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Flow Chart for Module SIPiAaL

X array is the pool of memory space
from whicn space !s allocated for
arrays used by various packages.

PRAINT A MESSAGE
IDENTIFY'NG
SIP PACKAGE

J’ 2
RAEAD AMND PRINT
MAXIMUM 8 OF ITFRATIONS

AND » OF ITERATION
PARAMETERS

3

ALLOCATE SPACE
FO& € ARBAYS
IN “=E X ARRAV

CALCULATE AND
PRINT SPACE USED
IN THE X ARRAY
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ST LM AR T

SUBROUT I SIPIAL (TSt L ENS L CEL LCRL ,LCGL 0 CV, LENOCH LELO( N,
! LCW =ATVER NPARN NCOL ,MR0w ML AT 18, I0UT)

4
ConmeeeovIRSI0N 1001 O80£C198) SIMAL

(e

AL OCATE STORAGE IN THE A ARRAY FOR S1P MRRAYS

SPECIFICATIONS:

-

leoocePRINT A WESIAGE 1DENTIFYING SIP PACKAGE
WRITE(IOUT 1 )In
1 TORWAT{INO, ‘SIPY - STROMGLY IMPLICIT PROCEDURE SOLUTION PACKAGE®
c 1,°, VERSION 1, 12/08/83°,° INPUT READ FROW UNIT®,13)

C2eceeaAfAD AND PRINT W ITIR AND WPARN
READ{IN,2) maITER NPARN
2 FORMAT(2110)
WRITE(TOUT,3) WIITER NPARN
J FORMAT(1X, manimum OF * 34, " TTERATIONS ALLOVZD FOR CLOSURE®/
1 12,12,° ITERATION PARANETERS')

[33aXaXalalaX ¥ Yo

c

C3ee=es-ALLOCATE SPACE FOR THE SIP ARRAYS
1SOLDel51m
MRContOw=uCOL
131 2-RC "M AY
LCLLelSum
1SUse[SUn+ISI7
LCRLel S
1SuneiSume1SIZ
LOGL= ] Sux
ISumelSunelsil
LCyeISUn
1Sume]SumsISIZ
LEMCCG =T S
ISUmef SUmems ITER
LELACNH=]SUN
ISUMe] SUMe JouI I TER
LCwel SUM
1SUr.el SURNPARN

Clocnan <~CALCULATE AND PRINT THE SPACE USED IN THE X ARAAY
ISPelsUn-ISOLD
wRITE(LOUT,3) ISP
FORMAT (12,16, ELEMENTS IN X ARRAY ARE USED Bv SIP°)
[SUML »ISUR-]
VRITE(TOUT,S) ISim] LEMX
5 FORMAT(1X,16,° ELEMENTS OF X AARAY USED OUT OF°,17)
171, 5uM1,GT LENX) WRITE{IOUT,6)
6 FORMAT{11,°  **°X ARRAY mUST 8E DIMERSIONED LARGER®**';

-

P ALTURN
RETURN
END
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10UT
IsoLD

1sP
ISUM

1SUM]
LCEL

LCFL
LCGL
LCHDCG
LCLRCH

LCv
LCW
LENX

MXTTER
NCOL
NLAY
NPARM
NRC
NROW

SR el aae
2 e Jus i}

Range

Package

Global
Module
Package

Module
Global

Module
Package

Package
Package
Package
Package

Package
Package
Global

Package
Global
Global
Package
Module
Glodal
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List of Variables for Module SIP1AL

Detinttion

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

Primary unit number for 211 printed output. 10UT = §,

Number of cells in the grid,

Before this module allocates space, 1SOLD is set equai
to ISUM, After allocation, ISOLD is subtracted
from 1SUM to get ISP, the amount of space in the X
array allocated by this module. ’

Number of words fn 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.

ISUﬂ-l »

Location in the X array of the first element of array
EL.

Location in the X array of the first element of array
FL.

Location in the X array of the first element of array
GL.

Location 1n the X array of the first element of array
HDCG.

Location in the X array of the first element o array
LRCH.

Location in the X array of the first element of array V.

Location in the X array of the first element of array W.

Length of the X array in words. This should always be
equal 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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Narrative for Module SIPIRP

Module SIPIRP reads data for the SIP package: the acceleration ;i
parameter (ACCL), the closure criterion (HCLOSE), the fteration-parameter 3
seed (WSEED), a flag indicating whether WSEED is to be ta1cu1ateq>or specified 4
by the user (IPCALC), and the intérval'for printing head change (I1PRSIP). 3
If 1PCALC 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 s zero, substitute a default of 1.0. If
IPRS1P is less than or equal to zero, sudstitute an interval of 979 time

steps. The defaults are provided as a convenience to the user.
2. Print the data read in step 1.

3. Check IPCALC which fs a flag that indicates the source of the

jteration-parameter seed (WSEED).

{a) If IPCALC is not zero, submodule SSIP1I will calculate 2 seed

and the resulting iteratfon parametars at the start of the first iteration.

Priat a message telling of this option, -

(b) 1If IPCALL is zero, use WSEED to calculate iteration parameters,

The i-tn iteration parameter (I{) is given by the expression

i-1

I, = 1 - (w3EED) NPARM-1

j

Print the parameters.

4. RETURN,
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Flow Chart for Mocyle SIPIRP

ACCL ¢s a multiplier of
calcul ated head change
which s used to control
the convergence rate.

HCLOSE s the head change
closure criterion, When
head change ¢n all model
cells is less than or
equal to HCLOSE, ‘teration
stops.

WSEED is the seed, specified
by the user, on which the
calculation of i‘teration
parameters {s based if
IPCALC ¢s zero.

IPRSIP s the time step
interval for printing the
maximum head change for
each iteration of a time
step. Head change s
printed c.ery IPRSIP time
sten. He:“ change is
printed at the end of a
stress pe~iod regardless
of the interval,

IPCALC is a flag. If ¢t ‘s
Set equal to one, ‘teration
parameters will be calcul ated
from a seed calculated
within the program, If it
is clear (equa! tz zero),
iteration parameters will
be calculated from a seed
provided by the user,

SIPIRP

[

YCLXY ANy W Y

[AEAD aNL PAINT

ACCL ~CLOSE

WSEED #CaLC
AND 1PRSP

3A

PRINT MESSAGE
EXPLAINING THAT
ITERATION
PARAMETEAS v, 8
CALCULATED FaOn
MODEL CALCULATED
SEED

CALCULATE AND PRINT
tTERATION
BARAMETEAS LSING
WS3ZET

RETURN
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SURROUTINE SIPINPINS ARM W} TER ACCL MCLOSE ¥, 10, [0CALC 108519,
i TouT)

ver

eeaesdVERSION 0923 160{C1982 SI%IRP

PLAD DATA FOR SIP 3

Bt

SPECIFICATIONS :

DIMENSION W{NPARW)

HIYEY OINNOYON

leoeoeREM0 ACCL MCLOSE WSEED, 15CALC IPRSIP
READ(IN,1) ACCL,MCLOSE,IPCALC WSEED, IPRS(P ) 3

1 FORMAT(2£10.0,110,F10.0.113) é :
1F(ACCL.E0.0.) ACCLeY, -

4
C2--e-e-PRINT DATA YALUES JUST READ :
WRITE(1OUT,100) 3
100 FORMAT[INO.// /678, °SOLUTION DY Til STROWGLY ,#PLICI: PROCEOVAE® 3
1/57% 43 °-"))
WRITE(1OUT,115) mRITER -
115 FORMAT(1n0,473, ‘WAZ LW |TERATIONS ALLOVED FOR CLOSURE «°,1%)
WRITECIOUT ,120) ACCL
120 FORMAT(IN 63X, *ACCELERATION PARAETER = ,615.5) :
WRITE{IOUT,12%) WCLOSE -
125 FORMAT{IN .S21,"WEAD CMANGE CRITERIOW FOR CLOSWAE o°,E15.5}
IF(1PRS1P LE.0)1PESIPoe9Y
waiTE({1ouT 130) 12nSIP
13C SORMAT{IM .521,°SI1P MEAD CMANGE PRINTOUT INTERYAL .19}

4

CJemesecCHECK IF SPECIFIED VAMLUE OF WSEED SMOWLD o€ USED Oa IF

€3emwaa-SEED SHOULD BE CALCWATED : -
1FIIPCALC.E0.0) GO TO 150

4
23heooeCALCULATE SEED & ITERATION PAAANETERS RI0M TO 1ST ITERATION .
wwITELOUT 1400 X
140 FORMAT{1%0,521, ‘CALCULATE 1TERATION PAAAMETERS FROM MODEL', 3
1* CALCULATED wSEED®) 3
&0 70 1000

c
CI8emeeySE SPECIFIED VALUE OF WSEED
C38eeae=CALCULATE AND PRINT ITERATION PARAMETZIRS A
150 Ple.i, 3
P2enPaan.1 -
00 160 l=1,mPARN E-
Pleplel, 3
160 w{1)el,-WSEED*=(P1/P2)
WRITE(I0UT,161) NPARN NSEED, (W(J)},J e NPARN) 4
161 FORMAT{INO,/,iS, ITERATION PARMETERS CALCULATED FRON’, i
1 * SPECIFIED WSEED «° F11.8,° < 77{10x,6€15.7))
[ b
Cbecoca RETURN -3
1000 RETURN
(1]
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Yariable Range
ACCL Package
HCLOSE Package
| Module
IN Package
10UT Global
1PCALC Package
IPRSIP Package
J Module
MXITER Package
NPARM Package
P1 Module
P2 Module
W Package
WSEED Module

List of Variables for Module SIPIRP

Acceleration parameter,
Closure criterion for the fterative proceduras,
Index for iteration parameters,

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

Primary unft number for all printed output. 10UT = §.
Flag.
* 0, seed for iteration will be calculated in the
program, :
= 0, sead will be specified by the user.

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

 Index for iteration parameters.

Maximum number of iterations.

Number of iteration parameters.

I -1,

NPARM - 1,

DIMENSION (NPARM), Iteration parameters.

Seed for calculating fteration parameters.
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Narrative for Module SIPlAP

Module SIPIAP perfcrms one iteration of the Strongly Implicit Procedure
(S1P) altgorithm for solving the flow equation. To save computational
time, a1l arrays are declared one dimensional. The one-dimensional
indexes are calculated from the layer, row, and column indexes normally
uysed to access the arrays in three dimensidhs. Computational time §s
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 s 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 3 generalized algorjthm
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 accordirgly.

Double precision is used for most calculations in this module in order
to allow accurate answers to be calculited 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 3 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
vihen this is occurring. When changing this module, care should be used
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to matntain expressions that have unmixed precision, Mixed precision

expressions can cause erroneous results with some compilers,
Module SIPIAP 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 SSIP1I 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 equations and set the crdering flag
(IDIR) accordingly. This flag alternates between 1 and -1 each fteration,

Calculate indexes IDNRC and IDNCOL which are used when calculating locationsg

of neighboring cel's.

6. Calculate the matrix 6 and intermedfate vector V using forwarg
substitution. The elements in matrix E are used as they are calculated;
therefore, they are not saved. In the explanation of SIP concepts, the
diagonals in the matrix G were designated “e,” *f “ and "g." The corres-
ponding “ield names 1n the program are EL (e lower case), FL (f Yower case),
and GL (g lower case). Similarly, the diagonals in the E array which are
"a," "b," “¢,” and "d* in “he explanation are “AL," "8L," “CL," and “QL"
in the program. The codes for the diagonals in matrix Z fn the explanation
are the same in the program. The codes for diagonals in A+B in the

explanation are followed by a "P" in.the program. Hence, Z' in the
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explaration is 1P (Z prime) in the program, The intermediate vector ¥ in

the explanation ts the array “V* in the program,

(a) Set current cell indexes, Il, JJ, KK. For normal ordering, the
equatfon order is the same as the order of the loop indexes 1,J,X. For

reverse ordertng, loop indexes | 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 cel)

and go on to the next.

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

cells,

(d) Calculate the cne-dimensional subscripts for conductance %o
each of the six neighboring cells. Since conductances between cells are
assigned to array elements at specific cells (for example, CR(1,J,X)
stores conductance between cells [,J,X and [,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) Heighdboring cell is one row ahead.
(3) Neighbortng cell is one column back,
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{8) Neignboring 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 G and

L, which are the factors of matrix X+B.

(g) Calculate the residual RES, 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 medules, a1l of

which use single precision.

(h) Calculate the intermediate 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 back substitution,

(a) Set current cell indexes !1, 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 ccastant head or no flow, skip calculations for this cell

ard go tc the next.

{¢) 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 ¥ 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 cel) 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

jteration 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 HOCG and LRCH., These may be printed in
step 10 at the end of the time step. Set the convergence flag to one {f

the convergence criterion is met.

9. 1If 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) js reached. Printout occurs at the end

of a stress period regardiess of the interval,

11. RETURN,

- .. 411
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Flow {hart “re “oc e §7D12D

IPCALC %s a flag., [If {2 is set
equal to one, the program
calculates a seed from which
iteration parameters are
calculated. It may be set

by the user at the beginning
of the simulation, It s SEY CIAESS,,
cleared during the first CLEAR IPCALC
iterations. SSIP1l will .
never be called more than * 238
once. 1f IPCALC ¢s not set ASSIGN CONSTANTS
equal to zero, the user L, [NITIALIZE
specifies the seed for the JAABLES SN
{teration parameters, 1
A 4 5
~ IDIR indicates whether the SET FLAG IDIR TO
i ordering of equations is INDICATE NORMAL
-~ normal (1) or reverse (-1). ORDERING
FOR EACH CE.. ’+
- SSIP11 is a submodule which ¢
— calcul ates iteration r V__ Ao
. - r .
paremeters SaSoNALS ExeArSION
IN MATRIX U AND 3 -\;d.';a'
INTEAMEDIATE ARE ON THE
VECTOR v NEXT DAGE

> gACm CELL -
TA-GF

CALC.LATE HEAD
D=2 AENCE
vEZTOR

\ 4 8

STORE THE LARGES

SHANGE FOR THIS
ITERATION

oQINT oz
NUMBER OF
ITERATIONS

‘ 12

ORINT 214X
HEAD C~ANGE
FOR EaChr
1ITEQATION

J

ITERATION
COMPLETE"

RETURN
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Flow Chart for Module SIPLAP (Lontinaued)

Single Cell index: In this module,
a single index is used to identify
each cell, This is in opposition
to the three indices (1,J.K) used § 51O 14P
in most other modules,

v .

SET yP
THREE CELL
INDICES

v _.

CALCULATE
SING. E CELL
INDEX FOR
TS CELL

v .

CAL_CULATE
SINGLE CELL
INDICES OF

THE SiX
ADJACEMT CELLS

Y o

CALCULATE
INDICES FOR
CONDUCTANCES
TO SiX ADJACENTY
CELLS

+ 3

51487 8LOCK

START BLOCK

? SIP1AP

SEY UP
THAEE CELL
INDICES

-*B

CALCULATE
SINGLE CELL
INDEX

v .

CALCULATE
SINGLE CELL
INDEX FOR
NEIGHBORING
CELLS

ASSIGN VARIABLES
IN MATRIX A FOR
THIS CELL AND IN
U SOR ADJACENT CELLS

D

Yy -
CALCULATE
ELEMENTS
INL AND U
EJR THIS CELL

2P

BAZK SUBSTITUTE
EOR HMEAD CHANGE
STORING IT IN
VECTOR V

3

SAVE THE ~EAD
CHANGE F.1T
1S THE MAXIMUM
OVER THE GRID

CALCULATE THE
RESIDUAL

v _.

CALCULATE THE
ELEMENT INV
FOR THIS ELEMENT

A 4

ADD HEAD CHANGE
TO HEAD AT START
OF INTERATION TO
GET ~EAD AT END
OF ITERAT'ON
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SUBROUTINE S1P1A2 funEN, 1B0UND,CR CC,CY SHCOF uS £ FL,GL,Y,
1 ¥ MOCE LECH NOMN < TTER MCLOSE , ACCL +1CNY6 KSTP cPgR
2 IPCALC,1PRS 12 2 L TER NSTP N0, , MHOW WL AY +MODES  10UT )
CoeseesERSION 1454 OZDECIIB2 SIPIAP .

hidddd 1 11111 T VTP oeres

SOLUTION BY THf STRCWGLT IsPLICIY PROCEDURE .. 1 ITEAAT 0N

SPEC.FICATIONS :

J0UBLE PRECISION NUEW.DITPAR AC MHCOF ,WRHS K1 OZERD, DONE 0L §
DOUBLE PRECISION Z.l.9.(.‘.n.s,»,n,cv,c’,u’,n

OCURLE PRECISION TNEW SHEN DHNEN 5 HNEN , HMNE N , SHNE W

ODOUBLE PRECISION AL,BL.CL,DL SELNCL FLNCL 6L oL

DOUBLE PRECISION ELNRL,FLnet JSOLNOL ELNLL PN G|

DOUBLE PRECISION mx.vno..vm.x.un.nu.sux,u,pcsm

DIFENSION #NEW(NODES), 1B0UNOINOOES), +4IN0DEL), CCIMODES),
1 CYIMODES), WCOFINODES), awS{NOOES ", ELINODES ), FLINODES),
2 GLIMCIES), Y{NODES), W(NPARM), WOCG(M; ITER), LRCH{3 = 1TER)

(aZaXaRa¥aY VoY

4

Clo---e<CALCULATE ITERATION PAAMCTERS IF FLAG 15 SET. TwER

Cl-oe=-CLEM THE FLAG SO THAT CALCULATION [S DOWE OM.Y ONCE.
IF(IPCALE.NE .0)
1 CALL SSI'U(“.CC.CVJ'WU..'"MI,V.NCOL,IIOU.ILAV,lw.')
IPCALC=0

C2eccea -ASSIGN VALUES TO FIELDS THAT ARE CONSTANT DURING AN ITERATION
OZERO=Q,

DOngel,

ACeALCL

NRC=NROW=N{OL

NTHomMOD(K[TER-1 NPARN)»]

DITPARN(NTH)
[
£3------INITIALIZE VARIABLE TMAT TRACKS “AX MM MEAD CHANGE OUR; NG
C3eeeececTNE TTERATION

8166=0,

CleveeeLLEAR SIP WORL ARRAYS,
00 100 1=1,M00€$
EL(1)e0,

FL{i)=0,
SL{1)=0.
i00 v(I}e0,

[

€5-----<SET YORMAL/REYERSE EQUATION ORDERING FLAG {1 0% -1) anp
CS--=es CALCULATE !NDEXES OEPEMOENT ON OROERING

{DiRel

IF (“OD(KITER,2),£0.0)101Re.)

