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PREFACE

This report presents a revised version of the U.S. Geological Survey (USGS) modular finite-
difference ground-water flow model, commonly known as MODFLOW. The program has been
tested by using it for a variety of model simulations, but it is possible that other applications
could reveal errors. Users are requested to notify the USGS if errors are found in this report or
the program.

Although this program has been used by the USGS, no warranty, expressed or implied, is
made by the USGS or the United States Government as to the accuracy and functioning of the
program and related program material. Nor shall the fact of distribution constitute any such
warranty, and no responsibility is assumed by the USGS in connection therewith.

The computer program is available through the World-Wide Web at address
http:/ /h20.usgs.gov /software/
or by anonymous ftp file transfer from directory /pub/software/ground_water /modflow at
Internet address
h20.usgs.gov

The computer program is also available on diskette for the cost of processing from:

U.S. Geological Survey
NWIS Program Office
437 National Center
Reston, VA 20192
Telephone: (703) 648-5695

i
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PROGRAMMER’S DOCUMENTATION FOR MODFLOW-96, AN
UPDATE TO THE U.S. GEOLOGICAL SURVEY MODULAR FINITE-
DIFFERENCE GROUND-WATER FLOW MODEL (MODFLOW)

By Arlen W. Harbaugh' and Michael G. McDonald?

ABSTRACT

A number of changes have been made to the U.S. Geological Survey modular finite-difference
ground-water flow model, which is commonly known as MODFLOW. This report provides
programmer’s documentation for the revised code, which is called MODFLOW-96 to distinguish
it from other versions of MODFLOW. A complete listing of the MODFLOW-96 code is provided.
The listings are organized by package and by module within a package. For each package the
major changes to the code are described. The changes to many modules are nonstructural, and
for these modules, there is no module documentation provided in this report other than the
comments in the code. The original module documentation is still generally valid for these
modules. For new modules and those modules that have structural changes, a narrative and list
of variables are provided along with the code listing. User’s documentation is provided in a
separate report.

INTRODUCTION

Revisions to the U.S. Geological Survey modular ground-water flow model, which is called
MODFLOW, (McDonald and Harbaugh, 1988) are described in Harbaugh and McDonald
(1996). To distinguish the two versions of the model, the 1988 version is called here MODFLOW-
88, and the 1996 revised version is called MODFLOW-96. This report provides programmer’s
documentation for MODFOW-96.

The complete MODFLOW-96 code is listed below. The listings are organized by package and
by module within a package. For each package the major changes to the code are described. The
changes to many modules are nonstructural, and for these modules, there is no module
documentation provided in this report other than the comments in the code. The module
documentation in McDonald and Harbaugh (1988) is still generally valid for these modules.
Examples of nonstructural changes are conversion of READ statements to optionally use free-
format input, conversion of formats to limit the width of output in the listing file to 80 columns,
increasing the maximum number of model layers to 200, and the revision of declarations of
character variables. For new modules and those modules that have structural changes, a
narrative and list of variables are provided along with the code listing.

1U.S. Geological Survey, Reston, VA
McDonald Morrissey Associates, Reston, VA
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Each list of variables for a module defines the variable range much as originally defined in
McDonald and Harbaugh (1988, p. 1-7). "Module" variables are used within a single module.
"Package" variables are used in more than one module of a package, but not outside of a
package. "Global" variables are variables that are used by more than one package, or have the
potential to be used by more than one package. This definition of "global" data represents a
subtle change compared to MODFLOW-88. In MODFLOW-88, global meant that a variable was
used in more than one package. In MODFLOW-96, a variable does not have to actually be used
in multiple packages in order to be declared global. The new definition makes it possible to
define a varible as global based on its potential for being used in multiple packages rather than
basing the decision only on actual use. Thus, a few variables that are used by only one package
in the basic model are designated as global in MODFLOW-96. An example is HEADNG, the
simulation title. Although the BAS Package is the only package in the basic model that uses
HEADNG, it is possible that additional future packages might wish to use HEADNG.

