
- Technic&l Lepore 83-24 -

A Oser•s Guide to the Rice . ~ 

Steam Displacement Hodel 

by 

Thom Potempa 
/ 

Rice University 

• 

Department of l·iathematical Sciences 
Houston. Texas 77251-1892 
October 14. 1983 

* .. 
Tnis research was supported in part by the International Business Machines 

Corporation. Palo blto Scientific Center. Palo Alto. California. 



To provide an accurate model of heavy oil steam displace.::ient p1;ocesses. 
The pri.Liary advantage of this model over other state-of-the-art models is that 
it does not e:xhioit grid orientation effects. Serious grid effects have been 
reported in other steam displacement models [l] [2]. 

2. Featu1•es 

Three numerical discretization techniques are implemented in this oodel. 
Included are a five point finite difference scheme [l]. a nine point finite 
difference procedure due to HcCracken and Yanosik [2]. and an upstream weighted 
finite element method due to Potempa [3] [4] [5]. All three of these 
discretization schemes are nocie centered in the areal plane and block centered 
in the vertical direction. 

2. 2. i-iobi'li "tb' Tl eigh ting 

Three different mobility weighting techniques are implemented in this 
model. During the course of this investigation it has been shown that the 
mobility weighting is the most important factor affecting the magnitude of grid 
effects that are present in steam displacement models [6]. Hobility weighting 
schemes implemented in the model include upstream mobility weignting [l], a 
mobility weighting scheme si.Liilar to that introduced by Au anci Vinsom [7], and a 
new mobility weighting scheme [6]. Harmonic averaging of the scaling paraoeter 
[7] is used in finite difference procedures. A combination of harmonic and 
arithmetic averaging is used in the up\·1inded finite elewent method. 

2.3. Domain 

The model is three dimensional. 
elements of symmetry, such as an eighth 
si:xth of a seven spot pattern, are 
dimensional flow options exist. 

2.4. PVT Behavio~ 

~eservoir dip is 
of a repeated five 
treated. Radial, 

treated. Rectuced 
spot pattern or a 
linear• and zero 

The model is valid for flo-w regimes exhibiting three phase t..;io component 
flow. The assumptions used in the model are in general valid for the heavy oil 
systerus. The hydrocarbon co~ponent is allowed to partition into only the oleic 
phase, ~bile the aqueous component is allo~ed to partition into both the liquid 
and the gaseous phase. Data relating to the steam table is tabulated as a cubic 
spline functions internally. The spline functions have been slightly modified 
to ffiaintain curvature of the correct sign at all tabular entries. Oil 
thermodynamic properties are specified by the user. The oil viscosity as a 
function of temperature is evaluat~ci from a user supplied table·with the help of 
linear exponential interpolation. Superheated steam is treated superficially, 
and the r.iodel of thermoriyna1uic properties for superheateri steai:a is only 
guaranteed to be qualitatively correct. 
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To avoici saturation constraints on the ciiscretizeci system of nonlinear 
equations, the pressure and the total component densities are used as primary 
unknowns [5]. 

2 .6. Re7,ative PermeabiU ty 

Two phase relative perweability data is input as eitner tabular cic:ta or a 
power lay; function. Three phase oil relative permeability is calculated using 
Stone's method [8]. Normalization of the input data is perforr::ed automatically. 

2. 7. Hi£th Ter,rperatuz·e Ejf ects 

High tewperature relative permeability effects are very important to the 
steamflooding mechanism [9]. Three phase relative permeability encipoint data is 
allowed to vary as a function of temperature in this model. The method 
described earlier by Coats [10] is used to generate the two phase relative 
pertr,eability functions frow the endpoint data and the normalized relative 
pemeability curves. 

2.8. Otn.er Formation PX'operties 

Anisotropic values of the absolute permeability are allowed to vary as a 
function of the location (~,y,2). The permeability is also allowed to vary as a 
function of the location (z,y,2). Rock compressibility is treated. The product 
of the rock fractional volume, the rock density, and the rock heat capacity is 
assumed to be constant. The formation therwal conductivity is assumed to be 
constant. Initial conditions can be specified as a function of the location 
(.;;;,y,2). 

. 
Energy losses to the cap and base rock are treated. The superposition 

method described by Coats [10] is used to implicitly determine the temperature 
distribution \,ithin the cap or base rock. Tl1e energy flux from the cap or base 
rock is computed using a procedure due to J.A. Wheeler [11]. 

2.10. Time Stepping 

Time step size is controlled automatically by the procedure described by 
Coats [ 10]. Time stepping is highly implicit, as all upstreao weighted terms 
are computed implicitly, and the scaling paraweter representing the total 
mobility parameter is evaluated explicitly. 

2.11. IieUs 

Both production and inJection wells can be placed on either pressure or 
flow constraints. The flow rate and the bottom hole pressure are related to the 
local reservoir properties using the procedure due to Peaceman [12]. The 
gravity head within the wellbore is calculated explicitly. The pump layer is 
designateo by the user at the production wells, while the pressure constraints 
are enforced at the lowest simulated layer at the injection wells. 
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Either Newton's method or stationary ~ewton's cethod is 
guess is taken to be the solution at the old time level. 

used. The ini ti.:l 
The Jacobian is 

evaluateci only if the ratio of the norm of the new function to that of the old 
function is larger than a user supplied threshold value. Level two descent is 
necessary to insure convergence, as the norm of the function necessarily 
increases if a phase transition bas taken place over an mplicit timestep. If 
descent relative to the level t'Wo function value is not achieved by two Ne'wton 
iterations, the time step size is reduced to half the initial size, and the 
iteration is started ane'W using the old solution as the initial guess. 

2.13. Linear Equ.ations 

The resulting linear equations are solved exactly by an efficient band 
solver. A symbolic factorization is performed to deteroine the maximum fill of 
each band. This procedure results in a twofold savings over a naive banded 
matrix approach in many applications. 

2.14. Output 

Detailed output is provided at intervals specified by the user. Contour 
plots of functions dependent upon the co.:iputed solution are available. Time 
dependent functions such as recovery curves can be saved in a file for later 
graphical processing. 

2.15. Res~artinG 

The model has restart capabilities. 

2 .16. E1,ro1, Recoverb 

The model checks for errors in the input data stream •. If an erro.r is 
detected, a message indicating the type of error is printed, and the progr~ is 
halted. This check is incomplete, and it is possible to specify an inconsistent 
set of input parameters. The model checks for nonconvergence of all iterative 
algorithms which can result in an infinite loop. If a loop is detected, a 
message is printed, a restart file is written, and the program is halted. 
Debugging procedures are usually required to find the cause of the loop in this 
instance of abnormal termination, although the loop is coI!IIllonly a result of bad 
input data. For example, during a particular set of computational experiments, 
the program automatically halted due to a negative value of the oil total 
density. In this example, the problem was eventually traced to a nonzero oil 
relative permeability for a zero oil saturation, as calculated by Stone's method 
for detemining three phase oil relative pemeability from two phase data. Thus 
either Stone's model or the relative permeability· curves were determined to be 
the source of the problem. 

2.17. Testinf,· 

The model has been extensively tested. M~ny of tn~ test calculations have 
involved isothermal systems to insure that such systems remain constant 
tei:;;perature. 
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3. Desc:r·iption 

Fortran units one through eight are used by the code. Unformatted output 
is ciirected to the file assigned to Fortran unit one if and only if the run is 
not a restart run. This file contains fluid property parameters and reservoir 
geometry information for a potential restart run. Unformatted output is directed 
to Fortran unit t\vo st a frequency of F.R.EST simulated days, where FE.EST is an 
input parameter. This file contains time dependent reservoir parameters for a 
potential restart run. The information stored in these files is sufficient to 
detenaine the state of the reservoir system for use in a later restart run; 
Fortran units three and four are unformatted files used as input data during 
restart runs. These files are created as files assigned to units one and two 
during earlier runs. The data read from units three and four during restart runs 
replace the reservoir initialization data that is specified for other runs. The 
file assigned to Fortran unit five contains the input data stream, and the file 
assigned to Fortran unit six is the output data stream. Fortran unit seven is 
useci £or contour plots. An areal map of the discretized domain is generated and 
written to unit seven if and only if the run is not a restart run. Fortran unit 
eight is used to store time dependent functions. The first three places in each 
record, signified as ITYPE, indicate the type of information stored. The next 
ten places contain the simulated time in days using an Fl0.5 format. The final 
ten places contain th,_ 3imulated value of the time dependent function associated 
with !TYPE using an Fl0.5 format. The meanings of various values of ITYPE is 
given by below. 

!TYPE = -3 Timestep reductions 
!TYPE = -2 Newton iterations 
!TYPE = -1 - Timestep length 
ITYPE = 0 Percentage OOIP recovered 
ITYPE = l Rate information for well l . 
ITYPE = 2 Rate information for well 2 
ITYPE = 3 Rate inf onnation for well 3 
ITYPE = 4 Rate information for well 4 
ITYPE = 5 Rate information for -well 5 
ITYPE = 6 Rate information for well 6 
!TYPE = 7 Rate information for well 7 
ITYPE = 8 Rate information for well 8 
ITYPE = 9 Rate information for well 9 
ITYPE = 10 Rate information for well 10 

3.2. In.tern.al, Orderin9 

Specification of certain input parameters requires a limited amount of 
knowledge of the internal ordering used by the program. There are three levels 
of organization within the code that the user need be aware of. The ordering of 
the EZ layers in the vertical direction is taken from bottom to top. The 
deepest layer of the reservoir is designated internally as layer l, and the 
topmost layer is designated as layer BZ. 
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lhthin each individual layer a point centered discretization is employed. 
Figure 1 illustrates both layers of a modified 7x7x2 grid. The numbering scheme 
used for both the nodes and elements of the triangulation varies fastest from 
bottom to top, then south to north, and finally from west to east. 
Representative ordering used for both the nodes and the elements of a typical 
triangulation is illustrated by Figure 1. 

