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logarithmic plot, Figure 19b. 1In 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 Milanoﬁié'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 takén as several orders greatef 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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other hand the factor £ is taken as 1 x 10-2 cm—z, correspondi;g
to a block dimension of 56.6 cm. In the model, the product of
matrix permeability, km' and coefficient, &, is considered
directly. A number of combinations of kmg can be simulated
with the model corresponding to various field conditions.
High kmg corresponds to small matrix blocks of low permeability,
and small kmi 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 km or §
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-1l,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 A coefficients, and characteristic length
g of subfracture systems are the basis of such a classifica-
tion. 1If 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

2
p gk, PO¢ ' . ewf
v._!‘ V(wf+2)d=‘_n (af+nf8)+pcf§-t—-

1 ' L 1. ' __2
+ [:n (al + nlB ) + pC%} T +o..F —HR(GP + an )_+ pCp 3T

and



(34)
i ' B = eg -
[np (o, + n ') + pCJat gk, 5T Wy = v

PO, o ' Wy 0_2_9_

R o + n B') + pC{‘-a?- = & ko Wy - ¥y)

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 soclved 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 agquifers 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 6n 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 profiie 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
matiix'flow in o0il 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 uﬁder 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.

S

Functional inputs k{y), 6i{p), C{y), and parameter £ need
theorétical 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 genetalized in explaining the
development of spring flow. However, thé 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 I1, 14 IMP, IFR
B 1 Always Il, 14, 20AI ISP, NOTIME, (ITITLE (1), I=1, 20)
C 1 Always 16I5 L, M, N, NOIN, NOFO, NOHEAD,

NOFLUX, KPUT, ITPUT, IPRINT,
ISTEP, IPIT

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

D2 N/8 Always ‘ 8E10.3 (DELZ (1), I=1,N)

E 1 Always 8E10. 3 BETA, CXXL, PERC, PERC1

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

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

H NOBO/80 80Il (ILPUT (IDUM), IDUM = 1,NOBO)

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

J NOBO/80 80I1 (ITAGY9 (IDUM), IDUM = 1,NOBO)

K1l one card for When : 8E10.3 PBO (IDUM)

each node ITAG = 9

K2 1f ITAG = 8, 8E10.3 RX (IDUM) , RZ(IDUM), PTOP (IDUM)
ITAGI = 0 _ PBO (IDUM)

K3 If ITAG = 8, 3E10.3,I10 RX (IDUM,RZ (IDUM) , PTOP (IDUM)

ITAG = 1 ISUB (IDUM)

10T



Data Deck Instructions for the Program (Continued)

Group No. of cards Needed only Format Input
' when
Ll N*L/80 KPUT = 1 80I1 (KTAG(I,J,¥),1 = 1,L)
L2 KPUT = 2 8011 (KTAG(I,J,X),1 = 1,L)
L3 KPUT = 3 8011 (KFAG(K), K = 1,N)
L4 KPUT = 4 8011 KWAG
M1 1 for each Always 6El0. 3, ANHOR (NO) , ANVERT(NO), PORO(NO),
formation 15a1 ALPHA (NO) , ETA(NO), ALAM(NO),
(ISOIL(NO,IM), IM=1,15),
PBUB (NO) , RESAT (NO)
M2 1 for each IFR#0 6E10. 3, ANHORM (NO) , ANVERM (NO), POROM(NO)
formation 15Al ALPHAM(NO) , ETAM(NO), ALAMM(NO),
(ISOILM(NO,IM),IM=1,15), PBUBM
(NO), RESATM(NO), XIM(NO),
CLE (NO) :
N 1 Always 7E10.3, IS5 OMEGA, OMEGB®@, OMEGBl, TOLA,
TOLB, SEANA, SEANB, KART,
GEOFF, DIFF, FACTOR
0 (1+NOTIME) /80 Always 80Il INN, (NES(IT), IT = 1, NOTIME)
p NOTIME/80 NOTIME > 0 8011 (ITT(IT), IT = 1, NOTIME)
R NOTIME/8 NOTIME > 0 8E10.3 (DELTIM(IT),IT = 1,NOTIME)

20T



Group

No.

Data Deck Instructions for the Program (Continued)

of cards

Needed only Format
when

Input

S

NOBO

ITT > 0

one card for

each node 8E10.3
with ITAG =

9 and ILPUT =

5 or 6

one card for

each node 8E10.3
with ITAG =

8 and

ILPUT = 2

PBO (IDUM)

RX (IDUM) , RZ (IDUM)

€0T
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INPUT PARAMETERS:

IMP = 0 Delimits end of a set of data decks. Final
data card must always have a zero in column 1.

IFR = 0 Impermeable matrix. No data of M2 subgroup.

=1 Permeable matrix.

IsP = 1 It can. have any value.

NOTIME = Number of time steps (£100). Set 0 for runs
for steady state.

ITITLE = Title (<20) alphanumeric characters.

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

M= Set 1.

N = Number of nodes in z-direction (¢99).

NOIN = Number of input fields for guessed initial

pressure heads used as starting values in
steady-state simulation (<7). Usually set to 1l.

NOFO = Number of soil types or geologic formations

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

NOFLUX = 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).

KPUT = 1 KTAG(I,J,K) values are read in by lines
(r =1, L).

= 2 KTAG(I,J,K) values are read in by layers
(=1,L), Jd=1, N).
= 3 KTAG(I,J,K) values are the same (=KWAG) through-

out the grid (i.e.: homogeneous case).



ITPUT

I
o

IPRINT

!
o

ISTEP

Il
o

IPIT

li
|

'~ o

DELX (I)

DELZ (R

CXXL

PERC =
PERC1 =

ITaG(1,J,K)= 0
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Overrelaxation invoked. Linear prediction
equations not used. -

Overrelaxation smothered. Linear prediction
equations used.

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 irn steady state runs.

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

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
nodes with I =1, I =L, K=1, K = N.
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= 1-7 Delineates input fields for guesséd 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 (I,J,K) at grid points inside the
gallery, well, etc.

(L.M.N. values).

PINIT(NOB) = 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).

ILPUT (IDUM) = 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.

= 1 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.

= 2 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 = 9,
and the pressure head is set equal to
PTOP(IDUM) = 0.0. Above the exit point
ITAG = 8 and RX = RZ = 0.0.



107

Constant head PBO(IDUM).

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

Variable head PBO(IDUM) except where PBO = 0.0,

then node is treated as impermeable (ITAG =
1-7).

(NOBO wvalues)

ITAGI (IDUM)
=0

ITAGY (IDUM) =

All nodes with ITAG = 8 are treated as constant
head nodes (ITAG = 9) with head = PBO(IDUM)
during the initial steady-state simulation.

All nodes with ITAG = 8 are treated as
impermeable nodes with ITAG=ISUB(IDL.1) during
the initial steady-state simulation.

The nodes with ITAG = 9 may be treated as
impermeable if ITAGY9 = 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 Delineates configuration of soil types of

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) =

geologic formations. Nodes with KTAG = 1 will
be assigned properties of first fracture
(NO=1); nodes with KTAG=2 will be assigned
properties of second fracture, (NO=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.).

Vertical compressibiliﬁy of fracture NO (cm-l

).

n, 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 of fracture NO.

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

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

Porosity of matrix NO (dec. fract.).

Vertical compressibility of matrix, NO (cm—l).
n, pore size distribution indes of matrix NO,

A, pore size distribution index of matrix NO.

Name of matrix NO.

Air entry pressure of matrix NO.
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CLE (NO)

OMEGA =

OMEGB@ =

OMEGB1 =

TOLA =

DIFF, FACTOR =

INN,NES(IT) =
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Residual saturation of matrix NO.
Parameter & of matrix NO.
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 =
l- 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 wvalue 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).

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 1is cut by FACTOR and the
step is recalculated (recommended values:

DIFF = 0.1, FACTOR = 2.0).

