000[•00 0.1776[-04 0.1000[•01 0.7981[-05 0.2272[-04 0.1248[+01 0.0000[+00 0.0000[+00 
bb 12 62 0.6965E-06 0.1080E-04 0.1241E•01 0.0000E+00 0.1776E-04 0.1000E•01 0.7981E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 13 63 0.4262E-06 0.6611E-0S 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.1248E•01 0.0000E•00 0.0000E+00 
bb 14 64 0.2584E-06 0.4009E-05 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7981E-05 0.2272E-04 0.12~8E+01 0.0000E•00 0.0000E•00 
bb 15 65 0.1553E-06 0.2409E-05 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E•01 0. 7981E-05 0.2272E-04 0.1248E•01 0.0000[•00 0.0000E+00 
bb 18 66 0.9254[-07 0.14J6E-05 0.1241E•01 0.0000[•00 0. 1776[-04 0. 1000E•01 0.7981[-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 17 67 0.5466E-07 0.8480E-06 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 18 68 J.3202E-07 0.4967E-06 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-0~ 0.1248E•01 0.0000E+00 0.0000E+00 
bb 19 69 0.1860E-07 0.2885E-06 0.1241E•01 0.0000E•00 0.1776E·-04 0.1000E•01 0.7980E-05 0.2272E-0~ 0.1248E•01 0.0000E•00 0.0000E+00 
bb 20 70 0.1072E-07 0.1662E-06 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000[+00 0.0000E+00 
bb 21 71 0.6125E-08 0.9502E-07 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272[-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 22 72 0.3473E-08 0.5388E-07 0.1241E+01 0.0000E+00 0.1776E-0~ 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E•00 
bb 23 73 0.1954E-08 0.3032E-07 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 24 74 0.1091E-08 0.1693E-07 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980[-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 25 75 0.6048E-09 0.9382E-08 0.1241E•01 0.0000E+00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-0~ 0.12~8E+01 0.0000E+00 0.0000E•00 
bb 26 76 0.3327E-09 0.5162E-08 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0_0000E+00 
bb 27 77 0.1817E-09 0.2819E-08 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-0~ 0.1248E•01 0.0000E•00 0.0000E•00 
bb 28 78 0.9854E-10 0.1529E-08 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2277E-04 0.1248E•01 0.0000E•00 0.0000E•00 
bb 29 79 0.5306E-10 0.8231E-09 0.12~1E+01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E•00 
bb 30 80 0.2837E-10 0.4402E-09 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E•00 
bb 31 81 0.1507E-10 0.?338E-09 0.1?41E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 32 82 0.7951E-11 0.1234E-09 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 33 83 0.4168E-11 0.6466E-10 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 34 84 0.2171E-11 0.3367E-10 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E•00 
bb 35 85 0.1123E-11 0.1741E-10 0.1241t•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 36 86 0.5776E-12 0.8961E-11 0.1241E•01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 37 87 0.2952E-12 0.4580E-11 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E•00 0.0000E+00 
bb 38 88 0.1500E-12 0.2327E-11 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 39 89 0. 7574E-13 0.1175E-11 0.1241E+01 0.0000E+00 0.1776E-04 0. 1000E•01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E•00 
bb 40 90 0.3803E-13 0.5900E-12 0.1241E•01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 41 91 0.1898E-13 0.2945E-12 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 42 92 0.9423E-14 0.1462E-12 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000[+00 0.0000E+00 
bb 43 93 0.4651E-14 0.7218E-13 0.1241E•01 0.0000E•00 0.1776E-04 0.1000[•01 0.7980E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 44 94 0.2283E-14 0.3542E-13 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7980[-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E+00 
bb 45 95 0.1115E-14 0.1729E-13 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E•01 0.7979E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E•00 
bb 46 96 0.5408E-15 0.8390E-14 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E•01 0.7979E-05 0.2272E-04 0.1248E•01 0.0000E•00 0.0000E+00 
bb 47 97 0.2602E-15 0.4037E-14 0.1241E•01 0.0000E•00 0.1776E-04 0.1000E+01 0.7979E-05 0.2272E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bb 48 98 0.1227E-15 0.1904E-14 0.1241E+01 0.0000E•00 0_1776E-04 0.1000E•01 0.7979E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bb 49 99 0.5375E-16 0.8339E-15 0.1241E+01 0.0000E•00 0.1776E-04 0.1000E•01 0.7979E-05 0.2272E-04 0.1248E•01 0.0000E+00 0.0000E•00 
bb 50 100 0.1507E-16 0.2339E-15 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7979E-05 0.2272E-04 0.1248E+01 0.0000E+00 0.0000E+00 
bn 1 101 0.3222E-01 0.4997E•00 0.1265E+01 0.1116E•04 0.1751E-04 0.9309E-03 0.7979E-05 0.2236E-04 0.1248E+01 0.0000E•00 0.0000E+00 
bn 2 102 0.3706E-37 0_6750E-38 0.1241E+01 0.0000E+00 0.1776E-04 0.1000E+01 0.7979E-05 0.2272E-04 0.1248E•01 0.0000E•00 0.0000E+00 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 2 . 
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Printed output for problem 1 (continued). 
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•••••••••• volume- and mass-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••• [kcyc, iter) 91' 2) ••••• the time is 0.31558E+08 seconds, or 0.36525E+03 days 

~hase volumes in place 
gas 0.60000E+20 m••3; 

phase mass in place 
g8s 0. 75165E+20 kg 

water 0.18000E+20 m••3; 

aqueous 0.17996E+23 kg 

air/water component mass in place 

hydrocarbon 0.20000E+19 m••3 

I iquid hydrocarbon 0.22321E+22 kg 

air 0.73924E+20 kg water vapor 0.56291E+18 kg I iquid water 0.17992E+23 kg 

hydrocarbon component mass 
voc vapor 0.96667E+18 kg 

in place 
dissolved voc 0.39976E+19 kg I i quid voc 0.22321E+22 kg total VOC 0.22370E+22 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 91 t i me steps the time is 0.31558E+08 seconds 

end of tough simulation job--- elapsed time= 481.7710 sec 
--calculation time= 481.3100 sec-- data input time= 0.4610 sec 

Figure 2. Printed output for problem 1 (continued). 
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Figure 3. Comparison of STMVOC results with analytical solution of Baehr [1987] 

for transient diffusion with phase partitioning. 
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Fick's law during evaporation of the NAPL, and so that there will be no density driven flow 

of the chlorobenzene vapor. Under certain conditions, these phenomena (which are not 

accounted for in the analytical solution) are very important and these transport mechanisms 

are included in the STMVOC simulator. For a discussion of the effects of evaporation on 

deviations from Fick's second law of diffusion, the reader is referred to Falta [1990]. A 

study of the effects of density driven gas flow on gas phase chemical transport may be found 

in Falta et al. [1989]. It should also be mentioned that for problems in which the expected 

contaminant concentrations are very small, say less than about 1 J.lg II, the value of REI in 

record PARAM.3 should be reduced from the default value of lx w-5 to a value of lx 10-7 

or less. The value of DFAC in this record should also be reduced from the default value. 

Reducing REI will result in an increased number of iterations for a given problem, but will 

increase the accuracy of the simulation for very low concentrations. 
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Problem No. 2 - Buckley-Leverett One Dimensional Two Phase Flow Problem 

This problem consists of water injection into a porous medium filled with NAPL and 

water. The initial water saturation in the matrix is 0.159, and at this saturation, the water is 

immobile. As water is injected, NAPL is displaced, and a shock front develops at the lead

ing edge of the invading water. In this isothermal problem, capillary pressure effects are 

neglected, and the NAPL does not undergo interphase mass transfer with the aqueous phase. 

Details of the problem specification are given by Faust [1985], and may be read off the input 

file for the STMVOC simulation which is given in Figure 4 .. The two phase relative permea

bility cuzves used for this problem (IRP = 11 in record RPCAP.1) are described in Appendix 

1. By setting ICP in record RPCAP.2 equal to 9, capillary pressure effects are neglected. 

Because the NAPL is not chemically active ("black oil"), the data in block CHEMP 

must be appropriately modified. For this problem, the chemical constants for chlorobenzene 

used in the previous problem are used (rather arbitrarily). However, for this problem, the 

NAPL density is 998.3 kg lm 3, the viscosity is 1.00 cP, and the NAPL is not soluble. These 

properties are specified by changing RHOREF in record CHEMP.4 to 998.3 with TDENRF 

equal to 292.15, by making VLOA and VLOB in record CHEMP.5 equal to 0, by making 

VLOC in record CHEMP.5 equal to 1.0 with VLOD equal to 292.15, and by setting SOLA 

in record CHEMP.6 equal to a very small number. Because adsorption of the chemical to 

the solid matrix is not included in this problem, OCK and FOC in record CHEMP.7 are set 

equal to 0. In record ROCKS.1, DROCK is given a very large number to ensure that isoth

ermal conditions prevail. 

Initially, a small gas saturation (0.001) is specified for every element. This is necessary 

because the STMVOC simulator assumes that at least a small amount of both gas and water 

are present in every element. The small initial gas saturation used in this problem does not 

significantly affect the results. The temperature of 19 ° C used here is chosen so that the 

water viscosity will be equal to 1.0 cP (with a density ·of 998.3 kg 1m 3). 

-- . 

. . -
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cccc••••••1d Buckley-Leverett problem for two phase flow••••••••••• 
rocks----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
dirt1 1.e+20 .200 2.9600e-132.9600e-132.9600e-13 3.1 1000.0 

chemp----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
632.4 45.2. 0.265 0.249 1.6 
404.9 -7.58700 2.26551 -4.09418 0.17038 
112.559 -3.3890e+01 5.631e-01 -4.522e-04 1.426e-07 
998.3 292.15 8.000e-06 273.15 1.00 

1.00 292.15 308. 
1.000e-7 0. 0. 0. 

0.00 0.000 
start 
param----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 

1 150 150100000000100010100000000 0.00e-5 
1.296e+8 8.64e+5 8.64e+5 1 9.8060 

aa 10 
1.e-5 1.e00 1.e-8 0.00 

689500.00 0.001 19.0 .1590 
rpcap----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 

11 
9 

eleme----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
aa 1 39 1dirt1 7078.980 
bn 1 1 1dirt1 7078.980 

conne----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
bn 1aa 1 1 .0010 3.810 929.00 0.0 
aa 40bn 2 1 3.810 .0010 929.00 0.0 
aa 1aa 2 38 1 1 1 3.810 3.810 929.00 0.0 

gener----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
bn 1 i nj 1 wate 0.1399 8. 4960e+4 
bn 2pro 1 mass -0. 1399 

incon----1----•----2----•----3----•----4----•----5----•----6----•----7----•----8 
bn 1 . 2 
689500.00 0.001 19.0 0.799 

en dey 

Figure 4. SfMVOC input file for problem 2. 
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The time step size for this problem is constant at 10 days, and the simulation is stopped 

after 1500 days. A printout from the STMVOC simulation for the first few time steps, and 

for the results after 1500 days is given in Figure 5. These results are compared with the 

Buckley-Leverett analytical solution [Buckley and Leverett , 1942] in Figure 6. The numeri

cal results match the analytical solution well although some smearing of the sharp front is 

evident. 
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aaaao a a 0 a oaa a a aaa a a 0 0 0 0 ao 00000 0 00 a 0 a oa oao 
a a 0 a 0 a 0 0 a 0 oa ao 0 0 0 0 0 0 0 a a a a a a 0 0 0 0 
0 0 0 a 0 0 00 0000 00 0 0 0 0 0 0 0 0000 0 0 0 a o o a a 0 0 aoo 
a 0 0 0 0 0 0 Q 0 0 Q Q 0 0 Q 0 0 0 0 0 0 0 Q 00 0 0 0 0 0 
0 00 00 000 0 0 000 0 0 0 00 0000 0 0 a 0 00 0 0 000 ao ooa 

tough is a program for two-phase two-component flow of water and air, including heat flow. 
it was developed by k. pruess at lawrence berkel~y laboratory. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

summary of optional files 

file •mesh• exists--- open as an old file 
file •incon• exists--- open as an old file 
file •gener• exists--- open as an old file 
file •sav>S~ exists --- open as an old file 
file •lineq• exists--- open as an old file 

•••••o••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
·~····················································································································· 

problem title: cccc••••••1d Buckley-Leverett problem for two phase flow••••••••••• 

domain no. 1 material name-- dirt1 
0.63240£•03 0.45200£+02 0.26500£+00 0.24900E•00 0.16000£•01 
0.40490E+03-0.75870E+01 0.22655E+01-0.40942E+01 0.17038E+00 
0.11256E•03-0.33890E+02 0.56310E•00-0.45220E-03 0.14260E-06 
0.99830E+03 0.2g215E+03 0.80000E-05 0.27315E•03 0.10000E•01 
0.00000E•00 0.00000£•00 0.10000E+01 0.29215E•03 0.30800E•03 
0.10000E-06 0.00000E+00 0.00000£+00 0.00000£•00 
0.00000E•00 0.00000E+00 
write file •mesh• from input data 
write file •gener• from input data 
write file •incon• from input data 

•mesh• has 
•gener• has 

42 elements and 
2 sinks/sources 

41 connections (interfaces) between them 

end of tough input job --- elapsed time = 0.2100 seconds 

========== equation of state for water/air mixtures ============ 
table of primary variables, in dependence upon composition and phases present 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
components • water air water and air 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
phases gas • 

I i quid • 
two-phase • 

p,t,x 
p,t,x 
p,s,t 

pIt, X 

. I. 

. I. 

p,t,x 
p,t,x 
p,s,t 

······························~··································· 
the primary variables are 

Figure 5. Printed output ror problem 2. . .. ,. 
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p - pressure (pa) t - temperature (deg-c) x - air mass fraction s - gas phase saturation 

1•••••••••• volume- and mass-balances ••••••••••••••••••••••••••••••••••••••••••••••••••••••••************************************ 

• • • • • • • • • • [ k c y c 1 i te r) = [ 01 0) •••• + the time is 0.00000E+00 seconds, or 0.00000[+00 days 

phase volumes in place 
gas 0.59472E+02 m••3; 

phase mass in place 
gas 0.49069[•03 kg 

water 0.10362[•05 m••3; 

aqueous 0.10350[+08 kg 

air/water component mass in place 

hydrocarbon 0.49050E+05 m••3 

I iquid hydrocarbon 0.48967E•08 kg 

air 0.48769[•03 kg water vapor 0.96771[•00 kg I iquid water 0.10350[•08 kg 

hydrocarbon component mass in place 
voc vapor 0.31833[•01 kg dissolved voc 0.64720[+01 kg I iquid voc 0.48967[+08 kg total voc 0.48967E+08 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

no convergence at [ 1, 1] --- deltex = 0.86400[+06 max. res. = 0.10697E+00 at element •bn 1• equation 1 
no convergence at [ 1 I 2] --- deltex = 0.86400[+06 max. res. = 0.25148E-01 at element •aa 2• equation 3 
no convergence at [ 1 1 3] --- deltex = 0.86400[+06 max. res. = 0.14859E-03 at element •aa 2• equation 3 

••••••••••• kcyc = 1 iter = 4 st = 0.86400[•06 dt = 0.86400[+06 •••••••••••• 
a a 10 p = 757372. t = 19.00 so = 0.8401E•00 sg = 0.9099E-03 pew = 0. pco = 0. cg = 0.5353E-01 CW :: 0.8248E-03 
no convergence at [ 2, 1] --- deltex = 0.86400[•06 max. res. = 0.34429[+00 at element •aa 1• equation 1 
no convergence at [ 2, 2] --- deltex = 0.86400[+06 max. res. = 0.18049[-01 at element •aa 2• equation 1 
no convergence at [ 2, 3] --- deltex = 0.86400[+06 max. res. = 0. l0906E-04 at element +aa 2• equation 3 

••••••••••• kcyc = 2 iter = 4 st = 0.17280E•07 dt = 0.86400[+06 • ••••••••••• 
a a 10 p = 758167. t = 19.00 so = 0.8401[•00 sg = 0.9089[-03 pew = 0. pco = 0. cg = 0.5353E-01 cw = 0.6246E-03 
n~ convergence at [ 3, 1] --- deltex = 0.86400[+06 max. res. = 0.24139E•00 at element •a a 1• equation 1 
no convergence at [ 3, <:] --- deltex = 0.86400E+06 max. res. = 0.17613E-01 at element •aa 2• equation 1 
no convergence at [ 3, 3) --- deltex = 0.86400E+06 max. res. = 0.42741[-04 at element +aa 2• equation 1 

......... * •• kcyc = 3 iter = 4 st = 0.25920E+07 dt = 0.86400E•06 ************ 
a a 10 p = 757389. t = 19.00 so = 0.8401E•00 sg = 0.9098E-03 pew = 0. pco = 0. cg = 0.5353E-01 cw = 0.6246E-03 
no convergence at [ 4 I 1) --- deltex = 0.86400[+06 max. res. = 0.17170[•00 at element •aa 1• equation 1 
no convergence at [ 4, 2) --- deltex = 0.86400E+06 max. res. = 0.10121E-01 at element •aa 2• equation 1 
no convergence at [ 4 I 3) --- deltex = 0.86400[+06 max. res. = 0.31939E-04 at element •a a 2• equation 1 ............ kcyc = 4 iter = 4 st = 0.34560[+07 dt = 0.86400E+06 •••••••••••• 
a a 10 p = 756593. t = 19.00 so = 0.840lE+00 sg = 0.9108E-03 pew = 0. pco = 0. cg = 0.5353E-01 cw = 0.8248E-03 
no convergence at [ 5, 1] --- deltex = 0.86400E•06 max. res. = 0 .14061E+00 at element •aa 2• equation 1 
no convergence at [ 5, 2) --- deltex = 0.86400[+06 max. res. = 0.36886E-02 at element +aa 3• equation 1 

••••••••••• kcyc = 5 iter = 3 st = 0.43200E+07 dt = 0.86400E+06 •••••••••••• 
a·a 10 p = 755804. t = 19.00 so = 0.8401E+00 sg = 0.9118E-03 pew = 0. pco = 0. cg = 0.5353E-01 cw = 0.6246E-03 
no convergence at [ 6, 1] --- deltex = 0.86400[+06 max. res. = 0. 15489E+00 at element +aa 2• equation 1 
no convergence at [ 6, 2) --- deltex = 0.86400E+06 max. res. = 0.61707E-02 at element •aa 3• equation 1 

••••••••••• kcyc :: 8 iter = 3 st = 0.51840E+07 dt = 0.86400E•06 •••••••••••• 
a a 10 p = 755015. t = 19.00 so = 0.8401E+00 sg = 0.9127E-03 pew = 0. pco = "· cg = 0.5353E-01 cw = 0.6246E-03 
no convergence at ~ 7' 1) --- deltex = 0.86400E+06 max. res. = 0. 14866E+00 at element +aa 2• equation 1 
no convergence at 7, 2) --- deltex = 0.86400[+06 max. res. = 0.76920E-02 at element •aa 3• equation 1 

••••••••••• kcyc = 7 iter= 3 st = 0.60480E+07 dt = 0.86400E+06 ************ 
a a 10 p = 754226. t = 19.00 so = 0.8401E+00 sg = 0.9137E-03 pew = 0. pco. = 0. cg = 0.5353E-01 cw = 0.6248E-03 
no convergence at 

~ 8' ~1 --- deltex = 0.86400E+06 max. res. = 0.13093E+00 at element •aa 2• equation 1 
no convergence at 8' --- deltex = 0.86400E+06 max. res. = 0.67031E-02 at element +aa 3• equation 1 
no convergence at [ 8' 3] --- deltex = 0.86400E+06 max. res. = 0. 11876E-04 at element +aa 3• equation 1 

••••••••••• kcyc = 8 iter = 4 st = 0.69120E•07 dt = 0.86400E+06 • ••••••••••• 
a a 10 p = 753439. t = 19.00 so = 0.8401E+00 sg = 0.9146E-03 pew = 0. pco = 0. cg = 0.5353E-01 CW :: 0.6246E-03 
no convergence at [ 9, 1] --- deltex = 0.86400[+06 max. res. = 0. 10911E+00 at element +aa 2• equation 1 

Figure 5. Printed output for problem 2 (continued). 

< 
• • ;. 

~ 
~ 



no convergence at [ 
••••••••••• kcyc = 

a a 10 p = 752656. 
no convergence at [ 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 751875. 
no convergence at ( 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 751093. 
no convergence at [ 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 750309. 
no convergence at ( 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 749527. 
no convergence at ( 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 748748. 
no convergence at ( 
no convergence at [ 

••••••••••• kcyc = 
a a 10 p = 747972. 
no convergence at ( 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 747194. 
no convergence at ( 
no convergence at [ ...... ., .... kcyc = 
a a 10 p = 746414. 
no convergence at ( 
no convergence at [ 

••••••••••• kcyc = 
a a 10 p = 745634. 
no conver·gnnce at [ 
rlo convergence at [ 

·······••-"• kcyc = 
a a 10 p = 744858. 
no convergence at [ 
no conv~rgence at ( •..•....... kcyc = 
a a 10 p = 744085. 
no convergence at ( 
no convergence at ( 

••••••••••• kcyc = 
a a 10 p = 743311. 
no converg9nce at ( 
no convergence at ( 

$$"········· kcyc = 
a a 10 p = 742536. 
no convergenc.e at [ 
no convergence at [ 

••••••••••• kcyc = 
a a 10 p = 741769. 
no convergence at [ 

9 
9, 

. . 

2] 
iter = 

--- deltex 
3 st = = 0.86400E+06 max. res. = 

0.77760E+07 dt = 0.86400E•06 
t = 19.00 so = 0.8401E+00 sg = 0.9156E-03 pew = 

10, 1] --- deltex = 0.86400E+06 max. res. = 
10, 2) --- deltex -- 0.86400E+06 max. res. = 

0.39603E-02 at element •aa 
• ••••••••••• 

0. pco = 0. cg = 
0.12230E+00 at element •aa 
0.29234E-02 at e l·ement •aa 

10 iter = 3 st = 0.86400E+07 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9166E-03 pew = 0. pco = 0. _cg = 

11 , 1) --- deltex = 0.86400E+06 max. res. = 0.13087E+00 at element •aa 
11 ' 2) --- de I tex = 0.86400E+06 max. res. = 0.45080E-02 at element •a a 

11 iter = 3 st = 0.95040E+07 dt = 0.86400E+06 • ••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9175E-03 pew = 0. pco = 0. cg = 

12, 1) --- deltex = 0.86400E+06 max. res. = 0.12727E+00 at element •a a 
12, 2) --- deltex = 0.86400E+06 max. res. = 0.54786E-02 at element •aa 

12 iter = 3 st = 0.10368E+08 dt = 0.86400E+06 • ••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9185E-03 pew = 0. pco = 0. cg = 

13, 1] --- deltex = 0.86400E+06 max. res. = 0.11542E+00 at element •aa 
13, 2) --- deltex = 0.86400E+06 max. res. = 0.50874E-02 at element •aa 

13 iter = 3 st = 0.11232E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9195E-03 pew = 0. pco = 0. cg = 

14, 1) --- deltex = 0.86400E+06 max. res. = 0.99513E-01 at element •aa 
14, 2] --- deltex = 0.86400E+06 max. res. = 0.34053E-02 at element •a a 

14 iter = 3 st = 0.12096E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9204E-03 pew = 0. pco = 0. cg = 

15, 1) --- deltex = 0.86400E+06 max. res. = 0. 10997E+00 a.t element •a a 
15, 2) --- deltex = 0.86400E+06 max. res. = 0.21674E-02 at element •a a 

15 iter = 3 st = 0.12960E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9214E-03 pew = 0. pco = 0. cg = 

16, 1) --- deltex = 0.86400E+06 max. res. = 0. 12038E+00 at element •aa 
16, 2) --- deltex = 0.86400E+06 max. res. = 0.34486E-02 at element •aa 

16 iter= 3 st = 0.13824E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9223E-03 pew = 0. pco = 0. cg = 

17' ;l --- deltex = 0.86400E•06 max. res. = 0. 1204 7E+00 at element •a a 
17, --- deltex = 0.86400E•06 max. res. = 0.44772E-02 at element •aa 

1 7 i te- = 3 st = 0.14688E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9233E-03 pew = 0. pco = 0. cg = 
18, 1) --- deltex = 0.86400E+06 max. res. = 0.11254E+00 at element •a a 
18, 2) --- deltex = 0.86400E+06 max. res. = 0.46182E-02 at element •a a 

18 iter = 3 st = 0.15552E+08 dt = 0.86400E•06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9243E-03 pew = 0. pco = 0. cg = 

19, 1 J --- deltex = 0.86400E•06 ma)(. res. = 0.99764E-01 at element •a a 
19, 2) --- deltex = 0.86400E•06 max. res. = 0.36355E-02 at element •a a 

19 iter = 3 st = 0.16416E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9253E-03 pew = 0. pco = 0. cg = 

20, 1] --- deltex = 0.86400E+06 max. res. = 0. 97725E-01 at element •aa 
20, 2) --- deltex = 0.86400E+06 max. res. = 0.19418E-02 at element •aa 

20 iter = 3 st -= 0.172B0E~o8 dt = 0.86400E•06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9262E-03 pew = 0. pco = 0. cg = 

21, 1) --- delt.ex = 0.86400E+06 max. res. = 0.11188E+00 at element •aa 
21, 2) --- deltex = 0.86400E+06 max. res. = 0.26486E-02 at element •a a 

21 iter· = 3 st = 0.18144E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9272E-03 pew = 0. pco = 0. cg = 

22, 1] --- de:tex = 0.86400E+06 max. res. = 0.11666E+00 at element •aa 
22, 2] --- deltex = 0.86400E+06 max. res. = 0.36379E-02 at element •a a 

22 iter = 3 st = 0.19008E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9282E-03 pew = 0. pco = 0. cg = 

23, 1) --- deltex = 0.86400E+06 max. res. = 0.11305E+00 at element •aa 
23, 2) --- deltex = 0.86400E+06 max. res. = 0.4249BE-02 at element •aa 

23 iter = 3 st = 0.19872E+08 dt = 0.86400E+06 •••••••••••• 
t = 19.00 so = 0.8401E+00 sg = 0.9291E-03 pew = 0. pco = 0. cg = 

24, 1) --- deltex = 0.86400E+06 max. res. = 0. 10344E+00 at element •aa 

Figure 5. Printed output for problem 2 (continued). 

3• equation 1 

0.5353E-01 cw = 0.6246E-03 
3• equation 1 
4• equation 1 

0.5353E-01 cw = 0.6246E-03 
3• equation 1 
4• equation 1 

0.5353E-01 CW : 0.6246E-03 
3• equation 1 
4• equation 1 

0.5353E-01 cw = 0.6246E-03 
3• equation 1 
4• equation 1 

0.5353E-01 cw = 0.6246E-03 
3• equation 1 
4• equation 1 

0.6353E-01 cw = 0.6246E-03 
4• equation 1 
5• equation 1 

0.5353E-01 cw = 0.6246E-03 
4• equation 1 
5• equation 1 

~ 
0.5353E-01 CW : 0.6246E-03 VI 

4• equation 1 
6• equation 1 

0.5353E-01 cw = 0.6246E-03 
4• equation 1 
5• equation 1 

0.5353E-01 cw = 0.6246E-03 
4• equation 1 
6• equatio.n 1 

0.5353E-01 CW = 0.6246E-03 
5• equation 1 
5• equation 1 

0.5353E-01 cw = 0.6246E-03 
6• equation 1 
6• equation 1 

0.5353E-01 cw = 0.6246E-03 
5• equation 1 
6• equation 1 

0.6363E-01 CW : 0.6246E-03 
5• equation 1 
6• equation 1 

0.6353E-01 cw = 0.8246E-03 
6• equation 1 



cccc••••••1d Buckley-Leverett problem for two phase flow••••••••••• 

output data after ( 150' 3)-2-time steps the time is 0.15000E+04 days 

ooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
total time kcyc iter iterc kon dxlm dx2m dx3m m~x. res. ner ker deltex 
0.12960E+09 150 3 455 2 0.78518E•03 0. 25775E-05 0.84327E-17 0. 14026E-05 27 1 0.86400E•06 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

elem index p t so SW sg pvoc pair psato psatw pco pew 
( P a) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

a a 1 1 786407. 19.000 0.2241E•00 0. 7751E•00 0.8666E-03 1155. 783056. 1155. 2196. 0. 0. a a 2 2 779618. 19.000 0. 2377E•00 0.7614E•00 0.8A38E-03 1155. 776328. 1155. 2196. 0. 0. a a 3 3 772659. 19.000 0.2493E+00 0.7498E•00 0.8923E-03 1155. 769308. 1155. 2196. 0. 0. a a 4 4 765383. 19.000 0.2598E•00 0.7393E+00 0.9008E-03 1155. 762032. 1155. 2196. 0. 0. a a 5 5 757869. 19.000 0.2695E•00 0.7296E•00 0.9098E-03 1155. 754518. 1155. 2196. 0. 0. 
a a 6 6 750130. 19.000 0.2785E+00 0.7205E•00 0.9193E-03 1155. 746780. 1155. 2196. 0. 0. 
a a 7 7 742179. 19.000 0,2871E+00 0. 7120E•00 0.9291E-03 1155. 738828. 1155. 2196. 0. 0. 
a a 8 8 734023. 19.000 0.2952E+00 0.7038E•00 0.9395E-03 1155. 7306'12. 1155. 2196. . 0. 0. 
a a 9 9 725669. 19.001?1 0.3030E+I?!I?! 0.6961?!E+00 0.9504E-03 1155. 722318. 1155. 2196. 0. 0. 
a a 10 11?1 717124. 19.1?11?11?1 0.311?!6E+I?!0 1?!.6885E•I?!I?! 1?!.9618E-1?!3 1155. 713773. 1155. 2196. 0. 0. 
aa 11 11 708392. 19.01?10 0.3179E•01?! 0.6811E•00 0.9737E-03 1155. 705041. 1155. 2196. 0. 0. 
a a 12 12 699478. 19.000 0.3251E+01?! 0.6739E•00 0.9862E-03 1155. 696127. 1155. 2196. 0. 0. 
a a 13 13 690385. 19.000 0.3322E•00 0.6668E+00 0.9992E-03 1155. 687034. 1155. 2196. 0. 0. 
a a 14 1 ,, 681115. 19.000 0.3392E+00 0.6598E•00 0. 1013E-02 1155. 677764. 1155. 2196. 0. 0. 
aa 15 15 671670. 19.000 0.3462E+00 0.6528E•00 0 .1027E-02 1155. 668319. 1155. 2196. 0. 0. 
a a 16 16 662050. 19.000 0.3533E•el0 0.6456E•00 0 .1042E-02 1155. 658699. 1155. 2196. 0. 0. 
a:l 1 7 17 652253. 19.000 0.3606E•00 0.6383E•00 0.1058E-0? 1155. 134890?.. 1155. 2196. 0. 0. 
a <'I 18 18 64 2?.77. 19.000 0.3682E•00 0. 630 7E dJ0 0.1074E-02 1155. 1338927. 1155. 2196. 0. 0. 
a<t 19 19 632117. 19.000 0.37134E+01?! 0.6225E•00 0. 11?!92E-02 1155. 628766. 1155. 2196. 1?1. 0. 
aa 20 20 6217131. 19.000 0.3854E+00 0.6135E+00 0.1110E-02 1155. 618410. 1155. 2196. 0. 0. 
aa 21 21 611196. 19.000 0.3958E•00 0.6030E•00 0.1129E-02 1155. 607845. 1155. 2196. 0. 0. 
aa 22 22 600394. 19.000 1?!.4088E•01?! 0.5900E•00 0.1150E-02 1155. 597043. 1155. 2196. 0. 0. 
aa 23 23 589315. 19.001?1 0.4267E•I?!0 0.5722[•00 0.1172E-02 1155. 585964. 1155. 2196. 0. 0. 
aa 24 24 577888. 19.000 0.4550E•00 0.5438E+00 0.1195E-02 1155. 574537. 1155. 2196. 0. 0. 
aa 25 25 566008. 19.000 0.5107E+00 0. 4881E+00 0. 1220E-02 1155. 562657. 1155. 2196. 0. 0. 
aa 26 26 553718. 19.000 0.6393E+0el 0.3595E•0el 0.1241[-02 1155. 550368. 1155. 2196. 0. 0. 
aa 27 27 543048. 19.0el0 0.8042E+01?! 1?!.1945E+0el 0. 1272E-el2 1155. 539697. 1155. 2196. 0. 0. 
aa 28 28 536293. 19.000 0.8393E•00 0.1594E+el0 0.1288E-02 1155. 532942. 1155. 2196. 0. 0. 
aa 29 29 53el238. 19.000 0.8397E+00 0. 1590E•00 0.1303E-02 1155. 526887. 1155. 2196. 0. 0. 
aa 30 30 524191. 19.000 0.8397E+00 0. 1590E•0el 0.1318E-02 1155. 520840. 1155. 2196. 0. 0. 
aa 31 31 518144. 19.000 0.8397E•00 0.1590E•01?! 0.1334E-02 1155. 514793. 1155. 2196. 0. 0. 
aa 32 32 512097. 19.000 0.8396E+00 0.1590E•00 0.1349E-02 1155. 508746. 1155. 2196. 0. 0. 
aa 33 33 506049. 19.000 0.8396E+00 0.1590E+00 0.1366E-1?!2 1155. 502699. 1155. 2196. 0. 0. 
aa 34 34 500002. 19.000 0.8396E•00 0.1590E•00 0.1382E-02 1155. 496651. 1155. 2196. 0. 0. 
aa 35 35 493954. 19.000 0.8396E+00 0.1590E•1?!0 0.1399E-02 1155. 490603. 1155. 2196. 0. 0. 
aa 36 36 487906. 19.00el 0.8396E•00 0.1590E•00 0.1417E-02 1155. 484555. 1155. 2196. 0. 0. 
aa 37 37 481858. 19.000 0.8396E•00 1?!.1590E+el0 0.1435E-02 1155. 478507. 1155. 2196. 0. 0. 
aa 38 38 475809. 19.000 0.8395E+00 0.1591?!E+00 0.1453E-02 1155. 472459. 1155. 2196. 0. 0. 
aa 39 39 469761. 19.000 0.8395E+00 0.1590E+00 0.1472E-02 1155. 466410. 1155. 2196. 0. 0. 
aa 40 40 463712. 19.000 0.8395E+00 0.1590E+00 0.1492E-02 1155. 460361. 1155. 2196. 0. 0. 
bn 1 41 789527. 19.000 0.2000E+00 0.7993E•00 0.7234E-03 1155. 786176. 1155. 2196. 0. 0. 
bn 2 42 460687. 19.000 0.8395E•00 0.1590E•0el 0.1501E-02 1155. 457336. 1155. 2196. 0. 0. 

oooooooooooooooooooooooooooooooooooooooooooooooooooocccccoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 5 . 
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Printed output for problem 2 (continued). 
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cccc••••••ld Buckley-Leverett problem for two phase flow+•••••••••• 

- -kcyc = 150 iter = 3 time= 0.12960E+09 elem index cvocg cvocw dg:ls do i I visgas vi so i I d i ffo diffw krgas krwat kro i I 
(kg/m• •3) (kg/m .. 3) (kg/m .. 3) (k g/m• • 3) (kg/m•s) (kg/m•s) (m••2/s} (m .. 2/s) 

a~ 1 1 0.5353E-01 0.6246E-03 0.9406E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E•00 0.5911E+00 0.9726E-03 
a a 2 2 0.5353E-01 0.6246E-03 0.9326E+01 0.9983E•03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000[+00 0.5652E+00 0.2324E-02 
a a 3 3 0.53S3E-01 0.621.6[-03 0.9242E•01 0.9983E•03 0.1808E-04 0.1000E-02 0.0000[+00 0.0000[+00 0.0000[+00 0.5435E+00 0.3942E-02 
a a 4 4 0.5353E-01 0.6246E-03 0.9155E•01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.5243E+00 0.5763E-02 
a a 5 5 0.5353E-01 0.6246E-03 0.9066E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E•00 0.0000E+00 0.0000E+00 0.5069E+00 0.7747E-02 
a a 6 6 0.5353E-01 0.6246E-03 0.8974E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000[+00 0.0000E•00 0.0000E+00 0.4909E+00 0.9867E-02 
a a 7 7 0.5353E-01 0.6246E-03 0.8879E+01 0.9983E•03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E•00 0.0000E+00 0.4761E+00 0.1211E-01 
a a 8 8 0.5353E-01 0.6246E-03 0.8782E+01 0.9983E•03 0.1808E-04 0.1000E-02 0.0000E•00 0.0000E+00 0.0000E+00 0.4621E+00 0.1445E-01 
a a 9 9 0.5353E-01 0.6246E-03 0.8682E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.4489E+00 0.1690E-01 
aa 10 10 0.5353E-01 0.6246E-03 0.8580E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.4363E+00 0.1944E-01 
aa 11 11 0.5353E-01 0.6246E-03 0.8476E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E•00 0.0000E+00 0.0000E+00 0.4243E+00 0.2209E-01 
a a 12 12 0.5353E-01 0.6246E-03 0.8370E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E•00 0.0000E+00 0.0000E+00 0.4127E+00 0.2484E-01 
aa 13 13 0.5353E-01 0.6246E-03 0.8261E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.4014E+00 0.2771E-01 
aa 14 14 0.5353E-01 0.6246E-03 0.8151E+01 0.9983E•03 0.1807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3903E+00 0.3071E-01 
aa 15 15 0.5353E-01 0.6246E-03 0.8038E+01 0.9983E+03 0.1807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3794E+00 0.3387E-01 
aa 16 16 0.5353E-01 0.6246E-03 0.7923E+01 0.9983E•03 0.1807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3685E+00 0.3723E-01 
a a 17 17 0.5353E-01 0.6246E-03 0.7807E+01 0.9983E•03 0.1807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3575E+00 0.4084E-01 
a a 18 18 0.5353E-01 0.6246E-03 0.768BE+01 0.9983E•03 0.1807E-04 0.1000E-02 0.0000[+00 0.0000E+00 0.0000E•00 0.3462E•00 0.4479E-01 
aa 19 19 0.5353E-01 0.6246E-03 0.7567E•01 0.9983E+03 0.1807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3343E+00 0.4921E-01 
aa 20 20 0.5353E-01 0.6246E-03 0.7443E+0! 0.9983[•03 0.!807E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.3213E+00 0.5435E-01 
aa 21 21 0.5353E-01 0.6245E-03 0.7317E+01 0.9983[•03 0.1807E-04 0.1000E-02 0.0000E•00 0.0000E•00 0.0000[+00 0.3067E+00 0.6062E-01 
aa 22 22 0.5353[-01 0.6245[-03 0.7188E+01 0.9983E+03 0.180RE-04 0.1000[-02 0.0000[+00 0.0000E•00 0.0000E+00 0.2889E+00 0.6889E-01 
aa 23 23 0.5353E-01 0.6245E-03 0.7056E+01 0.9983E+03 0.1806E-04 0.1000E-02 0.0000E•OO 0.0000E•00 0.0000E•00 0.2654E+00 0.8110E-01 
aa 24 "24 0.5353E-01 0.6245E-03 0.6920E+01 0.9983E+03 0.1806E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.2301E+00 0.1026E+00 
aa 25 25 0.5353E-01 0.6245E-03 0.6778E+01 0.9983E+03 0.1806E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E•00 0.1682E+00 0.1520E•00 
aa 26 26 0.5353E-01 0.6245E-03 0.6632E+01 0.9983E+03 0.1806E-04 0.1000E-02 0.0000E+00 0.0000E•00 0.0000E+00 0.6217E-01 0.3032E+00 
aa 27 27 0.5353E-01 0.6245E-03 0.6505E+01 0.9983E•03 0.1806E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.18B3E-02 0.6728E+00 
aa 28 28 0.5353E-01 0.6245E-03 0.6424E+01 0.9983E+03 0.1806E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.5658E-06 0.6412E+00 
aa 29 29 0.5353E-01 0.6245E-03 0.6352E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1527E-05 0.6420E+00 
aa 30 30 0.5353E-01 0.6245E-03 0.6280E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E•00 0.1525E-05 0.6420E+00 
aa 31 31 0.5353E-01 0.6245E-03 0.6208E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E•00 0.1524E-06 0.6420E+00 
aa 32 32 0.5353E-01 0.6245E-03 0.6136E+01 0.9983E•03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1522E-05 0.6420E+00 
aa 33 33 0.5353E-01 0.6245E-03 0.6063E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1521E-05 0.6420E+00 
aa 34 34 0.5353E-01 0.6245E-03 0"5991E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E•00 0.1520E-05 0.6420E+00 
aa 35 35 0.5353E-01 0.6245E-03 0.5919E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1518E-05 0.6420E+00 
aa 36 36 0.5353E-01 0.6245E-03 0.5847E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1517E-05 0.6420E+00 
aa 37 37 0.5353E-01 0.6245E-03 0.5775E+01 0.9983E+03 0.1805E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1516E-05 0.6420E+00 
aa 38 38 0.5353E-01 0.6245E-03 0.6703E+01 0.9983E+03 0.1804E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1514E-06 0.6420E+00 
aa 39 39 0.5353E-01 0.6245E-03 0.563!E+01 0.9983E+03 0.1804E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1513E-05 0.6420E+00 
aa 40 40 0.5353E-01 0.6245E-03 0.5559E+01 0.9983E+03 0.1804E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1512E-05 0.6420E+00 
bn 1 41 0.5353E-01 0.6246E-03 0.9443E+01 0.9983E+03 0.1808E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.8388E+00 0.7584E-06 
bn 2 42 0.5363E-01 0.6245E-03 0.5523E+01 0.9983E+03 0.1804E-04 0.1000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.1511E-05 0.6420E+00 

QQOOOQQQOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQOOOOOOOOOOOQQOOOOOOOOQQQQQQQQ 

Figure 5. Printed output for problem 2 (continued). 
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cccc••••••ld Buckley-Leverett problem for two phase flow••••••••••• 

kcyc " 150 - iter = 3 - time= 0.12960E+09 

element source index g"'neration rate enthalpy ff(gas) ff(liq.) ff(oi I) p (wb) 
(kq/s) or (w) (j /kg) (pa) 

bn 1 in j 1 1 0.13990E•00 0.84960E•05 
bn 2 pro 1 2 -0.13990E+00 0.24582E•05 0.00000E•00 0.22938E-05 0.10000E+01 

OOOOQOOOQOOOOOOOOOOOOOOQQQOQOOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQOQQQOQQQQOQOOOOQQOOOOQQQOQQQQQQQQOOQOQQQOQOQQQQQQQQQQQQ 
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.. 
• 

Printed output for problem 2 (continued) . 
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•••••••••• volume- and mass-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••• [kcyc,iter) == [ 150, 3) ••••• the time is 0.12960E+09 seconds, or 0.15000E+04 days 

phase volumes in place 
gas 0.68176E+02 m••3; 

phase mass in place 
gas 0.48942E+03 kg 

water 0.28515E+05 m••3; 

aqueous 0.28481E+08 kg 

air/water component mass in place 

hydrocarbon 0.30888E+05 m••3 

I iquid hydrocarbon 0.30836E+08 kg 

air 0.48776E+03 kg water vapor 0.11093E+01 kg I iquid water 0.28481E+08 kg 

hydrocarbon component mass 
voc vapor 0.36492E+01 kg 

in place 
dissolved voc 0. l7810E+02 kg I iquid voc 0.30836E+08 kg total voc 0.30836E+08 kg 

························································$········································································ 

write file •save• after 150 time steps the time is 0.12960E+09 seconds 

end of tough simulation job--- elapsed time= 274.8300 sec 
--calculation time= 274.5800 sec-- data input time== 0.2500 sec 

Figure 5. Printed output for problem 2 (continued). 
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Figure 6. Comparison of STMVOC results with analytical solution for two phase 

flow. 
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Problem No. 3 - Steam Displacement of a NAPL in a Laboratory Column 

This simulation, which consists of three parts, is patterned after a simulation in which 

the STMVOC simulator was validated with experimental data. A discussion of the 

STMVOC validation with experimental data may be found in Falta [1990] and in Falta et al., 

[1990b]. The present problem has been simplified somewhat, but captures the essential 

features of the original validation simulation for steam displacement of trichloroethylene from 

a laboratory column. 

The first part of the simulation involves the injection of liquid trichloroethylene into a 

horizontal water filled column. The column is 91 em long with a cross sectional area of 

20.428 em 2• The mesh used for this simulation consists of 50 evenly spaced elements with a 

mesh spacing of 1.82 em. Initially, the column is water saturated except for a small amount 

of gas (a gas saturation of 0.005). As in the previous example, it is necessary to include a 

small gas saturation for numerical reasons. The initial temperature in the column is 22 ° C , 

and deliverability boundary conditions are used at each end of the column. The deliverability 

boundary condition is specified by setting TYPE in record GENER.1 equal to DEL V and by 

specifying a productivity index (GX in record GENER.1) and a wellbore pressure (EX in 

record GENER.1 ). Trichloroethylene is injected at a constant rate into the 15 th element by 

choosing the OIL option for TYPE in record GENER.1. The specific enthalpy of the 

injected trichloroethylene (EX in record GENER.1) corresponds to liquid trichloroethylene at 

a temperature of about 22 ° C. The various constants used to compute the thermophysical 

properties of trichloroethylene are contained in data block CHEMP. Additional problem 

parameters for this part of the simulation may be read from the input file which is shown in 

Figure 7. Details of the three phase relative permeability functions (IRP = 6 in record 

RPCAP.1) and the three phase capillary pressure functions (ICP = 8 in record RPCAP.2) 

may be found in Appendices 1 and 2, respectively. 

Trichloroethylene is injected into the column for a period of 120 s, with an initial time 

step size of 2 seconds. A printout of the STMVOC simulation results at this time is given in 
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ccccc---injection of trichloroethylene into a column cccccccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 2650. .385 1.6000e-111.6000e-111.6000e-11 3.1 1000.0 

0. 0. 2.85 0.0 

chemp----1---------2---------3---------4---------5---------6---------7---------8 
572.0 50.5 0.265 0.213 0.9 
360.4 -7.38190 1.94817 -3.03294 -5.34536 
131.389 3.0170e+01 2.287e-01 -2.229e-04 8.244e-08 
1462. 293.0 8.000e-06273.0 1.60 . . ~ 

0.59 293.15256.0 
1.50954e-40. 0. 0. 

0. 0. 
start 
param----l---------2---------3---------4---------5---------6---------7---------8 

1 20 20100000000100010410000000 0.00e-5 
120.00 2. 120.000 2 9.8060 

aa 1aa 15 
1. e-5 1 . e00 1. e-8 500. 

101330.00 22.0 0.00 .9950 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 .150 .05 .001 3. 
8 0.000 1.84 10. 11. 

eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 49 1dirt1 3.7179e-5 

conne----1---------2---------3---------4---------5---------6---------7---------8 
aa laa 2 48 1 1 1 .0091 .0091 2.0428e-3 0.0 

incon----1---------2---------3---------4---------5---------6---------7---------8 

gener----1---------2---------3---------4---------5---------6---------7---------8 
aa linj 1 delv 3.5917e-12 1.0140e+5 
aa 50pro 1 delv 3.5917e-12 1.0140e+5 
a a 15 i no 1 o i I 2 .1900e-04 2. 2100e+4 

endcy 

Figure 7. STMVOC input file for part 1 of problem 3. 
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Figure 8, and the liquid trichloroethylene (NAPL) phase saturation profile is shown graphi

cally in Figure 9. 

The second part of this simulation consists of injecting cold water (22 ° C) into one 

end of the column and allowing fluids to drain from the other end of the column according 

to a deliverability boundary condition (TYPE = DEL V in record GENER.1, etc.). The initial 

conditions for this part of the simulation are the conditions at the end of the first part of the 

simulation. To start the second part of the simulation, the SAVE file generated by the first 

part of the simulation must be renamed INCON, and the INCON section of the input file 

must be removed. The input file used for the waterflood part of the simulation is shown in 

Figure 10. This file is similar to the previous input file (Figure 7), except that data block 

GENER has been changed. These changes consist of removing the NAPL injection, and 

changing the inlet condition at the first element to cold water injection. Water with a specific 

enthalpy of 9.2332x 104 J/kg is injected at a rate of 3.5395x 10-4 kg/s (a Darcy velocity of 15 

m/day) for a period of 17880 s with an initial time step size of 2 s. A printout of the simu

lation results after a total time of 18000 s (120 s + 17880 s) is given in Figure 11, and the 

NAPL saturation profile in the column at this time is shown graphically in Figure 9. 

The final part of the simulation consists of steam injection into the column. Again, the 

initial conditions for this part of the problem are the conditions at the end of the previous 

part of the problem, and the file SAVE generated during the waterflood part of the simulation 

must be renamed INCON. During this final part of the simulation, steam with an enthalpy of 

1.562x 106 J/kg is injected at a rate of 3.5341x 10-5 kg/s for a period of 9000 s. A printout 

is specified after 5000 s of steam injection (a total time of 23000 s) using data block TIMES. 

The input file used for the steam injection part of the simulation is shown in Figure 12, and 

is similar to the input file used in the previous part of the simulation (Figure 10), except that 

the inlet condition for the first element specified in data block GENER has been changed to 

represent steam injection. 



ccccc---injection of trichloroethylene into a column cccccccc 

output data after ( 10, 4)-2-time steps the time is 0.13889E-02 days 

ooooooooooooooooocooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
total time kcyc iter i terc kon dx 1m dx2m dx3m max. res. ner ker deltex 
0.12000[+03 10 4 45 2 0.13152[+03 0.38961[-03 0.16701[-01 0. 12550[-06 12 3 0.16000[+02 

oooocoocoocoooceoooooooooooooaaaaaaaoooaoooooooooooooooooocccooooaococooooocooooooooooooooooooooooooooooooooooooooooooooaoooooooooo 

elem ind~x p t so sw sg pvoc pair psato psatw pco pew 
(;:>a) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

a a 1 1 101586. 22.000 0.0000[+00 0.9950[+00 0. 4964[-02 0. 98944. 7962. 2642. -83. -159. 
a a 2 2 101641. 22.000 0.0000[+00 0.9950[+00 0.4985[-02 0. 98999. 7962. 2642. -83. -159. 
a a 3 3 101695. 22.000 0.0000[+00 0.9950[+00 0.4982[-02 0. 99053. 7962. 2642. -83. -159. 
a a 4 4 101750. 22.000 0.0000[+00 0.9950[+00 0 .11980[-02 0. 99107. 7962. 2642. -83. -159. 
a>~ 5 5 101804. 22.000 0.0000[+00 0.9950[+00 0. 4977[-02 0. 99162. 7962. 2642. -83. -159. 
a a 6 6 101858. 22.000 0.0000[+00 0.9950[+00 0.4975[-02 1 . 99215. 7962. 2642. -83. -159. 
a a 7 7 H'll913. 22.000 0.0000[+00 0.9950[+00 0.4972[-02 6. 99265. 7962. 2642. -83. -159. 
a a 8 8 101967. 22.000 0.0000E+00 0.9950[+00 0.4971[-02 28. 99297. 7962. 2642. -83. -169. 
a a 9 9 H'J2021. 22.000 0.0000E+00 0.9950[+00 0.4974[-02 133. 99246. 7962. 2642. -83. -159. 
aa 10 10 102076. 22.000 0.0000E+00 0.9950[+00 0. 4995E-02 598. 98836. 7962. 2642. -84. -159. 
aa 11 11 102132. 21.998 0.0000[+00 0.9949[+00 0.5089E-02 2430. 97060. 7961. 2642. -84. -161. 
aa 12 12 102252. 21.995 0.9016[-02 0.9856E+00 0.5386[-02 7959. 91651. 7959. 2641. -87. -224. 
aa 13 13 102777. 22.002 0. 1488E+00 0.8459[+00 0.5357[-02 7963. 92172. 7963. 2643. -87. -658. 
aa 14 14 103315. 22.036 0.3032E•00 0. 6915E .CJ0 0.5306[-02 7976. 92691. 7976. 2648. -86. -1088. 
aa 15 15 103706. 22. 159 0.3910[•00 0.6038[+00 0.51561:-02 8025. 93013. 8025. 2668. -86. -1388. 
aa 16 16 103375. 22.026 0.2853[-+00 0.7094[+00 0.530-IE-02 7972. 92757. 7972. 2646. -86. -1033. 
aa 17 17 102882. 21.997 0.1135E+00 0.8811[+00 0.5351E-02 7961. 92280. 7961. 2642. -87. -565. 
aa 18 18 102463. 21.993 0.2538E-02 0.9921E•00 0.5368[-02 7959. 91863. 7959. 2641. -87. -185. VI 

~ aa 19 19 102410. 21.999 0.0000[+00 0.9950E+00 0.5012E-02 1239. 98529. 7961. 2642. -84. -160. 
aa 20 20 102382. 22.000 0.0000[+00 0.9950E+00 0.4958E-02 152. 99588. 7962. 2642. -83. -159. 
aa 21 21 102355. 22.000 0.0000[+00 0.9950[+00 0.4952[-02 17. 99696. 7962. 2642. -83. -159. 
aa 22 22 102328. 22.000 0.0000[+00 0.9950[+00 0.4953[-02 2. 99684. 7962. 2642. -83. -159. 
aa 23 23 102301. 22.000 0.0000E+00 0.9950[+00 0.4954E-02 0. 99659. 7962. 2642. -83. -159. 
aa 24 24 102274. 22.000 0.0000[+00 0.9950[+00 0. 4955E-02 0. 99632. 7962. 2642. -83. -159. 
aa 25 25 102247. 22.000 0.0000[+00 0.9950[+00 0.4956E-02 0. 99605. 7962. 2642. -83. -159. 
aa 26 26 102220. 22.000 0.0000[+00 0.9950E+00 0. 4958E-02 0. 99578. 7962. 2642. -83. -159. 
aa 27 27 102193. 22.000 0.0000[•00 0.9950E+00 0.4959[-02 0. 99551. 7962. 2642. -83. -159. 
aa 28 28 102166. 22.000 0.0000[+00 0.9950E+00 0. 4960E-02 0. 99524. 7962. 2642. -83. -159. 
aa 29 29 102139. 22.000 0.0000[+00 0.9950E+00 0.4961E-02 0. 99497. 7962. 2642. -83. -159. 
aa 30 30 Hl2112. 22.000 0.0001':1::+00 0.9950E+00 0. 4963E-02 0. 99470. 7962. 2642. -83. -159. 
aa 31 31 102085. 22.000 0.0000E+00 0.9950[+00 0.4964E-02 0. 99443. 7962. 2642. -83. -159. 
aa 32 32 102058. 22.000 0.0000E+00 0.9950E+00 0.4965E-02 0. 99416. 7962. 2642. -83. -159. 
aa 33 33 102031. 22.000 0.0000E+00 0.9950E+00 0. 4967E-02 0. 99389. 7962. 2642. -83. -159. 
aa 34 34 102004. 22.000 0.0000E+00 0.9950E+00 0.4968E-02 0. 99362. 7962. 2642. -83. -159. 
aa 35 35 101977. 22.000 0.0000E+00 0.9950E+00 0. 4969E-02 0. 99335. 7962. 2642. -83. -159. 
aa 36 36 101950. 22.000 0.0000E+00 0.9950E+00 0. 4970E-02 0. 99308. 7962. 2642. -83. -159. 
88 37 37 101923. 22.000 0.0000E+00 0.9950E+00 0.4972E-02 0. 99281. 7962. 2642. -83. -159. 
aa 38 38 101896. 22.000 0.0000[+00 0.9950E+00 0.4973E-02 0. 99254. 7962. 2642. -83. -159. 
118 39 39 101870. 22.000 0.0000E+00 0.9950E+00 0.4974E-02 0. 99227. 7962. 2642. -83. -159. 
88 40 40 101843. 22.000 0.0000[+00 0.9950E+00 0.4975E-02 0. 99200. 7962. 2642. -83. -159. 
aa 41 41 101816. 22.000 0.0000E+00 0.9950E+00 0. 4977E-02 0. 99173. 7962. 2642. -83. -159. 
aa 42 42 101789. 22.000 0.0000E+00 0.9950E+00 0.4978E-02 0. 99146. 7962. 2642. -83. -159. 
aa 43 43 101762. 22.000 0.0000E+00 0.9950[+00 0.4979E-02 0. 99119. 7962. 2642. -83. -159. 
118 44 44 101735. 22.000 0.0000E+00 0.9960E•00 0.4981E-02 0. 99093. 7962. 2642. -83. -169. 
aa 45 46 101708. 22.000 0.0000E+00 0.9950E+00 0. 4982E-02 0. 99066. 7962. 2642. -83. -159. 

r:igurc 8. Printed output for part 1 or problem 3. 

' 
L ' . 



elem index p 
(pa) 

aa 46 46 101681. 
aa 47 47 101654. 
aa 48 48 101627. 
aa 49 49 101600. 
aa 50 50 101572. 

; 

t 
(deg-c) 

22.000 
22.000 
22.000 
22.000 
22.000 

. 
• 
' 

so 

0.0000E .. 00 
0.0000E .. 00 
0.0000E .. 00 
0.0000E+00 
0.0000E .. 00 

sw sg 

0.9950E .. 00 0.4983E-02 
0.9950E+00 0.4984E-02 
0.9950E+00 0. 49R6E-02 
0.9950E+00 0.4987E-02 
0.9950E+00 0.4964E-02 

·' 

pvoc pair psato psatw pco pew 
(pa) (pa) (pa) (pa) (pa) (pa) 

0. 99039. 7962. 2642. -83. -159. 
0. 99012. 7962. 2642. -83. -159. 
0. 98985. 7962. 2642. -83. -159. 
0. 9R95A. 7962. 2642. -83. -159. 
0. 98930. 7962. 2642. -83. -159. 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooocooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 8. Printed output for pan 1 of problem 3 (continued). 

Lll 
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ccccc---injeclion of trichloroethylene inlo a column cccccccc 

kcyc = H'J - iter = 4 - time= 0.12000E+03 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo d i ffw krgas krwat kro i I 

(kg/m .. 3) (kg/mu3) (kg/m .. 3) (kg/mu3) (kg/m•s) (kg/m•s) (mu2/s) (m .. 2/s) 

a a 1 1 0.1506E-07 0.3883E-07 0.1187E•01 0.0000E•00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.1014E-06 0.9826E+00 0.0000E+00 
a a 2 2 0.8038E-07 0.2073E-06 0.1188E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1030E-06 0.9825E~00 0.0000E+00 
a a 3 3 0.4270E-06 0.1101E-05 0.1188E+01 0.0000E•00 0.1821E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.1028E-06 0.9825E•00 0.0000E+00 
a a 4 4 0.2252E-05 0.5810E-05 0.1189E•01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.1026E-06 0.9825E+00 0.0000E+00 
a a 5 5 0.1176E-04 0.3034E-04 0.1190E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1024E-06 0.9825E•00 0.0000E+00 
a a 6 6 0.6061E-04 0.1563E-03 0.1190E+01 0.0000E•00 0.1821E-04 0.1000E•01 0.0000E•00 0.0000E+00 0.1022E-06 0.9825E•00 0.0000E+00 
a a 7 7 0.3063E-03 0.7901E-03 0.1191E•01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.1021E-06 0.9826E+00 0.0000E+00 
a a 8 8 0.1508E-02 0.3889E-02 0.1193E+01 0.0000E+00 0.1820E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.1020E-06 0.9826E+00 0.0000E+00 
a a 9 9 0.7146E-02 0.1843E-01 0.1198E+01 0.0000E+00 0.1818E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1022E-06 0.9825E+00 0.0000E+00 
aa 10 10 0.3200E-01 0.8253E-01 0.1218E+01 0.0000E+00 0.1807E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1038E-06 0.9825E+00 0.0000E+00 
aa 11 11 0.1301E•00 0.3355E•00 0.1295E+01 0.0000E+00 0.1766E-04 0.1000E•01 0.0000E•00 0.0000E+00 0.1113E-06 0.9821E•00 0.0000E+00 
aa 12 12 0.4262E•00 0.1099E+01 0.1527E•01 0.1459E•04 0.1656E-04 0.5738E-03 0.0000E•00 0.0000E•00 0.1374E-06 0.9500E•00 0.0000E+00 
aa 13 13 0.4263E+00 0.1099E+01 0.1534E•01 0.1459E+04 0.1657E-04 0.5737E-03 0.0000E+00 0.0000E•00 0.1347E-06 0.5487E+00 0.3431E-02 
aa 14 14 0.4270E+00 0.1098E+01 0.1540E+01 0.1459E+04 0.1658E-04 0.5735E-03 0.0000E+00 0.0000E+00 0.1300E-06 0.2585E+00 0.2841E-01 
a a 15 15 0.4295E+00 0.1098E+01 0.1546E+01 0.1458E+04 0.1658E-04 0.5725E-03 0.0000E•00 0.0000E+00 0.1169E-06 0.1522E+00 0.6055E-01 
aa 16 16 0.4268E+00 0.1098E+01 0.1541E+01 0.1459E•04 0.1658E-04 0.5735E-03 0.0000E•00 0.0000E+00 0.1299E-06 0.2851E+00 0.2371E-01 
aa 17 17 0.4262E+00 0.1099E+01 0.1535E+01 0.1459E+04 0.1657E-04 0.5738E-03 0.0000E+00 0.0000E+00 0.1342E-06 0.6364E+00 0.1530E-02 
aa 18 18 0.4261E•00 0.1099E+01 0.1530E+01 0.1459E+04 0.1657E-04 0.5738E-03 0.0000E+00 0.0000E+00 0.1357E-06 0.9724E+00 0.0000E+00 
aa 19 19 0.6635E-01 0.1711E+00 0.1249E+01 0.0000E+00 0.1792E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1052E-06 0.9824E+00 0.0000E+00 
aa 20 20 0.8154E-02 0.2103E-01 0.1203E+01 0.0000E•00 0.1817E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1009E-06 0.9826E+00 0.0000E+00 
aa 21 21 0.9135E-03 0.2356E-02 0.1197E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.1006E-06 0.9B26E•00 0.0000E+00 
aa 22 22 0.9764E-04 0.2519E-03 0.1196E•01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.1006E-06 0.9826E•00 0.0000E+00 
aa 23 23 0.1016E-04 0.2620E-04 0.1196E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.1006E-06 0.9826E+00 0.0000E+00 
aa 24 24 0.1039E-05 0.2681E-05 0.1195E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1007E-06 0.9826E+00 0.0000E+00 
aa 25 25 0.1052E-06 0.2714E-06 0.1195E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1008E-06 0.9826E+00 0.0000E+00 
aa 26 26 0.1058E-07 0.2730E-07 0.1195E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.1009E-06 0.9826E•00 0.0000E+00 
38 27 27 0.1060E-08 0.2733E-0B 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1010E-06 0.9826E+00 0.0000E+00 
aa 28 28 0.1058E-09 0.2730E-09 0.1194E•01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1011E-06 0.9826E+00 0.0000E+00 
aa 29 29 0.1055E-10 0.2721E-10 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.1012E-06 0.9826E+00 0.0000E+00 
aa 30 30 0.1051E-11 0.2710E-11 0.1193E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.1013E-06 0.9826E+00 0.0000E+00 
aa 31 31 0.1046E-12 0.2697E-12 0.1193E+01 0.0000E+00 0.1B21E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1014E-06 0.9826E+00 0.0000E+00 
aa 32 32 0.1041E .. 13 0.2684E-13 0.1193E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1015E-06 0.9826E+00 0.0000E+00 
aa 33 33 0.1037E-14 0.2673E-14 0.1192E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1016E-06 0.9826E+00 0.0000E+00 
aa 34 34 0.9743E-16 0.2513E-15 0.1192E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1017E-06 0.9826E+00 0.0000E+00 
aa 35 35 0.1467E-16 0.3785E-16 0.1192E•01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1018E-06 0.9826E+00 0.0000E+00 
aa 36 36 0.2445E-18 0.6307E-18 0.1191E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1019E-06 0.9826E+00 0.0000E+00 
aa 37 37 0.0000E+00 0.0000E+00 0.1191E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1020E-06 0.9826E+00 0.0000E+00 
aa 38 38 0.7820E-17 0.2017E-16 0.1191E•01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.1021E-06 0.9826E+00 0.0000E+00 
aa 39 39 0.4886E-18 0.1260E-17 0.1190~+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.1022E-06 0.9825E•00 0.0000E+00 
aa 40 40 0.0000E+00 0.0000E+00 0.1190E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1023E-06 0.9825E•00 0.0000E+00 
aa 41 41 0.1487E-16 0.3836E-16 0.1190E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.1024E-06 0.9826E+00 0.0000E+00 
aa 42 42 0.7324E-18 0.1889E-17 0.1189E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1025E-06 0.9825E+00 0.0000E+00 
aa 43 43 0.3905E-17 0.1007E-16 0.1189E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1026E-06 0.9825E+00 0.0000E+00 
aa 44 44 0.1098E-18 0.2832E-18 0.ll89E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1027E-06 0.9826E+00 0.0000E+00 
aa 46 46 0.7338E-17 0.1893E-18 0.1189E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1028E-08 0.9825E+00 0.0000E+00 
aa 48 46 0.2474E-18 0.6382E-18 0.1188E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1029E-06 0.9825E+00 0.0000E+00 
lUI 47 47 0.7070E-17 0.1824E-16 0.1188E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1030E-06 0.9826E+00 0.0000E+00 
aa 48 48 0.4B74E-18 0.1267E-17 0.1188E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1031E-06 0.9825E+00 0.0000E+00 
aa 49 49 0.1229E-16 0.3189E-16 0.1187E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.1032E-06 0.9825E+00 0.0000E+00 
aa 50 50 0.6818E-18 0.1501E-17 0.1187E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1014E-06 0.9826E+00 0.0000E+00 

OOOOOOOOOOOQQQQQQQQQQQQQQQQQQOOOOOOOOOOOOOOCOOQOOOOCOCOOCOCOCCOOOOOOOOOCCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

Figure 8. 
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Printed output for part 1 of problem 3 (continued). 

VI 
0\ 



,. > 
• 

ccccc---injection of trichloroethylene into a column cccccccc 

~lament source index generation rate enthalpy ff (gas) 
(kg/s) or (w) (j /kg) 

a a 1 i nj 1 1 -0.10016E-03 0.92318E+05 0.44115E-07 
aa 50 pro 1 2 -0.49706E-04 0.92318E+05 0.82369E-07 
aa 15 ino 1 3 0.21900E-03 0.22100E+05 

kcyc = 10 - iter = 4 - time = 0.12000E+03 

ff(liq.) ff(oil) p(wb) 
(pa) 

0. 10000E+01 0.00000E+00 0. 10140E+06 
0. 10000E+01 0.00000E+00 0 .10140E+06 

oooooooooooooooooocooooooooooooooooooooooooooooooooooooooooooooocooooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 8. Printed output for part 1 of problem 3 (continued). 
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•••••••••• volume- and mass.-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• • • • • • • • • • [ k c y c , i te r] = 10, 4] ••••• the time is 0.12000E+03 seconds, or 0.13889E-02 days 

phase volumes in place 
gas 0.35967E-05 m••3; 

phase mass in place 
gas 0.44829E-06 kg 

water 0.69456E-03 m••3; 

aqueous 0.69309E+00 kg 

air/water component mass in place 

hydrocarbon 0.17951E-04 m••3 

I iquid hydrocarbon 0.26181E-01 kg 

air 0.42712E-05 kg water vapor 0.69725E-07 kg I iquid water 0.69299E+00 kg 

hydrocarbon component mass 
voc vapor 0.24544E-06 kg 

in place 
dissolved voc 0.98889E-04 kg I iquid voc 0.26181E-01 kg total voc 0.26280E-01 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 10 time steps the time is 0.12000E+03 seconds 

end of tough simulation job --- elapsed time = 36.0000 sec 
-- calculation time= 35.7700 sec-- data input time= 0.2300 sec 

Figure 8. Printed output for part 1 of problem 3 (continued). 

VI 
00 



...... . Figure 9 . 
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TCE s9tu!ation _aJter inje~~i9~ 

TCE saturation after woterflood 

I 

J 
10 20 30 40 50 

X (em) 
60 70 80 90 

NAPL phase saturation distribution after trichloroethylene injection, and 

after waterftood. 