3.3. Invat De.ta Recoras 

The input data stream is read from the file assigned to Fortran unit·five. 
The first four characters of each record must be the string ncARD". The next 
three positions are reserved for the card number JiCA:K.D. The carci number must 
always be specified, as the card number parameter is used to facilitate error 
detection. The eighth position of a record should be left blank. Positions 
9-68 of each record are used for the values of the input parameters. All 
numeric fields contain ten positions, i.e •• the numeric fields either use format 
FlO.O or format 110. Only six numeric fields are found on each card. All 
integer data parameters, which are indicated using the standard Fortran variable 
name convention that any arid all parameters beginning with an I, J, ~, L, H., 
or Ii, should be :r·ight just if ieci in the associated data field. Decimal points 
shoulci always be used for noninteger parameters. Character fields are read 
using the format 9A8. 

CARD 
CilD 
CA.RD 
CA.E.D 
CARD 

1 TITLE 
1 TITLE 
1 • • • 
l TITLE 
1 E.HD 

'l'itie c:nd Resta:,:t De.ta 

The user may specify a label to appear at the top of the output directed to 
Fortran unit six that is generated by the code. 

TITLE 

CA.RD 2 

A label which is any alphanumeric string. This string is echoed at 
the top of the output until the string nEND" is encountered. The 
title may be used to include the date and the source of the input 
data. Records of this· form are read until the variable TirLE is 
equal to the character string "ENDn. 

IR.EST 

The value of lit.EST inC:icates whether or not the run is a restart run. 

IR.ES'I If IREST is one, the run is a restart run. Cards 3-28 are not 
includec in the input data stream for restart runs, and proceed to 
the section marked Time Pc:.ge Dc..ta. If Ii.EST is zero, the run is a 
ne-w run. The prograr.i is hal teci if Ii.EST is not zero or one. 
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Rese:,,voi'I·, Rock, a;.d Fi,u.ici Da:r;a 

CilD 3 SIZEX SIZEY REICBT DIPX DIPY RWELL 

The para:raeters appearing on this record are used to initialize variables 
associated with reservoir geometry. 

SIZEX 

SIZEY 

HEIGHT 

DIPX 

DIPY 

RWELL 

CA.R.D 4 

Length in feet of the pattern in the :x direction. Hust be positive. 

Length in feet of the pattern in the :x direction. J:.lust be positive 
unless radial geometry is used. 

Height in feet of the reservoir. Must be positive. 

Dip angle in degrees of the reservoir with respect to the :x 
direction. Must lie between -90 and 90 degrees. A positive dip 
angle indicates that the depth is an increasing function of the 
location :x. 

Dip angle in degrees of the reservoir with respect to the y 
direction. Nust lie between -90 and 90 degrees. A positive dip 
angle indicates that the depth is an increasing function of the 
location y. 

Well radius in feet for studies using radial geot::etry. Ignored for 
other geometries. Must be positive and less than SIZE% if a radial 
geometry is to be used. 

'liOKEGA HKOB IL BP:20C 

The data appearing on this record supplies parameters controlling the numerical 
discretization procedure. 

JilOHEGA The value of this parameter controls the element of syilltletry used in 
the calculations. liOHEGA must lie between one and seven. BOKEGA 
can be set 
to zero. 

BOHECA = 
BO!iEGA = 
liOHEGA = 
BOIi.EGA = 
:GOHECA = 
BOKEGA = 
HOHEGA = 

to 
The 

1 
2 
3 
4 
5 
6 
7 

two or to three only if DIPX and DIPY are both set 
possible options for BOHEGA are listed below. 

Rectangular element 
One half rectangular element 
One quarter rectangular element 
Linear geometry ( x-z) 
Z variations only ( z) 
Radial geometry ( r-z) 
Equilateral triangular eleoent 
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NHO.BIL 

liPROC 

CilD 5 

This parameter is used to specify the wobility weighting sche~e used 
by the model. BltOB IL must lie bet\,een one and three. The suggested 
value of B.HOSIL is one. The possible options are listed below. 

NHOBIL = l 
1Hi08IL = 2 
NHOBIL = 3 

Kinematic mobility weighting 
Upstream fractional flo\, oobility 'w,leighting 
Upstream mobility weighting 

This value of this parameter controls the discretization procedure 
used by the model. RP:£.OC must lie between one and four. HPIWC 
must be set to four if and only if HOH.EGA is set to seven. The 
possible options are listed below. 

BPROC = l Rectangular upwindea finite elements 
NP:£.OC = 2 Five point finite differences 
HPROC = 3 Nine point finite differences 
NPROC = 4 Triangular upwinded finite elements 

BX BY HZ 

The data appearing on this record controls various discretization parameters. 
An abnormal termination occurs if the discretization is finer than is allowed by 
the array dimensions used in the source code. The maxi.r.ium array lengths can be 
easily reset by the procedure described in a later section. In this :manner 
errors relating to storage difficulties can be circumvented. 

:ex 

BY 

.GZ 

CAB..D 6 

Number of elements in the x ciirection partition. Hust be greater 
than or equal to one. and must be equal to one if BOHEGA is set to 
five. • 

Nut..ber of elements in the y direction partition. Must be greater 
than or equal to one. and must be equal to one if ROKEGA is set to 
four• five, or six. Nust be equal to BX if BOHEGA is set to two. 
three, or seven. 

Number of layers in the simulation. Hust be greater than or equal 
to one. 

IUliIFX IDHIFY IDBIFZ 

The data appearing on this record indicates whether a uniform or nonuniform 
partition is to be utilized along each coordinate axis. 

IDRlFX Indicates whether a uniform partition is to be used along the x 
coordinate axis. Must· be zero or one. A value of unity indicates a 
uniform partition, and a zero value indicates that a non uniform 
mesh is specifieo by data appearin 6 on card 7. 
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IDIHFY 

ION IFZ 

Indicates whether a uniform partition is to be used along the y 
coordinate axis. Must be zero or one. A value of unity indicates a 
uniform partition, and a zero value incicates that a non uniform 
mesh is specified by data appearing on card 8. 

lnc.icates whether a uniform partition is to be used along the z 
coordinate axis. Hust be zero or one. A value of unity indicates a 
uniform partition, and a zero value indicates that a non uniform 
mesh is specified by data appearing on card 9. 

CilD 7 
CA.RD 7 
CARD 7 
CARD 7 

X( 1) 
X( 7) 

I.( 2) 
X( 8) 

X( 3) 
X( 9) 

X( 4) 
X{lO) 

X( 5) 
X(ll) 

%.( 6) 
1(12) 

• • • • • • • • • • • • • • • . . . 
X( •• ) X{ •• ) X(BX) X(IU+l) 

The data appearing oh these records specify the location of 
nodes for a nonuniform grid. Read only if IOBIFX is zero. 
wore than six values per data card. 

the x direction 
There must be no 

X(I) Location of the i' th X direction node ln feet. The nodes must be 
monotonically increasing. X(l) must be set to zero, and X{BX+l) 
must be equal to SIZEX. 

CilD 8 Y( 1) Y( 2) Y( 3) Y( 4) Y( 5) Y( 6) 
CA.RD 8 Y( 7) Y( 8) Y( 9) Y{lO) Y{ll) Y(l2) 
CARD 8 . • • • • • • • . . • . ~ • • . • 
Clt...RD 8 Y{ •• ) Y{ •• ) Y(BY) Y(BY+l) 

The data appearing on these records specify the location of 
nodes for a nonuniform grid. Read only if IOIHFY is zero. 
oore than six values per data card. 

the y direction 
There must be no 

Y(J) 

CA.RD 9 

Location of the j' th x direction node in feet. The nodes must be 
monotonically increasing. Y{l) must be set to zero, and Y(.HY+l) 
must be equal to SIZEY. 

Z( 1) Z{ 2) . . . . . . Z(BZ) 

The data appearing on these records spec1.ry the -width of each layer 1.n the z 
direction for a nonuniform grid. Read only if IUBIFZ is zero. 

Z(K) 

CA.RD 10 

\-lid th of the k' th z direction layer in feet. The width of 
layer must be positive. The ordering is from bottom to top. 
sum of the widths Z(JO must be equal to HEIGHT. 

ALPRAO BETAO DEDSO CA.PACO 

each 
The 

Oil thermodynamic data used to compute density and internal energy are supplied 
on this data record. 

ALPRAO Oil compressibility 1.n inverse pounds per square inch. 
nonnegative. 
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BETAO 

DEESO 

CA.PACO 

CA.RD 11 

Oil coefficient of thermal expansion in inverse degrees Fahrenheit. 
Must be greater than zero. 

Stock tank density of the oleic phase in pounds per cubic feet. 
Hust be nonnegative. 

Eeat capacity of the oleic phase in btu' s per pound per degrees 
Fahrenheit. Hust be positive. 

BV 

The data appearing on this record controls the nuuber of entries in oil 
viscosity table. 

HV 

CA:i.D 12 
CARD 12 
CilD 12 
CARD 12 

l~uuiber of entries in the table of oil viscosity versus teuperature 
used by the program. Must lie between one and eleven inclusive. 
The number of entries NV in practice should be close to the 'Cla}:i.mum 
allowed number to insure adequate functional interpolation. 

TVISC( 1) VISCO( 1) 
TVISC( 2) VISCO( 2) 
. . . . . . . . . . 
TVISC(BV) VISCO(&V) 

The data found on these records is used to initialize the oil viscosity table. 
Water and steam viscosities are tabulated at the knots of this table from a 
rational exponential correlation for internal use. 

TVISC{I) Temperature in degrees Fahrenheit. The values of TVISC{I) must be 
wonotonically increasing. It is recommended that knots should 
appear in this table at 100 QF intervals bet~een 100 QF and 500 QF. 

VISCO(I) 

CilD 13 

TYISC(I) must lie between 32 QF and 705 QF. • 

Oil phase 
nonincreasing 
values. 