ISMRCSIDIRNRC

ISACOL=1DIR*NCTL

CBevceaaSTEP THROUGH CELLS CALCULATING INTERWEDLATE VECTOR v
C8eceee-USING FORVARD SUBSTITUTION

DO 150 xel mLAY

00 150 I«} mROW

00 150 Je1,nCOL

4
C6Au--<oSET UP CUNNENT CELL LUCATION INDEXES. TWESE ARE DEPEMOENT
CéAeveeON THE OIRECTION OF EQUATION ORDERING,
IF(IDIR.LE.0)RD T0 129
il
JI=d
KKeg
60 10 122
120 11wAROV-1e1
JJed




o vl

eN AV T o]
s
CoBeeos-LALCULATE T DINENSIONAL SUBSCRIP® ¥ CuRRENT CELL AND
4 TYTEL SxiP CALCULATIONS IF CELL 1S mOFL « OR CONSTANT nEAD

TT122 wedde(t1e1tMCOL o IXR -] Y oNRE
. 15 {1DOURD(%1,LE .00 T 150

CECeeecelALCULATE 1 OIMENSIONAL SUBSCRIPTS FOR LOCATING THE €
COCores ~SURRDUNOING CELLS

SRNeN+1ONCOL

NRy ohe [DNCOL

NChefe ]

NCLeN-]

N NeNeDMRC
¢ NLL h-]DNRC

C60= eeesCALCULATE 1| DTMERSIONAL SUASCRIPTS FOR CONCUCTANCE TO TE §
C60meeesSURRDINDING CELLS. TMESE DEPEND On ORDEMING OF EQUATIONS.
1F(1018.LE.0)G0 0 128
NCFol
NCDeNCL
NRpantt
NRMel
L BT
m 2entl
G0 0 126
124 NCFen
NCOMCL
RSN
NP HelRN
N SeNLN
NLZon
4
C6€--o--ASSIGN YARTABLES TN ATRICES A 3 U INVOLVING ADJACENT CELLS
C6E1----NE1GHMBOR 1S 1 ROW BACK' T
126 4=02E0
ELNRL =O2ER0
FLNL=D2ERD
GuARLOZERD
BHNEW=02ER0
VNRL-02ER0
17(1.EQ.1) GO 7O 128
8=CC(MB)
ELmRL=EL{NRL)
FLMRL=FL(WRL)
GLMRLeGLINRL )
BRNE WeB *HNEW (MRL )
] YARLSV(NRL)
COE2~----NEIGHOOR 1S ) ROW ANEAD
128 MOZERO
HH~EW-D2ER0
1F(1.€0.A0M) GO TO 130
HelC{MAN)
MHNEWoR "HREW( NAN)
4
C6E3----MEIGMBOR [S 1 COLUMN BACK
130 0=0ZER0
ELMCL-D2ERD
FLNCL=02ER0
GLNCL=D2ER0
OMNEWsDLERD
YNCL=OZERQ
17 {J.EQ.1} GO TO 132
D=CR(NCD)
ELNCLoEL{NCL)
FLNCLoFL{NCL)
GLNCL=GL{NCL)
CHNEWD INEW(NCL )
YRCLeV(NCL)
[4
C6EdaeeNMEIGHIOR 1S 1 COLUMY ANEAD
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Variable

AC
ACCL
AL

AP
B

BHNEW
BIG
B1GG
BL

cc

CL
ce
CR

cv
-
~ 0
- DHNEW

DITPAR
o oL

DONE
DZERO
E

L

ELNCL
ELNLL
ELNRL
ELXI
F

FHNEW
FL

FLNCL
FLNLL
FLNRL

List of Variadbles for Wegyle SIDIAP

Range Definisign

Module Double-precision acceleration parameter (ACCL).

Package Acceleration parameter.

Module Diagonai from the lower factor. (AL stands for
A-lower case,)

Module Diagonal element in the modified coefficient matrix, -
(AP stands for A-prime.)

Module Dfagonal label in the coefficient matrix--conductance
from the adjacent node which §s in the last row,

Module ~ Head in the aajacent cell which is in the last row,

Module Largest head change for an iteration. ’

Module Largest absolute vaiue of head change for an iteration,

Module Diagonal from the lower faclor. (BL stands for
B-lower case.)

Global DIMENSION (NCOL,NROW,NLAY), Conductanc. in the ¢olymn

: direction. CC(J,I,h) contains conductance between

nodes (J,1,K) and (J+1,1,X).

Module Diagonal from the lower factor. (CL stands for
C-lower case.)

Module Ofagonal element in the modified coefficient matrix,
(CP stands for C-p~ime.)

Global DIMENSICN (NCOL,NROW,NLAY), Conductance in the row
. direction, . CR(J.!,K) contains conaquctance between
nodes (J,!,K) and {J,1+1 X)
Global DIMENSION (NCOL,NROW,NLAY-1), Conductance in the vertical
direction. CV{J,1,K) contains conductance between
nodes (J,1,K) and (J,1,K+1),

Module Diagonal label in the coefficient matrix. Conductance
: from the adjacent node which is in the last column,
Moduie Head in the adjacent cell which is in the last column,
Module Doudble-precision iteration parameter.
Module Oiagonal from the lower factor. (DL stands for
D-lower case.)
Module Double-precision [ield containing a one.
Mcdule Double-precision field containing a zero.
Module Main diagonal in the coefficient matrix.
Module DIMENSION {NODES), Diagonal from the upper fa.tor,
(EL stands for E-lower case.)
Module EL (E-lower case) from the cell in the last column,
Module EL (E-lower case) from the cell in the las: layer,
Module EL (E-lower case) from the cell in the last row.
Module Intermediate result.
Module Diagonal label in the coefficient matrix--conductance
from the adjacent node which fs in the next cclumn.
Module Head in the adjacent cell which is in the next ¢olumn,
Module DIMENSION (NODES), Diagonal from the upper factor.
(FL stands for F-lower case.)
Module FL {F-lower case) from the cell in the last column.
Hodule FL (F-lower case) from the cell in the last layer,
Module FL (F-lower case) from the cell in the last row.
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List ¢f Variadbles for Mecyle SIPIAP (foatinyeq?

Variable Range
FLX] Module
GL Module
GLNCL Module
GLNLL Module
GLNRL Module
GLX1 Module
GP Module
H Module
HCFHNW Module
HCLOSE Package
HCOF Global
HDCG Package
HHCOF Module
HHNEW Module
HNEW Global
HNW Module
1 Module
18 Module
IBOUND Global
ICNVG Global
IDIR Module
IDNCOL Module
IDNKC Module
11 Module
10Ut Global
I1PCALC Package
IPRSIP Package
J Module
JB Module
JJ Module
K Module
K8 Module
KITER Global

Definition

Intermediate result,

DIMENSION (NODES), Diagonal from the upper factor.
{GL stands for G-lower case.)

GL (G-lower case) from the cell in the last column,

GL (G-lower case) from the cell in the last layer,

GL (G-lower case) from the cell in the last row,

Internediote result,

Diagonal element in the modified coefficient mat:ix,
(GP stands for G-prime.)

Diagonal label in the coefficient matrix. Conductance
from the adjacent node which is in the-next row,

Product of head and HCOF for a cell.

Closure criterion for the iterative procedure.
DIMENSION (NCOL ,NROW _NLAY), Coefficient of head in the
cell (J,1,X) in the finite-differ-nce equation,

DIMENSION (MXITER), .aximum head change for each iteration,
Double-precision HCOF,
Head in the adjacent cell which is in the next row,
DIMENSION (NCOL ,NROW,NLAY), Most recent estimate of head
in each cell, HNEW changes at each iteration.
Temporary field for HNEW(N).
Index for nodes and rows,
Row number of the cell having the largest head change,
DIMENSION (NCOL,NROW, NLAY), Status of each cell,
< 0, constant-head cell
= 0, inactive cell
> 0, variable-head cel)
Flag is set equal to one when the iteration procedure
has converged.
Indicator for direction of solution algorithm.
+1 - forward
-1 - reverse
Intermediate result used to calculate indices.
Intermediate result used to calculate indices.
Row number,
Primary unit number for all printed output. IOUT = §,
Flag.
= , iteration parameter seed (WSEED) is entered
by the user,
= 1, seed s calculated in the program.
Frequency (in time steps) with which the maximum head
changes for each iteration will be printed.
Index for columns,
C2lumn number of the cell having the largest head change,
Column index,
Index for layers.
Layer of the cell having the largest head change,
Iteration counter, Reset at the start of each time
step.
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Variable Range
KK Module
KPER Global
KSTP Global
LRCH Package
MXITER Package
N Module
NC Module
NCD Module
bl NCF Module
=
NCL Mocdule
- NCN Module
NCOL Global
NL Module
NLAY Global
~— NLL " Module
NLN Module
~
NLS Module
~
— NLZ Module
~ NODES Global
N?ARM rackage
NR Module
NRB Module
MRC Module
NRYH Module
NRL Module
NRN Module
NROW Global
NSTP Global
NTH Module
RES Module
RHS Global
-
;

List of Variablec for Module SIPlAP {Continued)

Definition

Layer index.

Stress period counter,

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

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

Maximum number of iterations.

Cell index.

Index for the adjacent cell in the last column.

One-dimensional subscript of conductance to the adjacent
cell which is 1n the last column.

One-dimensional subs.ript of conductance to the adjacent
cell which is in the next column.

One-dimensional subscript of the cell index of the ..
adjacent cell which is in the last column.

One-dimensional subscript of the cell index of the
adjacent cell which is in the next co'umn.

Number of columns in the grid.

Index for the adjacent cell in the last layer.

Number of layers in the grid.

One-dimensiona® subscript of the cell’ index of the

" adjacent cell which is in the last layer,

One-dimensional subscript of the cell index cf the
adjacent cell which is 1n the next layer,

One-dimensfonal subscript of conductance to the adjacent
cell which is {n the next layer,

One-dimensional subscript of conductance to the adjacent
cell which is in the last layer,

Number of cells (nodes) in the finite-difference grid.

Number of iteration parameters.

Index for the adjacent cell in the last row.

One-dimensional subscript of conductance to the adjacent
cell which is in the last row.

Number of cells in the layer,

One-cdimensicnal subscript of conductance to the adjacent
cell which 1s in the next row.

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

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

Number of rows in the grid.

Number of time steps in the current stress period.

Index for iteration parameters,

Residual.

DIMENSION (NCOL ,NROW,NLAY), Right hand side of the
finite~difference equation. RHS is an accumlation
of terms from several different packages.
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List of Variables for Module SIP1AP {Continued)

Variable Range
RP Module
RRHS Module
) Module
SHNEW Module
TCHK Module
TP Module
up Module
v Package
VN Module
VYNCL Module
VNLL Module
VNLLI Module
VNRL Module
L] Package
X1 Module
z Module
ZHNEW Module

Definition

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

Double-precision right hand side of the equation,

Diagonal label in the coefficient matrix--conductance
from the adjacent node which is in the next layer,

Head in the adjacent cell which is in the next layer,

Absolute value of head change for a single cel’,

Diagonal element in the modified coefficient matrix,
(IP stands for T-prime.)

Diagonal element in the modified coefficient matrix.
(uP stands for U-prime.)

DIMENSION (NODES), Intermediate result.

Temporary double-orecision v{N).

Element in the intermediate vector for the cell n
the last colusr,

Element in the intermediate vector for the cell in
the last layer.

Artifact of an earlier version of the program.

Element in the intermediate vector for the cell in
the last row.

DIMENSION (NPARM), Iteration parameters.

Double-precision V(N).

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

Head in the adjacent cell which is in the last layer.
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7 7

Narrative for Module SSIP1P

Submodule SSIPIP prints the largest value of head change (HDCG) out of
all cells for each iteration of 2 time step. Also printed is the cell
Tocation (LRCH) where the change occurs. The submodule is so short that

no numbered comments are used and no flow chart is provided,

422
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SUBROUT INE $S1P1P(HDCG,LRCH ,K1TER X53TP KPER MXITER,10UT)

zXaXal

----- VERSION 1504 08DEC1982 SSIP1P

[232 22222 .."".'Q'“"“"'Q'.'.'"Q.'Q.'.."'t"t.'....."'.’."'

PRINT MAXIMUM HEAD CHANGE FOR EACH ITERATION DURING A TIME STEP

32222222224} .'0'Qt'..t.i.t"."t"'t'.i"'t.lt.it".t.t.t...t.'...

SPECIFICATIONS:

PP YT T T T L 2L ol ol ot ot d ot d e

[a X gl (aXaXsEnXaXaXal

WRITE(10UT,S)
S FORMAT(1HO.'MAXIMUM HEAD CHANGE FOR EACH ITERATION:'/
1 1HO,5{* HEAD CHANGE LAYER,ROW,COL')/1X,132(’-'))
= WRITE (IOUT,10) (HDCG(J), (LRCH(I,d),11,3),d=1,KITER)
— 10 FORMAT({1x,5(612.4," (*,13,',°,13,%,".1%,")7)))
WRITE(I0UT,11) ,
11 FORMAT{1HO)

e RETURN
END

. .423
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+ A e

Variable Range
HDCG Package
1 Module
10uT Global
J Module
KITER Global
KPER Globa)
KSTP Glopal
LRCH Package
MXITER Package

List of Variables for Module SSIPIP

_ Definition

DIMENSION (MXITER), Maximum head change for each
fteration,

Index for cell location.

Primary unit number for all printed output. 10UT = 6.

Index for §teratfons.

Iteration counter,

step.

Reset at the start of each time

Stress period counter.

Time step counter,

period.

Reset at the start of each stress

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

424
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Narrative for Module SS!P11

Submodule SSIP11 calculates an iteration-parameter seed using mode)-
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 fteration parameters. The minimum cell

seed is also printed.
Submodule SSIP1l performs its functions in “he yallowing order:

1. Calculate constants and initialize variables. In order to calculate
the average cell seed, accumulators AVGSUM (sum of the cell seeds) and
NODES (sum of the active cells for which a seed is calculated) are required.
Thesa are initialized to zero. WMINMN is vsed to store the smallest cell
seed. Since this value must always be less than one, it is inftialized to
1.0. The three coefficients, CCOL, CROW, and CLAY are set equal to

w2/2(NCOL)2, =2/2(NROW)2, and »2/2(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. Conductince 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 coluin direction (BHMX, BHMN), and in the
vertical direction (ZSMX, ZSMN). If the minimum is zero (which indicates
that a neighbor is no flow), set the minimum equal to the maximum,
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(¢) Calculate three-directional seeds (WCOL, WROW, WLAY) using the
relations

WCOL = CCOL/(). + (BHHX'O 2SMX) /DFMN) ; ﬁﬁ

WROM = CROW/{1. + (DFMX + ZSMX)/BHMN): and 4

HLAY = CLAY/(1, + (DFMX + BHMX)/2SMN), . ’ L 1;:

If the minimum conductance is zero (that fs, both the minimum and the maximum 8
are zero), set the seed equal to 1.0, This value will be ignored when the 2
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 NMIMMK, 3ﬁ
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 fn step 3. oo

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 :
I = 1 - (SEED) NPARM - 1 -
where

Ii is the i-th iteration parameter, and

NPARM {s the number of ‘:eration parameters.

5. RETURN,
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fiow Cnart for Magule SSIPCI

Seed: the "grid seed" is the

~e

single parameter vsed to
calcul ate the iteration
parameters, To calculate
the grid seed, several
intermediate variables,
called "cell seeds,” are
used. For each cell,
three “directional seeds”
are calculated. The minimum
directional seed for a cell
is the “cel)l seed.” The
“grid seed” {s the average
of the cell seeds,

AVGSUM is an accumul ator to

which each cell seed is
adoed. It is then divided
by the number of cells to
obtain the average cell
seed which is used as the
grid seed.

SSPn

1
INITIAL'ZE CONSTANTS
FOR EACH CELL

£:NC THE Ma XIMUM
AND MINIMUM OF THE
TWO CONDUCTANCES
IN EACH PRINCIPAL
COORDINATE
DIRECTION

v =

CALCULATE THE
THREE DIRECTIONAL
SEEDS

]
v 20
1F THIS .S THE

M*HMUM CELL SEED)
SO FAR SAVEIT

v_ =

ADD THE MINIMUM
OF THREE TO AVGSUMI

CALCULATE THE
AVERAGE CELL SEED
AND PRINT THE
AVERAGE ANC
MINIMUM SEEDS

v .

o

CALCULATE AND PRINT
ITERATION
PARAMETERS USING
THE AVERAGE CELL
SEED




- ———

CER AR o ok

OO0

©

C28-e-

S.3ROUTINE SSIPll(CR,CC.CV,lSOUHD.NFARM.h,HCUL,ﬁROw,xLAr.
10uT)

----- VERSION 1743 26APR1983 SSIP1I

'C"'.'..'.'t'...'.""'.'."'.."".'I0"'."."'.'.'..'.'.'.".'

CALCULATE AN ITERATION PARAMETER SEED AND USE IT To ~ALCULATE SIP
ITERATION PARAMETERS - .

.'o.90’0tttt'.-n.o.t.oatta.i'gﬁgtovt't'ttttottttctto.to'o..ototaot

SPECIFICATIONS:
DIMENSION CR(NCOL ,NROW,NLAY),CC(NCOL NROW,NLAY) ="
»CV (NCOL ,NROW ,NLAY) , FBOUND(NCOL ,NROW ,NLAY ) , W (NP ARM)

DOUBLE PRECISION OWMIN,AVGSUM

Ittt d b S 8 Skl DI DL R S

-~CALCULATE CONSTANTS AND INITIALIZE VARJABLES
PlEP1E=9,869604
R=NROW

CaNCOL

L=NLAY
CCOL=PIEPIE/(2.%C*C)
CROW=PIEPIE/(2.*R*R)
CLAY=PIEPIE/(2.*L*L)
WMINMN=]

AVGSUM=0,

NODE S=0

--LO0OP THROUGH ALL CELLS, CALCULATING A SEED FOR EACH CELL
--THAT IS ACTIVE

D0 100 X=1,NLAY

DO 100 I=1,NROW

D0 100 J=1,NCOL

IF(IBOUND(J,1,K).LE.0) GO TO 100

--CONDUCTANCE FROM THIS CELL

--TO EACH OF THE 6 ADJACENT CELLS
D=0,

IF(J.NE.1) D=CR(J-1,1,K)

£=0,

IF(J.NE.NCOL) F=CR(J,I,K)

B=0.

IF(1.RE.1) B=CC(J,I-1,K)

H‘O.

17 (1 .NE.NROW) H=CC(J,1,K)
2=0,
IF{K.NE.1) Z=CV(J,1.X-1)
S=0.
IF(K.NE.NLAY) S=CV(J,],X)

--FIND THE MAXIMUM AND MINIMUM OF THE 2 CONDUCTANCE COEFFICIENTS
~=IN EACH PRINCIPAL COORDINATE DIRECTION
DFMX=AMAX1(D,F)

TLk 428
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BHMX =sAMAX ] (8 K)
ISMX=AMAK](Z,S)
DFMNsAMINL (D ,F)
BHHN-AH!NI(B.H)
ISMN=AMINL(2,S)
IF (DFMN,EQ.0,) DFMN=DFMX
IF{BHMN EQ.0, ) BHMN=BHMX
IF(ZSMN.EQ.0, ) ZSMN=2SMX
(o
C2C-----CALCULATE A SEED IN EACH PRINCIPAL COORDINATE DIRECTION
WCOL =1,
IF(DFMN,NE.O.) WCOL=CCOL/(1. +(BHMX+Z5MX } /OFMN)
WROW=1,
IF (BHMN.NE.0.) WROW=CROW/ (1, +{DFMX+ZSMX) /BHMN)
WLAY=],
IF (ZSMN NE.O,) WLAY=CLAY/(1.+{DFMX+BHMX)/ZSMN)
o

C20----- SELECT THE CELL SEED, WHICH 1S THE M NIMUM SEED OF TME 3.
C20-vv-- SELECT THE MINIMUM SEED OVER THE _WHOLE GRID.