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

No printout



ITT (IT)

TSTEP
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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 ITaAG = 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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ook 2 ok e 3 % K e ok dk g ke Xk ok ok ok ik a3k ok s i ak ok ak sk b ok ok ko ok ok ok o sk 3 ok ok ok ok K ok g ok ok

* TWO ODIMENSIONAL SATURATED-UNSATURATED FINITE *
* DIFFERENCE MODEL OF FLOW THROUGH DOUSBLE POROSITY *
* MEDIA *

Aok e dk ko ko sk ok ook o 3 ok ke X0k ok ok ke sk ok ok ak % ok Xk K K ek R 3 K ak ok ok koK ok ok ok 3k ok ok ok ak sk ko kK

COMMON/ZAY1/ ITAG(20s1920)KTAG(20 +1 220 ) +P(20+1+2C)»
1X(20)s¥(1)Z(2C)+PORO(I)+ALPHA(OG)I+PRSATX(9)+PRSATY(9)
2ANHOR(9)  ANVERTI{O) s ITITLE(20) s NES(10C) +ETA{9) s ALAM{G )
3RESAT(9) 4RX{(100) ,RY(1),RZ(100),.,PBO(100),PBOS(100)»
4PI1(27+1420)s PRSATZ(9),PBUB(9).PTOP(1CO)

COMMON/ZA2/ ILPUT(10C) 2 ITAGI(100) +DELTI(100)+XLR1+XLR2,
1PT (20415200 DELX(20) sDELY (1) +DELZ(20)OMEGBO+TIME »
2DELTsGRAVSEANASEANB s XL s XLRsCXXULsTHETALFACTERFSCALE,
3ITPUT,OMEGB1 ,DIFF, FACTOR’IBUGDINKPUT’ITOPOISTEPQIBILLO
4ITT(100) .NOTIME,RPERLJPERCIPIT,TSTEP

COMMON/ZA3/TIM, pHICON-FCDNc!SP'IBUGPRQNOBO.INNQDELTF'
XkTNes ITes TOLAYKAR JKART qRES+TOLB sL sMyN,GEOFF 4 TIM1 +BETA
XkPCOM (200 ) oPHI (20 9120 ) 2UU(2051 420)sPM(2041+20) sOMEGA

COMMONZASGY/ UM{20+1+20) s VM{20,41 420) +QMA{20,20)+CLE(9)
1RESATM{(9) ,PBUBM(I),POROM(9) ALAMM({ 9) JALPHAM(9) +XIM(G),
2ANHORM{(G)  ANVERM(9) ,ETAM(9) sPRSAXM(9), PRSAZM(9)

COMMON/ZASB/ZAP (20) +CPIL2N)sA(20),8B(20),C(20) +D(20),E(2C),
TH(20) s W{2C)s S(20) 4 UX{20),UY(20) »UZ(20) yOCNNA(20)»
2PR1(20) ¢+ PR2(20):PRE(2C )IPROE(2C)I+LI(20Q) +LK(20)F(20),
3LINK{20) +RXP(20)+sRYP(1)+RZP(20)+G(20)

DINMENSION PINIT(10)+ISOIL(9+15)+ ISUB(100).KARL{100),
1IMIN{100)+SEC(100)+IDUMMY{(10) KFAG(100),MOOF (99),
2RESL{ICCILIBUGIIICO ) 4DELTIMIICS?,ITOOI(00Q) 1IBCNI100)

3I1SOILM(9,15),1H{(1Q0)

2k ok ok Ak ok koK Xk ook oK Ok 8 sk ok K 3 ok R ok d K % 30k Ok koK ok ok ok e ok ok R kR K kK 3k ok
* READ IN GRID DIMENSIONS AND HYDRAULIC PROPERTIES *
ek e sk ook ok ok ok koK K K K ok Kk ke ke ak ok ok ok i sk 3 ok 3k K ol ok ok ok ok A K ok ok ok sk ok ke ek ok kK %

1 READ{(S,2) IMP,IFR
IF (IMP,EQ.0) GO TO 3

READ{D+2) ISP sNCGTIMES{ITITLE(IS»1I=2,202

READ(S+s8) LsMesNe NOIN,NOFOsNOHEAC ,NOFLUX KPUT,
*x1ITPUT ,» IPRINT ISTEP,IPIT

LI=L~-1

N1=N-1

S READ(Se9) (DELX(1),1I=1,L)
READ(S,9) (DELZ(K)K=1,sN)
X(1)=0.0
X(L)=C.0
Z(l)=0.0
Z(N)=0.0
DO 17 1I=2,L1
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500

501

17

502

503
18

Ak ok 3k 3k 3k 3 ok ok ok ko ok ok ok Sk ak dk %k kK X 2K K ok o sk ok e ok ok sk ok ok 3 ok ok ok ok ok ok ok K koK ok ko ok

ASSIGN INITIAL PRESSURE HEADS(GUESS)
ASSIGN VALUES TO HEAD AND

READ IN NODAL TAGS,
INTERIOR AAND NOFLOW NODES,

112

IF(I-2) 500,500,501

XCI)=DELX(I)/2

GG TO 17

XCI)=X(I=1)+(DELX(I=1 )+DELX{[))*0es5
CONTI NUE .

DO 18 K=2sN1

IF(K=2) SC2+502,503

Z(K)=DELZ(K) /2.

GO 70O 18
Z(K)=Z(K=1)+D0.5*%(DELZ(K—-1)+DELZ(K))
CONTINUE
Y{(1)=0.0
DELY(1)=0.0
READ(S,S) BETA,
RPER=1 ¢ /REPPER
XLR=1.
XLR1=0+5S*XLR
XLR2=1+5*XLR

IF (IPRINT.EQs1l) GO TO 6700
WRITE(6,60)

WRITE(6+4306) (ITITLE(I) +1=1,20)
WRITE(64,€1) L

WRITE(6+63) N

WRITE(6,585)

WRITE(6,86) (DELX(I)sI=1,L)
WRITE{6,588)

WRITE(6+8€6) (DELZ(K)+sK=1,N)
WRITE (6. 85)

WRITE(6+8€) (X(I)sI=1,L)

WRITE(6.88)

WRITE(6486) (Z(K)+K=1,4N)
WRITE(64,9800) IMPNOTIME,ITPUT.MIMPUT

CXXL +sPERCsPERC1

WRITE(6,9801) BETA,REPPERICXXL +PERC,PERC1

FLUX NODES

67C0
1117

10
1118
1301

NOBO=NOHE AD+NOFL UX

DO 10 K=1,N

J=1

READ{S+1301) (ITAG(I+JsK)sI=1,L)
IF (IPRINT.EQel) GO TO 115
FORMAT (4012)

WRITE (6,501

WRITE(6+91)

WRITE(6+92)

WRITE(6+53)
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 WRITE(64+54)

113
115
SC11
9013

749

751

3c22

S106

550

9223

3023

520

750

DO 113 KTCP=1,N

K=N¢1 -KTCP

J=1

WRITE(6+100) (ITAG(l+sJeK)el=1,L)

J=1

READ(5,9) (PINIT(NOB) ,NO8=1+NDIN)
READ(S+11) (ILPUT(IDUM),IDUM=1,NCBO)
READ{Ss11) (ITAGI(IDUM),IDUM=1,NOBO)
READ(S+11) (ITAGO(IDUM), IDUM=1 NGBO)
IDUM=1

DO 12 I=1,L

DO 12 K=1,N

J=1

IF (ITAG(LlsJeK)=8) 39,750,751
IF(ITAG( I,J.K)=9) 3022,3022,3023
READ(5.9) PBO{IDUM)
IF(ITAGI( IDUM) «NELO) GO TO 510
PlleJdeK)I=PBO(IDUM)

PT{I+J+sK)=0e9

IF(ILPUT(IDUM) «NE.3) GD TO 9223
PTOP(IDUN)=0.0

RX{IDUM) =0.0

RZ(IDUM)=G.0

GO TO 9223

PT(leJeK)=5.,0

ITAG( I +J+sK)=ITAGI(IDUM)

NOG=I TAG(I4J4+K)

PCIsJsKI=PINITINOG)

WRITE(6+550) I.+K,PBO(IOUM}

FORMAT( /10X, *WILL BE CHANGED TQ , AFTER ¢,
1STEADY=STe RUN I=®,13,2Xe%K=%,13,2X, PRSe HD=
IF(ILPUT(IDUM) NE«3) GO TO 9223
PTOP ( IDUM)=0 .0

RX (I DUM) =040

RZ(IDUM)=N,0

IDUM= IDUM+1

GO TO 12

IDUM=IDUM+1

GO YO 12

P{leJsKIZP(YIsJsK~1)

IF{ITAG(I »JsK)sEQell) GO TO 520
PT(I e JsK)=2.0

GO YO 12

PT(I+JsK)=6.0

ITAG(IsJeK)=1

GO TO 12

IF (ITAGI(IDUM).EQe.1) GD TO 9202

*wF10e27)

READ(S+9) RX(IDUM)yRZ(IDUM),»PTOP (IDUM)},PBO(IDUM)

P(leJsK)=PEBO(IDUM)
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92C2
29

39

13
9018
9020

12
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ITAG(I +JeK)}I=9

PT(Il+sJeK)=XLR

IOUM=IDUMEe]

