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ABSTRACT 

Reservoir simulation computer programs are an integral part of the 

modern petroleum engineering effort. Mathematical models are 

developed to describe the three-dimensional, multiphase flow in a 

black-oil reservoir, and converted to finite difference form. Then 

the subsequent linear algebraic systems are solved, and the results 

are evaluated. However, as anyone who has ever tried to develop a 

simulation program will testify, there is a big gulf between the basic 

theory and a working computer code. This paper has been devoted 

primarily to the programming aspects of the finite difference 

technique. Many of the program subroutines are suitable for use in 

other programs. 

GOWSIM, GWSIM and WSIM are designed to be easy-to-use programs 

which are suited to simulation of primary depletion, pressure 

maintenance by water and/or gas injection, waterflooding, gas 

reservoir with active water drive, and single phase aquifer reservoir 

model. These simulators contain only an IMPES formulation with direct 

elimination (BAND) and line successive overrelaxation with additive 

corrections method (CLSOR). These simulators can function as an 

inexpensive tool for performing a variety of reservoir simulation 

problems. 
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CHAPTER 1: DERIVATION OF GENERAL FLOW EQUATIONS 

Introduction 

A numerical reservoir simulator is a computer program capable of 

solving the difference equations for flow in porous media. The 

difference equations are obtained by substituting Darcy's Law intc 

the continuity equation for each phase. Darcy's Law is essentially 

the rate equation that describes the relationship between the flo~ 

rate and pressure gradient for single-phase flow in porous media; 

however, it has been extended to describe multiphase systems in 

reservoir engineering applications. 

1.1 Darcy's Law 

In 1856, Henry Darcy (1) proposed the concept of permeability that 

defines the ability of a rock to transmit fluid. Darcy's law states: 

"The rate of flow of a homogeneous fluid through a porous media is 

proportional to the pressure gradient and to the cross-sectional 

area normal to the direction of flow and inversely proportional to 

the viscosity of the fluid." 
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The differential form of the relationship is: 

• • • • 

where 

- superficial phase velocity vector 

<> 
K - absolute permeability tensor of the porous media 

/1p - phase viscosity 

~p - phase density 

~Pp - phase pressure gradient 

- elevation 

~ ),,-

The permeability tensor (K) used in Eq.(1.1) must be determined 

experimentally. For most reservoir engineering evaluations, it is 

normally assumed that the reservoir co-ordinates are parallel to the 

principal axes of the permeability tensor, thus making permeability a 

diagonal tensor. 
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is 

L 
T 

< > 
K::. 

If K - K - K, the mediwn is said 
X y z 

anisotropic. A dimensional analysis 

~ > < > 
.K R K -- -- • -
M/(LT) L2 T2 LT 

< > 2. 
K -'L • 

to be isotropic, otherwise 

of Eq.(1.1), yields 

• (1-Z) 

2 Eq.(1.2) shows that the unit of permeability is (length) . 

1.2 Mathematical Model for Three-Dimensional, Three~Phase Flow 

To construct a mathematical model for reservoir simulation, we 

it 

have to formulate first the mathematical equations which govern flow 

of fluid within porous media, using the physical laws th~t apply. 

These governing equations form the basic building blocks of a 

nwnerical simulator and are developed by combining the following: 

1. Conservation of mass. 

2. Rate equation (Darcy's Law). 

3. Equation of state. 
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Conservation of Mass 

Consider the simultaneous flow of three immiscible phases (gas, 

oil and water) each of which contains N chemical components in a 

single reservoir element (Fig. 1.1). Three phases are flowing into 

and out of the element in the x, y and z directions. 

Let Cip be the mass fractions of the ith component in the gas, oil 

and water phases, where 'i' implies component and 'p' implies phase. 

Applying the Law of Conservation of Mass to the ith component, we havP. 

during an interval ~t: 

Mass in Mass out Mass accumulation 

of Component 'i' of component 'i' - of component '-i' 

in reservoir element 

Mass In 

( Clg e9 \t 9,c + Cio eo "ox+ C lW eC>J \J \JJX) X ~ lJ 1st. At + 

( Cigeg \Jg'.t f Cioeo \l~ + Ciwelll t,lJ.l9) .6Y.Ai.At + 
y 

( c. e u + c. e \j + c. e u ) '6)(.~lJ~t . 
•9 9 9i: lO a o=e: tt,J c.v ul=l: ~ .:1 

-4-

• 

... ( 1 . 3) 

(1-4) 





where 

cig - mass fraction of component Ii I • phase in gas 

c. mass fraction of component Ii I • oil phase - in 
10 

ciw mass fraction of component Ii I • water-phase - in 

pg - gas phase density 

Po - oil phase density 

PW - water phase density 

l:lx - length of reservoir element 

l:ly - width of reservoir element 

~z - thickness of reservoir element 

l:lt - incremental time interval 

V - x-direction component of gas phase velocity 
gx 

V - y-direction component of gas phase velocity 
gy 

V - z-direction component of gas phase velocity 
gz 

V - x-direction con1ponent of oil phase velocity 
ox 

V - y-direction component of oil phase velocity 
oy 

V - x-direction component of water phase velocity 
wx 

V - y-direction component of water phase velocity 
wy 

V - z-direction component of water phase velocity 
wz 
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Mass Out 

( c. e u +c. e \j + c e u , ~lJ6=t6t + 
l9 9 9)( lO O 0)( l(A) tu <.vX I ~ 

x+Ax 

( CL9 eg U9Y + Cio eo uo~ + C4A) ew \J lJJ ) AxA-c&t + 
9 8+A~ 

(Ci:9e909~+cioeoll"o:a + et e \J ) ~)(.4~~t + 
tu t.O ~ ~+A:z: 

~. AXA~ .A~ At . . . 
'\, 

• (1-5) 

In Eq.(1.5) we have added a source or sink (injection or 

production) term q., which equals the mass rate of production of the 
1. 

ith component per unit volume of reservoir element. 

implies injection. 

Mass Accumulation 

( ,.,(c. e s + ~c. e s + ~ c. e s ' -~ 1.9 9 9 l() 0 0 UJ) w (J.) ) t +.6.t 

A negative q. 
l 

(cfC~f:9 S9 t cpci.oeoso + SbC.:(l)eW so) )i L\XA~A-l: • • 
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First combining Eqs.(1.4), (1.5) and (1.6); then dividing it by 

AxAyAzAt and rearranging gives: 

- ~~ (Ci.ge9u~+ Cloeo~o,c +cl.C.J.)e())uliJX)X+6; 

(CUJ~ug:x+ctoeo u~" + ci.we())v(JJX)x -

~y ( c~9 e9 09~ + ci.o eo ~oy + cioJ eu) t, IJJ.Y) y +4~ -

( Clg e~ \) ~~ + C '° eo oo8 + C .:u1 el.\) lJ wg )y -

1 (C e \.) +c. e (j + c. e u ) _ 
A=t. ig 9 9-t lO o o~ lul tu ~ -c+6 =t: 

( c~e9u9~ +c(oeouOi;-+ clu)euluuJ~)~ - <11~ 

1. rAJ(c e s + c. e s + c. e s , -
At I ig 9 9 LO O O t(.u ti) (.I) It +At 

<p ( Ct9e9s9 + C'(J e0S0 +CL<Al(, S~)-t . • 

where 

tJ, - porosity 

S , S , S - gas, oil and water phase saturations respectively. g O W 
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In the limit as ~x. ~y. ~z and 6t tend to zero, Eq.(1.7) becomes: 

-~(C. e ll'cw+C. e u +C. e ~ )-£.re e LJ +C. eu +C: e lj ) 
~ l9 9 .Jn lO O 0)( lo:) u) u):,( a~ \. ~9 9 98 (0 0 0~ Lu) c.,.) u)~ 

- ~ (C e t, + C. € t, + C e L7 ' - a, b .. 

~ l9 9 9~ LO O 0c ((I) tu ~ I -v t 

& rj.,(Ci.9e9s9 +c<oe0S0 + cl(J)eul'Su>) . . . . (1-S) 

Introducing the notation of divergence (2), 

di\/ (Cr e9~· + C. e-ef + C. e ~ ) 
"9 J lO O O lo.1 ul U) 

-+ ~ )-) 
- ~. ( c~eg uca + clDeo tjo + clu)e(J.) t,u.) 

a 7 a 7 a 4) (C e ~ c o ~ e =r) = ( 87( 'l + qi J + °ai k • ~9 9 (.)9 + i.o "-o "'o + cl.Lu t.i:> ljU) 

( a-;,- a -='" a~ Ii e -:r -t- 'r 

= ~ t + ~a +~~) .\.c'-9 9"sxt +ci!J~ l)gyJ +cige9u9f + 

7 ~ )- 4"9 )-

cibeo iJ0,_i +C1oe0 ~y j +cine0 u0r:k + C.:wew'-'W')C~ +ctu>ewov.)~j + 
1 )-

cUiJeuJ uc»ck ) 

- &cclgesugx+cioeo oox +cl(J)etA> \jll))l) + 

i ( Cig ~ l)gy + C&-0 e0 o 0<J + C Lw elA) U ~.9) + 

tc clge9 uge t cio eo l>oa t ci.u)ec.o ot.02) · . ( 1.-9) 
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Equating Eqs.(1.8) and (1.9), we obtain the "continuity equation 11
• 

_..~ ~ ~ 

--"·(c. e"' +c. ell +c. eu1oo.1)- cir. "9 9 9 lO O O \CJ.) 11,. 

-

<j,( c"3e9 s9 + ·clO e0 S0 + Ci.u:> ec.0 Su)) 

• • • . ( j _10) 

Rate Equation 

Darcy's Law for multiphase flow is: 

• • (1-11) 

where 

(K) - effective permeability of rock to fluid 'p' when more than 
e p 

one fluid is flowing. 
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"· 

a -'at 

Substitution of v in Eq.(1.10) gives: 
p 

- ·9,. 
l, 

1.3 Relative Permeability Phenomena 

• • 

Whpn more than one fluid flows through a porous media, the fluids 

interfere with each other and each fluid experiences effective 

peillij!ability lower than that if it alone occupied the pore space. The 
• 

relative permeability is defined as: 

(~~P- ~ 1 
K . 

• • • • ( 1-13) 

where 

~ ).,-

K - absolute phase permeability and is a function of fluid 

saturation. 

Substituting (Ke)p in Eq. (1.12), we obtain 

-11-



V. 

+ - 9/. 
\, 

1.4 Black-Oil Reservoir Simulator 

Most reservoir simulators are classified into three general groups 

acc9~ding to the type of reservoir they are intended to simulate. 

They are gas reservoir simulators, black-oil reservoir simulators and 

compositional reservoir simulators. Gas reservoir simulators may be 

either •ingle-phase or two-phase models depending on whether or not 

mobile water is present. 

A black-oil reservoir simulator, on the other hand, is capable of 

simulating those systems where gas, oil and water are all present. 

Usually, mass transfer is accounted for between the gas and oil 

phases. This chapter provides detailed information concerning the 

development of a three-dimensional, three-phase black oil simulator. 

The formulation is then modified to model a two-phase gas reservoir, 

and also a simple single ph~se aquifer model. 

-12-



For the black-oil model we assume that the oil phase consists of 

only two components, the dissolved gas and the residual or black oil 

that remains when the gas is liberated from solution. We make 

assumptions that no mass transfers occur.between the oil and water 

phases. Gas is assumed to be soluble in both oil and water. A one-

way phase tran_sfer occurs between the gas and oil and also betw·een the 

gas and water. This means the gas phase can be transported both in 

the oil and water phaes but the oil and water do not vaporize into the 

gas phase. These assumptions lead to the following conditions. 

Gas Eba§e O!l Phase 
. 

Water Pbase 

• C ~1 
m· 

C 'Tfl.9 Gas Component ego= 9 --. 99 mg+mo 9ol 'Tl't.9 + 'TI\. <.,J 
. 

• 

-

Oil Component C -- 0 C ,yno 
C - 0 - -- -og 00 ~+mo ~ 

. 

C 0 C 
rmw 

C -0 - -- -Water Component - <>-kl ww <Jl9 rm.9 + 'TQU) 

I 

where 

m,m, 
g 0 

m - masses of gas, oil and water phases respectively. 
w 

-13-



formation Volume Factors 

The Oil formation volume factor (B) is defined as: 
0 

B 
0 

---- Ya 
Vose 

• • • 

where 

(1-1Co) 

V - oil volwne containing dissolved gas at reservoir conditions 
0 

V - dead oil volwne at standard conditions 
osc 

Since 

or 

e = ose 

B 
0 ---

'mg +'n'lo 

) e= 0 

'YYlg + rrn.o 
-------· 

--

eo 

C = oo 

-14-
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) 

• 



where 

p0 
- reservoir oil density 

P - dead oil density at standard conditions 
osc 

Similarly we can show that 

C --ll>(A) • 

where 

P - water density at standard conditions 
wsc 

~ water density at reservoir conditions 

- water formation volwne factor 

Solution Gas-Oil Ratio 

Solution gas-oil ratio (R ) is defined as: so 

Rso --- Vssc - l or 

'lase 

Rsa= rmg/c>ssc - ~~ - • • ~1eosc "11.o e9Sc 

-15-
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Now we calculate for 

C = 90 

--

rm.9 -------
rrn9+mo 

C Rsoegsc 
oo e 

osc 

----· 

• • 

Subsitituting Eq.(1.17) for C in Eq.(1.20), we get 
00 

• 

Similarly, we can show that 

C = 9ul 

where 

R - solution gas-water ratio SW 

-16-
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Gas form~tion volume factor (Bg) ·is defined as: 

B-9 ...... 

Now we have: 

Gas Component 

Oil Component 

Yater Component 

--

Ga§ Pbas~ 

c·=.1 
99 

C =o 
09 

C -o ~-

--

Oil fhase 

cso= Rso~sc 

eoBo 

C e~e --00 eoso 

C -- 0 ---lOO 

• • C 1-23) 

Water Phase 

C - RSI.I:) fgSc -gw ewsw 

C -0 -Ou) 

C eWSc --Wu) 

ewBw 

• • 

From Eq.(1.14),· we begin to derive oil equation first. 

V. 
~~ 

eosc e0 K k'lt> 

eo Bo~O 

-17-
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v. 

'v. 

a -at 

Dividing Eq. (1.25) by p , we get tl1e tloil equation". 
osc 

~ ) 

K Rro (vP - e'll) -
8 ll O 0 
0/ 0 

Similarly, we can have the "water equation" as: 

ctfw -- ---
eWSc 

Finally, the "gas equation" is: 

< ?' 
R e e Kk 

so gsc O 'fO lvP - ev~) 
es ilo \.o 0 

0 0 ,-! 
~ )r e Kk 

o) rrw (VP - e v~) 
fLw w w - Cl! 

9 

s9 + es 00 e B (J.)(J.) 
Oo WW 

-18-
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Dividing the above equation by p , we get gsc 

a 
at 

Phase Mobilit}! 

Phase mobility (~p) is defined as: 

• 

k - relative permeability 
rp 

µ - phase viscosity 
p 

• 

-19-

--

• • (1-Z8) 

( 1-29) 



Substituting A in Eqs.(1.26), (1.27) and (1.28) gives p 

Oil Equation 

Water Equation 

. . 

Gas Equation 

• • 

-20-
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Capillary Pressures 

Capillary pressure is defined as the difference in pressure 

between the wetting and non-wetting phases. Considering the wetting 

phase to be water and the non-wetting phase to be oil the oil-water 

capillary pressure may be written as: 

p 
c.ow -- ? _-p 

0 W 

and the gas-oil capillary pressure as 

• • ( 1.-~) 

Then and 

? + 1? o ego 

Substitution of P and P in Eqs.(1.30), (1.31) and (1.32) gives 
w g 
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Oil Equation 

Let 

Cct =- - 'v :1{ ( 7'~ ) e0 v:c 
0 

Then Eq.(1.36) can be written in another form as: 

-< > 
\l. K ( ~ )V~ + CG0 -

0 

--

-22-



Yater Equation 

v1.~(~01 )(vP _ w ~ ev-z)- C\to:i 
B o c.ow w P w '"u}Sc 

• 
' 

Let 

The water equation becomes: 
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Gas Equation 

-< > 

+ Rsw /\w ('vP - v7P - e v~) - CU.9 
B o cow w e 

w gsc 

0 rA 1. ~ Rso So :R.sw Sw ) 
at 1 '- B + B + B 

9 0 w 

Let 

-

c~= v.1( 'As (VP - e >lr.) _ R~ A0 ew 
B ego 9 B o 

3 0 

_ .K$W Aw (vP + e vr.) . ( 1-44) 
B CDW w 

w 
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Substituting CG in Eq.(1.43), we obtain: g 

<> 
v7.K 

l1J9 ---
essc 

• 

1.5 Formulation of the IMPES Method 

• 

vf' +cG 
0 g 

Rswsw) 
+ B w 

Having derived the governing equations for multiphase flow, we 

must now solve Eqs.(1.38), (1.41) and (1.45) to obtain the spatial 

distribution of pressure and saturation of each phase in the porous 

media. The two basic methods for solving multiphase equations are: 

1. Simultaneous solution (SS) method. 

2. Implicit pressure-explicit saturation (IMPES) me~hod. 

The essence of SS method will be discussed briefly because this 

study is directed at applying the IMPES method for solving the 

multiphase flow equations. In 1959, Douglas (3) first proposed a SS 

method that writes the saturation derivatives on the right hand sides 

of Eqs. (1.38), (1.41) and (1.45) in terms of the pressure derivatives 

and then solves the resulting equations simultaneously. The detailed 

discussion on SS method can be found in many reservoir simulation 

literatures (4, 5, 6, 7). 
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The IMPES method (8), on the other hand, combines the individual 

phase equations into a single, multiphase equation based on pressure, 

and then solves the pressure equation implicitly for the pressure 

distribution. After the pressure solution is obtained, the 

saturations are explicitly updated by substituting the results in the 

Eqs(l.38), (1.41). When S and S are known for new time level, the 
0 W 

new capillary pressures are calculated, and then explicitly used at 

the next time step. The summary of IMPES method is shown in Figure 

(1.2). 

In evaluating pressures from the pressure equation, a problem may 

arise: How can we determine the pressures if the solution of the 

equation depends on the calculation of phase mobilities which 

themselves depend on these pressures? We can get out of this dilemma 

by letting all pressure - and saturation - dependent terms la5 behind 

the pressure terms. This is done by evaluating the mobilities and 

capillary pressures at the previous saturations and pressures. Implied 

in this approach is the assumption that the saturation and pressure 

values are not changing very rapidly. It is well justified in a large 

areal model study, for example, with well-distributed production and/ 

or injection rates. 
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QS.1 Equation 

v.Jt( Ao )''v? + CG _ 'lto = a ( ~~) 
B O O P ot B 

0 'use 0 

• (1-4£) 

Vater Equation 

• · ( 1 -49) 

Gas Eguation 
' 

• . . . ( 1-5o) 

-27-



Expanding the RHS of Eq.(1.48) and multiplying it by (B - R B ), 
0 so g 

we get 

• • 
" 
• ( 1-51) 

Expanding the RHS of Eq.(1.49) and multiplying it by (B - R B ). 
W SW g 

we get 
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Expanding the RHS of Eq.(1.51) and multiplying it by Bg' we get 

~ fP d~ +( ~ a~ _ ~cj> a~) 9~ ( :R50So dr/J 
~· at Eg ~· 'f -a~ at + ~ 0~ 

+ ~q,· d&r.o _ :RsoSo'P 3[\) a~ + Rswcfi a&.., 
80 Ofg s; 01a cri; 8w ot + 

Assuming that 
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Adding Eqs.(1.51), (1.52) and (1.53), we get 

q,9 ~ (aso asw d~) S 5 ~)a<p 
- egsc .. ·. r at +-at +a + ( o+ w+-s OP 

~ ~<f., aBa _ ~q> d ~ +!\So~ dRsc, + 
8c, a?· ~ d? 80 3:P 

• • • 

Since 

S0 + SIA + S.9 = 1 , 

aso a5w aq, = O 
~ +~+en; • • • 

-30-



Now the RHS of Eq.(1.54) becomes: 

0~ + Sif.>(-!.. d~ + ~ ~Rso) + 
a:P O B Ot' B ap 

s ~(-.!.. ~Bs) 
9 s of> 

9 . 

0 Q 

• • • 

As the oil, water, gas and rock compressibilities are identified 

as, 

• ( J._58) 

• • • 

• 

-31-



Subs ti tu ting c , c and c in Eq. ( 1. 56) , it beco1nes 
0 W g 

• • (1-Gi) 

Now defining the total compressibility as 

we would get the "pressure equation", in which no explicit time 

derivatives of saturations are present . 

• 

1.6 Pressure Equation 

(£%-~~) \7.lt( ~)v1? +CGO-t + 

( Bw-RswB9) v.Kc"a~)'vP +cGW -~ + 

• • • 

First numerically solving Eq.(1.62) for Pn+l, and then we would 

get S n+l S n+l using the calculated Pin Eqs.(1.48) and (1.49). S 
0 I W g 

is again determined from the equality S0 + Sw + Sg - 1. 
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Once Eq.(1.63) is solved for P, then S n+l 
w can be explicitly 

determined from Eq.(1.69) 

Using Swn+l, P is updated for new time level. 
cgw 

Aquifer Model 

This model considers only the flow of a single phase, water. 

Since no oil and gas are present in the system, the oil and gas phase 

J 

terms are deleted from the pressure Eq.(1.62) and we obtain the 

pressure equation for the aquifer model as follows: 

-- A. c aP 
~tat 
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Since only single phase is flowing in the system, relative 

permeability becomes unity. 

CG 
w 

~w 

et 

--

--

kn,,1 1 --
fw Pw 

c,.,. + cw • 

In Eq.(1.70), CG is defined as 
w 

• • 
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CHAPTER 2: FINITE DIFFERENCE APPROXIMATIONS 

Introduction 

By the application of the conservation of mass principle, we have 

now translated the three-dimensional, three-phase black oil model into 

a system of coupled, non-linear partial differential equations. 

Although many methods exist for obtaining analytical solutions of 

PDEs, they are primarily limited to linear equations with regular 

boundary conditions. For most practical situations, however, it is 

generally impossible to obtain exact or analytical solutions to the 

PDEs describing reservoirs because of their nonlinearities. Instead, 

finite difference approximation methods are used almost exclusively to 

treat such problems. 

2.1 Finite Difference Method 

Finite difference methods transform the nonlinear PDEs into sets 

of nonlinear algebraic equations which are solved for discrete points 

in the computational region. These algebraic equations are known as 
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the finite difference equations, and are derived by replacing the 

derivatives in the PDEs with algebraic approximations. To determine 

the discrete representation of derivatives, it is useful to review 

what a derivative means. Derivatives represent rates of change. A 

derivative contains information about the local variation of a 

function. Therefore, a difference approximation to a derviative can 

be achieved by using the Taylor series expansion of the function about 

a neighbouring point. Thus, expanding a function of four independent 

variables, say, P (x, y, z, t): 

Pcx +6')( ') y ,r: ,t) = 1?cx J~ ,~ ,t) + D.X ( aP ) 
Ox ± 2 r2. 3 3 x,y,~, 

+ (AX) ( oJ) ) + (AX) ( d p ) 
2. ! 'ox~ x,~,z,t ~ l 0><3 x~ ~ ,~,t · 

where .. 

Solving for 

( a:r) . . 
ax xy t -> ,~, 

aP 
'ax , 

'f'(x+~x,y ,~,t) - :f'(x,y,r:;t) 
~x 

- &. ( t'P) 
z 'c)xZ x* u :z t 

) ;J ,~, 

-36-
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t 

( af>) -
Ox x,~,~;t 

P.. . L, -
t+1,~,1' (2.-3) 

where O(~x) denotes terms containing first and higher powers of 8x, 

which is known as the truncation error. If this error is neglected 

from Eq.(2.3) what we would get now is called the finite difference 

approximation to the first-order derivative at the grid point (x, y, z 

or i~x. j~y. ~z or in short i, j, k) at time level t. That is, 

t 
P.. . L. 

l+i ,.J '" ·-

6X 

t 
p. .b '<)~ (2-4) 

Eq.(2.4) is referred to as a 'forward difference approximation'. 

Similarly we can expand P(x - ~x. y, z, t) about the point (x, y, z, 

t)as: 

-37-



where 

Solving for 

approximation~ 

3? 
Ox 

t 
P. .. '8 -

\j" 

, we obtain a 'backward difference 

t 
p. . L. 

"t -.1, j) ~ (2-Cu) 

In both the forward and backward difference approximation, the 

error is of the same order, that is , O(~x). On the other hand, the 
• 2 

centered difference is of high order, since the error term is O(~x) . 

The 'centered difference approximation' is derived from substracting 

Eq.(2.5) from Eq.(2.1) and rearranging it gives: 

t 
?,. • L 

t+1,j >K 

t 
- P. . L. '\.-1,J J ~ 

• 

In a similar manner we can obtain an approximation for the second 

derivative by adding Eqs.(2.1) and (2.5) and rearranging it gives: 
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t t 
Pt. 1 · L, _zp. ·t. 

- Jj '" \,j" 

which is of second-order accuracy. 

t 
+ :P. . 

1..+1.,j,k 

We have noted in the pressure equation and the phase-saturation 

equations the very frequent occurence of the second derivative of the 

form: 

a K (.1) 3fp 
'X B ox p 

(Z-q) 

The terms in Eq.(2.9) are readily seen to be nonlinear because :K-(~) 
Bp 

is function of pressure and position. Although analytical methods of 

solution for linear equations normally fail to cope with nonlinear 

differential equations, the finite difference method can be applied 

without modification to both linear and nonlinear problems. Now, we 

would try to approximate the function derivative, say,~ [K (/lf.)~J 
ax X Bp ax 

because it is the only approximation we need for our purpose. Using 

the block-centered grid system (Fig.2.1). 
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_, 1("" (~) aP 
Let 't' = K)( Bp Ox ) then using a central difference 

approximation, we can write as: 

a1Jf 
Ox 

~+J. 
2. 

~I i+-
2 

-- if i+°t - l}Si--k 

and 

X. ,-x. I 
i+- 1...--

2. 2 

)(. 
t, 

(Fig.2.1). 

~ i I ~--2 

are determined as 

X· - x. 1 1., 1,-
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Substituting Eqs.(2.11) and (2.12) in Eq.(2.10), we obtain: 

l K (/\r)aP 
ax x ~ Ox 

( /\p ) K ( ) z (-n o ) . 
- • 1 A A~. r. - l • 

B ' 1 X,t,-- Yi 1, AX, +L::.'X. ,., 1..-.1.. 
p t,__ Z 1, 1'-1 

z 

(2-14-) 

Assuming that the cross-sectional area remains constant from 

block to block, Eq.(2.14) can be written as: 

(~.b.~.Ai;..) ~ K (~)a? 
1, 11 1., ax x B 8}( p 

-(~ "\ (K~). 
1 

Z( P;_ - Jt_1} 
8 ). 1 t---- At. +AX· 1 

p i.-- 2. "\, 1., -

2. 
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We still have the task to determine a suitable average for each 

of ( ~} and KA. Industry experience (Crichlow(l977) for example) 

has shown that use of a phase mobility in the block which has the 

larger phase potential of the two neighbouring blocks yields more 

reliable results. Thus, we use the value of the phase saturation of 

the upsteam block at time level 'n' to determine an upstream phase 

relative permeability. This is then combined with the arithmetic mean 

values of the phase viscosities and phase formation volwne factors. 

( ~) -B · 1-P ,, __ 
z 

I 

2.2 Evaluation of Transmissibilities 

• 

Hence, we will derive a useful formula for a mean harmonic value 

of KA product. Supposing the transmissibility is piecewise constant 

with interface between (i) and (i-1) blocks (Fig.2.2). 

?. - 1.,-1. 

~p 

)(i-1 

. . . • • • • • • • • 1 . . . . . . 
• • • • • 1 . . ' . . . . . 

• • • • • • • • • • • • • 0 . . I 
• I I e • • • • . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . 

X. 1. ,., __ 
z 

(Fig.2.2). 
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Then the flow rate between block (i) and block (i-1) is 

--(o)p 
?: -B 1'-1 1., 

• 
( z_1=r) 

-
is calculated from Eq.(2.16). KA is an equivalent 

permeability-cross·sectional area product for block (i-1) and block 

(i). 

Applying Darcy's law to each shaded volume element with 

homogeneous physical properties: 

and 

• • 

-43-



where 

Pf - the pressure at the interface. 

Elimination of Pf from Eqs.(2.18) and (2.19) yields 

P. _P.i = ~~ (~) 
t.-1 z p '\ /\p o.v9 

AX• 1 t,_ ---+ 
(KXA). 

'l,-1 

• • 

Substitution of Eq.(2.20) into Eq.(2.17) and solving it yields KA 

as 

KA -

+ 

which is equivalent to ( Kj\-)1,_!.. 
z 
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Similarly (K A) can be determined using Eq. (2. 21). 
y:'- - i, + .!.. 

z 

~x. + ~x. 
1., 'l, + 1 

(2-ZZ) 

Substituting Eqs.(2.16). (2.21) and (2.22) for (.?'-J) and KA 

. p 
in Eq.(2.15), we obtain 

4 k-,,p I Uf~ '(e{l.11\. 2. ( Kf\ )'\-( K><A)"-+1( 'Pi.+1.- '.P,t) 

AX\. ( K~ ).t+ 1 + A'X i+/ Kj\. )i. 
- ---~----------~~---

2.cKA)i,(K"A)i._1 (P'- - '.Fl-1) 

6.Xt,(K~\ __ 1 + ~)(1,_1 (KxA.)\, 
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4 k,YP1u.pst'feam 
-----------------------· 
(fp{t +/Lp,t.+1)(Bp,i. +Bp,i+i) 

• • 

• 

• 

and A . 1. p,-\--- are called the 'finite 
2 

difference transmissibilities' between (i) and (i + 1), and between 

(i) and (i - 1) blocks. Substituting Eqs.(2.24), (2.25) and (2.26) 

into tq;(2.23), we obtain 

V a 
Bo>< 

K (~P )a? 
x B e1' p 

• • . (Z-ZT) 
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Using a linear difference operator to express Eq.(2.27) • 1n a 

compact form, 

A. 1.(P. _P.) +A . 1 (P -P) P•"+z ,,+1 'l, P·"'-z i-1 '\.. 

• • • • • 

Similarly, we can write for 

and 

using Eq.(2.9), 

• • • • 
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2.3 The IMPES Procedure to Solve the Pressure Equation 

Using the above notation, we can write the pressure equation of 

Eq.(1.62) as: 

( 60 
_ BR ) (d. ~prn+'l. + GOWT _ C\1°\'s) 

9 so • •L.. 0 p • • •~ 
~3~ ""'b5C ~J~ 

• + GGWT 

• • • • • • 
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where 

• 

GoWT V8 . _\7.K( ~ )v1ce~) 
0 

• • 

• • 

GGWT - V . V. K ?is 'V(P _e :z:) - Rso?io ·vce:a) 
B B ego 9 B o 

9 0 

_ RswAw "v (f + e :z:.) 
B c.ow w 

w 

• .. 
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Let 

~ow& 

( ~) (C\/9\'s _ GGwT) . 
9 1.jk ~c ijk 

Substituting Eq.(2.35) in Eq.(2.30), we obtain 

,n,, !lt ~ 'll. rn+ 1. 'l1.. ~ rn ) 

B _ B R ~A A'P B _ B R 
( o 9 so) .. "'(, o ). ·i.+ ( w 9 sw ··1-. 

~~ ~~ ~~ 

• • • • • 
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Let 

B • 

Substituting Eq.(2.37) in Eq.(2.36) and rearranging it gives 

B 

• • 

Now, we would expand the left-hand side terms of Eq.(2.38). To 

simplify the expansion, let us consider for x-direction expansion 

only. 
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( B9) A . 1 (?. - P ) +A (? _?.. ) + 
ijk 91'-+~ 1.+1 'ljk 9,i-t i-1 ii~· 

• 
Collecting the terms for P. 1 only from Eq.(2.39), 1+ 

CB _BR, A . 1 +(B _BR ) A . 1 + 
0 9 SO)i··t.. o,'-+- w 9 SW . ·~ w,'-+-J~ z ~~ ~ 

( B) A . 1 
9 ijR 9,t+z 

B - B :R . + B ( Rso,-i.+.1 + Rsc,," 
0 9 so,,, 9 2. A . 1 + O,t+-

2. 

B _ B R . B (Rsw,-t+1 + ~.t. 
w 9 SW,'- + 3 z 

~ A. 1 +B+ (R. o,,+z: w z sw, i+1 

• 
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Referring to (Fig.2.3), we can imagine that the block (i + 1, j, k) 

lies to the east of block (i, j, k). Similarly the blocks (i, j + 1, k), 

(i - 1, j, k) and (i, j - 1, k) lie respectively to the north, west and 

south of the centre block (i, j, k). Blocks (i, j, k - 1) and 

(i, j, k + 1) lie top and bottom of the centre block (i, j, k) 

respectively. Thus, Eq.(2.40) can be expressed, in short, as AE1 . 

--
B 

B + 9 (R . _ R50 ·) A . 1 + 
o 2_. so,"-+1 ,1. o,~+z 

. . (Z-4-1) 

Similarly we can write for AWi, ANj, ASj, ATk as follows: 

AW. 
~ -- Bg ) B R -R . A 

O + 2 ( S0}.-1 S01t, Ojl.-!. + z 
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P. 1 . k 
1- ,J' 

Pi,j+l,k 

P. · k 1 1, J' -

p .. k 1J 

pi, j, k+ 1 

FIGURE (2.3) 
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B + B9 (R . - R .) A · 1 +BA . 1. 
w Z sw,J+1 w.1,3 w,J+z; 9 9,J+-z · 

8s B + (R . - R ) A . 1 + 
o z so,j-1 so,j o,J-z; AS. 

J 

~ B + ( R . - R . ) A 1 t B A . i . · (Z-44) 
W 2c SW1J-1 SW,J W,j-'z 9 91J-2i. 

AT - B 8s (R - R ) A 
le. - o + I) So,P.-1 sok o R-!.. + 

~ , J z 

cz-4s) 

B ~(R -R )A tBA 
w + z sw,k+1 sw,R w,k+! 9 g,~+i (2-4Cu) 

All of the quantities in Eqs.(2.41) to (2.46) are evaluated at 

the present (n) time level and many subscripts have been suppressed. 

Then, the pressure equation of Eq.(2.38) becomes: 

-55-



: 

'Yl+i • 'Ylt1. 'TI+1 rn+1 
AT P + A$J. f>. 1 +AW.1?. +AB,J?"' -l-

1e- k-1 J- t l-1 1' K+i 

rn+1. IYl +1 · 
AN.P. 1 + Ab. P. _ (AT"'+AS. +Avl;. +AB.,. 

J J+ t ~+~ ~ J ~ . 
Vc. rn crri. 'n + 1 

+ AN. +AE. + P t) P .. L, -

J 1., At "J" 
B (2.-4T) 

• (Z-4-S) 

Finally, Eq.(2.47) becomes: 

'l1+1 'll+1 'l1+1 'n+i 

AT p. +AS. P. +AW. P. +AB.,,'P,_ + 
~ ~-1. 3 J-1 t t-1 " r<+1 

'l1+1 'l1+1 'l1+1. 

AN.?. +AE.1?. +E? .. L, - B 
J J+1 ,., \. + 1. lJr, 

The total system of algebraic equations for the pressures at the 

new (n + 1) time level can be set for each block of the model grid 

using Eq.(2.49) because the coefficients of the (n + 1) time level 

pressures in Eq.(2.49) are all known. Different methods to solve 

these sets of simultaneous equations are presented in the next 

-chapter. When the new pressures have been computed, they are used in 

oil and water phase saturation equations to find S n+l and S n+l 
0 W . 
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2.4 Phase Saturation Equations 

OIL 

1 
~t 

WATER 

1 

At 

-

• 

( z_so) 

( 2.-52.) 

Whenever the new pressures and saturation have been computed, 

these values are then considered the present values and the 

calculation is repeated till the end of simulation. In this way, the 

approximate numerical solution of the block oil simulator (three-

phase, two-phase) and aquifer model may be obtained for an arbitarily 

long time. This procedure is known as the implicit pressure -

explicit saturation (IMPES) method. 
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CHAPTER 3: SOLUTION METHODS FOR SOLVING SIMULTANEOUS EQUATIONS 

Introduction 

When Eq.(2.49) is applied at every grid point in the solution 

space of dimension II*JJ*KK number of blocks in the x, y, z -

directions respectively (evaluating coefficient a .. at time level n 
lJ 

for the IMPES method), it gives rise to a linear system of equations 

of the form: 

'Yl.. 'll t-1. 'Yl p 'l'l+ 1. ,.,, '1'\+ 1 'Yl 'Yl+1 'l1 p +a. '.P -+ a,11Z 2. + a.1,3p3 + a, B1. 11· 1 1,N N -. J 

'1l rn+i 'O Yl+1. 'l) Y'l+.1. rn+1 'Tl p + °'22'P + Q,23 'fJ + tn p 
B~ CL . +°'2,N N= 2,1. 1 I 2. I 3 

( 3_1.) 

• • • • • • • 

where 

N == II*JJ*KK 

n, n + 1 == old and new time levels respectively. 
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A 

Using matrix notation to express Eq.(3~1) in a compact form, let 

• 

'l\. 
0, 

1,2 

'O 

~2. 2. , 

'l) 
Q, 

N,2. 

'TI 
0, 

2,3 

• 

• 

B--

Then Eq.(3.1) can be written as: 

A P = B - - - • • • 
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'T\., 

0, 
1,N 

'T'L 

B 
1 

(3-Z) 

(3.4) 



where 

A - coefficient matrix (evaluated at time level n for 

the IMPES when solving pressure equation (2.49)) 

f ~ solution vector 

~ - known column vector 

Various methods exist for solving Eq.(3.4) but generally there are 

only two basic methods namely: direct method and iterative method, 

each of which has its particular advantages and disadvantages. 

3.1 Direct Method 

Direct methods are those in which the solution to Eq.(3.4) is 

obtained after completion of a fixed number of operations. One of the 

well known direct method is Gaussian elimination. The basic idea of 

this method is to reduce the system of n equations in r. unknowns of 

Eq.(3.1) to a system of (n - 1) equations in (n - 1) unknowns first; 

then it is again reduced to the system of (n - 2) equations in (n - 2) 

unknowns. This process is repeated until finally one equation in one 

unknown is obtained. Thus, this one unknown is determined. The 

remaining unknowns are determined by back substitution. Actually, 

this process performs the necessary row eliminations in such a way 

that matrix A transforms to an upper triangular matrix, which is easy 

to solve for f by backward substitution. Some variations of Gaussian 

method include Gauss-Jordan reduction that avoids the step of back 

substitution. Another technique is LU decomposition which involves 

factorization of matrix A into lower and upper traingular matrices 1 

and U so that P can be determined in the following sequence of steps: - -
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(1) Factorization 

L -- t .. 
'LJ 

and u -- LL .. 
'lJ 

are determined in this step, where 

e .. 
~J 

=.0 for and u. 
' 

'-J 
==- 0 for 

(2) Solve L Z - R for Z using the forward substitution. 

(3) Finally solve!! p -- for f using the backward substitution. 

There are many ways to factor matrix a, but a common way to factor 

A is to choose the diagonal elements for ll be l's. This procedure is 

called Crout's method ( 9 ). A nwnber of solution techniques employed 

in reservoir simulators, both direct and iterative, have their basis 

in the LU decomposition concept. The reason this method is popular in 

programs is that storage space may be economized. Thee is no need to 

store the zeros in either Lor U, and the l's on the diagonal of U can 

also be omitted since these values are the same and known. We can 

store the essential elements of U where zeros appear in the L array. 

More importantly, after any element, aij' of~ is once used, it nev~r 

again appears in the equations, thus A can be used to store an element -
of either Lor U. 

-61-



~ 
Q, 

1,1. 

'l1. 
a, 

2,1 

• • 

'Yl 
°'2.' . ,2 

• • 

'Y'l.. 
a, 

N,2 

'l2.. 
. a, 

1,N 

• t 
N,1 

u.. 
1,'"l. 

The efficiency of direct solution methods, however, depends on the 

ordering of unknown points f for the model grid that would give rise 

to different appearance of band width 'W' for A. - Because of the fact 

that amount of computational work involved in factorising A is 

strongly dependent on the size of W, it is essential to label the 

unknown P so as to minimise W to the least. -

We would now examine two types of ordering namely: natural 

ordering (BAND) and alternate diagonal ordering (D4). Fig.(3.1) shows 

a natural ordering of points for a three-dimensional (4 * 3 * 2) grid, 

which generates a banded matrix a after Eq.(2.49) is applied at every 

grid point in the model (Fig.3.2) prescribing no flow on the boundary. 

If there are sources or sinks in the model, matrix a will be a little 

altered. 
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I I= 4 

JJ=3 

KK=2 

FIGURE (3.1) 
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Upon inspection of matrix A, the maximum band width 'W' containing 

nonzero elements is found to be: 

w rmax 

• 11.e W'YTlOX -1~ (3-5) 

To reduce the size of W to the least, it is seen from Eq.(3.5) 

that the longest side of grid should be aligned in the x-direction 

which would maximise the efficiency of the BAND algorithm. The 

specific equations used in BAND are: 

Factorization 

where 

-- ~ .. 1.J 

• 

j = 
i-1. 

U, .. =(a. .. - ~ t.,,, U,,_. )/'l .. '-J t3 L_ \.r\ RJ)/ '\\ 
k= L3(j) 

j = i.. +1. '~+Z > • 
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000 
00 0 

0 
0 

0 0 0 0 
000 0 

0 
0 

Band Width W = 2*JJ*KK+l 
max 

0 00 0 
000 0 

0 000 0 
0 0 0 0 0 

0 0.000 0 

0 000 0 0 
0 0 00w o 

0 
0 

max 

000 
00 0 

0 

0 
0 

0 

0 OOO 
000 0 

0 00 
OOO 

0 
0 

0 
0 

0 
0 

FIGURE (3.2) 
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-- rmax ( i 1 i - ( w -1 )/z ) 

-- 'Yha:x( N 1 "-+(w -1)/z) 

--

Forward Substitution 

• ~-1. 

~;, = c Bi - L tik~01'l-i.i 
k = L ('L) 

1 
• 
~ = 1,Z ,3 > • 

Backward Substitution 

P. = ~. -1., 1, 

k=i+1 
i = N ,N-1 , ,7',1 

(.3-S) 

Unlike natural ordering, the D4 ordering or alternate diagonal 

ordering (Fig.3.3), first employed by Price and Coats in the petroleum 

literature produces a substantial decrease in the subsequent matrix 

calculations. The concept of D4 ordering is such that any point P. "k 
lJ 

in a grid system is said to belong to a diagonal plane (m) if its 

indices satisfy the relation: 

i+j+k-=m ... ( 3. 11) 
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From this definition, it is evident that the smallest plane number 

is 3 while the largest number is M where M ~II+ JJ + KK 

Now using D4 ordering to the 4*3*2 grid system, the new form of 

coefficient matrix A is developed as shown in Fig.(3.4). Upon 

inspection of Fig.(3.4), it is clearly seen that there are no nonzero 

terms below the main diagonal in the upper half portion of the matrix 

a. As a result, it reduces the total number of computations, 

especially when the matrix is large. However, D4 ordering might not 

be as efficient as natural ordering for small matrix a since some 

overhead computations are needed to set up the D4 ordering scheme. 

In applying Gaussian elimination to matrix ft, only left-hand 

quadrant needs to be zeroed out. In doing so, new nonzero elements 

ate created in the lower right-hand quadrant. The upper half of 

matrix A would remain the same throughout the computation (Fig.3.5). 

To eliminate the left-hand quadrant below AA of Fig.(3.4), the program 

must be able to keep tracking where the lower diagonal block of 

nonzero entries is. This is accomplished by recognizing the following 

limits: 

1. The lower diagonal block of nonzero entries starts at row 

(N + 1)/2 + 1 and ends at row N. 
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2. The band width for this lower diagonal block is 

Wlower - JJ*KK + 1 

3. There is a maximum of (JJ*KK+l)/2 + 1 nonzero entries in the 

first nonzero row of the lower diagonal block. For each 

subsequent row, the position of last nonzero entry in the row 

is increased by one. 

After Gaussian elimination has been performed to zero-out the 

lower left-hand quadrant, we can solve for the unknown f. starting 

from (N + 1)/2 + 1 to N, using a band width of 2*JJ*KK + 1 and BAND 

algorithm. Finally, backward substitution is used to solve for the 

remaining unknown·s f above AA in Fig. (3.4); ie. P1 , P2 , P3 , .... ,P(N-l)/2 

3.2 Iterative Methods 

Iterative methods are far most conunonly used to solye a system of 

simultaneous equations in the reservoir simulators because they have 

distinct advantages over direct methods especially when N is very 

large and the system matrix is sparse. Iterative methods make use of 

an initial guess for the solution vector and iterates the system until 

some convergence criterion is reached. The iterative method, as 

opposed to the direct method of solving a set of simultaneous 

equations by elimination, is self-correcting if an error is made and 

has a considerable reduction of round-off error in the solution. More 

importantly, they do not require a large amount of computer storage. 
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Now considering the linear system given by Eq.(3.4), we would 

split the coefficient matrix~ in such a way that 

A - Q - (Q - A) ... (3.12) 

where~ is a diagonal matrix having the same diagonal entries as 

matrix A. 

Inserting Eq.(3.12) into Eq.(3.4) and rearranging yields 

... ( 3. 13) 

To begin our iterative procedure, we would label two time levels 

appropriately to the solution vector f so that we can substitute some 

initial guess into the right-hand side of Eq.(3.13) generating new 

approximations which are closer to the true values. 

. .. ( 3. 14) 

The new values are again substituted to Eq.(3.14) to generate a 

second approximation and the process is repeated until successive 

value of each off are sufficiently alike. This iterative procedure 

is known as the point iterative Jacobi method. The algorithm for 

Jacobi iteration to compute each component of solution vector£ can be 

outlined as follow: 
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'l1+1 N 

?. B· Le 
Cl· . 

,,, 
- t. l.j ?. ) - -1, a, .. a.,.. J '\,\, 

j=1 tl-

j~i 

• 
t_. - 1 ,z I ,fl - . 

'll = 0 ,1 .z , . (3-15) 

A sufficient condition for co11vergence is that 

.N 

Q,ii > L I O,ij I 
j=l 

• 

t = 1,i, · ,N 

j=;fi 

Jacobi method, however, does not make full use of the most recent 

n+l 
estimates of (P.) . In the above method, we calculated the second 

1 

n+l . n+l 
estimate of (Pi) before we did the (P2) , and new values of both 

(P )n+l 
1 

and (P2)n+l were available before we improved the value of 

(P )n+l 
3 

In nearly all cases, the new values are better than the old, 

and should be used in preference to the proper values. When this is 

done, the method is known as the point iterative Gauss-Seidel method. 

'Y1+1 
P. --\, 

where 

B· 1, 

(L. .• 
\,\, 

'\. _1 'O+i N . . rn. 
- ~ ( a.ij 1?. ) - ~ ( Q~J 1?. ) 

L_ a. .. J L o. .. J 
. \~ . . \t 
3=:t. J=1.+1. 

i - 1, 2, ........ , N 

n - 0, 1, 2, ........ . 
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Use of Eq.(3.17) can be applied (Peaceman (1977) for example) to a 

two-dimensional grid system for analysis. Eq. (3.4) can be written in 

another form as 

cl. .1? .. - AW .. P .. -AE. 'P 
1-J \'.) 1J \ J "j t+i J 

- AN .. f> .. 

AW .. 
'J 

\j ~,:1+1 
== B .. 

\) 

AN .. 
\) 

AS-· 
'J 

FIGURE (3.6) 

• 

-AS .. 1?. 

• 

.P{£ .. 
'J 

lJ t,J-1 

• (3-18) 

Dividing Eq. (3.18) throughout by dij and rearranging gives 

:P = (AW .. 'P. + AE .. ?. . t AS .. 1? .. 
ij 'J \-:1,j lj 1.+1,J lj '-,J-1 

+AN .. ?. . + B-.)/cl .. 'J \. ,J +1. :J lJ 
• 

Applying Gauss-Seidel procedure to Eq.(3.19), we can move from 

time level n to n+l. As in Fig.3.6, we shall consider the sequence 

wherein the points are taken in each row in order of increasing i, and 

then the rows are taken in order of increasing j. After traversing 

all the points, we start over again at the first point. A complete 
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iteration consists of one trip through all the points. It is 

schematically shown in Fig. (3.7). Referring 'k' as the number of 

counter for each complete iteration, (P )k+l (after the end of k 
ij 

iterations) can be found solving explicitly Eq.(3.19) as follow. 

k+1 1q+1 k R+i 
.?.. = ( AW..?. . +AE .. P. +AS .. :P + 
~ •J l-J. ,j tl t+1 ,j 'J '> j-1 

~ 
AN .. 1?.. + 8 .. )1/d.. . (3-Zo) 

LJ i JJ+i lJ / 'J 

Another modification of this iterative method makes use of a 

weighting factor between old and new iterates. Applying a weighting 

factor w to Eq.(3.20), where w > 1, then 

~+1 k ~+1 ~ 
( ? .. ) 

. lJ SOR 
?.. +w 

LJ ( ?·. 2 - :P. 
tJ GS lJ 

• • (3-2.1) 

where 

k+1 
( :P .. ) 

1J GS 
- elements of P after k iterations using Gauss-Seidel method. -

k+1 
( P.. ) 

'J SOP-
- elements off after k iterations using a weighting factor 'w' 

~+1 

to ( :P.. ) 
lJ GS 
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k+l 
p 1 . i- ,J 

k+l 
p i,j-1 

I 

k+l 
p. . 

1,J 

k 
p. . 

1,J 

FIGURE (3.7) 
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This procedure is known as point successive overrelaxation method. 

Eq.(3.21) can be represented in matrix from by a f =~,where we 

split the coefficient matrix A into three matrices as 

in which 

A :: L + Q + U ... (3.22) 

1 - a lower triangular matrix containing the elements of A 

below the main diagonal, namely, -AW .. and -AS .. 
1J 1J 

Q - diagonal matrix whose elements are the diagonal elements 

of A, namely, d .. 
l.J 

~=upper traingular matrix containing the elements of a 

above the main diagonal, namely, -AE .. and -AN .. 
l.J l.J 

Substituting Eq. (3.22) into A P - ~, we obtain 

(1 + 12 + Jl)f - ~ ... (3.23) 
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In Jacobi method 
' we represent Eq.(3.23) in matrix form as follows 

k+l k k 
Q f = - 1 f - J1 P + B - -

or 

... (3.24) 

Applying Gauss-Seidel method to Eq.(3.24), we obtain 

... (3.25) 

If we apply a weighting factor 'w' to Eq. (3.25), we obtain the 

point SOR. 
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k+l Rearranging and solving for f , we obtain 

k+1 
( p ) 

SOR 

-.1 

+lcuL +12.) B 
I 

-

This procedure is known as the point successive overrelaxation 

method. The methods treated so far have been point iterative methods, 

which could be solved explicitly. As an extension to SOR method, we 

can use LSOR method with which we advance in such a way that all 

points in a line be solved first implicitly, and then these values 

would be appropriately weighted using'~'. As we move from line to 

line, the updated values of the unknowns from the previous line could 

be used (Fig.3.8). 

', k+l 
p. ·+1 1,J 

, , 
p~~l 

1J 
Pk ~-----------1r\----------Y~ Pk 
i-1,j u pk+l - i+l ,j 

i,j-1 
, , 

----------~~,._ ________ _ 
' 

FIGURE (3.8) 
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+ B .. )/d .. 
lJ 'J 

. (3-2.S) 

As soon as (P .. )k 1 along the line are all calculated, they are 
lJ 

overrelaxed using Eq.(3.21) before we advance to next line. This 

iterative method is known as line successive overrelaxation method 

(LSOR). 

For closed boundary case, solution to Eq.(3.4) is difficult when 

the equations ae anisotropic; that is, when grid spacing is much 

longer in one direction than in the other. By anisotropic it means· 

that two of the off diagonal coefficients in each equation are much 

larger than the other off-diagonal coefficients. Watts ( 10 ) 

describes an alternative method for use with anisotropic systems. It 

consists of a correction applied at each grid point in a line, coupled 

with LSOR method. This method is known as CLSOR, which is applied in 

our simulator. 
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Watt's method of additive corrections consists in adding to each 

P
1
.j in a column a constant, a., so that a 'corrected' value of (P .. )k+l 

1 lJ 

is used as the starting point for the next iteration. Thus: 

~+1 

( F .. ) + 
IJ LSO.R 

• (3-Zf/) 

The a's are chosen so that the sum of the residuals for each 

column is reduced to zero. The basic idea of CLSOR can be explained 

briefly in the following sequence of steps: 

1. 

2. 

3. 

(Pij )GS is determined first. 

In second step, (Pij )LSOR is determined by 

R+.1 
P.. + w 

'J 

R+i. k 

( P..) -( ~-- ) 
'J GS J 

Solve implicitly Eq.(3.30) for Watt's correction factor 

• j=1 J=1 
:rr rr 

k+i 
oC AE .. R .. 

iti IJ IJ 
• j =-1 j=1 
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where 

k+1 
AS .. ? -'J . l,J-1 

k+i 
AN .. P. . _ Bi. 

IJ L ,J + 1 J 
( 3_31) 

4. Then (Pktlij)LSOR is corrected in a specified line by adding oi. 

k+l 
(P ij ) CLSOR = ... ( 3. 32) 

5. In such fashion, CLSOR can be applied to three dimensions, where 

its use shows to be fast in solving simulator equations. 
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CHAPTER 4: TREATMENT OF WELLS IN A SIMULATOR 

Introduction 

There are essentially two methods for treating individual wells in 

a simulator: by rate constraint, or by pressure constraint. However, 

very few papers have appeared in the literature about representing 

wells in numerical simulators ( 11, 12). We use these sources to 

construct the well model. 

4.1 Rate Constraint Representation 

Assume that we want to represent an oil production well in the 

simulator. We can write for oil flow rate 

-- (4-i) 

where 

Qo - volumetric oil flow rate at standard conditions 

VB - bulk value of the grid block containing the well 

qo - sink term 

Pose - oil density at standard condition 
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Employing the productivity index (PI) concept, Eq. (4.1) can also 

be written as 

-- (4-2) 

where 

P - reservoir pressure, which is usually substituted by well 
e 

grid block pressure 'P' 

Pwf - flowing bottom-hole pressure which is less than P0 
for 

production 

Substituting 'P' for Pein Eq.(4.2), we obtain 

~ 0 = Pil ~;)(P-Pwf) (4-3) 
0 
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The varia9les in Eq.(4.3) are Q = P, while the remaining terms 
0 

are considered to be known parameters. When Q
0 

or Qt is specified, it 

is directly used in the pressure equation to obtain 'P'. There are 

three cases for representing rate constrainted wells: 

1. Oil production rate (Q) specified 
0 

2. Total production rate (Qt) specified 

3. Injection rate specified 

1. Oil Production Rate Specified 

If the well of interest is completed in K layers and producing the 

total oil rate Q
0

, the oil production rate from Kth layer is 

determined as 

PI ( ?-.o) 
~ 

Bo lcl.. 

(4-4) - (plo KK -0 

k ~ PI( fto) 
• 

• B 
k=1 0 ~ 
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The water and gas production rates from the layer are related to 

[Q
0

]k by the following equations: 

--

and 

-

(
/\9 Ba ) (R ) 
/\B + 50 R+ 

0 9 k 

(4-s) 

(4-G) 

Since PI's may be specified by layer in above equations, we are 

able to take into account permeability contrast in the model. 
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2. Total Production Rate Specified 

When the total production rate Qt other than Q
0 

is specified, we 

first compute the phase mobility ratios for all layers before 

determining the layered production rates. If a , a , a denote the 
ot wt gt 

oil, water and gas mobilities respectively for all layers, we can 

determine them as follows: 

KK 

-- -(
_'A_o_ 

l'o + Aw + As 
(4-'r) 

KK 

-- ( 4-S) 

KK 

oCgt,- ( (4-g) 
• 
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We now compute the total oil rate Q as 
0 

( 4-10) 

Having calculated for Q, we simply proceed as in Eq.(4.4) through 
0 
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3. In1ection Rate Specified 

If the well is a water or gas injector, we must first specify the 

total water or gas injection rates as~ or Qg repsectively, and well 

injectivity indexes (WI) for each layer. The injection rate for each 

layer can be determined by: 

WI (/\0 +/\w + A.9) 
Gw G.w 

R ( 4-11) - KK 
k WI (A0 + ')\,.J+ /\.9) 

k=l k 

and 

., 
.. 

WI ( /\ o t Aw + /\ 9) 
G9 G9 

~ ( 4-1Z) -- KK 
k L WI ( '>-o + /\w+ /\9) 

k=1 k 

It is important to note that allocation of injection fluids is 

based on total mobilities rather than injected fluid mobility. This 

is necessary for the following reason. If an injector is placed in a 

block where the relative permeability to the injection fluid is zero, 

then simulator using injection fluid mobility only would prohibit 

fluid injection, even though a real well would allow fluid injection. 

To avoid the unrealistic result of no fluid injection, the total 

mobility of the block is used. 
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Pressure Constraint Representation 

When a well is pressure constrainted, Eq.(4.3) is used in place of 

Q
0 

in the pressure equation. After the pressure equation has been 

solved, the subsequent well block pressure is then substituted into 

Eq.(4.3) from which Q is determined. There are two cases for 
0 

representing pressure constrainted wells. 

1. Implicit pressure constraint 

2. Explicit pressure constraint 

4.2 Implicit Pressure Constraint 

The source or sink terms in Eq.(4.3) may be written as 

-- ( 4-1!>) 

where 

p = phase 

n+l 
PIO PI if the well • producer and P >Pwf - 1S a 

PID WI if the well • an injector and pn+l<P - 1S wf 
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Substituting Eq.(4.13) for the appropriate oil, water and gas 

phases into the pressure equation, we can implicitly solve for 

Th th t d Pn+l. 1 d · E (4 13) pressure. en, e compu e pressure 1s rep ace 1n q .. 

to yield rates. This is accomplished by the following sequence: 

- c?I (4-14) 
-

and 

( 4_1S) 

where 

CPI = 5. <o1s ( '.PID )R ( 80 - B9Rso) "'B. + 
0 

( B _ BR ) ~w t B (/\9 ) 
w 9 SW B 9 B 

vJ 9 

( 4-1G) 

It is important to note that the new E and B terms are defined 

immediately before solving the linear system of pressure equations and 

after the E and B matrices defined by first in the pressure equation 

are computed. 
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4.3 Explicit Pressure Constraint 

For oil production wells, the oil rate from the kth layer is given 

by 

- ( 4-11) 
-

where 

PID = PI and the explicit pressure Pn is used. 

n n 
If P < Pwf' then the well is shut in. When P > Pwf, [Q0 ]k is 

calculated and then substituted into Eqs. (4.5) and (4.6) to find 

For injection wells, the injection rate for a water or gas 

injection well is determined by 
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where PID = WI and P = phase. n 
Fluid injection occurs when P < Pwf· 

If Pn > Pwf' the injection well is shut in. Total mobility is used 

for the injection well rate calculation. 

4.4 Layer Flow Index (PID) 

Layer flow index (PIO) can be estimated by Peaceman (13,14) 

equation as: 

where 

PID 
o .0010s Kh 

-
Ln(-r )- .1 +S 

'fw Z 

K - absolute permeability of layer k, md 

h - layer thickness, ft 

r = wellbore radius, ft 
w 

r - equivalent radius of grid block containing the well 

s - skin factor, dimensionless 
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In reservoir simulation, the horizontal dimensions of any grid 

block containing a well are always much larger than the wellbore 

radius of that well. It long has been recognized that the pressure 

calculated for a well block will be greatly different from the flowing 

bottom-hole pressure of the modelled well. Peaceman has developed the 

relation between the equivalent radius of a well block to the 

dimensions of block itself for the cases when 6x and 6y are equal and 

not equal. 

For a square grid (ie. ~x - ~y), 

( 4-2.0) 

This equation is valid for both steady state and transient 

conditions. Substituting the value of r into Eq.(4.19), we obtain 

Pl'D 
o.oo=teB Kh 

Coupling '~' with the logarith1nic term, 

o.oo:rosKh ( 4--Z?..) 
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or 

For nonsquare grid (ie. ~x ~ ~y), 

Substituting Eq.(4.23) into Eq.(4.19), we obtain 

• 

PID -

PID = 

o .oo=r-os Kh 

+S 

0 .OQ-708 Kh 

lrn ·( o .os4qJ (?Xf + ( ~~ )2 + S 
rw 
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CHAPTER 5: COMPUTER CODES 

Introduction 

This chapter describes computer codes for three kinds of three­

dimensional, multiphase reservoir simulators namely: 

1. GOWSIM (Three-dimensional, three-phase black oil simulator) 

2. GWSIM (Three-dimensional, gas-water reservoir simulator) 

3. WSIM (Three-dimensional, single phase aquifer simulator) 

All the programs simulate isothermal, darcy flow in three 

dimensions. They assume reservoir fluids can be described by fluid 

phases of constant composition with physical properties that depend on 

pressure only. Technically, all the programs are the finite­

difference, implicit pressure-explicit saturation (IMPES) numerical 

simulators using direct (BAND) and iterative line successive 

overrelaxation with additive corrections (CLSOR) solution methods for 

solving systems of algebraic equations. The well model in the 

simulator allows specification of rate or pressure constraints on well 

performance, and the user is free to add or recomplete wells during 

simulation. 
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5.1 General Program Overview 

The data input section is divided into two parts: 

1. Initialization data section 

2. Recurrent data section 

The initialization data includes: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

the reservoir model grid dimensions and geometry 

the porosity distribution within the reservoir 

the permeability distribution within the reservoir 

fluid PVT data 

the rock relative permeability and capillary pressure data 

initial pressure and saturation distributions within the 

reservoir 

(vii) specification of solution method and 

(viii) various run control parameter. 

The initialization data are read only once at the beginning of 

simulation. The way they must be read is explained in the next 

section and the nomenclatures of the subroutines in the simulator. 
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The recurrent data includes: 

(i) the location and initial specifications of wells in the model 

(ii) time step control information for advancing simulation through 

(iii) 

(iv) 

(v) 

time 

a schedule of individual well rate and/or pressure performance 

changes in well completions and operations over time and 

controls on the type and frequency of printout information 

provided by the simulator. 

Throughout the input data file, title cards or input data 

descriptive lines are read before each major and many minor sections 

of input data. These cards are used to serve as delineators to make 

the input data file easier to read and edit. All data values can be 

read under free format input that allows for easier reading, ~ut 

results are printed under fixed format. The common block file allows 

the user all re-dimensioning to be done simply by changing the 

subsequent parameters in the common block file as desired with no need 

to recompile the main program. However, care must be taken to check 

if the parameters in the common block file match with the input data 

before starting the simulation run. 
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If a full grid of input values (II*JJ*KK) must be read for a 

particular model, the following input order must be followed. Each 

layer will be laid out as shown below, and Z-direction values will 

increase going down. 

I - l I as 2 I = 3 

J - l 

J - 2 

• 

• 

5.2 General Flow Chart of GOWSIM 

Before we present the computer algorithms for simulators, the 

following flow chart may explain in general how the pressure equation 

is developed and used to determine the pressures and saturations 

within the reservoir. It implies for simulation of three-dimensional, 

three-phase black oil reservoir using the IMPES method. When all the 

oil terms in the pressure equation are deleted appropriately, what we 

would get is called the gas-water reservoir simulator. Similarly we 

can derive a single-phase, water reservoir simulator from the gas-

water simulator. 

Conservation of Mass 

--
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Fluid Fluxes 

( -,-
0
>) __ ~SC °7V ( i ) _ eWSC -: 

'1 -B-o w - B w 

~ 

(~) = 

0 W 

e,gsc V R eg.sc v)- R essc v~ 
B 9+ soB 0 + sw 6 v-) 

~ O W 

Phase Concentrations 

C --0 

Bw 

C = O\e ( 5s +R So +R Sw ) 
9 /9sc B soB swB 

9 0 w 
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Coupling the Above Eguations 

d -rA(~ R So R Sw )-
'at r B -+- so B- + sw 8 9 0 w - -

Rate Equation (Darcy's Law) 

\/ 

-101-



Phase Densities (Equation of State) 

\ 

eo - ~ ce~ + RS0e9sc) -
0 

ew - ~-( ewsc + Rswegsc) -
w 

e9 - egsc -
.B 

:9 

Capillary Pressures 

,, 
p = ~-1?w cow 
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Oil Phase Eguation 

Water Phase Equation 

\/ 
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Gas Phase Eguation 

' I 

I 

Coupling Above 3-Phase Equations 

'/ 

( Bo - RsoBg) Lo + ( Bw-RswB9) Lw + ~L9 

~c 3P0 

t at 

I 
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Solve Pressure Equation 

Implicitly 

- -
< ),- (\ ) q;, 

( B-R B) v.K ·( O vP + CG _ O + 
o sag B o o e 

0 osc - -

-

Solve Explicitly for 
,, 

Saturations 

-
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5.3 Flow Chart for GWSIM Simulator 

Start 

Initialize Data 

.. 
Open Input File. Read IOCODE to open 

output file. Write output header. 

Call GRID 1 

. 

Read II, JJ, KK, KDX, KDY, KDZ, IDCODE 

Read DXC or (RDXL)k or DXijk depending on the value of KDX 

Read DYX or (RDYL)k or DYijk depending on the value of KDY 

Read DZC or (RDZL)k or DZijk depending on the value of KDZ 

Then establish DXijk' DY •. k, and DZ .. k 
1J 1J 

Modify then if NUMDX, NUMDY, NMDZ are not zeros. 

If IDCODE ~ 0, grid dimension array will be printed. 

Read KEL. If KEL r' 1, read ELEV otherwise VARELij for K=l. 

1hencalculate ELijk (mid-point node elevation) 
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Call PARMl 

Read KPH, KKX, KKY, KKZ, NUMP, NUMKX, NUMKY, NUMKZ, IPCODE 

Read PHIC or (RPHL)k or VPijk depending on the value of KPH 

Read KXC or (RKXL)k or K.Xijk depending on the vlaue of KKX 

Read KYC or (RKYL)k or KYijk depending on the value of KKY 

Read KZC or (RKZL)k or KZijk depending on the value of KKZ 

Then establish VPijk' KXijk' KYijk and KZijk 

Modify them if NUMP, NUMKX, NUMKY, NUMKZ are not zeros . 
• 

If IPCODE ~ 0, modified porosity and permeability 

distributions will be printed. 

Call TRANl 

Calculate TXijk' TYijk' TZijk 

0.012656 * Al .. k* Ali-l jk 
TX - iJ ' 

ijk DX .. k* Ali l .k+ DX. l .k* Al .. k 1J - , J 1- , J 1J 

Alijk - KXijk * DYijk * DZijk 

Similarly TYijk' TZijk are calculated. 

Modify TX, TY, TZ if NUMTX, NUMTY, NUMTZ are not zeros. 

If ITCODE ~ 0, modified transmissibility distribution 

is printed. 
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Call TABLE 

READ SAT., KRWT .. KRGT., PCGWT. for I= 1, NTE 
1 1 1 1 

Note: SAT(l) = -0.1 and SAT(N) = 1.1 

Read PMAXT, PWT., MUWT., BWT., RSWT. for i = 1, NTE 
1 1 1 1 

Note: PWT (Last entry)= PMAXT 

Read PGT1 , MUGT., BGT., CRT. for i ~ 1, NTE 
1 1 1 

Note: PGT (Last entry)~ PMAXT 

Read RHOSCW, RHOSW 

Calculate BWPT. = (8B /8p)., RWSPT. = (8R /8p)., BGPT. - (8Bg/8p) 1. 1 W 1 1 SW 1 1 
• 

Call UINIT 1 

Read KPI, KS! 

Read PGWC, GWC if KPI = 0, and calulate PN .. k. lJ -

If KPI ~ 1, read PN .. k. lJ -

Read SWC if KSI = 0, and establish SW .. k and SG .. k. lJ 1J -

If KS! - 1, read SW .. k and calculate SG .. k (ie 1 - SW .. k). 
lJ 1J 1J 
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Call CODES 

Read control codes: KSNl, KSMl, KCOl, KTR, KCOFF 

Read run control parameters: NN, FACTl, FACT2, TMAX, WGRMAX, 

PAMIN, PAMAX 

Read solution method: KSOL, MITER, OMEGA, TOL, TOLl, DSMAX, 

DPMAX 

100 

N - 1, NN + 1 

Recurrent Data Section 

Read time step and output control codes: IWLCNG, !CHANG, 

IWLREP, ISUMRY,. IPMAP, ISWMAP, ISGMAP 

Read time step information: DAY, DTMIN, DTMAX 
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Call NODES 

Read WELLID., IQNl., IQN2., IQN3., LAYER., KIP., QNW., QVG., 
J J J J J J J J 

QVTj for j = 1, NVQN 

Read (WRAD)k' (SKIN)k' PWFjk Note: If(SKIN)k > 500, PIDjk ~ 0 

Then calculate PIDjk for j - 1, NVQN, and k = IQN3j, LAY where 

LAY~ IQN3. + I.AYER. - 1 
J J 

Calculate: 

(i) 

(ii) 

Resvol = L V .. k * DX .. k * DY .. k * DZ .. k 
1J 1J 1J 1J 

CW and CG; then CT =CR+ CW* SW .. k + CG * SG .. k 
1J 1J 

(iii) (OWIP)k' (ODGIP)k' (OFGIP)k 

kk 
(iv) TOWIP ~ ~ (OWIP)k' 

k=l 

kk 
TOGFIP = L (OFGIP)k 

k=l 
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Call PRTPS 

Print summary report. 

Print pressure and saturation distribution maps if IPMAP, 

ISWMAP and ISGMAP are not zeros. 

Call ORATE 

Calculate first GMGjk' and GMWjk for j = 1, NVQN and 

k == IQN3, lAY. 

If KIP - 1, 2, 3 (rate constraint), calculate (QW, QG) 
1QN1.,~2. ,k 

J J 
and then calculate PWFC. 

If KIP - -1, -2, -3 (PI and pressure control - explicit pressure 

calculation), calculate (QW, QG)IQNl., 2 k IQN . , 
J J 
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Call SOI.MAT 

Determine (AW, AE, AS, AN, AT, AB, E and B) .. k 
1J 

Call PRATEl 

If KIP~ -11 -12 -13 
' ' ' (Band E) IQNl., IQN2.,k are modified 

J J 
for implicit pressure calculation. 

Call BANDIN or CLSOR 

Determine P .. k lJ 
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Call PRATEO 

Determine QG and QW for the well as P .. k for new time level 
1J 

is being known. (pressure control) 

Explicit calculation for SW .. k and SG .. k 
1J 1J 

Check Material Balance 

Call PRTPS for Swnmary Report 100 

I END 
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5.4 Codes for Type of Input to be Used 

The following codes concerning data input conventions apply to 

all of the input data. 

Grid Dimensions and Geometry 

Kdx, Kdy, Kdz: codes for controlling input of x, y and z-

direction grid dimensions respectively. 

Code Meaning 

Kdx - -1 

Kdx ~ 0 

Kdx = +1 

Kdy = -1 

Kdy - 0 

The x-direction grid dimensions are the same for all 

blocks in the grid. Only one value (Dxc) must be read. 

The x-direction dimensions are read for each grid block in 

the first row of layer one (K=l). These same x-direction 

dimensions are assigned to all other rows and all other 

layers in the model grid. II values of Rdxl must be read. 

The x-direction dimensions are read for every grid block in 

layer one. These same x-directio~ dimensions are assigned 

to all other layers in the model grid. II*JJ values of 

Dx .. , 1 must be read. 
1J 

They-direction grid dimensions are the same for all blocks 

in the grid. Only one value of Dye must be read. 

They-direction dimenions are read for each grid block in 

the first column of layer one. These same y-direction 
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Kdy - +1 

Kdz = -1 

Kdz = 0 

Kdz - +1 

Ide ode 

Kel 

dimensions are assigned to all other columns and all other 

layers in the model grid. JJ values of Rdyl must be read. 

They-direction dimenions are read for every grid block in 

layer one. These same y-direction dimensions are assigned 

to all other layers in the model grid. II*JJ values of 

Dy .. , 1 must be read. 
1J 

The z-direction grid dimensions (block thicknesses) are the 

same for all blocks in the grid. Only one value of Dzc 

must be read. 

A constant value of thickness (Rdzl) is read for each 

layer in the grid. KK values of Rdzl must be read. 

The z-direction grid dimensions (block thicknesses) are 

read for every block in the model grid. II*JJ*KK values of 

Dz .. k must be read. 
1J 

: print code 

Idcode ~ 0 means 'do not print the modified grid dimensions' 

Idcode - 1 means 'print the modified grid dimensions' 

: input code for depth value 

Kel = 0 means 'a single constant value of Elev is read for 

the depth to the top of all grid blocks in layer one.' 

Kel = 1 means 'a separate depth value must be read for each 

grid block in layer one. II*JJ value of Varel .. must be 
1J 

read'. 
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Porosity and Permeability Distributions 

Kph code for controlling porosity data input 

Kkx, KKy, codes for controlling the x, y and z-direction permeability 

Kkz data input respectively. 

Code Meaning 

- 1 A single constant value is read and assigned to all blocks in 

0 

+ 1 

Ipcode 

Itcode 

the model grid. Only one value is read. 

A constant value is read for each of the KK layers in the 

grid. Individual layers may have a different, but constant, 

value. KK values must be read. 

A separate value is read for each block in the grid. 

II*JJ*KK values must be read. 

print code 

Ipcode = 0 means 'do not print modified porosity and 

permeability distributions' 

Ipcode - 1 means 'print modified porosity and permeability 

distributions' 

print code 

Itcode = 0 means 'do not print the modified transmissibility 

distributions' 

Itcode =-1 means 'print the modified transimissibility 

distributions' 
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Pressure and Saturation Initialization 

There are two options for pressure and saturation initialization. 

The initial pressure distribution can be calculated by the program 

for equilibrium conditions given the location of the gas/oil contact and 

oil/water contact (for GOWSIM) and the gas/water contact (for GWSIM) and 

the pressure at contact. 

The initial pressure distribution can be read on a block-by-block 

basis. 

Saturations can either be read as constant values over the entire 

grid or the entire saturation distributions are read on a block-by-block 

basis. 

Kpi,Ksi pressure and saturation initialization codes respectively 
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Code Meaning 

Kpi = 0 

Kpi - 1 

Ksi = 0 

Ksi = 1 

Use equilibrium pressure initialization. Input required will 

be pressures at the oil/water contact and gas/oil contact 

(for GOWSIM) and pressure at the gas/water contact (for 

GWSIM) and depths to each contact. 

Use non-equilibrium pressure initialization. Pressures for 

each block must be read on a block-by-block basis. II*JJ*JJ 

values of pressure must be read. 

Initial phase saturations are constant over the entire model 

grid. 

Phase saturations must be read for each grid block on a 

block-by-block basis. That is, 2*II*JJ*KK values of 

saturations must be read for GOWSIM and II*JJ*KK vlaues of 

saturation for GWSIM. 
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Debug and Diagnostics Codes 

Ksnl 

Ksml 

Kcol 

Ktr 

Kc off 

CLSOR parameter debug output control code 

solution matrix debug output control code 

compressibility and formation volume factor debut output 

control code 

transmissibility debug output control code 

density and saturation debug output control code 

The zero values of above codes mean 'do not print diagnostics output' 

The l's for above codes mean 'print diagnostics output'. 