BG 

viscosity 
function 

BU 

i.n 

of 
centipoise. 
teoperature, 

.BT 

VISCO(I) 
and must 

wust be a 
have positive 

The data found on this record supplies the number of entries which are to appear 
in the relative perweability tables. 

BG Number of entries appearing in the gas-oil relative permeability 
table. Hust be between one and eleven. inclusive. If HG is one, a 
power law relationship is used to calculate normalized relative 
permeability curves. and card 14a applies. If BG is greater than 
one, the relative permeability functions are tabulated as a function 
of gas saturation, and card 14b applies. Tabular gas-oil curves are 
autowatically norrualized for internal use by the pro6raru. 
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Nil 

.HT 

CARD 14a 

l,umber of entries sppearing in the water-oil relative per.De.ability 
table. Must be between one and eleven, inclusive. If Blil is one, a 
po\~er law relationship is used to calculate the norwalized relative 
permeability curves, and card 15a applies. If .Si' is greater than 
one, the relative pemeability functions are tabulated as a function 
of water saturation, and card 15b applies. Tabular water-oil curves 
are automatically normalized for internal use by the program. 

Number of entries in the table containing the tecperature dependent 
endpoint values. Must be between one and six, inclusive. 

PJ::.IWG 

The riata appearing on this record is usea in power la\-, representations of the 
gas-oil relative permeability functions. Read only if BG is one. Note that 
ten e~pty spaces appear one space to the right of the field containing llCAi.D. 

P:C:.RG 

Pi::.ROG 

CA.RD 14b 
CARD 14b 
CA.RD 14b 
CA.RD 14b 

Power for the gas relative permeability curve. 

Power for the oil relative permeability curve with respect to ;;as. 

SATG( 1) 
SATG( 2) . . . . 
SATG(HG) 

XltG( 1) 
Xi.G( 2) . . . . 
XR.G(BG) 

XI.OG( 1) 
XROG( 2) . . . . 
Xi.OG(BG) 

The data appearing on these records initialize the gas-oil relative permeability 
table if BG is greater than one. 

SATG(I) 

XltG(I) 

XIWG(I) 

CilD 15a 

Gas saturation. SATG(I) must be monotonically increasing, 
nonnegative, and less than or equal to unity._ 

Gas relative permeability. Xi.G (I) must be monotonically 
increasing, nonnegative, and less than or equal to unity. 

Oil relative 
monotonically 
unity. 

peraeabil ity to gas 
decreasing, nonnegative, 

P~i.OW 

flo-w. Xi.OG (I) must be 
and less than or equal to 

The data appearing on this record is used in power la-w representations of the 
water-oil relative permeability functions. Read only if fill is one. Note that 
ten empty spaces appear one space to the right of the field for 6CARD. 

CARD 15b 
CA.RD 15b 
CA:E.D 15b 
CAB.D 15b 

Power for the water relative permeability curve. 

Fower for the oil relative permeability curve with respect to water. 

SATii ( l) 
SATW( 2) . . . . 
SATW(!Hl) 

x1nl( 1) 
Xi.ll( 2) . . . . 
XltV (RY) 

Xi.OW ( 1) 
Xi.OW( 2) 
. . . . 
XROW(Jii) 

The data appearin0 on these records are used to initialize the water-oil 
relative permeability table if ~~ is greater than one. 
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SA.Til(I) 

.XRW(I) 

.XROW(l) 

CA.RD 16 
CAB.D 17 
CA.RD 16 
CA.RD 17 
CA.RD 16 
CA.RD 17 
CA:E.D 16 
CA.RD 17 

i/ater saturation. SAI'W(l) must be monotonically increasing, 
nonnegative, and less than or equal to unity • 

Water relative permeability. I.R.B (I) must be monotonically 
increasing, nonnegative, and less than or equal to unity • 

Oil relative permeability to water flow. X:R.OW(I) 
monotonically decreasing. nonnegative, and less than or 
unity. 

ETE.HP ( 1) 
EE:.R.OG ( 1) 
ETEH.P ( 2) 
EK.ROG( 2) 
. . . . . 
ETE.H.P(HT) 
EIJWG(RT) 

SGRG( l) 
EE:.RG( 1) 
SGRG( 2) 
E:t:i.G( 2) 

SGRO( l) 
EKROW( 1) 

SGRO( 2) 
EKROll( 2) 

• • . . . . . . . . . . . . . . . 
SGRG(BT) SGRO(HT) 
EKRG(HT) EKROW(HT) 

SVIUiJ( l) 
EKRll{ 1) 
Slill.lil ( 2) 
EKXll( 2) . . . . . . . . 
SY.Ui(HT) 
ErRll(liT) 

STilRO( l) 

SW.RO{ 2) 

. . . . 
SilIW{HT) 

must be 
equal to 

The data appearing on these records initialize the temperature dependent 
endpoint functions associated with the relative permeability curves. 

E'IE.KP(I) Temperature in degrees Fahrenheit. ETEHP(I) must be monotonically 
increasing, be greater than 32 °F, and be less than 705 °F. 

SGB.G(I) 

SGRO{l) 

SlintW( I) 

SWRO(I) 

Haximum gas saturation at which the gas phase does not flow. !·lust 
be between zero and one. 

Hinimum gas saturation at which the oil phase does not flo\.l. 
SGE.0(1) must be greater than SGi.G(I). Hust be between zero and 
one. 

l-laxinnm. water saturation at which the water phase 
Must be between zero and one. 

does not flow. 

Hinimum water saturation at which the oil phase does not flow. 
SWRO(I) must be greater than SWRW(I). Hust be between zero and 
one. 

EKROG(I) Oil relative permeability with respect to gas at gas satura-ion 
SG.RG(l). Hust be greater than zero. 

EKRG(I) Gas relative perneability at gas saturation SGRO{I). 
greater than zero. 

Nust be 

EKIWll{I) Oil relative permeability with respect to water at water saturation 

EK:i.W(I) 

CilD 18 

SWE.ll{I). Must be greater than zero. 

Water relative permeability at water saturation SlilRO(I). Hust be 
greater than zero. 

XPEE.HD YPEll.HD ZPER.HD PHID ALPH.AR 

The data found on this record controls reservoir rock properties. 

XPERl:10 Uniform value of the x directional permeability 1.n rr.illedarcies. 
%.PER.HD must be nonnegative. Spatial variations of the x 
permeability are supplied by data associated ~ith card 21. 
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YPEi.HO 

ZPERHD 

PRID 

ALPBAK 

CA:i.D 19 

Uni£ om value of the y directional perneabi lity in milledarcies. 
YPERHD must be nonnegative. Spatial variations of the y 
permeability are supplied by data associated with card 21. 

Uniform value of the z directional permeability in milledarcies. 
ZPER.HO must be nonnegative. Spatial variations of the z 
permeability are supplied by data associated with card 23. 

Uniform value for the porosity. PHID must be greater than zero. 
Spatial variations of the porosity are supplied by data associated 
with card 23. 

Rock compressibility in inverse pounds per square inch. 
must be nonnegative. 

UOCF XI:F XI:OB RBOCOB X:t.DB 

ALPB.Alt 

RSOCUS 

The data found on this record initializes reservoir, cap rock, and base rock 
thermal properties. 

RROCF 

XKF 

X:t.OB 

RHOCOB 

X:t.UB 

RBOCDB 

CilD 20 
CARD Zl 
CAK.D 20 
CARD Zl 
CA.E.D 20 
CA.R.D 21 
CAJlD 20 

The product of the rock density and the rock heat capacity at 
standard conditions in btu's per cubic feet per degrees Fahrenheit. 
Must be positive.· 

Formation thermal conductivity in btu's per feet per day per degrees 
Fahrenheit. Must be nonnegative. 

· Overburden thermal conductivity in btu's per feet per day per 
degrees Fahrenheit. Hust be nonnegative. 

The product of the overburden density and the cap rock heat capacity 
at standard conditions in btu's per cubic feet per degrees 
Fahrenheit. Hust be positive. . 
Underburden thermal conductivity in btu 1 s per feet per day per 
degrees Fahrenheit. Hust be nonnegative. 

The product of the underburden density and the base rock heat 
capacity at standard conditions in btu's per cubic feet per degrees 
Fahrenheit. Must be positive. 

HEl ME2 HE3 
XPER.H!l YPER.IOI 

• • . . . . 
• • . • . . 

HEl HE2 HE3 
XPER.KH YPERHH 

0 

The data appearing in these records is used to modify the x and y directional 
permeability over each individual element of the triangulation. The indexing 
follows the order indicated for the elements of the partition in Figure 1. The 
records found in the input data stream alternate between cards 20 and 21 until 
.M.El is set to zero. 
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HEl 

HE2 

.HE3 

XPE~Jil:I. 

YPEJ.>.HK 

CilD 22 
CARD 23 
CilD 22 
CA.B.D 23 
CAltD 22 
CA.RD 23 
CA.B.D 22 

Lowest index of the elements to be modified. 
or equal to zero and less than or equal to 
elements. 

!-iust be greater than 
the total number of 

Highest index of the elements to be modified. Hust be less th.s.n or 
equal to the total number of elements, and be greater than or equal 
to HEl. 

lncrei:;ient for the index of the elements to be modi£ ied by this 
procedure. Must be greater than zero. 

Fraction by which the current value of the x permeability within the 
element is multiplied by to obtain the updated value of the x 
permeability. The original value of the x permeability is set to 
XPER.HO. Hust be greater than or equal to zero. The x permeability 
associated with an element of the triangulation can be x:;odif ied by 
this procedure many different times. 

Fraction by which the current value of the y permeability within the 
element is multiplied by to obtain the updated value of the y 
permeability. The original value of the y permeability is set to 
YPERHD. Must be greater than or equal to zero. They permeability 
associated 'with an element of the triangulation can be mociif ied by 
this procedure many different ti.mes. 