GO 1O 12

READ(S,29) RX(IDUM), RZ( IDUM) ,PTOP(IDUM), ISUB{( IDUM)
FORMAT(3F103,1I10)

NOG=1SUB( IDUM)
P(IsJoK)=PINITINOG)
ITAG{I»J4K)=ISUB(IDUM)
PT(IsJeK)I=XLR

IDUM= IDUN+1

GO TO 12

IF (ITAG(l,J.K)eNEeN) GO TO 13
P(IlsJsK)=D,0

pT(I-JyK)=000

GO TO 12

NOG=I TAG (I +J,+K)
P(I+JsKI)=PINITI(NOG)
PT(I+sJsK)=060

CONTINUE

% 3k 3 % % koK 3k ok 3ok %k o ok ok ok ke ok A ok ok ok 3k 30K ok o 3k koK 3k e ok sk ok ok 2k ok ok ok ok i 3ok Kk kK kK
KREAD FORMATION NODAL TAGS AND FORMATICN PROPERTIES
ook o e o ok gk ok 2 ok ok 3k ok 30k Kk 3K 3 ok 3k ok 3 ok ok 3ok 3 o ok 2ok ko sk kK ok ko 3k sk ok koK ke o e ok K ok %k

1121

14

30c2
30C3

90G0

9002

9001

9003
1122

901¢C

GO YO (1121,3002,9¢00,9001),KPUT
DO 14 K=1,.N

J=1

READ(S+11) (KTAG{IsJsK)sI=1,4L)
G0 TO 1122

D3 3203 K=1sN

READ(S5+11) ((KTAG(IsJdsK)sI=1,0L)s J=1,sM)
GO TO 1122

READ(S+11) (KFAG(K) s K=1,N)

DO 9002 K=1sN

DO 9002 I=1,L

DO 9002 J=1.M
KTAG(I ¢+ J o K)=KFAG(K)

G0 7O 1122

READ(S5+11) KWAG

DO 9003 K=i N

DO 9002 1=1.L

DO 9003 J=1,M

KTAG(I » J»K)=KWAG

IF (IPRINT.EQ.l1) GO TO 1118
WRITE(6,90)

IF (IPRINT4EQel) GO TO 1115
WRITE(6,1091)

WRITE(6,1092)

DO 1113 KTAP=1,N
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K=N+1~KTCF
J=1
1113 WRITE(E+2100) (KTAG(IsJsK)sI=1,L)

sk ok koK K kK ok ok sk ok ke ok kol ok ok sk e k3 o oKk ke ok K ok R oK ko X sk ok ok ok ok ok ok ok ok ook Xk Xk K

READ IN GECHYDRAUL IC PROPERTIES OF FACTURES
sk o Aok ok ok ok ok K R o MK 08 KK K O 3 sk kR ok ook 3 kool ko ok ok ok e ok ok ok Kk Kok ok ok ok ok Kok ok

111S DO 1S NO=1,NOFO
1016 READ(S,1€) ANHCR({NO) s ANVERT(ND), PORO(NO) + ALPHA{NO),»
*ETA(NO) s ALAMINO)Y ( ISOILINOLIM)IN¥=1,15)+PBUB(ND),
*RESAT (NO)
IF({(IFR+ECeO) GO TO 1S5

ok A ok ok ok ok ok ok 3k ak ok ok ke ko o %k ok e ok Kok ok ok ok ok ok 3k 3K sk ak ok ok ok e ok ok o ok ok ko KOR K K
IFR=1s READ GEOHYDRAULIC PROPERTIES OF MATRIX
IFR=0s MATRIX IS CONSIDERED AS IMPERMEABLE

READ(S,16) ANHORM(NO), ANVERM(NO),POROM(NO) , ALPHAM(NO)
X yETAMINO) s ALAMM(NO) » (ISOILM(NDO,IM)+IM=1,15),
«PBUBM (NO) +RESATM(NO) s X IMINO) 4 CLE (NG)

1S CONTINUE
IF (IPRINT,EGel) GO TO 6702
WRITE(6,400)
WRITE(64+401)
WRITE(6+5831 )
DO 403 NO=1,NOFO
1051 WRITE(6+402) NO»(ISOIL(NO,IM)sIM=1415) yANHCR{NDO),
*AN VERT (NQ) 4PORO(NO) s ALPHA(NC)
IFCIFRL.EQ.CY GO TO 403
WRITE(6+760) ( ISOILMINGsIM)sIM=1,15),ANHORM(ND),
®*ANVERMINC) +PORCM(NG) 4 ALPHAM(NO)
403 CONTINUE
760 FORMAT(12X+15A1.E1042410XsE10e232XsF10e342XsE1042)
IF (IPRINT.EQel) GO TO 6702
406 WRITE(6,4Nn8)
DO 404 NO=1,NOFO
WRITE(6+409) NO,(ISOILI{ND,IM) 2IM=1,15)ETA(NO),
EPBUS{ND) ,RESATING?
IF(IFR.EQ.O0) GO TO 404
WRITE(6,762) ( ISOILM(NGsIM)+IM=1,15),ETAM(ND),
*PBUBM (NO) yRESATM(NO ) s X IM{NO)
1+ XIM{NO)
404 CONT INUE
762 FORMAT(12X,15A141Xs ETAMS=® 4FS542,2X+*PBUBM=®,F1Ce24+2X5s
* tRESATM=9 ,F10e2,2Xs* XIM=?4F10e5)

6702 READ(S5+40) OMEGA,OMEGBO +OMEGB1,TOLA, TOLBs SEANA,SEANB,
*KART s GEOFF ,DIFF,FACTOR

9082 IF (IPRINT.EQel) GO TO 1031

9803 WRITE(6,9806) OMEGA, OMEGB) yOMEGE] » TOLA,TOLB
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. WRITE(6+,9807) SEANA, SEANBIKARTsGEOFF 4D IFF ,FACTCR
1031 ITLIM=NAXO(1  NOTIME)
READ(Ss11) INNS(NES(IT)IT=1,ITLIM)
READ(Ss11) (ITT(I)sI=1,ITLIM)
WRITE(6,895)
895 FORMAT(/10X, 'NEW INPUT VALUES ARE READ AT STEPS*,
*[TT=1%/)
WRITE(6,100) (ITT(I)eI=1,ITLIM)

4 3 o A0 o ok ok ok ko R o ok sk ok ok K o ok K % 20k ko ok 0 ok ok K ke ke ok okook o K ok ok K Rk Kk
PRINT QUT INITIAL (GUESSED) PRESSURE HEAD VALUES AND
CALL SUCCESSIVE OVER RELAXATION SUBROUTINES

s o 2 ok ok ok ok ok o Aok o ek ok ok e oK ok ok A o kok ok 3 ok ke ok ok kK kK ok ok ok 3k 3 K ko kK k ok

NONOOONOOND

J=1
DO 540 I=1,L
DO 540 K=1sN
QMA{I +K)=0,0
PM(I s JeK)=0e0
UM(I+sJ9sKI=0e0
VM(Tl,JsK)=0DeD

540 UU(I +»JeK)I=0.0

42 1T==1
GO TO 315

312 IF (IT-1) 313,340,341

313 CALL LSCK
IF(IFR.EQ.0) GO TO 812
DO 560 I1=1,L
DO S6C K=1sN
IF(ITAG(1eJeK) ¢EQeN) GO TO 560
NG=KTAG(T,.JoK)
IF(XIMINGO)«EQeCed) GO TO 560
PM{IsJesK)=P{I.+3,K)

560 CONTINUE

812 CONTINUE
IF(INNSEGO) GO TO 319
GO TO 311

340 IF (RES.GT.CXXL) GO TO 9250

90S1 IDUM=1

{DC=n
J=1
DO 770 I=1,L
DO 770 K=1 N
IF(ITAG{1:,J03K)eEQe0) GO TO 3026
IF(PT(I,J9sK)eEQeSe0) GO TO 570
IF(PT(IvJsK)eEGeH6«0) GO YO S8C

IF(PT( I+ JsK)=XLR) T771,3024,3025
3024 ITAG(I4J,K)=8

GO TO 771



3025

77%
772

9812

773

S70

780

58)

3026

770

341

9076

O000O0

344

810
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ITAG(I+J,K)=10

GO TO 3026 ,

IF (ITAG(IeJsK)=8) 3026,772,773
IF (IDC.NE.O) GO TO 9812
WRITE(6,5200)

WRITE (5,9836)

WRITE(6,5837)

WRITE(6+707) IDUMs14JsKsRX{IDUM) ,RZ{IDUM)

100=1

IDULM=IDUM+1

PTCI+JsK)=P(IsJsK)