Solution Method Specifications 

Ksol solution method code 

Ksol - 1 means 'direct solution - BAND algorithm' 

Ksol - 2 means 'CLSOR - iterative line successive 

overrelaxation with additive corrections method' 
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Time Step and Output Control 

Iwlcng 

Iwlrep 

Isumry 

Ipmap 

Isomap 

Iswmap 

Isgmap 

Ipbmap 

code to tell program whether or not the well information 

cards should be read this time step. 

Iwlcng - 1 means 'read well information this time step' 

Iwlcng ~ 0 means 'do not read well information this time 

step' 

output code to control printing of the well report 

output code to control printing of the time step summary 

report 

output code to control printing of the map of grid block 

pressures 

output code to control printing of the grid block oil 

saturations 

output code to control printing of the grid block water 

saturations 

output code to control printing of the grid block gas 

saturations 

output code to control printing of the grid block saturation 

pressures 
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Code 

Kip - 1 

Kip - 2 

Kip== 3 

Kip - -1 

Kip - -2 

Kip= -3 

Meaning 

Production (oil) well - rate specified 

Water well - rate specified 

Gas well - rate specified 

Production (oil) well - PI and FBHP control (explicit 

pressure calculation) 

Water well - PI and FBHP control (explicit pressure 

calculation) 

Gas well - PI and FBHP control (explicit pressure 

calculation) 

Kip= -11 Production (oil) well - PI and FBHP control (implicit 

pressure calculation) 

Kip - -12 Water well - PI and FBHP control (implicit pressure 

calculation) 

Kip== -13 Gas well - PI and FBHP control (implicit pressure 

calculation) 

Gas wells (Kip= 3, -3, -13) will produce or inject single phase gas 

only. 

Water wells (Kip= 2, -2, -12) will produce or inject single phase 

water only. 
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Oil wells (Kip= 1, -1, -11) will produce three phases in 

proportions determined by reservoir conditions and well constraints. 

Negative rates indicate fluid injection while positive rates indicate 

fluid production. 

There is an important comment on PI. Once a well has been completed 

in a certain layer, that layer must continue to be specified on all 

succeeding well information cards, even if the layer or the well is shut 

in. To shut in a well, set that layer skin equal to or greater than 

500. To shut in a well, set all of its layer skin's equal to or greater 

than 500. 
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Value of 

Output Code 

Meaning 

0 

1 

Do not ptint the report/array 

Print the report/array at every time step during this 

interval 

Well Information 

Kip code for specifying both well type and whether the well's 

production (injection) performance is determined by 

specifying rates or by specifying flowing bottom-1,ole 

pressure and also whether an explicit or implicit pressure 

calculation is to be done. 
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CHAPTER 6: INPUT DATA FILES AND RESULTS 

Introduction 

This chapter provides a variety of problems which have been solved 

using the GOWSIM, GWSIM and WSIM simulators. These problems cover a 

range of different model grid configurations and reservoir conditions: 

1. One-dimensional, linear Buckley-Leverett waterflood displacement 

model. 

2. Two-dimensional, areal grid model showing primary depletion of an 

undersaturated reservoir. 

3. Two-dimensional, x-z cross-sectional model showing waterflooding 

of a layered system with multizone completions . 

. 4. Two-dimensional, x-z cross-sectional model showing production from 

oil patch and gas patch reservoirs, with fluid co11tact levels at 

different depths, underlained by aquifer. 

5. Linear, three-dimensional, two-phase model showing a single gas 

well producing from gas-water reservoir. 

6. Two-dimensional, cross-section model of gas-water reservoir with 

two different fluid contact levels. 

7. Three-dimensional water reservoir model. 
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In most of these problems, the GOWSIM solution is compared with 

either an analytical solution (in the case of the Buckley-Leverett) or 

with the solution of one or more commerically available black oil 

simulators' result on the same problem. It is quite noticeable that 

the general behaviour of reservoir prforrnance prediction is similar 

for all of the simulators, and thus it can provide a reasonable 

forecast of the general performance to be expected from a reservoir 

under user-specified operating condtions and constraints. Results 

from a reservoir simulation study must be viewed as an approximation 

to the expected performance and not as an exact performance 

prediction. The application of GWSIM and WSIM simulators on some 

reservoir problems are presented also. 
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Problem 1: One-Dimensional, Linear Buckley-Leverett Waterflood Model 

Among the very few analytical solutions available that can be used 

to check black oil simulators, one such solution is the Buckley-

Leverett line-drive waterflood calculation. GOWSIM performs this 

calculation to provide a test of saturation results. The structure of 

problem 1 is illustrated in Fig. (6.1). Data for the Buckley-Leverett 

waterflood are presented as GOWSIM input data on free formatted coding 

form in Table (6.1). 

The model is a one-dimensional, linear, homogeneous reservoir with 

an oil well at one end grid block producing 600 STBD (B
0 

- 1.5), which 

is balanced by water injection under rate constraint of 900 STBD 

(B - 1.0) into the opposite end grid block -w 

Frontal results from the G0\1SIM 

calculation are shown in Table (6.2) after an elapsed time of 360 

days. These results are plotted against the analytical solution in 

Fig. (6.2), which shows good agree1nent except at the piston-like 

displacement f~ont. This dispersing of the saturation front is a 

phenomenom inherent in all finite difference simulators and is known 

as numerical dispersion. This effect can be reduced by adjusting the 

time step in simulator. 

NOTE: (The data file name for GOWSIM is BOAST.DAT and the output file 

name is BOAST.RES and the common block file na1ne is COMMB3.FOR. 

Before running the program, it is important to check if the 

input data match with the parameters in the common block 

file). -126-
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TABLE 6.1 INPUT DATA FOR PROBLEM 1 

BLACK OIL SIMULATOR WATERFLOOD: BUCKLEY-LEVERETT. 
4(), 1 , 1 
GRID BLOCK LENGTHS 
-1,-1,-1 
20. 
1320 .. ,.,o " . GRID BLOCK LENGTH MODIFICATIONS 
(), 0, 0, (t 
CAPROCK BASE DEPTHS 
(I 
8325. 
POROSITY AND PERMEABILITY 
-1,-1,-1,-1 
.25 
2(>(). 
2(>0. ,.,o 
~ . 
POROSITY AND PERMEABILITY MODIFICATION CARDS 
2, 0 t O t (I, 1 
1 , 1 , 1 , (t • 1 25 
40 t 1 t 1 t (I • 125 
TRANSMISSIBILITV MODIFICATIONS 
(> t O, 0 t (I 

SAT KRO KRW KRG PCOW PCGD -.1,0.0,o.o,o.o,o.o,o.o 
.1,0.0,o.o,o.o,o.o,o.o 
.2,.00147,0.0,.075,0.0,0.0 
.3,.00228,.0122,.19,0.0,0.0 
.4,.037,.0244,.41,0.0,0.0 
.5,.0571,.0336,.72,0.0,0.0 
.6,.134,.0672,.87,0.0,0.0 
.7,.207,.1344,.94,0.0,0.0 
.a,.604,.2688,.9667,o.o,o.o 
.9,1.,.4704,.9933,o.o,o.o 
1 • 1 , 1 • , • 5 , 1 • , (> • (> , (> • c, 

PBO VSL.OPE BSLOPE RSL.OPE Pt-1AX 
4(> 14. 7 , (I.(), - • C>O<)(>(> 1 , 0. (), 9(> 14. 7 , (I 

P MUD BO RSO 
14.7,2.,1.5,1. 
4014 .. 7,2.,1.5,1. 
9 (> 1 4 .. 7 , 2 • , 1 • 5 , 1 • 

P MUW BW RSW 
1 4 • 7 $ 1 • , 1 • , c, • () 
4014.7,1.,1.,0.0 
9014.7,1.,1.,0.0 

P HUG BG CR 
14.7,.008,.9358,.000003 
264.7,.0096,.0b7902,.000003 
514 • 7 f • (1112 t • (>352~!8 t • ()C)(>(>(>3 
1014.7,.014,.017951,.000003 
2014.7,.0189,.009063,.000003 
2514.7,.0208,.007266,.000003 
3014.7,.0228,.006064,.000003 
4014 • 7 , • (1.268 t • <)(Jtl 554 t • 0(H)003 
5014.7,.0309,.003644,.000003 
9 (J 1 4 • 7 , • (14 7 , • 0 0 2 1 6 7 , • () 0 () (> (> ~' 

RHOSCO RHOSCW RHOSCG 
46.244,62.238,.0647 
EQlJ I LI BR I UM PRESSLJRE INITIAL I z ,rr I (Jt•J/ C[Jl·~~J·r P,l'•ff S?\TI.J flA r l LJI\JfJ . -
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TABLE 6.1 Continued 

o,o-
4806.b,0.0,8425. ,8300 • 
• 8 t • 2 t (I ., (I 
KSNl J<SM1 •<C01 KTR KCOFF 
(> t O , 0 t (I t (I 
NMAX FACT1 FACT2 TMAX WORMAX GORMAX 500,1.2,.5,365.,20.,500000.,14.7,10000M KSOL MITER OMEGA TOL TOL1 DSMAX 2,100,1.7,.1,0.0,.05,100. 
RECURREt~T DATA 
111,1,1,1,1,1,1,0 3.,3.,3.,o.o,o.o,o.o 
RATES 
2 'PROD~ ,40,1,1,1,1,600.,0.0,0.0,0.0 
.25,23.955,0.0 'lNJ',1,1,1,1,2,0.0,-900.0,0.0,0.0 
.25,-1.533,0.0 
0,8,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o 
0,1,1t1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 
3.,3.,3.,0.0,0.0,0.0 
O , 9 , 0 , (t , (t , (> , (> , 0 , 0 3.,3.,3.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,9,0,0,0,0,0,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o c, , 1 , 1 , 1 , 1 , 1 , 1 , 0 , 0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 3.,3.,3.,o.o,o.o,o.o 
(I 1 1 t 1 I 1 t 1 t 1 t 1 t O t 0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 3.,3.,3.,o.o,o.o,o.o 
0,9,0,0,0,0,0,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 
3.,3.,3.,0.0,0.0,0.0 
0,9,0,0,0,0,0,0,0 3.,3.,3~,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 
3.,3.,3.,0.0,0.0,0.0 
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TABLE 6.2 

ELAPSED TIME (DAYS) --

**~~~-·*~~~~*~~**~***•~~~******»***-~***~·-~~*~************~********* 
~ * 
~ ~ 
4, 

·.,C· 
SUMM~RY REPORT: UNSU BOHST (VERSION 2.0) * 

* ~ * ·*********~·~~********··********~~-·~************~******************* 

360.00 TIME•STEP NUMBER 120 TIME STEP (DAYS) 3.00 

CURRENT AVG RES ~RESSURE ~ 4747.6 PREVIOUS AVG RES PRESSURE= · 4748.1 PRESSURE DPMAXC 29, 1, 1) = OIL DSMAX ( JO, L, 1) = -0.04205 GAS DSMAX ( 1, 1, 1) = -0.00003 UATER DSMAXC 30, 1, 1) 
4.2 = 0.04205 

U-. I ! · !"' -~- T =- •;, T AL ··:, .... 1 :. •. ; :·· 1=- ~- ·; ·- . .. . _J....... .. ,..-: ...... '.... ... ,,,. . .- . . ,"\ •. ""' -· ,-, ; •• -· •J • IJ I.) '.J -..Id •:l -~ ~ ~A·1·-~r·L ~ALANCC' ·~, L, r1 ~> I , :-t c:.:-, H D - (. ;. ) :::0. 7627E-01 WATER MATERIAL BALANCE(%) =O 1 1°-,C"-04 . .... ..__ 

U·-TL ·,r-.u-·Du•~Trr· .. i ;·,-.·rr. ,,--.-:- .... 1,·· • : :-\ ...., • - ~: < :, ~-, .. .;. · .• :.J .... : ,., ..... .:;Q .. 6000E•03 
- ",... • i- ., '" 'J .. "T" I -, . - ·y ,.. . . - .. .... . ., . . ., ' ... -- "0 uH: !"' r\ L, ilt :... • ~i'i ~.-;; ::. '. :'1~:~;-.: i.. J ~<.,. ou,..: vi:_+1., 
WATER PRODt..:C·i i. Or• r,A TE ( STB/ D) :=O .. ~J398E-O 1 

GAS INJECTION RATE (MSCF/D) =0:0000E+OO 
WATER INJECT l l:•N ~·!·! TE ~- S TB.::.))::-·. -i'OOOS +03 

PRO~ur·TNG w·1~ ,·~T·~,~r~·, • U 4 .:... -. t r-.. • ... • .-· , :: -· .• 
PR a D \J (~ r NG f'' u· I . , ,:• ,• ,; ~ .. -. 'T" r:, • 

.. i.J •. '· ~ w I I .J I •' .• 

=(). 1.400E-03 
;;.:0. U)OCE +() 1 

CUM. OIL PRODUCTION (STB' =0.2160E+06 
.CUM .. GAS PRODUCTION (MSCF) =0.2160E+03 

CUM. WATER PRODUCTION (STB) =O.~Oo:E+02 

CUH .. GAS INJECTION (MSCFl =O.OOOOE+OO 
CUM. WATER INJECTION (ST&) =-.3240E+06 

CUM. WOR '5TB/STB) =0.9547E-04 
CUM. GOR (SCF/STB) =O.lOOOt+Ol 

• • .• '4 ~- E -~"' E ;:, u, i :- ~· 
••• ~ ••• .;.J ···-··· 

:_. ,_;. r- ·.:.'' I r" •::- T) I f .. ..,.. R I B IJ T -r I) N ;to • -M· "* ' . C.. I ,, • I ' &;;. .I. .J I I, . • 

K= 1 

5187. c-1··7 ~16'° ,J I ,. .,. .) • c.-1 .. ) -~ 8 
. . i 4 ~ .. ::, " t .. 5096 • 5()74. S051. ,::-0""9 ..J - • 5007. 4984. 4962. 4940. 

4751. • -,.-,~ .. <t9 
Q I -· ,J • ,., 0 • .=lb ·;i 1 - :.i 6 ,j c!: .. ... 61 r: ... .., - 4584 .. 4549. 4509 .. 4461. 4432. 4419. 4409. 

~~ ~··***·,.U I L Si:::·ruRA'i IuN·i+*****·lt* 

K= l 

4917. 489~. A871. 4848. 4824. 4800. 4776. 
4399 .. 4389. 4379. 4369. 4359. 4349. 4339. 

c).192 0.26~ 0.299 0.297 0.299 0.300 0.300 0.300 0.300 0.300 0.301 0.302 0.303 0.305 0.307 0.311 0.314 0.319 0.323 0.328 o.334 o.J39 u.3A5 o.352 o.361 o.372 o.393 0.432 o .. A~o o.oos o.753 o.797 o.aoo o.aoo o.aoo o.aoo o.soo o.aoo o.aoo o.aoo 

*******UATER SATURATION******** 

t<= 1 

o.aoa o.:·3~ 0.111 0.,03 0.101 0.700 o.7oo 0.100 0.100 0.100 o.699 o.698 o.697 o.695 o.693 o.689 o.686 0.601 o.677 o.672 0.666 0.661 0.655 0.648 0 .. 639 0.628 0.607 0.568 0.520 0.39S 0.247 0.203 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 

~•*•~•~*~~-4~*~*•~~*~**~~*********~**************••••• END OF REPORT ***********************~****************************** 
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FIGURE (6.2) 
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Problem 2: Two-Dimensional Areal Model Showing Primary Depletion of 

an Undersaturated Reservoir 

In this problem, a single well is producing under a rate 

constraint of 300 BOPD from the centre of a two-dimensional areal 

reservoir model (II - 9, JJ ~ 9, Kl{ - 1) with production coming from 

fluid expansion drive (Fig.6.3). The input data file for this problem 

is shown in Table (6.3). 

The results for this problem illustrate primarily the simulator 

pressure solution because saturations do not change for the 

undersaturated reservoir (Table 6.4). These results are presented in 

Fig. 6.4 along with the solution to this same problem using the BOAST 

simulator with LSOR method. 
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TABLE 6.3 INPUT DATA FOR PROBLEM 2 

20, PRIMARY DEPLETION OF AN UNDERSATURATED RESERVOIR 
•;,' ·~' 1 
GRID BLOCK LENGTHS 
(I, 0, -1 
1 l"' (> • , 1 6 (I • t 1 6 (J • , 1 l, (J • , :3 C) • , 1 [ ... 0 • , 1 b (I ., , 1 l") (J .. , 1 t:., (I • 
1 l ... Q. , .t ,~(t. , 16(>. , 11!:,(>. , 13(). , 160. , 1 6(1 .. , 16(>. , 1 c.,(J. 
3(>. 
GRID BLOCK LENGTH MODIFICATIONS 
(> '0 '() '(J 
DEP"fH ·ro TOP OF SAND 
() 
8345. 
POROSITY AND PERMEABILITY DISTRlBUTIONS 
1 , -· 1 , - 1 , -1 

~n ~o ~o ~n ·~o ~n ~o ~o ~o 
• ""- ~' ' • L O ' • ~- Q t • ..::, •;:i t • 4 V t • .a::_ •=• 7 • J... 0 t 11 ~;. '-' ' • ..c.;. 0 

.-, r, ,., n ,.., 0 .-. r., r•, •'::P .-•• -. .-, .~ ,.., n ,.. • ~ 
• "- ~' t • .L. Q ' • ..4:. 0 ' • ..:, .. -:. t • .,:. ·~, t • ..::, ·=· ' • -' (;\ t • ~ 0 ' • ~ •:;:" 
.28,.28,.28,.28,.28,.28,.28,.28,.28 

.-., ,-, ,.., ~ ,.., r.:, .-, ,j •••• ,=, .-•• -. .-, r.:, ,., ~ .-, ~ 
• 4- '-' , • ~ \.~ , • -' o t • L \-=' 1 • .::. ,_, 1 • ~ •=• , • .._ o t • "':. o , ., -L. ,~ 

~r( ~o ~o ~n ~o ~~ ~o ~~ ~o 
a ~ .;.; , • .L. ·~ ' • -' I;:'\ ' • .L. 0 t • L v ' • ..::. ,:, ' • J... I;;\ t • J... O ' • .L.. \-=-' 

' ' 7 ? 7 7 ~ ~ 7 
• '-\ , II ._ .. ' • '-\ ' e '-' ' • ._\ f a • .:., ' • ~ ' a ._:1 ' e -\ 
~ 7 7 7 7 7 7 ~ ~ . _, ' . ._ .. ' . '""' ' . '-"' ' . _, ' .. .:., ' . ._) ' . ._ .. ' .. :., 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

• .._, ' • •::'J ' • ""' ' • ~ ... ' • ·-' ' • • ..:, ' • _ .. ' • • ..:, ' • ·-' 
~ ~ ~ ~ ~ ? ~ ~ 7 

• 'lo~ ., • ...., ' • '-' ' • _, ' • ·-' , • ..:., ' • ..:.;. ' • ..:, ' • _, 

1 C>C>. 
1 (>(> .. 
1 C>O .. 
POROSI T··t ANI) f'ERMEABIL I TY MODI FICA'f I ON (:ARDS 
(I , f) , l) , (I , (I 
TRANSMISSIBILITY MODIFJCATIONS 
(t , (> , C) , (J 

SAT KRO •{Rl.J •<RG PCOW PCGO 
- • 1 , l) • (J , (J • (> , (I .. C) , (, • (J , (J • c:, 
• (J 2 , 0 • (I , c, • (> , (I .. () , () • (> , 0 • 0 
• 1 2 t O • (I -, (t • (> , • 0 ~~ , (, • (J t (J • () 
. 2 , 0 • (> , • (t 2 , • c, l-:- , c, • (> , c, • () 
• 3 , 0 • (> , • (t 4 , • 2 , (> • ,:, , c, • c, 
• 4 , • () 3 , • (I 7 , • 4 6 , (> • (> , (J • () 

r. ") r 1 ,.., 7 .. · ( · • ..:,,.c..~' • .L.'. ,<J.(J, >.(> 
• 6 , • 1 7 , • 1 8 , • 8 7 , (J • (> , (> • () 
.7,.3,-27,.91,0.0,0.0 

,·· c=- c-1 '-'"'4 ... C 0 .... ~ ' • ,) ' • -· ' • ~ ' () • (J ' > • 
~~ 7C' 71 ·-7 . C .. '"' • d .. ~ ' • -·' • ' • ~ '(J • , '() • (J 

1.,1.,1.,1.,0.o,o.o 
1 • 1 , 1 • , 1 • , 1 • , (> • () , (> • c, 
PBO VSLOPE BSLOPE RSLOPE PMAX 
4014.7,.000046,-.0000232,0.0,9014.7,0 
P MUD BO RSD 
1 4 • ·7 , 1 • (t 4 , 1 • (J 6 2 , 1 • c, 
264.7,.975,1.15,90.5 
514.7,.91,1.207,180. 
1014.7,.93,1.295,371. 
2014.7,.695,1.435,636. 
2514.7~.641,1.5,775. 
3014.7,.591,1.565,930. 
4014.7,.51,1.695,1270. 
5014.7,.449,1.827,1618. 
0()1A 7 ~(·)~ ~ ~c7 ~on4 , , •. ,.~ ~,~.~J ,~70. 

P MUW BW RSW 
14.7,.5,1.019,0~0 
1 () 1 a. 11 7 ~ • 5() 1 ' 1 • () l. f;:t ' () a (> 
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TABLE 6.3 Continued 

201n.7,.502,1.013,0.0 
4014.7,.505,1.007,0.0 
6014.7,.51,1.001,0.0 
9014.7,.52,.992,0.0 
P MUG BG CR 
11.1. ·7 C - r ei -, r::-~ • OC>O )""Y • , • I (Jo , • Y ~' ._e cC , • (> ( .;) 
264. 7, • (1(1•i6, • (>t) 7'1(>2, • ()()()()()3 
514.7,.0112,.035228,.000003 
1014.7,.014,.017951,.000003 
2014.7,.0189,.009063,.000003 
2514.7,.0208,.007266,.000003 
3014.7,.0228,.006061,.000003 
4014.7,.0268,.004554,.000003 
5014.7,.0309,.003644,.000003 
9014.7,.047,.002167,.000003 
RHOSCO RHOSCW RHOSCG 
46.244,62.238,.0647 
EQUILIBRIUM PRESSURE INITIALIZATION/CONSTANT SAT: INITIALIZATION 
(1, 0 
5400.,0.0,8425.,8300. 
• 8 8 , • 1 2 , (I • () 
KSNL •-<SML. J(COL KTR l~COFF 
(>, (>, 0, (I, (I 
NMAX FACT! FACT2 TMAX WORMAX DORMAX PAMIN PAMAX 
2000,1.25,.5,1460.,20.,500000.,150.,20000. 
KSOL MITER OMEGA TOL TOLl DSMAX DPMAX 
2,250,1.7,.1,0.0,.0S,100. 
RECURREt.JT DATA 
1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 
1.,1.,1.,0.0,o.o,o.o 
WELL P-1 PRODUCING AT 300 BOPD 
1 
' P-1 ' , 5 , 5 , 1 , 1 , 1 , 3 C> 0 • , 0 • c, , (> • 0 , (> • (I 
• 25, 23. r,,55, c, 
O,S,O,O,O,O,O,O,O 
1.,1.,1.,0.0,0.o,o.o 
0,1,1,1,1,1,0,1,1 
1 • t 1 • , 1 • , (I • (I , (> • (> , (I • (J 
(J, 9 t O, (I , (It(> t (J, (> , (1 
1 • t 1 • , 1 • , () • (I , (J • (J , (> • (I c,, 1, 1, 1, 1, 1, c,, 1, 1 
1 • , 1 • , 1 • , () • c, , c, • () , c, • 0 
0,9,0,0,0,0,0,0,0 
1.,1.,1.,0.0,0.0,0.0 
0 , 1 , 1 , 1 , 1 , 1 , (J , 1 , 1 
1 • , 1 • , 1 • , c, • c, , (> • () , () • c, 
0,9,0,0,0,0,0,0,0 
1.,1.,1.,0.0,0.o,o.o 
0,1,1,1,1,1,0,1,1 
1.,1.,1.,0.0,o.o,o.o 
(I , 9 , 0 , (t , (I , C> , (J , 0 , (> 
1 • , 1 • , 1 • , c, • Ct , C> • <) , 0 • 0 
0,1,1,1,1,1,0,1,1 
1.,1_,1.,o.o,o.o,o.o 
(I , 17 , 0 , (I , (I , C> , (J , () , () 
1 • , 1 • , 1 • , (I • (I , (> • 0 , (> • (> 
0,1,1,1,1,1,o,1,1 
1.,1.,1.,0.0,0.o,o.o 
0,9,0,0,0,0,0,0,0 
1.,1.,1.,0.0,o.o,o.o c, , 1 , 1 , 1 , 1 , 1 , () , 1 , 1 
1.,1.,1.,0.o,o.o,o.o 
(I , 9 , () , (I , (I , (>, (I , (> t () 

1 • , 1 • t 1 • , () • (I , (> • () , () • 0 
0,1,1,1,1,1,0,1,1 
1.,1.,1.,0.0,0.o,o.o c,, 9, 0, <•, (J, c,, ,. , 0, () 
1 • , 1 • t 1 • , (I • (I , 0 • C) , (> • 0 
Ct , 1 , 1 , 1 , 1 , 1 , c, , 1 , 1 
1.,1.,1.,0.0,0.o,o.o 
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TABLE 6.4 

TWO-DIMENSIONAL AREAL MODEL 

PRIMARY DEPLETION OF AN UNDERSATURATED RESERVOIR 

TIME (DAYS) 

1.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

P (psia) 
res 

5372.3 

5271.7 

5159.6 

5047.2 

4934.3 

4821.1 

4707.5 

4593.6 

4479.3 

4364.6 
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~Qoil (stb) 

300.0 

3000.0 

6000.0 

9000.0 

12000.0 

15000.0 

18000.0 

21000.0 

24000.0 

27000.0 



FIGURE 6.4 

TWO DIMENDIONSAL AREAL MODEL 

PRIMARY DEPLETION OF AN UNDERSATURATED RESERVOIR 
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Problem 3: Cross-Section Model Showing Line-Drive Yaterflooding 

of an Undersaturated Reservoir 

A linear, cross-sectional grid model with II - 20, JJ ~ 1, KK - 5 

contains a well at each end of grid block. Production is from a well 

(I - 20, J - 1) completed in layer 2, 3 and 5 while layer 4 is shut 

in. The well is under PI and flowing FBHP control at pressure of 4015 

psia. Layer 4 is shut in effectively by setting skin's value to a 

very large number so that PI equals to zero. At the same time, a rate 

specified water injection well(~~ 900 STBD) is completed in layers 

4 and 5 at the end (I - 1, J = 1) opposite to the production well 

location. The complete nature of the problem is illustrated in Fig. 

(6.5). 

An essentially constant oil production rate is maintained in the 

pressure constrained production well until water-breakthrough occurs. 

(Fig. 6.6). Breakthrough occurs first in the lowermost layer 5, 

followed by layer 3 and then the uppermost layer 2. Oil production 

falls off rapidly after breakthrough. The simulated calculations 

using BOAST (LSOR) against GOWSIM (CLSOR) are plotted in Fig. (6.6). 

This shows good agreement except water-breakthrough occurs some days 

slower for GOWSIM. 
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Input data for this problem is presented in Table 6.5. 

Note: Porosity is halved in the end grid blocks to account for the 

block-centered finite-difference forumulation. A vertical to 

horizontal permeability ratio of 0.1 is used so that too much 

vertical fluid migration is restricted. 
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TABLE 6.5 INPUT DATA FOR PROBLEM 3 

LINE DRIVE WATERFLOOD: CROSS-SECTION RUN 
.20,1,5 
GRID BLOCK LENGTHS 
-1,-1,-1 
20. . 
500. 
10. 
GRID BLOCK LENGTH MODIFICATIONS 
0,0,0,0 
CAPROCK DASE DEPTHS 
0 
8325. 
POROSITY AND PERMEABILITY 
-1,-·1,-1,-1 

,;c: 
• .A, .... 

.2(t(>. 
20(>. 
2C>. 
POROSITY AND PERMEABILITY MODIFICATION CARDS 
1 C> , 0 , c, , <• , 1 
1, 1, 1, • 125 
1,1,2,.125 
1, 1, 3, • 125 
1 , 1 , 4, • 125 
1,1,5,.125 
20,1,1,,,125 
20, 1 , 2, • 1 25 
20 , 1 , 3 , • l 25 
20, 1 , 4 , • 1 25 
2C> , 1 , 5 , • 1 25 
TRANSMISSlBILlTV MODIFICATIONS 
C>,O,O,CI 

SAT KRO KRW KRG PCOW PCGO -.1,0.0,o.o,o.o,o.o,o.o 
.02,0.o,o.o,o.o,o.o,o.o 
• 1 , 0. 0 , (t. (>, • 025, 0. 0, 0. 0 
.2,.00147,o.o,o.o7s,o.o,o.o 
.3,.00228,.0122,.19,0.0,0.0 
.4,.037,.0244,.41,0.0,0.0 

c:: C c:'. "'7 1 C -· - 1- 7 ':.- C O C C • -· ' • • ,..,'I J ' • ) .;., ~ C\ ' • "'" ' ) • ' • • , 
.6,.134,.0672,.87,0.0,0.0 
.7,.207,.1344,.94,o.o,o.o 
.8,.604,.2688,.9666667,0.0,0.0 
~ 1 47·4 ~9--~~~ 0 (' ( 0 • "i t • , • 0 , • f · .. ~ ~ ..::, ~' .. ) , • J , t • 

1.1,1.,.5,!. ,0.0,0.0 
PBO VSLOPE BSLOPE RSLOPE PMAX 

4() 14. 7, • (t0004l"', - • C,(t00:232, 0.0,9014. 7, Ct 
P MUD BO RSO 

14. 7, 1 • (t4, 1 • (1t,2, 1 • 
1014.7,.83,1.295,371. 
2(• 14. 7, ,, 6't5, 1 • 435, 6:16. 
3014.7,,,594,1.565,930. 
4014.7,,,51,1.695,1270. 
5014.7,.449,1.827,1618. 
9014.7,.203,2.357,2984. 

P MUW BW RSW 
14.7,.5,1.019,0.0 
1014.7,.501,1.016,0.0 
2014.7,.502,1.013,0.0 
4014.7,.505,1.007,0.0 
6014.7,.51,1.001,0.0 
9014.7,.52,.992,0.0 

P MUG BO CR 
14. 7, • oc,a, • 9353, • oc,0003 
264. 7, • (1096, • 06 7902, • 000003 
514. 7, • (tl 12, • 035228, • 000003 
1014.7, .. (»14, .(>17951, .000003 
2014. 7, • (118',', • (><)906'.3, • 0000(>3 
2514. 7,. (1208,. (>07266,. 000003 
3014. 7,. 0228, • C>Ol,064, • 000003 
4014. 7, • (1268, • 004554, • 000003 
5014.7,.0309,.003644,.000003 
9014.7,.047,.002167,.000003 

RHOSCO RHOSCW RHOSCO 
46.244,62.230,.0647 
EQUILIBRIUM PRESSURE INITIALIZATION/CONSTANT SATURATIONS 
0,0 
5015.,0.0,8425.,8300 • 
• 8 , • :! , (t • (t 
KSN1 KSMl KC01 KTR KCOFF c, , c, , C• , Cl , (1 
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TABLE 6.5 Continued 

NMAX FACTl FACT2 TMAX WORMAX GORMAX 
I::". • .. 1 ,.., ~ .y ~- c· -.. - a:- ') ') ('a - C 1 ~ C 1 C r r -"""c()() , • J!. f • ._1, ;)C\'-1 • , .:. (J • , ,)l l . t> ) • , ~• t • t ) ,J ~»tJ • 
KSOL 1'11.rER OMEGA ·roL TOL1 DSt'IA): 2,100,1.7,.1,0.0,.0S,100. 
RECIJr~REt,JT DATA 
1,1,1,1,1,1,1,0,0 
1 • , • 1 , 1 (t. , (),, (J , 0. (), (J. () 
RATES ,., 
• 'PROD!,,20,1,2,4,-1,600.,0.0,0.0,0.0 
• 25, 24. 44, 4(115 • 
• 25 , 1 5 • , 4(11 5 • 
• 25 , 50(>(1(1 • (>, 4015 • 
• 25 , 52 • 7 b , 4(11 5 • 
'INJ-1,,1,1,4,2,2,0.0,-900.,0.0,0.0 
.• 2 ~i , 5 .2 • 7 l9\ , () • (J 
• 25, 24 • 44 , c,. (t 
(t, 8 t O t (1, (It() f (J t (J, () 
1 • , • 1 , 1 (I • , C> • (I , (> • c, , c, • 0 
0,1,1,1,1,1,1,0,0 
1 • , • 1 t 1 (I • , () • (I , 0 • (J t (I • 0 
0,9,0,0,0,0,0,0,0 
2 • t • 1 t 1 () • , (> • (I , (> • 0 , 0 • (l 
(I , 1 , 1 , 1 , 1 , 1 , 1 , 0 t () 
2.,.1,10.,0.0,o.o,o.o 
0,9,0,0,0,0,0,0,0 
6.,.1,30.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 
6.,.1,30.,0.0,0.0,0.0 
0,14,0,0,0,0,0,0,0 
6.,.1,30.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 
b • , • 1 , 3 (I • , C> • (I , 0 • (I , (I • 0 
0,4,0,0,0,0,0,0,0 
6., , • 1 , 3(1 ,, , c,. 0 , 0 • () , 0 • 0 
0,1,1,1,1,1,1,0.0 
l, ., t • 1 , 3(t • t () • (I , 0 • () , (I • 0 
(t , 4 t O , (I , (I t () f (t , 0 t 0 
b • , • 1 , 3(t • , C> • (> , 0 • 0 , C> • 0 
0,1,1,1,1,1,1,0,0 
6 • , • 1 , 3(J • t () • (I , 0 • 0 t O • 0 
(I , 4 t O , (I t (I t () t (I t O , 0 
b. , • 1 t 3(1., t (> • (), 0. 0, (I• 0 
0,1,1,1,1,1,1,0,o 
6 • t • 1 , 3(1 • , (> • (I t O • 0 , (J • (l 
(I , 4 t O , (I , (t t (> , (I , 0 t (1 
6 • , • 1 , 3(1 • t (J • (> , (> • (I , (I • 0 
0,1,1,J,1,1,1,0,0 
6 • t • 1 , 3 (I • t (> • (I , (> • (I t (I • 0 
(I , 4 , 0 , (I , (t t (> t (I , (> , (I 
6 • , • 1 t 3(1 • t () ,, () , 0 • (I , (I • 0 
0,1,1,1,1,1,1,0,0 6.,.1,30.,0.0,0.o,o.o 
() , 4 , 0 , (I , (I , c, , (I , (> , C> 6.,.1,3c,.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 
6. • , • 1 , '3(1 • , 0 • () , 0 • (> , c, • 0 
0,4,0,0,0,0tO,O,O 6.,.1,30.,0.0,o.o,o.o 
0,1,1,1,1,1,1,0,o 
6.,.1,30.,0.0,0.0,0.0 
0,4,0,0,0,0,0,0,0 
6 • , • 1 t 3(1 • , () • (I , (> • <) , (t • () 
0,1,1,1,1,1,1,0,o 
6 • t • 1 t 3(1 • t (I • (I t O • (I , (I • 0 
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Problem 4: Two-Dimensional. x-z Cross-Section Model Showing 

Production from Oil-Patch and Gas-Patch Reservoirs with 

Fluid Contact Levels at Different Depths. 

In this problem, an oil well and a gas well are producing under a 

rate constraint of 100 STBD and 10 MSCFD respectively. Oil production 

is from the well (I= 3, J = 1) completed in the uppermost layer while 

gas production from the well located at (I= 9, J ~ 1, K = 1). 

Equilibrium pressure initializations at constant saturations 

initialization are made by reading the pressures and saturations 

block-by-block basis. The oil-water contact and gas-water contact are 

found at the depths of 8405 ft and 8445 ft respectively. The complete 

nature of the problem is illustrated in Fig. (6.7). Input data for 

this problem is presented in Table 6.6. The calculations are plotted 

in Fig. (6.8) for average reservoir pressure versus time. An 

approximately constant pressure decline in the reservoir is maintained 

throughout the time. Care must be taken to use small time steps in 

this problem. 
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TABLE 6.6 INPUT DATA FOR PROBLEM 4 

2D, CROSS-SECTICJNt\L 1 OIL L-JELL PLUS I GI\S li-JELL ( :1ATE CONSTR) 
10,1,5 
GRID BLOCH LENGTHS 
·-1 ,-1, ·-1 
30()(). 
5000. 
20. 
GRID BLOCK LENGTH MODIFICATIONS c,,o,o,o 
CAPROCK BASE DEPTHS 
1 
81.105. , 83<='5 .. , :::<::-:.,25., , 831:,~5. , 8405 .. , 8445. , 8445 .. , 8425. , :3dl)5. , 8425. 
POROSITY AND PERMEABILITY 
-1,-1,-1,-1 

~,C' .... _. 
200. 
200. 
20. 
POROSITY AND PERMEAB1L.ITY MODIFICATION CARDS 
1 0 , 0 , c, , (t , .t 
l , 1 , "1 , • 1 25 
l , 1 , 2, • 1.25 
1 , 1 , 3, • 125 
1 , 1 , a, . 125 
1 , 1 , 5, • 125 
1 C, , 1 , 1 , • l .2 ~i 
1 o, t , 2, • 12~. 
10, 1 , 3 , • 1 2~. 
1 0, 1 , 4 , • 1 25 
1 0, 1 , 5 , • 12~. 
TRANSMISSIBILITV MODIFICATIONS o,c,,o,o 

SAT KRO kRW KRG PCOW PCGO 
-.1,0.o,o.o,o.o,o.o,o.o 
.1,0 .. 0,0.0,0.0,0.0,0.0 
• 2, .. 0014 7, C>. 0, • 075 • (J. 0, 0. 0 

' ()0 .-, ,..,~ c, 1 .-, .-. 1 ,:, ·, ,-, • -
• ._\t 11 4.C..Of • LJ:.t • .• , y(. •. ,lJ.(J 
.4,.037,.0244,.41,0.0,0uO 
~ ()C71 ()~~L ·7~ () (•) () () ·-''. ..... ' ... , ... ,r.:-,. '-' • - " .• 

• 6, .. 134,. 0672,. 87, 0. 0, 0. 0 
7 ~o~ 1~44 on •. - · • t • -'· l , • .:., t • ·, 4 , () • 0 , CJ .. (.I 

.8,.604,.2688,.9667,0.0,0.0 
0 1 47(.ll ~•:')<-.. - - - • 

• , ' • ' • .> ' • j 7 ....... ) ' 0 • (J ' (J .. 0 
1 •. t, 1., .5, 1. ,o .. o,o.c, 

PBO VSLl1PE BSLOPE RSLOPE PMAX 
4014. 7, (1. C>, - • (><)0(>() 1 , 0.0,9014 .. 7, (I 

P MUO BO RSO 
14. 7,2., 1.5, 1. 
4014.7,2.,1.5,1. 
9014.7,2.,1.5,1. 

P MUW BW RSW 
14.7,1. ,1. ,o.o 
4014 • 7 , l • , 1 • , 0 .. 0 
9014.7,1.,1.,0.0 

P MUG BG CR 
14 7 ( r ~ - -• c:·r. • C C C ..... • t • ..... ~, .·j..:;1.,.1d, .o)) >CJ • ..:.°' 

26/J .• 7, • (1()9l"', • 06 7'·'i'02, • 000003 
I:' l A 7 { J 1 ,.., (.)...., I:!' •""t r, - • . ( p • --. 

.,.c LC· • t • "f L ' • . .:_, .--:.1 .:.:,. .c:. ;3 t • (_) (J ) 0 CJ .:_, 
1 () 14. 7, • 014, • C> 1 7'·:J~i 1 , • 000003 
,.'() 1 4 7 ( 1 ~ r • - ,- · " ..,. • ( · ( • "T .L. ,. , • I ,3 ,' , ,. (J (J ·:l U o . .:.-. , • CJ HJ .JO ,._, 
,.,t: 1 a 7 r .-, - ,._. - ·· ·7 ,.., " " • r c · · ..... • .... • • , ... >Ll>8, • (J(J ,:.or.:.,, • CJ J J(J(J..:) 
3014 • 7, • ()228, • (H)l,064, • f)(t()(>C,3 
4C> 1 a. .. 7, • 026c~, . ooa 554, • 000003 
5014.7,.0309,.003644,.000003 
9014 .. 7,.047,.002167,.000003 

RHOSCO RHOSCW RHOSCG 
46 .. 244,62.238,.0647 
EQUILIBRIUM PRESSURE INITIALIZATION/CONSTANT SATURA"flQNS 
1 , 1 
4819.,4809.,4800.,4809.,4819 .. ,4837.,4837 .. ,4831.,4829.,4831 
4828.,48t3 .. ,4804.,4813~,4828.,4B45.,4845.,4837.,4831.,4837 .. 
4837.,4819.,4809.,4819.,4837.,4854.,4854.,4845.,4837.,4845. 
4845.,4828.,~813.,4828.,4845.,4863.,4863.,4854.,4845.,4854. 
4854.,4837.,4819.,4837.,4854.,4871.,4871.,4863.,4854.,4863. 
( ( ,. ~ 8 - .. . ( - (" ,.., ,., ,-, ,. ,, .d, .d,. ,c.> .. o,o. ,,o. J, • .,,_, .~, • .1:.. 

c,.o, .a, .8, .:~,o.o,o.o,o.o,o.o, .2,0.0 
0 • () , 0 • (t , • 8 , Cl • (> , U ,, (I , C> • 0 , 0 • c, , 0 • 0 , (t • 0 , CJ • 0 
o.o,o.o,.s,o.o,o.o,o.o,o.o,o.o,o.o,o.o 
0. (), 0. 0, (t. 0, 0. 0, 0. 0 , 0 • 0, <). C>, 0. 0, 0. 0, 0 .. 0 
1 • , • 2 , • 2 , • 2 , 1 .. , l. • , 1 • , 0 • 0 , 0 • 0 , 0 • (t 
1.·, .2, .2, .2, 1 .. , 1., 1., 1 .. ,O.C>, 1. 
1., 1 .. , .2, 1., 1 .. , 1., 1., 1., 1., 1. 
1., 1., .2, 1., 1., 1., 1., J.., 1., 1. 
1 : , 1 • , 1 • , 1 • , 1 • , 1 • , 1 • , 1 • , 1 • , 1 • 
KSNl HSM1 hCOl ~,TR ~,COFF 
0 , C> , 0 , Ct , (t 
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TABLE 6.6 Continued 

NMAX FAc·r 1 FACT L lMf.\X WORMAX tJfJl~l'1AX 
5 00 , 1 • 2 , • 5 , 1 2 0 • , ::: 0 • , !:~ 0 c:) 0 0 0 • , 1 4 • 7 , 1 0 0 0 0 • 
t,SOL MilEH 1:JMLGA TOL TOL.1 DSMAX 
2 , 1 00, 1 • 7 , • 1 , 0. 0 , • 05, 100. 
RECURRENT DATA 
1 t 1 I 1 I 1 J 1 I 1 t 1 , 1 ' 1 
1.,1.,1.,c,,o,o 
RATES ~, 
• 'PROD'3,1,1,1,1,100.,0.0,0.0,0.0 
• 25 , (I • (I , (I • 0 
'PR02',9,1,l,1,3,0.0,0.0,10.0,0.0 
• 2 5 t O • (I , (I • () o,s,o,o,o,o,o,o,o 
1.,1.,1.,c,,o,o 
(I t 1 , 1 t 1 t 1 t 1 t 1 t O t 0 
1 • , • 1 , 3(1. , 0, 0 , 0 
0,30,0,0,0,0,0,0,0 
1 • ' • 1 ' 3(1 • ' c, ' (I ' 0 
0,1,1,1,1,1,1,0,0 
1 • t • 1 t 3 (I • I (J t (J t 0 
0,15,0,0,0,0,0,0,0 
1 • ' • 1 ' 3(1 • ' (> t O ' 0 0,1,1,1,1,1,1,0,0 
1 • ' • 1 ' 3(1 • ' (> ' 0 ' C, ,, , 15 , 0 , <• , () , 0 , C> , 0 , 0 
1 • ' • 1 ' 3(1 • ' () ' (I ' 0 
(t, 1, 1, 1, 1, 1, 1 ,O ,o 
1 • ' • 1 ' 3(1. '()'(I '() 
0,15,0,0,0,0,0,0,0 
• 2 5 t 1 • t 1 • I () • (a t (> • 0 • (I • 0 
(I I 1 t l t 1 I 1 t 1 t 1 I () I () .2s,1.,1.,o.o,o.o,o.o 
o,s,o,o,o,o,o,o,o 
.25,1.,1.,0.0,0.0.0.0 
C•, 1, 1, 1, 1, 1, 1,0,0 
.2~,1.,1.,0.0,o.o,o.o 
0,5,0,0,0,0,0,0,0 
.2s,1.,1.,o.o,o.o,o.o 
0,1,1,1,1,1,1,0,0 
.2s,1.,1.,o.o,o.o,o.o 
(1 , 5 , (I , (t t (I t O t (t , 0 , 0 
• 2 5 , 1 • , 1 • , () • () , () • 0 , (I • 0 
0,1,1,1,1,1,1,0,0 
• 25 t 1 • , 1 • t O • (I t O • C) t O • 0 o,s,o,o,o,o,o,o,o 
• 2 ~' t 1 • • 1 • t (> • (I , 0 • 0 t (I • () 
(1 , 1 , 1 , 1 , 1 , 1 , 1 , 0 , 0 
• 2 5 t 1 • t 1 • t (I • (I t O • C) t O • () o,s,o,o,o,o,o,o,o 
• ~5 , 1 • , J • , c, • (t , O • O • C• • o 
0,1,1,1,1,1,1,0,0 
• 25 , 1 • , 1 • , () • (J , 0 • 0 , c, • 0 
0,5,0,0,0,0,0,0,0 
• 25 t 1 • t 1 • t () • CJ , (> • 0 • (I • () 
0,1,1,1,1,1,1,0,0 
• 2 5 , t • , 1 • , () • (1 , 0 • 0 • C• • (I 
o,s,o,o,o,o,o,o,o 
• 2 5 t 1 • t 1 • t (> • (t 1 0 • () , (I • 0 c,, 1, 1, 1, 1, l, 1,0,0 
• 2 5 , 1 • , 1 • , 0 • (J , 0 • 0 , 0 • 0 
(t t 5 t () t (I t (t t (> t (I t O t C) 
• 2 5 , t • , 1 • , () • c, , 0 • 0 , 0 • () 
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TABLE 6.6 Continued 

0,1,1,1,1,1,1,o,o 
.25,1.,1.,0.0,0.0,0.0 
0,5,0,0,0,0,0,0,0 
~~ 1 1 C . ') - . Cl .~ .... , • , • , >.o,t .c.,,o. 

0,1,1,1,1,1,1,o,o 
.2s,1.,1.,o.o,o.o.o.o 
(I , 1 0 t O , 0 , (> t O t (> , 0 , 0 
.2s,1.,1.,o.o,o.o,o.o 
(t, l, 1, 1, 1, 1, 1 ,O,O 
.25,1.,1.,0.0,0.0,0.0 
0,15,0,0,0,0,0,0,0 
.25,t.,1.,o.o,o.o,o.o 
0,1,1,1,1,1,1,o,o .2s,1.,1.,o.o,o.o,o.o 
0,15,0,0,0,0,0,0,0 
• 2 5 , 1 • , .t • , C> • C> , 0 • 0 • () • () 
0,1,1,1,1,1,1,o,o .2s,1.,1.,o.o,o.o,o.o 
(l , 1 5 , (I , (I , (> t O t (> t O t () 
~~ l 1 C - - - C 0 •J..._., • ' • ',.c.,,u.o, ,. 

0,1,1,1,1,1,1,0,0 
,., C" 1 l C - <-, - C C .~ .... •, • , • , >.Oir •.• U, ,. J 

() , 1 5 , 0 t (I , (> t C, , 0 , 0 , () 
.... ,s:: ·1 1 - - - - C -• " .... , • , • , U • (.J , 0 • U , I .. 0 

() , 1 , 'l , 1 , 1 , 1 , 1 , 0 , 0 -,IC'. 1 J • • • • C 0 • ~ ~· ' • ' • ' () • () ' (J • (J ' , • 
(t , 1 5 , 0 , <• , () , c, , 0 , 0 , 0 
.2s,1.,1.,o.o,o.o,o.o 0,1,1,1,1,1,1,0,o 
• 25 , 1 • , 1 • , C> • 0 , C> • 0 • 0 • 0 
0 , 1 5 , 0 , (t , C> , 0 , 0 , 0 , 0 
.2s,1.,1.,o.o,o.o,o.o 
0,1,1,1,1,1,1,o,o 

,_,C" 1 1 C . - - 0 0 .~ .... ,, • , • , >.o,o.u, • 
0,15,0,0,0,0,0,0,0 
.25,1.,1.,0.0,0.0,0.0 
0,1,1,1,1,1,1,0,0 .25,1.,1.,0.o,o.o,o.o 
0 1 1 ~5 , () ., (I , (> t C, , 0 , 0 , 0 
• 2~5 , 1 • , l • , 0 • 0 , 0 • 0 , 0 • 0 
(I t 1 t () t (I , (t t (> 1 (> t () , () 
.25,1.,1.,0.0,0.0,0.0 
0,15,0,0,0,0,0,0,0 
.25,1.,1.,0.0,0.0,0.0 
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Problem 5: Linear. Three-Dimensional. Two-Phae Model Showing a Single 

Gas Yell Producing from Gas-Yater Reservoi.r 

A linear, three-dimensional model grid (II - 5, JJ ~ 5, KK ~ 5) 

contains a single gas well at the centre of top layer producing under 

a rate constraint of 25,000 MSCFD. The well production is from layer 

1 only. The depth to top of horizontal layer 1 is 8325 ft. The gas­

water contact is located at the bottom of layer\ 2).The complete 

picture of the problem is illustrated in Fig. (6.9). The performance 

of a gas-water reservoir with the pertinent data given in Table 6.7 is 

studied using GWSIM simulator. The reservoir's pressure and 

temperature are 4800 psia and 180°F respectively. The pressure at the 

gas-water contact is found to be 4806.6 psia. The input data for this 

problem is shown in Table 6.8. 

The average reservoir pressures after different elapsed ti1nes of 

production are calculated. Then the cunuuulative gas production verus 

P/Z are plotted in Fig. (6.10). The straight line nature of the graph 

clearly states that two-phase gas-water simulator can be used as a 

single phase reservoir simulator provided that the GWC should be far 

below the production location. 
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Data: 

M 

16 

30 

44 

TABLE 6.7 

GAS-WATER RESERVOIR SIMULATION 

-
P = 4800 psia 
res 

-T = 180°F = 180 + 460 = 640°R 
res 

y 

0.9 

0.07 

0.03 

p 
C 

668 

708 

616 

T 
C 

343 

550 

660 

M p 
C 

T 
C 

14.q 601.2 308.7 

2.1 49.56 38.5 

1.32 18.48 19.8 

17.82 669.24 367.0 

G G . 1729.82 == 0.614 as ravity = 
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TABLE 6.7 Continued 

At Constant Average Reservoir Temperature of 180°F 

l z B - 18.112 ZLP* -res -g 

264.7 0.975 0.6671 X 10- 1 

514.7 0.96 0.3378 X 10-l 

1014.7 0.935 0.1669 X 10- 1 

2014.7 0.89 0.8001 X 10- 2 

2514.7 0.885 0.6374 X 10- 2 

3014.7 0.89 0.5347 X 10- 2 

4014.7 0.94 0.4241 X 10- 2 

5014.7 1.0 0.3612 X 10- 2 

9014.7 1.32 0.2652 X 10- 2 

After a Simulation Time of 1 Year: 

l Q& z P/Z -

4603.3 0.675 X 106 0.98 4697 
4362.7 1.425 X 106 0.96 4544 
4102.8 2.175 X 106 0.94 4365 
3894.8 2.925 X 106 0.93 4188 
3717.1 3.675 X 106 0.925 4018 
3523.3 4.425 X 106 0.915 3849 
3309.9 5.175 X 106 0.905 4018 
3075.1 5.925 X 106 0.894 3441 
2898.1 6.675 X 106 0.889 3261 
2739.1 7.425 X 106 0.887 3087 
2559.7 8.175 X 106 0.885 2891 

2409.2 8.925 X 106 0.887 2716 

*B = 0.0283 TZ/P = 0.0283 x 640 Z/P = 18.112 Z/P 
g 
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INPUT DATA FOR PROBLEM 5 

THREE DIMENSIONAL, OAS-WATER RESERVOIR SIMULATOR --~----~~-~~~-~~-~~-~-~---~~-~-------~-~--~-~~·-~ ~,3,5 
ORID BLOCK LENOTHS 
-1,-1,-1 
1~00.0 
JSOO.O 
15.0 

• 

ORID BLOCK LENDTH MODIFICATIONS 
(J t O t O, (I 
CAPROC~ BASE DEPTHS 
-1 
'633:5 • 
• ~RDSJTV AND PERMEABILITY 
-1,-1,-1,-1 
0.2~ 
200.0 
200.0 
20.0 
POROSITY AND PERMEABILITY MODIFICATION CARDS 
(J t O t O t (I t (I 
TRANSHJSSJBILITV MDDIFICATINS 
(1 t O I O t (I 

SAT KRW KRD 
-0.1,0.0,0.0,0.99 
0 • 1 , 0 • Ct , (I • 0 , • 99 · 
o.2,o.o,o.07s,.99 
0.3,.0122,.19,.95 
0.4,.0244,.41,.65 
0.5,.0366,.72,.45 
0.6,.0672,.87,.395 
0.7,.1344,.94,.32 
o.e,.2600,.9667,.25 
(I. 9 f • 4 7(14 I • 9935 t O • (I 
J.1,0.5,1.0,0.0 

PHAX 
9014. 7 ,c, 

P VIS~J 
• i4 • 7 , 1 • (I t 1 • 0 t O • 0 
4014.7,1.0,1.0,0.0 
9014.7,1.0,1.0,0.0 

EcW 

P VISO BO 
14.7,0.008,0.9358,0.000003 
264.7,0.0096,0.06671,0.000003 
5J4.7,0.0112,0.03379,0.000003 
1014.7,0.014,0.01669,0.000003 
2014. 7, <•. c• 189, o. oc,ec,o 1 , ea. c1oooc,3 
2~14.7,o.02oa,o.006374,o.000003 Jo1a. 7 ,c,.c,~2e ,o .oc,5347, c,. c,ooc1c,3 
4014.7,0.02b9,0.004241,0.000003 
5014 • 7 t (I• 030910 • (1(13612 t (t • 000(1(1~( 
9014.7,0.047,0.002652,0.000003 

RHOSCW RHOSCO 

PCOW 

RSI~ 

CR 

62. 238 ,(t.0647 
EOUJLIBRIUH PRESSURE INITIALIZATION/CONST SAT 
Ct,O . 
4806.6t83SS.O o.~o 
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TABLE 6.8 Continued 

H6t"l ),(SM1 •·cc:01 J<TR KCOFF (I, 0 t 1 (),(I,() l'JMAX FACT 1 FACT2 TMAX WGR~1AX PAl1I N PAMAX 5 (t (> t 1 • 2 , (I • 5 t 3 6 5 0 • (> , (I • 0 0 () (> () 1 t 1 4 • 7 , 1 (> (I (I (I (I • 0 KSDL t'll TER l11'1EGA 1·0L TOL 1 D5MA): DPMAX 2,100,1.7,0.1,0.0,0.05,150.0 
RECURREt·JT DATA 1 , 1 , 1 , 1 , 1 , 1 , 1 
~ -,, ~ 
._\ • t -' • I ._\ • 
RJ:\TES 
1 >PROD',3,3,1,1,3,0.0,25000.0,0.0 • 25 , 23. ,;,55, (). (> 
(I 1 7 , (..) t (I , (I t () t 0 
,! ., -:9 
.... , . ' ~ . ' '"'' " 
(I t 1 t 1 t 1 f 1 t 1 t 1 -=- -, -:9 .... ,. 'J. ' .... , .. 
(I t 9 t O t (I f (I t () , (I 
-=- '7' "":9 
.,,_\ . ' .:;. . ' '"'' . (>, 1, 1, 1, 1, 1, 1 
-=- 3 --=-'"'' . ' . ' "'"' . (I t 9 t O , (I t (I I () , 0 
-=- 3 --=-.,_\. '' . ' .... , . 
(> , 1 , 1 , 1 • 1 , 1 , 1 
-=- 3 -=-.... ,. ' ' . ' _,. 
(I , 9 , 0 , (I , (I t (t t (I 
-=- 3 "':"' ... , . ' . ' '""' . 
(It 1 t 1 t 1, 1 t 1 t 1 
~ 3 ~ ... , . ' . ' _,. 
(I , I~ , 0 , (I , (I , C> , 0 
- 'T -:e 
~\ . ' '~ . ' ... , . 
(It 1 t 1, 1 t 1 I 1 t 1 
~ .., "":9 ~' . ' .,;. . ' ... , . 
(I t 9 t O t (I t (I t (> t (I 
~ ..,, -:-. '""' . ' ,.,_\ . ' .,,_\ . 
(I t 1 t 1 t 1 t 1 I 1 I 1 
3.,3.,'3 .. 
(I t 9 t O t (I t1 (I t (> t (I -=- ., 9:t 
'""' • ' .,;. • t ... , " 
(It 1 t 1 t 1, 1 t 1 t 1 
~ 3 -=-,:_, . ' . ' ... , . 
(I t 9 t (I t (I f (I 1 (> t (I 
-:e -:r -=-
... , • ' \J • ' '""' • (t, 1, 1, 1, 1, 1, 1 "':" 3 -:e ... ,. ' . ' ._\. 
(t , 9 , (> , (I , (I t O , 0 -:- 3 ~ '"'' • t • t .. , • 
(I t 1 t 1 t 1 t l I 1 I 1 
-=- 3 -:e ._\ . ' . ' __ , . 
(> , 9 t O t (I , (I t O t (I 
9:9 ~ -:e .._, . ' .::, . ' __ , . 
(It 1 t 1 t 1 t 1 t 1 t 1 
3. ,3. ,'3. 
(I t 9 , () t (I , (I t O t (I 
3.,3.,3. 
(t , 1 , 1 , 1 , 1 , 1 , 1 .,. 3 "':'f '"'' . ' . ' ._\ . (I t 9 t O t (I f (I t (I , 0 
.,. "7 -:e 
.._\ . ' .:;. . ' ... , . 
(I, 1 t 1, 1 t 1 t 1, 1 -:- 3 "':" _,. ' . ' ._\ .. 
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Problem 6: Two-Dimensional, Cross-Section Model Grid of Gas-Water 

Reservoir With Two Different Fluid Contact Levels 

In this problem, cross section model grid (II= 10, JJ = 1, KK = 3) 

contains 2 gas wells at the location (3, 1, 1) and (9, 1, 1). The grid 

dimensions are 8X = 3000', 8y = 3000', 8z = 50'. The well located at 

(3, 1, 1) is under a rate constraint of 10 MSCFD while the other well 

is under a PI and FBHP control at a pressure of 4000 psia. The well 

block pressures and saturations are read in block-by-block basis to 

have two different fluid contact levels in the model grid. The 

complete picture of the problem is illustrated in Figure (6.11). The 

input data file for this problem is shown in Table 6.9. 

The average reservoir pressures are reported in table and plotted 

against elapsed time of simulation in Figure (6.12). The method of 

solution is BAND. 

-157-



8355' 

50' 

-13000•r-

J_ 
3000' 0 

cp • 0. 25 

10 MSCFD 
.(rate constraint 

gas well) 

K • K • 200 mds 
X y 

FIGURE (6.11) 

· · l 5 tJ· • 

K • 20 md 
z 

0 

Pwfaa 4000 psia 



TABLE 6.9 INPUT DATA FOR PROBLEM 6 

THREE DIMENSIONAL, OAS-WATER ~ESERVO!R SIMULATOR 
------------------------------------------------10,1,3 

Gf< ID BLOCK LENG Ttt:3 
-1,--1,-1 
3000.0 
3000.0 
50.0 
GRID £•LOCK LENGTH MODJfICATillNS 
0,0,0,0 
CAPROCK BASE DEPTHS 
1 
BJ55.,SJ25.,a295.,aJ25.,0J55.,aJas.,a3as.,a370.,u355.,8J70. 
PO ROS I TY AND PERt1E;1fJ I L. I T't' 
-1,-1,-1,-1 
O.:?S 
200.0 
200.0 
20.0 
POROSITY AND PERMCADILITY MODIFICATION CARDS 
6,0,0,0,0 
1,1,1,.1 
1,1,2,.1 
1,1,J,.1 
10,1,1,.1 
10,1,2,.1 
10,1,3,.1 
TRANSH I SS I BI LI TY ~lfJD If' I CAf INS 
0,0,0,0 

SAT KRW KRG PCGW 
-0.1,0.0,0.0,0.Y9 
0.1,0.0,0.0,.99 
0.2,0.0,0.075,.99 
0.3,.0122,.19,.05 
0.4,.0244,.41,.lS 
0.5,.0366,.72,.45 
0.6,.0672,.87,.395 
0.7,.1344,.94,.32 
0.8,.2688,.9667,.25 
o.9,.4704,.9~35,o.o 
1.1,0.s,1.o,o.o 

PHAX 
9014.7,0 

p VISW aw RSW 
14.7,1.0,1.0,0.0 
4014.7,1.0,1.0,0.0 
9014.7,1.0,1.0,0.0 

P VlSO BG CR 
14.7,0.009,0.9350,0.000003 
264.7,0.0096,0.0b671,0.000003 
514.7,0.0112,0.0J37~,0.000003 
1 0 1 4 • "7 , 0 • 0 14 , 0 • 0 1 6 6 9 , 0 • 0 0 l) 0 0 :5 
201 /a.7,O.018 11, O. Ol)UOO l , 0. (HHHh)J 
2 5 1 4 • 7 , 0 • 0 2 0 0 , () • (h) 6] 7 4 , O • 0 0 () () 0 J 
J014.7,0.0220,0.005347,0.000003 
4014.7,0.0260,0.004241,0.00000J 
SO 14 • 7 , 0 • 0 3 O ',' , 0 • <> 0 :5 6 t 2 , () • ()l}l)c.) 0 3 
9 0 14 .. 7 , 0 • 0 4 7 , 0 • () 016 ~j 2 , 0 • 0 () c.) 0 0 :5 

RUOSCU RHOSCG 
62.230,0.0647 
EQUILIBRIUM PRESSURE INITIALIZATION/CONST SAT 
1,1 
4019.,4812.,4809.,4812.,4810.,4831.,4031.,4827.,4025.,4827. 
4824.,4814.,4810.,40l4.,4824.,4B37.,4G37.,40J1.,4027.,4031. 
48J1.,4918.,4812.,4810.,48J1.,4844.,4B44.,48J7.,4031.,4837. 
1.,.2,.2,.2,1.,1.,1.,.2,.2,.2 
1.,.2,.2,.2,1.,1.,1.,1.,.2,1. 
1.,1.,.2,1.,1.,1.,1.,1.,1.,1. 
t<SN1 k:SH1 k:C01 KH°' f\CCJFF 
0,0,,0,0,0 
NMAX FACT1 FACT2 ThAX UGRHAX PAHlN PAHAX 
soo,1.2,o.S,365<>.<>,o.000001,14.,,100000.o 
KSOL HITER OME1,A TOL -rlll.1 DSMAX I>PMAX 
1,100,1.,,0.1,0.0,0.05,150.0 
RECURRENT DATA 
1,1,1,1,1,1,1 
3. ,3 .. ,J. 
RATES 
2 
'PROl',J,1,t,1,3,0.0,t0.0,0.0 
.25,23.955,0.0 
'PR02',9,1,1,1,-J,o.o,o.o,o.o 
.25,23.955,4000. 
0,7,0,0,0,0,0 
3. ,3. ,3. 
0,1,1,1,1,1,1 
3.,3.,J. 
0,9,0,0,0,0,0 
3.,3.,3. 
0,1,1,1,1,1,1 
3.,3.,3. 
0,9,0,0,0,0,0 
3.,3.,J. 
0,1,1,1,1,1,1 
3.,3.,J. 
0,9,0,0,0,0,0 
3. ,3. ,J. 
0,1,1,1,1,1,1 
3.,3.,J. 
0,9,0,0,0,0,0 
3. ,3. ,3. 
0,1,1,1,1,1,1 
J.,3.,3. 
0,9,<>,0,0,0,0 
3. ,3. ,J. 
0,1,1,1,1,1,1 
3.,3.,3. 
0,9,0,0,0,0,0 
3. ,3. ,J. 
0,1,1,1,1,1,1 
J.,J.,J. 
0,9,0,0,0,0,0 
3.,3.,J. 
0,1,1,1,1,1,1 
3.,;J.,3. 
0,9,0,0,0,0,0 
3.,3.,3. 
0,1,1,1,1,1,1 
3. ,3. J. 
0,9,0 0,0,0,0 
3.,J. J. 
0,1,1 1,1,1,1 
3. ,J. 3. 
0,9,0 o,o,o,o 
3. ,J. J. 
0,1,1 1,1,1,1 
3. ,3. J. 
0,9,() 0,0,0,0 
3. ,3. J. 
0,1,1 1,1,1,1. 
~!.,3. :J. 
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Problem 7: Three-Dimensional Yater Reservoir Model 

In this problem, three-dimensional model grid (II= 5, JJ = 5, 

KK - 5) contains 5 water wells of which one well is producing water 

under a rate constraint of 500 STBD while the rest are injection wells 

under the PI and FBHP control at a pressure of 4000 psia. The grid 

dimensions and other pertinent data are shown in Figure (6.13). The 

input data for this problem is shown in Table (6.10). 

Solution method for this problem is BAND. The average reservoir 

pressure distribution through simulation ti1ne is shown in Table 

(6.11). It is plotted in Figure (6.14). 
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Figure (6.13) 
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TABLE 6.10 INPUT DATA FOR PROBLEM 7 

THREE Dil"IENSIONAL, WATER R£SERVD1 R S !MlJLi::iTDR ·--------·--·------------------ -· ---- -- . - ....... - - - - .. -- -· -
5,5,5 
GRID BLOCK LENGTHS 
-1,-1,-J 
1500.0 
1500.0 
15.0 
GRID BLOCt< LENGTH MODIFICATIONS 
(>, 0, 0, 0 
CAPROCK BASE DEPTHS c, 
0355.0 
POROSITY AND PERMEABILITY 
-1,-1,-1,-1 
(J. 25 
200.0 
200.0 
20.0 
POROSITY AND PERMEABILITY MODIFICATION CARDS 
C>,0,0,(1,(1 
TRANSMISSJBILITY MOOIFICATINS 
(> 1 (> 1 (It (I 

Pl"IAX 
9(>14. 7 

P VISW BW CRT 
14.7,t.0,1.0,.000003 
4014.7,1.0,1.0,.000003 
9014.7,1.0,1.0,.000003 

RHOSCl,J 
62.238 
EQUILIBRIUM PRESSURE INITIALIZATION/ 
(J' 0 
4806.6,B355.0 
(J. 2 
1-\SNl t:.SMl HC01 t{TR HCDFF 
0 t (J 1 0 t (I t (I 
NMAX FACT! FA~T2 TMAX PAMIN PAMAX 
500 t 1 • 2 t (I• 5 t 36ti .. (I s 14 • 7 'I 10000(>. 0 
KSOL HITER OMEGA TOL TOLl DSMAX DPM~x 
1,100,1.7,0.1,0.0,0.0S,150.0 
RECURRENT DATA 
1 , 1 , 1 , 1 , 1 , 1 
3.,3.,3. 
RATES 
5 
I PROD' ,3,:S, 1, 1,2,5(1(1.0 
• 25, 23. 955, c,. 0 
' I NJ' , 1 , 1 i 5, 1 , -2, (> • c, 
.25,23.955,4000.0 
' I NJ' , 5, 1 , 5, 1 , -::: , (J • (I 
.25,23.955,4000.0 
' l NJ • , 1 , 5, 5, 1 , -2 , 0 • C> 

,., a=- ,., -:t •!JC: C'. 4 (' ,·, •. ) ,·, 
....... ' .. tJ • , .... --· ' , '" - • -· 

'JNJ' ,5,5,5, 1,-:::,0.0 
.25,23.955,4000.C> 
(, , 7 t O t (I t (I t () .... ::s -:,, .;,., ., .. ,. 
(>, 1, 1, 1, 1, 1 
-:,, T -:, ... ,.,~., .. >. 
(I t 9 t O t (I t (I t () 
-:,, 3 -:w .;,., ., ... ,. 
() t 1 I 1 t 1 t 1 I 1 
3. ,3. ,3. 
0 t 9 t O t (I t (I t () 
3.,3.,3. c,, 1, 1, 1, 1, 1 
"I!' T -:,, ... ,. ,~. ,.;,. 
(I t 9 t O t (I t (I t () 
3. ,3. 3. c,, 1, 1 1, 1, 1 
":! 3 -:, 
.:,. ' . .;,. 
(I t 9 t O (I t (I I () 
3. ,3. 3. 
(1,1,1 1,1,1 
3. ,3. 3. 
(J, 9 t Q (I t (I t (> 
3. ,3. ~i. 
0,1,1 1,1,1 
3.,3. 3. 
(I t 9 t O (I t (I t () 
3. ,3. 3. 
(I I l t l 1 t 1 I 1 
3. ,3. 3. 
(lt9,0 o,c,,o 
3. ,3. 3.. 
(>, 1, 1, 1, 1, 1 
3.,3.,3. 
0,9,(1,(1,(1,0 
'3. ,:S. ,3. 
(J, 1, 1, 1, 1, 1 
3.,3.,3. 
(>,9,0,(1,0,0 
3. ,3. ,3. 
0,1,1,1,1,1 
3. ,3. ,3. 
0 t 9 t O t (I t (1 t 0 
3. ,3. ,3. 
Cttt,t,1,1,1 
"I!' "T -:,, .:,. ,,,. ' ..... ,. 
0,9,0,0,0,0 
-:, 3 -:w .;,., ., ... ,. 
(>, 1, 1, 1, 1, 1 
3.,3.,3. 
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TABLE 6.11 

AVERAGE RESERVOIR PRESSlJRE VS ELAPSED TIME OF SIMULATION 

Time, days 

3 

27 

57 

87 

117 

147 

177 

207 

237 

267 

297 

327 

357 

Avg. Res. Pressure, Psia 
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4819.75 

4793.68 

4759.93 

4730.36 

4703.64 

4677.21 

4646.92 

4613.90 

4581.68 

4556.00 

4529.70 

4501.13 

41{68. 5 7 
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CONCLUSIONS 

Based on the results of simulation of different kinds of models using 

GOWSIM, GWSIM and WSIM simulators we make the following conclusions: 

1. GOWSIM is designed and tested primarily for three-dimensional, three­

phase black oil reservoir. GWSIM is better to use for gas reservoir 

with active water drive. WSIM is used primarily for aquifer model. 

2. All of the simulators can be redimensioned painlessly by changing the 

subsequent parameters in the common block file with no need to compile 

the source program again. 

3. Input data without format can be read eliminating problem to use 

formatted data file. 

4. Simulators contain the direct (BAND) and line successive 

overrelaxation with additive corrections (CLSOR) methods. We suggest 

to use BAND algorithm for the model with small number of grid blocks. 

It runs faster than CLSOR. However, CLSOR is preferred to be used for 

anisotropic reservoir model with large number of grid blocks. 

5. As GOWSIM, GWSIM are primarily a pure IMPES simulator very small time­

steps less than 1 day are required in some portions of the run to 

maintain a stable solution. 

6. The GOWSIM, GWSIM programs are easy to use and understand, but still 

too large to run on a micro-computer system of which we are aware. 
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Al: Computer Program GWSIM 

A2: Computer Program GOWSIM · 
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C 
C 

CHARACTEf� !HEDIN 
CHARa�c·r ER*5 WELi •. :CD 
r, E AL.. I( .;: l] r , I< R lJ f , I( 1;: GT ., MU lJ T ., M l.J () T , MUG T , I( X ., K Y , K 7. ., 

!� MUO, MUW, MUG, Kf�O, f'(f,G" 1<•�:LJ, MBEWI, MBEG J ,, MCFG I,
!� MDEO, MBELJ, r·1BEG, i4-1CFG, MBED I, MI t-J, MCFD 1, MC FUT

I N TE G 1:: f, N X , N Y ., N 2: 7 N ){ P ,, N Y P ., NZ P , N T E ., N lJ ., N I' Mt, X , tH� U LJ 
C rHIS l..•ERSIUN ALI ... CJLJS f'1LL r�E-DIMENBJ:ONING TO DE DUNE 
C SIMPLY It�' CI-IANG.l:NCJ THE BlJB�3E(H.IENT Pl\r�1)METEl-�n ,)H l)l:E.ilf'.�ED .. 