HBl H.li2 K.B3 
ZPER.HH PHIH 

• . . . . . 
• • • • . 

lilH .Mll2 Hll3 
ZPEB..HH .PHIH 

0 . 
The data appearing in these records is used to modify the z directional 
permeability and the porosity associated with each individual node of the 
triangulation. The indexing follo .. s the order indicated in Figure 1. The 
records alternate between cards 22 and 23 until HBl is set to zero. 

HHl 

HH2 

HB3 

ZPEJU:i.H 

Lowest incie:x of the nodes to be modi£ ied. Must be greater than or 
equal to zero and less than or equal to the total number of nodes. 

Highest index of the nodes to be modified. Must be less than or 
equal to the total number of nodes, and be greater than or equal to 
HBl. 

Increment for the index of the nodes to be modified by this 
procedure. Nust be greater than zero. 

Fraction by which the current value of the z · permeability is 
multiplied by for the nodes modified by this procedure. The 
original value of the z permeability is set to ZPER..HD. 1-lust be 
greater than zero. lt is possible to modify any particular node by 
this procedure many different times. 
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PRHl 

CAB.D 24 

Fraction by which the current v.;.lue of the porosity is multiplied 
for the nodes modified by this procedure. The original value of the 
porosity is set to PHID. Hust be breater than zero. It is 
possible that to modify any particular node by this procedure many 
different times. 

SIZ:EPL IS.HALL 

The data appearing in this record specifies the size and shape of the contour 
plots generated by the model. 

SIZEPL 

!SHALL 

CA.RD 25 
CA.2.D 25 
CA.R.D 25 

Size of contour plots in inches. Must be between O and 6 inches. 

Indicates whether the plot is reduced to a triangular subset of the 
original plot. If !SHALL is set to zero, the contour plots are 
generated for the entire region. If ISHALL is set to one, all 
contour plots are reduced to a triangle bounded by the vertices 
specified in carci 25. IS.KALL must be either zero or one. Setting 
IS.MALL to one is useful, for example, in plotting the computed 
results of displacement only over one sixth of an inverted seven 
spot pattern for the rectangular basic element of symmetry. 

XTRIAB(l) YTRIAB(l) 
XT2.IAG(2) YT~IAB(2) 
XTRIAB(3) YTRIAB(3) 

The data appearing on these records determines the boundaries used to reduce 
contour plots to a triangular region. These records are read only if ISKALL is 
set equal to unity on card 24. 

XTK.IAii(I) Location in feet of the x coordinate of the i'th vertex. 

YTE.IAG(I) Location in feet of they coordinate of the i'th vertex. • 

CAE.D 26 PIBITD TIIH'ID WIBITD GIIHTD 

The data found on this record is used to perform a uniform initialization the of 
the reservoir conditions. Spatial variations in the initial conditions can be 
specified using cards 27 and 28. 

Pl.HITD 

'IIIHTO 

WIBI'I'D 

Initial pressure in pounds per square inch. Must be greater than 
zero or less than 3200. 

Initial temperature in degrees Fahrenheit. Ignored if W IBITD and 
GIN ITO are both nonzero, as the initial temperature is determined 
by the initial pressure if water exists in both liquid and vapor 
phases. PINITO and TI.BITD must be consistent with either WIBITO 
or GIHI'I'D if water is present in only a single phase. For example, 
if the initial temperature is set to that of superheated steam and 
if GI.HITO is set to zero, the initial temperature is clearly 
inconsistent with the initial gas saturation. Nust lie between 
32 °F and 705 °F. 

Initial water saturation. Must lie between zero and one. 
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GIRITD Initial gas saturation. !lust lie between zero and one. The SUw of 
YINITD and G Ill ITO must be less than or equal to unity. 

CARD 27 lHl KI2 M.13 
CA..R.D 28 PIBI'I'H 'IllHTH YIHITH GINITK 
CA.RD 27 • • . • • • 
CA.RD 28 . . . . . . • . • . • . 
CilD 27 .H.11 IU2 KI3 
CARD 28 PIBITH TISITH WifiITH GINITM 
CilD 21 0 

The data appearing on these records controls the modification of the initial 
conditions until Hll is set to zero. The input record alternates between cards 
27 and 28. The ordering used to initialize the individual nodes follows that 
which is indicated in Figure 1. 

Hll 

Hl2 

HI3 

PI.HITH 

TIBIT.H. 

lill.SITH 

GIBITH 

CA.RD 29 

Lowest index of the nodes to be modified. Hust be greater than or 
equal to zero and less than or equal to the total number of nodes. 

Highest index cif the nodes to be modified. Must be less than or 
equal to the total number of nodes. and be greater than or equal to 
.Mll. 

lncrer:ient 
procedure. 

for the index of the nodes 
Must be greater than zero. 

to be modified 

Modified initial pressure in pounds per square inch. 
greater than zero or less than 3200. 

by this 

Must be 

Hodif ied initial temperature 1.n ciegrees Fahrenheit. Ignored if 
'WI.SITH and GIHITH are both nonzero, as the r:iodified initial 
temperature is-determined by the modified initial pressure if water 
exists in both liquid and vapor phases. PifHTH and TIBITH must 
be consistent with either WIHITM or GIIHTH if wat'er is present in 
only a single phase. For exanple. if the modified initial 
temperature is set .to that of superheated steaiu and if GIIHTM is 
set to zero, the modified initial temperature is clearly 
inconsistent v.1ith the modified initial gas saturation. .Nust lie 
between 32 °F and 705 °F. 

Modified initial water saturation. Hust lie between zero and one. 

Hodified initial gas saturation. Hust lie between zero and one. 
The sum of lilIBIT.M and GIIH'IH must be less than unity. 

Time Page Data 

IEHD 

The data contained in this record indicates if another time page 1.s to be read. 
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IE~D 

CAE.D 30 

If IEJi.'.D is zero, a new time page is read. If IE.JID is unity, the 
run is halted. IEND must be zero or one. 

F'II.KE DT DTHAX DTHlll CBHAXD CRHAXF 

The data appearing in this record supplies initial values for time stepping 
parameters used over this time page. 

FTUIE 

DT 

DTMAX 

DTKIH 

CHKAXD 

CHHA.XP 

CARD 31 

Final. time in days for the time page. Hust be greater than or equal 
to the current time. 

Initial time step length for the time page in days. Hust be greater 
than DTHIB and less than DTHAX. 

Haximum time step length in days. 

Hinimurn time step length in days. Hust be less or equal to than 
DTMAX and greater than zero. 

Ha:ximum total density change desired over each time step in pounds 
per cubic feet. Hust be greater than zero. 

Haximum pressure change desired over each time step in pounds per 
square inch. Must be greater than zero. 

ER.RO.RE Ei.R.OR.C B.EDUC 

The data found on this record are used to initialize nonlinear iteration 
parameters 'used in this time page. 

ER.:RO:R.E 

E.R.IWRC 

R.EDDC 

CARD 32 

Haximum allo'wed error in the discretized energy equation in btu' s 
pe~ cubic feet. Must be greater than zero. 

Haximum allo'wed error in the discretized 
balance equations in pounds per cubic feet. 
zero. 

oil or 'water oaterial 
Hust be greater •than 

The value of the parameter REDOC detemines if the Jacobian matrix 
is formed and factored. A variable designated as TEST is computed 
from the quotient of the infinity nom of the new nonlinear ne'w 
residual and corresponding norm of the old residual. If £.EDD C is 
greater than TEST the Jacobian is formed and factored. i.EDDC must 
lie between zero and one. If REDOC is set to one, stationary 
Ne'wton is used, and if i.EDOC is set to zero, newton's method is 
used. The Jacobian matrix is always fanned for the first nonlinear 
iteration. 

Jill OILSTH 

The <la.ta appearing in this record is used to initialize certain parameters 
pertaining to wells. 

NV The number of active wells in this time page. Hust be between one 
and ten. 
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OILSTH 

CA.il.D 33 
CA..R.D 34 
CAE.D 34 
CA.RD 34 
CilD 35 
CilD 33 
CA.RD 34 
CA:I.D 34 
CARD 34 
CAltD 35 
CAE.D 33 
CARD 34 
CilD 34 
CA.RD 34 
CAE.D 35 

Number of cold water equivalent barrels of steam generated by one 
barrel of oil. Used to deter~ine n.aximum the net oil recovery. 
Must be greater than zero. 

XllELL( 1) YWELL( l) QWELL( 1) QUALT( 1) PHELL( 1) TWELL( 1) 
HPOKP( l) WELL I( 1) GWELL( l) F1il( 1. 1) FW( 1. 2) FW( 1. 3) 

F1il( 1. 4) FU( 1. 5) FW( 1. 6) 
. . . . . FW( l.BZ) 

HilELL( 1) . • . • • . . . . • • . . • . • • • • . . . • • • • • • • • 
• • . . • . • . . • • . ' . . • • • • • • • . . . . . • • . . . . • . . . • . . . . • . . • . . . . . . . . . . . . . . . 
:UlELL(BV) YSELL(Bil) QlilELL(NV) QOAI.T(Hll) PWELL(BV) TWELL(Blil) 
ti PO KP (lHi) WELLl(lilW) GWELL(IHi) FW( 1 • BW) FW(llW. 2) FW(HW. 3) 

Flil ( Hil • 4) FY(Iill 9 5) FY (Hit• 6) 

• • . . . Flil ( .GW •NZ) 
IWELL(Rlil) 

Parameters for the wells are supplied by data appearing on these records. 

XWELL(I) Location in feet of the :x coordinate of the i'th well. 

YlilELL( I) Location in feet of the y coordinate of the i' th well. The wells 
must lie at x-y nodes of the discretization. 

QWELL(I) Cold water equivalent injection rate in barrels per day. This 
quantity is positive at injection wells, representing the maximum 
injection rate. This quantity is negative for production wells. 
The absolute value of a negative quantity represents the maximum 
allowed production rate. This quantity is calculated using the full 
pattern basis. Rate modifications based upon the well location are 
treated by the parameter GWELL (I). 