GO TO 77¢C

IF (ITAGU{I+JsK)eGTe9) GO TO 3026
IDUM=IDUM+1

PT{I s JeK)I=F(1 s JsK)

GO TG 77¢C

ITAG(I+JK)=09

PT(I sJeK)=P(1,sJ3sK)

P(Isd+K)=PBO{IDUM)

WRITE(6+780) 1+sKeP(IsJsK)
FORMAT(/10X,*SOURCE OR SINK NODE I=
xI3,* HEAD(CMI=*,F10.3)
IDUM=1DUM+]

GO TO 77¢C

ITAG(I+JdsK)I=10
PT(YI»JesK)=P(1yJsK)
CONTINUE

I8ILL=0

READ(S+9) (DELTIM(I)sI=1,
WRITE(6+20585F (DELTIMIIS.I
DELT=DELTIM(1)

TIM=0,0

TINE=0.0

GO TO 344

IF (RES.GT.CXXL) GO TO 9250
PERC=PERC(C1

DELTA=DELT

DELT=DELTIM(IT)
TN=DELT/{ZsO XDELTAJ
TIv=TIME

CONTINUE

[IF(IFREGC.O) GO TO 810

CALL FRACU

CALL LSCHK

-

A K AR K X K R A ROK R K oK KoK oK o ok o o o K ok K ok ok ok ok K K ok ok Kok Kk
CALCULATE MATRIX PRESSURE HEADs, MATRIX FLOW %*
T T R T E T Ty sy

*

IF(IFR.EQ.N) GO TO 814
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DO 790 I=1,L

DO 790 K=1.N

J=1

IFCITAG(I+JsK) sEQe0) GO TO 790

NO = KTAG(IsJeK)

IF(XIMINC)+EQe0e9) GO TO 790

PMCI 3 J oK IS{VM To JoKIKP (T JeK)+UMIT o+ JoKI¥PM(TI4JsK))/
RK(UM{T o JoK)+VMIITeJeK))

PBIB= PM(1+J,K)~PBUBMIND)

IF(PBIB.GE+0.,0) GO TO 1200

PRMM=ANHCRMI{NO ) *x(PBUBMINO)I/PM( 1+ JsK)} IXRXETAM(NO)
GO TO 1210

1260 PRMM=ANHCRM{NG)
1210 QMA(I »yK) =8 *¥DELX( I ) *DELZ(K)I*PRMM* (PMII ¢ JosK)=P(1sJeK))I)/

#(CLE(NO) *CLE(NO))

790 CONTINUE
814 COANTINUE -

9692
9091
3050

345

a9
- A A

35S0

351
33C

389
316

TIME=TIME+4DELT
IHCIT)I=IFIX(TIME/ 3600.0)
IMINCIT)=IFIXC(TIME—-FLOAT(IH(IT) )*36C0N «N)I/60.0)

SEC{IT)=TIME-FLOAT(IH(IT))*3600+0~-FLOAT(IMIN(IT))})*60,0
KARL(I T)=KAR

REQAL(IT)=RES
DELTI(IT)=DELT
ITOPI(IT)=ITOP
IBUGI(IT)=IBUG
IBCO(IT)=IBUGPR

IF (IBUG) 9092 ,93092,9081
IF (ITOP ) 9090,9090,9091
ITOUT=INKDUT

IF (NES({IT)) 345,345,311
IT=1T+1

GO TO 341

R KA R KRRk KRR KR Ok KK R K KKK A K K KR R OK K OR K kK Kk KK
PRINT QUTY PRESSURE HEAD & TOTAL HYDRAULIC HEAD
A o ok ok oKk A o ok 3 ok ek ok ok ok ke ok ok ok koK o ok ok ok ke ak o ok ok ok ke ok ok koK ok ok Kok

(2 Y e B {

s 030 K:-: iN
DO 330 I=1.L
J=1

IF (ITAG(IsJeK)) 350,35C,351
PHI(I+JsK)=0e0

GO TO 330

PHI{I ¢ JeK)=P(I sJeK)+2(K)
CONT INUE

IF(IT) 315+389,+,393

GO TO(31£€,3804316),INN
WRITE(6+321)

WRITE(6+323) KAR
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393

317

326
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WRITE{(6+324) RES

KUR=KAR

RUS=RES

GO 7O 318

NESIT=NES(IT)

GO TN(317,383,317),NESIT

WRITE(6+325) IT

WRITE(6+326) ITHUIT) JIMIN(IT)SSEC(IT)
FORMAT(IX,SHTIME=919s6H HOURS+15+8H MINUTES+F7e3»

*8H SECONCS/) :

690

WRITE(6,222)

WRITE(6,323) KAR

WRITE(6,324) RES

GO TO 318

IF- (IPRINTLEQ.1) GO YO 319

WRITE(E,116)

1=2

J=1 : _
WRITE(64+2C8) (PLI+JsK) sK=1sN) !
IF(IT L TeC) GO TO 319

WRITE(6,327)

J=1

I=2

WRITE(6+208) (PHI(IJsK)oK=1,N)

vk o ok ok ok o % 3k ok ok o e 2k A ok ok ok e ok ok ok ko XKk ok ok ok koK ook ok X ok oK o ok kK R K Kk k oke K
* PRINT OUT MATRIX FLOW ( CM3/SEC/CM) *
k3 3k 2 3k 2ok K e 3 ke ok ok ok Ak ook ak 3 o 3 o ok e ok ke ok 3 3k Rk K ok e ok o ok kg oK K ok kK K ok ok ok

792

1230
211
489
390
391

380
319

9250

IF{IFRWECNY GO TG 485
WRITE(6+732)

FORMAT(/10X, *PRESSURE HEAD DISTRIBUTION IN MATRIX:®/)
J=1

1=2

WRITE(6,208) (PM{leJsK)sK=1,N)
WRITE(6,1239)
FORMAT(/10X,*MATRIX FLOW:*/)
WRITE(6+,211) (QMA(I,K)sK=1,4N)
FORMAT (10X.12E10.3)

IF(IT) 315,390,391
IF({INNL,EG.3) GO TO 380

GO TO 31¢

IFI(NES(IT)eEQe3) GO TO 381

GO TO 316

CONTINUE

IT=IT 41

IF(IT=NOTIME) 312,312,1
WRITE(6+92S1)

1Z=1T7T-1

WRITE(6+7067) IZSDELTI(IZ)y TIME KARL(IZ),
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*RESL(IZ)e IBUGI(IZ)HLITOPILIZ)

GO TO 1

FORMAY STATEMENTS

2
8
S
11
16
46
60

306
61
€3

85

5&8
85
86
88

400

401

402 FORMATI(I 11,31 X31S5A1E1Ce2410X0sE1062+F1Ne3e2XsE1062)

FORMAT(I1+414,20A1)

FORMAT
FORMAT
FORMAT

(1615)
(BE10.3)
(8011)

FORMAT{(6E10¢3,15A1)
FORMAT(7E103,15)

FORMAT (1H1,9X¢*TWO DIMENSIONAL TRANSIENT SATURATED®,
X9~ ULNSATURATED LINE SUCCESSIVE COVERRELAXATION *,

* MQOOEL
FORMAT
FORMAT

FORMAT.

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

IN COUDLE POROSITY MEDIA'/)

(10X, 12HDATA DECK : ,L,2N0Al1//)
{10Xs22HNODES IN X-DIRECTION
(10X, 22HNODES IN Z-DIRECTION
{1H0+ 9X »33HNODAL SPACINGS IN
{1HOs 9X +33HNODAL SPACINGS IN

(1H0es9X+s*NODAL COORDINATES IN X=-DIRECss

(10Xs1CF10.2)

(10, 9Xs * NODAL COORDINATES IN Z-DIRECs
({1H1,9X 3 0HSATURATED FORMATION PROPERTIES/)
{10Xs *FORMATION® L 10X s *PERNMX® 35X, * FERMZ® 43X,

**POROSITY® 46Xy "ALPHAY)

=,15)
=y IS//)

X—CIRECT ION —-CM/)
Z=-DIRECTION ~CM/)

CM* /)

CM /)

9831 FORMAT (2GXs4HCM 24 6Xs 4HCM 246Xs4HCM 2,18Xs4HCM=1/)
7097 FORMAT(/10Xs0IT=9,13,2X+*DELT='+E10e 302X, *TIME=",
*E10e392X +*KAR=*,13,2X, *RESIDUE=' yE10e3+2Xs * IBUG=*,413,
22X 2 ITOP=*,13/}
408 FORMAT {1HOs9X +32HUNSATURATED FORMATION PROPERTIESY/)
409 FORMAT (10X 1191Xe15A1 31 XeG4HETA=3FSe242X

x*'BUB.