P t" r\ AM E T ,�: H ( N X ::; t O ., N Y ::: J. () , N Z ;:;: :I. 0 , N X P :::: t l ., N ..... P :;.; :L 1 ., NZ P ;;:; 1 l ., N TE :::: :� �, ,
$ N W == 2 0 , N PM.�){ :::: t O ., N F� t] W ::: :l OOO ) 

COMMON /COl:.FF/AWC:NX•,NY.,N2::> ,AE(NX,NY,NZ) .,AN(NX,NY,NZ), 
!� ti S C: N X , NY o; NZ ) ., t, T <' N X , N Y ,, N Z ) , A B ( N X ., N Y , N Z ) ·, L ( M X , N Y •J NZ ) , D ( N x , l·J Y ·, l� Z )

C CJ MM() N l �'.:; ,-, T / S t..J N ( N X ,, N Y , N f. ) ., S G N ( N X " N i , M 1. ) , �:i ON ( N X ·, NY , N Z ) ·, 
!t; SU 1 C: N X , NY , NZ ) ,, fJ G 1 ( N >{ ., NY ,, NZ ) , SO 1 C: N X , NY ,, N 'l. ) ·, t, l C: N X ,, r� Y , NZ ) ,
!� f.i 2 ( N :< , N Y , NZ ) , A 3 ( N X 'J N Y ,, NZ ) , fj U M ( N X , N Y ., NZ ) ,
��GAM(NX,NY,Nl) ,()S(NX,,NY.,NZ)

COMM() N / PARM/ l, �.( ( N )( , NY , NZ) , KY ( N X , NY , N 1:) ,., I"< Z ( N X ·, NY ., r·l Z ) , 
c1�rx ·Nxf> N'·· N . ., .. ·1··t ·»,, .. ,., .. ·,), ·,z· ·1·2 ·Nx NY >- 1 71)· ;a (, 7 I "I .... ) 'I ( 11 /', 7 ,,; \ f 'I f '1 - ,) ' ( 7 'J I 'I .... ,) 

COMl,.(J·1 ·'F""·-.·1·/LJW ··,·11 1·">, ·.,y· N . ., .. > WI=" 'N''I:, N'' N1··, LJr ··,x NYF·, ... ,·:···., 1 . N . t"a L c. N, 1. ., t-i , .... . , _ c. " , r .. .. .. , ,J <. r , , , c -- , , 
11·WN 'NX lJVl'.) N·:,·· lJ1· ··.,, .. 1· 1'·· .. 1 1 "•·p· WT.t ·N'··· l·''(. ),_ 17 1)·. ··l 1 J .... ,x,·>, �.,y t 1 ·1· :t- (, 1 1\! I r 'I .... .) ' (. f i ,"'., '1 •. I , \! .( - ) ' L. (. ,'\ 'I ( I n .,._ ,) I l. I. (. I'< I I,. , 'f -'- · .) ' 
�> fl (-: C: N X P , N ',· , N l) , 0 N ( t J X , NY P ,, NZ) , D G ( N X ., N '( f' ,, NZ) ·> U l <: M X " r� Y ., N l P ) , 
�>DB C:NX., NY, NZP) 

C Cl MM() N / RP f.: T / P ( N >� ., NY , NZ ) , PM ( 1-J X , NY ,, NZ ) ,, G LJ ( N X ., NY , NZ ) , 
"SGfNX �.IV >.l'T' c·o ·�·x ,,,,·. ,.,.,. 1:>t"'''"('J'f ·, ... ,·i.:-·), 1:_1·····1lJ'l" ·,..i·1-c· ljLJ'J'(N"l'l::··. 
;a,,. ) , ' IC I t 1·< L. ) 'I .,:, (. 1 'C , 'I ',! l :1 I"(,.., ) 'I � lJ . C, °' r:.. . 'I l.. l. (, r< C •• ) ', . •• ) 'I

!�MUlJT(NTE) ,,DlJT(NTE) .,l)LJPT(NTE) .,nsWT(NTE) ,l\'.t,lJPl(tJ'I E), PGT(NTE),
!I• t"t J -, 1· c· N·1· t:' • , n, ...... · ·.• ·r r:- · . \_-, ·:' ... , ·r· "N ·1-,�- · nt> ·r· · ,., ·1� 1·:· · . l"' t J CJ ·1· · N 1· c:· · 1· t·l ·1· <" t • ·r 1:.: · · ·1 l,j . r::. ) 11 ., I <. ( t _ .> � '-' lJ 1 • -· .) 'I r I. 'C •• > , ·, . <. _ .> 'I .1 . . 'i .. .> , 
$HOPT(NTE) •,H:3DT<:NTt:::) o;l�G()l.)T(NTE) ,c1;:T(NTE) ·,Gt,T<.N1'E) ,l<l�lJT<.NlE), 
!I, I, R G T C: N TE ) , I< R fJ T <: N T E ) , PC G l.J T ( N TE :,

C CJ)..>-.() N 1 1:;, AT r.:· (.'.• I[_\ ·- ,, .. 1 lJ . '..,, . f'.> 'J 1::· . N 'J N., ·, 1:, LJ 1::· ., . N lJ _. 1 . I . 1· 1:> . >- 1 LJ . , 1·11·1 . , • L-:. ,., , r .l ,4 <. N , r-, ... J 'I " C. "' , .... .. , L C. , f, ·- J ., , . <. re ) 'I

!Ii GM W ( N W ., NZ) ., l:H·i t:i ( N lJ ,, N :Z: ) •, GM n ( N W ., NZ ) , lJ ELL I D ( M I.J ) " L. A Y FR ( N lJ ) ,
!�QVW(NlJ) ,DVC:i(NW) ,Q 1J L1(NlJ) "nl...'T(NW) ,CUMWC:NLJ,MZ) ,ClH·iCi(tHJ,NZ),
";CUM J 

. 
NW N7 . . p .• l '· ' ... ,) 

C ()MM() N / s () L N / G w w r <'. N X ' Ny , N z ) , (j fH J T ( M X , N y ., t·l z ) ., Gnu T ( N X ' Ny .. N z ) , 
i�OOWG C:NX, NY ., NZ), c,D (NX, NY,, NZ)., C:�W C:NX., NY., NZ)., ClG ( NX ,, NY, NZ) 

COMM D N / P fJ �; D / [, �.( C: N >< ., N Y ., N Z ) ,, D Y ( N X , N Y , M :Z: :> , D Z ( N X ·, N Y , N Z ) , 
!� I (� N 1 ( N �J ) , I (l N 2 ( N l,J ) , I n N 3 ( N W ) , 1 H ED I N ( 0 0 ) ·, E: L ( N X , N Y ·, N?. )

COMMON /PHASE/Pl)OTC:NX,NY,NZ) ,EilJC:NX,NY·,NZ:> ,J'cG(NX,NY,NZ), 
$HClC:NX,t�Y,NZ) ,VP(NX•,NV·,NZ) ,CT(NX,NY,NZ), PDU,,VGLUPE, 
$ n SL l1 PE ., r� �:; L () PE , PM F, )( 1' ., :c 11 r.: PR f; , RH() BC D , RH Cl B C U , r� H D G C G , M fl i-\ T , M P fl T , 
!� M PW T -s M PG T , I tj CODE

COMMON /B.� ND l / r< Mt, T C: N r;: 0 lJ ., N Rn lJ ) " [l �· I:: C ( NI� CJ lJ ) , P l) E C C: N r, U W ) ,
�� G l..' E C C: N 1;: (J W )

END 
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Program GWSIM 
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I • 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

*************************************************************
* * 
* GWSIHc * 
* 3D GAS - WATER RESERVOIR SIMULATOR * 
* U.N.s.w. VERSION 2.0 (25-10-88) * 
• * 
* * 
* GUSIM IS A THREE-DIMENSIONAL GAS - UATER RESERVOIR * 
* SIMULATOR USING A FINITE:·-DIFFEl�ENCE, IMPLICIT PRESS- * 
* LIRE - EXPLICIT SATUl·";;ATION (IMPES) ME:l'HOD. IT CONTA- * 
* INS DIRECT (BAND) AND ITERATIVE LINE SUCCESSIVE * 
* OVERRELAXATION UIT�� ADDITIVE CORRECTIONS (CLSOR) H 
* SOLU'fIDN METHODS FOR SOLVING A SYSTEM OF ALGEBRAIC * 
tt F.ClUATIDNS. THE: UELL MODEL IN GUSIM ALLOWS SPECIF- * 
* ICATION OF RATE u.-� PRESSURE CONSTRAINTS ON WELL * 
* PERFORMANCE, AND THE USER IS FREE TO ADD OR RECOM- * 
* PLETE WELLS DUR1N(3 SIMULATION. ALL INPUT DATA * 
* VALUES ARE READ UNDER FF,EE FORMAT. REI>IMENSIONING -M tt 

CAN BE l>ONE EASILY BY CHANGING SUBSEQUENT PARA- * 
* HETERS IN THE COMMON BLOCK FILE UITH NO NEED ro * 
* kECOMPlLE THE MAIN PROGRAM. * 
* * 
* * 
*******MMM*********MMHH�tHH********H*MM*M********************* 

C =======================�================�============;======a==== 

C 
PROGRAM GUSIH 

C 
C •••==•=••=a•========�==���=�============��=��==================== 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
I" 

NOMENCLATURE; 

AB(I,:t,K:> 

AEC:I ,J,I() 

AN(I,J,K) 

AS(I,J,K) 

; CBW(I,3,K)+0.5*B0CI,J,K)*(RSU6-RSU))*AWB+ 
BG(I ,,T,l<)*AGB 

; C: EdJ C: I , J , I( ) + 0 .. 5 *BG ( I , J , I( ) * ( t� SU 2-r, SU) ) *AWE+ 
BG C: I , J , I( :> *AGE 

= <: Ic W C: I , :r , I( ) + 0 • 5 *BG C: I , J , K ) * ( ��SU 4-R SW ) ) * A LJ N +
BG ( I , J , I( :> *AG N 

1 (BW(I,J,K)+0 .. 5*BGCI,J,Kl*(RSU3-RSW)l*AUS+ 
BG ( I , ,T , K :> *AG S 

; (BW(I,J,K)+0.3*BGCI,J,K)N(RSU1-RSU))*AWU+ 
I• G ( I , :r , K :> *AG U 
(BWCI,J,K)+0.5*BGCI,3,K)M(RSU5-RSU))*AWT+ 
BGC:I,J,K)*AGT 
KXCI,J,K)HDYCI,J,K)MDZCI,J,K) 
KYCI,J,K)*DX(I,�,K)HDZ(I,J,K) 
KZ(I,J,K)*DXCI,J,K)*DY(I,J,K) 

ATc:I,J",K) 1 

A1(I,J",I() ; 
A2(I,j,K) ; 
A3(I,J,I() : 
AUU I rxc:1 ,J',1<:>*Mw1 
AGU : TXC:I ,J,l()*HG1 
AYE : TX(I+1,J,K)HMY2 
AGE : TX(I+1,J,K)HMG2 
AUS : TYC:I,J,K)*MW3 
AGS ; 1· Y ( I , :t , K) *MG 3 
AUN : TYC:I,J+1,K)itMW4 
AGN ; 1'Y(I,J+1,K)*MG4 
AUT 1 T Z ( I , ,T , I( ) *MW 5 
AGT 1 1·z <I, J, I() itMG5 
AUB : TZ(I,.J,K+l)*MW6 
AGB : TZ C: I, J, l(·t-1) •MG6 

QOWG(I,J,K)-VP<I,J,K)*P(I,J,K)*CTCI,J,K) BCI,J',I<) ; 

BGT 

BUT 

BGPT 
BUPT 
COI 
CGP 
CRT 

CT 
CUP 
CUI 
DELTO 
DPHAX 

DSHAX 

DX(I,,T,K) 
DY(I,J",K) 
DZ ( I , J' , I( ) 
E(I ,J.,1() 
EL(I ,,T ,K) 
ETI 
FACT1 

/DELT 
1 VARIABLE GAS FORMATION VOLUME FACTOR AT 

PRESSURE (POT) IN PVT DATA TABLE 
; VARIABLE WATER FORMATION VOLUME FACTOR AT 

PRESSU•�E ( PWT) IN PVT DATA TAf.cLE 
1 SLOPE d )3(3/d P 
1 SLOPE: dBW/d P 
1 CUMMUI-AT:CVE GAS INJ'ECTION C:MSCF) 
; CUMMUL.ATIVE GAS PRODUCTION (MSCF) 
: PRESSURE DEPENDENT ROCK COMPRESSIBILITY, 

/PSIA 
1 TOTAL COMPRESSIBILITY 
; CUMHUI ... AT:CVE WATER PRODUCT I CJN, STf.t 
; CUMMULAT:CVE WATER INJECTION, STB 
; TIME STEP, DAYS 
: HAXIHlJM PRESSURE CHANGE PERMITTED OVER A 

r I ME i; TEP , PS I A 
: MAXIMUM SATURATION CHANGE PERMITTED OVER A 

TIME STEP, FRACTION 
: VARIABLE X-Dif�ECTION GRID DIMENSION, FT.
; VAF,IABl..l':: Y-DIRECTION GRID DIMENSION, FT.
; VARIABLE Z-D1RECTION GRID DIMENSION, FT.
; - SUM ( I , :f , k'. ) -(3 AH ( I , .J , I( )
: VARIABLE NODE MIDPOINT ELEVATIONS, FTP 
c e:L.APSE:D TIME, DAYS 

; FACTOR FOR INCt<EASING TIME STEP SIZE UNDER 
AUTOMATIC TIME STEP CONTROL. SET FACT1=1 
FOR FIXED TIME STEP SIZE. A COMMON VALUE 
FOR FACT1 IS 1.25 
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� 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
'"' 

FACT2 
. 

= FACTOR FOR DECREASING TIME STEP SIZE UNDER 
AUTOMATIC TIME STEP CClNTROL. SET FACT2=1 
FOR FIXED TIME STEP SIZE. A COMMON VALUE 
For� F·AcT2 IS 0.5 

GA M ( I , J" , K ) 1 V P ( I , .:r , I( ) * C T C: I , .J , K) /DEL T 
GOUT : AGW*GGW1+AOE*OOW2+AG6*GGW3+AGN*GGW4+AGTM 

GHG 
GHU 
GUC 
GUUT 
!CHANG

II 
IOCODE 
IPHAP 

IQN1 

IQN2 

IQNJ 

ISGHAP 

ISUMRY 

ISUMAP 

IULCNG 

IULREP 

KC01 

KCOFF 
KIP 

1(1( 
KPI 
KRG 
KRU 
KSH1 
KSN1 
KTf< 
KXC:I,,T,K) 
KV(I ,J,I\) 
KZ(I,J,K) 
LAYER 

HBEG 
HBEW 
HITER 

HPGT 

HPUT 

HUG 
HUU 
MU1 

MG1 

HU2 

MG2 

HU3 

HG3 

HU4 

HG4 

HB5 

HlJ6 

HG6 

NN 

NTE 

NVQN 

GGW5+AGB*GGW6+RSU1AttAU1+RSW2AttAW2+RSl.J3AM 
AW3+RSU4A*AW4+RSW5AMAW5+RSW6A*AW6 

; KRG/MUG 
: KRW/HUlJ 
: GAS - WATER CONTACT, FT. 
: AW1+AW2+AW3+AW4+AU5+AU5 
: NUMBER OF TIME STEPS FOR WHICH THE OUTPUT 

CONTROL AND TIME STEP CONlROL INFORMATION 
WILL APPLY 

: NUMBER OF GRID BLOCKS IN THE X-DIRECTION 
: OUTPUT DATA FILE CODE 
; OUTPUT CUDE TO CONTROL PRINTING OF THE MAP 

OF GRID BLOCK PRESSURES 
; X-CCHlRDINATE DF GRID BLOCK CONTAINING THE

WELL UNDER CONSIDERATION 
1 Y-COORDINA"fE OF GRID BLOCK CONTAINING THE

WELL UNDER C(]NSIDERATION 
1 LAYER NUMBER OF THE UPPERMOST COMPLETION 

LAYER F()f� THE WELL UNDER CONSIDERATION 
; OUTPUT CODE TO CONTROL PRINTING OF THE 

GRID BL.CJCK GAS SATURATIONS 
; OUTPUT C(lDE TO CONTROL PRINTING OF THE 

TIME STEP SUMMARY REPORT 
; OUTPUT CODE ro CONTROL PRINTING OF THE 

GRID BLOCK WATER SATURATIONS 
: CODE: TO TELL PROGRAM WHETHER OR NOT THE WELL 

INFORMATION CARDS !3BOULD IcE READ TUlS TIME 
STEP 

1 OUTPUT CODE TO CONTROL PRINTING OF TH£ WELL 
REPORT 

: COMPRESSIBILITY AND FORMATION VOLUME FACTOR 
DEDUG OUTPUT CONTROL 

; DENSITY AND SATURATION DEBUG OUTPUT CONTROL 
1 CODE FOR SPECIFYING BOTH UELL TYPE AND 

WHETHF.:R THE WELL' S PRODUCTION C:INJECTION) 
PERFORMANCE IS DETERMINED BV SPECIFYING RATES 
OR BY SPECIFYING FLOWING BOTTOM-HOLE PRESSURE 
AND ALSO UHETHER AN EXPLICIT OR IMPLICIT 
PRESSURE CALCULATION IS TO BE HADE. 

1 NUMBER lJ1:· GRID &LOCl(S IN THE Z··DIREC1'ION 
: PF<ESSUR•::: INITIALIZA'rION CODE: 
: GAS PHASE RELATIVE PERMEABILITY, FRACTION 
: WATER PHASE RELATIVE PERMEABILITY, FRACTION 
a SOLUTION MA.fRIX DEBUG OUl"PlJT CONTROL CODE 
1 CLSOR PAl�AMETER DEBUG OUTPUT CONTROL CODE 
: Tr�ANSMI!�BIBILITY DEBUG OUTPUT CONTROL CODE 
: VARIABLE VALUE OF X-·DIRECTION PERMEABILITY
:; VAf<IABLE VALUE OF Y··DIRECTION PEF�MEABlLITY 
; VAf<IABLF.: VALUE OF Z-DIRECTION PERMEABILil"Y
; TOTAL. NUMBEr� OF C(lNSECUl"IVE COMPLETION LAYERS 

STARTIN(3 UITH AND INCLUDING I0N3 
1 GAS MA"rERIAL BALANCE, PER CENT 
1 WATER MATERIAL BALANCE, PER CENT 
; MAXIMUM NUMBER OF CLSOR ITERATIONS PER TIME 

STEP. A TYPICAL VALUE FOR HITER IS 2�0 
1 MAXIMUM NUHBE:r< OF ENTRY VAL.LIE FOR GAB PHAGE 

PRESSURE IN PVT DATA TABLE, PSIA
1 MAXIMUM NUHBER OF ENTRY VALUE FOR UATER 

PHASE PRESSURE IN PVT DAl"A TABLE, PSIA 
: GAS VISCOSITY, CP 
: WATER VISCOSITY, CP 
: 4.0•KRWl/(C:BW(I-1,J,K)+BW(I,J,K))*C:HUWl+ 

MUW)) 
: 4.0•KRG1/((BG(I-1,J,K)+BGCI,J,K))*(HUG1+ 

MUG)) 
: 4.0•KRU2/CCBW(I+1,J,K)+BUCI,J,K))*CMUW2+ 

MUW)) 
: 4.0*KRG2/((BG(I+1,J,K)+BG<I,J,K))*CHUG2+ 

MUG)) 
= 4.0•KRU3/CC:BUCI,J-1,K)+BUCI,J,K))*(MUU3+ 

MUW)) 
; 4.0•KRGJ/(C:BGCI,J-1,K)+BGCI,J,K))*CMUG3+ 

MUG)) 
1 4.0•KRU4/((BUCI,J+1,K)+BW(I,J,K))*(HUU4+ 

MUW)) 
1 4.0*KRG4/((BGCI,J+1,K)+BGCI,J,K))*CHUG4+ 

MUG)) 
1 4.0*KRU�/C(BW(I,J,K-1)+DUCI,.J�K))*(MUWS+ 

MUW)) 
1 4 • O* I( R (3 5 / ( c: B (3 ( I , J , 1(-1 ) + B (3 ( I , J , K) :> * C: HUG 5 +

MUG)) 
; 4.0*KRW6/((BW(I,J,K+1)+BUCI,J,K))*(MUU6+ 

MUl..J)) 
a 4.0MKRG6/((B0(I,J,K+1)+DGCI,J,K))*(MUG6+ 

MUG)) 
1 MAXIMUM NUMBER OF TIME STE:Ps ALLOWED BEFORE 

RUN IS TERMINATED 
1 MAXIMUM NUMBER OF DATA ENTRY ALL.CUED IN 

ALL PVT TABLES 
1 NUMBER OF WELLS FOR �HICH WELL INFORMATION 

T n ,·n BE READ 
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~ 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NU 
NX 

NY 
NZ 

ODGIP 
OFGIP 
OMEGA 

OUIP 
PAM IN 
PAM AX 

PAVG 
PAV GO 
PCGWT 
PGT 

PGWC 
PN 
PUF 
PWT 

QVG 
QOWG 

avu 
QVT 
RESVOL 
RSU 
RSU1 

RSW1A 
SAT 

SKIN 
SG 
SUH 

SU 
sue 
TMAX 

TODGIP 
TOFGIP 
TOL 

TOL1 

TOUIP 
TX(I ,J,I() 

TY(I,J,K) 

TZ (I, J, I() 

VPP 
U B ( I , J" , I( :> 
LJE(I,1,K:> 
LJN<I,J,K) 
LJRAD 
USC:I,J",K) 
LJT(I,J",I<:> 
LJU<I,J,K) 

:: MAXIMUM NUMBER OF WELLS Al.LOWED TO DE READ : MAXIMUM NUMBER OF X-DIRECl"ION BLOCKS ALLOWED 
TO BF.: REAi) 

: MAXIMUM NUMitER 01=- Y-DIRECTIDN BLDCKS ALLOWED ro BE REAi> 
: MAXIMUM NUMBEr~ OF Z-DIRECT!DN BLOCKS ALLOWED 

TO BE: READ 
: ORIGINAL DISSOLVED GAS IN PLACE 
: ORIGINAL FREE GAS IN PLACE 
: INITIAL CLSOR ACCLERATION PARAMETER. INITIAL 

VALUE FOR OMEGA SHOULD BE IN THE RANGE 1 AND 
2. A TYPICAL INITIAL VALUE FOR OMEGA WOULD 
BE 1.7- THE PROGRAM WILL OPTIMIZE AS THE 
SOLUTION PROCE:EDS. 

; ORIGINAL WATER IN PLACE 
: LIMITING MINIMUM FIEI-D AVERAGE PRESSUF\E, PSIA 
: LI MI TING MAXIMUM FIELD AVE:r<AGE PRESSURE, 

PSIA 
= cur,RENT AVERAGE RESERVOIR PRESSURE' PS I A 
:: Pf\EVlOlJS AVERAGE RESERVOIR PRESSUl;:E, PSIA 
: GAS-UATE:f, CAPILLARY PRESSURE DATA 
: GAS PHASE PRESSURE, PSIA 

THE LAST ENTRY OF PGT IN THE TABLE MUST 
BE PMAXT 

= Pr,Essu,~•z AT GAS-wA·rER CONTACT' PSIA 
: PRESSURE AT TIME LEVEL N 
: FLOWING l:.COTTOM··-HOLE PRESSUr.:E, PSIA 
:: WATER PHASE PRESSURE, PSlA 

THE LAST ENTRY OF PlJT IN THE TABLE MUST 
BE PMAXT 

:: GAS RATE, MCF/D 
1 (BW(I,J,K)-BG(I,J,K)*RSW)*(-GWWT(I,J,K)+ 

QU(I,J,K))+BGCI,J,K)*(-GGUT(I,J,Kl+ 
Q G ( I , J , I( ) :, 

: WATER RATE, STB/D 
: TOl'AL FLUID RATE, STB/D 
:: RESERVOIR VOLUME 
: GAS IN WATER SOLUTION RATIO, SCF/STB 
: GAS IN WATER SOLUTION RATIO AT PRESSURE 

P ( I -1 , ,J , I< :, 
: 0. 5* C: 1;:SlJ :L +RSW) 
: VALUE OF PHASE SATURATION. THE FIRST ENTRY 

OF SAT lN THE TABLE MUST BE -0.1 AND lHE 
LAST 1::Nr1;:y BE 1.1. READ EACH SATURATION 
AS A FRACTION 

: LAYER Sl(:CN FACTOR, DIMENSIONLESS 
:: GAS SATlJl~AT ION 
: AWCI,J,K)+AECI,J,K)+ASCI,J,K)+ANCI,J,K)+ 

AT ( I , J , I( :> + A B ( I , J , K) 
: WATER SATURATION 
: CONNATE WATER SATURATION 
: MAXIMUM REAL TIME TO BE SIMULATED DURING 

THE RUN, DAYS 
: TOTAi- BOl~.UT ION GAS IN PLACE, BI L.LION SCF 
: TOTAL FREE GAS IN PLACE, BILLION SCF 
: MAXIMUM '°'CCEPTABLE PRESStJr~E CHANGE FOR 

CONVERGENCE OF CLSOR ITERATIONS, PSI. 
A TYPICAL VALUE FOR TOL WOULD BE 0.1 

: PAF<AME:TER FOR DETERMINING WHEN TO CHANGE 
OMEGA. A TYPICAL VALUE FOR TOLl WOULD BE 
0.001. IF TOL1 =O, THE INITIAL VALUE 
ENTERF.]) AS OMEGA ABOVE WILL BE USED FOR 
THE ENTIRE RUN 

: TOTAL WATER IN PLACE, MILLION STB 
: TRANSMISSIBILTY REFERRING TO FLOW ACROSS 

THE BOUNDARY BETWEEN BLOCKS (I-1) AND (I) 
AND IS CALCULATED BY 
0.012656*A1(I-1,J,K)*A1CI,J,K)/CDXCI-1,J,K) 
*A1(I,J,K)+DX(I,J,K)*A1(I-1,J,K)) 

: TRANSMISSIBILITY REFERRING TO FLOW ACROSS 
THE BDlJNDARY BETWEEN BLOCl(S (J-1) AND (J) 

: TF~ANSMISt; IBIL ITY REFERRING 1'0 FLOW ACROSS 
THE BOUN))ARY BETWEEN BL.OCl<S C: K-1) AND ( K) 

: RESERVOIR PORE VOLUME 
; AWB 
:: AWE 
; AlJN . 
: WELLBORE RADIUS, FT 
:: AWS 
: AW1" 
: AWW 

C -----------------------------------------------------------------C 
INCLUDE 'COMGWSIM.FOR 1 

DIMENSION OWIPCNZ),ODGIPCNZ),OFGIPCNZ) 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

CIJP,CGP,CWI,CGI/0"0,0.0,0.0,0.0/ 
ET I , FT , FT MAX , I< TRIO • 0 , 0 • 0 , 0 • 0 , 0 I 
SCFW,SCFG,SCFG1,KRG/O.O,O.O,O.O,O.O/ 
MCFG1,MCFG1",PAVG,PAVGO/O.O,O.O,O.O,O.O/ 
MC F. G , MC F G I , MU U , M lJ G , K R WI O • 0 , 0 • 0 , () • 0 , 0 • 0 , 0 • 0 I 
MBEWI,MBEGI,MBEW,MBEG/O.o,o.o,o.o,0.01 
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DO I=1,NU 
IClN1C:I) -

0-

IClN2(I) - 0
IQN3(1) - 0-

KIPC:I) -
0-

LAYERC:I) - 0
OVG(I) - o.o-

ClVW(I) - o.o-

QVT(I) ::: o.o

DO J=l,NZ 
CUMG (I, J) == 

CUMW<:1,J) :: 
0.() 
o.o

= 0.0 
::: 0.() 

GMGC:I,.T) 
GMWC:I,J') 
PWFC:I,J) 
PWFC(I,J) == 

== 0.0 
o.o

END DO 
END DO 

DO I=l,NTE 
BGT(I) = o.o
BGPTC:I) - o.o-

BUT(I) - o.o-

BUPT(I) - o .. o-

CRT(I) = o.o
KRGTC:I) = o.o
KRUTc: I) - o.o-

MUGT(l) - o.o-

HUUTC:I) -
o.o-

PCGUTC:I) :: o.o
PGT(I) - o.o-

PUT(I) = o.o
RSUTC:I) - o.o-

RSUPTC:I) = o.o
SAT(I) -

o.o-

END DO 

DO 700 I=l,IM 
DO 700 J=l,JM 
DO 700 K=l, l(M 

AE(I,J,K) -
o.o-

AU C: I, .J, K) -·
o.o-·

AN C: I, J, I() - o.o-

AS C: I, J, I() -· 0.0-

ATC:I,J,1() -·

o.o-

ABC:I,J,K) -· o.o-·

A1C:I,J,K) - 0.0-

A2(I,J,K) -· o.o-

A3(I,J,K) = o.o
B(I,J,K) -· o.o-

BGC:I,J',K) - o. ()-

BUC:I,J,K) -·
o.o-·

CT(I,J,I() - 0.0-

DX<I,J,K:> - o. ()-

DYC:I,J',K) -· 0.()-·

DZC:I,J,K) - o.o-

E(I ,J,1() - 0.0-

EL(I,J,K) -·

o.o-

GA H ( I , .J , I< ) -· 0.0-·

GGl.JTC:I,J,K) -· o.o-

GUUT(I,J,K) -· o.o-

KX <:I, J', I() 
- o.o-·

KY(I,J,K) -· 0.0-

KZ(I,J',K) -· O.()-

P(I,J,K) - o. ()-

PNC:I ,J,1() - o. ()-

QG(I,J,K) - 0.()-

QOUGC:I,J,K) - o.o-·

QSC:I,j,I() - o. ()-

QUC:I,J,K) - o. ()-

SG(I,J,K) = o. ()
S G 1 ( I , .J , I'� :, = O.()
SGN(I ,J,I<) :::a 0.0
SUC:I,J,K) -· 0.()-

SU 1 ( I , .J , I( :, 
-· 0.0-·

SUN ( I , J , I<:, -· o.o-

SUM ( I , J , I< :, -· o.o-·

TXC:I,J,1() = o. ()
TYC:I,.J,K) :1 0.0
TZ C: I, J", I() -· o. ()-

VP C: I, J, I() 
- 0.()-

U E ( I , ,T , I( ) 
-· O.()-·

UUCI,J,K) = o.o
UNC:I,J,K) -· 0.0-·

US C: I , .. T , I( ) = o.o
UTC:I,J,K) - o.o-

UB C: I , J, I(:> :;: o.o
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IF (I.EGuNX) THEN 
TX(I+1,J,K) = 0.0 
UECI+1,J,K) = 0 .. 0 
WW C I+ 1 , J, K:, == 0 .. 0 

END IF 

IF CJ.EU.NY) THEN 
TY(I,J+1,K) c o.o 
WNCI,J+l,K) = 0.0 
WSCI,J+l,K> = 0.0 

END IF 

IF CK.EQ.NZ) THEN 
TZ(I,J,K+l) = 0.0 
UT(I,J,K+l) = 0 .. 0 
WBCI,J,K+l) = 0 .. 0 

END IF 

700 CONTINUE 

C ---------------------------------------------------------------
C OPEN INPUT AND OUTPUT FILES. 

C ---------------------------------------------------------------
OPEN C:20, FILE=' GWS IM .. DAT"' , ACCESS=., SEQUENT I AL., , STATUS=' OLD' ) 
URITE(*,31> 
READC*,32) IOCODE 

OPENCIOCODE,FILE= 7 GUSIM.OUT 7 ,ACCESS='SEQUENTIAL', 
S STATUS='NEW') 

C ---------------------------------------------------------------
C OUTPUT HEADER .. 

URITEC:IOCODE,36) 

C ---------------------------------------------------------------
·c ESTABLISH RESERVOIR BLOCK DIMENSIONS AND GEOMETRY. 

C ---------------------------------------------------------------
CALL GR I D 1 ( I I , J J , I( I( ) 

C ---------------------------------------------------------------
C ESTABLISH POROSITY ANI) PERMEABILITY DISTRIBUTION. 

C ---------------------------------------------------------------
CALL PARH1 CII,JJ,KK) 

C ---------------------------------------------------------------
C CALCULATE INTE:r<BLDCI< TRANSMISSIBILIT IES. 

CALL l"RANl (II, J J, 1(1\, l(TR) 

C ---------------------------------------------------------------
C ESTABLISH EMPIRICAL. DATA TABLES. 

C ---------------------------------------------------------------

CALL TABLE 

C ---------------------------------------------------------------
C ESTABLlSI-I INITIAL CONDITIONS. 

C ---------------------------------------------------------------
CALL UINITl CKPI,II,JJ,KK,CUMPW,MBEW,CUMPG,MBEG, 

$ SWC,GWC,PGWC,CUMIU,CUMIG) 

C ---------------------------------------------------------------
C SOLUTIDN METHOD, DF.:Bl.JG PRINT, AND TIME STEP CONTROL. 

C ---------------------------------------------------------------
CALL 

$ • $ 

CODES (IOCODE,KSM1,KSN1vKC01,NN,FACT1,FACT2, 
TM AX , KS (l 1- , MITE R , OMEGA , TO L. , 'f O L 1 , KS N , 
KSM., t,C(l, l(·rr~, KC OFF' DSMAX' D PMAX 'UGf,MAX' 
PAMIN,PAMAX) 

C ---------------------------------------------------------------

D5L»15 
D288 
D144 

= 1 .. 0/5.615 = 1 .. 0/288.0 = 1.0/144.0 

READ(20,69) (IHEDINCL), L=1,BO) 
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$ 

$ 

NHAX = NN+1 
NITER = 0 
DO N=1,NMAX 

NLOOP = N 
IF (FT.GE.FTMAX) THEN 

READ(20,*,END=1001) IULCNG,ICHANG,IWLREP,ISUMRY, 
IPMAP,ISUMAP,ISGMAP 

READ(20,*) DAY,DTMIN,DTMAX 
IF (IWLCNG.NE.0) THEN 

CALL NODES (NVUN,WRAD,SKIN) 
END IF 
DELT = DAY 
FTMAX = ETI+:l:CHANGttDELT 

END IF 

IF (N.NE .. 1) THEN 
IF C:DSMC.L.T.DSMAX .. AND. DPMC.LT.DPMAX .AND. 

NITER.LT.MITER) DELT = DELT*FACT1 
IF (DSMC.GT.DSMAX .OR. DPHC.GT.DPMAX .OR. 

NITER.GE.MITER) DELT = DELT*FACT2 
IF (DELT.LT.DTMIN) DELT = DTMIN 
IF C:DELT.GT .. DTMAX) DELT::: DTMAX 
IF C:ETI+DEL.T .GT .FTMAX) DELT = FTMAX-·ETI 

ELSE 
DEL TO = DE:L. T 

END IF 

FT= ETl+DELT 
IF (ET I +DEL T * 0 • 5 • (~ E .. TM AX) '3 0 TO 1001 
ITFLAG := 0 

060 DIV1 = 1.0/DELT 

100 

105 

$ 

$ 

• 
$ 
$ 

IF CN.GT.1 .OR. ITFLAG.GT.0) GO TO 105 
RESVOL = 0 .. 0 
SCFD = 0.0 
SCFG1 == 0.0 
DO K=l, Kt, 

DWIP(K) == 0.0 
OD(3IPC:K) = 0 .. 0 
OFC3IP(K) = 0 .. 0 
D (J 1 0 0 J = 1 , .. T :r 
DO 100 1=1,II 

P P :: P ( I , :r , I( ) 
VP(I,J,K) ~ VPCI,J,K)*DXCI,3,K)*DY<I,J,K)* 

DZ(I,J,I<) 
RESVOL = RESVOL+VPCI,J,K) 
CALL INTEnP (NTE,PlJT,RSUT,MPWl",PP,r{SlJ) 
CALL. INTl:]<P (NTE, PlJT, BWT, MPWT, PP, BW C: I, J, K)) 
CALL. INTE•~P (NTE:, PGT, BGT, MPGT, PP, BG (I, J, K)) 
SCFW = SCFW+VPCI,J,K)MSUCI,J,K)/BW(I,J,Kl 
SCFG :-.: SCFG+VPC:I ,J,l()MSG(I ,J ,K)/[CG(I ,J,K) 
SCFGl :: SCFC:i 1+VP (I, J, I<) *RSU*SW (I, J, K:> /BU (I, J, K) 

CALL NTERP1 (NTE,PUT,BWPT,MPWT,PP,BUDER) 
CALL NTERP:L (NTE, PWT, RSUPT, MPUT, PP, RSWDER) 
CALL NT E: t~ P 1 ( NT E: , PG T , BG PT , M PG T , P P , I-< GD ER ) 
CALL INTERP C:NTE,PGT,CRT,MPGT,PP,CR) 

CU= -(BUDER-BGC:I,~,K)*RSUDER)/BW(I,J,K) 
CG = -BGDER/BGCI,J,K) 
ex == er c: :c., :r ., K> 
CTCI,J,K) = CR+CW*SUCI,J,K)+CG*SG(I,J,K) 
IF C:CT(l,3,K).LE.0.0) THEN 

CT(I,:f,I() = ex 
WRITE(*v85) I,J,K 

END IF 
OlJI P C:t,) 

ODGIP(I() 
OFGIP(I() 

:.:: OWIPC:K)+D5615*0.000001*SWNCI,J,K)* 
VP(I,J,K)/BW(I,J,K) = ODGIP(K)+0.001*0.00000l*RSW* 
SUN(I,J,K)MVP(I,J,K)/BWCI,J,K) = OFGIP(K)+0.001*0.000001*SGN(I,J,K)* 
VPCI,J,K)/BO(I,J,K) 

IF (l(C01.NE"O) THEN 
WRITECIOCODE,87) I,J,K,VPCI,J,K),CT(I,J,K), 

BlJCI~J,K),SU(I,J,K), 
BGCI,J,K),SG(I,J,K) 

END IF 
CONTINUE: 
WRITE(IOCODE,110) K,OUIP(Kl,ODGIP(K:>,OFGIPCK) 

END D(J 

TOWIP = 0.0 
TODGIP = 0 .. 0 
TOFGIP = 0 .. 0 

DO K=:L, KK 
TOW I P == TOW :C P ·t· 0 W I P C: I,) 
roDGIP = TODG:CP+ODGIP(I() 
T () F l3 I P = TO F (3 :C P + 0 F C3 I P ( K ) 

END D() 
WRITECIOCODE,115) TOWIP,TODOIP,TOFGIP 

STBlJ = SCFW*D5615 
MCFG = SCFG*0 .. 001 
MCFG 1 :-.: SCFGl *O .. 001 
STBWI = STBW 
MCFGI = MCFG+MCFG1 
IF (MCFGI.L.E.1 .. E-7 .AND .. MCFGT.LE.1 .. E-7:> 

MBEG == 0 .. 0 
CONTINUE -175-



IF (N.EU.1 .AND. ITFLAG.LE.O) 
$ CALL PRTPS (NI...OOP,KPI,II,JJ,KK,PAVGO,PAVG,CWP, 
$ CWI,CGP,CGI,MBEW,MBEG,DELTO,WPR, 
$ GPR,WIR,GIR,ETI,CUGR,WGR,IPHAP, 
$ ISWMAP,ISGMAP) 

IF (N.EU.NMAX) GO TO 1001 

C ---------------------------------------------------------------
C ESTABLISH RATES AND CALCULATE BHFP. 

C ---------------------------------------------------------------

IF (NVQN.NE.0) THEN 
CALL ORATE CNVUN) 
IJRITE(*,125) 

END IF 

C ---------------------------------------------------------------
C CALCULATE SEVEN DIAGONAL MATRIX FOR PRESSURE SOLUTION. 

C ---------------------------------------------------------------
CALL SOLMAT CII,~3,KK,DIV1,D288,D144,KSM, 

KSM1,NLOOP,NN,KCOFF) 
URITE(*,130) 

C ---------------------------------------------------------------
C 
C 

MODIFY MATRIX ELEMENTS FOR WELLS UNDER 
IHLICIT CONTROL. 

C ---------------------------------------------------------------
IF (NVON.NE.0) THEN 

CALL PRATEI C:NVUN) 
LJRITEC:iE,140:> 

END IF 

C ---------------------------------------------------------------
C CALCULATE NEU PRESSURE DISTRIBUTION. 

C ---------------------------------------------------------------
URITEC:*,675) f"T 
URITEC:*,676) DELT 

IF CKSOL.E0.1) THEN 
CALL BANDIN (II,JJ,KK) 

ELSE IF C:KSOL.EQ.2) THEN 
CALL CLSOR (II,JJ,KK,OMEGA,TOL,TOL1,HITER, 

$ DELT,DELTO,KSN,NLOOP,NITER) 
ELSE 

CONTINUE 
END IF 

C --------------------------------------------·-------------------
C CALCULATE IMPLICIT RATES. 

C ---------------------------------------------------------------
IF (NVUN.NE.O) THEN 

CALL PRATEO CNVGN) 
END IF 

C ---------------------------------------------------------------
C CALCULATE NEW FLUID SATURATIONS. 

C ---------------------------------------------------------------
SCFIJ = 0.0 
SCFO us 0.0 
SCFG1 :: 0.0 
RESVOL = 0.0 

DO 400 K= 1, t,K 
DO 400 J:=1,JJ 
DO 400 I=l,II 

P P N == P N ( I , J , I< :, 
PP :: P<:I,J,K) 
CALL INTEf.:P (NTE, PWT,r,SWT,MPWT, PP,RSW) 
CALL INTERP (NTE,PGT,CRT,MPGT,PPN,CR:> 
CALL INTEr<P C:NT£., PWT, BWT, MPWT, PP, EcEcW) 
CALL IN TE F, P ( NT•::: , P C3 T , B C3 T , MPG T , P P , B Ee O :> 
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UPP = VP(I,J,K)*(1.0+CR*CPCI,J,K)-PPN)) 
RESVOL = RE:SUOL.+VPP 
DP1 = 0.0 
DP2 = 0.0 
DP3 = 0.0 
DP4 = 0.0 
DPS = 0.0 
DP6 = 0.0 
IF ((l-1).GT.O) DP1 = P(I-1,J,K)-PP 
IF ((1+1).LE.II) DP2 = P(I+l,J,K)-PP 
IF ((J-1).GT.0) DP3 = PCI,J-1,Kl-PP 
IF CCJ+1).LE.JJ) DP4 = P(I,J+l,K>-PP 
IF CCK-1).GT.0) DP5 = PCI,J,K-1)-PP 
IF C(K+1).LE.KK) DP6 = PCI,J,K+1)-PP 

DAUDP = UUCI,J,Kl*DP1+UECI,J,K)*DP2+WS(I,J,K)* 
$ DP3+UNCI,J,K)*DP4+UT(I,J,K)*DP5+ 
$ UB(I,J,K)*DP6 

SlJ(I ,,T,K) = ( C:DAWDP+GWWT(I ,J,K)-QW(I ,J',K) )*DELT·t 
$ VP(l,J,K)*SWNCI,J,K)/BWCI,J,K))*BBW/VPP 

$ 

$ 

SGCI,J,K) = 1.0-SW(I,J,K) 

IF (SGCI,J,K).LE"O.O) SGCI,J,K)=0-0 
IF (KCOFF.NE.0) THEN 

RHW1 = VPP*SWCI,J,K)/BBW 
RHW2 = VP(I,J,K)*SWNCI,J,K)/BU(I,J,K) 
DIFFU = RHU1-RHU2 
RHG1 = VPP*SG(I,J,Kl/BBG 
RHG2 = VPC:I,J,Kl*SGN(I,J,K)/BGCI,J,K) 
DIFFG = RHG1-RHG2 

URITECIOCODE,733) 
URITEC:IOCODE:,87) I,,T,K,P(I ,,T,I<) ,SU(I.,J,K), 

SUN(I,J,K),SG(I,J,K),SGNCI,J,K),VPP 
WRITECIOCODE,87) I,J,K,GWWTCI,J,K),OWCI,J,K) 
WRITECIOCODE,87) I,J,K,DAWDP,DELT 
URITE(IOCODE,87) I,J,K,RHW1,RHU2,DIFFW 
URITE(IOCODE,87) I,J,K,RHG1,RHG2,DIFFG,GGWTCI,J,K), 

GC3 <I, J, K) 
END IF 
VPC:I,J,K) == VPP 
BU (I, ..T, K) ::: FJBLJ 
BGC:I,J,K)::: BBG 

SCFW = SCFU+VPCI,J,K)*SWCI,J,K)/BW(I,J,K) 
SCFG = SCFG+VPCI,J,K)*SGCI,J,K)/BGC:I,J,K) 

SCFG1 = SCFG1+VPCI,J,K)*RSW*SWCI,J,K)/BWC:I,J,K) 

CALL NTERP1 (NTE,PWT,BWPT,HPWT,PP,BWDER) 
CALL NTERPi c:NTF.: •,PUT, RSUPT, HPUT, PP, RSWDEr,:, 
CALL NTERPl (NTE.,PGT,BGPT,MPGT,PP,BGDER:> 
CALL INTE:r.:P C:NTE., PGT' Cl~T 'HPGT, pp' c•~) 
CU= -(BUDER-BGCI?J,K)MRSUDER)/BW(l,J,K) 
CG = -BGDER/BG(I,J,K) 
ex= CTC:I,J,k:) 
C T ( I , J , I<) :: CR+ CW* SU ( I , J , K) +Cc;* S G C: I , J , K) 

IF (CTCI,J,K).LE~O.O) THEN 
CTC:I,J,K)::: ex 
URITE(•,743) I,~,K 

END IF 
IF CN .. EO.KCO) WRITE(IOCODE,87) I,J,K,CR,CU,RSW,CG 

400 CONTINUE: 

C ---------------------------------------------------------------
C 
C 

AUTO TIME STEP CONTRCJL .. CALCULATE PRESSURE AT 
MAXIMUM SATURATION .. 

C ---------------------------------------------------------------
PPM= 0 .. 0 
SUM= 0 .. 0 
SGM = 0 .. 0 

DO 
DO 
DO 

240 K=1,KK 
240 J:::1,JJ 
240 I=l,II 
DPU = PCI,J,K)-PNCI,J,K) 
DSW = SWCI,J,K)-SWNCI,J,K) 
DSG = SG(I ,J,1()-SGN(I ,J,K) 
IF C:ABS(DPW) .. GT .. ABS(PPM)) THEN 

PPM= DPW 
IP = I 
JP :: J 
KP = K 

END IF 
IF C:AEtS(DSIJ) .GT.ABS(SUM)) THEN 

SWM = DSW 
ISW = I 
JSW = J 
KS~J = K 

END IF 
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IF C:AI•SC:DSG:>.GT .. ABS(SGM)) THEN 
SC3M = DSG 
ISG = I 
jSG = J 
KSG = K 

END IF 
24() CONTINUE 

DPMC = ABS<:PPM:> 
DSMC = AEcSC:SWM) 
IF (DSMC.LT.ADS(SGM)) THEN 

DSMC = ABS(SGH) 
IS = ISG 
JS = JSG 
KS = KSG 

ELSE 
IS :::: ISW 
JS ::: JSW 
KS = KSW 

END IF 

C ---------------------------------------------------------------
C REPEAT TIME STEP. 

C ------------------------~--------------------------------------
IF (DSMC.LT.DSMAX .AND. DPMC.LT.DPMAX .AND. 

$ NITER.LT.MITER) GO TO 402 
IF (DELT .. LE.DTMIN .. O~~- FACT2.GE.1.0) GO TO 402 
ITFLAG = ITFLAG+1 
DELT = DELT*FACT2 
IF (DELT.LT.DTMIN) 
Fl" = E"f l+DEL 1" 
IF (FT .. liT.FTMAX:, 

DEI-T = DTMIN 
DELT = FTMAX-ETI 

C ---------------------------------------------------------------
C RESET v.~r~ I ABL.E:s. 

C ---------------------------------------------------------------
DO 250 I-=1,II 
DO 250 J:~1, J J 
DO 250 I(::: 1 , I\K 

PCI,J,K) = PNC:I,J,K) 
SU(I,J,K) = SUN(I,J,K) 
SG(I,J,K) = SGN(I,J,K) 

250 CONTINUE 

IF (NITER.LE.MITER) THEN 
IF (DSMC.GT.DSMAX) THEN 

URITE(IOCODE,753) DSMC,IS,~S,KS 
END IF 
IF C:DPMC. GT .DPMA>C> THEN 

WRITE(IOCODE,763) DPMC,IP,JP,KP 
END IF 

END IF 
GO TO 1060 

402 CONTINUE 

DO 410 I=1,II 
DO 410 J=l,JJ 
DO 410 K=1,KK 

IF (PC:I,J,K).LE~PNCI,3,K)) THEN 
IP - I+l -IM = I--1 
,TP - J+l -JM - J-1 -
KP -- K+l -KM - t<-1 -
IF (IP.LE.II) THEN 

IF CSGNCIP,J,K).GT.0.0001) GO 
END I F. 
IF (IM.GE.1) THEN 

IF (SGNCIM~J,Kl.GT.0.0001) BO 
END IF 
IF (JP.LE • .T.J) THEN 

IF (SGN(l,JP,K).GT.0.0001) G() 
END IF 
IF (JM.GE.1) THEN 

IF (SGNCI,JM,t<).GT.0.0001) GO 
END IF 
IF ( K P • L E • I( I( ) THEN 

IF (SGN(I,JvKP).GT.0.0001) (30 
END IF 
IF <:KM.f3E.1) THEN 

IF (SGNCI,J,KM).GT.0.0001) (30 
END IF 
SG(I,J,K) .•. 0 .. () -178--· END IF 

410 CONTINUE 

TO 410 

TO ,,10 

TO 410 

TO 410 

TO ,,10 

TO t, 10 
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IF (IREPRS.NE.1) THEN 
DO 50 I==l,II 
DO 50 J=1,JJ 
DO 50 1(=1,KK 

IF (SG(I,J,K)"GT.0.0001) THEN 
P P = P ( I , ,"f ., I( ) 
CALL INTERP (NTE, PGT, BGT, MPG·r, PP, BBG) 

END IF 
50 CONTINUE 

END IF 

C ---------------------·------------------------------------------
C UPDATE OLD FLUID VDLUMES FOR MATERIAL BALANCE. 

C ---------------------------------------------------------------
STBUI = STBU 
HCFGI = 11CFGT 

C ----------------------------------------·----~------------------
C UDATE NEW FLUID VOL.UMES. 

C ----------------------------------------------------------------
STBW = SCFW*D5615 
HCFG = SCFG*0.001 
HCFG1 = SCFG1*0.001 
MCFGT = MCFG+MCFG1 

C ---------------------------------------------------------------
C 
C 

DEBUG PRINT OF PRESENT AND FUTURE P,SW, AND 
SG VALUES. 

C ------------------------------------------------------·---------

$ 

290 

IF (t<COFF.NE.0) THEN 
DO 290 K=1,KK 
DO 290 J=1,JJ 
DO 290 I=l,II 

WRITE(IOCODE,87) I,J,K,PNCI,J,K),SWNCI,J,K), 
SGN (I, J, I<) 

WRITE(IOCODE,87) I,J,t<,PCI,J,K),SW(I,J,K),SG(I,J,K) 
CONTINUE . 

END IF 

C ---------------------------------------------------------------
C UELL REPORT. 

C ---------------------------------------------------------------
IJ 
TGR 
TUR 
TGC 
TUC 

DO 

- () -= o.o - (). 0 -= 0 .. () 
-· o.o -

J=l,NVON 
WGR = 0.0 
ID1 = IONl(J) 
IQ2 = IQN2(J) 
IQ3 = IGNJC:J) 
IJ = IJ+1 
LAY= I03+LAYER(J)-1 
DO l\=103,LAY 

UWW = OWCI01,IQ2,Kl*D5615 
QGG = QG(I01,IQ2,K)*0.001 
CUMW (J, I() ::: CUMW <::r, K) +aWWttDELT*O .. 001 
CUMG(J,K) = CUMGCJ,Kl+QGGttDELT*0.001 
IF (IWLREPANE .. 0) THEN 

I F ( I J • E: (~ " 1 • AND • K • E Q .. I Cl 3 ) THE: N 
Wf~ITEC: IOCODE, 773) FT 
WRITECIOCODE,783) 

END IF 
IF (QGG .. NE .. 0.0) THEN 

WGR ~ OWW/CUBG*l000 .. 0) 
END IF 
WRITE(I(JCODE,793) WELLIDC::f), IClNl (J), IClN2C:J), 

$ K,PWFC(J,K),PWF(J,K),PID(J,K), 
$ DGG,QWW,WGR,CUMG(J,K), 
$ CUMW(J,K) 

TGR :: rG•~+(lGG 
'TWR :: TLJR+CltJW 
TGC ::: T(3C+CUMG ( J, K) 
TWC = TWC+CUMW<:J,K:> 

END IF 
END DCl 

END DO 
IF C: IWL•~•T.P. NE:. o:, THEN 

WR I TE <: I O CODE , 8 0 :J) T GR , TUR , T GC , T W C 
END IF 
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C ---------------------------------------------------------·------
C 
C 

CALCULATE MATE:F~IAL· BALANCE ERRORS AND AVERAGE 
RESERVOIR PRESSURE~ 

C ---------------------------------------------------------------

$ 
$ 
$ 

DEL TO 
ETI 
CALL 

::: DELT = ETI+DE:LT 
MATBAL (II,JJ,KK,STBW,STBWI,MCFG,MCFGI,MBEW, 

MBEB, Dl::L TO, r<ESVOL, W P, G • .,., WI, G I ., PAV GO, 
PAVG, NI..OOP, WPR, OPR, UIR, GJ:R, 1)5615, CUP, 
CGP,CWI,CGI,HCFG1,MCFGT,CWGR,WGR) 

IF (UGR.GT.WGRMAX) GO TO 1002 
IF (PAVG .. LT.PAMIN) GO TO 1004 
IF C: PAVG .. GT. Pt!',MAX) Gll TO 1005 

C ---------------------------------------------------------------
C SUMMARY REPORT. 

C ---------------------------------------------------------------
IF (ISUMRY.NE.O) THEN 

NLP::: N+1 
CALL PRTPS (NLP,KPI,II,JJ,KK,PAVGO,PAVG,CWP, 

$ CWI,CGP,CGI,MBEU,HBEG,DELTO,WPR, 
$ GPRvWIR,GIR,ETI,CWGR,WGR,IPMAP, 
$ ISWMAP,ISGMAP) 

END IF 

IF (N.EQ"KCO .OR" KC01.EQ.O) GO TO 500 
DO 300 K=1,KK 
DO 300 J=i,.JJ 
DO 300 I=l,II 

WR :C TE ( I O CODE: , ~l 7 :, I , J , K , VP ( I , J , I() , C T ( I , J , K ) , 
$ BWCI,J,K),SWCI,J,K),BG(I,J,K), 
$ SG(I,J,K) 

300 CONTINUE 
500 CONTINUE 

IF (N.EU.KSN) KSN~KSN+KSN1 
IF (N.ECJ"l(SM) KSM:s:l(BM+KSM1 
IF (N.EU.KCO) KCOmKCO+KC01 

C ---------------------------------------------------------------
C UPDATE ARRAYS. 

C ---------------------------------------------------------------

DO 1150 K=1,k:K 
DO 1150 J==l,JJ 
DO 1150 :t=1, I I 

QWCI,.J,K) = 0.() 
QG ( I , .J , t,) ::: () • 0 
PNCI,J,K) = PCI,J,K) 
SWN(I,J,K) - SW(I,J,Kl 
SGN(I,J,K) = SGCI~J,K) 

1150 CONTINUE 
END DO 

1002 URITECIOCODE,2003) 
GO TO 1001 

1004 URITECIOCODE,2004) 
GO TO 1001 

1005 URITECIOCODE,2005) 
1001 CONTINUE 

31 FORMAT ( / 1 X , " f: N TE: R 1 () C (l D t! • • • • • • • • •· • " ) 
32 FORMAT(I4) 
36 FORMAT(//3X,69("* 7 )/3X,"'*",67X,'*'/3X,'*',67X,'*"'/3X, 

$ '*",17X," GWSIMa ",31X,"*"'/3X,"'*"'1 
$ 15X,~3D GAS-WATER RESERVOIR SIMULATOR"',20X, 
$ '*"/3X,"*',16X,"U.N.S.W.-VERS10N 2.0 (25-10-80)"', 
$ 20X, 7 * 7 /3X,'*",67X,'*"/3X,'*",67X,"*"/3X,69('*')///) 

69 FORMAT(80A1) 
SS FORMAT(' ',"RESET TO PREVIOUS TOTAL COMPr AT POSN."',315) 
87 FORMATC1X,3I3,8E15.6) 
110 FORHATC3(/)~10X,'LAYER"',IJ," INITIAL FLlJID VOLUMES"'/10X, 

$ 29 C:., ·-' :, I I 13X,., WATER :C N PLACE, , T 40, ' : ' , l X, F 10 .. t,, 1 X, 
$ ., MI LI ... I ON ST B .. " / 1 :3 X , , SOL U T ION GAS I N PLACE ., , T t, 0 , ' :: 1 , 

$ 1X,F10.4,1X,'BILI..IllN SCF."'/13X,"'FF~EE GAS IN PLACE', 
$ T40,":',1X,F10 .. 4,1X,"BILLION SCFM 1

) 

115 FORHAT(5(/),10X,'TOTAL FLUID VOLUMES IN RESEF,VOIR,/1.0X, 
$ 3 2 ( ., - ., :, I I 1 3 X , ., lJ ATER I N PLACE ., , T 4 0 -. ., :: ., , F l O • 4 , 1. X , 
$ 'MILLION STB .. '/13X,"'SDLUTION GAS IN Pl.ACE 1 ,l40,"' ::', 
$ F10.4,1X,'BILLION SCF."'/13X,'FREE GAS IN PLACE', 
$ T40,":',F10.4,1X~ 7 BILLlON SCFA'//) 

125 FORMAT C:' ., , ' QRt~ TE DONE ! " :> 
130 FORMAT(' ','SOLMAT DONE !') 
140 FORMAT(' 1 , ., PRATE:I DONE ! ., ) 
675 FORMAT(' •,~ELAPSED TIME= ~,F6.2,' DAYS FROM', 

S 1 BE<:, I N N I NG () t=· S :C M lJ LAT I ON ., ) 
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C 

676 
733 
743 

FORMAT (" " , " DEL T ::: ., , FB .. 3) 
FORMAT(//) 
FORMAT ( " ., , ., RESET TD TA I.. COM • TO PRE V 10 US VAL lJ E AT ., , 

$ ., POSN.',315) 
7 5 3 FORMAT ( ' ., , " T I ME: ST 1:: P •~ET RE AT ·-CH AN C3 E IN SAT UR AT I ON ( ., "J 

$ F 6 .. ,, , ' ) AT ' , :3 I !5 , ., EXCEEDS tJ SER I> E F J NE I) MAX I M lJ M ' ) 
763 FORMAT (., ., , "T !ME STEP RETRE1~T-CHANGE IN PRESSUJ~E (., , 

$ F6.4,.,) AT' ,3I!:i,' EXCEEDB USER DEf:tNEI> MAXIMUM'') 
773 FORMAT (5 (/), 10X,' WELi- REPORT FOR ALL ACTIVE WELLS ., ., 

$ 11X,:32('-'' )//20X•,'ELAPSED TIME ==., ,FO.:-S, 
$ ., DAYS Ff\ 0 M I« EG 1 N NIN G OF S 1 M lJ LAT ION ., I// ) 

78:3 FORMAT(3(/) •,48X,8("-'') .,·, RATE ., ,8<:"'--':, ,fjX,.,_ .. ___ CUMMl.ll..ATIVE', 
$ ., --- ., /5X, 'WEI-L l..OCAT I ON" , 4X, ., CAL.C SEC., , 
$ ' SPEC",4X,"GAS WATER WGR',5X, 
$ ' GAS WATER~ /4X,' ID'' ,SX,' I J K', 
$ ~ BHFP BHFP PI',5X,'MCF/D ~, 
$ ., STD/ D., , 4X,., STB/GCF' , 2X,., MMSCF MBTB' // /:, 

793 FORHAT(5X,AS,1X,3!3,2F8"0,F8.3,2F9.0,F8.0~4x,2ra.o) 
803 FORMATC:6X, 102(' _, )/5)(., ., TOTALS' ,:13X,2F9 .. 0, 14X, ~~FB.0/) 
2003 FORMATC/5X,"MAXIMUM WGR HAS BEEN EXCEEDED --- ., , 

$ ., SIMULATION IS BEING TERMINATED 1
//) 

2004 FORMAT (/5X, ., MINIMUM AVl:]~AGE RESERVOIR PRESSURE WAS NOT"' , 
$ ' ACHIEVED --- S:CMULATION IS BEING TEF~MINATEI>"' //) 

2005 FORHAT(/5X, 'MAXIMUM AVE•~AGE RESERVOIR PREt;SUl·<E HAS BFEN", 
$ ., EXCEEDED ---· SIMULATION IS BEING TERMINATED''//) 

CLOSE(20) 
CLOSE(IOC<JDE) 
STOP 
END 

C =======================~~~=~===========================~=~===== 
SUBROUTINE BANDIN (II,JJ,KK) 

C = = =:.:: = = = = = = = = = = = = :-.: = = = :: = = ::: ::1 := == ::: = = =::: == = = = = = = = = = == = :: = = == = = = = = = =:.:.; ::: = = = = = = 
C THIS SUBROUTINE FIRST SE:rs UP FOR NORMAL ORDERING OF THE 
C MAT r, I X AND THEN S CJL. VI::!~ THE AL.GE BI~ A I C E (l tJ AT I D N S US I NG 
C DIRECT GAUSS I AN (BAN))) t.\LGClR I THM. 

C NOMENCLATURE: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

AUC:I,J,K) 

AE(I,J,K) 

AS C: I, J, I() 

AN ,: I , J" , I< ) 

ATC:I ,J,l() 

ABC:I,J,I() 

BHAT 

IC 
ICM 
ICMH 
IC HMM 
ICP 
ICPP 
IC PPP 
II 
Jj 
KK 
NBAND 
NMAXI 
NROW 
PC:I ,J,I() 
PVEC 
QVEC 

; (BW(I,J,K)+0.5*BG(I,J,K)M(RSW1-RSW))*AWW+ 
I• G ( I , J , K :> i• AG W 

• 'E W ·r ·r 1 ·· 0 a:- BG. I J 1··· ····c'W'"> R·~w· . AWE-• (. t (. t , 7 \ ,) + • ,J tf (. t t \ .) tf (, \ ,.I .:.. - 0 ) .) * ·:. + 
I« G ( I , ..T , I( ) ·>f AGE 

" · I •J · I ·r 1 · · o a::· BG · I J k. • • L·· '"' w 3 R , ... w · · A w 0 • <. f ~ <. , , , \ J + .. ,J * · (. t , ,, .> * <. r\ a - ' o .) .> * .:::> + 
Ic G ( I , .J , I( ) ·><- A G S 

: (BW(I,J,K)+0.5MBGCI,J,K)H(RSW4-RSW)l*AWN+ 
Et G C: I , ..T , I( ) ~r AG N 

: (BW(I,J,K)+ON5*BGC:I,..T,K)H(RSW5-RSW))*AWT+ 
BG ( I , J , I( :> *AG T 

; c:BW(I,J~K)+0.5*BG(1,J,K)*(RSW6-RSW))MAWB+ 
IcG <:I, J, I() *AGB 

; MAl'f~IX ArTER NOr~MAL ORDl::RING DF THE COEFFI-
CIENT MATl~IX OF PRESSURE EQUATION 

: COUNTE}~ 
: I C--1 
: I C-t,K 
: I C-J J +tl(I< 
; IC+1 
: IC+KK 
: I C-t·J J"Ml(l( 
:; NUMEcE:R OF' 
: NUMicE:R OF 
; NUMI«E~~ OF' 
: 2*J J*l(I(+ l 
:; I I * .J J * I( I( 
: NX*NY*NZ 

THE X-DIRECTION GRID BLOCKS 
THEY-DIRECTION GRID BLOCKS 
THE Z-DIRECTION GRID BLOCKS 

; PRESSURE ARRAY RETURNED TO MAIN PROGRAM 
: PRESSUR•~ ARRAY CALCULATED BY BAND ALGORITHM 
: B C: I , J , I( ) 

C ----------------------------------------------------------------
INCLUDE YCOMGWSIM.FORY 

NHAXI = II*JJ*KK 

C ---------------------------------------------·-------------------
C INITIAL;IzE FACTOR MATRICES 

C ---------------------------------------------·-------------------
DO I=1,NMAX:C 

DO J=1 ·, NMAX I 
BMA 'f ( :c , J') ::: 0. 0 

END DO 
END DO 
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IC= 0 
DO 110 I=1,II 
DO 110 J=l,JJ 
DO 110 K=1,I(~; 

IC = IC+l 
ICM = IC-1 
ICMM ::: IC-KK 
ICMHM = IC-JJ·>ft(K 
ICP ::. IC+l 
ICPP = IC+t,K 
IC PPP = IC+J J-M·l(I( 

IF ( ICM MM .. LT • 1 ) G CJ TO 115 
BMAT(IC,ICMMM) ~ AW(I,J,K) 

115 IF CICMM.LT.1 .OR .. JJ.EG.1) GO TO 120 
FIMAT C: IC,, ICMM) = At-3 (I, ,T, I() 

120 IF CICM.LT.1 .OR. KK.EO.l) GO TO 130 
ffMAT(IC.,JCM) = AT(I,,J,K) 

1 3 0 B MAT C: I C , :C C :, == E: C: I •, :r " K ) 

IF (ICP.GT.NMAXI "OR. KK.EQ.1) GO TO 140 
AMATCIC,ICP) = ABC:I,J,K) 

140 IF (ICPP.GT .. NMAXI .. OR. JJ.EQ.1) GO TO 145 
FUiAT C: IC., ICPP) = AN C: :C, J, I() 

145 IF CICP~P.GT.NMAXI) GO TO 150 
~MAT(IC,ICPPP) = AE(I,J,K) 

150 QVECC:IC) = BC:I,J,K) 
110 CONTINUE 

NBAND = 2*JJ*KK+l 

C ----------------------------------------------------------------
CALL BAND (NROW,NMAXI,NBAND,BMAT,QVEC,PVEC,GVEC) 

C ----------------------------------------------------------------
IC= 0 
DO 200 I=t,II 
DO 200 J"=l,JJ 
DO 200 K=l, 1(1( 

IC = IC+1 
P ( I , J , I( ) = P VE C ( I C ) 

200 CONTINUE 

RETURN 
END 

C 
C ====================~==~~~~=========================~===~======= 

SUBROUTINE BAND <: NR (] lJ ., NM AX I , NB AND , B MAT ., Cl VE C , P V EC , G \i F C ) 

C ... - ... -- - ... - .... -- - .... ·- -- ............ - - -· -· .... ·-· -- ........ -. ....... -- -~ - - _.. -·· - - .- .,_ ·- ·- ...... ·-- -- - .... - -· ·- -- -- -- ·- _ .. ··- -· ·-... - - - -- - ·-· -- ......... -------- -- ...... ·- ..... -- ......... -· -- -- ...... .-. ·- ... ,... --- ---.. -... -- -- ·- ·- -- .... --...... - ....... -- - ........ -... ·-· ·-· .... _. --..... -
DIMENSION BMAT(NROW,NMAXI),QVEC(NMAXI),PVEC(NMAXI), 

$ GVECCNROU) 

C ----------------------------------------------------------------
C BEGIN BAND ALGORITHM 

C ----------------------------------------------------------------
NU1 = (NBAND-1)/2 

DO 1110 I=l~NMAXI 
L1 = I-NW1 
IF (Ll-LT.1) L1=1 

DO 1120 J=Ll,I 
IF (J.EG.1) GO TO 1120 
J'M = J-1 
ADD= 0.0 

DO 1130 K=L.1, JM 
IF (Ll .. GT.JM) GO TO 1125 
ADD= ADD+BMAT(I,K)*BMAT(K,J) 

1130 CONTINUE 

1125 BMATCI,J) = BMATC:I,J)-ADD 
1120 CONTINUE. 

IF C:I.E'l"l.NMAX:C) GD TO 1110 
IP= I+:L 
IM= 1-t 
L2 = I+NW1 

IF (L2~GT.NMAXI) L2 = NMAXI 

DO 1140 J:::IP,L.2 
ADD:: 0.0 
IF (I.EQ.1) GO TO 1140 
L3 :: J-NW1 
I F ( L 3 • L. T • 1 ) L :3 = 1 
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1150 

D(l 1150 K===L.:!, IM 
IF CL3 .. GT .. IM) GO TO 1140 
ADD= ADD+BMAT(I,Kl*BMAT(K,J) 

CCJNTINUE 

1140 BMAT(I,J) = (BMAT(I,J)-ADD)/BMAT(I,I) 
1110 CONTINUE 

C ----------------------------------------------------------------
C FORWARD SOLUTION 

C ----------------------------------------------------------------
GVEC(1) = OVEC(1)/BMAT(1,1) 

DO I=2,NMAX1 
L1 = I--NW1 
IF ( L 1 .. LT • 1 ) L 1 ::: 1 
I H = I---:L 
ADD= 0 .. 0 

DO K=L 1 ,, :CM 
ADD= ADD+DMAT(I,K)*GVEC(K) 

END DD 

GVEC(I) = (QVEC(I)-AOD)/BMAT(I,Il 
END DO 

C - -- - ·- - -- - - - -- - - ... - - ·- - -- - ....... ·-- ... - -- - - ·- .- -- -- - -- ... -- ... ·- -- - --- -- ... ·- ...... - - - -- - - -- ..... - - - .......... - -- ·- ·-

C BACKUARD SOLUTION 

C ---------------·-------------------------------------------------

C 

PVECCNMAXI) = GVEC(NMAXl) 

DO I•2,NMAXI 
INVI = NMAXI+1-I 
INVIP :-.# .CNVI+1 
L2 = INVI+NW1 
IF (L2~6T.NMAXI) L2 ~ NMAXI 
ADD= 0 .. 0 

DO K=INVIP,L2 
ADD~ ADD+BMAT(INVI,K)MPVECCK) 

END DO 

PVEC(INVI) = GVECCINVI)-ADD 
END DO 
RETURN 
END 

C ·- -- - ....... -- .-, - - - - HN ·- ·- - ._. ••• -· -· -~· -· -· -· 1•1 .... 11• ... ·- ••- ..... ·- -· -· ·- ... _ .. - ·- I~ ·- ·- 1-. ·- -· .... -- .... ••• -· -- -- - ••• - - II -I lllo -- ........ _.,. .._ - ----·-------~ ....... ·- ....... -.............................. ·-- ........... -- ......... --... -.... -...... - ............ -- -- - -- ---- ... -- .•.. ·- -- ...... - ... ---
SUBROUTINE Cl.SOR C: I :t, J J, KK, OMEGA, 'f(lL, TOL 1, MI TER, 

$ DELT,DELTO,KSN,N,NITER) 

C ==============~========~~~~:~===========~===============~===~==; 
C THE SUBROUTINE ITERA'rES THE SPARSE MATRIX, SIMULTANEOUS 
C EQUATIONS BY LINE: SUCCESSIVE OVER RELAX~1TION METHOD 
C (CLSOR) TC) NEW PRESSURE DISTRIBUTION UNTIL THE SPECIFIED 
C CONVERGENCE CRITERIAS ARE SATISFIED. 

C NOHENCLATUF~E: 
C THE LOWER DIAGONAL MATRIX OF THE COEFFICIENT AZL .. • 
C VECTOR OF THE PRESSURL~ ECllJATION 
C THE MAIN DIAGONAL MATl~IX DF THE COEFFICIENT BZL • • C VECTOR OF THE PRESSURE EQUATION 
C THE UPP~~]~ DIAGONAL.. MATRJ:X OF THE COEFFICIENT CZL • • C VECTOR OF THE PRESSURE EQUATION 
C TIME STEP, DAYS 
C THE: C<lLlJl1N VECTOR OF THE PRESSUF~E EQUATION 
C NUMBER OF THE X-DIRECTION GRID BLOCKS 

DEL TO • • 
DZL • • 
II • II 

C NUMBER OF YHE Y-DIRECTION GRID BLOCKS 
C NUMBER or THE Z-DIRECTION GRID BLOCKS 

JJ • u 

KK • u 

C CLSOR PARAMETER DEBUG OUTPUT CONTROL 
C MAXIMUM NUMBER OF CLS()R ITERATIONS PER TIME 
C STEP. .~ TYPICAL VALUE FOR MITER rs 2~;0 

KSN • • 
HITER • II 

C ITERATION COUNTER 
C INITIAL CL.SOR ACCELERATION PAF~AMETER. INITIAL 
C VALUE FOR OMEGA SHOULD BE IN THE RANGE 1 AND 
C 2.. A TYPICAL INITIAL. VAL.LIE FClR OMEGA WOULD 
C 1 • 7 • TH •7. PRO (3 RAM W 11. L O PT I MI Z E AS THE 
r SOLUTION PROCEEDS. 

NIT ER • u 

OMEGA • II 

-183-



-C 
C 
C 
C 
C 
C 
C 
C 

TOL 

TOL1 

UZL 

: MAXIMUM ACCEPTABLE PRESSURF CHANGE FOR 
CONVERGENCE OF CLSOR ITERATIONS, PSI. 
A TYPICAL VALUE FOR TOL WOULD BE 0.1. 

:: PAF~AMEtfEJ< FOR DETERMINING lJHEN TO CHANGE 
OMEGA .. A TYPICAL VALUE FOR TOL1 WOULD BE 
0.001.. :CF TOL1=0, THE-: INITIAL VALUE ENTEREI> 
AS OME G ,~, A B ()VE WILL BE USE: D F Cl R THE ENT I RE F~ lJ N • 

: SOLUTION VECTOR OF THE PRE:SSLJRE EQUATION 
C ---------------------·--------------------------------------------

INCLUDE ., t~llMGWS IM. FOF~ ., 

DIMENSION 
$ 

UM(NPMAX),AZL.(NPMAX),BZL(NPMAX),CZL(NPMAX), 
DZL(NPMAXl,UZL(NPMAX),BETA(NPMAX), 
GAMMA(NPMAX)~W(NPMAX) $ 

DIV = DELT/DELTO 
NITER = 0 
DMAX = 1 .. 0 
RH01 = 0 .. 0 
THETA= 0 .. 0 

110 TW = 1 .. 0 - OMEGA 

$ 
!i 
$ 
$ 

DHAXO = DM,~X 
THETAO = THETA 
IF C:NITER .. LT. MITER) 'rHEN 

NITER = NITER + 1 
DMAX ::: <>.O 
IF (NITER.E0.1 .OR" NITER MOD 10.EQ.O) THEN 

IF C: I I .. NE.. 1) THEN 
D() I=1,II 

AZL.<:I) = 0 .. 0 
BZL<:I:> ::: 0 .. 0 
C Z L. ( I ) ::: 0 .. () 
DZ L. ( I :> :=: 0 .. () 

END DO 

D() 
DCl 
DC) 

3030 I=::1,I:C 
3030 K=1, Kl( 
:J030 J= 1 , ,'f :f 
IM - I-·1 -
IP - 1+1 -· IF (I • E:(} .. 1 :, IM=1 
IF (I • E(l .. :c I) IP=II 

JM = J'-1 
J p ::: J+ 1 
IF (J' .E:D .. :l) JM=1 
I F ( J • I::(} •. .J J :, J' P = J J 

KM ::: K-1 . 
t,P = K+i 
IF . I,•' f:(l 

(. ,, . -· "' .. :L:, KM=l 
l<K:, K P=KK I F. . ~· E-(l 

(. '' . -· "' .. 
AZL(I) ·-· .•. 
BZLC:I) ::: 

CZL.(I) ·-· .•. 
DZL.(1) ·-· ·-

A Z L. ( I :, +AW ( I , J , I( ) 
E~ZL. (I) +E <: I , J, K) ·t-AT C: I ., J, K) +AB C: I , J, K) + 
AS ( I , .J , I< ) +AN C: I , J , I< ) 
CZL.(I)+AE(I,J,K) 
D '1.: I •. ( I ) - ( AT ( I , J , K ) * P ( I , J , KM :> + 
AS(I,J,K)*P(I,JM,K)+AWCI,J,K)* 
P ( :t M, J, I,) +AB C: I , J, K) * P ( I , J, K P) + 
AN(I,J,K)*PC::C,JP,K)+AE(I,J,K)* 
P(IP,J,K)+ECI,J,K)*P(I,J,K)-B(I,J,K)) 

3030 CONTINUE 

C - .... - .... -- - - - - - ... - ~ ~ - .... - - - -· -- ..... - ......... - -- -- - .... - - - - .... .- -- ·- -- --- --- .- -- .............. -- - -· -- .... - - .... -- .......... - -- ... - --

$ 
CALL L Tr~I ( :C I,, AZL, BZL, CZL, DZL, UZI ... , BETA, GAMMA, 

W,NPMAX) 

C -------------------------------------·---------------------------

30ti0 

D(J 30t,o I:=1 ·, :r l 
D () 3 0 4 0 I(::: 1 ., I( I( 
D<l 301,0 .J':==1 ., :r J 

P(I,J,K) ~ P(I,J,K)+UZL(I) 
CCJNT I NUE 

END IF 
:CF C:JJ • NE: .. 1) THEN 

DCJ J=1,JJ 
AZL.(J) .•. () " () -· 
BZL.(J) ... () .. () .... 
CZL(J) ·-· () .. () .... 
DZL.C:J) ·-· () .. () .... 

