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APPENDIX A. Cation Exchange* 

A cation exchange model presented by Hirasaki (1982) is applied and 

extended to multiple phases. This model calculates the transport of 

sodium and calcium through porous media in the presence of clays and 

surfactant. The exchange of cation with both clays and the micelles is 

assumed to be entirely due to electrostatic association. The cation 

exchange is modelled as follows: 

Calcium C, and sodium C. exchange by mass action** 

-r- -B\-ir- for c l a y (A.I) 
C 6 C 6 l 

<c;v2
 s <>2 

7T-- 0 C31 "TO formicelles (A. 2) 
C61 C6l 

»- 1.2,3 

where Q is cation exchange capacity, and the superscripts 0, s 

represent free ions and ions associated with surfactant (counter-ions on 
A 

micelle). It is assumed that the adsorbed surfactant (C_) associates 
Ac Afi 

sodium (C_) and calcium (CQ) in the same way as the micelles, e.g. 

CS CS 

A S s (A.3) 

S> C6£ 

* Except for minor editorial changes, this Appendix is a reproduction 

of C. H. Hong's Ph.D. Dissertation, Section 5.10 (1982). 

** All concentrations are expressed in milliequivalents/gram for the 

cation exchange calculations. The concentrations are converted to 

volume fractions when the cation exchange calculations are completed. 
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From electrical neutrality, we obtain the following equations 

Cll + C9* - C3* (A'A) 

C 6 , + C 9 , " C 5 . (A'5) 

£« • 6S9 - £3 (A. 6) 

C 6 + C 9 - Q v (A.7) 

t- 1.2,3 

The material balance equation for calcium C, is 

:6 - ^ s t c 6 « + h+ K - j v c ° , + c 6 i > + h+ K (A.e> 

We also assume 

C53=slcf)C13 <A'9) 

C ° 6 1 - ( ^ ) C H (A-10) 

c0 = (£63 1 (A n ) 
L 6 2 \ C 1 3 J 12 

^-(JK 

A . 2 . 0 



(A.13) 

C ^ - I T T ^ I C ' O (A. 14) 

Given S ^ S2, S3> C 5 3 > C n , C ^ , C , C , C ^ , C 3 3 > C from the old 
0 — ^s s 

time step value, we calculate C,_, C,, C,_, C,„ for the new time step as 
oj b OJ OJ 

follows. 

A function of C,„ is defined as 

F(C63> " j , V C 6 l + C6<> + S + S6 - *« <A-15' 

where C,N is the new time step value just calculated by the 

convection-diffusion equations (explicit solution). C, and C, are 
o o 

calculated by equations (A.l) through (A.7) 

66 * h (2Qs + R96 " V(R96)2 + 4R96 0 (A-16) 

where 

P C - ftcn (C53 " C63 } ,. 17v 
R96 " 8 % 0 (A*17) 

C63 

C63 " "* (2C33 * E96 " V ( R96 ) 2 * 4R96 C33 ) (A'I8> 

where 

Ds 0sr-
 (C33 ~ C63 } (A. 19) 

R96 " e C33 .0 
L63 
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The Newton-Raphson iteration method is used to solve the nonlinear 

equation 

F(C°3) - 0 (A.20) 

A A 

We then calculate C, , C_,, C,, C_, C,, and C„ at the new time step by 

equations (A.l) through (A.3). 

The iteration converges when F(C,«) is less than a specified tolerance 
A 

where C«?, S., C_ are considered known. However, strictly speaking, the 

phase behavior routine should be in the loop because the new value of C, 

obviously strongly affects C , Sg, C_. One could iterate, calling one 

routine, then the other, successively until they converge. This is not 

done at present. 

A.4.0 



APPENDIX B.l. Calculation of Phase Diagrams* 

We can qualitatively depict the phase diagram as shown in Figure B.l. 

All features vary in a continuous way with an effective ionic strength 

("salinity"), CC1?. This includes specifically the binodal curve, tie 

lines, plait points (left PT and right PD) and invariant point, M. We 

make the basic assumption that the binodal curve is the same function of 

CCT? for all three types of diagrams, so that all that distinguishes the 

Type III diagrams is the three phase triangle located by the Point M, 

and the left and right node tie lines. 

The basic idea is to model the diagrams with modified Hand equations, 

which in turn are based upon the observation that the phase boundary 

(binodal curve) and distribution curve (tie lines) plot as straight 

lines on log plots as shown on Figure B.2. 

For either Type II(-) or Type II(+) we have only two phases below the 

binodal curve. The two basic equations are 

(B.l) 

I - 1,2 

(B.2) 

These are equations for the binodal curve and distribution curve, 

respectively. The parameters A, B, E, and F must be estimated as a 

function of Cc_, as discussed below. We also know that 
oh, 

* Except for minor editorial changes, this Appendix is a reproduction of 

C. H. Hong's Ph.D. Dissertation, Appendix F (1982). 
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Cll + C21 + C31 ' l (B'3) 

C 1 2 + C 2 2 + C 3 2 - 1 (B.4) 

Equation (B.l) applies to either phase 1 or phase 2, i.e., either to the 

left or right of the plait point. Thus, we have five equations in six 

unknowns (the C, , k = 1,2,3, 8. • 1,2). So we have one degree of 

freedom, as expected. We can take any one concentration, such as C„., 

and give it values between 0 and 1 and sweep out the phase diagram. We 

do this explicitly later, but for now we take a ratio defined below as 

our one degree of freedom. 

Let Rij - W (B-5) 

Let R,. be taken as independent. The following set of equations then 

yield the C. without iteration: 

RJ 2 = A(Rl1)
B (B.6) 

R 3 2 

R-ji + ^31^32 + ^3? (B.7) 

C21 = 1 - (R31 + l)C n (B.8) 

C31 - 1 - C n - C21 (B.9) 

R32 = C(R 3 1)
F (B.10) 

R32 

12 R31 + R31R32 + R32 (B-ll) 

C 2 2 = 1 - (R31 + 1)C12 (B.12) 

C 3 2 = 1 " C 1 2 - C 2 2 (B'13) 

R_. varies between zero and infinity. 
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B.l.l. Parameter Estimation 

The basic input is the set of three parameters C,,..v_, C.„.v,, and 
jMAAU JMAXI 

^3MAX2" These are physically the maximum in the binodal curve (the 

"height" of the two phase region) at C „ « 0, 1, and 2, respectively. 

These are values easily visualized and obtained from even limited phase 

data and do not vary widely from case to case, so reasonable values can 

be assumed in the absence of any data (caution: some data are needed to 

support the assumption that the system fits the qualitative trends 

depicted, so having some data is highly desirable). The values do 

matter, however, because the extent of the single phase region directly 

affects the degree of miscibility. Thus, once again, some data are 

highly desirable. 