Each module in MODFLOW has a 6-character name. One of the characters is the version
number. The version number for all modules in MODFLOW-88 is 1; however, many users have
modified the code. If a module is modified, the version number should be changed. To
distinguish MODFLOW-96 from MODFLOW-88 and its past derivatives, all modules in
MODFLOW-96 have been given a version number of 5. This version number is likely to be
higher than the version number of existing modules although there is no way to know this for
sure.

MAIN PROGRAM

The MAIN program has been changed to incorporate modifications of the calling arguments
for the various modules. The unit number for the name file (99) is defined rather than defining
unit numbers for the BAS Package input file and the listing file. A prompt for the name file has
been added. Also, the capability to obtain the names of one or more name files from the file
modflow.bf was added. If modflow.bf exists, there are no user prompts.

A new array, CUNIT, has been added to the MAIN program. CUNIT is a character array that
is used by module SBAS50 to associate the primary options being used in a simulation with
elements in the [IUNIT array. In MODFLOW-88, a user had to know which IUNIT element
corresponded to a particular option because the IUNIT elements were directly read from the
Basic Package file. In MODFLOW-96, the user does not need to know the IUNIT element.
Instead, the user must know a one to four character option identifier, called the file type in the
input instructions for the name file, in order to activate an option. These option identifiers are
defined in the CUNIT array through a DATA statement in the MAIN program. Elements in
CUNIT and IUNIT directly correspond. For example, if a particular option identifier is defined
in the seventh element of the CUNIT array, then the seventh element of the IUNIT array also
corresponds to that option. Module SBAS50 will put the file unit for that option, which the user
specifies in the name file, into IUNIT(7). Thus, to add a new option (generally a package) to the
MAIN program, one needs to find an unused element in CUNIT (unused values are blank
strings), and modify the CUNIT data statement to set that CUNIT element equal to the identifier
for the new option. Then statements should be added in the appropriate places in the MAIN
program to call the option subroutines whenever the IUNIT value for the new option is greater
than 0. If an option is not being used, its IUNIT value will be 0.
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MAIN CODE FOR U.S. GEOLOGICAL SURVEY MODULAR MODEL -- MODFLOW-96
BY MICHAEL G. MCDONALD AND ARLEN W. HARBAUGH

MODFLOW-88 documented in:
McDonald, M.G. and Harbaugh, A.W., 1988, A modular
three-dimensional finite-difference ground-water flow
model: U.S. Geological Survey Techniques of Water
Resources Investigations, Book 6, Chapter Al, 586 p.

MODFLOW-96 documented in:
Harbaugh, A.W. and McDonald, M.G., 1996, User’s
documentation for the U.S. Geological Survey modular
finite-difference ground-water flow model: U.S. Geological
Survey Open-File Report 96-485

VERSION 0950 23MAY1996 MAIN
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SPECIFICATIONS:

------ SPECIFY THE SIZE OF THE X ARRAY. TO CHANGE THE SIZE OF THE
------ X ARRAY, CHANGE VALUE OF LENX IN THE NEXT STATEMENT.

PARAMETER (LENX=1500000)
COMMON X (LENX)

COMMON /FLWCOM/LAYCON(200)
CHARACTER*16 VBNM(40)
CHARACTER*80 HEADNG(2)
DIMENSION VBVL(4,40),IUNIT(40)
DOUBLE PRECISION DUMMY
EQUIVALENCE (DUMMY,X(1))
CHARACTER*20 CHEDFM, CDDNFM
CHARACTER*80 FNAME
LOGICAL EXISTS

CHARACTER*4 CUNIT(40)