60 

ccccc---cold waterflood at a rate of 15m/day ----cccccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 2650. .385 1.6000e-111.6000e-111.6000e-11 3.1 1000.0 

0. 0. 2.85 0.0 

chemp----1---------2---------3---------4---------5---------6---------7---------8 
572.0 50.5 0.265 0.213 0.9 
360.4 -7.38190 1.94817 -3.03294 -5.34536 
131.389 3.0170e+01 2.287e-01 -2.229e-04 8.244e-08 
1462. 293.0 8.000e-06273.0 1.60 

0.59 293.15256.0 
1.50954e-40. 0. 0. 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 80 80100000000100010410000000 0.00e-5 
18000. 2.0 8000. 1 9.8060 

aa 15 
1.e-5 1.e00 1.e-8 0.00 

101330.00 22.0 0.00 .9950 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 .150 .05 .005 3. 
8 0.000 1.84 10. 11. 

eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 49 1dirt1 3.7179e-5 

conne----1---------2---------3---------4---------5---------6---------7---------8 
aa 1aa 2 48 1 1 1 .0091 .0091 2.0428e-3 0.0 

gener----1---------2---------3---------4---------5---------6---------7---------8 
aa 1inj 1 wate 3.5395e-04 9.2332e+4 
aa 50pro 1 delv 3.5917e-12 1.0140e+5 

endcy 

... 
Figure 10. STMVOC input file for part 2 of problem 3. 



. ,, ' , 

ccccc---cold waterflood at a rate of 15 mfday ----cccccc 

output data after ( 40, 4)-2-time steps the time is 0.20833E•00 days 

OOOCQQQQQOOQOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOQOQCQQOCQQOQQQOQOOQOQOOQQQOOOQQOQOOOOOQQOOQQQOOOOOOOQOQOOOOQOOOOOOOOOOQOOOOOOOOOOOOOO 

total time kcyc iter iterc kon dx 1m dx2m dx3m max. res. ner ker deltex 
0.180f1JC'IE•0fi 40 4 208 2 0.62017E•02 0. 12438E-01 0.62374E-01 0.30816E-06 33 1 0.76000E+03 

OOOOOOOOQOOOOOOQQOOOOOOOOOOOOOOOOCOCOOOOOOOOOOOOOOOQOQOCOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOQQQQQQOOOOOQOOOOOOOOQ 

eiem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

a a 1 1 111613. 22.001 0.00eJ0E+00 0.9999E+00 0.5136E-04 0. 108971. 7962. 2642. 0. 0. 
a a 2 2 111437. 22.001 0.0000E+00 0.9999E+00 0.1487E-03 0. 108795. 7962. 2642. -7. -13. 
a a 3 3 111280. 22.001 0.0000E+00 0.9994E+00 0.5840E-03 0. 108638. 7962. 2642. -24. -45. 
a a 4 4 111126. 22.001 0.0000E+00 0.9985E+00 0 .1469E-02 0. 108483. 7962. 2642. -42. -80. 
a a 6 5 110955. 22.001 0.0000E+00 0.9979E+00 0.2132-E-02 0. 108313. 7962. 2642. -52. -99. 
a a 6 6 110774. 22.001 0.0000E+00 0.9975E+00 0.2486E-02 0. 108131. 7962. 2642. -66. -108. 
a a 7 7 110589. 22.001 0.0000E+00 0.9973E+00 0.2722E-02 0. 107946. 7962. 2642. -59. -113. 
a a 8 8 110402. 22.001 0.0000E+00 0.9971E+00 0.2904E-02 0. 107760. 7962. 2642. -62. -118. 
BB 9 9 110215. 22.001 0.0000E+00 0.9969E+00 0.3056E-02 0. 107573. 7962. 2642. -63. -121. 
aa 10 10 110027. 22.001 0.0000E+00 0.9968E+00 0.3187E-02 0. 107385. 7962. 2642. -65. -124. 
aa 11 11 109839. 22.001 0.0000E+00 0.9967E+00 0.3304E-02 0, 107196. 7962. 2642. -66. -127. 
9a 12 12 109650. 22.001 0.0000E+00 0.9966E+00 0.3410E-02 0. 107007. 7962. 2642. -67. -129. 
aa 13 13 109461. 22.001 0.0000E+00 0.9965E+00 0.3507E-02 0, 106818. 7962. 2642. -69. -131. 
aa 14 14 109271. 22.001 0.0000E+00 0.9964E+00 0.3595E-02 0. 106629. 7962. 2642. -69. -133. 
98 15 15 109082. 22.001 0.0000E+00 0.9963E+00 0.3671E-02 0. 106439. 7962. 2642. -70. -134. 
99 16 16 108891. 22.000 0.0000E+00 0.9963E+00 0.3710E-02 4. 106245. 7962. 2642. -71. -136. 
9a 17 17 108699. 21.996 0.0000E+00 0.9963E+00 0.3679E-02 364. 105694. 7960. 2642. -70. -134. 
9a 18 18 108680. 21.982 0.3307E-01 0. 9630E-•00 0.3897E-02 7954. 98087. 7954. 2639. -73. -307. 
98 19 19 108524. 21.982 0.5018E-01 0.9458E+00 0.3976E-02 7954. 97930. 7954. 2639. -74. -366. 
aa 2eJ 2eJ 11'!8297. 21.982 eJ.5086E-01 0.9451E+00 0.4044E-02 7954. 97703. 7954. 2639. -74. -369. 
aa 21 21 108072. 21.982 0.5257E-01 0.9433E+00 0.4105E-02 7955. 97478. 7955. 2639. -75. -376. 
aa 22 22 107849. 21.982 0.5543E-01 0.9404E+00 0.4162E-02 7955. 97256. 7955. 2639. -75. -385. 
aa 23 23 107625. 21.982 0.5872E-01 0.9371E+00 0.4215E-02 7955. 97031. 7956. 2639. -76. -396. 
aa 24 24 107398. 21.982 0.6187E-01 0.9339E+00 0.4266E-02 7955. 96804. 7955. 2639. -76. -407. 
aa 25 25 107166. 21.982 0.6472E-01 0.9310E•00 0.4314E-02 7955. 96572. 7955. 2639. -77. -416. 
88 26 26 106931. 21.983 0.6725E-01 0.9284E+00 0.4360£:-02 7955. 96336. 7955. 2639. -77. -424. 
88 27 27 106692. 21.983 0.6944E-01 0.9262E•00 0.4403E-02 7955. 96098. 7955. 2639. -78. -431. 
aa 28 28 106449. 21.983 0.7120E-01 0.9244E+00 0.4445E-02 7955. 95855. 7955. 2639. -78. -437. 
aa 29 29 106203. 21.983 0.7226E-01 0.9233E+00 0.4485E-02 7955. 95609. 7955. 2639. -79. -440. 
aa 30 30 105952. 21.983 0. 7188E-01 0.9236E+00 0.4523E-02 7955. 95357. 7955. 2639. -79. -440. 
aa 31 31 105691. 21.983 0.6825E-01 eJ.9272E+eJ0 0.4560E-02 7955. 95097. 7955. 2639. -79. -429. 
aa 32 32 105411. 21.983 0.5728E-01 0.9381E+00 0.4594E-02 7955. 94817. 7955. 2639. -80. -397. 
1!18 33 33 105037. 21.983 0.1861E-01 0.9768E+00 0.4629E-02 7956. 94443. 7956. 2639. -80. -260. 
1!111 34 34 104726. 21.983 0. 1633E-06 0.9953E+00 0.4663E-02 7955. 94131. 7956. 2639. -80. -153. 
81!1 36 36 104634. 21.983 0.1402E-06 0.9953E•00 0.4694E-02 7955. 93940. 7955. 2639. -81. -154. 
88 36 36 104342. 21.983 0.1329E-06 0.9963E+00 0.4724E-02 7966. 93748. 7955. 2639. -81. -165. 
81!1 37 37 104151. 21.983 0.0000E+00 0.9962E+00 0.4763E-02 7955. 93666. 7956. 2639. -81. -165. 
81!1 38 38 103959. 21.983 0.1987E-06 0.9962E+00 0.4781E-02 7965. 93365. 7955. 2639. -82. -156. 
aa 39 39 103767. 21.983 0.1466E-06 0.9952E+00 0.4808E-02 7955. 93173. 7955. 2639. -82. -166. 
aa 40 40 103576. 21.983 0.1295E-06 0.9952E+00 0.4834E-02 7956. 92981. 7955. 2639. -82. -157. 
aa 41 41 103384. 21.984 0. 1059E-06 0.9951E+00 0.4859E-02 7965. 92789. 7955. 2639. -82. -167. 
aa 42 42 103192. 21.984 0.0000E+00 0.9951E+00 0.4884E-02 7955. 92598. 7956. 2640. -83. -158. 
aa 43 43 103000. 21.984 0. 1693E-06 0.9951E•00 0.4908E-02 7955. 92406. 7955. 2640. -83. -158. 
aa 44 44 102808. 21.984 0.8107E-07 0.9951E+00 0.4931E-02 7955. 92214. 7955. 2640. -83. -158. 
aa 45 45 102617. 21.984 0 .1265E-06 0.9960E+00 0.4953E-02 7955. 92022. 7955. 2640. -83. -169. 

Figure 11. Printed output for· part 2 of problem 3. 
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elem index p t. so SW sg pvoc pair psat.o psat.w pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

aa 46 46 102425. 21.984 0.8486E-07 0.9950E+00 0.4974E-02 7955. 91830. 7955. 2640~ -83. -159. 
a a 4 7 47 102233. 21.984 0.8070E-07 0.9950E+00 0.4995E-02 7955. 91638. 7955. 2640. -84. -160. 
aa 48 48 102041. 21.984 0.7621E-07 0.9950E+00 0.5016E-02 7955. 91446. 7955. 2640. -84. -160. 
aa 49 49 101849. 21.984 0.7126E-07 0.9950E+00 0.5035E-02 7955. 91254. 7955. 2640. -84. -160. 
aa 50 50 H'Jl657. 21.984 0.6557E-07 0.9949E+00 0.5055E-02 7955. 91062. 7955. 2640. -84. -161. 

oooooooooooooooooooaooooaooooaaoaoaoooaocoooooaaocaooooooooccooooooaoooooooaooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

•, 

Figure 11. 

t . 

• . 

Printed output for part 2 of problem 3 (continued). 
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elem 

a a 1 
a a 2 
a a 3 
a a 4 
a a 5 
a a 6 
a a 7 
a a 8 
a a 9 
aa HI 
aa 11 
aa 12 
aa 13 
aa 14 
aa 15 
aa 16 
aa 17 
aa 18 
aa 19 
aa 20 
aa 21 
aa 22 
aa 23 
aa 24 
aa 25 
aa 26 
911 27 
aa 28 
aa 29 
aa 30 
aa 31 
aa 32 
aa 33 
aa 34 
aa 35 
aa 36 
aa 37 
aa 38 
aa 39 
aa 40 
aa 41 
88 42 
a8 43 
aa 44 
811 46 
aa 48 
88 47 
118 48 
1111 49 
118 60 

•' . 
• 

ccccc---cold waterflood at a rate of 15m/day ----cccccc 

index cvocg cvocw dgas do i I visgas 
(kg/m .. 3) (kg/m.,.3) (kg/mH3) (kg/m .. 3) (kg/m•s) 

vi so i I 
(kg/m•s) 

• 
•· 

kcyc = 40 - iter = 4 - time= 0.18000E+05 
d i ffo di ffw krgas krwat kro i I 

(m .. 2/s) (m .. 2/s) 

1 0.2385E-34 0.615iE-34 0.1305E+01 0.0000E+00 0.1822E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.0000E•00 0.9998E+00 0.0000E+00 
2 0.6445E-33 0.1662E-32 0.1303E•01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.0000E+00 0.9995E•00 0.0000E+00 
3 0.9263E-32 0.2389E-31 0.1301E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9979E+00 0.0000E+00 
4 0.9480E-31 0.2445E-30 0.1300E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.0000E+00 0.9948E+00 0.0000E+00 
5 0.7805E-30 0.2013E-29 0.1298E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E•00 0.9925E+00 0.0000E+00 
6 0.5532E-29 0.1427E-28 0.1296E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9913E+00 0.0000E+00 
7 0.3528E-28 0.9099E-28 0.1293E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.0000E+00 0.9904E+00 0.0000E+00 
8 0.2086E-27 0.5379E-27 0.1291E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9898E+00 0.0000E+00 
9 0.1167E-26 0.3011E-26 0.1289E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E•00 0.9893E+00 0.0000E+00 

10 0.6271E-26 0.1617E-25 0.1287E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9888E+00 0.0000E+00 
11 0.3256E-25 0.8398E-25 0.1284E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9884E+00 0.0000E+00 
12 0.4102E-19 0.1068E-18 0.1282E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9880E+00 0.0000E+00 
13 0.1388E-13 0.3581E-13 0.1280E•01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9877E+00 0.0000E+00 
14 0.2432E-10 0.6273E-10 0.1278E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9874E+00 0.0000E+00 
15 0.1881E-07 0.4852E-07 0.1276E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.0000E•00 0.9871E•00 0.0000E+00 
16 0.2343E-03 0.6043E-03 0.1273E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9870E+00 0.0000E+00 
17 0.1947E-01 0.5024E-01 0.1286E+01 0.0000E+00 0.1813E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9871E+00 0.0000E+00 
18 ~.4259E+00 0.1099E•01 0.1603E+01 0.1459E•04 0.1665E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E•00 0.8751E+00 0.0000E+00 
19 0.4259E•00 0.1099E+01 0.1601E+01 0.1459E+04 0.1665E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.8208E+00 0.6960E-05 
20 0.4259E+00 0.1099E+01 0.1598E+01 0.1459E+04 0.1665E-04 0.5739E-03 0.0000E•00 0.0000E+00 0.0000E+00 0.8186E+00 0.2877E-04 
21 0.4259E+00 0.1099E+01 0.1596E+01 0.1469E+04 0.1665E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.8130E+00 0.6943E-04 
22 0.4259E+00 0.1099E•01 0.1593E•01 0.1459E+04 0.1664E-04 0.5739E-03 0.0000E•00 0.0000E+00 0.0000E+00 0.8041E+00 0.1187E-03 
23 0.4259E+00 0.1099E•01 0.1691E+01 0.1459E+04 0.1664E-04 0.5739E-03 0.0000E•00 0.0000E+00 0.0000E+00 0.7939E+00 0.1664E-03 
24 0.4259E•00 0.1099E•01 0.1588E•01 0.1459E+04 0.1664E-04 0.5739E-03 0.0000E•00 0.0000E+00 0.0000E+00 0.7843E+00 0.2108E-03 
25 0.4259E+00 0.1099E+01 0.1585E+01 0.1459E+04 0.1663E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.7756E+00 0.2619E-03 
26 0.4259E•00 0.1099E+01 0.1582E+01 0.1459E+04 0.1663E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.7680E+00 0.2902E-03 
27 0.4269E•00 0.1099E•01 0.1679E+01 0.1469E•04 0.1663E-04 0.6739E-03 0.0000E+00 0.0000E•00 0.0000E•00 0.7614E+00 0.3261E-03 
28 0.4259E+00 0.109GE•01 0.1577E•01 0.1459E•04 0.1662E-04 0.6739E-03 0.0000E+00 0.0000E•00 0.0000E+00 0. 7661E+00 0.3643E-03 
29 0.4260E+00 0.1099E+01 0.1574E+01 0.1459E+04 0.1662E-04 0.5739E-03 0.0000E+00 0.0000E•00 0.0000E•00 0.7529E+00 0.3724E-03 
30 0.4260E+00 0.1099E+01 0.1571E+01 0.1459E+04 0.1662E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.7638E+00 0.3658E-03 
31 0.4260E•00 0.1099E+01 0.1568E+01 0.1459E+04 0.1661E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.7644E+00 0.3056E-03 
32 0.4260E•00 0.1099E+01 0.1564E+01 0.1459E+04 0.1661E-04 0.5739E-03 0.0000E+00 0.0000E•00 0.0000E+00 0.7971E+00 0.1437E-03 
33 0.4260E+00 0.1099E+01 0.1560E+01 0.1459E+04 0.1661E-04 0.5739E-03 0.0000E+00 0.0000E•00 0.0000E+00 0.9202E•00 0.0000E+00 
34 0.4260E•00 0.1099E+01 0.1556E+01 0.1459E+04 0.1660E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E•00 0.9836E•00 0.0000E+00 
35 0.4260E+00 0.1099E+01 0.1554E+01 0.1459E+04 0.1660E-04 0.5739E-03 0.0000E+00 0.0000E•00 0.0000E+00 0.9836E+00 0.0000E+00 
36 0.4260E+00 0.1099E+01 0.1552E•01 0.1459E+04 0.1660E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.9834E+00 0.0000E+00 
37 0.4260E•00 0.1099E+01 0.1550E+01 0.0000E+00 0.1659E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9833E+00 0.0000E+00 
38 0.4260E+00 0.1099E+01 0.1547E•01 0.1459E+04 0.1659E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E•00 0.9832E•00 0.0000E+00 
39 0.4260E·00 0.1099E+01 0.1645E+01 0.1459E•04 0.1659E-04 0.5739E-03 0.0000E•00 0.0000E+00 0.0000E•00 0.9831E+00 0.0000E+00 
40 0.4260E+00 0.1099E•01 0.1543E+01 0.1459E•04 0.1658E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.9830E+00 0.0000E+00 
41 0.4260E•00 0.1099E+01 0.1540E+01 0.1459E•04 0.1658E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.0000E•00 0.9829E+00 0.0000E+00 
42 0.4260E+00 0.1099E+01 0.1638E+01 0.0000E+00 0.1668E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.0000E+00 0.9829E+00 0.0000E+00 
43 0.4260E+00 0.1099E+01 0.1636E+01 0.1459E+04 0.1668E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.9828E+00 0.0000E+00 
44 0.4260E•00 0.1099E+01 0.1634E+01 0.1469E+04 0.1657E-04 0.5739E-03 0.0000E+00 0.0000E+00 0.0000E•00 0.9827E+00 0.0000E+00 
46 0.4260E•00 0.1099E•01 0.1631E+01 0.1469E•0~ 0.1667E-04 0.6739E-03 0.0000E•00 0.0000E+00 0.0000E•00 0.9826E+00 0.0000E+00 
46 0.4260E+00 0.1099E+01 0.1629E+01 0.1459E+04 0.1657E-04 0.6739E-03 0.0000E•00 0.0000E+00 0.0000E+00 0.9826E+00 0.0000E+00 
47 0.4260E+00 0.1099E+01 0.1627E+01 0.1469E+04 0.1667E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.9826E+00 0.0000E+00 
48 0.4280E+00 0.1099E+01 0.1626E+01 0.1469E+04 0.1866E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.8334E-14 0.9824E+00 0.0000E+00 
49 0.4260E+00 0.1099E+01 0.1622E+01 0.1469E•04 0.1868E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.7233E-13 0.9823E+00 0.0000E+00 
60 0.4260E+00 0.1099E+01 0.1620E+01 0.1469E+04 0.1666E-04 0.6739E-03 0.0000E+00 0.0000E+00 0.2636E-12 0.9823E+00 0.0000E+00 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 11. Printed output for pan 2 of problem 3 (continued). 
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ccccc---cold waterflood at a rate of 15m/day ----cccccc 

kcyc = 40 - iter = 4 - time= 0.18000E+05 

element source index generation rate enthalpy ff (gas) ff(liq.) ff(oil) p (wb) 
(kg/s) or (w) (j /kg) (pa) 

a a 1 i nj 1 1 0.35400E-03 0.92330E+05 
aa 50 pro 1 2 -0.36407E-03 0.92250E+05 0.63006E-13 0.10000E+01 0.00000E+00 0.10140E+06 

ooooooooooooooooooooooooooooooooooooooooooooocoooooccoocooccoccooccooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

~ 

Figure 11. 

• . 

Printed output for part 2 of problem 3 (continued). 
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•••••••••• volume- and mass-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

**"'******* (kcyc, i t~rJ ~0, 4) ••••• the time is 0.18000E•05 seconds, or 0.20833E•00 days 

phase volumes in place 
gas 0.27994E-05 m••3; 

phase mass in place 
gas 0.41916E-05 kg 

water 0.70007E-03 m••3; 

aqueous 0.69860E+00 kg 

air/water component mass in place 

hydrocarbon 0.13228E-04 m++3 

I iquid hydrocarbon 0.19294E-01 kg 

air 0.32705E-05 kg water vapor 0.54216E-07 kg I iquid water 0.69810E+00 kg 

hydrocarbon component mass 
voc vapor 0.92738E-06 kg 

in place 
dissolved voc 0.50299E-03 kg liquid voc 0.19294E-01 kg total voc 0.19798E-01 kg 

···········$····················································································································· 

write file •save+ after 40 time steps the time is 0.18000E+05 seconds 

end of tough simulation job --- elapsed time = 135.0300 sec 
-- calculation time= 134.7200 sec-- data input time= 0.3100 sec 

Figure 11. Printed output for part 2 of problem 3 (continued). 
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cccccc-----inject steam at 105c with quality of .5 ----ccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 2650. .385 1.6000e-111.6000e-111.6000e-11 3.1 1000.0 

0. 0. 2.85 0.0 

chemp----1---------2---------3---------4---------5---------6---------7---------8 
572.0 50.5 0.265 0.213 0.9 
360.4 -7.38190 1.94817 -3.03294 -5.34536 
131.389 3.0170e+01 2.287e-01 -2.229e-04 8.244e-08 
1462. 293.0 8.000e-06273.0 1.60 

0.59 293.15256.0 
1. 50954e-40. 0. 0. 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 400 100100000000100010410000000 0.00e-5 
27000. 20.0 2000. 2 9.8060 

aa 1aa 50 
1.e-5 1.e00 1.e-8 500. 

101330.00 22.0 0.00 .9950 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 .150 .05 .005 3. 
8 0.000 1.84 10.0 11.0 

times----1---------2---------3---------4---------5---------6---------7---------8 
1 

23000.0 
eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 49 ldirtl 3.7179e-5 

conne----1---------2---------3---------4---------5---------6---------7---------8 
aa laa 2 48 1 1 1 .0091 .0091 2.0428e-3 0.0 

gener----1---------2---------3---------4-·----~---5---------6---------7---------8 
aa 1inj 1 wate 3.534le-05 1.5620e+6 
aa 50pro 1 delv 3.5917e-12 1.0140e+5 

en dey 

Figure 12. STMVOC input tile for part 3 of problem 3. 
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The output after 5000 s of steam injection is shown in Figure 13. These results are 

shown graphically in Figure 14 in which it is apparent that the steam is effectively displacing 

the trichloroethylene. By the end of the simulation, after 9000 s of steam injection, the 

entire column is at the steam temperature, and the trichloroethylene has been completely 

removed. A printout of the STMVOC output at this time is given in Figure 15. 



cccccc-----inject steam at Hl5c with qual it.y of .5 ----ccc 

output data after ( 301, 4)-2-time steps the time is 0.26620E+00 days 

OOOOOOOOOCOOOOOQQOQQQOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOO 

total time 
0.23000E+05 

kcyc 
301 

iter i t,erc 
4 1921 

kon 
2 

dx1m dx2m dx3m 
0.16017E+03 0.31941E+01 0.11964E+01 

max. res. ner 
0.15220E-06 38 

ker 
3 

deltex 
0.11270E+02 

ooooooooooocooooooooooooooooooocoooooooocoocoooooocoooccooooooocoocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

elem index 

aa 1 
aa 2 
aa 3 
aa 4 
aa 5 
aa 6 
aa 7 
aa 8 
aa 9 
aa 10 
88 1 1 
aa 12 
aa 13 
aa 14 
aa 15 
88 16 
8a 17 
8a 18 
88 19 
8a 20 
aa 21 
aa 22 
aa 23 
aa 24 
88 25 
aa 26 
aa 27 
aa 28 
aa 29 
aa 30 
a8 31 
aa 32 
8a 33 
aa 34 
88 36 
88 36 
88 37 
aa 38 
88 39 
8a 40 
aa 41 
aa 42 
88 43 
88 44 
88 46 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 

p 
(pa) 

120202. 
119854. 
119504. 
119154. 
118803. 
118450. 
118097. 
117742. 
117385. 
117028. 
116669. 
116308. 
115946. 
115582. 
115216. 
1148t18. 
114478. 
114106. 
113731. 
113353. 
112971. 
112587. 
112197. 
111804. 
111404. 
110999. 
110586. 
110165. 
109733. 
109289. 
108830. 
108351. 
HH847. 
107309. 
106720. 
1013048. 
106220. 
104051. 
103380. 
103153. 
102935. 
102601. 
102097. 
101826. 
10174tl. 

t 
( deg-c) 

104.85., 
104.773 
104.689 
104.604 
104.519 
104.434 
104.348 
104.261 
104.174 
104.086 
103.998 
103.909 
103.820 
103.730 
103.639 
103.547 
103.455 
103.362 
103.2C8 
103.173 
103.076 
102.979 
102.880 
102.780 
102.678 
102.574 
102.468 
102.360 
102.248 
102.133 
102.014 
101.889 
101.757 
101.615 
101.460 
101.281 
101.060 
94.303 
71.146 
47.235 
34.722 
28.623 
26.459 
23.860 
22.996 

so 

0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E•00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.2604E+00 
0.2639E+00 
0.2311E+00 
0.1672E+00 
0.3406E-01 
0.0000E+00 
0.0000E+00 

Figure 13. 

.. 

sw 

0.3192E•00 
0.3192E+00 
0.3192E+00 
0.3192E+00 
0.3193E•00 
0.3193E•00 
0.3194E+00 
0.3195E•00 
0.3196E+00 
0.3197E+00 
0.3198E+00 
0.3200E+00 
0.3202E•00 
0.3205E•00 
0.3208E+I'll'l 
l'l.3212E•00 
0.3217E+00 
0.3222E+00 
0.3229E+00 
0.323BE+00 
0.324BE+00 
0.3260E+00 
0.3275E+00 
0.3294E+00 
0.3316E•00 
0.3342E+00 
0.3375E•00 
0.3414E+00 
0.3463E+00 
0.3523E+00 
0.3598E+00 
0.3694E•00 
0.3820E+00 
0.3992E•00 
0.4238E+00 
0.4618E•00 
0. 5277E•00 
0.6697E+00 
0.6568E•00 
0.6815E+00 
0.7252E+00 
0.8105E+00 
0.9489E+00 
0.9916E+00 
0.9948E+00 

sg 

0.6808E+00 
0.6808E•00 
0.6808E+00 
0.6808E+00 
0.6807E+00 
0.6807E+00 
0.6806E+00 
0.6805E+00 
0.6804E+00 
0.6803E+00 
0.6802E•00 
0.6800E+00 
0.6798E+00 
0.6795E+00 
0.6792E+00 
0.6788E+00 
0.6783E+00 
0.6778E+00 
0. 6771E+00 
0.6762E+00 
0.6762E+00 
0.6740E+00 
0.6725E+00 
0.6706E+00 
0.6684E+00 
0.6658E+00 
0.6625E+00 
0.6586E+00 
0.6537E+00 
0. 64 77E+00 
0.6402E+00 
0.6306E+00 
0.6180E+00 
0.600BE+00 
0.6762E+00 
0.6382E+00 
0.4723E+00 
0.3303E+00 
0.9279E-01 
0.6461E-01 
0.4370E-01 
0.3228E-01 
0. 1708E-01 
0.8383E-02 
0.5236E-02 

pvoc 
(pa) 

"'· 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. 
0. 
0. 
0. 
0. 
0. 
0. 

21672. 
60628. 
24890. 
14567. 
10940. 

9444. 
8723. 
8361' 

pair 
(pa) 

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. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

10013. 
67524. 
82832. 
87766. 
89400. 
90146. 
90576. 

psato 
(pa) 

168958. 
168575. 
168190. 
167803. 
167416. 
167026. 
166636. 
166242. 
165848. 
166452. 
165054. 
164654. 
164251. 
163847. 
1634-10. 
163031. 
162619. 
162204. 
161786. 
161364. 
160939. 
160509. 
160073. 
169633. 
169186. 
158731. 
158268. 
157795. 
157310. 
156811. 
156294. 
155754. 
165186. 
154578. 
153912. 
163162. 
162212. 
125603. 
60628. 
24890. 
14567. 
10940. 

9444. 
8733. 
8367. 

psatw 
(pa) 

120202. 
119854. 
119504. 
119154. 
118803. 
118450. 
118097. 
117742. 
117385. 
117028. 
116669. 
116308. 
115946. 
115582. 
116216. 
114848. 
114478. 
114106. 
113731. 
113353. 
112971. 
112587. 
112197. 
111804. 
111404. 
110999. 
110586. 
110165. 
109733. 
109289. 
108830. 
108351. 
107847. 
107309. 
106720. 
106048. 
106220. 
82379. 
.32739. 
10739. 

6636. 
3895. 
3264. 
2967. 
2807. 

Printed output for part 3 of problem 3 after 5000 s of steam injection . 

pco 
(pa) 

-3478. 
-3478. 
-3478. 
-3478. 
-3478. 
-3477. 
-3477. 
-3476. 
-3475. 
-3473. 
-3472. 
-3469. 
-3466. 
-3463. 
-3459. 
-3454. 
-3447. 
-3439. 
-3430. 
-3419. 
-3405. 
-3388. 
-3369. 
-3345. 
-3316. 
-3282. 
-3241. 
-3192. 
-3133. 
-3063. 
-2978. 
-2876. 
-2749. 
-2589. 
-2383. 
-2108. 
-1722. 
-1135. 

-439. 
-321. 
-283. 
-238. 
-166. 
-111. 

-86. 

• 

pew 
(pa) 

-6641. 
-6641. 
-6641. 
-6640. 
-6640. 
-6639. 
-6637. 
-6636. 
-6634. 
-6631. 
-6627. 
-6623. 
-6618. 
-6611. 
-6603. 
-6693. 
-6581. 
-6666. 
-6548. 
-6527. 
-6600. 
-6469. 
-6431. 
-6385. 
-6330. 
-6266. 
-6187. 
-6093. 
-6981. 
-6847. 
-6686. 
-6490. 
-5248. 
-4943. 
-4549. 
-4024. 
-3288. 
-2167. 
-1628. 
-1346. 
-1179. 

-901. 
-449. 
-213. 
-164. 

0\ 
00 



"' 
" 

. • ·• 

elem inde>< p t so sw sg pvoc pair psato psatw pco pew 
( pa) (deg-c) ( pa) (pa) (pa) (pa) (pa) (pa) 

aa 46 46 11':!171':!8. 22.529 e!.e!e!e!e!E+e!e! e!.995e!E+e!e! e!.5e!e!4E-e!2 8172. 91':!81':!7. 8175. 2729. -84. -161':!. 
aa 47 47 11':!1675. 22.277 e!.e!e!00E+e!e! 0.9950E+0e! e!.4998E-02 8072. 90916. 81':!73. 2687. -84. -160. 
aa 48 48 101642. 22.141 0.3486E-07 0.9950E+0e! 0.5004E-02 8018. 90959. 8018. 2665. -84. -160. 
aa 49 49 101609. 22.069 0.7168E-07 0.9950E+00 0.5014E-02 7989. 90967. 7989. 2653. -84. -160. 
a" 50 50 101577. 22.035 0.7075E-07 0.9950E•00 0.5025E-02 7976. 90953. 7976. 2648. -84. -160. 

QOQQQQQQQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOOQOOOOOOOOOQOOOOOOQOQQQQQQQQQQQOQQQQQOOOOOOCQQQOOQQQQQQOQQQQQQOQQOQOQOOOOO 

Figure 13. Printed output for part 3 of problem 3 after 5000 s of steam injection (con-

tinued). 
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cccccc-----inject steam at 105c with quality of .5 ----ccc 

kcyc = 301 - iter = 4 - time = 0.23000E+05 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo d i ffw krgas krwat kro i I 

(kg/m .. 3) (kg/m .. 3) (kg/m .. 3) (kg/m**3) (kg/m•s) (kg/m•s) (m .. 2/s) (m .. 2/s) 

::Ja 1 1 0.0000E•00 0.0000E+00 0.6885E•00 0.0000E•00 0.1222E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.5026E•00 0.7884E-02 0.0000E+00 
a a 2 2 0.3498E-22 0.5219E-23 0.6866E•00 0.0000E+00 0.1222E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.5026E•00 0.7886E-02 0.0000E+00 
a a 3 3 0.0000E•00 0.0000E+00 0.6848E+00 0.0000E+00 0.1222E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.5026E•00 0.7889E-02 0.0000E+00 
93 4 4 0.0000E+00 0.0000E•00 0.6829E•00 0.0000E+00 0.1221E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.5025E•00 0.7893E-02·0.0000E+00 
a a 5 5 0.6039E-19 0.9070E-20 0.6810E+00 0.0000E+00 0.1221E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.5024E+00 0.7898E-02 0.0000E+00 
a a 6 6 0.6101E-19 0.9183E-20 0.6792E•00 0.0000E•00 0.1221E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.5023E+00 0.7905E-02 0.0000E+00 
a a 7 7 0.5905E-19 0.8907E-20 0.6773E+00 0.0000E•00 0.1220E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.5021E+00 0.7914E-02 0.0000E+00 
a a 8 8 0.1880E-17 0.2841E-18 0.6754E+00 0.0000E+00 0.1220E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5020E+00 0.7925E-02 0.0000E+00 
a a 9 9 0.3093E-17 0.4686E-18 0.6735E+00 0.0000E+00 0.1220E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.501BE+00 0.7939E-02 0.0000E+00 
99 10 10 0.2B72E-17 0.4362E-18 0.6716E+00 0.0000E•00 0.1219E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.5015E+00 0.7955E-02 0.0000E+00 
aa 11 11 0.2926E-17 0.4452E-18 0.6697E•00 0.0000E+00 0.1219E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.5012E+00 0.7976E-02 0.0000E+00 
aa 12 12 0.2743E-17 0.4185E-18 0.6678E+00 0.0000E•00 0.1219E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.5008E+00 0.8001E-02 0.0000E+00 
a a 13 13 0.2671E-17 0.4083E-18 0.6659E•00 0.0000E•00 0.1218E-04 0.1000E•01 0.0000E+C0 0.0000E•00 0.5003E•00 0.8032E-02 0.0000E+00 
a a 14 14 0.2239E-17 0.3431E-18 0.6640E•00 0.0000E•00 0.121AE-04 0.1000E•01 0.0000E•00 0.0000E•00 0.4997[•00 0.8069E-02 0.0000E•00 
9a 15 15 0.2771E-17 0.4255E-18 0.6620Eo00 0.0000E•00 0.1218E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.4990E•00 0.8115E-02 0.0000E+00 
a a 16 16 0.1814E-17 0.2792E-18 0.6601E+00 0.0000E•00 0.1217E-04 0.1000E•01 0.0000E•00 0.0000E+00 0.4981E•00 0.8170E-02 0.0000E+00 
39 17 17 0.0000E•00 0.0000E+00 0.6581E+00 0.0000E+00 0.1217E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.4971E•00 0.821BE-02 0.0000E+00 
99 18 18 0.378BE-18 0.5859E-19 0.6561E+00 0.0000E•00 0.1216E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.4958E+00 0.8321E-02 0.0000E+00 
aa 19 19 0.1525E-18 0.2364E-19 0.6541E+00 0.0000E+00 0.1216E-04 0.1000E•01 0.0000E•00 0.0000E+00 0.4943E+00 0.8422E-02 0.0000E+00 
aa 20 20 0.0000E+00 0.0000E+00 0.6521E+00 0.0000E+00 0.1216E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4924E+00 0.8546E-02 0.0000E+00 
aa 21 21 0.2262E-18 0.3525E-19 0.6501E+00 0.0000E+00 0.1215E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.4902E+00 0.8698E-02 0.0000E+00 
aa 22 22 0.3867E-18 0.6040E-19 0.6481E+00 0.0000E+00 0.1215E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.4875E+00 0.8883E-02 0.0000E+00 
aa 23 23 0.6201E-18 0.9709E-19 0.6460E+00 0.0000E+00 0.1215E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.4842E+00 0.9112E-02 0.0000E+00 
aa 2<1 24 0.0000E•00 0.0000E+00 0.6439E+00 0.0000E•00 0.1214E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.4803E+00 0.9394E-02 0.0000E+00 -....J aa 25 25 0.7486E-19 0.1178E-19 0.6418E+00 0.0000E+00 0.1214E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.4755E+00 0.9744E-02 0.0000E+00 0 
a9 26 26 0.0000E+00 0.0000E+00 0.6396E•00 0.0000E•00 0.1213E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4698E+00 0.1018E-01 0.0000E+00 
9a 27 27 0.0000E•~0 0.~0~0E•00 0.6374E+00 0.0000E•00 0.1213E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.4629E+00 0.1073E-01 0.0000E+00 
aa 28 28 0.3008E-17 0.4774E-18 0.6352E+00 0.0000E+00 0.1213E-0<1 0.1000E•01 0.0000E+00 0.0000E~00 0.4546E+00 0.1142E-01 0.0000E+00 
aa 29 29 0.1390E-17 ~.2213E-18 0.6329E+00 0.0000E+00 0.1212E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4445E+00 0.1232E-01 0.0000E+00 
aa 30 30 0.1341E-17 0.2141E-18 0.6305E•00 0.0000E+00 0.1212E-04 0.1000E•0l 0.0000E•00 0.0000E•00 0.4323E•00 0.1348E-01 0.0000E+00 
aa 31 31 0.1292E-17 0.2069E-18 0.6280E+00 0.0000E+00 0.1211E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.4173E+00 0.l504E-01 0.0000E+00 
aa 32 32 0.0000E+00 0.0000E+00 0.6256E+00 0.0000E•00 0.1211E-04 0.1000E+01 0.0000E+00 0.0000[+00 0.3987E+00 0.1720E-01 0.0000E+00 
aa 33 33 0.00~0E•~0 0.0000E+00 0.6228E+00 0.~000E+00 0.1210E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.3751E•00 0.2033E-01 0.0000E+00 
9a 34 34 0.1013E-16 0.16~8E-17 0.6199E•00 0.0000E+00 0.1210E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.3445E•00 0.2518E-01 0.0000E•00 
aa 35 35 0.1678E-16 0.2725E-17 0.6168E•00 0.0000E+00 0.1209E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.3035E+00 0.3343E-01 0.0000E+00 
aa 36 36 0.1689E-15 0.2757E-16 0.6132E+00 0.0000E•00 0.1208E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.2468E+00 0.4936E-01 0.0000E+00 
aa 37 37 0.3027E-06 0.4968E-07 0.6088E+00 0.0000E+00 0.1208E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1662E+00 0.8772E-01 0.0000E+00 
aa 38 38 0.9321E+00 0.1829E+00 0.1417E+01 0.0000E+00 0.1280E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.5605E-01 0.2286E+00 0.0000E+00 
aa 39 39 0.2783E•01 0.1076E+01 0.3090E+01 0.1377E+04 0.1225E-04 0.3061E-03 0.0000E+00 0.0000E+00 0.1102E-02 0.2120E+00 0.2209E-01 
aa 40 40 0.1228E•~l 0.1089E+01 0.2034E+01 0.1418E+04 0.1500E-04 0.4102E-03 0.0000E+00 0.0000E•00 0.1988E-03 0.2444E+00 0.2264E-01 
aa 41 41 0.7477E~~0 0.1094E+01 0.1724E+01 0.1438E•04 0.1595E-04 0.4826E-03 0.0000E+00 0.0000E+00 0.9440E-04 0.3099E+00 0.1609E-01 
aa 42 42 0.5731E+00 0.1097E•01 0.1614E+01 0.1448E•04 0.1630E-04 0.5245E-03 0.0000E+00 0.0000E+00 0.3305E-04 0.4693E+00 0.4849E-02 
a9 43 43 0.4998E+00 0.1098E•01 0.1566E+01 0.1453E+04 0.1643E-04 0.5470E-03 0.0000E+00 0.0000E+00 0.2867E-05 0.8302E+00 0.0000E+00 
aa 44 44 0.4641E+~0 0.1097E•01 0.1543E•01 0.0000E+00 0.1649E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.6306E-07 0.9707E•00 0.0000E•00 
sta 45 46 0.4462E•00 0.109AE•01 0.1532E•01 0.0000E•00 0.1652E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.2148[-10 0.9818E•00 0.0000E+00 
aa 48 46 0.4368E•00 0.1098E+01 0.1527E+01 0.0000E+00 0.1654E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.7777E-16 0.9824E+00 0.0000E+00 
aa 47 47 0.431BE+~0 0.1098E+01 0.1523E+01 0.0000E+00 0.1655E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.9825E+00 0.0000E+00 
99 48 48 0.4291E+00 0.1098E+01 0.1522E•01 0.1458E•04 0.1655E-04 0.5726E-03 0.0000E+00 0.0000E+00 0.1409E-15 0.9824E+00 0.0000E+00 
'"' 49 49 0.4277E•00 0.109AE•01 .0.1620E•01 0.145BE•04 0.1665E-04 0.5732E-03 0.0000E•00 0.0000E+00 0.4483E-14 0.9824E•00 0.0000E+00 
aa 50 50 0.4270E+00 0.1098E•01 0.1620E•01 0.1459E•04 0.1656E-04 0.5735E-03 0.0000E+00 0.0000E+00 0.2<173E-13 0.9824E•00 0.0000E+00 
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Figure 13. Printed output for part 3 of problem 3 after 5000 s of steam injection (con-

tinucd) . 
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cccccc--·---inject steam at- 105c with quality of .5 ----ccc 

element source index generation rate enthalpy r r (gas) 
(kg/s) or (w) (j /kg) 

a a 1 i nj 1 1 0.35340E-04 0.15620[+07 
aa 50 pro 1 2 -0.61042E-04 0.924133E+05 0.23591E-13 

• 
• 

kcyc = 301 - iter = 4 - time = 0.23000E+06 

ff(liq.) ff(oil) p(wb) 
(pa) 

0. 10000E+01 0.00000E+00 0.10140E+06 

ooooooooooooooooooooooooooooooooooooooooooooccoooocooooooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 13. Printed output for part 3 of problem 3 after 5000 s of steam injection (con

tinued). 
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••••••••~~ volum~- and mass-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••• (kcyc,iter] = [ 301, 4] ••••• the time is 0.23000E+05 seconds, or 0.26620E+00 days 

phase volumes in place 
g~s 0.35702E-03 m••3; water 0.34567E-03 m••3; hydrocarbon 0.13414E-04 m••3 

phase mass in place 
gas 0.24320E-03 kg aqueous 0.33660E+00 kg 

air/water component m~ss in place 

I iquid hydrocarbon 0.19024E-01 kg 

air 0.31702E-05 kg water vapor 0.23042E-03 kg I iquid water 0.33643E+00 kg 

hydrocarbon component mass in place 
voe vapor 0.10166E-04 kg dissolved voc 0.17099E-03 kg liquid voc 0.19024E-01 kg total voc 0.19205E-01 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••• max res. = 0.18189E+04 at elem'aa 38 equation 1 is greater than rermax 0.50000E+03 
•••••••••• kcyc = 302 iter = 4 st = 0.23006[+05 dt = 0.56348E+01 •••••••••••• 
aa 50 p = 101580. t = 22.04 so= 0.7072E-07 sg = 0.5025E-02 pew= -160. pco = -84. cg = 
•••••••••• kcyc = 303 iter = 5 st = 0.23017E+05 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101588. t = 22.04 so= 0.7065E-07 sg = 0.5024E-02 pew= -160. pco = -84. cg = 
•••••••••• kcyc = 304 iter = 4 st = 0.23020E+05 dt = 0.28174E+01 •••••••••••• 
aa 50 p = 101597. t = 22.04 so= 0.7073E-07 sg = 0.5024E-02 pew= -160. pco = -84. cg = 
•••••••••• kcyc = 305 iter = 8 st = 0.23025E+05 dt = 0.56348E+01 •••••••••••• 
aa 50 p = 101625. t = 22.04 so= 0.7098E-07 sg = 0.5022E-02 pew= -160. pco = -84. cg 
•••••••••• kcyc = 308 iter = 6 st = 0.23031E+05 dt = 0.56348E+01 •••••••••••• 
aa 50 p = 101641. t = 22.04 so= 0.7101E-01 sg = 0.5022E-02 pew= -160. pco = -84. cg = 
•••••••••• kcyc = 307 iter= 4 st = 0.23037E+05 dt = 0.56348E+01 •••••••••••• 
aa •50 p = 101625. t = 22.05 so= 0.7056E-07 sg = 0.5022E-02 pew= -160. pco = -84. eg = 
•••••••••• kcyc = 308 iter = 7 st = 0.23048E+05 dt =. 0.11270E+02 •••••••••••• 
aa 50 p = 101607. t = 22.05 so= 0.6993E-07 sg = 0.5023E-02 pew= -160. pco = -84. cg = 
•••••••••• keyc = 309 iter= 5 st = 0.23059E+05 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101610. t = 22.06 so= 0.6958E-07 sg = 0.5023E-02 pew= -160. peo = -84. eg = 
•••••••••• kcye = 310 iter = 5 st = 0.23070E+05 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101590. t = 22.06 so= 0.6895E-07 sg = 0.5025E-02 pew= -160. pco = -84. cg = 
•••••••••• keyc = 311 iter= 5 st = 0.23082E+05 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101566. t = 22.08 so= 0.6840E-07 sg = 0.5026E-02 pew= -160. peo = -84. cg = 
•••••••••• keye = 312 iter= 4 st = 0.23093E+05 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101571. t = 22.07 so = 0.6826E-07 sg = 0.5026E-02 pew= -160. peo = -84. cg = 
•••••••••• kcye = 313 iter = 4 st = 0.23116E+05 dt = 0.22539E+02 •••••••••••• 
aa 50 p = 101575. t = 22.07 so= 0.6782E-07 sg = 0.5026E-02 pew= -160. peo = -84. eg = 
•••••••••• kcyc = 314 iter = 9 st = 0.23161E+05 dt = 0.45078E+02 •••••••••••• 
aa 50 p = 101601. t = 22.10 so= 0.3874E-07 sg = 0.5025E-02 pew= -160. peo = -84. cg = 
•••••••••• keye = 315 iter = 9 st = 0.23206E+05 dt = 0.45078E+02 •••••••••••• 
aa 50 p = 101598. t = 22.14 so= 0.0000E+00 sg = 0.5027E-02 pew= -160. peo = -84. eg = 
•••••••••• keye = 318 iter = 8 st = 0.23251E+05 dt = 0.45078E+02 •••••••••••• 
aa 50 p = 101573. t = 22.16 so= 0.0000E+00 sg = 0.5029E-02 pew= -160. peo = -84. eg = 
•••••••••• keye = 317 iter= 6 st = 0.23262E+06 dt = 0.11270E+02 •••••••••••• 
aa 50 p = 101681. t = 22.17 so= 0.0000E+00 sg = 0.6029E-02 pew= -160. peo = -84. eg = 
•••••••••• kcye = 318 iter = 4 st = 0.23265E+05 dt = 0.28174E+01 •••••••••••• 
aa 60 p = 101586. t = 22.17 so= 0.0000E+00 sg = 0.5029E-02 pew= -160. pco = -84. cg = 
•••••••••• keyc = 319 iter= 5 st = 0.23270E+05 dt = 0.56348E+01 •••••••••••• 
aa 50 p = 101601. t = 22.18 so= 0.0000E+00 sg = 0.5028E-02 pew= -160. peo = -84. eg = 
•••••••••• keyc = 320 iter = 8 st = 0.23276E+05 dt = 0.66348E+01 •••••••••••• 
aa 50 p = 101635. t = 22.19 so= 0.0000E+00 sg = 0.5027E-02 pew= -160. peo = -84. cg = 
•••••••••• keye = 3?.1 iter = 6 st = 0.23?.82E+05 dt = 0.56348E+01 •••••••••••• 
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Figure 13. Printed output for part 3 of problem 3 after 5000 s of steam injection (con-

tinued). 
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Figure 14. Calculated separate phase trichloroethylene distribution and temperature 

profile after 5000 s of steam injection. 
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cccccc-----inject sleam at 105c with qual it.y of .5 ----ccc 

output. data after ( 399, 3)-2-t.ime steps the time is 0.31250E+00 days 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
total time 
0.27000E+05 

kcyc 
399 

iter i terc 
3 2567 

kon 
2 

dx1m dx2m dx3m 
0.31606E+02 0.75231E-02 0.36283E-18 

max. res. 
0 .18846E-08 

ner 
43 

ker 
1 

deltex 
0. 10981E+04 

OOOOOOOOOOOOOOOOOQOQOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOQOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

elem index 

aa 1 
aa 2 
aa 3 
aa 4 
aa 5 
38 6 
aa 7 
aa 8 
aa 9 
aa 10 
aa 11 
aa 12 
8a 13 
8a 14 
aa 15 
aa 16 
aa 17 
aa 18 
aa 19 
aa 20 
aa 21 
aa 22 
aa 23 
aa 24 
aa 25 
aa 26 
aa 27 
aa 28 
aa 29 
aa 30 
aa 31 
aa 32 
aa 33 
aa 34 
aa 36 
aa 36 
aa 37 
aa 38 
aa 39 
aa 40 
aa 41 
aa 42 
aa 43 
aa 44 
ae 45 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

p 
(pa) 

123316. 
122975. 
122634. 
122292. 
121949. 
121606. 
121261. 
120916. 
120571. 
120224. 
119877. 
119529. 
119180. 
116630. 
118480. 
118129. 
117776. 
117424. 
117070. 
116715. 
116360. 
116003. 
115646. 
116288. 
114929. 
114568. 
114207. 
113845. 
113481. 
113117. 
112750. 
112383. 
112014. 
111642. 
111269. 
110893. 
110513. 
110130. 
109742. 
109348. 
108946. 
108534. 
llll8108. 
107665. 
107196. 

t 
(deg-c) 

105.596 
105.516 
105.436 
105.355 
105.274 
105.192 
105.110 
105.028 
104.945 
104.862 
104.779 
104.695 
104.610 
104.526 
104.441 
104.355 
104.270 
104.183 
104.097 
104.010 
103.922 
103.834 
103.746 
103.667 
103.567 
103.477 
103.387 
103.296 
103.205 
103.113 
103.020 
102.927 
102.833 
102.739 
102.643 
102.547 
102.450 
102.351 
102.251 
102.149 
102.044 
101.9.37 
101.825 
101.709 
101.585 

so 

0.0000E•00 
0.0000E+00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E+00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E+00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Figure 15. 

... 
.. ~ 

SW 

0.3196E•00 
0.3195E+00 
0.3194E+00 
0.3193E+00 
0.3192(•00 
0.3191E+00 
0.3190E+00 
0.3190E+00 
0.3189E+00 
0.3188E•00 
0.3187E+00 
0.3186E+00 
0.3185E+00 
0.3184(•00 
0.3183E•00 
0.3183E•00 
0.3182E+00 
0.3181E+00 
0.3180E•00 
0.3180E•00 
0.3179E•00 
0.3178E+00 
0.3178E+00 
0.3178E+00 
0.3178E+00 
0.3178E+00 
0.3178E•00 
0.3179E+00 
0.3180E•00 
0.3182E+00 
0.3184E•00 
0.3188E+00 
0.3193E+00 
0.3200E+00 
0.3209E•00 
0.3221E+00 
0.3237E•00 
0.3258E•00 
0.3286E•00 
0.3322E+00 
0.3370E+00 
0.3432E+00 
0.3514E+00 
0.3622E+00 
0.3766E+00 

sg 

0.6804E+00 
0.6805E+00 
0.6806E+00 
0.6R0'TE+00 
0.68ri?AE•00 
0.6809(+00 
0.6810E•00 
0.6810(•00 
0.6811E•00 
0.6812E•00 
0.6813E+00 
0.6814E+00 
0.6815E•00 
0.6816E•00 
0.6817E+00 
0.6817E•00 
0.6818E+00 
0.6819E+00 
0.6820E+00 
0.6820E+00 
0.6821E+00 
0.6822E•00 
0.6822E•00 
0.6822E+00 
0.6822E+00 
0.6822E+00 
0.6822E+00 
0.6821E+00 
0.6820E+00 
0.6818E+00 
0.6816E+00 
0.6812E+00 
0.6807E+00 
0.6800E+00 
0.6791E+00 
0.6779E+00 
0.6763E•00 
0.6742E+00 
0.6714E+00 
0.6678E+00 
0.6630E+00 
0.6568E•00 
0.6486E•00 
0.6378E+00 
0.6234E+00 

pvoc 
(pa) 

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. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

pair 
( pa) 

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. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Printed output at the end of part 3 of problem 3 . 

psato 
(pa) 

172379. 
172006. 
171632. 
171257. 
170880. 
170503. 
170125. 
169745. 
169365. 
168983. 
168601. 
168217. 
167832. 
167446. 
167059. 
166670. 
166281. 
165890. 
165498. 
165106. 
164711. 
164315. 
163918. 
163520. 
163120. 
162720. 
162317. 
161913. 
161508. 
161101. 
160692. 
160281. 
159868. 
159452. 
159034. 
158612. 
168186. 
157756. 
157320. 
166877. 
156424. 
166960. 
165480. 
154980. 
154451. 

psatw 
(pa) 

123316. 
122975. 
122634. 
122292. 
121949. 
121606. 
121261. 
120916. 
120571. 
120224. 
119877. 
119529. 
119180. 
118830. 
118480. 
118129. 
117776. 
117424. 
117070. 
116715. 
116360. 
116003. 
115646. 
115288. 
114929. 
114568. 
114207. 
113846. 
113481. 
113117. 
112750. 
112383. 
112014. 
111642. 
111269. 
110893. 
110613. 
110130. 
109742. 
109348. 
108946. 
108534. 
108108. 
107665. 
107196. 

" 

pco 
(pa) 

-3471. 
-3472. 
-3474. 
-3475. 
-3477. 
-3478. 
-3480. 
-3481. 
-3483. 
-3484. 
-3486. 
-3487. 
-3488. 
-3490. 
-3491. 
-3493. 
-3494. 
-3495. 
-3497. 
-3498. 
-3499. 
-3500. 
-3501. 
-3502. 
-3502. 
-3502. 
-3602. 
-3501. 
-3600. 
-3497. 
-3494. 
-3489. 
-3482. 
-3473. 
-3460. 
-3444. 
-3422. 
-3393. 
-3357. 
-3309. 
-3248. 
-3171. 
-3074. 
-2953. 
-2803. 

,_ 
• 
II 

pew 
(pa) 

-6626. 
-6629. 
-6632. 
-6634. 
-6637. 
-6640. 
-6643. 
-6646. 
-6649. 
-6651. 
-6654. 
-6667. 
-6660. 
-6662. 
-6666. 
-6668. 
-6670. 
-6673. 
-6675. 
-6678. 
-6680. 
-6682. 
-6684. 
-6686. 
-6686. 
-6686. 
-6686. 
-6684. 
-6681. 
-6677. 
-6670. 
-6661. 
-6648. 
-6630. 
-6606. 
-6674. 
-6633. 
-6478. 
-6408. 
-6317. 
-6201. 
-6054. 
-5869. 
-5638. 
-5351. 

-...) 
-l:>. 



elem index p 
(pa) 

aa 46 46 106693. 
aa 47 4'! 106136. 
aa 48 48 105492. 
aa 49 49 104686. 
aa 50 50 103464. 

J 

t 
(deg-c) 

101.452 
101.304 
101.133 
100.917 
100.586 

t 

. . 

so 

0.0000E•00 
0.0000[•00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

SW sg pvoc 
(pa) 

0.3961E•00 0.6039E+00 
0.4233E+00 0.5767E+00 
0.4638E+00 0.5362E+00 
0.5317E•00 0.4683E+00 
0.6850E•00 0.3150E•00 

.. 
·~ 

pair psato psatw pco pew 
(pa) (pa) (pa) (pa) (pa) 

0. 0. 153881. 106693. -2617. -4997. 
0. 0. 153251. 106136. -2387. -4657. 
0. 0. 152522. 105492. -2095. -3999. 
0. 0. 151607. 104686. -1702. -3249. 
0. 0. 150216. H'J3464. -1078. -2069. 

oooooooocoooooooooooooooooooooooooooocooooccoocooccoccooooocooocooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 15. Printed output at the end or part 3 or prohlem 3 (continued). 

-.....) 
Vl 





I 

• " .. 

cccccc-----inject steam at 105c with quality of .5 ----ccc 

element sour-ce index gener-ation r-ate enthalpy ff (gas) 
(kg/s) or- (w) (j /kg) 

a a 1 inj 1" 1 0.35340E-04 0 .15620E+07 
aa 50 pr-o 1 2 -0.35531E-04 0. 15565E+07 0.50321E+00 

~ 

kcyc = 399 - iter- = 3 - time = 0.27000E+05 

ff(liq.) ff(oi I) p(wb) 
(pa) 

0. 49679E+00 0.00000E+00 0. 10140E+06 

oooooooooooooocooooaooooooooooooooocoooocoooooooocoooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Figure 15. Printed ouLput at the end of part 3 of problem 3 (conLinued). 

-...] 
-...] 



•••••••••• volume- and mass-balances •••*********************************************************************•••••••••••••••••••• 

********** [kcyc, iter) = [ 399, 3) ••••• the time is 0.27000E+05 seconds, or 0.31250E+00 days 

phase volumes in place 
gas 0.47186E-03 m••3; 

phase mass in place 
gas 0.31139E-03 kg 

water 0.24424E-03 m••3; 

aqueous 0.23343E+00 kg 

air/water component mass in place 

hydrocarbon 0.00000E+00 m••3 

I iquid hydrocarbon 0.00000E+00 kg 

air 0.35495E-15 kg water vapor 0.31139E-03 kg I iquid water 0.23343E+00 kg 

hydrocarbon component mass in place 
voc vapor 0.48329E-21 kg dissolved voc 0.41341E-22 kg I iquid voc 0.00000E+00 kg total voc 0.52463E-21 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 399 time steps the time is 0.27000E+05 seconds 

end of tough ~imulation job ---elapsed time= 1981.7100 sec 
-- calculation time= 1981.3800 sec-- data input time= 0.3300 sec 

' 

Figure 15. 
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' • 

Printed output at the end of part 3 of problem 3 (continued). 
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Problem No. 4 - Steam Displacement of a NAPL in a Two Dimensional Field Scale Sys

tem 

This example is nearly identical to a simulation discussed by Falta [1990] in which o

xylene is displaced by steam injection in a two dimensional field scale system. As in the 

previous example, this simulation consists of several parts due to changes in boundary condi

tions which occur over the course of the simulation. 

For this problem, a rather coarse two dimensional (vertical cartesian) mesh is used with 

75 interior elements, and 10 boundary elements. A scale diagram of the mesh is shown in 

Figure 16. The interior elements are 1.2 m by 1.2 m squares with a thickness of 1 m. 

These elements are named aa 1 through aa 75, with aa 1 through aa 15 corresponding to 

the top row, aa 16 through aa 30 corresponding to the second row, etc. The boundary ele

ments are somewhat smaller, having dimensions of 0.3 m by 1.2 m. These elements are also 

given different material properties and are intended to approximately represent wells. The 

boundary elements are named bn 1 through bn 10, with bn 1 through bn 5 corresponding 

to injection elements (numbered from top to bottom), and bn 6 through bn 10 corresponding 

to the production elements (also numbered from top to bottom). 

The first part of the simulation is the generation of an undisturbed water table with a 

static pressure distribution. The input file used for this part of the simulation is shown in 

Figure 17. This initial condition generation part of the simulation is run for a period of 

6.312x 108s (20 years), and the printed output from STMVOC at this time is shown in Fig

ure 18. As in the earlier examples, for numerical reasons a small gas saturation must be 

present in all elements, including those which would normally be fully water saturated. The 

capillary pressure and relative permeability functions used throughout this simulation are 

similar to those used in the previous example, except that the capillary pressure between the 

gas phase and the NAPL is neglected. Even though no NAPL is present in the system dur

ing this first part of the simulation, data block CHEMP must be included for any STMVOC 

simulation. In the input file shown in Figure 17 (and in the other input files used for this 
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ecce---- 2-d steamflood -- initial condition generation--------ccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 2650. .400 2.5000e-132.5000e-132.5000e-13 3.1 1000.0 

0. 0. 2.85 0.0 
bndr1 1 1200. .400 2.5000e-132.5000e-132.5000e-13 3.1 600.0 

0. 0. 2. 85 0. 0 

chemp----1---------2---------3---------4---------5---------6---------7---------8 
630.3 37.3 0.262 0.310 0.5 
417.6 -7.53357 1.40968 -3.10985 -2.85992 
106.168 -1.5850e+01 5.962e-01 -3.443e-04 7.528e-08 
880.0 293.0 8.000e-06273.0 1.60 

-3.332e+0 1.039e•3 -1.768e-3 1 .076e-6 369. 
2.97500e-50. 0. 0. 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 30 30100000000100010410000000 0.00e-5 
6.312e•8 1.6e+5 5.00e•8 1 9.8060 

aa 37 
l.e-5 l.e00 l.e-8 100. 

112000.00 22.00 0.00 .9800 
rpcap----1---------2---------3---------4---------5---------6----~----7---------8 

6 .100 .05 .01 3. 
8 0.000 1.84 5.e+5 5.24 

eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 74 1dirt1 1.4400e+0 
bn 1 9 1bndr1 3.6000e-1 

conne----1---------2---------3---------4---------5---------6---------7---------8 
aa 1aa 2 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 16aa 17 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 31aa 32 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 46aa 47 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 61aa 62 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 1aa 16 14 1 1 1 .6000 .6000 1.2000e•0 1.0 
aa 16aa 31 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 31aa 46 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 46aa 61 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
bn 1aa 1 4 1 15 1 .0200 .6000 1.2000e+0 0.0 
bn 6aa 15 4 1 15 1 .0200 .6000 1.2000e+0 0.0 
bn 1bn 2 3 1 1 1 .6000 .6000 0.3000e+0 1.0 
bn 6bn 7 3 1 1 1 .6000 .6000 0.3000e+0 1.0 

incon----1---------2---------3-------~-4---------5---------6---------7---------8 
bn 1 1 5 .40 

101000.00 22.00 0.00 .1000 
aa 1 29 1 .40 

101000.00 22.00 0.00 .1000 
bn 2 1 5 .40 

101000.00 22.00 0.00 .1000 
bn 3 1 5 . 40 
101000.00 22.00 0.00 .951!1 

aa 31 14 1 .40 
101000.00 22.00 0.00 .950 

gener----1---------2---------3---------4---------5---------6---------7---------8 

en dey 

Figure 17. STMVOC input file for pan 1 of problem 4. 



ecce---- 2-d steamflood -- initial condition generation--------ccc 

output data after ( 13, 4)-2-time steps the time is 0.73066E+04 days 

OOOOOQQQQQQQQQQQQQQOQQQQQQQQQQQQQQQQQQQQOOOOOQOOQOOCOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOQQOOOOOOOQQQQQQQQQQQQQQQQQQQQQQOQOQQQQOQQQQQQOQQQ 

total time kcyc iter iterc kon dx1m dx2m dx3m max. res. ner ker deltex 
0.63120E+09 13 4 47 2 0.12991E+03 0.70369E-05 0.33433E-08 0.42793E-06 78 1 0.30362E+"9 

QQQQQQQQQQOQQQQQQQQOQQQQQQOOOQQQQQQQQQQOQOOCOOOOOOOOOOOOQOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOQQQQQQQQQQQQQQQOQQQQQQQQQQQQQOOOO 

elem index p t 50 sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

::>a 1 1 H'J2158. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
a a 2 2 102156. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
a a 3 3 102156. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
a a 4 4 102156. 22.000 0.0000E+00 0.1136E+00 0.8864E•00 0. 99514. 741. 2642. 0. -24726. 
ea 5 6 102156. 22.000 0.0000E+00 0. 1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
a a 6 6 102166. 22.000 0.001210E•00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
8a 7 7 102166. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
a a 8 8 102156. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
a a 9 9 Hl2156. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
1!18 10 10 102156. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
88 11 11 102166. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
a8 12 12 102166. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
aa 13 13 102166. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
aa 14 14 102166. 22.000 0.0000E+00 0 .1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
aa 16 16 102166. 22.000 0.0000E+00 0.1136E+00 0.8864E+00 0. 99614. 741. 2642. 0. -24726. 
aa 16 16 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
a8 17 17 Hl2170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
aa 18 18 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. 
a8 19 19 102170. 22.e00 0.0000E+00 0 .1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. 
88 20 20 HJ2170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 00 

aa 21 21 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. N 

8a 22 22 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
aa 23 23 102170. 22.000 0.0000E+00 0 .1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
aa 24 24 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
88 26 26 102170. 22.000 0.0000E+00 0.1931E+00 0,8069E+00 0. 0 99628. 741. 2642. 0. -13020. 
88 26 26 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. 
aa 27 27 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
88 28 28 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
a8 29 29 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
aa 30 30 102170. 22.000 0.000e~ .. 00 0.1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. 
all 31 31 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
aa 32 32 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. . 2642. 0. -1292. 
811 33 33 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99642. 741. 2642. 0. -1292. 
118 34 34 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
aa 36 36 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99642. 741. 2642. 0. -1292. 
•• 36 36 102184. 22.000 0.0000E+00 0.8289E+00 0. 1711E+00 0. 99642. 741. 2642. 0. -1292. 
•• 37 37 102184 . 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
88 38 38 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
a8 39 39 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
8a 40 40 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99642. 741. 2642. 0. -1292. 
aa 41 41 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
aa 42 42 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
118 43 43 102184. 22.000 0.0000E+00 0.8289E+00 0. 1711E+00 0. 99642. 741. 2642. 0. -1292. 
88 44 44 102184. 22.000 0.0000E+00 0.8289E+00 0 .17t'1E+00 0. 99642. 741. 2842. 0. -1292. 
8a 46 46 102184. 22.000 0.0000E+00 0.8289E+00 0.1711E+00 0. 99642. 741. 2642. 0. -1292. 

Figure 18. Printed output for part 1 of problem 4. 
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elem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

aa 46 46 112911. 22.000 0.0000E•00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 47 47 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
&8 48 48 112911. 22.000 0.0000E+00 0.9866E+00 0 .1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 49 49 112911. 22.000 0.0000E+00 0.9866E+00 0 .1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 50 50 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 51 51 112911. 22.000 0.0000E+00 0.9866E•00 0.1337E-01 0. 110268. 741. 2842. 0. -276. 
aa 52 52 112911. 22.000 0.0000E+00 0.9866E+00 0. 1337E-01 0. 110268. 741. 2842. 0. -276. 
aa 53 53 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2842. 0. -278. 
aa 54 54 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2842. 0. -276. 
aa 55 65 112911. 22.000 0.0000E+00 0.9866E+00 0. 1337E-01 0. 1H'J268. 741. 2642. 0. -276. 
8a 58 56 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2842. 0. -276. 
aa 57 57 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 58 58 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 59 59 112911. 22.000 0.0000E+00 0.9866E+00 0. 1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 60 60 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2642. 0. -276. 
aa 61 61 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
aa 62 62 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
aa 63 63 124641. 22.000 0.0000E+00 0.9B76E+00 0.1n6E-01 0. 121999. 741. 2642. 0. -264. 
aa 64 64 124841. 22.000 0.0000E+00 0.9876E+00 0 .1236E-01 0. 121999. 741. 2842. 0. -264. 
aa 65 65 124841. 22.000 0.0000E+00 0.9876E+00 0. 1236E-01 0. 121999. 741. 2642. 0. -264. 
aa 66 68 124841. 22."'00 0.0000E+00 0.9876E+00 0.1238E-01 0. 121999. 741. 2642. 0. -264. 
8& 87 67 124641. 22.000 0."'000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
aa 68 88 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2842. 0. -264. 
88 69 69 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
aa 70 70 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
&8 71 71 124641. 22.00"' 0.0"'00E+00 0.9876E+00 0 .1236E-01 0. 121999. 741. 2842. 0. -264. 
88 72 72 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -284. 