We now use this interpolation scheme for A: 

A . 2 C3MAX0 \ 2 /„ ,,x 
Ao = lT~r~c ) (B,14) 

° V l C3MAX0/ 

A = , 2 C3MAX1 \ 2 

A « ^ _ _ ^ (B 1 5 ) 
1 L3MAX1/ 

2 C3MAX2 \ 2 (B.16) 
A2 = l 1 - C 

3MAX2, 

A " A0 + (A1 " V CSE C S E s l (B'17) 

A = Ax + (A2 - A1)(CgE - 1) C g E > 1 (B.18) 

Recall that C is in optimal salinity units (effective salinity divided 

by optimal effective salinity). 

We assume B and F are constants. The most flexible scheme allows B and 

F to be arbitrary. However, many times the binodal curve is known but 

the tie lines are not. Thus, we can get B, but not F, from the data 

available. In such cases, we will take F « -1/B by analogy with those 
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cases where we do have data, since this relationship tends to hold 

approximately. Furthermore, many times we do not have enough data to 

even estimate B properly. In such cases, we take B * -1. This gives a 

symmetrical binodal curve. The deviation of most actual curves from 

this symmetry is probably not significant. The type of phase diagram 

(II(-), III, II(+)) and the extent of the single phase region are the 

most important factors. It seems unlikely that the detailed shape of 

the curve is significant. Also, recall that since we are dealing with 

pseudo-ternary diagrams, the curves themselves shift around depending on 

the exact overall composition (especially with respect to alcohol), so 

it makes no sense at all to try to describe them in great detail with 

high precision, even in the rare circumstances when we have the large 

amount of data required to do so. 

Let us return to parameter estimation. We still need E. We estimate E 

from the location of the plait point. This is done once again because 

it is a method easy to visualize and apply, and it has a direct physical 

meaning. Since equations (B.l) and (B.2) must apply at the plait point, 

denoted by subscript p, we have 

(B.19) 

s'AfeV 

C. + C_ + C, = 1 (B.21) 
lp 2p 3p 

Given A, B, and F from above, these equations can be used to calculate E 

as a function of C„ . For the special case of B = -1 and F = +1, we 

calculate all the phase concentrations (C, ) explicitly. From Equation 

(B.l) we solve for C . (X, = 1) 

C31 = ** \ A C21 + \ ( A C21 ) 2 + 4AC21(1 " C 2 l 0 (B,22) 

and 

Cll " l " C21 ' C31 (B.23) 
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From equation (B.19), we calculate 

E - Clp/C2p (B.24) 

where 

C 3 P " * (-
AC2p + >/(AC2p)

2 + 4AC2p(l - C2p)) (B.24a) 

and 

Clp " 1 " C2p - C 3 P
 (B'24b) 

Note that C,, is an input parameter. 

From equation (B.2), we have 

C32 = h C22 ( B , 2 5 ) 

where 

h = EC31/CU (B.26) 

is known. Substituting this into equation (B.l) with j = 1 and solving 

for C22 

r - A 
C - — (B.27) 

h + Ah + A 

then 

C32 = h C22 (B.28) 

and 

C12 = l ~ C22 " C32 (B'29) 

We now know all C. „. 
kd 
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The only difference between Type II(-) and II(+) is that for II(-) we 

input C2pR and for II(+) C2pL. The limits on II(-) are 0 < CgE < Cg£L 

and on II(+) are CgEU < CgE < 2. 

In summary, for II(-), we increment CgE up to CgEL and for each CgE we 

increment C from 0 to C . The input parameters are c3MAx0»
 C3MAX1' 

and C* _. The C.. are calculated from equations (B.22) through (B.29). 
2PR ij 

For II(+), we increment CgE from CgEU to 2.0, and for each CgE> we 

increment C from 0 to C* . The C. are calculated from the same 

equations as before. 

B.1.2. Type III 

For Type III, we must calculate the left node and the right node 

separately. First, we calculate the invariant point (M) as a function. 

of Cg£ from 

, =
 CSE CSEL 

'2M CSEU " CSEL 
(B.30) 

C3M = * (-AC2M + V ( A C2M ) 2 + 4AC2M(1 " C2M>) (B'31) 

C1M ' 1 " C2M ~ C3M (B'32) 

B.l. 2.1. Left Node 

The plait point must vary between zero and the II(-) value Ĉ PL' By 

interpolation 

C2PL 
C2PL = C*2PL + C - Cg,T

 (CSE " W • (B-33^ 
bhu btL 

We now do a coordinate rotation as shown in Figure B.3. This enables us 

to apply the Hand equation in the new coordinate system as 

r' f 

^12 = Si (B.34) 
r' C L22 Lll 
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where 

C2 2 * °2i 8eC 6 (B,35) 

cn ' c3i - c2i tan e (B'36) 

C|£ - 1 - Cj t - Cj £ (B.37) 

Define two parameters a and 6 as 

6 " sec 6 « >/C2 + C3M/C2M (Bl38) 

a = tan e = C3M/
C
2M (B.39) 

Again taking F = 1, we calculate E explicitly from 

1 - (8 - a)C. - C, /B 4 0) 
E = c /CI ?£ ?-£ { W) 

ip 2p ec„ 
^P 

where 

C2P = C2pl 

and C. and C- are given by equations (B.24a) and (B.24b) as before. 

We calculate C». and C. as before and solve equation (B.34) for C.„ 

r A 
22 " .2 . (B.41) 

h , Z + Ah' + A 

where 

6EC31 
h' =~C[^~+ ° (B.42) 

and then 

C32 = h' C22 (B#43) 

C 1 2 = 1 - C 2 2 - C 3 2 (B.44) 
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We now know all C. „ for the left node. We increment C_. from zero to k£ 21 
C for each C__ as before. 
/rL at. 

B.1.2.2 Right Node 

The process is almost the same as for the left node except we calculate 

C2PR f r ° m 

1 - C* 
C - c* + 2PR (r - C ) (B.45) 
C2PR C2PR C g E U - C g E L

 (CSE CSEL) 

We first calculate C„_ from 

C 3 2 = h (-AC12 + ^(AC 1 2)
2 + 4AC12(1 - C 1 2 ) J (B.46) 

and 

C22 " 1 ~ C12 " C32 (B'47) 

Note that C _ is incremented rather than C„. (this is simply more 

convenient). 

Let 

3C32 
h' ~ TC^ + ° (B.48) 

then 

Cll = "72̂  i (B.49) 11 h' + Ah' + A 

C31 = h' C n (B.50) 

C21 - 1 - C n - C31 (B.51) 

where 
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" • C3M/C1M <B '5 2> 

8 ->/C3M + C l M / C l M <B ' 5 3> 

C j t = B C U (B.54) 

C u " C 3 i - a C l t ( B ' 5 5 ) 

C 2 £ = 1 " C U " C 3 * <B '5 6> 

E - C ; p / C ' p (B.57) 

and C! and C' are calculated using equations (B.54) to (B.56) and 

(B.24a) and (B.24b). We now know all C, for the right node. 

