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License

The SWI padageis free software; you can redistribute it and/or modify it under the terms of the
GNU LesserGeneral Public Licenseas published by the Free Software Foundation; either version
2.1 of the License,or (at your option) any later version.

The SWI padkageis distributed in the hope that it will be useful, but WITHOUT ANY WAR-
RANTY; without eventhe implied warranty of MERCHANT ABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE. Seethe GNU LesserGeneral Public Licensefor more details.

You should have received a copy of the GNU LesserGeneral Public Licensealong with the SWI
padkage; if not, write to the Free Software Foundation, Inc., 59 Temple Place, Suite 330, Boston,
MA 02111-1307USA, or go to http://www.gnu.org/copyleft/lesser.html
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1 Mo dule documentation for the SWI Package

This section cortains a description of the modules of the SWI padkage, instructions on how to
implement the SWI padkagein MODFLO W2000, °owcharts, listings of variables and FORTRAN
code of the primary modules and submodules of the SWI padkage.

1.1 Mo dules and submo dules of the SWI package

The SeaWater Intrusion package (SWI1) has four primary modules and four submodules. The
relationships of the modulesto MAIN and to ead other are shovn in Figure 10. The rst three
characters of the namesidentify the modules as being part of the SeaWater Intrusion Padkage;
the next character identi es the versionnumber of the package;the last two charactersidentify the
procedure performedin the module. The proceduresusedby the SeaWater Intrusion Packageare
consistert with proceduresusedby existing padagesin the ground-water °ow model. The modules
are:

2 Primary Modules

{ SWI1AL: Allo catesspacefor data arrays.
{ SWI1RP: Readsand preparesall data neededby the package.

{ SWI1FM: Calculates coexcients of the system of equationsthat are not constart (for-
mulate the nite-di®erence equations).

{ SWI1BD: Calculates°ow terms and movessurfaces(called planesin the code documen-
tation).

2 Submodules

{ SWI1SQR: Calculates discharge betweentwo cells below a given plane in row direction.

{ SWI1SQC: Calculates discharge betweentwo cells below a given plane in column direc-
tion.

{ SWI1SD: Performs matrix multiplication for double precision arrays.

{ SWI1SR: Performs matrix multiplication for real arrays.

1.2 How to implemen t the SWI package in MODFLO W2000

The MAIN program of the ground-water °ow model must be modi ed to call the four modules
of the SeaWater Intrusion Padcage. Call statemerts to the modules of the SeaWater Intrusion
Padkage must be placed in sections of the MAIN program in which the particular procedure is
being carried out for other padages. For example, the SWIIAL module must be called within the
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section of the MAIN program in which other modules that allocate spacefor arrays are called. In
all sectionsof the MAIN program, the call to the Basic (BAS) Padkage module (subroutine) must
comebeforeany other module call statemerts. The FORTRAN call statemerts to be addedto the
MAIN program are as follows:

IF (IUNIT(44).GT.0)
& CALL SWI1AL(ISUMRX,ISUMIR,ISUMZ,NCOL,NROW,NLAY,IUNIT(44),
& IoUT,
& LCZETA,LCSSZ,LCIPLPOS,LCSWICR,LCSWICC,LCSWICUMCR,LCSWICUM
& NZONES,ISTRAT,LCNUTOP,LCNUBOT,LCBRHS,LCQZEXTRA,
& LCSWIAU,LCSWIIUPP,LCSWIAL,LCSWIIEQP,LCSWID4B,LCSWILRCH,
& LCSWIHDCG,LCSWIIBO,LCSWIHCOF,LCSWIDE45CR,LCSWIDE45CC,
& LCSWIDE45CV,LCDUM,ISWIZT,NPRS,LCEPS,LCDELNUS,LCNUSANENUPL

IF (IUNIT(44).GT.0)
&  CALLSWILRP(RX(LCNUS),NZONES, TOESLOPE, TIPSLOPE,ZETAMIN,
& DELZETA,ISTRAT,RX(LCZETA),RX(LCSSZ),IR(LCIPLPOS),NCOL NRQAY,
& GX(LCBOTM),NBOTM,IUNIT(44),I0UT,RX(LCDELNUS),RX(LCEPS),
& RX(LCNUPLANE))

IF (IUNIT(44).GT.0)
& CALL SWI1FM(GX(LCBOTM),NBOTM,RX(LCEPS),RX(LCNUS),
& RX(LCDELNUS),IG(LCIBOU),GZ(LCHNEW),GX(LCCR),GX(LCCC)G&(),
& GX(LCHCOF),GX(LCRHS),
& NCOL,NROW,NLAY,NZONES, IR(LCIPLPOS),RX(LCZETA),
& RX(LCSWICR),RX(LCSWICC),RX(LCSWICUMCR),RX(LCSWICUMCC),
& GX(LCDELR),GX(LCDELC),RX(LCNUTOP),RX(LCNUBOT),RX(LC@JEXTR

IF (IUNIT(44).GT.0)
& CALL SWI1BD(DELT,TOESLOPE, TIPSLOPE,ZETAMIN,DELZETA,
& RX(LCEPS),RX(LCNUS),RX(LCDELNUS),
& IG(LCIBOU),GZ(LCHNEW),GX(LCCR),GX(LCCC),GX(LCCV),
& GX(LCHCOF),GX(LCRHS),
& NCOL,NROW,NLAY,NZONES, IR(LCIPLPOS),RX(LCZETA),RX(LCSSZ),
& RX(LCSWICR),RX(LCSWICC),RX(LCSWICUMCR),RX(LCSWICUMCC),
& GX(LCDELR),GX(LCDELC),RX(LCNUTOP),RX(LCNUBOT),RX(LCBRHS),
& RX(LCSWIAU),IR(LCSWIIUPP),RX(LCSWIAL),IR(LCSWIIEQP),
& RX(LCSWID4B),IR(LCSWILRCH),
& RX(LCSWIHDCG),IR(LCSWIIBO),RX(LCSWIHCOF), RX(LCQZEXTRA),
& RX(LCSWIDE45CRY),RX(LCSWIDE45CC),RX(LCSWIDE45CV),RX(L.CDUM)
& I0UT,ISWIZT,NPRS,NSTP(KKPER),KSTP)

In this casethe SWIi-packageis assignedto IUNIT(44). This is accomplishedby placing the
"SWI" keyword in the 44th elemen of CUNIT in the MAIN program.
1.3 Mo dule SWI1AL
Variables of module SWI1AL

Variable Range Description

ID4ADIM package 5 -- for a 2-dimensional grid.7 -- for a 3-dimensional grid.
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Figure 2: Flowchart of module SWI1AL
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ID4DIR package Flag that indicates the relative size of NCOL,NROWand NLAY

IN package unit number for the SWI- inputfile

I0UT global  Primary unit number for all printed output.

ISOLD module Value of ISUMupon entry to this module.

ISOLDI module Value of ISUMI upon entry to this module.

ISOLDZ module Value of ISUMZupon entry to this module.

ISP module Amount of space used by this package

ISTRAT package Flag indicating density distribution ( 0 = lineair between planes, 1= constant between planes)
ISUM global  Element number of the lowest element in the X array that has not yet been allocated
ISUMI global  Element number of the lowest element in the IX array that has not yet been allocated
ISUMZ global  Element number of the lowest element in the GZarray that has not yet been allocated
ISWIZT package Flag and Unit number, if ISWIZT>0unit number for ZETAelse ZETAwill not be recorded

LCBRHS package Location in the X array of the first element of array BRHS
LCDELNUS package Location in the X array of the first element of array DELNUS
LCDUM package Location in the GZarray of the first element of array DUM
LCEPS package Location in the X array of the first element of array EPS
LCIPLPOS package Location in the IX array of the first element of array IPLPOS
LCNUBOT package Location in the X array of the first element of array NUBOT
LCNUPLANE package Location in the X array of the first element of array NUPLANE
LCNUS package Location in the X array of the first element of array NUS
LCNUTOP  package Location in the X array of the first element of array NUTOP
LCQZEXTRA package Location in the X array of the first element of array QZEXTRA
LCSSz package Location in the X array of the first element of array SSZ
LCSWIAL package Location in the X array of the first element of array AL
LCSWIAU package Location in the X array of the first element of array AU
LCSWICC  package Location in the X array of the first element of array SWICC
LCSWICR package Location in the X array of the first element of array SWICR
LCSWICUMC@ackage Location in the X array of the first element of array SWICUMCC
LCSWICUMCRackage Location in the X array of the first element of array SWICUMCR
LCSWID4B package Location in the X array of the first element of array SWID4B
LCSWIDE45Cgackage Location in the X array of the first element of array SWIDE45CC
LCSWIDE45Cpackage Location in the X array of the first element of array SWIDE45CR
LCSWIDE45Cpackage Location in the X array of the first element of array SWIDE45CV
LCSWIHCOF package Location in the X array of the first element of array SWIHCOF
LCSWIHDCG package Location in the X array of the first element of array SWIHDCG
LCSWIIBO package Location in the IX array of the first element of array SWIIBO
LCSWIIEQP package Location in the IX array of the first element of array SWIEQP
LCSWIIUPP package Location in the IX array of the first element of array SWIIUPP
LCSWILRCH package Location in the IX array of the first element of array LRCH
LCZETA package Location in the X array of the first element of array ZETA

MXBW package the maximumband width plus 1 of the [AL] matrix

MXEQ package MXUP+MXLOW

MXLOW package The maximumallowed number of equations in the lower part of [A].
MXUP package The maximumallowed number of equations in the upper part of [A].
NBWGRD package One plus the product of the two smallest grid dimensions.