00 
&8 73 73 124841. 22.000 0.0000E+00 0.9876E+00 0.1238E-01 0. 121999. 741. 2842. 0. -264. Vl 
aa 74 74 124641. 22.000 0.0000E+00 0.9876E+00 0.1236E-01 0. 121999. 741. 2642. 0. -264. 
811 76 76 124641. 22.000 0.0000E+00 0.9878E+00 0.1238E-01 0. 121999. 741. 2642. 0. -264. 
bn 1 76 102166. 22.000 0.0000E+00 0.1138E+00 0.8884E+00 0. 99614. 741. 2642. 0. -24726. 
bn 2 77 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99628. 741. 2642. 0. -13020. 
bn 3 78 102184. 22.000 0.0000E+00 0.82B9E+00 0.1711E+00 0. 99542. 741. 2642. 0. -1292. 
bn 4 79 112911. 22.000 0.0000E+00 0.9B66E+00 0 .1337E-01 0. 110268. 741. 2642. 0. -276. 
bn 6 80 124641. 22.000 0.0000E+00 0.9876E+00 0 .1236E-01 0. 121999. 741. 2642. 0. -264. 
bn 6 81 102166. 22.000 0.0000E+00 0 .1136E+00 0.8864E+00 0. 99514. 741. 2642. 0. -24726. 
bn 7 82 102170. 22.000 0.0000E+00 0.1931E+00 0.8069E+00 0. 99528. 741. 2642. 0. -13020. 
bn 8 83 Hl2184. 22.000 0.0000E+00 0.8289E+00 0 .1711E+00 0. 99542. 741. 2842. 0. -1292. 
bn 9 84 112911. 22.000 0.0000E+00 0.9866E+00 0.1337E-01 0. 110268. 741. 2842. 0. -276. 
bn 10 86 124641. 22.000 0.0000E+00 0.9876E+00 0.1238E-01 0. 121999. 741. 2842. 0. -264. 

QQQOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOQQOOOOOOOOOOOOOOOOOOQQQQQQQQQQQOQQOOOQQOQOQQQQQQQOOOOOQQQQQQOQQQQQOOOOOOOOOOOOOOOOOOOOOOQOOOOQ 

Figure 18. Printed output for part 1 of problem 4 (continued). 



ecce---- 2-d steamflood -- in it i a I condition generation--------ccc 

kcyc = 13 - iter= 4 - time = 0.63120E+09 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo di ffw krgas krwat kro i I 

(kg/m .. 3) (kg/m .. 3) (kg/mH3) (kg/m .. 3) (kg/m•s) (kg/m•s) (m .. 2/s) (m .. 2/s) 

BB 1 1 0.1240E-15 0.6770E-15 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-05 0.0000E+00 
eto 2 2 0.1333E-17 0.7282E-17 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
a a 3 3 0.3475E-15 0.1897E-14 0.1194E•~l 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-05 0.0000E+00 
a a 4 4 0.1229E-16 0.6712E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
98 5 5 0.1344E-16 0.7342E-15 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
BB 6 6 0.3013E-14 0.1645E-13 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
BB 7 7 0.5299E-16 0.2894E-15 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
BB 8 8 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E•00 0.9233E+00 0.3477E-06 0.0000E+00 
a a 9 9 0.2710E-16 0.1480E-15 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
BB 10 10 0.1594E-12 0.8707E-12 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-05 0.0000E+00 
aa 11 11 0.4635E-14 0.2476E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
aa 12 12 0.3762E-15 0.2054E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
liB 13 13 0.4710E-16 0.2572E-15 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
aa 14 14 0.2438E-15 0.1331E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E~00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
aa 15 15 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-06 0.0000E+00 
aa 16 16 0.1139E-16 0.6222E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.110BE-02 0.0000E+00 
BB 17 17 0.3792E-15 0.2071E-14 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
aa 18 18 0.2713E-13 0.1482E-12 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
BB 19 19 0.1187E-14 0.64B2E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
98 20 20 0.8634E-16 0.4881E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.110BE-02 0.0000E+00 
aa 21 21 0.6269E-16 0.3423E-16 0.1194E+01 0;0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
88 22 22 0.1668E-16 0.9111E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
BB 23 23 0.6070E-14 0.3316E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
aa 24 24 0.7917E-16 0.4323E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
BB 25 25 0.1770E-13 0.9666E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.110BE-02 0.0000E+00 
811 26 26 0.4619E-12 0.248BE-ll 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8941E+00 0.1108E-02 0.0000E+00 00 
811 27 27 0.4248E-14 0.2320E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 .J:>. 
118 28 28 0.6230E-16 0.2856E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
88 29 29 0.3004E-16 0.1640E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
BB 30 30 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
88 31 31 0.9064E-14 0.4950E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
B8 32 32 0.2990E-12 0.1833E-11 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
88 33 33 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
88 34 34 0.1110E-13 0.6064E-13 0.1194E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
88 36 36 0.6166E-13 0.3361E-12 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
BB 36 36 0.6971E-14 0.3807E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
aa 37 37 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
BB 38 38 0.6124E-12 0.3344E-11 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
aa 39 39 0.4961E-14 0.2704E-13 0.1,.94E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
a8 40 40 0.1180E-13 0.6446E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
811 41 41 0.7376E-16 0.4028E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
88 42 42 0.2711E-11 0.1481E-10 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
88 43 43 0.8937E-14 0.4881E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
B8 44 44 0.7817E-14 0.4269E-13 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
aa 46 46 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.6313E+00 0.0000E+00 
118 46 46 0.8471E-11 0.4626E-10 0.1321E•01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
88 47 47 0.2623E-09 0.1378E-08 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
88 48 48 0.9718E-12 0.6307E-11 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
88 49 49 0.3326E-10 0.1816E-09 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
•• 60 60 0.1107E-14 0.6046E-14 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
•• 61 61 0.2668E-11 0.1403E-10 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
811 62 62 0.0000E+00 0.0000E+00 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
aa 63 63 0.8741E-10 0.4773E-09 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo d i ffw krgas krwat kro i I 

Figure 18. Printed output for part I of problem 4 (continued) . 
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I I 

(kg/m••3) (kg/m••3) (kg/m••3) (kg/m••3) (kg/m•s) (kg/m•s) (m••2/s) (m••2/s) 

88 64 64 0.4367E-16 0.2379E-16 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 
~a 65 55 0.1176E-13 0.6422E-13 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9661E+00 0.0000E+00 
aa 66 56 0.1314E-13 0.7174E-13 0.1321E+01 0.0000E•00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 
aa 67 57 0.2176E-14 0.1188E-13 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9661E+00 0.0000E+00 
aa 68 68 0.3202E-16 0.1749E-15 0.1321E+01 0.0000E•00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6247E-07 0.9561E+00 e:0000E+00 
aa 59 59 0.3647E-12 0.1991E-ll 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 
88 60 60 0.1686E-07 0.9208E-07 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 
88 61 61 0.1071E-13 0.6860E-13 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
88 62 62 0.3193E-12 0.1744E-11 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
88 63 63 0.1230E-14 0.6717E-14 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
88 64 64 0.3366E-12 0.1838E-11 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
88 66 65 0.1923E-17 0.1050E-16 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
88 66 66 0.0000E+00 0.0000E+00 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
88 67 67 0.6487E-14 0.2997E-13 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
88 68 68 0.6486E-12 0.2996E-11 0.1469£+01 0.0000E•00 0.1822E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
88 69 69 0.2808E-18 0.1633E-17 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
aa 70 70 0.9799E-15 0.5361£-14 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
88 71 71 0.2328E-13 0.1272E-12 0.1459E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
8a 72 72 0.1268E-16 0.6867E-15 0.1459E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
88 73 73 0.1308E-18 0.7146E-18 0.1469E+01 0.0000E•00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
8a 74 74 0.7914E-15 0.4322E-14 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9594E+00 0.0000E+00 
8a 76 76 0.2298E-10 0.1255E-09 0.1459E•01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
bn 1 76 0.1592E-15 0.8695E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-05 0.0000E+00 
bn 2 77 0.6011E-15 0.3283E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
bn 3 78 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.5313E+00 0.0000E+00 
bn 4 79 0.4848E-10 0.2647E-09 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 
bn 6 80 0.0000E+00 0.0000E+00 0.1469E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 
bn 6 81 0.1749E-15 0.9664E-16 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9233E+00 0.3477E-05 0.0000E+00 
bn 7 82 0.8160E-16 0.4461E-14 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
bn 8 83 0.0000E+00 0.0000E+00 0.1194E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6733E-02 0.5313E+00 0.0000E+00 00 

bn 9 84 0.0000E+00 0.0000E+00 0.1321E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5247E-07 0.9561E+00 0.0000E+00 Lh 

bn 10 85 0.0000E+00 0.0000E+00 0.1459E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1806E-07 0.9694E+00 0.0000E+00 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOQOOOOOOQOOQOOOQQQQOOOOQQQOOOOOQQQQQQQQQQOOOOOOOOOOQQQQ 

Figure 18. Printed output for part 1 of problem 4 (continued). 



•••••••••• volume- and mass-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• • • • • • • • • • [ k c y c , i te r] = [ 13 , 4] • • • • • the time is 0.83120E+09 seconds, or 0.73068E+04 days 

phase volumes in place 
gas 0.18874E+02 m••3; water 0.27766E+02 m••3; hydrocarbon 0.00000E+00 m••3 

phase mass in place 
gas 0.20191E+02 kg aqueous 0.27707E+05 kg 

air/water component mass in place 

I iquid hydrocarbon 0.00000E+00 kg 

air 0.20103E+02 kg water vapor 0.32704E+00 kg I iquid water 0.27707E+06 kg 

hydrocarbon component mass in place 
voc vapor 0.13377E-09 kg dissolved voc 0.53649E-07 kg I iquid voc 0.00000E+00 kg total voc 0.63782E-07 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 13 time steps the time is 0.63120E+09 seconds 

end of tough simulation job --- elapsed time = 83.8900 sec 
-- calculation time= 83.2910 sec-- data input time= 0.5990 sec 

Figure 18. 
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Printed output for part 1 of problem 4 (continued) . 
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problem), the data in block CHEMP corresponds to o-xylene. 

In the next part of the simulation, o-xylene is injected into the top center element (aa 

8) at a rate of 1.4667x 10-4kg Is for a period of 4.8x 106s (55.6 days). This amounts to a 

total of 704 kg of o-xylene which is injected and allowed to drain down towards the water 

table. A deliverability boundary condition, which will be maintained for the remainder of the 

simulation, is used in the production elements. The input file used for this part of the prob

lem is shown in Figure 19, and the STMVOC output after a total time of 6.36x lOgs is given 

in Figure 20. With respect to the earlier input file (Figure 17), several changes have been 

made to the input file used for this part of the problem (Figure 19). Data block INCON has 

been removed, and data block GENER has been changed to include the o-xylene injection in 

element aa 8, and the deliverability boundary condition in elements bn 6 through bn 10. In 

order to run this part of the problem, the SAVE file from the first part of the simulation must 

be renamed INCON. 

In the next part of the simulation, the previously injected xylene is simply allowed to 

distribute itself over the water table. No additional fluids are injected or produced, except 

that the deliverability boundary condition is still maintained at the production end of the 

mesh. A listing of the input file is given in Figure 21, and this file is similar to the last input 

file (Figure 19) except that the o-xylene injection specified in block GENER has been 

removed. As before, in order to run this part of the simulation, the SAVE file from the pre

vious part of the simulation must be renamed INCON. This part of the simulation is run for 

a period of 3.156x lOgs (10 years), and the STMVOC output at this time (a total time of 

9.5I6x lOgs) is shown in Figure 22. A contour plot of the separate phase xylene (NAPL) 

saturation distribution is shown in Figure 23. 

In the final part of this simulation, steam with a specific enthalpy of 2.676x 1061 /kg (a 

quality of one) is injected in the injection boundary elements for a period of 1.48x 107 s 

(171.3 days). The total steam injection rate of 7.4x I0-4kgls is uniformly divided between 

the five injection elements. Again, at the production boundary, the deliverability boundary 
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ecce---- 2-d steamflood -- inject xylene --------ccc 
rocks----1---------2---------3---------4---------6---------6---------7---------8 
dirt1 1 2650. .400 2.6000e-132.5000e-132.5000e-13 3.1 1000.0 

0. 0. 2.85 0.0 
bndr1 1 1200. .400 2.6000e-132.5000e-132.5000e-13 3.1 600.0 

e. e. 2.85 e.e 

chemp----1--------~2---------3---------4---------5---------6---------7---------8 
630.3 37.3 0.262 0.310 0.6 
417.6 -7.53367 1.40968 -3.10985 -2.85992 - .. 
106.168 -1.5850e+01 5.962e-01 -3.443e-04 7.628e-08 
880.0 293.0 8.000e-06273.0 1.60 

-3.332e+0 1.039e+3 -1.768e-3 1.076e-6 369. 
2.97500e-50. 0. 0. .. ........ 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 100 80100000000100010410000000 0.00e-5 
6.360e+8 1.6e+5 8.0e+5 1 9.8060 

aa 8 
1. e-5 1. e00 1. e-8 100. 

101000.00 22.00 0.00 .1000 
rpcap----l---------2---------3---------4---------5---------6---------7---------8 

6 .100 .05 .01 3. 
8 0.000 1.84 5.e+04 5.240 

eleme----l---------2---------3---------4---------5---------6---------7---------8 
aa 1 74 1dirtl 1.4400e+0 
bn 1 9 1bndr1 3.6000e-1 

conne----1--~------2---------3---------4---------5---------6---------7---------8 
aa laa 2 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
a a 16aa 17 13 1 1 1 . 6000 . 6000 1. 2000e+0 0. 0 
aa 31aa 32 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 46aa 47 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 61aa 62 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 1aa 16 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 16aa 31 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 31aa 46 14 1 1 1 .6000 .6000 1.2000e+111 1.111 
aa 46aa 61 14 1 1 1 .601110 .600111 1.2000e+0 1.0 
bn 1aa 1 4 1 15 1 .111200 .600111 1.2000e+111 0.0 
bn 6aa 15 4 1 15 1 .111200 .601110 1.21111110e+0 0.0 
bn 1bn 2 3 1 1 1 .6000 .6000 111.3000e+111 1.0 
bn 6bn 7 3 1 1 1 .6000 .6000 111.3000e+0 1.0 

gener----1---------2---------3---------4---------5---------6---------7---------8 
aa Sino 1 oi I 1.4667e-04 3.800111e+4 
bn 10pro 5 5delv 2.0000e-12 1.0100e+6 1.2 
bn 9pro 4 delv 2.0000e-12 1.0100e+5 1.2 
bn 8pro 3 delv 2.111000e-12 1.011110e+5 1.2 
bn 7pro 2 delv 2.001110e-12 1.011110e+5 1.2 
bn 6pro 1 delv 2.0000e-12 1.0100e+6 1.2 

en dey 

•, . 

Figure 19. STMVOC input file for part 2 of problem 4. 



Figure 20. Printed output for part 2 of problem 4. 



elem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (p8) (p8) (pa) (pa) (pa) 

aa 46 46 112080. • 22. 000 0.0000E+00 0.9866E+00 0.1342E-01 0. 109438 . 741. 2642. 0. -277. 
88 47 47 112093. 22.000 0.0000E+00 0.9866E+00 0.1341E-01 0. 109461. 741. 2642. 0. -277. 
88 48 48 112118. 22.000 0.0000E+00 0.9866E+00 0.1341E-01 0. 109476. 741. 2642. 0. -277. 
88 49 49 112164. 21.999 0.0000E+00 0.9866E+00 0.1341E-01 0. 109612. 741. 2642. 0. -277. 
88 60 60 112202. 21.998 0.0000E+00 0.9866E+00 0.1341E-01 0. 109660. 741. 2642. 0. -277. 
88 61 61 112264. 21.997 0.0000E+00 0.9866E+00 0.1341E-01 3. 109619. 741. 2642. 0. -277. 
88 62 62 112336. 21.996 0.0000E+00 0.9864E+00 0.1367E-01 136. 109668. 741. 2642. 0. -279. 
88 63 63 112882. 21.996 0.6346E-01 0.9227E+00 0.1383E-01 741. 109499. 741. 2641. 0. -762. 
88 64 64 112333. 21.996 0.0000E+00 0.9864E+00 0.1367E-01 139. 109662. 741. 2642. 0. -279. 
88 66 66 112269. 21.997 0.0000E+00 0.9866E+00 0 .1340E-01 3. 109614. 741. 2642. 0. -277. 
88 56 56 112196. 21.998 0.0000E+00 0.9866E+00 0. 1340E-01 0. 109554. 741. 2642. 0. -277. 
88 57 57 112145. 21.999 0.0000E+00 0.9866E+00 0 .1341E-01 0. 109503. 741. 2642. 0. -277. 
88 68 58 112108. 22.000 0.0000E+00 0.9866E+00 0.1341E-01 0. 109466. 741. 2642. 0. -277. 
88 59 59 112083. 22.000 0.0000E+00 0.9866E+00 0.1341E-01 0. 109440. 741. 2642. 0. -277. 
88 60 60 112069. 22.000 0.0000E+00 0.9868E+00 0.1341E-01 0. 109427. 741. 2642. 0. -277. 
88 61 61 123821. 22.000 0.0000E+00 0.9876E+00 0.1241E-01 0. 121179. 741. 2642. 0. -266. 
aa 62 62 123835. 22.000 0.0000E+00 0.9876E+00 0.1240E-01 0. 121193. 741. 2642. 0. -266. 
88 63 63 123859. 22.000 0.0eJ00E+00 0.9876E+00 0.1240E-01 0. 121217. 741. 2642. 0. -266. 
88 64 64 123894. 21.999 0.0000E+00 0.9876E+00 0.1240E-01 0. 121262. 741. 2642. 0. -266. 
88 66 65 123939. 21.999 0.0000E+00 0.9876E+00 0.1240E-01 0. 121297. 741. 2642. 0. -266. 
88 66 66 123991. 21.998 0.0000E+0eJ 0.9876E+00 0.1239E-01 0. 121349. 741. 2642. 0. -266. 
88 67 67 124039. 21.998 0.0000E+00 0.9876E+00 0.1240E-01 1. 121396. 741. 2642. 0. -266. 
88 68 68 124063. 21.998 0.0000E+00 0.9876E+00 0 .1241E-01 33. 121388. 741. 2642. 0. -266. 
88 69 69 124037. 21.998 0.0000E+00 0.9876E+00 0.1240E-01 2. 121394. 741. 2642. 0. -266. 
88 70 7{1J 123987. 21.998 0.0000E+00 0.9876E+00 0.1239E-01 0. 121345. 741. 2642. 0. -266. 
aa 71 71 123933. 21.999 0.0000E+00 0.9876E+00 0.1240E-01 0. 121291. 741. 2642. 0. -266. 
88 72 72 123886. 21.999 0.0000E+00 0.9878E+00 0.1240E-01 0. 121244. 741. 2642. 0. -266. 
88 73 73 123860. 22.000 0.0000E+00 0.9876E+00 0. 1240E-en 0. 121208. 741. 2642. 0. -266. \0 
88 74 74 123824. 22.000 0.0000E+00 0.9876E+00 0.1240E-01 0. 121182. 741. 2642. 0. -266. 0 
88 76 76 123810. 22.000 0.0000E+00 0.9876E+00 0.1241E-01 0. 121168. 741. 2642. 0. -266. 
bn 1 76 10Hl81. 22.000 0.0000E+00 0. 1138E+00 0.8862E+00 0. 98438. 741. 2642. -3. -24696. 
bn 2 77 101096. 22.000 0.0000E+00 0. 1968E+00 0.8042E+00 0. 98463. 741. 2642. -1. -12806. 
bn 3 78 101224. 22.000 0.0000E+00 0.8482E+00 0.1618E+00 0. 98682. 741. 2642. 0. -1186. 
bn 4 79 112079. 22.000 0.0000E+00 0.9866E+00 0.1342E-01 0. 109436. 741. 2642. 0. -277. 
bn 6 80 123820. 22.000 0.0000E+00 0.9876E+00 0.1241E-01 0. 121178. 741. 2642. 0. -266. 
bn 6 81 101002. 22.000 0.0000E+00 0.1139E+00 0.8861E+00 0. 98360. 741. 2642. -3. -24663. 
bn 7 82 HH026. 22.000 0.0000E+00 0 .1966E+00 0.8035E+00 0. 98382. 741. 2642. -1. -12747. 
bn a 83 101178. 22.000 0.0000E+00 0.8644E+00 0.1468E+00 0. 98638. 741. 2642. 0. -1162. 
bn 9 84 112067. 22.000 0.0000E+00 0.9866E+00 0.1341E-01 0. 109426. 741. 2642. 0. -277. 
bn 10 86 123809. 22.000 0.0000E+00 0.9876E+00 0.1241E-':H 0. 121167. 741. 2642. 0. -266. 
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Figure 20. Printed output for part 2 of problem 4 (continued). 
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ecce---- 2-d ste8mflood -- inject xylene --------ccc 

kcyc = 23 - iter = 3 - time = 0.63600E+09 
elem index cvocg cvocw dg8s doi I visg8s vi so i I diffo diffw krg8s krw8t kroi I 

(kg/m .. 3) (kg/m .. 3) (kg/m .. 3) (kg/m .. 3) (kg/m•s) (kg/m•s) (m .. 2/s) (m .. 2/s) 

88 1 1 0.1640E-16 0.8964E-16 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9229E+00 0.3676E-06 0.0000E+00 
88 2 2 0.1671E-13 0.8681E-13 0.1181E+01 0.0000E+0~ 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9228E+00 0.3684E-06 0.0000E+00 
88 3 3 0.3421E-11 0.1868E-10 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9228E+00 0.3600E-06 0.0000E+00 
88 4 4 0.6379E-09 0.2938E-08 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9227E+00 0.3626E-06 0.0000E+00 
88 6 6 0.8628E-07 0.3621E-06 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3663E-06 0.0000E+00 
88 6 6 0.1967E-04 0.1069E-03 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9223E+00 0.3724E-06 0.0000E+00 
88 7 7 0.2239E-01 0.1224E+00 0.1197E+01 0.0000E+00 0.1798E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9218E+00 0.3867E-06 0.0000E+00 
88 8 8 0.3200E-01 0.1761E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7871E-03 0.0000E+00 0.0000E+00 0.1826E+00 0.4216E-06 0.6068E-01 
88 9 9 0.3203E-01 0.1761E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7869E-03 0.0000E+00 0.0000E+00 0.9143E+00 0.3888E-06 0.0000E+00 
88 10 10 0.9782E-02 0.6346E-01 0.1188E+01 0.0000E+00 0.1811E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9221E+00 0.3760E-06 0.0000E+00 
a8 11 11 0.2074E-02 0.1133E-01 0.1182E+01 0.0000E+00 0.1819E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9224E+00 0.3702E-06 0.0000E+00 
8a 12 12 0.3649E-03 0.1993E-02 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3671E-06 0.0000E+00 
88 13 13 0.6746E-04 0.3137E-03 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3666E-06 0.0000E+00 
88 14 14 0.8613E-06 0.4649E-04 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3654E-05 0.0000E+00 
88 16 16 0.1264E-06 0.6900E-06 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3662E-06 0.0000E+00 
aa 16 16 0.1373E-13 0.7497E-13 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6871E+00 0.1207E-02 0.0000E+00 
aa17 17 0.4068E-11 0.2222E-10 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6867E+00 0.1213E-02 0.0000E+00 
88 18 18 0.8060E-09 0.4397E-08 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6869E+00 0.1224E-02 0.0000E+00 
88 19 19 0.1067E-06 0.6828E-06 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6847E+00 0.1242E-02 0.0000E+00 
88 20 20 0.9809E-06 0.6358E-04 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6830E+00 0.1268E-02 0.0000E+00 
88 21 21 0.6236E-03 0.3407E-02 0.1182E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6804E+00 0.1307E-02 0.0000E+00 
88 22 22 0.8852E-02 0.4837E-01 0.1188E+01 0.0000E+00 0.1812E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6752E+00 0.1391E-02 0.0000E+00 
•• 23 23 0.3203E-01 0.1761E+00 0.1206E+01 0.8782E+03 0.1788E-04 0.7869E-03 0.0000E+00 0.0000E+00 0.1004E+00 0.1642E-02 0.6236E-01 
•• 24 24 0.3204E-01 0.1761E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7869E-03 0.0000E+00 0.0000E+00 0.6693E+00 0.1404E-02 0.0000E+00 
88 26 25 0.6123E-02 0.3346E-01 0.1186E+01 0.0000E+00 0.1816E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6796E+00 0.1322E-02 0.0000E+00 
88 26 26 0.6909E-03 0.3774E-02 0.1181E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6819E+00 0.1286E-02 0.0000E+00 

\0 a8 27 27 0.6672E-04 0.3690E-03 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6834E+00 0.1261E-02 0.0000E+00 ...... 
88 28 28 0.6616E-06 0.3067E-04 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6844E+00 0.1246E-02 0.0000E+00 
88 29 29 0.4313E-06 0.2366E-06 0.1~81E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6860E+00 0.1237E-02 0.0000E+00 
88 30 30 0.2692E-07 0.1470E-06 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6863E+00 0.1234E-02 0.0000E+00 
88 31 31 0.1731E-11 0.9462E-ll 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3903E-02 0.6748E+00 0.0000E+00 
88 32 32 0.6267E-09 0.2871E-08 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3816E-02 0.6772E+00 0.0000E+00 
88 33 33 0.9667E-07 0.6219E-06 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3666E-02 0.6816E+00 0.0000E+00 
88 34 34 0.1100E-04 0.6010E-04 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3470E-02 0.6874E+00 0.0000E+00 
88 36 36 0.8068E-03 0.4407E-02 0.1184E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3286E-02 0.6932E+00 0.0000E+00 
88 36 36 0.3206E-01 0.1761E+00 0.1208E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.3247E-02 0.6940E+00 0.0000E+00 
88 37 37 0.3206E-01 0.1761E+00 0.1214E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00. 0.0000E+00 0.1161E-02 0.4646E+00 0.2080E-02 
88 38 38 0.3206E-01 0.1761E+00 0.1237E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.8146E-04 0.1321E+00 0.6760E-01 
88 39 39 0.3206E-01 0.1761E+00 0.1214E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.1116E-02 0.4660E+00 0.2099E-02 
88 40 40 0.3206E-01 0.1761E+00 0.1208E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.3068E-02 0.6002E+00 0.0000E+00 
88 41 41 0.8636E-03 0.4717E-02 0.1184E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3049E-02 0.6010E+00 0.0000E+00 
8A 42 42 0.1264E-04 0.6861E-04 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3172E-02 0.5969E+00 0.0000E+00 
•• 43 43 0.1171E-06 0.6396E-06 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3299E-02 0.6928E+00 0.0000E+00 
•• 44 44 0.691BE-09 0.377BE-08 0.11B2E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.33B2E-02 0.6901E+00 0.0000E+00 
•• 46 46 0.4260E-09 0.2326E-08 0.1182E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3420E-02 0.6890E+00 0.0000E+00 
88 46 46 0.1106E-10 0.6036E-10 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6466E-07 0.9669E+00 0.0000E+00 
88 47 47 0.2601E-09 0.1366E-08 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6460E-07 0.9669E+00 0.0000E+00 
88 48 48 0.6464E-09 0.3630E-08 0.1311E+01 0.0000E+00 0.1B22E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6461E-07 0.9660E+00 0.0000E+00 
88 49 49 0.4991E-07 0.2726E-06 0.1312E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6438E-07 0.9660E+00 0.0000E+00 
8a 60 60 0.2777E-06 0.1617E-04 0.1312E+01 0.0000E+00 0.1B22E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.5426E-07 0.9660E+00 0.0000E+00 
88 51 61 0.1243E-03 0.6790E-03 0.1313E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6430E-07 0.9660E+00 0.0000E+00 
88 62 62 0.6872E-02 0.3207E-01 0.131BE+01 0.0000E+00 0.1816E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6264E-07 0.9664E+00 0.0000E+00 
88 63 63 0.3206E-01 0.1761E+00 0.1344E+01 0.8782E+03 0.1792E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.7716E-07 0.7639E+00 0.2210E-03 
elem index cvocg cvocw dg8s doi I visg8s vi soi I diffo diffw krg8s krw8t kroi I 

Figure 20. Printed output for part 2 of problem 4 (continued); 



(kg/m••3) (kg/m••3) (kg/m••3) (kg/m••3) (kg/m•s) (kg/m•s) (m••2/s) (m••2/s) 

aa 64 64 0.6006E-02 0.3280E-01 0.1318E+01 0.0000E+00 0.1818E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6228E-07 0.9666E+00 0.0000E+00 
&a 66 66 0.1363E-03 0.7443E-03 0.1313E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6416E-07 0.9660E+00 0.0000E+00 
&8 66 66 0.3268E-06 0.1786E-04 0.1312E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6414E-07 0.9660E+00 0.0000E+00 
88 67 67 0.6286E-07 0.3433E-06 0.1312E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6429E-07 0.9660E+00 0.0000E+00 
88 68 68 0.8696E-09 0.4749E-08 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6443E-07 0.9660E+00 0.0000E+00 
88 69 69 0.8197E-ll 0.4477E-10 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6462E-07 0.9680E+00 0.0000E+00 
88 60 60 0.1644E-07 0.8976E-07 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6468E-07 0.9660E+00 0.0000E+00 
88 61 61 0.1669E-13 0.9117E-13 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1908E-07 0.9692E+00 0.0000E+00 
88 62 62 0.4096E-12 0.2236E-ll 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1906E-07 0.9692E+00 0.0000E+00 
88 63 63 0.6374E-ll 0.2936E-10 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1902E-07 0.9692E+00 0.0000E+00 
88 64 64 0.4339E-09 0.2369E-08 0.1450E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1896E-07 0.9692E+00 0.0000E+00 
88 66 66 0.2634E-07 0.1438E-06 0.1461E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1888E-07 0.9692E+00 0.0000E+00 
88 66 66 0.1346E-06 0.7346E-06 0.1462E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1882E-07 0.9693E+00 0.0000E+00 
88 67 67 0.6329E-04 0.3467E-03 0.1462E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1889E-07 0.9692E+00 0.0000E+00 
88 68 68 0.1446E-02 0.7894E-02 0.1463E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1922E-07 0.9692E+00 0.0000E+00 
88 69 69 0.6788E-04 0.3707E-03 0.1462E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1889E-07 0.9692E+00 0.0000E+00 
88 70 70 0.1646E-06 0.8439E-06 0.1461E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1882E-07 0.9693E+00 0.0000E+00 
88 71 71 0.3243E-07 0.1771E-06 0.1461E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1889E-07 0.9692E+00 0.0000E+00 
88 72 72 0.6699E-09 0.3112E-08 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1897E-07 0.9692E+00 0.0000E+00 
aa 73 73 0.7616E-11 0.4104E-10 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1903E-07 0.9692E+00 0.0000E+00 
88 74 74 0.6741E-13 0.3681E-12 0.1460E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1907E-07 0.9692E+00 0.0000E+00 
88 76 76 0.2266E-10 0.1237E-09 0.1449E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1910E-07 0.9692E+00 0.0000E+00 
bn 1 76 0.4700E-16 0.2667E-14 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9229E+00 0.3676E-06 0.0000E+00 
bn 2 77 0.1231E-13 0.6721E-13 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6872E+00 0.1206E-02 0.0000E+00 
bn 3 78 0.9742E-12 0.6320E-11 0.1183E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3912E-02 0.6746E+00 0.0000E+00 
bn 4 79 0.4768E-10 0.2604E-09 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6466E-07 0.9669E+00 0.0000E+00 
bn 6 80 0.9980E-14 0.6460E-13 0.1449E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1908E-07 0.9692E+00 0.0000E+00 
bn 6 81 0.6813E-06 0.3176E-06 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9226E+00 0.3672E-06 0.0000E+00 
bn 7 82 0.2279E-08 0.1246E-07 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6863E+00 0.1234E-02 0.0000E+00 
bn 8 83 0.4836E-11 0.2641E-10 0.1182E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3423E-02 0.6889E+00 0.0000E+00 ~ 
bn 9 84 0.1866E-09 0.1013E-08 0.1311E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6469E-07 0.9669E+00 0.0000E+00 ~ 

bn 10 86 0.2686E-12 0.1412E-ll 0.1449E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1910E-07 0.9692E+00 0.0000E+00 

ooooooooaaoaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaoaaooaoooooooaooaoaaoaoaaaaaooaooaaaoaaoooaoaoaooaooooaaooaooooooaaaoaaaaaaoooao 

Figure 20. Printed output for part 2 of problem 4 (continued). 
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ecce---- 2-d steamflood -- inject xylene --------ccc 

kcyc = 23 - iter = 3 - time = 0.63600E+09 

element source index generation rate enthalpy ff (gas) ff(l iq.) ff(oi I) p(wb) 
(kg/s) or (w) (j /kg) (pa) 

a a 8 ino 1 1 0.14670E-03 0.38000E+05 
bn 10 pro 6 2 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+f/Jf/J 0.13066E+f/J6 
bn 9 pro 4 3 f/J.00000E•00 0.00000E+00 0.00000E•00 0.00000E+00 0.00000E+00 f/J. 11892E+06 
bn 8 pro 3 4 f/J.f/J000f/JE+f/Jf/J f/J.f/J0000E+00 f/J.f/J0000E+00 0.00000E+00 0.00000E+00 0.10766E+06 
bn 7 pro 2 6 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.10163E+06 
bn 6 pro 1 6 -f/J. 19623E-06 f/J.14094E+06 0.10000E+01 0.00000E+00 0.00000E+00 0.10100E+06 

OOOOOOOOOOOOOOQOOOOOOOOOOOOOOOQQQQOOOOOQOOOOOOOOOOOOQQOQQQQQQQOQOQQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOGOOQOOOOOOOQQQQQQQQQQQQ 

Figure 20. Printed output for part 2 of problem 4 (continued). 
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•••••••••• volume- and mass-balances ••••••••••••••••••••••••••••••••¢••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••• (kcyc,iter] = [ 23, 3) ••••• the time is 0.63600E+09 seconds, or 0.73611E+04 days 

phase volumes in place 
gas 0.16073E+02 m••3; water 0.27766E+02 m••3; hydrocarbon 0.80100E+00 m••3 

phase mass in place 
gas 0.19092E+02 kg aqueous 0.27708E+05 kg liquid hydrocarbon 0.70346E+03 kg 

air/water component mass in place 
air 0.18935E+02 kg water vapor 0.31141E+00 kg liquid water 0.27707E+05 kg 

hydrocarbon component mass in place 
voc vapor 0.84253E-01 kg dissolved voc 0.61699E+00 kg liquid VOC 0.70346E+03 kg total VOC 0.70416E+03 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 23 time steps the time is 0.63600E+09 seconds 

end of tou9h simulation job --- elapsed time = 82.1890 sec 
-- calculat•on time= 81.6490 sec-- data input time= 0.6400 sec 

Figure 20. Printed output for part 2 of problem 4 (continued) . 
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cccc----2-d steamflood --equilibration of xylene on water table --------ccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 265~. .4~~ 2.5~~~e-132.5~~~e-132.5~~~e-13 3.1 1~~~.~ 

~. ~. 2.85 ~.0 
bndr1 1 12~~. .4~~ 2.50~~e-132.50~0e-132.50~~e-13 3.1 60~.~ 

~. ~. 2.85 0.0 

chemp----1---------2---------3---------4---------5---------6---------7---------8 
63~.3 37.3 ~.262 0.310 0.5 
417.6 -7.53357 1.40968 -3.1~985 -2.85992 
106.168 -1.5850e+~1 6.962e-01 -3.443e-04 7.528e-08 
880.0 293.0 8.000e-06273.0 1.6e 

-3.332e+~ 1.039e+3 -1.768e-3 1.076e-6 369. 
2.975~0e-50. 0. 0. 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 100 100100000000100~1041000~000 0.~0e-5 
9.516e+8 3.2e+6 1.6e+7 1 9.806~ 

aa 8 
1.e-5 1.e00 1.e-8 100. 

