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logarithmic plot. Figure 19b. In the field this phase of 

drainage is easily modified and observed as a single slope 

corresponding to the drainage of fractures. Because the model 

can not handle flow through large scale features, the results 

do not show the drainage phase of these features. However the 

first and second slopes of Milanovic's plot are not seen in 

the recession curve of Bileca Spring flows separately. One 

can reason that, the second slope of Ombla Springs' recession 

curve is a special case, and it should not be interpreted in 

terms of drainage of fractures. Fractures drain in a short 

time period, and this part is offset by the drainage of large 

scale fractures. 

With these observations in mind, one can draw some con

clusions about the development of spring flow. Drainage of 

major fractures and solution channels after a recharge period, 

forms the first part of spring flow recession curve. Later, 

the spring flow is maintained through the unsaturated drainage 

of storage in pores other than major fractures and large scale 

features. The two phase of drainage is seen as distinct slope 

differences on the spring flow recession curve. The matrix is 

used as original rock porosity in this text. However, the 

coefficient of permeability for matrix in the vertical column 

models is taken as several orders greater than the field values. 

The reason behind such a distortion is to observe the response 

of the matrix in an early period of computer runs. On the 
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- 2 - 2  '  other hand the factor Ç is taken as 1 x 10 cm , corresponding 

to a block dimension of 56.6 cm. In the model, the product of 

matrix permeability, k^, and coefficient, is considered 

directly. A number of combinations of k^Ç can be simulated 

with the model corresponding to various field conditions. 

High k^S corresponds to small matrix blocks of low permeability, 

and small k^Ç to large matrix blocks of high permeability. So, 

the model results can give an idea about permeability of 

various size matrix blocks. Field measurements of k^ or Ç 

are necessary for obtaining quantitative conclusions about the 

pore structure of the matrix. 

In the field, there can be a number of minor fractures 

ranging in their geohydraulic properties between major 

fractures and matrix, and they can have different properties 

with respect to each other forming a spectrum. If minor 

fractures are numbered as 1,2,...,p-l,p; first being close to 

major fractures and p being close to matrix with respect to 

their similarity in geohydraulic properties, there will be a 

multi porosity system, hence flow from such a system will have 

p + 2 different slopes on a seepage rate time curve as the first 

slope for drainage of fractures and the last one for drainage 

of matrix. After depletion of major fractures, the first set 

of minor fractures drains and then the second set does and so 

on. At the end, flow from the matrix becomes dominant 

on the seepage through multi porosity system. 
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The size of fractures and their air entry pressure. 

permeability, n and X coefficients, and characteristic length 

C of subfracture systems are the basis of such a classifica

tion. If subfractures form a continuity between major 

fractures and the matrix with respect to their geohydraulic 

properties, a smooth seepage curve may develop. 

A mathematical model of groundwater flow through multi 

porosity systems can be written in a way similar to that used 

for double porosity. The major fracture, matrix and large scale 

features are as defined previously. The quasi-steady state flow 

assumption through minor fractures may be applicable in." near 

surface flow systems. Therefore, the differential equation 

of flow through multi porosity systems can be written as 

V • —^ + z) 
P 6 £ I 
—— (otf + n^3 * ) + pC^ 

11 JC J- J- J- 3t 

P®]_ I 
+  ^ (ex+ n^B') + pC 

3^1 
1 3t~ 

and 
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(34) 

n («m + + P^m W 
2 

where subscript m and 1,2,...,p stands for matrix and sub

fractures respectively. The C, k and 6 have the same func

tional forms as defined before. 

The above equations can be discretized and solved by 

using the finite difference method. Such a solution should 

be a closer approximation of spring discharge. 

The results of the spring flow problem, demonstrate the 

high rates of groundwater movement in carbonate rocks. Under • 

high rates of recharge the rise of the water table would occur 

rapidly. The under ground drainage systems in karst carry the 

water to remote places in a similar fashion as surface drain

age systems. 
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Matrix flow forms an insignificant part of the total flow 

from a fracture-matrix system in saturated conditions. This 

was observed by Wilson and Witherspoon (1974) . However, 

matrix flow constitutes the major part of flow from these 

systems in unsaturated conditions. 

There is a similarity between leaky aquifers and double 

porosity media flow. Both leaky aquifers and matrix act as 

source elements in the flow domain. Flow through these 

systems are modified by matrix and leaky confining layers. 

The mathematical models of the two systems are similar 

provided that the flow through the matrix is modeled as 

quasi-steady state flow. However, leaky aquifers act as a 

recharge boundary, matrix is dispersed in the flow domain, and 

its effect is to be seen in every point on the flow domain. 

Other Applications 

The mathematical model can be used as a complementary 

part in the study of convective heat transfer study in 

carbonate rocks. Similar studies were used for locating the 

zones of or narrow fractures on a large scale ( Turner and 

Supkow, 1976; Mathey, 1974). The main idea is the analysis 

of groundwater flow system based upon the redistribution 

of rising geothermal heat and/or shallow soil heat by 

moving groundwater. Groundwater may act as a moving heat 

source or heat sink, the strength of which is related to the 
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mass-rate of groundwater movement. The method is based on the. 

solution of heat transport equation which considers convective 

heat transport by groundwater. By following a trial and error 

procedure, heat source or heat sink regions in the field can 

be determined. 

In all of the problems it is seen that movement of ground

water in carbonate rocks is under the influence of boundaries, 

such as caves, channels, and geohydraulic properties of the 

fractures and matrix. Therefore, in the solution of the heat 

transport equation, velocity profile in saturated and in 

unsaturated zones are required. In this respect, the 

mathematical model and its computer version provide the 

necessary velocity distribution data under various boundary 

conditions. 
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SUMMARY 

The mathematical model is based on the theory developed 

by Barenblatt et al. (1960) and the extension of this theory 

by Warren and Root (1963) . Warren and Root used the equations 

in oil flow studies which involve high pressure head changes. 

Kazemi (1969) and other researchers showed the effect of 

matrix flow in oil reservoirs. Later this theory was applied 

to saturated groundwater flow problems. However, the effect 

of the matrix on groundwater flow was not explained clearly. 

Because of the low pressure head changes in near surface flow 

systems, matrix flow forms an insignificant fraction of total 

flow through double porosity media in saturated conditions. 

This study shows the effect of matrix flow in unsaturated 

flows and supports the findings of Wilson and Witherspoon 

(1974). in saturated regions. Matrix flow forms the major flow 

component in unsaturated media and flow from fractures is 

insignificant in unsaturated media. This conclusion explains 

the development of springs in carbonate rocks. The slope 

change in spring flow recession curves is due to a change from 

fracture flow to matrix flow. Matrix flow forms the dependable 

yield of springs. 

Regional behavior of flow explains the development of 

solution features near bluffs and rivers. Groundwater flow 

discharges through these parts of the flow domain and hence 

forming potential erosion regions. The bluff face is expected 
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to retreat under the effect of weakening of the face by erosion 

and high pore pressures causing instability. 

The results of the cave problem explains the field obser

vations. Joints and fractures extending from one basin to 

another may enlarge through solution of carbonate rocks. These 

form avenues for groundwater between basins. The groundwater 

table is controlled by the solution features in carbonate 

rocks, and is usually at the level of these features in rest 

of the flow region due to high fracture permeability. 

The model and its computer program can be used in 

studying flow under various boundary and initial conditions as 

well as in various geologic formations of double porosity. 

Field values for geohydraulic properties of fractures and 

matrix are needed for quantitative studies. 

The results represent outputs from some conceptual models. 

Functional inputs k(^), 0 / C(y), and parameter Ç need 

theoretical and experimental work for their final forms. In 

this study, relations similar to those characteristic of 

granular media have been used. 

The column results are generalized in explaining the 

development of spring flow. However, the computer program is 

capable of handling two dimensional spring flow problems. In 

this study, such a problem is not solved due to large computer 

time requirement. 
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APPENDIX; COMPUTER PROGRAM 



Data Deck Instructions for the Program 

Group No. of cards Needed only Format Input 
when 

A 1 Always 11, 14 IMP, IFR 

B 1 Always 11, 14, 20AI ISP, NOTIME, (ITITLE (1), 1= 

C 1 Always 1615 L, M, N, NOIN, NOFO, 
NOFLUX, KPUT, ITPUT, 
ISTEP, IPIT 

NOHEAD, 
IPRINT, 

D1 L/8 Always 8E10.3 (DELX (1), 1=1,L) 

D2 N/8 Always 8E1Û.3 (DELZ (1), 1=1,N) 

E 1 Always 8E10.3 BETA, CXXL, PERC, PERCl 

F NxL/8 4012 (ITAG (I,J,K),I=1,L) 

G NOIN/8 8E10.3 (PINIT(NOB), NOB = 1, NOIN) 

H NOBO/80 8011 (ILPUT(IDUM), IDUM = IfNOBO) 

I NOBO/80 8011 (ITAGI(IDUM), IDUM = 1,N0B0) 

J NOBO/80 8011 (ITAG9(IDUM), IDUM = 1,N0B0) 

Kl one card for 
each node 

When 
ITAG = 9 

8E10.3 PBO(IDUM) 

K2 If ITAG = 8, 
ITAGI = 0 

8E10.3 RX (IDUM) , RZ (IDUM) , PTOP (IDUI 
PBO(IDUM) 

K3 If ITAG = 8, 
ITAG = 1 

3E10.3,110 RX(IDUM,RZ(IDUM) , PTOP(IDUM) 
ISUB(IDUM) 



Data Deck Instructions for the Program (Continued) 

Group No. of cards Needed only Format 
when 

Input 

LI 
L2 
L3 
L4 

Ml 

M2 

N 

0 

P 

R 

N*L/80 

1 for each 
formation 

1 for each 
formation 

KPUT = 
KPUT = 
KPUT = 
KPUT = 

Always 

IFR^O 

1 
2 
3 
4 

1 Always 

(1+NOTIME)/80 Always 

NOTIME/80 NOTIME > 0 

NOTIME/8 NOTIME > 0 

8011 
8011 
8011 
8011 

6E10.3, 
15A1 

6E10.3, 
15A1 

7E10.3, 15 

8011 

8011 

8E10.3 

(KTAG(I,J,K1 ,1 = 1,L) 
(KTAGd,J,]^) ,1 = IfL) 
(KFAG(K), K = 1,N) 
KWAG 

ANHOR(NO), ANVERT(NO), PORO(NO), 
ALPHA (NO) , ETA (NO), ALAM(NO), 
(ISOIL(NO,IM), IM=1,15), 
PBUB(NO), RESAT(NO) 

ANHORM(NO), ANVERM(NO), POROM(NO) 
ALPHAM(NO), ETAM(NO), ALAMM(NO), 
(IS0ILM(N0,IM),IM=l,15)f PBUBM 
(NO), RESATM(NO), XIM(NO), 
CLE(NO) 

OMEGA, OMEGB0, OMEGBl, TOLA, 
TOLB, SEANA, SEANB, KART, 
GEOFF, DIFF, FACTOR 

INN, (NES(IT), IT = 1, NOTIME) 

(ITT(IT), IT = 1, NOTIME) 

(DELTIM(IT),IT = 1,NOTIME) 



Data Deck Instructions for the Program (Continued) 

Group No. of cards Needed only Format Input 
when 

S NOBO ITT > 0 

one card for 
each node 8E10.3 PBO(IDUM) 
with ITAG = 
9 and ILPUT == 
5 or 6 

one card for 
each node 8E10.3 RX(IDUM), RZ(IDUM) 
with ITAG = 
8 and 
ILPUT = 2 
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INPUT PARAMETERS: 

Delimits end of a set of data decks. Final 
data card must always have a zero in column 1. 

Impermeable matrix. No data of M2 subgroup. 

Permeable matrix. 

It can. have any value. 

Number of time steps (<100). Set 0 for runs 
for steady state. 

Title (<20) alphanumeric characters. 

Number of nodes in x = direction (<99) . 

Set 1. 

Number of nodes in z-direction (<99). 

Number of input fields for guessed initial 
pressure heads used as starting values in 
steady-state simulation (<7). Usually set to 1. 

Number of soil types or geologic formations 
«9). 

Number of boundary nodes at which constant or 
variable head is specified (i.e.: nodes at 
which ITAG(I,J,K) = 9). 

Number of boundary nodes at which constant or 
variable flux is specified (i.e. : nodes at 
which ITAG(I/J,K) = 8). Note that NOBO = 
NOHEAD + NOFLUX «100) . 

KTAG(I,J,K) values are read in by lines 
(I = If L). 

KTAG(I,J,K) values are read in by layers 
((I = 1, L), J = 1, N). 

KTAG(I,J,K) values are the same (=KWAG) through
out the grid (i.e.: homogeneous case). 
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ITPUT = 0 

= 1 

IPRINT = 0 

= 1 

ISTEP = 0 

= 1 

IPIT = 1 

= 0 

DELX(I) = 

DELZ ( K) = 

CXXL = 

PERC = 

PERCl = 

Overrelaxation invoked, 
equations not used. 

Overrelaxation smothered, 
equations used. 

Linear prediction 

Linear prediction 

Specifies printout of preliminary input data. 

No such printout. 

Generalized variable flux for all nodes with 
ITAG{I,J,K) = 8 and ILPUT (IDUM) = 2. New flux 
rates must be read in at each time step. 

Variable flux for such nodes is a single step 
function with the value changing at time = 
TSTEP. Only two sets of flux rates need be 
read in. (If there are no nodes with ILPUT = 
2 set ISTEP = 0). 

Specifies printout of residues at each 
iteration during solution, but only at those 
time steps for which printouts of results are 
requested by the NES(IT) parameter. 

No such printout. 