QOALT(I) Steam quality at an injection well. Ignored at production wells. 
Hust be greater than zero. Superheated steam injection can be 
simulated by setting QOALT(I) to a value which is greater than 
one. 

PVELL(I) wellbore pressure in pounds per square inch. At an injection well, 
this quantity represents the maximum allowed wellbore pressure. 
This parameter should be set to a high value if a constant injection 
rate is desired, and one should set QilELL(I) to a large value if 
constant pressure inJection is desireci. At a production well, 
PWELL(I) represents the minimum allowed wellbore pressure. If the 
computed wellbore pressure dips below the PWELL(I). the well is 
shut in. If the production rate is constrained by the absolute 
value of QWELL(I). the well bore pressure {s greater than 
PWELL(I). 

TV ELL (I) Injection temperature in degrees Fahrenheit at an injection ·well. 
Ignored for a production well. Must be between 32 °F and 705 °F. 
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NPOH..P(I) Si..:iulated layer in which the pur;:ip is located at a production well. 
At an injection well, BPOHP(I) is set to one internally, 1..e., 
pressure constraints are enforced at the deepest location of an 
injection 'well. KPDHP(I) must lie between one and RZ. As gravity 
effects within the wellbore are treated, it is imperative to be 
careful in specifying ~POH.P(I) and PWELL(I). For example, if 
PWELL(I) were to be set to zero at the bottom of the reservoir, an 
unphysical negative wellbore pressure would be calculated for upper 
layers of the reservoir. 

WELLI(I) Total productivity or injectivity index of the well calculated using 
the Peaceman Correction [12]. This parameter is specified in units 
of barrels - centipoise per day per pounds per square inch at 
production wells and in units of barrels per day per pounds per 
square inch at inJection wells. Following Peaceman, let d be the 
diameter of the smallest circle which can be circumscribed about the 
support of the basis function associated with a computational 
molecule containing the well in question. The equivalent l·~ll 
radius r is computed as the product of d and C, where C is a 
correcti5n constant. C is a function cof the discretization 
procedure and has been experimentally determined. Values of C are 
given below as a function of BPi.OC. 

CWELL(I) 

NPi.OC = l C = 0.08 
BPR.OC = 2 C = 0 .14 
NPi.OC = 3 C :: 0.11 
liP.R.OC = 4 C = 0 .11 

Geometric factor for the well. 
G'WELL{I) is tabulated belo..i as 

Must lie between zero and one. 
a function of the position of the 

associated computational 
discretization. 

INTERIOR 
EDGE 
CORNER ( 90°) 
CORNER ( 60 °) 
CORNER ( 45°) 

GWELL(l) = 
GWELL{I) = 
GWELL(I) = 
GWELL(I) = 
G'WELL(I) = 

molecule with respect to the 

1.000 
0. 500 
0 .250 
0 .167 
0.125 

FW(I,.J) Hultiplicative factor for WELLI(I) in the j'th layer. Usually 
should be set to either the fractional height of the height of layer 
or to zero, depending upon the well completion. Nust be 
nonnegative. Note the special format for BZ greater than three. 

HlELL( I) Indicates ..ihether the rates associated with this well are stored in 
the file assigned to Fortran unit eight. If UlELL( I) is one, the 
cold water equivalent injection rate is saved at an injection well, 
and the oil production rate is stored at a production well. If 
IWELL(I) is zero, no rate information is saved at the well. Hust 
be either zero or one. 

- 18 -



CARD 36 FSDH FOOT FCURVE FPLOT FR.EST FSTOP 

The data found on this record is used to control the frequency at which output 
information is generated by the program. 

FSUH 

FOOT 

FCDRYE 

FPLOT 

FllES'I 

FSTOP 

CARD 37 

Frequency in days at which a sui:.:mary sheet of i:;odel statistics, 
balance information, and well statistics is added to the file 
assigned to Fortran unit six • .Must be greater than or equal to zero. 

Frequency in days st which a sheet indicating current res~rvoir 
conditions is added to the file assigned to Fortran unit six. Must 
be greater than or equal to zero. 

Frequency in days at which all well rate information and information 
relating to cumulative oil recovery is added to the file assigned to 
Fortran unit eight. Hust b_e greater than or equal to zero. 

Frequency in days at which contour plots are generated and stored in 
the file assigned to Fortran unit seven. Must be greater than or 
equal to zero. 

Frequency in days at which a restart file is written to the file 
assigned to Fortran unit two. Hust be greater than or equal to 
zero. 

Time in days after which at which the program is halted. An 
interruption by this mechanism is different from a termination 
caused by reaching the end of a time page, i.e., when Tl.HE is equal 
to F'IHlE. Using this option, the program is allot-ied to seek the 
normal time step length and continue until TIHE is greater than the 
time associated with FSTOP. Must be greater than or equal to 
zero. A restart file is written to the file assigned to Fortran 
unit two at termination. 

HEWTOH 

The dota appearing on this record controls whether nonlinear iteration 
statistics are saved on the file associated with Fortran unit eight. 

liEaTOB 

CAB..D 38 

lf lilEWTOD is one, nonlinear iteration statistics are added to the 
file assigned to Fortran unit eight at every time step. lf HEWTOB 
is zero, these statistics are not saved. BEaTOJi must be either 
zero or one. 

NP 

The data found in this record indicates the number of contour plots. 

HP This variable indicates the number of contour plots that are to be 
made at a frequency of FPLO'I. HP must lie between zero and ten. 
If NP is zero, the next data record appearing in the input data 
stream must be card 29. 
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I 

CA.RD 39 HTY.PE( 1) BLAY( l) HCOHT( 1) 
CA.E..D 40 CLOW( 1) CB.ICB( 1) 
CARD 39 .&TYPE( 2) HLAY( 2) ECO.RT( 2) 
CUD 40 CLOW( 2) CHIGB( 2) 
CAR.D 39 • . • . . • . . • • • . . . 
CilD 40 . • • . • • . • . 
CA.B.D 39 llTYPE(NP) liLAY(BP) .HCOBT(BP) 
CAE.D 40 CLOW(HP) CHIGB(liP) 

The data appearing in this record contains various parameters controlling the 
contour plotting routine. After exhausting records of this form, the input data 
stream represents a new time page. The new time page begins with card 29. 

NTYPE(I) Indicates the fluid property distribution of which the contour plot 
is to be made. Hust lie between one and five. The possible options 
are listed below. 

BTYPE(I) = 1 Pressure plot 
liTYPE(I) = 2 Temperature plot 
HTYPE{I) = 3 Water saturation plot 
.HTYPE(I) = 4 Gas saturation plot 
BTYPE(I) = 5 Oil saturation plot 

RLAY(I) Layer in the reservoir for which the contour plot is to be made. 
Hust lie between one and .IZ. 

8COHT(I) · Number of contours that are used. Nust be greater than zero. 

CLOil(I) Lowest value of RTYPE{I) used in forming the contour plot. Must 
be.greater than zero. 

CBIGH{I) Highest value of llTY.PE{I) used in forming the contour plot. Hust 
be strictly greater than CLOW(!). An illustration of how CLOW(!) 
and CBIGB(l) are used to detenr.ine the value of the contours is as 
follows. - Let BTY.PE(I) be set to two, NCOBT(I) be set to three, 
CLOW(l) be set to 150 °F. and CBIGH(I) be set to -450 °F. The 
contours are generated at 200 cF, at 300 °F, and at 400 °F for this 
set of parameters. 

3.4. E~C11i1pZe Input 

Example input for a simulated displacement over an eighth of a five spot 
pattern is presented in Appendix A. The data is a composite of data used in 
Coats and Ramesh [2], Chu and Trimble [13], and Chu [14]. The 7x7x2 parallel 
gria illustrated in Figure l is used in this simulated displacement. A copy of 
this file is assigned to Fortran unit five for the example run. 
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A cooputational example is run using the input data of Appendix A. The 
corresponding output data found in the file assigned to Fortran unit six is 
presented in Appendix B. In the interest of brevity only a single time page 
Sur.:JOary corresponding to the end of the second simulated year is presented. The 
representation of the approximating space .ihich is produced by the code is used 
in Figure l, although the numbering is not produced by the code. Figures 2 and 3 
illustrate contour plots of the 300 °F isotherms after three years of continuous 
steam displacement. Figures l through 3 have been taken directly from the·plots 
found in the file assigned to Fortran unit seven. Figure 4 presents a graph of 
the water injection rate and the oil production rate as a function of time. The 
water injection rate is a constant, as the injection well is effectively rate 
constrained. This plot would be much more interesting for a pressure 
constrained well. Figure 5 illustrates the total oil recovery as a function of 
time. Figure 6 illustrates the time step length with respect to time. Figure 7 
presents both the number of time step reductions with respect to time and the 
nu:r.iber of 1-;ewton iterations used at each time step. The functions illustrated 
in Figures 4 through 7 have'been obtained by postprocessing information found in 
the file assigned to Fortran unit eight. 

3.6. Code 

The source code is written in Fortran and contains about 8. 000 Fortran 
statements. The total length of the code is about 16,000 card images when 
comment cards are included. Portability of the code has been checked by 
compiling the program under the VMS, UNIX, and the H extended compiler. The 
Fortran code attet:1pts to fallow the 1966 standard, al though t:1inor deviations 
such as mixed mode expressions and IMPLICIT REAL*8 statements are present in 
the current version. 

The source code contains character strings which must be, replaced by. the 
user. The strings begin with the symbol "#" and are listed along with 
recomIJended values in Table 1. These character strings are used to reset the 
maximum dimension of the array-s used by the code and to provide a method of 
dealing with certain machine dependencies. For example, the character string 
"#NO" is used to signify the maximum number of nodes allowed by the program. 
The string "#13" is used to represent the integer or Hollerith equivalent of 
"4B$ non the machine to be used. 