NCOL global  Numberof columns

NHALFL package the maximumpossible number of equations in the lower part of [A]
NHALFU package the maximumpossible number of equations in the upper part of [A]
NLAY global  Numberof layers

NLAYSWI module One

NODES global  Numberof nodes

NPLN module Numberof planes

NPRS package Print out interval
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NROW global  Numberof rows
NZONES package Numberof zones

FORTRAN code of SWI1AL

SUBROUTINSEWI1AL(ISUM,ISUMI,ISUMZ,NCOL,NROW,NLAY,IN,IOUT,
1 LCZETA,LCSSZ,LCIPLPOS,LCSWICR,LCSWICC,LCSWICUMCR,LGSWICUMC
2 NZONES,ISTRAT,LCNUTOP,LCNUBOT,LCBRHS,LCQZEXTRA,
3 LCSWIAU,LCSWIIUPP,LCSWIAL,LCSWIIEQP,LCSWID4B,LCSWILRCH,
4 LCSWIHDCG,LCSWIIBO,LCSWIHCOF,LCSWIDE45CR,LCSWIDE45CC,
5 LCSWIDE45CV,LCDUM,ISWIZT,NPRS,LCEPS,LCDELNUS,LCNUSANENUPL

Kk kk kk kk

ALLOCATRARRAYSTORAGEORSEAWATERNTRUSIONPACKAGE

Kk Kk kk kk

SPECIFICATIONS:

O0O0O0000

C1---IDENTIFY PACKAGENDINITIALIZE
WRITE(IOUT, 1)IN
1 FORMAT(LX,/1X,'SWI1-- SWIPACKAGEVERSIOND.1, 29-Nov-2002',
1' INPUT READFROMUNIT',I3)

C
C2---—--READ & PRINT NUMBERF PLANES
oy J— & DENSITYOPTIONSANDUNIT ORFLAGFORSAVINGZETA
READ(IN,2) NPLN,ISTRAT,ISWIZT,NPRS
2 FORMAT(4110)
IF (ISWIZT.GT.0) WRITE(IOUT,3) ISWIZT
3 FORMAT(1X, ZETAVILL BE SAVEDON UNIT',13)
C

C3-----CHECK TO SEE THATNUMBERF PLANESS AT LEASTI,
C3----PRINT VALUE
IF(NPLN.GT.0) THEN
WRITE(IOUT,6) NPLN
6 FORMAT(1X, TOTANUMBERF PLANES',13)
ELSE
WRITE(IOUT,?)
7 FORMAT(1X,’ABORTINGYUMBERF PLANES.ESSTHANL...)
STOP
ENDIF

C4-----WRITE DENSITYOPTIONSTO LIST FILE
IF(ISTRAT.EQ.1) WRITE(IOUT,8)
8 FORMAT(1X,ISTRATL - STRATIFIEDFLOW')
IF(ISTRAT.EQ.0) WRITE(IOUT,9)
9 FORMAT(1X,ISTRAT -- VARIABLEDENSITYFLOW')

NZONES=NPLN+1,

C5----- COPIED FROMDE45PACKAGBUBSTITUTENLAYBY 1
C5------ CALCULATE BANDWIDTH
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NLAYSWI=1
NODES=NCOL*NROW*NLAYSWI
NHALFU=(NODES-1)/21
NHALFL=NODES-NHALFU
IDADIM=7
IF(NLAYSWI.LE.NCOLAND. NLAYSWI.LE.NROWHEN
IF(NLAYSWI.EQ.1) ID4DIM=5
IF(NCOL.GE.NROWJHEN
ID4DIR=1
NBWGRD=NROW*NLAYSWI+1
ELSE
ID4DIR=2
NBWGRD=NCOL*NLAYSWI+1
ENDIF
ELSEIF(NROW.LE.NCOLAND. NROW.LE.NLAYSWIHEN
IF(NROW.EQ.1) ID4DIM=5
IF(NCOL.GE.NLAYSWITHEN
IDADIR=3
NBWGRD=NROW*NLAY SWI+1
ELSE
IDADIR=4
NBWGRD=NROW*NCOL+1
ENDIF
ELSE
IF(NCOL.EQ.1) ID4DIM=5
IF(NROW.GE.NLAYSWIJHEN
ID4DIR=5
NBWGRD=NCOL*NLAYSWI+1
ELSE
ID4DIR=6
NBWGRD=NCOL*NROW+1
ENDIF
ENDIF
MXUP=NHALFU
MXLOW=NHALFL
MXBW=NBWGRD
MXEQ=MXUP+MXLOW

Cc
C6------ ALLOCATE SPACEH-ORTHEDE4ARRAYS.
ISOLD=ISUM
ISOLDI=ISUMI
ISOLDZ=ISUMZ

LCSWIAU=ISUM
ISUM=ISUM+MXUP*ID4DIM
LCSWIHUPP=ISUMI
ISUMI=ISUMI+MXUP*ID4DIM
LCSWIAL=ISUM
ISUM=ISUM+MXLOW*MXBW
LCSWIIEQP=ISUMI
ISUMI=ISUMI+NODES
LCSWID4B=ISUM
ISUM=ISUM+MXEQ
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Cc
C8

LCSWILRCH=ISUMI
ISUMI=ISUMI+HITMX*3
LCSWIHDCG=ISUM
ISUM=ISUM+ITMX
LCSWIIBO=ISUMI
ISUMI=ISUMI+NROW*NCOL
LCSWIHCOF=ISUM
ISUM=ISUM+NCOL*NROW
LCSWIDE45CR=ISUM
ISUM=ISUM+NCOL*NROW
LCSWIDE45CC=ISUM
ISUM=ISUM+NCOL*NROW
LCSWIDE45CV=ISUM
ISUM=ISUM+NCOL*NROW

----ALLOCATE SPACH-OR SWI ARRAYS.

LCZETA=ISUM
ISUM=ISUM+(NZONES+1)*NROW*NCOL*NLAY
LCSSZ=ISUM
ISUM=ISUM+NCOL*NROW*NLAY

LCEPS=ISUM
ISUM=ISUM+NZONES
LCNUS=ISUM
ISUM=ISUM+NZONES
LCDELNUS=ISUM
ISUM=ISUM+NZONES
LCNUPLANE=ISUM
ISUM=ISUM+NZONES+1

LCSWICR=ISUM
ISUM=ISUM+NZONES*NROW*NCOL*NLAY
LCSWICC=ISUM
ISUM=ISUM+NZONES*NROW*NCOL*NLAY
LCSWICUMCR=ISUM
ISUM=ISUM+NZONES*NROW*NCOL*NLAY
LCSWICUMCC=ISUM
ISUM=ISUM+NZONES*NROW*NCOL*NLAY
LCNUTOP=ISUM
ISUM=ISUM+NROW*NCOL*NLAY
LCNUBOT=ISUM
ISUM=ISUM+NROW*NCOL*NLAY
LCBRHS=ISUM
ISUM=ISUM+NROW*NCOL*NZONES
LCQZEXTRA=ISUM
ISUM=ISUM+NROW*NCOL*NLAY
LCDUM=ISUM
ISUM=ISUM+2*NROW*NCOL
LCIPLPOS=ISUMI
ISUMI=ISUMI+NZONES*NROW*NCOL*NLAY

----PRINT AMOUNDF SPACBJSEDBY SWI PACKAGE.

ISP=ISUM-ISOLD
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WRITE(IOUT,30)ISP

30 FORMAT(1X,110, ELEMENTS\ RX ARRAYAREUSEDFORSWI')
ISP=ISUMI-ISOLDI
WRITE(IOUT,40)ISP

40 FORMAT(1X,110, ELEMENTS\ IR ARRAYAREUSEDFORSWI')

C9------ RETURN

RETURN
END

1.4 Mo dule SWI1RP
Variables used in module SWI1RP

Variable Range Description

BOTM global Bottom elevation of a model layer or quasi 3D confining bed
DELNUS package difference in NUSbetween zones
DELZETA package Elevation for a plane whenit is movedinto an adjacent empty cell

EPS package Epsilon, variation of density within zone

IN package unit number for the SWI- inputfile

I0UT global  Primary unit number for all printed output.