B.2. Summary of Calculation Procedure 

I. Given: C ^ j , C3mxQ, C3mx2 = height of binodal curve when 

CgE = 1, 0, and 2 

C„ , C,,„.. = minimum and maximum effective salinities for Type III 

C* , C* = oil coordinate of plait point in Type II(-) and Type 

II(+) regions 

Seven input parameters 

II. For CgE< CgEL: Type II(-) 

1. Calculate parameter A from (B.17) 

2. Calculate C* _ and C* D from (B.24a) and (B.24b) using C* 
jrK IrK /rK 

3. Calculate E from (B.24) and C* and C* 

4. Pick C , calculate C and C from (B.22) and (B.23) 

5. Calculate h from (B.26) 

6. Calculate C , C , C-2 from (B.27) through (B.29) 
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III. For CgE > CgEU: Type II<+> 

1. Calculate parameter A from (B.18) 

2. Calculate C* and C* from (B.24a) and (B.24b) using C*pL 

3. Calculate E from (B.24) and C* and C* 

4. Pick C2 , calculate C . and C . from (B.22) and (B.23) 

5. Calculate h from (B.26) 

6. Calculate C , C , C from (B.27) through (B.29) 

IV« F o r CSEL < CSE < CSEU: T ™ e I I X 

1. Calculate Cow from (B.30) 
In 

2. Calculate A from (B.17) or (B.18) 
3. Calculate C.„ and C,„ from (B.31) and (B.32) 

3M 1M 

4. Left Node - Type II(+) 

a. Calculate a and B from (B.38) and (B.39) 

b. Calculate C from (B.33) 

c. Calculate C and C from (B.24a) and (B.24b) using 
C2PL 

d. Calculate E from (B.40) 

e. Pick C , calculate C„. and C. from (B.22) and (B.23) 

f. Calculate h' from (B.42) 

g. Calculate C 2> C 2> and C „ from (B.41) through (B.44) 

5. Right Node - Type II(-) 

a. Calculate a and B from (B.52) and (B.53) 

b. Calculate C p from (B.45) 

c. Calculate C and C from (B.24a) and (B.24b) using 

C2PR 

d. Calculate E from (B.40) 

e. Pick C , calculate C and C from (B.46) and (B.47) 

f. Calculate h' from (B.48) 

g. Calculate C , C , C2- from (B.49) through (B.51) 

B.10.0 



FIGURE B.l: Ternary Phase Diagrams 
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FIGURE B.2: Hand Plot 
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FIGURE B.3: Coordinate Rotation 
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APPENDIX C: PHASE: A Ternary Phase Calculation Program 

A short FORTRAN program called PHASE has been written to provide the 

CHEM2D user with a tool for looking directly at the phase behavior of a 

system. PHASE is the phase behavior calculation of CHEM2D coupled with 

a driving program for generating ternary phase behavior input data and 

for outputting tabular results. 

PHASE can be used to compute: 

1. phase concentrations and saturations as a function of effective 

salinity and total component concentrations; and 

2. phase saturations (relative volumes) as a function of effective 

salinity for a fixed set of total component concentrations. 

The latter capability is particularly useful for preparing phase volume 

versus effective salinity diagrams (Figure C.l). 

Any CHEM2D data set may be run with PHASE (on a DEC 2060, TOPS 20 

operating system or other compatible configuration) without modification 

if_: 

1. the first five columns of the title card for the Phase Behavior 

Data section (see Volume II of this report) are P_ H A £ E; and 

2. no other title card of the CHEM2D input data set begins with the 

five letters P H A S E , 

Other data required by PHASE are input interactively. 

The FORTRAN code for the program PHASE is reproduced in Section C.l. An 

example run is reproduced in its entirety in Section C.2. All 

underlined values are input by the user during an interactive session. 

For Type II(-) systems the aqueous phase saturation of the output 

represents the microemulsion phase of Figure C.l, while for Type II(+) 

systems the microemulsion phase of Figure C.l is represented by the 

oleic phase saturation. 
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FIGURE C.l: Phase Volume vs. Effective Salinity 
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C 
c 
c 
c 
c 

SECTION C.l: PHASE Program Code 

PHASE. PHASE BEHAVIOR CALCULATION PROGRAM 
JOHN R FANCHI 
OCTOBER, 1983 

COMMON /HHl/ CTOT(11, 11,9),C(121,9,3), CSE(11, 11),S(11, 11,3) 
COMMON /HH2/ CSEL,CSEU,C2PLC,C2PRC,All, A12, A21, A22, Bl, B2. B3, ( 

1G3, Fl, F2, F3, Gil, G12, G13, G21, G22, G23, XIFTW, CSEOPT 
COMMON /HH3/ IJl,I,J,NP,NPHASE<11,11),XIFT1,XIFT2,XIFT3,ALPH* 
1,SRI,SR2,SR3 
COMMON /HH4/ A,B,G,F,IFX,XR,XL 
COMMON /HH7/ IERROR 
DOUBLE PRECISION INDAT,OUTDAT 
DIMENSION PRIVARdl, 11), TITLE(48), CSE0(7) 
DATA LINSUM/O/ 
DATA ICOUNT,FC/O,1 0/ 
DATA NX, NY, N/1, 1, 3/ 

C OPEN FILES FOR I/O ON DEC 2060, KCS, HOUSTON 
WRITE ( 5,3) 

3 FORMATdX, 'ENTER INPUT DATA FILE NAME . ',*> 
READ(5,5) INDAT 

5 FORMAT(AIO) 
0PEN(UNIT=20,DEVICE='DSK',MODE='ASCII',ACCESS='SEQIN ', 

fy FILE^INDAT,DISPOSE='SAVE') 
WFITE ( 5,7) 

7 FORMATdX, 'ENTER OUTPUT DATA FILE NAME . ',*> 
READ(5,5) OUTDAT 
0FEN(UNIT=21,DEVICE='DSK', MODE='ASCII', ACCESS='SEQOUT'. 

?y FILE=OUTDAT. DISPOSE='SAVE') 
C END OF'OPEN FILES 

WRITE ( 5,2001) 
2001 FORMAT (//T30, 69( ' * ' ) , /T30, '*',T98, '*',/T30, '*',T98, '*') 

WRITE ( 5,2002) 
2002 F0PMAT(T30, '*',T61, ' PHASE ',T98- '* ', /T30, '*',T50, 

!- 'TERNARY PHASE CALCULATION', T98, 
h '*',/T30, '*',T58, '(VERSION 1 0)',T98, '*') 
WRITE ( 5,2003) 

2003 FORMAT (T30, '*', T98, '*', /T30, '*', T98, '*', /T30, 69 < ' • ' ) , ///) 
C TITLE OF INPUT DATA SET 
C 

WPITE(5,2010) 
2010 FORMATdX, 'TERNARY PHASE CALC OR PHASE VOLUME?', 

% /,1X. 'ENTER 0 FOR TERNARY PHASE CALC, ', 
% /,1X 'ENTER 1 FOR PH^SE VOLUME ',*) 
READv5,*) ICODE 

10 CONTINUE 

C 
C 

READ (20,1090) (TITLE(I) , 1 = 1, 16) 
IF(TITLEd) NE 5HPHASE) GO TO 10 

PHASE BEHAVIOR DATA 

C.3.0 



00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00*90 
01000 

C 
C 
c 
C 
c 
c 

SECTION C . l : PHASE Program Code 
READ ( 2 0 , * ) C S E L I , C S E U I , CSEOPT 
READ ( 2 0 , * ) C2PLCC2PRC 
READ ( 2 0 , * ) C3MAX0,C3MAX1, C3MAX2 
READ ( 2 0 , * ) B1 .B2 , B3 
READ ( 2 0 , * ) F 1 . F 2 , F3 