Two copies of the routine Pi.IBT are provided in the source code. The 
version which is commented out is useful for generating bit map plots compatible 
with one particular dot matrix printer. The version which is not commentec out 
is fully portable. A routine named SETNAHE is also provided. The routine and 
its references _are commented out in the source code, as this routine is used to 
1.,onitor background execution in a VMS environment. 
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String 

#AR 
#BL 
#MA 
#NO 
#NX 
#NY 
#NZ 
#1~3 
#OB 
#OX 
#OY 

#EN 
#11 
#12 
#13 
#14 

#XM 
#Yl·1 
#llX 
#HY 
#Xl 
#Yl 

4. Ac,mowZ. eagemerzts 

Table l 

User Defined Character Stings 
Appearing in the Code 

Recommended Description 
Value 

231 .Maximum number of nodes per layer 
200 Maximum number of grid blocks 

80000 Naximum number of matrix entries 
231 Haximum number of total nodes 
200 .Ha x it;t um number of X grid blocks 
200 .Maximum number of y grid blocks 

5 Haximum number of lay er s 
6 93 Set to #NO* 3 

1617 Set to #AR * 7 
201 Set to #NX + l 
201 Set to #NY+ 1 

'END' System equivalent of 8BEND 
System equivalent of 4B 

'& System equivalent of 4H& 
'$ Systeo equivalent of 4B$ 
'* Sy stem equivalent of 4H* 

10 Printer characters per inch 
5 Printer lines per inch 

60 Set to #XH * 6 
30 Set to #YH * 6 
61 Set to #HX + 1 
31 Set to #HY+ l 

• 
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6. kJ?pendi:: I,: Sar.ipZ.e J;,zpu.7; 

CA?.D l :C:XAEFLE DATA SET FOR THE TBERHAL CODE 
CARD l TODAYS DATE IS 10/12/1983 
CARD l REDUCED 7 X 7 X 2 PARALLEL GRID 
CARD 1 UPSTREAH 'WEIGHTED FllHTE ELENENTS 
CARD l KlllEt~TIC MOBILITY WEIGHTING USED 
CARD 1 END 
CARD 2 0 
CARD 3 231. 231. 60. o. o. 
CARD 4 3 1 1 
CARD 5 7 7 2 
CARD 6 1 1 l 
CARD 10 .00001 .0004 60.5 .5 
CARD 11 8 
Ci.RD 12 7 5. 57 80 .o 
CARD 12 100. 1380 .o 
CARD 12 150. 187 .o 
CARD 12 200. 47 .o 
CARD 12 250. 17.6 
CARD 12 300. 8.5 
CARD 12 3 50. 5.2 
CARD 12 500. 2.5 
CARD 13 11 11 3 
CARD 14 .oo .ooo 1.00 
CARD 14 .04 .006 • 90 
CARD 14 .08 .010 • 7 8 
CARD 14 .12 .020 .64 
CARD 14 .16 .028 • 50 
CAKD 14 .20 .038 .37 
CARD 14 .24 .048 .25 . 
CARD 14 .28 • 064 .16 
CARD 14 .32 .090 .08 
CARD 14 .36 .132 .03 
CARD 14 • 40 .200 .oo 
CARD 15 • 500 .0000 1.00 
CARD 15 .520 .0006 .67 
CARD 15 .540 .0012 .41 
CARD 15 • 560 .0020 .23 
CARD 15 .580 .0030 .14 
CARD 15 .600 .0042 .o 9 
CARD 15 .620 .0058 .06 
CARD -15 .640 .0080 • 03 
CARD 15 .680 .0150 .02 
CARD 15 .6 95 • 0185 .01 
CARD 15 • 7 00 .0200 .oo 
CARD 16 75. o. • 40 .5 .7 
CbRD 17 l. .2 l. .02 
CARD 16 400. o. .25 .7 • 9 
CARD 17 1. .3 l. .03 
CARD 16 500. o. .25 .7 • 9 
CARD 17 l. .3 l. .03 
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CARD 18 3000. 3000. 3000. .3 5 .0003 
CLRD 19 30. 30. 30. 30. 30. 30. 
CARD 20 0 
CARD 22 0 
CARD 24 6. 0 
CARD 26 100. 100. .5 o. 
CARD 27 0 
CARD 29 0 
Cl.RD 30 2190. .5 20. .001 1. 1000. 
CARD 31 .l .001 o. 
CARD 32 2 13.36 
CARD 33 o. o. 300. .7 1600. 400. 
CARD 34 1 19.6 .125 .5 o. 
CARD 35 l 
CARD 33 231. o. -50000. 0. 50. o. 
CARD 34 l 630. .125 .5 .5 
CARD 35 1 
CARD 36 36 5. 36 s. 30. 1095. 3000. 3000. 
CARD 37 l 
CARD 38 2 
CARD 39 2 2 l 
CARD 40 250. 3 50. 
CARD 39 2 l l 
CARD 40 250. 3 50. 
CARD 29 l 
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7. 
AiJt-'e;;.ai;;; B: So,,p'l e Output 

TBE FINITE ELEI·iENT THERl·UiL HODEL 

EXAl-i.PLE DATA SET FOR TIIE THERHAL CODE 
TODAYS DATE IS 10 / 12 / 1983 
REDUCED 7 X 7 X 2 PARALLEL GRID 
UPSTREA!-1 \·iEIGHTED FINITE ELEHENTS 
KINEHATIC NOBILITY WEIGHTING USED 

RESERVOIR DIMElrnI01-rn AND DIP 

X LENGTH 
Y LENGTH 
Z LENGTH 
X DIP.ANGLE 
Y DIP ANGLE 

DISCRETIZATION INFORl·;ATION 

RECTANGULAR REGIOl, 
QUARTER PATTERN ELEHENT OF SYH1'1ETRY 
FINITE ELEHENT PROCEDURE USED 
HASS FRACTIOl~AL FLOWS UP\HNDED 
NUMBER OF GRID BLOCKS IN THE X DIRECTION 
NUHBER OF GRID BLOCKS IN TliE Y DIRECTION 
NUHBER OF GRID BLOCKS IN TIIE Z DIRECTION 
UNIFORM DISCRETIZATION X DIRECTION 
UNIFORH DISCRETIZATION Y DIRECTION 
UNIFORM DISCRETIZATION Z DIRECTION 
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231.00000000 FEET 
231.00000000 FEET 
60.00000000 FEET 

0.00000000 DEGREES 
0.00000000 DEGREES 

7 
7 
2 



STEAl-1 TABLE 

TEHPERATUI:E PRESSURE LIQUID DENS. VAPOR DEJ\S. LIQUID El\ER. VAPOR ENER. 
F PSIA LBS/ CU FT LES / CU FT BTU / LB BTU / LB 

32.00 0.000 62.44140 0.00030 o.oo 107 5.50 
50.00 0.100 62.41023 0.00059 18.05 1083.40 

100.00 o. 949 61. 99624 0.00285 68.00 1105.10 
150 .oo 3. 718 61.18824 0.01030 117. 95 1126.10 
200.00 11.526 60.10695 0 .02 973 168.09 1146 .oo 
2 50 .oo 29.825 58 .80273 0.07232 218.59 1164.05 
300.00 67.005 57 .306 55 0.15466 269.70 1179.70 
3 50 .oo 134.604 55. 5863 9 0.29913 321.80 1191. 90 
400 .oo 247.259 53.64803 0.53677 375.10 1201.00 
450.00 422. 550 51.453 52 0. 90 966 430 .25 1204.75 
500.00 680.860 48. 94760 1.48166 487. 90 1202.20 
550 .oo 1045. 431 45.96640 2.35635 549.45 1191.25 
600.00 1543.201 42 .30116 3.73874 617.10 1167 .70 
6 50 .oo 2208.401 37 .3 9710 6 .18 238 6 96. 45 1121.3 5 
700.00 30 94.302 21. 92017 16.61405 882 .40 93 5 .20 
705. 47 3208.203 19.69280 19. 6 927 9 906.00 906.00 

OIL PVT PARAMETERS 

OIL ISOTBERl-iAL COHPRESSIB ILITY 
OIL COEFFICIENT OF THERMAL EXPANSION 
OIL STOCK TANK. DENSITY 
OIL SPECIFIC HEAT 

0.00001000 l I PSIA 
0.00040000 l IF 

60.50000000 LBS. /CU.FT. 
0.50000000 BTU/ LBS./ F 

VISCOSITY INFORHATION 

TEHPERATURE 
7 5 .000000 

100.000000 
150.000000 
200.000000 
250.000000 
300.000000 
3 50 .000000 
500 .000000 

VISCO( CP ) 
5780.000000 
1380 .000000 

187.000000 
47.000000 
17.600000 
8. 500000 
5.200000 
2.500000 

VISCL( CP ) 
0.920706 
0 .687 840 
0.438489 
0.314792 
o .• 244140 
0 .199665 
0 .16 9619 
0 .120110 
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VlSCV( CP) 
0.011331 
0 .012077 
0.013613 
0. 01 5198 
0.016826 
0.018488 
0.020180 
0.025369 



NORl-i.ALIZED VAPOR / 011 RELATIVE PERHEAB IL ITY CURVES 

SATGI; 
0.00000 
0.10000 
0.20000 
0.30000 
0. 40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.90000 
1.00000 

SATWN 
0.00000 
0.10000 
0.20000 
0.30000 
0. 40000 
O. 50000 
0.60000 
0.70000 
0. 90000 
o. 97 500 
1.00000 

KRGl~ 
0.00000 
0.03000 
0.05000 
0.10000 
0.14000 
0 .19000 
0. 24000 
0.32000 
0. 45000 
0.66000 
1.00000 