IPLPOS package Flag indicating plane position (1=top, 2=bottom, O=in between)
ISTRAT package Flag indicating density distribution ( 0 = lineair between planes,
1z module Loop variable for zones

K module Loop variable for layers

KK module Loop variable for layers

NBOTM global  Numberof layers and quasi-3d layers

NCOL global  Numberof columns

NLAY global  Numberof layers

NROW global  Numberof rows

NUPLANE  module Value of NUfor the planes

NUS module The values of NUS

NZONES package Numberof zones

SSz package Effective  porosity

TIPSLOPE package Maximumslope of tipcells

TOESLOPE package Maximumslope of toecells

ZETA package Elevation of the planes

ZETAMIN package Minimumelevation of a plane before it is removed from a cell
ZETANAME module Identification for printing to list-file

FORTRAN code of module SWI1RP

SUBROUTINEWI1RP(NUS,NZONES, TOESLOPE, TIPSLOPE,ZETAMIN,DELZETA,
1 ISTRAT,ZETA,SSZ,IPLPOS,NCOL,NROW,NLAY,BOTM,NBOTM,IN,IOUT,
2 DELNUS,EPS,NUPLANE)

Cc

C-----VERSION 1 19-7-2002 SWI1RP

C *%k k% kk k%
C *k kk kk kk

COMMQRISCOM/LBOTM(200)

1= constant

between planes)

Septenber 10, 2004
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Figure 3: Flowchart of module SWI1RP
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DIMENSIONLETA(NCOL,NROW,NLAY ,NZONESBOTM(NCOL,NROW,0:NBOTM)
DIMENSIONSSZ(NCOL,NROW,NLAY)

REALNUS(NZONES)
REALNUPLANE(NZONES+1)
REALDELNUS(NZONES)
REALEPS(NZONES)
CHARACTER*ZETANAME
C ——mm e e
C

Cl----READ SIMULATIONPARAMETERS
READ(IN,'(F10.0,F10.0,F10.0,F10.0)))
1 TOESLOPE, TIPSLOPE,ZETAMIN,DELZETA

IF (ISTRAT.EQ.1) THEN

C2-----READ NUFOREACHZONE(NZONES)
CALL U1DREL(NUS,' NUZONE',NZONES, N, I0UT)
C3----SET EPSEQUALTO ZERO
DO1Z=1,NZONES
EPS(12)=0.0
ENDDO

ELSEIF (ISTRAT.EQ.0) THEN

Cc
C4------ READ NUPLANEOREACHPLANE(NZONES+1)

CALLUI1DREL(NUPLANE, NUPLANE',NZONES+1,IN,IOUT)
Cc

C5------CALCULATE NUANDEPSFROMIUPLANE
DOIZ=1,NZONES
NUS(1Z)=0.5*(NUPLANE(IZ)+NUPLANE(IZ+1))
EPS(1Z)=(NUPLANE(1Z+1)-NUPLANE(IZ))/6
ENDDO

ENDIF

C

C6------CALCULATE DELNUS-ROMNUS
DELNUS(1)=NUS(1);
DOIZ=2,NZONES
DELNUS(I1Z)=(NUS(12)-NUS(1Z-1))
ENDDO

C7----- READ ZETAFOREACHPLANE
DO55 1Z=2,NZONES
DO55 K=1,NLAY

KK=K
WRITE(ZETANAME,111¥-1
111 FORMAT(' ZETAPLANE,I2)

Septenber 10, 2004
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CALL U2DREL(ZETA(1,1,K,1Z),ZETANAME,
1 NROW,NCOL,KK,IN,IOUT)
55 CONTINUE

C8------ READ SSZFOREACHLAYER
DO110 K=1,NLAY
KK=K
CALLU2DREL(SSZ(1,1,K), SSZ°,
1 NROW,NCOL,KK,IN,IOUT)
110 CONTINUE

C

C9-----RETURN
RETURN
END

1.5 Mo dule SWI1FM
Variables used in module SWI1FM

Variable Range Description

BBOT global Bottom of cell in loop

BOTM global Bottom elevation of a model layer or quasi 3D confining bed

CcC global  Branch conductance in column direction

CR global  Branch conductance in row direction

Ccv global  Branch conductance in vertical direction

DELC global DIMENSIONNROW)cell  width

DELNUS package difference in NUSbetween zones

DELR global DIMENSIONNCOL) cell  width

DZETA1 module Thickness of zone in current cell

DZETA2 module Thickness of zone in adjacent cell

EPS package Epsilon, variation of density within zone

HCOF global DIMENSIONNCOL,NROW,NLAYCoefficient  of head in the finite-difference
HEADDIFF module Head difference  between layers caused by density differences

HHD module Height of the watertabel

HNEW global DIMENSIONNCOL,NROW,NLAYMost recent estimate of head in each cell

| module Loop variable for rows
IBOUND global DIMENSIONNCOL,NROW,NLAYStatus of each cell

I0UT global  Primary unit number for all printed output.
IPLPOS package Flag indicating plane position (1=top, 2=bottom, O=in between)
1z module Loop variable for zones

IZREV module Reverse loop variable for zones

J module Loop variable for columns

K module Loop variable for layers

NBOTM global  Numberof layers and quasi-3d layers
NCOL global  Numberof columns

NLAY global  Numberof layers

NROW global  Numberof rows

NUBOT module Value of NUbelow the lowest zone

NUS module The values of NUS

NUTOP module Value of NUof the upper zone

NZONES package Numberof zones
QZEXTRA  module Extra discharge due to headdiff

RHS global DIMENSIONNCOL,NROW,NLAYRight-hand side of the finite-difference equation.

Septenber 10, 2004
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Figure 4: Flowchart for module SWI1FM

Septenber 10, 2004

15



Bakker and Schaars

SWI Manual, Version 0.1

SuU
SuU

MSWICC module Sumof CCfor current cell
MSWICR module Sumof CRfor current cell

SUMTHICKFFmodule Sumof thicknesses of zones between this cell ande the one to the right
SUMTHICKRFmodule Sumof thicknesses of zones between this cell ande the one to the front
SWICC package Conductance in column direction for each zone

SWICR package Conductance in row direction for each zone

SWICUMCC package Cumulative conductance in column direction for each zone

SWICUMCR package Cumulative conductance in row direction for each zone

THICKFF module Thickness of zones between this cell and the one to the right
THICKRF module Thickness of zones between this cell and the one to the front
TTOP module Top of cell in loop

ZETA package Elevation of the planes

FORTRAN code of module SWI1FM

SUBROUTINEWI1IFM(BOTM,NBOTM,EPS,NUS,DELNUS,IBOUND,HNEW,CR,CC,
& CV,HCOF,RHS,NCOL,NROW,NLAY,NZONES,IPLPOS,ZETA,SWICR,SWICC,
& SWICUMCR,SWICUMCC,DELR,DELC,NUTOP,NUBOT,QZEXTRA)

C-----VERSION 1 9AUG2002SWI1FM

O0O000O0

Kk Kk kk kk

ADDSWI TERMS O RHSANDHCOF

*%k kk kk k%

SPECIFICATIONS:

COMMORISCOM/LBOTM(200)
COMMQONPFCOM/LAYTYP(200),LAYAVG(200),CHANI(200),LAYVKA(200),

1 LAYWET(200)
DIMENSIONCR(NCOL,NROW,NLAY),CC(NCOL,NROW,NLAY),CV(NCOL,NROW,NLAY)
DIMENSIONZETA(NCOL,NROW,NLAY,NZONES+1),BOTM(NCOL,NROW,0:NBOTM)
DIMENSIONPLPOS(NCOL,NROW,NLAY,NZONES)

DOUBLIPRECISIONHNEW
DIMENSIONBOUND(NCOL,NROW,NLAY),HNEW(NCOL,NROW,NLAY),

1 HCOF(NCOL,NROW,NLAY),RHS(NCOL , NROW,NLAY)
DIMENSIONSWICR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICC(NCOL,NROW,NLAY,NZONES)

DIMENSIONSWICUMCR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCC(NCOL,NROW,NLAY,NZONES),DELR(NCOL),DELC(NROW)
REALNUS(NZONES),EPS(NZONES),DELNUS(NZONES)
REALNUTOP(NCOL,NROW,NLAY),NUBOT(NCOL,NROW,NLAY)
REALQZEXTRA(NCOL,NROW,NLAY)