WMIN=AMIN] (WCOL ,WROW WL AY ).

WMINMN=AMIN] (WMINMN WMIN)

o ADD THE CELL SEED TO THE ACCUMULATOR AYGSUM FOR USE
C2E--~-= IN GETTING THE AVERAGE SEED,

DWMI N=WMIN

AVGSUM=AVGSUM+DWMIN

NODES=NODES+1

100 CONTINUE

CI-we-- ~-CALCULATE THE AVERAGE SEED OF THE CELL SEEDS, AND PRINT
C3-ece-- THE AVERAGE AND MINIMUM SEEDS.
TMP=NODES
AVGMIN=AYGSUM
AVGMIN=AVGMIN/TMP
WRITE(IOUT,101) AVGMIN,WMINMN
101 FORMAT(1HO, 'AVERAGE SEED =',F11.8/1X,'MINIMUM SEED =',F11.8)

Clumu-- -CALCULATE AND PRINT ITERATION PARAMETERS FROM THE AVERAGE SESD

Pl=-1,
22=NPARM-1
D0 SO Is],NPARM
Pl=pl+l,

50 W(I)al,-AVGMIN**(P1/P2)
WRITE{IOUT,150) NPARM, (W(J),J=1,NPARM)

150 FORMAT(1H0,/,15,' ITERATION PARAMETERS CALCULATED FROM',

1 ' AVERAGE SEED:'//(10X,6£15.7))
c
C5--e-- -RETURN
RETURN
END
429
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List o* Variables for “odule SSIP))

Variable Range Defi;\ition

AVGMIN Module Mean WMIN,

AVGSIUM Module Sum of all of WMIN's,

B Module Conductance between this node and the one to the rear,

BHMN Module Minimum of B and ¥ (ff the minimum is 0, 1t is the
maximum).

BHMX Module Maximum of B and H,

c Module Number of columns,

cc Global DIMENSION (NCOL ,NROW,NLAY), Conductance in the column

directfon., CC(J,1.,X) contains conductance between
nodes (J,1.K) and (J+1,1,K).

ccoL Module Intermediate factor.
CLAY Module Intermediate factor.
CR Global DIMENSION (NCOL ,NROW,NLAY), Conductance in the row

direction. CR{J,I,XK) contains conductance
between nodes (J,1,K) and (J,1+1,X).

CROW -~ Module Intermediate factor.
cv Global DIMENSION (NCOL,NROW,NLAY-1}, Conductance in the

vertical direction, CV(J,I,K) contains conductance
between nodes (J,1,K) and (J,1,K+1).

0 Module Conductance between this node and the one to the left,

DFMN Module Minimum of D and F (if the minfmum Is O, it {s the
maximum).

DFMX Module Maximum of D and F.

DWMIN Module Double precision WMIN,

F Module Conductance between this node and the one to the right,

H Module Conductance between this node and the one to the front. -

1 Module Index for rows.

180UND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell.

< 0, constant-head cell
= 0, inactive cell
> 0, variable-head cell
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Lis: of Variables for Module SSIPIl (Continued)

Variable Range
10uT Global
J Module
4 Module
L Module
NCOL Global
NLAY Global
NODES Module
NPARM Package
NROW Global
PIEPIE Module
Pl Module
P2 Module
R Module
) Module
T™P Module
W Package
WCOoL Module
WLAY Module
WMIN Module
WMINMN Module
WROW Module
Z Module
ZSMN Hodule
ZSMX

Module

Definition

Primary unit number for all printed output., 10UT = 6,
Index for columns,

Index for layers.

Number of layers,

Number of columns in the grid.

Number of layers in the grid,

Number of variable-head (IBOUND > R) cells in the grid.
Number of iteration parameters.

Number of rows in the grid.

Pl squared.

Index for the number of parameters,

NPARM-1.

Number of rows.

Conductance between this node and the one below,

Temporary field for nodes.

DIMENSION (NPARM), Iteration parameters.

Seed in the column directfon for a cell.

Seed in the layer direction for a cell,

Minimum of (WCOL, WLAY, WROW).

Minimum WMIN,

Seed in the row direction for a cell.

Conductance between-th1§ node and the one above,
Minfmum of Z and S (if:mfnimum'is 0, it is the maximum).
Maximum of Z and S._:j
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CHAPTER 13
SLICE-SUCCESSIVE OVERRELAXATION PACKAGE

Concestualization and Implementation

Stice-successive overrelaxatfon (SSOR) s a technique for fteratively
solving a system of linear equatfons. The SSOR package, in Particular, solves
the finite-difference equations assocfated with the cells {n the finfte-
difference grid, Those equations with the iteration counter *1" included

have the form

m,t+] m,Le] .2 +]
Vgoee1720 5 ke €C1-172,5,kM1 5,k + CR1L5-172,k0 501

* - gk - €Civ1/2,5,k - Ry 50721 - CRy, 54172,k
m, 2+] m,2+]
T CCiv1s2,5,6 - OV 5 k2 - HCOF§ 5,xdhi g,k + CRi,541/2,kM4 541
m, £+ meel '
+ Cci+l/2,j,khi+1.j,k * OV 5k 720 5 ke RHS§ 5.x (122)

where
mis the tima step counter; and

L is the iteration counter,

Equation 122 can be written in residual form as

m, £+1} m,2 m, 2+] m, 2
Cvi,j,k-]/?,(hi,j,k-]'hf,j,k-l) + Cci-]/Z,j,k(hi-l,j,k‘hi-l,j,k)

m, 2+] m, 2
* CRi,J-l/z.k‘hi.j-l.k-"i,j-1.k) * O ey - i
- Ry j-172,k - QRij+172,x = CCia1y2,5 .k - CVi,3. %4172

m, 24)

m,g m, 2+ m, 2
* OO 5,k hi 5 khi f 4 ) + CRi.j+1/2.k(hiaJ+1.k‘"i.i+1.k)

m,2+] m,2. : coomy 2] m, L
+ CCf+1/z.j.k(hi+l.j.k-hf+1.1,k) + CVf,j.k*I/z(hf.j.k+1-"i.1.k+1) =
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m,t m, L
RHS§ j. & = CY§,5,k=1727,5,k=1 = CCia1z2,5.k™M<1,j.k

- CRy .j-\/z.th:;-l,k - (= OV 5,172 = CCicrg2,5,k = CRy 172,k
- CRy ja172,k = CCis172,5,k = CVi,5,k01/2 * "COFi.j.k)"?:;.k

m,2 m, 2 m,t
- CR{ §o1/2,kPi 301,k = CCi41/2,5,xM41, 5.k = CVi 5, ke1/2M k0] (123)
The left hand side of equation 123 consists of terms involving the seven
head changes e.g., (hi.;:: h:’; k) for iteration t+l, At the beginning of
jteration t+1, those head changes are unknown. The right hand side of equa-
tion 123 consists of *he term RHS and terms involving the hiad at the end of
jteration t, all of which are known at the beginning of iteration 2+1.
The difficulty encountered in sclving 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. $S0R reduces the number of equations
by simulianeously :olving only those equations representing cells in a sinjle
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 l--that is, those equations
for which 1 is eaua1 to one. Since i-1 will then be equal to zero, the heads

m L+
io1 ,j,1 and h{ 1 .k w1ll be equal to zero. Therefore, the term

CCy. 1/2.3 k(h? ::;.k h,-1 R k) is equal to zero. Furthermore, the

head h1+] j g which is the head in a cell in row 2, can be approximated--

only while heads in row 1 are being calculated---by hi#l R {the head calculated
at the previous iteraticn). Then the term CCisr/2,5, k'h1¢§r} k-th] e k)

is equal to zero. Thus equation 123 for cells in row 1 can be approximated

by the equation
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T T R R T .,_ ‘ “ X Y o . ot _ P
Row 1
Row 2 > /
Row 3
Row 4 ow 3 /‘/
Row 5 /
Row 6 /
Layer 1 //
Layer 2 //
Layer 3 -
Layer 4
Full Grid Slice 4

Figure 54.—SSOR reduces the number of equations thatmust be
solved simuitaneously by considering a single
vertical slice at a time.
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11 m, ~m,g+] moi
CVyi,j,k-1/2, x( i.j k-1-hi.j k1) * G4 o172, (MiL501 kMg 5at k)

o (- CVy 5,k-172 = CC4-1/2,5.k = CRy, =172,k = CR{ j+172,x )

“m,1+] m. t
- CCi41/2,5,k = CV4,j, k4172 * HCOFg § x)(Dy § x-hy j k)

m, L+] m, “m, 2+ m, ¢4} ’
+ CRy, j+1/2, n(hi.j+1 k'hi,j¢1 k) *+ CVi 4, k+1/2(h1.j ke1-hi § kel) = .

m.z*l |
RHS{ 5,k = CVi 5,k 723 ke CC41/2,8,K0400,5 K ¥

m,L -
- CRy §-1/2,kM, j-1,k = (= CV¥§ § k=172 = CCi-172,3,% - CRi §-1/2.x
o~ - m, e
- CRy j+1/2,k = CCivi 72,5,k = €V, 5, ke172 * hCOFq 5 w0y 4 x
m, 2 ‘ mt - me
- CR{ §41/2,kM, 541,k ~"CCi41/2,5,kM541,5,k = CVi 5,%41/2M 5, k4] (124)

“m, t+1 m,t m, 2+1
where h1 5.k Mg,k Is approximately equal to hy j, k‘hi j k. The term < Pa

N “m,t+l m, L

. h1.j k-hi i,k is a first estimate of head change for cell i,j,k at iteration
1+1. The equations of the form of equation 123 for cells in row 1 cas be

- replaced by equations of the form of equation 124, Those equations constitute .
- a system 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, 241 m,2 m, 241
elimination to get values of hj j k-hi, j,k in row 1. The value hy j  can

then be calculated by the equation

m 2+] m,2 “m, 1+1 m 2
higk = Pijk * wl®y "5,k = higLk) (125)

where w is an acceleration parameter--generally between 1 and 2, Each
of the rest of the slices can be handled in 2 similar manner. Terms

in equations for slice P which involve heads in slice P+l use heads from
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Ry,
:

the preceding iteration, Thus the equations for slice P approximate
equazions of the form of equazion 123. Solution of those equations gives
approximate head changes for the current iteration. The approximate head
changes are muitiplied by the relaxation factor to get the final head

changes for the fteratijon,

Implementation of slice-successive overrelaxation fnvolves 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 ;oiving
the resulting equations to get the approximate head changes for each cell in
the row. Finally, the head changes must be multéplied 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
AX = B (126)

where

A is the coefficient matrix;
X is the vector of head changes from iteration ¢ to iteration £+1; and

B is the vector of residuals.

The matrix ; is symmetric and banded (fig. 55) with a maximum half-
bandwidth equal to the number of layers, Therefore, just the lower triangular
oo~tion of the coefficient matrix needs %o be stored (fig. 55). It is stored
in a rectangular array. R. dimensioned by the-maximum half-bandwidth plus one

and the number of cells in a slice,
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a,, | 2y, a,,
Az | 822 | 3 A
An | 3y 2y
a,, 8, | s a,;
Qs Qs | 855 | Asa
Ay Bss | Ags Ags
a, a,;
au' 29 | uo
Qg0 | Agg

Full Matrix

a 14 a25 aSS a47

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 s smaller
tnan the closure criterion, a flag (ICNVG) is set equal to one, The flag
s returned to the main program. If it is set, the main program terminates

the iteration loop.
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Slice-Successive Overrelaxation Package Input

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

the unit specified in IUNIT(11).

FOR EACH SINKULATION

SORIAL
1. Data:  MXITER
Format: 110
SORIRP
) 2. Data: ACCL  HCLOSE IPRSCR
- Format: F10.0 F10.0 110
~ _ Explanation of Fields Used in
i Input Instructions
MXITER--1s the maximum number of iterations allowed in a time step.
~ ACCL--is the acceleration parameter, usually between 1.0 and 2.0.
~
N HCLOSE--is the head change criterion for convergence. Wnen the maximum
. absolute value of head change from all nodes during an fteration
~ 's less than or equal to HCLOSE, iteration stops.

IPRSOR--is the printout interval for SOR. IF IPRSOR is equal to zero,
1t 1s 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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¥ocule Documentation for the Slice-Successive Overrelaxation Packace

The Slice-Successive Overrelaxation Package (SOR1) consists of three

vrimary modules and one submodule. They are:
Primary Modules
SOR1AL Allocates space for arrays,

SORIRP Reads control information needed by the
SOR1 Package.

SORIAP Performs one iteration of slice-succussive
overrelaxation, . .
Submodule
SSOR1B Solves a system of linear equations.
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Narrative for Module SOR1AL

Module SORIAL allocates space in the X array for SOR arrays. The SOR
arrays are A, RES, IEQPNT, HDCG, and LRCH. “A" nolds 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,
1EQPNT holds a sequential fdentification number for each cell in a slice,
HOCG holds the maximum head change for each fteration. LRCH holds the
location of the cell (row, column, and layer) which had the maximum head

change for each iteration,
Module SORIAL performs its functions in.th; following order:
1. Print a message identifying the SOR Package.
2. Poad and print the maximum nurder 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 eoual 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 ISum - 1SOLD.

5. RETURN
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Clow Cha=t tor Module SORIAL

X array is the pool of memory space
from which space s 21located for
arrays used by various packages.

ENTER b =
SOR1AL

PRIN A MESSAGE
IDENT .FYING TE .
SOR PACKAGE .

¢ 2
AEAD AND PAINT
THE MAXIMUM :
NUMBEPR OF R
ITERATIONS |
-
h |
ALLOCATE SPACE -
FOR SOR ARRAYS .
h 4 :
CALCULATE AND
PRINT THE AMOUNT :
OF SPACE IN THE ik
X ARRAY USED BY )
SOR
s P
AETURN .
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SUBROUTINE SORIAL(ISUH.LENX,LCA.LCRES.LCHDCG.LCLRCH,LCIEQP.
1 MXITER ,NCOL ,NROW ,NLAY ,NSLICE ,MBW,IN, 10UT)

..... VERSION 1003 03DEC1983 SORIAL

'."".".."".0"."'..".."."""'Q"'.'.QQ"..‘.'..'."""O

ALLOCATE STORAGE FOR SOR ARRAYS

'.ti""'t.t..t."..'.’......f.".".""t.""""..'O.."'.t""

OO0

SPECIFICATIONS:

QOO0
[]
[]
[}
[]
[]
[}
[]
]
[}
[]
?
'
[}
]
[}
'
[]
]
]
]
[]
]
]
]
[}
[]
]
[]
]
]
]
[]
]
]
[]
)
[]
]
]
.
[
‘l
[}
[]
’
[}
[]
]
]
[ ]
]
[]
[]
[]
[]
]
]
]
]
[]
1
]
]
s

lemoens PRINT A MESSAGE IDENTIFYING SOR PACKAGE
WRITE(IOUT,1)IN '
1 FORMAT(1MHO, ‘SOR]1 -- SLICE-SUCCESSIVE OVERRELAXATION PACKAGE*
1,, VERSION 1, 12/08/83°,' INPUT READ FROM UNIT',13)

€2----- READ AND PRINT MXITER (MAXIMUM # OF ITERATIONS)
READ(IN,2) MXITER
.2 FORMAT(110)
WRITE(10UT,3) MXITER
3 FORMAT(1X,15,' ITERATIONS ALLOWED FOR SOR CLOSURE')

o ALLOCATE SPACE FOR THE SOR ARRAYS
1SOLD=1SUM
NSLICE=NCOL*NLAY
MBW=NLAY+]1
LIA=ISUM
I'SuM=] SUM+NSL ICE *MBW
LCRES=1SUM
ISUM=] SUM+NSLICE
LCIEQP=]ISUM
1SUM=T SUM+NSL ICE
LCHDCG=ISUM
[SUM= SUM+AX ITER
LCLRCH=ISUM
ISUM=ISUM+3*MXITER
ISP=ISUM-1SOLD

Cldouunn ~CALCULATE AND PRINT THE SPACE USED IN THE X ARRAY

KRITE{IOUT,4) ISP

4 FORMAT(1X,16,"' ELEMENTS IN X ARRAY ARE USED BY SOR')
ISUM1 =] SUM-1
WRITE(IOUT,5) ISUMI,LENX

5 FOPMAT(1x,16,' ELEMENTS OF X ARRAY USED OUT OF',17)
IF (ISUM1.GT LENX) WRITE(IOUT,6)

6 FORMAT(1X,'  ***X ARRAY MUST BE DIMENSIONED LARGER***')

c

C5----~ -RETURN
RETURN
END
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Variable Range
IN Package
10uT Global
ISOLD Package
Isp Modile
ISUM Clobal
ISUM] Module
LCA Package
LCHDCG Package
LCIEQP Package
LCLRCH Package
LCRES Package
LENX Global
MBW Package
MXITER Package
NCOL Slobal
NLAY Global
NROW Global
NSLICE Package

List of variables for Mpdule SUORIAL

Definition

Pffmary unit number from which input for this packaae
"1“ be read,

Primary unit number for all printed output. 10UT = 6.
Before this module allocates space, ISOLD is set equal
to ISUM. After ~llocation, 1SOLD is subtractec
from ISUM to get ISP, the amcunt 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 a*loceted. When space is allocated
for an array, the size of the array fs added to 1SUM,

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

Location in the X array of the first element of array A,

Locati~~ in the X array of the first element of array
"“HOCG.

Location in the X array of the first element of array
IEOPNT,

Location in the X array of the first element of array
LRCH,

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

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

Maximum bandwidth of the coefficient matrix +1.

Maximum number of iterations.

Number of columns in the grid.

Number of layers in the grid,

Number of rows in the grid.

Humber of cells in a slice.
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zero, substitute a default value of 1.0. 1f IPRSOR is less than one, set it

Narrative for Module SORIRP

Module SORIRP'reads data for the SOR package: the acceleration parameter
(ACCL), also called the relaxation factor; the closure criterion (HCLOSE ) ; N
and the time-step interval (IPRSOR) for printing head change, This module
does not have a flow chart, Module SORIRP 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). 1f ACCL is

equal to 999.

2, Print the maximum number of iterations (MXITER), the acceleration .
parameter (ACCL), the closure criterion (HCLOSE); and fhé>ﬁead-change interval

(1PRSOR).

