
Flow Chart for Module SIP;,;L

X array is the pool of memory space 
from wnlcn space !s allocated for 
arrays used by various packages.
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Si##Ou? Itt 5II'A$. C SLt.LEWS.LIC.LCFk .LCG& t CY.LCWJCI..LCL.4.N.  

C 
C --- vt*SlOoi 1001 MI0CI903 S:PIAL.  
C 

C kt&(JCAK STORAGE Ill ME A ARRAY FOR SIP MR*,S 
c *elnf*** *t**e*te*.. ............  

C SPECIFICATIONSS: 

C 
CI------tImI a NESIMI loralIFVIRB1 SIP PAC*GL 

tmITE1300.1.IZ 
I r0.d4TIII0.-SIPI - STRONGL~t IMPLICIT PgoCENAJF SOLUTION PACKAGE 
1,*. VERSION 1. MUM%'3 INPUT READ FROM UNST'.13) 

CZ ----- 1AD AND P`NT '61113 Alt WAN 
11AAOCIN.21 IT1hln.000~ 

I FORMATfII. "4AI"~' 0F*.14.* ITERATIONS MALLO10 FOR CLOSUOEV 
1 11.12. ITERATION P*RSETCXS') 

C 
C3-----ALLOCATE SPACE F06 THE SIP A114AIS 

ISOLD.Ist" 
mitSAoll6lCOL.  

IISI Z-facLA7 
LCEL.ISUM 
I SU".-I SIJ.Is Iz 
LCrt1..SUP 
ISUN-1SUp'ýISIZ 

LS4JSISUU.15 
LC.I UIIL-SIP 

LCLVcNISUM 

ISUPs.ISws.3'1"ITEl 
LCw.Z AISU 

c ISW:.IStX$6NPARN 

CA -----CALCULATE A!I0 PRIT? THE SPACE USED 1N THE I ARRAY 
.SP.ISUNt SOLD 
*..ITE(I0IJT.S) ISP 

4 FORMAT(IZII.. ELEMENTS IN I MARRA ME USED By S1P) 

weSUNIOU15 ) SUl.E4 
5 FORRATglZ.I6. * ELEMENTS OF I ARRAY USED OUT 0C.I?) 

l'.j.MmI.4T.LENI) WRITEtIOUT.6) 
6 FORMATfl1.' -I ARRAY MU1ST BE DIMENSIOED LARGCR-`* 

C 
es ----- ETURN 

RE-LRNN 
E NO 

401



List of Variables for Module SIPlAL

Def initi on 

Primary unit number from which input for this package 
will be read.  

Primary unit number for all printed output. IOUT a 6.  
Number of cells in the grid.  
Before this module allocates space, ISOL is set equa! 

to ISUM. After allocation, ISOLO is subtracted 
from ISUM to get ISP, the amount of space in the X 
array allocated by this module.  

Number of words in the X array allocated by this module.  
Index number of the lowest element in the X array which 

has not yet been allorated. When space is allocated 
for an array, the size of the array is added to ISUM.

IUMI1 Module ISUM-1.  
LCEL Package Location 

EL.  
LCFL Package Location 

FL.  
LCGL Package Location 

GL.  
LCHDCG Package Location 

HDCG.  
LCLRCH Package Location 

LRCH.  
LCV Package Location 
LCW Package Location
LENX

MXITER 
NCOL 
NLAY 
NPARM 
NRC 
NROW

Global 

Package 
Global 
Global 
Package 
Module 
Global

Length of 
equal

in the X arrby of the first element of array 

in the X array of the first element of array 

in the X array of the first element of array 

in the X array of the first element of array 

in the X array of the first element ot array 

In the X array of the first element of array 
in the X array of the first element of array 
the X array in words. This should always be 

to the dimension of X specified in the MAIN
program.  

Maximum number of iterations.  
Number of columns in the grid.  
Number of layers in the grid.  
Number of iteration parameters.  
Number of cells in a layer.  
Number of rows in the grid.
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Var able 

IN 

I OUT 

ISOLD 

ISP 
I SUM

Range 

Package 

Global 
Module 
Package 

Module 
Global

W.
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Narrative for Module SIPIRP 

Module SIP1RP reads data for the SIP package: the acceleration 

parameter (ACCL), the closure criterion (HCLOSE), the iteration-parameter 

seed (WSEED), a flag indicating whether WSEED is to be calculated or specified 

by the user (IPCALC), and the interval for printing head change (IPRSIP).  

If ]PCALC is zero, iteration parameters are calculated using WSEED as the 

seed. Module SIPIRP performs its functions in the following order: 

1. Read the data. If ACCL is zero, substitute a default of 1.0. If 

IPRSIP is less than or equal to zero. substitute an interval of 9" 9 time 

steps. The defaults are provided as a convenience to the'user.  

2. Print the data read in step 1.  

3. Check IPCALC which is a flag that Indicates the source of the 

iteration-parameter seed (WSEED).  

(a) If IPCALC is not zero, submodule SSIPII will calculate a seed 

and the resulting iteration parameters at the start of the first iteration.  

Print a message telling of this option.  

(b) If IPCALL is zero, use WSEED to calculate iteration parameters.  

The i-tn iterdtion parameter (Ii) is given by the expression 

i-I 

Ii Z I - (WSEED) NPARM-1.  

Print the parameters.  

4. RETURN.
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Flow Chart for Mocule SIPIRP 

ACCL is a n•ultiplier of 
calculateel 'ead change 
which is used to control 
the convergence rate.  

HCLOSE is the head change 
closure criterion. When 
head change In all model 
cells Is less than or 
equal to HCLOSE, Iteration •ITE= 
stops.  

WSEED is the seed, specified 
by the user, on which the 
calculation of Iteration 
parameters is based If E ANL. POINT 
IPCALC Is zero. ACCL -CLOSE 

WSEED iPC-%LC 
IPRSIP is the time step ANO IPSJP 

interval for printing the 
maximum head change for 
each iteration of a time 
step. Head change is 
printed c ery IPRSIP time IPZALC 
steo. He-" change is 
printed at the end of a 
Stress pe-iod regardless Y=S 
of the interval. =_

IPCALC IS a flag. If It is CALCULATE ANOD PRIN 
ITERATION set equal to one, iteration ==AAME-ERS LSING 

parameters will be calculated 
from a seed calculated 
within the program. If it 
is clear (equal t: zero), 
iteration parameters will 
be calculated from a seed 
provided by the user. RETURN
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¶URUOU!?'( ou Iti~m~w C.CI wCOE*~~IA.*~S~ 

C READ DATA FOR SIP 
C ........................................  

C 
C SPVCIFICATInS? 

C 
..... EAD ACCL.MCLOsf.NSlED.I*C*LC.I'ISIP * 

REA0(?b.l) ACCL.NMVA .IPCAC.WSEED.'PQS 

I FORIMAT(2110.041.F10.O.IlOI 
IFAACCL.EO.O.) AcCL.1.  

C2---- RINT DATA VALUES M!V READ 

100 v0U,4TjI1M0.//I5?3. SOLUTION IT TM( STRONGLI ,#LIC1*. "OCLEAV 
11SIX 431'-') 
~URTigItOUT.IIS) "1Z1111 

115 FORRATII4O.47I. *NXMIUI ITERATIONS ASLLOWD FOR CLOSURE '.19) 
WRITE(IOIUT.120) AM.  

120 FOONAT(Ill *631.ACCEURATION P~ARMETER G1.  

MR ITECIOUT.12S) S4CLOSE 
I25 FOANAT(IK *Snz.*EAC OxWSE CRITERION FOA CL0Ou'E *.EIS.S) 

IF(?POSIP..LE .O)IP-9Sl 

1IN GORMAT(1M S21.-SIP MEAD CNAME~ PRINTOUT INTERVAL '.19) 

C3 ----- CCNIC IF SPECIFIED '.AUE OF WED SMOUW. SE USED 0U IF 

C3 ----SEED SNOSJO 3 C~ALCULATED 
IFfIPCM.C.EQ.OI GO TO 150 

C 
:3A.....CALCULATt SEED & ITEUATIONl PARAMETERS 0R100 TO IS? ITERATION 

0':TE(!0UT.114Ol 
'40 F0 A1{llIO.521.CALCULAIE ITEQATIlON PARAMETERS FRO" MODL'.  

I' CALCULA
T
ED WSEEO*) 

GO 0O 1000 
C 
C38...---- SE SPECIFIED VALUE OF WISEED 
c3b ----- CALCULATE AND PRINIT ITERATION PARAMETURS 

ISO P1.-I.  

00 160 I-.I.HPMNt 

160 I)IVSE(PI? 
wRITE(IOUT.l61) %PAaN.NSZED.Iw(J)d.J.MPAMN) 

161 FoNNATJI#01N.!.:s ITERATION PARAMETERS CALCULATED FROM'.  

1 SPECIFIED USEEO *.FI.8 ,fi1.6EIS.7)) 
C 

------- q E-u 
1000 RETURN 

EP.O
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List of Variables for Modul. SIPIRP 

Variable Range Definition 

ACCL Package Acceleration parameter.  

HCLOSE Package Closure criterion for the iterative procedura.  

I Module Index for iteration parameters.  

IN Package Primary unit number from which input for this package 
wil! be read.  

IOUT Global Primary unit number for all printed output. IOUT a 6.  

IPCALC Package Flag.  

*0, seed for iteration will be calculated in the 
program.  

0 0, seed will be specified by the user.  

IPRSIP Package Frequency (in time steps) with which the maximum head 
changes for each iteration will be printed.  

J Module Index for iteration parameters.  

MXITER Package Maximum number of iterations.  
NPARM Package Number of iteration parameters.  

P1 Module I - 1.  

P2 Module NPARM - 1.  

U Package DIMENSION (NPARM), Iteration parameters.  

WSEED Module Seed for calculating iteration parameters.  
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Narrative for Module SIPlAP 

Module SIPIAP performs one iteration of the Strongly Implicit Procedure 

(SIP) algorithm for solving the f!ow equation. To save computational 

time, all arrays are declared one dimensional. The one-dimensional 

indexes are calculated from the layer, row, and column indexes normally 

used to access the arrays in three dimensions. Computational time is 

saved because knowledge of the geometry is used to make the calculations 

efficient and because the calculations are not repeated for identical 

indexes as would be done by internal FORTRAN addressing routines if three

dimensional subscripts were used..  

"- This module is complex, partly because the SIP solution process 

requires that the same calculations be performed with two methods of 

ordering the equations. This is implemented by a generalized algorithm 

that uses the same computer statements to handle both ordering schemes.  

Checks are made to detect which ordering scheme is used, and array indexes 

are calculated accordingly.  

Double precision is used for most calculations in this module in order 

to allow accurate answers to be calculted for a wide range of problems.  

Mixed precision arithmetic has been avoided by setting double-precision 

variables equal to single-precision values and then using the double

precision variables to make a completely double-precision expression.  

Also, the reverse has been done. In the explanations below, each use 

of an assignment statement to change precision is not explained because of 

the large amount of text required. It is left to the reader to discern 

when this is occurring. When changing this module, care should be used
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to maintain expressions that have unmixed precision. Mixed precision 

expressions can cause erroneous results with some Compilers.  

Module SIP1AP performs its functions in the following order: 

1. If the user has specified (IPCALC * 0) that iteration parameters 
should be calculated by the program, CALL submodule SSIPII to calculate 

both the seed and the parameters.  

2. Assign values to fields that are constant during an iteration.  

3. Initialize the variables that track maximum head change during an 

iteration.  

4. Clear SIP work arrays.  

5. Determine the ordering of equitions and set the crdering flag 
(IM±R) accordingly. This flag alternates between 1 and -1 each iteration.  
Calculate indexes IDNRC and IDNCOL which are used when calculating locations 

"-of neighboring cel:s.  

6. Calculate the matrix ; and intermediate vector Vusing forward 

substitution. The elements in matrix I are used as they are calculated; 

therefore, they are not saved. In the explanation of SIP concepts, the 
diagonals in the matrix j were designated "e," "f," and "g." The corres
ponding iteld names In the program are EL (e lower case), FL (f lower case), 
and GL (g lower case). Similarly, the diagonals in the ý array which are 
"Na" "b," "c," and "d" in the explanation are "AL," "BL," "CL," and "OL" 

in the program. The codes for the diagonals in matrix ; in the explanation 

are the same in the program. The codes for diagonals in A+- in the 

explanation are followed by a "P" in.the program. Hence, Z' in the 
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explanation is ZP (Z prime) in the program. The intermediate vector V in 

the explanation is the array "V' in the program.  

(a) Set current cell indexes, 11, JJ, KK. For normal ordering, the 

equation order Is the same as the order of the loop indexes !,JK. For 

reverse ordering, loop indexes I and K are inverted to produce the proper 

sequence of cells.  

(h) Calculate the one-dimensional subscript of the current cell.  

If this cell is constant head or no flow, skip calculations for this cell 

and go on to the next.  

(c) Calculate the one-dimensional subscripts for the six neighboring 

cells.  

(d) Calculate the Gne-dimensional subscripts for conductance to 

each of the six neighboring cells. Since conductances between cells are 

assigned to array elements at specific cells (for example, CR(I,J,X) 

stores conductance between cells 1,J,K and I,J+1,K), the four or five 

conductance subscripts are not simply the cell locations of the six 

neighboring cells as calculated in step 6(c). Also, the subscripts depend 

on equation ordering.  

(e) Calculate or assign variables that are required for forward 

substitution and involve neighboring cells. Whenever a neighboring 

cell is outside of the grid, the variables are set to zero.  

(1) Neighboring cell is one row back.  

(2) Neighboring cell is one row ahead.  

(3) Neighboring cell is one column back.
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(4) Neighboring cell is one column anead.  

(5) Neighboring cell 's one layer back.  

(6) Neighboring cell is one layer ahead.  

(f) Calculate the components of the upper and lower matrices U and 

L, which are the factors of matrix 1W.  

(g) Calculate the residual M. The calculation of HNW times HCOF 

is done in single precision so that the calculation will have precision 

comparable to similar calculations made in the formulation 0.dules, all of 

which use single precision.  

(h) Calculate the intermediatc vector V, which is stored in array V.  

This step completes the forward-substitution process for one cell.  

7. Step through the cells solving for head change using bacý substitution.  

(a) Set current cell indexes I1, JJ, KK. The ordering is the reverse 

-' of that used for forward substitution (step 6(a)).  

(b) Calculate the one-dimensional subscript of the current cell.  

If this cell is ccnstant head or no flow, skip calculations for this cell 

and go tc the next.  

(c) Calculate the one-dimensional subscripts for the three neighboring 

cells behind (relative to the direction of the back-substitution ordering) 

the current cell.  

(d) Back substitute, solving for head change. Store head change 

in array V in place of the intermediate values of vector V. This doubling 

up of storage is used to save the cost of additional computer storage.
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(e) Save the value of head change whose absolute value is largest 

during this iteration. Also, save the cell location where this head 

change occurred and the absolute value of the head change.  

(f) Add the head change this iteration to head from the previous 

iteration to get a new estimate of head.  

8. Store the head change whose absolute value is greatest this iteration 

and its cell location in arrays HDCG and LRCH. These may be printed in 

step 10 at the end of the time step. Set the convergence flag to one if 

the convergence criterion is met.  

9. If the iteration is complete, print the number of iterations for 

the step; otherwise, RETURN.  

10. Print the maximum head change and cell location each iteration-if.  

the SIP printout interval (IPRSIP) is reached. Printout occurs at the end 

of a stress period regardless of the Interval.  

11. RETURN.
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IPCALC .s a flag. If It Is set 
equal to one, the program.  
calculates a seed frorm whi.Ch 
iteration paraueters are 
calculated. It may be set 
by the user at the beginning IPCA.  
of the simulation. It iS 
cleared during the first ARP 
i.terations. SSIPII will.j 

never be called more than 
once. If IPCALC Is not set jASSIONCOI 

equal to zero, the user I,,ASE! 
specifies the seed for the 
iteratIon parameters.  

IDIR indicates whether the sE FLAG iINO&CATEP 
ordering of equations is oIREVI 
normal (1) or reverse (-1). ORE 

FOR EACH CE, o JL 

SSIP1I Is a submodule which PT 
calculates Iteration V 
parameters. CALCuL E XPANL:SIUN 

OF &.0,CKS 
I6ANC;I, 
APE :.% TAE NE X" *AGE I
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Flow Chart for !4odule SIP14P (ConttnueO) 

Single Cell Index: In this module.  
a single index Is used to Identify 
each cell. This Is in opposi•ot0n fST'-eLOCx'

to tne three Indices (1,J.K) used 6S.DAP) 

.n most otner modules.  

SET UP 
THREE CELL 

INDICES 

CALCULATE 
SING. E CELL 

INCIX FOR A 
THIS CELL 

AET UP ',4REE CE.LL 

C INDICES 

CA..CULATE 

SINGLE CELL B 
INDICES OF 

THE SIX 
ADJACENJT CELLS CALCULATE 

"SIN'GLE CELL 
+ I INDEXr 

CALCULATE 
INDICES FOR C 

CON DUCTANCES
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S'**OUTrNICI Sf SIP1A IOI*&WNEMIhbotUENO.CR .LCC -CV .NCDF .RHS.CLAA1..L.V.  
I ~ PCGL*CS.DW,.(IER.CLSE.*CCLZJCWC(STP(PCRl 

2 IPCALC.Ip"- : 3.'M I 1cM .NSTP.bC0M .%A~b.fLAV .600ES. .OUT) C --- vEASIOe. 14S4 02DEC1982 SIP:AP 
C 
C .... **...* ........ ........................  
C SOLUTbON IT Thf STRC'r-LI I-PLICI? PRCCEDuIL .. I ITERATION c ..... 0 .............* .*...... ....................  
C 
C SPIC:FICATIONS: 

C .. ......... ............-.............. 
....  DOmUBL PRECISION W(EW.OITPAa *AC.*HCoF .RtS .AI.OZCEmo.DOFIE.&ES 

DOIME PRECISION ........ ?C.G 'PN 
OOJPLE PRECISION 
DOUBLE PRECISION A.IL.CL.Ot.ILNCL.FLItCL..st,,a 
rVUBLE PRECISION ELMBL.rtLNL.GLNSL.ELNLL.FIV.rLjOI,.  
DOUBLf PRECISION WUL. "M .V MLL I. E L XI F L I 1.6 L II .V 4MCV NWW 

C 
OIpfhSiO.. wIIC(1S0S). I3OUVO(N00f53* u..tWOO.). CWf'ODIS).  I CWRNODES). NCOFusODES). QHSINOOCES' ELINOOCS. FLIUOOCSI* 2 GL(NCXS). VINOOES). W"PARM). HOCG(H: ITER). LCN(3*Ia01INC) 

C .. . .. . . ... . . . . . . . . . . . ... . . . ... . . . . .  C 
CI.--.-CALCOjfATE ITERATION PUADCMTERS IF FLAG Is SCT. THECN CI ----CLEAR THE FLAG SO THAT CALCULATION IS D0OME ONLY ONCE.  IF(IPtALC.X[.O) 

I CALL SSP1CtC.VION.P~t..#O.$WNA.O! 
I PCALC.O 

C 
C2 ----- ASSIG16 VALUES TO FIELDS TNAT MEC CONSTANT DURING AN ITERATION 

OZ!RO-.0 
DONE -1.  
ACOZCOL 
MRc4IAvpqCOL 
%TH.OOD(KITER-.1mPAMp).I 
DMTAR-WINTh) 

C 
C3 ---- INMA'LIZE VARIABLE THAT TRACKS NtAXIPRJ "EA0 CHNAGE DURING C3-..-TH( ITERATION 

C 
CA...--.CLC SIP WORK ARRAYS.  

DO 100 1-.NOD(01 
ELMI)O.  
FL(I).O.  
GLII ).O.  

100 V(I)-.O 
C 
CS.----SET V0RMAL/REVERSC EOUATIORI ORDERING FLAG (1 04 -1) AND CS---- :ALCULATE !N0EXES DEPENDENwT ON ORDERING 

IDIR-lD~*C 

C6 ----STEP THROUGH CELLS CALCULATING INTERMEDOIATE VECTOR V C6.-----SING FOIWARO SUBSTITUTION 
00 ISO K.1,NLA? 
D0 150 I.1.NRow 
DO ISO J.I.NCOL 

C 
CIA.---SCT UP CUsiiIIR CELL LOCATION :NDCE1S. THESE ARE DEPENDENT CBA -.--- -OR'.0 DIRECTION OF EQUATION ORDERING.  