Sheet 2 

AA0=((2.*C3MAX0)/(1 
AA1=((2.*C3MAX1>/(1 
AA2-((2.*C3MAX2)/(1 
A21=AA0 
A22=<AA1-AA0) 
AU=2. *AA1-AA2 
A12=(AA2-AA1) 
WRITE ( 5,1340) 

5, 1350) 
5, 1360) 
5, 1380) 
5, 1360) 
5, 1390) 
5, 1360) 
5, 1400) 
5, 1360) 
5, 1410) 
5, 1360) 

-C3MAX0))**2 
-C3MAX1))**2 
-C3MAX2))**2 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
CSEL=CSELI 
CSEU=CSEUI 

CSELI,CSEUI, CSEOPT 

C2PLC,C2PRC 

C3MAX0, C3MAX1, C3MAX2 

B1,B2, B3 

Fl, F2, F3 

SET I N I T I A L VALUE 

IFdCODE. NE. 0 ) GO TO 2 1 0 5 
C S E O d )=0 
C S E 0 ( 2 ) = 0 . 
CSE0(3)=1 
CSE0(4) = 1. 
CSE0(5 )=1 . 
CSE0(6>=1. 
CSE0(7 )=1 . 

5*CSEL 
95*CSEL 
0 - 0 . 9 5 * ( 1 O-CSEL) 
0 
0 + 0 . 9 5 * ( C S E U - 1 0 ) 
05*CSEU 
5*CSEU 

C3MAX=C3MAX0 
C3MAX=C3MAX2 

DO 1040 INDEX=1, 7 
C3MAX=C3MAX1 
IF( INDEX. LT. 3) 
IFdNDEX. GT. 5) 

170 DO 190 J=l,NY 
DO 190 1=1,NX 
WRITE(5,1034) CSEO(INDEX) 

1034 FORMAT (/, 5X, 120 ('*'),/, 1 OX, 'CSE =', F10. 6, /) 

C.4.0 



SECTION C.l: PHASE Program Code Sheet 3 
01010 C 
01020 DO 190 INDT0T=1,4 
01030 CTOT(I,J,3)«<INDT0T)*0. 25*C3MAX 
01040 WRITE(5,1036) 
01050 DO 190 JNDT0T=1,9 
01060 WRITE(5,1038) 
01070 1038 FORMAT(/,7X, ' K CTOT(K) C(K, 1) C(K,2) C(K,3) 
01080 &• ' S(K)') 
01090 CTOTd, J, 1)*0. 1*JNDT0T 
01100 IF ((CTOTd, J,3)+CT0T(I, J, 1) ). GT. 1.0) CTOTd, J, 1>«1. -CTOTd, , 
O H I O CTOTd, J,2> = 1. -CTOTd, J, 1)-CTOTd, J, 3) 
01120 C 
01130 CSEd, J)=CSEO(INDEX)*CSEOPT 
01140 DO 180 L=l,3 
01150 DO 180 K=l,9 
01160 180 C(IJ1,K,L)=0. 
01170 CALL PHCOMP 
01180 DO 25 K=l,3 
01190 WRITE(5,26) K, CTOT( I. J. K), <C ( IJl, K. L), L=l, 3), S( I, J, K> 
01200 26 F0RMAT(5X, 15, 6F10. 6) 
01210 25 CONTINUE 
01220 190 CONTINUE 
01230 1036 FORMAT(/, 5X, 120( '. '),/) 
01240 C 
01250 1040 CONTINUE 
01260 GO TO 2004 
01270 C 
01280 C 
01290 C PHASE VOLUME CALC 
01300 C 
01310 C 
01320 2105 CONTINUE 
01330 1=1 
01340 J=l 
01350 WPITE(5,2110) 
01360 2110 F0RMAT(/1X,'ENTER TOTAL WATER CONC (FR) ',*) 
01370 READ(5,*) CTOTd, J, 1) 
01380 WRITE(5,2120) 
01390 2120 FORMATdX, 'ENTER TOTAL OIL CONC (FR) ',*> 
01400 READ(5,*> CTOTd, J, 2> 
01410 CTOTd, J, 3) = 1. -CTOTd, J, 1)-CTOTd, J, 2) 
01420 WRITE(5, 2130) CTOTd, J, 3) 
01430 2130 FORMATdX, 'TOTAL SURF CONC (FR) =',F10. 6) 
01440 DO 3000 JV0L=1,20 
01450 DCSE=CSEU-CSEL 
01460 CSE(I,J)=CSE0PT+CSE0PT*DCSE*(1. -(20-JVOL>*2. /19. ) 
01470 CALL PHCOMP 
01480 WRITE(5,2150) 
01490 2150 FORMAT(/,7X,' K CTOT(K) C(K,1) C(K,2> C(K,3) 
01500 h ' S(K) CSE(OSU)') 

C.5.0 
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01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
01820 
01830 
01840 

3025 
3000 

3110 

3120 

2004 
2005 

1090 
1095 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1920 
1930 
1940 

*) 

) GO TO 2004 

DO 3025 K=l,3 
CSEOUT=CSE< I, J >/CSEOPT 
WPITE(5.26) K, CTOTd, J, K), (C<IJl.K»L>, L=l, 3), 5(I. J, K), CSEOU 
CONTINUE 
CONTINUE 
WRITE<5,3110) 
F0RMAT(//1X, 'ANOTHER PHASE VOLUME CALC? (Y/N) 
READ<5.3120) PVCALC 
FORMAT(A5) 
IF(PVCALC. EQ. 5HN . OR. PVCALC. EQ. 5HN0 
GO TO 2105 
WRITE(5, 2005) 
FORMAT(//, 50( ' * ' ) , T55, 'RUN TERMINATED', T73, 50( '*'),//> 
CLOSE I/O FILES FOR DEC 20/60 
CL0SE(UNIT=20> 
CL0SE(UNIT=21) 
END OF CLOSE FILES 
STOP 

F0RMATU6A5) 
FORMAT (16A5) 
FORMAT(///,5X, 'PARAMETERS FOR PHASE DIAGRAM') 
F0RMAT(/,8X, 'CSELI',7X. 'CSEUI ', 6X, 'CSEOPT') 
FORMAT (5X, 10G12. 4) 

(8X, 13. 9X, 13, 4X, 5G12. 4) FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

END 

(/, 8X, 
(/, 8X, 
</, 10X, 
(/, 10X, 
(//, 5X, 
(//, 5X, 
(//, 5X, 

5HC2PLC, 7X, 
6HC3MAX0, 6X, 
2HB1,10X, 
2HF1,10X, 

5HC2PRC) 
6HC3MAX1, 

2HB2, 10X, 
2HF2,10X, 

8HSALINITY) 
32HT0TAL CONCENTRATION 
26HC0NCENTRATI0N OF COMPONENT,13, 9H IN PHA 

6X, 6HC3MAX2) 
2HB3) 
2HF3) 