PRES.

90 FORMAT (1H1,9X+13HNODAL TAG MAP/)
S1 FORMAT (10X, 16H O0=OUTSIDE MODEL)

92 FORMAT {10Xs*
*"HEAD*®)

93
94
1031
1092
180
116
207
208
321
322
323
324
325

FORMAT
FORMAT
FORMAT
FORMAT

(10X, 13H 8=FLUX NODES)
(10X,13H 9=HEAD NODES/)
{10Xs 16 O=0UTSIDE MODEL)
(10X,15H 1-9=FORMATIONS/)

FORMAT(10X.5012)
FORMAT (1H1,9X,* INITIAL(GUESSED) PRESS. HEAD - CM*'/)

FOSMAT

(2X 92HK=412)

FORMAT(2X+416F8+¢2)
FORMAT(1H1 43Xy *INITIAL STEADY-STATE PRESS. HEAD -

FORMAT
FORMAT
FORMAT
FORMAT

(10X 28HPRESSURE HEAD VALUES

=0 3F106e201Xy *RESIDUAL SATe=*,F10.2)

-CMm/)

(1CXs 21HNUMBER OF I TERATICNS=,15)

(10X, 8HRESIDUE=,F10.6/)
(1H116HTIME STEP NUMBERSs IS)

1=-7=2Z0NES OF INITIAL GUESSED PRESSURE °*,

CMme)
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327 FORMAT (1HO,9X »2SHHYDRAUL IC HEAD VALUES -~CM/)

9800 FORMAT (1HO sSX s HIMP=3I3s3Xs7THNOTIME=914,3Xs6HITPUT=,
123X s THMIMPUT=,12)

9801 FORMAT({/10X,'B8ETA(I/CM)I=*3E1063 12X +*REPJPERM(CM/S)=",
XE1003s2X+'ERROR LIMICM)=? ,FOel s2X, "PERC=?3E106392X>»
**PERC1=*,E103/)

9806 FORMAT (1H0o9xJﬁHOMEGA=9Fa0202Xo7HCMEGEO=.F4'2s2X;

Ak 7THOMEGB1=9F4e212X s SHTOLA=F10e3+2X+SHTCLB=,F1043)

9807 FORMAT (10X, 6HSEANA=eF7.,542Xs 6HSEANB=F7 eS4s2Xs SHKART=,
X4 92X s BHGEOFF =4F 942 s2X sSHDIFF=9F 9e¢2+2X o 7THFACTOR=4F4,2)

S200 FORMAT (1H1l, 9Xe10HFLUX NODES/)

707 FORMAY (10X,41S4s3F1065)
92S1 FORMAT (1H1,9X+24HRESIDUE GREATER THAN 25.//7)

9836 FORMAT(12X,* IDUM I J K RX RY*,
*s RZ*)
9837 FORMATY (41X,10HCM PER SEC/)
3 RETURN
END

SUBROUTINE LSOR

COMMON/ZAL Y/ ITAG(20+1+20)sKTAG(201+1+20)+P(2091+20)
IX{20)sY(1)+Z(20) 4+PORO(I)s ALPHA(D) 4PRSATX(9)+PRSATY(9)»
2ANHOR(S) s ANVERT(9), ITITLE(20) 4NES({ 100 ,ETA(S) s ALAM(9)
IRESAT(S) +RX(1CO) »RY(1),RZ(100),PBO(1€CC),PBOS(100),
4PI{2N+1+2C)s PRSATZ(9),PHBUB(9),PTCP(1C0)

COMMON/ZA2/ ILPUT(10C0)+ITAGI(100) DELTI(IN0)s XLR1s XLR2
I1PT(2041 +2C) s DELX(2C) +DELY (1) +,DELZ2(20) + OMEGBO s TIME»
2DELTY » GRAV ySEANA, SEANB o XL« XLRsCXXL s THETAL,FACTERFSCALES,
B3ITPUT ,OMEGB] +DIFF.FACTORs IBUG, INKPUTSITOP, ISTEPLIBILL,
AITT{100):NATIME,RPER JPERC,,IPIT,TSTEP .

COMMON/A3Z/TIMIsPHICON, PCON, ISP, [BUGPRNQOBD: INNDEL TF,
ETN I ToTOLAYKAR KART 4RES, TOLBsLsMaNsGEOFF+TIM1,BETA,
*PCOM(200)+PHI(20+1420),UU(2061+20) +PM{204+1+20) +OMEGA

COMMONZAB/AP (20 ) +CPI2D )AL 20)98(20)eCL20)+,D(20)+E(20)
1H{ 20) +W({20)+S120),UX(20),UY(20) ,UZL2C) ,DONNAL{20)
2PR1(20)+PR2(20D)+sPRS(20I+PRE(Z20)ILLI(2C)LK(20),F(20),
SLINK(20) o &XP(290) +RYP(1) ,RZP(20)+G(20) '

IBUGPR=0

ITCP=0

I18UG=0

S1=1.

S2=1.

90S4 DO 1 KAR=1,KART

IF (IT<LTe2) GO TO 9210

IF (KARJNEe.l1) GO TO 9210

IF (1BUGNE.O) GO YO 9210

IF (ITOP.NEeO) GO TO S210C

DO 9211 IDUM=1 ,NOBO

IF {ILPUT(IDUM)eEQe3) GO TO 9212

9211 CONTINUE

GO TO 9210



9212

9255

2256

9257

s2¢c8

9250

g92¢€2
9291
32€3

9260

9261
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IDUM=1

DO 9213 JU=1.M

DD 9214 [=1,L

DG 9214 K=1,N

IF {ITAG(I.+.44K)«LTe8) GO TO 9214
IF (ITAG(1sJ+sK)}eGTe9) GO TO 9214
IF (ITAG(IsJsK)eEQe9) GO TO 9215
IF (ILPUT(IDUM).NE«3) GO 70O 9215
IF (ITAG(I+l sJsK)eNEe9) GO TO 9255
IR=I+1

KR =K

GO T 9250

IF {(ITAG(I-14JsK)eNEe9) GO TO 9256
IR=I-1

KR =K

'GD YO 9250

IF (ITAG(IsJeK=1)eNELs9) GO TQO 9257
IR=1

KR=K—-1

GO TO 9250

IF (ITAG{(I~1 e eK=1)eNEe9j GO TO 9258
IR=I~-1

KR=K=1

GO TO 9250

IF (ITAG(I+14sV0+sK-1)eNEe9I) GO TO G215
IR=1I+1

KR=K=-1

JR=J

JDUM=IDUM

icum=1

DO 9251 JH=1,M

DO 9251 IH=1,L

DO 9251 KH=1,N

IF (ITAG(IHsJH.KH)«LTe8) GO TO 9251
IF (ITAG{IHs JHsKH) eGT ¢9) GO TO 9251
IF (ITAG( IHeJHeKH)ECa8) GO TO 9252
IF (JH.NELJR)Y GO TO 9282

IF (IHeNESIR) GO TO 9252

iF {KHeNESKR} GG 7O 5252

IF (ILPUT(IDUM).EQ.3) GO TO 9253

GO TO 92€&2

IDUM=TDOUM+1

CONT INUE

IF (IR.EQelI-1) GO TO 9260

IF (IR.EQ.l1+1) GO TO 9261

GO TO 9216

IF {(KR+EGeK) GO TO 9234

GO TO 9221

IF (KR.ECeK) GO TO 9233

GO YO 9232



92 €2

9263
9264

3215
9214

98902

9801
98350

9216

9231

9233

9234
9230

9213
9210

370
372

IDUM=JDUM
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IF (IR.EQel=-1) GO TO 9263
IF (IR.EQsI+1) GO TO 9264

GO T0O 9227

IF (KR+EQeK) GO TO 9256

GO TO 9258

IF (KReEQeK) GO TO 925S

IDUM= IDUM+1

CONTI NUE

1G=0

IDUM=1

DO 98100 I=1.,L

DO 9800 K=1sN

IF (ITAG(I,J+K)elTe8)
IF- {ITAG(I+J»K)eGTe9)
IF (ITAG(I+JsK)eEQeI)
IF (ILPUT(IDUM)eNE«3)

GC
GO
GO
GO

IF (IGeNE«O) GO TO 9802

KILL=K
ILL=1

16=1

GO TO 9801

TO 9800
TO 9800
TO 9801
TO 9801

IF (KeGESKILL) GO TO 9801

KILL=K

ILL=1

IOUM=IDUM+]
CONTINUE
LI(J)=1LL
LK(J)=KILL
LINKTigiIi=¢€

GO TO ©213
LINK{I)=]