3, RETURN,
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SUBROUTINE SORIRP(MXITER ,ACCL ,HCLOSE ,IN,IPRSOR,10UT)

c

c

Cooeue VERSION 1005 16MAR1983 SORIRP

C LA s 2 ]] ."..".....'.."....'.'.'.'.. [ 22222 2F 2 I.'.'..'..'."..'."'.
C READ PARAMETERS FOR SOR ' :

c ""'t'.'.‘.'...'....'.".t"'.'.'.'t’..""’.‘."..."t.'..'. 1 2 42 3]
c -
c SPECIFICATIONS:

C  ececcveccccccccas Cecsccssnevcvrocancsessrecscacvcwcassne ceveccasnee ceces
c coan - - coen Sesssveccvsccsbtscsnancacne we
c

Clecnea -READ THE ACCELERATION PARAMETER/RELAXATION FACTOR (ACCL) TNE

Clecueu- =CLOSURE CRITERION (HCLOSE) AND THE NUMBER OF TIME STEPS.
Cl----- -BETWEEN PRINTOUTS OF MAXIMUM HEAD CHANGES (IPRSOR),
READ(IN,1) ACCL,HCLOSE,IPRSOR
— 1 FORMAT(2F10.0,110)
IF(ACCL.EQ.0.) ACCL=1,

~- IF(IPRSOR.LT.1} IPRSOR=999
c T .

7 C2eemmn= PRINT ACCL, HCLOSE, IPRSOR

“ WRITE(10UT,100)

100 FORMAT(1HO,///57X, "SOLUTION BY SLICE-SUCCESSIVE OVERRELAZATION'
1/57X,43(*-"))
WRITE(IOUT,115) MXITER .
115 FORMAT(1H0,47X, "MAXIMJM ITERATIONS ALLOWED FOR CLOSURE ='.19)
WRITE(IOUT,120) ACCL
120 FORMAT(1H ,63X, 'ACCELERATION PARAMETER =',615.5)
WRITE(IOUT,125) HCLOSE
125 FORMAT(1H ,52X,'HEAD CHANGE CRITERION FOR CLOSURE =' E15,5)
WRITE(IOUT,130) IPRSOR .
130 FORMAT(1H ,52X, 'SOR HEAD CHANGE PRINTOUT INTERVAL =',19)

Cleamun -RETURN
RETURN :
END -
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Varfable Range
ACCL Package
HCLOSE Package
IN Package
10UT Global
JPRSOR Package
MXITER Package

List of Vartables for Module SORIRP

Definition
Acceleration parameter.
Closure criterion for the iterative procedure.

Primery unit numher from which input for this package
will be read.

Primary unit aumber for all printed output. 10UT = 6,

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

Maximum number of fterzeions.



Narrative for Module SORIAP

Module SORIAP performs one iteration of the Slice-Successive Over-
relaxation (SSOR) algorithm for solving the s:stem of finite-difference
equations. The conductances CC, CR, and CY and the compostte 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
R and the vector RES on the right hand side of the matrix equation for a
single slice. Since the coefficient matrix is symmetric and banded..on1y
main diagonals and NLAY subdiagonals are saved A. heads are calculated,
they are stored in the array HNEW. The matrix ; and the vactor RES are
passed to a submodule SSOR1B 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 «dded to the heads from the preceding iteration to get the
heads for the current iteration. The final head charges for 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 c2lls in the slice

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

the restdual vector RES, Process the cells in the slice one cell at a time,

If the cell is fnactive, move on to the next cell, The elements in
the min diagonal of the coefficient matrix (the multipliers of LINER'Y.
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

accumlator (R) to form the residual.

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

zero, theltell is inactive. Move on to the next cell., - -.

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

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

(c) 1If there is 3 node to the left, subtract the conductznce from

EE and subtract the conductance times HNEW from R,

(d) 1If there is a node to the right, subtract the conductanhe
from EE, and subtract the conductance times HNEW from R: anga, if the cell
to the right is active, move the conductance into the compressed coefficient
matrix ;. Remember that the coefficient matrix is symmetric so the conauctance

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

(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.

{9) 1If there is a node above, subtract the conductance from EE

and subtract the conductance times HNEW from R.

(h) 1f 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.

(1) Move EE into the first row of %. :ihe first row in A corresponds
to the main diagonal in the- "full® coefficient matrix. Subtract EE times

HNEW from R and store it in the residual vector.

6. If there are no eq.:-ions for this slice, go on to the next slice.
Uf there is-only one equatjon; solve it"directly and l2ave the result in
the residual vector RES. 1If there are two or more equations, call sudbmodule
SSOR1B to solve the system of equations for the slice leaving the results

(first estimate of head change for this iteration) in the vector RES.

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 relixation factor to get the final estimate of head change for this

iteration.

{b) Add the fina® head change for this iteration to the head from

the last iteration to get the head for this iteration.
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{c) 1f the head change for this cell is greater then that *or any

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

A. Save the largest head change from this iteration so that {t can

be printed at the end of the time step.

9. Compare the diggest head change (BIGG) to the closure criterion
(HCLOSE). If HCLOSE is greater than BIGG, set the convergence flag

(1CNVG) equal to one.

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

number of fterations, RETURN,

11. Print the number of iterations.

12. 1f 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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Finw Chart for Yecule SO21AP

A is a compressed coefficient
mazrix for a slice, It
contains the main dfagonal
of the full matrix and the
NLAY diagonals below it.

(NLAY {s the number of layers.)

Sequence Number $¢s a number used
to identify the internal
{variabl e-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
calcul ated by simultaneously
solving the equations for a
slica, They will be multi-
plied by the relaxation
factor to get final estimates
of head change.

inal estimates of head change:
these are the head changes
caiculated by multiplying
first estimates by the
relaxation factor. They are
added to the heads from the
previous iteration to get
head for the current iteration,

ICNVG {s the convergence flag.
It i5 set in the approximator
and returned to the MAIN
Program so that the iteration
lo0p can be terminated.
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c?

4

.9
o

o

AescocGET FINAL ESTIMATE OF WEAD CHANGE FOR TmIS ITERATIOW,
DMaRES(NEQI*ACCL
BifFeOu

S-cecsADD FINAL ESTIMATE TO MEAD FRO® LAST IYERATION 10 GET wfAD
SeccecFOR Tuts [TERATION,
wnEV(J, L X ) wnlui], | K)DIFF

C1Cevees SAVE FIRAL WEXS CWANGE IF IT IS g LANGEST

4
4
¢
4]

4

APSDNeARS (DN}

1F(ABSON.LE ,ASS81G) GO TO 400
ASSBIG-ARSDN

360N

18e]

F LN

=

400 CONTINE

$00 CONTImE

oooooo SAVE LARGEST MCAD CHANGE FOR TWIS 1TERATION
MOCGIXITER)e816
LRCH{1 K ITER) =B
LRCH{2 KITER =18
LRON{I XITER )R

C9<ccacclF LARGEST WEAD CNANGE 1S SMALLER THAR CLOSURE TeEn SET

9.

<
Cl

4

3]

4

C1
€1
a

c
[+

<

eees==CONVERGE FLAG {3CWVG) EQUAL TO 1.
1Cavi-0
IF(ABSBIG.LE.MCLOSE) ECHVGe)

O—ewee1F NOT COMVERGED ANO NOT EXCEDES ITERATIONS THEW RETURN
IF(1CWVG.EQ.0 .AND, CITER NE_NXITER) AETURN
IF(KST® €0.1) ¥RITE{IOUT,600)

600 FORMAT(1M0)

JoeeePRINT WPBER OF [TERATIONS
WRITELIOUT 6013 CITER,KSTP XPER

601 FORMAT(12,15," ITERATIONS FOR TInE STEP*,I4,° Im STAESS PERICO®,
1 1)

2-e<--1F FAILED TO COWYERGE OR LAST TIME STEP OR »RINTOUY
2ecsee INTERYAL SPECIFIED BY USER 1S MERE THEN PRINT MAXlmyw
2eoco-MEAD CHANGES FOR EACM [TERATION,
IF(ICNYG.ME O .AND, KSTP NE NSTP AND, MCO(KSTP 1PRSOR}.NE.Q)
1 60 70 700
WRITE{IOUT S)
§ FORMAT(IMO, ‘NAXIMUM MEAD CHANGE FOR EACN ITERATION:®/
1 1#0,4(° WEAD CHANGE LAVER,ROW,COL')/11,120(°-*))
WVRITE (10UT,10) (MDCG{J), (LRCM(S ,J),1+1,.3),3°1 KITER)
10 FORWAT({1X &(41,612.4," {*,13,,°,13,°,°,13,")*)))
WRITE(10UT,21)
11 FORMAT(1N0)

JecaaRETURN
700 RETURN

EnD
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List of Varias'es far Mpayle $J21aP

Variahle Rance Definition
A Package DIMENSION (MBW,NSLICE), Compressed coefficient matrix
for a slice.
ABSDIG 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 (NCOL,NROW,NLAY), Conductance in the column
direction. CC(J,1,K) contafns conductance between
nodes (J,1,X) and (J,1+1,X).
CR Global DIMENSION {NCOL ,NROW ,NLAY), Corductance in the row
direction. CR(J,1,X) contains conductance between
nodes (J,1,X) and (J,I1+1,K). g
cv Global DIMENSION (NCOL,NROW ,NLAY-1), Conductance in the
vertical direction. CV(J,I,X) contains conductance
between nodes (J,l,X) and (J,[,K+1),
DH Module Change in head in a cell during one iteriiion.
DIFF Module Dounle-precision change in head (DH).
pe Module Double-precision temporary field.
EE Modu i 2 Main diagonal term in the finite-difference equation,
HCLOSE Package Closure criterion for the iterative procedure.
HCOF Globdal DIMENSION (NCOL,NROW,NLAY), Coefficient of head in the
cell (J,1,K) in the finite-difference equation,
HDCG Package DIMENSION (MXITER), Maximum head change for each :
. iteration, : i
HNEW Gluoal DIMENSION (NCOL,NROW,NLAY), Most recent estimate of )
head in each cell. HNEW changes at each iteration. ‘
1 Module Index for rows.
18 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 i
= 0, inactive cell
> 0, variable-head cel)
ICNVG Global Flag is set equal to one when the iteratian procedure ,
has converged. i
1EQPNT Global DIMENSION (NLAY ,NCOL), Sequence numbers for variable- :
head cells in a slice. :
iout Global Primary unit number for all printed output. 10uT = 6.
[PRSOR Package Frequency (in time steps) with which the maximum head
changes for each fiteration will be printed. i
J odule Index for columns., ' }
JB Module Column number of the cell containing the largest head
change.
4 Module Index for layers.
KB Module Layer rumber of the cell containing the largest head
change,
KITER Global Iteration counter., Reset at the star:t of each time
step.
KPER Global Stress period counter,
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Varjable

XKSTP
LRCH

MBW
MX]ITER
NA

NCOL
NEQ
NEQT
NLAY
NROW
NSLICE
NSTP
NXT

R

RES
RHS

SP

List of Variables for Module SOR1AP (Continued)

Range
Global

Package

Package
Package
Package

Global
Module
Package
Global
Globdbal
Package
Global
Module
Module

Package

Global

Module

Definition

Time step counter., Reset at the start of each stress
perion.

DIMENSION (MXITER), Layer, row, and column of the cell
containing the maximum head change (HOCG) for each
tteration,

Maximum bandwidth of the coefficient matrix +1.

Maximum number of iterations.

Number of elements in the compressed coefficient
matrix (A).

Number of columns in the grid.

Index for equations (variable-hesad cells) in a slice.

Number of equations (variable-head cells) in a sifca,

Number of layers in the grid.

Number of rows in the grid,

Number of cells in a slice.

Number of time steps in the current st ess period.

Sequence number of the cell to the right,

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
overrelaxation,

DIMENSION (NSLICE), Residual.

DIMENSION (NCOL ,NROW,NLAY), Right hand side of the
finite-difference equation. RHS is an accumulation
of terms from several different packages.

Single-precision temporary field.
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Narrative for Modyle SSOR]S

Modu'e SSOR1B uses Gayssian elimination to solve a matrix equation
of the form AY = 5. The matrix A is symmetric and danded with rank *N,"
It is stored in the compressed format shown in figure 55 and uses a single
subscript. The vector X as it is calcylated 1s stored in the Space reserved

for vector B.

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 SSGR18 performs its functions

in the following order:

1. Work through the first N-1 rows using each one, in sequerce, as

the pivot row (row 1),

2. Caiculate the inverse of the main diagonal element---ax.l. (The
incex (I1D) po‘nts top 21,1 which is the first element of column I in the

=
compressed matrix A,)

3. Modify each of the rows after row | so that the terms corresponding
to the pivot term are eliminated. Since the coefficient matrix is banded,
there are only M8W-1 equations {where MBW is the maximum half-bandwidth plus
one; where the term to be eliminated is not 2lready equal to zero. 1he rows
are indexed by “L.* (Tne equation corresponding to row "L" is referred to as

equation *L.")

4, Calculate the coefficient C which when multipliec by the pivot

equation and subtracted from equation L will eliminate a term in equation L,
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{Tne index 138 points to 2 coefficient i1 the pivot equation which, because

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

5, Calculate the new coefficients in equation L for each of the terms
to the right of the coefficient that is being eliminated. Because the
matrix is tanded, there are only M8W-1 nonzero terms to the right of the

pivot. Therefore, at most, MBW-1 coefficients have to be calculated.

6. Subtract C times a coefficient in the pivot 2quation from the

corresponding coefficient in equation L.

T 7. Sudbtract C times the right side of the pivot equatiun from the right

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

which must be calculated.)
8. Solve equation N for X(N) putting the result in B(N).

9. MWork backward from equation N-1 solving each equation (equation L)

for X(L).

/7

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

Vi

11. Multiply the coefficient to the right of the main dfagonal (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,

DT VPP FOEE S-S
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Flow Chart for Mocule SSCORIB

MBW !s the maximum half bandwidth
of the coefficient matrix plus one, ENTER
$50a°8

FOR EACH ROV ¥
] X

(IR N-% v 2

TALCULATE Ct THE
HVERSE OF THE PIVOT)
Cc1 ‘11&1."

FOR EACH ROW J

iJ21. MBwW-.1) ' #J
4

CALCULATE
Csay 1.9°C?

FOR EACH

COLUMN 1-K .
t~ ' s MEw-t 5
~ 6

SUBTRACT C'n, 1ol
FROM 8ey ,.k

‘A. I : g
SUBTRACTY C*3ihy .
FROM Bil- 1h : ~

e

SOLVE THE LAST :
~ EQL--'-??CN FOR xiny .
~

~t

|+NC STORE (TN Sitv

oo FOR ZACH EQUATICN L 0
- (LsN-1, N-2..... 1) .

~ CLEAR ThE
ACCUMULATOR .

FOR EACH TERAM L-4 ”
Jr1.... MBW-1 ' :"

ADD THE TERM
LAl
70 SuMm

CALCULATE
LSINETE - TTRYS
SUMY AL LY

=) B

RETURN
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SUBROUTINE SSOR1B(A,B,N,NA MBW)

C
c
VERSION 1359 31MAR1983 SSOR1B
C PPNCOPRBNEN B AN AT AT PP RPN OO R PR PR P LR PN T AN OTRRNNAN NNV OORO AR EPRR RN
c STLVE A SYMMETRIC SET OF TOUATIONS
c A IS COEFFICTENT MATRIX IN COMPRESSED FORM
c B 1T RIGHT HAND SIDE AND IS REPLACED BY SOLUTION
c N 15 NUMBER OF EQUATIONS TO BE SOLVED
C MBW IS BANDWIDTH OF A
C %A 1S ONE-DIMENSION SIZE OF A
C E2 A2 a2 g2 s d T R 122222 il d ol el digaysldell el yyea regyy
¢
c SPECIFICATIONS:
ececcccecccecca- crecccccencee crsscocccccvacancne
DIMENSION A(NA),B(N)
C -------- cnoe - - - D W W DG - - SPmoneomnwe
c
NM] oN-]
MBW] =MBNW-1
1D=]-MBW
c
Cleeee=- SEQUENTIALLY USE EACH OF THE FIRST N-1 ROWS AS
Cl-eeem= THE PIVOT ROW.
DO 20 I=1,NM1
c
{2------CALCULATE THE INVERSE OF THE PIVOT.
ID=ID+MBW
Cl=1,/A(ID)
LL=ID
L=1
c

3-ce-- -FOR EACH ROW AFTER THE PIVOT KOW (THE TARGET ROW)
Ceeeem ~-ELIMINATE THE COLUMN CORRESPONDING TO THE PIVOT,
D0 15 J=1,MBW1

Lelel
1F(L.GT.N) GO TO 20
I8=INN
C
Cdece-- -CALCULATE THE FACTOR NEEDED 10 ELIMINATE A TERM IN THE
Clevenmn TARGET RuW.
Cc=A(I8)*C1
LO=LD+MBW
LB=LD-1
o

C5-cw-- -MODIFY THE REST OF THE TERMS IN THE TARGET ROW.
OC 10 K=J MBW1

c
Cohommmm- SUBTRACT THE FACTOR TIMES A TERM IN THE PIVOT ROW
C6-mcem- FROM THE CORRESPONDING COLUMN IN THE TARGET ROW.
LE=LB+1
A(LB)=A(L3)-C*A{1D+K)

10 CONTINUE
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o -MODIFY THE RIGHT SIDE OF .THE EQUATION . CORKESPONDING ..
Clevcecnna TO THE TARGET ROW. e
B(1+J)=8(1+J)-C*B(1)
15 CONTINUE
20 CONTINUE
10=1D+MBY
c :
C8evcee-s SOLVE THE LAST EQUATION.
B(N)=B(N)/A(1D)

(o} EEEER -WORKING BACXWARDS SOLVE THE REST OF THE EQUATIONS,
DO 70 I=1,NM1

[0=]10-MBW
c
C10-----CLEAR THE ACCUMULATOR Sum,
StM=0,0
L=X-]
MBWIM=MINO(M3W1,])
c

Cllece-, ADD THE KNOWN TERMS IN EQUATION L TO SuM,
D0 60 J=1 ,MBWIM
SUM=SUM+A (1D+J) *B (L+J)
60 CONTINUE

C12----- SOLVE FOR THE ONZ UNKNOWN IN EQUATION L,
3(L)=(8(L)-SUM)/A(ID)
E

70 CONTINU
C
Cl13-----RETURN
RETURN
END
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Variable Range
A Package
B Package
o Module
¢l Module
1 Module
I8 Module
1D Module
J Module
X Module
L Module
LB Module
LD Module
MBW Package

_ MBW1 Module

MBW1M Module
N Package
NA Package
NM1 Module
SuM Module

List of Variables for Module SSOR'R

Definition

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

CIMENSION (N), Right-hand-side vector.

Factor needed to eliminate a term in the target row,
Inverse of pivot.

Index for rows in the SSOR matrix (not the grid).
Index for elements to the right of the pivot,

Index of pivots.

Index for columrs,

Index for columns,

Index for equations.

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

Index of the main diagonal elements in the target rows.
Maximum bardwidth of the coefficient matrix +1,
Maximum bandwidth of the coefficient matrix.

Maximum possible number of the nonzero elements to
the right of the main diagonal,

Number of =quations to be solved.
One-dimension size of cumpressed matrix "A.*
N-1.