KROGN 
1.00000 
0. 90000 
0.78000 
0.64000 
0. 50000 
0.37000 
0.25000 
0 .16000 
0.08000 
0.03000 
0.00000 

NORHALIZED LIQUID / OIL RELATIVE PERHEAB lLITY CURVES 

KRWN 
0.00000 
0.03000 
0.06000 
0.10000 
0.15000 
0.21000 
0.29000 
0. 40000 
0. 7 5000 
0.92500 
1.00000 

KROWN 
1.00000 
0 .67000 
0. 41000 
0.23000 
0.14000 
0.09000 
0.06000 
0.03000 
0.02000 
0.01000 
0.00000 

TEHPER.hTURE DEPENDENT ENDPOINT DATA 

TEHP SG(RG) SG(RO) SW(CW) SW(RO) KROG(RG) KRG(RO) KROW(CW) KRW(RO) 

75.00 
400 .oo 
500.00 

0.000 
0.000 
0.000 

0 .400 
0.250 
0 .250 

0. 500 
0.700 
0.700 

0.700 
0. 900 
0. 900 
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1.000 
1.000 
1.000 

0.200 
0.300 
0.300 

1.000 
1.000 
1.000 

0.020 
0.030 
0.030 



ROCK PROPERTIES 

X DIRECTIONAL PERHEAB ILITY 
Y DIRECTIONAL PERHEABILITY 
Z DIRECTIONAL PERl·lEAB ILITY 
FORl·IATION HEAT CAPACITY 
OVERBURDEN HEAT CAPACITY 
Ul\DERBURDEN BEAT CAPACITY 
FOH.rk\ TION THERHAL cmmu CTIV ITY 
OVERBURDEN TBERl·lAL CONDUCTIVITY 
UNDERBURDEN TBERHAL CONDUCTIVITY 
FORl-lATION COHPRESS 1B IL ITY 
POROSITY 

PLOTTING INFORHATION 

3000.00000000 11D. 
3000.00000000 HD. 
3000.00000000 HD. 

30.00000000 BTU I cu. 
30.00000000 BTU I cu. 
3( .00000000 BTU I cu. 
30.00000000 BTU I FT. 
30.00000000 BTU I FT. 
30.00000000 BTU / FT. 

0.00030000 1 / PSIA 
0 .3 5000000 

PLOTTING SIZE 6.00000000 INCHES 

RESERVOIR IN ITI.ALIZATION DATA 

INITIAL RESERVOIR PRESSURE 
INITIAL RESERVOIR TEHPERATURE 
INITIAL LIQUID viATER SATURATION 
INITIAL VAPOR WATER SATURATION 
INITIAL 011 IN PLACE 
1N III.AL WATER IN PLACE 
IN IT lAL EHERGY IN PLACE 

100.00000000 
100.00000000 

0.50000000 
0.00000000 

2543 9.08430345 
256 92. 70347 544 

2454.43336311 

HAIR.IX AND DISCRETIZATION CONSTANTS 

NUMBER OF ACTIVE NODES 
NUMB ER OF TOTAL EQUATIONS 
lmHBER OF ACTIVE ELEHENTS 
HATRIX BAND WIDTH 
TOTAL NUHBER OF HATRIX ENTRIES 

40 
120 
32 
65 

7800 
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PSIA 
F 

BBL 
BBL 
HBTU 

FT. / F 
FT. / F 
FT. / F 
/DAY/ F 
/DAY/ F 
/DAY/ F 

• 



INITIAL NODE INFORMATION .FOR LAYER 2 
$ DElWTES INITIAL CONDITlOll HODIFICATION 
& DENOTES PERHEAB IL ITY HOD IF I CATION 
* DEIWTES POROSITY MODIFICATION 

N X y TZ POR VOL p T SW SG 

2 o.o o.o 2587.5 0 .3 500 4083 .8 100.0 100.0 0.5000 0.0000 
4 33.0 o.o l 0349. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
6 33.0 33.0 10349. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
8 66.0 o.o 10349. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 

10 66.0 33.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0.5000 0.0000 
12 66.0 66.0 103 49. 9 O .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
14 99.0 o.o 10349. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
16 99.0 33.0 20699.7 0 .3 500 32670 .o 100.0 100.0 0. 5000 0.0000 
18 99.0 66.0 20699.7 0 .3 500 32670.0 100.0 100.0 0.5000 0.0000 
20 99.0 99.0 10349.9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
22 132.0 0.0 103 49. 9 0 .3 500 1633 5 .o 100.0 100.0 0.5000 0.0000 
24 132.0 33.0 20699.7 0 .3 500 32670 .o 100.0 100.0 0. 5000 0.0000 
26 132.0 66.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0.5000 0.0000 
28 132 .o 99.0 10349. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
30 16 5 .o o.o 10349.9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
32 165 .o 33.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0. 5000 0.0000 
34 16 5.0 66.0 10349.9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
36 198 .o o.o 10349. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
38 198 .o 33.0 103 49. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
40 231.0 o.o 2587.5 0 .3 500 4083. 8 100.0 100.0 0. 5000 0.0000 

. 
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I!HTIAL NODE INFORHATIOK FOR LAYER l 
$ DElWTES INITIAL CONDITIOll 1-lODIFICATlOl~ 
& DEl~OTES PERHEAB IL ITY HOD IF I CATION 
* DElWTES POROSITY MODIFICATION 

N X y TZ POR VOL p T SW SG 

l o.o o.o 2587.5 0 .3 500 4083 .8 100.0 100.0 0.5000 0.0000 
3 33.0 o.o l 0349. 9 0 .3500 16335.0 100.0 100.0 0. 5000 0.0000 
5 33.0 33.0 10349. 9 0 .3500 16335.0 100.0 100.0 0.5000 0.0000. 
7 66.0 o.o 10349. 9 O .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
9 66.0 33.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0.5000 0.0000 

11 66.0 66.0 l 03 49. 9 0 .3 500 16335.0 100.0 100.0 O. 5000 0.0000 
13 99.0 o.o 103 49. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
15 99.0 33.0 206 99. 7 0 .3 500 32670 .o 100.0 100.0 0. 5000 0.0000 
17 99.0 66.0 206 99. 7 O .3 500 32670.0 100.0 100.0 0.5000 0.0000 
19 99.0 99.0 10349.9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
21 132.0 o.o 103 49. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
23 132.0 33.0 2 06 99. 7 0 .3 500 32670.0 100.0 100.0 0. 5000 0.0000 
25 132.0 66.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0.5000 0.0000 
27 132 .o 99.0 10349. 9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
29 16 5.0 o.o 10349. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
31 165.0 33.0 206 99. 7 0 .3 500 32670.0 100.0 100.0 0. 5000 0.0000 
33 16 5.0 66.0 10349.9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
35 198 .o o.o 10349.9 0 .3 500 16335.0 100.0 100.0 0. 5000 0.0000 
37 198 .o 33.0 10349. 9 0 .3 500 16335.0 100.0 100.0 0.5000 0.0000 
39 231.0 o.o 2587. 5 0 .3 500 4083. 8 100.0 100.0 O. 5000 0.0000 
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INITIAL GRID INFORHATI01~ FOR LAYER 2 
* DElWTES PEREEABILITY HODIFICbTIOli 
$ DENOTES IRREGULAR ELEMENT 
&. DENOTES TRIANGULAR ELEHEl\T 

BLOCK TX TY SW NODE NW NODE SE NODE NE NODE 

$ 2 23. 8 23 .8 2 4 4 6 
4 47 .5 47 .5 4 6 8 10 

$ 6 23 .8 23.8 6 10 10 12 
8 47. 5 47 .5 8 10 14 16 

10 47. 5 47. 5 10 12 16 18 
$ 12 23.8 23.8 12 18 18 20 

14 47. 5 47 .5 14 16 22 24 
16 47. 5 47. 5 16 18 24 26 
18 47. 5 47. 5 18 20 26 28 

$ 20 11.9 11. 9 20 28 28 20 
22 47.5 47. 5 22 24 30 32 
24 47. 5 47. 5 24 26 32 34 

$ 26 23 .8 23.8 26 28 34 26 
28 47 .5 47. 5 30 32 36 38 

$ 30 23 .8 23.8 32 34 38 32 
$ 32 23.8 23.8 36 38 40 36 

INITIAL GRID INFOR11ATION FOR LAYER 1 
* DENOTES PERMEABILITY NODIFICATION 
$ DENOTES IRREGULAR ELEUENT 
& DENOTES TRIANGULAR ELEHENT . 

BLOCK TX TY SW NODE NW NODE SE llODE NE lWDE 

$ 1 23. 8 23.8 1 3 3 5 
3 47. 5 47. 5 3 5 7 9 

$ 5 23.8 23.8 5 9 9 11 
7 47. 5 47. 5 7 9 13 15 
9 47. 5 47. 5 9 11 15 17 

$ 11 23 .8 23.8 11 17 17 19 
13 47 .5 47. 5 13 15 21 23 
15 47. 5 47. 5 15 17 23 25 
17 47 .5 47. 5 17 19 25 27 

$ 19 11.9 11.9 19 27 27 19 
21 47. 5 47. 5 21 23 29 31 
23 47. 5 47. 5 23 25 31 33 

$ 25 23.8 23.8 25 27 33 25 
27 47. 5 47. 5 29 31 35 37 

$ 29 23.8 23.8 31 33 37 31 
$ 31 23 .8 23.8 35 37 39 35 
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THIE PAGING DATA 

IN IT lAL THIE 
FINAL TIHE 
INITIAL THIE STEP LENGTH 
HAXIHUl-1 THIB STEP LENGTH 
HHHHUH THIE STEP LENGTH 
HAXIHUN ALLOWED TOTAL DENSITY CHANGE 
HAXIHUM ALLOWED PRESSURE CHANGE 
NONLINEAR CONVERGENCE CRITERIA ENERGY 
NOl~L IN EAR CONVERGENCE CRITERIA .tl.iASS 
EPSILON FOR FIXED NEi-lTON 