END DO 
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$ 
$ 
$ 
$ 

D(J 
D(J 
DCl 

3060 ..T ::: 1 ., :r J 
3060 K ::: 1 ,, I\ I< 
3060 I ::a 1 ,, 1 :C 
IM -· I-1 -· 
IP -· I +:l -· 
IF (I F'P . .:.. ~" 1:, IM=i 
IF (I E"P . . " .. II) :CP=II 

JM -· J-1 -· 
..JP -· J+1 -
IF (J F(l . - ,-; .. 1) JM::1 
IF ( .J 1:·p .. - ~ .. J.J) ,JP=J.J 

KM ·- I( ·1 -· -·· .. 
I, p -· K ·t· :l -
IF C:K r·p . :. ~ , . 1 :, l,M=1 
IF (K .. 1::u .. l,K) I( P=l(I( 

AZL..(.J) 
BZL.(J) 

·-· A ·11 · ·r · AO • I r 1 · · ·- .. . ·- (. ' J + ::, c. . ' ' ' \ .> 
::: [c ZL ( J) ... I:: C: I , J., I<)+ ATC: I , J, K) +A B ( 1 ,, J , K) + 

CZL. C: .J) 
DZL.(J) 

AW(I,J,Kl+AECI,J,K) = CZL(J)+AN(I,J,K) 
::: D :Z: L ( J ) - (AT ( I , J , I\ ) * P ( I , J ., KM ) +AS ( I , J , K ) * 

P(I,JM,K)+AW(I,J,K)*P(IM,J,Kl+ 
A [( ( I ., :r 'I I< :, * p ( r ~ J ' K p ) ·t· AN ( I ., J ., K ) * 
P ( 1 , J P , I< ) + A E C: I ., J" , K ) ·M P C: I P ., J. , K ) + 
E(I,J,K)*P(I,J,K)-B(I,J,K)) 

3060 CONTINUE 

C ---------------------------------------------·-------------------
Ca~LL. L. TRI ( :r :r, .~ZL, BZL, CZL, DZL, UZL, BETA, 

B,~aMMA, W, N PMAX) 

C -----------------·-----------------------------------------------

3070 

309() 

$ 
$ 
$ 
$ 

DO 3070 J:.::1 •, J J 
D() 3070 K:::::L, Kl< 
D () :~ 0 7 0 I :::1 1 ., J :c 

P ( I , J , K ) =~ P ( I , J , K ) + lJ Z L ( J ) 
CONTINUE 

END :CF 

IF C: I( K .. NE .. 1 ) THEN 
DCJ K== 1 , Kl( 

A Z L ( tC> :::1 0 •• () 
B Z L. ( I, ) :=: () .. 0 
CZL ( t,) ~: 0 .. 0 
I>Zl..(K) :: 0 .. 0 

END DO 

DD 
DD 
DD 

3oc;,o t,C ::; 1 ., I( I\ 
:-soc;,o r ·1 l -c ::., . . 'I . . 

3090 J::: 1 'I J J 
IM -· I-:L -· 
IP -· I+:l -· IF ( I E'(l .. • II': .. 

IF (I .. F.: (l .. 

JM == J'-· 1 
JP:: J+1 

1 :, IM=1 
Il) IP=II 

I F ( J .. E: ll .. 1 :, JM= 1 
I F ( J • F.: (1 .. J J ) J P = J" .J 

t,M :: K-1 
KP = K-t·i 
IF C:K .E:Cl .. 1) KM=1 
I F C: t, • E (l .. K I< ) I\ P = K K 

AZL(K) ~ AZL(K)+ATCI,J,K) 
It Z L. C: t,) = DZ L ( K ) + E ( I , .. T ., K ) +AW ( I , J , K ) ·t· A E C: J , J , K ) + 

AS(I,J,K)+ANCI,J,K) 
CZL(K) ~ CZLCK)+ABC:I,J,K) 
DZL(K) ~ DZLC:K)-CAT(I,J,K)*P(I,J,KM)+AS(I,J,K)* 

PC:I,JM,K)+AWCI,J,K)*P(IM,J,K)+ 
AEc(I ,J,l"<)*PC:1,,T,KP)+AN(l ,J,K)* 
PC: I , ,T P, I,) +AE ( 1 , J', K) * P (IP, J, t,) + 
E ( I , J , I( :, * P C: I , J' ., K ) - I~ ( I , J , K ) ) 

CONTINUE 
C ...... - .... - - ... - - -- ._ ... - -- - ....... -- ............... _ ... - -- - .... -- -- .- •• --- -· -- -- - -- ....... - .... - ... -- ·-· - .... - -· -·· .... - ... -. - -- ·-· - - - - - -·· 

$ 
CALL. L. TRI ( I( I( " .~ Z L , B Z L , C Z L , DZ L , lJ Z L , BET A , 

GAMMA,W,NPMAX) 

C ------------------------------------------------------·----------

4010 

D () 4 0 1 0 K ::i: :l , I( I( 
D () 4 0 1 () J" ::: 1 ., :f J 
DO 4010 I::a:1,:C:t 

P C: I , J ., I( ) == P C: I , .. T , K ) + lJ Z l.. ( t< ) 
CONTINUE 

END :CF 
END IF 
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s 

$ 

DO 200 K=1,KK 
DO 200 S=i,JJ 

DD I::::1,11 
lJ 11 ( I ) ::: P ( I ., J •, I( ) 
AZL(l) = AW(I,J,K) 
It Z L C: I ) = E: C: 1 •, :f , I( ) 
CZL(I) = AE(I,J,K) 
DZL(I) = D(I,J,K) 
1 F ( J J • NE: .. 1 ) THEN 

JM ::: J·-1 
J P == ,r+ 1 
IF CJ .EO~ 1) JM=1 
IF (J .. EU .. JJ) JP=JJ 
DZL(IJ ~ DZL(I)-AS(I,J,K)*P(I,JM,Kl-AN(l,J,K)* 

P ( I , .J P , I, ) 
END IF 

IF (KK .NE. 1) THEN 
KM= l(··-:l 
l<P = K+1 
I F ( K • E (} .. 1 ) I\ M :: 1 
IF (K .. Ea .. KK) KP=KK 
DZL(I) ~ DZL(I)-AT(I,J,K>*P(I,J,KMl-AB(I,J,K)* 

P C: I , :r , I( P ) 
END IF' 

END DO 

C --- ------- ................ -..... ·- ·- .... -- -- ··---..--- •.. ·- - ---- -- .............. ---- ----·--- -..- --··-- .... ---- -··-- - - ....... ·- - -- .... -- ·- ... 

CALL l.. TR 1 (II, AZI .. ,, BZL, CZl.., DZL, lJZL, BETA, 
GAMMA.,W,NPMAX) 

C -- - _. -- - - - - -- ....... - -- - - .... - - - - -- ·-... ·- ........... -· - -- -- ... -- ....... -- -- -- -- -- ...... - ... -- ·- - - - - -- ··- - ... ·- - - ·- ......... - ... - ·-

WRITE(*, 76) NITE]~ 
D(l I= 1, I I 

GSLSOR .:: UZL. (I) 
P (I, J, K) :-: TlJ1<·l.JM (I) +OMEDA*GSLSOR 
Al~G ::: P<:I,.J,t() .. ··UMC:I) 
DM = ABS(ARG) 
IF C:DM .GT .. OMAX) DMAX=DM 

END DCJ 
200 CONTINUE 

IF (TClL1 
THE'f 1~ 

DELTA 
ARG 
ARG 

ELSE 
G(J TD 

END IF 

• NE: • 0 .. 0 ) THEN 
- DMAX/DM,~XO 
.::: THETA-·THETAO 
== DELTA 
== Ar.S(ARG:> 

IF (ARG .. LE:. TOl ... 1) THEN 
OM = OME:Gt,·-·1 .. 0 

ELSE 
GOT() 25 

END IF 
IF (THETA.EQ.0.0 ~OR. OMEGA.EU.0.0) THEN 

RH01 = 1.0 
GO TD 25 

END IF 

RHOl = C: THET A·•·OM) * ( THl:~TA+CJM) I ('fl-lET1~*DMEGA*OMEGA) 

IF C:RHCl1 
ARC3 
OMEGA 

ELSE 
GO TCJ 

END IF 

• LT. l.. ()) THEN 
:::: 1. O·-RHCl1 
= 2.0/(l~O+SORT(ARG)l 

25 IF (DMAX .GT. TOI_) GO TO 110 
. URI TE C: !t)CODE:, taO:> NI TER., OMEGA, DMAX, THETA, RHO 1 

ELSE 
URITECIOCODE,30) NITER,TOL,DMAX 

END IF 

30 FORHAT(5(/),10X, 1 CONVERGENCE (LSClR) WAS NOT REACHED lN', 
$ I5,y ITERATIONS 1 //20X,'TOL = ~,F10.7/20X, 
$ 'DMAX = 1 ,F15ft7/) 

40 FORHAT(~l/)~1ox • .,coNVERGENCE (LSOR) HAS BEEN REACHED.,, 
$ 'AFTER'' ,13," :CTER,~TIONS.,//15X,.,OMEGA.' ,T2t=;,·, :., ., 
~ F. '3/:1 a::·x , J)J..'A'···, .. , • .,:,-=· ., • ., F1() L/ .. c:·x ., 1·u·~TA' r··:,1;:· ~ b • .. . ... , , ,., A 'I .... "' , • ' • Q J . •• JI , fl r.:. , - ... , ., 
$ " ; " , F i. 0 • 6 I 1 ~) X , v •~ H lJ 1 ., , T 2 5 , ., :: "' , F 1 0 • 6 I ) 

76 FORMAT(' ,,..,LTF~I :;"',,:C5) 
RETURN 
END 
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C 
C = = = ::: = = = = = = = ::: = = = ::: = = ::: = :: = == ::: ::: ::: ::: ::: :::: ::: == ::: ::: == = ::: = == = == == := = ::: :: := == :::.: :::: == := == :.::: = ~.:= ~ =~: == =: = == == = 

SUBROUTINE 
$ 
$ 
$ 

CODES ( I O CODE , I( SM i. , I( B N 1 , I\ CO 1 , N N , F ,~ C T 1 , FA C: T 2 , 
TM,,X ., l,SOL, MI TER, OMEGt!t, TDL, TOL 1, I\SN., 
K!,M •, KCO, I\TR, l(COFF, I>SMf\X., l) PMAX, WGRMAX, 
PAM :C N, Pa~MAX) 

C === = == = == = = = = == ::: ==== = =::.: :::::::::=:::::::. = == ;=::: ::: = === = = = == :::::: = :=;.:: ::: ::: :::: = = = === = = == :::; = = = == = = 
C THE SUBROUTINE CALLS FOi~ SEVERAL CODES THAT CONTROL.. I>IA-
C GNOSTIC OUTPUT F Of~ tJ BE IN PI~ 0 GRAM DE HUGG l N Ei " THE BE CO I> ES 
C ARE NORMALLY ALW1-\·ys BET ECll.1(-lL TD ZEROS.. IT ALSO CALL.S FClR 
C RUN CONTR(JL PARP,METE:RS ,~NI> SOLUTION METHOD CDNTR()L PARA·-
C METERS. 

C NOMENCLATURE: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DPMAX 

DSM AX 

FACT1 

FACT2 

IOCODE 
I HEDIN 
KSM1 
KSN1 
KC01 

KSOL 

KTR 
KC OFF 
HITER 

NN 

OMEGA 

PAM IN 
PAM AX 

THAX 

TOL 

TOL1 

LJGRMAX 

.. .. 

• .. 

.. • 

" .. 

• • 
• • 
; 
• • .. • 
.. • 

• .. 
• • 
• • 

.. .. 

.. • 

.. • 
• • 

.. .. 

• • 

.. • 

MAXIMUM PRE:SBl.Jr~E CHANGE PEl:;:M I TTEI> OVER 
A TIME STEP, PSI. 
THE TIME STEP SIZE WILL BI:~ f~ ED LICE D BY 
FACT2 :CF THE PRESSUr~E CHANGE IN ANY GRID 
DL..OCI( EXCEEDS DP MAX DURING .~ TI ME STF P. 
MAXIMUM SATUr,ATIClN CHANGE PERMITTED CIVER 
A TIME STEP, FRACTION. 
THE T!ME STEP SIZE WILL BE REDUCED BY 
FACT2 IF THE ~,ATlJl~AT ION CHANGE OF ANY 
PHASE: IN ANY GRID BLOCK EXCEEDS DSMAX 
DURING A TIME STEP. 
FACTO•~ FOR INCREASING TIME STEP SIZE:: UNDER 
AUTOMATIC TIME STEP CONTROL. 
SET F'ACT1 ::= 1 .. () FOR FIXED TIME STEP SIZE. 
A COMMON VALUE FOR FACT1 IS 1.25. 
FACTOR FCIR DECREASING TIME STEP t~IZE: UNI>ER 
t-\ U T () M .~ T :C C T 1 Mt:: S TE P CON 1' R (] l.. • 
SE l' F.~ C T 2 == 1 • 0 F () R FIXED TI ME STEP S I Z E • 
A CCll"iViON Va~I...UE FOR FACT2 IS O .. 5" 
CODE FOi:~ IN PUT FI LE • 
STORAGE MEMO~~y FOR INPUT TITLE CARD • 
SOL.UT I ON M,~ T.-~: IX DEBUG OUT PUT CONTRfJL.. 
L.SOI;: PARAMETEI~ DEBUG OUT PUT CONTROL. • 
COMPRF.:!3!3 IB IL:C TY AND VOLUME FACTOF~S DEBUG 
OUTPUT CONTROL. 
SOLUTION METHOD CODE • 
KSOL = 1 MEANS 1 DIRECT SOLUTION - BAND 
AL..GCll;:ITI-IM.,. 
l<.:BOI- ::: 2 ME,'!\N!:i ., LSOF( Ml::THOD 1 • 

~:sell... = 3 MEANS ., DIRECT SOLUTION - D4 
ALGORITHM~. 
TRANf,MISSIBIL.IT'r. DEBUG OUTPUT CONTROL... 
DENSITY AND BATURATICJi~ DFEclJG OUTPUT CONTROL. 
MAX I MUM NUMBER DF LSOR I TEF~AT I ONS PER TI ME 
STEP. 
A TYPICAL lJ,~Ll.JE FOR MI TEf( IS 250. 
MAXIMUM NUMBER C)F TIME STf~P~, ALLOWED EcEFORE 
RUN IS TERMINATED. 
INITIAL LSOR ACCELERATION PARAMETER, 
INITIAL VALUE FOR OMEGA SHOULD DE IN THE 
r,ANGE 1 AND ~~. 
A TYPICAL INITIAL. VALUE F.CJR OMEGA WOULD BE 
1. 7. THE PROGRAM LJIL..l. OPTIMIZE OMEGA AS THE 
SOL.tJTI CJN Pt~OCEEDS. 
LIMITING MINIMUM FIELD AVEl:;:AGE PRESSURE, 
PSJ:A .. 
L.IM:CTINCJ MAXIMUM FIELD AVERAGE PRESSUHE, 
PSIA .. 
f~t.JN WILL BE TERMINATED WHEN AVERAGE RESER­
VOIR P•~t::SSURE: EXCEEDS PAMAX. 
MAXIMUM HEAL TIME Tll BE S:t:MULATEI> DUF<ING 
THIS RUN, DAYS. 
fdJN LJII-L BE TERMINATED WHEN TIME EXCEEDS 
TMAX .. 
MAXIMUM ACCEPTABLE PRESSUl~E CHANGE FOR CON­
VERGENCE OF LSOR ITERATIONS, PSI. 
(~ TY P I CAL VALUE F () R T () L lJ OU l.. D BE O • 1 • 
PAr\AMETER For, DETERMINING WHEN T() CH;)NGE 
OMEGA .. 
A TYPICAL • • .JALLJE FOR TOL 1 WOUL I> BE O.001. • 
IF TUL1 IS SET TO ZERfJ, THE INITIAL VALUE 
ENTERTF.:J) AS OMEGA ABCIVE U:Cl..L BE USED FOR THE 
ENT I ~~E F~l.JN. 
L. IM :c TI NG MAX I MUM FI ELD GAS-WATEr~ RATIO, 
SCF/BTl:f .. 

C ----------------------------------------------------------------
CHARACTER IHEDINC80) 

C ----------------------------------------------------------------
C READ CClDES For, C()NTR()LL ING DI AGNOSTIC (JLJTPLJT. 

C ----------------------------------------------------------------
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READ(20,69) (IHEDIN(L), L=l,80) 
READC20,*) KSN1,KSM1,KC01,KTR,KCOFF 
WRITEC*,5) lOCODE 

.. 

C -- - - ... - - - - - - - ... - - ·- ·- ....... -- -- ·- - ... .-. ... - -- .... - ~ -- - - ·-... -· .... -- ..... ._ -- -- _. ........ ---- -- .... - -- .... - - - - - .... - -- -- - ... ·-

C READ RUN CONTROL. PARAMETERS. 

C -----------------------------------------------------------------
URI TE C: IOCODI:·, 50) 
READ(20,69) (IHEDIN(L), L=i,80) 
READ C:20, *) NN, FACT1, FACT~:!, TMAX, WDRMAX, PAM IN, PAMAX 
UR I TE C: IOCCJDE, 59) NN, FACT :1., FACT2, TMAX, WGRMa~X, Pt"M IN, PA MAX 

C ----------------------------------------------------------------
C READ SOLUTION METHOD CONT.~l1l.. PARAMETEr~s. 

C ---------------------------·-------------------------------------

C 

READ(20,69) (IHEDIN(L), L=l,80) 
READ (20, *) l{SOL., M llER., OMEGA, TC)L, TOL1, I>SMAX, DPMAX 
UR I TE ( I O C (l DE , 7 1 ) 

IF (KSOL .Ea. 1) THEN 
URITE(IOCODE,73) 

ELSE IF C:l<SOL.. • EQ. 2) THEN 
UR I TE C: I OCDDE:., 7t=;) 11 I ·rER., OMEGA, TOL, TOL 1 

ELSE 
CONTINUE 

END IF 
URITE(IOCODE,79) DSMAX,DPMAX 
l<SN = KSN1 
KSM = KSM1 
KCO = KCOl 

5 FORMAT C:/ //Y ***** VALlJfi: OF IOCODE M*·>t** ., , IS/) 
50 FORHAT(7(/),JOX,'RUN CClNTROL PARAMETERS 7 /30X,22("'-')//) 
59 FORHATC:10X, 1 MAXlMUM NUMBER OF TIME STEPS"' ,T50," CNN)'', 

s ·r 6 <> , ., = ., ., 1: t3 , 
$ /10X,.'FACTOI:~ FCll~ :CNCREASIND TIME STEP' ,T50,., (f'ACT1).,, 
$ T60,':' ,F11 .. 2•, 
$ /10X,., FACTOR F(]I~ DECREASIND TIME STE:.P.,, TSO,., (FACT2)', 
$ T 60, 1 : 1 , F11 .. 2, 
$ /10X, ., MAXIMUM i;IMtJL..ATION TIME' ,T50,., C:TMI\X) ., , 
$ T60,':',F11.2,1X,"'DAYS. 7 , 

$ /10X, 1 MAXIMUM RESERVOIR UGR/TIME STEP 1 ,T50,.,(WGRMAX)', 
$ T60,': 1 ,F11 .. 2,1X,'STB/SCF."', 
$ /10X,., MINIMUM .~VG .. RESERVOIR PR/TIME STEP", TSO, 
$ 1 C:PAMIN)" ,T60,' ::' ,F11.2,1X,'PSIA.', 
$ /10X,"MAXIMUM AVG .. RESERVOIR PR/"fIME STEP" ,TSO, 
$ "(PAMAX)",T60,':",F11.2,1X,'PSIA.'///) 

69 FORMAT(SOAl) 
71 FORMAT (30X, ., SOLUTION METHOD SPEC IF ICAT IONS., /:~ox, 30 C:' .... ., ) I/) 
73 FORHAT(20X, 1 SfJL.UTIDN METHOD IS BAND."/) 
75 FORHATC:20X,"SDL.UTION METHCJD IS CLS0R."//10X, 

$ 'MAXIMUM NUMBER OF ITERATIONS',T50,"CMITER)',T60, 
$ "=",I5/10X, 
$ "INIT:CAL ACCELERATION PARAMETER",T50,'C:OMEGA)",T60, 
$ '=",F10.4/10X, 
$ " MAX I Ml.JM Pf.:ES~3uro::: RES I DUAL., , TSO, ., ( TDL..) " ., T 60, ' : ., , 
$ F10.4,1X,'PSI."/10X, 
$ "PARAMETER FOR CHANGING OMEGA',T50,"CTOL1)',T60, 
$ 1 :',F10.4///) 

79 FORHAT(20X, ., AUTOMATIC T:CME STEP CRITERIA." //10X, 
$ ., MAX I MUM ALI •. OWED SATURATION CHANGE' , TSO, 
$ "(DSMAX) 1 ,T60,':',F10.4/10X, 
$ "MAX I MUM AL.LOWED PREBSU•~E CHANGE., , T50, 
$ 1 (DPMAX)',T60,,:',F10.4///) 

RETURN 
. END 

C ====================~==~~~~~================~======~====~====== 
SUBROUTINE GRID1 (II,JJ,KK) 

C = = = = = = = = = = = = = = =::: = = == = = = :.: ::: :=: ::: := ::: == = = = = = = = = = = = = = =:: :::: == = = == =::.: ::: = =:::::: :::: :::: = = = = = 
C THE SUBROUTINE READS THE NUMBER OF GRID BLOCKS FOR THE SIM-
C ll LA TOR :C N 'r H REE -- DIM F.:N ~~ I Cl N GRID SYSTEM , AND EST A Ee L IS HF S GR I D 
C DIMENSIONt3 USING TH[ CONTROL CODES. THE PROGf~AM COULD MOD-
C IFY TO GRID DIMENSION!] IF NECESSARY. ALSO CALCULATED ARE 
C NODE MIDPOINT EL.EVATIONB fJF ALL BLOCl(t, IN THE MODEL GRID. 
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C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NOHENCLATU•~E: 

DXC 

DYC 

DZC 

DX C: I , J, I() 

DY(I,J•,I() 

DZ C: I , ..T., I() 

ELEV 

IDCODE 

I 
II 

IHEDIN(L) 
:r 
jJ 

I( 
1(1( 

KDX 

KDY 
KDZ 
NU MDX 

NUHDY 

NUMDZ 

NX 
NY 

NZ 
RDXLc:I) 

RDYL C:..T) 

RDZL C: I() 

• • 

• • 

• • 

• • 

• 
" 

• • 

• • 

• • 

• • 

.. • 
• • 

• • • • • • 
• • .. • 
• • 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 

• • 

.. • 

VARELC:I,.J) : 

ZSUM(I , .. J) • • 

A S ING L f.: CD N STANT VAL lJ E: D F X M• I) :C RE C T I ON 
GRID DIMENSION (FT) FOR KDX = -1. 
THE X-DIRECTION GRID DIMENSIONS ARE THE 
(iAME .~OR ALL BLClCl(S IN THE MODEL. GR J D. 
A S I NG I .. E CONSTANT VAL lJ E CJ F Y- D IRE C TI CJ N 
GRID DIMENSION (FT) FOR KDY = -1. 
THE Y -~ D IRE C TIO N (3 R I I> D I MEN S I ONS ARE THE 
SAME FOR ALL BLOCKS IN THE MODEL GRID. 
A BINDLE CONSTANT VALUE OF Z-DIRECTlON 
GRID DIMENSION (FT) FOR KDZ = -1. 
THE Z-DIRECTION GRID DIMENSIONS ARE Tl-tE 
SAME FOR ALL BL.DCl(S IN TH£ HODEL GRID. 
VARIABLE X-DIRECTION GRID DIMENSION IN FT • 
THE X-DIRECTION GRID DIMENSIONS FOR EVERY 
BL.fJCI( IN LAYER 1 MUST BE: READ, AND THEN 
ASB :C GNEI> TO ALL OTHER Lt.!\ YERS IN THE MODEL 
GF~ID IF l(DX = +1 .. 
VARIABLE Y-DIRECTION GRID DIMENSION IN FT • 
THEY-DIRECTION GRID DIMENSIONS FOR EVERY 
BLOCK IN LAYER 1 MUST BE r~EAI>, AND THEN 
ASSIGNED TO ALL OTHER LAYERS IN THE MODEL 
GR 1 D IF I, DY = + 1 • 
VARIABLE Z-DIRECTION GRID DIMENSION IN FT • 
THE Z-DIRECTION DIMENSIONS FOR ALL BLOCKS 
IN THE MODEL GRID MUST BE READ IF K~Z = +1. 
A SINBLE CONSTANT DEPTH VALUE (FT) TO l'(JP 
OF GRID BLOCKS IN LAYER 1. 
ELEV MUST BE READ IF KEL = 0. 
VARIABLE NODE MIDPOINT ELEVATIONS (FT) OF 
ALL BLOCKS IN THE MODEL GRID. 
PRINT CfJDE FOR MODIFICATION TO GRID 
DIMENSIONS. 
IDCODE; 0 MEANS "DO NOT PRINT 7 , AND 
IDCODE = 1 MEANS "PRINT.,N 
X-·CCJO.-~D I NATE OF BLOCK T() BE MODIFIED • 
NUMBER OF X-DIRECTION BLOCKS USED IN THE 
MODEL GRID. 
STORAGE FOR THE TITLE CARD • 
Y-CCJORDINATE OF BLDCK TO BE MODIFIED • 
NUMBER OF Y-DIRECTION BLOCKS USED IN THE 
MODEL GRID. 
Z-DIRECTION OF BLOCK TO BE MODIFIED. 
NUMBER C)F Z-DIRECTillN Bl.(JCKS USED IN TUE 
MODEi- GRID. 
CONTROL CODE-: FOR INPUT OF X-·I>I RECT I ON 
GF~ID DIMENSIONS. 
CDNT•~(JL. CODE FfJI~ INPUT OF Y--I>IREC'fION 
Gf~ ID DI Mi~NS I C>NB. 
CDNTROL CODE FCJR INPUT DF Z-·DIRECTIDN 
Gf~ I ).) D I MEN S I ONS • 
NUMBER OF GRID BLOCKS WHERE DX IS TO BE 
CHANGED. 
NUMBF.]~ OF GRID BLDCI\S WHERE I>Y rs TO f.lE 
CHANGED .. 
NUMBER OF GRID BLOCKS WHERE DZ IS TO BE 
CHANGED. 
MAX:CMUM NUMBER OF X-DIRECTillN BLOCKS 
ALL.OlJED TO USE IN THE MODEL Gf< ID. 
MAXIMUM NUMBER OF y ... Dir~E:CTION. BLOCKS 
ALL.OWED TO USE IN Tf-tE MDI>E:L GRID. 
MAX :C MUM NUMBER OF Z--I> I RECT I ON BLOCKS 
Al..L.OlJED TO USE IN TH£ MODEL GRID. 
VAR 1 A BI.. E X - DIRECT I(] N D I MENSI ON!:, (FT) FOR 
II BLOCKS IN THE FIRST ROW C:J=1) OF 
LAYE~~ :l. 
HDXL FOR II BLOCKS MUST BE READ, AND THEN 
ASSIGNED TO ALL OTHER ROWS AND ALL OTHER 
LAYERS IN THE MODEL GRID IF KDX = 0. 
VARIABLE Y-DIRECTION DIMENSIONS (FT) FOR 
JJ' BLClCl,S IN THE FIRf:iT CCJL.UHN (I=1) OF 
LAYER :L. 
1:~D\'I.. •-=-(JR .. r .1 BLOCl(S MUST £«£ READ, AND THEN 
ASf~ :r GNED TO ALL ClTHER COLUMNS AND ALL 
OTHF.:R LAERS IN TUE MODEL. GR I I) IF KDY = 0. 
v .. "RIAlH .. E Z-DIRECTION DI MENSI ONS <:FT) WITH 
ONL.Y ONE VALUE FOR EACH LAYER IN THE 
MODl:.I.. GRID. 
f~D2:L. FOR KK LAYERS MUST EcE READ IF KDZ=O. 
A SEPARATE DEPTH VALUE (FT) TO TOP OF EACH 
GF,10 BLOCK IN LAYEi~ 1 .. VAREL FOR II*JJ 
I«L(lCl(B HUST BE READ IF l(EL ;:: 1. 
TEM PClf\1~F:Y STORAGE: Ft]R SUMMATION OF l'H I Cl(­
NE!~B ClF BLCICl,S IN TI-IE MODEL GRID. 

C ----------------------------------------------------------------
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I N CL UDE ., COM G W S I M • F fl I~ ' 
DIMENSION ZSUM(NX7NY), VARELCNX,NY), RDXL(NX), 

$ RDYL. (NY), f~DZL (NZ) 

C ----------------------------------------------------------------
C READ NUMBER OF BLOCKS IN THE MODEL GRID IN THE 
C X,Y, AND Z-Dlt.:ECTIONG. 

C ---------------------------------------------------------------
RE AD ( 2 0 , 6 9 ) ( I HE D IN ( I .. ) ,, L = 1 , B <> :, 
URITE(IOCODE,70) (IHEDINCL), L=l,80) 
READ(20,69) (IHEDIN(I..), L=i,(30) 
URITEC:I(JCODE:., 70) C:IHF.:l)IN(l.), L=i ,80) 
READ(20,*) II,JJ,KK 
URITE(IOCODE,25) II,JJ,KK 

C ---------------------------------------------------------------
C READ INPUT CODES FO•~ DX, DY, AND I>Z. 

C ---------------------------------------------------------------
READC20,69) (IHEDIN(L), L=l,80) 
READ(20,*> KDX,KDY,KDZ 

C ----------------------------------------·-----------------------
C EST A B L I S 1--1 GR 1 D B L. Cl C I( LENGTH C: DX ) D l: ST f..: I B LJ T I ON • 

C ---------------------·------------------------------------------
IJRITEC:IOCODE,26) 
IF (KDX .LT. 0) THEN 

READ(20,*) DXC 
DO 175 K=1,KK 
DO 175 J=1,JJ 
DO 1 75 I= 1 , I I 

DX ( I , J •d\ ) ::: DX C 
175 CONTINUE 

WRITECIOCODE,29) DXC 

ELSE IF CKDX .EQ. 0) THEN 
READ(20,*) (RDXL(I>, I=l,II) 
DO 187 I(::: 1 , KK 
DO 187 :1=1,JJ 
DO 187 I=i,II 

DXCI,J,K) = RDXL(l) 
187 CONTINUE 

DO I=l,II 
IJRITE(IOCODE,511) I,RDXL(I) 

END DO 

ELSE 
URI TE ( IllCCJI>E, ,,:i) 
K=1 
URITE(IOCODE,38) K 
DO J"=1,JJ 

READ(20,*) (DXCI,J,Kl, I=1,II) 
URITECIOCODE,72) (DX(I,J,K), I=i,Il) 

END DO 

DO 194 K=2, t,t, 
URITECIOCODE,38) K 

DO 194 J=1, .. TJ 
DO 193 I=1,II 

193 DXCI,J,K) = DXCI,J,1) 
WRITE(IOCODE¥72) CDX(I,J,K), 1~1,II) 

194 CONTINUE 
END IF 

C ---------------------------------------------·------------------
C EST A B L I S H GR I D B 1... () C I< W I I> TH C: I> Y ) D l S ·r R :C Ee lJ T I ON .. 

C ---------------------------------------------------------------

IF (KDY .LT .. 0) THEN 
READ(20,*) DYC 
DO 202 K:::1,KK 
DO 202 J=i,JJ 
DO 202 I=i,II 

DYC:I,J.,K)::: DYC 
202 CONTINUE 

WkITE(IUCODE,33) DYC 

ELSE IF C:l<DY • EQ. 0) THEN 
READ(20,*) (RDYLC:J), J=i,JJ) 
DO 205 le.:::: 1, Kl( 
DO 205 J~=t,JJ 
DO 205 I=J., II 

DY(I,J,K) = RDYLCJ) 
205 CONTINUE 

DO J=l,,lJ 
WRITECLOCODE,512) J,RDYL(J) 

END Dll 
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215 

ELSE 
WRITE ( IOCODE, 117) 
K=1 
WRITE ( IOCCJDE, 38) I( 
DO 215 I:=1,II 

READ(20,*) (DY(l,J,K), J=1,JJ) 
WRITE(IOCODE,72) (DY(I,J,Kl, J=1,JJ) 

CONTINUE 

DO 214 K = 2 , I( K 
URITECIOCODE,38) K 

DO 214 .J:::l.,JJ 
DO 213 I=1,II 

213 DY(I,J~K) = DYCI,J,1) 
WRITECIOCODE,72) CDYCI,J,K), I=1,II) 

214 CONTINUE 
END IF 

C ---------------------------------------------------------------
C ESTABLISH GRID BLOCK DEPTH (DZ) DISTRIBUTION. 

C ---------------------------------------------------------------
IF C:KDZ .LT .. 0) THEN 

READC:20.,*) DZC 
DO 230 K=1,KK 
DO 230 J=1. ,JJ 
DO 230 I=1,II 

DZ ( I , ,J ., I() ::: DZC 
230 CONTINUE 

URITEC:IUCODE,36) DZC 

ELSE IF (KDZ .EQ. 0) THEN 
READ C:20, *) (RDZL. (I(), K=1, l(K) 
DO 23!5 I\= 1, l(K 
DO 235 J==1,JJ 
DO 235 I=1,II 

DZ(I,J,K) = RDZL(K) 
235 CONTINUE 

DO K= 1 , Kl( 
WRITE(IOCODE,513) K,RDZL(K) 

END Dll 

ELSE 
WRITE C: IOC:ODE, t,8) 
DO 240 K=1,KK 

WRITE(!OCODE,38) K 
DO 240 .J:=1,JJ 

READ(20,*) (DZ(I,J,K), I=1,II) 
WRITE(IOCODE,72> CDZ(I,J,K), I=1,II) 

240 CONTINUE 
END IF 

C ---------------------------------------------------------------
C 
C 
C 

MODIFICATION TO GRID DIMENSIONS. 
READ NUMBER OF GRID BLOCKS TO BE MODIFIED AND 
INPUT PRINT COI>E: .. 

C ---------------------------------------------------------------
READC20,69) (IHEDIN(L), L=1,80) 
READ C:20,,.) NUMDX, NUMDY" NLJMDZ, IDC()DE 

IF (NUMDX .NE. 0) THEN 
URITEC:IOCODE,31) 
DO l .. == 1, NlJMDX 

READ(20,*) I,J,K,DXCI,J,K) 
WRITE(IOCODE,32) I,J,K,DX(I,J,K) 

END DO 
IF (IDCODE .EQ. 1) THEN 

WRITE(IOCODE,143) 
DO S !:i ~~ K::: 1 , K K 

WRITE(IOCODE,38) K 
DO 8!S~J J=1, JJ' 

URITE(IOCODE,72) (DX(I,J,K), I=1,II) 
853 CONTINUE 

END IF 
END IF 

IF C:NUMDY .. NE. 0) THF.:N 
URI TE c: IOCrJDE, 34) 
DO L.=1,NUMDY 

READ(20,*) I,$,K,DY(I,J,K) 
WRITEC:IOCODE,32) I,J,K,DY(I,J,K) 

END DO 
IF (IDCODE .EQ. 1) THEN 

WRITE(IOCODE,147) 
DO 8!5t5 I(::: 1 , KK 

URITE(IOCODE,38) K 
DO 8~55 J=: 1, JJ 

WR I TE ( I O C CJD 1:: , 7 2 ) ( DY ( I , J. , I( ) , 1>= :L , l I ) 
855 CONTINUE 

END IF 
END IF 
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857 

IF CNUMDZ -NE. 0) THEN 
WRITE(IOCODE,37) 
DO L.=1,NlJMDZ 

READ(20,*) I,J,K,DZ(I,J,K) 
URITECIOCODE,32) I,J,K,DZCI,J,K) 

END DO 

IF (IDCODE .f.Q. 1) THEN 
WRITE(IOCODE,148) 
DO 8~57 t<::::1, KK 

URITE(IOCODE,38) K 
DO 857 J'=l,JJ 

WRITE(IOCODE,72) (DZ(I,J,K), I=l,II) 
CONTINUE 

END IF 
END IF 

C ---------------------------------------------------------------
C 
C 

ESTABLISH NODE MIDPOINT ELEVATION (EL). 
READ INPUT CODE FOR NODE ELEVATION. 

C ---------------------------------------------------------------
RE AD C: 2 0 , 6 9 ) ( I HE D IN ( I .. ) ., L = 1 , 8 <>) 
READ (20, *) l(EL 

IF C:KEL.. .NE. 1) THEN 
READ«:20,;t) ELE:V 
DO 910 I=1,II 
DO 910 . .1=1,JJ 

VAREL(L,J) = ELEV 
910 CONTINUE 

ELSE 
DO J' = 1 , ,J .. T 

.... ·- _ R.E AD C: 2 0 , * ) ( VA R E:1.. ( 1 , J ) , I= 1 , I I ) 
END DO 

END IF 
DO 923 1~1.,rI 
DO 923 J=i.,.J.J 

ZSUMC:I,.J) = 0.0 
923 CONTINUE 

DO 926 1<=1,1\f( 
DO 926 J=l,JJ 
DO 926 I=1,II 

DEL = ZSUM(l,J) + 0.5*DZ(I,J,K) 
EL(I,J,K) = VAREL(I,Jl+DEL 
ZSUM(I,J> = ZSUM(I,J)+DZ(I,J,K) 

926 CONTINUE 
WRITECIOCODE,390) 

DO 600 K=l., l(K 
WRITE(IOCODE,38) K 

DO 600 J=l,.J..T 
WR I TE ( I ll C {) DE , 7 2 ) C: E 1- C: I , j , I( ) ., I = 1 , I I :, 

600 CONTINUE 

25 

26 
29 
31 

32 
33 
34 

36 
37 

38 
43 
47 
48 
69 
70 
7 ,:) .:.. 
143 
147 
148 
390 

511 
512 
513 

FORHAT(///25X, 1 NUMBER OF GRID BLOCKS 1 /25X,21('-')//30X, 
$ 'II',T35,':',I4/30X,'JJ'T35,':~,l4/30X,'KK', 
$ T35, 1 :',I4///) 

FORMATC/25X~~GR1D BLOCI( DIMENSIONS'/25X,21C:'-')/) 
FORHAT(27X, 1 DXC',T32, 1 ~ 1 ,1X,F8.2,' FT.') 
FORMAT (/2X, • GRID I«L..(lCI( LENGTH (DX) NODE MCJl)IFICATION' /2X, 

$ ' I J K NEW DX VALUE') 
FORMATC2X,3I5,5X,F14.4) 
FORMATC27X,'DYC',T32,';' ,1X,F8.2,' FT.') 
FORMAT(/2X, 1 GRID BLOCK WIDTH (DY) NODE MODIFICATION 1 /2X, 

$ ' I J K NEW DY VALUE') 
FORMAT(27X, 1 DZC',T32, 1 =1 ,1X,F8.2,' FT.') 
FORHATC:/2X,"GRID l:Cl..OCI< DEPTH C:DZ) NODE MODJFICATION'/2X, 

$ ' I J K NEW DZ VALUE') 
FORMAT (°/20X, 'LAYER (" , :t2,' ) '/20X, 10 (' - ., ) I) 
FORMATC:/5X, 'GRID Iil.OCI( LENGTH (DX) DISTRIBUTION'/) 
FORMATC/5X,., GRID BLOCI( lJII>TH (DY) DISTRIBUTION'/) 
FORMAT (/5X,., GRR ID BL.OCI< DEPTH ( I>Z) D lSTR I BUT 1 ON, I) 
FORHATC:80A1) 
FORHATC:2X,BOA1) 
FORMAT(25X,20F6.0) 
FORHAT(/5X,"'MODIFIED (DX) DISTRIBUTION~/) 
FORMATC/5X, 1 MODIFIED (DY) DISTRIBUTION~/) 
FORMATC:/5X,"MODIFIEO (DZ) DISTRIBUTION"/) 
FORMATC:////20X,'NODE MIDPOINT ELEVATION (EL..) IN FT.'/20X, 

* 3-='(' 7 7 "/') • ,J • - ) 

FORMAT(5X,YDX(',I2,',J,K)',T20,':',F8.2/) 
FORHAT(5X,vDY(I,',I2, 1 ,K)',T20,':',F8.2/) 
FORHAT(5X,YDZ(I,J, 1 ,I2, 1 )',T20,'D',F8.2/) 
RETURN 
END 
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C 
C = = = = = = = = = = = = = = = = = = == = == = = ::: == ::: ::: ::: = = = = = = = = ==:::: =::: = = = ::: ::-.: = = ==::::: = = = = :: :::: = :::: = = = = 

SUBROUTINE INTERP (NTE,X,Y,N,XO,YO) 

C ==========~============~~~~~=====;===========~================= 
C THE SUBROUTINE CALLS FDt~ LINEAR INTERPOL,~TION TO CALCULATE 
C YO UHEN XO VALUE IS KNOWN. THE VALUES OF X,Y ARRAY FOR 
C N NUMBER OF DATA ENTRY IS GIVEN IN TABLE. 
C 

C 
C 
C 
C 
C 
C 
C 
C 

NOMENCLATURE:: 

N 
NTE 

X 
XO 
y 
YO 

• • 
• • 
• • 
• • 
• • 
• • 

NUMBER OF DATA ENTRY IN TABLE • 
MAXIMUM NUMBER OF DATA ENTRY ALLOWED IN 
ALL THE PDVT TABLES. 
VAI...UES OF X ARRAY 
S PE:C IF IC tJ AL. U E (l F X W H EJ;: E YO I B TO BE 
DE: r1::•~M :C NED. 
VALUES OF Y ARRAY • 
CALCULATED VALUE OF Y AT KNOWN XO VALUE • 

C ---------------------------------------------------------------

C 

DIMENSION X (NT E) , Y (NT•:::) 

IF (XO .GE. X(N)) THEN 
YO = ,, (N) 

ELSE 
1=2 

10 IF (XO .LT. X(I)) THEN 
YO ::: Y ( I -1 ) + C: X D- X ( I ·-1 ) ) * C: Y C: I ) - Y C: I -1 ) ) I C: X C: I ) - X ( I -1 ) ) 

ELSE 
I=I+1 
GO TCl 10 

END IF 
END IF 
RETURN 
END 

C ========================~=~===============;==================== 
SUBROUTINE LTRICN,A,BI,C,D,X,BETA,GAMMA,W,NPMAX) 

C =======================~~~======~===========~~=========~======= 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THE SUBROUTINE SOLVES THE TRIDIAGONAL MATRIX USING THOMAS 
ALGORITHM .. 

NOMENCL.ATURE :; 

A : THE LOWER DIAGONAL MATRIX 
BI ; THE MAIN DIAGONAL MATRIX 
C : THE UPPER DIAGONAL MATRIX 
D : THE RIGI-IT HAND SIDE COLUMN VECTOR 
N : THE NUMBER OF EQUATIONS TO BE SOLVED 
NPMAX:; THE: MAXIMUM NUMBER OF GRID BLOCKS USED IN 

THE COMMON BLOCK FILE AND IS USUALLY TAKEN 
AS NX .. 

X : SOLTI(lN VECTOR 

C ----------------------------------------------------------------
DIMENSION ACNPMAX),Bl(NPMAX),C(NPMAX),DCNPMAX),X(NPMAX), 

$ BETA(NPMAX),GAMMA(NPMAX),U(NPMAX) 

DETA(l) = E•I(1) 
GAMMA(1) = D(l)/BI(l) 
NM = N-1 

C ----------------------------------------------------------------
C COMPUTE FORUAr.:D S(ll-UTION. 

C ----------------------------------------------------------------
DO I=l,NM 

U(I) = C(I)/BETA(I) 
IP = I+l 
BETAC:IP) = DI<IP)-A(IP)*W(I) 

END DO 

DO I=2,N 
IH - I-1 
GAMMA(I) = (D(I)-A(I)*GAMMACIM))/BETA(I) 

END DO 

C ---------------~-----~------------------------------------------
C COMPUTE BACK SC)L.lJTI ON. 

C ----------------------------------------------------------------
XC:N) = GAMMA<:N) 
DO J=1,NM 

I = N-J 
IP = I+l 
XCI) = GAMMACI)-WCI)*XCIP) 

END DO 

RETURN 
END 

-193-



C 
C =======================~~=~~=================~=================== 

SUBROUTINE • $ 
$ 

MATBAL (II,JJ,KK,STBW,STBWI,MCFG,MCFGI,MBEU, 
MBEG,DELTO,RESVOL,UP,GP,WI,GI,PAVGO, 
PAVG, N, U PR, G PR, WI R, G I I~, D~i615, CUP, 
CGP,CWI,CGI,MCFGl,MCFGT,CWGR,UGR) 

C =======================~~=~~===============;============~=~===== 
C THE SUBROUT!NE CALCULATES THE PRESEN"f AND PREVIOUS AVERAGE 
C RESERVOIR PRESSURES WI"fH TIME-STEP MATERIAL BALANCE ERROR 
C CHECK. 

C NOMENCLATURE: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CGI 
CGP 
CWGR 
CUI 
CUP 
DEL TO 
D5615 
FACT 
II 

J~ 

l<K 

HBEG 
MBEW 
PAVG 
PAV GO 

;: CUMMUl •. ,~TIVE 
:: CUMMLJl...,~T I VE 
:: CUMMULa~T I VE 
:: CUMMl.JI-AT I VE 
; CUMMLJL.a~T IVE 

GAS INJECTION, MSCF. 
GAS PRODUCTION1 MSCF 
WATER-·OAS PRODUCT I ON 
WATER INJECTION, STB 
WATER PRODUCTION, STB 
DAYS. 

RATIO 

• • 
• • • • 
• .. 
• .. 
• II 

• II .. .. 
• • 
• • 

TIME STEP, 
1/5 .. 615 
D 5 615 * D •::: 1- T 0 
NUMBF.]~ ClF TUE 
MODEL. GRID. 
NUMBE:R OF THE 
MODEi.. Gt~ :c I>. 
NUMBER OF THE 
MODEL Gt~ :C I>. 

X--DIRECTION BLOCKS USED IN THE 

Y-DIRECTION BLOCKS USED IN THE 

2-DIRECTION BLOCKS USED IN THE 

GAS MATERIAL BALANCE ERROR, PER CENT. 
WATER MATERIAL BALANCE ERROR, PER CENT. 
CURRENT AVERAGE RESERVCJIR PRESSURE, PSIA. 
PREVIOUS AVERAGE RESERVOIR PRESSURE, PSIA. 

C ----------------------------------------------------------------
INCLUDE 7 COMGWSIM.FORY 

FACT= D5615*DELTO 
PA'-'GO = 0 .. 0 
PAVG = 0.0 
UP= 0.0 
GP= 0.0 
UI = 0.0 
GI = 0.0 

DO 100 K = 1 , I< K 
DO 100 J=1,JJ 
DO 100 !=1,II 

PAVGO = PAVGO+PNCI,J,Kl*VPCI,J,K) 
PAVG = PAVG+PCI,J,K)*VP<I,J,K) 
IF (QU(I,J,K) .GT. 0 .. 0) THEN 

WP = WP+QWCI,J,K)*FACT 
ELSE IF (OW<I,J~K) .. LT .. 0.0) THEN 

WI= WI+QW(I,J,K)*FACT 
ELSE 

CONTINUE 
END IF 
IF (QG(I,J,K) .. GT. 0.0) THEN 

GP= GP+QGCI,J,K)*DELTO 
ELSE IF (OG(I,J,K) .. LT. 0.0) THEN 

GI = GI+OGCI,J,K)*DELTO 
ELSE 

CONrINUE 
END IF 

100 CONTINUE 

CUP= CLJP+UP 
CGP = CGP+GP*0.001 
CUI= CUI+LJ:C 
CGI~= CGI+GI*0.001 

C ----------------------------------------------------------------

C CONVERT SCF TO MCF. 

C ----------------------------------------------------------------
GP= GP*0.001 
G I = G I * 0 • () () 1 
DI'-' = 1. 0/DE:L TO 
UPR = WPMD1V 
GPR = GP1tDIV 
LJIR = WittDIV 
GIR = GIHDIV 
PAVG = PAVG/RESVOL 
PAVGO = PAVGO/RESVOL 

DENOM2 = STBWI-WP-WI 
IF (DENOM2 .GE. 1.E-7) THEN 

HBEU = (STBW/(STBWI-WP-WI)-1.0)*100.0 
END IF _ 194_ 



C 

DENOM3 = MCFGI-GP-GI 
IF (DENOMJ .GE. 1.E-7) THEN 

HBEG = (MCFGT/C:MCFOI-GP-DI:>-1.(>)*100.0 
END IF 

IF CUP .NE. 0.0) THEN 
UGR = UP/CGP*1000.0) 

ELSE 
UGR = 0.0 

END IF 

IF CCUP .NE. O.Ol THEN 
CU GR = t:: W PI C: C G P* 1 () 0 0 " 0 ) 

ELSE 
CUGR = 0 .. 0 

END IF 

GP= GP*0.001 
GI = Gitt0.001 

RETURN 
END 

C ========================~================~===================== 
SUBROUTINE NODES (NVUN,WRAD,SKIN) 

C =======================~==========================;=====~====== 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THE SUBROUTINE CALLS FOR TOTAL NUMBER OF WELLS FOR WHICH 
UELL INFORMATION IS TO BE READ. THE WELL INFORMATION 
INCLUDES WELL NAME,CX,Yl COORDINATES OF GRID BLOCKS CONT­
AINING THE WELLLS, CODE FOR SPECIFYING WELL TYPE, ETC. 

NOMENCLATURE: 

I HEDIN 
IONl 

IQN2 

IQNJ 

KIP 

LAYER 

NVQN 

PID 
PUF avu 
QVG 

QVT 

SKIN 
URAD 

; 
; 

• • 

= 
• • 

• • 
• • 
• • 
• • 
• • 
I 

• • 
• • • • 

STORA(3E MEMORY FOR INPUT TI TL.E~ CARD. 
X-C!00.1DINATE C)F GRID BLOCK CONTAINING THE 
WELL FOR WHICH WELL INFORMATION IS TO BE 
READ .. 
Y-COORDINATE OF GRID BLOCK CONTAINING THE 
WELL FClR WHICH WELL INFOr,MATION IS TO BE 
READ .. 
LAYER NUMBER OF THE UPPERMOST COMPLETION 
LAYER FOR THIS WELL. 
CODE FOR SPECIFYING BOTH WELL TYPE AND 
WHETHER THE UEL.L"'S PRODUCTION (INJECTION) 
PERFORMANCE IS DETERMINED BY SPECIFYING 
r~Al"ES OR BY SPECIFYING FLOWING BOTTOMMDLE 
PRESSURE AND ALSO WHETHER AN EXPLICIT OR 
IMPl-:CC:IT PRESSURE CALCULATION IS TO BE 
MADE .. 
TOTAL NUMBER OF CONSECUTIVE COMPLETION 
LAYERS, STARTING WITH AND INCLUDING ION3. 
TOTAL NUMBER OF UELLS FOf\ WHICH WELL 
INFflRMATION IS TD BE READ. 
LAYER FLOW INDEX. 
FLOWING BOTTOMHOLE PRESSURE, PSIA. 
WAl'EJ:;: RATE, STB/D. 
NON-ZERO ONLY IF KIP= 2. 
GAS RATE, MCF/D. 
NON-ZERO ONLY IF KIP= 3. 
TOTAL FLUID RATE, STB/D. 
NON-ZERO ONLY IF KIP= 1 • 
LAYER SKIN FACTOR. 
lJEL.L RAD I US, FT. 

C ---------------------------------------------------------------
INCLUDE YCOMGWSIM.FORY 

C ------------------------------------------~--------------------
C ESTABLIS•1 RATE-SPECIFIED AND PRESSURE-SPECIFIED WELLS. 

C ---------------------------------------------------------------
READC20,69) CIHEDINCL>, L=1,80) 
READ(20,*> NVON 

IF CNVQN .NE. 0) THEN 
URITEC:IOCODE,67) 
DO J=l,NVCJN 

READ(20,*) WELLID(J), ION1CJ), IGN2CJ), ION3(J>, 
$ LAYERCJ), KIP(J), QVWCJ), QVGCJ), QVT(J) 

IQl = IGNlC:J) 
ID2 = IQN2(J) 
IQ3 = IQN3C:J) 
LAY= IOJ+LAYERCJ)-1 
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33 
67 

69 
70 
95 

96 

97 

105 

106 

107 

115 

116 

117 

DO K= I (]3, L.AY 
READC20,*) WRAD, SKIN, PWFCJ,Kl 
IF (SKIN .GE. 500.) THEN 

P I D C J , I( ) ::: <> • 0 
ELSE 

IF (DX(I01,I02,K) .Ea. DY(IG1,I02,K)) THEN 
DENOM = ALOG(+0.121*S0RT(DX(I01,I02,K)* 

$ DY(IQ1,IQ2,K))/WRAD) + SKIN 
ELSE 

DENOM ~ ALOG(+0.0B49*SGRTCDX(IQ1,IG2,K)* 
$ DX(IG1,IQ2,Kl+DY(IQ1,I02,K)* 
$ DYCIU1,I02,K))/WRAD) + SKIN 

$ 

END IF 
PID(J,K) ~ 0.00708*KXCIQ1,IQ2,K)*DZCI01,I02,K) 

I DENOH 
END IF 

WRITE(IOCODE,70) IGN1(J),ION2(Jl,K,QVW(J),GVO(J), 
GVT(J),PWF(J,K)~PID(J,Kl,WRAD,SKIN 

END DO 
END DO 
WRITEC:IOCODE,33) 
DO J=1,NVON 

IQ3 = l:GN3(J) 
LAY= IQ3+LAYERCJ)-1 

DO 1<=103,L.AY 
IF ( K I P ( J) .. F.:() .. 1 ) THEN 

WRITECIOCODE,95) IQN1C:J),IQN2(Jl,K 
ELSE IF CKIP(J) .ECl. 2) THEN 

WRITE(IOCODE,96) IQN1CJ),IQN2(J),K 
ELSE IF <:KIPC:J) .Ea. 3) TUEN 

WRITECIOCODE,97) IQN1CJ),ION2CJ),K 
ELSE IF (KIP(J) .Ea. -1) THEN 

WRITE(IOCODE,105) IQN1CJ),IGN2(J),K 
ELSE IF CKIP(J) .Ea. -2) THEN 

WRITEC:IOCODE,106) IQN1<J:>,IGN2(J),K 
ELSE IF CKIPC:J) .Ea. -3) THEN 

URITE(IOCODE,107) IQN1CJ),IGN2(J),K 
ELSE IF C:KIP(J) .Ea. -11) THEN 

WRITE(IOCODE,115) IQN1(J),IQN2(J),K 
ELSE IF C:KIP(J) .Ea. -12) THEN 

WRITEC:I(JCODE, 116) ICN1C:J), IUN2(J) ,K 
ELSE 

WRITECIOCODE,117) IQN1CJ),IGN2CJ),K 
END IF 

END DC) 
END DO 

END IF 

FORMAT(/) 
FORMAT(4(//),20X,'RESERVOIR CONTAINS THE FOLLOWING RATE', 

$ 1 NODES'/20X,43(.,-,)///16X, 
$ 'WATER',7X,'GAS 1 ,8X,'T0TAL',4X, 7 BHFP',13X, 
$ ., WRAD, ,4X, 'Sl<IN., /8X, 'NODE., ,3X,' C:STllD)' ,6X, 
S '(MCFD)',6X,'CRBD)',3X,'(PSIA)',4X,'PID',5X, 
$ , C: FT ) , , 3 X , ' FACT() t;: ' I 8 X , ' - - - - ., , 3 X , ' - ·- - - - - ' , 6 X , 
$ '------',6X,'-----',3X,'------',4X,'---',5X, 
$ '----',3X,'------'/) 

FORHATC:80A1) 
FORHAT(4X,3I3,F8.1,F12 .. 1,F11.1,F9Al,F8.2,FB.3,F9.3) 
FORHAT(5X,"BLOCK',3I3Yv CONTAINS A RATE SPECIFIED', 

$ ' PROD UC I NG WF.:t • .l_ .. ., ) 
FOR HAT ( 5 X , ., B L.. 0 CK ' , 3 I ~3 , " CONT A I N S A RATE S PE C I F 1 E-: D ' , 

S 'WATER INJECTION WELL.') 
FORHAT(5X, 1 BLOCK',3I3," CONTAINS A RATE SPECIFIED', 

$ "GAS INJECTION WELL • .,> 
FORMAT ( 5 X , ., BLOCK' , :5 I:?. , "' C Cl NT A INS AN EXP L. IC I T PRESSURE ' , 

$ ' SPECIFIED PRODUCING WELL.") 
FORMAT C: 5 X , ., BLOCK ' , 3 I ::s , " C (JN TA INS AN f.: X PL. IC I T Pt~ ES SURE ' , 

$ " S PEC: IF I ED WATE]( I N . .TECT I ON WELL • ., ) 
FOR HAT ( 5 X , ' BLOCK ' , 3 I :J , 1 C CJ NT A 1 NB AN EXP L 1 C I T PRESS lJ RE " , 

$ ., S PEC IF I El> '3Afl :C N,TECT ION WELL." ) 
FO ~HAT ( 5 X , ., BLOCK' , 3 I :J , "' CONTAINS AN IMP L. IC I T PRESSURE ' , 

$ ' SPECIFIED PRODUCING WELL.") 
FORMAT(5X,., BLOCK' ,:~I:'5,., CONTAINS AN IMPLICIT PRESSURE', 

$ ' SPECIFIED WATER INJECTION WELL.') 
FORMAT C:SX,., BLOCK' , 3I :J,., CONTAINS AN IML I CIT PHESSURE' , 

$ ' !3PECIFIED GA~3 INJECTION WELL.') 
RETURN 
END 
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C 
C 

.. 

C .- ...... ------------ ........ ·-.,-·-·-- --- _. ...... --.. ····-··--·- ........ ---·---.- ......... -- .... -- ... ·-·-- -· ..... ______ -- - _ .. _ - ----· - -·- ·-·--..... .,_ -... -----...... -- ... -- -- ....... .., .... _.., ........................ - -- ..................... -- ... -- ..................... - ......... -- ---·· .... - ......... --
SUBROUTINE NTERP1 CNTE,X,Y,N,XO,YO) 

C = = • = = = = = = = = = = = =::: == = = = == == == == :: :z: === = = = = = = = = = = = = = =::: = == = = = = = = == = = = = == = = = = = = 

C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 

THE SUBROUTINE CALLS FOR LINEAR 
YO UHEN XO VALUE IS KNOWN. THE 
N NUMBER OF DATA ENTRY IS GIVEN 

INTERPOLATION TO CALCULATE 
VALUES OF X,Y ARRAY FOR 
IN TABLE. , 

NOMENCLATURE:: 

N 
NTE 

X 
XO 

y 
YO 

• • 
• • 

• • 
• • • • 

NUMBER OF DATA ENTRY IN TABLE. 
MAXIMUM NUMBER OF DATA ENTRY ALLOWED IN 
ALL. PVT TABLES. 
VALUES OF X ARRAY. 
SPECIFIC VALUE OF X WHERE YO IS TO BE 
DETERM :c NED. 
VALUES OF Y ARRAY. 
CALCULATED VALUE OF Y AT l(NOUN XO VALUE. 

C ---------------------------------------------------------------
DIMENSION XC:NTE),Y(NTE) 

IF CXO .GE. X(N)) THEN 
-· ·· ·· - - -- -· ···· ·· .YO = Y C: N) 

ELSE 
I = 2 

10 IF CXO .LT. XCI)) THEN 
YO::: Y(I) 

ELSE: 
I==I+1 
GO TO 10 

END IF 
END IF 

RETURN 
END 
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C 
C =======================~~~~==================================== 

SUBROUTINE PARMl (II,JJ,KK> 
C =======================~~==~==============~======;======~=====~ 
C THE SUBROUTINE ESTABLISHES THE POROSITY AND PERMABILITY C DISTRIBU"f l()NS IN Tf-lE o•~rn MODEL USING THE CODES FOR COTRCl-c LLING POROSITY AND PERMEABILITY DATA.. THE PROGF<AM CCJULD C MODIFY TO POROSITY AND PERMEABILITY DISTRIBUTIONS IF NECE-
C SSARY. 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NOMENCLATURE; 

IPCODE 

IHEDINt:L) 
I 
II 

~ 
~~ 

I( 
KK 

KPH 
KKX 

KKY 

KKZ 

KXC 

KYC 

KZC 

KX C: I , j, I() 

KY(I ,J",1<) 

KZ ( I , J", K) 

NUHP 

NUHKX 
NUHk:V 

NUHKZ 

NX 

NY 
NZ 

PHIC 

RPHLC:I() 

RKXL(K> 

RKYL .. (I<) 

RKZL (I() 

VPC:I,J,K) 

• • 

• • 
• • 
• • 
; 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

• • 

• • 

• • 

I 

: 

• • 
• • 
: 

= 
• • 
• • 

; 

= 

• • 

• • 

• • 

CONTt~OL CODE FOR PRIN.rING MODIFIED POROS­
ITY AND PERMEABILITY DISTRIBUTIONS. 
IPCODE = 0 MEANS 'DO NOT PRINT', AND 
IPCODE = 1 MEANS 'PRINT 7

• 
ST(Jl~AGE FOR THE TITLE CAl~D. 
X·-CDORDINATE OF BLOCK TD BE MODIFIED. NUMBER OF X-DIRECTIDN BLOCKS USED IN THE 
MODEi.. GRID. 
Y-C()Ot~DINATE OF BLOCK TO BE MODIFIED. NUMBER OF Y-DIRECTION BL.OCKS USED IN THE MODl::I_ GRID. 
Z-CflORDINATE OF BLOCK TO BE MODIFIED. NLJMBEt~ OF Z-DIRECTIDN BL.DCKS USED IN THE 
MODEi- GRID. 
CCJNTt<DL CODE FOR POROSITY I>ATA IN PUT. 
CONTROL CODE FOR X-I>IRECTION PERMEABILITY 
DATA INPUT. 
CONTROL CODE FOR Y-DIRECTION PERMEABILITY 
DATA INPUT. 
CONTROi- CODE FOR Z-I>IRECTION PERMEABILITY 
DATA INPUT. 
A SINGLE CONSTANT VALUE OF X-DIRECTION 
PERMEABILITY IN MILLIDARCIES CMD). 
KXC IS READ AND ASSIGNED TO ALL BLOCKS IN 
THE MODEL GRID IF KKX = -1. 
A ~3INB1-I:: CONSTANT VALUE OF Y-DIRECTION PERMEABILITY IN MILLIDARCIES CMD). 
K\·C IS READ AND ASSIGNED TO ALL BLOCKS IN 
THE MODEL GRID IF KKY = -1. 
A SINDI-E CONSTANT VALUE OF Z-DIRECTION PERMEABILITY IN MILLIDARCIES (MD). 
KZC IS READ AND ASSIGNED TO ALL BLOCKS IN 
THF.: MODEL GRID IF l<l(Z = -1. VARIABLE VALUE OF X-DIRECTION PERMEABIL-
ITY IN MD. 
A SEPARATE VALUE OF X-DIRECTION PERMEABI­LITY FOR II*JJMKK BLOCKS MUST BE READ IF 
l·,KX = + 1 • 
VARIABLE VALUE OF Y-DIRECTION PERMEABIL-
ITY IN MD. 
A SEPARATE VALUE OF Y-DIRECTION PERMEABI­
LITY F () R I I* J J * K K BLOC I( S M lJ ST E<E RE AD IF 
l'<l(Y = + 1 • 
VARIABLE VALUE OF Z-DIRECTION PERMEABIL-
ITY IN MD. 
A SEPARATE VALUE OF Z-DIRECTION PERMEABI­LITY FO II*JJ*KK BLOCKS MUST BE READ IF 
KKZ = +1. 
NUMBER OF GRID BLOCKS UHERE POROSITY 
VALUE IS TO DE CHANGED. NUMBER OF GRID BLOCKS WHERE KXCI,J,K) 
VAI .. UF.: l S TO ItE CHANGED. NUMBER OF GRID BLOCKS WHERE KY(I,~,K) 
VALUE IS TO BE CHANGf~D. NUMEcER OF '3RID BLOCl(S UUERE KZ<I,J,K) 
VL.tJE IS TO BE c•~ANGED. 
MAXIMUM NUMBER OF X-DIRECTION BLOCKS ALLOWED TO USE IN THE MODEL GRID. 
MAXIMUM NUMBER OF Y-DIRECTION BLOCKS 
ALI •. OWED TO USE IN THE MODEL GR ID. 
MAXIMUM NUMBER OF Z-DIRECTION BLOCKS 
ALLOWED TO USE IN THE MODEL GRID. 
A SINBLE CONSTANT VALUE CJF POr<OSITY IN 
FRACTION. 
PHIC IS READ AND ASSIGNED TO ALL BLOCKS IN 
THE MODEL GRID IF KPH= -1. DIFFERENT BUT CONSTANT POROSITY VALUES FOR 
INDIVIDUAL LAYERS. 
RPHL VALUES FORK= 1 TO KK LAYERS ARE 
READ IF KPH::: O. 
DIFFERENT BUT CONSTANT, X-DIRECTION PER­MEABILITY VALUES FOR INDIVIDUAL LAYERS. 
RKXL VALUES FOR I< = 1 TO KK LAYERS ARE 
Rf.AD IF l(KX = 0. 
DIFFERENT BUT CONSTANT, Y-DIRECTION PER­
MEABII-ITY VALUES FOR INDIVIDUAL LAYERS. RKYL VALUES FORK= 1 TO KK LAYERS ARE 
READ IF l<l<Y = 0. 
DIFFERF.::NT BUT CONSTANT, Z-DIHECTION PER­MEABILITY VALUES FOR INDIVIDUAL LAYERS. 
RKZL VALUES FORK= 1 TO KK LAYERS ARE 
f~EAD IF KKZ = O. 
VARIABLE POROSITY VALUES IN THE MODEL 
GRID .. 
A SEPARATE VALUE OF VP IS READ FOR EACH 
BLOCK IN THE MODEL GRID IF KPH= +1. 
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INCLUDE 'COMGWSIM.FORv 
DIMENSION RPHLC:NZ), Rl<XL(NZ), Rl(YLC:NZ) 1 RKZL(NZ) 
REAL KXC,KYC,KZC 

C ---------------------------------------------------------------
C READ INPUT CODES FOR POROSITY AND PERMEABILITY 
C DISTRIBUTIONS. 

C -------~-------------------------------------------------------
READC20,69) CIHEDIN(L>, L=1,80) 
READ(20,*) KPH,KKX,KKY,KKZ 

C ---------------------------------------------------------------
C ESTABLISH POROSITY CUP) DISTRIBUTION. 

C ---------------------------------------------------------------
WRITECIOCODE,25) 
IF CKPH .LT. 0) THEN 

READC:20,*) PHIC 
DO 140 K=1,KK 
DO 140 J:::j.,JJ 
DO 140 1=1,II 

VP(I,J,K) = PHIC 
140 CONTINUE 

URITE(IOCODE,26) PHIC 

ELSE IF (KPH .EU. 0) THEN 
READ(20,*) (RPHLCK), K=l,KK) 
DO 550 1(=1,KK 
DO 550 J = 1 , J J" 
DO 550 1=1,II 

VP(I,J,K) = RPHL(K) 
550 CONTINUE 

DO K=1, IC.:I( 
URITE(IOCODE,510) K,RPHL(K) 
END DO 

ELSE 
DO 160 1(=1, KK 

URITECIOCODE,38) K 
DO 160 J=1,JJ 

READC:20,*) (VPCI,J,K), I=1,II) 
URITE(IOCODE,73) (VP(I,J,K), l=1,II) 

160 CONTINUE 
END IF 

C ---------------------------------------------------------------
C ESTABLISH X-DIRECl"ION PERMEABILITY (KX) DISTRIBUTION. 

C ---------------------------------------------------------------
URI TE c: IOCODE, 29) 
IF CKKX .LT. 0) THEN 

READ(20,*) KXC 
DO 175 K=1,KK 
DO 175 J==i,JJ 
DO 175 I:= 1, I I 

KXC:I,J,I() = KXC 
175 CONTINUE 

URI TE C: IOCODE, 2'i>) l(XC 

ELSE IF (KKX .Ea. 0) THEN 
READ(20,*) (RKXL(K), K=1,KK) 
DO 187 1(:::1,KK 
DO 187 .J:=1,JJ 
DO 187 1=1,II 

KXC:I,J,K) = RKXL(K) 
187 CONTINUE 

DO K= 1 •, 1(1( 
WRITE(IOCODE,511) K,RKXL(K) 

END DO 
ELSE 

WRITE c: IllCODE, 43) 
DO 192 K=1,KK 

URITE(IOCODE,38) K 
DO 192 J==1,JJ 

READ(20,*) (KXCI,J,Kl, I=1,II) 
WR I TE C: I O CODE , 7 2 ) ( I( X ( I , J , K ) , I :::; 1 , I I ) 

192 CONTINUE 
END IF 

C ---------------------------------------------------------------
C ESTABLISH Y-DIRECTION PERMEABILITY (KYl DISTRIBUTION. 

C ---------------------------------------------------------------
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IF C:KKY .LT. 0) THEN 
READC:20,*) KYC 
DO 202 I(= 1, KK 
DO 202 J=1,JJ 
DO 202 I=1,II 

KYC:I,J,K) = KYC 
202 CONTINUE 

UR I l'E C: I OCOI>E, 33) l(YC 

ELSE IF C:KKY .EQ. 0) THEN 
READC:20,*) (RKYL(K)~ K=l,KK) 
DO 205 I(::: 1, KK 
DO 205 J=1,JJ 
DO 205 I=1,II 

KY C: I , J , K:, = f~K YI •. «: I( :> 
205 CONl'INUE 

DO K=1,KK 
URITECIOCODE,512) K,RKYL(K) 

END DO 

ELSE 
URITEC:IOCODE,47) 
DO 212 1(=1,KK 

URITE(IOCODE,38) K 
DO 212 J=1,JJ 

READ(20,*) (KY(I,J,K), I=1,II) 
UR I TE ( I OCODE:, 72) C: l(Y C: I, J, K) , l == 1, I I) 

212 CONTINUE 
END IF 

C ---------------------------------------------------------------
C ESTABLIS~1 Z-DIRECTION PERMEABILITY (KZl DISTRIBUTION. 

C ---------------------------------------------------------------
IF C:l<KZ .LT. 0) THEN 

READ C: 2(), *) KZC 
DO 230 K=1,KK 
DO 230 J=i,JJ 
DO 23() I= 1, I I 

KZC:I ,.J,t(:, = KZC 
230 CONTINUE 

URITE(IOCODE,36) KZC 

ELSE IF (KKZ .EU. 0) THEN 
READ(20,*) (RKZL(I(), K=1,KK) 
DO 235 1(=1,KK 
DO 235 J:::1,JJ 
DO 235 I==1, I I 

KZ(I,J,K) = RKZLCK) 
235 CONTINUE 

DO K= 1, 1(1( 
WRITE(IOCODE,513) K,RKZLCK) 

END DO 

ELSE 
URI TE C: IOCODE, 1,8) 
DO 240 I(::: 1, KK 

WRITECIOCODE,38) K 
DO 240 J=1,JJ 

READC:20,*) (KZ(I,J,K), 1=1,11) 
URITE(IOCODE,72) C:KZ(I,J,K), I=i,II) 

240 CONTINUE 
END IF 

C -----------~-~-~~~--~~--~~----~~--~--~-~.--~-~~~--~-~~-~--~-----

C ESTABLISH POROSITY AND PERMEABILITY MODIFICATIONS. 