------- SET  FIRST ANDLAST PLANEEQUALTO TOPANDBOTTONDF THE AQUIFER
DO90 K=1,NLAY
DOY0 1=1,NROW
D090 J=1,NCOL
BBOT=BOTM(J,|,LBOTM(K))
TTOP=BOTM(J,|,LBOTM(K)-1)
IF(BBOT.GT.TTOP) THEN
WRITE(IOUT,35) K,1,J
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35 FORMAT(1X,/1X,'Negative cell thickness at (layer,row,col)’,
1 14,'",14,'',14)
WRITE(IOUT,36) TTOP,BBOT
36 FORMAT(1X, Topelevation,  bottom elevation:',1P,2G13.5)
STOP
ENDIF
IF(LAYTYP(K).NE.O) THEN
HHD=HNEW(J,!,K)
IF(HHD.LT.TTOP) TTOP=HHD
ENDIF
ZETA(J,1,K,1)=TTOP
ZETA(@J,,K,NZONES+1)=BBOT
90 CONTINUE
Cc
C2----COMPUTEHORIZONTA(CUMULATIVECONDUCTANEEBREACHZONE
DO120 K=1,NLAY
DO 120 1=1,NROW
DO120 J=1,NCOL
SUMTHICKRF=0
SUMTHICKFF=0
DOI1Z=1,NZONES
IF(J.NE.NCOL) THEN
DZETA1=ZETA(J,|,K,12)-ZETA(J,|,K,1Z+1);
DZETA2=ZETA(J+1,1,K,1Z)-ZETA@J+1,1,K,|1Z+1);
IF (DZETAL1.LE.O .OR. DZETA2.LE.0) THEN

THICKRF=0
ELSE
THICKRF=(DZETA1*DELR(J+1)+DZETA2*DELR(J))/
& (DELR(J)+DELR(J+1))
ENDIF

SWICR(J,1,K,1Z)=CR(J,1,K)*THICKRF
SUMTHICKRF=SUMTHICKRF+THICKRF
ELSE
SWICR(J,1,K,12)=0
SUMTHICKRF=1
ENDIF
IF(.LNE.NROW) THEN
DZETA1=ZETA(J,|,K,12)-ZETAQ,1 K,1Z+1)
DZETA2=ZETA(J,1+1,K,12)-ZETA(J,1+1,K,1Z+1)
IF (DZETAL.LE.0 .OR. DZETA2.LE.0) THEN

THICKFF=0
ELSE
THICKFF=(DZETA1*DELC(I+1)+DZETA2*DELC(I))/
& (DELC(I)+DELC(l+1))
ENDIF

SWICC(J,1,K,12)=CC(J,1,K)*THICKFF
SUMTHICKFF=SUMTHICKFF+THICKFF
ELSE
SWICC(J,1,K,12)=0
SUMTHICKFF=1
ENDIF
ENDDO
DOIZ=1,NZONES
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SWICR(J,1,K,1Z)=SWICR(J,|,K,1Z)/SUMTHICKRF
SWICC(J,1,K,1Z)=SWICC(J,,K,1Z)/SUMTHICKFF
ENDDO
SUMSWICR=0
SUMSWICC=0
DOIZ=1,NZONES
SUMSWICR=SUMSWICR+SWICR(J,I,K,NZONES+1-1Z)
SUMSWICC=SUMSWICC+SWICC(J,,K,NZONES+1-1Z)
SWICUMCR(J,1,K,NZONES+1-1Z)=SUMSWICR
SWICUMCC(J,1,K,NZONES+1-1Z)=SUMSWICC
ENDDO
120 CONTINUE

C3----SET IPLPOS (1=top,
DO130 K=1,NLAY
DO130 I=1,NROW
DO130 J=1,NCOL
IPLPOS(J,1,K,1)=0
DO130 1Z=2,NZONES
IF (ZETA@,I,K,12).GE.ZETA(J,,K,1))
IPLPOS(J,1,K,12)=1
ELSEIF (ZETA(J,I,K,1Z).LE.ZETA(J,|,K,NZONES+1))
IPLPOS(J,1 K,1Z)=2
ELSE
IPLPOS(J,1,K,12)=0
ENDIF
130 CONTINUE

2=bottom, 0O=in between)

THEN

THEN

C4----SET ZONECONDUCTANCESZEROIF NOTCELL ONEITHERSIDE HASACTIVE ZONE
DO140 K=1,NLAY
DO140 I=1,NROW
DO140 J=1,NCOL
DO140 1Z=2,NZONES-1
IF (J.NE.NCOL) THEN
IF (IPLPOS(J,,K,IZ)+IPLPOS(J+1,1,K,I1Z)+
1 IPLPOS(@J,1,K,IZ+1)+IPLPOS(J+1,1,K,IZ+1)).NE.0)
SWICR(J,1,K,12)=0
ENDIF
ENDIF
IF (I.NE.NROW) THEN
IF ((IPLPOS(J,1,K,IZ)+IPLPOS(J,1+1,K,1Z)+
1 IPLPOS(@J,|,K,IZ+1)+IPLPOS(J,1+1,K,1Z+1)).NE.0)
SWICC(J,1,K,12)=0
ENDIF
ENDIF
140 CONTINUE

THEN

THEN

C5-------COMPUTE NUTORNDNUBOT
DO150 K=1,NLAY
DO150 I=1,NROW
DO150 J=1,NCOL
NUTOP(J,1,K)=NUS(1)
NUBOT(J,1,K)=NUS(NZONES)
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DO150 1Z=2,NZONES

IF (IPLPOS(J,I,K,1Z).EQ.1)  THEN
NUTOP(J,1,K)=NUTOP(J,1,K)+DELNUS(1Z)
ENDIF

IZREV=NZONES-1Z+2

IF (IPLPOS(J,|,K,IZREV).EQ.2) THEN
NUBOT(J,,K)=NUBOT(J,I,K)-DELNUS(IZREV)
ENDIF

150 CONTINUE

C6-------COMPUTE QZEXTRA
DO160 K=1,NLAY
DO160 I=1,NROW
DO160 J=1,NCOL
QZEXTRA(J,1,K)=0
HEADDIFF=0
IF (KNE.1) THEN
DO1Z=2,NZONES+1
HEADDIFF=HEADDIFF-
&  NUS(IZ-1)ZETA(,I,K-1,12)-ZETA(J,1,K-1,1Z-1))
ENDDO
QZEXTRA(J,1,K)=-CV(J,1,K-1)*
& (HEADDIFF+0.5*ZETA(J,|,K-1,NZONES+1)-ZETA(J,|,K,1))
& *(NUBOT(J,1,K-1)+NUTOP(J,1,K)))
ENDIF
160 CONTINUE

C7----ADD QZEXTRAO RHS

DO170 K=1,NLAY

DO170 1=1,NROW
DO170 J=1,NCOL
RHS(J,1,K)=RHS(J,1,K)+QZEXTRA(J,I,K)

IF (K.NE.NLAY) THEN
RHS(J,1,K)=RHS(J,1,K)-QZEXTRA(J,1,K+1)
ENDIF

170 CONTINUE

C8-----ADD TO RHSDUETO DENSITYDIFFERENCES
DO180 K=1,NLAY
DO180 I=1,NROW
DO180 J=1,NCOL
DO180 1Z=1,NZONES

[opm—— =13 SR o Yo c—
IF (J.NE.1) THEN
RHS(J,1,K)=RHS(J,1,K)-DELNUS(1Z)*
SWICUMCR(J-1,1,K,1Z)*(ZETAWJ-1,1,K,12)-ZETAQ,1 K, 12))+
EPS(1Z)*SWICR(J-1,1,K,1Z)*(
(ZETA(I-1,1,K,12)-ZETAQ-1,1,K,1Z+1))-
(ZETAQ,1K,12)-ZETA@J,1,K,1Z+1)))

R R R Ro

ENDIF

[og— [2{lcTR I =7-Yo) ——
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IF (J.NE.NCOL) THEN
RHS(J,1,K)=RHS(J,1,K)-DELNUS(1Z)*
SWICUMCR(J, 1K, IZ)*(ZETA@J+1,1,K,12)-ZETAQ, 1K, 12))+
EPS(1Z)*SWICR(J, K, 1Z)*(
(ZETA@I+1,1,K,1Z)-ZETAQ+1,1,K,1Z+1))-
(ZETAQ,1K,12)-ZETA@J,1,K,1Z+1)))

R R R Ro

ENDIF

IF (IINE.1) THEN
RHS(J,1,K)=RHS(J,1,K)-DELNUS(1Z)*
SWICUMCC(J,I-1,K,IZ)*(ZETA(J,I-1,K,12)-ZETAQ, 1K, 12))+
EPS(1Z)*SWICC(J,I-1,K,1Z)*(
(ZETA@J,1-1,K,12)-ZETAQ,I-1,K,1Z+1))-
(ZETAQ,1K,12)-ZETA@J,1,K,1Z+1)))

R R R Ro

ENDIF

IF (I.NE.NROW) THEN
RHS(J,1,K)=RHS(J,1,K)-DELNUS(1Z)*
SWICUMCC(J,1,K,IZ)*(ZETA(J,1+1,K,12)-ZETA(J, 1K, 1Z))+
EPS(IZ)*SWICC(J,1,K,1Z)*(
(ZETA@J,1+1,K,12)-ZETAQ, 1+1,K,1Z+1))-
(ZETA(J,1,K,12)-ZETA(J,1K,1Z+1)))

R R R0 Ro

ENDIF
180 CONTINUE
C9------ RETURN
RETURN
END

1.6 Mo dule SWI1BD
Variables used in module SWI1BD

Variable Range Description

B module DIMENSIONMXEQ), the vector {b}.