IF(IDIR.LC.O)40 TO 121 
a: .z 
jJ.3 
CR4c 
60 TO 122 

120 tt-umoie.-fI.  
jJ.J
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List of Variables for module So!0AP 

Variable Range Definition 

AC Module Double-precision acceleration parameter (ACCL).  ACCL Package Acceleration parameter.  
AL Module Diagonai from the lower factor. (AL stands for 

A-lower case.) AP Module Diagonal element in the modified coefficient matrix.  
(AP stands for A-prime.) Module Diagonal label in the coefficient matrix--conductance 
from the adjacent node which is in the last row.  BHNEW Module Head in the adjacent cell which is in the last row.  BIG Module Largest head change for an iteration.  

BIGG Module Largest absolute vatue of head change for an iteration.  
BL Module Diagonal from the lower factor. (BL stands for 

B-lower case.) CC Global DIMENSION (NCOL,NROW,NLAY), Conductanc. in the column 
direction. CC(J,I,L) contains conductance between 
nodes (J,IK) and (J+1,I,K).  

CL Module Diagonal from the lower factor. (CL stands for 
C-lower case.) CP Module Diagonal element I, the modified coefficient matrix.  
(CP stands for C-p-ime..) CR Global DIMENSION (NCOL.NROWNLAY), Conductance in the row 
direction. -CR(J::,K) contains conauctance between 
nodes (J,!,X) and kJ,I+1,K) CV Global DIMENSION (NCOL,NROW,NLAY-1), Conductance in the vertical 
direction. CV(J,IK) contains conductance between 
nodes (J,I,K) and (J,I,K+I).  D Module Diagonal label in the coefficient matrix. Conductance 
from the adjacent node which is in the last column.  DHNEW Module Head in the adjacent cell which is in the last column.  DITPAR Module Double-precision iteration parameter.  

DL Module Diagonal from the lower factor. (DL stands for 
D-lower case.) 

DONE Module Double-precision rield containing a one.  DZERO Module Double-precision field containing a zero.  
E Module Main diagonal in the coefficient matrix.  
SL Module DIMENSION (NODES), Diagonal from the upper fator.  

(EL stands for E-lower case.) ELNCL Module EL (E-lower case) from the cell in the last column.  ELNLL Module EL (E-lower case) from the cell in the last layer.  ELNRL Module EL (E-lower case) from the cell in the last row.  
ELXI Module Intermediate result.  
F Module Diagonal label in the coefficient matrix--conductance 

from the adjacent node which is in the next cclumn.  FHNEW Module Head in the adjacent cell which is in the next column.  FL Module DIMENSION (NODES), Diagonal from the upper factor.  
(FL stands for F-lower case.) FLNCL Module FL (F-lower case) from the cell in the last column.  

FLNLL Module FL (F-lower case) from the cell in the last layer.  FLNRL Module FL (F-lower case) from the cell in the last row.
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List of Variables for McPuie SP]AP fCo'ti'nue• 

Variable Range nefinition 

FLX] Module Intermediate result.  
GL Module DIMENSION (NODES). Diagonal from the upper factor.  

(GL stands for G-lower case.) 
GLNCL Module GL (G-lower case) from the cell in the last column.  
GLNLL Module GL (G-lower case) from the cell in the last layer.  
GLNRL Module GL (G-lower case) from the cell in the last row.  
GLXI Module Intermediate result.  
GP Module Diagonal element in the modified coefficient matt:x.  

(GP stands for G-prime.) 
H Module Diagonal label in the coefficient matrix. Conductance 

from the adjacent node which is in thenext row.  
HCFHNW Module Product of head and HCOF for a cell.  
HCLOSE Package Closure criterion for the iterative procedure.  
HCOF Global DIMENSION (NCOLNROW,NLA.Y), Coefficient of head in the 

cell (J,I,K) in the finite-differznce equation.  
HDCG Package DIMENSION (MXITER), iaximum head change for each iteration.  
HHCOF Module Double-precision HCOF.  
HHNEW Module Head in the adjacent cell which is in the next row.  
HNEW Global DIMENSION (NCOL.NROW,NLAY), Most recent estimate of head 

in each cell. HNEW changes at each iteration.  
HNW Module Temporary field for HNEW(N).  
I Module Index for nodes and rows.  
18 Module Row number of the cell having the largest head change.  

- IBOUND Global DIMENSION (NCOL,NROW,NI.AY), Status of each cell.  
< 0, constant-head cell 
0 0, inactive cell 

> 0, variable-head cell 
ICNVG Global Flag is set equal to one when the iteration procedure 

has converged.  
IDIR Module Indicator for direction of solution algorithm.  

+1 - forward 
-1 - reverse 

IDNCOL Module Intermediate result used to calculate indices.  
IDNRC Module Intermediate result used to calculate indices.  
II Module Row number.  
!OUT Global Primary unit number for all printed output. lOUT - 6.  
ICALC Package Flag.  

- 0, iteration parameter seed (WSEED) is entered 
by the user.  

1 1, seed is calculated in the program.  
IPRSIP Package Frequency (in time steps) with which the maximum head 

changes for each iteration will be printed.  
J Module Index for columns.  
JB Module Column number of the cell having the largest head change.  
JJ Module Column index.  
K Module Index for layers.  
KB Module Layer of the cell having the largest head change.  
KITER Global Iteration counter. Reset at the start of each time 

step.
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List of Variables for Module SIPlAP (Continued) 

Variable Range Definition 

KK Module Layer index.  
KPER Global Stress period counter.  
KSTP Global Time step counter. Reset at the Start of each Stress 

period.  
LRCH Package DIMENSION (MXJTER), Layer, row, and column of the cell 

containing the maximum head change (HDCG) for each 
iteration.  

MXITER Package Maximum number of Iterations.  
N Module Cell index.  
NC Module Index for the adjacent cell in the last column.  
NCD Module One-dimensional subscript of conductance to the adjacent 

cell which is in the last column.  
NCF Module One-dimensional subs,;ript of conductance to the adjacent 

cell which is in the next column.  NCL Module One-dimensional subscript of the cell index of the 
adjacent cell which is in the last column.  NCN Module One-dimensional subscript of the cell index of the 
"adjacent cell which is in the next co'umn.  

NCOL Global Number of columns in the grid.  
NL Module Index for the adjacent cell in the last layer.  
NLAY Global Number of layers in the grid.  
NLL Module One-dimensional subscript of the cell' index of the 

"adjacent cell which is in the last layer.  NLN Module One-dimensional subscript of the cell index of the 
adjacent cell which is in the next layer.  NLS Module One-dimensional subscript of conductance to the adjacent 
cell which is in the next layer.  NLZ Module One-dimensional subscript of conductance to the adjacent 
cell which is in the last layer.  "NODES Global Number of cells (nodes) in the finite-difference grid.  

NPARM Package Number of iteration parameters.  
NR Module Index for the ?djacent cell in the last row.  
NRB Module One-dimensional subscript of conductance to the adjacent 

cell which is In the last row.  
VRC Module Number of cells in the layer.  
NRH Module One-dimensional subscript of conductance to the adjacent 

cell which is in the next row.  
NRL Module One-dimensional subscript of the cell index of the 

adjacent cell which is in the last row.  NRN Module One-dimensional subscript of the cell index of the 
adjacent cell which is in the next row.  

NROW Global Number of rows in the grid.  
NSTP Global Number of time steps in the current stress period.  
NTH Module Index for iteration parameters.  
RES Module Residual.  
RHS Global DIMENSION (NCOL,NROW,NLAY), Right hand side of the 

finite-difference equation. RHS is an dccumulation 
of terms from several different packages.
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List of Variables for Module SIPlAP (Continued) 

Variable Range Definition 

RP Module Diagonal element in the modified coefficient matrix.  
(RP stands for R-prime.) 

RRHS Module Double-precilsion right hand side of the equation.  

S Module Diagonal label in the coefficient matrix--conductance 
from the adjacent node which is in the next layer.  

SHNEW Module Head in the adjacent cell which is in the next layer.  

TCHK Module Absolute value of head change for a single cell.  

TP Module Diagonal element in the modified coefficient matrix.  
(TP stands for T-prime.) 

UP Module Diagonal element in the modified coefficient matrix.  

(UP stands for U-prime.) 

V Package DIMENSION (NODES). Intermediate result.  

"VN Module Temporary double-orecision V(N).  

VNCL Module Element in the intermediate vector for the cell in 

the last coluor..  
VNLL Module Element in the intermediate vector for the cell in 

the last layer.  

VNLLI Module Artifact of an earlier version of the program.  

VNRL Module Element in the intermediate vector for the cell in 

the last row.  

W Package DIMENSION (NPARK), Iteration parameters.  

Xl Module Double-precision V(N).  

- Z Module Diagonal label in the coefficient matrix--conductance 
from the adjacent node which is in the last layer.  

"ZHNEW Module Head in the adjacent cell which is in the last layer.
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Narrative for Module SSIP1P 

Submodule SSIPIP prints the largest value of head change (HDCG) out of 

all cells for each iteration of a time step. Also printed is the cell 

location (LRCH) where the change occurs. The submodule is so short that 

no numbered comments are used and no flow chart is provided.
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C 

C----VERSION 1504 08DEC1982 SSIPIP 

S PHENS AIO UM HEADGCHANGER FOR ACH ITERA) O UIG IESE 
C 

C c PORINT( M .AXIMUM HEAD CHANGE FOR EACH ITERATION DRNGATMESE 
C SPECIFICA71ONS: 

DIMENSION HDCG(OXITER). LRCH((3,MXITER) 

"WRITE(IOUT,5) 
5 FORMAT(IHO,'MAXIHUM HEAD CHANG~E FOR EACH ITERATION:'/ 
1 1HO,SiU HEAD CHANGE LAYER,ROW.COL')/lX,132('"')) 
WRITE (IOUTJO0) (HDCG(J).(LRCH(IJ),114,3),JI1,KITER) 

10 FORMAT((lX,5(G12.4, (1,,3',,')) 

11 FORMAT(1HO) 
C 

-• .RETURN 
C 

END
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List of Variables for Module SSIP1P

Variable Range Definition 

HDCG Package DIMENSION (MXITER), Maximum head change for each 
iteration.  

I Module Index for cell location.  

IOUT Global Primary unit number for all printed output. IOUT - 6.  

J Module Index for iterations.  

KITER Global Iteration counter. Reset at the start of each time 
step.  

KPER Global Stress period counter.  

KSTP Global Time step counter. Reset at the start of each stress 
period.  

LRCH Package DIMENSION (MXITER), Layer, row, and column of the cell 
containing the maximum head change (HDCG) for each 
iteration.  

MXITER Package Maximum number of iterations.
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Narrative for Module SS!P1! 

Submodule SSIPI! calculates an iteration-parameter seed using model

conductance values and grid dimensions. Although a single seed is required.  

the method of calculation requires that three-directional seeds be calculated 

for each active cell. Then a cell seed, the minimum of the three, is selected.  

Finally, all the cell seeds are averaged to give the grid seed. This grid 

seed is then used to calculate the Iteration parameters. The minimum cell 

seed is also printed.  

Submodule SSIPI[ performs its functions In 'he following order: 

1. Calculate constants and initialize variables. In order to calculate 

the average cell seed, accumulators AVGSUM (sum of the cell seeds) ano 

NODES (sum of the active cells for which a seed is calculated) are required.  

These are initialized to zero-. WMINMM is Losed to store thq smallest cell 

seed. Since this value must always be less than one, it is initialized to 

1.0. The three coefficients. CCOL, CROW, and CLAY are set equal to 

w2 /2(NCOL) 2 , w2 /2(NROW) 2 , and W2/2(NLAY)2, respectively.  

2. Loop through all cells, calculating a cell seed for each active 

cell.  

(a) Find the conductances from the cell to each of the six adjacent 

cells. Conductance across the grid boundary is set equal to zero.  

(b) Find the maximum and minimum of the two conductances in the row 

direction (DFMX, DFMN), in the column direction (BHMX, BHMN), and in the 

vertical direction (ZSMX, ZSlN). If the minimum is zero (which indicates 

that a neighbor is no flow), set the minimum equal to the maximum.
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(c) Calculate three-directional seeds (WCOL. WROW, WLAY) using the 

relations 

WCOL a CCOL/(1. + (BHMX + ZSMX)/DFMN); 

WROW - CROW/(I. + (DFMX + ZSMX)/BHMN); and 

WLAY - CLAY/(1. + (DFMX + BHKX)/ZSrN).  

If the minimum conductance is zero (that is, both the minimum and the maximum 

are zero). set the seed equal to 1.0. This value will be ignored when the 

cell seed (the minimum-directional seed) is selected in step 2(d) because 

any valid seed will be less than 1.0.  

(d) Select the minimum of the three-directional seeds as the cell 

seed. If it is the smallest cell seed used so far, store it in l*II'N1.  

Accumulate the sum of the cell seeds and the total number of active cells 

so that the average of all cell seeds can be calculated in step 3.  

3. Calculate the grid seed (the average cell seed) and print it along 

with the minimum seed.  

4. Calculate and print iteration parameters using the grid seed with 

the relation 

i-1 

1 - (SEED) NPARM - 1 

where 

i is the i-th iteration parameter, and 

NPARM is the number of Iteration parameters.  

5. RETURN.
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.fw Chart for Mmule SS:D:

Seed: the "grid seed" is the 
single parameter u',ed to 
calculate the Iteration 
parameters. To calculate 
the grid seed, several 
.ntermediate variabl es, 

called "cell seeds,TM are 
used. For each cell, 
three "dlrectlonal seeds" 
are calculated. The mlntum 
directional seed for a cell 
Is the *cell seed." The 
"grld seed" Is the average 
of the cell seeds.  

AVGSUM is an accumJlator to 
which each cell seed is 
aoded. It is then divided 
by the number of cells to 
obtain the average cell 
seed which Is used as the 
grid seed.
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S.3ROUTINE SSIP1 (Ca.,CC ,CV,13OUNDNPARM,,,.•CUL.,',ROW,.';L AY 1 lOU7] 

C -... VERSION 1743 26APR1983 SSIP1I 

C CALCULATE AN ITERATION PARAMETER SEED AND USE IT TO CALCULATE SIP 
C ITERATION PARAMETERS 
C 
C C SP EC IF ICATI ONS: 

DIMENSION CR(NCOL,NROWNLAY).CC(NCOLNROW,NLAY) 

1 ,CV(NCOL.NROW,NLAY),IBOUND (NCOL,NROW.NLAY),W(NPARM) 
DOUBLE PRECISION DWMIN,AVGSUM 

C 
C 
Cl- ---- CAALCULATE CONSTANTS AND INITIALIZE VARIABLES 

PIEPIE,9.869604 
R-NROW 
C-NCOL 
L-NLAY 
CCOLPIEPIE/(2.*C*C) 
CROW-PIEPIE/(2.*R'R) 
CLAY-PIEPIE/(2.*L-L) 
WMINMN-1.  
AVGSUM-O.  
NOPe S-O 

C2 ------ LOOP THROUGH ALL CELLS, CALCULATING A SEED FOR EACH CELL 
C2 ------ THAT IS ACTIVE 

D0 100 K-1,NLAY 
DO 100 I-1,NROW 
00 100 J-1,NCOL 
IF(IBOUND(J,I,K).LE.O) GO TO 100 C 

C2A -.--- CONDUCTANCE FROM THIS CELL 
C2A-..---TO EACH OF THE 6 ADJACENT CELLS 

D-O.  IF(J.NE.1) D-CR(J-1, I,K) 
F=12.  

IF(J.NE.NCOL) FSCR(J,I,K) 
B-0.  
IF(I.NE.1) B=CC(J,I-lX) 
HO.  
IF(I .NE.NROWr) H-%-C(J, I,K) 
Z,,O.  
IF(K.NE.1) Z-CV(J,I.K-1) 
S-0.  
IF(X.NE.NLAY) S-CV(J,I,K) 

C 
C2B-....FIND THE MAXIMUM AND MINIMUM OF THE 2 CONDUCTANCE COEFFICIENTS 
C23 .---- IN EACH PRINCIPAL COORDINATE DIRECTION 

DFMX-AMAXI(D,F) 
"..- 428



BHMX -AMAX 1( , H) 
ZSMX-AMAX I (Z.S) 
DFMN-AMINI(D,F) 
BHMN-AMINI(BH) 
ZSMN-AMI NI (Z ,S) 
IF(DFMN.EQ.O.) DFMN-OFMX 
IF(BHMN.E'Q.O.) BHMN=BHMX 
IF(ZSKN.EO.O.) ZSMN-ZSMX 

C 
C2C-----CALCULATE A SEED IN EACH PRINCIPAL COORDINATE DIRECTION 

WCOL-I.  
IF(DFMN.NE.O.) WCOL-CCOL/(1.+(BHMXUZSMX)/DFMN) 
WROW&I.  
IF(BHMN.NE.O.) WROW-CROW/(l.+(DFIU+ZSMX)/BHM) 
WLAY-I.  
IF(ZSMN.NE.O.) WLAY-CLAY/(l.+(DFMX+BHMX)/ZSMt) 

C 
-" C2D--...SELECT THE CELL SEED, WHICH IS TUE M4NIMUM SEED OF THE 3.  

C2D--...SELECT THE MINIMUM SEED OVER THE WHOLE GRID.  
-- " WMIN-AMINI(WCOL,WROW,WLAY).  

WM(NMN-AMINI (WMINMNWMIN) 
C 

C2E--...ADD THE CELL SEED TO THE ACCUMULATOR AVGSUM FOR USE 
C2E--...IN GETTING THE AVERAGE SEED.  

DWMI NmWMIIN 
AVGSUMsAVGSUM+D{WMI N 
NODES-NODES÷I 

C 
100 CONTINUE 

N C 
C3 ------ CALCULATE THE AVERAGE SEED Of THE CELL SEEDS, AND PRINT 
C3 ------ THE AVERAGE AND MINIMUM SEEDS.  

MP-NODOES 
AVGMI N-AVGSUM 
AVGMIN•AVG04IN/TMP 

"N WRITE(IOUT,101) AVGMIN,WMINMN 
101 FORMAT(IHO,'AVERAGE SEED -',F1l.8/1X.'MINIMUM SEED "' ,FI .8) 

C 
C4 ------ CALCULATE AND PRINT ITERATION PARAMETERS FROM THE AVERAGE SEED 

P1--i.  
12-NPARM-1 
DO 50 I-1,NPARM 
Pl-Pl+l.  

50 W( ) -l.-AVGMIN**(Pl/P2) 

WRYTE(IOUT,150) NPARM,(W(J),J-1,NPARM) 
15u FORMAT(lhO,/,15,' ITERATION PARAMETERS CALCULATED FROM', 

1 ' AVERAGE SEED:'//(1OX,6El5.7)) 
C 
C5 .----- RETURN 

RETURN 
END
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List o0 Va-iables for 1.ocule SSIPl!

DefinitionVariable 

AVGMI N 

AVGSUM 

B 

BHMN

430

Range 

Module 

Module 

Module 

Module

Mean WMIN.  

Sum of all of WMIN's.  

Conductance between this node and the one to the rear.  

Minimum of B and H (if the minimum is O, It is the 
maximum).  

Maximum of B and H.  

Number of columns.  

DIMENSION (NCOL,NROW,NLAY), Conductance in the column 
direction. CC(J,IK) contains conductance between 
nodes (J,I,K) and (J÷lI,K).  

Intermediate factor.  

Intermediate factor.  

DIMENSION (NCOLNROWNLAY), Conductance -n the row 
direction. CR(J,I,K) contains conductance 
between nodes (J,I,K) and (J,I+1,K).  

Intermediate factor.  

DIMENSION (NCOL,NROW,NLAY-1), Conductance in the 
vertical direction. CV(J,I,K) contains conductance 
between nodes (J,I,K) and (J,I,K+1).  

Conductance between this node and the one to the left.  

Minimum of D and F (if the minimum Is 0, it is the 
maximum).  

Maximum of D and F.  

Double precision WMIN.  

Conductance between this node and the one to the right 

Conductance between this node and the one to the front 

Index for rows.  

DIMENSION (NCOL,NROW,NLAY), Status of each cell.  
< 0, constant-head cell 
= 0, inactive cell 
> 0, variable-head cell

BHMX 

C 

CC

Module 

Module 

Global

CCOL 

CLAY 

CR

Module 

Module 

Global

CROW 

CV

" Module 

Global

0 

DFMN

DFMX 

nWMI N 

F 

H 

I 

IBOUND

Module 

Module

Module 

Module 

Module 

Module 

Module 

Global



List of Variables for Module SSIP1I (Continued) 

Variable Range Definition 

lOUT Global Primary unit number for all printed output. IOUT - 6.  

J Module Index for columns.  

K Module Index for layers.  

L Module Number of layers.  

NCOL Global Number of columns in the grid.  

NLAY Global Number of layers in the grid.  

NODES Module Number of variable-head (IBOUND > n) cells in the grid.  

NPARM Package Number of iteration parameters. 

NROW Global Number of rows in t,•,e grid.  

PIEPIE Module PI squared.  

P1 Module Index for the number of parameters.  