OF COMPONENT, 13) 
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01850 
01860 
01870 
01880 
01890 
01900 
01910 
01920 
01930 
01940 
01950 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
02030 
02040 
02050 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
02160 
02170 
02180 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
02270 
02280 
02290 
02300 
02310 
02320 
02330 
02340 
02350 

C 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

SECTION C I : PHASE Program Code Sheet 5 

Ph 
SUBROUTINE PHCOMP 

THIS SUBROUTINE IS USED TO FIND THE PHASE ENVIRONMENT AND 
TO CALCULATE THE PHASE COMPOSITIONS AND SATURATIONS 

COMMON /HHl/ CTOT( 11. 11, 9), C(121, 9, 3), CSEdl, 11), S(ll, 11, 3) 
COMMON /HH2/ CSEL, CSEU, C2PLC, C2PRC, Al 1, A12, A21, A22, B 1, B2, B3, 
1G3, Fl, F2.F3, Gil, G12, G13, G21, G22, G23, XIFTW, CSEOPT 
COMMON /HH3/ IJl, I,U,NP,NPHASE(11, 11>, XIFT1, XIFT2, XIFT3,ALPh 
1,SRI.SR2,SR3 
COMMON /HH4/ A,B,G,F.IFX,XR,XL 
COMMON /HH7/ IERROR 

IJ1 = 1 
1 = 1 
J=l 

IF (CTOTd, J, 7). GE. 1. OE-S) RSA=CTOT( I, J, 3)/CTOT( I, J, 7) 

COMBINE SURFACTANT AND ALCOHOL TOGETHER AS COMPONENT THREE 

CTOTd , J , 3>=CT0T(I , J , 3>+CT0T( I , J , 7) 

EFFECTIVE SALINITY CSEd.J) IS CONVERTED TO OPTIMAL SALINI" 
UNITS BY DIVIDING BY OPTIMAL SALINITY CSEOPT IN SUB PHCOMP 
CSEOPT IS IN VOL FRAC UNITS. 

IF ( (CSEd, J)/CSEOPT>. LT. CSEU) GO TO 80 

TYPE IK + ) BEHAVIOR HIGH SALINITY 

A1=A11+A12*(CSE(I, J)/CSEOPT) 
IF (CTOTd, J, 2). LT. 0. 0010) GO TO 60 
R32=CT0T(I, J, 3)/CTOTd, J, 2) 
R31=(R32/A1)**<1. O/Bl) 
C<Ul, 1,2)=R32/(R32+R32*R31+R31) 
C(U1,2,2>«1 0-(R31 + l 0)*C(IJ1,1,2> 
CdJl, 3, 2> = 1. 0-C(Ul, 1, 2)-C(IJl, 2, 2) 
IF <C(U1,3,2> LT CTOTd,J,3)) GO TO 60 
NPHASE(I,J)=2 
NP = 1 
IF (AES(C2PLC) 
C< Ul, 1, 1) = 1. 0 
C( Ul, 2, 1)=0 0 
C( Ul. 3, 1 >=0. 0 
GO TO 30 

GT. 00001 AND ABS(Fl).GT..00001) GO TO 20 

C.7.0 
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02360 
02370 
02380 
02390 
02400 
02410 
02420 
02430 
02440 
02450 
02460 
02470 
02480 
02490 
02500 
02510 
02520 
02530 
02540 
02550 
02560 
02570 
02580 
02590 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02670 
02680 
02690 
02700 
02710 
02720 
02730 
02740 
02750 
02760 
02770 
02780 
02790 
02800 
02810 
02820 
02830 
02840 
02850 

20 

C 
C 
C 

C 
C 
C 

30 
40 

50 

60 

70 

80 
C 
C 
C 

*A*C2PLC*d -C2PLC) )**. 5. 

A=A1 
B=B1 
F-Fl 
C3PLC= 5#C-A*C2PLC+C(A*C2PLC)**2+4. 
G=(l -C3PLC-C2PLO/C2PLC 

CALCULATE R31 ,R32 AT PLAIT POINT 

XR=C3PLC/C2PLC-. 0000001 
XL=. 0000001 

CALCULATE THE CONCENTRATIONS OF COMPONENTS OF TWO PHASES 

1) RETURN 

C(U1, 
DO 50 
DO 50 
CCUl, 

CALL TIELIN 
IF (IERROR. EQ 
DO 40 K=l,9 

K, 3)=0.0 
K=5, 9 
L=l,2 
K. L)=CTOTCI. J. K)*C(U1, 1,L)/CT0T(I, J, 1) 

Sd, J, 1) = (CTOTd, J. 1>-C(U1,1,2)>/(C(U1,1.1)-C(U1,1.2>) 
S(I, J, 2)=1. -S(I. J, 1) 
S(I, J, 3)=0. 0 
GO TO 350 
NPHASEd, J) = l 
DO 70 K=l, 9 

C(U1, K, 1)=CT0T(I, J, K> 
CdJl.K, 2)=0. 

C(U1, K, 3)=0. 
SCI, J, 1) = 1. 
S(I, J, 2)=0. 
S(I, J, 3)=0. 
GO TO 350 
IF (<CSE(I,J)/CSEOPT). GT. CSEL) GO TO 150 

TYPE II(-) BEHAVIOR LOW SALINITY 

A2=A21+A22*(CSE <I, J)/CSEOPT) 
R31=CT0T(I , J , 3 ) / C T O T d , J , 1 ) 
R32=A2*R31**B2 
C d J l , 1, 1 )=R32/ (R32+R32*R31+R31) 
C ( U 1 , 2 , 1) = 1 0-CR31 + 1. 0 ) * C ( U 1 , 1, 1 > 
C( U l , 3 , 1> = 1. 0 - C ( I J l , 1, 1 ) - C ( I J l , 2 , 1) 
I F ( C d J l , 3 , 1) LT C T O T d , J , 3 ) ) GO TO 130 
NPHASEd, J ) =2 
NP=2 
IF (ABS(C2PRC) LT 1.0 AND ABS(F2) GT 000001) GO TO 90 
C( Ul, 1, 2)=0. 0 
C<U1,2,2) = 1 0 
CCU1, 3, 2)=0. 0 

C.8.0 
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02860 
02870 
02880 
02890 
02900 
02910 
02920 
02930 
02940 
02950 
02960 
02970 
02980 
02990 
03000 
03010 
03020 
03030 
03040 
03050 
03060 
03070 
03080 
03090 
03100 
03110 
03120 
03130 
03140 
03150 
03160 
03170 
03180 
03190 
03200 
03210 
03220 
03230 
03240 
03250 
03260 
03270 
03280 
03290 
03300 
03310 
03320 
03330 
03340 
03350 

C 
C 
c 

GO TO 100 
90 A=A21-+A22*CCSE(I, J)/CSEOPT) 

B=B2 
F=F2 
C3PRC = . 5*<-A*C2PRC+<(A*C2PRC > * * 2 + 4 . *A *C2PRC»<1 . - C 2 P R C ) > * * . 
G = ( l . -C3PRC-C2PRO/C2PRC 
XR=G*R31* *F 
X L = . 0 0 0 0 0 0 1 