BRHS module Right Hand Side values for one zone.

CcC global  Branch conductance in column direction

CR global Branch conductance in row direction

CcVv global  Branch conductance in vertical direction

DELC global DIMENSIONNROWcell width

DELNUS package difference in NUSbetween zones

DELR global DIMENSIONNCOL) cell  width

DELT global  Length of the current time step.

DELZETA package Elevation for a plane whenit is movedinto an adjacent empty cell
EPS package Epsilon, variation of density within zone

HCLOSE global  head change closure criterion

HCOF global DIMENSIONNCOL,NROW,NLAYCoefficient of head in the finite-difference
HDCG module DIMENSIONMXITER), Maximumhead change for each iteration.

HNEW global DIMENSIONNCOL,NROW,NLAYMost recent estimate of head in each cell
| module Loop variable for rows

IBO module Logical variable IBO equals one for active cells zero otherwise
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Figure 5: Flowchart for module SWI1BD
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IBOUND
ICNVG
ICOUNT
ID4ADIM
ID4DIR
IEQP
IFREQ
IoUT
IPLPOS
ISWIZT
V4

1Z2

1Z3
IZREV

J

K
KKITER
KKPER
KKSTP
KSTP
LRCH
MUTD4
MXBW
MXEQ
MXLOW
MXUP
NBWGRD
NCOL
NHALFL
NHALFU
NITER
NLAY
NLAYSWI
NODES
NPRS
NROW
NSTP
NUBELBOT
NUBOT
NUONTOP
NUS
NUTOP
NZONES
Q
QzBOT
QZEXTRA
QZTOP
RHS
Ssz
SwiCC
SWICR
SWICUMCC
SWICUMCR

global
global
module
package
package
package
package
global
package
package
module
module
module
module
module
module
global
global
global
global
package
package
package
package
package
package
package
global
package
package
global
global
module
global
package
global
global
module
module
module
module
module
package
module
module
module
module
global
package
package
package
package
package

DIMENSIONNCOL,NROW,NLAYGtatus of each cell

Flag that is set to one when convergence has occurred.

Counter to calculate average

5 -- for a 2-dimensional grid.7 -- for a 3-dimensional grid.

Flag that indicates the relative size of NCOL,NROWand NLAY
DIMENSIONNCOL,NROW,NLAYD4 order number for model cells.

indicates the frequency at which stress and conductance terms in [A] change.
Primary unit number for all printed output.

Flag indicating plane position (1=top, 2=bottom, O=in between)

Flag and Unit number, if ISWIZT>0unit number for ZETAelse ZETAwill not be recorded

Loop variable for zones

Loop variable for zones

Loop variable for zones

Reverse loop variable for zones

Loop variable for columns

Loop variable for layers

Current iteration  step

Current stress period

Loop variable for timesteps

Loop variable for timesteps

Layer, row, and column of the cell containing the maximumhead change (HDCG)for
Print flag

the maximumband width plus 1 of the [AL] matrix

MXUP+MXLOW

The maximumallowed number of equations in the lower part of [A].
The maximumallowed number of equations in the upper part of [A].
One plus the product of the two smallest grid dimensions.
Numberof columns

the maximumpossible number of equations in the lower part of [A]
the maximumpossible number of equations in the upper part of [A]
the maximumnumber of internal iterations

Numberof layers

One

Numberof nodes

Print out interval

Numberof rows

Numberof timesteps

Value of NUbelow the current zone

Value of NUbelow the lowest zone

Value of NUabove the upper zone

The values of NUS

Value of NUof the upper zone

Numberof zones

Discharge between two adjacent cells

Density flow through bottom of current cell

Extra discharge due to headdiff

Density flow through top of current cell
DIMENSIONNCOL,NROW,NLAYRight-hand side of the finite-difference equation.
Effective  porosity

Conductance in column direction for each zone

Conductance in row direction for each zone

Cumulative conductance in column direction for each zone
Cumulative conductance in row direction for each zone

each iteration.
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SWIDE45CC package Conductance in column direction for one layer
SWIDE45CR package Conductance in row direction for one layer
SWIDELT module one

SWIHCOF  package HCOFRor one layer

TIPSLOPE package Maximumslope of tipcells

TOESLOPE package Maximumslope of toecells

ZB module Zeta of the first zone

ZETA package Elevation of the planes

ZETAAVG module Average zeta of crossing planes

ZETAC module Zeta of the current cell

ZETAMIN package Minimum elevation of a plane before it is removed from a cell
T module Zeta of the last zone

FORTRAN code of module SWI1BD

SUBROUTINEWI1BD(DELT,TOESLOPE, TIPSLOPE,ZETAMIN,DELZETA,
EPS,NUS,DELNUS,IBOUND,HNEW,CR,CC,
CV,HCOF,RHS,NCOL,NROW,NLAY ,NZONES,IPLPOS,ZETA,SSZ,SWICR,SW
SWICUMCR,SWICUMCC,DELR,DELC,NUTOP,NUBOT,BRHS,
AU,IUPP,AL,IEQP,

B,LRCH,HDCG,IBO,SWIHCOF,QZEXTRA,
SWIDE45CR,SWIDE45CC,SWIDE45CV,DUM,IOUT,ISWIZT,NPRS,NEJP,KS

R R R R R R

C-----VERSION 1 9AUG2002SWI1BD

Kk Kk kk kk

Cc

C CALCULATBNDSAVEZETAFORSWI PACKAGE

C *%k kk k% k%
Cc

C

SPECIFICATIONS:
DIMENSIONBRHS(NCOL,NROW,NZONES),SSZ(NCOL,NROW,NLAY)
DIMENSIONCR(NCOL,NROW,NLAY),CC(NCOL,NROW,NLAY),CV(NCOL,NROW,NLAY)
DIMENSIONZETA(NCOL,NROW,NLAY,NZONES+1)
DIMENSIONPLPOS(NCOL,NROW,NLAY,NZONES)
DOUBLEPRECISIONHNEW
DIMENSIONBOUND(NCOL,NROW,NLAY),HNEW(NCOL,NROW,NLAY),

1 HCOF(NCOL,NROW,NLAY),RHS(NCOL,NROW,NLAY)
DIMENSIONSWICR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICC(NCOL,NROW,NLAY,NZONES)

DIMENSIONSWICUMCR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCC(NCOL,NROW,NLAY,NZONES),DELR(NCOL),DELC(NROW)
REALNUTOP(NCOL,NROW,NLAY)
REALNUBOT(NCOL,NROW,NLAY),QZEXTRA(NCOL,NROW,NLAY)
REALSSZ DELT
DIMENSIONBO(NCOL,NROW),SWIHCOF(NCOL,NROW)
REALSWIDE45CR(NCOL,NROW),SWIDE45CC(NCOL,NROW)
REALSWIDE45CV(NCOL,NROW)
DOUBLEPRECISIONDUM(NCOL,NROW)

REALNUS(NZONES),DELNUS(NZONES),EPS(NZONES)
REALNUBELBOTNUONTOP

Cl------- CALCULATE BRHS

DO90 K=1,NLAY
DO100 I=1,NROW
DO100 J=1,NCOL
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DO100 1Z=1,NZONES
BRHS(J,1,12)=0.
IF (IZNE.1) THEN
IF (IPLPOS(J,IK,1Z).EQ.0)  THEN

BRHS(J,1,1Z)= - SSZ(J,|,K)*DELR(J)*DELC(I)*ZETA(J,1,K,I1Z)
& /DELT

CALL SWI1SD(BRHS(1,1,12),IPLPOS(1,1,K,1Z),
& SWICUMCR(1,1,K,1Z),SWICUMCC(1,1,K,12),1.,
& HNEW(1,1,K),J,,NCOL,NROW)

DOIZ2=1,1Z-1

CALL SWI1SR(BRHS(1,1,12),IPLPOS(1,1,K,1Z),
& SWICUMCR(1,1,K,1Z),SWICUMCC(1,1,K,1Z),DELNUS(1Z2),
& ZETA(1,1,K,1Z22),3,,NCOL,NROW)

ENDDO

ENDIF

CALL SWI1SR(BRHS(1,1,12),IPLPOS(1,1,K,1Z),SWICR(1,1,K,1Z),
& SWICC(1,1,K,1Z),EPS(1Z),ZETA(1,1,K,1Z+1),3,,NCOL,NROW)