P2 Module NPARM-1.  

R Module Number of rows.  

S Module Conductance between this node and the one below.  

TMP Module Temporary field for nodes.  

W Package DIMENSION (NPARM), Iteration parameters.  

WCOL Module Seed in the column direction for a cell.  

WLAY Module Seed in the layer direction for a cell.  

WMIN Module Minimum of (WCOL, WLAY, WROW).  

WMINMN Module Minimum WMIN.  

WROW Module Seed in the row direction for a cell.  

Z Module Conductance between this node and the one above.  

ZSMN Module Minimum of Z andS (if.minimumis 0, it is the maximum).  

ZSMX Module Maximum of Z and S.  

431



Slitce-succes 

Solving a System 

the finite-differ( 

difference grid.  

have the form 

C~ J. k-, ,hml*' 

+*(- CV1 ,j,k-1./2 

- CCi+7/, 2jk - C 

+CCi 1 1/2,j khT 

where

m is the tin,_ 

4 is the iterat

Equation 122 can be

-CRi~j...l, 2 k - CRJ 

+HCOFi,j~k)(h m 1 

+ CCi+1/,2jk(hi+)i

I i........-7,'

117 MRMT97~* ý7 .F ' 

C14APTER 13 
SLI!CE-SUCCESSIVYE OVERRELAXrI ON PACKAGE 
Conceptua11zation and I Dlementation 

sive overrelaxation (SSOR) is a technique for iteratively 
of linear equations. The SSOR package, in Particular. solves 
nrce equations associated with the cells in the finite
Those equations with the iteration Counter 61 included 

k- CCi-l /2,j.,khi.l J~k + CRi ,J-/2,khi j-1k 

*CCi-1/2,zj,k 
-CRji.J- 1/2 . - CR1 .J+1lf.k 

Vi~~k1/ -HCOFI~jk)hmijkM'+ 

+1 1,+ ,J~k + C~i J,k+l 12hj~ RHSi j~ 12 

step counter; and 

ion counter.  

written in residual form as 

+1- ntm'1+1 m,'t 

+1 MI 
.1 ,k-hiJ1 j.k) + (- CVi, Jk-.i/2 - CCj.i, 2j,Jk 

,J12k- CCi+i,2,j k -CVi1 ~k /2 

Ichi ,J'k) + CRiJj+1/2,k(hi.,j+lk.hii~,lk) 

j~k-hi+.ltj,k) + L.Vi~jk+1/2(hi j~k,.hi~jk~l) 
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m tmg to 
RHSi,jk - CVijk-1Ii-i.j.k-l - CCil/2.,jkhl.l-j.k 

CRi.j-l/2,khijL-lk "CVtJ.--1/2 - CCi-I/2.j.k - CRC J-i/2.k 

CRt ,Jl4/2,k - CCi+l /2.jk - CVtJ.k+l/2 + HCOFt j tk)hi j,k 

m,t - ML mt 
- CRij+1/2,khi.j~l k 2 CCilI.jknl.j~ k - CVihj+k1l.zhi jkl (123) 

The left hand side of equation 123 consists of terms involving the seven 
m,ut÷l mta 

head changes e.g., (hijk-hi,,k) for iteration t÷1. At the beginning of 

(•- iteration t+I, those head changes are unknown. The right hand Side of equa

tion 123 consists of the term RHS and terms involving the htad at the end of 

iteration L, all of which are known at the beginning of iteration +.l.  

The difficulty encountered in solving the system of equations having the 

form of equation 123 is that there are too many equations--there is an 

equatior for each cell in the grid. SSo2 reduces the number of equations 

by simultaneously -olving only those equations representing cells in a sln;le 

slice (fig. 54). Note that the slice is identified by its row number; therefore.  

-' "in this discussion, the terms row and slice will be used interchangeably.  

Consider the equation for cells in row 1--that is, those equations 

for which i is eoual to one. Since i-I will then be equal to zero, the heads 

m,t+l m,t 
hi-l,j,,: and hi.l,j,k will be equal to zero. Therefore, the term 

m,l+l m,I 
CC-. 1 /2,jk(hi_l,j,k-hi_l,j,k) is equal to zero. Furthermore, the 

Sm,t+l 
head hi+l.j,k which is the head in a cell in row 2, can be approximated-

m, t 

only while heads in row 1 are being calculated---by hi+l,j,k (the head calculated 

m,1+l m,L 

at the previous iteration). Then the term CCi+l/2,j,kfhi+lj,k-hI+lik) 

is equal to zero. Thus equation 123 for cells in row I can be approximated 

by the equation
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Full Grid Slice 4

Figure 54.-SSOR reduces the number of equations that must be 
solved simultaneously by considering a single 

vertical slice at a time.

434

Row 
Row 6'

Layer 1 

Layer 2 

Layer : 

Layer 4

e~\• *o,4 eo\L e obe"-



_m , t - 1 m , t. _M , 1 .I - • 11 .  CVi ,j k-11/2,k(hi ,k-l-hi~j~k-l) + CRi,j-I I2,k(hi:- .- ,k-hi J-1 k) 

* (- CV ,jk-l/2 - CCi-1I2,j.k - CRI.J-ll2,k - CRij+II2,k 

Cm,+l m, t 

-CCi+1/2,j,k -CVlj,k+1/2 + HCOFij,k)(hij,k-hi,j,k) 

"m, L+l m,1+ 1",L. m, tl 
* CRij+l/2,k(hi j+l,k-hij+lk) + Cyi,j,k+I12(hi j,k+lhij,k+l) 

RHSijk " CVij ,k-1/2hi ,Ick-1 - CCi-I1I2, .,khi-1 ,j ,k 

mL 
SCRtj.l/2,khit-l,k ( CVjj,k-l/2 - CCI-l/2,J,k / CR ,j..1/,k 

M9 I 

- CRmJ 1/2.k - CCj+j21jk - Cmjgk+1/2 + hCOF¶,j,k)hi,jk 

M't m, f't 
- CRiJ.l1/2,khi¶j÷1,k -CCI÷I,2,j,khi~l,j,k " CVijkl/2h1,j,k+l (124) 

"_M .ý +l m I m 1+l M, I 

where hi ,j,k-h :j,k is approximately equal to hj'k-hijk. The term 
~m,i+l 

mL 
i 

hij,k-hi ,-,k is a first estimate of head change for cell i,j,k at iteration 

z+l. The equations of the form of equation 123 fnr cells in row 1 can be 

replaced by equations of the form of equation 124. Those equations constitute 

a syst.m of n simultaneous linear equations (where n is the number of cells 

in row 1) in n unknowns. In most ground-water problems, n is relatively 

small; therefore, the n equation can be solved directly using Gaussian 
m, L+l mI m, +1 

elimination to get values of hi,j,k-hi,jk in row 1. The value hij,k can 

then be calculated by the equation 

m 1+1 m,• -m, !+I M,Z ,it2 
hi=j,k hi,j,k + W(4 ij,k - hi,jk) (125) 

where w is an acceleration parameter--generally between I and 2. Each 

of the rest of the slices can be handled in a similar manner. Terms 

in equations for slice P which involve heads in slice P+1 use heads from



the preceding iteration. Thus the equations for slice P approximate 

equations of the form of equation 123. Solution of those equations gives 

approximate head changes for the current iteration. The approximate head 

changes are multiplied by the relaxation factor to get the final head 

changes for the iteration.  

Implementation of slice-successive overrelaxation involves processing 

the rows one at a time, first reformulating the equations for each row 

from the form of equation 123 to the form of equation 124, and then solving 

the resulting equations to get the approximate head changes for each cell in 

the row. Finally, the head changes must be mult'plied by the relaxation 

factor and added to the head at the previous iteration to get the new 

head value.  

The equations for a row can be written in matrix form 

A I(126) 

where 

Ais the coefficient matrix; 

7 is the vector of head changes from iteration L to iteration 1+1; and 

Wis the vector of residuals.  

The matrix A is symmetric and banded (fig. 55) with a maximum half

barndwidth equal to the number of layers. Therefore, just the lower triangular 

oo-tion of the coefficient matrix needs to be stored (fig. 55). It Is stored 

in a rectangular Irray. A, dimensioned by the maximum half-bandwidth plus one 

and the number of cells In a slice.
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Full Matrix

Compressed Matrix 

Figure 55.--Organization of elements in a matrix for a slice in 
conventional notation and in compressed notation.  
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At the end of each iteration, the maximum head change for the Iteration 

is compared to the closure criterion. If the maximum head change is smaller 

tnan the closure criterion, a flag (ICNVG) is set equal to one. The flag 

is returned to the main program. If It Is set, the main program terminates 

the Iteration loop.
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7Th.- " qPM

Slice-Successive Overrelaxation Packaqe Input 

Input to the Slice-Successive Overrelaxation (SOR) Package Is read from 

the unit specified in IUNIT(11).  

FOR EACH SIMULATION 

SORIAL 

1. Data: RXITER 
Format: 110 

SOR1RP 

2. Data: ACCL HCLOSE IPRSCR 
Format: F1O.0 F1O.0 110 

Explanation of Fields Used in 
Input Instructions 

MXITER--ls the maximum number of iterations allowed in a time step.  

ACCL--is the acceleration parameter, usually between 1.0 and 2.0.  

HCLOSE--is the head change criterion for convergence. Wnen the maxitmjm 

absolute value of head change from all nodes during an iteration 

is less than or equal to HCLOSE, iteration stops.  

IPRSOR--is the printout interval for SOR. IF IPRSOR is equal to zero, 

.It is changed to 999. The maximum head change (positive or negative) 

is printed for each iteration of a time step whenever the time 

step is an even multiple of IPRSOR. This printout also occurs 

at the end of each stress period regardless of the value of IPRSOR.
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4fdule Documentation 'or the Slice-Successive Overrelaxation Packace 

The Slice-Successive Overrelaxation Package (SORI) consists of three 

primary modules and one submodule. They are: 

Primary Modules 

SORlAL Allocates space for arrays.  

SORIRP Reads control information needed by the 

SORI Package.  

SOR1AP Perform one iteration of slice-successive 

S-• overrelaxation.  

Submodule 

• SSOR1B Solves a system of linear equations.
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Narrative for Module SORlAL

Module SOR1AL allocates space in the X array for SOR arrays. The SOR 

arrays are A, RES, IEQPNT, HDCG, and LRCH. "A" holds the main diagonal and 

the lower diagonals of the symmetric coefficient matrix for a single slice.  

RES holds the residual vector (the right hand sides) for a single slice.  

IEQPNT holds a sequential Identification number for each cell in a slice.  

HDCG holds the maximum head change for each iteration. LRCH holds the 

location of the cell (row, column, and layer) which had the maximum head 

change for each iteration.  

Module SORlAL performs its functions in the following order: 

1. Print a message Identifying the SOR Package.  

2. Pead and print the maximum nurber of iterations.  

3. Allocate the required space in the X array. The X-array location 

rointer (ISUM) is saved in the variable ISOLD prior to allocation so that 

the space required for SOR can be calculated in step 4. To allocate space 

for an array, the array-location variable is set eaual to ISUM. Then ISUM 

is incremented by the required number of elements.  

4. Calculate and print the space used in the X array. The space used by 

SOR is !SUK - ISOLD.  

5. RETURN
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Flo. Clar! fo, c oddlA SORIL 

X array Is the pool of memory space 
fpom which space Is allocated for 

arrays used by various packages.  

N.-
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SUBROUTINE SORIAL(ISUMLENX,LCA,.LCRES.LCHDCG,LCLRCHLCIEQP, 
1 MXITERNCOL.NROW.NLAYNSLICEMBWINIOUT) 

C C-...VERSION 1003 0;30EC1983 SORlAI.  

C ALLOCATE STORAGE FOR SOR ARRAYS 
C 
C 
C SPECIFICATIONS: 
C --------------------------------------------------

C 
Cl ------ PRINT A MESSAGE IDENTIFYING SOR PACKAGE 

WRITE(IOUT,I)IN 
1 FORMAT(1HO,'SOR1 -- SLICE-SUCCESSIVE OVERRELAXATION PACKAGE' 
1,', VERSION 1, 12/08/83',' INPUT READ FROM UNIT',13) 

C 
C2 ------ READ AND PRINT PIUTER (MAXIMUM 0 OF I TERATIONS) 

READ(IN,2) MXITER 
.? FORMAT(IO.) 

WRITE(IOUT,3) MXITER 
3 FORMAT(IX,IS,' ITERATIONS ALLOWED FOR SOR CLOSURE') 

C 
C3 ------ ALLOCATE SPACE FOR THE SOR ARRAYS 

I SOLD-ISUM 
NSL I CE-NCOL*NLAY 
MBW-NLAY+l 
LZ.A-ISUM 
I SUM-I SUM+NSLICEt MBW 
LCRES-ISUM 
ISUM-I SUM+NSLICE 
LCIEQvZISUM 
ISUM-ISUM+NSLICE 
LCHDCG-ISUM 
I SUM- I SUM+fX I TER 
LCLRCH=ISUM 
ISUM-ISUM+3"MXITER 
ISP-ISUM-ISOLD 

C 
C4 ------ CALCULATE AND PRINT THE SPACE USED IN THE X ARRAY 

WRITE(IOUT,4) ISP 
4 FORMAT(lX,I6,' ELEMENTS IN X ARRAY ARE USED BY SOR') 

I SUM1 "I SUM- I 
WRITE(IOUT,5) ISUM1,LENX 

5 FOPMAT(lX,16,' ELEMENTS OF X ARRAY USED OUT OF',17) 
IF(ISUM1.GT.LENX) WRITE(IOUT,6) 

6 FORMAT(lX,' **"X ARRAY MUST BE DIMENSIONED LARGER***') 
C 
CS .----- RETURN 

RETURN 
END
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List of Variables for Module SORIAL 

Variable Ranqe Definition 
JN Package Primary unit number from which input for this packane 

will be re4d.  

lOUT Global Primary untt number for all printed output. IOUT a 6.  

ISOLD Package Before this module allocates space, ISOLD is set equal 
to ISUH. After 1location, ISOLD is subtractee 
from ISUM to get ISP, the amount of space in the 
X array allocated by this module.  

ISP Modjle Number of words in the X array allocated bj this module.  

ISUM Global Index number of the lowest element in the X array which 
has not yet been a'located. When space is allocated 
for an array, the size of the array is added to ISUM.  

ISUMI Module Index number of the last element of the X array allocated 
by this module.  

LCA Package Location in the X array of the first element of array A.  

LCHDCG Package Locati"- in the X array of the first element of array 
HOCG.  

LCIEOP Package Location in the X array of the first element of array 
IEOPNT.  

LCLRCH Package Location in the X array of the first element of array 
LRCH.  

LCRES Package Location in the X array of the first element of array 
RES.  

LENX Global Length of the X array in words. This should always be 
equal to the dimension of X specified in the MAIN 
program.  

MBW Package Maximum bandwidth of the coefficient matrix +1.  

MXITER Package Maximum number of iterations.  

NCOL Global Number of columns in the grid.  

NLAY Global Number of layers in the grid.  

NROW Global Number of rows in the grid.  

NSLICE Package Number of cells in a slice.  
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Narrative for Module SORIRP 

Module SOQ1RP reads data for the SOR package: the acceleration parameter 

(ACCL). also called the relaxation factor; the closure criterion (HCLOSE); 

and the time-step interval (IPRSOR) for printing head change. This module 

does not have a flow chart. Module SOR1RP performs its functions In the 

following order: 

1. Read the acceleration parameter (ACCL), the closure criterion 

(HCLOSE), and the interval for printing head change (IPRSOR). If ACCL is 

zero, substitute a default value of 1.0. If IPRSOR is less than one, set it 

equal to 999.  

2. Print the maximum number of iterations (MXITER), the acceleration 

parameter (AC:L), the closure criterion (NCLOSE), and the head-change interval 

(IPRSOR).  

3. RETURN.

445



SUBROUTINE SOR1RP(KXITERACCLHCLOSE.IN,IPRSORIOUl) 
C 
C C -...VERSION 1005 16M'AR1983 SOR1RP 

C READ PARAMETERS FOR SOR 
C 
C 
C SPECIFICATIONS: 

C 
Cl ------ READ THE ACCELERATION PARAMETERIRELAXATION FACTOR (ACCL) THE CI ------ CLOSURE CRITERION (HCLOSE) AND THE NUMBER OF TIME STEPS.  
Cl ------ BETWEEN PRINTOUTS OF MAXIMUM HEAD CHANGES (IPRSOR).  

READ(IN,1) ACCLHCLOSEIPRSOR 
1 FORMAT(2FI0.O,IIO) 

IF(ACCL.EO.O.) ACCL-1.  
IF(IPRSOR.LT.1, IPRSOR-999 

C 
C2 ------ PRINT ACCL, HCLOSE, IPRSOR 

WRITE(IOUT,100) 
100 FORMAT(IHO,///57X,'SOLUTION BY SLICE-SUCCESSIVE OVERRELAXATION' 

1/57X,43('-')) 
WRITE(IOUT,115) MXITER 

115 FORMAT(1HO,47X,'MAXIJM ITERATIONS ALLOWED FOR CLOSURE -',19) 
WRITE(IOUT.120) ACCL 

120 FORMAT(1H ,63X,'ACCELERATION PARAMETER =',G1S.5) 
WRITE(IOUIT,125) HCLOSE 

125 FORMAT(1H ,52X,'HEAD CHANGE CRITERION FOR CLOSURE -',E1S.5) 
WRITE(IOUT,130) IPRSOR 

130 FORMAT(IH ,32X,'SOR HEAD CHANGE PRINTOUT INTERVAL -',19) 
C 
C3- ---- -RETURN 

RETURN 
END
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Variable 

ACCL 

HCLOSE 

IN 

I OUT 

IPRSOR

Ran "g 

Package 

Package 

Package 

G1 oba l 

Package

MXITER Package

Deft I ni ti on 

Acceleration parameter.  

Closure criterion for the iterative procedure.  

Primary unit number from which input for this package 
will be re4d.  

Primary unit number for all printed output. IOUT - 6.  

Frequency (in time steps) with which the maximum head 
changes for each Iteration will be printed.  

matimum number of tter•ttoni.
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List of Variables for Module SORIRP



Narrative for Module SORIAP 

Module SOR1AP performs one iteration of the Slice-Successive Over

relaxation (SSOR) algorithm for solving the sIitem of finite-difference 

equations. The conductances CC, CR, and CV and the composite terms HCOF 

and RHS (see equation 27) which are calculated by the formulation procedure 

are combined, row by row (slice by slice), to form the coefficient matrix 

Aand the vector RES on the right hand side of the matrix equation for a 

single slice. Since the coefficient matrix is symmetric and banded, only 

rnain diagonals and NLAY subdiagonals are saved Az heads are calculated, 

they are stored in the array HNEW. The matrix A and the vector IT' are 

passed to a submodule SSORIB which solves the matrix equation for a 

vector of approximate head changes which is then multiplied by the relaxation 

factor to get the final head changes for the iteration. The final head 

changes are idded to the heads from the preceding iteration to get the 

heads for the current iteration. The final head changes f3r the iteration 

are compared to the closure criterion to see if the iterative procedure 

has closed.  

Module SORIAP performs its functions in the following order: 

1. Calculate the number of elements in the compressed coefficient 

matrix A.  

2. Process the slices (rows) one at a time (DO STEPS 3-7).  

3. Clear the A array.  

4. Assign integers sequentially to the active cells in the slice 

(remember that finite-difference equations are formulated only for active cells).  
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5. Calculate the elements in the compressed coefficient matrix ; and 

the residual vector WU. Process the cells in the slice one cell at a time.  

If the cell is inactive, move on to the next cell. The elements in 

the main diagonal of the coefficient matrix (the multipliers of hlj,k) 

will consist of HCOF plus conductances to the six adjacent cells. They 

will be formed in an accumulator called EE. The contents of EE multiplicd 

by the head from the previous iteration (HNEW) are subtracted from an 

accumulator (R) to form the residual.  

. (a) Determine the equation number iNEQ) of the cell If NEQ is 

zero, the cell is inactive. Move on to the' nexf cell.  

(b) Set the accumulators EE and R equal to HCOF and RHS, 

-espectively. Note: HNEW contains head from the last iteration.  

(c) If there is 3 node to the left, subtract the conductance from 

EE and subtract the conductance times HNEW from R.  

(d) If there is a node to the right, subtract the conductance 

from EE, and subtract the conductance times HNEW from R; ana, if the cell 

to the right is active, move the conductance into the compressed coefficient 

matrix A. Remember that the coefficient matrix is symmetric so the conductance 

to the left in step 5(c) did not have to be stered.  

(e) If there is a node to the rear, subtract the conductance from 

EE and subtract the conductance times HNEW from R.  