DATA CUNIT/'BCF ','WEL ','DRN ','RIV ','EVT ',"' ','GHB ',
'RCH ','sSIP ',°' ',"SOR ','0OC LI L ',
' [ | LI | LI | LI | [ | [ | ]
I ’ ’ ’ ’ I ’
[ [} (I | o [ | [ ] o '
’ ’ ’ I ’ ’ ’
] [ ] o [ | [ | [} [ ] '
I ’ ’ i ’ I ’
) |’| l’| l’I I'I I/
INUNIT=99
IBUNIT=98
IBOUTS=97
IBATCH=0

INQUIRE(FILE="modflow.bf',EXIST=EXISTS)
IF(EXISTS) THEN
IBATCH=1
OPEN (UNIT=IBUNIT, FILE="modflow.bf', STATUS="0OLD")
OPEN(UNIT=IBOUTS, FILE="modbatch.rpt')
WRITE (IBOUTS,*) ' USGS MODFLOW MODEL BATCH-MODE REPORT'
END IF

------ OPEN FILE OF FILE NAMES.

IF(IBATCH.GT.0) THEN
READ(IBUNIT, ' (R)',END=500) FNAME

IF(FNAME.EQ.' ') GO TO 50
WRITE (IBOUTS, '(1X,/1X,A)') FNAME
ELSE

WRITE(*,*) ' Enter the name of the NAME FILE:'
READ(*,'(A)') FNAME
END IF
INQUIRE (FILE=FNAME, EXIST=EXISTS)
IF(.NOT.EXISTS) THEN
IF(IBATCH.GT.0) THEN
WRITE (IBOUTS,*) ' Specified name file does not exist.’
WRITE (IBOUTS,*) ' Processing will continue with the next ',

'name file in modflow.bf.’
ELSE
WRITE(*,*) ' File does not exist’'
END IF
GO TO 50
END IF

OPEN(UNIT=INUNIT, FILE=FNAME, STATUS='OLD"')

------ DEFINE PROBLEM--ROWS, COLUMNS, LAYERS, STRESS PERIODS, PACKAGES.

CALL BAS5DF(ISUM, HEADNG, NPER, ITMUNI, TOTIM, NCOL, NROW, NLAY,
NODES, INBAS, IOUT, IUNIT, CUNIT, INUNIT, IXSEC, ICHFLG, IFREFM)

------ ALLOCATE SPACE IN "X" ARRAY.

CALL BAS5AL(ISUM, LENX, LCHNEW, LCHOLD, LCIBOU, LCCR, LCCC, LCCV,

1 LCHCOF, LCRHS, LCDELR, LCDELC, LCSTRT, LCBUFF, LCIOFL,



INBAS, ISTRT, NCOL, NROW, NLAY, IOUT, IAPART, IFREFM)
IF(IUNIT(1l).GT.0) CALL BCF5AL(ISUM, LENX, LCSC1l,LCHY,
LCBOT, LCTOP, LCSC2, LCTRPY, IUNIT(1),ISS,
NCOL, NROW, NLAY, TOUT, IBCFCB, LCWETD, IWDFLG, LCCVWD,
WETFCT, IWETIT, IHDWET, HDRY, IAPART, IFREFM)
IF(IUNIT(2).GT.0) CALL WELSAL(ISUM, LENX, LCWELL, MXWELL, NWELLS,
IUNIT(2), IOUT, IWELCB, NWELVL, IWELAL, IFREFM)
IF(IUNIT(3).GT.0) CALL DRNSAL(ISUM,LENX, LCDRAI, NDRAIN, MXDRN,
IUNIT(3), IOUT, IDRNCB, NDRNVL, IDRNAL, IFREFM)
IF(IUNIT(4).GT.0) CALL RIVS5AL(ISUM,LENX, LCRIVR,MXRIVR, NRIVER,
IUNIT(4), IOUT, IRIVCB, NRIVVL, IRIVAL, IFREFM)
IF(IUNIT(5).GT.0) CALL EVTS5AL(ISUM,LENX, LCIEVT,LCEVTR,LCEXDP,
LCSURF, NCOL, NROW, NEVTOP, TUNIT(5) , IOUT, IEVTCB, IFREFM)
IF(IUNIT(7).GT.0) CALL GHB5AL(ISUM,LENX, LCBNDS, NBOUND,MXBND,
IUNIT(7),IOUT, IGHBCB, NGHBVL, IGHBAL, IFREFM)
IF(IUNIT(8).GT.0) CALL RCHS5AL(ISUM,LENX,LCIRCH, LCRECH,NRCHOP,
NCOL, NROW, TUNIT(8), IOUT, IRCHCB, IFREFM)
IF(IUNIT(9).GT.0) CALL SIP5AL(ISUM,LENX,LCEL,LCFL,LCGL,LCV,
LCHDCG, LCLRCH, LCW, MXITER, NPARM, NCOL, NROW, NLAY,
IUNIT(9),IOUT, IFREFM)
IF(IUNIT(11).GT.0) CALL SOR5AL(ISUM, LENX, LCA,LCRES, LCHDCG, LCLRCH,
LCIEQP, MXITER, NCOL, NLAY,NSLICE, MBW, IUNIT(11), IOUT, IFREFM)