GO TO 232
LINK(J)=2

GO TO 9230
LINK(J)=2

GO TO 9230
LINK{J)=4

GO TGO $230
LINK(J)=5

LICI)=1

LK(J)=K

CONTINUE

DO 7C4 I=1,L

DO 704 K=1,N

J=1

IF (KAR=1) 3704370,371
IF (1T-1) 372,372,9000
PI(TI J+K)I=P(14JeK)
GO TQ 704
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9000 IF (ITRPUT) 372,372,373
373 PI(IoJeKI=Z({TNH1 o0 ) %P (1 4JesK)=TNXkPT(I 3J+K))
IF (IBUGeNESN) GO TO 704
IF (ITOPNE.O) GO TO 704
IF (I eNEWLI(J)) GO TO 794
IF (KeNEeLK(J)) GO TO 7C4
IF (LINK(J)sEQeH) GO TO 704
IF (PI(1+JesK)=P(IeJeK)) 9226+704,704
9226 LLL=LINK(J)
GO TO (9235,9236,9237,+,92384+9239,704) oL LL
9235 ITAG(I,JsK~-1)=8
LK{J) =K~-1
GO TO 7n4
9236 ITAG(I-1,+JsK=-1)=8
LIGJY=1I~1
LK({J) =K-1
GO TO 704
9237 ITAG(I+1,U4sK~-1)=8
LI(J)=14+#1
LK{(J)=K=1
GO TO 704
9238 ITAG(I+1,4,K)=8
LI(J)=I+1
GO T3 704
9239 ITAG(I~-1+J,K)=8
LI(J)=I=1
GQ TQ 704
371 IF (1IT7) 4900,4000,4001
4000 SEAN=SEANA
PI(LoJoKIZPI( I o s KI+SEANRK{PIT o9 Ki=PI{IsseK}
GO TO 704
4001 SEAN=SEANB
IF (ITPUTEQ.C) GO TO 4C20
IF (IT.NEel) GO TO 4002
4C20 . IF (KARNES2) GO TO 4002
PI(I o JeKIS(P(IWJoKI+PI(IsJeK))/24C
GO TO 704
4002 PI(I o JoKIZPI(I4IsK)FSEANR(((P(IsJsKI)+PTUI+JsK))I/20)~
¥PI{IsJeK))
704 CONVINUE
IF(IT=1) 700,7C0,+,701
701 IF (KAR—1) 780,780,840
780 DO 61 I=1,L
DO 61 K=1,N
J=1
61 PT{IsJeKIZP(1sJIeK)
840 IF (IT¥-=1) 700+700+836
836 IF (KARNE.1) GO TO 700
IF (IBUGeNEO) GO TO 700
IF (ITOPSNE.Q) GO TO 700



815

822
826

827

1869

1830

i 833

1831

1813

1851
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{DUM=1

1007T=0

DO 810 I=1,L

DO 810 K=1,sN

J=1

IF (ITAG(IsJ+sK)eEQeB) GO TC 815
IF (ITAG(IsJsK)eNFe9) GO TO 810
IF (ILPUTCIDUM)eGEe3) GO TQO 822
ITAG(I+JsK)=8

GO TQ 822

IF (ILPUTL{IDUM)eNE«S) GO TO 822
ITAG(I +JeK)=9

IF (ITAG(I+JsK)—8) 827 +826,810
IF C(ILPUT(IDUM)eEQe3) GO TO 813
IF - CILPUT(IDUM)«LTeS) GO TC 813
IFCITT(IT)«EQeQ) GO TO 813
READ{S5,45) PBO(IDUM)

IF (ILPUT(IDUM)NE«6) GO TO 813
IF (PBO(ICUM)«GE.+040) GO TO 813
ITAG(IsJeK)=8

RX{(IDUM)=040

RZ(IDUM)=0.0

GO TO 813

IF (ITAG(I.0+sK)eNES8) GO TG 810
IF (ILPUT(IDUM).EQe3) GO TGO 813
RXP(IDUM) =RX({ IDUM)

RZP({ IDUM)I=RZ( IDUM)

IF (ILPUT(IDUM)eNES2) GO TC 1813
IF(ITT(IT)eEQ.D0) GO TO 1813

IF {ISTEP.NELL1) GO TO 18280

IF (TIMELTSTSTEP) GO TO 1813

IF (IBILL.NE.O) GO TO 1813

IF (IDUMNELNDOBO) GO TO 1860
IBILL=1

READ(S,4S) RX(IDUM)RZ(IDUM)

IF (IDDOT) 1830,1830,1831
WRITE{(6,1832)

WRITE(6,1£33)

FORMATIZATIX ot IDUM® & X210 34X, 08 ;aX ;'K EX'RAX 82X,
xkWRZv /)

WRITE(6+757) IDUMs I14JsKeRX{IDUM) ,RZ(IDUM)
IDCT=IDOT+1
GUY=PTOP ( IDUM)=P( [ +sJsK)

IF (GUYJ.GE.GEOFF) GO TO 813
BEFORE=DELX(I)*RZP(IDUM)+DELZ(K)XRXP(ITUM)
AFTER=DELX(I)}*RZ(IDUM)+DELZ(K)*RX( IDUM)
ADD=BEFORE~-AFTER '
IF (ADDeGELGEOFF) GO YO 813
ITAG(IsJeK)}=9

PBOCIDUM)Y=PTOP (IDUM)



813
810
700
13
49
3335

3336

3337
3338

9087
3340
3347
3981

3333

9810

9Cs2

9093

9240

9205

9225
3207
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I0UM= IDUM+1

CONTINUE

CALL L SORV

IF (KAR=KART) 40,9205,9205

IF (1T) 3335,3335,3336
TOLC=TOLA

GO TO 3337

TOLC=TOLS

IF (RES=-TOLC) 9205,9205,3338
IF (IT.EC.0) GO TO 3333
IF(KARsLE«2) GO TO 3340
RFSO=RES-RESP

IF(RFSO-CIFF) 3347,3347,9097
IF(RES—-RESPP) 3347,3347,9092
IF{KAR.EGe1) GO TO 3951

RE SPP=RE SP

RESP=RES

IF (NES(IT).LE.) GO TO 1

IF (IPIT.ECeN) GO TO 1

IF (KAR.NE.1) GO TO 9810
WRITE(6,9720) IT
WRITE(6,5721)

WRITE(6,3334) KARLRES
CONTINUE

WRITE(6,3334) KARLRES

DO 91793 I=1,L

DO 9693 J=1,M

DO 9093 K=1,sN
P(IeJsK)=PT(IesJsK)
DELT=DELT/FACTCR
IF(IBUG.NE.O) GO TO 9240
INKPUT=ITPUT

1 TPUT=0

IBUG=IBUG+!

IF (IBUGeLE«2) GO TO 9C94
ITPUT=INKPUT

IF(IT.LT.2) GO TOD 25
IF(ITOP.NE.O) GO TO 25
10UM=1

DO 9206 J=1.M

DO 9206 I=1,L

DO 92C6 K=1sN

IF (ITAG(IsJeK)eNEWB) GO TO 9221
IF (ILPUT(IDUM)eGTe3) GO TC 9222
IF (ILPUT(IDUM) NE.3) GO TO 9225
IF (I «NEeLI(J)) GO TO 9222
IF (KeNE.LK(J)) GO TO 9222
IF (P(1,J+sK)=PTOP{IDUM)) 9222,9207,9207
ITAG(I4J4K)=9

PBO( IOUM )=PTOR (IDUM)



9221
9222
326

1861

45
707
1832
3334
9720

9721
25
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[TGP=1

IBUGPR=1EUG

IBUG=0

IF (ITAG(I+J,K)eNE29) GO TO 9206

IDUM= IDUM+1

CONTINUE

IF (ITOPWNEL1) GO TO 25

DO 1861 I=1,L

DO 1861 J=l.M

DO 1861 K=1sN

PlIesJeKI=ZFT(I,sJ9K)

INKPUT=1TPUT

ITFUT =0

GO TO 99294

FORMAT(8E10.3)

FORMAT (10X 4 IS+3F1045)

FORMAT (1H1+9X 1 2HFLUX CHANGES/)

FORMAT (10Xs ISsF1442)

FORMATI(I1HI 9X»*ITERAT ION SUMMARY FOR TIME STEP NO=
*15/7) ' '

FORMAT (12X, 16HITER NO RESIDUE/Z)