0.00000000 DAYS 
2190.00000000 DAYS 

0.50000000 DAYS 
20.00000000 DAYS 

0.00100000 DAYS 
1.00000000 LBS./ CU. FT. 

1000.00000000 LBS. / SQ. IN. 
0.10000000 BTUS /CU.FT. 
0.00100000 LBS /CU.FT. 
0.00000000 

WELL DATA ON A FULL PATTERN BASIS 

tlUHBER OF WELLS 
STEAH GENERATED PER POUND OIL 

DATA FOR WELL NUMB ER 
X LOCATION 
Y LOCATION 
COLD WATER EQUIVALENT INJECTION RATE 
SA.NDFACE STEAM QUALITY 
SANDFACE TEHPERATURE 
NA.XlNUH SANDFACE PRESSURE 
INJECTIVITY INDEX 
GEOl·IETRY FACTOR 
LAYER ALLOCATION FACTORS 

RATES LOGGED FOR WELL 

DATA FOR WELL NUMBER 
X LOCATION 
Y LOCATION 
COLD WATER EQUIVALENT INJECTION RATE 
FLO\-ilNG BOTTON HOLE PRESSURE 
PUHP LAYER 
PRODUCTIVITY INDEX 
GEOMETRY FACTO?. 
LAYER ALLOCATION FACTORS 

RATES LOGGED FOR WELL 

2 
13.36000000 LES. / LBS. 

l 
0.00000000 FEET 
0.00000000 FEET 

300.00000000 BBL/ DAY 
0.70000000 

400.00000000 F 
1600.00000000 PSIA 

19.60000000 BBL/ DAY/ PSIA 
0.12500000 • 
0.50000000 
0.00000000 

2 
231.00000000 FEET 

0.00000000 FEET 
-50000.00000000 BBL/ DAY 

50.00000000 PSIA 
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l 
630.00000000 BBL - CP /DAY/ PSIA 

0 .12500000 
0.50000000 
0.50000000 



1/0 DATA 

SUI-::.1:lARY SHEET OUTPUT FREQUENCY 
PROPERTY OUTPUT FREQUENCY 
RECOVERY lNFORHATION OUTPUT FREQUENCY 
PLOT OUTPUT FREQUENCY 
RESTART FILE OUTPUT FREQUENCY 
CHECKPOINT STOP FREQUENCY 
TROND TYPE DATA SAVED 

PLOTTll~G lNFORl'.LATlON 

lNFORl-~ TlON FOR PLOT 
PLOT HADE OF THE TEMPERATURE 
LAYER IN SlHULATlON 
NUHBER OF CONTOURS 
HINIHUM COllTOUR VALUE 
NAXIHUN CONTOUR VALUE 

INFORMATION FOR PLOT 
PLOT MADE OF THE TEMPERATURE 
LAYER IN SIMULATION 
NUHBER OF CONTOURS 
HrnINUH CONTOUR VALUE 
HAXINUH CONTOUR VALUE 

365.00000000 DAYS 
365.00000000 DAYS 

30.00000000 DAYS 
1095.00000000 DAYS 
3000.00000000 DAYS 
3000.00000000 DAYS 
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l 

2 
l 

300.000000 
300.000000 

2 

l 
l 

300.000000 
300.000000 / 



NODEL STATISTICS 

TIME 
TIHE STEP LENGTH 
NUHBER OF THIB STEPS 
l:UHBER OF TIHE STEP REDUCTIONS 
TOTAL NUHBER OF FUNCTION EVALUATIONS 
NUMBER OF FULL STEPS 
NUHBER OF FIXED STEPS 
NUHBER OF NEWTON IAN ITERATIONS 
NUNEER OF NEWTON ITERATIONS / TH1E 
INSTANTANEOUS STEAM / OIL RATIO 
CUHULATIVE STEAH / OIL RATIO 
OIL USED. TO GENERATE STEAH 
NOBILITY RATIO 
GREATEST WATER DENSITY CHANGE 
GREATEST OIL DENSITY CHANGE 
GREATEST PRESSURE CHANGE 
INDEX OF CELL - LARGEST WATER CHANGE 
INDEX OF CELL - LARGEST OIL CHANGE 
INDEX OF CELL - LARGEST PRES. CHANGE 

BALANCE INFORHATION 

COHP. UNITS BALANCE ORIGINAL 

WATER BBLS. 1.0000 25692.70 
011 BBLS. 1.0000 2543 9.08 
ENER. HBTU. 1.0000 2454. 43 

734.77144662 DAYS 
19.46245568 DAYS 
83 

0 
307 
224 

0 
3 
2.69879518 
2.40930026 LBS. / LBS. 
4.21870314 LBS./ LBS. 

2 06 2 • 41 9 8 53 92 BBL S • 
115.33931599 

0.28140112 LBS./ CU. FT. 
0.66440733 LBS. /CU.FT. 

13.33139607 LBS. / SQ. IN. 
22 
22 

2 

INJECTED PRODUCED 1N PLACE 

/ 

27553.93 15551.71 376 94.88 
o.oo 6898.11 18541.02 

9146. 92 478 .60 80 91. 73 
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LOST 

• 

3031.01 



DETAILED i!ELL rnFORllATIOl~ AT TIHE 734. 77 DAYS 

DATA FOR INJECTOR 1 
X LOCATION o.o FEET 
Y LOCATION o.o FEET 

LAYER INJ. INDEX BHP vlATER 
BBL / DAY / PS I.A PSU BBL/ DAY 

l 9.800 871.38 300.00 
2 0.000 870.75 o.oo 

TOTAL 9.800 300.00 

DATA FOR PRODUCER 2 
X LOCATION 231.0 FEET 
Y LOCbTION o.o FEET 

LAYER PRO. INDEX BHP WATER OIL i·lATER CUT 
BBL / DAY / PSIA PSI.A BBL / DAY BBL/ DAY PERCEln 

1 0.776 50.00 189.15 61.27 0.76 
2 0. 514 37.37 104. 40 63.25 0.62 

TOTAL 1. 2 90 2 93. 55 124.52 0.70 
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RESERVOIR DATA FOR EACE COHPUTATIONAL l-lOLECULE 
THiE 7 3 5. 
LAYER 2 

N X y p T SW SG so 

2 o.o o.o 828.6 522.3 o. 7 55 0. 168 0.077 
4 33.0 0.0 826.0 521. 9 0.736 0 .184 0 .080 
6 33.0 33.0 825.4 521.8 0. 7 48 0.168 0.084 
8 66.0 o.o 824.1 521.6 0. 77 4 0.132 0 .o 94 

10 66.0 33.0 823. 9 521.6 0.784 0.118 0 .098 
12 66.0 66.0 823. 5 46 9. 9 0.845 0.000 0.155 
14 99.0 o.o 822.2 521.4 0.811 0.081 0.108 
16 99.0 33.0 822.3 463.0 0.844 0.000 0.156 
18 99.0 66.0 822.2 243. 5 0.664 0.000 0.336 
20 99.0 99.0 821.6 13 9.4 0.544 0.000 0.456 
22 132.0 o.o 817.6 325.9 0. 7 37 0.000 0.263 
24 132.0 33.0 817.5 236.6 0 .6 56 0.000 0 .344 
26 132.0 66.0 817 .6 142 .8 0. 551 0.000 0.449 
28 132.0 99.0 819.1 117 .2 0.517 0.000 0.483 
30 165 .o o.o 7 93 .8 158 .8 0.573 0.000 0 .427 
32 16 5.0 33.0 7 95. 4 13 5. 8 0.546 0.000 0.454 
34 165 .o 66.0 803. 9 118 .3 0 .523 0.000 0.477 
36 198 .o o.o 718 .o 115 .5 O. 524 0.000 0 .476 
38 198 .o 33.0 733.0 115.4 0. 523 0.000 0 .477 
40 231.0 o.o 363.8 112 .2 0.520 0.000 0 .480 

• 
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RESERVOIR DATA FOR EACH CO!,~PU TAT I ONAL HOLE CUL E 
TH1E 7 3 5. 
LAYER l 

N X y p T SW SG so 

l o.o o.o 840.8 524.0 0.805 0.108 0.087 
3 33.0 o.o 835 .2 523 .2 0.871 0 .047 0.0.82 
5 33.0 33.0 835.3 523 .2 O. 8 95 0 .018 0 .088 
7 66.0 o.o 834.6 459.2 0 .8 97 0.000 0.103 
9 66.0 33.0 834.5 414.8 0.877 0.000 0 .123 

11 66.0 66.0 834.6 298.6 o. 7 58 0.000 0.242 
13 99.0 o.o 833.l 335.3 0. 7 95 0.000 0.205 
15 99.0 33.0 833.4 284.8 0. 7 42 0.000 0.258 
17 99.0 66.0 833.6 186. 5 0 .623 0.000 0.377 
19 99.0 99.0 833.0 131. 7 0.552 0.000 0.448 
21 132 .o o.o 828.0 220 .8 0.665 0.000 0.335 
23 132.0 33.0 827. 9 184.0 0 .621 0.000 0 .3 7 9 
25 132 .o 66.0 828 .3 134.0 O. 556 0.000 0.444 
27 132.0 99.0 830.5 116 .6 0.532 0.000 0.468 
29 165 .o o.o 802.2 150. 9 0. 581 0.000 o. 419 
31 16 5 .o 33.0 804.4 134.0 0.558 0.000 0. 442 
33 165 .o 66.0 814.l 119. 5 O. 538 0.000 o. 462 
35 198 .o o.o 7 26 .2 122.0 0 .543 0.000 0.457 
37 198 .o 33.0 7 41.2 121.3 0. 542 0.000 0.458 
39 231.0 o.o 37 2. 7 119.6 O. 540 0.000 0.460 

l•lAXIHOH NET OIL RECOVERY AT 1596.131 DAYS 
PERCENT OF OOIP RECOVERED IS 50.355 % 

. 

STEAH BREAK THROUGH AT WELL 2 AT TIHE 93 5 • 2 7 0 DAYS 
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Figur-e 2 
lsother-m of 300 
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