Variable grid spacings in x-direction (L values) 
(cm) . 

Variable grid spacings in z-direction (N values) 
(cm) . 

A parameter to check the residue from the 
previous time step. 

A parameter used to control unsaturated 
permeability in steady state runs. 

A parameter used to control unsaturated 
permeability in unsteady state runs. 

ITAG(I,J,K)= 0 Tags node (I,J,K) as being outside the field of 
solution. Specification of nodes with ITAG = 0 
allows generation of irregular region shapes. 
To satisfy internal programming considerations, 
it is also necessary to specify ITAG = 0 for all 
n o d e s  w i t h  I  =  1 ,  I  =  L ,  K =  1 ,  K = N .  
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= 1-7 Delineates input fields for guessed initial 
pressure heads used as starting values in 
steady-state simulations. 

= 8 Tags node (I,J,K) as a constant or variable 
flux boundary node. 

= 9 Tags node (I,J,K) as a constant or variable 
head boundary node. 

= 10 Tags node at grid points inside the 
gallery, well, etc. 

(L.M.N, values). 

PINIT(NOB) = 

ILPUT(IDUM) = 

= 1 

= 2 

Guessed initial pressure heads used as starting 
values in steady-state simulations (NOIN 
values). The first value will be assigned to 
all nodes with ITAG = 1, the second to all 
nodes with ITAG = 2, etc. (cm). 

This parameter provides further specification 
of the boundary conditions at boundary node 
IDUM. The IDUM subscript is automatically 
calculated for all nodes with ITAG(I,J,K) = 8 
or 9, according to the numbering system noted 
at the bottom of Table 1. ILPUT values of 1 
and 2 are limited to nodes whose initial ITAG 
values are 8. ILPUT values of 4, 5 and 6 are 
limited to nodes whose initial ITAG values are 
9. 

Flux rates RX(IDUM) and RZ(IDUM) are constant 
for all values of the pressure head less that 
PTOP(IDUM). If the simulated value of pressure 
head becomes greater than PTOP, then the time 
step is recalculated with the flux condition at 
this node replaced by a constant head condition 
with the head equal PTOP. 

Flux rates RX(IDUM) and RZ(IDUM) are variable 
with time. Otherwise as ILPUT = 1. New values 
of RX, and RZ are read in at each time step if 
ISTEP = 0, or at a single step if ISTEP = 1. 

= 3 Seepage face. Below the exit point ITAG 
and the pressure head is set equal to 
PTOP(IDUM) = 0.0. Above the exit point 
ITAG = 8 and RX = RZ = 0.0. 

= 9, 
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= 4 Constant head PBO(IDUM). 

= 5 Variable head PBO(IDUM). New values of PBO 
are read in at each time step. 

= 6 Variable head PBO(IDUM) except where PBO = 0.0, 
then node is treated as impermeable (ITAG = 
1-7). 

(NOBO values) 

ITAGI (IDUM) 
= 0 All nodes with ITAG = 8 are treated as constant 

head nodes (ITAG = 9) with head = PBO(IDUM) 
during the initial steady-state simulation. 

= 1 

ITAG9(IDUM) = 

All nodes with ITAG = 8 are treated as 
impermeable nodes with ITAG=ISUB (IDL.i; during 
the initial steady-state simulation. 

The nodes with ITAG = 9 may be treated as 
impermeable if ITAG9 = 1 otherwise no change. 

(NOBO values) 

PBO(IDUM) = 

RX(IDUM) = 

RZ(IDUM) = 

PTOP(IDUM) = 

ISUB(IDUM) = 

Specified pressure head values for boundary 
nodes with ITAG(I,J,K) = 9, and for steady-
state simulations at nodes with ITAG = 8 and 
ITAGI =0 (cm). 

Flux in x-direction across boundary node IDUM 
with ITAG = 8 (cm/s). 

Flux in z-direction across boundary node IDUM 
with ITAG = 8 (cm/s). 

(See: ILPUT(IDUM) = 1) (cm). 
Specified pressure head value at which flux 
boundary condition is replaced by constant head 
boundary condition. 

ITAG value assigned to boundary node IDUM with 
ITAG = 8 and ITAG = 1 during steady-state 
simulations. 
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KTAG(I,J,K), KFAG(K), KWAG 
= 1-9 

ANHOR(NO) = 

ANVERT(NO) = 

PORO (NO) = 

ALPHA (NO) = 

ETA(NO) = 

ALAM(NO) = 

PBUB(NO) = 

RESAT(NO) = 

ISOIL(NO) = 

ANHORM(NO) = 

ANVERM(NO) = 

POROM(NO) = 

ALPHAM(NO) = 

ETAM(NO) = 

ALAM(NO) = 

ISOILM(NO) = 

PBUBM(NO) = 

Delineates configuration of soil types of 
geologic formations. Nodes with KTAG = 1 will 
be assigned properties of first fracture 
(N0=1); nodes with KTAG=2 will be assigned 
properties of second fracture, (N0=2), etc. 
Nodes with ITAG = 0 can have any KTAG value 
assigned to them without consequence. 
(L.M.N, values). 

Horizontal coefficient of permeability Kx for 
fracture NO (cm/s). 

Vertical coefficient of permeability Kz for 
fracture NO (cm/s). 

Porosity of fracture NO (dec, fract.). 

-1, Vertical compressibility of fracture NO (cm ), 

Ti/ pore size distribution index of fracture NO 
in the calculations of unsaturated permeability. 

A, pore size distribution index of fracture NO. 

Air entry pressure of the formation (cm). 

Residual moisture content (fraction). 

Name or fracture NO. 

Horizontal coefficient of permeability of 
matrix NO (cm/s). 

Vertical coefficient of permeability of matrix 
NO (cm/s). 

-1, 

Porosity of matrix NO (dec. fract.). 

Vertical compressibility of matrix, NO (cm '^) . 

n, pore size distribution indes of matrix NO. 

pore size distribution index of matrix NO. 

Name of matrix NO. 

Air entry pressure of matrix NO. 
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RESATM(NO) = Residual saturation of matrix NO. 

XIM(NO) = Parameter Ç of matrix NO. 

CLE (NO) 

OMEGA — 

OMEGB0 = 

OMEGBl = 

TOLA = 

TOLB = 

SEANA = 

KART = 

GEOFF = 

Representative length, L, of matrix NO. 

Overrelaxation parameter used in steady-state 
simulations. (Recommended value = 1.40 - 1.90. 
Must be optimized for different geometries. 
Usual value = 1.88). 

Overrelaxation parameter used during transient 
simulation when ITPUT = 0 (recommended value = 
1.40) .' 

Overrelaxation parameter used during transient 
simulation when ITPUT = 1 (=1.00). 

Tolerance that must be reached by converging 
LSOR scheme during steady-state simulations 
(recommended value = 0.01). 

Tolerance that must be reached during transient 
simulations (recommended value 0.10). 

Extrapolation factor in linear prediction 
equations (see eqn. 13 of Freeze, 1971), steady-
state case (recommended value = 0.1). 

Maximum number of iterations per time step. 

Internal parameter used in connection with 
floating point IF tests (recommended value = 
0.10). 

DIFF, FACTOR = If, during successive iterations, the residue 
increases (showing divergence) rather than 
decreases (showing convergence) a test is made 
on the increase and if. it is greater than DIFF, 
the time step size is cut by FACTOR and the 
step is recalculated (recommended values: 
DIFF = 0.1, FACTOR =2.0). 

INN,NES(IT) = Specifies printout for results, INN for the 
steady-state results, NES(IT) for each time 
step IT from 1 to NOTIME. 

= 0 No printout 
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Printout pressure head total pressure head of 
fractures, and of matrix in x and z directions. 

ILPUT(IDUM) = 2 or 5 values are changed at the 
ITT(IT) = 1 time steps. New pressure head or 
influx rates are read at ITT(IT) = 1 time 
steps. ITT(IT) = 0, no such input. 

Time at which step-function variable flux 
values at nodes with ITAG = 8, ILPUT = 2 
change from initially set RX, RY, RZ values to 
new values under option of ISTEP = 1. 

If ISTEP = 0, set 
TSTEP = 0.0 (sec). 
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c 
c a******************************************************** 

C * TWO DIMENSIONAL SATURATED-UNSATURATED FINITE * 
C • DIFFERENCE MODEL OF FLOW THROUGH DOUBLE POROSITY * 
C * MEDIA * 
C ********************************************************* 
C 

COMMON/A 1/ ITAG( 20. 1 . 20 ) , KTAG C 20 • 1 «20 ) «P ( 20 « 1 « 2C ) • 
IX(20).Y(1).Z{20).P0R0(9).ALPHA(9)»PRSATX(9>tPRSATY(9)* 
2ANH0R(9) ,ANVERTt 9).ITITLE{20).NES(1OP).ETAC9).ALAM(9), 
3RESATt9)»RX(100),RY(1),RZ(100).PBO(IOO).PBOS<100). 
4P I(20.1.20).PRSATZ(9),PBUB(9).PTOP(1 CO > 
C0MM0N/A2/ ILPUT(100).ITAGItlOO).DELTI(lOO).XLRl«XLR2. 
IPT(20 .1 .20).DELX(20).DELY( 1).0ELZ( 20).OMEGB0.TI ME. 
2DELT,GRAV.SEANA,SEAN8.XL.XLR.CXXL.THETA,FACTER.FSCALE. 
3ITPUT.OMEGB1 .DIFF.FACTOR.IBUG,INKPUT.ITOP. I STEP.I BILL. 
4ITT(I 00).NOTIME.RPER.PERC.IPIT.TSTEP 
COMMON/A3/TIM,PHICON.PCON«ISP.IBUGPR.NOEO.INN.DELTF. 
*TN.IT.TQLA.KAR.KART.RES.TOLB.L.M .N.GEOFF,TIMl.BETA. 
• PCOM (2 00 ) .PHI (20.1.20) .UU(20.1 . 2 0 ) . PM ( 20 . 1 . 20 ) .OMEGA 
C0MM0N/A4/ UM{20.1.20).VM(20.1.2 0).QMA(20.20).CLE(9). 
1RESATM(9).PBUBM( 9).POROM<9).ALAMM(9) .ALPHAM(9) .XIM(9) . 
2ANH0RM(9) .ANVERM(9) ,ET AM(9) .PRSAXM(9 ) .PRSAZM(9) 
COMMON/Aa/AP(20).CP(20).A(20),8(20),C(20).D(20),E(2C). 
IH(20).W(20).S(20).UX(20).UY(20) .UZ(20) ,D CNNA(20). 
2PR1(20) .PR?(20 ).PR5(20 ) ,PR6(2C ).LI(20).LK(20 ) .F(20). 
3LINK(20>.RXP(20).RYP(1),RZP(20).G(20) 
DIMENSION PINIT( 10 ) . ISOIL(9, 15 ). ISUBdOO ).KARL( 100), 
1IMIN(100),SEC(100).I DUMMY(lO).KFAG(lOO),MOOF(99). 
2RESL{100 Î.ÏSUGÎÎ 100).CELT I Mi ÎCCÎ .Ï TOPÎ (99) «1200(100! , 
31 SOILM(9.15) .IH(IOO) 

C 
C ********************************************************* 
C * READ IN GRID DIMENSIONS AND HYDRAULIC PROPERTIES * 
C ********************************************************* 
C 

1 READ{5,2) IMP.ÏFR 
IF (IMP.EQ.O) GO TO 3 
READ(5.2) ISP.NOT!ME,< ÎTÎTLEÎ IÎ, 1= Î,20 Î 
READ(5.8) L.M.N. NOIN.NOFO.NOHEAC.NOFLUX. KPUT. 
*ITPUT. IPRINT. ISTEP. IPIT 
LI=L-1 
N1=N-1 

5 RE AD (5. 9) (DEL X( I ) . 1 = 1 .L ) 
READ(5,9) (DELZ(K),K=1.N) 
X(1) = 0.0 
X(L)=0.0 
Z(1)=0.0 
Z(N)=0.0 
DO 17 1=2.LI 
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I F ( I - 2 )  5 0 0 . 5 0 0 , 5 0 1  
5 0 0  X ( I ) = D E L X ( I ) / 2 .  