READC20,69) CIHEDINCL), L=i,80) 
READC20,*) NUMP, NUMKX, NUMKY, NUMKZ, IPCODE 

IF (NUMP .NE. 0) THEN 
URI TE C: IOCODE, 27:> 
DO L.=1,NlJMP 

READC:20,*) I,J,K,VP(I,J,K) 
WRITE(IOCODE,32) I,J,K,VPCI,J,K) 

END DD 
IF (IPCODE .Ea. 1) THEN 

WRITE(IOCODE,125) 
DO 851 K=1,KK 

WR I TE ( 1 OCOI)E, ~!B) I( 
DO 851 J=1,JJ 

URITE(IOCODE,73) (UPCI,J,K), I=1,II) 
851 CONTINUE 

END IF 
END IF 
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IF (NUMKX .NE. 0) THEN 
URITEC:IOCODE,31) 
DO L.=111NUMKX 

READC20,*) I,J,K,KX(I,J,K) 
WRITECIOCODE,32) I,J,K,KX(I,J,K) 

END DO 
IF (IPCODE .Ea. 1) THEN 

URITE(IOCODE,143) 
DO 85~3 t,= 1 ., Kl\ 

URITE(IOCODE,38) K 
DO 85:3 J=1, JJ 

URITE(IOCODE,72) (KXCI,J,K), I=1,II) 
853 CONTINUE 

END IF 
END IF 

IF CNUMKY .NE. 0) THEN 
UR I TE C: I OCODE, 3t,:, 
DO L=1,NlJMKY 

READ(20,*) I,J,K,KY(I,J,K) 
WRITE(IOCODE,32) I,J,K,KYCI,J,Kl 

END 1)0 
IF C:IPCODE .EG. 1) THEN 

WRITE(IOCODE,147) 
DO 85!5 K= 1 , Kl< 

URITE(IOCODE,38) K 
DO 85!5 J=1,JJ 

URITE<:IOCODE:,72) (l(Y(I,J,K), I=1,II) 
855 CONTINUE 

END IF 
END IF 

IF (NUMKZ .NE. 0) THEN 
URITEC:IOCODE,37) 
DO L=l,NUMKZ 

READC:20,*) I1J,K,KZ(I,J,K) 
URITE(IOCODE,32) I,J,K,KZCI,J,K) 

END DO 
IF CIPCODE .Ea. 1) THEN 

URITE(IOCODE,148) 
DO 857 K=1,KK 

URITECIOCODE,38) K 
DO 857 J=l,JJ· 

URITE(IOCODE,72) (KZ(I,J,K), I=1,II) 
857 CONTINUE 

2S 
26 
27 

28 
29 
31 

32 
33 
34 

36 
37 

38 
43 
47 
48 
69 
72 
73 
125 
143 
147 
148 
S10 
511 
512 
513 

END IF 
END IF 

FORHATC////25X,'POROSITY VALUES'/25X,15(,_')/) 
FORHATC27X, 1 PHIC',T33, 1 ~',F8.4//) 
FORMATC/2X, 1 POROSITY NODE HODIFICATION'/2X, 

$ ' I J° I< NEW PHI VALUE') 
FORMAT(//25X,'PERMEABILITY VALUES'/25X,19('-')/) 
FORMAT(27X,'KXC',T32,'ll 1 ,F8.2,1X,'MDS.') 
FORMATC/2X, 1 PERMEABILITY (KXl NODE MODIFICATION'/2X, 

$ ' I J K NEU KX VALUE') 
FORHATC2X,3I5,5X,F14.4) 
FORHAT(27X,'KYC',T32,v~ 1 ,F8.2,1X,'MDS.') 
FORHATC/2X, 1 PERMEABILITY (KY) NODE MODIFICATION'/2X, 

$ ' I J K NEW KY VALUE') 
FORHAT(27X, 1 KZC',T32,v= 1 ,F8.2,1X,vMDS.'//) 
FORMAT (/2X, ., PERMEABII •. ITY (l(Z) NODE MOD IF I CAT I ON" /2X, 

S 1 I J K NEU KZ VALUE') 
FORHAT(/2X, 1 LAYER(',I2, 1 )'/) 

FORHATC/5X, 1 X-DIRECTI()N PERMEABILITY (KX) DISTRIBUTION'/) 
FOR HA 'f C: / 5 X ., ., Y- D I r, EC T ION PERM E: A B I L I TY ( I( Y ) D I ST f~ I BUT I() N ., / ) 
FORMAT (/5)(.,., Z-Dif<ECTI(lN PERMEABILITY (KZ:> DISTRIBUTION"/) 
FORHAT(SOAl) 
FORHATC2X,20F6.2:> 
FORHAT(2X,20F6.4) 
FORMAT(/5X,'MODIFIED POROSITY DISTRIBUTION'/) 
FORMAT(/5X, 1 MODIFIED PERMEABILITY CKX) DISTRIBUTION,/) 
FORMAT(/SX, 1 MODIFIED PERMEABILITY CKYl DISTRIBUTION,/) 
FORMAT(/5X,'MODIFIED PERMEABILITY CKZ) DISTRIBUTION'/) 
FORMAT(5X, 7 VP(I,J,',I2,v)',T20,':',1X,F8.5/) 
FORMAT(5X,'KXCI,J,',I2,v)',T20, 1 :v,1x,F8.2/) 
FORHAT(5X,'KY(I,J, 1 ,I2, 1 ) 1 ,T20,':,,1X,F8.2/) 
FORMAT(5X,~KZ(I,J, 1 ,I2,v)',T20,,: 1 ,lX,F8.2/) 

RETURN 
END 
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C 

31 

32 
34 

37 

JB 
41 
43 

44 
47 
48 
49 

"9 
72 

FORHAT(2Xt'TRANSHISSIB!L.ITY VALUES ;»/2X,25('-'l//5X, 
S 'TRANSH I SSI&.!LI TY ( TX) NODE MCIU IFI CAT I ON' /5X, 
S ' I J K NEW TX VALUE') 

FORHAT(2X,3I5,5X,F14.4) 
FORHAT(SX, 'TRANSHISSIDII-ITY 

• I I J K 
(YT) NODE MDD1FICATI0N'/5X, 

NEW TY VALUE') 
FORHAT(5Xt'TRANSHISSIBILITY 

$ ' I J K 
(TZ) NODE MODIFICATION' ltiX, 

NEU TZ VALUE') 
FORHAT(2X,'LAYERC',I2,')'/) 
FORHAT(2Xt3I5,3F1S.3) 
FORHAT(2X•' I J K Al 

• I AJY/) 
FORHAT(SXt'HODIFIED TRANSHISSIBILITY (TX) 
FORHAT(SX,'HUDIFJrD TRANSHISSIBILITY (TY) 
FORHAT (5X, 'Mor, If' I [I) lR,,NSM I SS I&I L. I TY crz :> 
FORHAT (2X •' I .J I( TX 

• ' TZY/) 
FORHAT(80A1) 
FORHAT(2X,20F6.1) 

RETURN 
END 

A,..' - ' 
DISTRIIJUTION'/) 
DISlt<IBUTION'/) 
l> I S T f~ I Is lJ T l Cl N ' I ) 

Ty I ' 

C •••••••a••==~•aa~~=~~~~~~~~~~=m=~=;~Q~~~~~=;=~c~;~~~a~;;~~;~:aQ 
SUBROUTINE UINIT1 (KPI,II,JJ,KK,CUHPU,HBCW,CUHPG,HBEGt 

S GUC,GWC,POWC,CUHIU,CUMIG) 

C THE SU&ROUTINE CALLS FOR TUO OPTIONS OF PRESSURE AND SAT-
C URATION INITIALIZATION. THE INITIAL PRESSURE DlSTRIDUTION 
C CAN EI1"HE:R Bf. CAL.CUI •. ATl!l> BY ll-lE PROGRAM FOR EOUILIDRJUM 
C CONDITIONS t3IVEN TUE LOCATIUN OF THE UAB/WATEF~ CONTACT AND 
C THE PR[SSUt~E AT 1'1-iE ,:nNTACT' OR THE INI ·r l AL PRf.GSURE 
C DISTRI&U'f'ION CAN tcE READ ON A DLDCt,--BY-I•LUCK l'•ASIS. THE 
C SATURATIONS (SU,SG) CAN EITtlER BE READ Af; CONSTANT VALUES 
C OVER THE l:"':N'f IR( 13t~I D, Ut~ TUC £NT lt~E SU AND GO DIS JH J •:cur IONS 
C ARE READ ON A BLOCK-BY-DLOCK BASIS. 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NOHENCLATlJREa 

B&O 

B&U 

BOT 

BUT 

CUHIU 
CUHIG 
CUHPU 
CUHPG 
EL(I,.1,K) 

GUC 
IHEDIN(L) 
II 

JJ 

KK 

KPI 

I\SI 

HBEG 
HBEU 
HPGT 
HPUT 
NTE 

PGUC 
POT 

PUT 

RHOG 
RUOSCO 
RHOU 
RHOSCU 
RSU 

RSUT 

GG(I,J,K) 
S G N ( I , J , I() 
SUC:I,J,K) 
SUN(I,J,K) 
sue 

I 

I 

' 
I 

I 
I 
I 
I 
I 

I 
I 
I 

I 

I 

I 

GAS ..-cn;:HATION VOLUME FACTOR AT PRESSURE' 
PGlJG IN RCF/SCF. 
UAT(]~ FORHl\l'JON VOLUME FACTOR AT Pr,t-:ssuRE' 
PGUG IN RIJ/STD. 
VAR1AB1..E GAS FORHATlON VUL.UHE FACTOR AT 
PRE:SSUl~E, POT IN PVT DATA TABLE. 
VARIAD1-E UAl"ER FORMATION VOl.UHF. FAClOR AT 
PR•:s!;unE, PWT IN PVT DATA l'AliLE::. 
CUHMUI_I\ 1 IVE lJATER INJECT I DN, SlfJ. 
ClJHl1lJLA·r1vE GAS INJE::CllON, H6Cf. 
ClJf1l'ilJLAT 1 VE WATER PRODUC ·r I ON, S'f B. 
CUMt1UL.ATIVE GAS Pf<Dl>UCTIDN, HSCF. 
VARIAl'Jl.E NODE MIDPOINT C::l.EVATJC>N C:Fl') OF 
Al-L. llL.DCKS IN TtiE HCIOEL. DRID. 
GAS/Uf.\'I ER CONTACT, FT. 
fiTDRA1;1: HEMllRY f'()R IN PUT 1' I Tl. f. CARO. 
NUH[d;]~ OF &LOCKS IN TU£ X-DIRECTION IN 
THE HODEL ORID. 
NUHEH:t~ OF &LOCKS IN TUE Y-DIRECT ION IN 
THI:'. HOJ>El. Gt~ID. 
NUM&r-R OF BLOCKS IN TUE 2-DIRECTION IN 
TUI:. HO))EL GRID. 
PREIUHJl~E INITIALIZATION CUDE. 
KP I ia () HE ANS 'USE EOU I L. I BR I UH PRESSURE 
INITIAI..IZATION'. INf'lJ'f REOLJir,ED WILL &E 
PGUC, PRESSURE AT GAS/UA'fER CONTACT. 
KP I ~ 1 HE ANS 'USE NON-·C:UU I LI t,H I UM f'f~ESS­
UR£ I NIT I Al. I ZAT I ()N. • PRr:ssuRES PNC: I' .J 'K) 
FCIR EACH IJLOCK HUST BE Rt:AD ON A Bl.CICK­
[-«Y-BLOGt< BASIS. PN(I,J,K) FOR IIHJJhKK 
VAL.IJE~l HUGT BE READ. 

1 GA'rlJRAT I(lN INITIALIZATION CODE. 

I 
I 
I 

I 

a 

I 
I 

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 

KSI a: 0 HE::ANS 'INITIAL UATER AND GAS 
SATUt~AT IONS ARE CONST,~NT OVER THE ENT IRE 
MODF.:I.. GRID• • SUi: MUST Et£ READ. 
KSI a. 1 HEANB 'lJAT[R SATURATION HUST BE 
READ FOR EACH GRID BLOCK UN A ~LOCK-BY-
IcLDCI< I•AS IS' • 
GAS MATERIAL BALANCE, PER CENT. 
WATER MATERIAL BALANCE, PER CENT. 
MAX 1 HUl1 NUM&l:R Of" EN"fRY VAl.Uf. FOR GAS 
PHAGE PRl-:B !ilJHE, PS I A. 
HAX111lJM NUH[cER OF EN'fRY VALUE FUR WATER 
PHASE PRESSURE, PSIA. 
HA>ClMlJl1 NUM£•t::R OF DATA f.Nl'RY ALLOWED IN 
ALL. PVT TAl)LE-:s. 
PRESBIJl~E AT GAS/UA"ff:R CONl"ACT, PS I A. 
VARlAul.£ Gr'\$ PHAf>E PRESGURE IN PVT 
TAOI..E, PSIA. 
VARIABLE WATER PtiASE PRESSURE IN PVT 
TAltL.F.:, PSIA. 
GAS OENSITV AT PRESSURE P(I,J,K). 
GAS DENSITY AT STANDARD CONDITION. 
UA'fER DENSITY AT PRESSURE P(l,J,K). 
lJAlEJ;: DENSITY AT STANDARD CONDITION. 
GAS IN UATER SOLUTION RATIO AT PRESSURE, 
PGWC. 
GAS IN WATER SOLUTION RATIO AT PGT IN ALL 
PVT TABLES. 
GA~l SATLIRAT I ON ARRAY. 
INI 'f'l Al.. GAl3 PHASE SA ·rur,AT ION ARRAY. 
LJA 'ft:~R tlATURAT I ON ARRAY. 
INITIAi.. UAft::R PUASE SAllJRATION ARRAY. 
CCJNNA'IE WATER 6ATlJkATION. 

C --------------------·----·--···---:_-20-i:_----··-·- --- ....... ___ .... ·-·- -·- -· -·----- -·--
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C 
C •=*=a••••••um~===*==m=n~~~~~~==•s=•=•=m=~=~~~~~========~~==•=== 

SUBROUTINE PRATEI(NVQN) 

C =================~======~==~===========================~======= 
C THE SUBROUTINE MODIFIES THE MATRIX ELEMENTS CB) AND CE) 
C FOR THE WELLS BEFORE IMPLICIT PRESSURE CALCULATION. 
C NOMENCLATURE; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C c· 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

BCI,3,K); OOWGCI,J,K)-VPCI,3,K)*PCI,I,K)*CT(I,J,K) 

BBG 
BBW 
BGT 

BUT 

/DE:LT 
; GAS FORMATION VOLUME FACTOR AT PRESSURE PPN 
: WATER FORMATION VOLUME FACTOR AT PRESSURE PPN 
; VARIABI_E GAS FORMATION VOLUME FACTOR AT 

PRESSURE CPGT) IN PVT DATA TABLE 
; VARIABLE WATER FORMATION VOLUME FACTOR AT 

PRESSURE (PWT) IN PVT DATA TABLE 
-SUM(I,J,Kl-GAM(I,J,K) E(I ,J,I(): 

GMG ; KRG/MUG 
GMW : KRW/MUW 
IQN1 ; X-COORDINATE OF GRID BLOCK CONTAINING THE WELL 

UNDER CONSIDERATION 
IQN2 

IQN3 

KIP 

LAYER 

MPGT 

MPUT 

NVQN 

NTE 

PID 
PPN 
PUT 
RSU 

; Y-COORDINATE OF GRID BLOCK CONTAINING THE WELL 
UNDER CONSIDERATION 

; LAYER NUMBER OF THE UPPERMOST COMPLETION 
LAYER FOR THE WELL UNDER CONSIDERATION 

: CODE FOR SPECIFYING BOTH WELL TYPE AND WHETHER rue: Ul:.1 . .1 •. 1 S PRODUCT I ()N ( INJ"E:CT I ON) PERFORMANCE 
IS DETERMINED BY SPECIFYING RATES OR BY 
SPECIFYING FLOWING BOTTOM-HOLE PRESSURE AND 
ALS() WHETHER AN EXPLICIT o•~ IMPLICIT PREssur,E 
CALCUL,~TI()N IS TO BE MADE. 

: TOTAL NUMBER OF CONSECUTIVE COMPLETION LAYERS 
S "TA r.;: TIN (3 W I TH AND I N CL l.J D I NG I a N 3 

: MAXIMUM NUMBER OF ENTRY VALUE FOR GAS PHASE 
PRESSURE IN PVT DATA TABLE, PSIA 

: MAXIMUM NUMBER OF ENTRY VALUE FOR WATER PHASE 
PRESSURE IN PVT DATA TABLE, PSIA 

= NUMBER OF WELLS FOR UHIH WELL INFORMATION IS 
TO I<E READ 

:: MAXIMUM NUMBER OF DATA ENTRY ALLOWED IN ALL 
PVT DATA TABLES 

: LAYER FLOW INDEX 
; P C: I a 1 , I () 2 ,, K ) 
; WATER PHASE PRESSURE, PSIA 
:; GAS IN LJATER BOLUTION RATIO, SCF/STB 

C ---------------------·------------------------------------------
INCLUDE 'COMGUSIM.FORv 

DO J' = 1,NV(lN 
IF (KIP(J) .LTM -10) THEN 

IQ1 = IQN1C:J) 
IQ2 = J:QN2(J) 
IQ3 = IGN3(J) 
LAY= 103+LAYERCJ)-1 

DO I( == IQ3, L.AY 
PPN = PNCIQ1,I02,K) 
CALL I NT ERP C: NTE, PUT, BWT, M PlJT., P PN, Ec[tW) 
CALL.. INTERPC:NTE::, PGT,BGT,MPGT, PPN,BBG) 
CALL I Nl'ER PC: NTt~:, PUT, t=~SWT, M PUT, P PN, RSW) 
C P :CU :: G MW ( .. T ., I( ) * P ID C: J , K) * 5 • IJ 15 * <: B B W- B It u* R SW) I B B U 
CPIG = GMGCJ,Kl*PID(J,K)*5.615 
CPI = CPIW+CPIG 
BCIQ1,I02,K) = B(IQ1,ID2,K)-CPI*PWF(J,K) 
ECI01,IQ2,K) ~ E(IG1,IQ2,K)-CPI 

END DD 
END IF 

END DO 

RETURN 
END 
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C 
C =========================~==================~===========~====== 

SUBROUTINE PRATEOC:NV(lN:> 

C =======================~~=~=~=============:==~===========~===== 
C THIS SUBROUTINE CALCULATES THE UELL 7 S PRODUCTION CINJEC-
C TION) RATE WHICH IS UNDER PID AND FBHP CONTROL. 

C ----------------------------------------·-----------------------

C 

INCLUDE 'COMGWSIM.FOR~ 

DO J=l,NVON 
IF (KIP(J) .LT. -10) THEN 

IQ1 = IQNl(J) 
IQ2 = ION2(J) 
IQ3 = IQNJCJ) 
LAY= I03+LAYER(J)-1 

DO K=I03,L.AY 
PP= P(101,IQ2,K) 
PPN = PNCI017I02,K) 
CALL INTEF\P (NTF-, PWT, RSIJT, MPWT, PPN, RSWN) 
CAL.L INTERP C:NTI::., PUT, RSUT, MPWT, PP, RSW) 
RSWAV = O.SM(RSW+RSWN) 
FACTOR~ PIDC:J,K)*5.615M(PP-PWF(J,K)) 
IF (KIP(J) .EU" -13) THEN 

OGCIQ1,IQ2,K) = (GMWCJ,K)+GMGCJ,K))/ 
$ BG(ICll,IC12,K)*FACTOR 

ELSE IF CKIP(J) .EG. -12) THEN 
OW(IQ1,IQ2,K) = (GMWCJ,K)+GMGCJ,K))/ 

BW(IU1,IU2,K)*FACTOR 
ELSE IF CKIP(J) .Ea. -11) THEN 

a U ( 1 Q 1 , I O 2 , I\ ) :::: GM W ( .. T , K ) I B LJ ( :C Cl 1 , I O 2 , K ) *FACTOR 
QG(IQ1,IQ2,K) = GMGCJ,K)/BG(101,I02,K)*FACTOR 

$ +RSWAVHQU(IG1,I02,K) 
ELSE 

CONTINUE 
END IF 

END DCl 
END IF 

END DO 
RETURN 
END 

C = = = = = = = = = = = = = = = = = = = = ======a::::::= ::a====:::=============:=::::=========-=:::====== 
SUBROUl'INE PRTPS (NLOOP,KPI,II,JJ,KK,PAVGO,PAVG,CWP,CWI, 

$ CGP9CGI,MBEW,MBEG,DELTO~WPR,GPR,UIR, 
$ GIR.,ETI,CUGR,UGR,IPMAP,ISUMAP,ISGMAP) 

C ====================~=~~===~~=================~==;============== 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS SUBROUTINE ESTABLI!;HES THE PRESSURE ANI> SATURATION 
DISTRIBUTIONS WITtiIN THE RESER'JOIR, AND MAKES A SUMMARY 
REPORT. 

NOMENCLATURE: 

CGI : CUMMULATIVE GAS INJECTION, MSCF 
CUMMULATIVE PRODUCING WGR 
CUMMULATIVE WATER INJECTION, STB 
CUMMULATIVE WATER PRODUCTION, STB 
TIME: STEP•, DAYS 
P(I,J,K)-PN(I,J,K) 
SGCI,J,K)-SGNCI,J,K) 
SW(I,J,K)-SWNCI,J,K) 

CLJGR : 
CUI ; 
CUP : 
DEL TO ; 
DPLJ : 
DSG :: 
DSW :: 
ETI : ELAPSED TIME, DAYS 
GIR :; GAS INJECTION RATE, HSCF/D 

GAS PRODUCTION RATE, MSCF/D GPR :: 
IPMAP :: OUTPUT CODE TO CONTROL PRINTING OF THE MAP 

Of" GRID BLCICI( PRESSURES 
ISGMAP 

ISWMAP 

KPI 
HBEG 
HBEW 
PAVG 
PAV GO 
PPM 
SGM 
SWM 
LJGRM 
UIR 
UPR 

: OUTPUT CODE TO CONTROL PRINTING OF THE 
GRID BLOCI( OAS SATURAT J:ONS 

1 OUTPUT CODE TO CONTROL Pl~IN"TING OF THE 
GRID BLOCI( WATE:R SATURATIONS 

:: P F~ E SS lJ l~E IN IT I AL I Z AT I ON CODE 
; GAS MATERIAL BALANCE, PER CENT 
:: WATER MA'ft~RIAL BALANCE, PE•~ CENT 
; CURf~ENT AVER,~GE: REBERVC] IR PRESSUF~E, PS I A 
:: PRE:Vl:CllJS AVERAC3E RESERVCI IR PRESSU~~E., PS I A 
; PRE:SSURE D PMAX 
:: GAS DBMAX 
: WATER DBMAX 
: PRODUCING WATER-GAS RATIO 
; WATER INJECTION RATE 
:: WATER PRODUCTION RATE 

C ----------------------------------------------------------------
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INCLUDE YCOMGWSIM.FOR~ 

PPH = 0.0 
SUH= 0.0 
SGH = 0.0 
IF (NLOOP .NE. 1) THEN 

DO 240 K=1,KK 
DO 240 J:::1,JJ 
DO 240 I=1,II 

DPU = P(I,J,K)-PN(I,J,K) 
DSU = SU(I,J,K)-SUN(I,3,K) 
DSG= SGCI,J,K)-SGN(I,J,K) 

IF (ABSCDPU) .GT. ABS(PPM)) THEN 
PPM= DPU 
IPM = I 
JPM = J 
KPM = K 

END IF 

IF (ABS(DSU) .GT. ABS(SUM)) THEN 
SUM = l)SU 
IUM = l: 
JUM = .J 
KUM= K 

END IF 

IF (ABS(DSG) .GT. ABS(SGM)) THEN 
SGM = DSG 
IGM = I 
JGM = J 
KGM = K 

END IF 
240 CONTINUE 

URITEC:IOCODE,5) 
NLM = NL<lOP-1 
UGRM = WGR 
URI l"E c: IOC:ODE, 110) E'f l, NLM, DEL TO, PAVO, PAVGO, I PM, JPM, KPH, 

$ PPM,IGM,JGH,KGM,SGM,IUM,JWH,KWM,SUM 
-WRITE(IOCODE,111) MBEG,MBEW,GPR,CGP,UPR,CWP, 

$ (3IR,CGI,WIR,CUI,WGRM,CUGR 
END IF 
IF CNLOOP.EC.1 .AND" KPI.EQ.0) THEN 

URITE(IOCODE,120) 
ELSE 

URITECIOCODE,61) 
END IF 
IF CIPMAP .EQ. 0 .AND. NLOOP .NE. 1) GO TO 315 

DO 310 1(=1,KK 
WRITE(IOCODE,51) K 

DO 310 J=1,JJ 
URITE<IOCODE,41) (P(I,J,K), I•1,II) 

310 CONTINUE 
IF CNLOOP.EQ.1 .AND. KPI.EQ.0) THEN 

URITECIOCODE,121> 
ELSE 

URITE(IOCODE,81) 
END IF 

315 IF (ISUHAP~Ea.o .AND. NLOOP.NE.1) GO TO 432 
DO 430 K=1,KK 

~RITECIOCODE,51) K 
DO 430 J=1,JJ 

WRITE(IOCODE,101) CSU(I,J,K), I=1,Il) 
430 CONTINUE 

IF (NLOOP.EG.1 .AND. KPI.EU.0) THEN 
URITECIOCODE,122) 

ELSE 
&JRITEC:IOCODE,91) 

END IF 
432 IF (ISGHAP.Ea.o .AND. NLOOP.NE.1) GO TO 450 

DO 440 I<= 1, KK 
WRITECIOCODE,51) K 

DO 440 ,J:::1,JJ 
URITECIOCODE,101) CSGCI,J,K), 1=1,IIl 

440 CONTINUE 
450 CONT I NUE-: 

IF (NLOOP .NE. 1) URITECIOCODE,7) 
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INCLUDE YCOMGWSIM.FOR 1 

C ---------------------------------------------·--------------------
CUHPW - o .. o -CUM PG - 0 .. () -CUHIU -- o.o -CUHIG - 0 .. () -HBEU - (). () -HBEG = o.o 

C ---------------------------------------------------------------
C 
C 

READ CODES FOR CONTROLLING PRESSURE AND SATURATION 
INITIAL.12:ATION. 

C ---------------------------------------------------------------

200 

3009 

READC20,69) (IHEDINCL), L=l,80) 
READC20,M) KPI,KSI 

IF C: K P I • E (l .. 0 ) THEN 
READ(20,*) PGWC,GWC 
DO 200 I~:= 1, KK 
DO 200 J=1,JJ 
DO 200 I=1,II 

IF C:EL(I,J,K) .LT. GUC> THEN 
CALL INTERP (NTE,PGT,BGT,MPGT,PGWC,BBG) 
RHOG = RHOSCG/DBG 
PNCI,J,K) = PGWC+RHOG*CELCI,J,K)-GUC)/144. 

ELSE 
CALL INTERP C:NTE,PWT,BWT,MPWT,PGWC,BBU) 
CALL I NTEF<P C: NTF.::, PUT, RSLJT, M PUT, PGUC, RSW) 
RHOW = (RHOSCU+RSW*RHOSCG)/BBU 
PN(I,J,K) = PGWC+RHOW*CELCI,J,K)-GUC)/144. 

END IF 
CONTINUE 

ELSE 
DO 3009 I(= 1, t<;I( 
DO 3009 j=1,JJ 

READC20,*) CPNCI,J,Kl, I=l,II) 
CONTINUE 

END IF 
DO 3012 I=l,II 
DO 3012 J=l,JJ 
DO 3012 K=le:KK 

PCI,J,K) = PN(I,J,K) 
3012 CONTINUE 

C ---------------------------------------------------------------
C INITIALIZE SArURATION ARRAY. 

C ---------------------------------------------------------------
IF C:KSI .. Ea. 0) THEN 

READ(20,*) SWC 
DO 30 1(=1, KK 
DO 30 J=l,JJ 
DO 30 I=1,II 

IF (EL(I,J,K) .. GT. GWC) THEN 
SUN(I,J,K) = 1.0 
SGN(I,J,K) = 0.0 
SW(I,J,K) = SWNCI,J,K) 
SG(I,J,K) = SGNCI,J,K) 

ELSE 
SWN(I,J,K) = SWC 
S G N ( I , J , K :> == 1 .. <>-SUN ( I , J , K ) 
SWCI,J,K) = SWNCI,J,K) 
SGCI,J,K) = SGN(I,J,K) 

END IF 
IF (SG(I,J,K) .. LT. 0.0) SG(I,J,K)~o.o 

30 CONTINUE 
ELSE 

DO 3020 I(= 1, KK 
DO 3020 J=l,JJ 

READ(20,*) (SUNCI,J,K), I=1,II) 
3020 CONTINUE 

DO 3030 K=l,KK 
DO 3030 .J=1,JJ 
DO 3030 I=l,II 

SGNCI,J,K) ~ 1 .. 0-SWN(I,J,K) 
IF (SGN(I,J,K) .. LT" 0.0) SGNCI,J,K)~o.o 
SU(I,J,K) = SUNC:I,J,K) 
SGCI,J,K) = SGNCI,J,K) 

3030 CONTINUE 
END IF 

69 FORHAT(80A1) 

RETURN 
END 

C --------------------------------------------------------
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$ 

$ 
$ 

IF (1(1( .GT .. 1) THEN 
DO 60 I(:: 1, Kl< 
DO 60 J=1,JJ 
DO 60 :C=1,II 
IF (KZCI,J,K-1) ~GT. 0.0001 .AND. KZCI,J,K) .GT. 
0.0001) THEN 

TZ(I,J,K) = 0 .. 012656*A3CI,J,K-1)*A3(I,J,K)/ 
(DZ(I,J,K-1)HA3(I,J,K)+DZCI,J,K)* 
AJ(I,J,K-1):> 

END IF 
60 CONTINUE 

END IF 

C ---------------------------------------------------------------
C 
C 
C 

C 

ESTABLISH TRANSHISSIBILITY MODIFICATIONS. 
READ NUMBER OF BLOCKS WHERE TRANSMISSIBILITY VALUES 
ARE TO BE CHANGED, AND INPUT PRINT CODE. 

-... ------------- --- ...... -- -- -- ______________ .... --- ........... .-- ....... ~-- ----·- .... - -- --.-....... - ----- -- -- ............ _ ... -- --
READ(20,69) (IHEDIN(L), L=1,80) 
READ(20,*) NUMTX, NUMTY, NlJMTZ, ITCODE 

IF <NUMTX .GT. 0) THEN 
URITE(IOCODE,31) 
DO L.=1 .. NlJMTX 

READC20,*) I,J,K,TXCI,J,K) 
URITE(IOCODE,32) I,J,K,TX(I,~,K) 

END DO 
· IF ( ITC()DE • EQ. 1) THEN 

URITEC:IOCODE,44) 
DO 853 K=1,KK 

WRITE(IOCODE,38) K 
DO 853 J=l,JJ 

WRITE(IOCODE,72) (TXCI,J,K), I=l,II) 
853 CONTINUE 

END IF 
END IF 
IF (NUMTY .GT. 0) THEN 

URI TE c: IOCODE, 34:, 
DO L=1,NUMTY 

READC20,*) l,J,K,TYCI,J,K) 
URITE(IOCODE,32) I,J,K,TY(I,J,K) 

END DO 
IF (ITCODE .EQM 1) THEN 

URITEC:IOCODE,47) 
DO 855 K=l,KK 

WRITE(IOCODE,38) K 
DO 855 J=l,JJ 

URITE(IOCODE,72) CTYCI,J,K), I=1,II) 
955 CONTINUE 

END IF 
END IF 
IF CNUMTZ .GT. 0) THEN 

URITECIOCODE,37) 
DO L=1,NlJMTZ 

READC:20,*) I,J,1<,TZ(I,J,K) 
URITECIOCODE,32) I,J,K,TZ(I,J,Kl 

END DO 
IF (ITCODE .EQM 1) THEN 

IJRITEC:IUCODE,413) 
DO 857 K=1,KK 

WRITECIOCODE,38) K 
DO 857 J=l,JJ 

URITE(IOCODE,72) (TZCI,J,K), I=l,II) 
957 CONTINUE 

END IF 
END IF 
IF (KTR .EU~ 1) THEN 

URITE(IOC:ODE,43) 
DO 42 K=1,KK 
DO 42 J=l,JJ 
DO 42 I=1,II 

URITE(IOCODE,41) I,J,K,Al(I,J,K),A2(I,J,K),A3(I,J,K) 
42 CONTINUE. 

UR I TE C: I UC Cl DE, 4 9) 
DO 505 I(== 1, KK 
DO 505 ,"I= 1 , J J 
DO 505 !=1,II 

YRITE(!OCODE,41) I,J,K,TX(I,J,K),TYCI,J,K),TZCI,J,K) 
505 CONl"INlJE 

END IF 
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C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NOHEHCLATURE: 
A1C:I,J,K) 
A2 C: I , ..T, K) 
A 3 C: I , J , I( ) 
DXC:I, .. T,K) 

DY(I ,J,I() 

DZ(I , .. T,K) 

IHEDINC:L) 
ITC ODE 

I 
II 

J 
JJ 

K 
KK 
KX<:I,J,K) 

KY ( I , :r, I<) 

KZ c: I , .. T, I(:> 

KTR 

NUMTX 
NUHTY 
NUHTZ 
TX(I,..T,I() 

TYC:I ,J,I<) 

TZ(I,J,I() 

• • 
• • 
; 
• • 
• • 
• • 
• • • • 

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

• • 
• • 
• • 
• • 

• • 

: 

KX(I,J,K) * DYCI,J,K) * DZ(I,J,K) 
KYC:I,J,K) * DX(I,J,K) * DZ(I,J,K) 
KZC:I,J,K) * DXCI,J,K) * DYC:I,J1K) 
VARIABL.E X--l>IRECTIDN DIMENSION OF IJL.OCK 
IN THE MODEL GRID, FT. 
VARIABLE Y-DIRECTION DIMENSION OF BL.OCI< 
IN THE MODEL GRID, FT. 
VARIABLE Z-DIRECTlON DIMENSION OF BLOCK 
IN THE MODEL GRID, FT. 
STORAGE MEMORY FOR INPUT TITLE CARD. 
PRINT CODE FOR MOD:CFICATION TO TRANSMI­
SSIBILITY DISTRIBUTIONS~ 
I TC(JDt~ == 0 MEANS ., DO NOl' PR I NT, , AND 
ITCDDE == 1 MEANS 7 PRINT". 
X-CDDRDINATE OF BLOCK TO BE MODIFIE-:D .. 
NUMBER OF BLOCKS IN THE X-DIRECTION IN 
THE MODEL GRID. 
Y-C()O.~DINATE: OF BLOCK ·ro BE MODIFIED. 
NUMBER OF BLOCKS IN THEY-DIRECTION IN 
THE: MODEL GRID. 
2-COORDINATE OF BLOCK TO BE MODIFIED. 
NUMBER OF BLOCKS IN THE Z-DIRECTION IN 
THE MODEL GR:CD. 
VARIABLE X-DIRECTION PERMEABILITY OF 
E<L.(lCI( IN THE MODEL GRID :C N MILL. I DARCI ES. 
VAR:CABI ... E Y-D If~ECTI CJN P•:]~MEAB I L ITY CJF 
EcL(lCI( JN THE MD DEL GRID IN MILL. IDARC IES. 
VARIABLE Z-DIRECTION PERMEABILITY OF 
BLOCK IN THE MODEL GRID IN MILLIDARCIES. 
TRANSMISSIBILITY DEBUG OUTPUT CONTROL. 
KTR = 0 MEANS 'DO NOT PRINT,, AND 
KTR ~ 1 MEANS 'PRINT'. 
NUMBI:]~ OF Gf~ ID BLOCKS WHERE TX IS TO BE 
CHANGED. 
NUMBER OF GRID BLOCKS WHERE TY IS TO BE 
CHANGE)). 
NUMBER OF GRID BLOCKS WHERE TZ IS TO BE 
CHANBt:::D. 
VARIABLE COEFFICIENT OF X-DIRECTION TRAN­
SMISBIBILITY. 
TX IS CALCULATED AS 0.012656* Ai(I-1,J,K)M 
A1(I,J,K)/CDXCI-1,J,K)M A1CI,J,K) + 
DX(I,J,K)M Al(I-1,J,K)) 
VARIABLE COEFFICIENT OF Y-DIRECTION TRAN-
SMISSIBILITY. · 
TY IS CALCULATED AS 0.012656* A2CI,J-1,K)* 
A2CI,J,K)/(DYCI,J-1,K)M A2C:I,J,K) + 
DYCI,J,K)M A2(1,J-1,K)). 
VARIABLE COEFFICIENT OF Z-DIRECTION TRAN­
SMISB:Cl«ILITY. 
TZ IS CALCULATED AS 0.012656* AJCI,J,K-1)* 
A3CI,J~K)/C:DZ(I,J,K-1)H A3(I,J,K) + 
DZCI,J,K)* A3CI,J,K-1)). 

C ---~----~~~--~-~~--~~~--~~-~--~~~---~~-~~~-~-~~~~~~--~-~~·~-~-~-

INCLUDE 7 COMGWSIM.FOR' 

C ----------------------------------------------------------------
C CALCULATE THE COEFFICIENTS OF TRANSMISSIBILITY FOR 
C BLOCKS JN THE MODEi. GRID. 

C ----------------------------------------------------------------
DO 30 1'~•1., l<I~ 
DO 30 J=1, .. T .. T 
DO 3() I=1,ll 

A1CI,J,K) = KX(I,J,K)*DYCI,J,K)*DZ(I,J~K) 
A2(I,J,K) = KY(I,J,K)*DX(I,J,K)*DZCI,J,K) 
A3CI,J,K) = KZ(I,J,K)*DXCI,J,K)MDY(I,J,K) 

30 CONTINUE-: 

50 

55 

IF (II .GT~ 1) THEN 
DO 50 1(=1, KK 
DO 50 ..T=1,JJ 
DO 50 I=1,II 
IF CKX(I-1,J,K) "GT. 0.0001 .AND. KX(I,J,K) .GT. 

$ 0.0001) THEN 

$ 
$ 

END 
IF 

$ 

$ 
$ 

END 

TX(I,J,K) = 0-012656*A1CI-1,J,K)*A1C:I,..T,K)/ 

END IF 
CONTINUE 

IF 
(JJ .Gr .. 1) THEN 

DO .:-5 ,J .. K=1,KK 
DO .:-5 ;J, ,'f=1,JJ 
DO a:-,: 

;;hJ I=1,II 
IF C:KY (I, J-1,l() 
0.0001) THEN 

TYC:I,J.,K) 

END IF 
CONTINUE 

IF 

(DX(I-1,J,K)*Ai(I,J,K)+DXCI,J,K)* 
AlC:I-1,J,K)) 

.. (3 T • 0 • 0 0 0 1 • AND • I, Y ( I , J , K :> • GT • 

= 0~012656*A2CI,J-1,K)*A2CI,J,K)/ 
CDY(I,J-1,K)*A2(I,J,K)+DY(I,J,K)* 
A2(I ,J'·-1,K)) 
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C 

5 

7 
41 
51 
61 

81 
91 
101 
110 

111 

120 

121 

122 

FORMAT(6(/),12X,58(~*')/12X,"* 7 ,56X, 7 * 7 /12X,'*',56X,,*', 
$ /12X, 7 *',7X, 7 SUMMARY REPORT: UNSW GWSIH (VERSION', 
$ ' 2.0)',7X,'*'/12X,'*',56X,'*'/12X,'*''56X,'*", 
$ /12X,58('*')///) 
FORMAT(///2X,30('*')," END OF REPORT ',30<'*'),6(/)) 
FORHAT(25X,20F6.0) 
FORHAT(/20X, 7 LAYER (',I2,')'/20X,10('-')/) 
FORMAT(4(/),20X,'PRESENT RESERVOIR PRESSURE DISTRIBUTION', 

$ /20X,39('-')/) 
FORHAT(7(/)~20X,'PRESEN·r WATER SATURATION,/20X,24('-')/) 
FORMAT(7(/)~20X,'PRESEN"f GAS SATURATION"/20X,22( 7 -')/) 

FORMAT(25X,20F6.3) 
FORMAT(17X,'ELAPSED TIME',T49,':',F12.2,1X,'DAYS.', 

$ /17X,.'TIME STEP NUMBER' ,T49," :' ,I9, 
$ /17X," TIME STE:P" ,T49,';' ,F12.2, 1X, 'DAYS .. ,, 
$ /17X,"CURRENT AV(3~ RESERVOIR PR',T49,': 1 ,F12.2,1X, 
$ 'PSIA .. ', 
$ /17X,'PREVIOUS AVG. RESERVOIR PR',T49,':',F12.2,1X, 
$ 'PSIA.', 
$ /17X,'PRESSURE DPMAX',2X,'C',3I3,' )',T49,':',F15.5, 
$ /17XY'GAS DSMAX~,7X,'(',JI3,' ) 7 ,T49,':',F15.5, 
$ / 1 7 X , " WATER DSM A >C' , 5 X , ' <: ' , 3 I 3 , ' ) "' , ·r 4 9 , ' : ., , F 15 • 5 /) 

FORHAT(17X,'GAS MATERIAL BALANCE,,T49,':',E12.4, 
$ 1X,~PER CENT.", 
S /17X, 1 WATER MATERIAL BALANCE',T49,.,:',E12.4,1X, 
s 'PER CENT.', 
$ //17X,'GAS PRODUCTION RATE' ,T49,' :·1 ,E12.4,1X,'MSCF/D • .,, 
$ /17X,"CUMMULATIVE GAS PRODUCTION",T49,':',E12.4, 
$ lX, 1 MSCF.', 
$ /17X,"UATER PRODUCTION RATE',T49,':"',E12.4,1X,'STB/D.", 
$ /17X, 1 CUMMULATIVE WATER PRODUCTION"',T49,':',E12.4, 
$ lX,"STB.,, 
$ /17X,'GAS INJECTION RATE',T49,':',E12.4,1X,'MSCF/D.', 
$ /17X,'CUMMULATIVE GAS INJECTION',T49,':',E12.4, 
$ lX,'MSCF .. ', 
$ I 1 7 X , 1 WA TE: R IN .. TE C T I ON RATE ' , T 4 9 , ., : ., , E 12 • 4 , 1 X , ' ST BID • ' , 
$ /17X,"'CUMMULATIVE WATER IN..TECTION" ,T49,' :·, ,E12 .. 4, s 1x,~srB.', 
$ /17X,~PRODUCING WATER-GAS RATIO',T49,':',E12.4,1X, 
$ 'STD/SCF.', 
$ /17X," CUMMULAr IVE PRODUCING UGR' , 1'4'],' : ' , El 2. 4, 1 X, 
S 'STB/SCF'//) 

FORHATC:4C:/) ,2ox,' INITIAi... RESEl~VOIR PRESSURE DISTRIBUTION", 
$ /20X,39('-Y)/) 

FORHAT(4C:/)-,20X,'INITIAI... WATER SATURATION DISTRIBUTION', 
$ /20X,36C'-,)/) 

FORMAT(4C:/) .,2ox, 7 INITIAi... GAS SATURATION DISTRIICLJTION"' 
$ /20X,34('~')/) 

RETURN 
END 

C ====================~==~=~=~~=============================~====== 
SUBROUTINE ORATE: C:NV(lN) 

C ==========~=====;===~===~=~~===========================~==~====== 
C THIS SUBR()UTINE CAL..CUI-ATES THE LAYEF<ED FLOW RATES OF THE 
C INDIVIDUAL PI-IASES FOi~ THE WELL UNDER RATE CONSTF,AINT, AND 
C THEN DETERMINES THE FI-OWING I•OTTOM-HOLE Pr~ESSUJ~E OF THAT 
C WELL. IF THE: UEL.L. If3 UNDEF~ PID ANI> FBHP CONTROL, IT 
C CALCULATES THE LAYERED FLOU RATES OF THE INDIVIDUAL PHASES 
C FOR EXPLICJT PRESSURE CALCULATION. 

C NOMENCLATURE: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ALPHAU 
ALPHAG 
GHG 
GHU 
GMT 
IQ1 
IQ2 
IQ3 
l<RG 
KRU 
LAYER 

MUG 
MUW 
NTE 

NVQN 

PGT pp 
PPN 
Pl..JFC 

PUT 
QG 
QW 
QVG 
avu 
SG 
SW 

; GMW/GMT 
: GMG/GMT 
; KRG/MUG 
: KRW/MlJW 
: GMG+GMLJ 
: I ON 1 C: I , ..T , I, ) 
; I Q N 2 C: I , :r , I( ) 
: I O N 3 C: I , ,.T , I( :, 
; GAS PHASE RELATIVE PERMEABILITY 
: WATER PHASE RELATIVE PERMEABILITY 
: TOTAL NlJMI~ER OF CONSECUTIVE: COMPLETION LAYERS 

STARTING WITH AND INCLUDIN<3 IDN3 
: GAS VIBC(l!lITY 
1 WATER VISCOSITY 
; MAXIMUM NUMBER DF DATA ENTRY ALLOWED IN ALL 

PVT TABl .. l::S 
; NUMI<ER OF UELLS FOR UHICH WELL.. INFORMATION IS 

TO E<E READ 
: GAS PHASE PRESSURE ENTRY IN PUT TABLE 
:; PC:IQ1,I(l2.,I() 
1 P N ( IQ 1 , :C 112 , K ) 
:: FL.OWIN(3 B(JTTOM-HOLE PRESSURE OF RATE CllNSTRA-

I NTEI> WELL. 
; UATER PHASE PRESSURE ENTRY IN PVT TABLE 
1 LAYERED QAS FLOW RATE 
; LAYERED WATER FLOW RATE 
; UELL"S GAS PRODUCTION RATE 
: WE:L.L'S WATE:R PRODUCTIDN RATE (RATE CONSTRAINT) 
1 Gt,S SATU•~AT ION 
; WATER SATURATION 

C ---------------------------·--------------------------------------
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INCLUDE 'COMGUSIM-FOR 1 

DO~= 1,NVQN 
IQ1 = Il1N1(J) 
IQ2 = I(lN2 (J) 
IQ3 = IClNJC:J) 
LAY= IG3+LAYER(J)-1 

DO K = ICl3,LAY 
PWFCC:J,K) == -1.<> 
PP= P(IQ1,I02,K) 
CALL INTERP (NTE,PWT,MUWT,MPWT,PP,MUW) 
CALL INTERP (NTE,PGT,MUGT,MPGT,PP,MUG) 
SSW= SW(IG1,IQ2,K) 
SSG = SG(IQ1,IU2vK) 
CALL INTERP CNTE,SAT,KRWT,HSAT,SSW,KRW) 
CALL INTERP (NTE,SAT,KRGT,MSAT,SSG,KRG) 
GMW C: J, K) = l~RW/MUW 
GMG C: J ,, K) =: KRG/MUG 

END DO 
IF C:KIP(.J) .EQ. 1) THEN 

QDENOM = 0.0 
ALPHAW = 0.0 
AL.PHAG = 0. 0 
DO K ::: 103, LAY 

PP~ P(101,IU2,K) 
CALL INTERP (NTE,PUT,BlJT,HPUT,PP,BBW) 
CALL INTERP (NTE,PGT,BGT,MPGT,PP,BBG) 
CALL INTERP C:NTE, PlJT,RSLJT,MPU"T, PP,RSW) 
ClDENOM = flDl::NOM+PID (J, I() *GMU (J·, K) /BBW 
GMT= GMW(J,K>+GMG(J,K) 
ALPHAW = ALPHAW+GMWCJ,K)/GHT 
ALPHAG = ALPHAG+GMG(J,Kl/GMT 

END DCJ 

IF (OVT(J) .NE. 0.0) THEN 
TOTOR = QUT(J)*ALPHAW/CALPHAW+ALPHAG> 

ELSE 
TOTOR = OVUC:J) 

·· · ----···-7·-£ND~·lr 

$ 

• 

DOK= IC3,L.AY 
(lW (IQ 1 , I C~2, I() :..-: 

Cl G C: IQ 1 , I 02 , I() 

END D(l 
ELSE IF (KIP(J) .GT. 1) THEN 

DDENOM = 0.0 
DOK== I03,LAY 

QDENOM = DDENOM+PIDCJ,K)M(GMW(J,Kl+GMGCJ,Kl) 
END DO 

DO I( = IQ3, LAY 
IF (KIP(J) .EG" 2) THEN 

OW(IQ1,IQ2,K) = QVW(J)M5.615*PID(J,Kl*(GMW(J,K) 
$ + GHG(J,K))/ODENOM 

ELBE 
QG(IQ1,ID2,K) = GVG(J)M1000.*PIDCJ,K) 

END IF 
END DO 

* (GMW(J,K)+GMG(J,K))/ODENOM 

ELSE 
CONTINUE 

END IF 
END DO 
DO J •1,NVQN 

IQ1 == IllN!(J) 
IQ2 = I(lN2(J) 
IQ3 = IClN3 C:J:, 
LAY= IQ3+LAYERCJ)-1 

IF CKIP(J) .GE. 0) THEN 
DOK::: IQ3,LAY 
PUFCC:J,K) = 0.0 
IF C:PID(J,t,:> .GT. 0.0001) TBEN 

PP= PC:IQ1,102,K) 
CALL INTERP C:NTE,PUT.,BUT,MPWT,PP.,BBW) 
CALL INTERP C:NTE,PGT,BGT,MPGT,PP,BBG) 
CALL INTERP C:NTE,PWT,RBLJT,MPUT,PP,RSW) 
FAC = PID(J,K)*5.615 

IF (KIPCJ) .EG" 2) THEN 
GMTB = (GMW(J,K)+GMG(J,K))/BBW 
PWFC(J,K) = PP-OW(IQ1,IQ2,K)/(FAC*GMTB) 

ELSE IF CKIP(J) .Ea. 3) THEN 
GMT Ee = ( (3M '3 C: J , K ) +GM W ( J , K ) ) I B BG 
PWFCCJ,K) = PP-QG(IGl,102,K)/CFAC*GMTB) 

ELSE 
GMTB = GMU(J,K)/BBU+GMG(J,K)/BBG 
SOLN = RSW*QW(I01,ID2,K) 
OT = QW(IQ1,IQ2,K)+QGCI01,1Q2,K) 
PWFCCJ,K) = PP-(QT-SOLN)/(FAC*GMTB) 

END IF 
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C 

END IF 
END DO 

ELSE 
DOK::: 103,LAY 

PPN = PNCIQ1,!Q2,K) 
CALL INTERP C:NTE,PUT,BWT,HPUT,PPN,BI•U:> 
CALL INTERP (NTE, PGT, BGT, MPGT, PPN, BicG) 
CALL INTERP C:NTE,PUT,RSWT,MPWT,PPN,RSU:> 
IF (KIP(J) .EQ. -1) THEN 

QW(IQ1,I02,K) = PIDCJ,K)*5.615*GMWCJ,K)* 
$ CPPN-PWF(J,K))/BBW 

IF (PPN .LEM PWF(J,K)) QU(IG1,IQ2,K)=O.O 
QG(IQ1,IQ2,K) = UU(IQ1,IG2,Kl*GMG(J,Kl*BBW 

$ /(BBGHGMW(J,K))+RSW*OW(IQ1,IQ2,K) 
ELSE IF CKIPCJ) .EO. -2) THEN 

OW(IQ1,IQ2,K) = PIDCJ,K)*5.615*(GMW(J,Kl+ 
$ GMGCJ,K))*CPPN-PWF(J,K))/BBU 

IF CPPN .GE" PUFCJ,K)) QW(IQ1,ID2,K)=O.O 
ELSE IF CKIP(Jl .ED. -3) THEN 

QG(ID1,IQ2,K) = PIDCJ,K)*5.615*(GMWCJ,K)+ 
$ GMG(J,K))H(PPN-PUFCJ,K))/BBG 

IF (PPN .GE. PUFCJ,K)) QG(IQ1,I02,K)=O.O 
ELSE 

CONTINUE 
END IF 

END DCl 
END IF 

END DO 
RETUf~N 
END 

C =======================~~~=~============================:=;===== 
SUBROUTINE SOLMAT CII,JJ,KK,DIV1,D288,D144,KSM, 

$ KSM1,N,NN,KCOFF) 

C =====•==================~=~~===========~================~~===== 
C THIS SUBROUTINE ESTABLISHES ALJ,AE,AS,AN,AT,AB,E, AND B. 

INCLUDE 'COMGUSIM.FOR' 

REAL MUG1,MlJG2,MUG3,MUG4,MUG5,MUG6, 
$ HULJ1,MlJW2,MUW3,MUW4,HUW5,MUW6, 
$ MG1,MG2,MG3,MG4,MG5,MG6, 
$ MU1,MW2,MU3,MU4,MW5,HW6, 
$ KRG1, Kr\G2, Kf.:03, l(RC34, KRG5, KRG6, 
$ KRU1,KRW2,KRW3,KRW4,KRU5,KRW6 

DATA 
DATA 
DATA 
DATA 
DATA 

MG1,MG2,MG3,MG4,MG5,MG6/6*0.0/ 
MW1,HW2,MW3,HW4,MWS,MU6/6*0.0/ 
RSU1,RSU2,RSU3,RSW4,RSW5,RSU6/6MO.O/ 
GGU1,GGU2,GGU3,GGW4,GGUS,GGW6/6MO.O/ 
GUW1,GUU2,GWU3,GWW4,GUW5,GWW6/~*0.0/ 

DO 200 k:=1,KK 
DO 200 J=1,Jj 
DO 200 I=l,II 

PP• PCI,J,t<) 
CALL INTERP<:NTE,PWT,RSWT,MPUT,PP,RSU) 
CALL INTERP(NTE,PWT,MUWT,HPUT,PP,MUlJ) 
CALL INTER P C: N 1' E , P C3 T " 11 U GT , MPG T , PP , MUG ) 
SSW• SUt:I,j,K) 
SSG = SGC:I,J,K) 
RU a CRHOSCW+RSUMRHOSCG)/BWCI,J,K) 
RG = RHOSCG/BGCI,J,K) 
IF (I .NE. 1) THEN 

P 1 = P C: I ·- 1 , J , I\ ) 
CALL INTERP(NTE,PWT,RSUT,MPWT,P1,RSW1) 
CALL INTER P C:NTE:, PWT, HlJWT, MPLJT, P 1, MlJLJ 1) 
CALL INTER P C:N'f'E., PGT, MUGT, MPGT, P 1, MUG 1) 
SUlS = SW(I-1,J,K) 
SG1S = SG(I-1,J,K) 
RU1 = CRHOSCU+RSW1*RHOSCG)/BW(I-1,J,K) 
RGl = RHOSCG/BG(I-1,J,K) 
FACT= -D2B8*(ELCI-1,J,K)-ELCI,J,K)) 
GWU1 = CRW1+RW)*FACT 
GGU1::: (RG1+RC3)itFACT 
P11 :: Pl-PP 
HW1 aa P11+GWW1 
HG1 = P11+GGlJ1 
IF (HW1 .GE. ORO) THEN 

CALL INTERP (NTE, SAT, l(RWT, MSAT, SW1S, KRW1) 
ELSE 

CALL I NT ERP C: NT~~ , SAT , I( RW r , MS A 'f , SS lJ , t< RW 1 ) 
END IF 
IF C:HG1 .GE. 0.0) THEN 

CALL INTERP(NTE,SAT,KRGT,MSAT,SG1S,KRG1) 
ELSE 

CALL INl'ERP C:NTE, SAT, t(RGT, MSAT, SSG, KRG1 :> 
END IF 
MWl = 4.0*KRU1/((BU(I-1,J,K)+BWCI,J,K))*(MUU1+MUW)) 
MG1 =. 4.0*KRG1/CCBG(I-1,J,K)+BGCI,J,K))*(MUG1+MUG)) 

END IF 
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AUU = TX(I,J,K)*MWl 
AGU = TX(I,J,K)*MGl 
IF (I .. NE. II) l'HF.:N 

P 2 = P ( I+ 1 , J , I( ) 
CALL 1 NTER P C:NTE, PWT, RSUT, MPUT, P2, Rf3W2) 
CALL IN TERP (NT~~, PWT, MUUT, HPWT, P2, MUW2) 
CALL INTERPCNTE,PGT,MUGT,MPGT,P2,MUG2) 
SU2 = SW(I+l,J,K) 
SG2 = SG(I+1,J,K) 
RU2 = (RHOSCU+RSW2*RHDSCG)/B~CI+1,J~K) 
RG2 = RHOSCG/BG(I+1,J,K) 
FACT= -D288*(EL(1+1,J,K)-ELCI,J,K)) 
GWW2 = (RW2+RU)*FACT 
GGU2 = (RG2+RG)*FACT 
P22 = P2-PP 
HU2 = P22+GWU2 
HG2 = P22-t·GGU2 
IF (HW2 .GE. 0 .. 0) THEN 

CALL INTE:RP C:NTE, SAT, KRWT, M!3AT, SW2, KRW2) 
ELSE 

CALL IN TERP CNTE, SAT, KRUT, MSAT, SSlJ, KRW2) 
END IF 
IF CHG2. GE. 0.0) THEN 

CALL. INTER P ( NTf.::, SAT., KRGT, MSAT, B(,2, KRG2) 
ELSE 

CALL INTER P (NT •z , SAT , K R GT , M 1; AT , SS G , K RO 2 :, 
END IF . 
MU2 = 4.0*KRU2/((DW(I+1,J,K)+BUCI,J,K))*(MUW2+MUW)) MG2 = 4.0*KRG2/((BG(I+1,J,K)+BGCI,J,K))*(MUG2+HUG)) 

END IF 
AUE= TX(I+1,J,K)*HW2 
AGE= TX(I+1,J,K)*M(;2 
IF (J rNE. 1) THEN 

P3 =PC:I,J-1,1() 
CALL INTERP(NTE,PWT,RSWT,MPWT,P3,RSW3) 
CALL 1 NTER P <:NTE:, PWT, MUUT, MPIJ'T, PJ, MUW3) 
CALL INTERPCNTE,PGT,MUGT,MPGT~PJ,MUGJ) 
SU3 = SWCI,J-1,K) 
S G 3 = S G ( I , J -1 , I() 
RU3 = (RHOSCW+RSW3*RHOSCG)/BWCI,J-1,K) 
RG3 = RHOSCG/BG(I,J-1,K) 
FACT = -D 2 B 8* C: E:1- C: l , J -1 , I() -EL ( I , J , I( ) ) 
GUW3 = (RU3+RU)uFACT 
GGW3 = (RG3+RG)HFACT 
P33 == P3-PP 
HU3 = P33+GWLJ3 
HG:3 = P33+GGLJ:3 
IF (HW3 .GE. 0.0) THEN 

CALL INl'ERP C:NTE, SAT, l<RWT, MSAT, SW~'5, KRW3:> 
ELSE 

CALL INl'ERP (NTE, SAT, l<RUT, MSAT, SSlJ, KRW3) 
END IF 
I F ( H C3 3 • GE: .. 0 • 0 ) TUE N 

CALL INTERP CNTE, SAT, l(RGT, MSA'f, SG3, KRG3:> 
ELSE 

CAL.L I NT ERP C:NTE, SAT, l<RGT, MSAT, SSG, KRG3) 
END IF 
MW3 = 4.0*KRLJ3/((DWCI,J-1,K)+BW(I,J,K))*C:MUU3+MUU)) MG3 = 4.0*KRG3/((DG(I,J-1,K)+BGCI,J,K))*(HUG3+MUG)) 

END IF 
AUS= TYCI,J,K)*MW3 
AGS = TY (I, J, K:>ttMB~~ 
IF CJ .NE. JJ) THEN 

P4 = P(I,J+l,K) 
CALL INTERPC:NTE,PWT,RSWT,MPWT,P4,RSW4) 
CA L.L INTER P (NT 1:: , PW T , M lJW T , M P IJ T , P 4 , M UtJ 4) 
CALL lNTEf~P (NTE:, PC3T, MlJGT, MPGT, P4, MUG4) 
S LJ 4 = SW ( I , J + 1 , I( ) 
SG4 = SG(I,J+1,K) 
RW4 = (RHOSCU+RSW4*RHOSCG)/BWCI,J+1,K) 
RG4 = RHOSCG/BGCI~J+l,K) 
FACT= -D288*(EL(I,J+1,K)-ELCI,J,K)) 
GUW4 = (RW4+RU)ttF'ACT 
GGW4 = (RG4+RG)*FACT 
P44 == P4-PP 
HW4 = P44+GWW4 
HG4 = P44+GGU4 
IF (HW4 .GEM 0~0) THEN 

CALL INTER P (NT•:, SAT, KRWT, MSA T, SWI,, KRW4) 
ELSE 

CALL INTERP(NTE,SAT,KRWT,MSAT,SSW,KRW4) 
END IF 
IF (HC34 .GE. 0.0> THEN 

CA 1-L INTER P ,: NT•::: , SAT , K R GT , MS A 'T , S G 1, , K R G 4 :, 
ELSE 

CALL INTERP (NTE, SAT, KRGT, Mf3AT, SSG, KRG4) 
END IF 
MU4 = 4. O*KRW4/ ( (l:CLJ (I, J+1, K) +BU (I, J, K)) * (MLJU4+MUU)) 
MG4 = 4.0*KRG4/((DGCI,J+l,K)+BGCI,J,K))*(HUG4+HUG)) 

END IF 
AWN= TYCI,J+1,K)nMW4 
AGN = TYC:I,J+1,K)*MG4 
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IF CK .NE. 1) THEN 
P5 = P(I,J,K-1) 
CALL INTERP(NTE,PWT,RSWT,HPUT,P5,RSW5) 
CALL I NTERP (NTE, PlJT, MlJWT, MPWT, Pt3, MlJW5) 
CALL I NTERP (NTE:, Pl3T, MUGT, MPOT, P5, MlJG~i) 
SU5 = SW(I,J,K-1) 
SGS= SGCI,J,K-1) 
RU5 ~ (RHOSCW+RSW5*RHOSCG)/BWCI,J,K-1) 
RG5 = RHOSCG/BG(I,J,K-1) 
FACT= -D2B8*(EL(l,J,K-1)-ELCI,J,K)) 
OUWS ~ (RWS+RU)*FACT 
GGU5 = (RG5+RG)HFACT 
P55 = P5-PP 
HW5 = P55+GWW~5 
HG!5 = P55+GGW~5 
IF CHW5 .GE. 0.0) THEN 

CALL INTERP CNTE, SAT, l<RWT, MSAT, !3W~j, KRW5) 
ELSE 

CALL INTERP C:NTE, SAT, KRUT, MBAT, S81J, KRW5) 
END IF 

IF (HG5 .GE. 0.0) THEN 
CALL INTERPCNTE,SAT,KRGT,MSAT,SGS,KRGS) 

ELSE 
CALL INTERPCNTE,SAT,KRGT,MSAT,SSG,KRGS) 

END IF 
MUS= 4.0*KRU5/C(BUCI,J,K-l)+BUCI,J,K))*C:MUU5+MUU)) 
MG5 = 4.0*KRG5/(CDG(I,J,K-1)+BG(I,J,K))*(MUG5+MUG)) 

END IF 

AUT = TZC:I,J,K)*MW5 
AGT = TZlI,J,K)*H05 

IF CK .NE. KK) THEN 
P6 = PC:I,J,K+1) 
CALL INTERP(NTE,PWT,RSWT,MPUT,P6,RSW6) 
CALL INTERP(NTE,PWT,MUWT,MPUT,P6,MUW6) 
CALL INTER P (NTE:, P<3T, MlJ(3T, MPGT, P6, MUG6) 
SU6 = SU(I,J,K+1) 
SG6 = SG(I,J,K+1) 
RW6 = (RHOSCU+RSW6*RHOSCG)/BYCI,J,K+1) 
RG6 = RHOSCG/BGCI,J,K+l) 
FACT= -D288*(ELCI,~,K+l)-ELCI,~,K)) 
GWU6 = (RW6+RW)MFACT 
GGU6 ::: (RG6·t-R(3) *FACT 
P66 == P6-PP 
HW6 = P66+GWW6 
HG6 = P66+GGW6 
IF (HW6 .GE. 0~0) THEN 

CALL.. I Nl"ERP C: NTE, SAT, KRUT, MSAT, SW6, KRW6 :> 
ELSE 

CALL INTERP C:NTE, SAT, KRUT, MSAT, S~3W, KRW6) 
END IF 
IF (HG6 .GE. 0.0) THEN 

CALL.. INTf.f~P (NTE, SAT, KRGT, MSAT, BC36, KRG6) 
ELSE 

CALL IN1"ERP C:NTE, SAT, KRGT, MSAT, SSG, KRG6) 
END IF 
HU6 = 4.0*KRW6/C(BWCI,J,K+1)+BWCI,J,K))*CHUW6+MUW)) 
MG6 = 4.0*KRG6/(CBGCI,J,K+1)+BG(I,J,K))*(HUG6+MUG)) 

END IF 

AUB = TZ<:I,J,K+1)*MW,~ 
AGB = TZ <:I, J, K·t·1) *MG,~ 

RSW1A 
RSU2A 
RSUJA 
RSW4A 
RSU5A 
RSW6A 

AU1 = AU2 --
AU3 = AU4 = 
AU5 = AU6 --

AWl-J*GUWl 
AWEiEGWW2 
AUS*GWU3 
AWN*GWW4 
AlJTMGWWS 
AWB*GWW6 

GUWTCI,J,K) = AU1+AW2+AW3+AU4+AW5+AW6 
GGUTCI,J,K) = AGU*GGW1+AGE*GGW2+AGS*GGW3+AGN*GGU4+ 

$ AGTHGGW5+AGB*GGW6+RSW1A*AU1+RSW2A*AW2+ 
$ RSW3A*AW3+RSU4A*AW4+RSU5A*AU5+RSW6A*AW6 

QOUGCI,J,K) = (BUCI,J,K)-BG(I,J,K)*RSW)*(-GWUT(I,J,K)+ 
$ aw ( I , J ' K ) ) +BG ( I ' J ' I( ) * ( ... G G w T ( I 'I J' , K ) + a G ( I ' J 'I K ) ) 

$ 

$ 

$ 

$ 

AW(I,J,K) = (BW(I,J,K)+0.5*BG(I,J,K)*CRSW1-RSU)l*AWW+ 
BG C: I , .. T , I< ) *AG U 

AE(I,J,K) = (BWC:I,J,K)+0.5*BGCI,J,K)*(RSW2-RSU))*AWE+ 
BG ( I , :r , I( :> *AGE 

ASCI,J,K) = (BW(I,J,K)+0.5*B0(I,J,K)*(RSW3-RSU))*AWS+ 
I•G <:I, J, I(:> *AGS 

AN(I,J,K) = (BWC:I,J,K)+0.5*B0(I,J,K)*(RSW4-RSU))*AWN+ 
DG(I,J,l()tfAGN 

ATCI,J,K) = (BWCI,J,K)+0.5*8G(I,J,K)*(RSW5-RSU))HAWT+ 
BG(I ,J.,J()ifACl'T 

ABCI,J,K) = (BW(I,J,K)+0.5*B0C:I,J,K)*(RSW6-RSU))*AWB+ 
Ee G ( I , J , I( ) *AG B 
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U LJ ( I , J' , I< ) - AWW -UE<I,j,K) -· AWE -US ( I , .. T, I() - AWS -UNC:I,J,K) -· AWN -UT<I,j,I\) = AWT 
UB (I, .. T, I() - AWB -
IF (KCOFF .NE. 0) THEN 

UR I TE ( I c, CODE , ~3 ~J) 
URITE(IOCODE,2) I,J,K,MW1,MW2,MW3,MW4,MW5,MW6 
URITE(IOCODE,2) I~J,K,MG1,MG2,M03,MG4,MG5,MG6 
URITE(IOCODE,2) I,J,K,AWU,AWE,AWS,AWN,AUT,AWB, 

$ BW(I,J,K),RSY 
WRITE(IOCODE,2) I~J,K,AGW,AGE,AGS,AGN,AGT,AGB, 

$ BGCI,J,K) 
WRITE(IOCODE,2) I,J,K,GWUTCI,J,K),QW(I,J,K), 

$ GGUTCI,J,K),QG(I,J,K),QOWG(I,J,K) 
END IF 

200 CONTINUE 

C ----------------------------------------~-----------------------
C CALCULATE MAIN DIAGONAL AND RHS VECTOR. 

C ----------------------------------------------------------------
DO 300 K=l, l(K 

· DO 300 J=l,..TJ 
DO 300 I=l,II 

SUMCI,J,K) = AWCI,J,K)+AECI,J,K)+ASCI,J,K)+AN(I,J,K)+ 
$ ATCI,J,Kl+AB(I,J,K) 

GAMCI,J,K) = VP(I,J,K)*CTCI,J,K)*DIV1 
E(I,J,K) = -SUM(I,J,K)-GAM(I,J,K) 
B(I,J,K) = QOUGCI,J,K)-GAMCI,J,K)*PCI,J,K) 

300 CONTINUE 

IF C:KSM1 .. EQ. 0) RETU•~N 
IF (N.NE.1 .AND. N.NE.NN .AND. N.NE.KSM) RETURN 

WRITEC:IOC(JDE: ,4) 
DO 500 K= 1, l(K 
DO 500 J=l,JJ 
DO SOO I=l,II 

URITE(IOCODE,2) 
$ 
$ 

500 CONTINUE 

I,J,K,AT<I,J,K),AS(I,J,K),AU(I,J,K), 
ECI,J,K),AECI,J,K),ANCI,J,K),ABCI,J,K), 
BC:I,.J,K) 

2 FORHAT(1X,3I3,8E15.6) 
4 FORHAT(//3X,'NODE',6X, 1 ATCI,J,K)',5X,vASCI,J,K)',5X, 

$ 'AWCI,J,K)',5X,'ECI,J,K)',5X,'AE(I,J,K) 1 ,5X, 
$ 'AN(I,J,K)',5X, 1 ABCI,J,K)',5X,'BCI,J,K)'/) 

33 FORMAT(//) 
RETURN 

· END 
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C 
C ======================;~~==~=================================== 

SUBROUTINE TABLE 

C ========================~~~~============================~===;== 
C THE SUBROUlINE ESTABLISHES THE RELATIVE PERMEABILITY AND 
C CAPILLARY P•~ESSURE TABLES, AND FLUID PVT I>ATA TABLES .. 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

·C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NOMENCLATURE: 

·-· ....... - --- - - . 

BUTC:L) 

BGT(L) 

BUPTc:L> 

BGPTC:L) 

CRTC:L) 

IHEDINC:L) 
L 
KRGTC:L) 
KRUTC:L> 
HSAT 

HUUTC:L) 
HPWT 

HUGT(L) 
HPGT 

NTE 

PCGUTC:L:> 
PMAXT 

PUTC:L) 

PGTC:L) 

RSUTC:L) 
RHOSCW 
RHOSCG 

RSLJPTC:L) 

SAT(L) 

• • 
• • 
• • 

• • 

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

= 
• • 
• • 
• • 

• • 

• • 
= : 

• • 

• • 

VARIABLE UATER FORMATION VOLUME FACTOR 
VALUE., RB/STB. 
VARIABLE GAS FORMATION FACTOR VALUE, 
RCF'/SC:F. 
SLfJPE dBW/dP .. 
BWPT IS CALCULATED AS CBWT(L)-BUT(L-1))/ 
( PW T C: I .. ) - PW T C: L-1 ) ) • 
SLDPE dBG/dP. 
BGPT IS CALCULATED AS (BGTC:L) .. ·EcGTC:L-1))/ 
C:PGTC:l)-PGTCL-1)). 
PRESSURE DEPENDENT ROCK COMPRESSIBILITY, 
/PSIA .. 
STORAGE MEMORY FOR INPUT TITLE CARD~ 
COUNT NUMBER. 
GAS PHASE RELATIVE PERMEABILITY 
WATER PHASE RELATIVE PERMEABILITY. 
MAXIMUM NUMBER OF ENTRY VALUE FOR PHASE 
SAT Un A ·r· I ON. 
WATER VISCOSITY, CENTIPOISES • 
MAXIMUM NUMBER OF ENTRY VALUE FOR WATER 
PHASE PRESSURE, PSIA. 
GAS V I !:, C Cl S 1 TY , C PS • 
MAXIMUM NUMBER OF ENTRY VALUE FOR GAS 
PHASE PRESSURE, PSIA. 
MAXIMUM NUMBER OF DATA ENTRY ALLOWED IN 
ALL PVT TABLES. 
GAS/WATER CAPILLARY PRESSURE, PSI. 
MAXIMUM PRESSURE ENTRY IN ALL PVT TABLES, 
PSIA .. 
WATER PHASE PRESSURE, PSIA. 
THE LAST ENTRY OF PUT IN THE TABLE HUST 
EcE PMAXT. 
GAS PHASE PRESSURE, PSIA-
THE LAST ENTRY OF PGT IN THE TABLE MUST 
EcE PMAXT. 
GAS IN WATER SOLUTION R~\TIO, SCF/STB. 
ST(lCI( TANK WATEI~ DENS I TY, LB/CU FT. 
GAS DENSITY AT STANDARD CONDITIONS, 
LB/C:lJ FT. 
SL(lPE dRSW/d P. 
f<SWPT IS CALCULATED AS (l~SWT(L:>-RSWT(L-1)) 
/(PWT(Ll-PUT(L-1)). 
VALUE ()F PHASE BATURATION IN FRACTICJN. 
FIRST ENTRY OF BAT SHCllJL.D BE --0.10, AND 
THE LAST ENTRY MUST BE 1.10. 
SAT REFERS TO THE SATUR~aTION OF EACH PAR­
TICUI-At";: PHASE. FOR EXa~MPLE, SAT=O. 2 MEANS 
l(RWT LJOULD REFER TCJ WATE:r< RELATIVE PERM­
EABILITY IN THE PRESENCE OF 20 PERCENT 
WATER SATURATION, KRGT(20X GAS SATURATION) 
AND PCGWT(20% OAS SATURATION>. 

C ---------------------------------------------------------------
INCLUDE 'COMGUSIM.FORY 

C ---------------------------------------------------------------
C 
C 

ESTABLISH RELATIVE PERMEABILITY AND CAPILLARY 
PRESSUt~E TABLES. 

C ---------------------------------------------------------------
URITE(IOCODE,111) 
READC20,69) (IHEDIN(L)., L=1,80) 
DO L=1,NTE 

RE AD C: 2 0 , * :, SAT <] .. ) , I( RW T CL ) , K RG T ( L ) , PC G WT C: L ) 
Uk I TE C: I O CODE , 2 1 ) SAT ( L ) , I< RW T ( L ) , I( R G ·r C: L. ) , PC G WT C: L. ) 
IF ( SAT C: L :, • GE .. 1 • 1 ) B (l TO 1 0 

END DO 
10 MSAT = L 

LJRITE(IOCODE,112) 
READC20,69) (IHEDINCL>, L=l,80) 
READC20,*) PMAXT 
WR I TE C: I OC(lDE, 31) PMAx·r 

C ---~------------------------------------------------------------
C ESTABLISH WATER DATA TABLE. 

C ----------------------------------------------------------------
URITE(IOCODE,113) 
READ(20,69) C:IHEDINCL), L=1,BO) 
DO L=l,NTE 

READ(20,~) PWT(L),MUWT(Ll,BWT(L),RSWT(L) 
LJRITECIOCODE,21) PWTC:L),MUWT(L),BWT(L),RSUTC:L) 
IF (PLJTC:L:>.GE .. PMAXT) GO TO 30 

END DO -215-
30 MPUT = L 
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C ---------------------------------------------------------------

C ESATBLISH GAS AND ROCK DATA TABLE. 

C ---------------------------------------------------------------
URITE(IOCODE,114) 
READC20,69) (IHEDIN(L>, L=1,80) 
DO L=1,NTE 

READC20,*) PGT(L),MUGTCL),BGTCL),CRTCL) 
URITEC:IOCODE,24) P'3T(L),MlJGT(L),BGT(L),CRTC:L:> 
IF C: PGT (L:,. GE: .. PMAXT) GO TO 40 

END DO 
40 HPGT = L.. 

C --------------------------------------------~-------------------
C UATER AND GAS DENSITIES AT STOCK TANK CONDITIONS. 

C ---------------------------------------------------------------
URITECIOCODE,115) 
READC20,69) CIHEDINC:Ll, L=1,80) 
READ(20,*) RHOSCW,RHOSCG 
URITECIOCODE,401) RHOSCW,RHOSCG 

C ---------------------------------------------------------------
C CALCULATE SLOPES dBW/dP, dRSU/dP, AND dB6/dP. 