In back substitution--in equation L, sum of terms to
the right of the main diagonal term (L,L).
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CHAPTER &

UTILITY MODULES

Utility modules are those submodules which perform general tasks common

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

followed by 3 five-character mnemonic. There are eignt utility modules:

UBUDSY

ULASAY

ULAPRS
and
ULAPRW

UCOLNO

UZNREL
U20DINT
U1DREL

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

Writes an unformatted record consisting of
an array with one real number for each cell
in 2 layer.

Prints one two-dime1sioaal array which contains
one real number for each cell in a layer,
ULAPRS prints, in strip form, the first N columns
(where N is the numder of values that can fit on
one priat 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 2ll of row 3, etc.
Thre format for printing arrays is shown in table 2.

Prints column rumbers at the top of each page
of data printed by ULAPRS and ULAPRW,

Reads a two-dimensional array of real numbers,
Reads a two-dimensional array of integers.

Reads a one-dimensional array of raal numbers.
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Figure 56.—Illustration of wrap and strip forms of printed output

H kd

) 12

1329.79 132579
1329.79 13251y

1325.79 132519
1329.79 1328.7¢

1329,.79 1225.19
1325.79 125,79

1329.79 132,79
1325.79 1325, 19

1329.79 1328, 19
1325.79 13258.19

1325.79 132579
1325.79 1328.7¢

1325.79 1328.79
1325.79 1325.79

1 2
1325.79 1325.19
1325.79 1328.79
1328.79 1325.79
1335.79 1328.79
1325.79 1325.79
1325.79 1325.79
1325.79 13259

11 12
1325.79 13258.79
1325.79 1325.79
1325.79 1328.79
1325.79 1325.719
1325.79 1325.79
132£.79 (325.79
1325.79 1328.79

3
13

1325, %
1328.29

132%.7%
1325.7¢

1325.79
1328.7¢

1325.79
1325.7%

132,79
1328.79

1328,79
1325.7%

1323.7¢
1329.70

3
1328.79
132%.79
1325.79
1325.79
1328.7¢
1325.79
1328.79

13
1325.79
1328.79
1325.79
1325.79
1325.79
1325.79
1328.79

s
14

1328.70
1328.79

132879
132%.79

1325.7¢
1329.2%

1328,79
1328.79

132,79
1324.79

1328.79
1328.1¢

132,79
1325.7¢

4
1325.79
132579
1329.79
1325.79
132819
132%.79
1325.79

14
1325.79
1325.7%
1328.79
1325.79
1328.7%
1325.79
1325.79

L] )
1% i

1328.79 1323,y
1328.79 1)28. %%

1323.79 1323%.79
1325.79 132%.79

1325.79 1)25.79
1325.7% 1328.7%

1328.79 1328.7%
1328.79 1328.79

1325.79 1325.79
1325.79 1328.%

1325.79 1328.79
1328.79 1325.79

1325.79 1328.79
325,79 132579

WAAP FORM

H) []
1325.79 132,79
1325.79 1325.79
1325.79 12°5,79
1325.79 1328.79
1325.79 1325.79
1325.79 1328.79
1325.79 1228.79

18 15
1325.79 1325.79
1325.79 1325,79
1325.79 1325.79
1325.79 1325.79
1325.79 1325.79
1325.79 1325.19
1328.79 1325.79

STRIP 70RM

o

1325,79 1325,7% 1329,79

1325.79

.79
132,79

1328.79
1325.79

132879
1325.79

1328.7¢
1328.79

132819
13i:.79

112879
1325.79

14
1325.79
1325.79
1325.79
1325.79
1328.79
1325.79
1325.79

1?
1328.79
1325.79
1328.79
1325.79
1325.79
1328.79
1225.79

132%.7¢

132879

132,79

1328.79

1328.79

1325.7%

L]
1325, 79
1325.7¢
1325.79
1328.7¢
1325.7¢
1325.7%
1325.7¢

132%.7y

132,79

1325.79

126,79

325,71y

132879

L]
1325.79
1328.79
1328.79
1328.79
132,79
1325.79
1325.°9

for a layer containing 7 rows and 17 columns.
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132,19

1328, 79

132879

1325.7¢

1305.7¢

1328,

132879

10
1328.7y
132579
1328.7¢
1328.79
1325.79
1325.2
132,79

e g




Table 2.--Print-format cooes for utility modules .
ULAPRS and ULAPRW, H

12R% FORMAT

1 11610.3

2 9613.6

3 15F7.1

4 15F7.2
B 5 15F7.3 ;
6 1577.4 |
7 20F5.0 §
‘ 8 20F5.1 f
- 9 20F5.2 }
10 20F5.3 :

11 2uF5.4
12 10C11.4 ;
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Mility Input

The utility module only reads from channels specified by calling
programs, The real two-dimensional array reader (UZDREL), the integer
two-dimensional array reader (U2DINT), and the real one-dimensional
array reader (U1DREL) 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 U1DREL)

Data: LOCAT CNSTNT FMTIN IPRN
Format: 110 F10.0 SA4 110

FOR INTEGER ARRAY READER (U2DINT)

Data: LOCAT ICONST FMTIN IPRN
Format: 110 110 SA4 110

Explanation of Fields Used in
Input Instructions

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

1f 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 specifisd in"the third field of the
array-control record (FMTIN).

CNSTNT/ICONST--is a constant. 1Its use depends on the value of LJICAT,

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

If LOCAT =2 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.

[PRN--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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of tne three modules. IPRN is set to zero when the specified valye
exceeds those defined in the chart below. If 1PRN fs less than 2ero
the array will not be printed.

1PRN UZDREL U20INT . U1DREL
0 10611.4 10111 10612.5
) 11610.3 6011 '

2 9613.6 4012

3 15F7.1 3013

4 15F7.2 2514

5 15F7.3 2015

6 15F7.4

7 20F5.0

20F5.1

9 20F5.2

i0 20F5.3

1 20F5.4

12 10611.4
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Narrative for Module UBUDSYV

Utility module UBUDSY writes an unformatted record conststing of an array

dimensioned (NCOL, NROW, NLAY),

by an unformatted record containing 1dentifying inforuation.

information consists of-

KSTP
XPER
TEXT
NCOL
NROW
NLAY

current time step

current stress period

1abel
number of column
number of rows

number of layers

H

integer
integer
character string
integer
integer

integer

The record containing the array is preceded

The identifying

1 word
1 word
© 4 words
1 word
1 word

1 word

Documentation of this module consists only of comments in the program and

a list of variables.
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SUBROUTINE UBUDSY(KSTP,KPER,TEXT,IBDCHN,BUFF ,NCOL ,NROW JNLAY IOUT)

c
c ,
Commns VERSION 1305 28DEC1983 UBUDSY
C *w .""'..."..'..'.I."'.'."'.'.'.".0.'.'.."'.... (222222 XFT2Y Y]
c RECORD CELL-BY-CELL FLOW TERMS FOR ONE COMPONZNT OF FLOW.
c ."..’ﬁ"'."'."."""'.""'Q..’..'."..."..... ..'..'.'...'.'.'.
c _
¢ SPECIFICATIONS:
c ------------------------------------------------------------------

DIMENSION TEXT(4),BUFF (NCOL ,NROW,NLAY)
€ meemccccccccccccmccccccecccccccercccccccccoccccrccc e ac e e e oo e
c
£lemene- WRITE AN UNFORMATTED RECORD CONTAINING IDEWTIFYING
Cle-o-- INFORMATION,

WRITE(IOUT,1) TEXT,IBDCHN,XSTP KPER

1 FORMAT(1X,""" 4A4,'" BUDGET VALUES WILL BE SAVED ON UNIT",13,

1 ‘ AT END OF TIME STEP',13,', STRESS PERIOD',:3)
c

WRITE (1BDCHN) XSTP,KPER,TEXT ,NCOL ,NROW ,NLAY
c
o S WRITE AN UNFORMATTED RECORD CONTAINING VALUES FOR
C2-mmmnn EACH CELL IN THE GRID, THE ARRAY IS DIMENSIONED
o DT (NCOL ,NROW ,NLAY)

WRITE (1BDCHN) BUFF
c
o P -RETURN

RETURN

END
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List of Variables for Module UBUDSV

Yariation Range Definition
BUFF Global DIMENSION (NCOL ,NROW,NLAY), Buffer used to accumulate
fnformation before printing or recording it,
JBOCHN Module Unit number on which the array will be recorded.,
10uT Global Primsry unit number for all printed output. I0QUT = 6,
XPER Global Stress period counter.
KSTP Global Time step counter. Reset at the start of. each stress
_ period.
ﬁ 2 NCOL Globa) Number of columns in the grid.
h NLAY Global Number of layers in the gria.
- NROW Global Number of rows in the grid.
: ’ TEXT Module Labe) to de printed or recorded with the array data.
3
: —
~
N
|
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Narrative ‘or Module ULASAV

Utility module ULASAY writes an unformatted record consisting of an
array dimensicned (NCOL, NROW). The record containing the array is preceded

by an unformatted record containing identifying informstion.

information consists of:

KSTP current time step

KPER current stress period

PERTIM elapsed time ia the
current stress pertod

TOTIM elapsed time in the
simulation

TEXT label

NCOL number of columns

NROW number of rows

TLAY layer numder
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{nteger 1 word
integer "1 word
real 1 word
real 1 word
character string & words
integer 1 word
integer 1 word
integer 1 word

The identifying
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SUBROUTINE ULASAV(BUF ,TEXT ,KSTP KPER,PERTIM, TOTIM LNCOL,

1 NROW, ILAY ICHN)
¢
o VERSION 1445 20APR1983 ULASAY
c .9..'0'..’.'."...'..'.'...".'""'.'.."'t*.'..'..Q.""...'.."
c SAVE 1 LAYER ARRAY ON DISK A
c """’.'..."'.'."'."’...""i.'Q"'t..'..."'."...'.'.".".'
c
¢ SPECIFICATIONS:
L  eccvcccccccnccnccaccnceccccnnccvoccccncanca secccossesncccnne
DIMENSION BUF(NCOL +NROW ), TEXT(4)
c ............ e tescscsscnscercncranecrccenesecnnenevrenrenscanae LT T
c
Cl--wu- -WRITE AN UNFORMATTED RECORD CONTAINING IDENTIFYING
Cleceaaa INFORMATION,
WRITE(ICHN) KSTP,KPER,PERTIM, TOTIM,TEXT ,NCOL ,NROW, I LAY
¢
C2-een-- WRITE AN UNFORMATTED RECORD CONTAINING ARRAY VALUES
C2vcccua THE ARRAY 1S DIMENSIONED (NCOL,NROW)
WRITE(ICHN) ((BUF(IC,IR),IC=1,NCOL),IR=1,NROW)
c
(WK LTSS -RETURN
RETURN
END
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List of Variables for Module ULASAY

Varisble Range =~ " Definition
BUF Module Buffer containing data to be printed or recorded.
Ic Module Index for columns.
ICHN Module Unit number on which the array is to be recorded.
TLAY Module Layer numder,
IR Module Index for rows.
KPER Global Stress period counter,
KSTP Globdal Time step counter. Rezet 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,
N: 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). 1f it is less than 1 or greater than 12,

set it equal to 12 (the default).

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

t0 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 (1P).

9. RETURN.
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Flouw Chart for Mgdule ULAPRS

IPEN s a code indicatin: the
format to be used in printing
array values, If it {s not
between 1 aad 12, it is set
equal to 12,
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v
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«-FOAmAT 15).4
&0 wRlTEC10UT,S1) 1,00 (J,1),0) ,32)
61 FOMMATIInG,13,32,35(12,77.4))
60 *0 3000
3

Concoocmcces FOMAT 2065.0
10 VEITECIOUT 21) 1, (BUF(J,1)},Je01,J2)
71 FORMATIIM0,13,1,20¢12,F5,0) }
60 10 1000

4
Cooccnoaneea bORMAT 205}
80 wAITE(IOUT . *13 $L(BUF (3,1),0W01 ,32)
8] FOMMAT/ING, [3,1X,20(18,F5.1))
&0 10 1000
4

Coeoceoecana SORNAT 2088.2
90 VAITETIOUT 913 1, 7BUF (1,10 Ju1,J2)
91 FORMAT{140,13,11,20(12,F5 2))
&3 10 1000
4

(ocmecccccca FORMAT 20F8,)
100 WRITE{IOUT 301) I, (SUF(J,1),0e01.02)
101 FOR=AT(140,13,1X,20(11,F5.]))
&) ¢ 1200
[4

Coeameeccouc FORMAT 20F5.4
110 MRITE(I0UT,111) 1, /867 {y,1),Je01,92)
111 FORWAT(140,13,1%,20(1£,F5,4))
&0 Y0 1000
¢

CocooncmeccFORMAT 96114
120 VAITE(TOUT 131) I, /8UF(J,11,0~01 02}
121 FOAATIING,13,2%,1P511.4,9(11,631,4})
¢
1000 CONT g
2000 CONTINnE
4
CYonnaaRETuRN
AWTURY
£%
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List of Variables for Module ULAPRS
Variable Range Definition
BUF Module Buffer containing data to be printed or recorded.
] Module Index for rows.
JLAY Module Layer number,
10UT Global Primary unit number for all printed output. IOJT = 6,
P Module Format code.
1PRN Module Code for the format to be used when printing arrays.
- 1sp Module Number of spaceﬁ.
: J Mcdule Index for columns.
; Jl Module First column in a strip.
J2 Module Last column in a strip.
KPER Global Stress period counter. .
KSTP blobalu 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 iabel 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 (1P), 1If it is less than 1 or greater

than 12, set it equal to 12 (the default).
3. Call the module UCOLNO to print column numder..

4, Loop through the rows printing each one in its entirety using

the appropriate format code.

5. RETURN, R

.. -480
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Flow Chart for Module ULAPRK

IPRN {5 a code indicating the
format tr be used in printing
array values., If it is not
between ] and 12, it $s set
equal to 12,

481

PRINT A
~EADER

GET THE
FORMAT
CODE - - IPAN

3

PRINT COLUMN
NUMBERS

FOR EACH ROW

PRINT THE
ARRAY VALUES
ACCORDING TO

FORMAT IPR:;

RETURN
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SUBRCUTINE UL&PRH(BUF,TEXT,KSYP,KPER,NCOL,hROH,{-AY,XPRN.IOU?)

----- VERSION 1245 04MAY1983 ULAPRW

go.ttttt..t--t'.t't"ttttltttt't'ttttntt'toQtttt-t't'tttt"'at...'

PRINT 1 LAYER ARRAY

.'.'t..'.’..".....'.00'.'."'2".0""'""."Q"".'..'."'i....

OO0

SPECIFICATIONS:

OO0 O
[]
[}
]
[]
]
]
[]
[]
[]
[]
[]
[]
]
[]
[]
[]
[]
[]
[}
[}
[ ]
[
]
]
[}
[
[]
]
[}
3
]
]
]
[)
]
[}
]
]
]
]
[
[
[}
]
[}
[]
[}
]
[]
]
[]
[}
[]
[]
[]
[]
[]
[}
]
L}
]
[]
]
[}
’

lecome- PRINT A HEADER
IF(ILAY,LE.0) GO TO S
WRITE(IOUT,1) TEXT,ILAY,KSTP KPER
" 1 FORMAT(1H1,10X,4A4," IN LAYER',I3,* AT END OF TIME STEP®,13,
1 ' IN STRESS PERIOD’,13/11X,71('~"))
¢
C2emenn -MAKE SURE THE FORMAT CODE (IP OR IPRN) IS
oy SO BETWEEN 1 AND 12, :
5 IPs]PRN
IF(IP.LT.1 .OR, IP,GT.12) IP=12

CI--c-- -CALL THE UTILITY MODULE UCOLNO TO PRINT COLUMN NUMBERS,
IF(IP.EQ.1) CALL UCOLNO(1,NCOL,0,11,11,10UT)
IF(1P.EQ.2) CALL UCOLNO(1,NCOL,0,9,14,10UT)
IF(IP.GT.2 ,AND, IP.LT.7) CALL ucoLNO(1,8c0L,3,15,8,10UT)
IF(IP.GT.6 ,AND, IP.LT.12) CALL UCOLNO(1,NCOL,3,20,6,10UT)
IF(1P.EQ.12) cALL UCoLNO(1,NCOL,0,10,12,10UT)

C4-~uu- -LOOP THROUGH THE ROWS PRINTING EACH ONE IN ITS ENTIRETY,
DO 1000 I=1,NROW
G0 T0(10,20.30.40,50,60,70,80,90,100.110.120). Ip

e FORMAT 11610.3
10 WRITE(IOUT,11) I,(BUF(J,I),J=1,NCOL)
11 FORMAT(IHO,I3,21,1?510.3,10(1X,G10.3)/(Sx.ll(IX,SlO.3)))
GO TO 1000

Commmmmmmnnan FORMAT 9G13.6
20 WRITE(IOUT,21) I, (BUF(J,1),J=1,NCOL)
21 FORMAT(1H0,13,2X,1P613.6,8(1X,613.6)/(5X,9(1X,613.6)))
GO TO 1000

Covomccccnnna FORMAT 15F7.1
30 WRITE(IOUT,31) I, (BUF(J,1),J=1,NCOL)
31 FORMAT(IHO,I3.1X,15(1X,F7.l)/(5X,15(1X,F7.l)))
G0 TO 1000

Commmommcmman FORMAT 15F7.2
40 WRITE(IOUT,41) I, (BUF(J,1),J=1,NCOL)
41 FORMAT(1H0,12,1X,15(1X,F7.2)/(5X,15(1X,F7.2)))
GO TO 1000

482




Commmmmnmecee FORMAT 15F7.3
50 WRITE({I0UT,51) 1,(BUF(J,1),J=1,NCOL)
51 FORMAT(1H0.13,1X,15(1X,F7.3)/(5%,15(1%,F7.3)))
GO TO 1000

Commmmmmacans FORMAT 15F7.4
60 WRITE(10UT,61) 1, (BUF(J,1),J=1,NCOL)
61 FORMAT{1H0.13,1X,15(1X,F7.4)/(5X,15(1%,F7.4)))
GO TO 1000

Covmmonns w=e= FORMAT 20F5.0
70 WRITE(I0UT,71) 1,(BUF(J,1),J=1,NCOL)
71 FORHAT(1H0.13,IX,20(lx,FS.O)l(Sx,ZO(lx,FS.O)))
G0 TO 1000

Commmmmcenen FORMAT 20F5.1
80 WRI1TE(IOUT,81) 1,(BUF(J,1),J=1,NCOL)
g1 FORMAT(1H0,13,1X,20(1X,F5.1)/(5X,20(1,F5.1)))

-~ G0 TO 1000
¢
o~ Crommemroceen FORMAT 20F5,2
— 90 WRITE(IOUT,91) 1,(BUF(J,1),J=1,NCOL)
- 91 FORHAT(IHO,I3,11,20(IX,F5.2)/(SX,ZD(IX.FS.Z)))
G0 TO 1000
c
Covooommmane= FORMAT 20F5.3

100 WRITE{I0UT,101) I,(BUF{J,1),J=1,NCOL)
101 FOxHAT(1H0,l3.1X.20(1x,F5.3)/(51.20(1X,F5.3)))
GO TO 1000

Commmomcmmene FORMAT 20F5.4
110 WRITE(IOUT,111) I,(BUF(J,1),J=1,NCOL)
111 FORMAT(1HO,13,1X,20(1X,F5.4)/(5X,20(1X,F5.4)))
60 TO 1000

Commmmmmmeaan FORMAT 10611.4

120 WRITE(IOUT,121) I, (BUF(J,1),J=1,NCOL)

121 FORMAT(1¥0,13,2X,1P611.4,9(1X,611.4)/(5X,10(1X,611.4)))
c

1000 CONTINUE

C

C5-mmm- -RETURN
RETURN
END
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List of Varianles for Module ULAPRW

Variable Range
BUF vodule
) Module
JLAY Module
T10UT Global
1P Module
IPRN Module
J Module
KPER Giobal
KSTP Global
NCOL Globdal
NROW Global
TEXT Module

Definition

Buffer containing data to be printed or recorded.