G O  T O  1 7  
5 0 1  X ( I ) = X ( I - 1 ) + ( D E L X ( I - l ) + O E L X ( I ) ) * 0 . 5  

1 7  C O N T I  N U E  
D O  1 3  K = 2 . N 1  
I F ( K - 2 )  5 0 2 . 5 0 2 , 5 0 3  

5 0 2  Z ( K ) = D E L Z ( K ) / 2 .  
G O  T O  1 8  

5 0 3  Z ( K ) = Z ( K - 1 ) + 0 . 5 * ( D E L Z { K - 1 ) + D E L Z ( K ) )  
1 8  C O N T I N U E  

Y ( 1 ) = 0 . 0  
D E L Y { 1 ) = 0 . 0  
R E A D 1 5 , 9 )  B E T A ,  C  X X L  , P E R C  .  P E  R C 1  
R P E R = 1 . / R E P P E R  
X L R = 1 .  
X L R 1  =  0 . 5 * X L R  
X L R 2 = 1 . 5 * X L R  
I F  (  I P R I  N T . E Q .  1 )  G O  T O  6 7 0 0  
W R  I T E ( 6 ,  6 0  )  
W R I T E ( 6 . 3 C 6 )  (  I T I T L E ( I  )  . I = 1 . 2 0  »  
W R I T E ( 6 , 6 1 )  L  
W R I T E ( 6 . 6 3 )  N  
W R I T E ( 6 . 5 8 5 )  
W R I T E ( 6 . 8 6 )  ( D E L X ( I ) . 1 = 1 , L )  
W R I T E { 6 , 5 3 8 )  
W R I T E ( 6 . 8 6 )  ( O E L Z ( K ) , K = 1 , N )  
W R I T E ( 6 . 6 5 )  
W R I T E ( 6 . 8 6 )  ( X ( I ) . I = 1 , L )  
W R I T E ( 6 î 8 8 )  
W R I T E ( 6 . 8 6 )  ( Z ( K ) . K = 1 , N >  
W R I T E ( 6 , 9 8 0 0 )  I M P . N O T I  M E  ,  I T P U T , M  I M P U T  
W R I T E ( 6 . 9 8 0 1  )  B E  T A , R E P P E R . C X X L , P E R C . P E R C 1  

C  
C  * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * *  
C  R E A D  I N  N O D A L  T A G S .  A S S I G N  I N I T I A L  P R E S S U R E  H E A D S ( G U E S S )  
C  I N T E R I O R  A N D  N O F L O W  N O D E S ,  A S S I G N  V A L U E S  T O  H E A D  A N D  
C  F L U X  N O D E S  
C  * * * * *  * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
c 

6 7 0 0  N O B O = N O H E A D + N O F L U X  
1 1 1 7  D O  1 0  K = 1 , N  

J = 1  
1 0  R E A D *  5 .  1 2 0 1 )  (  I T  A G (  I  .  J  .  K  )  .  I  =  1  ,  L  )  

1 1 1 8  I F  ( I P R I N T . E Q . l )  G O  T O  1 1 5  
1 3 0 1  F O R M A T ( 4 0 1 2 )  

W R I T E ( 6 . 9 0 )  
W R I T E ( 6 . 9 l )  
WRITE(6.92) 
W R I T E ( 6 . 9 3 )  
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W R I T E  ( 6 . 9 4 )  
D O  1 1 3  K T C P = l . N  
K = K + 1 - K T O P  
J =  I  

1 1 3  W R I T E ( 6 . 1 0 0 )  (  I T A G (  1  ,  J . K )  , 1  =  1  , L )  
1 1 5  J = 1  

9 0 1 1  R E A D ( 5 . 9 )  ( P I N I T ( N O B ) . N O B = 1 . N O I N )  
9 0 1 3  R E A D ( 5 . 1 1 )  ( I L P U T (  I D U M ) »  I O U M = 1 . N C B O )  

R E A O (  5 , 1 1 )  ( I T A G I  ( I D U M )  , I D U M = 1  . N O D O )  
R E  A D  C  5 .  1  1  )  (  I T A G 9 (  I D U M ) ,  I D U M = l  . N O B O )  

7 4 9  I D U M = 1  
D O  1 2  1 = 1 , L  
D O  1 2  K = 1 , N  
J =  1  
I F  ( I T A G ( I , J , K ) - 8 )  3 9 . 7 5 0 , 7 5 1  

7 5 1  I F ( I T A G (  I .  J . K ) - 9  )  3 0  2 2 , 3 0  2  2 . 3 0 2 3  
3 0 2 2  R E A D ( 5 , 9 )  P B O ( I D U M )  

I F ( I T A G 9 ( I D U M ) . N E . 0 )  G O  T O  5 1 0  
P (  I  .  J . K )  = P B O (  I D U M  )  
P T ( I . J . K  ) = 0 . 0  
I F ( I L P U T (  I D U M ) . N E . 3 )  G O  T O  9 2 2 3  
P T O P (  I  D U  I V )  = 0 . 0  
R X ( I D U M ) = 0 . 0  
R Z ( I O U M ) = C . O  
G O  T O  9 2 2 3  

5 1 0  P T  (  I  .  J  , K  ) = 5 .  0  
I T A G (  I  .  J  . K ) =  I T A G 9 (  I D U M  )  
N O G = I T A G ( I . J . K )  
P (  I . J . K ) = P I N I T ( N Q G )  
t f R I T E ( 6 . 5 5 0 >  I , K . P B O ( l O U M )  

5 5 0  F O R M A T ( / 1 0 X . ' W I L L  B E  C H A N G E D  T O  ,  A F T E R  * ,  
I S T E A D Y - S T .  R U N  1  =  •  .  I  3  ,  2 X  .  • K = •  , I  3  ,  2 X ,  « P R S .  H D = * , F 1 0 . 2 / )  

I F ( I L P U T (  I D U M )  . N E . 3 )  G O  T O  9 2 2 3  
P T O P  (  I D U M  ) = 0  . 0  
R X ( I O U M ) = 0 . 0  
« Z ( I D U M ) = 0 . 0  
I D U M = I D U M + 1  
G O  T O  1 2  

9 2 2 3  I 0 U M = I D U M + 1  
G O  T O  1 2  

3 0 2 3  P ( I . J . K ) = P ( I . J . K - 1 )  
I F ( I T A G (  I  , J , K ) . E Q . l l )  G O  T O  5 2 0  
P T ( I • J , K ) = 2 . 0  
G O  T O  1 2  

5 2 0  P T ( I . J  . K  ) = 6 . 0  
I T A G (  I  .  J  . K )  =  l  
G O  T O  1 2  

7 5 0  I F  ( I T A G I ( I D U M ) . E Q . 1 )  G O  T O  9 2 0 2  
R E A D ( 5  . 9  )  R X ( I D U M ) , R Z ( I D U M ) . P T O P ( I D U M ) , P B O (  I D U M )  
P ( I . J , K ) = P B O ( I D U M )  
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I T A G ( I  . J  . K ) = 9  
P T ( I , J , K ) = X L R  
I O U M = I D U M * 1  
G O  T O  1 2  

9 2 0 2  R E A 0 ( 5 , 2 9 )  R X ( I D U M ) ,  R Z (  I D U M > , P T O P (  I D U M ) , I  S U B <  I D U M )  
2 9  F O R M A T ( 3 F 1 0 . 3 i 1 1 0 )  

N O G = I S U B ( I D U M )  
P (  I .  J . K ) = P I N I T I N O G )  
I T A G { I . J  , K )  =  I S U B (  I D U M )  
P T ( I , J , K ) = X L P  
I D U M =  I D U M  +  1  
G O  T O  1 2  

3 9  I F  ( I T A G (  I . J , K > . N E . O )  G O  T O  1 3  
P ( I i J » K ) = 0 , 0  
P T ( 1 , J . K ) = 0 . 0  
G O  T O  1 2  

1 3  N O G = I T A G ( I  »  J . K )  
9 0 1 8  P ( I , J , K ) = P I N I T ( N O G )  
9 0  2 0  P T ( I , J , K ) = 0 . 0  

1 2  C O N T I N U E  
C  
c ********************************************************* 
C  R E A D  F O R M A T I O N  N O D A L  T A G S  A N D  F O R M A T I O N  P R O P E R T I E S  
Q ********************************************************* 

c 
G O T O  ( 1 1 2 1 . 3 0 0 2 . 9 C 0 0 , 9 0 0 1 ) , K P U T  

1 1 2 1  D O  1 4  K = 1 , N  
J =  1  

1 4  R E A D ( 5 , 1 1 )  { K T A G ( I . J . K ) , I = 1 . L )  
G O  T O  1 1 2 2  

3 0 C 2  D O  3 0 0 3  K = 1 , N  
3 0 0 3  R E A D ( 5 . 1 l )  (  (  K  T A G  {  I  .  J  ,  K  )  .  I  = 1  ,  L  )  .  J =  1  ,  M  )  

G O  T O  1 1 2 2  
9 0 0 0  R E A D ( 5 . 1 1 )  ( K F A G ( K ) . K = 1 , N )  

D O  9 0 0 2  K = 1 , N  
D O  9 0 0 2  1 = 1 . L  
D O  9 0 0 2  J = l . M  

9 0 0 2  K T A G ( I . J « K ) = K F A G ( K )  
G O  T O  1 1 2 2  

9 0 0 1  R E A D ( 5 . l l )  K W A G  
D O  9 0 0 3  K = 1 . N  
D O  9 0 0 3  1 = 1 . L  
D O  9 0  0  3  J  =  1 . M  

9 0 0 3  K T A G ( I . J  . K ) = K W A G  
1 1 2 2  I F  ( I P R I N T . E Q . 1 )  G O  T O  1 1 1 5  

W R I T E < 6 , 9 0 )  
9 0 1 0  I F  {  I P R I  N T . E Q .  I  )  G O  T O  1 1 1 5  

W R  I T E ( 6 . 1 0  9 1  )  
W R I T E  (  6 .  1  0 9 2  )  
D O  1 1 1 3  K T 0 P = 1 , N  
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K = N + I - K T C F  

J -  1  
1 1 1 3  W R I T E ( 6 . 1 0 0 )  ( K T A G ( I , J , K ) . I = 1 , L )  

C  
c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C  R E A D  I N  G E C H Y D R A U L I C  P R O P E R T I E S  O F  F A C T U R E S  
C ********************************************************* 
c  

1 1 1 5  0 0  1 5  N Q = 1 . N 0 F 0  
1 0 1 6  R E A D { 5 . 1 6 )  A N H C R ( N O )  . A N V E R T ( N O ) , P O R O ( N O )  «  A L P H A { N O ) .  

* E T A ( N O  )  •  A L A M  ( N O )  ,  (  I  S O  I  L (  N O  »  I  M  )  ,  I  y = l  ,  1  5  >  •  P D U B  (  N O  )  ,  
» R E S A T ( N O  >  

I F ( I F R . E Q . O )  G O  T O  1 5  
C  
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C  I F R = 1 ,  R E A D  G E O H Y D R A U L I C  P R O P E R T I E S  O F  M A T R I X  
C  I F R = 0 .  M A T R I X  I S  C O N S I D E R E D  A S  I M P E R M E A B L E  
C  

READ(St  16)  ANHORM(NO),ANVERM(NO).POROM(NO),ALPHAM(NO) 
•  . E T A M ( N O ) , A L A M M ( N O ) »  ( I S O I L M ( N O , I  M ) • I M = 1 .  I  5 ) »  
• P 8 U B M ( N O ) . R E S A T M ( N O ) , X I M ( N O ) » C L E ( N O )  

1 5  C O N T I N U E  
I F  ( I P R I N T . E G . l )  G O  T O  6 7 0 2  
W R I T E ( 6 . 4 0 0 )  

W R I T E C 6 « 4 0 1 »  
W R I T E ( 6 , 9 8 3 1  »  

D O  4 0 3  N 0 = 1 . N 0 F 0  
1 0 5 1  W R I T E ( 6 . 4 0 2 )  NO, { I  SO  I L ( N O ,  I  M ) • I  M =  1 . 1 5 )  . A N H C R ( N O ) ,  

•  A N V E R T ( N O )  , P O R O ( N O )  . A L P H A ( N C )  
I F ( I F R * E a « 0 !  G O  T O  4 0 3  
WRITE<6,760)  (  ISOILM(NO,I  M), IM=1 ,15) ,ANHORM(NO),  

*ANVERM(NC) ,PORCM(NO) ,ALPHAMCNO) 
4 0 3  C O N T I N U E  
7 6 0  F O R M A T ( 1 2 X , 1 5 A 1 , E 1 0 . 2 , 1 0 X , E 1 0 . 2 , 2 X , F 1 0 . 3 , 2 X , E 1 0 . 2 )  

I F  ( I P R I N T . E Q . l )  G O  T O  6 7 0 2  
4 0 6  W R I T E ( 6 , 4 0 e )  

D O  40 4 N O = L , N O F O  

W R I T E ( 6 , 4 0 9 )  N O ,  ( I S O I L ( N O , I M )  . I M  =  1  , 1 5 ) , E T A ( N O ) ,  
S P B U S t N O ) , R E S A T ( N O )  

IF( IFR.EO.O) GO TO 404 
W R I T E  ( 6 .  7 6 2 )  (  I S 0 I L M ( N Q , I M ) , I M  =  1 , 1 5 )  , E T A M ( N O ) ,  

•  P B L B M  ( N O )  , R E S A T M ( N O ) , X I M ( N O )  
I , X I M ( N O )  

404 CONTINUE 
7 6 2  F 0 R M A T ( 1 2 X , 1 5 A 1 , 1 X , * E T A M  =  *  ,  F 5  . 2  ,  2 X  ,  •  P B U D M =  •  ,  F 1  C  .  2  ,  2 X  ,  

* ' R E S A T M = ' , F 1 0 . 2 , 2 X , ' X I M = ' , F 1 0 . 5 )  
6 7 0 2  R E A D ( 5 , 4 0 )  O M E G A , O M E G B O . O M E G B 1 , T O L A , T 0 L 8 , S E A N A , S E A N B ,  

•  K A R T , G E O F F , D I F F . F A C T O R  
9 0 8 2  I F  ( I P R I N T . E Q . l )  G O  T O  1 0 3 1  
9 8 0 3  W R I T E  ( 6 .  9 8 0 6 )  O M E G  A  ,  O M E G D O  , O M E G b  1  ,  T O L A  ,  T  O L B  
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W R I T E ( 6 . 9 0 0 7 )  S E A N A  »  S E A N B . K A R T , G E O F F , 0  I F F . F A C T O R  
1 0 3 1  I T L I M = V A X 0 ( 1 . N O T I M E )  

R E  A D ( 5 . I  1  )  I N N . ( N E S ( I T ) , I T = 1 , I T L I M  )  
R E A D ( 5 . l l )  (  I T T (  I ) .  1 = 1  . I T L  I M  )  
W R I T E ( 6 , e 9 5 )  

8 9 5  F O R M A T ( / 1 0 X , « N E W  I N P U T  V A L U E S  A R E  R E A D  A T  S T E P S ' ,  
* '  I T T  =  1  • /  )  