P NRE B P B P BB WNE N

C5~---—- IF THE "X" ARRAY IS NOT BIG ENOUGH THEN STOP.
IF(ISUM-1.GT.LENX) STOP

C6-~-~----READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION.

CALL BASS5RP(X(LCIBOU),X(LCHNEW),X(LCSTRT), X(LCHOLD),
ISTRT, INBAS, HEADNG, NCOL, NROW, NLAY, VBVL, X (LCIOFL),
IUNIT(12), IHEDFM, IDDNFM, IHEDUN, IDDNUN, IOUT, IPEROC, ITSOC,
CHEDFM, CDDNFM, IBDOPT, IXSEC, LBHDSV, LBDDSV, IFREFM)

IF(IUNIT(1).GT.0) CALL BCF5RP(X(LCIBOU),X(LCHNEW),X(LCSCl),

X (LCHY) ,X(LCCR), X(LCCC),X(LCCV),X(LCDELR),
X(LCDELC), X(LCBOT) , X (LCTOP) , X (LCSC2) , X(LCTRPY) , IUNIT(1),
ISS,NCOL, NROW, NLAY, IOUT, X(LCWETD) , IWDFLG, X (LCCVWD) )

IF(IUNIT(9).GT.0) CALL SIP5RP(NPARM,MXITER,ACCL,HCLOSE,X(LCW),

IUNIT(S),IPCALC,IPRSIP,I0UT, IFREFM)

IF(IUNIT(11).GT.0) CALL SORS5RP(MXITER,ACCL, HCLOSE,IUNIT(11),
IPRSOR, IOUT, IFREFM)

BB WD WwWwNhe

C7==———- SIMULATE EACH STRESS PERIOD.
DO 300 KPER=1,NPER
KRKPER=KPER

C7A--=-=-~ READ STRESS PERIOD TIMING INFORMATION.
CALL BASS5ST(NSTP, DELT, TSMULT, PERTIM, KKPER, INBAS, IOUT, IFREFM)