Index for rows.

Layer-number;

Primary unit number for all printed output.

Format code.

IOUT = 6, .

Code for the format to be used when printing arrays.

Index for colums,

Stress period counter.

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

period.

Number of columns in the grid.

Number of rows in the grid.

Label to be printed or recorded with the array dats.
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Narrative for Module UCOLNQ

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

numbers are printed. It performs i1ts functions in the following order:

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

\
of a2 line (NTOT), and the number of lines needed to print all of the
column numbers (NWRAP). 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 buffer (BF) in which the line is built.
4, Determine the first (J1) and last (J2) column number for the =
current line. .
5, Put the column numbers in the line buffer. They are selected R

from the array DG. The indfces I1, I2, and I3 point to the units digit,

tens diaoit, and hundreds digit, respectively.
6. Print the line.
7. Print a line of dots.

8. RETURN,
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SUBKOUTINE UCOLNOIRLBL: ML NSPACE WCPL ADIG, 10VT:

9
c
CooeseVERSION 1444 2049R]198) UCOL MO

UTPUT COLU WBERS ASOVE 3 =ATRIZ ™jaT(NT
L] 1S THE STARY COLtIM (ABEL [wimBER)
MmoL? 1S Tl 3700 COLLW (ABLL (N.veLR)
NSPACE 1S MWD 05 SANK SPACES °2 LEMWE AT START OF L1nk
wCPL 1S WEGER OF COLUW magfRs PER (Int
NOIG IS MUBER OF CARACTERS I SACH COLUW FIELD
10uT 1S OUTPNT CnammEl

SPECIFICATIONS:

0IMENSION BF {130),06(10)

(2l o XalaYaXaXaXaXuXaXaXalal

DATA 0G(1),06(2),06°3),06(4),06(%),06(8),06(7),06(8),06(9),06(10)/
‘ “ L) ‘w 0“’ Cm I‘ (]

[ L S/
DATA DOY SPACE/&m,  &» 1

¢

4
€1eeeaa-CALCULATE # OF COLLWS 70 SE PRINTED (ML), WIDT
Cleesees0f A LINE (WTOT), msafR OF LINES (aP),
wmITE(IO0UT,1)
1 FORMATI)T)
MO LR 2-M 1L
[T 1 8
1F (MR CT.WCPL) NealML
NTOToaSPACE-¥=w016
1FINTOT.57.130) 60 TO $0
WRAPe(NLEBL-1)/RCPL o ]
J1sALBL) -ACPL
J2emm1-1

4
C2oemeeBUILD ANO PRINT EACH LIME
DO 40 Nel WBAP

4
Cleceee-CLEAR THE BUFFER (§F),
00 20 121,13
8F(1)=5PACE
70 CONTINUE
nBF eNSPACE

[4
Cloeeae-DETERNINE FIAST (J1) ANO LAST (J2) COLUSW ¢ FOR TnlS LINE,
JiaJlenCr
J2e)esnlnL
1F(2.6T.M2) J2=N2
(Seacnesi0AD THE COLUNR ¢'S INTO TWE BUFFER,
00 30 J=J1,J2
NP =nBF 016
123710
112J-12°10+1
PF{MIF)=03{11)
1F(12.€0.0) 60 T0 30
13-12/10
12012413101
BF(NSF-1106(12)
1F113,£0.0) 60 T0 30
BF{NBF-2)<0G(1)e1)
30 CONTIME

C
C6eeeeacPRINT THE CONTENTS OF THME BUFFER (1.E. PRINT THE LINE),
MAITECIONT J1) (8F(1),11,00F)
1] FORMAT(1X,13041)

40 CONTINUE

¢
ClemecePRINT A LINE OF DOTS (FOR ESTHETIC PURPOSES OMLT).
S0 NTOTeNTOTeS
1F:n707.67.136) NT0Te130
WATTELIOUT 51} {DOT,11,NT0T)
51 FORMAT(1X,130A1)

4

CBeveee-RETURN
RETURN
%0
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List of variables for Mcdule UCILND

Variable Range Definition
BF Module DIMENSION (130), Buffer in which a line is assembled.
06 Module DIMENSION (10), Digits O through 9.
oot Module Field containing a period.
I Module Index for BF.
1out Global Primery unit number for all printed output. 10UT = 6,
I Module Index for DG (units digit). :
I 12 Module Index for DG (tens digit).
~ 13 Module Index for DG (hundreds digit).
- J Module Index for column numbers.
e J1 Module First column number on the current line.
J2 Module Last column number on the current line.
N N " Module Number of column numbers,
~ MBF 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.
NLEL1 Module Start column sumber.
NLBL2 Module Stop column number.
NSPACE Module Number of blank spaces at start of line.
NTOT Module Total number of characters on a line,
NWRAP Module Number of lines needed in wrap format.
SPACE Module Field containing blanks.
488
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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 tre array-
control record, it may read array values. Tne 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, 3 record will be read and ignored. Thus output from
the module ULASAV can be read.) 1f LOCAT is zero, all of the array values
will be set equal to CNSTNT. wWhen LOCAT is not zero and CNSTNT is not
zero, the array values will be multipiied by the value of CNSTNT. The
field IPRN contains a code number for a FORTRAN format to be used when
printing the array.

Module U2DREL performs its tasks in the rollowing order:
1. Read the array-contro)l record (LOCAT, CNSTNT, FMTIN, and IPRN).

2. Use LOCAT to determine where the array values are coming from.
GO TO STEPS 3, 4, OR S.

3. 1 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.

€, 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. 1f 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 ccde.

8. RETURN,
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Flow Chart for Madule U2DREL

Array Control Record controls
the i{nput of array values.
It contains four fields:
LOCAT, CNSTNT, FMTIN, and
]1PRN,

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

1f 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,

e If LOCAT > 0, array values
will be read from the unit

g number equal to LOCAT in the
format specified in FMTIN,

CNSTNT is the constant to which
all array values are set if
e LOCAT {s equal to zero, and
it is the constant by which
all array values are multiplied
if LOCAT {5 not equal to zero,

/ /

— FMTIN ¥s the format in which
array valves are read f LOCAT
is greacer than zero.

/

IFRN {s a code showing the format
to be used if array values are
to be printed.

LOCAT«0

ENTER
UZDREL }

AEAD TE ARAAY
CONTROL RECORD

LOCAT:0

[T

READ AN A RA
UNFORMA TTED rrrge SET aLL
DUMMY RECORD FGAMAY FMTIN ARRAY VALUES
FAOM UnIT, FROM LT+ EQUAL TO
LOCAT LOCAT CNSTNT
A 6 A A"
A AN IF CNSTNT 1S
UNFORMATTED ! PRINT
ARRS NS des P MULTEY ARy MESSAGE To
VAL JES TPy, »
FROM a7 VALUES BY THAT EFFECT
LOZAT CNSTNT
Y
IF IPRN=>Q.
PRINT
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SUBROUTINE UZDREL (A, ANNME 11 ,3J,8,18,300T)

C
CovaueVfRSION 1870 Frapa)9L) l)?O'El

c *eRO e (1 X11] <
[4 OUTINE YO JWeet 2.0 REN !uh mATRICES
14 4 1S ARRAY 10 1wyl
4 ANAE 15 24 CWARACTER DESCERIPTION OF A
¢ 11 15 %0, 0F aows
4 JJ 18 %0, 05 CO0S
3 L ]S LATER nO, (ustn M1t nANE T0 rm: PRINTOUT UMESS k (3 0)
¢ 1- 1S IMUT yw
4 vt 1S ﬂ\n’uY ule
[4 ves
[
4 SPECIFICATIONS:
c
OIWEVIION A(J), 11, AnanE(6) FNTIN{S)
C
[4
Cleeee--READ ARRAY CONTAOL &ZCORD,

*€AD (IN,1) LOCAT CNSTNT FNTIN,IPRN
} sO8MAT{110,510.0,548,110)
(4
C2--e---3SE LOCAT TO SEE WHERE ARRAY VALUES COME SRON,
1F (LOCAT) 200,50,90
4
C3-eeee=lf LOCATe0 THMEN SET ALL ARRAY YALUEL EQUAL TO CNSTNT. RETURN
50 20 80 1e},11
D3 80 Je1,JJ
80 A{J,1)=CNSINT
1¥(K.CT.0) WRITE(IOUT,2) ANAME CNSTNT X
2 FORMATIINO,S2T 6AL.* =* £15,7.° FOR LATER®, 1D}
17(K,LE.0) MRITE(IOUT,3) ARAME CASTNT
3 FORMAT{IMO, 52K, 644, ° «* ,615.7)
e TURS
c
Cleeccen-lf LOCATSO T:1ER READ FORKATTED RECORDS USING FORMAT FuTin,
90 IF(R.GT.0" WRITE(IOUT &) ANAME K, OCAT FMTIN
4 FORMAT(ING,77/730X 6A%,° FOR LAYER® 13, ° WILL BE READ Om UNIT',
1 13, USING FORMAT: ' $A2/30%,96('-"))}
1F(R . LE.D) wRITE(I0UT,S) ANAME LOCAT FNTIN
¢ FORMATIING, /! ;30X ,6A4,° WILL BE READ On “M{T*,
1 13,° USING FORMAT: * 5A4/30X,83(°-"))
DO 100 1el,l
READ {LOCAT EWTIN} (A(J,1),d%1,3J)
100 CONTIWUE
G0 TO 300
4

CSoeeeael OCATCO TWEN READ UNFORMATTED RECORD CONTAINING ARRAY VALUES
200 LOCATe-LOCAT
IF(X.6T.0) nmuour.zox) ANAME X LOCAT
201 FORMAT(IM0,///730%,6A4,°, LAYER' I3,
1 * wILL 8 READ UNFORMATTED ON UNIY' 13/7302,73(*-"))
JF(K.LE.O) WRITE{IOUT,202) ANSME LOCAT
207 FORRAT(1M0,///301,
1 * WL BE READ UNFORMATTED ON UNIT® 13/30%,60('-"))

(4
CSA----=READ AN UNFORMATTED OUMMY RECORD FIRST,
READILOCAT)
READ(LOCAT) A

CBeemeesiF CNSTNT NOT ZERO THEN MULTIPLY ARRAY VALUES BY CMSTNT,
200 $F{CYSTNT EQ.0.) GO TO 220
00 310 I=1,11
00 310 Jet, 0
Atd.1)eA(S,1)"CNSTNT
310 CONTIMUE

4
C7eceemalF PRINT COOL {IPRN) =20 THER PRINT ARRAY VALUES.
320 JF{IPRN.LI D) RETURN
CALL ULAPRW(A ANAME 0,0,30,11,0,1PRN,10UT)
RETURN

c
CBeveeeAETURN
134
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List of Variables for Module UZDREL
Variable Range Definition
A Mocdule DIMENSIOR (JJ,11), 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 arr:y
values are multiplied 1f LOCAT fs not equal

to zero.

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

i Module Index for rows.

Il Module Number of rows.

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

10UT Globa) Primary unit number for 2l) printed output. lUUT = 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 fi1) 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 tne
array values.
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Narrative for Module U2DINT

Module U2DINT 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-contral 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 FMTIN, If LOCAT is
negative, the sign is reversed to give the unit numbe: from which an
unformatted record containing the array values will te read. (Before the
arrey 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 §s not zero and ICONST is not
zero, the array values will be mulitiplied 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.

Moduie U2DINT performs its tasks in the follcwing 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,

3. If LOCAT equals zero, set all array values 2qual 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 an unformatted dummy record and
then read an unformatted record containing the array values. GO TO STEP 6.

6. 1f 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 Crart for Mogule U2DINT

Array Ccatrol Record controls
the input of array values.
It contains four fields:
LOCAT, ICONST, FMTIN, and
IPRN,

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

1f LOCAT < 0, array values
will be read from an
unformdtted record from a
unit number equal to -LOCAT,

1f LOCAT = 0, ar~ay values
will be set equal to ICONST.

1f LOCAT > 0, array values
wiil be read from the unit
number equal to LOCAT {n the
format specified in FMTIN,

ICONST {s the constant to which
al) array values are set if
LOCAT {s equal to zero, and %t
is the constant by which all -
array values are multiplied
{f LOCAT {s not equal to zero.

FMTIN is the format %n which
array values are read if LOCAT
is greater than zero.

IPRN !s a code showing the format
to be used if array values are
to be printed.

LOCAT< D

READ THE ARRAY
CONTROL RECORD

LOCAY:9

S, | [ e —
VALUES i
OusEY RECORD FORMAT FA'Tin AU AALLES
0 FROM UNIT:
-LOCAT LOCATY ICONST
A s N
oA AN IF ICONST 1S
UNFORMATTED NOT ZERGC PRINT A '
RECORD OF : MESSAGE TO
amnsvvapes [P MULTECTATRAY TaTERRECT |
[§: L]
bR ICONST
7-10
IF 1PRN®X)
PAINT
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SUBROUTINE U2DINY(TA Anasg 0. 008 [N, 10UT)

seeesVESICY 1842 200901383 J2DINT
esew seve ae POV IOPOPOPROOPOPIPIRNERIOTE
SOUTINE D INPUY 2.0 [WIEGE® DATE wATRITES
18 15 AaRAY 1D [weyl
AnAmg 1S 20 CHARACTER DESCRIPTION OF 1A
11 15 %0, OF ROWS
JJ 18 0, OF COS
€ IS LATER RO, fUSED WITH WAME TO TITLE PRINTUUT UNESS ¢ 1S 0)
In 1S 1wuT UMY
10UT 1S OUTPUY unpt

SPECIFICATIONS:

DINENSION TA(JJ,11) . AnanE () FuTings)

[aXa) e a X ool aY e ot o NaNdRa NN ole ¥ el

SlevcactEAD ARRAY CONTROL RECORD,
RCAD {I1N,1) LOCAT CONST FuTIN 1Pow
1 FOrmAT{110,110,524,1100

4
{2-eeee-USE LOCAY TO SEE weERE ARRAY vALUES COME FROW,
IF(LOCAT) 200,%8,90

4
ClecoaoslF LOCATe0 THEM SET ALL ARRAY VALUES EQUAL TO ICONST, RETURM
$0 0D 90 le1,:}
DO 80 Jel,JJ
80 1A{J,1)s1CONST
IF(X.GT.0) wOITELIOUT 2) ANAME (CONST K
2 FOPMAT(INO, 52X 644, o* 113,° FOR LAVER',1))
IF(E . LE.0) WATTE{IOVT J) ANAME,ICONST
3 FORWAT({ING, 521,6A4," «° 115)
R TUAN

-
C8eomaaelf LOCATHO THER AEAD FORMATTED RECORDS USING FORMAT FWTIN,
90 1F1(£.37.0) WRsTE{I10UT 8) ANANE X LOCAT FNTIN
4 FOUMAT(ING,// /308,644, FOR LAVER 13,° JILL BE READ Om uUNIT®,
s 13,7 USING FORRAT: ° 5A4/302,96{'-"})
1F{N,LE.D) WRITE{IOUT 5} AnANE LOCAT FMTLIN
S FOR™AT([1%0,.77/7300 688, ° wILL SE READ OR UNIT°,
1 13, USING FORMAT: * 5A47)0%,33°-";)
00 i00 eI}
QEAD (LOCAT FTIN) (1A(J,1),49°8,3d)
130 CONTINUE
&0 T0 300
<

CSeceaesl OCATCO THEN READ UNFORMATTED RECORD CONTAINING ARRAY YALUES
200 LOCAT=-LOCAT
1FIR.GT.0) WRITE{IOUT,201) ANAME K LOCAT
201 FORMAT(1NG,///30% 6A48,°, LAYER' 1],
: * WILL BE NEAD UNFORWATTED OV UNIT* 13/30X,73(°-"))
1F e LE.0) VRITE(IOUT 202) ANASE LOCAT
202 FOAPAT(1M0,///730R, 8A4,
1 * WILL BE WEAD UNFORMATTED On UNIT®, 13/30%,60(°-"))

4

CSAewaeaREAD AN UNFORMATTED Dussey RECORD FIRST,
READ(LOCAT)
AEAD(LOCAT] 14

CEommwae]F ICONST NOT ZERO THEN MULTIPLY ARRAY VALUES BY ICONST,
300 IF{ICONST.£0.0) GO TO 320
00 310 11,11
00 310 Jel,JJ
LAl )elA(J, L) °1CONST
310 CONTIME

4
CleeeeelF PRINT CODE (1PRN) >0 THEN PRINT ARRAY VALUES,
320 [F(IPRN,LT . 0) RETURN
IF{IPRN.GT.S) [PRNe0
IPRNS[PRN+]
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Yariable

ANAME
FMTIN

I
1A
ICONST

11

IN

1ouT

IPRN

Jd

LOCAT

NL

Range
Module

Module

Module
Module

Module

Module

Module

Global
Module

Module

~ Mocule

Module

Module

Module

Y N

List of Variables for Module U2DINT

Definition
Label for the printout of input array.

DIMENSION (5), Format under which the array values
will de read.

Incex for rows.

DIMENSION (JJ,11), Input array.

Constant to which all array values are set if
LOCAT is equal to zero or by which all array
values are meltiglied 1f LOCAT is not equal
to 2ero.

Number of rows.

Unit number from which the array-control record will
be read. '

Primary unit number for all printed output. I[OUT = 6.
Code for format to be used when printing arrays.
Index for columns.
Number of columns.
Layer number.
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, reau formatted records containing the array
values.

Number of columns per line.
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Narrative for Module U1DREL

Module UIDREL reads values for a one-dimensional real array. First it
reads an "array-control record.” Tnen, 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 sbecified in FMTIN. If LOCAT is
zero, all of the array values will be set equal to CNSTNT. If LOCAT
is not zero and CNSTNT fs 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 U1DREL berforms its tasks in the following order: )
1. Read the array-coatrol record (LOTAT, CNSTNT, FMTIN, and IPRN).

2. Use LOCAT to determine where the array is coming from (DO STEPS 3

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 Crart for ¥odule UINREY

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

LOCAT s a code showing where
array values will come from,

1f LOCAT = 0, array values
will bes 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 $s the constant to which
all array values are set {f
LOCAT i{s equal to zero, and
it is the constant by which
all array values are multiplied
$f LOCAT {s not equal to zero.

FMTIN ¢s the format i{n which
array values are read if LOCAT
is greater than zero.