W R I T E ( 6 , 1 0 0 )  {  I T T ( I  )  . 1 = 1  t l T L I M )  
C  
C  
C ********************************************************* 
C  P R I N T  O U T  I N I T I A L  ( G U E S S E D )  P R E S S U R E  H E A D  V A L U E S  A N D  
C  C A L L  S U C C E S S I V E  O V E R  R E L A X A T I O N  S U B R O U T I N E S  
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
c 

J =  1  
D O  5 4 0  1 = 1 . L  
D O  5 4  0  K = l . N  
Q M A <  I  . K ) = 0 . 0  
P M ( I , J , K ) = 0 . 0  
U M ( I • J . K  )  =  0 . 0  
V M ( I . J . K  ) = 0 . 0  

5 4 0  U U ( I , J . K ) = C . 0  
4 2  I T = - l  

G O  T O  3 1 5  
3 1 2  I F  ( I T - 1 )  3 1 3 . 3 4 0 , 3 4 1  
3 1 3  C A L L  L S C P  

I F ( I F R . E Q . O )  G O  T O  8 1 2  
D O  5 6 0  1 = 1 , L  
D O  5 6 0  K = 1 , N  
I F  ( I  T A G (  I  •  J . K )  . E Q . O  )  G O  T O  5 6 0  
N O = K T A G (  I  ,  J , K  >  
I F  ( X I M I N O ) , E Q . 0 . 0 )  G O  T O  5 6 0  
P M ( I . J , K ) = P ( I , J , K )  

5 6 0  C O N T I N U E  
8 1 2  C O N T I N U E  

I F ( I N N . E Q . O )  G O  T O  3 1 9  
G O  T O  3 1 1  

3 4 0  I F  C R E S . G T . C X X L )  G O  T O  9 2 5 0  
9 0  5 1  I D U M = 1  

I D C = 0  
J =  1  
D O  7 7 0  1 = 1 . L  
D O  7 7 0  K  =  1  . N  
I F ( I T A G l  I . J . K ) . E Q . O )  G O  T O  3 0 2 6  
I F ( P T (  I . J . K ) . E Q . 5 . 0 )  G O  T O  5 7 0  
I F ( P T ( I » J . K ) . E Q . 6 . 0 )  G O  T O  5 8 C  
I F ( P T ( I . J , K ) - X L R )  7 7 1 . 3 0 2 4 . 3 0 2 5  

3 0 2 4  I T A G (  I , J . K ) = 8  
G O  T O  7 7 1  
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3 0 2 5  I T A G ( I . J  . K ) = 1 0  
G O  T O  3 0 2 6  

7 7 1  I F  ( I T A G ( I , J , K ) - 8 )  3 0 2 6 , 7 7 2 . 7 7 3  
7 7 2  I F  ( I D C . N E . 0 )  G O  T O  9 8 1 2  

W R I T E ( 6 , 5 2 0 0 >  
W R I T E ( 6 , 9 8 3 6 >  
W R I T E ( 6 , 5 6 3 7 )  

9 8 1 2  W R I T E  ( 6 , 7 0 7 )  I  D U M  ,  I  ,  J  ,  K  , R  X  (  I D U M  )  ,  R Z  (  I D  U M  )  
100=1 
I D L M = I D U W + 1  
P T C I . J , K ) = P (  I , J , K )  
G O  T O  7 7 0  

7 7 3  I F  (  I T A G ( I • J , K ) . G T . 9 )  G O  T O  3 0 2 6  
I D U M = I D U M + 1  
P T ( I , J , K ) = F ( I , J , K )  
G O  T O  7 7 C  

5 7 0  I T A G ( I , J , K ) = 9  
P T ( I  ,  J , K ) = P (  I , J , K )  
P (  I , J . K ) = P B O ( I D U M )  
W R I T E ( 6 . 7 8 0 )  I , K , P ( I , J , K )  

7 8 0  F O R M A T ( / 1 0 X , « S O U R C E  O R  S I N K  N O D E  1 =  ' , 1 3 ,  •  K =  * ,  
* 1 3 , '  H E A O < C M ) = ' , F 1 0 . 3 )  
I  D L 1 M =  l D U M  +  1  
G O  T O  7 7 0  

5  8 3  I T A G (  I  ,  J  . K  ) = 1 0  
3 0 2 6  P T ( I , J , K ) = P ( I , J , K )  

7 7 0  C O N T I N U E  
I 0 I L L = O  
R E A D ( 5 , 9 )  ( D E L T I M d ) , 1 = 1 , I T L I M )  
W R I T E ( 6 , 2 0 8 )  Î  D E L T  Î M Î  Î  Î , 1  =  1 , I T L I M Î  
D E L T = D E L T  I M ( I  )  
T I M = 0  . 0  
T I N E = 0  . 0  
G O  T O  3 4 4  

3 4 1  I F  ( R E S . G T . C X X L )  G O  T O  9 2 5 0  
P E R C = P E R C 1  
D E L T A = O E L T  
D E L T = O E L T I M ( I T )  
T  N = D E  L  T /  (  2  . n  * D E L  T  A  /  

9 0 7 6  T I V = T I M E  
3 4 4  C O N T I N U E  

I F d F R . E C . O »  G O  T O  8 1 0  
C A L L  F R A C U  

8 1 0  C A L L  L S C P  
C  
Q ***** **************************************************** 

C  •  C A L C U L A T E  M A T R I X  P R E S S U R E  H E A D ,  M A T R I X  F L O W  »  
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C  

I F ( I F R . E Q . O )  G O  T O  8 1 4  
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D O  7 9 0  I = 1 , L  
0 0  7 9 0  K = 1 . N  
J = l  
I F ( I T A G (  I » J » K )  . E Q . O )  G O  T O  7 9 0  
N O  =  K T A G ( I . J . K )  
I F  ( X I  M ( N C ) . E Q . 0 . 0  )  G O  T O  7 9 0  
P M ( 1 , J , K > = ( V M ( I . J . K ) * P ( I . J , K ) + U M ( I , J . K ) * P M ( I , J , K ) ) /  

P 8 I 8 =  P M (  I  . J , K ) - P B U B M ( N O )  
I F ( P B I 0 . 6 E . 0 , 0 )  G O  T O  1 2 0 0  
P R K M = A N M C P M ( N O ) * ( P B U G M ( N O ; / P M ( I , J , K ) ) * * E T A M ( N O )  
G O  T O  1 2 1 0  

1 2 0 0  P R N M = A N H C P M ( N O )  
1 2 1 0  Q M A ( I , K ) = 8 . * 0 E L X ( I ) * D E L Z ( K ) * P R M M * ( P M ( I , J , K ) - P ( I . J , K ) ) /  

* ( C L E ( N O ) » C L E { N O ) )  
7 9 0  C O N T I N U E  
8 1 4  C O N T I  N U E  

T I M E = T I M E + D E L T  
I H  (  I T  )  =  I  F  I X  ( T I M E / 3 6 0 0  . 0  )  
I M I N (  I T )  =  I F I X ( ( T I M E - F L O A T ( I H ( I T )  ) * 3 6 C 0  . 0  ) / 6 0 . 0 )  
S E C ( I T ) = T I M E - F L O A T ( I H ( I T ) ) * 3 6 0 0 . 0 - F L O A T ( I M I N ( I T ) ) * 6 0 . 0  
K A R L ( I T ) = K A R  
R E £ L ( I T ) = « e S  
D E L T I ( I T ) = O E L T  
I  T O P I ( I T  )  =  I T O P  
I B U G I ( I T  )  =  I B U G  
I B O O (  I T ) =  I B U G P R  
I F  ( I B U G )  9 0 9 2 , 9 0 9 2 , 9 0 9 1  

9 0 9 2  I F  (  I T O P  )  9 0 9 0 . 9 0 9 0 , 9 0 9 1  
9 0 9 1  I T P U T = I N K P U T  
9 0 9 0  I F  ( N E S ( I T ) )  3 4 5 , 3 4 5 , 3 1 1  

3 4 5  I T = I T + 1  
G O  T O  3 4  1  

C  
C ********************************************************* 
C  P R I N T  O U T  P R E S S U R E  H E A D  Ù  T O T A L  H Y D R A U L I C  H E A D  
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C  

3 1 1  D O  3 3 0  K = 1 * N  
D O  3  3 0  1 = 1 , L  
J =  1  
I F  ( I T A G ( I . J . K ) )  3 5 0 , 3 5 0 , 3 5 1  

3  5 0  P H I ( I . J . K ) = 0 . 0  
G O  T O  3 3 0  

3 5 1  P H I ( I . J . K ) = P ( I . J , K ) + Z ( K )  
3  3 0  C O N T I N U E  

I F ( I T )  3 1 5 . 3 8 9 . 3 9 3  
3 8 9  G O  T 0 ( 3 1 6 . 3 8 0 . 3 1 6 ) . I N N  
3 1 6  W R I T E ( 6 , 3 2 l )  

« I R I T E ( 6 . 3 2 3 )  K A R  
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W R I T E ( 6 . 3 2 4 )  R E S  
K U R - K A R  
R U S = R E S  
G O  T O  3 1  e  

3 9 3  N E  S I  T  =  N E S (  I T )  
G O  T T ( 3 1 7 , 3 8 0 , 3 1 7 ) . N E S I T  

3 1 7  W R I T E < 6 , 3 2 5 )  I T  
W R I T E < 6 , 3 2 5 )  I  H { I T )  , I  M I N ( I T ) , S E C (  I T  )  

3 2 6  F O R M A T ! I X , 5 H T 1 M E = . 1 9 . 6 H  H O U R S , 1 5 , 8 H  M I N U T E S , F 7 . 3 ,  
* 8 H  S E C O N D S / )  

3 1 5  

3 1 8  

6 9 0  

C  
c ********************************************************* 
C  *  P R I N T  O U T  M A T R I X  F L O W  (  C M 3 / S E C / C M )  *  
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
c 

I F d F R . E G . O i  G O  T O  4 8 9  
W R I T E { 6 , 7 9 2 >  

7 9 2  F 0 R M A T ( / 1 0 X , ' P R E S S U R E  H E A D  D I S T R I B U T I O N  I N  M A T R I X : ' / )  
J =  1  
1 = 2  

W R I T E ( 6 ,  2 0 8 )  ( P M (  I • J , K  )  , K = 1 , N )  
W R I T E ( 6 , 1 2 3 0 )  

1 2 3 0  F O f i M A T ( / 1 0 X , • M A T R I X  F L O W ; * / )  
W R I T E ( 6 , 2 1 1 )  I Q M A ( I , K ) . K = l , N )  

2 1 !  F O R M A T  (  l O X . l  2 E 1  0 - 3  )  
4  8 9  I F ( I T )  3 1 9 , 3 9 0 , 3 9 1  
3 9 0  I F ( I N N . E G . 3 )  G O  T O  3 8 0  

G O  T O  3 1 9  
3 9 1  I F  ( N E S (  I T  )  . E Q . 3 )  G O  T O  3 8 0  

G O  T O  3 1 9  
3 8 0  C O N T I N U E  
3 1 9  I T = I T + 1  

I F ( I T - N O T I M E )  3 1 2 , 3 1 2 , 1  
9 2 5 0  W R I T E ( 6 . 9 2 5 1 )  

I Z = I T - 1  
W R I T E (  6 , 7 0 9 7 )  I Z , D E L T I  ( I  2 )  ,  T I  M E  , K A R L (  I Z  )  ,  

W R I T E ( 6 , 3 2 2 )  
W R I T E ( 6 , 3 2 3 )  K A R  
W R I T E ( 6 , 3 2 4 )  R E S  
G O  T O  3 1 8  
I F  ( I P R I N T . E Q . l )  G O  T O  3 1 9  
W R I T E ( 6 , 1 1 6 )  
1 = 2  
J =  1  
W R I T E { 6 , 2 C 8 )  ( P ( I , J , K ) , K = 1 , N )  
I F ( I T  . L T . O  )  G O  T O  3 1 9  
W R I T E ( 6 , 3 2 7 )  
J = 1  
1 = 2 

W R I T E ( 6 , 2 0 8 )  ( P H I ( 1 , J , K ) , K = 1 , N )  
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* R E  S L  (  I Z )  .  l e U G K I Z ) .  I T O P K  I Z )  
G O  T O  1  

C  
C  F O R M A T  S T A T E M E N T S  
C  

2  F O R M A T (  I  1 - ,  I 4 , 2 0 A l  )  
8  F O R M A T  ( 1 6 1 5 )  
9  F O R M A T  ( 8 E 1 0 . 3 )  

1 1  F O R M A T  ( 8 0  1 1 )  
1 6  F 0 R M A T < 6 E 1 0 . 3 . I S A l J  
4 0  F 0 R M A T ( 7 E 1 0 . 3 . 1 5 )  
6 0  F O R M A T  ( 1 M , 9 X . ' T W 0  D I M E N S I O N A L  T R A N S I E N T  S A T U R A T E D ' ,  

• • - L N S A T U H A T E D  L I N E  S U C C E S S I V E  O V E R R E L A X A T I O N  • ,  
*  M O D E L  I N  D O U D L E  P O R O S I T Y  M E D I A * / )  

3 0 6  F O R M A T  ( 1 0 X , 1 2 H 0 A T A  D E C K  :  , 2 0 A 1 / / )  
6 1  F O R M A T  (  l O X , 2 2 H N 0 0 E S  I N  X - D I R E C T I O N  = . I 5 )  
6 3  F O R M A T  ( I O X , 2 2 H N O D E S  I N  Z - O I R E C T I O N  = . I 5 / / )  