C ---------------------------------------------------------------

C 

21 
24 
31 
69 
111 

112 

113 

114 

115 
??? ---
224 
401 

444 

445 

URITECIOCODE,222) 
DO L=2,MPLJT 

BUPT (L) ~ C: BWT <:L. :>-BUT C:L-1)) IC: PWT (L) ·-PUT (L-1)) 
RSUPT(L)=(RSUl"(L)-RSWT(L-1))/CPUT(L)-PWT(L-1)) 
URITE(IOCODE,224) pw·r(L),BWTCL),BWPT(L),RSWT(L),RSWPT(L) 

END DO 

URITECIOCODE,444) 
DO L=2,MP(3T 

BG PT ( L ) = C: BG 'T C: L ) - B (; T ( I.. -1 ) ) I ( PG T C L :> ·- PG T ( L-1 :, ) 
URITECIOCODE,445) PGTCL),BGTCL),BGPTCL) 

END DO 

FORHATC20X,4F10.4) 
FORMAT(18X,F10.1,1X,F8~4,2X,E10.4,2X,E10.3) 
FORHATC:27X,"'PMAX1' 1 T37,"':;",1X,F10.2,1X,"PSIA.'////) 
FORHAT(80A1:> 
FORHAT(5(/),15X,"RELATIVE PERMEABILITY AND CAPILLARY~, 

$ 1 PRESSURE l'ABI-E'' /15X,50(~ _., )///20X,., SAT", 
$ " KRW KRG PCGU"/20X," ---", 
$ ., --- --- ----"/) 

FORMAT(////20X,"MAXIMUM PRESSURE ENTRY IN ALL PVT TADI.ES", 
$ / 2 0 X , 4 0 ( 7 -· 

7 
) I I ) 

FORMAT C:30X, 1 WATEr~ PVT TABLE" /30X, 15 <., ·- ~) ///25X, 
$ "P VISW BU RSU'/25X, 
$ ,_ ---- ---'/) 

FORHAT(///20X, 7 GAS PVT TABLE AND ROCI( C:ClMPRESSBILITY DATA', 
$ /20X,43( 7 -')//26X,'P VISG BG CR", 
$ /26X,'- ---- --'/) 

FORMAT(6(/),20X,'UATER AND GAS DENSITIES AT STOCK", 
$ 'TANK CONDITIONS 1 /20X,4S( 1 -')//) 

FORMAT(//25X,"SLOPE FOR COMPRESSIBILITY CALCULATION'/25X, 
$ 36('-')///20X,YFOR WATER:'//23X,"P',7X,,BW",7X, 
$ "DBW/DP',8X,'RSU', 
$ 4X,~DRSU/DP 1 /23X,'-',7X,"--',7X,'------",8X,'---", 
$ 4X, 1 -------"/) 

FORHATC20X,F7.1,FB.4,3X,E11.4,F8.1,2X,E11.4) 
FORHAT(30X,.'RHOSCW" ,T40," :' ,1X,F10.4,1X,.,LB/CU FT"/3C>X, 

$ 'RHOSCG',T40,':",1X,F10.4,1X,~LB/CU FT"//) 
FORMAT(//20X,"FOR GAS: 1 //25X, 1 P",13X,"BG 1 ,12X,'DBG/DP 1 /25X, 

S '-',13X,"--',12X,"------'/) 
FORHAT(20X,F9.1,1X,2E15M4) 

RETURN 
END 

C ========================~==~================:===========~~===== 
SUBROUrINE TRAN1 (Il,JJ,KK,KTR) 

C ===========================~============================rn====~= 
C THE SUBROUTINE CALClJLATES THE COEFFICIENTS OF TRANSMISSI-
C BILITY IN THE X, 'f, AND Z DIRECTIDN BLOCl,B IN THE HODEL 
C GRID. THE PROGRAM COULD MODIFY TO GRID TRANSMISSIBILITY 
C IF NECEESSARY. TI-IE CDNVENT:CON UBED IN SPECIFYING l"RANSMI-
C SS I BI LI TY M () I) IF I CA r 1 tl N IS l N sue... A WAY , ·-:· 0 R EX AMPLE , 
C IN Gf(II) BLIJCl(C:I,J,I() rx<:I,..1',K) REFEns T() FLOW ACROSS THE 
C BOUNDARY BETWEEN Ecl.OCl(S ( I-1:, AND (I). 
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C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.. -- --

NOMEMCLATURE: 

A1C:I,J,K) 
A 2 C: I , J , I( ) 
A3 (I, .. T, K) 
D X <: I , .. T , I< ) 

DY C: I , J , I"~ ) 

DZC:I,J,K) 

IHEDINC:L:> 
ITCODE 

I 
II 

.J 

.JJ 

K 
KK 
KXC:I ,J,I<) 

KYC:I ,..T,I"~) 

KZC:I,J,K) 

KTR 

NUHTX 

NUMTY 

NUMTZ 

TX(I,,T,t<) 

TY C: I, j, I() 

TZ C: I , J, I\) 

• .. 
• • 
• • 
• • 

• • 
• • 
• • 
• • 

• • • Ill 

• • 
• • 

• • 
• • 
• • 
• • 
• • 
• ,, 

.. • 
• • 
• • 

• ,, 

• • 

.. • 

-

KX(I,J,K) * DY(I,J,K) * DZ(I,J,K) 
KY(I,J,K) * DX(I,J,K) * DZ(I,J,K) 
KZC:I,J,K) * DXCI,J,K) * DY(I,J,K) 
V~,R :c ABLE:: X-D IRECT 1 C)N DIMENSION OF BLOCK 
IN THE MODEL GRID, FT. 
VARIABI...E Y···DIRECT:CON l)IMENBION CJF BL..CJCI( 
IN THE MODEL GRID, FT. 
VAR ! ADLE z .... D J:RECT I ON DIMENSION OF BLOCK 
IN THE MODEL GI:;: ID, FT. 
~3TCJ•~AGE MEMOl~Y FOR IN PUT TITLE CARD .. 
Pf.:IN'f CODE FOR MClDIFICATIDN TO TR1~Nl,MI­
SSIBILITY DISTRIBUTIONS. 
ITCDOE :::: 0 MEANS "'Dl1 NOT PR I NT., , AND 
I TC (l )) E ::.: 1 ME ANS ., PR I NT ., " 
x-coo.-~DINATE ClF BLCJCI< T() J-:;E MODIFIED. 
NUMBl:'.t~ OF BLOCKS IN THE X·-·D I HECT I ON IN 
TI-IE M()).)E:L BR:CD .. 
Y -- C CJ O •~ D I NATE () F B L (] C I< TO BE MOD IF I EI> • 
N lJ MB E:]-;: Cl F BI..(] CK B I N THE Y ·-· D I RE C T I ON I N 
THE MODEL GRID .. 
Z-CCJ(Jf~D IN1~TE OF BLDCK TO HE MODIFIED .. 
NUMB E:t-;: () F B L CJ CK S I N THE Z ·•· D I F~ EC T I ON I N 
THE: MODEL G~"".: ID .. 
VA r, :c AD L £ X -- D 1 Ii: EC T 1 (] N p Er, ME 1-'1 B ! L I TY (1 F 
BL.DCK IN THE MODEL GRID IN MILLIDARCIES. 
VA F, I AD L C-: 'V .... D I r;: EC T 1 () N PEE: ME A B I L IT Y () F 
BLDCI( IN THE MODEL GRID IN MI Ll.. l DARCI ES. 
VARIAfJI...E Z-DIRECTION PERMEABILITY OF 
BLOCK IN THE MODEL GRID I tJ MILL.. I DARCI ES. 
TRANSMISSIBILITY DEBUG OUTPUT CONTROL. 
KTR := 0 MEAN~, ., DO NOT Pf.: 1 NT, ., AND 
KTR = 1 MEANS ~PRINT'. 
NUMB~2:R OF G~;: ID BLOCKS WH~:.RE TX IS TO BE 
CHANGED. 
NUMBI::.-:: OF GRII> BLOCKS LJHERE TY rs TO BE 
CI-IANGE::D. 
NLJMBEf~ OF GR !I) BLDCl(S LJHERE TZ IS TO BE 
CHANGED. 
VARIABLE COEFFICIENT OF X-DIRECTION TRAN­
, • ._. I <'" '" ·c \.-., I L I T Y ,.>1·l • ,'l ,:) . P • • 

TX IS CALCULATED AS 0.012656* A1(I-1,J,K)H 
Ai(I,J,K)/(DX(I-1,J,K)* A1(I,J,K) + 
DX(I,J,K)* Al(I-1,J,K)) 
VARIABLE COEFFICIENT OF Y-DIRECTION TRAN­
SMISSIJ:.lIL ITY. 
TY IS CALCULATED AS 0.012656* A2(I,J-1,K)* 
A2(I,J,K)/(DYCI,J-1,K)* A2(I,J,K) + 
DY(I,J,K)* A2(I,J-1,K)). 
VAF~IABLE: COEFFICIENT OF Z·-l>IRECTifJN TRAN­
SMI!;SI[cILITY" 
T 2. 'I "\ , ... A I ·"I lJ I A TE D A ("' () 0 1 ,, L a::· • A 3 . I J L·· 1 · , 0 .. .• l.., •. I ,:> • .... r.> ,.J 6 * ,. (. , ' , 1'- - ) * 
A3CI,J,K)/(DZCI,J,K-1)* A3(I,J,K) + 
DZ C: I ., J ., K ) * A :3 ( I , ..T , I( - 1 ) ) • 

C ---------------------------------------------------------------
INCLUDE 'COMGWSIM.FOR 1 

C ----------------------------------------------------------------
C 
C 

CALCULATE THE COl:.F"FICIENTB OF Tt~ANBMI SS I B IL I TY f'OR 
BLOCKS JN THE MODEL GRID. 

C --------------------------------------------·--------------------

DO 30 1<=1, Kl( 
DO 30 J=1,,TJ 
DO 30 I=1,II 

A1CI,J,K) = KXCI,J,K)*DY(I,J,K)*DZCI,J,K) 
A2(I,J,K) = KYCI,J,K)*DX(l,J,K)ffDZ(I,J,K) 
A3(I,J,K) = KZ(I,J,K)*DX(l,J,K)HDYCI,J,K) 

30 CONTINUE 

IF C:II .GT. 1) THEN 
DO 50 1(=1,KK 
DO 50 ,r:.-.: 1 , J J" 
DO 50 I=1,II 
IF C:I\XC:J:-1,J,I() .(3T. 0.0001 .AND. KX(I,J.,K) .GT .. 

$ 0.0001) THEN 
T X C: I , J , t,) ::: <> • 0 1 2 6 5 6 * A 1 ( I ·- :I. , :r , I< ) * A 1 C: I " J , K ) I 

$ C: D X C: I - 1 ., J , I( ) it A i. ( I , J . ., K ) + I> X ( I , J , K :> * 
$ Al(I-1,J,K)) 

END IF 
50 CONTINUE 

END IF 

- 2.1~ 'd.-
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IF (J'~ .GT. 1) l'HEN 
DO 55 I(::: 1 , Kt, 
D O 5 ~i . T-= 1 , J J 
DO 55 l'-=1,ll 

. - ·--··-· .... 

I F ( I< Y ( l , J - 1 , K) • 0 T • 0 • 0 0 0 1 • AN D • I< Y ( I , :r , K :, • G T .. 
$ 0 • 0 0 0 1 ) THE I~ 

TY(I,J',K) :::. O .. OJ.26~:i6MA2C:I,J-J.,K)H-A2C:I,J,K)/ 
, ( D Y ( r , .r - 1 , I( ) H A 2 c: r , :r ., " :> -• · D y ( r , :r .. K :, * 
$ A 2 ( I , J ·- l , I\'. ) ) 

END IF 
55 CONTINUE 

END IF 

IF C:Kt< .. GT .. 1) THEN 
DO 60 I(== 1 , l<K 
DO 6() .r == 1 , J .1 
DO 60 f=l,11 
IF (f(Z(I,J,K-1) 

$ 0.0001) THEN 
TZC:I,J,K:> 

$ 
$ 

END· IF 
60 CONTINUE 

END IF 

:u 

("' ·r· .. l .. 0 • 0 0 0 l • AN D • ((?. ( J , .r , K ) • G T • 

0 .. 012656*A3(I,J,K-1)~A3(I,J,Kl/ 
( I> Z ( I , J , t<-· 1 ) -u A =5 C: J , J ., K) + I> Z ( I , ,J , J,) )t 

A :i ( I , J' , K -- 1 ) ) 

C ,_---------------···-------- .... -~--- .... --......... --~ ------- - ..... - --- - --·-·-·- .. -----···- - --- -- .... ·-· - ·- - ... 

C 
C 
C 

ESTABLISU TRANSMIBSIBILITY MDDIFICATIONB. 
RE AD N tJ M ft ER OF n L. 0 CK S W HI::. r, E T ,~ANS M r S Ei 1 n I I.. I TY VAL l.J E :-:; 
ARE TO DE GHAN GE O , •'NI> I N PU 1' P •~ 1 NT C n D E • 

C -------- ---- .... ----··----·._~--- ..---- ... --- ____ .......... --------·· .... _ --- - --·-·-·-- ----· - - - - ·-· - ·- - .... -· 

RE A D C: 2 0 , 6 '} ) C: I J I E f> IN ( L ) , l. :: 1 , 8 0 ) 
R£ADC:20,tt) NUMTX, NUMT\', NLJMlZ, ITCCJ))E 

IF ( NU MT X .. GT • 0 ) TH 1:: N 
lJRITE C: IOCODE, 31) 
DO L=1,NUMTX 

READC20,*) I,J,K,TX(I,J,K) 
WI~ I TE ( I LJ CO DE , 3 !..1 ) I , J , K , T X C: I , 3 , I< ) 

END DO 
IF (ITC{)DE .EO. 1) THEN 

WRIT£(IOCODE,44) 
DO 053 t,;:; 1 , t,t, 

WRITE(IOCODE,38) K 
DO B 5 :J J ::: 1 , J J. 

W f~ I T E ( I O C CJD 1:-: , 7 2 ) ( T X C: :C , J' , J( ) , I = 1 , I I ) 
053 CONTINUE 

END If" 
END IF 

IF (NUMT~ .GT. 0) THEN 
Uf~ ITE C: :COCO DE, 34) 
DO L-i1,NUMTY 

RE AD ( 2 0 , tt ) I , .T , I~ , TY C: I , .T , I<) 
U F~ I TE ( I O COD£ , 3 2 ) I , :r , I( , T Y t: I , J , K ) 

END DCl 
IF (ITCODf: .Ea. 1) THEN 

WRITE(IOCODE,47) 
DO 855 K=-1,KI< 

WR I TE C: I llCODE: t 3tl) I( 
DO B 5 ::; :, == 1 , J J 

wnITE(IOCODE,72) (TY(I,J',I(), !=1,II) 
055 CONTINUE 

END IF 
END IF 
IF (NUHTZ .OT. 0) THEN 

URITEC:IOC()DE,37) 
DO L::1,NUMTZ 

READ(20,*) I,J,K,TZ(I,J,K) 
lJ R I TE C: I O COD r:: , 3 2) 1 , J" , I( , T Z ( I , :r , K) 

END DO 
IF (ITCODE .EO. 1) THEN 

WRITE(!OCODE,48) 
DO 857 K=•1, KK 

WR I TE ( I OCOl>E, :!a) I( 
DO 857 .J == l , J.J. 

WRITE(IOCODE,72) (TZCI,J,K), r~t,II) 
857 CONTINUE 

END IF 
END IF 



C 

31 

··1 •:, 
... ~ -· 3 .:, 

-1· -, 
.. ""J, 

6'7 
72 

1 F ( KT f~~ • E 1.~ .. 1 ) THEN 
W f, I TE C: 1 0 C ODE , '' ~~ ) 
D l1 t, ~-~ I< ::: :I. , K I{ 
DO 42 .J:=:L., .T J 
I> Cl ,=, 2 .C := :L ., :C 1 

lJf. 1· ·1··l- . C (') '0 [ l-· ' 'L .. ' . r.·. c. . . L > ,:. ., ~ • J .C ., :r ' I( .. A :I. C: I ' ,·r ' I() ' .':1 2 ( I ' :r , I< ) •.• ti 3 C: I ., .J , I\ ) 
CONTINUE 
U ~~ I TE ( I UC O I) E , 1, 9 ) 
D O 5 0 5 I" ::: 1 ., K t< 
DO 50!5 ,I :::j_., J J 
D O ~; 0 !5 1 :::: l. , I I 

lJR I TE C: .C OCOI>E ,, 41) 
CONTINUE 

:C •, :r , I( ·, T X ( I , J , I\ ) , T Y C: I , J ., I, ) ~ T Z ( I , J , K ) 

END IF 

f:' f) I=' M "' T c· •:> V 'I ·1·· 1::, ~ . 1 ~~· hi 1· ,:\ ,., C n ·r I ·r ·1"" V ~, I lJ 1:· (:' \ M .... ,\ t ,1•1fc .:>1· . ,.J,:.J. T.~ ... .. I 1'1 .. -•:> 
• 'J I ... , X ,., e::· • .. ~ • .. .. &:" · ... .. / .:. ' .. .. : .. •. , (. -- .> ., / .. , .'\ , 

!~ ., ·r l"• A lo. I O::' · ·11 c-- c:-· ]' 1· ·c I ·c ·r· \/ . ·,- X . . -' (') f\ 1=· I• r\ 1·-., J f ._') ,:) , , .{ . • . . I (, , .) r l . , - 11 (] I> J F 1 C.~ T I UN ., / ~:_:; X , 
!I~ ., I .J I( 

f. (] r, a..1 A T · ':> ' ,. "r ·[ ,... ,:.· v f- 'l ' ·. ' . r\ 1· C ... • .• ,a, 'I , :1 • .":J ,1 •. .J ,., ., •• • t, .. la .> 
F.:- .. , .-.. H ,, r · .... '/ ., ·1 .. 1··. ~ · • \-. · · 1· i:.' '·" · - t·~ ·c 1 ·1· ·1·" <' "1· · l. r\ r-1 (. ,.I,\ t \ I \ f'-c .J r1 . ,., ,:J .I. r. , •. . . I . I .) 

!f; ., I . .f I, 
I._- o· R· M " T a;.· ,.. • •1 1· , ... ~ · • \:~ >1 T I:' ,:· ·c t· ·r , ·1· ·l- ,., · ..... ..,. · ~· c • .., .... 'I \ ,-, r-.. ,., , . ,.) ,:> . ,J . ... . . I (. I •.. ) 

!Ii ., I ,f I< 
f-0 r, i.. . "' T . "> ,,. .,. I " ,, r· r.:, • ., .... " •; • ., , • 

' . I\ .-l r-1 (. ,: •. ,'\ t . , t1 I t:. I'\ (. ' .l .• ·. "I ,) / ,) 

f-- f) R' i..1 •· ·r . ':> '··· • "J ( .::- •1· f' 11::· .,. ·, . ,. t-\ '· •• ·" 'I .~. • .. , ., •-I ... , .. •-' • 

f.4 c·) r-, M " T · ':> ' • .. ·: 1 ·r 
. J \ ,., '· .... ·" • • 

$ ., A:'5·' /) 

*·11:."l.J ·,· v I J "L l J1.:· ·, . ,,.. • .. '\it1 ..... ) 

NO DE t·i O r, l F I C ,1 T J n N ., / ~:~ X , 
Mr lJ ·1 · Y tJ a", L. U E ., ) 

N O D E h O D J F :( C r'!, T J l] H ., / ~; ; X , · ,,··t, ·r· 7 •J "1 , . · , · (· I.'.. · ~- 1·1 ... .JL ) 

A .1. "' ,., ., 
t I.·. 'I 

f.- ') f-· M " T . ,.;· 'i . • ., ). ... , D I' r· I [:' I" ·1·· l-, ~\ >, t ,::• .... 1 ·r ,.,, ,,'\ ]' 1:• 1· 1 I ·1· " <.' ., •• ',·' .·, l , t-1 (, ,.,.l » rll. . • 1 n.11,-...: ,.,1· .. ,:>,:, .. , . ... 1 l\ ·1· i.'.,.,.,'["}' l J ·1· 1· (' I 1 / \ • . ,.) \ . { . .J r, . .. 
F ()RN f-' T ( ~~; >( ., ., M f) l) l F I El> T n l1 N SM 1 !:i B l B I I ... I T Y ( T Y ) 
I._. ··1 ·-. M " T . ,:.· , .. ' ., hi . ) I J' F I r,:-1, ·1·· l·· /• 11 \,• t·. '[" , .. <:'· ·r· 1: ·c I ·c ·1· y . ·1· 7 ·, l h ,-, C. •. ,,'\ 'I ,. l. ) . .. • n.r, '\;,.> 1 .. :,,::> .• i. •.. <. • ..• 
F O 1;: MA T '· ::.~ X , " I J I\ T X 

,t. ~ ·1· -;, ., / • 
•I' ••• .J 

FORMAT ( BO,; 1 ) 
FORMATt2X~20F6.1) 

RETURN 
END 

DIGTl~l 11tJ l'Tfld' /) 
D T ~> l 1, I !HJ I' J fJ U ' /) 

i'l'', 

( ~ ·- ·- ·- ·---- -- -· -- ·- .... ·- ·-· ........ ··- .... -· -· -· ··- .... ·-· ............. ··- ........ ·-· ............... ·-· ··- -· ··- ··- ·-· ...... ·-· ................ -·· -- -·· ....... ·-· .... -·· ............. ··-
.... -- .._ ... ·-- -- -- ... - .......... ·-· ··- -- ·- -- .... -· .... - ··- ~- ·-· ......... ·- -- -·· ... ·-· ·-· ....... ··- ·- ·- ... ··- ··- .......... ·-· .... -·· ........... -- -·· ........ -- ....... -- -·· ·-· -· ..... .. 

SUDROUTINE l.JINIT1 
$ 

( K P I ., :c J , :r :r ., 1, t< , c u M Pu ., M n E 1.J ., c u 11 r, G , M n E u ., 
'-" LJ "" ("' W .• , n ''\ LJ ., (" l J 1o.. ·1· ' ··• tJ .. ·1· ., . ,;> l~ ·, :1 t.. .. ,. t:, . l.. , ~ .-1 .. w ., l.. r1 . l ·, .> 

C •• ·- ·- •- -·· ...... - -· - -· •••• oeM •- ••• •-• -- •• ... -· -- -•• .... ••• ••• ••• ••• •••• .. ,,•••I ••M •••• •••• , .. , -· ••• ••- ·- ·- •••• •••• •••• •n• ••• •• • •••• .... -•• •••• ••• -· ••• ••• •• •••• •• • •• , •••• •·•• •••• • •• , • .,. ·---·--- ----- -· ........ -- .......... -- ... -· ....................... ··- ........... ·- ....... ·-· ........... ·- ·-- ........ ·-· .............. -· ....... ·-· -·· ... -· - ....... ··- .... -· ....... ... 
( ' Tu E ~ U , •. r·· ') l J ·1· t . 'E- ~ ·~ I L c:• •.. ~ t· 1:-• l' lJ () (') P ·1" ·c () N ,:• ··1 , ... - • ., ,:·· [:'.' r.• ... l J J'.'• r:· t 1 1· ~:· ~ 'I"·-· .• n o L, \ l. . . r, _ L , , ... . •. , J \ . . . . •. , l. 1 \ .. ,.1 ~ > \ ... r, -c J . > r, 
C lJ R t'i T I CJ N IN I T l 1~ L I Z .~TI n N .. TI ·I E 'C N J TI AL Pr~ E ~} G t.l l, L 1 > I f; l f~ J ff l IT f t'J N 
C CAN E I THE n n E C f) L.. Cl.JI ... i.\ TE D B ..,.. T J ·I E P f~ 0 G h A M F n I~ E O U J , .. J: ff i'< .1. t J h 
C CONDITI()N~'j Gl".'EN TIIE f __ ()C,~TitJN OF THE Ut1~1/lJtd.EI,: f;()i'Jlt,Cf 11Nli 
C THE PREf.:!-;Ur,E AT THE CONThCT, CH~ THE INIT:11·)t... Pfd.-~.;·.:lh·~L 
-\ 1· ·c ... TR 1· 1• l .,. .. I C"' tl 1· [" 1·· ••• 'l"' ··1N '"' 1· 1 C)("I" ··l,· [ I ·1 . I. l ',.... .. ·1·11t·· L ).b '.a:i.J,.LIJ•J .,{1· Ji.::. ·,~l·1J l. r·, :< ... ~,·-·l.1'··· i .. t.t:·~ .:t1,: 1 I~». ·:. 
(., ·• A ·r lJ ,.._ " ·,· 1· ,- ,., · · ··, u ·· -, · ... ' · • ,.. ·l· ·1· l I E.,.. 1· i:- •· 1"· A I) , ··• .. , .. t· • .. , · ·· • , ·r· • 1 , L , J ... • .• :,r r,t1 ... .Jr ~; <.~:, , bb.) t.1·,r~ ,:.. ,. ·. ·, ')1,-_ \ :.1-1 i-,:J LlJ ":., I hf .... 1·1 .. L~ 
C (] l..' ER THE EN T I f~ E G i=~ r l) ., () I~ T t-1 E E t·fl' :r F\ E taJ ril-J n !;> D I) I. ~:i l 1? l l,i l J'!' I. n N fl 
C ARE r~Ef.1I) ON .~ EcLOt:;t,;,;-BY-.. BL..OCt, B,1B 1 B .. 



C 
C 
r: 
'., .. 
C 
C 
C 
C 
(·\ .. 
I., .. 
C 
C 
C 
('\ .. 
C 
C 
C 
C 
(., .. 
C 
C 
C 
C 
C 
C 
C 
(! 

C 
C 
C 
C 
C 
C 
(., .. 
C 
(! 
(., .. -, 
L 
C 
C 
C 
C 
C 

'., .. 
( .. .. 
C 
C: 
C 
C 
C 
C 
C 
C 
(•\ .. 
C 
C 
C 
C 
C 
(., .. 
(., .. 
C 
(., . , 
C 

NOMENCL.ATl.Jl~F:: 

B£•G 

DBW 

DGT 

EilJT 

CUMIW 
CUHIG 
CUM PW 
ClJMPG 
EL. C: I , J ., I\ :, 

GlJC: 
I•IEDIN(L) 
II 

.J J' 

I\K 

l(P I 

KSI 

MBEO 
MBEU 
MPCiT 

MPWT 

NTE 

POlJC 
PGT 

PLJT 

f\HCJG 
Rl~OBCG 
RHCHJ 
RHfJDCW r,sw 
RSW1' 

S G C: I , J , I< ) 
fj G N C: I , J , I< ) 
SWC:I,J.,I() 
S U N C: I ., .J . ., I, ) 
swc 

• • 

• • 
• ,, 

.. .. 
.. • .. .. .. • .. • 
• .. 
.. .. .. • .. .. 
.. .. 
.. • 
.. 
" 

.. • 

• • 
• • 
• • 

• • 
.. 
" 
• • 
• .. 
2 

• • 
• .. .. 
• .. • .. • 
.. • 
.. • 
• .. 
• • 
• • 
• • 

G t, B F O f~· M t, r l O N '·' 0 L tJ M F: r· t&l ~- 'I' U r:: r'\ T f > I:: t::: G f: U I ~ 1-:· , PDUC :C I~ f~Cr .lfiCF .. 
LJt-,TE:R Fnr~M,~\TIUN l.J(jl...l.lME Ft,CTOF~ Af r>r~L~:;:,lJl~E, 
l:a (".°• l J (' "( I I , .. , r· / 0 
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, A r• r N t · ·r ,- t· f' ,., L tJ ·r 1· .. , 1· ·1· · ·> 1· 111 , .. '· ·• t J ·• .n, ,:., J ta r:. ,, .,.., . _ .. l J f1 ,: ;·, J. I. fl < .... :> ~-~ l, l-• ., 
PGWC .. 
G t1 B :C N LJ l, T r.: R f:H) L. lJ T T Cl M F: I', T I O ,, r I i G T I i ~ t'\ I L. 
f·; v ·r· ·1·· ' 1:, 1 r:· ,:' Fa • .. .• ,l .. Gr, G B A · 1 · u 1~ .~ T .C () N a'\ I~ HA Y .. ·r~,·c ····c ~· 1 , .... , .. 1=>• 1 ,... (°', .. ,:· "·1·t11:·/" ·1·· ·1· c11-J Ar·, .. ,.'' . I 'II . I . 11 .• .11 i .J H1 ,:) - •. ) I I , I I . \ •,: ... , I N 

L,Ji'\ T Et~ ~]Ar t.H'd~ T Ju IJ I\ r~ ,~: (, 11 
.. 1 i'-J:C T :c r.d.. u j-',1 t::: n PH r, ~, E ~-1 •"Tun r·, ·1 I.or~ 11 ,~ r~ t1 Y • CD N ,,u:·, T r: w .~ r Er~ G t\ r lJ r~ t, f I lJ u .. 

C - ... - ·- - - ·- - ·- ·- -- - - -- -- .•. - - ·- - -" -~· -· -· ·-· -·· ~·· ·-· ·- ·- -- - -·· ··- - -- -- -- -- ·- ·- -- ··- -- -· .... ·- ·-· -·· ........ -· ·- ·- -- ·-· -·· . -- . - - ·- -- -- -·· -

1 NCLUDE "'CtlMGWS 1 i1 .. FOi',., 
l~ - .• -- -· - - - - - ·- - - - ... -- ··- - - - - ... ··- - .. - ·-· ·- ....... - - -· _ .. -- ·- ... -- -- -- ... ·- ·- -- -· -· -·· .... ·- ··- ·-· .... -- .... ·- -- . - - -· ... ··- -- -.. -- ... - ·-



CUM PlJ -· () .. () -cu··p"' .• M b ... () .. c) 
CUM I lJ ·- 0 .. () -CUMIG -· () .. c') 
MBElJ •.. () .. () -
MBEG ... () .. () -

C - -- -- .... - - - - - - - - - ...... ·- - - - - -- -·· ·-· .... -- -· -- .... - -- ..... - -·· .... -- ··- -- -- -- ·- ·- ·- -·· -- -- ....... ·-· ........ ··- ··- ·- - ·- - -- ... ·-· -.. -·· -. --. 
C 
C 

l··E ""'I) M ')I~f."''' .- ')t"• ('()I 1·r·L··c·11 I ·1· ... , .. , l=-'1·· 1··r'<"'l JI".... "-1 ll) ..... ·"t I" T ·1· ') \'.t1. l..l..,~ . .::> ·t.r, ... ',,; r, ..•. - .. 1·.b ,: •• :,.:.,.,,:. 1·1'. hhl.h:,~ .. l.U 
IN IT I ,~L C i AT I ON. 

C - - - - - - - - - - ·- - - -- -- ...... - ·-· -· ....... _ - ··- .. _ ·-· .... - - ··- - ........ -- -- ... -- -- -- ·- ·- ........ ·-· ........ -·· ··- ··- -·· - ..... -- ··- -·· -·· ·-· ·-· -·· ...•.. --., 

R E ,':\ D C: 2 0 , ,~ 'i ) ( I 1-U~: [) I N C: L ) ., 1... == 1 , 0 () ) 
R r..· ~ D <' ·~> ·, ~ '> 1,· 1:1 I t·· f" 1· r-1'1 •• _c.,,, . , . , ,u 

IF ( I\ P I • E tl .• 0 ) T I-IE N 
f•• 1::· ~ D . ,., ') · · . f' ":" lJ (' f'·' l JC' \ •. ,., f . ..:.. c. ., -i( .> l., ~ , ' .. 
D O 2 0 0 I( ::: .1 ., f( K 
D tJ ::.~ () 0 .f :.:: .t , . .T J' 
D i'\ "\ ., ., 1 .... I I lJ -~·. (. (. .•. .1. , . 

IF C:EL(I,J,K) .. LT .. GWC) THEN 
( '\ A. L I I ~ I ·r r· f .. fi . , • ··- L-· u '"' .,.. r ( •, ·1- ... ,- ,., -- 11 ... I J .. , 1 · 1· , •. •• 1·1 • •• 11 c. ·, · (. · .. I r.:. , r l.:J , .r .J , ,. ' :, I , · lJ • l.. , i :: 1.:.1 .) 

F•• 1-1 () t"' ::: t·· LI ") i:' (" (" / ... J.'c ('' , .l \ r I.. •• , .. J • .t.l . l 

f ' 11 "[ r 1-·· · .. I·" ... 'J (" · r·· 11 ·JC" u · 1·-1 • ·c r 1 · · ··• t J l' · ' 1 · . \ C ••. 7 • , , .) ;..: . lJ ~ .• ·r· \ .. l J .. (, : ••• (, • 'I • 1 \ ) '" l.l • ) I •~l I.~ • 
E-l f' t.:' -:. • .... > r. .. 

.. , ~, L 1 1 >-., ,· r· , ... P · ,.1 ·r •·:- u lJ ·,· F. lJ ·1·· .. 1,., t.J ·r· 1:., ... lJ ..... 1· l · t 1 ) L I , - •. 1 1 .. \ t " ... 'I r , .r , 1· , l 1 l., , J • . 
C {·1 L L 1 NT f::r,· P C: N l E ., P l-J T ., r~ n lJ 'f , M P lJ T , f • (.i I, JC ., , ,' ~'d L' 
fdhlW :.;: (fa·IOflClJ·t-l~~]LJ,,1~,hJi3CG) /BDU 
..:, , , · 1· r ·· · · 1" .. , l J ('' r·· 1 , ·1 J · 1-· 1 · ·c ·1· ·• · ... 1 , c·· · / 1 ~ ~ ,- • C. 'I • t h .> ::.: · t:, .• + , · l. l )( C. :. - (. • •,1 • ., I\ .) ···· l , ,. ., .> . , I •·l .. 

END IF 
200 CONTINUE 

£LS£ 
l) 0 ~~ 0 0 ,,:• I\::: 1 , K t( 
Do ... ·, ·, ·· ·r 1 1· ·1· .. ~ (, (. '1. .. ::.: . , ,. ' 

R E A n C: 2 \) ., * ) ( Pt J C: :C ., J ., I< ) 1 I ::: :I. , I I ) 
:~ 0 0 9 C l1 N T I N lJ E 

END IF 

J> Cl 3 0 1 2 1 :::: 1 e; I 1 
nn 301.2 .. T=:.:1, .JJ 
IHl 3 O 1 2 I< = 1 .. 1-:.' K 

P ( I , J , I,) :.:: P N ( I ''-'f , I() 
3012 CONTINUE 

( ' -- ... ·-· ....... - -- ·- ·- ... .- ·-· -- -- ........ ·- .... -· -· .................. ·- ....... ·-· ..• -· •.. ·- ......... -- •.. ··- .... -- ·-· .... ·- .......................... ·- -· - ........ ·- ... ·- ·-· ··- -. .. 
C I N I T I .~ L l 'l E S A T l.J r:: .~ T :C UN A 1:-.; r, t-, Y • 

(., ... - ·- ··- ._ .... ·-- -- .... -- ._. -~ ... -· ··--- ...... ····•·· .... ··- -- .........• -- ....... -·· -·· ·- -· -· -- -- ··- ·- -- - -· ........ ·-· ............ ··- ··- ·- ·- -..... -... ·-· ·- ... ·-· -·· .. 

30 

3030 

69 

IF C:l<S I • Etl.. ()) THEN 
r-, E' .6. D c' ') c') :,t '> C· w ,··· r, . ...-. . - . ., . . .. :> ., 
D D 3 0 I, == J. ·, K I< 
Dl1 ~50 .J:; :L ., J J 
DO 30 (:::1, :C :C 

IF. ·L-, ·l· ·1 t·· ·:··r· (''LJ .... , ·r·1 11:."·., c. r.:.. ·- (. . , .. ., • •• > ., l:.f .. .1 l.. . l • h 
c:• 1 J N . 1· 1 t . . :.~ 1 .. < > 
,.J .. I ... , " , ' .) 
C., C" N . ... J t . . ., ) 
,:> ;J '· .I. , , ; • ., ::: { ... ( 
SU ( I ., J , I"< ) ::: C lJ f'J ( I , J , I() 
, .•. , · I ·r t·· · -- c.•, .• ),_ 1 • 1· ·r 1 ·· '> .. ·" b C. ., • , , ) - ,:, :: r. I. • 1 .. 1 \. . 

ELSE 
f'lJ),_1 ( ]' J tt') :::: '='ll(" • .) I• • . , 1 • • '" • ·• 
B G N ( I , ..T ., t;~ ) a:, :t .. l) ... !:i lJ N ( I , :r , K ) 
!:a J C: I , J , t, :, :.: !~ lJ N ( I , J , I( ) 
... ,., · 1 ·1· 1 • · ... , ... , , · J' ·r 1 ·· · b .-, c. . 7 .. , \ ,) :.: 1:, J ~ '· • ' • 1 \ .> 

END IF 
I F. c· l" ('·\ c' 1· J t·· ·, I ·r· <> <> ·, ••• ) ;J • • ' ' \ • .. • ' .. .. • 

r.· ,., · 1 ·r 1 ·• • --- ·> <. .:, ., c. ., ' 'I ' ,) --- l .. .l 
CONTINUE 

ELSE 
DO :~020 J<:::: 1, t<J·< 
D a •y O '') ') ·1· .... 1 )' J' .. ") -- l . ·-· ' .. 

R 1~'AI" '''> ') . . "'LJII. ... f 1-··· l.':.-::1, ·.c I'.> I!. ., c ..... c. 'I * ,) '· b ... (. .L ., • , •• ) 'I 

CONTINUE 

DO 3 () :·H> I, ::: 1 , I, K 
)) 0 3 0 :; () J :::: 1 , J J 
DO :,s O :·! 0 :C == 1 , I I 

... (" N · ·r J • · 1 ') , .. 1 J . I . ·r ·r t .... b 1 '· .1. 'I • 1 t, .> == " (, .. _ .J \• (' (. 1 • 'I ' ·' 
IF ( S G N ( I , J ., tC> .. I.. T .. 0 • 0 ) BG N C: :c , .J , J( ) ~= 0 .. 0 
r; w r: I ., J ., t( ) · ·= fi LJ N c: 1 ., .f , I( :> 
'-' ,.,. · I J' · · .. , .,. 1 • • 1 . I .. 
.:, .1 '· . t • 'I t··. ,) ::: b I:, '<I: '· ., .J 'I \ .) 

CONTINUE 
END IF 

FOHHA TC: EfOf.t t .> 

RETURN 
END 

(, ·- ... ·- .... - ... - - - .... ._. - - - . -.............. -· ............... -· ... -- ....... - .... -- ............. -- -- -- .... ··· -· ........... ·· ·· ···· ... ···· -·· ........ ·- - ... ... r:~ t-11) • .. 



.Program GOWSIM 



INTEGER NX,NY,NZ,NXP,NYP,NZP,NTE,NU,NPMAX 
C THIS VERSION ALLOWS ALL ··~E:-l)IMENSIONING TO IIE DONE 
C SIMPLY BY CHANGING THE SUBSEfJUENT PARAMETERS AS I>ESIRED. 

C 
C 

PARAMETER (NX=40,NY~5,NZ=5,NXP~41,NYP=6,NZP~6,NTE~25, 
$NU=40,NPMAX=40) 

COMMON /COEFF/AW(NX,NY,NZ),AECNX,NY,NZ),AN(NX,NY,NZ), 
$ASCNX,NY,NZ),A1"(NX,NY,NZ),AB(NX,NY,NZ),E(NX,NY,NZ),B(NX,NY,NZ) 

COMMON /SAT/SWNCNX,NY,NZ),SGNCNX,NY,NZ),SON(NX,NY~NZ), 
$SU1CNX,NY,NZ),SG1(NX,NY,NZ),S01(NX,NY,NZ),A1(NX,NY,NZ), 
$A2(NX,NY,NZ),AJ(NX,NY,NZ),SlJM(NX,NY,NZ), 
$GAH(NX,NY,NZ),QS(NX,NY,NZ) 

COMMON /PARM/KX(NX,NY,NZ),KYCNX,NY,NZ),KZCNX,NY,NZ), 
$TXCNXP,NY,NZ),TYCNX,NYP7NZ),TZCNX,NY,NZP> 

COMMON /FACT/WW(NXP,NY,NZ),WECNXP,NY,NZ),WSCNX,NYP,NZ), 
$UN(NX,NYP,NZ),WTCNX,NY,NZPl,WB(NX,NY,NZPl?OW(NXP,NY,NZ), 
$0ECNXP,NY,NZl,ONCNX,NYP,NZ),OS(NX,NYP,NZ),OT(NX,NY,NZP), 
$0B <:NX, NY, NZP) 

COMMON /RPRT/PCNX,NY,NZ),PNCNX,NY,NZ),SW(NX,NY,NZ), 
$SGCNX,NY,NZ),S0(NX,NY,NZ),PCGOTCNTE),PCOWT(NTE),PWT(NTE), 
$MUWT(NTE),DWTCNTE),BWPTCNTEl,RSWT(NTE>,RSWPTCNTE),PGTCNTE>, 
$MUGT(NTE),DGTCNTE:>,DGPTC:NTE),PQT(NTE),MlJDT(NTE),BOT(NTE), 
$DO PT C: NT E ) , ·~ !~ 0 T (NT E) , R fl ()PT (NT E ) , C ,~ T C NT E-: ) , BAT (NT E ) , K R WT ( NT E ) , 
•>KRGT (NTE) 'Kl~or (NTE) 

COMMON /RATES/PIDCNW,NZ),PWF(NW,NZ),PWFC(NW,NZ),KIP(NW), 
$GMU(NU,NZ),GMG(NW,NZ),GMOCNW,NZ),WELLIDCNW),LAYER(NWl, 
$0t..'W(NW),QV(;(NW),OVOCNW),OVT(NW),CUMW(NW,NZ),CUMG(NW,NZ), 
$CUMO(NW,NZ) 

COMMON /SOLN/GWW1"(NX,NY,NZ),GGWT(NX,NY,NZ),GOWT(NX,NY,NZ), 
$QOUG(NX,NY,NZ),QOCNX,NY,NZ),QW(NX,NY,NZ),QG(NX,NY,NZ) 

COMMON /POSD/DX(NX,NY,NZ),DY(NX,NY,NZ),DZ(NX,NY,NZ), 
$IQN1(NW),IQN2(NW),ION3(NW),IHEDIN(80),ELCNX,NY,NZ) 

COMMON /PHASE/PBO"r(NX,NY,NZ),BWCNX,NY,NZ),BGCNX,NY,NZ), 
$BOCNX,NY,NZ>,VPCNX,NY,NZ),Cl'CNX,NY,NZ),PBO,VSLOPE, 
$BSLOPE,RSLOPE,PMAXT,IREPRS,RHOSCO,RHOSCW,RHOSCG,MSAT,MPOT, 
$MPUT,MPGT,IOCODE 

CHARAf:"fE•~ !HEDIN 
CHARACTER*5 WELLID 
RE:: AL I( RUT , t, R WT , K 1;: BT , MU WT , MU OT , M lJ GT , I( X , I, Y , K Z , 

$ MUO, MUW, MUG, KRO, KR(3, l(~~W, MBEWI, MBEC3 I, HCFG I, 
$ MBEO, MBEW, MBEG, MCFG, ME•ED I, HIN, MCFG1, MCFGT 
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C 
C 
C =======================~~~==~==~=;=~=========~=================== 
C 

C 
C 
C 

C 

C 
C 
C 

C 

PROGRAM GCJWB IM 

.... -·- .... - -- .... -- ... -- -· ·- ·- ........... - _.. ................... ·- ·~ ·-· ·- ....... -- .... ·- ... ·- ........ .,_ - ·- ·- ........ ·-· -· -· -- ·-· .... - -- -- - ··-- -· --. - - -· - - -- -· .... -...... -------... -- ... ·- .... --- ............... ,_ .... ·-· ......... ---... -- .......... -- ............. --- .................... -· ---- -- -- ............. - .... ---- --
INCLUDE ~coMMB3.FOR~ 
DIMENSION OOIP(NZ),OWIPCNZ),ODGIPCNZ),OFGIP(NZ) 

•••• INITIALIZE SOME USEFUL ARRAYS 
DAT A COP , CW P , C GP ., CW I o: C G :c I O • 0 , 0 • 0 , 0 • 0 ., 0 • 0 , 0 • 0 I 
DAT A ET I , F T ., FT M f:, X ,, PB O •, I( TRI() • 0 , 0 • 0 , () • 0 , 0 • 0 •, 0 • 0 I 
DATA SCFO., SCFW, SCFG, BCFG 1, I\RG/0. 0, 0. 0, 0 .. 0 •, 0. 0, 0. 0/ 

DATA MCFG1,MCFGT,PAVG,PAVGO,MCFG I o .. o,o .. o,o.o,o .. o,0.01 
DATA MCFG I, MUD, MlJW, MUG, l(F~O, 1(1;:W /0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0/ 
DATA MBEWI,MBEGI,MBEO,MDEW,MBEO /0.0,0.0,0 .. 0,0.0,0.0/ 
DATA MBEOI,MIN /0~0,0.0/ 

DO 1016 I :-.: 1, NW 
DO 1017 J::: 1,NZ 

CUM CJ (I, J) ==O .. 0 
C LJ M lJ ( I , J ) =: 0 • () 
ClJMG<:I,J)==O.C> 
PWF<:1,J)=0.,0 
PWF"C: C: I, J) ==O. 0 
GMD C: I, J) ==O .. 0 
GMlJ C: :C , J) ==O. 0 
GMGC:1,J)=O.O 

1017 CONTINUE 
1016 CONTINUE 

C 
DO 1014 I= 1,NW 

LAYER(I)=O 
KIPC:I)=O 
QVO(I)=0.0 
l~VW ( :C:, =O. 0 
QVG(I)=O.O 
l1VT C: I) =O. 0 
IClN1(I)=O 
IClN2C:I)=O 
I(lN3(I)=O 

1014 CONTINUE 
C 

C 

DO 1021 I~ 1,NTE 
SAT(I)=O.O 
KRfJT (I) =O. 0 
KRWT(I:>=0 .. 0 
l(RGT(I)=O.O 
PCOlJT (I:, =O .. 0 
PCGDT (I) :,o .O 
P(lT C: :C:, ==O. 0 
MUOT(I)::;0 .. 0. 
BOT C: I) ==O. 0 
BDPT C: I:, :::0 .. 0 
R!;()T (I:, ==O. <> 
R S (J PT <: I ) ::: 0 .. 0 
PUTC:!)=0.0 
Ml.JlJT(I)=O .. O 
Ee WT (I:, ==O. 0 
f.•WPT(I)=O.O 
RBWT C: I) ::::O. 0 
RSlJPT (I) ==O .O 
PGT(I)=O.O 
MUGT(I)=O.O 
IcGT C: :t:, =O .. 0 
BGPTC:I)=O .. O 
CRT(I)=O.O 

1021 CONTINUE 

DO 700 I := l., IM 
DO 700 J' ::: :L, JM 
DO 700 I( = 1 , t,M 

TX ( I , .. T, I() :;Q. 0 
TY C: I , :r" I(:> =O. 0 
TZ ( I , J", I(:> =O. 0 
AW (I, J, I() =O. 0 
AS C: I , .. r., I() =O .. 0 
AT(I ,J,l\)==0.0 
AE:<'.I ,J.,l\)==0 .. 0 
AN(I ,J,l\)=0.0 
ABC:I ,J',K)=O.O 
OW (I, ,T, K) =O. 0 
OE(I , .. T,K)=O.O 
UW C: I , :r, K) ==O. 0 
UEC:I,J,K)=O.O 
OS C: I, J, I() =O. 0 
ON C: I, .. T •,I\) =O. 0 
WS(I,J,K)==O.O 
LJ N C: I , ..T , I( ) == 0 • 0 
OT ( I , J •, K:, =O. 
OB ( 1, J, I() =O. 
WT C: I , J, I\:, =O. 
LJBC:I ,J.,l()=O. -218-



C 

ll (J ( 1 , ,T , K ) == 0 .. 0 
Cl W ( 1 , J , K ) :: 0 .. 0 
Q G C: I , J , t, ) == 0 • 0 
VP ( I , J , t, ) :: 0 • 0 
er (I' J, K) ::O. () 
KX C: 1, J, K) =:O. 0 
KYC:1,J,t,:>==O.O 
KZ C: I , J, t,) ::::O. 0 
DX ( I , J , t, ) == 0 • 0 
DY ( :C, J, K) ::(). () 
DZ C: 1, J, K) ==O. 0 
A 1 ( :C , :r , K ) :; 0 • 0 
A2 ( 1 , J, I() =:O .. 0 
A 3 ( 1 , J , K ) ::: 0 • () 
P ( I , .. T , t, ) ::: 0 .. 0 
SO C: 1 ., J, K) ==O. 0 
BWC:I ,J,K)=O .. C> 
SG ( 1 , J, t,) ==O .. 0 
It () ( :C , ..T , K :, :::: 0 .. 0 
B U C: :C , J , K :, ::: 0 • () 
}1 C3 C: I , J , K ) == 0 • 0 
f.: (I., J, I·,) =O. 0 
Ic (I., .J, I,) =:O .. 0 
PBClr ( 1, J, K):::(). 0 
P N ( I , J , K ) :: 0 .. () 
SON ( I , J, t,) ==O .. () 
SWNC:I,J,K)=O .. O 
BC3N ( 1 , J, K) -0 .. 0 
SD 1 ( 1 , J , K) ;,-;:Q .. () 
SW1 (I ,J,t,)=0 .. 0 
SC31 ( :C , J, K) =O .. 0 
SUM ( :c , J, K) :::Q .. 0 
GAM ( I , J, t,) :::;Q •• () 
QBC:I ,.J,K)==O .. O 
GOWT C: I, ..1, K)::::(). 0 
GW~JT C: I, J, K)==O .. () 
GGWT C: I , J , K) :::() • () 
DL1WG C: I , J , t<) =O .. () 
EL C: 1 , J , K ) == 0 • () 

IF (I-EO.NX) THEN 
TX ( :C + 1 , J, t() :::() .. 0 

OU (I+ 1, J •: K:, =O .. 
OE C: 1+1, :r, K) ===O. 
WW C: I+ 1, J •: K) =O. 
UE C: I+ 1 , :r., t-~:, =O .. 

END IF 
C 

C 

IF C: J • E (l • NY ) THEN 
TY C: I , J + 1 , t,) =<). 0 

OS(l,J+1,K)=O. 
ON (I., J ... 1 ., K:, =O .. 
WS(I,J-t-1,K)=O. 
UN C: I , J+ 1 , K) ::::O .. 

END IF 
IF (K-EQ.NZ) THEN 

T Z C: I , J , t, + 1 :, =O .. 0 
0 T ( I , J , 1, + 1 ) = 0 .. 
OB(l,J,K+1)=0. 
\J T C: I , J , I'~+ 1 ) == 0 • 
UBC:I,J,1<+1)=0. 

700 
C 

END IF 
CONTINUE: 

C 
C 
C 
C 
C 
C 

------------.- .... --.. ·-·-·---- ..... --·----- .... ----- .... .-.-----·------- .... -....... -- --·--··---- ... ·- ·-··- ... --·--·- ..... ---- -
OPEN INPUT AND OUTPtrr FIL.ES 

-- ,... .... --.. -... -- -- -- ---............. ,,_ -... - -·· -- ..... - -· ............. --- -- -- -- ... ---.............. - -· .... - ............ -· -- ... ·- ... -· -· --- .... -
OPENC:20,FIL.E=,BOAST.DAT 7 ,ACCESS=,SEQUENTIAL,,STATUS='OLD') 

UR I TE C: * , ~~ () 0 1 :, 
3001 FORHAT(/,1X, 7 ENTER IOCODE ••• 7 ) 

READC*,3002) IOCODE 
3002 FORMAT(l4) 

OPEN(IOCODE,FIL.E=~BOAST.RES',ACCESS='SEQUENTIAL 1 ~STATUS='NEU') 
C 
C --------------------------------------------------------·------
C 
C OUTPUT HEADER 
C 
C -- _. ....... ..., - - - ...... ~ ............. - -- - - - ·-·-- -- - -. -- .... - - - - ... - -- -- - -- -- .... -- ... - -· _. ·- - - - -- ... -· - -- ·- - -- ·-· - - .... -- --
C 

UR IT E ( I O C (l DE , 3 0 0 5) 
WRITE(IUCilDE,3007) 
URITE(IOCODE,3006) 

3007 FORHATC:30X,'*' ,17X,"' BOAST; ",:!OX,'*"' ,/:50)(1'*', 
$ 15X,'BLACK OIL APPLIED SIMULATION TOOL',19X,'*', 
$ /30X,'H",16X,~U.N.S.W.-VERSION 2"0 (02-07-85)~,20X,'*"') 

3005 FORMAT(//30X,69(~*'),/30X,,*',67X,'*"',/JOX,'*"''67X,'* 7
) 

3006 FORMAT(30Xf'*',67X,'HY/30X,"'* 7 ,67X,'*'/30X,69('*'),///) 
C 
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C -- ·- ....... -... -- ...... -- -· -- -- - -· - .... -- ..... ._ -· ....... -- -- .... -- ........ -- -- -- --- ......... -....... - ... - -·· -- ·-· -· ---- -- .... - -- ... -- --
c 
C ESTABLISH RESE:F~VOI•";: 1~ND ItLOCt< DIMENSIONS 
C 
C ... -- -· ... - ... -- -- ...... -- -- ·- ....... - - .- ....... ·-· .......... -· - ................................. -- ......... - - -- ........... - .... -- -- _ ......... -- ··- -- - ............... -- ..... 
C 

CALL GRID1CII,JJ,KK) 
C 
C --------------·------------------------------------------------C 
C ESTABLISH POROSITY AND PERMEAB:CLITY ,'!lT EACH ZONE 
C 
C ...... - - ...... - - .... -- -- ... -· - .... - - - .... -- .... -- - ...... ·- ....... - - -- ... -- -- -- ... -- ·- .... ·- .... ·- -· -· .... - ....... -- -·· - .... -- ··- - -· .... -- ~ -- - --
C 

CALL PARM1(II,JJ,KK) 
C 
C --------------------------------------------------------------C 
C CALCUL..ATE:. I NTEF~BI...OCI< TRANSMISS1 B IL. J:T IE:S 
C 
C ---------------------------------------------------------·-----C 

CALL TRANl(II,JJ,KK,KTR) 
C 
C --------------------------------------------------------------C 
C EMPIRICAL DATA 
C 
C ---------------------------------------------------------------C 

CALL TABLE 
C 
C ---------------------------------------------------------------C 
C 
C 

8 
C 
C 
C 
C 
C 
C 
C 

C 

RM•• INITIALIZE BUBBLE 

DO 8 I= 1,:CI 
DO 8 J = 1,.JJ 
DO 8 K = 1.,1\t( 

PBOT(I,J,K) = PBO 
CONTINUE 

POINT PRESSURE ARRAY 

-- _. .... ______ ... __ -...... -- ·- .... ---- -· ........ -- --- -- -· .............. - - ·-·--- -- -- ...... - ... - -·· -··-· - ----·-·· _. ·-- .... -- --- .......... - -- -
ESTABL f SH I NIT IAI ... C(lNI> IT IONS 

-- ~ ·---.... --.... ·- .......... ·- .... - ........ -·· -· .... -- ... -- ... - -·· ._ ---- --- -- ....... -- ----- ... -· - .... .-. - -· -- ·- ·-- -- -- -· ............ -- ---
CALL UINITl(KPI,II,JJ,KK,PWOC,CUMPO,MBEO, 

$ CUM PlJ, MBE:lJ., CUM PG, MEcEl3, SC> :C, BlJ 1 •, BG I , 
$ WOC,GOC,PGClC,ClJMIW,ClJMIG) 

C - - ·- - ~ ....... - .... -- .... -- - - ... - - - ... -- ................. - ·- -- - .... - - -- - -- -- .- - - -- ........ ._. ... ·- - -· -- ... - - - .- - - - ·- - -- .... -- -
C 
C SOLUTIClN METHOD, DEBUG P•(INT, AND TIME STEP CONTROL 
C 
C --------------------------------------------------------------C 

C 

CALL 
$ 
$ 
$ 

CODES(IOCODE,KSM1,KSN1,KC01,NN, 
FACT 1 .,FACT2, TMAX, l,SOL, HITER, OMEGA., TOL, TOL.1, 
t{SN, KSM, KCO., KTR, KCOFF, DSMAX, D PMAX., 
WOF-:M~,X, GD•~MAX, PAM IN, PAHAX) 

C ---------------·------------------------------------------------
C 

C 

C 

C 

D5615=1 .. 0/5 .. 615 
D288=1. 0.•'2BO. 
D144=1. 0/14t,. 

READC20,69) CIHEDIN(IH)vlH=1,80) 
NMAX=NN+1 
NITER=O 

DO 1000 N ~ 1,NMAX 

C ---------------------------------------------------------------f.! 
C NLOOP DEFINED TO AVOID INDEX MODIFICATION WARNINGS IN 
C CALLS T'1 MAT BAL., SDLMAT, CLSlll~ .. 
C 
C ---------------------------·------------------------------------# 

C 
NLOOP=N 

C 
C - - ... - - - -- - ... .- - ...... -- ... ·-· - - - -· -- .... - ......... ~ -·· .... - - - .... - - -- - --~ - - ·- .... ·- -· - .... - - -· -·· ... ·-· -· - - -· -- -·· - - -- .-. --
C 
C RECURRENl DATA 
C 
C ---------------------------------------------·------------------
C 

C 

45 

IF (FT. LT .. FT MAX) GO ro ti6 
READ(20,*,END=1001) IULCNG,ICHANG,IWLREP~ISUMRY, 

S IPMAP,ISOMAP,ISWMAP,ISGMAP,IPBMAP 

READC20,*l DAY,DTMIN,DTMAX,HOUR,MIN,SEC 
IF C: IWL.CN(3 "ED. 0) GD TD 45 
CALL NfJDES C: NVQN., i.JRAD •, SI( IN) 
CONTINUE 
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C 
DEL T=DAY·t-HClUr-:/24 .. +MIN/1440. +SEC/86/100 .. 
FTHA>:=ET I+ l CHANG*I>EI •. T 

C 
46 IF C:N. EU. l.) DEL. TO::::DEI..T 

C 

IF CN.E0.1> GO TO 1050 
1049 IF (DSMC.LT .. DSMAX .. AND"DPMC.LT.DPMAX.AND"NITER .. LT .. MITER) DELT= 

$ DELT*FACT1 
IF C:DSMC. GT .. I>SMA)'~ .OR .. l)PMC. GT. DPMAX. DR .. N:CTEr~. GE .. HITER) I>EL T= 

$ DEL TMFt.\CT2 
IF C:DEL..T .LT .. DTMIN) Dl::L.T::::DTMIN 
IF C: DEL. T • GT .. D TM AX ) D t:: '-T ::: D TM AX 
IF C:ET I +DELT .. GT. FTl"iAX) DEI..T=FTMAX-ETI 

1050 FT=ETI+l)EL.T 
IF C:ETI+DE:]_T*0.5 .. GE. TMAX) GD TD 1001 

C ---------------------------------------------------------------
C 
C I TF LAG c; t) lJ NT S TH f.: NlJ MB ER D F T 1 ME BT E P I~ E PET I TIO N S 
C 
C ---------------------·------------------------------------------C 

ITFLAG=O 
C 
C _, .... ..,. ____ .......... -----·· .... ~- ------------- -· --·· ... --- -------·- •• -----· ..... -- - - -······---_. ... -- -· ... -- ·- - -- ·-· .... - --·-
C 
C RE-ENTRY POINT FOR REPEATED TIME STEP 
C 
C - - - ... - - - - - - -- ...................... - - -- ........... -- - ... - -- - -- -- -- -- - - -- -- -- ............ ·- .............. - .... -·· -- - -- ·- - -- -- -· ... - .... - -- -
C 

1060 CONTINUE 
C 

C 

C 

C 

DIV1=1.0/DE:1 .. T 
IF C:N.GT .. 1 .OR. ITFLAG .. GT.0) GO TO 10~:; 
RESl'OL=O. () 
SCFO=O.O 
SCFG=O.O 
SCFGl=O.O 

DO 102 K ::: :l, t,K 
00 IP ( K) ::.:<) • 0 
0 U I P C: K ) := t.) • 0 
0 DG I P ( I( ) == 0 • 
OFGIPC:K:>=O. 

DO 100 J :::: 1 , ..1 J 
DO 100 I::: 1,11 

PP= P ( I ., .. l ., I"<:> 
BPT=PBllT c. I, J, I() 
V P C: I , J •, IC.: ) = V P ( I , ..T , I( ) * DX ( I , .. r , K ) tt DY ( I , .. T , I( ) * I> Z ( I , J , K ) 
RES VOL.::: RES VO L -t· VP ( I ., :r , I( :, 

C -----------------------------------------------------------------
C 
C NOTE WE ARE ASSUMING INITIAL PHI IS A'f INITIAL RESERVOIR PR 
C 
C ----------------------------------------------------------------
C 

C 

C 

C 

C 

C 

CALL IN r PVT <:NT E , BP T •, t"( SLOPE ., POT , R S (] T , M P CJ T , PP ., RS O ) 
CALL INTER PC: NTE, PWT, ~";:SWT, M PWT, PP, RSW) 
CALL I NT 1=> VT ( NT E , fJ PT ., j) SL O PE , POT , BOT , M PD r , PP , l:HJ ( I , .. r , K ) ) 
CALL INTERP(NTE,PWT.,BWT,MPWT,PP,BW(I,J,K)) 
CALL INTERP (NTE, PGT •, BGT, MPGT, PP, HG (I, J", K)) 

FF 1 = S Cl C: l 'J J , K ) I B Cl ( :C , J ,, K :, 
FF2=SWtl~J,K)/DWCI,J1K) 
SCFO=SCFO+V P <: I , J" •,I() *F'F 1 
SCFW=SCFW·t-V P <:I, J", I() ••FF2 
SC F G::: fJ C F G + V P C: I ., J , I( ) ii !~ G C: I ., J" , K ) I B (3 C: I , J , I, ) 
SC F G 1. :: SC F G 1 + 'J P ( I , J ·, I, ) * ( F~ SO~-FF 1 + R SW* FF:.~ ) 

CALL NTERP1(NTE,POT,BOPT,MPOT,PP,B0DER) 
CALL NTE~~ P 1 (NTE, PClT, nsOPT, MPOT, pp., RSODER) 
CALL NTE~~ P 1 ( NTC, PLJT, >::WPT, MPWT, PP, BWI>ER) 
CALL NT ER P 1 (NT E , PW ·r , I~ SW PT , M PUT , PP , R ~i W DER) 
CALL NTER P 1 (NTE, PGT, J)G PT, MPGT, PP, BG DER) 

I F C: P P ,, BT • P BOT ( 1 , ,'f , I( :> :, BODE R ::: B !3 L O PE 
IF (PP .. t:i T. PicOT (I, J, I\) :, RSDDER=RSLll PE 
CO=-(BODER-BG(I,J,K)HRSODER)/BO(I,J,Kl 
CW=-(BWDER-DG<I,J,K)*RSUDER)/BWC:I,J,K) 
C G = ·- B (3 n £~~I r~ G ( I ' ..r ' K ) 

CALL. INTt::RP(MTE, PGT~CRT,MPGT, PP,CR:> 

C --------------·-------------------------------------------------C 
C 
C 
C 
C 
C 

C 

MODIFIC,~TION OF TOTAL BLClCI\ C(JMPf~ESSIEclLITY TO THE 
PREVIOUS VALUE IN TIME IF THE CAL.ClJLA'fEI> VALUE IS 

... -- ...... ------ -- --- ............ -... -· -- ·-....... ·- .- .......... -....... ._. ............ ---... ..- -- .... _. ............... -- --- ·---- ...... ·- ._ --- -· -
ex= CTC::C,J,t,) 
CTCI,J,K)=CR + CO*SO(I,J,K) +CWKSW(I,J,K) + CG*SG(I,J,K) 

IF (CT(I,J,K).LEPO.O) THEN 
CT (I, J, tC> :.-.:CX 
WRITE(*,847) I,J,K 

847 FORMAT (., ', 'RESE'.T TO PRl::'.VIOlJS TOTAL CCIMP .. AT PDSN.', 3I5) 
END IF 

-221-



C 

C 

10() 
C 

110 

102 
C 

C 

OOIP(K)=001P(Kl+D5615* .. 000001*S(lN(I,J,K)*VP(I,J,K)/BO(I,J,K) 
OWIP(K)=OWIP(K)+D5615*.000001*SWN(I,J.,l()MVP(I,J,K)/BW(I,J,K) 
ODGIP(Kl:ODGIP(Kl+~0<)1H.000001*(RS0*80N(I,J,K)*VP(I,J,K)/ 
BO C: I , .. r , K :> ... R !~ lJ * B W N C: .[ , J , 1, :, ·)(· V P ( 1 , ,J ., I( ) / Ic W ( I , J , K :> ) 
0 F G I P ( 1~: '> = () f' G 1 P ( I( ) + .. 0 0 1 * .. 0 () 0 0 0 1 * S G N ( I ., J , K ) *· V P ( I , J' •1 K ) /BG C: I , J , K ) 

IF (KCDl .. EQ.0) GD TO 100 
UR I TE ( I O C CJD E , 2 l. ) I ., J. ~ I·, , '-' P C: I , :f , I( ) , C T C: I , ,J , K :> , B D ( I , J " 1, ) , SO ( I , J' , K ) , 

$ BWCI,J,K),SW(I,J,K)~DG(I.,J,K),SG(I,J,K) 
CONTINUE 
LJ R I TE C: I O C ()DE , 11 0 ) t, , () () I P ( I( :> , 0 W I P ( I( ) , 0 D G I f' C: K :> , 0 F G I P ( I< ) 
FORMAT C: I , 1 X ~ , LAYER., , I ~! ,, ., IN I T I AL FLU I I> '-'()LUM ES :: ., , 

$ /,10X,'0IL IN PLACE C: MILLION STBl 1 ,20XlF10.4, 
$ /,10X,"UATEF'< IN PLACE (MILL:CDN BTB:>.',19X·,F10 .. t,, 
$ I , 1 0 X , ., !:HJ LU T I ON GAB :C N PL.. ACE C: B I L L :C () N BC F ) ., , 1 t, X ., F 1 <> .. t, , 
$ /, 10X, "FRE[ GAS IN PLACE (EC:CLLIDN SCF) ., ·1 :L7X,F10.4/) 

CONTINUE 

TOOIP=O. 
TOUIP=O .. O 
TOD G I P = c.) • 
TOFG I P=O. 

DO 103 K = 1, Kt, 
TOOIP=TOOIP+OOIP(K) 
TOW I p::::'ftJtJ I P·t·Ol.J IP ( K) 
TODG I P=Tt:iiiG I P+OD(2 :c PC: I() 
TOFGIP=TLlFGIP+OFGIP(K) 

103 CONTINUE 
C 

C 

C 

C 

C 

URITECIOCODE,115) TO(lIP,TOWIP,TODGIP,TOFGIP 
115 FORMAT (I, 1 X •: 'TOTAL IN IT :CAL FL.l.JI D VOLUMES IN RESERVOIR:" , 

$ /,10X,"OIL IN PLACE (MILLION STB)",20X,F10.4, 
•; I , 1 0 X , ' U ATER IN PL. AC~: ( M 1 L L :C ON ST Ic ) " , 1 CJ X " F 1 0 • 4 , 
$ /,10X,·1 sClLUTION GAB "CN PLACE (BILLION BCF)' ,1t,X,F10 .. 4, 
$ /,lOX,'FREE GAS IN PLACE (BILL.ION SCF)"' ,17X,F10.4,/) 

STBO=SCFD*D5615 
STBW=SCFW~D!:;615 
HCFG=SCFG1t().001 

MCFG 1 =bCFG 1 *O. 00 :l 
STBOI=STBD 
STBWI=STBW 
HCFGI=MCFG+MCFG1 

IF (HCFGI.LE .. 1.E-7 .. AND. MCFGT.LE.1 .. E-7) MBEG=O .. O 
1 0 5 I F-. C: N • E tl .. 1 .. AND • I 1" F' L. (J, C~ .. LE .. 0 ) 

$ CALL. Pt,~T PS ( NL.DDP, I( P :C, I I, J J, KK, PAV GO., PAVG, 
$ COP, ClJP., CW I, CGP, CG :C ,, MitEO., MBEU, MBEC3, DEL TO, 
$ 0 PR , Wt' f~ " GP R , WI R , G :c •~ 'J ET I , CW OR , C GO I~ , W () R " GO R ., 
$ IPMAP,ISOMAP,ISWMAP,ISGMAP,IPBMAP) 

501 CONT IN U 1::. 

IF C: N • E (l • NM AX :, GO T () 1 0 0 1 

C ,... - .•. - ._. - - ............. -- -- - ......... - -· - -- .......... ·-· ... - .... --- _. - ...... ·- ·-- - -· -- ·- ·- ·- --- ... -· - .... ·-· - -· - -- .... ·- - .... - - ·-· - .... -- - - ·- - -- --
C 
C EST A BI.. I S H RA l' E: S AND CAL C lJ L. ATE B ti F P C: I F P I I) I S NON ZERO) 
C 
C -- ...... - - -- -- ·- ... .,_. - - .............. -- - .............. .-. ·-· ... -- .... - -- - .... - ··- ... ·- ·- ·- - ·- ....... ·- - ..... ·-· -- -· -· -· -- ·-· .- -- ... -- ............. .,_ - - ·- -- - --, 
C 

671 
1160 

C 

IF CNVQN.EO.O) GO 
CALL C~RATE(NVQN) 

WRITEC:.,.,671) 
FORMAT( 7 ~,~ORATE 
CONTINUE 

T(l 111.>0 

DUNE") 

C 
C 

... --------_._. .... -- ......... -·· .... - --- ..... _. __ ..................... _ ._ __ .. ····---· --·- .. --·- ·-- -· -- .... - -- _. .... -- .-....... ··- -- ....... - -- .... - - ·---
C 
C 
C 
C 

C 

CALCUI-A'TE SE:VE:N ).}:C AGONAL MATRIX FfJR Pf',ESSLJRE SOL.LIT I ON 

... ----- .... - -~ ... - ... -- --- _,. .,_ - ........... -- ·- .... -·· ...... - -- ... - - .... --· ... -- ·-·-- - -- -- - .... ·- .... - -· -·· ·-· - - -- ... - -- ..... - - ·----
CALL SOL.MA 'f C: 1 I , J J , K I( , )) :c V 1 , D 2 8 0 , D 11, 4 , 

$ KSM, t,~;M 1, NLllCl P, NN, KC()FF) 
LJf~ITF.: (*, 672) 

6 '72 FORMAT<:., 1 , ' SOL.MAT DONE., ) 
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.. 
C -- - - ·-· -- - ... - -- ........ ·-- -- -- - - ·- - .. _ .............. -- -·· ....... - .... -- -- ... ·-- ---·-·- ...... -- -- ·- - -- ........ ·- ·- _ .. -- -- ·- - - - ..... -· ... - --- -- -
C 
C MODIFY M,~TR IX EL.EME::NTS FOR WELLS l.JNDE:f·: I MPL IC! T CONTROL 
C 
C ----------------------------------------------------------------­.. 
C 

IF (NVON.EO"O) GO TO 1170 
CALL PRATEICNVQN) 

ur<ITE(-:tt ,673) 
67:J 
1170 

C 

FORMAT ( ., ., , ' PRATE I D (l NE 1 ) 

CONTINUE 

C 
C 
C 
C 
C 

C 

C 

-....... _____ .._ _____ .... __ ...... -----· --·-----_ ....... ·-·- -- ·--·---- .......... -·- ._._ --·- ............ --------·· .. - ... -- -·· .......... -- -- ·- -·- ... 

CAL CU LAT 1:: NEW PRESS IJ ,.-;: E D IS TRI B lJ TIO N 
____ ,_ ___________ --- -- .... ___ .................... _.. ... _ ........ ---- __. .................... ___ ......... - .... --· ._._.. - . .- ........ -----···· - ----- ·-_ ... _ 

WRITEC*,3336) FT 
3336 FORMAT(' 1 ,'ELAPSED TIME= 7 ,F6.2, 

$ ,DAYS FROM BEGINNING OF SIMULATION~) 
U F< I TE ( * , 4 4 2 ) I>E I .. T 

442 FORMAT(" ., ., , I>EL.T::;·, ,Ft-3 .. 3) 

IF ( KS O L • EU .. 2 ) CALL. C I.. SOR C: I 1 , J J , I< I( , ()MEG"~ " TD L.. , TO l. 1 , M l ·1 ·ER , 
$ DEL T, DEL TO, t(SN, NLOOP, NITE:R) 

C .... - ....... -- - ... - -- .... - -- - - -- .... -- - -- -- _ .......... - - •• -·· .... -- -- - -- ·- -·· ...... -- -· ·- _ ......... ·- - ... ··- -· -· ... -- -·· ........ -- .... - _ ........... - - -- - --
C 
C CALCULATE IMPLICIT RATES 
C 
C ----------------------------------------------------------------C 

IF C:NVGN. ED .. 0) GO TO 2{)~51 
CALL PRATEOCNVQN) 

2051 CONTINUE 
C 
C -------------------------------------------------------------------
C 
C CALCULATE NEW fl.UID !~ATURATIDNS 
C 
C 
C 
C 

C 

C 

C 

C 

C 

-- --- -- ._. ~ --... -- ......... _ .... - ........ -· .............. ·-· ... -- ·-· ....... - -- - ·-· ... -- -- ·- ·- -- ·- ...... -- -· .... ·- -- - _. -·· .... -- .... --- ·-· - - ·-- ·- .... - - -

SCFO=O.O 
SCFLJ=O.O 
SCFG=O.O 
SCFG1=0.0 
RESt..•OL=O. () 

DO 400 I( :: 1., Kl< 
DO 400 J' := :t,J..J 
DO 400 I:::: 1,II 

PPN==PN( I•, J, t,) 
PP=P(:t.,J,K) 
BP T = P IHl T c: I , J , K ) 

CALL INT PVT (NTE, [t PT.,. f,SLOPE, PDT, RBD'f., M POT, PP,, RSC>) 
CALL INTERP (NTE, PWT ~.1;:sl-JT, MPWT, PP,, RSW) 
CALL INTER P (NT E , PG T •: t: RT , MPG T , PP N , CR) 
CALL I NT PVT C:NTE, BPT., ))SLOPE., PfJT., BDT., MPOT, PP, BEclJ) 
CALL INTERP (NTE., PUT•, DWT, MPWT, PP, BBW) 
CALL INTERP(NTE, PGT,DGT,MPGT, PP•,BHG) 

VPP=VPC:I ·,.J,t<) ·>t (:l .. O+CR*(P(I ,J~l,:>--PPN)) 
RESVOL=RC:S~JOL. +VP P 

DP1=0.0 
DP2=0.0 
DP3=0.0 
DPA=O.O 
DP5=0.0 
DP6=0.0 
I F C: C: I -· 1 ) • GT • 0 :> 
IF C:(I ... l).L.E.IJ:) 
I F ( ( .. T-· 1 :> • GT • 0 :> 
IF C:(:f+l :> .L.E.JJ) 
I F C: C: I( - l ) ·. G T • 0 ) 
I F C: C: l( -t· 1 ) .. L E .. K tC> 

DPl=P(I-1,J,K)-PP 
DP2~P(I+1,J,K)-PP 
D P :; :;:: P ( l: , J .... 1 , I( ) -- P P 
l) P '• ::: P C: I ., J + 1 , I( ) - P P 
D P ~5 ::: P C: I , J ., K -- 1 ) -- P P 
D P c!, ::: P <'. I ., J ., K ... 1 ) -- P P 

DAO D P ::: Cl W C: I , J , K ) * D P 1 -t· () E ( I , .f ., K :, u I> P 2 + (] B ( :C •, J' , K ) * I) P 3 
$ + ll N ( I , J , tC> * t) P '• + 0 T ( I , .J , K ) n D P 5 + (] B ( I , J , K ) )C· I> P 6 

D A lJ D P ;: LJ W ( I , J ., t, ) ~- D P 1 + U E C: I ., J ., K ) u D P 2 + W S ( :C ·, .r , ": ) * I> P 3 
$ + lJ N ( I , J , t, ) * t) P ,i ·i WT ( I , J , K ) tt D P :i + W B C: I ., J , K ) ·)(· D P 6 

s u c: 1 , :r ., K :> ::= c: ( D Aw D P + t :HJ w r <: :r , .r , K l -- (l w c: r , :r ., 1( :> :> ~- D F L T + v P <: :r , J , K :> * 
$ fJWN( I., J •; K) /BU (I, J., I\)) * f:cBlJ/VPP 

SO c" I J I( .. . . r· " c·· I' r> .•. ("J lJ -· . ·t J' ..... · (1 C) . ·t ·1· h"" .> • I> E"" l .. ,. + V I:, <'. I , J" , 1,·· ·.> * • , , ., . .I == <. (. ., M .J • ,· + I :1 I <. • , 'J ,, .> -- ... C. • 'I , ., , ,. . .> * ·:. . 
$ l3 0 N ( :C , ,f •; I·( ) / B O ( I , :r , K ) ) ·>t B Ee CJ/ lJ P P 

SG(I,J~K)=1 .. 0-S0(I~J1K)-SW(I,J,K) 
IF (SG( l ,:f,K) .. GT .. 0 .. 0) UO TU 40~:i 

401 SG(I,J,K)~o.o 

C 

C 

-

SO <: I , ,1 •, I() = 1 .. 0 ··· £,W ( I ., J " I<:> 
405 CONTINUE 

IF (KCOFF"C0.0) GO TO 397 
RHO 1 = V P P * i:HJ ( I , J' , K ) / lH) () 
RH02:::V P ( :C •, J., K:, *SON C: I , J ·,I,:> /EcO C: 1, J, I() 
DI FFO=RHll 1-•~t-lD2 

RHW1=VPP*SW(I,J,K)/DBW 
R H W 2 ::: V P C: :C , :r ,, t( ) * S LJ N C: I ., J •, I\ ) I It U C: I , J , t, ) 
DI FFU=HHW l ··· I~ HU2 
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C 

C 

RUG 1 =VP P*SG (I, ..T, t,) /D£:G 
RH G 2 =VP ( I , J ·, I( ) * S G N ( 1. , ,f •1 I( ) / Ic G ( I , J , I( ) 
DI FFG:::f.:HG l-f.:HG2 

WR I TE C: 1 tJCODI:., 3:""~) 
WRITE(IUCODE,21)1,J,K,PCI,J,K),SO(I,J,K),SON(I,J,K),SW(I,J,K), 

$ SWN(I,J,K),SG(J,J,K),SGN(I,J,K),VPP 
URITECIOCODE,21)1,J,K,GOW"f(I,J,Kl,UO(I,J~K),GWWT(I,J~K), 

$ Q ~J ( I , :r ., I() 
WR I TE C I O C {)DI:: , 2 1 ) I , J" ., I( ., D A() D P , DAW I> P , DEL T 
URITECIOCODE,21)I,J,K,RH01,RH02,DIFFO 
UR I TE C I O C ll D [ , 21 ) 1 ·, J , I( •, •~ H W 1 , RH W 2 , D I FF t,J 
UR I TE ( I O C ()DE. , 21 ) 1 , J , I( ., ra·J G 1 , RH G 2 , D :C FF G , G G L·J T ( I , J , K ) , (H3 C: 1 , J" , K ) 

397 VP(I,J,K)=VPP 

C 

C 

C 

BO c: I , J , I(: ) = f; f: 0 
B W C: I , J , K'. ) ::: f.: f: U 
BG (I, J, K :> ==D£:G 
FF1=S0(I,J1K)/BO(I,J,K) 
FF 2 = SU ( I , .J •, If :, I B lJ ( I , .J , I( :> 
SCFO=SCFO+VP(I,J~K)*FF1 
SCFW=SCFW .. -~, P ( 1 , J., K:> *F"F2 
SCFG=SCFG+VP(I,J,K)*SG(C,J,K)/BG(I,J,K) 
SCFG 1 =SCFG 1 +VP (I, J, K) n ( RSCl*FF 1 +f~SlJiiFF2) 

CALL NT ERP 1 (NT E , POT , B Cl PT , M POT ., PP , B D DER :> 
CALL NTERP 1 C: NTF., PDr, RSOPT, MPDT, PP, RSCIDER:, 
CALL NT ERP 1 (NT E , P lJT , B lJ PT , M PW T , PP , B ~JI> ER) 
CALL NTERPl(NTE,PWT,RSWPT,MPWT,PP,RSWDER) 
CALL NTERP1 (NTE, PGT, ))OPT, MPGT, PP, BGDER) 

IF CPP.GT.PBOTCI,J,K))DODER=BSLOPE 
IF (PP.GT.PBOT(I,J,K))RSODER~RSLOPE 
CO=-(BODER-BG(I,J,K)*RSODER)/BO(l,J,Kl 
CU=-(BUDER-BG(I,J,K)*RSWDER)/DW(I,J,K) 
CG=-BGDER/BG(I,J,K) 
CALL IN TE•~ P (NT E: , PG T , C •~ T , MPG T , PP , CR) 

C ...... -- .... - - - - -- .... - - -- -- .... -. -- -· -- -- - ·--- -- ... -- -- _ .. -· -- -- - - ··- -- ... -- -- -- .... -- ... ·- -- -·· ··- .... -- - -- -- .... - - ·- - -- .... - .- .... -- -- -
C 
C MODIFICATION OF BI ... OCK TOTAL COMPR£SSII-c:CLITY IF C1\L..CULATED 
C VALUE IS NEGA l' IV•~:-•~E!3ET TO PREV :C Dl.J~i TI ME STEP VALUE. 
C 
C - - - ... - - ~ - - .... - - - - -- .... ..- - - - - .... -- .... - ........... - -- -- ... ·- .... -- -- -- -- .... -·· ·- - - ... -· .... ·- -- ·- -· -- .... ·- ....... -· ....... - .... -- ... - --
C 

C 

ex= CT(I,J,t,) 
CTCI,J,K)=CR + CO*SO(I,J,K) +CW*SW(I,J,K) + CO*SG(I,J-,K) 

IF (CT(1,J,K).LE.0~0) THEN 
C T C: I , S , I\'. :, = C X 
URITE(*,657) I,J,K 

65'7 FORMAT (., ",., RESET T(]TAL C:DMP. TO PREl.'I0lJ8 VALUE" AT PCISN .. ., , 315) 
END IF 
IF C:N.EQ.KCO)URITE(IOC:ODE,21)I,J,K,CR,CO,RSO,CW,RSW,CG 

400 CONTINUE 
C 
C ---------------------------------------------·-------------------C 
C AUTO TIME STEP C(lNTRCJL C1~LC. DF PRESSlJi=~E AT SAT. MAXIMA. 
C 
C --------------------------------------------------------------··-C 

C 

210 

':>?O --

230 

240 

PPM=O. 
SOM=O. 
SUH=O. 
SGM=O. 