IPRN is a code showing the format
to be used if array values are
to be printed.

t
Q)

ENTER
UIDREL

READ THE ARRAY
CONTROL RECORD

READ ARRAY SET ALL
VALUES IN
FORMAT FMTIN *EouaL 10
UNIT:
OBy CNSTNY
5 n
IF CNSTNT IS PRINT A
MULTIPLY ARRAY MESSAGE 10
A FF T
VALUES BY EFFEC
CNSTNT
6
tF IPAN=>Q,
PRINT
ARRAY VALUES

iy

RETURN
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SUBROUTINE U1DREL(A,ANAME ,JJ,IN,10UT)

----- VERSION 1436 20MAY1983 UIDREL
'I"'.I"O..‘I"i".""..'.'.'..'."t"..'..'.."'I".."'l.'.'.'
ROUTINE TO INPUT 1-D REAL DATA MATRICES

A IS ARRAY TO INPUT

ANAME 1S 24 CHARACTER DESCRIPTION OF A
JJ IS NO, OF ELEMENTS

IN IS INPUT UNIT

T0UT IS OUTPUT UNIT

L2 22222220 ddaddstasdidadd st sti g i eyl iy ey T YY)

SPECIFICATIONS:

[a¥aXa] OO0 OON

1------READ ARRAY CONTROL RECORD.
READ (IN,1) LOCAT ,CNSTNT FMTIN,IPRN
1 FORMAT(110,F10.0,5A4,110)

C2-ve-- -USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM.
IF(LOCAT.GT.0) GO TO 90
c
Claccmne IF LOCAT=0 THEN SET ALL ARRAY VALUES EQUAL TO CNSTNT. RETURN
D0 80 J=1,JJ
80 A{J)=CNSTNT
WRITE(IOUT,3) ANAME CNSTNT
3 FORMAT (1H0,52X,6A4,' ="' G15.7)

RETURN
c
of. PEPpR. IF LOCAT>0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN,
90 WRITZ{IOUT,5) ANAME ,LOCAT,FMTIN
5 FORMAT(1HO,///30X,6A4,' WILL BE READ ON UNIT',13,
1 ‘ USING FORMAT: ' ,5A4/30X,79('-"}/)
READ (LOCAT,FMTIN) (A(J),J=1,JJ)
C
o IF CNSTNT NOT ZERO THEN MULTIPLY ARRAY VALUES BY CNSTNT,

IF{CNSTNT.EQ.0.) GO TO 120
DO 100 J=1,JJ
100 A(J)=A(J)*CNSTNT

C6mmmmmm 15 PRINT CODE (IPRN) =>0 THEN PRINT ARRAY VALUES.
120 IF(IPRN.LT.0) RETURN
WRITE(10UT,1001) (A(J),d=1,3J)
1001 FORMAT((1X,1P512.5,9(1X,612.5)))

RETURN

c

o CONTINUE
END

§00

; RETRR
v o [PIC O AR TR, 1 R Aren ek o Ay
R R S oA e B hat ALl 10 b e ithatus Sl e 1t

3
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List of Yarfables for Module U1DREL

A Module
ANAME Module
CNSTNY Module

FMTIN Moduie
IN Module
10UT Global
IPRN Module
J Module
JJ Module
LOCAT Module

Definition
DIMENSION (JJ), Input array.
Ladel for printout of the input array.
Constant to which all array values are set if
LOCAT is equal) to zero or by which all arra,

values are multiplied 1f LOCAT is not equal
to zero.

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

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

Primary unit number for all printed output. I0UT = 6,

Code tor the format to be used when printing the
arrays.

Array index.
Number of elements in the array.

Location of values to fili 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 X A
PROGRAM PORTABILITY

Introductron

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 tnat can be easily
1nterchanged 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 1ncluding [BM, Control
Data, Digital Equipment Corporatton, Cray, Prime, Amdahl, and Univac. The
compilers which were used were extensicns of either FORTRAN 66 or FORTRAN 77,
The following discusston explains, in more deta'l, the concept of portability
and the significance of double preciston 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 the 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
FORTRPAN. There are two versions defined by the American National Standards
Institute (ANS:) on which most commercial versions are based, ARSI X3.5-1965
and ANSI X3.9-1978 (ANSI, 1966 and ANSI, 1978)., These versions are cowmonly
referred to as FORTRAN 66 and FORTRAN 77, respectively. FORTRAN 66 was
selected for the model. The only exception -0 the FORTRAN 65 standard is
that character strings in FORMAT and DATA statements are in single quotes
rather than using Hollerith constants. Most FCRTKAN 66 compilers include
this capability. Although FORTRAN 66 is the less powerful of the two, it
is far more widely supported in its entirety than is FORTRAN 77, The
additional features of FORTRAN 77 would have made programing more convenient,
but tnese features were not necessary to make a computationally efficient
program. It is recognized, though, that some users may want to use the
grogram with FORTRAN 77, Only a few changes are required to convert the
proarem to FORTRAN 77 because FORTRAN 66 is nearly a subset of FORTRAN 77,
Information about how to convert is provided in a following section (sel
Conversion to FORTRAR 77). Most commercial versions of FORTRAN 66 incluge
some extended “eatures 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., To0 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 model results is nighly depengent on computational precision,

SO precision must be considered wnen moving the model program among computers.
Alsc, numeric precision has an effect on alpnanumeric data since alphanumeric
tharacters are stored i1n numeric variables and arrays in FORTRAN 66.

The model program was developed on computers using 32 binary bits to
represent single-precision real numoers. This gives about seven gigits of
precision and includes the range from 10%*-39 to )0v+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 doudble
precision, and, accordingly, some calculations are doudble precision. This
was necessary for accuracy under some conditions. 1f using 3 computer
with greater than 32-pit precision, tne use of double-precision da%a and
calculations may pe unnecessary. The program shoyld s il’ work without
modification, but computation time and memory would be saved if douole
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*NROW*NCOL storage locations for HNEW 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 con-
versions tetween real and double precision are done by implied type changes
in assignment rtatements, and there are no "D* formats. The "D* formats
are avoided by moving HNEW to a single-precision buffer before printing.

If less than 32-bit precisfon for single-precision real numbers is
availadlie, double precision 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 or some compilers or by declaring all REAL arrays
and variables as DOUBLE PRECISION in the MAIN Program and in every subroutine.
Any variable or array starting with the letters A-K or 0-Z should be declared
DOUBLE PRECISION,

2. Change the Basic Package 2llocate 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 Teast four characters
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



Alphanumeri¢ data ocCupy 3 trivial amount of memo~y, SO tne amount wasted

it more °nan 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, tne program must be cChanged. It is unlixely, nowever, tnat
less than four characters will fit into one variabnle or array element

unless the computer precision 15 low enough that all REAL variables and

arrays require conversion to double precision as aescribed above, Such
conversion would automatically solve the alphanumeric character problem.

1f, for some reason, less than four characters will fit into a REAL variable
or array element and yet a1l REAL variables and arrays are not being converted
to double precision, just the REAL variables ¢nd arrays that store alphanumeric
data should be declared DOUBLE PRECISION,

Conversion to FORTRAN 77

FORTRAN 66 is nearly a subset 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 1t 1s without channe. Before
modifying the prcgram, try to compile it wsing you: FORTRAN 77 compiler.

Any changes that might have to be made are a result of the character data
type which was acced to FORTRAN 77. Any variables or arrays holding
alpnanumeric character data must be declared CHARACTER. This is most

easily done by specifying that the same number of alphanumeric characters

ne stored in each character array element as was stored in each REAL variable
or array element, which is four characters. This prevents the need t¢C
change the A4 format specifiers used to print alphanumeric characters.

Thus, each DIME~SION 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 s a variable that
hoids alphanumeric data, should be added to every subroutine in which
alpnanumeric data are stered in a variable. Also, Hollerith constants in
DATA statements must dDe changed to character constents. Note that Hollerith
constants in FORMAT statements need not be changed. These constants are

no longer called Hollerith, but rather H edit descriotors; however, the

form and functiorn are the same. Before making any of these changes, check
+he FORTRAN 77 manual for the particular computer being used to see if

these changes are actually necess2ry. Some rORTRAN 77 compilers have
extensions tnat allow FURTRAN 66 programs to run without modification,

The above mentioned modifications to convert the model program to
FORTRAN 77 do not take advantage of the added features of FORTRAN 77, The
modifications cimply allow the program to work on a FORTRAN 77 cempiler.,
Mogifying the program to take advantage of new features grobably 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 <tatements of FORTRAN 77, an¢ the sometimes
confusing "GO TO" statements could be eliminated. However, belause the 2
mode] program is broken into short modules with simple logic, FORTRAN 277 E
structural statements would provide only small oenefits, Also, changes to
take advantage of FORTRAN 77 ‘features would limit program portability
until sucnh time that FORTRAN 77 is widely supported.
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APPENDIX 8

SPACE REQUIREMENTS !N THE X ARRAY H

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. Mowever, it is generally easier to simply run the model
program and let it calculeze 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 tﬁe number
of nodes in the mocel depending on the optione seiacted. In the outline

below, NCDES is defined as NCOL*NROW*NLAY, the number of rodes in the model. o
I. BAS Package
A. 8*NODES + (NLAY - 1)*NCOL*NROW - NROW + NCOL + 4*NLAY

B. Additionally, add NODES if start head is saved (ISTRT 1s not 0),

and add NODES if BUFF is separate from RHS (IAPART is not 0)
IT. BCF Package
A. NLAY
B. If 2 transient simulation (ISS is 0), add NODES
C. For each layer where LAYCON is one or three, add 2*KCOL*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

IT1. WEL Package -- 4*MXWELL
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vl.

le.

vill.

1x.

X,

Generally, it is advisable to have the X-array dimension relatively
close to the amount of space needed for a specific problem. 0n the other

nand, it is inconvenient to redimension the X array every time a new option

DRN

R1V

EVT

A.

B.

GHB

RCH

Ao

8.

<1p

SOR Package -- (NLAY + A4)*NCOL*NLAY + 4=MXITER

is selected.

Package == S*MXDRAN

Package -- 6*MXRIVR

Package

Option 1 -- 3*NCOL*NROW
Option 2 - 4¥NCOLNROW
Package -- S*MXBND

Package

Options ; and 3 -- NCOL*NROW
Option 2 -- 2*NCOL*NROW

Package -- 4°NODES + 4*MXITER + NPARM

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 dbreaking long simulations into several short
model runs. This allows one to decide, between runs, whether or not to
continue the simulation. Although the mode) program fn this report does
not have a special option for making continuation runs, it is quite simple
to continue 3 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 kUZDREL) is capable of reading model-
generated disk files of saved heads without the need for reformatting.
Because volumetric budget terms are always set to zero at the start of a3
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 desired, the totals from each
run can be added externally. Similarly, the model program keeps track of
sinulation time only for single model runs, but total simulation 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 prodblem is intended to fllustrate input and output from
the program, There are three simul ated layers, as shown in the accompanying
1NMustration, which are separated from each other by confining layers,

Each layer 1s 2 square 75,000 feet on a side and ‘s divided by a grid into
15 rows and 15 columns which form squares 5,000 feet on a side., Flow
within the confinfng Yayers 1s 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 1ake which {s represented by a constant-head

boundary, .
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LAYER 1 .

i I i
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Betweoer yers 2 anG ] veHCH RyOrBunt
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Setting starting heads equal to 0.0, the program was run to get 2
steady-state solution. The Strongly Implicit Procedure wds used to solve
the system of difierence equations: the error criterion was set at 0.00]
feet, the -acceleration parameter was set to 1.0, ang the maximum number
of iterations was set equal to 50. A seed of 0.00] wads specified for use
in calculating the iteration parameters; 31 fterations were needed to close.

List of Wells List of Draing
Q =5 ft3/s for each well Conductance = | ft2/s

Layer Row Column Layer Row Column Elevation

/7

3 5 1 1 8 4 0.0
2 4 6 1 8 3 0.0
2 6 12 1 8 4 10.0
1 9 8 1 8 5 20.0
1 9 10 1 8 6 30.0
1 9 12 1 8 ? 50.0
1 9 14 1 8 70.0
1 11 8 1 8 9 90.0
1 11 10 1 8 10 100,0
1 11 12
1 11 14
1 13 8
1 13 10
1 13 12
1 13 14
©ca

P N R S SR RSP
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RS, 15 ROWS, 15 COLUMNS, STEADY STATE

LAYERS 1 AND 2, RECHARGE, WELLS AND DRAINS

v
-
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0
1
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DD DSN=5YS1.FORTG.LINKLIBX,DISP=SHR

//FTO6F001 DD SYSOUT=A

//FTO1F001 OD *
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//STEPLIB DD DSN=VGIE70M ,MODZ100,DISPaSHR
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)
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//FT11F001
1
100

OOOOOOODO

/'
//F T18F001
1
]
0

/'
//FT19F001
50

: 1.
/ /FT13F001
9

9
1
1
1
1
1
1
1
1

1
J/FT12F001
15

1

5
3
2
2
1
1
1
1
1
1
1
1
1
1
1
1

oo "

oo *

oo *

oD *

o0 *

0

5000.
5000.
.001
-150,
205'8
01
1.E-8
.02

3.E-8

.001

155,18CFED
NRCHOP , IRCHBD
INRECH
MX ITER ,NPARM
0 .001
MXDRAI,IDRNBD
NDRAIN
2 0.
3 0.
4 10.
5 29,
6 30.
7 50.
8 70.
9 90.
10 100.
MXWELL, IWELBD
NWELL
11 -5,
6 -5,
12 -5.
8 -5.
10 -5.
12 -5.
14 -5.
8 -5,
10 -5,
12 -5.
14 -5.
8 -5.
10 -5,
12 -5.
14 -5,
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1 ACCL,ERR.IPC&LC.HSEE

1.E00
1.£00
1.E00
1.£00
1.€00
1.E00
1.E00
1.E00
1.E00

TRPY

DELR

DeLC

HY-1

BOT-1
VHY/THICK-1
T-2
VHY/THICK-2
7-3

RECH-1
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u.s. G(OI.-G;ICN. SURYEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL

SAMPLE--3 LAYERS,15 ROWS,15 COLUMNS ,STEADY STATE,CONSTANT HEADS COLUMN 1,LAYERS 1 ANO 2,RECHARGE ,WELLS AND DRAINS

3 LAYERS 15 ROWS 15 COLUMKS

1 STRESS PERIOD(S) IN SEMULATION
MODEL TIME UNIT IS SECOMDS
1/0 UNITS:
ELEMENT OF JUNIT: 1 2 3 4 5 6 7 8 91011121314151617 1819 2021 222

JJOUNIT: 111213 0 0 0 01819 ¢ 0 0 0 0 0 0 O O G O O O

BAS] -- BASIC MODEL PACXAGE, YERSION 1, 12/08/83 INPUT READ FROM UNIT 1
ARRAYS RMS AND BUFF WILL SHARE MEMORY. _ :
START HEAD WILL MOT BE SAVED -- DRANDOWN CANNOT 8 CALCULATED

5892 ELEMENTS IN X ARRAY ARE USED 8Y BAS

SR92 ELEMENTS OF X ARRAY USED OUT OF 100000 T
BCFl -- BLOCK-CENTERED FLOMW PACKAGE, YERSION 1, 12/08/83 INPUT READ FROM UNIT 11
STEADY-STATE SIMULATION

LAYER AQUIFER TYPE

32
00

~N
QO -

K}
453 ELEMENTS 'M X ARRAY ARE USED BY BCF
6345 ELEMENTS GF X ARRAY USED OUT OF 100000
WEL] -- WELL PACXAGE, VERSION 1, 12/08/83 1MPUT 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
DRN) -- DRAIN PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 13
MAXTMUM OF 9 DRAINS
45 ELEMENTS IN X ARRAY ARE USED FOR ORAINS
6450 ELEMENIS OF X ARRAY USED OUT OF 100000
RCHi -- RECHARGE PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 18
OPLICH 1 -- RECHARGE TO TOP LAYER
225 ELEMENTS OF X ARRAY USED FOR RECHARGE
6675 ELEMENTS OF X ARRAY USED OUT OF 100000

SIP] -- STRONGLY IMPLICIT PROCEDURE SOLUTEIOM PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 1S

KAXIAUM OF SO 'TERATIONS ALLOWED FOR CLOSURE
5 1TERATION PARAMETERS
2905 ELEMENTS IN X ARRAY- ARE USED BY SIP
9580 ELEMENIS OF X ARRAY USID OUT OF 100000
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Sis

BOUNDARY ARRAY =
MMIIFER HEAD WILL BE SET TO 999.99 AT ALL NO-FLOW NODES (18OUND=0).
INITIAL HEAD =
INITIAL HEAD = |
INITIAL HEAD =

[-N-N-]

DEFAMILT OUTPIIT CONTROL -- THE FOLLOWING OUTPUT COMES AT THE END OF EACH STRESS PE&IOD:

TOTAL YOLUMETRIC BUDGET

LRV

FOR LAYER 3

FOR LAYER
FOR LAYER
FOR LAYER

[ R g

HEAD
COLUMN TO ROW AN1SOTROPY 1.000000
DELR 5000.000
DELZ $000,000
H:D. COND. ALONG ROWS .9999999¢-03 FOR LAYER
80TTOM -150.0000 FOR LAYER

VERT MYD COND /THICKNESS
TRANSMIS. ALONG ROWS
VERT HYD COND /THICKNESS
TRANSMIS, ALONG RUWS

.2000000E-07 FOR LAYER
.1000000E-01 FOR LAYER
.1CO00NVE-07 FOR LAYER
+20U0000UE-U) FOR LAYER

SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE

MAXIMUM ITERATIONS ALLOWED FOR CLOSURE
ACCELERATION PARAMETER

HEAD CHANGE CRITERION FOR CLOSURE

SIP HEAD CHANGE PRINTOUT INTERVAL

S ITERATION PARAMETERS CALCULATED FROM SPECIFIED WSEED = 0.00100000 :

0.0 0.8221720€+00 0.9683772£+00 0.9943766E+00 0.999G00UE +00

STRESS PERIOD NO, )1, LENGTH =

R R L e Ll L T L T e

NUMBER OF TIME STEPS = 1

MULTIPLIER FOR DELT = 1.00n

INITIAL TIME STEP SIZE 86400.00

50
1.006W)
0.10000£-02
1

86400.00

Cod NG P e o e
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MEAD IN LAYER 1 AT EMD OF TIME STEP ) IN STRESS PERIOD )

1 2 3 4 5 6 ? -8 9 10
1 12 13 14 15

A 1 .0 24.94 44,01 %9,26 71.82 82.52 91.91 100.0 106.9 112.6
117.4 121.3 124.3 126.4 127.4

- ? .0 24.45 43,10 57,98 70.17 80,57 90,12 98,40 105.3 111.0
115.7 119.6 122.7 124.9 1261

~ 3 .0 23.45 41,30 £5.43 66,78 76.21 86.51 95,20 102.2 107.6
112.0 116.1 119.6 122.1 123.4

- ] .0 21.92 38.61 51,75 61.79 68,03 81.34 90.75 97.54 102.5

106} 110.7 114.9 112.8 119.4 N
5 .0 19.73 34.92 47,32 57.69 66,74 17.09 85.76 92.22 96.15 ;.