5 8 5  F O R M A T  (  1  H O  •  9 X  , 3  S H N O D . A L  S P A C I N G S  I N  X - C I R E C T I O N  - C M / )  
5 8 3  F O R M A T  ( 1  H O . 9 X , 3 3 H N G D A L  S P A C I N G S  I N  Z - D I R E C T I O N  - C M / )  

8 5  F O R M A T  < l h 0 . 9 X , ' N O D A L  C O O R D I N A T E S  I N  X - O I R E C . ,  C M * / )  
8 6  F O R M A T  (  1  O X ,  1  O F l  0  . 2  )  
8 8  F O R M A T  ( l h 0 . 9 X , ' N O D A L  C O O R D I N A T E S  I N  Z - D I R E C . .  C M ' / )  

4 0 0  F O R M A T  ( I H l , 9 X  . 3 0 H S A T U R A T E D  F O R M A T I O N  P R O P E R T I E S / )  
4 0 1  F O R M A T  (  I  0 X ,  ' F O R M A T I O N '  . lOX ,  ' P E R  N X •  , 5 X » • P E R M Z '  t 3 X ,  

* ' P O R O S I T Y ' . 6 X , ' A L P H A ' )  
4  0 2  F O R M A T ( I 1 1 , I X , 1 5 A 1 , E 1 C . 2 . 1 0 X , E 1 0 . ? , F 1 0 . 3 . 2 X , E 1 0 . 2 )  

9 8 3 1  F O R M A T  ( 2 9 X . 4 H C M  2 . 6 X , 4 H C M  2 » 6 X , 4 H C M  2 , 1 8 X • 4 H C M - 1 / )  
7 0  9 7  F O R M A T ( / 1 0 X , ' I T = ' , I 3 . 2 X ,  • D E L T =  • »  E l O .  3 . 2 X ,  • T I M E = '  ,  

* E 1 0 . 3  » 2 X K A R  =  ' » I 3 . 2 X , ' R E S  I  D U E  =  '  , E 1 0 . 3 . 2 X , '  I B U G = ' , 1 3 ,  
* 2 X , ' I T O P = ' . 1 3 / )  

4 0 8  F O R M A T  ( 1  H O t 9 X , 3 2 H U N S A T U R A T E D  F O R M A T I O N  P R O P E R T I E S / )  
4 0 9  F O R M A T  (  l O X  ,  1 1  ,  1  X  ,  1  5 A  1  ,  I  X  ,  4 H E  T  A =  , F 5 .  2  ,  2 X  ,  

t ' B U B .  P R E S .  = ' , F 1 0 . 2 , I X . ' R E S I D U A L  S A T . =  '  , F  1 0 . 2 )  
9 0  F O R M A T  (  I H l  •  9 X , l  3 H N 0 D A L  T A G  M A P / )  
< 3 1  F O R M A T  ( l O X ,  1 6 H  0 = O U T S I D E  M O D E L )  
9 2  F O R M A T  ( l O X , '  1 - 7 = Z 0 N E S  O F  I N I T I A L  G U E S S E D  P R E S S U R E  

• ' H E A D * )  
9 3  F O R M A T  ( 1 0 X , 1 3 H  6 = F L U X  N O D E S )  
9 4  F O R M A T  ( 1 0 X . 1 3 H  9 = H E A D  N O D E S / )  

1 0 9 1  F O R M A T  ( 1 0 X . 1 6 H  0 = O U T S I D E  M O D E L )  
1 0 9 2  F O R M A T  ( l O X . l S H  1 - 9 = F 0 R M A T I 0 N S / )  

I C O  F 0 R M A T ( 1  O X , 5 0 1 2 )  
1 1 6  F O R M A T  ( I H l , g x , ' I N I T I A L ( G U E S S E D )  P R E S S .  H E A D  -  C M ' / )  
2 0 7  F O R M A T  ( ? X , 2 h K = , I 2 )  
2 0 8  F 0 R M A T ( 2 X  , 1 6 F 8 . 2 )  
3 2 1  F O R M A T C I H I , 9 X , • I N I T I A L  S T E A D Y - S T A T E  P R E S S ,  H E A D  -  C M ' )  
3 2 2  F O R M A T  ( 1  O X , 2 4 H P R E S S U R E  H E A D  V A L U E S  - C M / )  
3 2 3  F O R M A T  (  l O X ,  2 1 H N U M B E R  O F  I  T E R  A T  I  C N S =  ,  I  5  )  
3 2 4  F O R M A T  { I  0 X , 8 H R E S I O U E = , F 1 0 , 6 / )  
3 2 5  F O R M A T  ( 1 H 1 , 1 6 H T I M E  S T E P  N U M B E R , 1 5 )  
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327  FORMAT (1  HO.9X.25HHYDRAULIC HEAD VALUES -CM/ )  
9800  FORMAT {  1  HO ,  9X ,4  H  I  MP= .  I  3 » 3X  t  7HN0 T  I  ME= »  14  ,  3X .  6H ITPUT= .  

•  1 2 . 3 X  , 7 H M I M P U T  =  ,  1 2 )  
9 8  0 1  F O R M A T ( / I O X , • S E T A ( l / C M ) = * , E l O . 3 . ? X , • R E P . P E R M ( C M / S ) = • ,  

» E 1 0 . 3 . 2 X , ' E R R O R  L I M ( C M ) = * , F 6 . 1 . 2 X , « P E R C = ' . E 1 C . 3 , 2 X ,  
* ' P E R C 1  =  '  . E l  0 , 3 / )  

9 8 0 6  F O R M A T  ( 1  H O . 9 X . 6 H a M E G A = , F 4 . 2 , 2 X , 7 H C M E G B C  =  . F 4 . 2 . 2 X i  
* 7 H 0 M E G a i  =  , F 4 . 2 , 2 X , 5 H T 0 L A = , F 1 0 . 3 . 2 X , 5 H T C L B = . F 1 0  W 3 )  

9 8 0 7  F O R M A T  ( I  0 X , 6 H S E A N A  =  . F 7 . 5 . 2 X ,  6 H S E A N B - . F 7 . 5 . 2 X « 5 H K A R T = .  
•  I  4  , 2 X , 6 H G E 0 F F  =  . F 9 . 2 . 2 X  » 5 H 0 I F F = , F 9 . 2 . 2 X , 7 H F A C T O R = . F 4 . 2 )  

5 2 0 0  F O R M A T  < I  H I . 9 X . 1 O H F L U X  N O D E S / )  
7 0 7  F O R M A T  {  I  O X  .  4  I  5 .  3 F 1  0  . 5  )  

9 2 5 1  F O R M A T  (  I H 1 . 9 X , 2 4 H R E S  I  D U E  G R E A T E R  T H A N  2 5 . / / )  
9 8 3 6  F 0 R M A T ( 1 2 X . »  I D U M  I  J  K  R X  R Y « ,  

* •  .  R Z * )  
9 8 3 7  F O R M A T  ( 4 1 X , 1 0 H C M  P E R  S E C / )  

3  R E T U R N  
E N D  
S U B R O U T I N E  L S O R  
C O M M O N / A I /  I  T A G (  2 0 . 1  . 2 0 ) . K T A G <  2 0 , 1  . 2 0 ) . P ( 2 0 . 1 . 2 0 ) .  

1 X <  2 0 )  , Y ( 1 ) . Z ( 2 0 )  , P 0 R 0 ( 9 ) . A L P M A ( 9 ) . P R S A T X ( 9  )  . P R S A T Y < 9  )  .  
2 A N H 0 R (  9 )  .  A N V E R T (  9 )  .  I T I T L E (  2 0  )  . N E S C  1 0 0 )  . E  T A  (  9  )  .  A L A M  (  9  )  »  
3 R E S A T ( 9 )  . R X ( 1 C 0 ) . R Y ( 1  ) , R Z < 1 0 0 ) . P B O ( I C O ) , P B O S ( 1 0 0 ) .  
4 P I  ( 2 0 .  1 , 2 0 ) , P R  S A T Z ( 9 ) . P B U 8 ( 9 )  , P T O P ( 1  C O )  

C 0 M M 0 N / A 2 /  I L P U T t l O O  ) .  I T A G I ( 1 0 0 )  . O E L T K  1 0 0  ) . X L R 1 .  X L R 2 .  
1 P T ( 2 0 , 1 , 2 C ) , D E L X ( 2 0 ) , O E L Y ( 1 ) , D E L Z ( 2 0 ) . O M E G B O . T I M E .  
2 D E L T , G R A V . S E A N A . S E A N B . X L . X L R . C X X L . T H E T A . F A C T E R . F S C A L E .  
3 1 T P U T . O M E G B l  . D I F F . F A C T O R , I B U G ,  I N K P U T . I T O P .  I S T E P . I B I L L .  
4  I T T < 1 0 0 ) s N Q T I M E . R P E R , P E R C , I P I T , T S T E P  

C O M M O N / A 3 / T Î M . P H I C O N , P C O N , I S P . I S U G P R . N O B O . I N N . D E L T F ,  
* T N . I T . T O L A . K A R . K A R T . R E S . T O L B . L . M . N . G E O F F . T I M l . B E T A ,  
•  P C O M ( 2 0 0 ) . P H K  2 0 . 1 . 2 0 )  . U U ( 2 0 . 1  , 2 0 )  . P M C  2 0 . 1  , 2 0  )  , O M E G A  

C O M M O N / A 8 / A P ( 2 0 )  , C P ( 2 0 ) . A ( 2 0 ) , 8 ( 2 0  ) . C ( 2 0 > . D ( 2 0 ) . E ( 2 0 ) .  
1 H (  2 0 )  . W { 2 0 ) , S l 2 0 ) . U X ( ? 0 )  , U Y { 2 0 ) . U Z C 2 C ) . D O N N A I  2 0 ) .  
2 P R 1 ( 2 0 ) . P R 2 ( 2 0 ) , P R 5 ( 2 0 ) . P R 6 t 2 0 ) . L I ( 2 0 )  . L K ( 2 0 )  . F ( 2 0  )  .  
3 L I N K ( 2 0 )  . f i X P ( 2 0 )  , H Y P ( 1 )  . R Z P ( 2 0 ) . G ( 2 0  )  

I B U G P R = 0  
I T  C P = 0  
I B U G = 0  
S l = l  .  
S 2 = l  .  

9 0 9 4  D O  I  K A f t = l , K A R T  
I F  ( I T . L T . 2 )  G O  T O  9 2 1 0  
I F  ( K A R . N E . l )  G O  T O  9 2 1 0  
I F  ( I B U G . N E . O )  G O  T O  9 2 1 0  
I F  ( I T O P . N E . O )  G O  T O  9 2 1 0  
D O  9 2 1 1  I D U M = 1 . N O B O  
I F  i  I L P U T (  I D U M  ) . E Q . 3 )  G O  T O  9 2 1 2  

9 2 1 1  C O N T I N U E  
G O  T O  9 2 1 0  
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9 2 1 2  I D L M = 1  
D O  9 2 1 3  J = 1 . M  
D O  9 2  1 4  1 = 1 , L  
D O  9 2 1 4  K = 1 . N  
I F  U T A G ( I . J , K ) . L T . 0 )  G O  T O  9 2 1 4  
I F  ( I T A G ( I , J , K ) . G T . 9 )  G O  T O  9 2 1 4  
I F  (  I  T A G (  I • J , K } . E Q . 9 )  G O  T O  9 2 1 5  
I F  ( I L P U T ( I D U M ) , N E . 3 )  G O  T O  9 2 1 5  
I F  (  I T A G (  1 + 1  • J , K ) « N E . 9  )  G O  T O  9 2 5 5  
I R = I + 1  
K R = K  

G O  T O  9 2 5 0  
9 2 5 5  I F  ( I T A G ( I - l . J . K > . N E . 9 )  G O  T O  9 2 5 6  

I R = I - 1  
K R = K  
G O  T O  9 2 5 0  

9 2 5 6  I F  ( I T A G ( I » J , K - 1 ) . N E . 9 )  G O  T O  9 2 5 7  
I R = I  
K R = K - 1  
G O  T O  9 2 5 0  

9 2 5 7  I F  < [ T A G ( I - 1 . J , K - 1 ) . N E . 9 )  G O  T O  9 2 5 8  
I R = I - 1  
K R = K - 1  
G O  T O  9 2 5 0  

9 2 5 8  I F  (  I  T A G { I + 1  , J  • < - 1  I , N E . 9 )  G O  T O  9 2 1 5  
I R = I + 1  
K R = K - 1  

9 2 5 0  J R = J  
J D U M =  I D U M  
I D C M = 1  
D O  9 2  5 1  J H = 1 , M  
D O  9 2 5 1  I H = 1 , L  
D O  9 2 5 1  K H = 1 , N  
I F  (  I T A G (  I H , J H , K H ) . L T . S )  G O  T O  9 2 5 1  
I F  {  Ï  T A G (  I H ,  J H , K H )  . G T  , 9  »  G O  T O  9  2 5 1  
I F  ( I T A G (  I H , J H . K H ) . E G , 8 >  G O  T O  9 2 5 2  
I F  ( J M . N E . J R )  G O  T O  9 2 5 2  
I F  ( I H . N E . I R )  G O  T O  9 2 5 2  
I F  ( K H . N E . K R t  G O  T O  9 2 5 2  
I F  ( I L P U T ( I O U M ) . E 0 . 3 )  G O  T O  9 2 5 3  
G O  T O  9 2 6 2  