C--mmmmee Zones 1Z+1 through bottom

DOIZ2=1Z+1,NZONES
IF (IPLPOS(J,I,K,1Z).EQ.0)  THEN
CALL SWILSR(BRHS(1,1,12),IPLPOS(1,1.K,1Z),
& SWICUMCR(1,1,K,1Z2), SWICUMCC(1,1,K,1Z2), DELNUS(1Z2),
& ZETA(L,1,K,122),J,|, NCOL,NROW)

ENDIF

[opm—— [I=(3 S 7 Yo c—
IF (J.NE.1) THEN
BRHS(J,1IZ) = BRHS(J,l,1Z)+EPS(I1Z2)*
& SWICR(J-1,1,K,1Z2)*((ZETA(J-1,1,K,1Z2)-ZETA(J,1,K,1Z2))-
& (ZETA(-1,1,K,1Z2+1)-ZETA(J,1,K,1Z2+1)))
ENDIF

[ogm— [{TcTR | N =7\ o! O —
IF (J.NE.NCOL) THEN
BRHS(J,1,IZ) = BRHS(J,,IZ)+EPS(1Z2)*
& SWICR(J,1,K,IZ2)*((ZETAJ+L,1,K,1Z2)-ZETA(J,1,K,1Z2))-
& (ZETA(I+1,1,K,1Z2+1)-ZETA(J,1,K,1Z2+1)))
ENDIF

IF (IINE.1) THEN
BRHS(J,1,IZ) = BRHS(J,I,IZ)+EPS(1Z2)*

& SWICC(J,I-1,K,1Z2)*((ZETAJ,1-1,K,1Z2)-ZETA(J,1,K,1Z2))-
& (ZETAQ,I-1,K,1Z2+1)-ZETA(J,1,K,1Z2+1)))
ENDIF
[og— [216) N} S =7.\o) —

IF (I.NE.NROW) THEN
BRHS(J,1,IZ) = BRHS(J,1,IZ)+EPS(1Z2)*
& SWICC(J,1,K,I1Z2)*((ZETA@,1+1,K,1Z2)-ZETA(,1,K,1Z2))-
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& (ZETA(,1+1,K,1Z2+1)-ZETA@J, 1K, 122+1)))
ENDIF
ENDDO

C2--mnmem- SPECIFY BOUNDARJONDITIONDF FLOWAT TIPS ANDTOES

IF (IPLPOS(J,IK,1Z).EQ.0)  THEN
[ogm— (=13 SR =7 Yo c—
IF (J.NE.1) THEN
IF (IPLPOS(J-1,1,K,1Z).NEO)  THEN
CALL SWI1SQRQ,HNEW,ZETA,NZONES, DELNUS, EPS,

& SWICUMCR,SWICR,J,|,K,1Z,NCOL,NROW,NLAY)
BRHS(J,1,12)=BRHS(J,1,12)-Q
ENDIF
ENDIF

(om— RIGHT = FACE------rmmemmemcenes
IF (J.NE.NCOL) THEN
IF (IPLPOS(J+1,1,K,1Z).NE.O)  THEN
CALL SWI1SQRQ,HNEW,ZETA,NZONES, DELNUS,EPS,

& SWICUMCR,SWICR,J+1,1,K,IZ,NCOL,NROW,NLAY)
BRHS(J,1,12)=BRHS(J,1,12)+Q
ENDIF
ENDIF

IF (IINE.l) THEN
IF (IPLPOS(J,-1,K,1Z).NE.O)  THEN
CALL SWI1SQGQ,HNEW,ZETA,NZONES, DELNUS, EPS,

& SWICUMCC,SWICC,J,|,K,IZ,NCOL,NROW,NLAY)
BRHS(J,1,12)=BRHS(J,1,12)-Q
ENDIF
ENDIF

IF (I.NE.NROW) THEN
IF (IPLPOS(J,I+1,K,1Z).NE.O)  THEN
CALL SWI1SQGQ,HNEW,ZETA,NZONES, DELNUS, EPS,

& SWICUMCC,SWICC,J,1+1,K,1Z,NCOL,NROW,NLAY)
BRHS(J,1,12)=BRHS(J,1,12)+Q
ENDIF
ENDIF

IF (K.NE.1) THEN

QZTOP=CV(J,,K-1)*(HNEW(J,|,K)-HNEW(J, 1 K-1))+
& QZEXTRA®J,1,K)

NUONTOP=NUBOT(J,I K-1)

IF ((QZTOP.LT.0).AND.(NUONTOP.GE.NUS(IZ))) THEN
BRHS(J,1,12)=BRHS(J,1,12)+QZTOP
ENDIF

ENDIF
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IF (K.NE.NLAY) THEN
QZBOT=CV(J,|,K)*(HNEW(J,1,K)-HNEW(J,I,K+1))+
& QZEXTRA(J,|,K+1)
NUBELBOT=NUTOP(J,|,K+1)
IF ((QZBOT.GT.0).AND.(NUBELBOT.GE.NUS(IZ))) THEN
BRHS(J,1,12)=BRHS(J,1,12)-QZBOT
ENDIF
ENDIF
ENDIF
ENDIF
100 CONTINUE

C3--m- CALL DE45TO SOLVEEQUATIONSOR1 LAYER
DO115 1Z=2,NZONES

DO110 I=1,NROW

DO110 J=1,NCOL

IF (J.NE.NCOL) THEN
IF ((IPLPOS(J,1,K,12).EQ.0).AND.(IPLPOS(J+1,1K,1Z).EQ.0))
SWIDE45CR(J,1)=DELNUS(IZ)*SWICUMCR(J,1,K,1Z)
ELSE
SWIDE45CR(J, 1)=0.

ENDIF

ENDIF
SWIDE45CR(J,)=SWIDE45CR(J,)-EPS(IZ)*SWICR(J,1,K,1Z)

IF (I.NE.NROW) THEN
IF ((IPLPOS(J,1,K,1Z).EQ.0).AND.(IPLPOS(J,1+1,K,1Z).EQ.0))
SWIDE45CC(J,1)=DELNUS(IZ)*SWICUMCC(J,1,K,1Z)
ELSE
SWIDE45CC(J,1)=0.

ENDIF

ENDIF
SWIDE45CC(J,))=SWIDE45CC(J,)-EPS(IZ)*SWICC(J,1,K,1Z)

SWIDE45CV/(J,1)=0
SWIHCOF(J,1)=-SSZ(J,],K)*DELR(J)*DELC(I)/DELT
DUM(J,)=ZETA(J,1,K,12)

IF (IPLPOS(@J,K,1Z).EQ.0)  THEN
IBO(J,1)=1
ELSE
IBO(J,1)=0
ENDIF
110 CONTINUE
c
C4------COPIED FROMDE45PACKAGBUBSTITUTENLAYBY 1
C4------CALCULATE BANDWIDTH
NLAYSWI=1
NODES=NCOL*NROW*NLAYSWI
NHALFU=(NODES-1)/21
NHALFL=NODES-NHALFU
ID4DIM=7

THEN

THEN
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IF(NLAYSWI.LE.NCOLAND. NLAYSWI.LE.NROVWHEN
IF(NLAYSWI.EQ.1) ID4DIM=5
IF(NCOL.GE.NROWJHEN
ID4DIR=1
NBWGRD=NROW*NLAYSWI+1
ELSE
ID4DIR=2
NBWGRD=NCOL*NLAYSWI+1
ENDIF
ELSEIF(NROW.LE.NCOLAND. NROW.LE.NLAYSWIHEN
IF(NROW.EQ.1) ID4DIM=5
IF(NCOL.GE.NLAYSWITHEN
ID4DIR=3
NBWGRD=NROW*NLAYSWI+1
ELSE
ID4ADIR=4
NBWGRD=NROW*NCOL+1
ENDIF
ELSE
IF(NCOL.EQ.1) ID4DIM=5
IF(NROW.GE.NLAYSWIJHEN
ID4DIR=5
NBWGRD=NCOL*NLAYSWI+1
ELSE
ID4DIR=6
NBWGRD=NCOL*NROW-+1
ENDIF
ENDIF
MXUP=NHALFU
MXLOW=NHALFL
C5--—INITIALIZE ~ PARAMETERSDRDIRECTSOLVING
MXBW=NBWGRD

MXEQ=MXUP+MXLOW

ITMX=1

MXITER=1

NITER=1

ACCL=1.0

KKITER=1
HCLOSE=0.00001
IPRD4=0

IFREQ=3

SWIDELT=1.