(f) If there is a node to the front, subtract the conductance 

from EE and subtract the conductance times HNEW from R. Remember that the
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form of the SSOR equations does not have terms containing head in adjacent 

rows on the left hand side.  

(g) If there is a node above, subtract the conductance from EE 

and subtract the conductance times HNEW from R.  

(h) If there is a node below, subtract the conductance from Ec 

and subtract the conductance times HNEW from R; and, if the cell below 

is active, move the conductance into A.  

(i) Move EE into the first row of 'ý. 'he first row in A corresponds 

to the main diagonal in the-"full1 coefficient matrix. Subtract EE times 

HNEW from R and store it in the residual vector.  

6. If there are no eq.--:lons for this slice, go on to the next slice.  

If there is-only one equation, solve it--directly and leave the result'in 

the residual vector I. if there are two or more equations, call submodule 

SSOR1B to solve the system of equations for the slice leaving the results 

(first estimate of head change for this iteration) in the vector _R-".  

7. For each cell in the slice, calculate the head for the current 

iteration.  

(a) Multiply the first estimate of head change for this iteration 

by the rel3xation factor to get the final estimate of head change for this 

iteration.  

(b) Add the final head change for this iteration to the head from 

the last iteration to get the head for this Iteration.
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(C) If the head change for this cell is greater than that for any 

other cell, store the head change and the location of the cell.  

8. Save the largest head change from this iteration so that it can 

be printed at the end of the time step.  

9. Compare the biggest head change (BIGG) to the closure criterion 

(HCLOSE). If HCLOSE is greater than BIGG, set the convergence flag 

(ICNVG) equal to one.  

10. If you have not converged and you have not exceeded the maximum 

number of iterations, RETURN.  

11. Print the number of iterations.  

12. If convergence failed, or this is the last time step, or this is 

the time step interval specified by the user. print the maximum head change 

for each Iteration in this time step.  

13. RETURN.
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F*low Chart for 4crule SOOIAP

A is a co.pressed coefficient 
matrix for a slice. It 
contains the main diagonal 
of the full matrix and the 
NLAY diagonals below It.  
(NLAY Is the number of layers.)

Sequence Number is a number used 
to identify the Internal 
(variable-head) cells in a 
slice and also the equations 
for each Internal cell.  

RES is a vector containing the 
residuals for a slice. It 
consists of RHS (from the 
basic finite-difference 
equation) plus all of those 
terms which are moved to the 
right hand side to get the 
equations ready for solution 
in residual form.  

First estimates of head change: 
these are the head changes 
cal cul ated by simultaneously 
solving the equations for a 
slice. They will be multi
plied by the relaxation 
factor to get final estimates 
of head change.  

Final estimates of head change: 
these are the head changes 
calculated by multiplying 
first estimates by the 
relaxation factor. They are 
added to the heads from the 
previous Iteration to get 
head for tne current iteration.  

ICNVG is the convergence flag.  
It is set in the approximator 
and returned to the MAIN 
P!ogram so that the iteration 
loop can be terminated.
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List of Va-iat 1 es fnr mocule S 

Variable Rance Definition 

A Package DIMENSION (MBW.NSLICE), Compressed coefficient matrix 
for a slice.  

ABSOIG Module Largest ABSDH for this iteration.  
ABSDH Module Absolute value of head change in a cell for the current 

iteration.  
ACCL Package Acceleration parameter.  
cc Global DIMENSION (NCOLNROW,NLAY), Conductance in the column 

direction. CC(J,I,K) contains conductance between 
nodes (J,I,K) and (JI*1,K).  

CR Global DIMENSION (NCOL,NROW,NLAY), Conductance in the row 
direction. CR(J.I,K) contains conductance between 
nodes (J.l,K) and (J,I.1,K).  

CV Global DIMENSION (NCOL,NROW,NLAY-1), Conductance in the 
vertical direction. CV(J,I,K) contains conductance 
between nodes (J,I,K) and (J,I,K÷I).  

DH Module Change in head in a cell during one iteredZon.  
DIFF Module Douole-precision change in head (DH).  
DP Module Double-precision temporary field.  
EE Module Main diagonal term in the finite-difference equation.  HCLOSE Package Closure criterion for the iterative procedure.  
HCOF Global DIMENSION (NCOL,NROW,NLAY), Coefficient of head in the 

cell (J,I,K) in the finite-difference equation.  HDCG Package DIMENSION (MXITER), Maximum head change for each .iteration.
HNEW Gli.bal DIMENSION (NCOL.NROW.NLAY). Most recent estimate of 

head in each cell. HNEW changes at each iteration.  
Module Index for rows.  

1 Module Row number of the cell containing the largest head 
change.  

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell.  
< 0, constant-head cell 
- 0, inactive cell 
> 0, varlable-head cell ICNVG Global Flag is set equal to one when the iteration procedure 
has converged.  

IEOPNT Global DIMENSION (NLAY,NCOL), Sequence numbers for variable
head cells in a slice.  lOUT Global Primary unit number for all printed output. lOUT - 6.  IPRSOR Package Frequency (in time steps) with which the maximum head 
changes for each iteration will be printed.  

J Module Index for columns.  
JB Moduile Column number of the cell containing the largest head 

change.  
K Module Index for layers.  
KB Module Layer rumber of the cell containing the largest head 

change.  
KITER Global Iteration counter. Reset at the start of each time 

step.  
KPER Global Stress period counter.
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List of Variables for Module SORIAP (Continued) 

Variable Range Definition 

KSTP Global Time step counter. Reset at the start of each stress 
perloe.  

LRCH Package DIMENSION (HXITER). Layer. row. and column of the cell 
containing the maximum head change (HOCG) for each 
iteration.  

MBW Package Maximum bandwidth of the coefficient matrix +1.  
MXITER Package Maximum number of iterations.  
NA Package Number of elements in the compressed coefficient 

matrix (A).  
NCOL Global Number of columns in the grid.  
NEO Module Index for equations (variable-head cells) in a slice.  
NEOT Package Number of equations (variable-head cells) in a slice.  
NLAY Global Number of layers in the grid.  
NROW Global Number of rows in the grid.  
NSLICE Package Number of cells in a .licE.  
NSTP Global Number of time steps in the current st ess period.  
NXT Module Sequence number of the cell to the right.  
R Module Right hand side of the finite-difference equation as 

modified (terms for the adjacent rows moved to the 
right) for solution by the slice-successive 
overrel axati on.  

RES Package DIMENSION (NSLICE), Residual.  
RHS Global DIMENSION (NCOL,NROW,NLAY), Right hand side of the 

finite-difference equation. RHS is an accumulation 
of terms from several different packages.  

SP Module Single-precision temporary field.
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Narrative for module SSORlB 

Modu!e SSORIB uses Gaussian elimination to solve a matrix equation 
of the form AT •. The mtrix A is symmetric and banded with rank "N." 
It is stored in the compressed format shown in figure 55 and uses a single 
subscript. The vector T as it is calculated is Stored in the space reserved 

for vector 7.  

The indices used in the module flow chart are those for standard matrix 
organization. The indices actually used in the program are based on the 
compressed format and a single index. Module SSC•1B performs its functions 

in the following order: 

1. Work through the first N-I rows using each one, in seque-ce, as 

the pivot row (row I).  

2. Caiculate the inverse of the main diagonal element.--aI.I" (The 
incex (I1) points to ae,j which is the first element of column I in the 

compressed matrix A.) 

3. Modify each of the rows after row I so that the terms corresponding 
to the pivot term are eliminated. Since the coefficient matrix is banded, 
there are only MBW-i equations (where MBW is the maximum half-bandwidth plus 
one) where the term to be eliminated is nut already equal to zero. ihe rows 
are indexed by "L." (Tne equation corresponding to row "L" is referred to as 

equation "L.") 

4. Calculate the coefficient C which when multiplied by the pivot 
equation and subtracted from equation L will eliminate a term in equation L.  
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(The index 1B points to a coefficient in the pivot equation whiCh, because 

of symmetry, is equal to the coefficient to be eliminated.) 

5, Calculate the new coefficients In equation L for edch of the terms 

to the right of the coefficient that is being eliminated. Because the 

matrix is banded, there are only 1BW-i nonzero terms to the right of the 

pivot. Therefore, at most, M1BW-i coefficients have to be calculated.  

6. Subtract C times a coefficient in the pivot equation from the 

corresponding coefficient in equation L.  

7. Subtract C times the right side of the pivot equation from the right 

side of equation L. (The index LB points to the coefficient in equation L 

which oust be calculated.) 

8. Solve equation N for X(N) putting the result in B(N).  

9. Work backward from equation N-i solving each equation (equation L) 

for X(L).  

10. Set the accumulator "SUM* equal to zero.  

11. Multiply the coefficient to the right of the main d'agonal (In 

equation L) by the corresponding value of X and add it to the sum.  

12. Calculate the value of X(L) and store it in B(L).  

13. RETURN.
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Flow Chart for module S.S...R 

MBW is the maximum half bandwidth 
of the coefficient matrix plus one.  

$OR EAC- RC•j 

rI-q N-Io 

FOA EACP,4 
IJ.rI. IIl 

FOR I 

COLJ 

F -7
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SUBROUTINE SSORIB(ABN,NAMBW) 
C 
C 
C--...VERSION 1359 31MAR1983 SSORIB 
C 
C S*:!LVE A SYMMETRIC SET OF EOUATIONS 
C A IS COEFFICIENT MATRIX IN COMPRESSED FORM 
C B I RIGHT HAND SIDE AND IS REPLACED BY SOLUTION 
C N IS NUMBER OF EQUATIONS TO BE SOLVED 
C MIW IS BANDWIDTH OF A 
C NA IS ONE-DIMENSION SIZE OF A 
C ******************************1************O************* t **.  

C 
C SPECIFICATIONS: 
C 

DIMENSION A(NA),B(N) 
C 
C 

NM) =N-1 
MBW1 =MSW-i 
ID-I -#8W 

C 
"C ------- SEQUENTIALLY USE EACH OF THE FIRST N-1 ROWS AS 
C -..... THE PIVOT ROW.  

"DO 20 I-1,NMi 
C 
C2 ------ CALCULATE THE INVERSE OF THE PIVOT.  

ID-ID0BW 
CI,,1./A(ID) 
LL-ID 
L-I 

C 
C3 ------ FOR EACH ROW AFTER THE PIVOT ROW (THE TARGET ROW) 
"C3 ------ ELIMINATE THE COLUMN CORRESPONDING TO THE PIVOT.  

DO 15 J-1,.BW 
L-L*I 
IF(L.GT.N) GO TO 20 
IB-It+J 

C 
C4 ------ CALCULATE THE FACTOR NEEDED 10 ELIMINATE A TERM IN THE 
C4 ------ TARGET ROW.  

C-A(IB)*Cl 
LJ-LD+MBW 
LB-LD-1 

C 
C5 ----- -MODIFY THE REST OF THE TERMS IN THE TARGET ROW.  

00 10 K-J,MBW1 
C 
C6 ------ SUBTRACT THE FACTOR TIMES A TERM IN THE PIVOT ROW 
C6 ------ FROM THE CORRESPONDING COLUMN IN THE TARGET ROW.  

LB=LB+1 
A(LB)=A(L3)-C*A(ID+K) 

10 CONTINUE
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C 
C7 -- MOOIFY .THE RIGHT SIDE OF.THE EQUATION CORKESPONgING C7 ------ TO THE TARGET ROW.  B (I +J ) -8 (] +J )-C*B M 

15 CONTINUE 
20 CONTINUE 

0D=ID+MBW 
C 
C8 ------ SOLVE THE LAST EQUATION.  

B(N)-B(N)/A(IO) 

C9 ------ WORKING BACKWARDS SOLVE THE REST OF THE EQUATIONS.  DO 70 IlI,NmI I D= ] -- BW 

C 
CIO-----CLEAR THE ACCUMULATOR SUM.  SIJM-O.O 

L=N-I 
MBWI•,I-NO(M,3WI) C 

ClI ----- ADD THE KNOWN TERMS IN EQUATION L TO SUM.  DO 60 J"1,MBW1H 
SUM-SUlnA(I0+J)*B (L+J) 

60 CONTINUE 
C 
C12 ----- SOLVE FOR THE ONE UNKNOWN IN EQUATION L.  8 (L)m(B(L)-SUL)/ACIO) 

70 CONTINUE 
C 
C13-----RETURN 

RETURN 
END
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List of Variables for module SSOR!R 

Variable Range Definition 

A Package DIMENSION (MBW,NSLICE). Compressed coefficient matrix 
for a slice.  

B Package DIMENSION (N), Right-hand-side vector.  

C Module Factor needed to eliminate a term in the target row.  

C1 Module Inverse of pivot.  

I Module Index for rows in the SSOR matrix (not the grid).  

IB Module Index for elements to the right of the pivot.  

ID Module Index of pivots.  

J Module Index for columrs.  

K Module Index for columns.  

L Module Index for equations.  

LB Module Index for elements in the target row to the right of 
the main diagonal.  

LD Module Index of the main diagonal elements in the taroet rows.  

MBW Package Maximum bandwidth of the coefficient matrix +1.  

MBW1 Module Maximum bandwidth of the coefficient matrix.  

MBWiM Module Maximum possible number of the nonzero elements to 
the right of the main diagonal.  

N Package Number of equations to be solved.  

NA Package One-dimension size of cumpressed matrix "A." 

NM1 Module N-1.  

SUM Module In back substitution--in equation L, sum of terms to 
the right of the main diagonal term (L.L).
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CHAPTTE :4 

IUTILITY MODULES 

Utility modules are those Submodules which perform general tasks comnOn 

to several different packages. The name of a utility module is a "U" 

followed by a five-character mnemonic. There are eight utility modules: 

UBUOSV Writes an unformatted record consisting of 
an array with one reil number for each cell 
in the grid.  

ULASAV Writes an unformatted record consisting of 
an array with one real number for each cell 
in a layer.  

ULAPRS Prints one two-dmcstsioial array which contains 
and one real number for each cell in d layer.  

ULAPRW ULAPRS prints, in strip form, the first N columns 
(where N is the number of values that can fit on 
one print line) of each row and then the next N 
columns, etc., until all columns of e-ch row are 
printed (fig. 56). ULAPRW prints, in wrap form, 
all of row 1, all of row 2, and all of row 3, etc.  
The format for printing arrays is shown in table 2.  

UCOLNO P-ints column numbers at the top of each page 
of data printed by ULAPRS and ULAPRW.  

U20REL Reads a two-dimensional array of real numbers.  

U2OINT Reads a two-dimensional array of integers.  

UIOREL Reads a one-dimensional array of real numbers.
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I U 12 13 14 1% 15 .0 

1 132%.29 1325.?9 132t.19 1M1.79 1321.7I 132%.Iv 13z%.?l 13zS.?q 1ij2.v 1332.19 
1321.19 13h.71 132%.19 &32S.79 132S.79 1329.?1 13*b.' 

2 13M1.19 132j.19 1321.75 132.79V 1325.79 1325.19 132%.19 132S.74 132M.'s 1325.19 
1321.79 132S.19 1321.70 1325.79 132S.19 379.?q 13325.19 

3 132.?.1 1329.79 132S.79 1321.19 1321.79 132S.79 132S.19 132S.19 132S.P9 1325.19 
132S.19 1329.19 132S.74 132S.71 132S.79 132S.1% 132S.79 

4 13.19 132S.79 132S.79 132S.79 132S.79 1329.79 1321.19 132S.79 135.19 1325.79 
132.79 1325. 132S.19 1321.79 1325.19 132S.79 1325.79 

S 1329.19 132S.79 2321.9 132.19 1321.79 1321.79 1321.79 132S.1 1321.79 1321.19 
1321.19 1325.79 1321.. 1 132S .19 131S .19 1329.I 9 1329.19 

. 1321.79 1321.79 1321.79 1321.79 1321.79 13zS.19 132-.79 1321.79 :321.?1 1325.19 
132S.79 1321.•9 132S.79 132.9 132S.M9 132S.79 13;t.79 

1 1321.79 132S.79 1325.79 132S.19 132S.19 132S.19 1325.19 132S.79 1321.39 132S.79 
132S.79 1325.79 1325.N 132S.19 "325.19 1329.79 132S.19 

wWAA FORM 

1 2 3 4 1 6 1 9 10 

1 132S.79 1325.79 1321.79 1321.79 1325.719 132S.79 1325.79 1325.1w 1329.79 1325.?1 

2 132S.79 1329.79 132.719 132S.79 132S.79 1321.79 1325.79 1321.79 1321.79 13210.9 

3 1321.79 1325.79 1325.79 1325.79 0]2S.79 13'5.79 132S.79 1325.79 132S.79 132S.79 

A 13Zt.79 1321.79 1321.19 132S.79 1321.79 132S.19 1325.19 1321.79 1321.79 1325.79 

S 1321.19 1325.19 132S.79 132S.19 1321.?9 1325.79 132S.79 1321.79 1325.Y9 1325.19 

:132S.79 1321.79 132S.79 1321.79 1321.79 132S.79 1321.79 1321.IS 1321.19 1321.'9 

1 1321.19 1321.19 1321.79 132S.79 1325.19 1321.19 1325.19 1321.19 1325.'9 !325.-9 

11 12 13 1 11 is 17 

1 1325.79 1321.19 1329.79 1321.79 1325.79 1325.79 1325.79 

2 1321.79 1321.79 1321.79 132S.79 1321.79 1372.79 1321.79 

3 1325.79 1321.79 1325.79 132S.79 1321.79 1321.79 1321.79 

4 1321.19 1325.79 132S.79 132S.79 132S.79 1325.79 1321.79 

S 132S.79 132S.79 132S.79 1325.7$ 132S.79 1325.19 1321.19 

6 132S.79 ;325.79 1325.79 132S.79 1325.79 132S.79 132S.79 

1 1325.79 132S.79 132S.79 1321.79 1325.79 1325.79 1321.79 

STitP 9O0N 

Figure 56.-Illustration of wrap and strip forms of printed output 
for a layer containing 7 rows and 17 columns.
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able 2.--PrlnL-tormat 
c.ooe� for ut'flity 

�"Odu1es

!able 2.--Print-format cooei for utility modules 
ULAPRS and ULAPRW.  

PR:N FORMAT

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12

11G1O.3 

9G13.6 

15F 7. 1 

15F7.2 

15F7.3 

15F7.4 

20F 5.0 

20F5.1 

20F5.2 

20F5.3 

2LIF5.4 

1OC1I.4
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Uitilitv Inout 

The utility module only reads from channels specified by calling 
programs. The real two-dimensional array reader (U2DREL), the integer 
two-dimensional array reader (UMDINT), and the real one-dimensional 
array reader (UMOREL) read one array-control record and, optionally, a 
data array in a format specified on the array-control record.  

FOR REAL ARRAY READER (U2DREL or UMOREL) 

Data: LOCAT CNSTNT F4TIN IPRN 
Format: 110 F1O.0 SA4 110 

FOR INTEGER ARRAY READER (U2DINT) 

Data: LOCAT ICONST FMTIN IPRN 
Format: 110 110 5A4 110 

Explanation of Fields Used in 
Input Instructions 

LOCAT--indicates the location of the data which will be put in the array.  

If LOCAT < 0, the sign Is reversed to give the unit number from 
which an unformatted record will be read.  

If LOCAT - 0, every element in the array will be set equal to the 
value CNSTNT/ICONST.  

If LOCAT > 0, It is the unit number from which data values will be 
read in the format specified in'the third field of the 
array-control record (FMTIN).  

CNSTNT/ICONST--is a constant. Its use depends on the value of LOCAT.  

If LOCAT 0 0, every elemert in the array is set equal to 
CNSTNT/ICONST.  

If LOCAT 0 0, and if CNSTNT/ICONST * 0, every element in the 
array is multiplied by CNSTNT/ICONST.  

FMTIN--is the format of records containing the array values. It is used 
only if the first field in the array-control record (LOCAT) contains 
a positive number. The format must be enclosed in parentheses; for 
example, (15F5.0) for real data and (1515) for integer data.  