9 2 5 2  I D U M = I D U M + 1  
9 2 5 1  C O N T I N U E  
9 2 5 3  I F  ( I R . E Q . I - 1 )  G O  T O  9 2 6 0  

I F  ( I R . E Q . l + l )  G O  T O  9 2 6 1  
G O  T O  9 2 1 6  

9 2 6 0  I F  ( K R . E G . K )  G O  T O  9 2 3 4  
G O  T O  9 2 3 1  

9 2 6 1  I F  ( K R . E C . K )  G O  T O  9 2 3 3  
G O  T O  9 2 3 2  
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9 2 6 2  I D U M = J O U y  
I F  ( I R . E Û . I - l )  G O  T O  9 2 6 3  
I F  ( I R . E Q . I + 1 )  G O  T O  9 2 6 4  
G O  T O  9 2 5 7  

9 2 6 3  I F  { K R . E Q . K )  G O  T O  9 2 5 6  
G O  T O  9 2 5 8  

9 2 6 4  I F  ( K R . E Q . K )  G O  T O  9 2 5 5  
9 2 1 5  I 0 U M = I D U M + 1  
9 2 1 4  C O N T I N U E  

IG=0 
IDUM=1 
D O  9 8 0 0  1 = 1 , L  
D O  9 8 0 0  K = l , N  
I F  ( I T A G (  I , J  . K ) , L T  . 8  )  G O  
I F  ( I T A G ( I , J , K ) . G T . 9 )  G O  
I F  ( I T A G (  I , J . K ) . E Q . 9 )  G O  
I F  ( I L P U T ( I D U M ) . N E . 3 >  G O  
I F  ( I G . N E . O )  G O  T O  9 8 0 2  
K I L L = K  
I L L = I  
I G = 1  
G O  T O  9 8 0 1  

9 8 0 ?  I F  ( K . G E . K I L L )  G O  T O  9 8 0 1  
K I  L L  =  K  
I L L = I  

9 8 0 1  I 0 U M = I 0 U M + 1  
9 8 0 0  C O N T I N U E  

L I ( J ) = I L L  
L K ( J ) = K I L L  
L I N K i J » = 6  
G O  T O  9 2 1 3  

9 2 1 6  L I N K < J > = 1  
G O  T O  9 2 3 0  

9 2 3 1  L I N K ( J ) = 2  
G O  T O  9 2 3 0  

9 2 3 2  L I N K ( J ) = 3  
G O  T O  9 2 3 0  

9 2 3 3  L I N K ( J ) = 4  
G O  T O  9 2 3 0  

9 2 3 4  L I N K ( J ) = 5  
9 2  3 0  L I ( J ) = I  

L K ( J ) = K  
9 2 1 3  C O N T I N U E  
9 2 1 0  D O  7 0 4  1 = 1 , L  

D O  7 0 4  K = 1 , N  
J = 1  
I F  ( K A R - 1 )  3 7 0 , 3 7 0 , 3 7 1  

3 7 0  I F  ( I T - 1 )  3 7 2 , 3 7 2 , 9 0 0 0  
3 7 2  P I ( I , J , K ) = P ( I , J , K )  

G O  T O  7 0  4  

T O  9 8 0 0  
T O  9 8 0 0  
T O  9 8 0 1  
T O  9 8 0 1  
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9 0 0 0  I F  ( I T P U T )  3 7 2 , 3 7 2 . 3 7 3  
3  7 3  P I  ( I . J . K )  =  (  (  T N + 1  . 0 ) * P { I , J . K ) - T N * P T ( I  , J , K ) )  

I F  ( I B L G . N E . n *  G O  T O  7 0 4  
I F  ( I T O P . N E . O )  G O  T O  7 0 4  
I F  ( I . N E . L K J ) )  G O  T O  7 0  4  
I F  ( K . N E . L K ( J ) )  G O  T O  7 0 4  
I F  C L 1 N K ( J ) . E Q . 6 )  G O  T O  7 0 4  
I F  ( P I (  I . J . K ) - P (  I . J . K )  )  9 2 2 6 , 7 0 4 , 7 0 4  

9 2 2 6  L L L = L I N K ( J )  
G O  T O  { 9 2 3 5 . 9 2 3 6 , 9 2 3 7 , 9 2 3 8 . 9 2 3 9 , 7 0 4 ) , L L L  

9 2 3 5  I T A G (  I , J  , K - 1  ) = 8  
LK(J)=K-1  
G O  T O  7 0  4  

9 2 3 6  I T A G ( I - l , J , K - 1 ) = 8  
L I < J ) = I - 1  
LK(J)=K-1  
G O  T O  7 0 4  

9 2 3 7  I T A G C I + l • J . K - 1 ) = 8  
L I ( J ) = I + 1  
LK(J)=K-1  
G O  T O  7 0  4  

9 2 3 8  I T A G ( I + l . J , K ) = 8  
L I ( J ) = I + 1  
G O  T O  7 0 4  

9 2  3 9  I T A G ( I - l . J . K ) = 8  
L I ( J I = I - 1  
G O  T O  7 0 4  

3 7 1  I F  ( I T )  4 0 0 0 , 4 0 0 0 . 4 0 0 1  
4 0 0 0  S E A N = S E A N A  

P I  ( I . J . K ) = P I (  Ï . J . K > + S E Â N * \ P ( i . J . K Î - P Î Î  I . J . K ) }  
G O  T O  7 0 4  

4 0 0 1  S E A N = S E A N B  
I F  ( I T P U T . E Q . C )  G O  T O  4 0 2 0  
I F  ( I T . N E . l )  G O  T O  4 0 0 2  

4 C 2 0  I F  ( K A R . N E . 2 )  G O  T O  4 0 0 2  
P I ( I . J . K ) = { P < I . J . K ) + P I ( I . J , K ) ) / 2 . C  
GO TO 704  

4 0 0 2  P I ( I , J , K ) = P I ( I , J , K ) + S E A N * ( ( ( P { I . J . K ) + P T ( I . J . K ) ) / 2 . 0 ) -
» P I ( I . J . K ) )  

7 0 4  C O N T I N U E  
I F ( I T - l )  7 0 0 . 7c0 . 7 0 l  

7 0 1  I F  ( K A R - 1 )  7 8 0 . 7 8 0 . 8 4 0  
7 8 0  D O  6 1  1 = 1 . L  

D O  6 1  K = 1 . N  
J =  1  

6 1  P T ( I , J , K ) = P ( I . J , K )  
8 4 0  I F  ( I T - 1  )  7 0 0 . 7 0 0 , 8 3 6  
8 3 6  I F  ( K A R . N E . l )  G O  T O  7 0 0  

I F  C I B U G . N E . O )  G O  T O  7 0 0  
I F  ( I T O P . N E . O )  G O  T O  7 0 0  
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I D L I M = 1  
I 0  0 T = 0  
D O  8 1 0  1 = 1 , L  
D O  8 1 0  K = l  , N  
J =  1  
I F  (  I T A G (  I . J . K ) . E Q . f l )  G O  T O  8 1 5  
I F  ( I  T A G (  I  . J » K ) . N F  . 9  )  G O  T O  8 1 0  
I F  ( I U P U T < I D U M ) . G E . 3 )  G O  T O  8 2 2  
I T A G ( I , J . K » = 8  
G O  T O  8 2 2  

8 1 5  I F  ( I L P U T (  I D U M » , N E « 6  )  G O  T O  8 2 2  
I  T A G {  I  »  J . K ) = 9  

8 2 2  I F  ( I T A G ( I . J . K ) - 9 )  8 2 7 , 8 2 6 . 8 1 0  
8 2 6  I F  f I L P U T (  I 0 U M > . E Q « 3 )  G O  T O  8 1 3  

I F  ( I L P U T ( I D U M ) . L T . 5 )  G O  T C  8 1 3  
I F ( I T T (  I T  ) . E Q . O )  G O  T O  8 1 3  
R E A D ( S , 4 5 )  P B O ( I D U M )  
I F  ( I L P U T ( I D U M ) . N E . Ô )  G O  T O  8 1 3  
I F  ( P B O ( I C U M ) . G E . O . O )  G O  T O  8 1 3  
I T A G { I , J , K ) = 8  
R X { I D U M ) = 0 « 0  
R Z ( I D U M ) = 0 « 0  
G O  T O  8 1 3  

8 2 7  I F  ( I T A G (  I , J , K ) . N E . 8  )  G O  T O  8 1 0  
I F  ( I L P U T ( I D U M ) . E 0 . 3 )  G O  T O  8 1 3  
R X P ( I O U M ) = R X ( I D U M )  
R Z P (  I D U M »  =  R Z (  I D U M  )  
I F  ( I L P U T ( I 0 U M ) . N E . 2 )  G O  T C  1 8 1 3  
I F ( I T T (  I T  ) , E Q « 0 )  G O  T O  1 8 1 3  
I F  Î I S T E P * N E » Î Î  G O  T O  1 2 6 0  
I F  ( T I M E . L T . T S T E P )  G O  T O  1 8 1 3  
I F  ( I B I L L . N E . O )  G O  T O  1 8 1 3  
I F  ( I D U M  . N E . N O B O )  G O  T O  1 8 6 0  
I B I L L = 1  

1 8 6 0  R E A D ( 5 , 4 £ )  R X ( I D U M ) , R Z ( I D U M )  
I F  ( I D O T )  1 8 3 0 , 1 8 3 0 , 1 8 3 1  

1 8 3 0  W R I T E { 6 , 1 8 3 2 )  
W R I T E ( 6 . 1 6 3 3 )  

i 633 FORMATÎ/ÎIX,• IDUM* .4X*'I',4X*'J'»4X,'K*;5X,'RX':8X: 
*'RZ'/) 

1 8 3 1  W R I T E < 6 , 7 0 7 )  I D U M ,  I  , J , K , R X { I D U M )  ,  R 2 ( I D U M )  
I D C T = I D 0 T + 1  

1 8 1 3  G U Y = P T O P ( I D U M ) - P ( I , J , K )  
I F  ( G U Y . G E , G E O F F )  G O  T O  8 1 3  
B E F O R E = D E L X ( I ) * H Z P ( I D U M ) • D E L Z ( K ) * R X P ( I D U M )  
A F T E R = D E L X ( I ) * R Z ( I D U M ) + D E L Z ( K ) * R X ( I D U M )  

1 8 5 1  A D D = B E F O R E - A F T E R  
I F  ( A D D . G E . G E O F F )  G O  T O  8 1 3  
I T A G (  I , J . K ) = 9  
P D O ( I D U M  )  = P T O P ( I D U M )  
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8 1 3  I D U M = I D U M + 1  
8 1 0  C O N T I N U E  
7 0 0  C A L L  L S O R V  

1 3  I F ( K A R - K A R T )  4 0 , 9 2 0 5 , 9 2 0 5  
4 0  I F  ( I T )  3 3 3 5 , 3 3 3 5 , 3 3 3 6  

3 3 3 5  T Q L C = T Q L A  
G O  T O  3 3 3 7  

3 3 3 6  T 0 L C = T 0 L 8  
3 3 3 7  I F  ( R E S - T O L C )  9 2 0  5 , 9 2 0  5 , 3 3 3  8  
3 3 3 8  I F  ( I T . E C . O )  G O  T O  3 3 3 3  

I F ( K A P . L E . 2 )  G O  T O  3 3 4 0  
R F S O = P E S - R E S P  
I F ( R F S O - D I F F I  3 3 4  7 , 3 3 4  7 , 9 0 9 7  

9 0 9 7  I F ( R E S - R E S P P >  3 3 4  7 , 3 3 4  7 , 9 0  9 2  
3 3 4 0  I F t K A R . E O . l )  G O  T O  3 9 5 1  
3 3 4 7  R E S P P = R E S P  
3 9 5 1  R E S P = R E S  

I F  ( N E S ( I T ) . L E . O )  G O  T O  1  
3 3 3 3  I F  ( I P I T . E G . O )  G O  T O  1  

I F  ( K A R . N E . l )  G O  T O  9 8 1 0  
W R 1 T E < 6 , 9 7 2 0  »  I T  
W R I T E ( 6 , 9 7 2 1 )  

9 8 1 0  W R I T E C 6 , 3 3 3 4 )  K A R . R E S  
1  C O N T I N U E  

9 C 9 2  W R I T E ( 6 , 3 3 3 4 )  K A R , R E S  
D O  9 0  9  3  1 = 1 , L  
D O  9 C 9 3  J  =  1  ,  M  
D O  9 0  9  3  K = 1 , N  

9 0 9 3  P C  I . J , K ) = P T ( I , J , K >  
D E L T = D E L T / F A C T O R  
I F ( I B U G . N E . O )  G O  T O  9 2 4 0  
I N K P U T = I T P U T  

9 2 4 0  I T P U T = 0  
I 8 U G = I B U G + l  
I F  ( I B U G . L E . 2 )  G O  T O  9 0 9 4  
I T P U T = I N K P U T  

9 2 0 5  I F ( I T . L T . 2 )  G O  T O  2 5  
I F ( I T O P . N E . O )  G O  T O  2 5  
IDUM=1 
D O  9 2 0 6  J = 1 , M  
D O  9 2 0 6  1 = 1 , L  
D O  9 2 0 6  K = l , N  
I F  ( I T A G (  I . J , K ) . N E . 8 )  G O  T O  9 2 2 1  
I F  { I L P U T ( I D U M ) . G T . 3 )  G O  T O  9 2 2 2  
I F  ( I L P U T ( I D U M ) . N E . 3 )  G O  T O  9 2 2 5  
I F  ( I . N E . L K J ) )  G O  T O  9 2 2 2  
I F  ( K . N E . L K ( J ) )  G O  T O  9 2 2 2  

9 2 2 5  I F  ( P C  I , J , K > - P T O P ( I D U M ) )  9 2 2 2 , 9 2 0 7 , 9 2 0 7  
9 2 0 7  I T A G {  I  ,  J  , K ) = 9  

P B O ( I D U M ) = P T O P ( I D U M )  
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I T C P = 1  
I B U G P R = I  B U G  
I B U G = 0  

9 2 2 1  I F  ( I T A G (  I . J , K ) , N E . 9 )  G O  T O  9 2 0 6  
9 2 2 2  I D U M = I 0 U M + 1  
9 ? C 6  C O N T I N U E  

I F  t I T O P . N E . l )  G O  T O  2 5  
D O  1 8 6 1  1 = 1 . L  
D O  1 8 6 1  J = l . M  
0 0  1 8 6 1  K = 1 , N  

1 8 6 1  P ( I . J , K ) = F T ( I . J , K )  
I N K P U T = I T P U T  
I T P U T = 0  
G O  T O  9 0 9 4  

4 5  F O R M A T C S E I O . 3 )  
7 0 7  F O R M A T ( I O X . 4 I 5 . 3 F 1 0 , 5 )  

1 8 3 2  F O R M A T  ( 1  H I . 9 X , 1 2 H F L U X  C H A N G E S / )  
3 3 3 4  F O R M A T  I  1  0 X ,  1 5  . F  1 4 .  2  )  
9 7 2 0  F 0 F M A T ( 1 H 1 , 9 X , * I T E R A T  I O N  S U M M A R Y  F O R  T I M E  S T E P  N 0 = ' .  