RETURN

END

SUBRQUY INE L SORV

COMMONZAL/Z ITAG(20,51 s20)+KTAG(20 1 +20) 4P (20,1+2C)»
1X(20),Y¥(1)4Z(20) ,PORO(9) yALPHA(9) s PRSATX(9)sPRSATY(9),
2ANHOR (S ) s ANVERT(SG ) ITITLE(2C ) +NESCICC)ETA(9) s ALAM(9)
3RESAT(S) sRX(100) ,RY(1),RZ(100),PBC(1C0),PBOS(1CO).
4P1 (20,1 :.20)+sPRSATZ(9),PBUB(I) ,PTOP(100)

COMMON/ZA2/ ILPUT(100)+ITAGI(I100)+sDELTI(100)+sXLRIsXLRZY
IPT (20 +1 s2C) o DELX(20) +DELY (1) +DELZ(2C)+ CMEGBO,,TIME,
2DELT e GRAVsSEANAISEANB s XL s XLRyC XXL s THETAFACTER sFSCALE,
3ITPUT sOMEGB1 oDIFF sFACTORIBUG, INKPUT,ITOPs ISTEP,IBILL,
4ITT{100) JAROTIMERPERIPERCHIPIT,H,TSTEP

COMMON/AZ/TIM, PHICON, pCONolSpoIBUGPR.NOBOOINN.DELTF.
XTNsITos TOLAJKAR KART sRESs TOLBeL o MsN,GEOFF+TIM1+BETA,
*PCOM (200 ) +PHI(20+1+20) sUU(20+1,+,2C) +oPM(20+1+20) +OMEGA

COMMON/ZABZAP (20)+CP(20),A(20)+.BL20)+C(20)+DL20),E(20),
1HE 20) o W(20) »S(20) 4UX(20) 4UY(20)+UZ(20) DONNAL20),
2PRIC20)sPR2(20):PRS(20)+sPRE(20)+LI(20),LK(2C)F(20),
BLINK(20) +RXP(20)+RYP(1)+RZP(20C )+ G(20)

RES=0.0

RESS=0.0

N1 =N-1

IDUM=1

J=1

DD 2 1=1,L

BEGIN COMPUTING COEFFICIENTS AsBsCoHD
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DO 3 K=1e¢h

IF (ITAG(I+JsK)eEQe0O) GO TO 3

IF (ITAG(l+JsK)eEQGe9) GO TO 5207
IF(ITAG({I+JsK) +sEQ.10) GO YO 3
UX(K)=0.0

UZ(K)=0.0

NO=KTAG( Iy J4sK)

ETAI=ETA(NC)

****************************#****************************

COMPUTE DIRECTIONAL SUB—-COEFFICIENTS GsHsPsQsAsCorAPCPy
ook e ok T o ok o ok oK ok oK 3ok sk ok Bk ok ok ok ok o ok ko K oK 3k K e ok oK 3 3K ok oK 3K ke ak oKk ok ok 3 ko kK K K K

LEFT

016 IF (ITAG(I~-14+JsK}eNEeO) GO TO S300
IF (ITAG(I+J+K)=8) S301+5304,5304

5301 H{KI=040

GO TO 11¢€

‘5304 UX(K)I=RX(IDUM)/DELX(1)

o
C
C

GO TO 5301
S30C IF(ITAG(I-1,J,K)}sEQs10) GO TO S304
P2=PI(I-1+JsK)+(DELX(I=1)/(DELX(I~1)+DELX(T)) 2%
k(P I(IsJeKI-PI(1—14+J,K))
IF (P2~-PBUB(NO)) 018,017,217
017 PR2A=ANHCKR(NO)
GO TO s5¢&
018 PR2A=ANHOR(NO)*( PBUB(NO)/P2)*sETAL
958 IF (KTAGL{IL+JsK)=KTAG(I=1+JsK}) 950+9595+565
959 PR2B=PR2A
GO TO 961
96C NA=KTAG(I-1,JsK)
ETA2=ETA(NA)
IF(P2-PBUB(NA) ) 956,955,955
SSS PR2ZB=ANHOR(NA)
GO TO G61
S56 PRZB=ANHCRI{NA)IX®X(PBUBINA)/P2)xXkET A2
9€1 PR2{K)=(PR2A+PR2B)/2.0
IF(PR2{K)+GE-PERC) GO TO 014
PR2(K)=PERC
014 HIK)=PR2(K)/Z(DELX(I ) *(DELX(ID)+DELX(I~-1)))

RIGHT

116 IF (ITAGUI+#14+J+K)eNEWDO) GO TO 5400
IF (ITAG(IsJsK)—-8) S401,5404,5404
5401 G(K)=0.0
GO Y0 416
S404 UX(K)=RX(IDUM) /OELX(I)
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GO TO 5401

5400 IF{ITAG{I+1+JsK)eEQel") GO TO S404

aO0n

PI=PI(1+sJeK)+(DELX(I)/(DELX(I)+DELX(I+1)))x
¥(PI(I+1+J,K)-PICIsIeK))
IF(P1-PBUBINQGY) 118,117,117
117 PRI1IA=ANHOR(NO}
GO TQ Gé6¢8 .
118 PRIA=ANHOR(NG) *{(PBUB(NO) /7P 1 ) x%xETAL
968 IF (KTAG(IsJ ¢K)=KTAG(I+1isJsK)) 9T706969:970D
969 PR IB=PR1A
GO TQ 971
970 NB= KTAG(I+l +J4K)
ETA2=ETA(NB)
IF{P1=PBUBI(NB) ) S66¢365+965
965 PRIB=ANHOR(NB)
GO T0O 971
G66 PRIB=ANHOR(NB)*(PBUB(NB)I/P1)%xxETA2
971 PRIIK)I={FR1A+PRIB) /72,0
IF(PRI(K}eGE.PERC) GO TO 114
PRI(K)=PERC
114 G(K)=PRI(K)/(DELX(I)*(DELX(I)4+DELX(TI+1)))

DOWN

4316 IF (NeEQel) GO TO 25
IF (ITAG(leJsK=1)eNESC) GO TD S700
IF (ITAG(I+JsK)=8) S701+5704,57C4
5701 C(K)=0.0
CP(K)=0.0

mey vy o2
A=A 1w -JAs

5704 UZIK)=RZ(IDUM)/DELZ(K)
GO TO 57901
S700 IF(ITAG(I,JsK=13EQel16C) GO TO 5704
P6E=PI (IsJeK=1)4+(DELZ(K=1)/(DELZ(K=-1)+DFLZ(K))) *
*¥{PI(] sJeK)-PI{(I,J:K-1))
IF (P6-PBUB(NO)) 418,417,417
417 PRO6A=ANVERT(NQG)
GO TO 92¢
418 PROA=ANHORING ) x{PBUBY{
925 IF (KTAG(I+J,K)=-KTAG(
926 PREB=PR6A
GO T3 928
927 NA=KTAG(IesJeK-1)
ETA2=ETA(NA)
IF(P6-PBUEB(NA)) 921,920,920
920 PREB=ANVERT(NA)
GO TO 928
921 PRE6B=ANHCR(NA) *(PBUB(NA)/P6H)IXXETA2
928 PRE6(K)I=(PREA+PREB) /20
IF(PRE6(K)«GEPERC) GO TO 414

NOI/PS
TeJs K~

A
927 +9264927



O

414

uP

S16

5801

Cc
C
C

S8C4a

5809

517
518

935
936

939

931
S38

514
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PREIK)=PERC
CP(K)=PRE(K) /DEL Z(K) :
C(K)=CP{K)/(DELZ(K)+DELZ(K=1))

IF (ITAG(l+J.K+1).NELO) GO TO 58900

IF (ITAG(IsJsK)=8) 5801,5804,5804

A{K)I=0,0

AP(K)=0.0

GO TO 616

UZ(K)=RZ{IDUM)/DELZ(K)

GO TO 5801 :

IF(ITAG(I+J)K+1) eEQe10) GO TO 5804
PS=PI(I+JsKIH+H(DELZ{K) /(DELZ(K)+DELZ(K+2)))=*

*(PI(I+JeK+1)=PI(1+JsK))

IF({PS~-PBUB(NDO)) 518,517+:517
PRSEA=ANVERT(NG)

GO TO 935

PR SA=ANHCR({NGO) *{ PBUB(NDO) /PS ) **ET Al
IF (KTAG(I4JeK)~KTAG(IsJeK+1)) 837,936,937
PRSB=PRS A

GO TO g93e

NB=KTAG(IsJsK+1)

ETA2=ETA(NB)

IF (PS-PBUBINB) ) 9314930,93¢
PRSB=ANVERT(NB)