IPRN--is a flag indicating that the array being read should be printed and 
a code for indicating the format that should be used. It is used only 
if LOCAT is not equal to zero. The format codes are different for each
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I PRN 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

io 

11 

12

U2DREL 

IOGI1.4 

I IGIO.3 

9G13.6 

15F7.1 

1SF7.2 

15F7.3 

15F7.4 

20F5.0 

20F5.1 

20F5.2 

20F5.3 

20F5.4 

10GI1.4

U2DINT 

10111 

6011 

4012 

3013 

2514 

2n 5

of tne three modules. IPRN is set to zero when 
exceeds those defined In the chart below. If IP 
the array will not be printed.
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the specified value 
'RN is less than zero, 

UIDREL 
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Narrative. for Module UBUDSV

Utility module UBUDSV writes an unformatted record consisting of an array 

dimensioned (NCOL, NROW, NLAY). The record containing the array is preceded 

by an unformatted record containing identifying Information. The identifying 

information consists of:

current time step 

current stress period 

label

number 

number 

number

of columns 

of rows 

of layers

integer 

integer 

character string 

integer 

integer 

integer

Documentation of this 

a list of variables.

module consists only of coiments in the program and

469

0

KSTP 

KPER 

TEXT 

NCOL 

NROW 

NLAY

1 

I 

4 

1 

1 

1

word 

word 

words 

word 

word 

word
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"* .. . . . . . . ..I.•

SUBROUTINE UBUDSV(KSTP.KPER.TEXT,IBDCHNBUFFNCOLNROW NLAYIOUT) 
C 
C C .... VERSION 1305 280EC1983 UBUOSV 

C RECORD CELL-BY-CELL FLOW TERMS FOR ONE COMPOKMN OF FLOW.  
C 
C 

C SPECIFICATIONS: 

DIMENSION TEXT(4).BUFF(NCOL.NROI NLAY)
C 
C 
Cl ------ WRITE AN UNFORMATTED RECORD CONTAINING IDENTIFYING 
Cl ----- I INFORMATION.  

WRITE(IOUT,1) TEXTIBOCHNKSTP,KPER 
I FORMAT(1X,*",4A4,'" BUDGET VALUES WILL BE SAVED ON UNIT',13, 
1 ' AT END OF TIME STEP',13,', STRESS PERIOD'.:3) 

C 
WRITE(IBDCHN) KSTP,KPERTEXT,NCOL,NROW,NLAY 

C 
C2 .- W--- WRITE AN UNFORMATTED RECORD CONTAINING VALUES FOR 
C2 ------ EACH CELL IN THE GRID. THE ARRAY IS DIMENSIONED 
C2 ------ (NCOLNROW.NLAY) 

WRITE(IBDCHN) BUFF 
C 
C3 ------ RETURN 

RETURN 
END
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List of Variables for Module UBUDSV 

Variation Range Definition 

BUFF Global DIMENSION (%COL.NROWNLAY), Buffer used to accumulate 
informtion before printing or recording it.  

IBDCHN M'odule Unit number on which the array will be recorded.  

lOUT Global Primary unit number for all printed output. lOUT 6.  

KPER Global Stress period counter.  

KSTP Global Time step counter. Reset at the start of. each stress 
period.  

NCOL Global Number of columus in the grid.  

NLAY Global Number of layers in the grid.  

NROW Global Number of rows in the grid.  

TEXT Module Label to be printed or recorded with the array data.
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Utility module ULASAV writes an unformatted record consisting of an 

array dimensioned (NCOL, NROW). The record containing the array is preceded 

by an unformatted record containing identifying information. The identifying 

information consists of:

current time step 

current stress period 

elapsed time in the 
current stress period 

elapsed time in the 
simulation 

label 

number of columns 

number of rows 

layer number

integer 

integer 

real 

real 

character string 

integer 

integer 

integer

472

KSTP 

KPER 

PERTIM

TOTIM 

TEXT 

NCOL 

NROW 

ILAY

I

word 

word 

word

1 word

.9 

I 

I 

1

words 

word 

word 

word

Narrative for Module ULASAV



1
SUBROUTINE ULASAV(BUF.TEXTKSTPKPER.PERTI1.TOTIMoNCOL, 

NROW.ILAY.ICHN)
C 
C--...VERSION 1445 20APR1983 ULASAV 
C 
C SAVE 1 LAYER ARRAY ON DISK 

C 
C SPECIFICATIONS: 

DIMENSION BUF(NCOL.NROW).TEXT(4)

Cl ------ WRITE AN UNFORMATTED RECORD CONTAINING IDENTIFYING 
Cl ------ INFORMATION.  

WRITE(ICHN) KSTP.KPER,PERTIMTOTIMTEXT,NCOL,NROWILAY 
C 
C2 ------ WRITE AN UNFORMATTED RECORD CONTAINING ARRAY VALUES 
C2 ------ THE ARRAY IS DIMENSIONED (NCOL,NROW) 

WRITE(ICHN) ((BUF(ICIR),IC-1,NCOL).IR-1,NROW) 

C3 ------ RETURN 
RETURN 
END

-11
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List of Variables for Module ULASAV 

Variable Range Definition 

BUF Module Buffer containing data to be printedor'recorded.  

IC Module Index for columns.  

ICHN Module Unit number on which the array is to be recorded.  

ILAY Module Layer number.  

IR Module Index for rows.  

KPER Global Stress period counter.  

KSTP Global Time step counter. Re:et at the start of each stress 
"period.  

"NCOL Global Number of columns in the grid.  

NROW Global Number of rows in the grid.  

PERTIM Package Elapsed time during the current stress period.  

TEXT Module Label to be printed or recorded with the array data.  

TOTIM Package Elapsed time in the simulation.  
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Narrative for Module ULAPRS 

Module ULAPRS prints a two-dimensional array in strip form (fig. 56) 

using one of twelve FORTRAN formats. Module ULAPRS performs its tasks in 

the following order: 

1. Get the format code (IP). If it is less than I or greater than 12, 

set it equal to 12 (the default).  

2. Use the format code (IP) to determine the number of values (NCAP) 

to be printed on one line.  

3. Calculate the number of spaces used for each value (NCPF) and the 

number of strips (NSTRIP). Initialize the fields to store the first column 

"(J1) and the last column (J2) for each strip.  

4. Loop through the strips (DO STEPS 5-8).  

5. Calculate the first (J1) and last (J2) column for this strip.  

6. Print a title on each strip.  

7. Call module UCOLNO to print the column numbers above each strip.  

8. Loop through the rows printing columns J1 through J2 using the 

appropriate format (IP).  

9. RETURN.
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Flow Chart for Module ULP;S

1PRN !s a code !ndicatin, the 
format to be used in printing 
array values. If it is not 
between I an.d 12. it is set 
equal to 12.
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List of Variables for Nodule ULAPRS

Variable Range Definition 

BUF Module Buffer containing data to be printed or recorded.  

I Module Index for rows.  

ILAY Module Layer number.  

lOUT Global Primary unit number for all printed output. IONJT - 6.  

IP Module Format code.  

IPRN Module Code for the format to be used when printing arrays.  

ISP Module Number of spaces.  

J Module Index for columns.  

Ji Module First column in a strip.  

J2 Module Last column in a strip.  

KPER Global Stress oeriod counter.  

KSTP ulobal Time step counter. Reset at the start of each stress 
period.  

N Module Index for strips.  

NCAP Module Number of columns on a line.  

NCOL Global Number of columns in the grid.  

NCPF Module Number of columns per field.  

NROW Global Number of rows in the grid.  

NSTRIP Module Number of strips.  

TEXT Module Label to be printed or recorded with the array data.
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Narrative for Module ULAPRW

Module ULAPRW prints a two-dimensional array in wrap form (fig. 56) 

using one of twelve FORTRAN formats. Module ULAPRW performs its tasks in 

the following order: 

1. Print a header.  

2. Set the format code (IP). If It is less than 1 or greater 

than 12, set it eq•u3l to 12 (the default).  

3. Call the module UCOLNO to print column number..

4. Loop through the rows 

the appropriate format code.

printing each one in its entirety using

5. RETURN.

N
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Flow Chart for Module ULAPR" 

IPRN iS a code indicating the 
format ti- be. used in printing 
array values. If it is not 
between I and 12, It. •s set 
equal to 12.
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C
SJBROUTINE ULIPRW(BUF.TEX.KS7PKPERNC0LNROW,-A.IAV! 

OU!'
C 
C----VERSION 12 45 04MAY1983 ULAPRW 
C *9** 

C PRINT 1 LAYER ARRAY 
C 
C 
C SPECIFICATIONS: 
C-----------------------------------

DIMENSION 8UF(XCOL.NROw) TEXT141

Cl ------PRINT A HEADER 
IF(ILAY.LE.o) GO TO 5 
WRITE(IOUT,1) TEXT.ILAY,KSTP,KPER 

1 FORMATCIHI,10X,4A4,$ INLAYER,.13,' AT END OF TIME STEP'.13.  
1 I INl STRESS PERIOD,13/lIX.71('...)) 

C2?----- MAKE SURE THE FORMAT CODE (IP OR IPRN) IS 
C? ---- BETWEEN I AND 12.  

5 IP-IPRN 
IF(IP.LT.1 .OR. IP.GT.12) IP-12

C3 -----CALL THE UTILITY MO0DULE UCOLNO To PRINT COLUMN NUMBERS.  IF(IP.EO.1) CAL.L UCOLNO(1,NCOL.O,11,11,IOUT) 
IF(IP.EQ.2) CALL UCOLNO(1,NCOL0,9~.14,IOUT) 
.IF(IP.GT.2 .AND. IP.LT.7) CALL UCOLNO(1.IUCOLI3,15,8,TOUT) 
IF(IP.GT.6 .AND. IP.LT.12) CALL UCOLNO(1,NCOL,3,2O.6,IOUT) 

CIF (IP.EQ.12) CALL UCOLNO(i INCOL .0,lO,12,IOUT) 

C4 -----LOOP THROUGH THE ROWS PRINTING EACH ONE IN ITS ENTIRETY.  
DO 1000 1=1,NROW 

C GO TO'10,20,3O.4O,5O.6 O,7 OB09 OlOO 11 0,120), IP 

C ------------FORMAT 11GlO.3 
10 WRITE(IOUT,11) I.(BUF(J,I),J-1,NCOL) 
11 FORMAT(IHD.13,2X,lPGlo.3,10(lXG10

3),(5X.1ll(X, 10.3 ))) GO TO 1000
C 
C ------------FORMAT 9G13.6 

20 WRITE(IOUT,21) I,(BUF(J.I).J*1PNCOL) 
21 FORMAT(1HO,13,2X,1PG13.6,8(lXGl

3 6 ), 
GO rO 1000 (5X.9(lX.Gl3.6)))

C ------------FORMAT 15F7.1 
30 WRITE(IOUT,31) I.(BUF(J,I),J-1,NCOL) 
31 FORMAT(lHO,13 11X,15(lX.F7ll)/(5X,1(lXpll.))) 

GO TO 1000 
C 
C ------------FORMAT 15F7.2 

40 WRITE(IOUT,41) 1,(BUF(JI),J31,NCOL) 
4! FORMAT(HO,I2,lX,15(1XF7.2)/(5X,1(lXF7.2))) 

GO TO 1000
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c 
C ------- FORMAT 15F7.3 

50 WR!TE(IOUT.51) 1,(BUF(J.I).Jal.NCOL) 
51 FORMAT(1H0,13,1X,15(1X,F7.3)/(5X,15(1X,F7.

3))) 

GO TO 1000 
C 
C ------------ FORMAT 15F7.4 

60 WRITE(IOUT.61) I.(BUF(J,I),Ju1,NCOL) 
61 FORMAT(IHO,13.1X.15(1X.F7.4)/(5X,15(lX.F7.

4))) 

GO TO 1000 
C 
c ------------ FORMAT 20FS.0 

70 WRITE(IOUIT.71) 1,(BIJF(J,1),J-1.1NCOL) 
71 FORMAT(IH0.I3,1X,20(1X,F5.O)/(5X,2O(1X,F5.0))) 

GO TO 1000 
C 
C ------------ FORMAT 20F5.1 

80 WRITE(IOUT.81) 1,(BUF(J,I),J'1,NCOL) 

GO TO 1000 
C 
C ------------ FORMAT 20F5.2 

90 WRITE(IOUT,91) 1,(BUF(J,I),J-1,ftCOL) 
91 FORMAT(lHO,13,1X,20(1X,F5.2):(5X,2O(lX.F5.

2))) 

GO TO 1000 
C 
C ------------ FORMAT 20F5.3 

100 WRITECIOUTl0l) 1,(BUF(J,1),J-1,NCOL) 
101 V(.n(MAT(1HO.13.1X,20(1X.FS.3)/(bX.2O(1X,F

5.3))) 

GO TO 1000 
C 
C ------------ FORMAT 20F5.4 

110 WRITE(IOUT.l1l) I,(BUF(J,I),J-1,NCOL) 
111 FORMAT(1I0O,13,lX,20(lXF5.4)/(5X,20(lX,F5.4))) 

GO TO 1000 
C 
C ------------ FORMAT 1OG11.4 

120 WRITE(IOUT.12l) 1, (BUF(J,I ),JuLINCOL) 
121 FORMAT(1H0,I3,2X,lPG11.4,9(lX,611.4)/(5X,10(1XG11.

4))) 

C 
1000 CONTINUE 

C 
C5--- -RETURN 

RETURN 
END
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List of Variables for Module ULAPRW

Variable Range Definition 

BUF Yodule Buffer containing data to be printed or recorded.  

Module Index for rows.  

ILAY Module Layer number.  

]OUT Global Primary unit number for all printed output. [OUT - 6.  

IP Module Format code.  

IPRN Module Code for the format to be used when printing arrays.  

J Module Index for columns.  

KPER Global Stress period counter.  

KSTP Global Time step counter. Reset at-the start of each stress 
period.  

NCOL Global Number of columns in the grid.  

NROW Global Number of rows in the grid.  

TEXT Module Label to be printed or recorded with the array data.  
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Narrative for Module UCOLNO 

Module UCOLNO prints column numbers at the top of a page when arrays of 

numbers are printed. It performs its functions in the following order: 

1. Calculate the number of columns to be printed (NLBL), the width 

of a line (NTOT), and the number of lines needed to print all of the 

column numbers (NAAP). Initialize the fields J1 and J2 which contain 

the first and last column number on each print line.  

2. Build and print each line (DO STEPS 3-5).  

3. Clear the line b..ffer (BF) in which the line is built.  

4. Determine the first (Jl) and last (J2) column number for the 

current line.  

5. Put the column numbers in the line buffer. They are selected 

from the array DG. The indices 11, 12, and 13 point to the units digit, 

tens dinit, and hundreds digit, respectively.  

6. Print the line.  

7. Print a line of dots.  

8. RETURN.
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c 

C 0Iq~CL'~~IS AIMV A 200*11 04MOTiJ 

C AwgLI IS 141 %?ART C0LLt1 0111L IWWA~f) 
C 1XIL7 IS ?"I( VOP COMMIPU 8Sl (;" 
C %SpACt IS WW@I OF $ANK SftCES ', LIA41 AT STANY Of %I"( 

C MCPI, IS MINK& OF coLws `%qW@S oto Luw 
C "DIG Is sIposE Do CuaCotES lb -ACAI COLM FIELD 
C 1IUT IS o.Wp' tw.1.  
C 
C 
C SpfCIVICATI0%S.  

DINEWSION S5iI3c).06110) 

2 84 *.44 '"s2 *N 44 *N 8 

DATA COT.SPA"1,IN .5 I 
... ...-...-.-................................... 

. . . . ..  

C, .....CALCULATE & Of COLUmS To KI PUIsTED (VISLl. wIDTH 

Cl ..... 4W AME (X101). XmASE OF LINES (WAAR).  

I FORMAT I 1) 
0ILL*LK2-%tLkl.I 

lF(NI.sL.GT.M~PlL) *-%MP 

J1.NLBLINECPL 

C 
C?---.4U1L0 &NO PRINT EACH tINE 

C 
C3 .. ..CLEAR THE 359913 (IF).  

00 20 1.1.130 
ofil 4-PACE 

70 CO'STI'WE 
%IF.IPACE 

C 
CA ----- TER"Iml FIRST (JI) AND LAST tj2j COLmOM A FOR 'HsIS LIE.  

SI.JZ-Jt-CPL 

lf(..2.GT.NLBL2) JZ-"SJ2 
CS...4..tOA THE COLIUM AS INTO THE SVFtR.  

00 30 J-JI.J2 

12-J/10 
11 .5 .2*10*1 

IF112.EO.0) 60 TO 30 
13.12/10 
'2-12-1 3110-1 
SF(NISF-11I 12) 
1FMA.O.O 60 TO 30 
SF(%IF-2)0OG( 3.13 

30 CONTI'WE 
C 
CG ----PaInI THE CONTE4TS Of NuE SuFFER (I.E. $PRINT THE LINE).  

wRITEIJOT.31) s(3I.I 
31 FOS1NAT(1I.130AI) 

C 
40 C0NTINWE 

C 
C,.------ tT A LINE OF DOTS (FOR ESTHETIC PURPOSES ONLY).  

So mTOT.STOT*S 
IF*%TOT.GT.13X) ITOT-130 

wiftORPIUT(1.1IO~) OT1.PO 

RETURN 
£9.0
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List of Variables for Mcdule UCOLNO

Variable Ranae Definition 

BF Module DIMENSION (130), Buffer in which a line is assembled.  

DG Module DIMENSION (10), Digits 0 through 9.  

DOT Module Field containing a period.  

I Module Index for BF.  

IOUT Global Primary unit number for all printed output. lOUT a 6.  

I1 Module Index for DG (units digit).  

!2 Module Index for D0 (tens digit).  

"13 Module Index for DG (hundreds digit).  

J Module Index for column numbers.  

Ji Module First cO'umn number on the current line.  

J2 Module Last column number on the current line.  

N Module Number of column numbers.  

NBF Module Index for BF.  

NCPL Module Number of column numbers per line.  

NDIG Module Number of characters in each column number field.  

"NLBL Module Number of column numbers to be printed.  

NLBL1 Module Start column number.  

NLBL2 Module Stop column number.  

NSPACE Module Number of blank spaces at start of line.  

NTOT Module Total number of characters on a line.  

.WRAP Module Number of lines needed in wrap format.  

SPACE Module Field containing blanks.
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Narrative for Module UZDREL

Module U2DREL reads values for a two-dimensional real array. First it 

reads an "array-control record." Then, based on the contents of tte array
control record, it may read array values. Trie array-control record contains 

four fields: location (LOCAT), constant (CNSTNT), format (FMTIN), and 

printout indicator (IPRN). The LOCAT field determines where array values 

will come from. If LOCAT is positive. it is the unit number from which 

array values will be read in the format specified in FMTIN. If LOCAT is 

negative, the sign is reversed to give the unit number from which an 

unformatted record containing the array values will be read. (Before the 

array record is read, a record will be read and ignored. Thus output from 

the module ULASAV can be read.) If LOCAT is zero, all of the array values 

will be set equal to CNSTNT. When LOCAT is not zero and CNSTNT is not 

zero. the array values will be multiplied by the value of CNSTNT. The 

field IPRN contains a code number for a FORTRAN format to be used when 

printing the array.  

Module U2OREL performs its tasks in the following order: 

1. Read the array-control record (LOCAT, CNSTNT. FMTIN, and IPRN).  

2. Use LOCAT to determine where the array values are coming from.  

GO TO STEPS 3, 4, OR 5.  

3. I LOCAT equals zero, set all array values eqtoal to CNSTNT, print 

a message to that effect, and RETURN.  

4. If LOCAT is greater than zero, read array values according to the 

format in FMTIN. GO TO STEP 6.  

E. If LOCAT is less than zero, read an unformatted dummy record and 

then read an unformatted record containing the array values. GO TO STEP 6.  

6. If CNSTNT is not equal to zero, multiply array values by CNSTNT.  

7. If IPRN is greater than or equal to zero, call utility module ULAPRW 

to print tne array values using IPRN as the format code.  

8. RETURN.
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Flow Chart for Module U2DREL

Array Control Record controls 
the Input of array values.  
It contains four fields: 
LOCAT, CNSTNT, FMTIN, and 
IPRN.  

LOCAT is a code showing where 
array values will come from.  

If LOCAT < 0, array values 
will be read from an 
unformatted record from a 
unit number equal to -LOCAT.  

If LOCAT - 0, array values 
will be set equal to CNSTNT.  

If LOCAT > 0, array values 
will be read from the unit 
number equal to LOCAT in the 
format specified in FMTIN.  

CNSTNT is the constant to which 
all array values are set if 

"* LOCAT is equal to zero, and 
it is the constant by which 
"all array values are Iultlplled 
if LOCAT is not equal to zero.  

- FKTIN is the format In which 
array values are read if LOCAT 
is greacer than zero.  

IPRN is a code showing the format 
to be used if array values are 
to be printed.
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SUBROUTINE UORELfA.ANR(.1I.JJ.9.IX.:0UT) 
C 

C oou'Il* to I~.'? 2.0 REAL flATA I-hTOICIS 
C A IS ARRAY TO IPul 

C "AMt is 24 CHARACTER DISCRIPTIO0 Of A 
C it is 40. 0F NOWS 
C j.iis .OF'COLS 

C IS LAT14 %0. (USED WITH NAFI TO TITLE PRINTOUT UNLESS K IS ol 
c I% IS I1hi? uul't 
C IN? IS NIUPUT UNiTl 
C .**el ................  