CALCULATE THE CONCENTRATIONS OF COMPONENTS OF TWO PHASES 

100 
110 

120 

130 

140 

C 
C 
C 

150 

160 

170 
180 

C 
C 
C 

CALL TIELIN 
DO 110 K=l,9 
C( U l , K, 3)=0. 0 
DO 120 K=5,9 
DO 120 L=l,2 
C( U l , K, L)=CTOT( I, J, K)*C(U1, 1, L)/CTOTd, J, 1 > 
S( I, J, 1> = CCT0TCI, J, 1 )-C( U l , 1, 2) >/(C(Ul, 1, 1)-C( U l , 1,2)) 
SCI, J, 2)=1. -SCI, J, 1) 
S( I, J, 3)=0. 
GO TO 350 
NPHASEd, J> = 1 
DO 140 K=l,9 

C d J l , K, 2)=0. 0 
C( U l , K, 1)=CT0T(I, J, K> 

C( U l , K, 3)=0. 
S( I, J, 1 )=1. 0 
S( I, J, 2)=0. 0 
S( I, J, 3)=0. 0 
GO TO 350 

TYPE III BEHAVIOR: INTERMEDIATE SALINITY 

C2M=((CSE<I,J)/CSEOPT)-CSEL)/(CSEU-CSEL) 
IF ((CSECI,J)/CSEOPT>-. 5*(CSEU+CSEL)) 160,160,170 
A3=A21+A22*(CSE(I, J)/CSEOPT) 
GO TO 180 
A3=A11+A12*(CSE<I,J)/CSEOPT) 
A=A3 
B=B3 
F=F3 
C3M= 5*(-A*C2M+( ( A*C2M > **2+4. -*A#C2M*<1. -C2M) )**. 5) 
C1M=1.-C2M-C3M 
IF (C2M. LT. 1. OE-10) C2M=1.0E-10 
IF (C1M. LT. 1. OE-10) C1M=1. OE-10 
IF (CTOTCI, J. 2). GT. C2M) GO TO 250 

TEST FOR THREE PHASES 

IF (CTOTd, J, 3). LT C3M*CT0T( I, J, 2)/C2M) GO TO 300 

C.9.0 



03360 
03370 
03380 
03390 
03400 
03410 
03420 
03430 
03440 
03450 
03460 
03470 
03480 
03490 
03500 
03510 
03520 
03530 
03540 
03550 
03560 
03570 
03580 
03590 
03600 
03610 
03620 
03630 
03640 
03650 
03660 
03670 
03680 
03690 
03700 
03710 
03720 
03730 
03740 
03750 
03760 
03770 
03 780 
03790 
03800 
03810 
03820 
03830 
03840 
03850 

C 

c 
c 

190 

200 
210 

220 

c 
C 
C 

230 

240 

250 

SECTION C . l : PHASE Program Code Sheet 8 

PHASES 1 AND 2 — LEFT NODE AND ONE PHASE REGION 

IF CCTOTCI, J , 2 ) . LE 0 .001) CO TO 230 
NPHASECI,J)=2 
NP = 1 
R32=CT0T( I , J ,3> /CT0TCI , J , 2) 
R31 = CR32 /A3 ) * * (1 . 0 /B3) 
C C U l , 1, 2>»R32/(R32+R32*R31+R31) 
C C U l , 2 , 2 ) = 1 . 0-CR31 + 1. 0 ) * C C U 1 , 1 , 2 ) 
C d J l , 3 , 2 ) =1. 0 - C C U 1 , 1, 2 ) - C C U l , 2 , 2 ) 
IF CCdJl, 3,2). LT. CTOTCI, J,3)) GO TO 230 
IF CABSCC2PLC). GT. 1. OE-10) GO TO 190 
C( Ul, 1, 1) = 1. 0 
CdJl, 2. 1)=0. 0 
C( Ul, 3, 1)=0. 0 
GO TO 200 
C2PL=C2PLC + CC CSE CI,J)/CSEOPT >-CSEU)*C2PLC/(CSEU-CSEL) 
C3PL=. 5*C-A*C2PL+C(A*C2PL>**2+4. *A*C2PL*C1. -C2PL))**. 5) 
C1PL=1.-C2PL-C3PL 
ALPHA=C3M/C2M 
BETA=SQR T(C2M**2+C3M**2)/C2M 
G= C1. + C ALPHA-BETA)*C2PL~C3PL >/< BETA*C2PL) 
XR=C3PL/C1PL-. 0000001 
XL=. 0000001 
CALL TIELIN 
IF CIERROR.EQ. 1) RETURN 
DO 210 K=l,9 
CCUl, K, 3)=0. 0 
IF CCTOTCI, J, 3). GT. CCUl, 3, 2) ) GO TO 230 
DO 220 K=5,9 
DO 220 L=l, 2 
C d J l , K, L)=CTOT(I , J , K ) * C ( U 1 , 1,L) /CTOTCI, J , 1) 
S d , J , 1 ) = (CTOT(I, J , D - C C U 1 , 1, 2 ) ) / C C d J l , 1, 1 ) -C( U l , 1, 2 ) ) 
SCI , J , 2 ) = 1. O-SCI, J , 1) 
S( I , J , 3 ) = 0 . 0 
GO TO 3 5 0 

SINGLE PHASE 

NPHASEd, J) = l 
DO 240 K=l,9 

C( U l , K, 2)=0. 
C( U l , K. 3)=0. 

C< U l , K, 1)=CT0T(I, J, K) 
S( I, J, 1 >=1. 0 
SC I, J, 2)=0. 0 
S< I, J, 3)=0. 0 
GO TO 350 
IF (CTOTCI. J, 3). LT C3M*CT0T( I, J, 1 >/C IM ) GO TO 300 

C.10.0 



03860 
03870 
03880 
03890 
03900 
03910 
03920 
03930 
03940 
03950 
03960 
03970 
03980 
03990 
04000 
04010 
04020 
04030 
04040 
04050 
04060 
04070 
04080 
04090 
04100 
04110 
04120 
04130 
04140 
04150 
04160 
04170 
04180 
04190 
04200 
04210 
04220 
04230 
04240 
04250 
04260 
04270 
04280 
04290 
04300 
04310 
04 320 
04330 
04340 
04350 