C7B----- READ AND PREPARE INFORMATION FOR STRESS PERIOD.
IF(IUNIT(2).GT.0) CALL WELSRP (X(LCWELL), NWELLS, MXWELL, IUNIT(2),
1 IOUT, NWELVL, IWELAL, IFREFM)
IF(IUNIT(3).GT.0) CALL DRN5SRP(X(LCDRAI),NDRAIN,MXDRN,IUNIT(3),
1 TOUT, NDRNVL, IDRNAL, IFREFM)
IF(IUNIT(4).GT.0) CALL RIVS5RP(X(LCRIVR),NRIVER,MXRIVR,IUNIT(4),
1 IOUT, NRIVVL, IRIVAL, IFREFM)
IF(IUNIT(5).GT.0) CALL EVTS5RP(NEVTOP,X(LCIEVT),X(LCEVTR),
1 X(LCEXDP) , X(LCSURF) , X(LCDELR) , X(LCDELC) , NCOL, NROW,
1 IUNIT(5),IOUT, IFREFM)
IF(TUNIT(7).GT.0) CALL GHBS5RP (X (LCBNDS), NBOUND, MXBND, IUNIT(7),
1 IOUT, NGHBVL, IGHBAL, IFREFM)
IF(IUNIT(8).GT.0) CALL RCHS5RP (NRCHOP,X(LCIRCH),X(LCRECH),
1 X (LCDELR) , X (LCDELC) , NROW, NCOL, IUNIT(8) , IOUT, IFREFM)

C7C-=---- SIMULATE EACH TIME STEP.
DO 200 KSTP=1,NSTP
KKSTP=KSTP
C
C7Cl----CALCULATE TIME STEP LENGTH. SET HOLD=HNEW..
CALL BASS5AD(DELT, TSMULT, TOTIM, PERTIM, X (LCHNEW), X (LCHOLD) , KKSTP,
1 NCOL, NROW, NLAY)
IF(IUNIT(1).GT.0) CALL BCF5AD(X(LCIBOU),X(LCHOLD),X(LCBOT),
1 X (LCWETD) , IWDFLG, ISS, NCOL, NROW, NLAY)

C
C7C2----ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS.
DO 100 KITER=1,MXITER
KRITER=KITER
C
C7C2A---FORMULATE THE FINITE DIFFERENCE EQUATIONS.
CALL BASS5FM(X(LCHCOF) ,X(LCRHS),NODES)
IF(IUNIT(1).GT.0) CALL BCF5FM(X(LCHCOF),X(LCRHS),X(LCHOLD),
1 X(LCsCl) , X(LCHNEW) ,X(LCIBOU) ,X(LCCR),X(LCCC),X(LCCV),



X(LCHY) ,X(LCTRPY) ,X(LCBOT) , X(LCTOP) ,X(LCSC2),
X(LCDELR) , X(LCDELC) , DELT, ISS, KKITER, KKSTP, KKPER, NCOL,
NROW, NLAY, IOUT, X(LCWETD) , IWDFLG, X (LCCVWD) , WETFCT,
IWETIT, IHDWET, HDRY, X (LCBUFF) )
IF(IUNIT(2).GT.0) CALL WELSFM(NWELLS, MXWELL, X(LCRHS) ,X(LCWELL),
X (LCIBOU) ,NCOL, NROW,NLAY, NWELVL)
IF(IUNIT(3).GT.0) CALL DRNSFM(NDRAIN,MXDRN, X (LCDRAI) , X (LCHNEW),
X (LCHCOF) , X(LCRHS) , X (LCIBOU), NCOL, NROW, NLAY, NDRNVL)
IF(IUNIT(4).GT.0) CALL RIVS5FM(NRIVER, MXRIVR,X(LCRIVR),X(LCHNEW),
X (LCHCOF) , X (LCRHS) , X(LCIBOU) , NCOL, NROW, NLAY, NRIVVL)
IF(IUNIT(5).GT.0) CALL EVTS5FM(NEVTOP,X(LCIEVT),X(LCEVTR),
X(LCEXDP) ,X(LCSURF) ,X(LCRHS) , X (LCHCOF) , X(LCIBOU),
X (LCHNEW) , NCOL, NROW, NLAY)
IF(IUNIT(7).GT.0) CALL GHBS5FM({NBOUND, MXBND, X (LCBNDS), X(LCHCOF),
X (LCRHS) ,X(LCIBOU), NCOL, NROW, NLAY, NGHBVL)
IF(IUNIT(8).GT.0) CALL RCHS5FM(NRCHOP,X(LCIRCH),X(LCRECH),
X (LCRHS) , X (LCIBOU) , NCOL,NROW, NLAY)