DO 240 K = 1,KK 
DO 240 J = 1,JJ 
DO 240 I = l. , I I 

DPO=P C: I, .J, I< )-PNC: I, ,"f, I() 
DSO==SCJ C: I , J', K) ·-SON C: I" J", K) 
D SU= SW C: I , J , K ) --SW N ( I , J , K ) 
DSG;SG(I,J,K)-SGN(I,J,K) 
IF CABS(DPO).LE~ABS(PPM)) 
PPM=DPCJ 

IP==I 
JP=J 
KP=I< 

I F · A B ~ · D O O · L 1·- A f.~<-"' · '"' () M · · (. b '· ... ) ) • . ::. - l"I :) ,:, C. .. :, .) ,) 
SOM=DSD 

l: S(l :-.: I 
JSO=J 
1(80==1( 

I F . A B" '-"' . D <"' U . L E"' "" B (."' . ,~ W ~ . ) (. ,;) e. ,:, .> • • .. .. ... .. :, <. • :) l"I .) 

SUH=DSW 
ISW=I 
JSW:=J 
KSlJ :=I( 

I F . Au s . D O (3 . L 1-· A B '"' . ,., G M . . t, , .• p, c. ,.a • ., ., , ::. .. ,) (. ,:, .1 ,) ,) 

SGH=DSG 
IS(3=1 
J'SG=J 
KSG=I( 

C:ONTINUI:. 
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GO T () 2 :I. 0 

GO TD 220 

GD TO ~~tiO 



C 

C 

DPMC=ABS(PPl'i) 
DSHC=ABS (S(JM) 

I F . 1r. ,~ .. ., l 1· " E :-,, . (·• (" M . . c. • ,:)l·ll.. .. _ .. a-1 H:i C. ,, :, .> J 
DSMC=,~E<S (SGM) 
IS:::: I SG 
JS=JS(3 
KS=l(i:H3 
IF ·osJ.·~.,, L.,. "1·s ·r·wM· · c. ,·1,.. .. • t-i .c... c ... :, .> ., 
DSMC=ABS(SWM) 
IS=ISW 
JS=JSW 
KS =l(S W 

END IF 
ELSE 

IS=ISCl 
JS=JS(] 
KS=KS(J 

END IF 

THEN 

THEN 

C - - - .... - .... - - - .... -- ....... - ... ·-· ..... - -- ............ - -- ... -- - .... - ........ -· -·· .... --- ... - -- ·- -·· ............ -- ........ -- .- -- -- .... ·- ·- _. - ............... ..._ -- ..... .. 
C 
C REPEAT TIME STEP 
C 
C -- - ... -· .... .- ... -- -- ._. ...... ~ ·- - "·· - -- -· -- ............... -- ... -·· -· - .... -· ..... - ·-· ·- -- -· -- -- ·- .... ·- ... -· -·· ........ -- - -- -·· _. .... - .... - -· ........ - - -- -· -
C 

IF (DSM C .. LT • I> SM AX .. AND .. DP MC .. LT • DP MAX .. AND .. N I TE F~ .. LT .. M I T E-.1=~) 
$ GOTO ti02 

r F c: DEL r .. L c .. Dr M r N .. (J .-~ •• FA c r 2 .. GE • 1 .. o ) Go To ,, o 2 
I TFLAG:::J: TFL1~G·t 1 
DEL T=DE:l.T*F i·1CT2 

C 
IF ( DEL T • L. T .. D TM 1 N ) D 1:.L. T ::: D TM I N 
FT=ET I +DE:LT 
:CF C:FT. GT .. FTMAX) DEI..T=::FTMAX-··ETI 

C 
C ........... --------------- ...... -. .... -· - ._ ....................... - _ .... _ ... --.- -----........... ---·--· ... -· ·-·-·.- .... .-. ...... - .... --- - .... --~ ---- - -- ---
C 
C RESET 11o• 1~ 1-;: I A B L. ES 
C 
C ----------------------------------------------------------·------C 

DO 250 I := :t, I I 
I)() 250 J = l.,JJ 
DO 2 50 K = 1 , K I\ 

PCI,J,K)~PN(I,J,K) 
So ll J K)=~ON(I JI~) • ,, ' ... :> •• ,. ',. 
SUCI,J,K)~SWN(I,J,K) 
SG(I,J,K)=SGN(I,J,K) 

250 CONTINUE 
C 

C 

C 

C 

I F C: N I TE 1:~ • G T .. MI T F.: R ) c:; (] T () :31 7 6 
IF C:DSMC .. GT .. DSMAX) THEN 
• • R I r E f ·c ,·hJ -, ·J ·- E' p::t ·• ·/··· .... ·, o ·:·, t" t·"' 1· c ·1· '" 1,· S' w • • l.. L lJ , ·-"> .1. ,, • ,:, ·, ~ , • ~ , , ,:, , , , 

3173 FORMAT C:" ., , 'TI ME ~;iTEP •~E TREa~ T·-CHANGE IN B,~\Tl.JRAT ION (, •, 
* F .L. •' ., • .. ,. ' "T I ,:· .. 'I •·.- .. ~ , .. f..""." I=',, f' lJ \. .. ·=·f.. I) E:- 1:· ••••. 1 t::' I) t·1 AX 1· M LJ M ., . ;p Q • ,& , ) t-\ 'I ,:1 ,J, 1 ... "\ .,s;;, ... ,. ,:> ,:,1::. \ _,r .1. f-.ii;.. • I ,) 

END IF 
IF C:DPMC .. GT .. I>PMAX) THEN 
WR I TE C: I 1J CD DE ., 31 "/ ti ) )) PM C , 1 P , J P , 1, P 

317 4 Fo RM .AT . " I • ., ··r· ·1· ME' c· 1·· t:'' p l"'\ 1·· .•. r·· 1=-- ~ ·1· ·-· ,., f..J .... N ( .. 1:... ·c N 11 1=·· 1::· C' ,-:' lJ r·, 1::· f ., ,-," (. 'I •. 1 d c. r\ -· ,, ... 1·1 .,nl'1 J .• • \ ..... >,.> n.. . , 

$ F 6 .. 1 •, ., :, t1 T ., , :~ :t ~5 •, ., EX C EE DB lJ SE I~ I> E F J NE I> MAX I Ml.JM ., ) 
END IF 

3176 CONTINUE 
GO TO 1c)60 

402 CONTINUE 

C ----------------------------------------------------------------C 
C UNDERS,~TUF~ATED (3R :CD BI ... OCI( SATlJl~AT l:(]N c,.,1..cULAT ION 
C 
C - - ..... - - - - -- -- .... - -- - ....... -· - - .... - .... .-. .... - .._ ....... ·- - -- .... -. .. - - -- -- -- ....... -- .... - ... - .... ·- .... - -- -...... - -- ... - - ··- -- - - --- .... --
C 

412 

414 

416 

418 

420 

4?? --
410 

DO 410 I ::: :L , I I 
DO 410 J' := :L ., J J 
DO 4 1 0 I( ::: :l ., I( K 

I F C: P ( I , J , t, ) . GT • P N C: :C •, J , I< ) ) GD T () 4 t 0 
I F ( P ( l , .T , I( ) • L T .. P ):) () T ( I , .J , I( ) ) G Cl T O 4 1 0 
IP=I+1 
IM=I-1 
JP=J·t-1 
JM=J-1 
KP=K+1 
KH=K-1 
IF (IP .. t:iT. I I) 00 Tll 412 
IF C:SGN(IP,.J,K).GT .. 0,.0001) GD T() 410 
IF C:IM .. LT .. 1) GD TO 414 
IF C:SGN (IM, J, K) .. GT .. 0" 0001) GO TO 4 :1.0 
IF (JP .. GT.JJ) GO TO 416 
I F c: S G N C: I , .T P , t< ) • (~ T .. () .. 0 0 () 1 ) c; () T () 4 1 <> 
I F C: JM .. I. 'f • 1 ) GO T () tLl 8 
I F C: S (3 N C: :C , J M , K ) .. G T .. () •• O O O l ) Ci () 'f O 4 t 0 
IF (KP .. GT.KK) GO TO 420 
IF C:SGNC::C,J,l<P).GT .. 0 .. 0001) CH) TO 4i.O 
IF C:KM-LT.1) GO TO 422 
IF (SGNC:I,J,KM).GT .. 0 .. 0001) GD TO 410 
SG C: I , ..T, K :> =O. 0 
SOCI,J,K)=l.0-SW(I~J,K) 

CONTINUI:': 
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·-· - -.~ 

C 
C ----------------------------------------------------------------C 
C REPRESfjllH I 7.AT I ClN AL(ltlf, I TUM 
C 
C ----------------------------------------------------------------C 

C 

C 

50 
51 

C 

If. (IREPRS, E0.1) 60 ro ti1 
DO 50 I• 1,II 
DO 50 J ia 1,JJ 
DO 50 K = 1,KK 

IF (SGC1,J,K).LE.0.0001) GO TO 50 
PP5P(I .,,J ,I\) 
IF (P(I,J,K).GT.PBOT(I,J,K)) PP;PBOT(I,J,K) 

CALL INTERPCNTC,POT,DOT,MPOT,PP,BDO) 
CALL INTER P (NT£, POr, ns1)T I MPDr t PP t f~S(.l) 
CALL INTER P C:HTE, Pl3T, Elll'f, MPOT, PP, Bli(i) 
IF (60(1,J,K).EQ.O.Ol GO TO 50 
RSONEU~RSO + GGC:I,J,K)~OB0/(60(1,J,K)MDDG) 

CALL. INTER P ( NTE, l~fl()T., PO 'f, M PfJT, RSl1Nt-:U, PlJfJNElJ) 
P&OTC:I,J,K)~PDONEU 

CfJNTINUE 
CONTINUI:: 

C -----------~- - ---- -- ,.. ____ ... - - --- _. - ---- - .... --- - - -·- ·- - -·-·--·--··- - ·- - -- -· ·- - - - •• -
C 
C 
C 

UPDATE OLD FL.UID Vlll-UMES FUR MATEf~l'.Al. DALANCE 

C -----------------------------------------------------------r----C 

C 

STBOI•STBU 
S'fBUimif:iTBU 
MCFOI•HCF'3'f 

C ----------------------------------------------------------------C 
C UPDATE NEU FLUID VOLUMES 
C 
C ---------------------------------------------·-------------------C 

C 

STBo~scFO.tD~615 
STBU=SCFIJttD5615 
HCFG•SCF(HtO.001 
HCFGtaSCFGl~0.001 
HCFGTmhCFGi·MCFl,1 

C ----------------------------------------------------------------C 
C DEBUG PRINT OF PRESENT AND FUTURE P, SO, SW, SG VALUES 

-C-- ~-- .. 
C ----------------------------------------------------------------C 

290 
990 

C 

• 
• 

IF 
DO 
DO 
DO 

(KCOFI-- .. t(l. 0) 00 l'(l '1'10 
290 I(• 1,1\K 
290 :J • 1,J.J 
290 I • l, I I 
URITEClOCODE,21) 

URITEC:IOCODE,21) 

CONTINUE 
CONTINUE 

I,J,K,PNC:I,.T,K>,SONCI,J,Kl,UWNCI,J,K>, 
SON (I, .T, I,) 
1,J,K,PC:I,J,K),SO(I,J,K),SW(I,J,K), 
f3 (3 ( I , .T , I( ) 

C ------------------------------------------------------------------c 
C 
C 

' 
UELL REt'l]F:T ( Al..L t~ATf: & Pl~ESBIJt~F. DATA APPLICltDLE THIS S'fEP) 

C ----~--------------------------------------------··---------------C 

C 

C 

I JsaO 
TOR•O. 
TGR~O. 
TURaO. 
TOC=O. 
TGC•O. 
TUCaO. 
DO 2050 ~ a 1,NVUN 

BORaO. uor~;ao. 
IC1•IllN1 C:J') 
IQ2:.iION2(.J) 
IQJ»IUN3C:J) 
IJ.sIJ+l 
LAYgrI(ll• c:1 .. AYEr~ ,:.1·)-· t) 

DO 2050 I( =- 103, L.AY 
aoo~aoc:xa1,1a2,K)•D5615 
QUUmUU(1~1,IQ2,K)Mll5615 
QGG:aiU(3 C: I U 1, I 112, K) tu) .. 0() 1 
CUMO(J,KJ~CUMOCJ,K>+OOllNDELTH0.001 
CUMU C: .T, I<) uClJHLJ ( .J, I() ·t·(lUUH DCL T 1tO .. 001 
CUMG(J,K>~cuHO(~,K)+OUO•DELTM0.001 
IF C: IULt~CP. f.Q. 0) no Tn 2050 
IF (IJ.E0.1.AND.K.E~ .. IOJJ URITE(IOCODE,~91> FT 
IF C: I .T .. E (l • 1 • ANO • I< • t: Cl .. 1 U 3 ) WI~ IT E ( In C ()DE'. , ~-;; 9 1 t :, 

5 911 FOR HAT ( I , 5 ,, iC , " - - - ·-·- - RAT f~ - - •·· -- •• - v , 2 2 X , " -- - ·•· C lJ M lJ L.. AT IV F ·· - - ' , 
$ /,13X,"l.Jl~l.L l.OCAl'lilN 1 ,4X, 'CALC flPf.:C: GPC:C 1 ,4X, 
$ 'OIL GA~ LJ;,rt:]~ GOR lJUR"' ,~,;x, 
$ '0 I L ,;AS& WATl::t~., , I, 
$ 14 X, ' I I>" , JX, ' I J' I( BHF P BUF P 
$ JX' 'STB/1) MCF /D ~lTB/1)' 'V Sl:F /~JTB 
$ 'NSTD MMCF MSTO',/) 

IF C:QOO.EU.0.) GO TO 998 
GOR=GOC3tt ·L OOO. /OOU 
UORa:QUU/ 1lOO 

' , 

9 9 8 UR I TE C: I O CO I> E , 5 9~~ :, U t::: L L. I I> C: J' ) , I t1 N 1 ( J ) , I D N 2 ( J' ) , I, , PU F C C: J' , I( ) , 
$ PUF(J,K>,PlD(J,K)10LlO,OGG.,QUW,GOR,WOR,CUMO(J,KJ,CUMG(J,~>, 
t CUHY ( J , I(> 

592 FORHAT(1tX,A5,1X,3lJ,2F~.O,F7.J,3F9.0,F7.0,F7.3,3FO.Ol 
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C 
TOR =TO t1 + tl (JO 
TGR=TGR+tlGG 
TLJR;TUR+tlUU 
TOC=TOC+CUMOC:J,I() 
TGC;rGC+CUMGCJ,K) 
ruc~ruc+CUMUC:J,t<) 

2050 CONTINUE 
C 

IF (IUl.REP .. E"0.0) GCI 'f'() 2052 
UR I TE c: 1 UC(lDE, 5912:, T<ll-~, 'f"DR, TUR, TO<:, TGC, TlJC 

5912 FORHAT(12X,102('-'),/, 
$ 12X,'TOTALS•,JtX,3F9.0,14X,3F0.0,/) 

2052 CONTINUE 
C 
C -----------------------------------------------------------------C 
C CALCULATE MATERIAL BALANCE ERRORS AND AVERAGE RESERVOIR PRESSURE 
C 
C -----------------------------------------------------------------C 

DELTO~DE::LT 
ETI=ETl+DELT 
CALL HATBAL(II,JJ,KK,STBO,STBOI,ST&U,STBlJI, 

S MCFG,MCFGI,HBEO,MDEU,MBEU,DELTO,RESVOL,OP,UP,GP,Ul, 
$ GI,PAVGO,PAV(~1NLOOP,OPR,WPR,GPR,WIR,GIR,D5615, 
$ COP, CLJP, CGP, ClJ I, CGI, MCFG1, MCF'3T, CUUR, UOR, CGCJR, OOF<) 

C 

C 
C 

IF CUOR.GT.WORMAX) 60 TO 1002 
IF (GOR.GT.GORMAX) 60 TO 1003 
IF C: PAVfj. LT. PAM IN:, Gil 'f() 1004 
IF' ( PAVU. (3'( .. PAMAX) Gil Tll 1005 

C -------------------------------------------------------------------C 
C SUMMARY ~EPORT 
C 
C -------------------------------------------------------------------C 

IF CISUHRY~C0.0) GO TO 2057 
NLP•N·•t 
CALL PRTPSCNLP,KPI,II,JJ,KK,PAVOO,PAVG, 

$ COP,CWP,CUI,CGP,COI,HBEO,MBEU,HDEG,DELTO, 
t OPR,UPR,OPR~WIR,GIR,ETI,CWOR,CGOR,WOR,GOR, 
$ IPMAP,IS0MAP,19UMAP,IGGMAP,IPBMAP) 

2057 IF(N.ED.KCO .OR. KCOt.EQ.0) 00 TO 500 
C 

3 0 0 K :a 1 , K I( 
300 J' = 1, J J 

DO 
DO 
DO 300 1 = 1,II 

URITE(lOCODE,21)1,JvK,VP(I,J,K),CTCI,J,K),DO(I,J,K),SOCI,J,K>, • CONTINUE 
BUCl,J,K),SU(I,J,K),BGCI,J,K),SG(I,J,K) 

JOO 
C 

500 
C 

CONTINUE; 

IF C:N. E:U .. l\~lN) KSN=I\SN+KBN 1 
IF C:N.EU.KSM) KSM=KSH+KSH1 
IF (N.la.KCO) KCO=KCO+KC01 

C 
C 
C 
C 
C 
C 
C 
C 
C 

------------------------------------------------------------------­. 
LJPDA'rE ARRA\'~3 

--------- ._. ____ --~--_ ... _____ ._,_ ---------·--··--.... -- --- --·- ----- ..... ---- -~ ·-·---- ·-·-----

1150 
1000 

C 
1002 

1003 

1004 

100S 
1001 

C 

DO 1150 K = 1,KK 
DO 1150 J = 1,JJ 
DO 1150 I= 1,II 

Q O C: I , .T , I( ) :: 0 • 0 
au c: 1 , J, K > ==O. o 
QG C: I , .T, K :> =O. 0 

PN(I,J~K)mPC:I,J,K) 
SONC:I,J,K>~SO(I,J,K) 
SUNC:I,J,Kl=SUC:I,J,K) 
SO H ( I , ~• , I\ ) a: S G C: I , .1 , IC> 

CONTINUE 
CONTINUE 

URITE(IOCODE,2002) 
GO TO 1001 
URITE(IOCODE,2003) 
GO TO 1001 
URITE(IOCOD£,2004) 
GO TO 1001 
URITECIOCOD~,2005) 
CONTINUE 

2002 FORHATC:/15X, 7 MAXIMUM WOR HAS BEEN EXCEEDED 
$' IS BEING TERMINATEDY~//) 

SIMULATION', 

2003 FORHATC:/lSX, 'MAXIMUM f~(U~ HAB BEEN EXCEEDCD SIMULATION', 
S ' IS BE I NC3 ·r f. RM I NATE O v , I/) 

2004 FORMATC:/'15X,'HINIMUM AVERAUE 
t' ACHIEVED ---- SIMUL,~TION IS 

200~ FORHATC/t~X,'MAXIMUM AVERAGE 
$' EXCEEDED --- SIMULATION IS 

1234 FORMATllX,10~13.6) 
33 FORMATC://) 

RESERVD II~ PRESBlJRE WAS NOT' , 
DEING TERMINATED'//) 
RESERVOIR PRESSURE HAS BEEN', 
BEIND TERMINATED'//) 

~91 FORMATC:///5X,10C: 7 ·>t') ," WELL REPOl~T FCJR ALL ACTIVE UE:L.L£:.; ',4X, 
t 'ELAPS~D TIHE ~ 1 ,Fil.6, 1 DAYS FROM bE(lINNING OF SIMULATION', 

21 
69 

C 
C 
C 

$10('*'),//) 
FORHATl1X,31J,OE15.6) 
FORMATC:80A1) 

•••• CLOSE I/O FILES 

CLOSEC:20) 
CLOSE C: ll)CODE) 

STOP 
END 
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.. 
C 
C ==~=====================~~~~=======~===============~====~===~==~ 
C 

C 

SUBROUTINE 
$ 
$ 
$ 

CODE BC: I ()CODI~, l(SM 1 , KSN 1 ., l(CO 1 ., NN, 
FACT 1 ., FACT 2 ., TM AX , I( SOL , M :t l ER , 0 ME: GA , TD L , T Cl I... 1 , 
KBN, t,SM, l(C(l, l<TR, l(COFF, DBM1~X, D PMAX., 
W(JRMAX, (:Hl~~l1AX, PAM IN, PAMAX) 

C = = == = = = = = = = == == ::: = = ::: = == = ::, = ::: :: ::: ==• ::: :::: ::: = = == ::: ::: :.-:: == == = :: ::: :::: =::.:: = ::: ::: ~.-: == :::: = = = ::: :.: = :::: == ::·: :::: :::: :.::: = = = ::: 
C 

C 

CHARACTE::R :tHED IN C:80) 
READ(20,6'i) (1HE[>lNC:iH) •, IH=1,BO) 
READ (20, *) K~,N 1, t,SMt, l(CCl J., l(Tr~., KC OFF 
URITE(*,5) IOCODE 

5 FORMAT C: // / , ., * * * * * VALU t::: OF I CJ CODE tt * * * * ' , I 5 /) 

C ----------------------------------------------------------------
C 
C EVERY KSM1'TH STEP SOLUTION MATRIX WILL BE WRITTEN 
C EVERY l<SN1 1 TH STEP CL.SfJR DATA WILL BE WRITTEN 
C IF KTR :t S NONZEf.:(), Tl~ANSMISSIBILI TIES WILL. BE WR I TTE:N 
C 
C ---------------------------------------------·-------------------C 

C 

READ(20,69) (IHEDIN(IHl?IH=1,80) 
RE AD C: 2 0 , * ) NN , FACT 1 , FACT 2 , T MAX 1 LJ CJ RM AX , G tl R MAX ., PAM IN , PAM AX 
WRITE(IOCODE,59)NN,FAC'r1,FACT2,TMAX,WORMAX,GORMAX,PAMIN,PAMAX 

C ----------------------------------------------------------------C 
C 
C 
C 
C 
C 
C 
C 

NN 
FACTl 
FACT2 
TMAX 

.. .. 

.. • 
MAXIMUM NUMBER OF TIME STEPS 
FACTC)f~ FO•~ INC REAS ING TIME STEP 
FACT Of~ FD•~ DECf~f.AS ING TIME STEP 
MAXIMUM Sil1UL,·~TION TIME 

--- ....... --... -- ...... - ........ ·- .... -........ -- -- ·-· ...... -- --- - .... ----- -- -- .... -...... ---·- ... - ... -- -· ·-· - ........ -·· ............... --- ·-· ......... - -- -
READC20,69) (IHEDIN(IH),IH=1,80) 
READ C:20, *) l(SCU .. , MI TE~;:, ilM[f:iA, TOL, TOL 1 , I>SMAX, D PMAX 
IF C: KS O L. .. EU .. 2 ) WR IT E C: I (l C Cl DE , 7 ~5:, M I TE R , (]ME: c:; A , TO L , TO L 1 
WRITE(IOCODE,79) DSMAX~DPMAX 

75 FORMAT C:/"/15X, 'SOLUTION METHOD IS CLS(JR::.,, 
$/20X,., MAX I MUM NUMl:CE]~ OF I TERAT I ONB C: MI Tf<) = ., , ~iX, I 5, 
$/20X,"INITIAL ACCELERA"fION PARAMETER (OMEGA)= .,,Fl0.4, 
$/20X, ., MAX I MUM PRE:SSU•~E f~ES I DUAL C: TOL) = ' , F 10. 4, 
$/20X,' PA•~AMETER FOF~ CHANG ING CJMl:.GA C: TOL 1) = " , F10. 4:, 

79 FORMAT C:/ 15X", AUTOMATIC T JME STEP CRITERif-1:: ., ., 
$/20X,'MAXIMUM ~1LL.C>WE]) SATURATION CHANGE (DBMAX) = ',F10 .. 4, 
$/20X,'MAXIMUM ~1L.L.C>WED PRESSURE CHANGE (DPMAX) = ., ,Fl0.1,/) 

5 9 FORMAT ( / / / 15 X , ., MAX I MUM NUMBER OF T IM E STEP f.~ = ., , I 5 I 

C 

C 

$15X,'FACTOR FOR INCREASING DELT -Y,F10.4,3X, 
$'WHEN DSMAX AND DPMAX NOT EXCEEDED • .,,/, 
$15X,'FACTOR FOR DECREASING DELT _.,,F10.4,3X, 
$'WHEN DSMAX AND DPMAX IS EXCEEDED.',/, 
$15X,'HAXIMUM SIMUl..ATIClN TIME =',F11.2/, 
$15X,., MAXIMUM HESERV(l:CI~ WOR/TIME-STEP :::' ,FB.1,' STB/STB" / 
$15X,"HAXIMUM RESERVflIR GOR/TIME-STEP =",F8.1, 1 SCF/SlB'/ 
$ 15 X ' ., H I N .[ M lJ M A'-' E: r~ AG F.: ·~ F.: B E 1:;: '-' (] I n p I~ Es s u RE IT I ME·- s TE p :::; 1 

, F B • 1 I 
$15X,'HAXIMUM AVERAGE RESERVOIR PRESSURE/TIME-STEP =',FB.1//) 

69 FORMAT(80All 
KSN=KSNl 
KSH=KSM1 
KCO=KC01 

RETURN 
END 
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C =======================~~==========================~============= 
C 

SUBROUTINE GRID1(II,J:i,KK) 
C 
C 
C 

=======================~~~=~===========~~===========;===~======= 

C 

C 

C 

C 

INCLUDE YCOMMB3.FOR 1 

DIMENSION ZSUM(NX,NY),VAREL(NX,NY),RDXL(NX),RDYL(NY),RDZL(NZl 

READ(20,69) (IHEDIN(IH)~IH=1,80) 
URITE(IOCODE,70) CIHEDIN(IH),IH=1,80) 
READC20,*)II,JJ,KK 

READ(20,69) (IHEDIN(IH>,IH=1,80) 

C ----------------------------------------------------------------C 
C READ It,PUT CODES FO•~ DX, DY, DZ 
C 
C ----------------------------------------------------------------c 

READ(20,*> KDX,KDY,KDZ 
C 
C -- ,... -... --... --... ---.... -....... ---- .......... -- .......... ·- ... - ...... -... --- -- -- ....... ·- ....... -- .............. -- - -- ·--... -- ...... ·----- .... 
C 
C ESTABLISI-I GRID BL.OC:I( LENGTH C:DX) l>ISTF,IBUTION 
C 
C ----------------------------------------------------------------C 

IF (KDX.GE.0) GO TO 180 
READ(20,*) DXC 
DO 175 K= 1, l(t, 
DO 175 J::a 1 , .. T :1 
DO 175 I=1,II 

175 DXCI,J,K>=DXC 
LJRITEC:IOCODE,56) 

C 
180 

187 

182 

C 
185 

C 

190 
192 

193 
194 
195 

UR I TE C: I fJCtlDE, 29) I>XC 
GO TO 195 

IF (KDX.GT.0) GO TO 105 
READ(20,*)(RDXL(I),I~1,II) 
DO 187 K==1,Kt, 
DO 187 J"=1.,JJ 
DO 187 I==1,II 
DX(I,J,K)~RDXL(I) 
DO 182 1=1,:CI 
URITE(IOCODE,511) I,RDXL(I) 
CONTINUE 
GO TO 195 

UR I TE C: I DCDDE:, 43) 
K=l 
WRITE(IOCODE,38) K 
DO 190 J"=l, .. r J 
READ(20,*>(DXCI,J,K),I=1,II) 
URITECIOCODE,72)(DX(I,J,Kl,I=1,II) 
CONTINUE 
DU 1 9 4 K::: 2 ., I( I( 
URITE(IOCODE,38) K 
DO 194 J:::1.,JJ 
DO 193 I=1,.CI 
DXCI,J,K>~DX(I,J,1) 
URITE(IOCODE,72) (DXCI,J,K),I=1,II) 
C!ONT I NLJF.:: 
URI TE C: IOCODE:, 56) 

C ----------------------------------------------------·~-----------C 
C ESTABLI~lH GRID 81 •. 0CI, LENGTH (DY) DISTRIBUTION 
C 
C ----------------------------------------------------------------C 

r 

IF (l<DY. GE .. <>) GO TC> 200 
READC:20,*> DYC 
DO 202 K=1, I\K 
DfJ 202 J:= 1, .f J 
DO 202 I==l.,II 

202 DYCI,J,K>~DYC 
UR I TE C: I OCODE., 56) 
URITECIOCODE,33) DYC 
GO TO 220 

-229-



w 

200 

205 

210 

C 
207. 

C 

215 

213 

214 
212 
220 

IF CKDY.GT.O) GO TO 207 
READC20,M) (RDYL(J),J=l,~J) 
DO 205 K=1, l(K 
DO 205 J=i,JJ 
DO 205 I::;1,II 
DY(I,J,K)=RDYLCJ) 
DO 210 J=1•,JJ 
URITE(IOCODE,512) J,RDYL(J) 
CONTINUE 
GO TO 220 

WRITE ( IOCODE:, 4 7) 
K=1 
WRITECIOCODE,38)K 
DO 215 I=t,II 
READC20,*>CDYCI,J,K),J=1,JJ) 
LJRITE(IOCODE,72)(DY(I,J,K),J=1,JJ) 
DO 214 K=2 ,l(K 
LJRITE(IOCODE,38) K 
DO 214 J::1,JJ' 
DO 213 I=l,.CI 
DYCI,J,K)=DY(I,J,1) 
URITE(IOCODF,72) (DYCI,J,K>,I=1,II> 
CONTINUE 
CONTINUf~ 
CONTI NU~ 
WR I TE C: I ot=tlDE, 56) 

C ---------------~~--~~~~~-~-~---~-~~~~~--~---~~--~~~·-~~---~~-----
C 
C ESTABLISH GRID BLCJC:I( LENGTH (DZ) DISTRIBUTION 
C 
C ----------------------------------------------------------------C 

230 

C 
225 

235 

237 

C 
232 

C 

242 
240 
245 

IF (KDZ.GE.O) GO TO 225 
READC20,iit) DZC 
DO 230 K= 1 t l(K 
DO 230 J'=l, :r J 
DO 230 I=t,II 
DZ (I' J 'I() =D:zc 
WR·I TE Cl OCUDE, 56) 
WRITECIOCODE,36)DZC 
GO TO 245 

IF (KDZ.GT.O) GO TO 232 
READ(20,M)(RDZL(K),K=l~KK) 
DO 235 K= 1., l(K 
DO 235 J=1, .. TJ 
DO 235 I=1,lI 
DZCI,J,K>=RDZL(K) 
CONTINUE 
DO 237 K=1.,KK 
IJRITECIOCODE,513) K,RDZLCK) 
c:oNTINUE 
GO TO 245 

WRITE C: IOC(lDE, 48) 
DCI 240 K=l, 1(1, 
WRITE(IOC~DE,38)K 
DO 242 J'=l, ,f J 
READ(20,M)(DZCI,J,K),I=1,II) 
URITECIOCODE,72)(DZ(I,J,K),I=1,II) 
CONTINUE 
CONTINUE 
IJRITEC:IOC(]DE,56) 

C ----------------------------------------------------------------C 
C GRID BLOCK LENGTH MODIFICATIONS 
C 
C ---------------~------------------------------------------------C 

C 

275 
C 

C 

854 
853 
711 

READ(20,69) (IHEDINC:IH), IH:::1,EIO) 
READ(20,*> NlJMDX,NlJMDY,NlJMDZ,IDCODE 
IF CNUMDX.EQ.0) GO TO 711 
URITEC:IOCODE,31) 
DO 275 L.=1,NUMDX 
READ(20,M)I,J,K,DXCI,J~K) 
LJRITEC:IOCOD£,32)I,J,K,DXCI,J',K) 

IF (IDCODE~NE.l)GO TO 711 
UR IT E C: I O C tl DE: , 4 3 ) 
DO 853 K=l, Kt, 
URITE(IUCODE,38)K 
DO 854 J=1,JJ' 
URITECIOCODE,72) (DXCI,J,K>,I=1,II) 
CONTINUE: 
CONTINUE 
CONTINUE 
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C 

C 

276 

856 
855 
712 

277 

858 
857 
713 

IF (NUMDY.E0.0) GO TO 712 
LJRITE C: IOCODE, :44) 
DO 276 L=1,NUMDY 
READC20,*>I,J,DYCI,3,K) 
URITEC:IOCODE,32)1,J,K,DYCI,J,K) 
IF C:IOCODE'"NE.1) GD T() 712 
LJR I TE C: I OCODE:, 4 7) 
DO 855 K=1, Kl·, 
URITEC:IOCODE,38)K 
DO 856 J:::1, .J J 
WRITEC:IOCODE,72)(DY(I,J,K),I=1,II) 
CONTINUE 
CONTINUE: 
CONTINUE 

IF CNUMDZ.EO.O) GO TO 713 
URITEC: lOCllDE, :47) 
DO 277 L=l,NUMDZ 
READC20,*>I,J,K,DZ(I,J~K) 
LJRITEC:IOCODE,32)1,J,K,DZCI,J,K) 
IF C:IOCODE.NE.1) GO TO 713 
URITEC:IDC:ODE:,48) 
DO 8 5 7 K :::: 1 , I( t, 
LJRITEC:IOCODE,38)K 
DO 858 J=1, .J J' 
URITE(IOCODE,72)CDZ(1,J,Kl,I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 

C ----------------------------------------------------------------C 
C 
C 

ESTABLISH NODE MID-POINT ELEVATION 

C ----------------------------------------------------------------C 

910 
920 

922 
930 

C 

923 
C 

926 

600 
601 

C 

READC20,69) CIHEDIN(IH>,IH=i,80) 
READ(20,*) KEL 
IF C: KEL.. ECl .. 'L) GO TO 920 
READ (20, *:, E:'.LEV 
DO 91 0 J' ::: 1 ., .J J 
DO 910 I:::1,II 
VAREL C I, J) =E:t.EV 
CONTINUE 
IF CKEL.NE .. 1) 00 TO 930 
DO 922 J'=1,JJ 
READC20,*>CVARELCI,~)9I~1,Il) 
CONTINUE 
CONTINUE 

DO 923 I=1,1I 
DO 923 J=1,..TJ 
ZSUM C I , J') :::rO .. 0 
CONTINUE 

DO 926 l'\=1,KK 
DO 926 J=1,J'.J 
DO 926 I=1,II 
DEL=ZSUH C: I ,,J) +DZ (I, J, I<) *O. 5 
EL C: I, J, I() =VAREL C: I, J) +DEi .. 
ZSUHCI,J>~DZ(I,J,K)+ZSUM(I,J) 
CONTINUE 
URITEC:IOCODE,390) 
DO 600 K=l,KI( 
WRITEC:IOCODE,38)K 
DO 600 J'::: 1, .J J 
WRITE(IOC0D£,72)(EL(I,J,K),I=1,II) 
CONTINUE 
CONTINUE: 
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69 
56 
70 

72 
29 

31 

32 
33 

34 

36 

37 

38 
390 
43 

47 

48 

511 

512 

513 

C 

r 

FORHATC:80A1) 
FORMAT(//) 
FORHAT(23X,83('*'),/,24X,( 7 M"),81X,C~*'),/, 

$ 24X,( 1 *'),00A1,1X,("'*v),/,24X,( 7 * 7 ),81X, 
$ ('*'),/,24X,83('*'),//) 

FORHAT(1X,20F6.0) 
FORHATC:1~5)(, 1 GRID [cl.(JCI( I •. ENGTH (DX> IS IN:CTIALLY.,, 

$' SET AT",F10.4,' FOR ALL NODES'//) 
FORHAT(//1SX,'********GRID BLOCK LENGTH CDX) NODE MODIFICATIONS', 

$"********',//15X,' I J K NEW DX VALUE') 
FORHATC:15X,3!5,5X,F14~4) 
FORMAT ( 15 X , 1 GR I D Eel.() C: I( W I D TH (DY) I S IN I T I AL.LY ' , 

$' SET AT"' ,F10.4,' FD•.: Al..l.. NODES"//) 
FORMAT(//15X,'********GRID BLOCK WIDTH CDY) NODE MODIFICATIONS', 

$"********',//15X,' I J K NEW DY VALUE') 
FORMATC15X, 1 GRID BLOCK DEPTH (DZ) IS INITIALLY', 

$" SET AT',F10.4,' FOR ALL NODES"///) 
FORHAT(//15X,'*******GRID BLOCK DEPTH CDZ) NODE MODIFICATIONS', 

S"**********',//15X,' I J K NEU DZ VALUE') 
FORMAT(/lX,'K =7 ,12/) 
FORHAT(//15X,'********** NODE MIDPOINT ELEVATIONS ********** 7

/) 

FORMAT(//15X,'********GRID BLOCK LENGTH CDX) DIS'fRIBUTION******'' 
$ /) 

FORMATC//15X',*******MGRID BLOCK WIDTH (DY) DISTRIBUTION******'' . /) 
FORMATC//15X,'********GRID BLOCK DEPTH (DZ) DISTRIBUTION******'' 

$ /) 
FOR HAT ( 15 X , 1 c; R I D SI z1:: C: DX ) I N COL lJ MN ' , I 5 ., ., I S I N I T I AL.. LY SET AT ' 

$,F8.2,' FOR ALL NODESY,/) 
FORHAT(15X,'GRID SIZE (DY) IN ROW ',I5,"' IS INITIALLY SET AT' 

$,FS.2,' FOR ALL NODESY,/) 
FORMATC15X, 1 GRID SIZE CDZ) IN LAYER •,I5,y IS INITIALLY SET AT' 

$,FS.2," FOR ALL NODESY,/) 

RETURN 
END 
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-C •••=a•=••==G=~=====~=~~=m*~~====*====•==~~~~~~==~====;==~===~~=~= 
C 

SUBROUTINE TABLE 
C 
C ====================~===~~~~===========================:======== 
C 

C 

C 

INCLUDE 'CClMMB3. FOR~ 

URITE(IOCODE,111) 

C ---------------------------------------------------------------­, 

RELATIVE PERMEABILITY & CAPILLIARY PRESSURE TABLE 
C 
C 
C 
C 
C 

-- - -- -------- ........... --... --.... -- ... -- ... -... -.. -- ....... -... -........ ------............ -- ... -· .......... ---- ... - .... - -·- .-. ~ .- -- -- ... 

5 
C 

READ(20,1> (IHEDINCIH>,IH=1,80) 
WRITE(IOCODE:,11) (IHEDIN(IH),IH=l,90) 
DO 5 I=1,NTE 
READ(20,M) SAT(l),KROT(I),KRWT(I),KRGT(Il,PCOWT(I),PCGOT(I) 
~RITECIOCODE,21) SATCI),KROTCI),KRWT(I),KRGT(l),PCOWTCI), 

$ . PCGOTCI) 
IF (SATCI).GE.1.10) GO TO 10 
CONTINUE 

C ----------------------------------------------------------------
C 
C 
C 

BUBBLE POINT AND MAXIMUM PRESSURES 

C ----------------------------------------·------------------------C 
10 

C 

HSAT=I 
READC20,1) (IHEDINCIH>,IH=l,80) 
URITECIOCODE,11) (IHEDIN(IH),IH=1,80) 
READ(20,iit) PHO,VSLOPF.:,BSLOPE,RSLOPE, PMAXT, IREPr,s 
URITE(IOCODE,31)PBO,VSLOPE,BSLOPE,RSLOPE,PMAXT,IREPRS 

C -~-~~----~~---~~~-~--~~~~~~~--~--~~-~~-~----~~~-~~-----~~~--~~~--
C 
C OIL DATA TABLE 
C 
C ----------------------------------------------------------------C 

1!5 
C 

READ(20,1) (IHED1NCIH>,IH=1,80) 
URITEC:IOCODE,11) (IHEDIN(IH),IU=1,80) 
DO 15 I=l,NTF. 
READ(20,*) POTCI),MUOTCI),BOTC:I),RSOTCI) 
URITE(IOCODE,23)P0TCI),MUOT(I),B0T(I),RSOTCI) 
RS0TCI)=0.17809*RSOTCI> 
IF C: POT C: I). (3E. PMAXT) GO TO 20 
CONTINUE 

C ---------------------------------------------·-------------------C 
C 
C 

UATER DATA TAE•LE 

C ----------------------------------------------------------------C 
20 

25 
C 

HPOT•I 
READC20,1) (IHEDINCIH),IH=l,80) 
URITECIOCODE,11)(IHEDINCIH),IH=1,80) 

DO 25 1=1,NTE 
READC20,*> PUT(l),MUUT(I),BWTCI),RSWT(I) 
WRITECIOCODE,23)PWT(I),MUUT(I),BWT(I),RSWT(I) 
RSUTCI)=0-17809*RSUTCI) 
IF CPUT(I).GE.PMAXT) GO TO 30 
CONTINUE 

C ----------------------------------------------------------------C 
C 
C 

GAS AND ROCK DATA TABLE 

C ----------------------------------------------------------------C 
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30 HPUT=I 
READ(20,1) (IHEDIN(IH>,IH=l,80) 
URITECIOCODE,11) (IHEDIN(IH),IH=1,80) 
DO 35 I=l,NTE 
READC20,*> PGT(I),MUG'rCI),BGTCI),CRT(I) 
URITECIOCODE,24) PGT(I)~MUGT(I),BGT(I),CR'f(I) 
IF (PGT(I).GE.PMAXT) GO TO 40 

35 CONTINUE 
C 

40 MPGT=I 
CONTINUE 

C 
C ----------------------------------------------------------------C 
C OIL, UATER AND GAS DENSITIES AT STOCK 'fANK CONDITIONS 
C 
C ----------------------------------------~-----------------------C 

C 

READC20,1) (IHEDINCIH>,IH=l,80) 
WRITE(IOCODE,11) (IHEDIN(IH>,IH=1,80) 
READ(20,*> RHOSCO,RHOSCW,RHOSCG 
URITE(IOCODE,4) RHOSCO,RHOSCW,RHOSCG 

C ----------------------------------------------------------------C 
C CALCULATE SLOPES dBO/dP, dRSO/dP, dBU/dP, dRSU/dP, 
C dBG/dP 
C 
C ----------------------------------------------------------------C 

URITECIOCODE,222) 
URITE(IOCODE,223) 
DO 100 I=2,MPOT 
DIV=i.O/(POT(I)-POT(I-1)) 
BOPTCI)=CBOT(I)-BOTCI-l))*DIV 
RSOPTCI)=(RSOT(Il-RS0T(I-1))*DIV 

100 URITECIOCODE,224)POT(I),BOT(I),BOPT(I),RSOT(I),RSOPTCI) 
URITE(IOCODE,333) 

C 
DO 200 I=2,MPUT 
DIV=1.0/(PUTCI)-PWTCI-1)) 
BUPT(I)=CBWTCI)-BWT(I-l))*DIV 
RSUPTCI)m(RSWT(l)-RSWTCI-l))*DIV 

200 URITE(IOCODE,224)PWTCI),DUT(I),BWPTCI),RSWl'CI),RSUPTCI) 
C 

300 
C 

URITECIOCODE,444) 
DO 300 I=2,MPGT 
BGPTCI)=CBGT(I)-BGT(I-1))/(PGT(I)-PGT(I-1)) 
URITE(IOCODE,445)PGTCI),BGTCI),BGPT(I) 

C ----------------------------------------------------------------C 
C 
C 

SLOPE AT POINTCI) IS BASED ON POINTS CI) AND (I-1) 

C ----------------------------------------------------------------C 
1 
4 
21 
23 
24 
11 
111 
31 
222 

223 

445 
333 

224 
444 

C 

C 

FORHAT(80A1) 
FORMAT(2X,8F10.4) 
FORHAT(1X,4F10.4,2F10~2) 
FORMAT(JX,F10.1,1X,FB.4,2X,FB.4,2X,F8.2) 
FORHAT(3X,F10.1,1X,F8~4,E10.4,E10.3) 
FORMATC//,1X,80A1/) 
FORHATC//15X,'***** EMPIRICAL DATA TABLE*****'//) 
FORMAT(F10M2,E10.3,1X~E10~3,2F10.2,I5) 
FORHAT(15X, 1 ***** SLOPES FOR COMPRESSIBILITY CALCULATIONS', 

$ '*****') 
FORHAT(//16X,'P',7X,'B0 1 ,7X,'DBO/DP~,7X,'RSO', 

$ 7X,'DRS0/DP'/) 
FORHAT(10X,F9.1,1X,2E15M4) 
FORHATC//16X,'P',7X,'BW 1 ,7X,'DBU/DP',7X,'RSW', 

$ 7X,'DRSW/DP'/) 
FORMAT(13X,F7.1,F8.4,3X,E11.4,F8.1,2X,E11.4) 
FORHAT(//15X,'P',12X,'BG',12X,'DBG/DP') 

RETURN 
END 
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C ========================~=~==============~==~===========~======= 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

SUBROUTINE S0LMAT(II,JJ,KK,DIV1,D288,D144, 
$ KSM,KSM1,N,NN,KCOFF) 

======================~=~~=================~=~================== 
INCLUDE 7 COMMB3.FORV 

REAL 
$ 
$ 
$ 
$ 
$ 

MU04,MUW4,MUG4,HU05,MUU5,MUG5,MU06,MUW6,MUG6 
, KR01, l<RU 1, KRG1, l(.~02, KRW2, l(RG2, KR03, 1,RW3, KRG3 
,MU01,MUW1,MUG1,MU02,MUW2,MUG2,HU03,MUW3,MUGJ 
,KR04,KRW4,KRG4,KR05,KRW5,KR05,KR06,KRW6,KRG6 
,M01,MW1,MG1,M02,MW2,MG2,M03,MU3,MG3 
,M04,MU4,MG4,M05,MW5,MG5,M06,MU6,MG6 

DATA M01,M02,M03,MCl4,M05,M06 /6*0.0/ 
DATA MW1,MU2,MW3,MW4,MU5,MW6 /6*0.0/ 
DATA Ml, 1, MG2, MG~J, M(34, MG5, MG6 I 6*0. 0/ 

DATA RS01,RS02,RS03,RS04,RS05,RS06/6*0.0/ 
DATA RSU1,RCW2,RSW3,RSU4,RSU5,RSU6/6*0.0/ 

DATA GWW1,GWW2,GUW3,GWU4,GUU5,GWW6 /6*0.0/ 
DATA GOW1,GOW2,GOW3,GOW4,GOU5,GOW6 /6*0.0/ 
DATA GGW1, GGW2, (;(3LJ:3, GGU4, GGU5, GGW6 16*0. 0/ 
DATA PCG01,PCG02,PCG03,PCG04,PCGQ5,PCG06 /6*0.0/ 
DATA PCOU1,PCOU2,PCOU3,PCOW4,PCOWS,PCOU6 /6*0.0/ 

DO 200 1(=1, l(K 
DO 200 J::: 1, .. T J. 
DO 200 I=1,II 
PP=P(I ,J,I() 

BPT=PBOTC:I,J,K) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPOT,PP,RSO) 
CALL INTPVT(NTE,BPT,VSLOPE,POT,MUOT,MP01',PP,MUO) 
CALL INTER P c: NT E , P LJT , R f3 W 'f' , M PUT , PP , R SW) 
CALL INTERP(NTE,PWT,MUWT,MPUT,PP,MUU) 
CALL INTERP(NTE,PGT,MUDT,MPGT,PP,MlJG) 

SSO=SO C: I , .J., I() 
SS U =SW C: I , J , I( :, 
SSG=SG C: I , :r., 1~::, 

CALL INTERPC:NTE,SAT,PCOWT,MSAT,SSW,PCOW) 
CALL INTERPC:NTE,SAT,PCGOT,MSAT,SSG,PCGO) 

RO=CRHOSCO + RSO*RHOSCG)/BOCI,J,K) 
R~=(RHOSCU + RSU*RHOSCG)/BW(I,J,K) 
RG=RHOSCG/BGC:I,J,K) 

IF C:I.E(l.1) GO TO 11~7i 
Pl=P(I-1,J,I<) 
BPT=PBOT(I-1,J,K) 
CALL INTPVTCNTE,BPT,RSL(lPE,POT,R60T,MPOT,Pt~RS01) 
CALL I NT PVT C: t,rf E, B PT, VBL() PE, POT, MlJ(lT, M Pl1T., P 1 , MUO 1) 
CALL INTERP(NTE,PWT,RSWT,MPWT,P1,RSU1) 
CALL INTERPC:NTE,PWT,l'ilJWT,MPUT,P1,MUWJ.) 
CALL INTERP(NTE,PGT,MUGT,MPGT,P1,MUG1) 

S01S=SO C: I--1., J, K) 
SUlS=SWC:I-1.,J,K) 
SG1S=SG ( I--1., J, K) 
CALL INTERP(NTE,SAT,PCOWT,MSAT,SW1S,PCOW1) 
CALL INTERP(NTE,SAT,PCGOT,MSAT,S01S,PCG01) 

R01=CRHOSCO + RSOl*RHOSCG)/BOCI-1,J,K) 
RU1=(RHOSCW + RSUl*RHOSCG)/BWC:I-1,J,K) 
RGi=RHOSCG/DGCI-1,J,K) 

FACT=-D28BMCEL(I-1,J,K)-ELCI,J,K)) 
GOU1=CR01+RO)*FACT 
GUU1=CRU1+RW)*FACT + PCOW-PCOWl 
GGU1=CRG1+RGl*FACT + PCG01-PCGO 

P11=P1-PP 
H01=P11+GCllJ1 
HW1=P11+GUlJ1 
HG 1 =P 11 +C3C3lJ 1 
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C 

C 

C 

C 

C 

C 

C 
C 

C 

C 

C 

IF C: HO 1 • C3 E • () • ) CALL INTER P (NT E , SAT , K ROT , M !:i AT , SO 1 S , K RO 1 ) 
IF C:H01.LT .. <.>.) CALL.. INTF.J~P(NTE,SAT,KRClT,MSAT,SSO,KROl.) 
IF C: HU 1 • f3 E • 0 • :, CALL INTER P (NT E , SAT , K r{ tJ T , MS AT , SU 1 S , K RU 1 ) 
IF (HW1 .LT .0.:, c~,Ll.. INTERP(NTE,SAT,l(RLJT,MBAT,SSW,KRWl.) 
IF C: HG 1 • GE .. c.) • ) C '°' Ll.. INTER P (NT E , SAT , K f~ GT , MS AT , S G 1 S , K R G 1 ) IF (HGi.LT.O.) CALL INTERP(NTE,SAT,KRGT,MSAT,S9G,KRG1) 
M01=4.0*KR01/C(BO(I-1,J,K)+BOCI,J,K)l * (MU01+MUO)) HW1=4.0*KRW1/((BW(I-1,J,K)+BWCI,J,K)) * (MUWi+MlJW)) MG1=4.0*KRG1/((BG(I-1,J,K)+BGCI,J,K)) * (MUG1+MUG)) 

115 AOU=TX(I,J~K)*M01 
AUU=TX(I,J,K)*MU1 
AGU=TX(I,J,K)*MGl 
IF (I.EU.II) GO TO 125 
P2=P(I+1 ,J,K:, 
BPT=PBOT(I+l,J,K) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPO'r,P2,RS02) CALL INTPVT(NTE,BPT,VSLOPE,POT,MUOT,MPOT,P2,MU02) CALL INTERPCNTE,PWT,RSWT,MPU1",P2,RSU2) 
CALL INTERP(NTE,PWT,MUWT,MPUT,P2,MUU2) 
CALL INTERP(NTE,PGT,MUG1',MPGT,P2,MUG2) 
S02=SO C: I+l ,J', K) 
SLJ2=SU (I+ 1 •, .J, K) 
SG2=SG(I+1,J,K) 
CALL INTERPC:NTE,SA1',PCOWT,MSAT,BW2,PCOW2) CALL INTERP(NTE,SAT,PCGOT,MSAT,SG2,PCG02) 

R02= (RHOSC:0 + RS02*RHCl~lCG:, /Bll C: I+ 1, :f, K:, RU2=(RHOSCW + RSW2*RHOSCG)/BW(I+1,J,K) 
RG2=RHOSCC3/C&G (I+ 1 , J, I() 

FACT= -D288*(El(I+1,J,K)-ELCI,J,K)) 
GOU2=C:R02+RO)*FACT 
GUW2= C:RW2+RW) ·MFACT+PC:OW-PCOLJ2 
GGU2=C:RG2+RG)*FACT+PCG02-PCGO 
P22=P2 .. MPP 
H02a:-.: P22-t- GOU2 
HU2=P22+l1WU2 
HG2=P22·t-GGU2 

IF ( HO 2 • (3 E .. c.) • ) CALL IN T F.: RP C: NT E , SAT , K R (] T , MB AT , SO 2 , K RO 2) 
IF C:H02.LT .. ().) CALL. INTE:RPC:NTE,BAT,KHCJT,MfJAl ,SS0,KR02) 
IF C:HU2. GE. 0.) CALL. INTE:RP C:NTE, SAT, KRWT, MSAT, SU2, KRW2) IF c: HW 2 • LT .. () • ) CALL INTER P (NT E , SAT , K RW T , MB AT , SS U , I( RU 2:, 
IF C:HG2. GE .C:).:, CALL. INTERP C:NTE, SAT ,KRGT, MSAT, SG2, KRG2) 
IF (HG2. L'f. 0.:, CALL I NT ERP (NTE, SAT, l(RGT, MSAT, SSG, t<RG2) M02=4.0*KR02/((BO(I+1,J,K)+BO(I,J,K)l * (MU02+MUO)) HLJ2=4.0*KRW2/((DWCI+1,J,K)+BWCI,J,K)) * (HUU2+MUU)) HG2=4.0*KR02/((BGCI+1,J,K)+BGCI,J,K)) * (MUG2+MUG)) 

125 AOE=TX(I+1,.J,K)*M02 
AUE=TX(I+1,J,K)*MW2 
AGE=TX(I+1,J,K)*MG2 

IF CJ.EQ.1) GO TO 135 
PJ=P C: I, J-1,1() 
BPT=PBOT(I,J-1,K) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPOT,P3,RS03) CALL INTPVTCNTE,BPT,VSLOPE,POT,MUOT,MP01',P3,MU03) CALL INTERP C:NTE, PWT, RfllJT, MPWT, P3, RSU3) CALL INTERPCNTE,PWT,MUWT,MPWT,P3,MUU3) CALL INl"ERP ( Nl"E, PGT, HlJ(JT., MPGT, P3, MUG:.:4) 
SOJ=SOC:I , .. Thi .,I() 
SLJJ=SU ( I , J ... 1 , K) 
SG3=SG(I ,J ... 1,K) 
CALL INTERP(NTE,SAT,PCOUT,MSAT,SU3,PCOU3) CALL INTERP C:NTE, SAT, PC(3()T, MSAT, SG3, PCC:i03) 
R03=CRHOSCO + RSOJ*RHOSCG)/BOCI,J-1,K) 
RLJ3=(RHOSCY + RSW3*RHOSCG)/BWCI,3-1,K) 
RG3=RHOSCG/DG(I,J-1,K) 
FACT=-D288M(ELCI,J-1,K)-EL(I,J,K)) 
GOU3=(R03+RO)*FACT 
GUU3=(RW3+RW)*FACT + PCOU-PCOU3 
GGUJ=(RG3+RG)*FACT + PCG03-PCGO 

-236-



C 

C 

C 

C 

C 

C 
C 

C 

P33=P3-PP 
H03 = P 3 3 + (3 OlJ :J 
HW3=P3:5+GWW3 
HG3=P33+Gf3W3 IF C:H03. GE .. C:).) CALL INTF.:R P C:NTE, SAT, KRC.lT, MSAT, S03, KR03) IF C:U03. LT. c:>.) CALL INTERP C:NTE, SAT, KRD·r, MBAT., SSO, KR03 :> IF C:HW3.GE .. O.) CALL. INTERPC:NTE,SAT,Kf~lJT,MSAT,SW3,KRW3) IF C:HWJ. LT. 0.) CALL. INTER P C:NTE, SAT, l(RUT, MSAT, SSW, KRW3) IF CHGJ.GE.O.) CALL. INTERPC:NTE,SAT,KRGT,MSAT,SG3,KRG3) IF C: HG 3 • LT • () .. ) CALL. INTER P C: NT E , SAT , K RG T , MB AT , SS G , K R G 3) M03=4.0•KR03/((BO(I,J-1,K)+BO(I,J,K)) * (MU03+MUO)) MU3=4.0*KRW3/((BW(I,J-1,K)+BWCI,J,K)) * (MUW3+MUU)) MG3=4.0*KRG3/CC:BG(I,J-1,K)+BGCI,J,K)) * (MUG3+MUG)) 

IF (J.EQ.JJ) GO TO 140 
P4=PC:I ,J+l ,I() 
BPT=PB0TC:I,J+1,K) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPOT,P4,RS04) 
CALL INTPVT(NTE,BPT,VSLOPE,POT,MUOT,MPOT,P4,MU04) 
CALL INTERPC:NTE,PWT,RSWT,MPWT,P4,RSW4) 
CALL INTER P ( NTE, PWT, MUWT, M PWT, P4, MUUt,) 
CALL INTERP(NTE,PGT,MUG"f,MPGT,P4,MUG4) 
S04=S0C:I,..T+1,K) 
SW4=SWC:I,J+i,K) 
SG4=SGC:I,J+1,K) 
CALL INTERPC:NTE,SAT,PCOWT,MSAT,SW4,PCOU4) 
CALL INTERP(NTE,SAT,PCGOT,MSAT,SG4,PCG04) 

R04=CRHOSCO + RS04*RH0SCG)/B0(I,J+1,K) RU4=CRHOSCU + RSW4*RHOSCG)/BW(I,J+1,K) 
RG4=RHOSCG/BGCI,J+1,K) 
FACT=-D288H(EL(I,J+1,K)-EL(I,J,K)) 
GOU4=(R04+RO)*FACT 
GUU4•CRW4+RWl*FACT + PCOW-PCOW4 
GGU4=CRG4+RO)*FACT + PCG04-PCGO 
P44=P4-PP 
H04~P44+GOLJI, 
HW4=P44+GWLJ4 
HG4=P44+GC3UI, 
IF C: HO 4 • i3 E • () • :, C f' LL. IN T F.: R P (NT E , SAT , I< R Cl T , MS AT , SO 4 , K RO 4 :> IF C:H04. L. T. C:).:, CALL INT•~RP C:NTE, SAT, KRDT, MSAT, SSD, KR04:, 
IF C:HW4.GE.O .. ) CALl. IN"rERP(NTE,SAT,KRUT,MSAT,SW4,KRW4) 
IF C:HU4.L.T .. O .. ) c1-,L.L. INTERPC:NTE,SAT,l(RWT,MSAT,SSW,KRW4) IF (HG4.GE .. t>.) CALL INTERP(NTE,SAT,KRGT,MSAT,SG4,KRG4) IF ( HG 4 • L l' • 0 • ) CALL 1 NT·~ RP (NT E , SAT , I( R GT , MB AT , SS G , K R G 4 ) H04=4.0*KR04/C(BOC:I,J+1,K)+DOCI,J,K)) * (MU04+MU0)) MU4=4.0*KRW4/((BW(I,J+1,l()+BU(I,J,K)) * CMUW4+MUW)) HG4=4.0*KRG4/(CBG(I,J+1,K)+BGCI,J,K)) * (MUG4+MUG)) 

140 AON=TY(I,J-t·1,K)*M04 
AUN=TY(I,J+1,K)*MW4 
AGN=TY(I,J+1,K)*MG4 

IF CK.EQ.1) GO TO 145 
PS= P ( I , J , I< -1 :, 
BPT=PBQT(I,J,K-1) 
CALL INl"PVT ( NTE, Et PT, l~BL(lPE, POT, RSOT, MPLlT, P5, RBOfj) 
CALL INTPVT(NTE,BPT,VSLOPE,POT,MUOT,MPOT,P5,MU05) CALL INTER PC: NTE, PtJT, •~SlJT, M PUT, P5, RSWS) 
CALL INTER•' C:NTE, PlJT, 11UlJT, HPWT, PS, MUW5) 
CALL INTERP(NTE,PGT,MUGT,MPGT,P5,MUG5) 
S05=SO C: I , J, l\-1 ) 
SU5=SU(I ,J,t(-1) 
S G 5 = S G C: I , J , I( -1 ) 
CALL INTERP(NTE,SAT,PCOWT,MSAT,SW5,PCOW5) 
CALL IN r ERP (NT E , SAT , PC() Cl T , MS AT , SO 5 , P (:! G () 5) ROS=CRHOSCO + RS05*RHOSCG)/BO(I,J,K-1) 
RUS=CRHOSCW + RSW5*RHOSCG)/BWC:I,J,K-1) 
RGS=RHOSCG/DG(I,J,K-1) 
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C 

FACT=-D288H(EL(I,J,K-1)-EL(I,J,K)) 
GOW5=(R05+RO)*FACT 
GUU5=(RW5+RW)*FACT + PCOW-PCOW5 
GGW5=(J~G5+RG)*FACT + PCDD5--PCC30 
P55= P5-·· P t3 
H 05 = P 5 5 + G (J lJ ~5 
HU5=P55+GWlJ5 
HG5=P55+GGLJ5 
IF (HO~) • GE .. c.) • ) CALL. INTER P C: NT E , SAT , K RUT , M fJ AT , SO 5 , K RO 5) IF (HOS.LT.().) CALL INTERP(NTE,SAT,KROT,MSAT,SSO,KR05) IF C:HW5.GE.O.) CALL. INTERPCNTE,SAT,l(l:::lJT,MSAT,SW5,KRU5) IF (HW5.LTMO.) CALL IN"fERPCNTE,SAT,KRWT,MSAT,SSW,KRU~) 
IF C: HG 5 • (3 E • 0 • ) CALL. IN T f.:. R P C: NT E , SAT , I( R GT , MS AT , S G 5 , K R G 5 ) 
IF C:HG5. I_ T. ,.) • ) CALL. INT~::":RP C:NTE, BAT, l<RGT, Mf.iAT, SSG, KRG5) 
M05=4.0*KR05/((B0CI,J,K-1l+BOCI,J,K)) * CMU05+MU0)) MU5=4.0*KRW5/(C:BW(I,J,K-1)+DW(I,J,K)) * (MUWS+MUW)) 
MG5=4.0*KRG5/((BGCI,J,K-1)+DGCI,J,K)) * (MUG5+MUG)) 

C 
145 AOT=TZ(I,J~K)*M05 

AUT=TZ(I,J,Kl*MW5 
AGT=TZ(I,J,K)*MG5 

C 

C 

C 

C 

C 

C 
C 

IF (K.£Q.KK) GO TO 150 
P 6 = P c: I , J , I(+ 1 :, 
BPT=PBOT(I,J,K+l) 
CALL INTPVTCNTE,BPT,RSLOPE,POT,RSOT,MPOT,P6,RS06) 
CALL INTPVT(NTE,DPT,VSLOPE,POT,MUOT,MPOT,P6,MU06) 
CALL INTERPCNTE,PWT,RSWT,HPUT,P6,RSU6) 
CALL INTERP(NTE,PWT,MUWT,HPWT,P6,MUW6) 
CALL INTERPCNTE,PGT,MUGT,MPGT,P6,HUG6) 
S06=S0(I,J.,K+1) 
SU6=SUC:I,J,K+1) 
SG6=SG (I, J" 1(+1) 

CALL INTERP(NTE,SAT,PCOWT,MSAT,SU6,PCOW6) 
CALL INTERP(NTE,SAT,PC:GDT,MSAT,SG6,PCG06) 
R06=(RHOSCO + RS06*RHOSCG)/BOCI,J,K+1) 
RU6=CRHOSCW + RSW6*RHOSCG)/BWCI,J,K+1) 
RG6=RHOSCG/DGCI,J,K+1) 

FACT=-D288*(ELCI,J,K+1)-ELC1,J,K)) 
GOU6=(R06+RO)*FACT 
GUU6= C:RU6+t~~J) *FACT + PCOU-PCOW6 
GGU6=(RG6+RG)*FACT + PCG06-PCGO 
P66=P6-PP 
H06=P66+G()lJ6 
HU6=P66+GWlJ6 
HG6=P66+G(3W6 
IF c:H06.GE .. O.:, CAL.L INTtZRPC:NTE,SAT,KROT,MBAT,S06,KR06) IF ( HO 6 • L l .. (,) • :, C "' LL. IN TE: R P C: NT E , SAT , K ROT , MS AT , SS O , K RO 6 ) IF C:HU6.GE .. O.) CALL INTE::RPC:NTE,SAT,l<RWT,MSAT,SU6,KRU6) IF (HU6.LT .. O.) CALL INTERP(NTE,SAT,KRWT,MSAT,SSW,KRU6) IF C:HG6.GE .. O.) CALL INTERPC:NTE,SAT,KRGT,MSA·r,SG6,KRG6) IF c:HG6. LT. 0.) CALL INTt!RP (NTE, SAT, t<RGT, M!:iAT, SSG, KF~G6:, 
M06=4.0*KR06/C(B0CI,J,Ki·1)+BOCI,J,K)) * (MU06+MUO)) MU6=4.0*KRU6/(C:BW(I,J,K+1)+BWCI,J,K)) * CMUW6+MUU)) 
HG6=4.0*KRG6/((BGCI,J1K+l)+BGCI,J,K)) * (MUG6+MUG)) 

150 AOB=TZ(I,J,K+1)*M06 
AUB=TZ(I,j,K+1)*MW6 
AGB=TZCI,j,K+1)*MG6 

RS01A=0 .. 5*(RS01+RS0) 
RS02A=0.5H(RS02+RS0) 
RS03A=0.5*(RS03+RS0) 
RS04A=0 .. 5*(RS04+RS0) 
RSOSA=0.5*(RS05+RS0) 
RS06A=0.5*(RS06+RS0) 
RSU1A=0.5*(RSU1+RSU) 
RSU2A=0.5H(RSW2+RSU) 
RSUJA=0.5M(RSU3+RSU) 
RSU4A=0.5*(RSW4+RSW) 
RSU5A=0.5*(RSW5+RSU) 
RSU6A=0.5M(RSW6+RSW) 
AO 1 =AOU*G(JU .L 
A02=AOE*GOW2 
AO 3 = AO S * G (l lJ :3 
A04=AON*<3Dl.Jt, 
A05=AOT*GClW5 
A06=AOB*GOW,!> 
AU1=AWW*GULJ1 
AU2=AUE*GWLJ2 
AU 3 =AUS* (3 W LJ ~3 
AU4=AUN*GWUI.& 
AU5=AUl"*(3ULJ5 
AU6=AUB*GWUl, 
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C 

C 

C 

C 

C 

GOUT C: I , J ., 1,: ) :::: A fJ :l ·t- An :~ ·t· A fJ 3 + A CJ 4 + A fJ 5 + AD 6 
GWWT (I, J, I():::: t"W :l + ,:;u2 + .~W3 + t'\LJ4 ·t- .~W5 + AW6 
GGWT C: I, J, I\) :::t,f.il-J*GGW :I. ·i t,OE·itGGlJ2·t·t,GBttl3GLJ:5+AGN*GGW4+AGT*GGW5+ 

$AG D * G GU 6 ·t· •~ S () 1 A·* t.!\ 0 1 + F,: GD 2 A* AD 2 + R GO:~ Au AO:~ ·t- RB U 4 A* AO 4 + R SO 5 A* AO 5 + 
$ H S l16 A* AO'~~ r~ !~ LJ 1 ta·* A LJ 1 + 1;: G lJ 2 A-K· A lJ 2 + R SW:~ A* AW :.i + r, SW 4 A~- AW4 + 
$RSW5A*AU5+RSU6A*AW6 

COWG(I,J1K)~(BO(I,J,K)-BG(I,J,K)*RSO)*(-GOWT(I,J,K)+ao(I,J,K)) 
!Ii + C: B iJ ( I , J , t, ) ···· f> G ( I ., .:r , K ) * r, SW ) * C: - G WW T ( I •1 J , K ) -t· D W C: I , J , K ) ) + 
$ BG(! ,J",l()H(-GGUT(I ,J,K)+ClG(l .,J',K)) 

AWCI,J,K)=(BOCI,J,K) + 0.5*BGC:I,J,Kl*(RS01-RSO)) 
$ (BW(I,J,K) + 0.5*BGC:I,J,K)*(RSU1-RSW)) 
$ BGC:I,J,K)*AOW 

AECI,J,K)=(BO(I,J,K) + O.S*BGCI,J,K)*(RS02-RS0)) 
$ (BW(I,J,K) + 0.5*BG(I,J,K)H(RSU2-RSW)) 
$ BGCI,J,K)*AGE 
AS(I,J,K)=(BOCI,J,K) + 0.S*BGCI,J,K)*(RS03-RSO)) 

$ (BWCI,J,K) + O.S*BG(I,J,K)*(RSU3-RSW)) 
$ BG(I,J,K)MAGS 

ANCI,J,K)=CBOCI,J,K) + 0.5*BGCI,J,K)*(RS04-RS0)) 
$ CBUCI,J,K) + 0.5MBG(I,J,K)*(RSW4-RSWl) 
$ BG(I,J,K)*AGN 

ATCI,J,K)=(BOCI,J,K) + 0.5MBG(I,J,K)*(RS05-RSO)) 
$ (BWCI,J,K) + 0.5MBGCI,J,K)ff(RSU5-RSW)) 
$ BGCI,J,K)*AGT 

ABCI,J,K)=(BOC:I,J,K) + 0.5*BGCI,J,K)*CRS06-RSO)) 
~ . ,~. W . I J .... . 0 &:" B G . I J K • · R\ ("' W ~- ~. c W · · 
;p (. ,:.< (. ' ' ' ' ) + • .J * <. ' " ' .) * (. .:, Q - " ,:) ., .) 
$ BG ( I , J , K) * A (3 D 

OUC:I,J,K)=AOU 
OEC:I,J,K)=ADE 
OS(I,J,K)=AOS 
ONCI,J,K)=AON 
OTC:I,J,K)=ADT 
0 B C: I , J , I( ) =AO B 
UUC:I,J,K)=AWU 
UEC:I,J',K)=AWE 
US (I, J', I() ==AWS 
UNC:I,J',K)=AWN 
UTC:I,J,K)=AWT 
UBC:I,J',K)=AWB 

IF CKCOFF.E0.0) GO TO 200 
URITEC:IOCODE,33) 
URITECIOCODE,2)I,J,K,M01,H02,M03,M04,M05,M06 
URITE(IOCODE:,2)I,J,K,MW1,MU2,MW3,MW4,MW5,MW6 

* AOW + 
* AWW + 

* AOE + 
* AWE + 

* AOS + 
* AUS + 

* ADN + 
* AWN + 

* AOT + 
* AWT + 

* AOB + 
* AWB + 

URI TE C: IOCODE, 2) I, J", K, MG:L, MG2., MGJ, MG4, MG5., MG6 
URITECIOCODE,2)1,J,K,A()W,AOE,AOS,AON,AOT,AOB,BO(I,J,K),RSO 
URITECIOCODE,2)I,J,K,AUW,AUE,AUS,AWN,AUT,AWB,BW(I,J,K),RSU 
WRITECIOCODE,2)I,J,K,AGW,AGE,AGS,AGN,AGT,AGB,BG(I,J,K) 
URITE(IOCODE,2)1,J,K,G()WTCI,J,K),QO(I,J,K),GUWT(I,J,K), 

200 
$QU(I,J,K),GGWT(I,J,K),UG(I,J,K),QOWG(I,J,K) 

CONTINUE 
C 
C 
C 
C 
C 
C 
C 

- ·- .... --...... -----........ -·-· -- ....... -- -- ................. -- -·· -- ... - ... -- ....... - -- .. ·- ...... -- _. -· ... -- ... --- ... ·- ............. -- -- .... ·- -- ....... -·- -- -- ----
CALCULATE MAIN D:CAGONAL AND RHS VECTOR 