GO T3 938

PR SB=ANHOR (NB) *( PBUB(NB)/PS)%*ET A2
PRS{K}={FRSA+PRSS /2.7

IF (PRS{K)eGEPERC)- GO TO S14

PRE(K )=PERC

AP (K) =PRS (K) /DEL Z(K)
A(KI=AP(K)/(DELZ(K)+DELZ(K+1))

COMPUTE TIME-~DEPENDENT SUB~COEFFICIENT S

oo
b s
~N @

-t

1616

210

IF (IT) 1617,1617,1616

Si{K)=Cel

W(K)=0.0

GIKI=2+0*G(K)

H{K)=2e0*2H(K)

A(K)=2,0%A(K)

C(K)=2s0%C(K)

GO TO 1618

IF{PI(Y1eJeK)eLTe0e0) GO TO 210
W(K)=(ALPHA(NO)+PORD(NDO)*BETA) /DELT
S(K)=0eD

GO TJ 1618
IF(PI(IJsK)JLT,PBUB(NC)) GO TO 5936
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o W( K) =PORC (ND ) XBE T A/ DELT

y S{K)=—AL AMINO) * {1 +~RESAT(NC) )*POROINO) ¥PI(1,J,K)/
" #(PBUB(NC)*PBUB(NO)*DELT)
% GO YO 1618
5946 CA7==ALAM(NG) /PI(1,J+K)*(1+=RESAT(NC)) *(PBUB(NO)/
LRPI (I JsK))IREALAM(NG) *PORD(NO)
i S(K)=CAT7T/DELT
T W(K)=PORO(ND)I*BETA/DELT
1618 B(K)=G{K)I+H(KI+A(K)+CIK)+S(K)I+UU (T +JsKI+W(K)
COF=A(K) +C(K)+GIK)+H(K)=S(KI~W(K )
IF (IT) 710.,71G»711
711 PA=PT(1,JsK+1)
PC=PT(IsJsk~1)
PB=PT(1yJsK)
PGEPT(I+1+J+K)
PH=PT(I-1sJsK)
GO YO 712
710 PA=C40
PC=0.0
PB=0.0
PG=0.0
PH=0,0
712 PHA=P(I-1,JsK)
PGA=P (I+1,JsK)
PCA=P(leJeK=1)
PBA=P (14 JsK)
PAA=P (1o JeK+1)
D(K)=A(K)*XFA+C(K ) *PC-COF*PB+G(K) *PG+H(K ) *PH+AP (K ) -
XCP(K) +UX(K)+ UZ(K)+H(KI*PHA+ G(K)*PGA+UU(T+J,K)*

*PMITs oK)
COMPUTE BACK SUBSTITUTION COEFFICICIENTS E,F’

5 IF (ITAG(I.J»>K=-1)eNEe0) GO TO 35
E(KI=A(K)/B(K)
FUK)=D(K)/BIK)

GO TO 520€
35 E(K)I=A(K ) /(BIK)=C(K)*E(K
GO TO 5206

5207 E(K)=0.0
F (K)=PBO ( ICUM)

5206 IF (ITAG(I+JsK)eGTe7) GO TO 393
IF (IT.NEJ.C) GC TO 3
IF (PT{I+JsK)eEQeXLR) GO TC 393
IF(PT(LsJeK?eNEeS+s0) GC TO 3

353 IDUM=IDUM+1
3 CONTINUE

COMPUTE PRESSURF HEAD VALUES FROM RECURRENCE RELATION



49
48
5937

5938
9060

S9C91
5948

5949

5983
21

25
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DO 36 KTGCP=2,N1

K=N+1-KTCF

IF (ITAG(I+JsK)eEQeD) GO YO 36

IF (ITAG(1sJsK)eEQel10) GO TO 36

IF (ITAG(I,J+K+1)eNEWN) GO TO SC

DONNA(K)=F(K)

GO TO 36

DONNA(K)=F(K)*DONNA(K+1)+F (K)

CONT INUE

DO 91 K=2,N1 .

IF (ITAG(I,J3+sK)eEQeD) GO TO 91

IFC(ITAG(I,JsK) eEQe9) GO TO 5983

IF(ITAG(I+JsK) eEQel10) GO TO 5949

GAF=ABS(DONNA(K)=P(IsJeK))

IF ({GAF-RES) 48,48,49

RE S=GAF

IF (IT) $937,5937,5928

OMEGC=CMEGA

GO TO 5948

IF (ITPUT) 9090,9090,9091

OMEGC =0OMEGBO

GO YO S%48

OMEGC =0OMEGB1

PlI1eJsK)=OMEGC*DONNA(K)I+P(I+sJsK)%{1¢~0OMEGC)

GO TO 31 .

PUI0JeKIZ0eS*k(P(LsJeK=1)4P(1eJsK+1))

GO TO 91

P(1+J.K)=DONNA(K)

CONTINUE

CONTI NUE

RETURN
END

SUBROUTINE FRACU

COMMON/AL/ ITAG(29,1420)sKTAG(2G1420)+P(20+1+20),
1X(2C) sY(1)+2(20) sPORD(9) ALPHA (S )+ PRSATX(9)PRSATY(9),
2ANHOR(G) s ANVERT(O9)ITITLE(20) yNES(100) +ETA(9), ALAM(9),
3RESAT(9) ,RX(100)+RY(1)sRZ(100),PBO(100),PBOS(1C0C),
A0TL20,1:202:PRSATZIO) ;PRURIC) .PTCP L1060 )

COMMON/A2/ ILPUT(100), ITAGI(100) sDFLTI(10C)sXLR1+XLR2,
1PT(20+1203+DELX{20) »DELY(1)DELZ{20)+CMEGBC, TIME,
2DELT s GRAV,SEANA+SEANB s XL o XLRsCXXL» THETASFACTER,,FSCALE,
3ITPUT sOMEGB1 +DIFF+FACTOR, IBUG, INKPUT,ITOP, ISTEP,IBILL,
4ITT(109) \NOTIME,RPERsFERCIPIT TSTEP

COMMON/A3/TIM, PHICON,PCON+ ISP, IBUGPR JNOBO » INNSDELTF,
TN sIT s, TOLAWKARJKART yRESoTOLBsL oM sNsGEOFF o+ TIM1 4BET A,
*PCCM{290) yPHI(20+1+20) 4sUU(204+1 320) 4PM( 20,1 +20) »OMEGA

COVMON/AL/ UM(20,14,20),VM( 20,1 +20),QMA(20320) ,CLE(9) s
1RESATM(9) 4PBUBM(S) s PORCM(9) s ALAMMIO) ALPHAM(9) s XIM(9),
2ANHORM(9) s ANVERM(9) sETAM( 9) ,PRSAXM(9) s PRSAZM(9)



308

10

20

600

309
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J=1

WRITE (6, 2C8) IT

FORMAT(/10Xs *TIME STEP NO=*,13/)

DO 2 K=1,.h

00 3 I=1,L

TF(ITAG(I+JsK)sEQeC) GC TO 3

NO=KTAG(I+J,K)

IF(XIMINGC)«EQsCe2) GO TO 3

IF(PM(1I3JsK)eLTeOe®) GO TO 10

SM=( ALPHAM(NDO ) +POROM(NDO)IXBETA) /DELT

PRN=ANHORM(NO)

GO TO 600

IF(PM{1,J,K).LT.PBUBM(NDO)) GO TO 20

PRIN=ANHCENM(NO)
SM=({—ALAMM(ND) *(1 ,0—-RESATM(NDO) ) *POROMINOIXPM(IsJsK)/
#(PRUBMINQO)*PBUBM(NG) ) +POROM(NO ) *BETA)/DELT

GO TO €C¢C .
CA7==-ALAMM(ND) /PM(145J,K)*(1,=-RESATN{ND) )X (PBUBMI(NO)/
(¥PM (s JsKIXRKALAMM{NG) *POROM(NO)
SM=(CA7+POROMINO)*BETA) /DELT
PRM=ANHORM(NQO) *( PBUBM{INGO)/PM(I s JesK))IXXETAM(NO)

UM(I s JsK)=SM .

VM(TI s JsK)=PRMxXIM(NQO)

UU(T s JeKIZUMLT 0o KIRXVM(I3JsK)/Z(UM(T43JsK)#VM(TI,4U4K))
CONTINUE

CONTINUE

I=2

WRITE(643C0)(UM(T0sJeK)eK=1,N)
WRITE(E,3COI(VM(I4JsK) sK=1,4sN)
WRITE{S6+s2003{UUI{ T eseK) oK=1 o3}

FORMAT(10X»10E12.5)

RE TURN

END