PR RR R HE M OBRWN

C
C7C2B---MAKE ONE CUT AT AN APPROXIMATE SOLUTION.
IF(IUNIT(9).GT.0) CALL SIP5AP (X(LCHNEW),X(LCIBOU),X(LCCR),X(LCCC),
1 X(Lccv) ,X(LCHCOF) ,X(LCRHS) ,X (LCEL) ,X(LCFL) , X(LCGL) ,X(LCV),
2 X(LCW) , X (LCHDCG) , X (LCLRCH) , NPARM, KKITER, HCLOSE, ACCL, ICNVG,
3 KKSTP, KKPER, IPCALC, IPRSIP, MXITER, NSTP, NCOL, NROW, NLAY, NODES,
4 IOUT)
IF(IUNIT(11l).GT.0) CALL SORS5AP(X(LCHNEW),X(LCIBOU),X(LCCR),
1 X(Lcce) ,X(Lccv) ,X(LCHCOF) , X (LCRHS) ,X(LCA) ,X(LCRES) , X (LCIEQP),
2 X (LCHDCG) , X(LCLRCH) , KKITER, HCLOSE, ACCL, ICNVG, KKSTP, KKPER,
3 IPRSOR, MXITER, NSTP, NCOL, NROW, NLAY, NSLICE, MBW, IOUT)
C
C7C2C-~--IF CONVERGENCE CRITERION HAS BEEN MET STOP ITERATING.
IF(ICNVG.EQ.1l) GO TO 110
100 CONTINUE
KITER=MXITER
110 CONTINUE

C
C7C3--~--DETERMINE WHICH OUTPUT IS NEEDED.
CALL BAS50C (NSTP, KKSTP, ICNVG, X(LCIOFL),NLAY, IBUDFL, ICBCFL,
1 IHDDFL,IUNIT(12),IOUT,KKPER, IPEROC, ITSOC, IBDOPT, IXSEC, IFREFM)
C
C7C4----CALCULATE BUDGET TERMS. SAVE CELL-BY-CELL FLOW TERMS.
MSUM=1

C7C4A---THE ORIGINAL BCF BUDGET MODULE HAS BEEN REPLACED BY THREE

C7C4A-~-SUBMODULES: SBCF5S, SBCF5F, AND SBCFS5B .

IF(IUNIT(1).GT.0) THEN

CALL SBCF5S(VBNM, VBVL,MSUM, X (LCHNEW) , X (LCIBOU) , X(LCHOLD),
X(LCscl) ,X(LCTOP),X(LCSC2),DELT, ISS, NCOL, NROW, NLAY, KKSTP,
KKPER, IBCFCB, ICBCFL, X (LCBUFF) , IOUT, PERTIM, TOTIM)

CALL SBCF5F (VBNM, VBVL, MSUM, X (LCHNEW) , X (LCIBOU) ,X(LCCR),
x(Lcce) ,X(LCCv) ,X(LCTOP) , DELT, NCOL, NROW, NLAY, KKSTP, KKPER,
IBCFCB, X (LCBUFF), IOUT, ICBCFL, PERTIM, TOTIM, ICHFLG)

IBDRET=0

ICl=1

IC2=NCOL

IR1=1

IR2=NROW

ILl=1

IL2=NLAY

DO 155 IDIR=1,3

CALL SBCF5B (X(LCHNEW) , X (LCIBOU),X(LCCR),X(LCCC) ,X(LCCV),

X(LCTOP) , NCOL, NROW, NLAY, KKSTP, KKPER, IBCFCB, X (LCBUFF) ,
IOoUT, ICBCFL, DELT, PERTIM, TOTIM, IDIR, IBDRET, ICHFLG,
ICl1l,1C2,IR1,IR2,IL1,IL2)