97.29 103.1 108.8 112.5 114.3

6 .0 16.51 29.50 40.90 51,30 61.21 7.19 19.85 86.47 90.82

. 93,03 94,23 102.1 106.4 108.4 o _

~ - ! .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 V1.8

- 8 .0 3.483 6.832 16.25 26.30 36.97 52.59 64.31 12.52 71.25
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

R 10 .0 14.62 25.86 35.38 43.49 50.1) 54.93 57.55 62.95 65.55
70,39 72.44 76.12 18.26 81.79

- 1 .0 17.11 29.96 40,01 47,78 53,24 55.81 $3.33 60.27 59,29
66.43 65.45 12.22 71.04 17.62

12 .0 18,68 32.56 43,07 50,81 55,92 $8.33 58.47 61.93 63.18
61.12 68.50 72.29 713.46 7685

13 .0 19.67 34,24 45.14 53.01 58,04 59,91 56,75 62.59 £0.9)
67.22 £5.75 71.90 70.35 76.48

14 .0 20.27 35.27 46.48 54.6] 60.08 63.17 64,52 61.2% 68,79
11.64 73,18 75.84 71.03 79.09

15 0 20,56 35.78 47.16 55 48 61.26 65.02 67.52 69.94 12.00

74.29 76.22 18.22 79.66 80.82
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2
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24,66
121.1
24.17
119.4
23,
116.0
21.65
110.4
19.48
102.1
16.27
86,23
11.:8
91.24
4.209
84,86
10.38
74,48
14,40
12,37
16.87
66.18
18,43
64.44
19.42
66.44
20,02
13.06
20,30
76.04

3
13

41.73
124,)
42.8)
122.6
41.03
119.5
38,34
114.8
34,65
108.6
29.24
1017
20,95
96,22
R.330
89.10
18,96
B0,77
25.61
76.57
29.70
72.16
32.3
72,15
33.98
71.84
35,02
75.68
35,52
78.04

4
14
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59.02
126,2
57.74
124.8
55.19
121.9
51.50
112.7
47.00
112.4
40,65
106.2
31.05
99.65
17.58
91.59
27.98
80.84
35.15
78.20
39.78
71.75
42.85
73.40
4.9
71.06
46.26
76.9}
46.94
79.49

)
15

71.61
121.3
69.95
125.9
66,53
123.2
61.35
119.2
57.44
114.2
51.07
108,3
4i.25
101.6
27,58
94.17
36.79
86,38
43.27
8l.64
47.56
77.51
50.60
76,69
52,40
76,37
54.4)
718,93
55.2a
80.65

82.32
80,36
15.117
60,12
66,30
60,98
s1.70
38.25
45,16
49.9:
53.05
55.73
57.85
59.88

61.07
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91.12
89.93
86,29
80,90
76 RS
10,98
62.90
52.94
$2.86
54,76
55.68
58.16
59.78
62.99

64.84

99.86
98.22

95.02

90,55
85.52
79.A5
72.48
64,19
$6.13
57.48
54.09
S8.41
57.5%0
64.39

67,34

9

106.7
105,1

102.0

97.45
92.00
86.28
19.76
12.34
65.08
62.79
60.20
61.78
62.53
67.08

69.76
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110.8

" 107.4

102.3
95.41
90,54
B4.73
17.12
66,79
65.49
60.04
63.12
61.65
68.66

71,84
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NEAD IN LAYER- 3 AT END OF TIME STEP 1 IN STRESS PERIOD )
] 2 3- 4 5 6 7 8 9 10
1 12 13 14 15
1 1800 4.4 43,36 58.70 n.n 82.06 91.48 99.63 106.5 112.3
1120 120.9 123.9 126.0 127.1 .
2 1,64 23.85 42,46 57.42 69.66 80.07 89.68 97,99 104.9 110.6
115.3 119.2 122.4 124.6 125.7
e 3 1.691 22.86 40.67 54.87 66.20 75.28 85.98 94,17 1.7 102.2
11,5 1157 119.3 121.7 123.0
— 4 1.58 21.35 37.98 51.17 60,85 62.69 80.41 90.28 97.19 101.9
- 04,1 110,0 nas. 1S 119.0 : o
~ 5 1.415 19.18 34,30 46.75 52,10 65.80 76.54 85.30 91.67 94.17
12.46 100.7 108.2 112.1 1140
- 6 1.6 15.99 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 .8 11.21 20.79 30.88 41.09 51.55 62.67 12,22 79.50 B4.46
87.98 90.77 95.94 99.41 101.4
A8 .43 5.131 10.19 19.27 29.19 39.84 53,40 64.07 72.11 76.95
~ @ 81.58  B4.68  88.88 9144  93.95 '
- = 9 .1543 10,22 18,82 27.84 36.66 45.06 52,78 57.03 65.02 67.64
© 73.81 75.31 80.72 81.64 16.24
~ 10 1.039 18,13 25.29 34.85 42,99 45,65 54,54 57.44 62.61 65.44
70.05 72.33 76.39 78.15 81,43
< 1 1.224 16.59 29,37 39.47 47.28 52.79 55.53 55.01 60.16 60.94
66.33 67.06 72.13 72.60 77.38
- 12 134 18.15 31.97 42.54 50,32 £5.47 57.94 58,37 61.60 63.08
66.80 68.4) n.s? 73.36 70.49
. 13 1.415 19.14 33.65 44,61 52.53 57.60 59.63 58.39 62.48 62.54
- 67,12 67.35 71.80 71.90 76.24

14 1.460 19.73 34.68 45.9% 54,13 59.63 62.76 64,24 66,87 68.52
n.21 2.9 75.47 16,17 18.71

15 1.481 20.01 35.18 46.63 55,00 60.81 64.59 67.11 69.52 11.61
13.87 75,82 17.81 19.217 80.42
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APPENDIX E

ABBREVIATED INPUT INSTRUCTIONS

These input instructions are fntended as a quics 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
that 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 describes. All
other field and array descriptions have been dropped.

_hrray Input

The real two-dimensional array reader {U2DREL), the integer two-dimensional
array reader (U2DINT), and the real one-dimensional array reader (U1DREL)
read one array-control record and, optionally, a data array in a format
spacified on the array-control record.

FOR REAL ARRAY READER (U20REL or U1OREL)

Data: LOCAT CNSTNT FMTIN IPRN

Format: 110 F10.0 SA4 110
FOR INTEGER ARRAY READER (UZ2DINT)

Data: LOCAT ICONST FMTIN 1PRN

Format: 110 110 SA4 110

IPRN--is a 7'ag 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 zerc. 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 printead.

IPRN U2DREL U20INT U1DREL
0 1061T1.3 T0TIT T0612.5
1 11G610. 6011
2 9G613.6 4012
3 15F7.1 3013
3 15F7.2 2514
5 15F7.3 2015
6 15F7.4
7 20F5.0
8 20F5.1
9 20F5.2
10 20F5.3
11 20F5.4
12 10611.4

LOCAT--indicates the location of the data which will be put in the array.
1f LOCAT < 0, unit number for unformatted records,
If LOCAT = 0, all elements are set equal to CNSTNT or ICONST.
If LOCAT > 0, unit number fcr formatted records.
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Basic Package Input

lnput for the Basic (BAS) Packige except for output control is read from
unit 1 as specified in the main program. If necessary, the unit number

for BAS fnput 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 TUNIT(12).

FOR EACH SIMULATION
1. Record: HEADNG(32)
. Record: HEADNG (continued)
. Record: NLAY NROW NCOL NPER ] TMUN]
. Data: JUNIT(24)
Format: 2413 -
(BCF WEL DRN RIV EVT XXX GHB RCH SIP XXX SOR OC)
1 2 3 4 S 6 7 8 9 10 11 12
5. Record: ITAPART ISTRY
6. Array: IBOUND(NCOL NROW)
(One array for.each layer in the grid)
7. Record: HNOFLO
8. Array: Shead(NCOL,NROW)
(One array for each layer in the grid)

& WM

FOR EACH STRESS PERIOD
9, Data: 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,
TAPART--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, the arrays BUFF and RHS occupy different space.

[STRT--indicates whether starting heads are to be saved.
[f {STRT = 0, startcfng heads arz not saved.
[f ISTRT = 0, starting heads are saved.
[ROUND--is the boundary array.

If IBOUND(I,J,K) < 0, cell I,J,X has a constant head.

If IBOUND({1,J,K) = O, cell [,J,X s {nactive.

If IBOUND(1,J,k) > 0, cell I,J,X is active.

HNOFLO--1s the value of head to be assigned to all inactive cells.
Shead--is head at the start of the simulation.

PERLEN--1{s the length of a stress period, _

NSYP--is the number of time steps in a stress period.

TSMULT--is the multiplier for the length of successive time stens.
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Cutput Cortrol Input

Input to Output Control is read from the unit specified in IUNIT{12). Al
printer output goes to unit 6 as specified in the main program. [f necessary,
the unit number for printer output can be changed to meet the requirements

of a particular computer.

FOR EACH SIMULATION
1. Record: [MEDFM JODNFM THEDUN 1DDNUN
FOR EACH TIME STEP
2. Record: INCOOE IHODFL 1RUDFL ICBCFL
3. Record: Hdpr Ndpr Hdsv Ndsv
(Record 3 is read 0, 1, or NLAY times, depending on the value of INCODE N

IHEDFM--is a code for the formatl in which heads will be printed,
[DONFM--is a code for the format in which drawdowns wiil be printed.

0 - (10611.4) 7 - (20FS5.0)
1 - {11610.3) 8 - (20F5.1)
positive--wrap 2 - (9613.6) 9 - (20F5.2)
3 - {15F7.1) 16 - {20F5.3)
negative--strip o - (15F7.2) 11 - (20F5.4)
5 - (15F7.3) 12 - (10611.4)
6 - {15F7.8)

IHEDUN--is the unit number on which heads will be saved.
TDONUN--is the unit number on which drawcowns will be saved,
TRCODE--is the head/drawdown ouput code.
1f INCODE < 0, layer-by-layer specifications from the last time steps
are used. lnput item 3 is not read.
1f INCODE = 0, all layers are tceated the same way. Input item 3
will consist of one record. I0FLG array will be read.
1f INCODE > 0, input ftem 3 will consist of one record for each layer.
IHDDFL--is a head and drawdown output flaqg.
1f IHODFL = 0, neither heads nor drawdowns will be printed or saved,
1f IHODFL = 0, heads and drawdowns will be printed or saved,
1BUDFL--is a budget print flag.
'f [BUDFL = 0, overall volumetric budget will not be printed.
If IBUDFL = O, overall volumetric budget will be printed.
ICBCFL--is a cell-by-cell flow-term flag.
1f ICRCFL = 0, cell-by-cell flcw terms are not saved or printed.
1f ICRCFL « 0, cell-by-cell flow terms are printed or recorded on disk
depending on flags set in the component of flow packages,
i.n., IWELCB, IRCHCB, etc.
Hdpr--is the output flag for head printout.
1f Mdpr = 0, hzad is not printed for the corresponding layer,
1f Hdpr # 0, head is printed for the corresponding layer.
Odpr--is “he output flag for drawdown printout.
1f Ddpr = 0, drawdown is not printed for the corresponding layer.
1f Ddpr # 0, drawdown is printed for the corresponding layer.
Hdsv--is the output flag for head save.
£ Hdsv = 0, head is not saved for the corresponding layer.
If Hdsv # O, head is saved for the corresponding layer.
Odsv--is the output flag for drawdown save.
1f Ddsv = 0, drawdown is not saved for the corresponding layer.
1f Ddsv 2 0, drawdown is saved for the corresponding layer.

523




3 T e o . - — ST I, B e, Nt e Wit ae - L R -
B iE it e " R o S R S d s S e L s
sl R g sk S e R

Block-Centered Flow Package Input

Input for the BCF Package is read from the unit specifiedkin IUNIT(1),

FOR EACH SIMULATION
1. Record: 155 IBCFCB
- 2, Data:  LAYCON(NLAY) (maximum of RO layers)
Format: 4012
(1f there are 40 or fewer layers, use one record.)

. Array: TRPY(NLAY)
Array: DELR(NCOL)

3
4
5. Array: DELC(NROW)

A11 of the arrays (ftems 6-12) for layer 1 are read first; then all Bf the
arrays for layer 2, etc,

[F THE SIMULATION IS TRANSIENT
6. Array: sf1{NCOL,NROW)

IF THE LAYER TYPE CODE (LAYCON) IS ZERO OR TwO
7. Array: Tran{NCOL,NROW)

IF THE LAYER TYPE CODE (LAYCON) 1S ONE OR THREE
8. Array: MHY(NCOL,NROW)
9. Array: BOT(NCOL,NROW)

IF THIS IS NOT THE BOTTOM LAYER
10. Array: Vcont(NCOL,NROW)

IF VHE SIMULATION IS TRANSIENT AND THE LAYZR TYPE CODE (LAYCON) is TWO OR THREE
11. Array: sf2(NCOL,NROW)

IF THE LAYER TYPE CODE IS TWC OR THREE
12. Array: TOP(NCOL,NROW)

155--is the steady-state flag.
If ISS # 0, the similation is steady state.
If ISS = 0, the simulation fs transient.
IBCFCB--is a flag and a unit number. )
1f IBCFCB > 0, cell-by-cell flow terms will be recorded {f JCBCFL -
{see Output Control} is set.
If IBCFCB = 0, cell-by-cel)l flow terms will not be printed or recorded.
If IBCFCB < 0, print flow for constant-head cells if ICBCFL is set,
LA*CON--is tke 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.
OELC--is the cell width along columns,
sfi--is the primary storage factor.
Tran--is the transmissivity along rows.
HY--is the hydraulic conductivity along rows, .
BOT--is the elevation of the aquifer bottom, '
Vcont--is the vertical hydraulic conductivity divided by the thickness from
3 layer to the layer beneath it,
sf2--is the secondary storage factor.
TOP--is the elevation of the aquifer top.
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River Packaye Input

Input to the River (RIV) Package is read from the unit specified in
T1UNIT(4).

FOR EACH SIMULATION
1. Record: MXRIVYR [RIVCS
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 1TMP 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.

1f IRIVCB < 0, river leakage will be printed if ICBCFL is set.

ITMP--1s a flag and a counter,

If 1TMP < 0, river data from the last stress period will be reused.
If ITHP > 0, TTMP 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 PERICD

2. Record: INRECH INIRCH

3. Array: RECH(NCOL,NROW)
1F THE RECHARGE OPTION IS EQUAL TO 2

4, Array: IRCH(NCOL,NROW)

NRCHOP--is the recharge option code,

1 - Recharge is only to the top grid layer.
2 - Vertical distribution of recharge s specified in array IRCH,
3 - Recharge 1s applied to the highest active cell in each
vertical column,
[RCHCB--is a flag and a unit number,
If IRCHCB > 0, unit number for cell-by-cell fiow 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) Packazge is read from the unit specified in
1INIT(2).

FOR EACH SIMULATION
1. Reco~d: MXWELL IWELCB
FOR EACH STRESS PERIQD
2. Record: ITMP
3. Reacord: Layer Row Column 0
(Input item 3 normally consists of one record for each
well, 1f ITMP is negative or zero, item 3 is not read.)

MIWELL--is the maximum number of wells used at any time,
TWELCB--s a flag and a unit number.

1f 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 < O, well recharge will be printed whenever ICBCFL is set.
[TMP--§s a flag and a counter,
T If ITMP < 0, well data from the last stress period will be reused.

If TTMP > 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
TIUNIT(3).

FOR EACH SIMULATION
1. Record: MXDRN IDRNCB

FOR EACH STRESS PERIOD
2. Racord: I1TMP
3. Record: Layer Row Col Elevation Cond
{Input item 3 normally consists of one record for each drain.
If ITMP is negative or zero, i1tem 3 will not be read.)

MXNRN--is the maximum number of drain cells active at one time,
TORACB--is a flag and a unit number.
If IDRNCB > 0, unit number for cell-hy-celi flow terms,
If IDRNCB = 0, ca2li-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,
[TMP--is a flag and a counter.
If ITMP < 0, drain data from the last stress period will be reused.
If 1TMP > 0, ITMP will be the number of drains active during the current
- stress period.
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Evapotranspiration Package lnput

Input to the Evapotranspiration (EVT) Package is r-ad from the unit
specified in JUNIT (5).

FOR EAZH SIMULATION
1. Record: NEVTOP IEVTCB

FOR EACH STRESS PER]O0D

. Rescord: [INSURF INEVTR INEXDP INIEVT
. Array: SURF

. Array: EVIR

. Array: EXDP

[P P - PSRN ]

IF THE ET OPTION IS EQUAL TO TWG
6. Array: IEVT

NEVIOP--is the evapotranspiration (ET) opt<on code.

1 - ET is calculated only for cells in the top griu layer.

2 - The cell for each vertical column is specified by the
user in array IEVT.

IEVTCB--is a flag and a unit number.
If 1EVTCB > 0, unit number for cell-by-cell flow terms.
If TEVTICB < O, cell-by-cell flow terms will not be printed or
~  recorded.

INSURF--is the €7 surface (SURF) read flag. .
If INSURF > 0, an array containing the ET surface elevation will be
read.
1f INSURF < 0, the ET surface from the preceding stress period will
be reused.
INEVTR-~is similar to INSURF.
INEXDP--is similar to INSURF.

INIEVT--is similar to INSURF.
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General -Head Boundary Package Input

Input for the General-Head Boundary (GHR) Package is read from the unit
specified in IUNIT(7). .

FOR EACH STMULATION

1. Record: MXBND IGHBCSB
FOR EACH STRESS PERIOD
2. Record: 1TMP Boundary
3. Record: Layer Row Column Head Cond

(1nput ftem 3 normally consists of one record for each GHB .,
1f ITMP is negative or zero, ftem 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, )
1f IGHBCB > 0, unit number for cell-by-cell flow terms.
If IGHBCB = 0, cell-by-cell flow terms will nct be printed or
recorded.
1f IGHBCB < 0, boundary leakage for each cell will be printed
whenever ICBCFL is saot.
ITMP--is a flag and a counter.
If ITMP < 0, GHR data from the preceding stress period will be reused.
If ITMP 2> 0, ITMP is the number of aeneral-head boundaries cduring the
current stress period.

Strongly Implicit Procedure Package Input

Input to the Strongly Implicit Procedure (SIP) Package is read from the
unit specified in TUNIT(9).

FOR EACH SIMULATION
1. Record: MX;TER NPARM
2. Record: ACCL HCLOSE IPCALC WSEED [PRSIP

0 - the seed will be entered by the user,
1 - the seed will be calculated at the start of the simulation from
problem parameters,
"PRSIP--is the printout interval for SIP,

Slice-Successive Overrelaxation Package Input

Input to the Slice-Successive Overrelaxation (SOR) Package is read from
the unit specified in IUNIT(11).

FOR EACH SIMULATION
1. Record: MXITER
2. Record: ACCL HCLOSE  IPRSOR

TPRSOR--is the printout interval fcr SOR.
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:PCALC--is a flag indicating where the iteration parameter seed will come from.