C 
C 

c 

260 

I/O 

280 

290 

SECTION C I : PHASE Program Code Sheet 9 

PHASES 1 AND 2 — RIGHT NODE AND ONE PHASE REGION 

NPHASEd, J>«2 
NP=2 
R 3 1 = C T 0 T ( I , J , 3 ) / C T 0 T ( J , J , 1 ) 
R32=A3*R31**B3 
C d J l , 1. 1)=R32/(R32+R32*R31+R31) 
C d J l , 2 , 1 ) = 1 . 0 - ( R 3 1 + l . 0 ) * C ( U 1 , 1 . 1 ) 
C d J l , 3 . 1 > = 1. 0 - C C I J l . I. 1 ) - C C U l . 2 . 1 ) 
IF (CTOTCI, J , 3 ) . GT. C C U l , 3, 1 ) > GO TO 230 
IF (ABS(C2PRC). LT. 1. ) GO TO 260 
C d J l , 1, 2 ) = 0 . O 
C( U l , 2 , 2) = 1. 0 
C d J l , 3, 2 )=0 . 0 
GO TO 270 
C2PR=C2PRC+(1. -C2PRC)*(<CSE(I , J)/CSEOPT)-CSEL)/(CSEU-CSEL) 
C3PR = . 5*(-A*C2PR+((A*C2PR > * * 2 + 4 . *A*C2PR*(1 . -C2PR > ) * * . 5) 
C1PR=1.-C2PR-C3PR 
ALPHA=C3M/C1M 
BETA=SQRT(C3M**2+C1M**2)/C1M 
G=BETA*CIPR/(1. + C ALPHA-BETA)*C1PR-C3PR) 
XR=G*R31**F-. 0000001 
XL=.0000001 
CALL TIELIN 
IF CIERROR.EQ.1) RETURN 
DO 280 K=l.9 
CdJl, K, 3)=0. 0 
DO 290 K=5, 9 
DO 290 L=l, 2 
CdJl, K, L)=CTOTCI, J, K)*C(U1, 1, L)/CTOTd, J, 1) 
S d , J, 2) = (CT0T( I,J,2)-CdJl, 2, 1))/(C(U1,2,2)-C(U1,2, 1)) 

C 
C 
C 

SC I, J, 1)=1. 
S( I, J, 3)=0. 
GO TO 350 

O-SCI,J, 
0 

!) 

THREE PHASES 

300 NPHASEd, J ) 
C d J l , 1, 1) = 
C< U l 
C< U l 
C< U l 
C< U l 
C( U l 
C< U l 
C( U l 
C< U l 
DO 310 

2, 
3, 

1 ) = 
1 > 

1, 2 ) = 
2, 2) = 

2 ) = 
3 ) = 

2, 3 ) = 
3 , 3 ) = 

L = l , 

3 , 
1, 

= 3 
1. 
0 . 
0 . 
0 . 
1. 
0 . 
C1M 
C2M 
C3M 
3 

DO 3 1 0 K = 5 , 9 

C . 1 1 . 0 



SECTION C.l: PHASE Program Code Sheet 10 

04360 
04370 
04380 
04390 
04400 
04410 
04420 
04430 
04440 
04450 
04460 
04470 
04480 
04490 
04500 
04510 

310 C( Ul, K, L)=»CTOr< I, J, K)*C(U1, 1, 
SCI, J, 2> = C CCTOTCI, J, D-CCU1, 1, 

** *(CT0T(I, J, 2)-CCUl, 2, 3) ) )/Cl. 
SC I, J, 1)«=C (CTOTCI, J, D-CCIJ1, 1, 
& -CCUl, 2, 3) )*C(U1, 1,3) )/<l 0-
DO 315 L«=l,2 
IFCSCI, J,L). LT. 0. 0) SCI,J,L)=0. 
IFCSCI, J, L). GT. 1. 0) SCI,J,L)-1. 

315 CONTINUE 
S< I, J, 3)«1. -S(I, J, I)-SCI, J, 2) 
GO TO 350 

316 CONTINUE 
350 CONTINUE 

RETURN 
C 

END 

D/CTOTCI, J, 1 ) 
3) )#CCU1,2, 3) + Cl. 0-CCIJl, 1,3)) 
0-C(Ul, 1, 3)-CdJl, 2, 3) ) 
3))#C1. 0-CCIJl, 2, 3) ) +CCTOTCI, J, 2) 
-CCUl. 1, 3)-CCUl, 2, 3) ) 

0 
0 
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04520 
04530 
04540 
04550 
04560 
04570 
04580 
04590 
04600 
04610 
04620 
04630 
04640 
04650 
04660 
04670 
04680 
04690 
04700 
04710 
04720 
04730 
04740 
04750 
04760 
04770 
04780 
04790 
04800 
04810 
04820 
04830 
04840 
04850 
04860 

C 
C 
C 
C 
C 
C 
C 

c 

SECTION C I : PHASE Program Code 

SUBROUTINE TIELIN 

Sheet 11 
TIELIN 

USING HALF INTERVAL METHOD TO FIND 
OF C31/C21 

THE CORRECT ANSWER 

CTOTCll.11,9),CC121 
A, B,G, F. IFX. XR, XL 
IERROR 

COMMON /HHl/ 
COMMON /HH4/ 
COMMON /HH7/ 
EPS=0. 0001 
IFX=0 
CALL TRY CXR,FXR) 
IF CIERROR.EQ.1> RETURN 
CALL TRY CXL.FXL) 
IF (IERROR. EQ. 1) RETURN 

10 APP=(XL+XR)/2. 
CALL TRY (APP.FXAPP) 
IF (IERROR. EQ. 1) RETURN 
IF (FXAPP*FXL) 20.40.30 

20 XR=APP 
FXR=FXAPP 
IF (ABS(XR-XL) 
GO TO 10 

30 XL=APP 
FXL=FXAPP 
IF (ABS(XR-XL) 
GO TO 10 

40 CONTINUE 
RETURN 

END 

9. 3), CSEdl, 11), SC11, 11, 3) 

LE.EPS) GO TO 40 

LE.EPS) GO TO 40 

C.13.0 



04870 
04880 
04890 
04900 
04910 
04920 
04930 
04940 
04950 
04960 
04970 
04980 
04990 
05000 
05010 
05020 
05030 
05040 
05050 
05060 
05070 
05080 
05090 
05100 
05110 
05120 
05130 
05140 
05150 
05160 
05170 
05180 
05190 
05200 
05210 
05220 
05230 
05240 
05250 
05260 
05270 
05280 
05290 
05300 
05310 
05320 
05330 
05340 
05350 
05360 
05370 

C 

C 
C 
C 
C 
C 
C 
c 
c 

c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

SECTION C . l : PHASE Program Code 

SUBROUTINE TRY ( X , F X ) 

Sheet 12 
TRY 

USING EQUATION OF DISTRIBUTION CURVE AND EQUATION OF BINODAL 
CURVE TO CALCULATE PHASE COMPOSITIONS 

COMMON /HHl/ CTOTCll,11,9),C(121,9.3).CSECll,11),SC11,11,3) 
COMMON /HH3/ Ul, I, J, NP, NPHASEC11, 11 ), XIFTl, XIFT2, XIFT3, ALPHA, B 