155 CONTINUE

END IF

IF(IUNIT(2).GT.0) CALL WEL5BD(NWELLS, MXWELL, VBNM, VBVL, MSUM,

X (LCWELL) , X (LCIBOU) , DELT, NCOL, NROW, NLAY, KKSTP, KKPER, IWELCB,
ICBCFL,X(LCBUFF),IOUT, PERTIM, TOTIM, NWELVL, IWELAL)

IF(IUNIT(3).GT.0) CALL DRNS5BD(NDRAIN,MXDRN,VBNM, VBVL, MSUM,
X(LCDRAI) ,DELT, X (LCHNEW) , NCOL, NROW, NLAY, X (LCIBOU) , KKSTP,
KKPER, IDRNCB, ICBCFL, X (LCBUFF) , IOUT, PERTIM, TOTIM, NDRNVL,
IDRNAL)

IF(IUNIT(4).GT.0) CALL RIV5BD(NRIVER,MXRIVR,X(LCRIVR),X(LCIBOU),
X (LCHNEW) , NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM, KKSTP, KKPER,
IRIVCB, ICBCFL, X (LCBUFF) , IOUT, PERTIM, TOTIM, NRIVVL, IRIVAL)

IF(IUNIT(5).GT.0) CALL EVTS5BD(NEVTOP,X(LCIEVT),X(LCEVTR),
X (LCEXDP) , X (LCSURF) , X(LCIBOU) , X (LCHNEW) , NCOL, NROW, NLAY,
DELT, VBVL, VBNM, MSUM, KKSTP, KKPER, TEVTCB, ICBCFL, X (LCBUFF) , IOUT,
PERTIM, TOTIM)

IF(IUNIT(7).GT.0) CALL GHB5BD(NBOUND,MXBND, VBNM, VBVL, MSUM,

R R
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1 X (LCBNDS) , DELT, X (LCHNEW) , NCOL, NROW, NLAY, X (LCIBOU) , KKSTP,
2 KKPER, IGHBCB, ICBCFL, X (LCBUFF) , IOUT, PERTIM, TOTIM, NGHBVL,
3 IGHBAL)
IF(IUNIT(8).GT.0) CALL RCH5BD(NRCHOP,X(LCIRCH),X(LCRECH),
1 X (LCIBOU) , NROW, NCOL,NLAY, DELT, VBVL, VBNM, MSUM, KKSTP, KKPER,
2 IRCHCB, ICBCFL, X (LCBUFF) , IOUT, PERTIM, TOTIM)

C

C7C5---PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT OVERALL BUDGET.
CALL BASS50T (X (LCHNEW) , X (LCSTRT) , ISTRT, X (LCBUFF) ,X(LCIOFL),
1 MSUM, X(LCIBOU), VBNM, VBVL, KKSTP, KKPER, DELT, PERTIM, TOTIM,

2 ITMUNI, NCOL, NROW,NLAY, ICNVG, IHDDFL, IBUDFL, THEDFM, IHEDUN,
3 IDDNFM, IDDNUN, IOUT, CHEDFM, CDDNFM, IXSEC, LBHDSV, LBDDSV)

C

C7C6----IF ITERATION FAILED TO CONVERGE THEN STOP.

IF(ICNVG.EQ.0) STOP
200 CONTINUE
300 CONTINUE

C8-=-=== END OF SIMULATION
IF(IBATCH.GT.0) THEN
WRITE(IBOUTS,*) ' Normal termination of simulation.’
DO 400 I=1,IBOUTS-1
INQUIRE (UNIT=I,OPENED=EXISTS)
IF(EXISTS) CLOSE(I)
400 CONTINUE
GO TO 50
END IF
500 STOP

END



BASIC PACKAGE

Many of the changes in the Basic Package (BAS) are for the purpose of implementing the
word method for controlling output. Three new submodules, SBAS5], SBAS5N and SBAS5L,
have been created, and some other modules have been modified, in order to implement the new
method of output control. Other significant changes to the BAS Package are for the purpose of
opening files and improving input and output for cross-sectional models. Submodule SBAS50
has been added to open files.