C SP11CIFICATIONS: 

OI4SIC (1J.11 OA.CNSAII.FNTIN.(5)l 
C 3MjI.IQOS4IO 

C 

3F(LOCATI) 200 A.50.90 NTNJRI 

C 

C3 --- .IF LOCAT.0 THgEN SET ALL ARRAY VALUE! EOUAL TO CNSTNT. RETURN 
SC 20 so 1.1.11 

Do O BeJ-.*JJ 
Be A(J.1I.ClNSTNl 

1F(K.GT.D) WRITE(ZOUT.2) ANAKCNSTNT.t 
2 F`00A"IN0.521R6A4 *' 1 FOR LATER*4131 

Ir(K.LE.0) wRiTtflOUT.3) AXW3.CNSXTN 
3 FORPATXO.521.WA.- *'.GS.7) 

CA.----.IF LOCAT),O TRa~ READ FORMATTED RECORS uSIWG FOMAT aNTIN.  
go 1FrRX.670 WRITE(IOUT.411 AXAKE.9.t.0CAT.FMITIft 

4 rommTEII(.!/flOX.6A4.* FOR LATEA'.13.' WILL It REA& ON UNIT'.  
1 1V. US!%K FORMAT: *.SASI3OX.96tI'.)) 

2l.L.)WRZTCEfIUT.S) ANAMaELOCAT.FKTIPN 
rOWu£TIIO.i:i30z.£4.- WILL BE READ ON -.ftT* 
1 13.' USING FORKAT: '.SA4!30zS3(. ')) 
DO 100 211 
READ (LDCAT.'NgTJit CACJ.I ),J*1.j.I) 

100 CONTINUE 
6O TO 300 

C 
CS -----LOCATcO THEN READ UNFORMATTEO RECORD CONTAINING ARRAY VALUES 

20O LOCAT.-4.OCAT 
IF(C.67.OI WRITE(IOUT.2O1) ANAIEM.C.LOCAT 

201 FORPSAT(IO./f/3OX.BU.'. LATER',43.  
* WILL BE READ UNFORNATTEO Oh UNIT'.13/302.73(.) 

IF(K.LE.0) WRITECIOUT.202) A1kE4.LCAT 

I *WILL It READ UNFORMATTED ON UNIT-.I3/30X.60(.-)) 
C 
CSA.----EAD AN UNFORHATTED 011Wf RECORDO FIRST.  

SEADIIOCAT) 
READOLOCAT) A 

a ---- ;F CNSTNY NOT ZERO THEN MULTIPLY ARRAY VALUES SY CIISTNT.  
300 IFlC'WSTNT.E0.O.) Go to 220 

00 310 1-1.11 
D0 310 J-l.JJ 

310 CONTINUE 
C 
C7 -.--IF PRINT CODE CIPNN) -4 THEN PRINT ARRAY VALUES.  

320 :INIPRN.LI.O1 RETURN 
CALL ULAPRWIA.AhAM.O.OJJ.1Z.O.IPRN.IOUI) 
RETURN 

C 
ca ----RETURN



List of Variables for Module U2DREL 

Variable Range Oefinition 

A Module DIMENSION (JJ,II), Input array.  

AXAME Module Label for printout of the input array.  

CNSTNT Module Constant to which all array values are set if 
LOCAT is equal to zero or by which all arr:y 
values are multiplied If LOCAT is not equal 
to zero.  

FMTIN Module DIMENSION (5), Format under which array values will 
be read.  

I Module Index for rows.  

II Module Number of rows.  

IN Module Unit number from which the array control record will 
be read.  

lOUT Global Primary unit number for all printed output. IUUT - 6.  

IPRN Module Code for format to be used when printing the arrays.  

J Module index for columns.  

JJ Module Number of columns.  

K Module Layer number.  

LOCAT Module Location of values to fill in the array.  
< 0, read an unformatted record containing the 

arrai values.  
0, set all the array values equal to constant 

(CNSTNT).  
> 0, read the formatted records containing tne 

array values.
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Narrative far Module UMDINT 

Module U2OINT reads values for a two-dimensional integer array. First 
it reads an "array-control record." Then, based on the contents of the array
control record, it may read array values. The array-control record contains 
four fields: location (LOCAT), constant (ICONST), format (FMTIN), and 
printout indicator (IPRN). The LOCAT field determines where array values 
will come from. If LOCAT is positive, it is the unit number from which 
array values will be read in the format specified in CMTIN. If LOCAT is 
negative, the sign is reversed to give the unit numbe from which an 
unformatted record containing the array values will be read. (Before the 
array record is read, a record will be read and ignored. Thus output from 
the module ULASAV can be read.) If LOCAT is zero, all of the array values 
will be set equal to ICONST. When LOCAT is not zero and ICONST is not 
zero, the array values will be multiplied by the value of ICONST. The 
field IPRN (table 1) contains a code number for a FORTRAN format to be 
used when printing the array.  

Module U20INT performs its tasks in the following order: 

1. Read the array-control record (LOCAT, ICONST, FMTIN, and IPRN).  

2. Use LOCAT to determine where the array is coming from. GO TO STEPS 
3, 4, OR 5.  

S3. If LOCAT equals zero, set all array values -equal to CNSTNT, print a 
message to that effect, and RETURN.  

4. If LOCAT is greater than zero, read array values according to the 
format in FMTIN. GO TO STEP 6.  

5. If LOCAT is less than zero, read ar unformatted dummy record and 
then read an unformatted record containing the array values. GO TO STEP 6.  

6. If ICONST is not equal to zero, multiply array values by ICONST.  

7. If IPRN is greater than or equal to zero, print the array values 
using IPRN as the format code.  

8. Call utility module UCOLNO to print column numbers at the top of 
the page.  

9. Print each row in the array.  

10. Select the format for printing.  

11. RETURN.
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Flow Crtart for module U2DI%," 

Array Cc¢trol Record control s 
the input of array values.  
It contains four fields: E.!E 

LOCAT, ICONST, FMTIN, and U23,NT 

IPRN.  

LOWCA Is a code showing where 
array values will come from. R 

If LOCAT < 0, array values CONO,.oL COAe 

will be read from an 
unformatted record from a 
unit number equal to -LOCAT.  

If LOCAT - 0 .array values LC 
will be set equal to ICONST.  

If LOCAT > 0, array values L >o 
wfil be read from the unit 
"number equal to LOCAT In the 3 format specified In FHTIN. REAO4D AD R YL "ULN4OAMA7rED VALUES IN ARRAY VALUES 

DUUMTV ECO AD FO RMAT P'TiI CtAA TO 

ICONST is the constant to which 9MOk.uT Ft. vou. JOUMTO 

all array values are set if -LOCAT LOcAT 

LOCAT Is equal to zero, and It 
is the constant by which al-1 
"array values are mult'plled I 3A 
If LOCAT is not equal to zero. 2NAOADAN ICOSISP 

•EOOAAW NOTlr MESSAGE TO RCR fMULTIPLY ARRiAY THAT EFFECT FMTIN Is the format In which ARRAY VALUES VALUES ay 
array values are read if LOCAT oNLtc 

is greater tnhn zero.  

•-> IPRN !s a code showing the format 
to be used if array values are 7.10 
to be printed.

494



SLAON(UrtILuoscaau:::..I.OhI 
C 
c 

c MITI,* TA 1%0111 2.0 IS'IQ6 PATS U5?I1-,ES 
Ill !S ARRA' to INPUT 

C ""~a IS P CHARACTER DESCAIPTIOS OF JA 
C it :S 40. OF lows 
C J.;is 1. or Cas 
C ' IS LATE% NO. !USED WjITH NAPE TO TITLE PRINT~W? Vft.SS it IS 0) 
C lit IS IvUl UNIT 
C IOU? is OYUl" UNIT 

C 

C 
:1 .....&A UARRA COSTRIOL WEORD.  

2tAD (i.)L0CAT4!COId.STJTIll.!PO 
SrormaTCIIO.IIO.Wa.1101 

C 

C3 ----. F .OCAT.O THEN SIT AL.L ARRAY VALUES EOulL TO lCONS7. l(Eoilh 

* - 00 SO J.1.JJ 
go IA(J.:).ICOplsT 

IF(iR.GT.O) dEIE(IOuT.2) ANNKi.ICONST.a 
? F0PftAt(lHO.52l.&A4. *.1 FOR LAMER.13) 

Wilt.LE.O) WRITE(IC-L!*3) ANAl(.ICORST 
3 F0.UAT(1NO.SZl6I.*U -*.IS) 

RETURN 

C --- .If LOCA?*O TME% READ FORMSATTED RECORDS USING FORMAT FNTINI.  
90 IFIx.;T.O RIMi~fIOUT.4) UAMI(.C.LOCAT.FPWTIN 

4 FON"AI(INO.III301.UA.* FOR ILAEE.13.' aILL Il EA 0 05 UNIT'.  
* 13., USING FORMAT: *.SA4/3O1,54C,)) 

IFIK.LE.O) wEITfftOqiT.5) AmAmE.LOCAT.FmTIm 
S FOEWATC1-IO.III33O.6U.* WILL SE READ ON U14IV.  

1 13.' USIWG FORMAT: . IOZSt ) 
00 !00 1.1.11 
ISAD (LOCAT.F'S1IN) (I AJIJ.Ij.J.  

100 CONTINUE 
6O TO 300 

CS ----- OCATtO THlEN 3*(A UNVOEPATICO RE CORD CONTAINING UARA TALKiS 
200 LOCAT-LOCAT 

IF!K.GT.O) WRZTEIIOUT.201) ANADS(K.LOCAT 
201 F0111A0(110.111301.6",. LATEE.1H.  

W ILL BE SED IO WORNATTED O0u41 110.7U2 
IFY~.LE.O) WRITE(IC'JT.202) kAPSD'.LOCAT 

202 FOOMAT(INP./l/3l.11U.  
I WILL BE READ UNFORN*TTEDON 0'UIl.I31301.60(.13) 

C 
CSA ... .AEAO AN UNFORP.ATTEO OlDEST RECORD FIRST.  

RtEAO(LDCA'Ir 
AEAD(LOCATP !A 

C6.----IF ICONS? NOT ZERO THlEN PILTIPLY ARRAY VALUES SY tCO4Sr.  
300 tF(ICONST.EO.O) 6O TO 320 

DO 310 1-1.11 
00 310 J.1,JJ 
IA!J.II.IA(J.I)*tCOFST 

310 CONTINUE 
C 
C?.----IF PRINT CODE (IPRN) *3,0 THlEk PRINT ARRAY VALUES.  

320 IF(IPINh.LT.O) REYURN 
IF(IPRN.GT.5) IP15.-0 
IPRN.IPR5.I-
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List of Variables for Module UZMINT 

Variable Range Definition 

ANAME Module Label for the printout of Input array.  

FMTIN Module DIMENSION (5), Format under which the array values 
will be read.  

I Module Inc-x for rows.  

IA Module DIMENSION (JJ,II), Input array.  

ICONST Module Constant to which all array values are set if 
LOCAT is equal to zero or by which all array 

values are m,,ltiplied if LOCAT is not equal 
to zero.  

!1 Module Number of rows.  

IN Module Unit number from which the array-control record will 

be read.  

.OUT Global Primary unit number for all printed output. lOUT - 6.  

"IPRN Module Code for format to be used when printing arrays.  

"" Module Index for columns.  

JJ Module Number of columns.  

K Module Layer number.  

LOCAT Module Location of values to fill in the array.  
< 0, read an unformatted record containing the 

array values.  
0 0, set all the array values equal to constant 

(CNSTNT).  
> 0, read formatted records containing the array 

values.  

NL Module Number of columns per line.
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Narrative for Module UlDREL 

Module U1DREL reads values for a one-dimensional real array. First it 

reads an "array-control record." Then, based on the contents of the array

control record, it may read array values. The array-control record contains 

four fields: location (LOCAT), constant (CNSTNT), format (FMTIN), and 

printout indicator (IPRN). The LOCAT field determines where array values 

will come from. If LOCAT is positive, it is the unit number from which 

array values will be read in the format specified in FMTIN. If LOCAT is 

zero, all of the array values will be set equal to CNSTNT. If LOCAT 

is not zero and CNSTNT is not zero. the array values will be multiplied by 

the value of CNSTNT. The field IPRN (table 2) contains a code number for 

a FORTRAN format to be used when printing the array.  

Module UlDREL performs its tasks in the following order: 

1. Read the array-control record (LOCAT, CNSTNT. FMTIN, and IPRN).  

2. Use LOCAT to determine where the array is coming from (DO STEPS 3 

OR 4).  

3. If LOCAT equals zero, set all array values equal to CNSTNT and 

print a message to that effect. RETURN.  

4. If LOCAT is greater than zero, read array values according to the 

format in FMTIN.  

5. If CNSTNT is not equal to zero, multiply the array values by CNSTNT.  

6. If IPRN is greater than or equal to zero, print the array values.  

7. RETURN.  
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Flow Cat 'or module UrlPrEL 

Array Control Record controls ENTER 
the Input of array values. tI1OnEL 

It contains four fields: 
LOCAT, CNSTNT, FMlIN, and 
IPRN.  

LOCAT Is a code snowing where 
array values will come from. READ THE ArRAY 

If LOCAT - 0, array values 

will be set equal to CNSTNT.  

If LOCAT > 0, array values 
will be read from the unit 2 

number equal to LOCAT in the LOCATO 

format specified In FMTIN.  

CNSTNT Is the constant to which 

all array values are set If 
LOCAT Is eogjal to zero, and 
It Is the constant by which READARRAY SETALL 
all array values are vult.plied VALUESIN ARRAY VALUES -1FORMAT FUTIN E U LT 

If LOCAT is not equal to zero. FEROuT EUALNTO 
LOCAT 

FMTIN is the format In which 
array values are read If LOCAT 
is greater than zero.  

IPRN is a code showing the format I 3A 

to be used If array values are INTZ IS PRINTSA 
to be printed. MULTIPLY ARRAY THAT EFFECT 

VALUES BY (CNSTNT L I 

PRINT 
ARRAY VALUES



SUBROUTINE UIOREL(A,ANAME,JJ.INIOUT) 
C 
C 
C--...VERSION 1436 20MAY1983 UIDREL 

C ROUTINE TO INPUT 1-0 REAL DATA MATRICES 
C A IS ARRAY TO INPUT 
C ANAHE IS 24 CHARACTER nESCRIPTION OF A 
C JJ IS NO. OF ELEMENTS 
C IN IS INPUT UNIT 
C TOUT IS OUTPUT UNIT 
C 
C 

C SPECIFICATIONS: 

DIMENSION A(JJ),ANAME(6),FMTIN(5) 

Cl ------ READ ARRAY CONTROL RECORD.  
READ (INi1) LOCAT,CNSTNTFMTIN,IPRN 

1 FORMAT(I1O,FIO.OSA4,110) 
C 
C2 ------ USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM.  

IF(LOCAT.GT.O) GO TO 90 
C 
C3 ------ IF LOCAT-O THEN SET ALL ARRAY VALUES EQUAL TO CNSTNT. RETURN 

"DO 80 J-1,JJ 
80 A(J)-CNSTNT 

"N WRITE(IOUT.3) ANAME,CNSTNT 
3 FORMAT(1HO,52X,6A4,' -',G15.7) 

RETURN 
C 
C4 ------ IF LOCAT>O THEN READ FORMATTED RECORDS USING FORMAT FMTIN.  

90 WRITE(IOUT,5) ANAME,LOCATFMTIN 
5 FORMAT(IHO,///30X,6A4,' WILL BE READ ON UNIT',13, 
1I' USING FORMAT: ',5A4/30X,79('-')/) 
READ (LOCAT.FMTIN) (A(J).J-1,JJ) 

C 
C5 ------ IF CNSTNT NOT ZERO THEN MULTIPLY ARRAY VALUES BY CNSTNT.  

IF(CNSTNT.EO.O.) GO TO 120 
DO 100 J-1,JJ 

100 A(J)=A(J)'CNSTNT 
C 
C6 ------ IF PRINT CODE (IPRN) ->0 THEN PRINT ARRAY VALUES.  

120 IF(IPRN.LT.O) RETURN 
WRITE(IOUT,1001) (A(J),J =,JJ) 

1001 FORMAT((IX,I•GI2.S,9(IX,G12.S))) 

RETURN 
C 
C7 .----- CONTINUE 

END
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List of Variables for Module UIDREL 

Variable Range Definition 

A Module DIMENSION (JJ), Input array.  

ANAME Module Label for printout of the input array.  

CNSTNT Module Constant to which all array values are set if 
LOCAT is equal to zero or by which all arra, 
values are multiplied if LOCAT is not equal 
to zero.  

FMTIN Module DIMENSION (5), Format under which the array values 
will be read.  

IN Module Unit number from which the array control record will 

be read.  

)OUT Global Primary unit number for all printed output. IOUT - 6.  

IPRN Module Code for the format to be used when printing the 
arrays.  

J Module Array index.  

JJ Module Number of elements in the array.  

LOCAT Module Location of values to fill in the array.  
< 0, read an unformatted record containing the 

array values.  
0, set all the array values equal to constant 

(CNSTNT).  
> 0, read the formatted records containing the 

array values.
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APPEND:A A 

PROGRAM PORTABILITY 

Introduction 

One of the major design requirements for the .model program was that it 

should run with a minimum of modification on most computers that are physically 
capable of running a program of this type. A program that can be easily 
interchanged among computers is called portable. The program documented 
in this report Is portable. It has run successfully without modification 
on computers manufactured by many different companies Including IBM, Control 
Data, Digital Equipment Corporation, Cray, Prime, Amdahl, and Univac. The 

compilers which were used were extensicns of either FORTRAN 66 or FORT-RAN 77.  

The following discussion explains, in more detail, the concept of portability 
and the significance of double precision arithmetic.  

The Impact of the Programing Language on Portability 

The programing language is the most important factor that determines 
program portability. There are a variety of programing languages available, 

and, for each language, there are numerous versions which have resulted 
from ýhe desire of vendors to improve the power of the language and to 

take advantage of the hardware features of their particular computers. The 
most commonly available language suitable to use for the model program is 
FORTRAN. There are two versions defined by thA American National Standards 
Institute (ANS.) on which most commercial versions are based, ANSI X3.9-1966 
and ANSI X3.9-1978 (ANSI, 1966 and ANSI. 1978). These versions are cofsonly 
referred to as FORTRAN 66 and FORTRAN 77, respectively. FORTRAN 66 was 
selected for the model. The only exception -o the FORTRAN 65 standard is 
that character strings in FORMAT and DATA statements are in single quotes 
rather than using Hollerith constants. Most FORTRAN 66 compilers include 
this capability. Although FORTRAN 66 is the less powerful of the two, it 

is far more w-idely supported in its entirety than is FORTRAN 77. The 
additional features of FORTRAN 77 would have made programing more convenient, 
but these features were not necessary to make a computatlonally efficient 
program. It is recognized, though, that some users may want to use the 
program with FORTRAN 7,. Only a few changes are required to convert the 
proorcm to FORTRAN 77 because FORTRAN 66 is nearly a subset of FORTRAN 77.  

Information about how to convert is provided in a following section (sec 
Conversion to FORTRAN 77). Most commercial versions of FORTRAN 66 include 

some extended features not defined as part of FORTRAN 66, but such features 
were not used because they are not widely available. Since the program 

adheres to the FORTRAN 66 standard as understood by the authors, the program 
should work on any computer supporting this language provided that the 
computer has adequate computational power.  

The Impact of Computational Precision on Portability 

Variation of precision among computers causes some problems with 
program portability. Computational precision refers to the accuracy with 

which numbers are calculated and stored in the computer. To prevent the
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imposition of constraints on the computers that implement FORTRAN 66, the computational precision was not defined as part of the standard. The accuracy of nodel results is nighly dependent on Computational precision, so precision must be considered when moving the model program among computers.  AlSO, numeric precision has an effect on alphanumeric data since alphanumeric characters are stored in numeric variables and arrays in FORTRAN 66.  

The model program was developed on computers using 32 binary bits to represent single-precision real numbers. This gives about seven digits of precision and includes the range from 10*-39 to 10**38. Double-precision real numbers are represented by 64 binary bits and have the same range as single-precision numbers, but about 16 decimal digits of precision. The head array, HNEW, and some variables in the solvers are stored as double precision, and, accordingly, some calculations are double precision. This was necessary for accuracy under some conditions. If using a computer with greater than 32-bit precision, tne use of double-precision data and calculations may be unnecessary. The program should s:ill work without modification, but computation time and memory would be saved if dot3le precision were eliminated. One test of the progran., on a computer using 64 bits to represent a real number, realized a savings of 75 percent of execution time when single-precision arithmetic was used exclusively. If it is determined that single precision is adequate, make the following changes to the program: 

1. Delete all DOUBLE-PRECISION specification statements.  

2. Change t..e Basic Package allocate module to allocate only NLAY*NRUW*NCOL storage locations for HhEW rather than 2*NLAY*NRCW-NCOL 
locations.  