C6------- CALL DEA45APTO SOLVEFORZETA
CALL DE45AP(DUM,IBO,AU,AL,
IUPP,IEQP,B,MXUP,

SWIDE45CV,SWIHCOF,BRHS(1,1,1Z),ACCL,

R R R R Ro

ICNVG,NCOL,NROW,NLAYSWI,IOUT,LRCH,

MXLOW,MXEQ,MXBW,SWIDE45CR,SWIDE45CC,

KKITER,ITMX,MXITER,NITER,HCLOSE,IPRD4,
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& HDCG,IFREQ,KKSTP,KKPER,SWIDELT,
& NSTP,ID4DIR,ID4DIM,MUTDA4,IERR,
& IERRU)

C7------COPY REALARRAYDUMNTO DOUBLEBARRAYZETA
DOY5 1=1,NROW
D095 J=1,NCOL
ZETA(J,1,K,1Z)=DUM(J, 1)
95 CONTINUE
115 CONTINUE
90 CONTINUE

C8----MOVE TIPS ANDTOES
C8----NOTE: MAYDIFFERFROMIATLABPROTOTYPEECAUSEETAIS
C8-----ALTERED DURINGTHE SEARCHPROCESS
DO120 K=1,NLAY
DO120 1Z=2,NZONES
DO120 I=1,NROW
DO120 J=1,NCOL
ZT=ZETA@J,|,K,1)
ZB=ZETA(J,,K,NZONES+1)
ZETAC=ZETA(J,,K,1Z)

IF (IPLPOS(J,1K,12).EQ.0)  THEN
IF ((J.NE.1).AND.(J.NE.NCOL)) THEN
[op— =13 S 7 Yo c—
IF (IPLPOS(J-1,1K,12).EQ.1)  THEN
IF ((ZT-ZETAC).GT.(TIPSLOPE*0.5*(DELR(J)+DELR(J-1)))) THEN
ZETA(J,1,K,1Z)=ZETAC+DELZETA*DELR(J-1)/DELR(J)
ZETA@J-1,1,K,12)=ZETA(J-1,1,K,1)-DELZETA
ELSEIF ((ZT-ZETAC).LT.ZETAMIN) THEN
ZETA(I+1,1,K,12)=ZETA(JI+1,1,K,12)-(ZT-ZETAC)
ZETA@,K,12)=2T
ENDIF
ELSEIF (IPLPOS(J-1,,K,12).EQ.2)  THEN
IF (ZETAC.GT.(ZB+TOESLOPE*0.5*(DELR(J)+DELR(J-1)))) THEN
ZETA(J,1,K,1Z)=ZETAC-DELZETA*DELR(J-1)/DELR(J)
ZETA@J-1,1,K,12)=ZETA(J-1,1, K, NZONES+1)+DELZETA
ELSEIF (ZETAC-ZB).LT.ZETAMIN) THEN
ZETA@J+1,1,K,1Z)=ZETAJ+1,1,K,1Z)+(ZETAC-ZB)
ZETA@,1K,12)=ZB
ENDIF
ENDIF
[opm—— [=1TcTR N N =7-Yo! =——
IF (IPLPOS(J+1,1K,12).EQ.1)  THEN
IF ((ZT-ZETAC).GT.(TIPSLOPE*0.5% DELR(J)+DELR(J+1)))) THEN
ZETA(J,1,K,12)=ZETAC+DELZETA*DELR(J+1)/DELR(J)
ZETA@J+1,1,K,12)=ZETA(J+1,1,K,1)-DELZETA
ELSEIF ((ZT-ZETAC).LT.ZETAMIN) THEN
ZETA(@J-1,1,K,12)=ZETA@-1,1,K,1Z)-(ZT-ZETAC)
ZETA@,K,12)=ZT
ENDIF
ELSEIF (IPLPOS(J+1,1,K,12).EQ.2)  THEN
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IF (ZETAC.GT.(ZB+TOESLOPE*0.5*(DELR(J)+DELR(J+1))))THEN
ZETA(J,,K,1Z)=ZETAC-DELZETA*DELR(J+1)/DELR(J)
ZETA(J+1,1,K,1Z)=ZETA(J+1,1,K,NZONES+1)+DELZETA

ELSEIF ((ZETAC-ZB).LT.ZETAMIN) THEN
ZETA@J-1,1,K,12)=ZETAQJ-1,1,K,1Z)+(ZETAC-ZB)
ZETA(@,1K,12)=ZB
ENDIF
ENDIF

ENDIF
IF ((LNE.1).AND.(LNE.NROW)) THEN

IF (IPLPOS@J,-1K,1Z).EQ.1)  THEN
IF ((ZT-ZETAC).GT.(TIPSLOPE*0.5%DELC(I)+DELC(I-1))))  THEN
ZETA(J,1,K,1Z)=ZETAC+DELZETA*DELC(I-1)/DELC())
ZETA(J,I-1,K,12)=ZETA(J,I-1,K,1)-DELZETA

ELSEIF ((ZT-ZETAC).LT.ZETAMIN) THEN
ZETAQJ,1+1,K,12)=ZETA(J,1+1,K,12)-(ZT-ZETAC)
ZETA@,K,12)=ZT

ENDIF

ELSEIF (IPLPOS(J,I-1,K,12).EQ.2)  THEN
IF (ZETAC.GT.(ZB+TOESLOPE*0.5%(DELC(I)+DELC(I-1)))) THEN
ZETA(J,1,K,12)=ZETAC-DELZETA*DELC(I-1)/DELC(l)
ZETA(J,I-1,K,1Z)=ZETA(J,I-1,K,NZONES+1)+DELZETA

ELSEIF (ZETAC-ZB).LT.ZETAMIN) THEN
ZETA@,1+1,K,12)=ZETAQJ,1+1,K,1Z)+(ZETAC-ZB)
ZETA(J,1K,12)=ZB

ENDIF
ENDIF

IF (IPLPOS(@J,I+1,K,12).EQ.1)  THEN
IF ((ZT-ZETAC).GT.(TIPSLOPE*0.5% DELC(I)+DELC(I+1))))  THEN
ZETA(J,1,K,12)=ZETAC+DELZETA*DELC(I+1)/DELC(l)
ZETA@J,1+1,K,12)=ZETA(J,1+1,K,1)-DELZETA
ELSEIF ((ZT-ZETAC).LT.ZETAMIN) THEN
ZETA(J,I-1,K,12)=ZETAQ,I-1,K,12)-(ZT-ZETAC)
ZETA@K,12)=ZT
ENDIF
ELSEIF (IPLPOS(J,1+1,K,1Z).EQ.2)  THEN
IF (ZETAC.GT.(ZB+TOESLOPE*0.5*(DELC(I)+DELC(I+1)))) THEN
ZETA(J,1,K,1Z)=ZETAC-DELZETA*DELC(l+1)/DELC())
ZETA(J,I+1,K,12)=ZETA(J,1+1,K,NZONES+1)+DELZETA
ELSEIF ((ZETAC-ZB).LT.ZETAMIN) THEN
ZETA(J,I-1,K,12)=ZETAQJ,I-1,K,1Z)+(ZETAC-ZB)
ZETA(@,1K,12)=ZB
ENDIF
ENDIF

ENDIF

ENDIF
120 CONTINUE

Septenber 10, 2004

29



Bakker and Schaars

SWI Manual, Version 0.1

C9------ CHECK WHETHERNYWHERHEHE THICKNESSETSTOOTHIN

DO130 K=1,NLAY
DO130 I=1,NROW
DO130 J=1,NCOL
DO130 Z=2,NZONES
IF (IPLPOS(J,I,K,1Z).EQ.0)  THEN
IF ((ZETA(J,,K,12)-ZETAQJ,|,K,NZONES+1)).LT.ZETAMIN)  THEN
ZETA(J,1K,1Z)=ZETA@J,1, K, NZONES+1)

ENDIF
IF ((ZETA@,I,K,1)-ZETA(J,1,K,12)).LT.ZETAMIN) THEN
ZETA(,1K,1Z)=ZETA@J,1,K,1)
ENDIF
ENDIF

130 CONTINUE
c
C10----FIND IF ANYWHEREE PLANESARECROSSING
DO150 K=1,NLAY
DO150 1=1,NROW
DO150 J=1,NCOL
DO150 1Z=2,NZONES-1
IF ((ZETA@,,K,1Z)-ZETA(J,1,K,1Z+1)).LT.0.001) THEN
ZETAAVG=0.5*(ZETAQJ, |, K,1Z)+ZETA(J, 1K, 1Z+1))
ZETA(J,1,K,1Z)=ZETAAVG
ZETA(J,1,K,IZ+1)=ZETAAVG
DOIZ2=2,12-1
IZREV=1Z+1-122
IF ((ZETA@,|,K,IZREV)-ZETA(J,1,K,1Z+1)).LT.0.001) THEN
ZETAAVG=0.
ICOUNT=0
DOIZ3=IZREV,|Z+1
ICOUNT=ICOUNT+1
ZETAAVG=ZETAAY@ETA(J,1 K,IZ3)
ENDDO
IF (ICOUNT.NE.O) THEN
ZETAAVG=ZETAAVG/ICOUNT
DOIZ3=IZREV,IZ+1
ZETA(J,1K,1Z3)=ZETAAVG
ENDDO
ENDIF
ENDIF
ENDDO
ENDIF
150 CONTINUE
C
Cl11---—-WRITE ZETATO UNFORMATTEDRE
IF (ISWIZT.NE.O) THEN
IF (NPRS.GE.0) THEN
IF(MOD(KSTP,NPRS).EQ.0)THEN
WRITE(ISWIZT) ZETA
ELSEIF (NPRS.EQ.0).AND.(KSTP.EQ.NSTP)) THEN
WRITE(ISWIZT) ZETA
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Figure 6: Flowchart of submaodules SWI1SQR (left) and SWI1SQC (right)