--.... ----... ---... ·-- ....... ---...... _ ......... ~ ... - ··- -- ... - ...... -·--... -- ---......... -- ----- .... ~ -- -- .. - .... ---- -- .... - ..... - .......... ------
DO 300 K= 1 , l(K 
DO 300 J'=l, .J J 
DO 300 I=l,II 
SUM(I,J,K)=AWCI,J,K)+AE(I,J,K)+ASCI,J,K)+ANCI,J,K)+ 

$ AT(I,J,K)+ABCI,J,K) 
GAM C: I , J", K) =VP ( I , J, k'.) *CT (I, J, I()* DI V 1 
ECI,J,K)=-SUMCI,J,K) - GAM(I,J,K) 
BCI,J,K)~QOWGCI,J,K) - GAHCI,J,K)*P(I,J,K) 

300 CONTINUE 
C 

C 

C 

IF (KSM1.EQ"O) RETURN 
IF (N.NE.1 .AND. N.NE.NN .AND. N.NE.KSM) RETURN 
URITEC:IOCODE: ,4) 

DO 404 K=l, l<K 
DO 404 J"=l, J :r 
DO 404 I=l,II 
URITECIOCODE,2)I,J,K,ATCI,J,K),ASCI,J,K),AWCI,J,K),E(I,J,Kl, 

$ AECI,~YK),ANC:I,J,K),AB(I,J,K),B(I,J,K) 
404 CONTINUE 
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2 
33 

C 

C 

FORHAT(//3X~"NODE 
d: ' L- • I ·r a.:· 
op ' "· (. 1 ~ ., ' ' ., 
$' B(I,J,K)'/) 

ATC:I,~f.,I() 
,\[:: c: :t ., J" , K) 

FORMAT(1X~3I3,8£15.6) 
FORMAT(//) 

RETUf~N 
END 

ASC:I,J,K) 
AN ( I ., .:r, K) 

AW(I,J,K)' 
ABC:I,J,K)", 

C =======================~~~=~==================================~== 
C 

SUBROUTINE CLSOR (II,JJ,KK,OMEGA,TOL,TOL.1,MITER,DELT,DELTO, 
$ KSN~N,NITER) 

C 
C =======================~~~=~====:===========~==================== 
C 

INCLUDE ., CtJMMB3 .. FOR., 
C 
C ----------------------------------------------------------------C 
C THIS PROGRAM SOLVES A LINEAR SYSTEM OF THREE DIMENSIONAL 
C FINITE-DIFFERENCE EOUATIONS 
C 
C ----------------------------------------------------------------C 

C 

C 

DIMENSION UMCNPMAX),AZLC:NPMAX),BZL(NPMAX),CZL(NPMAX), 
$ DZL(NPMAX),UZL(NPMAX),BETAC:NPMAX),GAMMA(NPMAX),W(NPMAX) 

DIV=DELT/DELTO 
NITER=O 
DMAX=l.O 
RH01=0.0 
THETA=O.O 

11 CONTINUE 
TLJ=1.0 - OMEGA 
DMAXO=DMAX 
THETAO=THET,~ 
IF CNITER.GE.MITER) WRITECIOCODE,30) NITER,TOL,DMAX 
IF C:NITER .. GE.MITER) RETURN 
NITER=NITE•~+1 
DMAX=O.O 

2 CONTINUE 
C 
C ----------------------------------------------------------------C 
C LJATT' S 3-·J) METH. ()F" ADDITIVE CORRE-:c·r IONS APPLIED EVERY 
C TENTH ITERATION. 
C 
C ----------------------------------------------------------------C 

IF CNITER.EQ.1.0R.NITER MOD 10.EQ.0) THEN 
IF CII-EQ.1) GOTO 3045 
DO 3022 I=l,II 
AZL(I)=O.O 
BZL(I)==O.O 
CZL.CI)=O.O 
DZL(I)=O.O 

3022 CONTINUE 
C 

C 

DO 3030 I=1,II 
DO 3030 K=1,KK 
DO 3030 J=1,JJ 
IM=I-1 
IP=I+1 
IF (I.Ell.1) IM=1 
IF (I.Ea.II) IP=Il 
J"H=J-1 
JP=J+l 
IF ( J • E(l • 1 ) JM= 1 
IF CJ.Ell.JJ) JP=JJ 
KH=K-1 
KP=K+1 
IF (K.Ell.1) t,M=1 
IF (K.Ell.KK) KP=KK 
AZLCI>=AZL(I)+AUCI,3,K) 
CZLCI)=CZL(I)+AECI,J,K) 
BZL(I)=BZLCI)+ECI,J,K)+ATCI,J,K)+ABCI,J,K)+ASCI,J,K)+ 

$ ANCI,J,K) 
DZL(I)=DZL(l)-(ATCI,J,K)•PCI,J,KM)+ASCI,J,K)*P(I,JM,K)+ 

$ AWCI,J,K)*P(IM,J1K)+ABCI,~,K)*P(I,J,KPl+AN(I,J,K)M 
$PCI,JP,K)+AE(I,J,K)*P(IP,J,K)+ECI,J,K)*PCI,J,K)-B(I,J,K)) 

3030 CONTINUE 
3031 CONTINUE 
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CALL.. LTRI(II,AZL.1BZL,CZL,DZL,UZL,BETA,GAMMA,U,NPMAX) 
DO 3040 I=1,II 
DO 3 0 t, <> K = 1 ., t< I\ 
DO 3040 J== 1 , J :r 
PCI,J,K)=P(I,J,K)+UZLCI) 

3040 CONTINUE 
C 

C 

C 

C 

C 

C 

3045 IF (JJ.EQ-1) GOTO 3075 
DO 3050 J=l,JJ 
AZL (..J) ::(). 0 
BZL ( .. T) ==O. 0 
CZL (.J) =<>. 0 
DZL (J) ==O. 0 

3050 CONTINUE 
DO 3060 J=1,JJ 
DO 3060 K=l,KK 
DO 3060 I=l,II 
IH=I-1 
IP=I+1 
IF ( I • t:tl • 1 ) IM= 1 
IF (I.Ea.II) IP~II 
JH=J-1 
JP=J+1 
IF (J.E(l.1) JM::1 
IF (J.EU.JJ) JP=JJ 
KH=K-1 
KP=K+1 
IF C:I( .. E(l .1) KM=1 
IF (K.EU.KK) KP=KK 
AZL(J)=AZL(J)+ASC:1,J,K) 
CZL(J)=CZL(J)+ANC:I,J,K) 
BZL(J)=BZL(J)+ECI,J,K)+ATCI,J,K)+ABCI,~,K)+AU(I,J,K)+ 

$ AE(I,J,K) 
DZL(J)=DZL(J)-(ATCI,J,K)*PCI,J,KM)+ASCI,J,K)*P(I,JM,K)+ S AU(I,J,Kl*P(IM,J,K)+AB(I,J,K)*PCI,J,KP)+ANCI,J,K)* $PCI,JP,K)+AE(I,J,K)*PCIP,J,K)+E(I,J,K)*P(I,J,K)-B(I,J,K)) 

3060 CONTINUE 
3061 CONTINUE 

CALL LTF< I (J J, AZI-, BZI •. , CZL, DZL, UZL, BETA, GAMMA, lJ, NPMAX) 
DO 3070 J=l,JJ 
DO 3070 I(= 1, KK 
DO 3070 !=1,II 
PCI,J,K)=PCI,J,K)+UZLCJ) 

3070 CONTINUE 
3075 IF (KK.EQ.1) GOTO 4020 

DO 3080 K==1,KK 
AZL (I():::(). 0 
BZL (I() ==O. 0 
CZL(I() =O. 0 
DZL C:K) ==O. 0 

3080 CONTINUE 
DO 3090 I(= 1 , KK 
DO 3090 I::::1,II 
DO 3090 J=l,JJ' 
IM=I-1 
IP=I+l 
IF C:I.EU.1) IM=1 
IF CI.EQ.II) IP~II 
JH=J-1 
J·P=J+1 
IF (j.Efl.1) JM=~1 
IF (J.EQ.JJ) JP=JJ 
KM=K-1 
KP=K+l 
I F C: K • E (l • 1 :, t, M= 1 
IF (l(.EQ.KK) KP=KK 
AZLC:K)=AZLCK)+ATCI,J,K) 
CZLCK)=CZL(K)+ABCI,J,K) BZLCK)=BZL(K)+EC:I,J,K)+AUCI,J,K)+AECI,J,K)+AS(I,J,K)+ 

$ ANCI,J,K) 
DZLCK)=DZLC:K)-C:Al"C:I,J,K)MPC:I,J,KM)+ASCI,J,K)*P(I,JM,K)+ 

$ AW(I,J,K)*P(IM,J,K)+ABCI,J,K)*P(I,J,KP)+ANCI,J,Kl* $PCI,JP,K)+AE(I,J,K)*P(IP,J,K)+ECI,J,K)*P(I,J,K)-B(I,J,K)) 
3090 CONTINUE 
3091 CONTINUE 

CALL LTRICKK1AZL,BZL,CZL,DZL,UZL,BETA,GAMMA,W,NPMAX) 
DO 4010 1<=1, t,K 
DO 401() I=1, 1 I 
DO 4010 J=l,J.J 
Pc: I, J, K :>=Pc: I , J, I<) -t·UZL (I<) 

4010 CONTINUE:: 
END IF 

4020 CONTINUE 
C 

-241-



no 20 1<=-.: 1 , ~~I( 
DU 20 J::.:1,JJ 
DO 15 I=1,II 
LJM(I)=PC:I,J,I() 

C 
27 AZL(I)=AWCI,J,K) 

BZL C: I) ~EC: I, .J, K) 
CZL (I) =AE (I, .J, K:, 
DZL (I) =BC: I, .J, t,) 
IF (JJ.EQ.1) GO TO 14 
JM=J-1 
JP=J+l 
IF (J.E:Q.1) JM::=1 
IF (J.EU.JJ) JP=JJ 
DZLC:I)=DZL(l) - ASCI,J,K)*PCI,JM,K) - ANCI,J,K)*PC:I,JP,K) 

1 4 IF ( K K .. E (l • 1 ) GO TO 1 ~5 
KM=K-1 
l<P=K+1 
IF (K.E(l.1) KM=l 
IF (K.EQ.KK) KP=KK 
DZLCI)=DZL(l) - ATCI,X,l()MPCI,J,KM) - ABCI,J,K)*PCI,J,KP) 

15 CONTINUE 
17 CONTINUE 

C 
CALL LTRICII,AZL.,BZL,CZL,DZL,UZL,BETA,GAHMA,U,NPMAX) 
URITEC:*,3176) NITER 

3176 FORMAT(' 1 , 1 LTRI 7 ,I5) 
C 

DO 16 I=l,II 
GSLSOR=UZL(I) 
P(I,J,k) = TW*UM(l) + OMEGAMGSLSOR 
ARG=P(I,J,K) - UM(l) 
DM=ABSC:ARG) 
IF (DM.GT.DMAX) DMAX~DM 

16 CONTINUE 
20 CONTINUE 
3 IF C:l"OL1.EO.O.O) GO TO 25 

THETA=DHAX/DMAXO 
DELTA=THETA-THETAO ARG=DELT1~ 
ARG=ABSC:ARA) 
IF (ARG.GT.TOL1) GO TO 25 
OM=OHEGA-1.0 

C 
C ---------------------------------------------------------------C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

ADDITIVE CORRECTIONS FOR 1D PROBLEMS GIVES AN EXACT 
SOLUTION BUT ROUND-OFF ERROR USUALLY PRODUCES A DIFFER­
ENCE IN f>RESSUf<E: fl(ll..tJTION AFTER AN I TEF~AT I ON OF l..SOR 
THE FOLLOWING CONDITION COVERS ZERO ACCELERATION 
PARAMETER AND EXACT 1;:EPLICATION ClF SOLUTION 

-----------------------,...--.---·---------- ... ----- ........ ----------- ... ~-- .... _ _. ..... _ .... ________ ... ...,_ ............ 
IF C:THE'.TA.Efl .. O.() .()t(. CIHEGA.E(l.0.0) THEN 
RH01=1 .. 0 

GO TO 25 
END IF 

RHOl=CTHETA+OM)*CTHETA+OM)/CTHETA*OMEGA*OMEGA) 
IF C:RU01.GE .. 1.0) GO TD 25 
ARG=1 .. 0-RH01 
OMEGA=2.0/(1.0+SQRTCARG)) 

25 IF c:DMAX.GT .. TOL.) GO TO 11 
WRITE C: IOCODE, 40) NITER, OMEGA, DMAX, THETA, •~H01 

300 CONTINUE 
40 FORHAT(5X, 7 CONVERGENCE (LSOR) HAS BEEN REACHED AFTER ",I3, 

$ ' I TERA T ION,; " , 5 X , ' 0 M l::lj A = , , f" 6 • 3 / 
$5X,'DHAX :a 1 ,F10 .. 6,5X,"'THETA = ',F10.6,5X,"RH01 = ',Fl0.6,/) 

30 FORHATC:15X, "'CON\.•Ef~GENCE (LSOR) WAS NOT RE:ACHED IN ', IS, 

C 

C 

f' ITERATION8'/15X,'TOL ~ ',F10.7,10X,'DMAX = ',F15.7) 

RETURN 
END 

C ========================~======================================== 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

SUBROUT.CNE LTRIC:N,A,BI,C,D,X,BETA,GAMMA,W,NPMAX) 

----------... ------- ............... -... --- ----· -- ... - ... - -· -- ........ -- -- -- -...... ·- ·- ......... ._ ... -............. -- -- -- ........ -- .... ---
THIS PROGRAM SOLVES Tt-lE TRIDIAGDNAL SYSTEM 
GENERATED BY THE SYSTF.:M OF EQUATIONS : 

DIMENSION A(NPMAX),BICNPMAX),C(NPMAX),D(NPMAX), 
$ X(NPMAX),BETA(NPMAX),GAMMACNPMAX),W(NPMAX) 

BETA(1)=BIC:1) 
GAHMA(1)=D(1)/BIC1) 
NM•N-1 
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C ----------------------------------------------------------------
C 
C COMPUTE r·or::UAf.~D S()LIJTION 
C 
C ------------------------------------------·----------------------C 

10 

20 
C 

DO 10 I=l,NM 
W(I)=C(I)/DETACI) IP=I+1 
BETACIP)=BICIP)-ACIP)*WCI) 
DO 20 I=2,N 
IH=I-1 
GAMMA(I)~CD(I)-A(I)*GAMMA(IM))/BETACI) 

C ----------------------------------------------------------------
C 
C 
C 

COMPUTE BACK SOLUTION 

C ----------------------------------------------------------------C XC:N)=GAMMAC:N) 
DO 30 .T==l,NM I=N-3 
IP=I+l 

X(I)=GAMMACI)-W(I)*X(IP) 
30 CONTINUE 

C 

C 

RETURN 
END 

C =========================~~===============~=~=====;====~~======= 
C 

SUBROUTINE TRANlCII,JJ,KK,KTR) 
C 
C =======================~~~~~==================~========~======== 
C INCLUDE 'COMMB3.FOR~ 
C 
C ----------------------------------------------------------------C 
C 
.c 

THE FOLLOWING TRANSMISSIE«ILITIES ARE DIFFEF~ENTIAL.L.Y EXACT 
FOR UNIFORM or~ID Bl...()CKS IN EACH DIRECTION, BUT GEOMETRIC 
FACTORS FOR SECOND DIFFERENTIALS ARE AVERAGED FOR NON­
UNIFORM CASES - A NECESSARY APPROXIMATION 

C 
C 
C 
C 
C 

---------...... --- ....... -- ---- ·- --·- .... - ----· ---- ---........ -----·--- -- .................... -------...... ~ .... -----

C 

30 
C 

50 
501 

C 

DO 30 k:=1, 1(1( 
DO 30 J=1,J.J 
DO 30 I=1,II 
FACX=1.0 
FACY=1.0 
FACZ•1.0 
IF CI.GT.1 .AND. I.LT.II) 

$ FACX=4-*DXCI,J,K)/(2.HDXCI,J,K)+DXCI+1,J,K)+DXCI-1,J,K)) 
IF ( J • GT • 1 • AND • J • L. T .. J .. T ) 

$ FA C Y = 4 • *DY ( I , .J , I( ) I ( 2 • *DY ( I , J' , K ) ·t· DY ( I , J + 1 , K ) +DY ( I , J -1 , K ) ) 
IF (K.GT.1 .AND. K.LT.KK) 

$ FACZ=4.*DZCI,J,K)/(2.*DZ<I,J,K)+DZCI,J,K+1)+DZ(I,J,K-1)) 

A1CI,J,K>=FACX*KXCI,.T,K)*DY(I,J,K)HDZ(I,J,K) 
A2(I,J,K)=FACY*KY(I,J,K)*DX(I,J,K)HDZ(I,J,K) 
AJ(I,J,K)=FACZ*KZ(I,..J,K)HDX(I,J,K)*DY(I,J,K) 
CONTINUE 

IF (II.EQ.1) GO TO 501 
DO 50 K=l,KK 
DO 50 J=1,JJ 
DO 50 I=2,II 
IF CKX(I-1,J,K).LE.0.0001 .AND. k:XCI,J,K).LE.0.0001) GO TO 50 
T X C: I , J , K ) = • fj 1 2 6 5 6 *A 1 ( I ·-1 , J , I( :, * A 1 ( I , J , K :, I 

$ CDX(I-1,J,K)*A1CI,J,K)+DXCI,J,K)~A1CI-1,J,K)) 
CONTINUE 
CONTINUE 

IF C:JJ.EQ.1) GO TO 551 
DO 55 K=l, Kl< 
DO 55 J=2, J .. 1 
DO 55 I=1,lI 
IF (KY(I,J-1,K).LE.0.0001 .AND. KYCI,3,K).LE.0.0001) GO TO 55 

TYCI,J,K)=.012656*A2(I,J-1,K)*A2(I,J,K)/ 
$ C: DY ( I , J ·-1 , I( ) * A 2 ( I , J , K) +DY C: I , .J , I< ) * A 2 ( I , J - 1 , K ) ) 

55 CONTINUE 
551 CONTINUE 
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60 
61 

C 

IF 
DO 
DO 
DO 
IF 

(KK.E0.1J GO TO 61 
60 K==2., 1\1( 
60 J=1,JJ 
60 I-=1,II 
c: K Z ( I , J , l( ·-1 ) • L. E • 0 .. 0 0 0 1 • AND • I< Z ( I , .T , K:, .. LE • 0 • 0 0 0 1 ) G 0 
TZCI,J,K)=.012656HA3CI,J,K-l)ffA3(I,J,K)/ 

$ 
CONTINUE 
CONTINUE 

C: DZ ( I , J , 1·, -1 ) * A~! ( I , .J , I< ) +DZ ( I , J , I< ) ·>t A 3 ( I ., J , K - 1 ) :, 

TO 60 

C ----------------------------------------------------------------C 
C 
C 

TRANSMISSIBIL.ITY MODIFICATIONS 

C ----------------------------------------------------------------
C 

READC20,69) (IHEDINCIH)vIH=l,80) 
69 FORMAT(80A1) 

C 
31 

C 

C 

C 

275 
32 
100 

44 

38 

854 
72 
853 
711 

34 

C 

READ(20,*> NUMTX,NUMTY,NUMTZ,ITCODE 
IF (NUMTX.EU.O) GO TO 100 
URITEC:IOCODE,31) 

FORMAT(//15X,'**********TRANSMISSIBILITY (TX) NOOE MODIFICATION,, 
$ '**********',//15X,y I J K NEW TX VALUE') 

DO 275 l.=1,NUMTX 
READ C: 20, *) I , J, t,, T X C: I , J, I() 
WR I TE C: I O C: ()DE , 3 2 ) 1 ., J' , I( , T X ( I , J , K ) 
FORHAT(15X,3I5,5X,F14-4) 
IFC:ITCODE .. NE.1) GO TO 711 
WRITE(IOCODE,44) 
FORHATC://15X,'*********TRANSMISSIBILITY CTX) DISTRIBUTION', 

$ , ******** ., ., I) 

DO 953 1(=1, l<I< 
URITECIOCODE,38) K 
FORMAT(/1X,~K =',I2/) 
DO 854 J=l,JJ 
URITEC:IOCODE,72)(TX(I,J,K),I=l,II) 
FORHATC1X~20F6.1) 
CONTINUI:: 
CONTINUE 
IF CNUMTY.E0.0) GO TO 110 
URITE(IOCODE,34) 
FORHAT(//15X, 7 *********TRANSMISSIBLITY (l"Y) NODE MODIFICATION', 

$ '********* 1 ,//15X,' I J K NEU TY VALUE') 
DO 276 L.=1,NLJMTY 
READC20,*>I,J,K,TYC:I,J,K) 

276 URITE(IOCODE,32)1,J,K,TY(I,J,K) 
110 IF C:ITCODE~NE.1) GO TO 713 

URITEC:IOCODE,47) · 
47 FORHAT(//15X,'*********TRANSMISSIBILITY (TY) DISTRIBUTION', 

$ '*******MY) 
C 

C 

C 

C 

856 
855 
713 

37 

277 
120 

48 

858 
857 
717 

C 
65 

C 

C 

r 

41 
43 

42 

DO 855 1(=1, l(K 
URITECIOCODE,38) K 
DO 856 J=1, ,'j J 
URITECIOCODE,72)(TY(I,J,K),I=1,II> 
CONTINUE 
CONTINUE-: 

IF C:NUMTZ .. Ell. 0) GCJ TCJ 1 :20 
LJR I TE C: I OCOD~~, 37) 
FORHAT(//15X,'*********TRANSMISSIBILITY CTZ) NODE MODIFICATION', 

$ '********Y,//15X,' I J K NEW TZ VALUE') 
DO 277 L=1,NUMTZ 
READ(20,*)I•J,K,TZCI,3,K) 
WRITEC:IOCODE,32)1,J,K,TZCI,~,K) 
IF (ITCODEhNE.1) GO TO 717 
URITEC:IOCODE,48) 
FORHAT(//15X,'*********TRANSHISSIBILITY 

$ '*********11/) 
DO 857 K=1,KK 
WRITECIOCODE,38) K 
DO 958 J=1, :f .T 
WRITECIOCODE,72)CTZC:I,J,Kl,I=1,II> 
CONTINUE 
CONTINUE 

IF CKTR.EQ.0) RETURN 

UR I TE C: I OCllDF.:, 43) 
DO 42 K=1, 1{1( 
DO 42 J=l,JJ 

(TZ) DISTRIBUTION', 

DO 4?. I=1,II 
URITECIOCODE,41)I,J,K,A1(I,J,K),A2CI,J,K)~A3(I,J,K), 

$ TXCI1J,K>,TYCI,J,K>,TZCI,J,K) 
FORMAT(1X,3I5,6Fl5.3) 
FORMAT(//lX,' I :f' K A1 A2 

$ 7 A3 TX TY TZ 7 /) 

CONTINUE 

RETURN 
END 
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-C ======a•••=;=======~~==~~~~~;~=~~==~~====~~~~==;========~====a== 
C 

SUBROUTINE ORATE(NVON> 
C 
C a=~:~==•m=====z~~=====~~~~~~====~====m~~~~m~==~;==u=~=~~~;=;~=== 
C 

C 

C 

INCLUDE 'COMHBJ.FORv 

DO 105 J=l,NVON 
I01•ION1C:J) 
IU2-=ION2C:J) 
ICJ3mION3C:J) 
LAY=IOJ+(LAYER(J)-1) 

DO 1170 K=I03,LAY 
PUFCC:.J,K):1.-1 .. 0 
PP•PC: IQ1, Ill2 ,K) 
DPT•PB0TCID1,I02,K) 
CALL INTPVT(NTE,DPT,VSLOPE,POT,HUOT,HPOT,PP,HUO) 
CALL I NTF.:RP C: NTE, PlJT, MUIJT, MPUT, PP, MIJW) · 
CALL INTEnP C: NTE, PGT, MlJ(l·1·, MPt1T, PP, HUG) 
SSO=SO(IOl,102,K) 
SSUaSU(I01,102,K) 
SSG=S0(I01,I02,K) 
CALL INTERPC:NTE,SAT,KRWT,HSAT,SSU,KRU) 
CALL INTERP C:NTE, SAT, l(ROT, HSAT, 660, KRO) 
CALL INTERPC:NTE,SAT,KROT,HSAT,SSG,KRG) 
GHUCJ,K>=KRU/HUU 
GMO (J, K) =Kr~O/HUO 
GHG(J,K>~KRG/MUG 

1170 CONTINUE 
C 

IF CKIP(J).LT.O) GO TO 105 
IF (KIP(J).NE.1) GD rn 1191 
I TERO=<> 
QDENOH=O.O 
ALPHA0==0.0 
ALPHAU=O.O 
ALPHAGs0.0 
LAY•IQJ+(LAYERCJ)-1) 

1172 ITERO=ITER0+1 
C 

DO 1180 K=IOJ,LAY 
PP•P(ID1, 1112,K) 
BPT=PB0TCI01,IQ2,K) 
CALL INTPVTCNTE,BPT,BSLOPE,POT,BOT,HPOT,PP,BBO) 
CALL INTERPCNTE,PUT,BUT,HPUT,PP,BBU) 
CALL INTERPC:NTE,PGT,BGT,HPGT,PP,BBG) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSO·r,HPOT,PP,RSO) 
CALL INTERPCNTE,PUT,RSWT,MPUT,PP,RSU) 
IF CITERU.Nt.1) GO TO 1174 
QDENOH•ODENOM•PIDC:J,K)MGHO(J,K)/880 
GHT•GHOCJ,~)+GHUCJ,K)+GMG(J,K) 
ALPHAOsGMOCJ,K)/GHT+ALPHAO 
ALPHAUGGHUC3,K)/GHT+ALPHAU 
AL PHAGcGMt3 ( .f, K) /OHT +Al. Pt-lAG 
GO TO 1180 

C 

C 

C 

C 

C 

C 

1174 IF (QVTCJ).EQ.0.0) GO TO 1176 
TOTORuQVT C: .J) *ALP HAO/ C: Al. PUAO+AL PHAU+AL PHA'3) 
GO TO 1178 

1176 TOTOR•QVOCJ) 
1179 QO(IQ1,IQ2,K)=TOTOR•5.615•PID(J,K)MGHOCJ,K) 

t/(BBO•QDENOH) 
QU(I01,IQ2,K)=Q0(IQ1,I02,K)MGHU(J,K>•BB0 

t /(BBU•GM~CJ,K)) 
QGCIQl,IQ2,K)=QOCI01,I02,K)M(GHOCJ,K)MBBO 

t /(8BGMGh0CJ,K))+RS0>+R6UMQ~(I01,I02,K) 
1180 CONTINUE 

IF ClTERO.E0.1) GO TO 1172 
GO TO 105 

1190 CONTINUE 
1191 CONTINUE 

LAY•IQJ+CLAYER(J)-1) 
ITERQ=O 
ODENOH•O. 

1192 ITERQ•ITER0+1 
DO 1200 K~JUJ,LAY 
IF <ITERQ.NE.1) GO TO 1194 
ODENOH~aDENOH+PID(J,K)M(GMO<J,K)+OHU(J,K)+GHGCJ,K)) 
GO TO 1200 

1194 IF CKIPCJ).NE.2) GO TO 1196 
QU(IQ1,I02,~)=QUU(J)M5.615*PID(J,K) 

$ •CGHOCJ,K>+GMUCJ,K>+OHGCJ,K))/DDENOH 
GO TO 1200 

1196 OG C: IQ 1 , I Q2, t() =QVG C.J) tt 1 OOO. M PI D ( J, K) 
$ •CGHO(J,K>+GHUCJ,K)+GHGCJ,K))/UDENOM 

1200 CONTINUE 
IF CITERQ.E0.1) GO TO 1192 

105 CONTINUE 
DO 1210 Jml,NVON 

.. IQ1•IQN1 (J) 
I 02• I DN2 C:.J) 
IQJ•IONJ(J) 
IF CKIP(J).LT.O) GO TO 1210 
LAY=I03+(LAYER(.J)-1) 

DO 1205 K=JQJ,LAY 
PUFC(J,l()mO.O 
IF CPIDC:J,K).LE.0.0001) GO TO 1205 
PP•P(IQ1,I02,K) 
BPTmPB0T(ID1,IQ2,K) 
CALL INTPVTCNTE,BPT,BSLOPE,POT,BOT,HPOT,PP,&BO) 
CALL INTERP(NTE,PUT,BUT,MPUT,PP,B&U) 
CALL INTERP(NTE,PGT,&GT,MPGT,PP,BBO) 
CALL INTPVTCNTE,BPT,RSLOPE,POT,RSOT,HPO·r,PP,RSO) 
CALL INTERPCNTE,PUT,RSUT,HPW.f,PP,RSU) 
FAC~PIDCJ,K)*5.615 
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C 
I F ...... I P · J . ,-· ,., ,., 0 f.. I . ·c fl . J . E' c·· .. , . ·r u E- N C. ,, (, .. ) .. :.:. .1 • .. .. \ .. , • (, ) • .t • .:J ) n :. 

IF (l(I P (J). EQ .. :.:.~) THEN 
GMTB~(GMO(J,K)+GMUCJ,K)+GMGCJ,K))/BBW 
PW F C ( J ., I( ) ~ P p-.. aw C: 1 (l 1 ., I fj 2 , I( ) I C: FA C *GMT B :> 
ELSE 

GMT B = C: GMO C: J e: t, ) +GM W C: J , I( ) +GM C3 ( .J , K ) ) I B Ic G 
PWFC C: .. T, I()= P P--Uc-l ( :c () 1 ., I (]2, I() I ( FAC·>tGMTB) 

END IF 
ELSE 
GHTB=GMOCJ,K)/BBO+GMWCJ,K)/BBU+GMG(J,K)/BBG 

SOLN=RS0*Q0(I01,IU2,K)+RSW*QWCIQ1,IQ2,K) 
GT=QO(IQ1,I02,K)+UW(IQ1,IQ2,K)+QG(IQ1,IG2,K) 
PUFC C:J, K) =PP- (ClT-SC11-.N) I ( FAC*GMTB:> 
END IF 

1205 CONTINUE 
1210 CONTINUE 

C 
C ----------------------------------------------------------------C 
C PRESSUt~E CONSTRAINT 
C 
C ----------------------------------------------------------------C 

DO 1341 ..T=l,NVQN 
IF (KIP(..T) .. GE.O) GO TO 1341 
IQ1=Il1N1(J) 
IQ2=IQN2 C: .. T) 
IQ3=IQN:5 C:J) 
LAY=IQ3+CLAYER(J)-1) 
DO 1340 K=lU3,LAY 
PPN=PNCIQ1,IQ2,K) 
BPT=PB0T(IQ1,IQ2,K) 
CALL INTPVT(NTE,BPT,BSLOPE,POT,BOT,MPOT,PPN,BDO) 
CALL INTERP ( NTE, PWT, BWT, HPWT" PPN, BicW:, 
CALL INTERPCNTE,PGT,BGTvHPGT,PPN,BBG) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPOT,PPN,RSO) 
CALL INTERPCNTE,PWT,RSWT,MPWT,PPN,RSW) 

C 
C ----------------------------------------------------------------C 
C PRODUCING WELL 
C 
C ----------------------------------------------------------------C 

C 

IF (KIP(J).NE.-1) GO TO 1310 
QOCIQ1,IQ2,K)=PIDCJ,K)*5.615*GMO(J,K) 

$ *(PPN-PWFCJ,K))/BBO 
IF (PPN.LE.PWFCJ,K)) QO(ID1,IQ2,K)=O.O 

Q U ( IQ 1 , I a 2 , K ) = P I D C: ,J , I( :, * 5 .. 615 *(3M W ( J , K ) 
$*(PPN-PWFCJ,K))/BBW 

IF ( PP N .. LE • PW F ( ..T , I( ) ) Cl U C: I a 1 , I Q 2 , K ) = 0 .. 0 
IF (Q()(IQ1, ICl2,I() .. I .. F.:.O .. O) GOTD 1305 
QGCIQ1,IU2,K)=QOCIQ1,IQ2,K)*(GMGCJ,K)*BB0 

$/(BBG*GMOCJ,K))+RS0)+RSWHCU(IQ1,I02,Kl 
GO TO 1307 

1305 QGCIQ1,IQ2,K)=PID(J,K)M5.615*GMGCJ,K) 
$*CPPN-PWFCJ,K))/BBG+RSW*DW(IQ1,IQ2,K) 

1307 CONTINUE 
QG(IQ1,IU2,K)=QOCI01,IG2,K)*(GMG(J,K)*BBO 

$ /(BBG•GM0(J,K))+RS0)+RSU*QU(IQ1,IQ2,K) 
GO TO 1340 

C ----------------------------------------------------------------C 
C UATER INJECTOR 
C 
C ----------------------------------------------------------·------C 

C 

1310 IF CKIP(J) .. NE.-2) GO TO 1320 
QW(IQ1,IQ2,K)=PIDCJ,K)*5.615*(GMO(J,K) 

$ +GHYCJ,K)+GMG(J,K))M(PPN-PWFCJ,K))/BBW 
IF (PPN.GE .. PWF(J,K)) QW(IG1,IQ2,K)=O.O 
GO TO 1340 

C ----------------------------------------------------------------C 
C GAS INJECTOR 
C 
C ----------------------------------------------------------------C 
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1320 IF CKIPCJ>.NE.-3) GO TO 1340 
QG(IQ1,IQ2,K)=PIDlJ,K)M5.615M(GMOCJ,K) 

1340 
1341 

C 

C 
C 

$ +GHWC3,K)+GMG(J,K)l*(PPN-PUFCJ,K))/DBO 
IF C: PPN. (3E .. PWF c:J, I·,):, DC3 ( IQ 1, Itl2, I() =O. <> 
CONTINUE 
CONTINUE 

RETURN 
END 

C ==========~============~~~~=======g===========~;=~========;==~== 
C 

SUBROUTINE PRATE:I(NVUN) 
C 
C ==m====================~=m~=========~====~==~===~;=~==~=====;=== 
C 

C 

C 

C 

203 
205 

C 

C 
C 

INCLUDE: 
DO 205 J=1,NVQN 
IF (KIP(J).OE.-10) 00 TO 205 
IQ1=ION1 ( . .T) 
IG2=ION2C: .. J) 
IQ3=ION3C:J) 
LAY=IC3+(LAYER(J)-1) 

DO 203 K=Ill3,LAY 
P56=PID(J,K)*5.615 
PPN=PNCID1,Ia2,K) 
BPT=PBOT(I01,IQ2,K) 
CALL INTPVTCNTE,BPT,B6LOPE,POT,BOT,MPOT,PPN,BDO) 
CALL INTPVTC:NTE,BPT,RSLOPE,POT,RSOT,MPOT,PPN,RSO) 
CALL INTERP C:NTC::, PWT, BlJT, MPWT, PPN, BDW) 
CALL INTE.~P C:NTE, PGT, BGT, MPGT" PPN, BBG) 
CALL INTERP C:NTE, PWT, RBlJT, MPLJT, PPN, RBW) 

CPIO=GHOCJ,K)*P56*CDBO-DBG*RS0)/BB0 
CPIU=GMWCJ,K)*P56*(BBU-DBG*RSW)/BBU 
CPIG=OMGC3,K)*P56 
CPI=CPIO+CPIU+CPIG 
B(IQ1,I02,Kl=B(I01,lD2,K)-CPI*PWFCJ,K) 
E(IQ1,IQ2,K)=ECIQ1,I02,K)-CPI 
CONTINUE 
CONTINUE-: 
RETURN 
END 

C •=m•==••=•====m~==========~~===~m======m====~==~===~====~====~=u 
C 

SUBROUTINE PRATEO(NVCN) 
C 
C •••=•==•===~==~=g=====~~~~~==~=====g=~=====;~==~==c====~~==~~a== 
C 

C 

C 

C 

INCLUDE 'C0MMB3.FOR~ 

DO 2059 3=1,NVQN 
IF CKIP(J).GE.-10) GO TO 2059 
IQ1=IQN1C:J) 
IQ2=IDN2C:J) 
IQJ•ICN3 c:J) 
LAY•IDJ+(LAYER(J)-1) 

DO 2057 K=JCJ,LAY 
PP=P ( IQ1, I(l2, K) 
BPT=PB0TCIQ1,IQ2,K) 
CALL INTPVT(NTE,~PT,RSLOPE,POT,RSOT,MPOT1PPN1RS0N) 
CALL INTPVTCNTE,BPT,RSLOPE,POT,RSO'f,MPOT,PP,RSO) 
CALL IN r ER p ( N,. E ' p wr ' •-;:s LJ T ' M p w T ' pp N ' R s w N) 
CALL IN r ER p (NT E ' p wr ' R !3 lJ T ' M p w T ' pp ' R s l.J) 

C ------------------------------~---------------------------------C 
C AVERAGE r~ATES OF IN,Tt!CT ION AND PRODlJCTil1N 
C 
C ----------------------------------------------------------------C 
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RSOAV=0.5*(RSO+RS0N) 
RSUAV=O.S*(RSW+RSWN) 
FACTOR=PIDCJ,K)*5-615*(PP-PWF(J,K)) 
IF (KIP(J).E0.-13) GO TO 2053 
GU C: I Q 1 , I Q 2 , I( :, == c; MW C: j " I( ) I l) W ( I Q 1 , I Q 2 , I( ) ·M FA C T Cl r~ 
IF C:KIPC:J') .. £:a.-1.2)f1WC:ID:l, ID2,K)= 

$ CGMOCJ,K>+GMW(J,K)+GMG(J,K))/BWCIU1,IQ2,K)*FACTOR 
IF (KIPC:J') .. E:a.-12) GD TD 20~57 
OO(IQ1,IG2,K)=GMO(J,K)/00(IQ1,IU2,K)*FACTOR 
a G C: I Q 1 , I a 2 ., 1, :, =GM G ( J , I( :> I [( G <'. I t11 , I Cl 2 , K :> * f- ACT (J R 

$ +RSOAV*UO(I01,IQ2,K)+RSWAV*OW(IQ1,IG2,K) 
GO TO 2057 

2053 QG(IQ1,IQ2,K)=(GMOC:J,K)+GMUC:J,K)+GMG(J,K)) 
$ /BGCID1,1Q2,K)*FACT0R 

2057 CONTINUE 
2059 CONTINUE 

C 

C 
C 

RETURN 
END 

C ========================~==============~================~======= 
C 

SUBROUTINE PARMl(II,JJ.,KK) 
C 
C ========================~=~==================~======~=========== 
C 

INCLUDE YC()MMB3.FOR"' 
C 

I> I MENS J (JN R PHl. (NZ) , RKXL. C: NZ) , RKYL (NZ:, ., RKZL. (NZ:, 
REAL KXC, l(YC, KZC 

C 
READC20,69) (IHEDINCIH>,IH=l,80) 

C 
C ----------------------------------------------------------------C 
C RfAD INPUT CODES FOR PHI,KX,KY,KZ 
C 
C ---------------·-------------------------------------------------C 

READC20,*) KPH,KKX,KKY,KKZ 
C 
C ----------------------------------------------------------------C 
C ESTABLISH POROSITY CPHI) DISTRIBUTION 
C 
C ----------------------------------------------------------------C 

IF CKPH.GE-0) GO TO 135 
READC:20,M) PHIC 
DO 140 K= 1, l(K 
DO 140 J:::1.,.JJ 
DO 140 I=1,II 

140 VP(I,J,K)=PHIC 

C 
135 

550 

560 

C 
145 

r. 

155 
160 
16!5 

URITEC:IOCODE,56) 
WRITE(IOCODE,26) PHIC 
GO TO 165 

IF CKPH.GT.O) GO TO 145 
READ(20,*>CRPHLCK),K~1,KK) 
DO 550 l\=1,KI< 
DO 550 J=1,..TJ 
DO 550 I=1,II 
VPCI,J,K)=RPHLC:K) 
DO 560 K=l,KK 
WRITE(IOCODE,510) K,RPHL(K) 
CONTINUE 
GO TO 165 

WRITE C: IOC(JDE, 39) 
DO 160 K=l,KK 
WRITECIOCODE,38)K 
DO 155 J=l,.JJ 
READ(20,*) (VP(l,J,K),I=1,II) 
WRITE(IOCODE,73)(VPC1,J,K),I=1,II) 
CONTINUE 
CONTINUE 
URITEC:IOCODE,56) 
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-
C ----------------------------------------------------------------C 
C ESTABLISH PERMEABILITY CKX) DISTRIBUTION 
C 
C - ..... - - ---- - - - ... - - - .._ .... - - - ............ -- -- .... - ............ - ... -- .... -- _. ... - - - -- ....... - ........ - - ... -- ....... ·- .... - - -- -· - -- .... - -- -
C 

IF (KKX.GE"O) GO TO 180 
READ C:20, *) I\XC 
DO 175 l(:::a1, J(t, 
DO 175 J=l, .. TJ 
DO 175 I=1,:CI 

175 KXCI,J,K)=KXC 

C 

WRITE<: IOC(lDE:, 56) 
WRITE(IOCODE,29)KXC 
GO TO 195 

180 IF (KKX.GT-0) GO TO 105 
READC20,*)(RKXL(K),K~1,~K) 
DO 187 K=1,KK 
DO 187 J=l,..TJ 
DO 187 I=1,II 

187 KXCI,J,K)=RKXL(K) 
DO 182 K=1 ., l\t( 
WRITE(IOCODE,511) K,RKXL(K) 

182 CONTINUE 

C 
185 

C 

190 
192 
195 

GO TO 195 

WRITEC:IOCODE,43) 
DO 192 K=l,KK 
URITE(IOCODE,38) K 
DO 190 J=-1 , .. T.J 
READC20,M)(KX(I,J,K),I=1,II) 
URITE(IOCODE,72)(KX(I,J~K>,I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 
URI TE ( IOCODE:, 56) 

C ----------------------------------------------------------------C 
C 
C 

EST AB L IS H PE RMEA B I 1- IT Y C: I( Y) DIS TRI B lJ T :c CJN 

C ----------------------------------------------------------------C 

202 

C 
200 

205 

210 

C 
207 

C 

215 
"1"' - -""0 --

IF C:KKY.GE.O) GO TO 200 
READ C:20, *) l(YC 
DO 202 1<=1,KK 
DO 202 J=-1, .J J 
DO 202 I=l,II 
KYC:I,J,K)=KYC 
lJRITEC:IOCODE:.,56) 
WRITECIOCODE,33) KYC 
GO TO 220 

IF CKKY.GT.O) GO TO 207 
READ(20,*)(RKYL(K),K=1,KK) 
DO 205 K=1, l<K 
DO 205 J=1,JJ 
DO 205 I=1,:CI 
KYCI,J,K)=RKYLCK) 
DO 210 K= 1., l(K 
WRITECIOCODE,512) K,RKYL(K) 
CONTINUE 
GO TO 220 

URI TE C IOCCJDE, 47) 
DO 212 l(::.s1 •,I\K 
URITECIOCODf,38:>K 
DO 215 J=i , .. T J 
READC:20,*>(KY(I,J,K),I~1,II) 
WRITE(IOCODE,72)(KY(I,J,K),I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 
URI TE ( IOC(lDE, 56) 

C ----------------------------------------------------------------C 
C ESTABL:C~31-I PERNEAB1L.ITY CKZ:> DISTRIBUTl CJN 
C 
C ----------------------------------------------------------------C 
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230 

C 
225 

237 

C 
?J? - -

C 

242 
240 
?4&:" 
- w 

IF C:KKZ.GE .. O) GO 
READ (20, *) I\ZC 
DO 230 l(;:a1-,l(K 
DO 230 J::t.,..TJ 
DO 230 I:=1,II 
KZC:I,.J,K)=KZC 
URITEC:IOCClDE,56) 
URITEC.IOCODE,36) 
GO TO 245 

To ?')•=-J ...... , 

KZC 

IF (KKZ.GT .. O) GO TO 232 
READC20,*)(RKZLCK),K=l,KK) 
DO 235 1(:::1, l(K 
DO 235 J=1-,JJ 
DO 235 I=1,II 
KZCI,J,K)=RKZLCK) 
DO 237 K=l,KK 
UR IT E C: I O CODE , 513:, K , R I( Z L C: K) 
CONTINUE 
GO TO 245 

WRITEC:IOCODE,48) 
DO 240 K=1, l<K 
WRITE(IOCODE,38)K 
DO 242 J=l,.JJ 
READC20,*>CKZC:I,J,K),l=1,II) 
URITEC:IOCODE,72)(KZCI,J,K),I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 
URITE(IOCODE,56) 

C ----------------------------------------------------------------C 
C POROSITY AND PERMEABILITY MODIFICATIONS 
C 
C -----------------------------------------------------------------C 

274 

852 
851 
715 

854 
S53 
716 

276 

856 
855 
717 

277 

958 
857 
719 -

READ(20,69) (IHEDIN(IH>~IH=1,80) RE AD c: 2 0 , * ) NU M P , N UM I( X , N lJ MI( Y , N lJ M K Z , I Pr~ 0 DE 
IF (NUHP.E~"O) GO TO 715 · 
WR I TE C: I OC(lDE, 27:, 
DO 274 L=1,f\!UMP 
READ(20,*>I,J,K,VPCI,J,K) URITE(IOCODE,32)!,J,K,VP(I,J,K) 
IF «:IPCODE .. NE.1) Gf.l TO 715 
LJR I TE<: IOC(JDE., 39) 
DO S51 1<=1,1\K 
URITECIOCODE,38)K 
DO 852 J=i,SJ 
URITE(IOCODE,73)(VP(1,~,Kl,I=1,Il) 
CONTINUE 
CONTINUE 
IF CNUMKX~EO.Ol GO TO 716 
URI TE C: IOCODI:., 31) 
DO 275 L=i,NUMKX 
READ(20,*)I,J,K,KX(I,J,K) 
URITECIOCODE,32)1,J,K,KXCI,J,K) 
IF (IPCODEhNE.1) GO TO 716 
URITEC:IOCODE,43) 
DO 853 K=l,l(K 
URITE(IOCODE,38)K 
DO 854 J=t,:fJ 
URITE(IOCODE,72)CKXC:1,J,K),I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 
IF (NUMKY .. EO.O) GO TO 717 
URITE(IOCODE,34) 
DO 276 L=l,NUMKY 
READC20,*)I,J,K,KYC:I,J,K) 
URITECIOCODE,32)1,J,K,KYCI,J,K) 
CONTINUE 
If-'" C: I PCODE .. NE .1) CiCI T(J ·717 
LJRITEC:IOCODE,47) 
DO 855 K=l •, 1(1( 
URITE(IOCODE,38)K 
DO 8:56 J'=i,JJ 
URITE(IOCODE,72l(KY(I,J,Kl,I=1,II) 
CONTINUE 
CONTINUE: 
CONTINUE 
IF (NUMKZ.EQ.O) GO TO 719 
URI"TE(IOCODE,37) 
DO 277 L=1,NUMKZ 
READC20,*)I,J,K,KZ(I,J~K) 
URITE(IOCODE,32)1,J,K,KZCI,J,K) 
CONTINUE 
IF CIPCODE.NE.1) GO TO 719 
WRITE C: IOC(JDE, 48) 
DO 857 K=1,KK 
URITECIOCODE,38) K 
DO 858 J=i,.JJ 
URITE(IOCODE,72)(KZCI,J,K),I=1,II) 
CONTINUE 
CONTINUE 
CONTINUE 

-250-



1.-
69 
56 
72 
73 
26 

27 

29 

31 

32 
33 

34 

36 

37 

999 
38 
39 
390 
43 

445 
4'7 
48 
510 

C 

C 
C 

511 

512 

513 

FORMATCSOA1) 
FORMAT(//) 
FORHAT(1X,20F6.2) 
FORMAT(1X,20F6.4) 
FORMAT(15X, 1 POROSITY (PHI) IS INITIALLY SET AT 7 ,F8.4, 7 FOR ALL', 

$ 1 NODES'//) 
FORMAT(//15X, 7 ****POROSITY NODE MODIFICATIONS****'' 

!t;//15X, 1 I J I( NEW PH :C V·ALUE., :, 
FORMAT(15X,~PERMEABILITY CKX) IS INITIALLY', 

$' SET AT',F10.4,' FOR ALL NODES'//) 
FORMAT(//15X,'**********PERMEABILITY CKX) NODE MODIFICATIONS', 

$'********** 1 ,//15X,' I J K NEU KX VALUE') 
FORMAT(15X,3I5,5X,F14.4) 
FORMAT ( 15X," PERME:ABII-ITY CKY) IS INITIALLY' , 

$ 1 SET AT',F10.4,' FOR ALL NODES'//) 
FORMAT(//15X,'**********PERMEABILITY (KY) NODE MODIFICATIONS', 

$'**********",//15X,v I J K NEW KY VALUE 1 ) 

FORMAT(15X,"PERMEABILITY CKZ) IS INITIALLY', 
$' SET AT 1 ,F10.4,' FOR ALL NODES'//) 

FORMAT(//15X,'**********PERMEABILITY (l(Z) NODE MODIFICATIONS', 
$'********** 1 ,//15X,' I J K NEU KZ VALUE') 

FORHATC:I5) 
FORMATC:/1X, 1 K =',12/) 
FORMAT(//15X,'***********POROSITY DISTRIBUTION FOLLOWS********'/) 
FORHAT(//15X,'***********NODE MIDPOINT ELEVATIONS***********'/) 
FORMAT(//15X,'**********PERMEABILITY (KX) DISTRIBUTION*******'/) 
FORMAT ( 131='10. 2) 
FORHAT(//15X,'**********PERMEABILITY (KY) DISTRIBUTION*******'/) 
FORHAT(//15X,'**********PERMEABILITY (KZ> DISTRIBUTION*******'/) 
FORMAT(//15X,'POROSITY IN LAYER',I5, 7 IS INITIALLY SET AT',FB.5, 

$' FOR ALL NODES',/) 
FORMATC:15X, 1 PERMEAB:CI...ITY (KX) IN LAYER 1 ,15," IS INITlAL..LY AT', 

$ FS.2,' FOR ALL NODES 1 ,/) 

FORHATC15X, 1 PERMtABILITY (KY) IN LAYER 1 ,I5,' IS INITIALLY AT', 
$ FS.2, 1 FOR ALL NODES~/) 

FORHAT(15X,·1 PERMEABIL.ITY CKZ) IN LAYER', 15., ~ IS INITIALLY AT", 
$ FS.2,' FOR ALL NODES 1 /) 

RETURN 
END 

C =======================~~~==================~==========~========= 
C 

SUBROUTINE NODES (NV(}N, UR,~D, SKIN) 
C 
C =======================~~~~=================;===========~======== 
C 

INCLUDE 'COMMB3.FOR~ 
C 

REAL URAD,SKIN 
C 
C ----------------------------------------------------------------C 
C ESTABLISH RATE-SPECIFIED AND PRESSURE-SPECIFIED WELLS 
C 
C -----~---------~~~~~~--~~---~~~----~---~~----~~~-~~~--~~~~~~~~~~-~ 
C 

C 

C 

READC20,69) (1HEDIN(IH)~IH=1,80) 
READC:20,*)NVON 
IF (NVDN.EQ.O)RETURN 
WRITE C: I(JCODE, 6 7) 
WRITE C: IOCODI:, 68) 

DO 2000 J=l,NVON 

C -----------------------------------------------------------------C 
C 
C 
C 
C 
C 
C 

INPUT RATE SIGNS BY CONVENTIOND 
INJECTORS ARE -VE 
PRODUCERS ARE +VE ... _ ... ___________ ...... _._ _________________ .... _ .... _____________ ..... _ .... _ ............ ____________________ ........ _____ .__ 

READC20,M)WELLID(J),I(JN1(J),IQN2(J),ION3(J),LAYERCJ),KIP(J), 
$ QVO(J),QVWCJ),OVGCJ),UVT<J) 
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.. 

C 
IQ1=ICN1CJ") 
IQ2=IQN2C:J;. 
I03=IDN3(J) 
LAY=IQJ+CLAYER(J)-1) 

C 
DO 1900 K=IQJ,LAY 
READ(20,*) WRAD,SKIN,PWF(J,Kl 

C 
C ---------------------------------------------·-------------------C 
C PID CALCULATION NOW DONE WITHIN THE PROGRAM 
C 
C ---------------------------------------------------~------------C 

IF (SKIN .OE. 500.)THEN 
PID C:J, k:) =O ,. () 
ELSE 
DENOM=AL0GC+.121*SGRTCDX(IQ1,ID2,K)*DYCIQ1,IQ2,K))/WRAD)+SKIN 
PIDCJ,K)=.00708*KX(IQ1,I02,K)*DZ(IQ1,IU2,Kl/DENOH 
END IF 

C 
WRITE(IOCODE,70)ION1(~),ION2(J),K,DVO(J),QVWCJ),OVG(J), 

$ QVTCJ),PUFCJ,K),PIDCJ,K),WRAD,SKIN 
1900 CONTINUE 
2000 CONTINUE 

C 

2999 

WRITE C: IOCODE:, 33) 
DO 2999 J= 1 ., NVQN 
IQJ=ICNJ(J) 
LAY=IQJ+(LAYER(Jl-1) 
DO 2999 K=IQJ,LAY 
IF CKIP(J).E0.1> WRITECIOCODE,2995) 
IF C: K I P ( J > • E: Cl .. 2 ) WF~ IT E ( I O C (]DE:., 2 9 c16 ) 
IF (KIP(J).EQ.3) WRITECIOCODE,2997) 
IF CKIP(J).EO.-l)WRITEC!OCODE,3005) 
IF (KIP(J).E0.-2)WRITECIOCODE,3006) 
IF CKIP(J).EO.-J)WRITE(IOCODE,3007) 
IF(KIPCJ).EQ.-lllWRITE(lOCODE,3015) 
IF(KIPCJ).EQ.-12)WRITECIOCODE,3016) 
IF(KlP(J) .. Et1.-13)UR:CTE:C:IOCODE:,301'7) 
CONTINUE 

ION1C:J),ION2(J),K 
IUN1(J),IQN2(J),K 
IQN1(J),IQN2CJ),K 
IGN1(J),ION2(J),K 
IGN1(J),ION2(J),K 
IGN1(J),IQN2(J),K 
IUN1(J),IQN2(J),K 
ION1CJ),ION2CJ),K 
IGN1CJ),IQN2(J),K 

C 
69 
67 
68 

FORHATC:80Al) 
FOR HAT (I/ 15 X , ' Re: S Er~vo I,~ CONT A :C N S TUE F O I.. L.CJU ING 1=~ ATE NODES' I ) 
FORHAT(2X,' NODE 1 ,JX,,OIL(STB/D)?,JX, 

C 

C 

$'WATERCSTBD)',3X,'GAS(MCFD),,JX,'TOTALC:RBD)',3X,'BHFPCPSIA), 
$7X,'PID',2X,'WELL RAD',2X,?SKIN FACTOR,) 

70 FORHAT(1X,3I3,3X,F11.2,4F13.2,F10.6,F10.3,E12.4) 
33 FORMAT(/) 
2995 FORMAT(15X,'BLOCK',313, 

$' CONTAINS A RATE SPECIFIED PRODUCING WELL") 
2996 FORHAT(15X, 1 BLOCK',3I3, 

$ ' CONTAINS A RATE SPECIFIED WATER IN .. TECTION WELL') 
2997 FORHAT(15X, 1 BLOCK',31J, 

$ ' CONTAINS A RATE S PE(: IFIE D GAS INJECT I ClN WELL ' ) 
3005 FORHAT(15X,'BLOCK',3I3, 1 CONTAINS AN', 

S 'EXPLICIT PRESSURE SPECIFIED PRODUCING WELL,) 
3006 FORMATC15X, 1 BLOCK',3I3, 1 CONTAINS AN", 

$ 'EXPLICIT PRESSURE SPECIFIED WATER INJECTION WELL') 
3007 FORMAT(15X, 1 BLOCK',313, 1 CONTAINS AN~, 

$' EXPLICIT PRESSURE SPECIFIED OAS INJEC1"ION WELL,) 
3015 FORMATC15X,,BLOCK',3I3, 1 CONTAINS AN', 

$ ' I HP LI C IT PRESSURE S PE C IF I ED PI~ <l DU C ING LJE L L, :, 
3016 FORHAT(15X, 1 BLOCK',3I3, 1 CONTAINS AN', 

$' IMPLICIT PRESSURE SPECIFIED WATER INJECTION WELL') 
3017 FORMATC15X,'BLOCK',313,' CONTAINS AN', 

$' IMPLICIT PRESSURE SPECIFIED GAS INJECTION WELL') 

RETURN 
END 
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.. 
C ===========================~============================~======= 
C 

C 

SUBROUTINE PRTPS(NL.OOP,KPI,II,JJ,KK,PAVGO,PAVG, 
$ COP,CWP,CWI,CGP,CGI,MBEO,HBEW,MBEG,DELTO,OPR, 
$ UPR,GPR~WIR,GIR,ETI~cwoR,CGOR, 
$ UOR,GOR,IPMAP,ISOMAP,ISUMAP,ISGMAP,IPBMAP) 

C =======================~~=~=================~===========~=:~===~ 
C 

C 

C 

INCLUDE 'COMMB3. FOR., 

PPM=O. 
SOM=O. 
SUH=O. 
SGH=O. 

IF C: NLOO P. e:a. 1) D()T(l 300 
DO 240 K=1,KK 
DO 240 J=1,JJ 
DO 240 :C=1,II 
DP O= P C: .f " J , t,) -· PN C: I , :f •, K) 
DSO=SOCI,J,K)-S0N(I,J,K) 
DSW=SW(I,J,K)-SWN(I,J,K) 
DSG=SG(I,J,K)-SGN(I,J,K) 
IF (ABS(DPO).LE"ABS(PPM)) GOTO 210 
PPM=DP(l 
IPH=I 
JPM=J 
KPM=K 

210 IF (ABSCDSO>.LE.ADSCSOM)l GO TO 220 
SOM=DSO 
IOM=I 
JOM=J 
KOM=K 

220 IF (ABS(DSW).LE.ABSCSWM)) GO TO 230 
SWM=DSW 
IUM=I 
JUM=J 
KUM=K 

230 IF C:ABS ( Df3G) • LE. Af.cS C: BGM)) GD TO 240 
SGM=DSG 
IGM=I 
JGM=J 
KGM=K 

240 CONTINUE 
URITE(IOCODE,5) 
URITE(IOCODE,105) 
URI 1·E ( Ill CODE, 6) 
NLH= NLtlOP-1 
GORM==GOR 
URITE(IOCODE,110) ETI,NLM,DELTO,PAVG,PAVGO,IPM,JPM,KPM,PPM, 

$ IOM,JOM,KOM,SOM,IGM,JGM,KGM,SGM,IUM,JWM,KWM,BWM 
URITECIOCODE,111) MBEO,MBEG,MBEW,OPR,COP,GPR,CGP,WPR,CUP, 

$ GIR, CGI., W IR, CW I, UOR, CUDR, Gl1RH, CGOR 
110 FORHAT(/,1X,'ELAPSED TIME (DAYS) =",F9.2,3X, 

$ 'TIME STEP NUMBER =",I5,7X, 
11> "TIME STEP C:DAYS): =",F9.2,//,1X, 
$ 'CURRENl AUG RES PRESSURE =",F9.1,JX, 
$ ., PRE VI () lJ f~ AV G RES Pt~ I:. SS URE: = ' , F 9 • 1 , ~'5 X , 
S " PRESS lJ t~ E D PM AX ( ., , I :~ , ' , " , I 3 , ., , ., , l 3 , ., ) = ' , F 9 • 1 , I , 1 X , 
$ "OIL DSMAX C:',I3,",.,,I3,.,,',I3,.,) =",F9.5,3X, 
$ 'GAS DSMAX C',I3,",.,,IJ,.,,,,I3,") =",F9.5,3X, 
$ "WATER DSMAX(',I3,.,,",IJ,',',I3,') =",F9.5,/,1X) 

111 FORMAT(' OIL MATERIAL BALANCE CX) =",F9.6,3X, 
$ 'GAS MATERIAL tcALAN(:t (X) =' ,E10.1,.,3x, 
$ ' U ATER MATER I AL BAI .. AN C E ( X ) =,, , E 10 • 4 , / / , 1 X , 
$ 'OIL PRODUCTION RATE (STB/D) =',E10.4,3X, 
$ 'CUM. OIL PRODUCTION (9TB) =',E10.4,/,1X, 
$ 'GAS PRODUCTION •~ATE (MSCF/D)=" ,E10.la,:'5X, 
$ ., CUM. (3Af3 PRODUCT ION (HSCF) =., , E10. '', /, 1 X, 
$ 'UATER PRODUCTION RATE (STB/D)=',E10.4,3X, 
$ 'CUM. WATER Pr~ODUCT:CCJN (9TB) =' ,E10.4,//,1X, 
$ 'GAS INJECTION RATE CMSCF/D) =',E10.4,3X, 
$ 'CUM. GAS INJECTION (HSCF) =',E10.4,/,1X, 
$ "WATER INJECTION l~ATE (STB/D)=' ,E10.1,,::iX, 
$ 'CUM. WATER INJECTION (STB) =,,,E10.4,//,1X, 
$ 'PRODUCING UOR CSTB/STB) =.,,E10.4,3X, 
$ 'CUM. UOR (STB/STB) =.,,E10.4,/,1X, 
$ 'PRODUCING GOR (SCF/STB) =',E10.4,3X, 
$ 'CUM. OOR (SCF/STB> =',Et0.4,//) 
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300 
304 

310 
C 

315 

420 
C 

A')? .. _ ..... 

430 
C 

432 

C 

C 

C 

439 
440 

102 

449 
45() 

5 
6 , 
105 

41 
51 
61 
71 
81 
91 
101 

. . . 
IF (NLOOP~EQ.1 .AND. KPt.EO.Ol WRITE(IOCODE,304) 
FORHAT(//15X,7C'*'),~INITIAL ARRAYS ',7(,*')//) 

IF CIPMAP.EO.O .AND. NLOOP.NE.1) GOTO 315 
URITEC:IOCODE,61) 
DO 310 1(=1,t,t, 
WRITE(IOCODE,51) K 
DO 31() .J=l, J J 
URITE(IOCODE,41) (PCI,J,K),I=1,II) 

CONTINUE 

IF (ISOMAPhEa.o .AND. NLOOP.NE.1) GO TO 422 
URI TE C: IOCODE:, 71) 
DO 42() I(= 1, t,K 
URITE(IOCODE,51) K 
DO 420 J=1,JJ 
URITECIOCODE,101) CS0(I,J,K),I=1,II) 

CONTINUE 

IF (ISWMAP.ca.o .AND. NLOOP.NE.1) GO TO 432 
URI TE ( llJCODE, 81) 
DO 430 I(::: 1, KK 
URITE(IOCODE,51) K 
DO 430 ..f=1,JJ 
UR I TE C: 1 t) CODE , 10 1 ) (SU ( I , J , K ) , I ::: 1 , I I :, 

CONTINUE 

IF (ISGMAP.Ea.o .AND. NLOOP.NE.1) GO TO 440 
URITE<:IlJCODE,91) 
DO 439 l('.=1, KK 
UR I TE C: I llCODE:, 51) I( 
DO 439 J=1,JJ 
URITE(IOCODE,101) CSG(I,J,K),1=1,II) 

CONTINUE 
CONTINUE 

IF (IPBMAP.EQ.0) GOTO 450 
URITECIOCODE,102) 

FORMAT(//15X,'******* BUBBLE POINT PRESSURE DISTRIBUTION***'/) 
DO 449 1(=1, KK 
WRITECIOCODE,51) K 
DO 449 ,J=l,JJ 

. URITE(lOCODE,41) (PBOT(I,J,K>,I=i,II) 
CONTINUE 
CONTINUE 

IF CNLOOP.NE.1) WRITE(IOCODE,7) 

FORHAT(//JOX,69(YM'),/,30X,'*',67X,'* 7 1/,30X,'*',67X,'*') 
FORMAT(30X,'*',67X,v*',/,30X,'*',67X,'*''/,30X,69( 9 M'),///) 
FORHAT(///SX,54("M'),' END OF REPORT ',54('*'),6(/)) 

FORMATCJOX, 1 *',12X,'SUMMARY REPORT: UNSW BOAST (VERSION 2.0)', 
$ 15X,'*") 

FORHATCSX,20F6.0) 
FORMAT(/1X,'K=',12/) 
FORHATC//1SX,'****RESERVOIR PRESSURE DISTRIBUTION****',/) 
FORMA'f(//1SX,'*******OIL SATURATION********"/) 
FORMAT(//15X,'*******WATER SATURATION********'/) 
FORHAT(//1SX,'*******GAS SATURATION********'/) 

FORMATC5X~20F6.3) 

RETURN 
END 
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C =======================~~~=~================~===========~==~==== 
C 

SUBROUTINE 
$ 
$ 

UINIT1(KPI,II,JJ,KK,PWOC,CUMPO,MBEO, 
<:UM PlJ, MBEW, CUM PD, MBEC3, !:10 I , SW I, SG I, 
woe' GCJC, PGOC' CUM :c tJ 'CUM I G) 

C 
C ===============~===~~==m~~~~=========================;======;=:== 
C 

C 
INCLUDE ~ CtlMMB3 .-FOR., 

CUMPO=O.O 
CUMPU=O.O 
CUMPG=O.() 
CUMIU=O .. O 
CUHIG=0 .. 0 
MBEO=O.O 
MBEU=O.O 
MBEG=O.O 

C 

C 

C 

C 

C 

READ(20,69) (IHEDINCIH>,IH=l,80) 
READ(20,*) KPI,KSI 
IF (KPI.NE.O) GO TO 5601 
READ(20,*> PUOC,PGOC,WOC,GOC 
DO 200 K=1, l(K 
DO 200 J=1,JJ 
DO 200 1=1,II 
IF (ELCI,J,K).LT.GOC) GO TO 175 
IF (ELCI,J,K).GT.WOC) GO TO 150 
BPT=PBOTC:I~J,K) 
CALL INTPVT(NTE,BPT,BSLOPE,POT,BOT,MPOT,PWOC,DBO) 
CALL INTPVT(NTE,BPT,RSLOPE,POT,RSOT,MPOT,PWOC,RSO) 
RHOO=CRHOSCO+RSO*RHOSCGl/BBO 
PN(I,J,K)=PWOC+RHOO*CELCI,J,K)-WOC)/144 .. 
GO TO 200 

150 CALL INTERP(NTE,PWT,BWT,MPUT,PUOC,BBU) 
CALL INTERPCNTE,PWT,RSW1",MPWT,PWOC,RSW) 
RHOU=(RHOSCW+RSW*RHOSCG)/BBW 
PNCI,J,K)=PWOC+RHOW*(EL<I,J,K)-WOC)/144. 
GO TO 200 

175 CALL INTE•~P C:NTE, PGl", BC3T, MPGT, PGOC, BBG) 
RHOG=RH(lSC(3/BBG 
PN(I,J,K)=PGOC+RHOG*(ELCI,J,K)-GOC)/144. 

200 CONTINUE 
GO TO 3010 

5601 DO 3009 K=l,KK 
DO 3005 J=l,JJ 

3005 READ(20,M) CPN(I,J,K),I~1,II) 
3009 CONTINUE 
3010 CONTINUE 

C ----------------------------------------------------------------C 
C INITIALIZE N+1 PRESSURE ARRAY 
C 
C ----------------------------------------------------------------C 

C 

DO 3012 I=l •,II 
DO 3012 J=l"JJ 
DO 3012 K=l,KK 

3012 P(I,J,K)=PN(I,J,K) 
IF (KSI.NE.O) GO TO 5600 

READC20,*) SOI,SWI,SGI 
DO 30 K=l, 1(1( 
DO 30 J=1,:f,'f 
DO 3(> I=1,11 
SON (I, J, K) =!'.:OI 
SWNCI ,J,K)=!JWI 
SGI=1. 0-SOI-·SWI 
SGNC:I,J,K)=!~GI 
SO(I,J,K)=SDI 
SU C: I, J, K) ~!;WI 
SO (I, J, I<) :::SG I 
IF (SG(I,J,K).LT.0.0) SGCI,J,K)=O .. O 

30 CONTINUE 
r. 
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3015 RETURN 
5600 DO 3011 K=l,KK 

DO 3006 J== 1., J J 
3 0 0 6 RE AD C: 2 0 , * ) C: SO C: I , J , I( ) •, I ::: 1 , I I ) 
3011 CONTINUE 

DO 3020 K=l,KK 
DO 3007 J::sl,J..J 

3 0 0 7 RE AD C: 2 0 , * ) ( SW C: I , J , I( :, , I :::: 1 , I I ) 
3020 CONTINUE 

DO 3(>30 I(::: l ., KK 
DO 3030 ,1==1., J J 
DO 3030 I=l~II 
SGCI,J,K)=1.0-SOCI,J,K)-SWC:I,J,K) 
IFC:SG<I,J,K) .LT .. 0.0) SG(l,J,l()=O.O 
SONCI,J,K)=SO(I,J,K) 
SUNCI,J,K)=SW(I,J,K) 
SGN(I,J,K)=SG(I,J,K) 

3030 CONTINUE 
C 

69 FORMAT(80A1) 
C 

C 

RETURN 
END 

C =================;======~~===============~==============~======== 
C 

SUBROUTINE MATBAL(Il,JJ,KK,STBO,STBOI,STBW,STDWI, 
$ MCFG,MCFGI,MDEO,MBEW,MBEG,DELTO,RESVOL,OP,WP,GP,WI, 
$ GI,PAVGO,PAVG,N,OPR,WPR,GPR,WIR,GIR,D5615, 
$ COP,CWP,CGP,CWI,CGI,MCFGl,MCFGT,CUOR,UOR,CGOR,GOR) 

C 
C = = = = = = = = = = = =::: = ::s = = := = :: == ==:: ::: ::: ::. ::: == = = = = = = = = = = = =:::::: =::: = ,:: = = =::: = = = = ==:::.: ::: = = = = = = = 
C 
C 

FACT==D5615••DEL TO 
PAVGO=O.O 
PAVG=O.O 
OP=O.O 
UP=O.O 
GP=O.O 
UI=O.O 
GI=O.O 
DO 100 K=1,l(t< 
DO 100 J=1,JJ 
DO 100 I=1.,II 
PAVGO=PAVGO+PNCI,J,K)*VP(I,J,K) 
PAVG=PAVG+P(I,J,K)*VP(I,J,K) 
OP=OP+QOCI,J,K)*FACT 
IF (QWCI,J,Kl.GT.0.0) WP=WP+QUCI,J,K)MFACT 
IF C: QLJ (I, J, I() • LT. 0. 0) W :C =U I +aw (I, J, K:, MFACT 
IF C:QGCI,J,K).GT .. 0.0) BP=GP+QGCI,J,K)MDEL.TO 
IF c:aoc::c ,J,I\) .LT .. 0.()) Gl=GI+QG(I ,J,l()*DELTO 

100 CONTINUE 
CO P=CO P+Cl P 
CWP=CLJP+UP 
CGP=CGP+GPM.001 
CUI=CWI+LJI 
CGI=CGI+GI*.001 

C 
C ----------------------------------------------------------------C 
C CONVERT SCF TO HCF (STANDARD TO THOUSANDS) 
C 
C ----------------------------------------------------------------C 

C 

GP=GP*.001 
GI=GI*.001 
DIV=i • 0/l)ELTO 
OPR=OP*I>I\.• 
lJ PR=U P*I) I\.' 
GPR=GP*DIV 
UIR=LJI*I>IV 
GIR=GI*DIV 
PAVG=PAVG/RESVOL 
PAVGO=PAVGO/RESVOL 

DENOM1=STBOI - OP 
IF (DENOM1.LT.1.E-7) GO TO 200 
HBEO= (STB(l/ C: STBO I .. "OP) -· 1. 0) * 100. 

200 CONTINUE 
DENOM2=STBWI-WP-LJI 
IF (DENOM2.LT.1.E-7) GO TO 201 
HBEU=C:STBLJ/(STBLJI·-UP-LJI) - 1.0)*100. 

201 CONTINUE 
DENOH3=MCFOI-GP-GI 
IF (DENO M :1 • LT • 1 • E ·-7) GO TD 2 03 
HBEG=CMCFGT/(MCFGI-GP-GI) - 1.0)*100. 

?03 CONTINUE 
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C 
IF C:OP.EQ .. 0 .. 0) GOf~=O .. O 
IF C:OP.EQ.0 .. 0) WOR=O.O 
I F C: 0 P • E (l .. O .• 0 :, GO T () ~J ~J ~~ 

GOR=GP/OP*lOOO .. O 
UOR=UP/OP 

333 IF C:COP. EO" 0. 0) CGC>F~:::() .. 0 
IF C:COP. E(l .. c). O) CWO~'<===O" () 
IF C:COP.Etl .. <'>.O) GO T(l 666 
CGOR=CGP/COP*1000 .. 
CUOR=CWP/CClP 

666 CONTINUE 
C 

C 

C 

GP=GP*0 .. 001 
GI=GI*0.001 
RETURN 
END 

C .... - ...... - .... - ... -- -- - --· .......... ·- ........ - ... -· -- - ·-· ............................. -· - -- ........... - ·- .... -- -- ... ·-· ··- - ............ - ·- -- - - -·· -· ·- - -- - -- ·- - ---·-·------- ....... .- ... -·--- -· .................................................. _ .... ___________ .... -· ------- -- --- _. ...... -·------- ------.---
c 

SUBROUTINE INTERPCNTE,X,Y,N,XO,YO) 
C 
C ===:==========:===.::: =====:=:::::::,:::::=:::::::: ====::====:===::: =:::::: = = ==:::: == ::::: :::.::: = ====· == ::.:=-= == = 
C 

DIMENSION X(NTE>,YCNTE) 
IF C:XO.GE~X(Nl) YO=Y(N) 
IF CXO.GE.X(N)) RETURN 
DO 10 I==2,N 
IF C:XO.GE~XCI)) GO TO 10 
YO=YCI-1) +(XO-X(I-i))H(Y(I)-Y(I-1))/(X(l)-X(I-1)) 

C 
RETURN 

10 CONTINUE 
END 

C 
C =======================~~~~~===============~==================== 
C 

SUBROUTINE INTPVTCNTE,BPT,RM,X,Y,N,XO,YO) 
C 
C ===============~:=====~~~==~====~===================;=========== 
C 

C 

C 
C 

DIMENSION X<:N-ff~) -,Y(NTE) 
IF (XO.OTMBPT) GO TO 100 
IF (XO.GE.X(N)) YO=Y(N) 
IF (XO.GE.X(N)) RETURN 
DO 10 I=2,N 
IF (XO.GE.X(I)> GO TO 10 
YO=Y(I-1)+(XO-XCI-1))H(Y(I)-Y(I-1))/CXCI)-XCI-1)) 
RETURN 

10 Cl1NTINUE 
100 CONTINUE 

DO 200 I=2,N 
IF (BPT.GE.XCI)) GO TO 200 
YOB P = Y ( I -1 ) + ( B PT - X ( I -1 ) :> * ( Y ( I ) - Y ( I -1 ) :, I ( X ( I ) -· X ( I - 1 ) ) 
YO=YOBP+RH*c·xo-BPT) 

RETURN 
200 CONTINUE 

END 

C ===============:========~==~========~===================~======== 
C 

C 
C 
C 

C 

SUBROUl"INE NTERPl(NTE,X,Y,N,XO,YO) 

====================~==~=======================:================ 
DIMENSION XCNTE),YC:NTE) 

I F C: XO • C3 E • X C: N :, :, Y () :=: Y ( N ) 
IF C:XO .. t3E.X(N)) RETURN 
DO 10 l ==2, N 
IF (XO .. GT.XC:I:>) GOT(] 10 
YO=YC:I) 

RETURN 
10 CONTINUE 

END 
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