There are no other statements that require change. This is because the use of double-precision functions and constants are avoided; all conversions between real and double precision are done by implied type changes in assignment Ftatements, and there are no 0"D formats. The "D" foremats are avoided by moving HNEW to a single-precision buffer before printing.  
If less than 32-bit precision for single-precision real numbers is available, double preclsion may be necessary for all calculations. To convert all real calculations to double precision, do the following: 

1. Change all REAL arrays and variables to double precision by the special command available on some compilers or by declaring all REAL arrays and variables as DOUBLE PRECISION in the MAIN Program and in every subroutine.  Any variaDle or array starting with the letters A-H or O-Z should be declared DOUBLE PRECISION.  

2. Change the Basic Package allocate module to allocate only NLAY*NROW*NCOL storage locations for HNEW rather than 2*NLAY*NROW*NCOL.  

Some alphanumeric data (text data and format specifications) are stored in real variables and arrays. It is assumed that at least four character3 can be stored in each variable or array element. It does not matter if more than four characters can fit because the extra characters are ignored.  

504



S. ... ~~~~~. •: ,.? - 5. .• • " 

Alphanumeric data Occupy a trivial amount of !emof 1 . so tne amount wasted 
if more :!an four cnaractres can fit in a variable or array element is 

insignificant. If less than four characters can fit into a variable or 
array element. the program must be changed. It is unliKely, however, that 

less than four characters will fit into one variaole or array element 

unless the computer precision is low enough that all REAL variables and 

arrays require conversion to double precision as described above. Such 

conversion would automatically solve the alphanumeric character problem.  
If. for some reason, less than four characters will fit into a REAL variable 

or array eleme-t and yet all REAL variables and arrays are not being converted 

to double precision, just the REAL variables dnd arrays that store alphanumeric 

data Should be declared DOUBLE PRECISION.  

Conversion to FORTRAN 77 

FORTRAN 66 is nearly a suoset of FORTRAN 77. Accordingly, few changes 

are required to make the model program work on a FORTPAN 77 compiler. Most 
FORTRAN 77 compilers will accept the program as it Is without channe. Before 

modifying tht program, try to compile it using you.- FORTRAN 77 compiler.  

Any changes that might have to be made are a result of the character data 

type which was added to FORTRAN 77. Any variables or arrays holding 

alpnanumerlc character data must be declared CHARACTER. This is most 

easily done by specifying that the same number of alphanumeric characters 

be stored in each character array element as was stored in each REAL variable 

or array element, which is four characters. This prevents the need to 

change the A4 format specifiers used to print alphanumeric characters.  

Thus, each DIMLiSION ARRAY(N) statement, where ARRAY is an array holding 

4*N alphanumeric characters, should be changed to CHARACTER*4 ARRAY(N).  

New statements of the form CHARACTER*4 VAR, where VAR 4s a variable that 

holds alphanumeric data, should be added to every subroutine in which 

alphanumeric data are stored in a variable. Also, Hollerith constants in 

DATA statements must be changed to character constdnts. Note that Hollerith 

constants in FORMAT statements need not be changed. These constants are 
no longer called Hollerith, but rather H edit descriptors; however, the 
form and function are the same. Before making any of these changes, check 

the FORTRAN 77 manual for the particular computer being used to see if 

these changes are actually necessary. Some FORTRAN 77 compilers have 

extensions that allow FORTRAN 66 programs to run without modification.  

The above mentioned modifications to conert the model program to 

FORTRAN 77 dO not take advantage of the added features of FORTRAN 77. The 

modifications timply allow the program to work on a FORTRAN 77 ccmpiler.  
modifying the program to take advantage of new features probably would not 

be cost effective. Program execution efficiency would not be significantly 
improved. The only improvement would be in the area of program structure.  
For example, the number of program statements might be reduced by using 

the new Structured programing ctatements of FORTRAN 77, and the sometimes 

confusing "GO TO" statements could be eliminated. However, because the 

model program is broken into short modules with simple logic, FORTRAN 77 

structural statements would provide only small oenefits. Also, changes to 

take advantage of FORTRAN 77 features would limit program portability 

until such time that FORTRAN 77 is widely supported.
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APPENDOx 3 

SPACE REQUIREMENTS !N THE X ARRAY 

The outline below gives the X-array space requirements for each package.  

The formulas can be used to calculate the exact size of the X array for a 

given problem. However, it is generally easier to simply run the model 

program and let it calculate the size. The total space required is printed 

as part of the model printout even if the X array is dimensioned too small.  

As a rough estimate, the X array is approximately 10 to 15 times the number 

of nodes in the moeel depending on the option, seicted. In the outline 

below, NODES is defined as NCOL*NROW*IXLAY, the number of rodes in the model.  

I. SAS Package 

A. 8*NODES + (NLAY - 1)'NCOL*NROW - NROV + NCOL + 4*NLAY 

B. Additionally, add NODES if start head is saved (ISTRT is not 0), 

and add NODES if BUFF is separate from RHS (1APART is not 0) 

II. BCF Package 

A. NLAY 

B. If a transient simulation (ISS is 0), add NODES 

C. For each layer where LAYCON is one or three, add 2*NCOL*NROW 

D. For each layer where LAYCON is two or three, add NCOL*NROW 

E. If a transient simulation (ISS is 0), for each layer where 

LAYCON is two or three, add NCOL*NROW 

III. WEL Package -- 4*MXWELL
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Iv. DRN Package - 5*MXUHAN

v. RIV Package -- 6,XRIVR 

Vi. EVT Package 

A. Option 1 -- 3*NCOL*NROW 

B. Option 2 -- 4*NCOLNROW 

Vii. GC4B Package -- 5*IXBNO 

viII. RCH Package 

A. Options I and 3 -- NCOL-NROW 

B. Option 2 -- 2*NCOL°NR9 

IX. •IP Package -- 4*NODES + 4*MXITER * NPARM 

X. SOR Package -- (NLAY + 4)*NCOL*NLAY + 4'VXITER 

Generally, it Is advisable to have the X-array dimension relatively 

close to the amount of space needed for a specific problem. nn the other 

hand. it is inconvenient to redimension the X array every time a new option 

is selected. Several load modules with the size of the X array differing by 

a factor of two should be adequate.
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APPENDIX C 

CONTINUATION OF A PREVIOUS RUN 

There is often value in breaking long simulations into several short 

model runs. This allows one to decide, between runs, whether or not to 

continue the simulation. Although the model program in this report does 

not have a special option for making continuation runs, it is quite simple 

to continue a simulation by using the output of one run as input of the 

next. Simply save the heads from the run that is to be continued on a 

disk file, and specify that file as starting heads for .he next run. The 

subroutine that reads starting heads (UZOREL) is capable of reading model

generated disk files of savod heads without the need for reformatting.  

Because volumetric budget terms are always set to zero at the start of a 

model run, the printed budget on a model run represents only that one run, 

not the total of all runs in a series of continuation runs. If a total 

budget for a series of continuation runs is desirea, the totals from each 

run can be added externally. Similarly, the model program keeps track of 

simulation time only for single model runs, but total sitrulation time for 

a series of continuation runs can be calculated externally by adding the 

simulation times of each run.
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APPENDIX D 

SAMPLE PROBLEM 

ThIs sample problem is intended to illustrate input and output from 
the program. There are three simulated layers, as shown in the accompanying 
illustration, whl.ch are separated from each other by confinIng layers.  
Each layer Is a square 75.000 feet on a side and 's d.vided by a grid Into 
15 rows and 15 columns which form squares 5000 feet on a side. Flow 
within the confinfng layers Is not simulated, but the effects of the 
confining layers on flow between the active layers are incorporated In the 
vertical conductivity (VCONT) terms. Flow into the system is infiltration 
from precipitation; flow out of the system is to buried drain tubes, 
discharging wells, and a lake which Is represented by a constant-head 
boundary.  

t SY I- 3XV(0 N's

COL.uuNS

LAYC[I I 
V•dCO# "

LA'If 3 
cýN.'iNEt
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Setting starting heads equal to 0.0. the prograM was run to get a steady-state solution. The Strongly Implicit Procedure waS used to Solve the system of difference-equations: the error criterion was set at 0.001 feet. the acceleration parameter was set to 1.0, and the maxioum number of iterations was set equal to SO. A seed of 0.001 was specified for use in calculating the iteration parameters; 31 iterations were needed to close.

List of Wells 

5 - 5 ft 3 /s for each well 

Layer Row Column 

3 5 11 

2 4 6 

2 6 12 

1 9 8 

1 9 10 

1 9 12 

1 9 14 

1 11 8 

1 11 10

11-

List of Drains 

Conductance - I ft2/S 

Layer Qow Column Elevation 

1 8 2 0.0 

1 8 3 0.0 

! 8 4 10.0 

1 8 5 20.0 

1 8 6 30.0 

1 8 7 50.0 

1 8 8 70.0 

1 8 9 90.0 

1 8 10 100.0

1 11 12 

1 11 14 

1 13 8 

1 13 10 

1 13 12 

1 13 14
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// JOB 
//S2 EXEC PGM=lODEL1,REGliN-700K 
//STEPLIB DO DSNxVG4E7LM.MODZ100,DISP-SHR 
1/ DD DSN=SYSI.FORTG.LINKLIBX,DISP-SHR 
//FTO6FOO1 DO SYSOUT-A 
//FTOIFOD1 DO * 
SAMPLE ---- 3 LAYERS, 15 ROWS, 15 COLUMIS, STEADY STATE, CONSTANT HEADS COLUMN 1, 
LAYERS 1 AND 2, RECHARGE, WELLS AND DRAINS 

3 1s 15 1
11 12 13 0 

0 
1

0 0 0 18 19 0 0 00 
0 IAPARTISTRT

3 IBOUND-1 

3 IBOUND-2 

IBOUND-3 

HEAD-I 
HEAD-2 
HEAD-3

1. PERLEN,NSTP,TSMULT
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-1 
-1 
-1 
-1 
-1 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1

1 
1 
1 
1 

1 
1 

!

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1

1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1

oI-

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1

1 
1 
I 
1 
I 
1 
1 
1 
1 

1 

1 

1 
1

1(1513) 
11I 
11I 
11: 
11I 
11: 

1 1 
ii: 
I I 
I i 

1 1 

1 1 

1 1 
111 
11] 
11I] 
I11] 
il!l 
1 11 
1 11 
1 1] 
11 ] 
1 1] 

1 1

-1 
-1 
-1 
-1 
-1 
-1 
"*-1 
-1 
-1 
-1 
-1 
-1 
-1 

-1

1 
1 

I 
1 
1 
1 
1 
I 
1 
1 

1

S11 
1 1 

I11 
1 1 

1 I 

1 1 
1 1 
SI1 
I11 

0 
999.99 

0 
0 
0 

86400.

0.  

0.  
1

|

1 ! 
1 
1 
1 
1 
1 
1 
1 
1 
1 
! 
i 
1 
!



//FT1IFOOI 00 
I

1 00
0 
0 
0 
0 
0 
0 
0 
0 
0

//FTISFOO1 D0 

I 
0

0 SS,13CFPD 

5000.  
5000.  
.001 
-150.  
2.E-8 

.01 
1.E-8 
.02 

0 NRCII0P.IRCH8BD 
iNRECI4 

3.E-8

TRP Y nELR 
DELC 
14Y-1 
BOT-1 
VHY/THICK-1 
T-2 
vHYITIIICK-2 
T- 3 

RECH-1

//FT19FOO1 DD 
50 

/fFT13FOO1 DD 
9 
9 
1 
1 
1 
1 
1

//FT12FOO1 OD 

15 
3 
2 

2 
1 
1 
1 
1

5 
.001

iX ITER ,NPARM 
0 .001

0 MXDRAI,!DRNBtl 
NORAI N 

8 2 0.  
8 3 0.  
8 4 10.  

8 5 20.  
86 30.  

8 7 50.  
8 8 70.  
8 9 90.  
8 10 100.  

0 14X1ELL,IW4ELBD 
N1IEILL 

5 11 -5.  
46 -5.  

6 12 -5.  
9 8 -3 
910 -5.  

9 12 -5.  
9 14 -5.  

11 8 -5.  
11 10 -5.  
11 12 -5.  

11 14 -5.  
13 8 -5.  
13 10 -5.  
13 12 -5.  
13 14 -5.

I ACCL,ERR,IPCALC,WSEE 

1.EOO 
l.EOO 
I.EOO 
1 .Eoo 
I.EoO) 
1. £00 
I.EOO 
I .EOO 
l.EOO
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U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL 
SAMPLE--3 LAYERS.IS ROWS.I5 COLIMNS,STEADY STATECONSTANT HEADS COLUME I.LAYERS I AND 2,RECHARGE.WELLS AND DRAINS 

3 [AYERS Is ROWS is COL•US 
I STRESS PERIOD(S) IN SIMULATION 

MODEL TIME UNIT IS SECONDS 
I1/ UNITS: 
ELEM1T OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 Z2 23 24 

1/I UNIT: 11 12 13 0 0 0 0 18 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BASI -- BASIC MODEL PACKAGE, VERSION I, 12/08/83 INPUT READ FROM UNIT I 
ARRAYS RIBS AND BUFF WILL SHARE MEMORY.  
START HEAD WILL NOT BE SAVED -- DIANIOWN CANNOT BE CALCULATED 

5892 ELEMENTS IN X ARRAY ARE USED S1 BAS 
5892 ELEMENTS OF X ARRAY USED OUT OF 100000' 

BCFl -- BLOCK-CENTERED FLOW PACKAGE. VERSION 1. 12/08183 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AOUIFER TYPE 

I 1 
2 0 
3 0 

453 ELEMENTS !N I ARRAY ARE USED BY BCF 
634S ELEMENTS OF X ARRAY USED OUT OF 100000 

SWELt -- WELL PACKAGE. VERSION 1. 12/08/83 INPUT READ FROM 12 
MAXIMUM OF 15 WELLS 

60 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
6405 ELEMENTS OF X ARRAY USED OUT OF 100000 

DRNi -- DRAIN PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 13 
MAXIMUM OF 9 DRAINS 

45 ELEMENTS IN X ARRAY ARE USED FOR DRAINS 
6450 ELEMENTS OF X ARRAY USED OUT OF 100000 

R0li -- RECHARGE PACKAGE. VERSION 1. 12/08/83 INPUT READ FROM UNIT 18 
OPIICN I -- RECHARGE TO TOP LAYER 

225 ELEMENTS OF X ARRAY USED FOR RECHARGE 
6675 ELEMENTS OF X An, RAY USED OUT OF 100000 

SIPI -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, -2/08/83 INPUT READ FROM UNIT IS 
MAXI•4UM OF 50 ITERATIONS ALLOWED FOR CLOSURE 

5 ITERATION PARAMETERS 
2905 ELEMENTS IN X ARRAY ARE USED BY SIP 
9580 ELEMENIS OF X ARRAY USED OUT OF 100000
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BOUNDARY ARRAY 
A,)UIFER HEAD WILL BE SET TO 999.99 AT ALL NO-FLOW NODES (IBOUNO-O).  

INITIAL HEAD - .0 
INITIAL HEAD - .0 
INITIAL HEAD - .0 DEFAULT OUTPUT CONTROL -- TIlE FOLLOWINGs OUTPUT COMES AT THE END OF EACH STRESS PERIOD: 

TOTAL VOLUMETRIC BUDGET 
HEAD

COLUMN TO ROW ANISOTROPY = 

DELR a 
DEL: .  

HI). COND. ALONG ROWS , 
BOTTOM 

VERT 1¥YD COND /THICKNESS • 
TRANSMIS. ALONG ROWS 

VERT HYD COND /THICKNESS 
TRANSNIS. ALONG ROWS -

I FOR LAYER 3 

FOR LAYER I 
FOR LAYER 2 
FOR LAYER 3

1.000000 

5000.000 
.9999999E-03 FOR 

-150.0000 FOR 
.20000O0(-O7 FOR 
.I000t00-O1 FOR 
.ICOOOOOE-O1 FOR 
.200K0X0(E-O! FOR

LAYER 
LAYER 
LAYER 
LAYER 
LAYER 
LAYER

SOLUTION BY THE STRONGLY IlPLICIT PROCEDURE 
------------------------------ ------- ----------------

MAXIMUM ITERATIONS ALLOWED FOR CLOSURF- ---- 50-
ACCELERATION PARAMETER - 1.Ol1w) 

HEAD CHANGE CRITERION FOR CLOSURE - O.IUOOOE-02 
SIP HEAD CHANGE PRINTOUI INTERVAL I 

5 ITERA)ION PARAMETERS CALCULATED FROM SPECIFIED WSEED - 0.00100000 

0.0 O.8221720E*O0 0.9683772[.00 0. 9 943766E*00 O.999(OOUE+O0 
STRESS PERIOM NO. 1. LENGTH - 86400.00 
---------------- ---------------------------------------------

NIMRER OF TIME STEPS - 1 

MILTIPLIER FOR OELT = 1.00n 

INITIAL TIME STEP SIZE - 86400.00

(1'

I 

2 
2 

3
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HEAD IN LAVER I AT END OF TIME STEP I IN STRESS PERIOO 1 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 
.......eo e e e oe o e o e .. . 00 0 o e eo . ee e e e e o.. .... 0.0 o0.... 0 .... .. .  

-"1 .0 24.94 44.01 59.26 71.8? 82.52 91.91 100.0 106.9 112.6 

117.4 !21.3 124.3 126.4 127.4 
? .0 24.45 43.10 S7.98 70.17 80.57 90.12 98.40 105.3 111.0 

115.7 119.6 122.1 124.9 126A1 
"3 .0 23.45 41.30 55.43 66.78 76.21 86.51 95.20 102.2 107.6 

112.0 116.1 119.6 122.1 123.4 
4 .0 21.92 38.61 51.75 61.79 68.03 81.34 90.75 97.64 102.5 

106.1 110.7 114.9 117.9 119.4 
5 .0 19.73 34.92 47.32 57.69 66.74 77.09 85.76 92.22 96.15 

91.29 103.1 108.8 112.5 114.3 
6 .0 36.51 29.50 40.90 51.30 61.21 11.19 19.85 86.47 90.82 

93.03 94.23 102.1 106.4 108.4 
7 .0 11.55 21.10 31.21 41.40 51.84 63.08 72.68 79.95 84.92 

88.60 91.66 96.43 99.82 I1l.8 
I. .0 3.483 6.832 16.25 26.30 36.91 52.59 64.31 72.52 77.25 

81.99 85.00 89.27 91.72 94.33 
9 .0 10.54 19.11 28.12 36.92 45.27 52.95 55.38 65.15 66.07 

73.93 73.79 80.84 80.17 86.49 
10 .0 14.62 25.86 35.38 43.49 50.11 54.93 57.55 62.95 65.55 

10.39 72.44 76.72 78.26 81.79 
Ii .0 17.11 29.96 40.01 47.78 53.24 55.81 53.33 60.27 59.29 

66.43 65.45 72.22 71.04 77.62 
12 .0 10.68 32.56 43.0? 50.81 55.92 58.33 58.47 61.93 63.10 

61.12 68.50 72.29 73.46 76.85 
13 .0 19.67 34.24 45.14 53.01 58.04 59.91 56.75 62.59 60.91 

67.22 65.75 71.90 70.35 76.48 
14 .0 20.77 35.77 46.48 54.*1b 60.08 63.17 64.52 61.25 68.79 

11.64 73.18 75.84 77.03 79.09 
15 .0 2).Sr6 35.78 47.16 55.4k 61.26 65.02 67.52 69.94 72.01 

14.29 76.22 78.22 19.66 80.82



IHEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15 
"......................................... ....... ...... ............. ...................  - .0 24.66 43.13 59.02 71.61 82.32 91.72 99.86 106.7 112.5 367.2 121.1 124.1 126.2 127.3 2 .0 24.17 42.83 57.74 69.95 80.36 89.93 96.22 305.1 110.8 115.5 119.4 122.6 124.8 125.9 "3 n0 23.17 41.03 55.19 66.53 75.17 86.29 95.02 102.0 107.4 111.8 116.0 119.5 1?1.9 123.2 "A .0 21e65 38.34 51.So 61.35 60.17 80.90 qfl.55 97.45 102.3 105.4 110.4 114.8 111.7 119.2 5 .0 19.48 34.65 47.07 57.44 66.30 76.85 85.57 92.00 95.41 91.09 102.1 108.6 112.4 114.2 6 .0 16.27 29.24 40.65 51.07 60.98 70.98 79.65 86.28 90.54 9?.06 86.23 101.7 1O6.2 308.3 "" .0 I1.38 20.95 31.05 41.25 51.70 62.90 72.48 79.76 84.73 88.35 91.24 96.22 99.65 101.6 8 .0 4.209 8.310 17.58 27.58 38.25 52.94 64.19 72.34 77.12 Co 81.81 84.86 89.10 91.59 94.17 , 9 .0 10.38 18.96 27.98 36.79 45.16 52.86 56.13 65.08 66.79 73.87 74.48 80.77 80.84 86.38 I0 .0 14.40 2S.61 35.15 43.27 49.9: 64.76 57.48 62.79 65.49 /0.24 72.31 76.57 78.20 81.64 17% i1 .0 16.87 29.70 39.78 47.56 53.05 55.68 S4.09 60.20 60.04 66.37 66.18 72.1b 71.75 77.51 12 .0 18.43 32.31 42.85 50.60 55.73 58.16 58.41 61.78 63.12 66.98 68.44 72.15 73.40 76.b9 13 .0 19.42 33.98 44.91 52.110 57.85 59.78 57.50 62.53 61.65 67.16 b6.48 71.84 71.06 76.37 