ENDIF
ENDIF
ENDIF
C
C12-----RETURN
RETURN
END

1.7 Submo dules SWILISQR and SWI1SQC

Fortran code of submo dules SWI1ISQR and SWI1SQC

SUBROUTINEWI1SQRQ,HNEW,ZETA,NZONES,DELNUS EPS,SWICUMCR,SWICR,
& J,1LK,1Z,NCOL,NROW,NLAY)

SWiI

SPECIFICATIONS:

O0O000O0

DIMENSIONZETA(NCOL,NROW,NLAY,NZONES+1)
DOUBLIPRECISIONHNEW
DIMENSIONHNEW(NCOL,NROW,NLAY)
DIMENSIONSWICR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICC(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCC(NCOL,NROW,NLAY,NZONES)
REALNUS(NZONES),EPS(NZONES),DELNUS(NZONES)

C1-----CALCULATE Q IN ROWDIRECTION
Q=SWICUMCR(J-1,,K,IZ)*(HNEW(J-1,1,K)-HNEW(J,1,K))

DOI1z2=1,I1Z

Kk kk kk kk

Kk Kk kk kk
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Q=Q+SWICUMCR(J-1,1,K,IZ)*DELNUS(1Z)*
& (ZETA(I-1,1,K,1Z2)-ZETAJ,1,K,1Z2))
ENDDO

Q=Q-SWICR(J-1,I,K,IZ)*EPS(IZ)*

& (ZETA(I-1,1,K,12)-ZETA(J,1,K,12))
Q=Q+SWICR(J-1,1,K,IZ)*EPS(IZ)*
& (ZETA(I-1,1,K,1Z+1)-ZETAJ,1,K,1Z+1))

DOIZ2=1Z+1,NZONES
Q=Q+SWICUMCR(J-1,,K,1Z2)*DELNUS(1Z2)*
& (ZETA(J-1,1,K,1Z2)-ZETAJ,1,K,1Z2))
Q=Q-SWICR(J-1,1,K,IZ2)*EPS(1Z2)*
& (ZETA(J-1,1,K,1Z2)-ZETA(J,1,K,1Z2))
Q=Q+SWICR(J-1,I,K,IZ2)*EPS(1Z2)*
& (ZETA(-1,1,K,1Z2+1)-ZETA(J,1,K,1Z2+1))
ENDDO
C .
c
C2----—-RETURN
RETURN
END

SUBROUTINEWI1SQGQ,HNEW,ZETA,NZONES,DELNUS,EPS,SWICUMCC,SWICC,
& J,1K,1Z,NCOL,NROW,NLAY)

*%k kk kk k%

SWI

*k kk kk kk

SPECIFICATIONS:

O0O0O000O0

DIMENSIONZETA(NCOL,NROW,NLAY,NZONES+1)
DOUBLIPRECISIONHNEW
DIMENSIONHNEW(NCOL,NROW,NLAY)
DIMENSIONSWICR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICC(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCR(NCOL,NROW,NLAY,NZONES)
DIMENSIONSWICUMCC(NCOL,NROW,NLAY,NZONES)
REALNUS(NZONES),EPS(NZONES),DELNUS(NZONES)

C1---CALCULATE Q IN COLUMBIRECTION
Q=SWICUMCC(J, I-1,K,IZ)*(HNEW(J,I-1,K)-HNEW(J,1,K))

DOIZ2=1,1Z
Q=Q+SWICUMCC(J,I-1,K,IZ)*DELNUS(1Z)*
& (ZETAQ,I-1,K,1Z2)-ZETA(,1 K,1Z2))
ENDDO
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Figure 7: Flowchart of submodules SSWI1D (left) and SSWILR (right)

Q=Q-SWICC(J,I-1,K,IZ)*EPS(1IZ)*

& (ZETA(@J,1-1,K,12)-ZETA(J,1.K,1Z))
Q=Q+SWICC(J,I-1,K,IZ)*EPS(IZ)*
& (ZETA(J,1-1,K,1Z+1)-ZETA@, 1K, 1Z+1))

DOI1Z2=1Z+1,NZONES
Q=Q+SWICUMCC(J,I-1,K,I1Z2)*DELNUS(IZ2)*

& (ZETA(J,1-1,K,1Z2)-ZETA@J,1,K,1Z2))
Q=Q-SWICC(J,I-1,K,IZ2)*EPS(122)*
& (ZETA(J,I-1,K,1Z2)-ZETA(J,1,K,1Z2))
Q=Q+SWICC(J,I-1,K,IZ2)*EPS(1Z2)*
& (ZETAQ,I-1,K,1Z2+1)-ZETA(J,1,K,1Z2+1))
ENDDO
C ——m mm -
C
C2----—-RETURN
RETURN
END

1.8 Submodules SSWI1D and SSWI1R

FORTRAN code of submo dules SSWI1D and SSWI1R
SUBROUTINSWI1SD(B,IPOS,CRLAY,CCLAY,FAC,VAR,J,|,NCOL,NROW)

C Kk Kk kk kk

C SWiI
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C *k kk kk Kk

Cc

C SPECIFICATIONS:

C R
DIMENSIONB(NCOL,NROW),CRLAY(NCOL,NROW),CCLAY(NCOL,NROW)
DIMENSIONPOS(NCOL,NROW)

DOUBLEPRECISIONVAR(NCOL,NROW)

C

C1-----CALCULATE FLUXIN COLUMBIRECTION
[of— (1= R = Vo] cH—
IF (J.NE.1) THEN
IF (IPOS(J-1,1).EQ.0)  THEN
B(,I) =B(@l)- FAC*CRLAY(J-1,)*(VARWJ-L,)-VAR(,I))
ENDIF
ENDIF

[of— RIGHT =~ FACE----scememermenns
IF (J.NE.NCOL) THEN
IF (IPOS(J+1,1).EQ.0) THEN
BW,l) = B(J,I)-FAC*CRLAY(J,I)*(VAR(J+1,1)-VAR(J,I))
ENDIF
ENDIF

IF (INE.1) THEN
IF (IPOS(J,I-1).EQ.0)  THEN
B(J,) = B(J,I)-FAC*CCLAY(J,I-1)*(VAR(J,I-1)-VAR(J,I))
ENDIF
ENDIF

IF (I.NE.NROW) THEN
IF (IPOS(J,1+1).EQ.0) THEN
B(,l) = B(J,I)-FAC*CCLAY(J,*(VAR(J,1+1)-VAR(,I))
ENDIF
ENDIF

C3--—---- RETURN

RETURN
END

SUBROUTINEWI1SR(B,IPOS,CRLAY,CCLAY,FAC,VAR,J,|,NCOL,NROW)

*%k k% kk k%

SWI

Kk kk kk kk

O0O00O0

SPECIFICATIONS:
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C .
DIMENSIONB(NCOL,NROW),CRLAY (NCOL,NROW),CCLAY(NCOL,NROW)
DIMENSIONPOS(NCOL,NROW)

REALVAR(NCOL,NROW)

c

C1-----CALCULATE FLUXIN COLUMBIRECTION
[o— (1= R = Vo] cH—
IF (J.NE.1) THEN
IF (IPOS(J-1,1).EQ.0) THEN
B(,I) = B(@l)- FAC*CRLAY(J-1,)*(VARWJ-L,)-VAR(,I))
ENDIF
ENDIF

[og— [{TcTR ) I =7 o] O —
IF (J.NE.NCOL) THEN
IF (IPOS(J+1,1).EQ.0) THEN
B(J,) = B(J,I)-FAC*CRLAY(J,)*(VARWJ+1,))-VAR(J,I)
ENDIF
ENDIF

IF (INE.1) THEN
IF (IPOS(J,I-1).EQ.0)  THEN
B(J,) = B(J,I)-FAC*CCLAY(J,I-1)*(VAR(J,I-1)-VAR(J,I))
ENDIF
ENDIF

IF (I.NE.NROW) THEN
IF (IPOS(J,1+1).EQ.0) THEN
B(,l) = B(J,I)-FAC*CCLAY(J,*(VAR(J,1+1)-VAR(,I))
ENDIF
ENDIF

C3--—---- RETURN
RETURN
END

Septenber 10, 2004

35