A, B, G,F, IFX,XR, XL 
IERROR 

GO TO 10 

1, SRI. SR2.SR3 
COMMON /HH4/ 
COMMON /HH7/ 
IFX=IFX+1 
IF (IFX. LE. 100) 
IERR0R=1 
WRITE ( 5,30) X,FX 
RETURN 

10 IF (NP.EQ.2) GO TO 20 

C Y=R32(1) X=R31(1) W=R32(2) Z=R31C2) 
C LEFT NODE 

Y=A*X**B 
CC Ul, 2, 1)=X/CX+X*Y+Y) 
C< Ul, 3, 1)=C(U1, 2, 1)*Y 
CdJl, 1, 1)=1. -CdJl, 2, D-CdJl, 3, 1) 
P=G*( (CdJl, 3, 1)-C(U1,2, 1 )*ALPHA)/C1. -CCUl, 3, 1 )+C( Ul. 2, 1)*CA 
1A-BETA)>)**F 
W=BETA*P + ALPHA 
IFCW LE 0 0) GO TO 11 
Z=CW/A)**C1./B) 
CC Ul, 2, 2>=Z/CZ+Z»W+W) 
CCUl, 3, 2>=CCU1, 2, 2)»W 
CdJl, 1, 2) = 1 -CC Ul, 2, 2>-C(Ul, 3, 2) 
GO TO 15 

11 CONTINUE 
C( Ul, 2, 2) = 1. 
CCUl, 3, 2)=0. 
CdJl, 1, 2>=0. 

15 FX=(CCU1, 3, 2)-CTOTCI, J, 3) )* (C (I Jl» 2, 1>-CT0T(I, J, 2) ) 
1T0T( I, J, 3) )* (CdJl, 2, 2)-CT0T(I. J. 2) ) 
RETURN 

(CC Ul, 3, i 

CALCUTE THE CONC OF WATER, OIL, SURFACTANT IN EACH PHASE 
AT RIGHT NODE CTYPE III, IK-)) PHASE BEHAVIOR 
X=R32<2) Y=R31(2) W=R32(1) Z=R31(1) 

C.14.0 



05380 
05390 
05400 
05410 
05420 
05430 
05440 
05450 
05460 
05470 
05480 
05490 
05500 
05510 
05520 
05530 
05540 
05550 
05560 
05570 
05580 
05590 
05600 
05610 
05620 
05630 
05640 
05650 

C 

C 

SECTION C.l: PHASE Program Code Sheet 13 

20 Y=(X/A)*»C1. /B) 
CC U l , 2 , 2>«Y/CX+Y*X+Y> 
CC U l , 3 , 2 > « C C I J 1 , 2 , 2>*X 
C C U l , 1 , 2 ) - 1 . - C C U l , 2 , 2 ) - C C U l . 3 , 2 ) 
P-CCCCU1.3, 2)-ALPHA»CCUi, 1, 2) )/G/(1. +C ( Ul. I, 2)*CALPHA-BETA) 
1J1.3, 2)) >**(1. /F> 
Z=BETA*P + ALPHA 
IFCZ. LE. 0. 0) GO TO 21 
W=A*CZ**B) 
C C U l . 2 , 1>«Z/CZ+Z*W+W> 
C C U l , 3 , 1 ) « C C U 1 , 2 , 1>*W 
C C U l , 1, 1 ) * 1 . - C C U l , 2 , 1 ) - C C U l . 3 , 1) 
GO TO 2 5 

21 CONTINUE 
C C U l , 1, 1 ) « 1 . 0 
C C U l , 2 , 1>=0. 
CC U l , 3 , 1 ) = 0 . 

2 5 FX=CCCU1, 3 , 2)-CTOTCI. J. 3 ) ) * CC < I J l . 2 . 1 )-CTOT < I , J. 2 ) J -CCCU1. 3 , 1 
1T0TCI, J. 3 ) ) * C C C U 1 , 2 . 2 ) - C T 0 T C I , J . 2 ) ) 

RETURN 

3 0 FORMAT C1X, 8 H I E R R 0 R = 1 , / / . 4HR32=. E16. 5. 3HFX = . E 1 6 . 5 ) 

END 

C.15.0 



Ci'TI.'- 1NFMT HATA F It E N M M E ... CHMCi: 
ENTER OUTPUT DATA FILE NAME ... OUT 

t 
* PHASE: 
* TERNARY PHA^E F M CUI.ATIOH 
* (VERSION 1.0) 
* 

tttttt*ttt*t*tttt*tt*tt*1tt***t»1t*ttttttt*t**t*tt1**t*%*t*t*t*ttttt 

TERNAHY PHASE CALC OR PHASiE VOLUME? 
ENTER 0 FOR TERNARY PHASE CALC, 
ENTFR 1 FOR PHASE VOLUME:! 

W 

o 
M 

F'AR^.HFTtRF FOR PHASE J'lAGRAM 

CSELI 
0.8000 

C2PLC 
J.POOOF-

C3HAX0 
0.7-HOO 

61 
- 1.000 

Fl 
1.000 

01 

cr,Eui 
1.200 

C.VRC 

o ?:.oo 

C3HAX1 
0.1000 

B2 
-1.000 

F2 
1.000 

CSEOPT 

0.3640E-02 

C3HAX2 
0.3000 

P3 
-1.000 

F3 
1.000 

> 
3 
W 
X 
0) 
3 
•o 

X > 
w 

c 
3 

ENTER TOTAL WATER CONC 'FR) 0.475 
ENTER TOTAL OIL CONC (Tp) 0.475 
TOTAL ftURF CONC (FP) -= 0,050000 

K CTOT(K) 
1 0.475000 
2 0,475000 
3 0,0-50000 

f . < K , l ) C(K.2> C<K»3) S(K> CSFUlSlD 
1 ,000000 0 . 0 0 0 0 0 1 0 . 0 0 0 0 0 0 0 , 4 7 4 9 ? ? 0 . 6 0 0 0 0 0 
0 , 0 0 0 0 0 0 0 . 9 9 9 3 9 5 0 . 0 0 0 0 0 0 0 .5?5001 0 .600000 
0 , 0 0 0 0 0 0 0 . 0 0 0 4 0 4 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 6 0 0 0 0 0 

1\ CTOT(K) 
i o.i7;_ ,ooo 
2 0 . 4 7 5 0 0 0 
3 O . O J O O O O 

C(K,1) 
I , 0 0 0 0 0 0 
0 ,000000 
0 ,000000 

r: ( K , 2) 
0.000001 
0,999350 
0.00064? 

c < K , 3) 
0,000000 
0,000000 
0.000000 

S<K) 
0,474999 
0.:>25001 
0,000000 

r;SF(osu) 
0.642105 
0.642105 
0.642105 

K CTOT(K) 
1 0.475000 
2 0,475000 
3 0,050000 

C(K,1) 
1,000000 
0.000000 
0,000000 

i: < K , 2) 
0,000002 
0.999246 
0 , 0007'.",2 

C ( K r 3 > 
0,000000 
0,000000 
0,000000 

S(K) 
0 . 4 7 4 9 9 9 
O.ri?f,001 
0 . 0 0 0 0 0 0 

C:SE(OSU) 
0.684\»U 
0.684211 
0.684211 

K I.TOTCK) 
1 0.475000 
2 0,475000 
3 O.OV^OO^ 

C ( K, 1 ) 
1,000000 
0,000000 
0.00^0^0 

C<K»2> 
0,000003 
0.999179 
O.OOOfll8 

tJ ( K r 3 ) 
0,000000 
0,000000 
0,000000 

S(K) 
0,474999 
o.:;"T,ooi 
0,000000 

CSE(OSU) 
0.726316 
0,726316 
0. 726316 
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