14 n. 20.02 35.02 46.26 74.41 59.H8 62.99 64.39 67.08 68.66 /I.40 s 73.06 75.68 76.94 78.93 15 .0 20.30 35.52 46.94 55.28 61.07 64.84 67.34 69.76 71.84 74.11 76.04 78.04 79.49 80.65



HIEAD IN LAYER 3 AT END OF TIME STEP I IN STRESS PERIOD I 
......... ...... ......................... ,........ ----.. . .-- ...........-----------

3 2 3 4 5 6 7 8 9 30 
11 12 13 14 is 

.I ... 24.34 43.36 5..70 11.33 82 .6 91.48 99.63 106.5 . 112.3 
111.1) 120.9 123.9 126.0 127.1 

2 1.164 23.85 42.46 57.42 69.66 80.07 89.68 97.99 104.9 11O.b 
115.3 319.2 122.4 124.6 125.7 

3 1.691 22.86 40.67 54.87 66.20 75.28 85.98 94.77 101.7 101.2 
111.5 1i5.7 119.3 1U1.1 123.0 

4 1.578 21.35 37.98 51.17 60.85 62.69 80.41 90.28 97.19 101.9 
104.1 110.0 114.5. 117.5 119.0 

5 1.415 19.18 34.30 46.75 S7.10 65.80 76.54 85.30 91.67 94.17 
77.46 100.7 108.2 112.1 114.0 

6 1.176 IS.99 28.91 40.33 50.76 60.67 70.70 79.38 86.01 90.12 
90.60 88.55 101.2 106.0 108.0 

7 .8273 11.21 20.79 30.88 41.09 S1.55 62.67 72.22 79.50 84.46 
87.98 90.77 95.94 99.41 101.4 

8 .4331 5.131 10.19 19.27 29.19 39.84 53.40 64.07 72.11 76.95 
81.58 84.68 88.88 91.44 93.95 

9 .7543 10.22 18.82 27.84 36.66 45.06 52.78 57.03 65.02 67.64 

,.673.81 75.31 80.72 81.64 86.24 
I0 1.039 14.13 25.29 34.85 42.99 49.6ý 54.54 57.44 62.61 65.44 

70.05 72.33 76.39 78.15 81.43 
II 1.224 16.59 2q.37 39.47 41.78 52.79 55.53 55.01 60.16 60.94 

66.33 67.06 72.13 72.60 77.38 
12 1.341 38.15 31.97 42.54 50.32 55.47 57.94 50.37 61.60 63.08 

6G.80 68.41 71.97 73.36 7?.49 
13 1.415 19.14 33.65 44.61 52.53 57.60 59.63 S8.39 62.48 62.54 

67.12 67.35 71.80 71.90 7b.24 
14 1.460 19.73 34.68 45.96 54.13 59.63 62.76 64.24 66.47 68.52 

71.27 72.91 75.47 76.77 )8.?1 
15 1.481 20.01 35.18 46.63 55.00 60.81 64.59 67.11 69.52 71.61 

73.87 75.82 77.81 79.27 80.42
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APPENDIX E 

ABBREVIATED INPUT INSTRUCTIONS 

These input instructions are intended as a quic& reference for the 

experienced user. Most explanations that are contained in the complete 

input instructions given in package documentation have been omitted. The 

format of input fields is given only for those records that contain fields 

tnat are not 10 characters wide. Each input item, for which format is not 

given, is identified as either a record or an array. For records, the 

fields contained in the record are named. For arrays, -only the array name 

is given. Input fields which contain codes or flags are described. All 

other field and array descriptions have been dropped.  

- Array Input 

The real two-dimensional array reader (U2DREL), the integer two-dimensional 

array reader (UZDINT), and the real one-dimensional array reader (UIDREL) 

read one array-control record and, optionally, a data array in a format 

spacifled on the array-control record.

FOR REAL ARRAY READER (U2OREL or UMOREL) 
Data: LOCAT CNSTNT 
Format: I10 FIO.O 

FOR INTEGER ARRAY READER (U2DINT) 
Data: LOCAT ICONST 
Format: 110 110

FMT IN 5A4 

FMTI N 
5A4

IPRN i10 

IPRN 
110

IPRN--is a flag indicating that the array being read shculd be printed and 

a code for indicating the format that should be used. It is used only 

if LOCAT is not equal to zero. The format codes are different for each 

of the three modules. IPRN is set to zero when the specified value 

exceeds those defined in the chart below. If IPRN is less than zero, 

the array will not be printed.

IPRN 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12

U2DREL 

11G10.3 
9G13.6 
ISF7.1 
15F7.2 
!5F7.3 
15F7.4 
20F5.0 
20F5.1 
20F5.2 
20F5.3 
2OF 5.4 

10G11.4

U20INT 

6011 
4012 
3013 
2514 
2015

U1DREL TU=. 5

LOCAT--indicates the 
If LOCAT < 0, 
If LOCAT x 0, 
If LOCAT > 0,

location of the data which will be put In the array.  
unit number for unformatted records.  

all elements are set equal to CNSTNT or ICONST.  

unit number for formatted records.
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FOR EACH SIMULAT 
1.  
2.  
3.  
4.

S.  
6.  

7.  
8.

FOR EACH STRESS PERIOD 
9. Data:

ION 
Record: HEADNG(32) 
Record: HEAPNG (continued) 
Record: .LAY NROW NCOL NI 
rata: ItJNIT(24) 
Format: 2413 

(BCF WEL nRN RIV EVT XXX GHB R( 
1 2 3 4 5 6 7 

Record: IAPART ISTRT 
Array: IBOUND(NCOLNROW) 

(One array for, each layer 
Record: HNOFLO 
Array: Shead(NCOL,NROW) 

(One array for each layer

PER ITMUNI 

CH SIP XXX SOR OC) 
8 9 10 11 12 

In the grid) 

in the grid)

PERLEN NSTP TSMULT

ITMUNI--is the time unit of model data.  
0 - undefined 3 - hours 
1 - seconds 4 - days 
2 - minutes 5 - years 

Consistent length and time units must be used for all model data.  
The user may choose one length unit and one time unit to be used 
to specify all input data.  

IUNIT--is a 24-element table of input units for use by all major options.  
IAPART--indicates whether array BUFF is separate from array RHS.  

If IAPART - 0, the arrays BUFF and RHS occupy the same space. This 
option conserves space. This option should be used 
unless some otner package explicitly says otherwise.  

If IAPART 0 0, the arrays BUFF and RHS occupy different space, 
ISTRT--indicates whether starting heads are to be saved.  

If ISTRT 0 0, starting heads are not saved.  
If ISTRT 0 0, starting heads are saved.  

IROUND--is the boundary array.  
If IBOUND(I,J,K) < 0, cell I,J,K has a constant head.  
If IBOUNO(I,J,K) 0 0, cell I,J,K is inactive.  
If IBOUND(I,J,K) > 0, cell I,J,K is active.  

HNOFLO--is the value of head to be assigned to all inactive cells.  
Se-ad--is head at the start of the simulation.  
FTALrW'N--is the length of a stress period.  
N-TP---is the number of time steps in a stress period.  
T-RULT--is the multiplier for the length of successive time steps.
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Basic Package Input 

Input for the Basic (BAS) Package except for output control is read from 
unit I as specified in the main program. If necessary, the unit number 
for BAS input can be changed to meet the requirements of a particular 
computer. Input for the output control option Is read from the unit number 
specified in IUNIT(12).

I
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Cutout Cort"ol Input 

Input to Output Control is read from the unit specified in IUNIT(12). All 

printer output goes to unit 6 as specified in the main program. If necessary, 

the unit number for printer output can be changed to meet the requirements 

of a particular computer.

FOR EACH SIMULATION 
1. Record: 

FOR EACH TIME STEP 
2. Record: 
3. Record: 

(Record 3 is read 0, 1. or

IHEDFM IOONFM

INCOOE IHOOFL IRUDFL 
Hdpr ,gdpr Hdsv 

NLAY times, depending on

IHEDUN IDDNUN

ICBCFL ndsv 
the value

nf INCONE.)

IHEDFM--i 

positi 

negati 

IHEDUN-
T5TNUN--

IHDDFL-

IBUDFL-

.CBCFL-

Hdpr--i' 
II 
I 

Ddor--i 
I 
I 

Hdsv--i 

I 
Odsv--I

is a code for the format in which heads will be printed.  

is a code for the format in which drawdowns will be printed.  

0 - (IOGII.4) 7 - (20F5.0) 

I - (1lGIO.3) 8 - (20V5.1) 

ve--wrap 2 - (gG13.6) 9 - (20F5.2) 

3 - (1SF7.1) Ib - (20F5.3) 

ve--strip 4 - (15F7.2) 11 - (20F5.4) 

5 - (15F7.3) 12 - (IOG11.4) 
6 - (15F7.4) 

is the unit number on which heads will be saved.  

is the unit number on which drawdowns will be saved.  

is the head/drawdown ouput code.  

If INCODE < 0, layer-by-layer specifications from the last time steps 

are used. Input item 3 is not read.  

If INCODE - 0, all. layers are treated the same way. Input item 3 

will consist of one record. IOFLG array will be read.  

If INCODE > 0, input item 3 will consist of one record for each layer.  

-is a head and drawdown output flag.  

If IHDDFL 0, neither heads nor drawdowns will be printed or saved.  

If IHDDFL 0 0, heads and drawdowns will be printed or saved.  

-i s a budget print flag.  

it IBUDFL 0, overall volumetric budget will not be printed.  

If IBUDFL 0 0, overall volumetric budget will be print-d.  

-is a cell-by-cell flow-term flag.  

If ICBCFL 0 O, cell-by-cell flo" terms are not saved or printed.  

If ICBCFL fn, cell-by-cell flow terms are printed or recorded on disk 

depending on flags set in the component of flow packages, 

i.e., IWELCB, IRCHCB, etc.  

s the output flag for head printout.  

f 4dpr - 0, hcad is not printed for the corresponding layer.  

f Hdpr 0 0, head is printed for the corresponding layer.  

s the output flag for drawdown printout.  

T Odpr = 0, drawdown is not printed for the corresponding layer.  

f Ddpr 0 0, drawdown is printed for the corresponding layer.  

s the output flag for head save.  

f Hdsv 0 0, head is not saved for the corresponding layer.  

f Hdsv 0 0, head is saved for the corresponding layer.  

s the output flag for drawdown save.  

f Odsv 0 0, drawdown is not saved for the corresponding layer.  

.f Ddsv 0 0, drawdown is saved for the corresponding layer.  
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Block-Centered Flow Package Input 

Input for the BCF Package is read from the unit specified in IUNIT(1).  

FOR EACH SIMULATION 
1. Record: ISS IBCFCB 
2. Data: LAYCON(NLAY) (maximum of AO layers) 

Format: 4012 
(If there are 40 or fewer layers, use one record.) 

3. Array: TRPY(NLAY) 
4. Array: DELR(NCOL) 
5. Array: DELC(NROV) 

All of the arrays (items 6-12) for layer I are read first; then all of the 
arrays for layer 2, etc.  

IF THE SIMULATION IS TRANSIENT 
6. Array: sfl(NCOL,NROW) 

IF THE LAYER TYPE CODE (LAYCON) IS ZERO OR TWO 
7. Array: Tran(NCOL,NROW) 

IF THE LAYER TYPE CODE (LAYCON) IS ONE OR THREE 
8. Array: HY(NCOL,NROW) 
9. Array: BOT(NCOL,NROW) 

IF THIS IS NOT THE BOTTOM LAYER 
10. Array: Vcont(NCOL,NROW) 

IF THE SIMULPtION IS TRANSIENT AND THE LAYER TYPE CODE (LAYCON) is TWO OR THREE 
11. Array: sf2(NCOL,NROW) 

IF THE LAYER TYPE CODE IS TWO OR THREE 
12. Array: TOP(NCOL,NROW) 

ISS--is the steady-state flag.  
If ISS 0 0, the simulation is steady state.  
If ISS 0 O. the simulation is transient.  

IBCFCB--is a flag and a unit number.  
If IBCFCB > 0, cell-by-cell flow terms will be recorded if ICBCFL 

(see Output Control) is set.  If IBCFCB - 0, cell-by-cell flow terms will not be printed or recorded.  
If IBCFCB < 0, print flow for constant-head cells if ICBCFL Is set.  

LA'CON--is the layer type table: 0 - confined, 1 - unconfined, 
2 - confined/unconfined (T constant), and 3 - confined/unconfined.  

TRPY--is an anisotropy factor for each layer: T or K along a column to T or 
K along a row.  

DELR--is the cell width along rows.  
r•L---is the cell width along columns.  

Fs--is the primary storage factor.  
TiPan--is the transmlssivity along rows.  
HY--is the hydraulic conductivity along rows.  
M__--is the elevation of the aquifer bottom.  
Vcont--is the vertical hydraulic conductivity divided by the thickness from 

a layer to the layer beneath it.  
sf2--is the secondary storage factor.  
TU__--is the elevation of the aquifer top.
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River Package Input 

Input to the River (RIV) Package is read from the unit Specified in 
IUNIT(4).  

FOR EACH SIMULATION 
1. Record: MXRIVR IRIVCB 

FOR EACH STRESS PERIOD 
2. Record: ITMP 
3. Record: Layer Row Column Stage Cond Rbot 

(Input item 3 normally consists of one record for each 
river reach. If ITMP is negative or zero, Item 3 is not 
read.) 

IRIVCB--is a flag and a unit number.  
If IRIVCB > 0, cell-by-cell flow terms will be recorded, 
If IRIVCB - 0, cell-by-cell flow terms will not be printed or 

recorded.  
If IRIVCB < 0, river leakage will be printed if ICBCFL is set.  

IThP--is a flag and a counter.  
If ITMP < 0. ri-er data from the last stress period will be reused.  
If ITMP '0 . IT1P will be-the number of reaches active during the 

current stress period.

Recharge Package Input

Input to the Recharge (RCH) Package is read from the unit specified in 
IUNIT(8).  

FOR EACH SIMULATION 
1. Record: NRCHOP IRCHCB 

FOR EACH STRESS PERIOD 
2. Record: INRECH INIRCH 
3. Array: RECH(NCOL,NROW) 

IF THE RECHARGE OPTION IS EOUAL TO 2 
4. Array: IRCH(NCOL,NROW) 

NRCHOP--is the recharge option code.  
I - Recharge is only to the top grid layer.  
2 - Vertical distribution of recharge is specified in array IRCH.  
3 - Recharge is applied to the highest active cell in each 

vertical column.  
IRCHCB--is a flag and a unit number.  

If IRCHCB > 0, unit number for cell-by-cell flow terms.  
If IRCHCB < 0, cell-by-cell flow terms will not be printed or 

recorded.  
INRECH--is the RECH read flag.  

If INRECH < 0, recharge rates from the preceding stress period are 
used.  

If INRECH > 0, an array of recharge rates, (RECH) is read.  

INIRCH--is similar to INRECH.
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Well Package Input 

Input for the Well (WEL) Package Is read from the unit specified in 
IJNIT(2)o 

FOR EACH SIMULATION 
1. Reco-d: MXWELL IWELCO 

FOR EACH STRESS PERIOD 
2. Record: ITMP 
3. Record: Layer Row Column 0 

(Input Item 3 normally consists of one record for each 
well. If ITMP is negative or zero, item 3 is not read.) 

MXWELL--is the maximum number of wells used at any time.  
TW =L--is a flag and a tinit number.  

If IWELCB > n, unit numher for cell-by-cell flow terms.  
If IWELCB - 0, cell-by-cell flow terms -ill not be printed or 

recorded.  
If IWELCB < 0. well recharge will be printed whenever ICBCFL is set.  

ITP--is a flag and a counter.  
If ITMP < 0, well data from the last stress period will be reused.  
If ITMP > 0, ITMP will be the number of wells active during tha! 

current stress period.  

Drain Package Input 

Input to the Drain (DRN) Package is read from the unit specified in 
1UNIT(3).

FOR EACH SIMULATION 
1. Record: MXDRN 

FOR EACH STRESS PERIOD 
2. Record: ITMP 
3. Record: Layer 
(Input item 3 normally 
If ITMP is negative or

IDRNCB

Row Col Elevation Cond 
consists of one record for each drain.  
zero, item 3 will not be read.)

MXflRN--is the maximum number of drain cells active at one time.  
TI•-••B--is a flag and a unit number.  

If IDRNCB > 0, unit number for cell-by-cell flow terms.  
If IDRNCB - 0, ctll-by-cell flow terms will not be printed or 

recorded.  
If IDRNCB < 0, drain leakage for each cell will be printed whenever 

ICBCFL is set.  
ITMP--is a flag and a counter.  

If ITMP < 0, drain data from the last stress period will be reused.  
If ITMP > 0, ITMP will be the number of drains active during the current 

stress period.
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Evapotranspiration Package Input 

Input to the Evapotranspiration (EVT) Package is read from the unit 
specified in IUNIT (5).

FOR EACH SIMULATION 
1. Record: NEYTOP

FOR EACH STRESS 
2. Record: 
3. Array: 
4. Array: 
5. Array:

PERIOD 
INSURF 
SURF 
EVTR 
E XDP

IEVTCB 

I NEVTR INEXDP INIEVT

IF THE ET OPTION IS EQUAL TO TWO 
6. Array: IEVT 

NEVTOP--is the evapotranspiration (ET) opt'on code.  
1 - ET is calculated only for cells in the top grio layer.  
2 - The cell for each vertical column is spec$fied by the 

user in array IEVT.

IEVTCB--is 
If 
If

a flag 
IEVTCB 
IEVTCB

and a unit number.  
> 0. unit number for cell-by-cell flow terms.  
( 0, cell-by-cell flow terms will not be printed or 

recorded.

INSURF--is the F' surface (SURF) read flag.  
If INSURF > 0, an array containing the 

read.  
If INSURF < 0, the ET surface from the 

be reused.

ET surface elevation will be 

preceding stress period will

INEVTR--is similar to INSURF.  

INEXDP--is similar to INSURF.  

INIEVT--is similar to INSURF.
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reneral-Head Boundary Package Input 

Input for the General-Head Boundary (GHR) Package is read from the unit 
specified in IUNIT(7).  

FOR EACH SIMULATION 
I. Record: MXBND IGHBCB 

FOR EACH STRESS PERIOD 
2. Record: ITMP Boundary 
3. Record: Layer Row Column Head Cond 

(Input item 3 normally consists of one record for each GHB.  If ITMP is negative or zero, item 3 is not read.) 

MXBND--is the maximum number of general-head boundary cells at one time.  
IGHBCB--is a flag and a unit number.  

If IGHBCB > 0. unit number for cell-by-cell flow terms.  
If IGHBCB = 0, cell-by-cell flow terms will nct be printed or 

recorded.  
If IGHBCB < 0, boundary leakage for each cell will be printed 

whenever ICBCFL is set.  
ITMP--is a flag and a counter.  

-a If ITMP < 0, GHS data from the preceding stress period will be reused.  If ITMP > 0, ITMP is the number of neneral-head boundaries during the 
current stress period.  

.* Strongly Implicit Procedure Package Incut 

Input to the Strongly Implicit Procedure (SIP) Package is read from the 
unit specified in IUNIT(9).  

FOR EACH SIMULATION 
1. Record: MXITER NPARM 
2. Record: ACCL HCLOSE IPCALC WSEED IPRSIP 

IPCALC--is a flag indicating where the iteration parameter seed will come from.  
0 - the seed will be entered by the user.  I - the seed will be calculated at the start of the simulation from 

problem parameters.  
TPRSIP--is the printout interval for SIP.  

Slice-Successive Overrelaxation Package Input 

Input to the Slice-Successive Overrelaxation (SOR) Package is -ead from 
the unit specified in IUNIT(11).  

FOR EACH SIMULATION 
1. Record: MXITER 
2. Record: ACCL HCLOSE IPRSOR 

IPRSOR--is the printout interval fcr SOR.

528

l