102200.00 22.00 0.00 .9700 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 .100 .05 .01 3. 
a. 0.000 1.84 5.e+4 5.240 

eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 74 1dirt1 1.4400e+0 
bn 1 9 1bndr1 3.6000e-1 

conne----1---------2---------3---------4-~-------5---------6---------7---------8 
aa 1aa 2 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 16aa 17 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 31aa 32 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 46aa 47 13 1 1 1 .6000 .6000 l.2000e+0 0.0 
aa 6laa 62 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 1aa 16 14 1 1 1 .6000 .6000 1.2000e•0 1.0 
aa 16aa 31 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 3laa 46 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 46aa 61 14 1 1 1 .6000 .6000 l.2000e•0 1.0 
bn 1aa 1 4 1 15 1 .0200 .6000 1.2000e•0 0.0 
bn 6aa 15 4 1 15 1 .0200 .6000 l.2000e•0 0.0 
bn 1bn 2 3 1 1 1 .6000 .6000 e.3000e+0 1.0 
bn 6bn 7 3 1 1 1 .6000 .6000e.3000e+0 1.~ 

gener----1---------2---------3---------4---------5---------6---------7---------8 
bn 10pro 5 6delv 2.0000e-12 1.0100e+5 1.2 
bn 9pro 4 delv 2.0000e-12 1.0100e+5 1.2 
bn Spro 3 delv 2.0000e-12 1.0100e+5 1.2 
bn 7pro 2 delv 2.0000e-12 1.0100e+5 1.2 
bn 6pro 1 delv 2.~00~e-12 1.0100e+5 1.2 

endcy 

.. -

Figure 21. STMVOC input file for part 3 of problem 4. 



cccc----2-d steamflood -- equi I ibration of xylene on water table --------ccc 

output data after ( 47, 2}-2-time steps the time is ~.11~14E+~5 days 

OQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOQOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQQQQQQQQQQQQQQQQQQQQQ 

total time kcyc iter iterc kon dx1m dx2m dx3m max. res. ner ker deltex 
~.9516~E+~9 47 2 178 2 ~.14768E+~1 ~ .18149E-~3 ~.8118~E-~5 ~.32313E-~6 53 1 ~.2~~~~E+~7 

OOQQQQQOOQOOQQOQQQQQQQQQQQOQOQQQQQQQQQQQQQOOOOOOOOCOOOOOOQOOOOOOOOOOOOOOOQOQQQQQQQQQOQOOOOOOOOOOOOQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ 

elem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

a a 1 1 1~1~~~. 21 . 997 ~.~~0~E+00 ~.1145E+~~ ~.8855E+~~ ~. 98358. 741. 2642. -3. -24506. 
a a 2 2 1~1~~~. 21.997 ~.el~~~E+~~ ~.1145E+00 ~.8855E+~0 ~. 98358. 741. 2642. -3. -246~3. 
a a 3 3 1~1012!0. 21.997 ~.0000E+00 0.1145E•00 0.8855E+00 ~. 98358. 741. 2642. -3. -246~~. 
a a 4 4 101000. 21.997 ~.0000E+00 0.1146E•00 0.8854[+00 ~. 98358. 741. 2642. -3. -24491. 
a a 6 5 101000. 21.997 0.0000E•00 0. 1 H6E•00 0.8854[+00 2. 98357. 7 41 . 2642. -3. -241176. 
a a 6 6 101000. 21.997 0.~000E+00 0.1147E+00 0.8853E+00 10. 98348. 741. 2642. -3. -24444. 
a a 7 7 101000. 21.997 0.0000E+00 0.1150E•00 0.8850E+00 617. 977111 . 741. 2642. -3. -24384. 
a a 8 8 101000. 21.997 ~.5000E-01 0.11!)2[•012! 0.8348[+00 7 II 1 . 97617. 7 41 . 2642. -2. -24326. 
a a 9 9 101000. 21.997 0.2334E-02 0.1150E•00 0.8827E+00 741. 97617. 741. 2642. -2. -24376. 
!Ill 10 10 101000. 21.997 0.0000E•00 0.1148E•el0 0.8852E•el0 197. 98162. 7111. 26112. -3. -24433. 
!Ill 11 11 101000. 21.997 0.0000E+00 0.1146E+00 0.8854[-+00 45. 98313. 741. 2642. -3. -24467. 
aa 12 12 101000. 21.997 0.0000E+00 0.1146E+00 0.8854E+00 8. 98350. 741. 2642. -3. -24483. 
aa 13 13 101000. 21.997 0.0000E+00 0.1146E+00 0.8854E+00 1. 98357. 741. 2642. -3. -24491. 
aa 14 14 101000. 21.997 0.00eJeJE+eJ0 eJ.1145E+eJeJ eJ.8855E+00 0. 98358. 741. 2642. -3. -24496. 
aa 15 15 101000. 21.997 0.0000E+00 0.11115E+00 0.8855E•00 0. 98358. 741. 2642. -3. -24498. 
aa 16 16 101014. 21 . 997 eJ.0000E•00 0.19114E+00 0.8056E+00 0. 98372. 741. 2642. -1. -12917. 
aa 17 17 101014. 21 . 997 eJ.eJeJeJ0E+eJeJ 0.1944E+eJ0 eJ.8056E+00 0. 98372. 741. 2642. -1. -12917. 
aa 18 18 101014. 21 . 997 0.00eJ0E+00 0.1944E+00 0.8eJ56E•00 eJ. 98372. 741. 2642. -1. -12917. 
aa 19 19 101014. 21.997 0.0eJ00E+00 0.1944E+00 0.8eJ56E+00 9. 98363. 741. 2642. -1. -12918. 
aa 20 20 10i014. 21.997 0.0000E+00 0.1944E+00. 0.8056E•00 33. 98339. 741. 2642. -1. -12918. \C) 

aa 21 21 101€!14. 21.997 0.0000E+00 0.1944[+00 0.8056[+00 94. 98279. 741. 2642. -1. -12918. 0\ 
aa 22 22 H'J1014. 21.997 0.0000E+00 0.1944E+00 0.8056E+00 376. 97997; 741. 2642. -1. -12918. 
aa 23 23 101014. 21.997 0.5000E-01 0.1944E+00 0.7556E•00 7 41. 97631. 741. 2642. -1. -12918. 
aa 24 24 101€!14. 21.997 0.1978E-02 0.1944E+00 0.8036E+00 741. 97631. 741. 2642. -1. -12918. 
!Ill 25 25 101014. 21.997 0.0000E+00 0.1944E+00 0.8056E+00 261. 98111. 741. 2642. -1. -12918. 
aa 26 26 101014. 21.997 0.0000E+00 0.1944E+00 0.8056E+00 62. 98310. 741. 2642. -1. -12918. 
aa 27 27 101014. 21.997 0.0000E+00 0.1944E+00 0.8056E+00 12. 98360. 741. 2642. -1. -12917. 
aa 28 28 101014. 21.997 0.0000E+00 0.1944E+"'0 0.8056E+00 0. 98372. 741. 2642. -1. -12917. 
aa 29 29 101014. 21.997 0.0000E+~0 0.l944E+0~ ~.8~56E+~~ 0. 98372. 741. 2642. -1. -12917. 
aa 3~ 3~ 1~1~14. 21.997 ~.~~00!':+~0 ~.1944E+~~ ~.8~56E+~~ 0. 98372. 741. 2642. -1. -12917. 
aa 31 31 1~1~28. 21.997 ~.0~00E+00 ~.8466E+0~ ~.1534E·~~ 0. 98386. 741. 2642. 0. -1196. 
aa 32 32 101~28. 21.997 0.00~0E+~0 0.8466E+~~ ~.1534E+~~ ~. 98386. 741. 2642. 0. -1196. 
aa 33 33 1~1028. 21.997 0.0000E+00 0.8465E+00 ~.1535E+00 3. 98383. 741. 2642. 0. -1196. 
aa 34 34 101029. 21.997 0.2832E-01 0.8463E+00 ~.1254E+~~ 741. 97647. 741. 2642. 0. -1197. 
aa 35 36 1€!11~4. 21.997 ~.1362E+00 0.8326E+00 0.3116E-01 741. 97721. 741. 2642. 0. -1272. 
aa 36 36 101173. 21.997 0.1666E+00 eJ.8201E+00 0.2333E-01 741. 97790. 741. 2642. 0. -1341. 
aa 37 37 101218. 21 . 997 0.1666E+00 €!.8119[+00 eJ.2165E-01 741. 97835. 741. 2642. 0. -1386. 
aa 38 38 101237. 21.997 0.1711E+00 0.8085E+00 ~.2038E-01 7 41. 97854. 741. 2642. 0. -1406. 
aa 39 39 101218. 21.997 0. 1665E+00 0.8119E+~0 ~.2155E-01 741. 97835. 741. 2642. 0. -1386. 
aa 40 40 101173. 21.997 0.1565E+00 0.8201E+~0 0.2333E-01 741. 97790. 741. 2642. 0. -1341. 
211 41 41 101104. 21.9.97 0 .1362E+00 eJ. 8326E•·00 0.3116E-eJ1 741. 97721. 741. 2642. 0. -1272. 
aa 42 42 101029. 21.997 0.2836E-eJ1 0.8463E+00 0.1254E+00 741. 97647. 741. 2642. eJ . -1197. 
aa 43 43 101028. 21 . 997 0.0000E+00 0.8465E+00 0.1535E+eJ0 3. 98383. 

. 
741. 2642. eJ. -1196. 

aa 44 44 101028. 21.997 0.0000E+~0 0.8466E+0~ 0.1534E+00 0. 98386. 741. 2642. 0. -1195. 
aa 45 45 101028. 21.997 0.0000E+00 0.8466E+00 0.1534E+00 0. 98386. 741. 2642. 0. -1195. 

Figure 22. Prinlcd oulpul for part 3 of problem 4. 
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elem index p t so SW sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

aa 46 46 111842. 21.997 0,0000E+00 0.9874E+00 0.1260E-01 0. 109200. 741. 2642. 0. -267. 
aa 47 47 111842. 21.997 0.!'l000E+011! 0.9874E+00 0.1260E-01 0. 109200. 741. 2642. . 0. -267. 
aa 48 48 111842. 21.997 0.0000E+00 0.9874E+00 0.1260E-01 0. 109200. 741. 2642. 0. -267. 
aa 49 49 111842. 21.997 0.0000E+00 0.9874E+00 0.1260E-01 12. 109188. 741. 2642. 0. -267. 
aa 50 50 111841. 21.997 0.01'100E+00 0.9874E+00 0 .1260E-01 19. 109181. 741. 2642 . 0. -267. 
aa 51 51 111842. . 21.997 0.0000E+00 0.9874E+00 0.1262E-01 49. 109151. 741. 2642. 0. -267. 
aa 52 52 112193. 21.997 0.4218E-01 0.9452E+00 0.1259E-01 741. 108810. 741. 2642. 0. -619. 
aa 53 53 112274. 21.997 0.5460E-01 0.9328E+00 0.1260E-01 741. 108891. 741. 2642. 0. -700. 
aa 54 54 112193. 21.997 0.4213E-01 0.9453E+00 0.1259[-01 741. 108810. 741. 2642. 0. -619. 
aa 55 55 111842. 21.997 0.0000E+00 0.9874E+00 0.1262E-01 46. 109154. 741. 2642. 0. -267. 
aa 56 56 111842. 21.997 0.0000E+00 0.9874E+00 0.1260E-01 20. 109180. 741. 2642. 0. -267. 
aa 57 57 111842. 21.997 0.0000E+00 0.9874E•00 0. 1260E-01 12. 109188. 741. 2642. 0. -267. 
aa 68 68 111842. 21.997 0.0000E+00 0.9874[+00 0.1260E-01 0. 1092r.l0. 741. 2642. 0. -267. 
aa 59 59 111842. 21.997 0.0000E+00 0.9874[+00 0.1260E-01 0. 109200. 741. 2642. 0. -267. 
aa 60 60 111842. 21.997 0.0000E+00 0.9874[+00 0.1261E-01 0. 109200. 741. 2642. 0. -267. 
aa 61 61 123575. 21.997 0.0000[+00 0.9882[+00 0.1180E-01 0. 120933. 741. 2642. 0. -268. 
aa 62 62 123575. 21.997 0.0000[+00 0.9882[+00 0.1180E-01 0. 120933. 741. 2642. 0. -258. 
aa 63 63 123576. 21.997 0.0000[+00 0.9882[+00 0.1180[-01 0. 120933. 741. 2642. 0. -268. 
aa 64 64 123575. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 0. 120933. 741. 2642. 0. -258. 
aa 65 65 123574. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 0. 120933. 741. 2642. 0. -268. 
aa 66 66 123574. 21.997 0.0000E+00 0.9882E•00 0.1180E-01 1. 120932. 741. 2642. 0. -258. 
aa 67 67 123574. 21.997 0.0000E+00 0.9882E+00 0. 1182E-01 16. 120917. 741. 2642. 0. -258. 
aa 68 68 123575. 21.997 0.0000E+00 0.9882E+00 0. 1184E-01 47. 120886. 741. 2642. 0. -258. 
II a 69 ' · · 69 123574. 21.997 0.0000E+00 0.9882E+00 0.1182E-01 16. 120917. 741. 2642. 0. -258. 
aa 70 70 123574. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 1. 120932. 741. 2642. 0. -268. 
aa 71 71 123574. 21.997 0.0000E+00 0.9882[+00 0.1181')[-01 0. 120933. 741. 2642. 0. -268. 
aa 72 72 123575. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 0. 120933. 741. 2642. 0. -268. 
aa 73 73 123575. 21.997 0.0000E+00 0.9882E+00 0.118r.JE-01 0. 120933. 741. 2642. 0. . -258. \0 aa 74"' 74 123575. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 0. 120933. 741. 2642. 0. -258. -....! 
aa 75 75 123575. 21.997 0.0000E+00 0.9882E+00 0.1180E-01 0. 120933. 741. 2642. 0. -258. 
bn 1 76 101000. 21.997 0.0000E+00 0.1145E+00 0.8855E+00 0. 98358. 741. 2642. -3. -24606. 
bn 2 77 101014. 21.997 0.0000E+00 0.1944[+00 0.8056E+00 0. 98372. 741. 2642. -1. -12917. 
bn 3 78 101028. 21.997 0.r.l000E+00 0.8466E+00 0.1534E+00 0. 98386. 741. 2642. 0. -1195. 
bn 4 79 111842. 21.997 0.0000E+00 0.9874E+00 0.1260E-01 0. 109200. 741. 2642. 0. -267. 
bn 5 80 123575. 21.997 0.0000E+00 0.9B82E+00 0.1180E-01 0. 120933. 741. 2642. 0. -258. 
bn 6 81 101000. 21.997 0.0000E+00 0.1H5E+00 0.8855E+00 0. 98358. 741. 2642. -3. -24498. 
bn 7 82 101014. 21.997 0.0000E•00 0.1944E+00 0.8056E+00 0. 98372. 741. 2642. -1. -12917. 
bn 8 83 101028. 21.997 0.0000E•r.l0 0.8466E•00 0. I G34E•00 0. 98386. 7 41 . 2642. 0. -1196. 
bn 9 84 111842. 21.997 0.0000E+00 0.9A74E+00 0.12131E-01 0. 109200. 741. 2642. 0. -267. 
bn 10 85 123575. 21.997 0.0000[+00 0.9882E+00 0.1180[-01 0. 120933. 741. 2642. 0. -268. 

QQQQQQQQQQOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQQQQQQQQQQQQQ 

Figure 22. Printed output for part 3 of problem 4 (continued). 



cccc----2-d steamflood -- equi I ibration of xylene on water table --------ccc 

kcyc = 47 - iter = 2 - time = 0.95160E+09 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo di ffw krgas krwat kro i I 

(kg/m.,.3) (kg/mu3) (kg/mu3) (kg/m .. 3) (kg/m•s) (kg/m•s) (m.,.2/s) (m .. 2/s) 

a a 1 1 0.2639E-12 0.l442E-11 0.1180E•01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E•00 0.0000E+00 0.9205E•00 0.4181E-05 0.0000E+00 
a a 2 2 0.6571E-10 0.3589E-09 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9205E•00 0.4185E-05 0.0000E+00 
a a 3 3 0.1632E-07 0.8911E-07 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.9205E+00 0.4198E-05 0.0000E+00 
ea 4 4 0.4444E~05 0.2427E-04 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E•00 0.0000E•00 0.9204E•00 0.4227E-05 0.0000E+00 
a a 5 5 0.6759E-04 0.3692E-03 0.1180E+01 0.0000E•00 0.1821E-04 0.1000E•01 0.0000E+00 0.0000E•00 0.9202E+00 0.4281E-05 0.0000E+00 
a a 6 6 0.4504E-03 0.2460E-02 0.1181E•01 0.0000E•00 0.1820E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.9198E•00 0.4389E-05 0.0000E+00 
a a 7 7 0.2670E-01 0.1458E•00 0.1200E•01 0.0000E•00 0.1794E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.9191E+00 0.4603E-05 0.0000E+00 
a a 8 8 0.3206E-01 0.1751E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.7697E•00 0.4819E-05 0.0000E+00 
ae 9 9 0.3206E-01 0.1751E+00 0.1204E•01 0.8782E•03 0.1788E-04 0.7868E-03 0.0000E•00 0.0000E+00 0.9116E+00 0.4634E-05 0.0000E+00 
a a 10 10 0.8510E-02 0.4648E-01 0.1186E•01 0.0000E•00 0.1812E-04 0.1000E•0l 0.0000E•00 0.0000E+00 0.9197E+00 0.4429E-05 0.0000E+00 
aa 11 11 0.1946E-02 0.1063E-01 0.1182E+01 0.0000E+00 0.1819E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9201E+00 0.4310E-06 0.0000E+00 
ae 12 12 0.3514E-03 0.1919E-02 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9203E+00 0.4255E-06 0.0000E+00 
ae 13 13 0.6056E-04 0.3308E-03 0.1180E•01 0.0000E+00 0.1821E-04 0.1000E•01 0.0000E+C0 0.0000E•00 0.9204E+00 0.4226E-05 0.0000E+00 
a a 14 14 0.9775E-05 0.5339E-04 0.1180E•01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E•00 0.9204E•00 0.4211E-06 0.0000E+00 
aa 15 15 0.1445E-05 0.7892E-05 0.1180E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.9205E+00 0.4205E-05 0.0000E+00 
aa· 16 16 0.5464E-10 0.2984E-09 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1164E-02 0.0000E+00 
aa 17 17 0.20B5E-07 0.1139E-06 0.1180E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 18 18 0.3829E-05 0.2091E-04 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 19 19 0.3866E-03 0.2112E-02 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 20 20 0.1445E-02 0.7894E-02 0.1181E+01 0.0000E+OO 0.1819E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 21 21 0.4046E-02 0.2210E-01 0.1183E+01 0.0000E+00 0.1817E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 22 22 0.1626E-01 0.8881E-01 0.1192E+01 0.0000E+00 0.1804E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
88 23 23 0.3206E-01 0.1751E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.5686E+00 0.1164E-02 0.9762E-10 
88 24 24 0.3206E-01 0.1751E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.6867E+00 0.1164E-02 0.0000E+00 
8a 25 25 0.1131E-01 0.6175E-01 0.1189E+01 0.0000E+00 0.1809E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 

\0 8a 26 26 0.2703E-02 0.1477E-01 0.1182E+01 0.0000E+00 0.1818E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1164E-02 0.0000E+00 
00 aa 27 27 0.5243E-03 0.2864E-02 0.1181E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-~2 ~.~~~~E+0~ 

aa 28 28 0.1541E-04 0.8418E-04 0.1180E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 29 29 0.6973E-06 0.3809E-06 0.1180E+01 0.0000E+00 ~.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1164E-02 ~.~000E+00 
aa 30 30 0.4122E-07 0.2251E-06 0.1180E+01 0.0000E+0~ 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6908E+00 0.1154E-02 0.0000E+00 
aa 31 31 0.1957E-09 0.1069E-08 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4048E-02 0.5708E+00 0.0000E+00 
aa 32 32 0.7587E-07 0.4144E-06 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4048E-02 0.5708E+00 0.0000E+00 
aa 33 33 0.1476E-03 0.8061E-03 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4062E-02 0.5707E+00 0.0000E+00 
aa 34 34 0.3206E-01 0.1751E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.2109E-02 0.6701E+00 0.0000E+00 
aa 35 35 0.3206E-01 0.1751E+00 0.1205E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.1300E-04 0.6394E+00 0.3217E-02 
aa 36 36 0.3206E-01 .0.1751E+00 0.1206E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.3252E-06 0.6123E•00 0.4636E-02 
aa 37 37 0.3206E-01 0.1751E+00 0.1206E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.2116E-05 0.4950E+00 0.6354E-02 
aa 38 38 0.3206E-01 0.1751E+00 0.1206E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.1535E-06 0.4879E+00 0.6747E-02 
aa 39 39 0.3206E-01 0.1751E+00 0.12~6E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.2113E-05 0.4950E+00 0.5356E-02 
8a 40 40 0.3206E-01 0.1751E+00 0.1206E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.3251E-05 0.5123E+00 0.4637E-02 
aa 41 41 0.3206E-01 0.1751E+00 0.1205E+01 0.8782E+03 0.1789E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.1298E-04 0.6394E+00 0.3217E-02 
aa 42 42 0.3206E-01 0.1751E+00 0.1204E+01 0.8782E+03 0.1788E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.2106E-02 0.5701E+00 0.0000E+00 
aa 43 43 0.1470E-03 0.8027E-03 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4052E-02 0.5707E+00 0.0000E+00 
aa 44 44 0.7156E-07 0.3909E-06 0.1181E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•00 0.0000E+00 0.4048E-02 0.5708E+00 0.0000E+00 
aa 45 45 0.1149E-08 0.6277E-08 0.1181E+01 0.0000E•00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.4047E-02 0.6708E+00 0.0000E+00 
aa 46 46 0.2684E-10 0.1466E-09 0.1308E+01 0.0000E•00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2424E-07 0.9686E+00 0.0000E+00 
8a 47 47 0.1996E-08 0.1090E-07 0.1308E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2422E-07 0.9586E+00 0.0000E+00 
aa 48 48 0.1322E-05 0.7218E-05 0.1308E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2418E-07 0.9586E+00 0.0000E+00 
88 49 49 0.6224E-03 0.2853E-02 0.1309E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2410E-07 0.9686E+00 0.0000E+00 
8a 50 50 0.8172E-03 0.4464E-02 0.1309E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2400E-07 0.9686E+00 0.0000E+00 
88 51 51 0.2123E-02 0.1160E-01 0.1310E+01 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2466E-07 0.9586E+00 0.0000E+00 
aa 62 62 0.3206E-01 0.1761E+00 0.1336E+01 0.8782E+03 0.1792E-~4 0.7868E-03 0.0000E+00 0.0000E+00 0.2387E-07 0.8283E+00 0.0000E+00 
aa 53 63 0.3206E-01 0.1751E+00 0.1337E+01 0.8782E+03 0.1792E-04 0.7868E-03 0.0000E+00 0.0000E+00 0.2399E-07 0.7923E+00 0.7903E-04 
elem index cvocg cvocw dgas do i I visgas vi so i I d i ffo d i ffw krgas krwat kro i I 

Figure 22. Printed output for pan 3 of problem 4 (continued). 
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(kg/m••3) (kg/m••3) (kg/m••3) (kg/m••3) (kg/m•s) (kg/m•s) (m••2/s) (m••2/s) 

aa 54 54 ~.3206E-01 ~.1751E·~~ ~.1336E+~l ~.8782E+~3 ~.1792E-~4 0.7868E-~3 ~-~0~0E+~~ ~-~~~0E+0~ ~.2385E-~7 ~.8285E+~~ ~-~~~~E·~~ 
aa 55 55 ~.1973E-02 ~.1077E-~1 ~.13l~E+~1 0.0000E+00 0.1820E-04 0.1000E+01 0.0000E+00 0.0000E+0~ ~.2471E-07 ~.9585E+~~ 0.~~~0E+~~ 
aa 56 56 ~.8474E-03 ~.4628E-02 0.13~9E+~l 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E•~0 0.0000E•00 0.2403E-07 0.9586E•00 0.0000E+~~ 
aa 57 57 0.5233E-03 0.2858E-02 0.1309E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2413E-07 0.9586E+00 0.0000E+~0 
aa 58 58 0.1284E-05 0.7015E-05 0.1308E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2421E-07 0.9586E+0~ ~.0000E+0~ 
aa 59 59 0.1455E-08 0.7950E-08 0.1308E+01 0.00~0E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2424E-~7 0.9586E+0~ ~-~000E+00 
aa 60 60 0.1565E-07 0.8548E-07 0.1308E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2425E-07 0.9586E+00 0.0~~0E+00 
aa 61 61 0.4074E-12 0.2225E-11 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 0.9612E+00 0.~000E+0~ 
aa 62 62 0.2762E-10 0.150BE-09 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 ~.9612E+00 0.0~~0E+00 
aa 63 63 0.5274E-08 0.2881E-07 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8045E-08 0.9612E+00 0.0000E+00 
aa 64 64 0.2006E-05 0.1096E-04 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8043E-08 0.9612E+00 0.00~0E+~0 
aa 65 65 0.4176E-05 0.2281E-~4 0.1447E+01 0.0000E+00 0.1822E-04 0.1~00E+01 0.0000E+00 0.0000E+00 0.8037E-08 0.9612E+~0 0.0000E+00 
aa 66 66 0.3310E-04 0.1808E-03 0.1447E+01 0.0000E+00 ~.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8045E-08 0.9612E+~0 0.0000E+00 
aa 67 67 ~.6700E-03 0.3660E-02 0.1447E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8271E-08 0.9611E+~0 0.~000E+00 
aa 68 68 0.2042E-02 0.1116E-01 0.1448E+01 0.0000E+00 0.1820E-04 0.1000E•01 0.0000E+00 0.0000E+00 0.8479E-08 0.9611E•00 0.0000E+00 
aa 69 69 0.6915E-03 0.3777E-02 0.1447E+01 0.0000E+00 0.1821E-04 0.1000E+01 0.0000E+00 0.0000E+00 ~.8271E-08 0.9611E+~~ 0.~~0~E+00 
aa 70 70 0.3006E-04 0.1642E-03 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 0.9612E+00 0.0000E+00 
aa 71 71 0.4348E-05 0.2375E-04 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8039E-08 0.~612E+00 0.00~~E+~~ 
aa 72 72 0.2006E-05 ~.1096E-04 0.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8043E-08 0.9612E+0~ ~.000~E+0~ 
aa 73 73 0.4747E-08 ~.2593E-07 ~.1447E+01 ~.00~0E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 ~.9612E+~~ ~-~~~0E+~~ 
aa 74 74 ~.183~E-10 ~.9993E-1~ 0.1447E+~l ~.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 ~.8046E-08 ~.9612E+~0 0.~0~~E·~~ 
aa 75 75 0.2280E-09 0.1246E-08 ~.1447E+01 0.0000E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 0.9612E+~~ ~-0~~~E+~~ 
bn 1 76 ~.2026E-14 0.11~7E-13 0.118~E+01 0.0000E+00 0.1821E-04 0.10~0E+01 0.0000E+~~ ~.0~0~E+00 ~.9205E+~0 ~.4180E-06 ~-~000E+00 
bn 2 77 0.1696E-12 0.9264E-12 0.1180E+01 ~.0000E+~0 ~.1821E-~4 ~-1~00E+~l 0.~0~0E+~~ ~-~000E+00 ~.690BE+00 0.1164E-02 0.00~0E+0~ 
bn 3 78 ~.3176E-11 ~.1735E-1~ ~.1181E+~l ~.0000E+00 ~.1821E-04 ~.1000E+~l ~.~0~0E+~~ ~.~0~0E+00 0.4048E-02 ~.6708E+~0 ~-~~~0E+~0 
bn 4 79 ~.4569E-l~ 0.2496E-09 ~.1308E+01 0.~~~0E+00 0.1822E-04 0.1000E+01 0.0000E+00 0.0000E+~0 ~.2424E-07 ~.9686E+00 0.~000E+0~ 
bn 5 80 0.5922E-12 0.3235E-ll ~.l447E+01 0.0000E+0~ ~.1822E-~4 ~.1000E+~l ~.0~00E+00 0.00~~E+0~ 0.8~46E-~8 ~.9612E+~~ 0.~~~~E+00 
bn 6 81 0.6583E-06 ~.3595E-05 0.1180E+01 0.0000E+00 0.1821E-~4 0.1000E+01 0.0000E+00 0.0000E+00 0.9205E+00 0.4205E-~5 0.00~0E+00 
bn 7 82 ~.3718E-~8 ~.2~31E-07 0.118~E+~l ~.~0~~E+~0 ~.1821E-~4 ~-1~00E+01 ~-~00~E·~~ ~.0~~~E+~~ ~.69~8E+0~ 0.1164E-02 0.~~0~E+0~ 
bn 8 83 ~.4310E-1~ ~.2354E-09 0.1181E+01 0.~~~0E+0~ ~.1821E-~4 0.1~~~E·~1 ~-~00~E·~~ ~-0~~0E+~~ 0.4~47E-~2 ~.57~8E+00 0.0~00E+0~ \0 
bn 9 84 0.3258E-09 0.1779E-~8 0.1308E+01 ~-0~~~E+0~ ~.1822E-~4 ~.l~~~E+~l ~-~~00E+0~ 0.0000E+00 0.2426E-~7 0.9686E+00 0.0000E+00 \0 
bn 10 85 0.4745E-11 0.2592E-10 0.1447E+01 0.0000E+00 0.1822E-~4 ~.1000E+01 0.0000E+00 0.0000E+00 0.8046E-08 0.9612E+00 0.0000E+00 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQQQQQQQQOOOOOOOOQOCOOOOOOOOOOOOOOOOOOOOOOOOOOQQQQQOOQQQQQQQQQQQOQQQQQQQQQQQQQQQQQQQOQQOOOOQOOOO 

Figure 22. Printed output for part 3 of problem 4 (continued). 



cccc----2-d steamflood -- equi I ibration of xylene on water table --------ccc 

kcyc = 47 - iter = 2 - time = 0.95160E+09 

element source index generation rate enthalpy ff (gas) ff(liq.) ff(oil) p(wb) 
(kg/s) or (w) (j /kg) (pa) 

bn 1111 pro 5 1 11!.11!11!11!11!11!E+I1!11! 11!.11!11!11!11111!E+I1!11! 11!.11!011!11!0E+00 0.00011!0E+011! 0.000011!E+I1!11! 11!.1311!58E+I1!6 
bn 9 pro 4 2 0.11!0000E•00 0.00011!0E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.11884E+06 
bn 8 pro 3 3 0.000011!E+I1!11! 11!.11!0000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0. 10751E+06 
bn 7 pro 2 4 11!.011!11!011!E+011! 11!.11!11!000E+00 0.00000E+00 0.000011!E+00 0.11!00011!E+00 0.1111162E+06 
bn 6 pro 1 5 -11!.37889E-111! 111.1411!93E+I1!6 11!.111111111!11!E+I1!1 0.011!0011!E+00 11!.11!11!011!0E+I1!11! 0 .1010111E+I1!6 

aaaaooooooooooooooooooooooooooooooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooaaooao 

Figure 22. Printed output for part 3 of problem 4 (continued). 
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•••••••••• volume- and mass-balances ******************************************************************************************** 

• • • • • • • • • • ( k c y c , i te r) = ( 4 7 , 2) ••••• the time is 0.95160E+09 seconds, or 0.11014E+05 days 

phase volumes in place 
gas 0.16073E+02 m••3; 

phase mass in place 
gas 0.19090E+02 kg 

water 0.27767E+02 m••3; 

aqueous 0.2770BE+05 kg 

air/water component mass in place 

hydrocarbon 0.80037E+00 m••3 

I iquid hydrocarbon 0.70289E+03 kg 

air 0.18897E+02 kg water vapor 0.31145E+00 kg I iquid water 0.27707E+05 kg 

hydrocarbon component mass 
voc vapor 0.10557E+00 kg 

in place 
dissolved voc 0.11654E+01 kg I iquid voc 0.70289E+03 kg tota I voc 0.70416E+03 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 47 time steps the time is 0.95160E+09 seconds 

end of tough simulation job--- elapsed time= 157.8900 sec 
-- calculation time= 157.2500 sec-- data input time= 0.6400 sec 

Figure 22. Printed output for part 3 of problem 4 (continued). 
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Figure 23. Separate phase xylene saturation distribution prior to steam injection. 
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condition is used. The input file for this part of the simulation is shown in Figure 24, and as 

before, the SAVE file from the previous part of the simulation must be renamed INCON. 

This input file is ~imilar to the previous input file (Figure 21), except that data block GENER 

has been changed to include steam injection in the boundary elements bn 1 through bn 5. 