* 1 5 / )  
9 7 2 1  F O R M A T  ( 1 C X . 1 6 H I T E R  N O  R E S I D U E / )  

2 5  R E T U R N  
E N D  
SUBROUTIKE LSORV 
C O M M O N / A l /  I T A G < 2 0 . 1  » ? 0 ) . K T A G ( 2 C  . 1  . 2 0 )  . P ( 2 0 .  1  . 2 0 )  .  

1 X { 2 0 ) . V { 1 ) . Z ( 2 0 )  , P O R Q ( 9 »  . A L P H A ( 9 ) . P R S A T X ( 9 ) , P R S A T Y ( 9 ) ,  
2 A N H 0 R { 9 ) . A N V E R T ( 9 ) .  I T I T L E ( 2 C ) , N E  S (  1 C C ) , E T A ( 9 ) . A L A M ( 9 ) .  
3 R E S A T (  9 )  , R X (  1 0 0 )  .  R Y  (  1  )  . R Z  (  1 0 0  )  . P B C t l C O  ) .  P B O S d O O  )  .  
4 P Î  < 2 0 . 1  , 2 0 ) » P R S A T Z (  9 ) , P B U B ( 9 )  . P T O P d O O )  

C O M M O N / A 2 /  I L P U T ( 1 0 0 ) .  I T A G K 1 0 0 )  . D E L T I ( 1 0 0 ) . X L K i . X L R 2 .  
1 P T ( 2 0  . 1  , 2 C ) « D E L X ( 2 0 )  . D E L Y ( l ) . D E L Z ( 2 0 ) • C M E G B O . T 1 M E .  
2 D E L T , G R A V . S E A N A . S E A N B . X L . X L R . C X X L . T H E T A . F A C T E R . F S C A L E .  
3 I T P U T . O M E G B l  . D I F F . F A C T O R  .  I  B U G .  I N K P U T . I  T O P . I S T E P . I B I L L .  
4 I T T ( 1 0 0 )  . N O T I M E . R P E R . P E R C . I P I T . T S T E P  

C 0 W M 0 N / A 3 / T I M . P H I C O N , P C O N .  I S P .  I B U G P R . N O B O . I N N . D E L T F .  
*  T N . I T , T O L A . K A R  . K A R T . R E S . T O L G . L . M . N . G E O F F . T I M l . B E T A ,  
* P C 0 M ( 2 0 0  ) . P H I <  2 0 ,  1 , 2 0 )  , U U ( 2 0 . I . 2  0 )  . P M ( 2 0  . 1  , 2 0 )  . O M E G A  

C O W M O N / A 8 / A P ( 2  0 )  .  C P  (  2 0  )  .  A (  2 0  )  ,  B (  2 0  )  ,  C (  2 0  Î  .  D Î  2 0  )  . E  {  2 0  )  .  
1 H (  2 0 )  . W ( 2 0 )  . 5 (  2 0 )  . U X ( 2 0 )  . U Y ( 2 0 > , U Z ( 2 0 )  , O O N N A ( 2 Û ) ,  
2 P R l ( 2 0  )  . P H 2 ( 2 0  ) , P R 5 ( 2 0 ) , P R 6 ( 2 0 ) . L I ( 2 0 ) . L K ( 2 C ) . F ( 2 0 ) ,  
3 L I N K ( 2 0 ) , K X P ( 2  0 ) , R Y P ( I ) , R Z P ( 2 0 ) . G ( 2 0 )  

R E  S =  0  .  0  
R E S S = 0 . 0  
N 1 = N - 1  
I D U M =  1  
J =  1  
D O  2  1 = 1  , L  

C  
C  B E G I N  C O M P U T I N G  C O E F F I C I E N T S  A . B . C . D  
C  
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D O  3  K = 1 , N  
I F  ( I T A G C I , J . K ) . E Q . O )  
I F  ( I T A G ( I . J , K ) . E 0 . 9 )  
I F ( I T A G ( I , J . K ) , E Q . 1 0 )  
U X ( K ) = 0 . 0  
UZ(K)=0.0 
N O = K T A G (  I  .  J . K )  
E T A 1 = E T A ( N 0 )  

C 
c ********************************************************* 
C  C O M P U T E  D I R E C T I O N A L  S U B - C O E F F I C I E N T S  G . H , P , Q , A , C , A P , C P .  
C *********** ********************************************** 
c  
c  
c  L E F T  
C  

0 1 6  I F  ( I  T A G { 1 - 1  .  J . K ) . N E . O )  G O  T O  5 3 0 0  
I F  ( I T A G ( I . J . K ) - 8 )  5 3 0 1 , 5 3 0 4 , 5 3 0 4  

5 3 0 1  H ( K ) = 0 . 0  
G O  T O  1  1 6  

5 3 0 4  U X { K ) = f i X ( I D U M ) / D E L X < I )  
G O  T O  5 3 0 1  

5 3 0 0  I F ( I T A G (  I - l . J . K J  , E Q . 1 0 1  G O  T O  5 3 0 4  
P 2 = P I ( I - l , J , K ) + C  D E L X ( I - l  ) / < D E L X (  I - 1 ) + D E L X (  I ) > } *  

* ( P I ( I  ,  J , K ) - P I ( 1 - 1  , J , K )  )  
I F  ( P 2 - P B U B ( N 0 ) )  0 1 8 . 0 1 7 , 0 1 7  

0 1 7  P R 2 A = A N H C f i ( N 0 )  
G O  T O  9 5 8  

0 1 8  P R 2 A = A N H 0 R ( N O ) * ( P B U B ( N O ) / P 2 ) * » E T A 1  
9 5 8  I F  < K T A G < I , J . K ) - K T A G ( I - l , J , K # >  9 6 0 , 9 5 9 , 9 0 0  
9 5 9  P R 2 B = P R 2 A  

G O  T O  9 6 1  
9 6 0  N A = K T A G (  I - l  , J .  K >  

E T A 2 = E T A ( N A )  
I F ( P 2 - P B U B ( N A ) >  9 5 6 . 9 5 5 , 9 5 5  

9 5 5  P R 2 B = A N H 0 R ( N A )  
G O  T O  9 6  1  

9 5 6  P R 2 B = A N H C f i ( N A ) » ( P B U B ( N A ) / P 2 ) » * E T A 2  
9 6 1  P R 2 ( K ) = ( P R 2 A + P R 2 B ) / 2 . 0  

I F ( P R 2 f K )  . G E . P E R C  )  G O  T O  0  1 4  
P R 2 ( K ) = P E R C  

C 1 4  H { K ) = P R 2 ( K ) / ( O E L X ( I ) * ( D E L X ( I ) + D E L X ( I - l ) ) >  
C  
C  R I G H T  
C  

1  1 6  I F  (  I T A G (  I + l  . J . K  ) . N E , C )  G O  T O  5 4 0 0  
I F  ( I T A G (  I  , J , K ) - 8 )  5 4 0 1  , 5 4 0 4 , 5 4 0 4  

5 4 0 1  G ( K )  =  0 . 0  
G O  T O  4 1 6  

5 4 0 4  U X ( K ) = R X ( l O U M ) / D E L X ( I )  

G O  T O  3  
G O  T O  5 2 0 7  
G O  T O  3  
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G O  T O  5 4 0  1  
5 4 0 0  I F ( I T A G ( I + l . J . K ) . E Q . 1 0 )  G O  T O  5 4 0 4  

P I = P I  ( I . J . K ) • ( D E L X ( I ) / ( D E L X ( I ) + D E L X (  I •  1  )  >  )  *  
* ( P I ( I + 1 , J , K ) - P I ( I . J . K ) )  

I F ( P l - P 8 U B { N a ) )  1 1 8 , 1 1 7 , 1 1 7  
1 1 7  P R I A = A N H O R ( N O )  

G O  T O  9 6 8  
1  1 8  P R  I A = A N H O R ( N O )  * ( P 8 U 8 ( N 0 ) / P  1  ) * * E T A 1  
9 6 8  I F  ( K T A G ( I . J  , K ) - K T A 6 t I  +  l . J « K ) )  9 7 0 . 9 6 9 , 9 7 0  
9 6 9  P R 1 B = P R 1 A  

G O  T O  9 7 1  
9 7 0  N B - =  K T A G (  I + l  ,  J  . K  )  

E T A 2 = E T A ( N B )  
I F  ( P l - P B U B ( N B )  )  9 6 6 . 9 6 5 , 9 6 5  

9 6 5  P R 1 8 = A N H 0 K ( N B )  
G O  T O  9 7 1  

9 6 6  P R l B = A N H O R ( N 8 ) * ( P B U B ( N B ) / P l ) * * E T A 2  
9 7 1  P R  l l K ) = ( F R l A  +  P R l B ) / 2 . 0  

I F ( P R ! ( K  )  . G E . P E R C )  G O  T O  1 1 4  
P R 1 ( K ) = P E R C  

1 1 4  G ( K ) = P R 1 ( K ) / C D E L X ( I ) * ( D E L X ( I ) + O E L X ( I + l ) ) )  
C  
C  D O W N  
C  

4 1 6  I F  ( N . E O . l )  G O  T O  2 5  
I F  (  I T A G (  I # J . K - 1  ) . N E . O )  G O  T O  5 7 0 0  
I F  ( I T A G <  I , J  , K ) - 8 )  5 7 0 1 . 5 7 0 4 , 5 7 0 4  

5 7 0 1  C ( K ) = 0 . 0  
C P { K ) = 0 , 0  
G O  T O  5 1 6  

5 7 0 4  U Z  ( K ) = R 2 {  I D U M ) / D E L Z ( K )  
G O  T O  5 7 0 1  

5 7 0 0  I F (  I T A G (  I  ,  J , K - I ) . E Q . I C )  G O  T O  5 7 0 4  
P 6 = P I  (  I  . J , K - 1  ) + ( D E L Z ( K - l  ) /  ( D E L Z ( K - 1  ) + D E L Z ( K ) ) ) *  

* < P  I (  I  ,  J .  K ) - P I  { I , J , K - 1  )  )  
I F  ( P 6 - P B U B ( N 0 ) )  4 1 8 , 4 1 7 , 4 1 7  

4 1 7  P R 6 A = A N V E P T ( N O )  
G O  T O  9 2 5  

4 1 8  P R 6 A = A N H G R ( N O ) * ( P 8 U B ( N O } / P 6 ) * $ E T A 1  
9 2 5  I F  ( K T A G {  I , J  , K ) - K T A G ( I , J , K - 1  )  )  9 2 7 . 9 2 6 . 9 2 7  
9 2 6  P R e B = P R 6 A  

G O  T O  9 2  8  
9 2 7  N A = K T A G (  I  .  J . K - 1 »  

E T A 2 = E T A ( N A )  
I F ( P 6 - P B U E ( N A ) )  9 2 1 . 9 2 0 , 9 2 0  

9 2 0  P R 6 B = A N V E R T ( N A )  
G O  T O  9 2 8  

9 2 1  P R 6 B = A N H C R ( N A ) • ( P B U B ( N A ) / P 6 ) » » E T A ?  
9 2 8  P R 6 ( K ) = ( P R 6 A + P R 6 B ) / 2 , 0  

I F  ( P R 6 ( K  )  . G E . P E R C )  G O  T O  4 1 4  
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P R 6 ( K ) = P E R C  
C P ( K ) = P R 6 ( K ) / D E L Z { K )  
C ( K ) = C P ( K ) / ( D E L Z ( K ) + 0 E L Z C K - 1  )  )  

I F  (  I T A G (  I  .  J » K + 1  ) . N E . O )  G O  T O  5 8 0 0  
I F  ( I T A G (  I . J . K ) - 8 )  5 8 0 1 . 5 8 0 4 , 5 8 0 4  
A ( K ) = 0 . 0  
A P ( K  ) = 0 . 0  
G O  T O  6 1 6  
U Z ( K ) = R Z < l O U M ) / D E L Z ( K )  
G O  T O  5 8 0 i  
I F ( I T A G { I . J . K + l ) . E Q . 1 0 )  G O  T O  5 8 0 4  
P 5 = P I ( I , J . K ) + ( D E L Z ( K ) / ( D E L Z ( K ) + D E L Z ( K + 1 ) ) ) *  