A printout after 9.2x 106s (106.5 days) of steam injection is specified in data block TIMES 

(a total time of 9.608x 108s ), and this output is given in Figure 25. A contour plot of the 

xylene saturation distribution along with the steam front location at this time is shown in Fig

ure 26. From this figure, it is evident that the steam is effectively sweeping the xylene from 

the system. By the end of the simulation, after 1.48x 107s (171.3 days) of steam injection, 

all of the xylene has been removed, and the entire system is at the steam temperature. The 

STMVOC output at this time is given in Figure 27. 
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ecce---- 2-d steamflood --steam injection--------ccc 
rocks----1---------2---------3---------4---------5---------6---------7---------8 
dirt1 1 2650. .400 2.5000e-132.5000e-132.5000e-13 3.1 1000.0 

0. 0. 2.85 0.0 
bndr1 1 1200. .400 2.5000e-132.5000e-132.5000e-13 3.1 600.0 

0. 0. 2.85 0.0 

chemp----1---------2---------3---------4---------5---------6--~------7---------8 
630.3 37.3 0.262 0.310 0.5 
417.6 -7.53357 1.40968 -3.10985 -2.85992 
106.168 -1.5850e•01 5.962e-01 -3.443e-04 7.528e-08 
880.0 293.0 8.000e-06273.0 1.60 

-3.332e•0 1.039e+3 -1.768e-3 1.076e-6 369. 
2.97500e-50. 0. 0. 

0. 0. 
start 
param----1---------2---------3---------4---------5---------6---------7---------8 

1 300 450100000000100010410000000 0.00e-5 
9.664e+8 1.6e+5 1.6e•7 1 9.8060 

aa 52 
1.e-5 l.e00 .2 l.e-8 100. 

102200.00 22.00 0.00 .9700 
rpcap----1---------2---------3---------4---------5---------6---------7---------8 

6 .100 .05 .01 3. 
8 0.000 1.84 5.e+4 5.240 

times----1---------2---------3---------4---------5---------6---------7---------8 
1 

9.608e+8 
eleme----1---------2---------3---------4---------5---------6---------7---------8 
aa 1 74 1dirt1 1.4400e+0 
bn 1 9 1bndr1 3.6000e-1 

conne-~--1---------2---------3---------4---------5---------6---------7---------8 
aa 1aa 2 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 16aa 17 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 31aa 32 13 1 1 1 .6000 .6000 1.2000e•0 0.0 
aa 46aa 47 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 61aa 62 13 1 1 1 .6000 .6000 1.2000e+0 0.0 
aa 1aa 16 14 1 1 1 .6000 .6000 1.2000e•0 1.0 
aa 16aa 31 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 31aa 46 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
aa 46aa 61 14 1 1 1 .6000 .6000 1.2000e+0 1.0 
bn 1aa 1 4 1 15 1 .0200 .6000 1.2000e+0 0.0 
bn 6aa 15 4 1 15 1 .0200 .6000 1.2000e+0 0.0 
bn 1bn 2 3 1 1 1 .6000 .6000 0.3000e+0 1.0 
bn 6bn 7 3 1 1 1 .6000 .6000 0.3000e+0 1.0 

gener----1---------2---------3---------4---------5---------8---------7---------8 
bn 1inj 1 wate 1.480e-04 2.676e+06 
bn 2inj 2 wate 1.480e-04 2.676e+06 
bn 3inj 3 wate 1.480e-04 2.676e+06 
bn 4inj 4 wate 1.480e-04 2.676e+06 
bn 5inj 5 wate 1.480e-04 2.676e+06 
bn 10pro 5 Sdelv 2.0000e-12 1.0100e+5 1.2 
bn 9pro 4 delv 2.0000e-12 1.0100e+5 1.2 
bn 8pro 3 delv 2.0000e-12 1.0100e+5 1.2 
bn 7pro 2 delv 2.0000e-12 1.0100e+5 1.2 
bn 6pro 1 delv 2.0000e-12 1.0100e+5 1.2 

endcy 

Figure 24. STMVOC input file for part 4 of problem 4. 



.. . " 

ecce---- 2-d steamflood --"steam injectlon--------ccc 

output data after ( 146, 4)-2-time steps the time is 0.11120E+06 days 

OOOOOOOOOOOOOOOOOOOQQQQQQQQOQQQQQQQQQQQOOOOQOOOOOOOOOOOOQOQOQQQQOQQOOOOOOOOOOQOQOOOOOOOOOOQQQQQQQQQQQQQQOQQOOOQQQOOQQQQQOOQQQQQQQQQ 

total time kcyc iter iterc kon dx1m dx2m dx3m max. res. ner ker deltex 
0.96080E+09 146 4 758 2 0.321:l01E+04 0.12987E+01 0.36161E+01 0.32313E-06 13 3 0.60000E+06 

OOQQQQQOQOQOQOOOOOOOOOQQOQOQQQOQOOOOOOOOOOOQOOOOOOOQOOOQOOQQQQQOQQQQOQOQOQQOQOQOOQQOQQQOOOQOQOQOOOQQQQQQOOOGOOOOOOOOOOOOOOOOOOOOOOO 

elem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (p8) (p8) (p8) (p8) (p8) (pa) 

88 1 1 242322. 126.406 0.0000E+00 0.1597E+00 0.8403E+00 0. 0. 61224. 242322. -2. -16422. 
a8 2 2 234702. 125.363 0.0000E+00 0.1594E+00 0.8406E+00 0. "'· 59372. 234702. -2. -16463. 
88 3 3 226716. 124.239 0.0000E+00 0.1611E+00 0.8389E+00 0. 0. 67428. 226716. -2. -16280. 
a8 4 4 218330. 123.026 0.0000E+00 0 .1636E+00 0.8364E+00 0. 0. 66384. 218330. -2. -16020. 
8a 6 5 209519. 121.707 0.0000E+00 0.1666E+00 0.8334E+00 0. 0. 63233. 209519. -2. -14706. 
88 6 6 200234. 120.268 0.0000E+00 0.1706E+00 0.8295E+00 0. 0. 50961. 200234. -2. -14319. 
88 7 7 190389. 118.681 0.0000E+00 0.1767E+00 0.8243E+00 0. ·0. 48547. 190389. -1. -13828. 
88 a 8 179847. 116.907 0.0000E+00 0.1829E+00 0.8171E+00 0. 0. 46966. 179847. -1. -13186. 
88 9 9 168403. 114.881 0.0000E+00 0.1939E+00 0.8061E+00 1. 0. 43136. 168402. -1. -12296. 
88 10 10 166769. 112.498 0.0000E+00 0.2136E+00 0.7864E+00 64. 0. 39999. 166714. -1. -10940. 
88 11 11 141662. 109.403 0.0000E+00 0.2693E+00 0. 7407E+00 1147. 0. 36203. 140416. -1. -8619. 
aa 12 12 126220. 99.659 0.8560E-01 0.3989E+00 0.6155E+00 26109. 13. 26109. 100099. 0. -4964. 
88 13 13 Hl8997. 62.235 0.2671E-01 0.7928E+00 0.1805E+00 6004. 80920. 6004. 22074. 0. -1469. 
88 14 14 106697. 40.201 0.2182E-04 0.8246E+00 0.1755E+00 2068. 97176. 2068. 7464. 0. -1309. 
a8 16 16 104063. 31.342 0.0000E+00 0.8372E+00 0 .1628E+00 1263. 98221. 1278. 4679. 0. -1244. 
88 16 16 242667. 126.453 0.0000E+00 0.1709E+00 0.8291E+00 0. 0. 61307. 242667. -1. -14206. 
88 17 17 234976. 125.401 0.0000E+0c:l e.172SE+e0 0.8272E+c:lc:l e. 0. 59439. 234976. -1. -14021. 
aa 18 18 2.26945. 124.272 0.0000E+00 0.1757E+00 0.8243E+00 0. 0. 57484. 226946. -1. -13766. 
8a 19 19 218540. 123.056 0.0000E+00 0.1791E+00 0.8209E+00 0. 0. 66435. 218640. -1. -13466. ...... 
8a 20 20 209734. 121.739 0.0000E+00 0.1831E+00 0.8169E+00 0. 0. 63286. 209734. -1. -13113. 0 
88 21 21 200481. 120.307 0.0000E+00 0 .1881E+00 0.8119E+00 0. 0. 51021. 200481. -1. -12701. V\ 

88 22 22 190697. 118.732 0.0000E+00 0.1949E+00 0.8061E+00 0. 0. 48623. 190697. -1. -12177. 
8a 23 23 180239. 116.974 0.0000E+00 0.2050E+00 0.7950E+00 0. 0. 46053. 180239. -1. -11466. 
88 24 24 168868. 114.969 0.0000E+00 0.2219E+00 0.7781E+00 25. 0. 43242. 168833. -1. -H!1414. 
88 26 26 156167. 112 .139 0.0000E+00 0.2560E+00 0.7440E+00 2283. 0. 39644. 163874. -1. -8742. 
88 26 26 142342. 103.081 0.6163E-01 0.3089E+00 0.6295E+00 29352. 0. 29362. 112990. -1. -6936. 
88 27 27 124576. 84.257 0.1837E+00 0.7164E+00 0.1009E+00 14909. 63627. 14909. 66141. 0. -1893. 
88 28 28 119811. 64.234 0.7567E-02 0.9429E+00 0.4968E-01 4160. 100479. 4160. 15173. 0. -627. 
88 29 29 117504. 38.766 0.0000E+00 0.9689E+00 0.3105E-01 1887. 108718. 1916. 6899. 0. -442. 
88 30 30 114951. 31.326 0.0000E+00 0.9701E+00 0.2996E-01 1218. 109159. 1277. 4676. 0. -434. 
88 31 31 243184. 126.622 0.0000E+00 0.1771E+00 0.8229E+00 0. 0. 61433. 243184. -1. -13693. 
aa 32 32 236421. 126.462 0.0000E+00 0. 1816E+00 0.8185E+00 0. 0. 69647. 236421. -1. -13209. 
aa 33 33 227331. 124.327 0.0000E+00 0. 1859E+00 0.8141E+00 0. 0. 67578. 227331. -1. -12839. 
aa 34 34 218900. 123.108 0.0000E+00 0.1905E+00 0.8095E+00 "· 0. 66623. 218900. -1. -12476. 
88 36 36 210106. 121.796 0.0000E+00 0.1956E+00 0.8044E+00 0. 0. 63376. 210106. -1. -12092. 
aa 36 36 200911. 120.376 0.0000E+00 0.2020E+00 0.7980E+00 0. 0. 61127. 200911. -1. -11643. 
aa 37 37 191247. 118.822 0.0000E+00 0.2108E+00 0.7892E+00 0. 0. 48768. 191247. -1. -11063. 
aa 38 38 180968. 117.099 0.0000E+00 0.2260E+00 0.7760E+00 0. 0. 46232. 180968. -1. -10223. 
aa 39 39 169730. 116.041 0.0000E+00 0.2636E+00 0.7464E+00 442. 0. 43364. 169288. -1. -8822. 
a8 40 40 167283. 106.976 0.2449E-01 0.2934E+00 0.6821E+00 32344. 4. 32344. 124936. -1. -7392. 
aa 41 41 141730. 97.617 0.3226E+00 0. 6117E+00 0.1667E+00 24317. 24408. 24317. 93006. 0. -3468. 
aa 42 42 136736. 64.787 0.2144E+00 0.7233E+00 0.6226E-01 6721. 104242. 6721. 24772. 0. -1867. 
•• 43 43 131222. 46.069 0. 1060E-01 0.9700E+00 0.1941E-01 2796. 118306. 2796. 10121. 0. -432. 
aa 44 44 129073. 36.784 0.0000E+00 0.9816E+00 0.1849E-01 1604. 121698. 1634. 6870. 0. -330. 
•• 45 45 126546 . 30.281 0.0000E+00 0.9811E+00 0.1889E-01 1142. 121092. 1204. 4310. 0. -336. 

Figure 25. Printed output for part 4 of problem 4 after 106.5 days of steam injection. 



elem index p t so sw sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

88 46 46 243797. 126.606 0.0000E+00 0.1839E+00 0.8161E+00 0. 0. 61682. 243797. -1. -12982. 
88 47 47 236966. 126.636 0.0000E+00 0.1918E+00 0.8082E+00 0. 0. 69677. 236966. -1. -12349. 
aa 48 48 227811J4. 124.394 0.000elE+00 0. 1989E+00 0.8011E+00 0. 0. 67693. 227804. -1. -11821L 
88 49 49 219342. 123.173 0.0000E+00 0.2058E+00 0.7942E+00 0. 0. 66631. 219342. -1. -11361L 
8& 50 50 210562. 121.866 0.0000E+00 0.2130E+00 0.7870E+00 0. 0. 63488. 210562. -1. -H'J891. 
aa bl 51 201447. 120.459 0.0000E+00 0.2218E+00 0.7784E+00 0. 0. 61258. 21H447. -1. -10387. 
88 62 62 191965. 118.940 0.0000E+00 0.2338E+00 0.7664E+00 0. 0. 48934. 191966. -1. -9740. 
88 53 63 182036. 117.282 0.0000E+00 0.2560E+00 0.7440E+00 "· 0. 46496. 182036. -1. -8702. 
aa 64 54 171612. 114.672 0.0000E+00 0. 3119E+00 0.6881E+00 4265. 0. 42863. 167267. -1. -6786. 
88 56 66 161460. 106.731 0. 1958E+00 0.4066E+00 0. 3977E+00 33165. 72. 33166. 128223. 0. -4800. 
88 56 66 149263. 79.376 0.1825E+00 0.7428E+00 0.7469E-01 12330. 90769. 12330. 46174. 0. -1736. 
88 57 67 146247. 57.839 0.6356E-02 0.9764E+00 0.1925E-01 4921. 122316. 4921. 180HL 0. -384. 
88 68 68 143134. 43.980 0.0000E+00 0.9862E+00 0.1476E-01 2262. 131791. 2512. 9081. 0. -290. 
aa 69 69 140837. 34.826 0.0000E+00 0.9878E+00 0.1216E-01 1268. 134001. 1661. 6668. 0. -261. 
8& 60 60 138198. 29.803 0.0000E+00 0.999BE+00 0.1122E-01 866. 133139. 1172. 4194. 0. -260. 
88 61 61 244466. 126.696 0.0000E+00 0.215BE+00 0.7942E+00 0. 0. 61744. 244466. -1. -H'J672. 
88 62 62 236626. 125.616 0.0000E+0121 121.2373E+0121 0.7627E+121121 121. 0. 69816. 236626. -1. -9600. 
88 63 63 228317. 124.467 121.0121121121E+121121 121.266121E+121121 121.7440E+121121 121. 121. 67818. 228317. -1. -8648. 
88 64 64 219837. 123.246 0.0121121121E+1210 0.2734E+0121 0.7266E+1210 121. 121. 66762. 219837. -1. -7971. 
88 66 66 211083. 121.944 121.121121121121E+121121 121.291216E+121121 121.712196E+0121 121. 121. 63616. 211083. -1. -7390. 
88 66 66 202069. 120.666 0.01210121E+00 0.3089E+0121 0.8911E+00 0. "'· 61410. 202069. -1. -6838. 
88 67 67 192829. 119.081 0.0000E+00 0.3327E+00 0.6673E+00 0. 0. 49146. 192829. -1. -6217. 
88 68 68 183376. 117.610 0.01210121E+1210 0.378121E+121121 0.622121E+0121 0. 121. 46824. 183376. -1. -6266. 
88 69 69 174632. 109.048 0.671216E-1211 121.4337E+00 0.612193E+00 36787. 0. 36787. 138746. 0. -4377. 
88 70 70 162272. 96.622 0.112126E+121121 121.8182E+1210 0.7928E-1211 23481. 4912190. 23481. 8971211. 0. -1301. 
88 71 71 168936. 74.360 121.7221E-1213 0.9801E+00 0 .1916E-01 10073. 111361. 10073. 37612. 0. -337. 
8& 72 72 167046. 66.609 0.01210121E+00 0.9846E+00 0.1638E-01 3289. 136762. 4649. 16996. 0. -296. ...... 
88 73 73 164968. 43.232 0.0000E+00 0.9876E+00 121.1242E-01 1061. 146173. 2421. 8744. 0. -263. 0 
88 74 74 162607. 34.467 0.0000E+121121 0.9891E+1210 121.1093E-01 364. 146786. 1621. 6468. 0. -246. 0\ 

&8 76 76 149927. 29.611 0.0000E+00 0.9896E+00 121.112147[-IH 144. 146636. 1169. 4148. 0. -240. 
bn 1 76 246139. 126.918 0.001210E+00 0.1638E+00 121.8362E+00 0. 0. 62160. 246139. -2. -14940. 
bn 2 77 246640. 126.972 0.0000E+00 0.1706E+00 0.8296E+00 0. 0. 62247. 246640. -1. -14239. 
bn 3 78 247087. 127.046 0.0000E+00 0 .1736E+00 0.8266E+00 0. 0. 62380. 247087. -1. -13932. 
bn 4 79 247736. 127.131 0.0000E+00 0.1767E+00 0.8233E+00 0. 0. 62638. 247736. -1. -13630. 
bn 6 80 248627. 127.236 0.0000E+00 0.1931E+00 0.8069E+00 0. 0. 62729. 248627. -1. -12226. 
bn 6 81 102294. 30.692 0.0000E+00 0.8836E+00 0.1164E+00 1177. 96729. 1226. 4388. 0. -988. 
bn 7 82 113420. 30.606 0.0000E+00 0.9724E+00 0.276121E-01 1168. 107872. 1226. 4391. "· -416. 
bn 8 83 126067. 29.769 0.0000E+00 0.9809E+00 0.191218E-1211 112197. 119777. 1169. 4183. 0. -336. 
bn 9 84 136693. 29.321 0.000121E+121121 121.9889E+121121 121.111121E-01 819. 131796. 1140. 4079. 0. -249. 
bn 10 86 148410. 29.142 0.01210121E+0121 0.9896E+1210 0. 1042E-01 114. 144269. 1128. 412137. 0. -240. 

QOOOOOOQOOOQQQQOQQQQQQQQQQQQQOQQQOQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQOGQQQQQOOQQQOQQQ 

Figure 25. Printed output for part 4 of problem 4 after 106.5 days of steam injection 

(continued) . 

., 



01-
151·-
+ 0 

UJL. 
151~ 
Cl) 

151 
co 
01 

151 
~ 

II 011 ,. Jl: 
C) L. 
E~ 

~ 

Ill • 011 
Ol 
L. 
~ 

II 

L. 
C) 
~ ....... 

Jl: Ill ... , 
.,_N 

I·- o .,. 
E 

co ...... 
• .... 

,..., 
II 0 Ill ... , 
u ... N 
>.·- • 
U"'' * 
~ E ...... 

0 (I) 
Ill. 
·- E 
>"-Ol 
~ 

Ill 
Ill,.., 
Ollll 

u Ill. 
u ·- E u >"-
I Ol 
I .X 
I 
I 
I 
I 
I ,..., 
I -<'l 
c: ·-. 0 0. 

"''E 
~ ' u Ol 
G) .X ..... 
c: 

,..., 
E <') 

011 Ill • 
G) 011. 
~ OlE 
Ill .,, 

Ol 
.X 

.. ., 
0 ,..., 
0 <') 

Jl: • ... u• 
E o E 
011 >"-
G) UOl 
~ .X 
Ill ., 
I ,..., 

N <') 

m• 
I u. 
I o E 
I >"-
I UOl 
u .X 
u 
u 
u )( 

G) ., 
c: 

E 
C) -
C) 

107 
151151151151&&&151&&151N151151&151151151&&&151&151151ro.-<151151151151&151151&151&151151&.-<.-<151151&&151&&&&151& 
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UJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJWUJUJUJUJ-
151151&&&151&&151&151151&&&151151151&&151151151&15101•&151151&151&151151&151151151151.~151&&&151151&&&151&0 
151&&&&151&&151&151CI)&&&151151151&&151151&&151C0•&151151151&&151151151&151&151CI)<'l151151&&151&&&&151&L. 
151&151&&&151&&&151~151151&151151151&&151151&&151N&151151151&&&&151151151151&&coro&151&&&&&&&151&~ 
151151151151&&&&&&&N&151&151151151&151&151&151151C0.-<151151151151&&151151&&151151151 • .-<151151&&151151&&&&& 
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CI)CI)CI)~CO~•NOI•<'l~~NCI)~··<'lN&CI)CON•N&~N&<'lN.-<15100~•.-<•.-<.-<01.-<.CO.-<OI~CO•NOI•.x 
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(kg/m••3) (kg/m••3) (kg/m••3) (kg/m••3) (kg/m•s) (kg/m•s) (m••2/s) (m••2/s) 

88 64 64 0.1401E+00 0.1660E-01 0.1074E+01 e.e~~~E·~~ ~.1239E-04 0.1~~0E+01 0.0000E+00 ~.0000E+00 0.4277E+00 0.1306E-01 0.0000E+00 
8a 66 66 0.1116E+01 0.1672E+0~ ~.1846E+~l 0.8~34E+03 0.1086E-~4 ~.3286E-~3 0.~~00E+0~ ~.000~E+~0 0.7996E-01 0.3960E-01 0.1831E-01 
aa 66 66 ~.4466E+00 0.17~6E+~0 ~.1627E+01 0.8286E+~3 ~.1617E-~4 ~.4172E-03 ~.000~E+00 0.000~E+~~ 0.3713E-03 0.3643E+00 0.9200E-02 
88 67 67 0.1B9BE+~0 0.1727E+00 ~.1696E+01 0.8476E+03 ~.1793E-04 0.6167E-03 ~.0000E+00 0.~00~E+00 0.1086E-06 ~.9202E+00 ~.0000E+00 
88 68 68 0.9109E-01 0.1666E+00 0.1601E+01 0.0~00E+00 0.1B31E-04 0.10~0E+01 0.~~~~E+~0 ~.e~~~E+~~ 0.1483E-~6 0.9616E+00 0.0000E+00 
88 69 69 0.6269E-01 0.1427E+0~ 0.1607E+01 0.0000E+00 0.1830E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1379E-07 0.9600E+00 0.0000E+00 
88 60 60 0.3646E-01 0.1290E+00 0.1697E+01 0.0000E+00 0.1B24E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2482E-08 0.9631E+00 0.0000E+00 
&8 61 61 0.0000E+00 0.0000E+00 0.1324E+01 0.0000E+00 0.1306E-04 0.1000E+01 0.0000E+00 0.0000E+0~ ~.6366E+~~ 0.2131E-02 ~.0000E+0~ 
88 62 62 0.0~~0E+00 ~.0000E+00 0.12B4E+01 0.0~00E+00 0.1301E-04 ~.1000E+01 0.~000E+00 0.~0~0E+~~ 0.686~E+~0 0.3648E-~2 0.0~00E+00 
88 63 63 ~.0~~~E+~0 ~.~~~0E+~0 0.1243E+01 ~.0~00E+0~ ~.1297E-04 ~.1000E+01 0.0000E+00 0.~000E+00 0.6424E+00 ~.6210E-02 0.000~E+00 
aa 64 64 0.2578E-16 0.236BE-17 0.1201E+01 0.0000E+00 0.1292E-04 0.1000E+01 0.0000E+00 0.~000E+0~ 0.604BE+00 ~.7160E-02 0.0~~0E+~0 
a8 66 65 0.7350E-16 0.7006E-17 0.1157E+01 0.0000E+00 0.1287E-04 0.1000E+~1 0.0000E+00 0.~000E+00 0.4696E+0~ 0.9477E-~2 0.0~00E+00 
88 66 66 ~.1891E-15 0.1875E-16 ~.1111E+01 0.0000E+00 0.1282E-04 0.1000E+01 0.0000E+00 0.0000E+~~ 0.4336E+00 0.1250E-01 0.0000E+00 
88 67 67 0.3678E-16 0.3806E-16 0.1064E+01 ~.0000E+00 0.1276E-04 0.1000E+01 ~.0000E+0~ 0.000~E+00 0.3896E+00 0.1729E-01 0.0~~0E+00 
88 68 68 0.1174E-10 0.1272E-ll 0.1016E+01 0.0000E+00 0.1270E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.3146E+00 0.2946E-01 0.0000E+00 
88 69 69 0.1196E+01 0.1669E+00 0.1982E+01 0.B012E+03 0.1093E-04 0.3224E-03 0.0000E+00 0.0000E+00 0.1707E+00 0.6095E-01 ~.6060E-03 
88 7~ 70 ~.8109E+00 0.1685E+00 0.1799E+01 0.812BE+03 0.1353E-04 0.3674E-~3 0.00~0E+00 0.~000E+00 0.4660E-03 0.6082E+~0 0.2001E-02 
88 71 71 0.3702E+00 0.1711E+00 0.1720E+01 0.8331E+03 0.1701E-04 0.4376E-~3 0.0000[+00 0.0000E+00 0.1062E-06 0.9352E+00 0.0000E+00 
88 72 72 0:1274E+00 0.1223E+00 0.16B4E+01 0.0000E+00 0.1B46E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.2135E-06 0.9496E+00 0.0000E+00 
88 73 73 0.4241E-01 0.7648E-01 0.1701E+01 0.0000E+00 0.1B69E-04 0.1000E+01 ~.0000E+00 0.00~0E+00 0.1946E-07 0.9692E+00 0.0000E+00 
88 74 74 0.1611E-01 0.4177E-01 0.1716E+01 0.~000E+~0 0.1B68E-04 0.1000E+~l ~.0000E+00 0.00~0E+00 0.1103E-08 0.9640E+00 0.0000E+00 
88 75 76 0.6~91E-02 0.2177E-01 ~.1711E+01 ~.0000E+00 ~.1B47E-04 0.10~~E+01 ~.0000E+00 0.000~E+00 0.1387E-~9 0.9656E+00 0.0000E+00 
bn 1 76 0.5834E-16 0.4836E-17 ~.1332E+01 0.0000E+0~ 0.13~6E-04 0.10~0E+01 0.0000E+00 0.0000E+00 0.7736E+00 0.3670E-03 0.0000E+00 
bn 2 77 0.4666E-14 0.3862E-15 0.1334E+01 0.0000E+00 0.1306E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7651E+00 0.4797E-03 0.0000E+00 
bn 3 78 0.2663E-16 0.2109E-16 0.1337E+01 0.0000E+00 0.1306E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7466E+00 0.6464E-03 0.0000E+00 
bn 4 79 0.1209E-20 0.9966E-22 0.1340E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7380E+00 0.6184E-03 0.0000E+00 
bn 6 80 0.0000E+00 0.0000E+00 0.1344E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6941E+00 0.1108E-02 0.0000E+00 
bn 6 81 0.4949E-01 0.167BE+00 0.1190E+01 0.0000E+00 0.1801E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1663E-02 0.6600E+00 0.0000E+00 
bn 7 82 0.4867E-01 0.1649E+00 0.1317E+01 0.0000E+00 0.1B08E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7476E-06 0.9108E+00 0.0000E+00 
bn 8 83 0.4825E-01 0.1640E+00 0.1464E+01 0.0000E+00 0.1B12E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1026E-06 0.9377E+00 0.0000E+00 
bn s 84 0.3456E-01 0.1266E+00 0.1682E+01 0.0000E+00 0.1823E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1846E-08 0.9634E+00 0.0000E+00 ~ 

~ bn 10 86 0.4800E-02 0.1760E-01 0.1696E+01 0.0000E+00 0.1846E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.1047E-09 0.9667E+00 0.0000E+00 00 
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Figure 25. Printed output for part 4 of problem 4 after 106.5 days of steam injection 

(continued). 
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ecce---- 2-d. steamflood --steam injection--------ccc 

kcyc = 146 - iter = 4 - time = 8.96080E+09 

element source index generation rate enthalpy ff (gas) ff(liq.) ff(oil) p (wb) 
(kg/s) or (w) (j /kg) (pa) 

bn 1 i nj 1 1 0.14800E-03 0.26780E+07 
bn 2 i nj 2 2 0.14800E-03 0.28780E+07 
bn 3 inj 3 3 0.1480"E-03 0.2878"E+"7 
bn 4 i nj 4 4 0.14800E-03 0.28780E+07 
bn 6 i nj 6 6 0.1480"E-03 0.28780E+07 
bn 10 pro 6 8 -0. 87788E-03 0.12221E+08 0.13380E-10 0.10000E+01 0.00000E+00 0.14780E+06 
bn 9 pro 4 7 -0.87186E-03 0.12296E+08 0.22838E-09 0. 10000E+01 0.00000E+00 0.13808E+06 
bn 8 pro 3 8 -0.86040E-03 0 .12477E+08 0.13677E-08 0.10000E+01 0.00000E+00 0.12436E+06 
bn 7 pro 2 9 -0.84937E-03 0.12829E+08 0.10044E-06 0.10000E+01 0.00000E+00 0 .11264E+EI6 
bn 6 pro 1 10 -0.61161E-03 0.12828E+08 0.66247E-03 E1.99946E+00 EI.00000E+E10 EI.1EI1EIEIE+EI6 
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Figure 25. Printed output for part 4 of problem 4 after 106.5 days of steam injection 
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•••••••••• volume- and ma~s-balances •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••• [kcyc, iter-] = [ 146, 4] ••••• the time is 0.96080E+09 seconds, or- 0.11120E+06 days 

phase volumes in place 
gas 0.24204E+02 m••3; water- 0.19583E+02 m••3; hydr-ocarbon 0.85319E+00 m••3 

phase mass in place 
gas 0.28826E+02 kg aqueous 0.19033E+05 kg I iquid hydr-ocar-bon 0.89886E+03 kg 

air-/water component mass in place 
air 0.84964E+00 kg water vapor- 0.28113E+02 kg I iquid water 0.19031E+06 kg 

hydrocar-bon component mass in place 
voc vapor 0.20069E+01 kg dissolved voc 0.20144E+01 kg I iquid voc 0.89886E+03 kg total voc 0.70287E+03 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

no conver-gence at [ 147, 1] --- deltex = 0.12000E+08 max. res. = 0.18883E+01 at element •aa 40• equation 
000000 oi I phase disappear-s at element aa 40•••• sw = 0.28740E+00 ~~~%~~~ sg = 0.73803E+00 
no convergence at [ 147, 2~ --- deltex = 0.12000E+06 max. res. = 0.3987BE+00 at element •aa 41• 
no convergence at [ 147, 3 --- deltex = 0.12000E+08 max. r-es. = 0.20609E+00 at element •aa 40• 
no convergence at 147, 4 --- deltex = 0.12000E+06 max. res. = 0.26740E-01 at element •aa 26• 
no conver-gence at 147, 5) --- deltex = 0.12000E+06 max. r-es. = 0.31806E-03 at element •aa 25• 

equation 
equation 
equation 
equation 

•••••••••• kcyc = 147 iter-= 6 st = 0.96092E+09 dt = 0.12000E+06 •••••••••••• 
aa 52 p = 193244. t = 119.15 so= 0.0000E+00 sg = 0.7884E+00 pew= -9847. pco = -1. cg = 0.8200E-16 
no convergence at [ 148, 1] --- deltex = 0.12000E+06 max. res. = 0.79863E+01 at element •aa 40• equation 
000000 oi I phase disappears at element aa 26•••• sw = 0.28718E+00 ~~~~~~~ sg = 0.74854E+00 
no conver-gence at ~ 148, 2~ --- deltex = 0.12000E+06 max. res. = 0.10953E+01 at element •aa 26• 
no convergence at 148, 3 --- deltex = 0.12000E+06 max. res. = 0.68216E+00 at element •aa 40• 
no convergence at 148 1 4 --- deltex = 0.12000E+06 max. r-es. = 0.17562E-01 at element •aa 40• 

equation 
equation 
equation 

•••••••••• kcyc = 148 iter = 5 st = 0.98104E+09 dt = 0.12000E+06 •••••••••••• 
aa 62 p = 194179. t = 119.30 so= 0.0000E+00 sg = 0.7706E+00 pew= -9968. pco = -1. cg = 0.0000E+00 
no convergence at ~ 149, 1] --- deltex = 0.12000E+06 max. res. = 0.5718BE+01 at element •aa 26• equation 
000000 oi I phase drsappear-s at element aa 12•••• sw = 0.29316E+00 ~~~~~~~ sg = 0.74773E+00 
SSSSSSS hydrocar-bon phase evolves at elementaa 15••••••• pvo = 0.18471E+04~~~r.r. psato = 0.16376E+04 
000000 oi I phase disappear-s at element aa 89•••• sw = 0.39552E+00 r.r.~~~~~ sg = 0.82627E+00 
no conver-gence at [ 149, 2] --- deltex = 0.12000E+08 max. r-es. = 0.27299E+01 at element •aa 12• equation 
SSSSSSS hydrocar-bon phase evolves at elementaa 29••••••• pvo = 0.49587E+04~~~~~ psato = 0.26866E+04 
SSSSSSS hydrocarbon phase evolves at elementaa 30••••••• pvo = 0.17094E+04~r.r.r.~ psato = 0.16797E+04 
SSSSSSS hydrocar-bon phase evolves at elementaa 44••••••• pvo = 0.23690E+04~~r.~~ psato = 0.21159E+04 
SSSSSSS hydrocar-bon phase evolves at elementaa 58••••••• pvo = 0.40768E+04~~~r.~ psato = 0.34348E+04 
SSSSSSS hydrocarbon phase evolves at elementbn 7••••••• pvo = 0.16044E+04~~r.~~ psato = 0.14988E+04 
no convergence at ~ 149, 3) --- deltex = 0.12000E+08 max. res. = 0.29674E+00 at element •aa 89• equation 
000000 oi I phase drsappear-s at element aa 30•••• sw = 0.96980E+00 ~r.r.~~~r. sg = 0.30208E-01 
000000 oi I phase disappears at element bn 7•••• sw = 0.97242E+00 ~~~~~~~ sg = 0.27693E-01 
no convergence at [ 149 1 4] --- deltex = 0.12000E+06 max. res. = 0.18743E-01 at element ••a 69• equation 
no conver-gence at ( 149

1 
6) --- deltex = 0.12000E+06 max. r-es. = 0.37463E-04 at element •a• 69• equation 

•••••••••• kcyc = 149 rter = 6 st = 0.96116E+09 dt = 0.12000E+06 •••••••••••• 
-1. cg 

element •aa 
element •aa 
element •aa 
element ••a 

= 0.4141E-17 
12• equation 
12• equation 
12• equation 
12• equation 

aa 62 p = 194739. t = 119.39 so= 0.0000E+00 sg = 0.7727E+00 pew= -10076. pco = 
no convergence at I 160, 1l --- deltex = 0.12000E+06 max. res. = 0.36913E+01 at 
no convergence at 160, 2 --- deltex = 0.12000E+06 max. r-es. = 0.20822E+01 at 
no conver-gence at 160, 3 --- deltex = 0.12000E+06 max. res. = 0.11288E+00 at 
no conver-gence at 160 1 4 --- deltex = 0.12000E+06 max. res. = 0.10342E-02 at 
•••••••••• kcyc = 160 rter = 6 st = 0.96128E+09 dt = 0.12000E+06 •••••••••••• 
aa 52 p = 196711. t = 119.66 so = 0.0000E+00 sg = 0.7746E+00 pew= -10177. pco = -1. cg = 0.2724E-16 
no convergence at f 161, 1] --- deltex = 0.12000E+06 max. r-es. = 0.11492E+01 at element •aa 66• equation 
000000 ol I phased sappears at element aa 66•••• sw = 0.30613E+00 r.r.~r.r.r.~ sg = 0.70676E+00 

Figure 25. Printed output for part 4 of problem 4 after 106.5 days of steam injection 
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ecce---- 2-d steamflood --steam injection--------ccc 

output data after ( 202, 3)-2-time steps the time is 0.11186E~06 days 

QQQQQQQQQOOOOOQQQOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOQQQQQQQOQQQQQQOOQOQOOQOOOOQOOOOOOO 

tota I time kcyc iter iterc kon dx1m dx2m dx3m max. res. ner ker deltex 
0.96640E+09 202 3 1086 2 0 .11870E+04 0 .17137E+00 0.14301E-06 0.24836E-06 84 4 0.32000E+06 

OOOOOOOQQOQQOQOOOOOQOQQQQOQQQQQQQQQQQQQQOOOOOOOOOOQOQQQQQQQQQQQQOOOOOOOQOQQQQQQQOQQQOQQOQQQQQQQOQQQQQOOOOOOOQQQQQQQQOOOOQOQOQOOOOOO 

elem index p t so SW sg pvoc pair psato psatw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (pa) (pa) 

a8 1 1 266629. 128.162 0.0000E+00 0.1608E+00 0.8492E+00 0. 0. 64427. 266629. -2. -16607. 
a8 2 2 248409. 127.220 0.0000E+00 0.1461E+00 0.8649E+00 0. 0. 62701. 248409. -2. -17303. 
88 3 3 241046. 126.233 0.0000E+00 0.1436E+00 0.8664E+00 0. 0. 60913. 241046. -2. -17633. 
a a 4 4 233364. 126 .177 0.0000E+00 0.1438E+00 0.8662E+00 Ill. 0. 69047. 233364. -2. -17626. 
a a 6 6 226333. 124.042 0.0000E+00 0.1446E+00 0.8666E+00 0. 0. 67091. 226333. -2. -17438. 
a8 6 6 216923. 122.817 0.0000E+00 0.1466E+00 0.8646E+00 0. 0. 66041. 216923. -2. -17318. 
a a 7 7 208106. 121.491 0.0000E+00 0.1466E+00 0.8634E+00 0. 0. 62887. 208106. -2. -17178. 
a8 8 8 198841. 120.047 0.0000E+00 0.1479E+00 0.8621E+00 0. 0. 60620. 198841. -2. -17018. 
88 9 9 189076. 118.466 0.0000E+00 0.1493E+00 0.8607E+00 0. 0. 48226. 189076. -2. -16837. 
8a 10 10 178740. 116.716 0.0000E+00 0.1611E+00 0.8489E+00 0. 0. 46684. 178740. -2. -16628. 
aa 11 11 167743. 114.760 0.0000E+00 0.1632E+00 0.8468E+00 0. 0. 42973. 167743. -2. -16383. 
88 12 12 166966. 112.646 0.0000E+00 0 .1667E+00 0.8443E+00 0. 0. 40069. 166966. -2. -16092. 
aa 13 13 143198. 109.986 0.0000E+00 0.1688E+00 0.8412E+00 0. 0. 36896. 143198. -2. -16741. 
aa 14 14 129199. 106.962 0.0000E+0f1J f1J.1631E+f1Jf1J f1J.8369E+f1Jf1J 0. "· 334f1J8. 129199. -2. -16283. 
8B 16 16 113614. 103.213 0.0000E+00 0.1736E+00 0.8266E+00 0. 0. 29483. 113614. -1. -14219. 
•• 16 16 266817. 128.19f1J 0.00f1Jf1JE+0f1J f1J .1610E+00 0.839f1JE+00 "· 0. 64496. 266817. -2. -16246. 
•• 17 17 248624. 127.249 f1J.000f1JE+00 0. 1669E+00 0.8431E+00 0. 0. 62763. 248624. -2. -16736. 
•• 18 18 241206. 1?.6.266 0.0000E+00 0.1668E+00 0.8442E+00 0. 0. 60963. 241206. -2. -16894. 
aa 19 19 233492. 125.196 0,0000E+00 0.1660E+00 0.8440E+00 0. 0. 69078. 233492. -2. -16877. 
aa 20 20 226439. 124.067 0.0000E+00 0 .1669E+00 0.8431E+00 0. 0. 67118. 226439. -2. -16786. ....... 