* ( P I ( I , J . K + l ) - P I ( I . J , K ) )  
I F ( P 5 - P B U B ( N 0 ) )  5 1 8 . 5 1 7 . 5 1 7  

5 1 7  P R 5 A = A N V E R T ( N 0 )  
G O  T O  9 3 5  

5 1 8  P R 5 A = A N H C R ( N 0 ) * ( P D U B ( N 0 ) / P 5 ) * * E T A 1  
9 3 5  I F  ( K  T A G d  .  J  . K ) - K T A G (  I  .  J . K + 1  n  9 3 7 . 9 3 6 . 9 3 7  
9 3 6  P R 5 B = P R 5 A  

G O  T O  9 3 8  
9  3 7  N B = K T  A G  {  I  .  J . K + 1  )  

E T A 2 = E T A ( N 8 )  
I F ( P 5 - P 8 U B ( N B ) )  9 3 1 . 9 3 0 . 9 3 0  

9  3 3  P R 5 B = A N V E R T ( N B )  
G O  T O  9 3  8  

9 3 1  P R 5 B = A N H 0 R ( N B ) * ( P B U B ( N B ) / P 5 ) * * E T A 2  
9 3 8  P R S Î K )  = ( F R 5 A 4 - P R 5 S Î / 2 . C  

I F ( P R 5 ( K ) . G E . P E R C )  •  G O  T O  5 1 4  
P R S t K ) = P E R C  

5 1 4  A P ( K »  = P R 5 { K ) / D E L Z ( K )  
A ( K ) = A P ( K  ) / ( D E L Z ( K ) + D E L Z ( K + l )  )  

C  
C  C O M P U T E  T I M E - D E P E N D E N T  S U B - C O E F F I C I E N T  S  
C  

6 1 6  I F  ( I T )  1 6 1 7 . 1 6 1 7 . 1 6 1 6  
1 6 1 7  S v K ) = C . O  

W ( K ) = 0 . 0  
G ( K >  =  2 . 0  * G ( K  »  
H ( K ) = 2 . 0 * H ( K )  
A ( K ) = 2 . 0 * A ( K )  
C ( K ) = 2 . 0 * C ( K )  
G O  T O  1 6 1 8  

1 6 1 6  I F ( P I ( I . J . K ) . L T . O . 0 )  G O  T O  2 1 0  
W ( K ) = ( A L P H A ( N O ) + P O R O ( N O ) * 8 E T A ) / D E L T  
S ( K > = 0 . 0  
G O  T O  1 6 1 8  

2 1 0  I F  ( P I  (  I  ,  J . K )  , L T , P B U B ( N C )  )  G O  T O  5936 

414 

C  
C  U P  
C  

5 1 6  

5 8 0 1  

5 8 0 4  

5 8 0 0  
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W ( K ) = P O A C ( N O ) * B E T A / D E L T  
S { K ) = - A L A M 1 N 0 > # ( 1 . - R E S A T ( N C ) ) • P O R O < N 0 I * P I ( I . J . K ) /  

\  * ( P B U B ( N O > * P B U B < N O ) * O E L T )  
\  G O  T O  1 6 1 8  

5 9 ^ 6  C A 7 = - A L A M ( N 0 ) / P I (  I  t J  » K ) * (  1 . - R E S A T ( N O ) * ( P B U B ( N O ) /  
\ * P I  ( I . J » K  >  ) * * A L A M ( N O ) • P O R O ( N O )  
'  S (  K ) = C A 7 / D E L T  

W ( K ) = P O R O ( N O ) * B E T A / O E L T  
1 6 1 8  B ( K ) = G ( K ) + H ( K ) + A ( K ) + C ( K ) + S ( K ) + U U { I i J . K ) + W ( K )  

C O F = A ( K ) + C ( K ) + G ( K ) + H ( K ) - S ( K ) - W ( K )  
I F  ( I T )  7 1 0 . 7 1 0 . 7 1 1  

7 1 1  P A = P T ( I , J . K + l )  
P C = P T ( I . J . K - 1 )  
P B = P T ( I , J , K )  
P G = P T ( I + 1 . j . K )  
P H = P T (  I - l .  J . K )  
G O  T O  7 1 2  

7 1 0  P A = C . O  
P C = 0 . 0  
P B  = 0 . 0  
P G = 0 . 0  
P H = 0  . 0  

7 1 2  P H A = P ( I - l , J . K )  
P G  A = P  ( 1 + I . J . K )  
P C A = P ( I . J . K - 1 )  
P B A = P ( I , J . K )  
P A A = P ( I . J . K + 1 )  
D ( K )  =  A ( K  > * F A + C ( K  ) * P C - C O F * P B  +  G ( K ) * P G + H ( K ) * P H  +  A P ( K )  

* C P ( K )  U X ( K ) +  U Z ( K ) + H ( K ) * P H A +  G ( K ) * P G A + U U ( I . J . K ) *  
* P M ( I . J . K )  

C  
C  C O M P U T E  B A C K  S U B S T I T U T I O N  C O E F F I C I C I E N T S  E . F  
C  

5  

3 5  

5 2 0 7  

5 2 0 6  

3  9 3  
3  

C  
C  C O M P U T E  P R E S S U R E  H E A D  V A L U E S  F R O M  R E C U R R E N C E  R E L A T I O N  

I F  ( I T A G ( I . J . K - l ) « N E . O )  G O  T O  3 5  
F ( K )  =  A ( K  ) / B ( K )  
F ( K ) = D ( K ) /e ( K )  
G O  T O  5 2 0 6  
E ( K ) = A ( K ) / ( B ( K ) - C ( K ) * E ( K - l ) i  
F C K i  =  (  D î K i - r C Î K  r ^ F Î K - î  >  ) / ( B ( K ) - C {  K Î  * E ( K - 1  J  >  
G O  T O  5 2 0 6  
E (  K ) = C  . 0  
F ( K ) = P B O ( I C U M )  
I F  (  I T A G d  . J  . K  )  .  G T . 7  )  G O  T O  3 9  3  
I F  ( I T . N E . C )  G O  T O  3  
I F  ( P T ( I . J . K ) . E Q . X L R )  G O  T C  3 9 3  
I F ( P T (  I  , J , K Î  . N E . 5 . 0 )  G C  T O  3  
I D b M = I O U M + 1  
C O N T I N U E  
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D O  3 6  K T G P = 2 , N 1  
K = N + Ï - K T C F  
I F  ( I T A G (  I  .  J  . K > . E Q . O )  G O  T O  3 6  
I F  ( I  T A G (  I . J . K  )  . E Q . I O )  G O  T O  3 6  
I F  (  I T A G ( I  . J » K + 1  ) . N E . O )  G O  T O  9 0  
D O N N A ( K ) = F C K )  
G O  T O  3 6  

9 0  DONNA(K ) = E ( K ) * D O N N A ( K + l ) + F { K )  
3 6  C O N T I N U E  

DO 91  K=2 ,N1  
I F  < I T A G ( r , J . K ) . E Q . O )  G O  T O  9 1  
I F ( I T A G (  I . J , K )  . E Q . 9 )  G O  T O  5 9 8 3  
I F C I T A G ( I . J , K ) . E Q . I O )  G O  T O  5 9 4 9  
G A F = A B S ( D O N N A ( K ) - P ( I . J . K ) )  
I F  ( G A F - P E S )  4 8 , 4 8 , 4 9  

4 9  R E S = G A F  
4 8  I F  ( I T )  5 9 3 7 . 5 9 3 7 . 5 9 3 8  

5 9 3 7  O M E G C = C M E G A  
G O  T O  5 9 4 6  

5 9 3 8  I F  ( I T P U T )  9 0 9 0 . 9 0 9 0 . 9 0 9 1  
9 0 9 0  O M E G C = O M E G B O  

G O  T O  5 9 4 8  
9 C 9 1  O M E G C = O M E G B l  
5 9 4  8  P ( I . J , K ) = O M E G C * D O N N A ( K ) > P { I , J , K ) * < 1 . - O M E G C )  

G O  T O  9 1  
5 9 4 9  P {  I .  J  . K ) = 0 . 5 * ( P (  I  .  J . K -  1  ) -  +  P (  I . J . K + 1  )  )  

G O  T O  9 1  
5 9 8 3  P (  I .  J . K ) = D O N N A ( K  )  

9 1  C O N T I N U E  
2  C O N T I N U E  

2 5  R E T U R N  
E N D  
S U B R O U T I N E  F R A C U  
C O M M O N / A l /  I T A G (  2 0 .  1  . 2 0 ) . K T A G C  2 0  , 1  . 2  0 )  . P ( 2 C . 1 . 2 0 ) .  

I X ( 2 C )  . Y ( 1  )  . 2 ( 2  0 )  , P O R O ( 9 ) . A L P H A ( 9 ) . P R S A T X ( 9 ) . P R S A T Y ( 9 ) .  
2 A N H 0 R  ( 9 ) ,  A N V E R T C  9  )  .  I T I T L E (  2 0  )  .  N E  S  (  1  0 0  )  .  E  T A  (  9  )  .  A L A M ( 9 )  ,  
3 R E S A T ( 9 )  , P X (  1 0 0 )  . R Y ( 1  )  . R Z d O O )  .  P B O  (  1 0 0  )  .  P B O S  (  1  C O  )  .  
4 P Î ( 2 0  » 1 « 2 C Î  » P R S A T Z ( 9 )  e  P S U B ( 9 >  s P T O P  C I  0 0  >  

C O M M O N / A 2 /  I L P U T ( 1 0 0 ) .  I  T A G  I ( 1 0 0 )  . D F L T I ( 1 0 0 ) . X L R l . X L P 2 .  
1 P T < 2 0  . 1 . 2 C Î . 0 E L X ( 2 0 )  . O E L Y { I ) . D E L Z ( 2 0 ) . C M E G B C . T I M E .  
2 D E L T , G R A V . S E A N A . S E A N B  «  X L . X L R . C X X L , T H E T A . F A C T E R . F S C A L E .  
3 I T P U T , 0 M E G B 1 . D I F F . F A C T O R , I B U G , I N K P U T , I T O P . I S T E P . I B I L L ,  
4 I T T (  1 0 0 )  . N O T I M E . R P E R . P E R C . I P I T . T S T E P  

C O M M O N / A 3 / T I M , P H I C O N . P C O N . I S P , I D U G P R , N O B O . I N N . D E L T F .  
# T N  , I T , T O L A , K A H . K A R T . R E S , T O L G . L  , M  , N  .  G E O F F  .  T  I M  I  . B E T A .  
•  P C C M ( 2 0 0  )  , P H I ( 2 0 . 1  , 2 0 )  , U U ( 2 0 , 1  , 2  0 )  , P M ( 2 0 , 1  , 2 0  ) . O M E G A  

C O V M O N / A 4 /  U M ( 2 0 ,  I , 2 0  )  , V M (  2 0 , 1  , 2  0 )  , Q M A ( 2 0 , 2 0 )  . C L E ( 9 )  •  
I R E S A T M C  9 )  , P B U B M ( 9 ) , P 0 R C M ( 9 ) . A L A M M ( 9 )  , A L P H A M ( 9 ) , X I M ( 9 ) ,  
2 A N H 0 R M ( 9 ) , A N V E R M ( 9 ) . E T A M ( 9 ) . P R S A X M ( 9 ) . P R S A Z M ( 9 )  
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J - 1  

W R I T E ( 6 . 2 0  8 )  I T  
3 0 8  F O R M A T ( / I  O X . • T I M E  S T E P  N 0 = ' , I 3 / )  

D O  2  K = 1 , N  
D O  3  1 = 1 , L  
I F ( I T A G (  I  ,  J . K )  . E Q . C )  G C  T O  3  
N O = K T A G ( I , J » K )  
I F  ( X I M ( N C  )  . E Q . C  . 0  )  G O  T O  3  
I F t P M (  I  ,  J . K ) . L T . O . O »  G O  T O  1 0  
S M = ( A L P H A M ( N O ) + P O R O M ( N O ) * B E T A ) / D E L T  
P R N = A N H 0 F M { N 0 )  
G O  T O  6 0 0  

1 0  I F { P M {  I , J . K ) , L T . P B U B M ( N 0 )  )  G O  T O  2 0  
P R  I » / = A N H C P M ( N 0 )  
S M  =  ( - A L A M M ( N O ) * ( 1 . 0 - R E S A T M ( N O )  ) * P 0 R O M ( N O ) • P M (  I . J . K ) /  

* ( P R U B M ( N O ) * P B U B M ( N O ) ) + P O R O M ( N O ) » B E T A ) / D E L T  
G O  T O  6 0 0  

2 0  C A 7 = - A L A M M ( N G ) / P M ( I . J . K ) * (  1 , - R E S A T N O ) ) * ( P B U B M ( N O  » /  
* P M ( I . J . K ) * * A L A M M ( N O ) * P O R O M ( N O )  

SM-=( C A7+P0R0M( NO ) *BETA ) /DELT 
P R M = A N H O R M ( N O ) * ( P O U B M C  N O ) / P M ( I  . J . K ) ) * * E T A M ( N O )  

6 0 0  U M ( I.J . K ) = S M  
V M ( I . J . K ) = P R M * X I M ( N O )  
U U  ( I . J  . K ) = U M {  I  . J  , K ) * V M ( I . J . K ) / ( U M ( I . J . K ) + V M (  I . J . K ) )  

3  C O N T I N U E  
2  C O N T I N U E  

1 = 2 

W R  I T E ( 6 , 3 0 0 ) { U M (  I . J . K ) . K = 1 . N )  
I T E ( 6 , 3 C 0 ) ( V M ( I , J . K ) . K = 1 . N )  

W R ï T £ î 6 . 3 0 0 f \ U U { I . J . K ) . K = 1 . N )  
3 0 0  F O R M A T ( 1 0 X . 1 0 E 1 2 . 5 )  

R E T U R N  
END 