....... 
•• 21 21 217017. 122.831 0.0000E+00 0 .1681E+00 0.8419E+00 0. 0: 66064. 217017. -2. -16669. N 
•• 22 22 208191. 121.604 0. 0000E +I'H'J 0. 1696E+00 0.8406E+00 0. 0. 62908. 208191. -2. -16613. 
a8 23 23 198922. 121().060 0.0000E+00 0.1610E+00 0.8390E+00 0. 0. 60639. 198922. -2. -16349. 
•• 24 24 189166. 118.478 0.0000E+00 0. 1628E+00 0.8372E+00 0. 0. 48244. 189166. -2. -16166. 
aa 26 26 178822. 116. 730 0.0000E+00 0. 1649E+00 0.8361E+00 0. 0. 46704. 178822. -2. -14964. 
•• 26 26 167833 . 114.777 I(J,I(J01()0E+00 0.1674E+00 0.8326E+00 0. 0. 42996. 167833. -2. -14711. 
88 27 27 166064. 112.666 0,0000E+00 0. 1704E+00 0.8296E+00 0. 0. 40086. 166064. -2. -14426. 
&8 28 28 143342. 110.016 0.0000E+00 0.1740E+00 0.8260E+00 0. 0. 36930. 143342. -1. -14087. 
•• 29 29 129419. 107.002 0.0000E+f1J0 0. 1791E+00 0.8209E+00 0. 0. 33463. 129419. -1. -13632. 
•• 30 30 113889. 103.307 0.0"00E•00 0. 1939E•00 0.8061E•00 0. 0. 29677. 113889. -1. -12409. 
•• 31 31 266247. 128.246 0,0000E+01(J 0.1669E+00 0.8331E•00 0. 0. 64601. 266247. -2. -14691. 
•• 32 32 248977. 127.296 0.0000E•00 0. 1660E-+00 0.8360E•00 0. 0. 62839. 248977. -2. -14807. 
•• 33 33 241496. 126.293 0.0000E-+00 0 .1648E•00 0.8362E+00 0. 0. 61020. 241486. -2. -14840. 
•• 34 34 233716. 126.226 0.0000E+00 0.1666E-+00 0.8344E+00 0. 0. 69132. 233716. -2. -14770. 
•• 36 36 226626. 124.084 0.0000E+00 0.1669E+00 0.8331E+00 0. 0. 67163. 226626. -2. -14661. 
•• 36 36 217178. 122.866 0.0000E+00 0.1683E+00 0.8317E+00 0. 0. 66103. 217178. -2. -14608. 
•• 37 37 208336. 121.626 0.0000E+00 0.1700E+00 0.8300E+00 0. 0. 62943. 208336. -2. -14363. 
•• 38 38 199066. 120.082 0.0000E+00 0.1719E+00 0.8281E+00 0. 0. 60672. 199066. -1. -14184. 
•• 39 39 189284. 118.499 0.0000E+00 0.1739E+00 0.8261E+00 0. 0. 48276. 189284. -1. -13999. 
•• 40 40 178963. 116.762 0.0000E•00 0.1763E+00 0.8237E+00 0. 0. 46736. 178963. -1. -13792. 
•• o41 o41 167973. 114.802 0.0000E+00 0.1790E+00 0.8210E-+00 0. 0. 43030. 167973. -1. -13667. 
•• 42 42 166229. 112.698 0.0001(JE+00 f1J.1823E+f1Jf1J f1J.8177E+f1J0 "· "· 4f1J127. 166229. -1. -13284. 
•• 43 43 143660. 1HLf1J61 0.f1J0f1Jf1JE+f1Jf1J f1J.1863E+0f1J f1J.8137E+f1Jf1J "· "· 36986. 14366f1J. -1. -12960. 
•• 44 44 12974f1J • 107.076 0.f1Jf1Jf1Jf1JE+0f1J f1J.1921E+0f1J f1J.8079E+f1Jf1J "· 0. 33643. 12974f1J. -1. -12616. 
•• 46 46 114390. 103.433 0.f1Jf1Jf1Jf1JE+f1J0 0.2106E+00 0.7896E+00 0. 0. 29703. 114390. -1. -1122111. 

Figure 27. Printed output at the end of part 4 of problem 4 . 

... 



~ 

elem index p t so SW sg pvoc pair psato ps8tw pco pew 
(pa) (deg-c) (pa) (pa) (pa) (pa) (p8) (p8) 

88 46 46 266767. 128.312 0.0000E+00 0.1736E+00 0.8264E+00 0. 0. 64726. 266767. -1. -13914. 
88 47 47 249412. 127.363 0.1'l001'lE+00 0.1760E+00 0.8260E+00 0. "'· 62944. 249412. -1. -13783. 
88 48 48 241837. 126.340 0.1'll'l00E+00 "'.1771E+00 0.8229E+00 "'· 0. 61106. 241837. -1. -13697. 
1111 49 49 234003. 126.26(:1 "'.0000E+00 0.1796E+00 0.8205E+00 "'· 0. 69202. 234003. -1. -13392. 
88 50 60 226868. 124 .118 0.0000E+00 0.1819E+00 0.8181E+00 0. "· 67222. 226868. -1. -13186. 
88 61 61 217389. 122.886 0.0000E+00 0.1844E+00 12l.8156E+00 0. 0. 66166. 217389. -1. -12986. 
88 62 62 208626. 121.666 0.0000E+00 0.1869E+00 0.8131E+00 0. 0. 62990. 208626. -1. -12793. 
88 63 63 199232. 120.109 0.0000E+00 0.1893E+00 0.8107E+00 0. 0. 60716. 199232. -1. -12604. 
88 64 64 189461. ll!l. 627 0.0000E+00 0.1919E+00 0.8081E+00 0. 0. 48317. 189461. -1. -12414. 
88 66 66 179116. 116.780 0.0000E+00 0.1947E+00 0.8063E+00 0. 0. 46776. 179116. -1. -12218. 
88 66 66 168141. 114.833 0.0000E+00 0 .1977E+00 0.8023E+00 0. 0. 43071. 168141. -1. -12006. 
88 67 67 166416. 112.634 0.0000E+00 0.2012E+00 0.7988E+00 0. 0. 40173. 166416. -1. -11771. 
88 68 68 143792. 110.109 0.0000E+00 0.2066E+00 0.7945E+00 0. 0. 37042. 143792. -1. -11497. 
88 69 69 130069. 107.149 0.0000E+00 0.2117E+00 0.7883E+00 0. 0. 33626. 130069. -1. -11109. 
88 60 60 114911. 103.663 0.0000E+00 0.2330E+00 0.7670E+00 0. 0. 29834. 114911. -1. -9897. 
88 61 61 267343. 128.386 0.0000E+00 0.2043E+00 0.7967E+00 0. "· 64866. 267343. -1. -11400. 
88 62 62 249880. 127.416 0.0000E+00 0.2183E+00 0.7817E+00 0. 0. 63068. 249880. -1. -10613. 
88 63 63 242227. 126.393 0.0000E+00 0.2301E+00 0.7699E+00 0. 0. 61200. 242227. -1. -9860. 
88 64 64 234336. 126.312 0.0000E+00 0.2404E+00 0.7696E+00 0. 0. 69283. 234336. -1. -9348. 
88 66 66 226162. 124.160 0.0000E+00 0.2496E+00 0.7604E+00 0. "'· 67293. 226162. -1. -8931. 
88 66 66 217666. 122.926 "'·"'"'00E+"'0 0.2678E+00 0.7422E+00 "'· 0. 66220. 217666. -1. -8584. 
88 67 67 208774. 121.593 0.0000E+00 0.2663E+00 0.7347E+f2J0 0. 0. 63051. 208774. -1. -8290. 
88 68 68 199466. 120.146 0.012J00E+00 0.2721E+00 12J.7279E+00 0. 0. 50773. 199466. -1. -8e39. 
88 69 69 189674. 118.664 0.12J000E+0"' "'.2784E+00 0.7216E+00 0. 0.- 48371. 189674. -1. -7823. 
88 7"' 70 179330. 116.817 0.00"'0E+00 0.2840E+00 0.7160E+00 0. "'· 46829. 179330. -1. -7636. 
88 71 71 168361. 114.871 0.0000E+"'0 0.2893E+00 0.7107E+00 0. 0. 43123. 168351. -1. -7473. 
88 72 72 156629. 112.676 0.0012J0E+"'0 0.2942E+f2J0 12J.712J68E+012J 0. "· 40226. 156629. -1. -7328. -88 73 73 144028. 110. 168 12J.f2Jf2J00E+00 0.2989E+00 0.7011E+00 0. 0. 37101. 144028. -1. -7193. -\..>.) 
88 74 74 130369. 107.214 0.012J00E+00 0.3060E+00 0.6960E+00 0. 0. 33698. 130359. -1. -7026. 
88 75 75 115299. 103.660 0.00012JE+00 0.3254E+"'0 0.6746E+00 0. "'· 29931. 115299. -1. -6480. 
bn 1 76 259148. 128.618 0.0000E+00 0.1610E+00 0. 83.90E+00 0. 0. 66303. 269148. -2. -15242. 
bn 2 77 269486. 128.661 0.0000E+00 0.1671E+00 0.8329E+00 0. 0. 66386. 269486. -2. -14670. 
bn 3 78 269946. 128.720 0.0000E+012J 0 .1699E+00 0.8301E+00 0. 0. 66496. 269945. -1. -14269. 
bn 4 79 260601. 128.791 0.0000E+00 0.1730E+00 0.8270E+00 0. 0. 66630. 260601. -1. -13961. 
bn 6 80 261194. 128.879 0.0000E+00 0.189lE+00 0.8109E+0"' 0. "'· 66798. 261194. -1. -12528. 
bn 6 81 103986. 10"'.728 0.0000E+00 0.2126E+00 0.7876E+00 "'· 0. 27088. 103986. -1. -11116. 
bn 7 82 104434. 100.849 0.0000E+00 0.2660E+00 0.7340E+00 "'· 0. 27201. 104434. -1. -8404. 
bn 8 83 104986. 100.997 0.0000E+00 "'.3136E+00 0.6864E+00 0. 0. 27340. 104986. -1. -6811. 
bn 9 84 105639. 101.172 0.0000E+00 0.3668E+00 0.6342E+00 0. 0. 27504. Hl5639. -1. -5564. 
bn 10 86 U'l6047. 101.281 0.0000E+00 0.4494E+00 0.5606E+00 0. 0. 27607. 106047. 0. -4185. 

QQOOOOOOOOOOOOOOOOOOQOOOOOOOQOOOOQOQOOOOOOOOOOOOQQQOOOOOOQQOOOOOOQQQQOOQQQOQOOQOOOQOQOOOQQQQQQQQQQQQOQQOOOOOOOOOOOOOOOODOOQOQQQOOOQ 

Figure 27. Printed output at the end of pan 4 of problem 4 (continued). 



ecce---- 2-d steamflood -- steam injection--------ccc 

kcyc = 202 - iter = 3 - time = 0.96640E+09 
elem index cvocg cvocw dg8s do i I visg8s vi so i I diffo diffw krg8s krwat kroi I 

(kg/m .. 3) (kgfmu3) (kg/m .. a) (kg/m .. 3) (kg/mu) (kg/m•s) (m .. 2/s) (m .. 2/s) 

88 1 1 0.0000E+00 0.0000E+00 0.1379E+01 0.0000E+00 0.1310E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8109E+00 0.1793E-03 0.0000E+00 
88 2 2 0.0000E+00 0.0000E+00 0.1343E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8274E+00 0.1267E-03 0.0000E+00 
a a 3 3 0.0000E+00 0.0000E+00 0.1307E+01 0.0000E+00 0.1303E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8317E+00 0.1138E-03 0.0000E+00 
88 4 4 0.0000E+00 0.0000E+00 0.1268E+01 0.0000E+00 0.1299E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8312E+00 0.1161E-03 0.0000E+00 
88 6 6 0.0000E+00 0.0000E+00 0.1228E+01 0.0000E+00 0.1296E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8291E+00 0.1208E-03 0.0000E+00 
1!18 6 6 0.0000E+00 0.0000E+00 0.1186E+01 0.0000E+00 0.1290E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8263E+00 0.1288E-03 0.0000E+00 
88 7 7 0.0000E+00 0.0000E+00 0.1142E+01 0.0000E+00 0.1286E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8230E+00 0.1386E-03 0.0000E+00 
88 8 8 0.0000E+00 0.0000E+00 0.1096E+01 0.0000E+00 0.1280E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8193E+00 0.1604E-03 0.0000E+00 
88 9 9 0.0000E+00 0.0000E+00 0.1046E+01 0.0000E+00 0.1274E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8149E+00 0.1648E-03 0.0000E+00 
88 10 10 0.0000E+00 0.0000E+00 0.9926E+00 0.0000E+00 0.1267E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8099E+00 0.1829E-03 0.0000E+00 
88 11 11 0.0000E+00 0.0000E+00 0.9362E+00 0.0000E+00 0.1260E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.8039E+00 0.2060E-03 0.0000E+00 
1!18 12 12 0.0000E+00 0.0000E+00 0.8764E+00 0.0000E+00 0.1262E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7967E+00 0.2367E-03 0.0000E+00 
1!18 13 13 0.0000E+00 0.0000E+00 0.8092E+00 0.0000E+00 0.1242E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7877E+00 0.2790E-03 0.0000E+00 
88 14 14 0.0000E+00 0.0000E+00 0.7369E+00 0.0000E+00 0.1230E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7767E+00 0.3439E-03 0.0000E+00 
88 16 16 0.0000E+00 0.0000E+00 0.6630E+00 0.0000E+00 0.1216E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7468E+00 0.6436E-03 0.0000E+00 
88 16 16 0.0000E+00 0.0000E+00 0.1380E+01 0.0000E+00 0.1311E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7816E+00 0.3112E-03 0.0000E+00 
88 17 17 0.0000E+00 0.0000E+00 0.1344E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7930E+00 0.2634E-03 0.0000E+00 
88 18 18 0.0000E+00 0.0000E+00 0.1307E+01 0.0000E+00 0.1303E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7964E+00 0.2379E-03 0.0000E+00 
88 19 19 0.0000E+00 0.0000E+00 0.1269E+01 0.0000E+00 0.1299E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7967E+00 0.2412E-03 0.0000E+00 
88 20 20 0.0000E+00 0.0000E+00 0.1229E+01 0.0000E+00 0.1296E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7932E+00 0.2627E-03 0.0000E+00 
1!18 21 21 0.0000E+00 0.0000E+00 0.1187E+01 0.0000E+00 0.1290E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7898E+00 0.2688E-03 0.0000E+00 
88 22 22 0.0000E+00 0.0000E+00 0.1142E+01 0.0000E+00 0.1286E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7869E+00 0.2883E-03 0.0000E+00 
88 23 23 0.0000E+00 0.0000E+00 0.1096E+01 0.0000E+00 0.1280E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7814E+00 0.3118E-03 0.0000E+00 
88 24 24 0.0000E+00 0.0000E+00 0.1046E+01 0.0000E+00 0.1274E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7764E+00 0.3402E-03 0.0000E+00 
1!11!1 26 26 0.0000E+00 0.0000E+00 0.9930E+00 0.0000E+00 0.1267E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7706E+00 0.3752E-03 0.0000E+00 
88 26 26 0.1777E-14 0.2086E-16 0.9367E+00 0.0000E+00 0.1260E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7636E+00 0.4196E-03 0.0000E+00 ...... 
&8 27 27 0.2048E-14 0.2668E-16 0.8760E+00 0.0000E+00 0.1262E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7664E+00 0.4777E-03 0.0000E+00 ...... 
118 28 28 0.2227E-14 0.3018E-16 0.8099E+00 0.0000E+00 0.1242E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7463E+00 0.6662E-03 0.0000E+00 ~ 
88 29 29 0.3264E-14 0.4840E-16 0.7371E+00 0.0000E+00 0.1230E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7314E+00 0.6794E-03 0.0000E+00 
88 30 30 0.1699E-12 0.2672E-13 0.6660E+00 0.0000E+00 0.1216E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6921E+00 0.1136E-02 0.0000E+00 
88 31 31 0.1189E-14 0.9503E-16 0.1382E+01 0.0000E+00 0.1311E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7649E+00 0.4109E-03 0.0000E+00 
&8 32 32 0.1490E-14 0.1222E-16 0.1346E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7702E+00 0.3770E-03 0.0000E+00 
88 33 33 0.1412E-14 0.1191E-16 0.1309E+01 0.0000E+00 0.1303E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7707E+00 0.3738E-03 0.0000E+00 
88 34 34 0.1332E-14 0.1168E-16 0.1270E+01 0.0000E+00 0.1299E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7686E+00 0.3874E-03 0.0000E+00 
88 35 36 0.7721E-15 0.6927E-16 0.1230E+01 0.0000E+00 0.1295E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7661E+00 0.4099E-03 0.0000E+00 
88 36 36 0.2626E-13 0.2438E-14 0.1187E+01 0.0000E+00 0.1291E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7609E+00 0.4380E-03 0.0000E+00 
88 37 37 0.2418E-13 0.2333E-14 0.1143E+01 0.0000E+00 0.1286E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7663E+00 0.4708E-03 0.0000E+00 
88 38 38 0.1611E-13 0.1619E-14 0.1096E+01 0.0000E+00 0.1280E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7512E+00 0.6089E-03 0.0000E+00 
88 39 39 0.1383E-13 0.1466E-14 0.1046E+01 0.0000E+00 0.1274E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7466E+00 0.6639E-03 0.0000E+00 
88 40 40 0.2060E-13 0.2281E-14 0.9937E+00 0.0000E+00 0.1268E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7391E+00 0.6084E-03 0.0000E+00 
118 41 41 0.1923E-13 0.2266E-14 0.9374E+00 0.0000E+00 0.1260E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7317E+00 0.6766E-03 0.0000E+00 
111!1 42 42 0.3661E-13 0.4688E-14 0.8768E+00 0.0000E+00 0.1262E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7228E+00 0.7646E-03 0.0000E+00 
•• 43 43 0.3332E-13 0.4610E-14 0.8111E+00 0.0000E+00 0.1242E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7120E+00 0.8827E-03 0.0000E+00 
811 44 44 0.6316E-13 0.7890E-14 0.7387E+00 0.0000E+00 0.1231E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6968E+00 0.1072E-02 0.0000E+00 
a11 46 46 0.4387E-11 0.7304E-12 0.6676E+00 0.0000E+00 0.1217E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.6497E+00 0.1861E-02 0.0000E+00 
a8 46 46 0.4057E-16 0.3237E-16 0.1385E+01 0.0000E+00 0.1311E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7466E+00 0.6458E-03 0.0000E+00 
All 47 47 0.0000E+00 0.0000E+00 0.1348E+01 0.0000E+00 0.1307E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7426E+00 0.6794E-03 0.0000E+00 
811 48 48 0.1984E-16 0.1672E-16 0.1311E+01 0.0000E+00 0.1304E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.736BE+00 0.6294E-03 0.0000E+00 
811 49 49 0.4332E-15 0.3760E-16 0.1272E+01 0.0000E+00 0.1300E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7304E+00 0.6892E-03 0.0000E+00 
118 60 60 0.0000E+00 0.0000E+00 0.1231E+01 0.0000E+00 0.1295E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7238E+00 0.764BE-03 0.0000E+00 
11a 51 51 0.0000E+00 0.0000E+00 0.1188E+01 0.0000E+00 0.1291E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7172E+00 0.8247E-03 0.0000E+00 
a11 62 62 0.0000E+00 0.0000E+00 0.1144E+01 0.0000E+00 0.1286E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7107E+00 0.8987E-03 0.0000E+00 
11a 63 63 0.0000E+00 0.00~0E+00 0.1097E+01 0.0000E+00 0.1280E-04 0.1000E+01 0.0000E+00 0.0000E+00 0.7041E+00 0.9780E-03 0.0000E+00 
elem index cvocg cvocw dg8s do i I visg8s vi so i I d iffo diffw krg11s krw11t kroi I 

Figure 27. Printed output at the end of part 4 of problem 4 (continued) . 
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ecce---- 2-d steamflood -- steam injection--------ccc 

kcyc = 202 - iter = 3 - time = 0.96640E+09 

element source index generation rate enthalpy ff(gas) ff(liq.) ff(oi I) p (wb) 
(kg/s) or (w) (j /kg) (pa) 

bn 1 i nj 1 1 0.14800E-03 0.28780E+07 
bn 2 i nj 2 2 0 .14800E-03 0.26760E+07 
bn 3 i nj 3 3 0.14800E-03 0.28760E+07 
bn 4 i nj 4 4 0.14800E-03 0.28780E+07 
bn 6 i nj 6 6 0.14800E-03 0.28780E+07 
bn 10 pro 6 6 -0.33961E-03 0.11198E+07 0.30864E+00 0.89148E+00 0.00000E+00 0.10129E+06 
bn 9 pro 4 7 -0.16079E-03 0.28778E+07 0. 10000E+01 0.00000E+00 0.00000E+00 0. 10117E+06 
bn 8 pro 3 8 -0.16619E-03 0.28778E+07 0.10000E+01 0.00000E+00 0.00000E+00 0. 10109E+06 
bn 7 pro 2 9 -0.17899E-03 0.28773E+07 0.10000E+01 0.00000E+00 0.00000E+00 0.10104E+06 
bn 6 pro 1 10 -0.19219E-03 0.26771E+07 0.10000E+01 0.00000E+00 0.00000E+00 0 .10100E+06 

aooaoooa'~~oooooooooaooocoooooooooooooooooaoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooaooooooooooooooooaooooooooooo 

Figure 27. Printed output at the end of part 4 of problem 4 (continued). 
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•••••••••• volume- and mass-balances •••••••••••••••••••••••••••••••••••••••••*•••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••• [kcyc,iter] = [ 2e2, 3] ••••• the time is e.9664eE+e9 seconds, or e.11186E+e6 days 

phase volumes in place 
gas e.36e66E+02 m••3; water e.86843E+01 m••3; hydrocarbon 0.00000E+0e m••3 

phase mass in place 
gas 0.38640E+02 kg aqueous 0.81081E+04 kg liquid hydrocarbon 0.e0000E+00 kg 

air/water component mass in place 
air -0.38402E-le kg water vapor 0.38640E+02 kg liquid water 0.81081E+e4 kg 

hydrocarbon component mass in place 
VOC vapor e.207e4E-08 kg dissolved VOC 0.18714E-09 kg I iquid voc 0.00000E+00 kg total VOC 0.22676E-08 kg 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

write file •save• after 202 time steps the time is 0.96640E+09 seconds 

end of tough simulation job --- elapsed time = 1961.8301 sec 
-- calculation time = 1961.1801 sec-- data input time = 0.6600 sec 

Figure 27. Printed output at the end of part 4 of problem 4 (continued). 
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APPENDIX 1: Relative Permeability Functions 

Several relative penneability functions have been added for problems involving NAPL 

flow. Unless it is otherwise stated, the original TOUGH two phase functions have been 

retained. If one of the TOUGH two phase functions is chosen, the NAPL relative penneabil

ity will be assumed to be equal to zero. The notation used below is: krw - aqueous phase 

relative penneability; krg - gas phase relative penneability; krn - NAPL relative penneability. 

IRP = 5 

IRP = 6 

"All perfectly mobile" 

krw = 1 

krg = 1 

krn = 1 

no parameters. 

Stone's first three phase method (Stone [1970]) 

krw = [(Sw - Swr)/(1 - Swr)]" 

krg = [(Sg - Sgr)/(1 - SwrW 

krncw = (1 - Swr )" 

krnw = (1 - Sw)" 

krng = (1 - Sg - Swr)" 

s; = (Sw - Swr)/0- Swr - Snr) 

Pw = krnwiCkrncwO- s;)) 

s; = Sgl(l- Swr - Snr) 

pg = krng l(krncw (1 - s;)) 



IRP = 9 

IRP = 10 

t 

•· ._, 
IRP = 11 
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where Swr=RP(l); SN'=RP(2); S8r=RP(3); n=RP(4). The value of RP(4) is 

rounded off to the nearest integer value. 

three phase functions of Parker et al. [1987] 

m = 1- lin 

where krw, krg , and krn are limited to values between 0 and 1, with 

Sm=RP(I), and n=RP(2). 

same as IRP = 6 except that 

[
Sn +Sw -Swr]n 

k =1-rg 1 - S wr 

functions used by Faust [1985] for two phase Buckley-Leverett problem 
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where krw and kr,. are limited to values between 0 and 1, no parameters. 

. ... 
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APPENDIX 2: Capillary Pressure Functions 

A three phase capillary pressure function has been included in STMVOC. The original 

TOUGH two phase functions have been retained, and if one of the TOUGH two phase func-

tions is chosen, the gas-NAPL capillary pressure will be assumed to be equal to zero. The 

notation used below is: Pcgn = gas-NAPL capillary pressure; Pcgw =gas-water capillary pres-

sure. It should be noted that the pressure between the NAPL and the aqueous phases, 

Pcnw = Pcgw - Pcgn· 

IRP = 8 

IRP = 9 

three phase capillary functions from Parker et al. [1987] 

m = 1- lin 

p =-Pwg[(S)-llm _ 1]1/n 
cgn (( 1 

gn 

where Sm=CP(l); n=CP(2); <X811 =CP(3); <X11w=CP(4). These functions have 

been modified so that at low aqueous saturations, the capillary pressures 

remain fmite. This is done by calculating the slope of the capillary pressure 

functions at Sw and S, = 0.1. If Sw or S, is less than 0.1, the capillary pres-

sures are calculated as linear functions in this region with slopes equal to 

those calculated at scaled saturations of 0.1. 

zero capillary pressures 

Pcgn = 0 

pcgw = 0 

no parameters. 
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NOTATION 

CR soil grain heat capacity, J !kg K. 

C; concentration of chemical in the solid phase, kg lm 3. 

C~ concentration of mass component K in phase~. kg 1m 3• 

Df molecular diffusivity of mass component K in a multicomponent gas, m 2!s. 

FK total flux of component K; for K -:th : kg lm 2s; for K =h : J lm 2s . 

F13 total mass flux in the~ phase, kglm 2s. 

F~ flux of component K in the ~ phase; for K -:th: kg lm 2s; forK =h: J 1m 2s. 

f oc fraction of organic carbon in the soil. 

g magnitude of gravitational acceleration, m /s 2. 

g gravitational acceleration vector, mls 2. 

h specific enthalpy, J /kg. 

h 13 specific enthalpy of phase ~. J /kg. 

hf specific enthalpy of mass component K in the gas phase, J !kg. 

H Dimensionless Henry's constant, H = c;;c;. 

Hfw Henry's constant for gas-water partitioning of mass component K, Pa. 

Jf diffusive mass flux of component K in the gas phase, kg !m 2s. 

K component index, K = a: air; w: water, c: chemical; h: heat. 

K0 chemical-solid distribution coefficient, m 3/kg. 

Koc chemical-organic carbon partition coefficient, m 3/kg. 

k porous medium permeability, m2. 

kr 13 relative permeability of the ~ phase. 
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krncw NAPL relative penneability in the presence of an irreducible water saturation. 

krnw NAPL relative penneability in a two phase NAPL-water system. 

krng NAPL relative penneability in a two phase NAPL-gas system. 

m exponent used in the calculation of relative penneabilities and capillary pressures. 

M K amount of component K per unit porous medium volume; for K ;t;h : kg lm 3; for K =h : 

11m 3. 

n exponent used in the calculation of relative penneabilities and capillary pressures. 

n outward unit nonnal vector. 

P pressure, Pa. 

P 13 pressure in the ~ phase, Pa. 

Pcgw gas-water capillary pressure, Pa. 

Pcgn gas-NAPL capillary pressure, Pa. 

Pcnw NAPL-water capillary pressure, Pa. 

P wb well bore pressure, Pa. 

PJat saturated NAPL vapor pressure, Pa. 

PI productivity index, m 3. 

qK rate of generation of component K per unit volume; for K ;t;h: kg lm 3s; for K =h: 

J lm 3s. 

ql3 mass rate of generation of phase ~ in a source element, kg Is. 

qK rate of generation of component K in a source element; forK ;t;h: kg Is; forK =h: J Is. 

R8 chemical gas phase retardation coefficient. 

S 13 ~phase saturation. 

S l3r residual ~ phase saturation. 
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Sm empirical constant used in the calculation of capillary pressures. 

S ~ scaled ~ phase saturation defined in Appendix 1. 

S ~ scaled ~ phase saturation defined in Appendix 1. 

T temperature, K. ~ . . 
u specific internal energy, Jlkg. 

u~ specific internal energy of the ~ phase, J /kg. 

UK 
g specific internal energy of mass component K in the gas phase, J /kg. 

VI volume of region l of porous medium, m3
. 

agn constant used in the calculation of the gas-NAPL capillary pressure, lim. 

agw constant used in the calculation of the gas-water capillary pressure, lim. 

anw constant used in the calculation of the NAPL-water capillary pressure, lim. 

~ phase index, ~ = g: gas phase; w: water phase; n: NAPL. 

~g defined in Appendix 1. 

~w defined in Appendix 1. 

xf mole fraction of mass component K in the ~ phase. 

r/ surface area, m 2
• 

A. overall porous medium thermal conductivity, W lm K. 

Jlp ~ phase viscosity, kg lms. 
~;' 

p density, kg 1m 3
• 

p~ density of the ~ phase, kg lm 3. 
... ~ 

Pb soil dry bulk density, kg 1m 3. 

PR scale parameter defined in (B.3). 
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'tg gas phase tortuosity. 

4> porosity. 

rof mass fraction of mass component K in the ~ phase . 
.. . .;: 
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