Module BAS5DF
Narrative for Module BAS5DF

The BAS5DF module defines and sets key model parameters. It does so in the following
order:

0. Call module SBAS50 to open files and assign IUNIT values. IUNIT values determine
which of the major options are active.

1. Print the name of the program.
2. Read and print a heading.

3. Read as text a line that contains the number of layers, rows, columns, stress periods, and
code ITMUNI. Wait to decode this until it is known if free or fixed format is used.

4. Read the options record and call the URWORD module to parse the record for recognized
options. This record was previously used to specify IUNIT values, but ITUNIT values are now
defined in step 0. Recognized options are "XSECTION" to indicate that a cross section is being
simulated along a row, "CHTOCH" to indicate that flow between adjacent constant-head cells
should be calculated, and "FREE" to indicate that free format should be used for reading data
that are not read by the array reading utility modules. If unrecognized information is found,
such as would occur if an old dataset with IUNIT values were being read, then the information is
ignored.

5. Read the number of layers, rows, columns, stress periods, and code ITMUNI from the line
that was previously read as text. Use fixed or free format as indicated by flag IFREFM. ITMUNI
is a code that indicates the time units of model data. It does not affect model calculations of head
or flow; it is used when printing the amount of elapsed time (see the input instructions for the
codes).

6. Print the number of layers, rows, columns, and stress periods.
7. Select and print a message showing the time units and other options.

8. Initialize the total-elapsed time counter (TOTIM) and the storage-array counter (ISUM)
and calculate the total number of cells.

9. RETURN.



BASSDF

SUBROUTINE BASS5DF(ISUM, HEADNG,NPER, ITMUNI, TOTIM, NCOL, NROW,
1 NLAY, NODES, INBAS, IOUT, TUNIT, CUNIT, INUNIT, IXSEC, ICHFLG, IFREFM)

c
C----= VERSION 1030 20FEB1996 BASSDF
c 2 22X 22222222 R X222 X2 XXX 222 X2 X2 2 R R R X X2 R X R 2 X 2 X2 X2 R X XXX R X2 X X X X J
c DEFINE KEY MODEL PARAMETERS
c (A 22222 X2 2R 2R X2 R X XXX 2R X2 R R X R X R iR A X 2 X X R 2 X 2 X X XXX XXX R XXX 2 X X J
c
c SPECIFICATIONS:
C | e e e e e e e e e e e e e e e e
CHARACTER*80 HEADNG(2)
DIMENSION IUNIT(40)
CHARACTER*4 CUNIT(40)
CHARACTER*80 LINEl,LINE2
c __________________________________________________________________
CO-—————- OPEN FILES AND ASSIGN IUNIT VALUES.
CALL SBAS50(INUNIT,INBAS,IOUT,IUNIT,CUNIT)
c
Cl-—---- PRINT THE NAME OF THE PROGRAM.
WRITE (IOUT, 1)
1 FORMAT('1l', 33X, 'MODFLOW',/6X,'U.S. GEOLOGICAL SURVEY MODULAR',
1 ' FINITE-DIFFERENCE GROUND-WATER FLOW MODEL')
c
c2--—-—= READ AND PRINT A HEADING.
READ (INBAS, ' (A)') HEADNG(1)
READ (INBAS, ' (A)') HEADNG(2)
WRITE (IOUT,'(1X,/1X,A)') HEADNG(1)
WRITE (IOUT, ' (1X,A)') HEADNG(2)
c
C3-mmm- READ LINE SPECIFYING NUMBER OF LAYERS, ROWS,COLUMNS, STRESS
C3-——-u- PERIODS AND UNITS OF TIME CODE, BUT DON'T DECODE UNTIL IT IS
C3-————- DETERMINED THAT FREE OR FIXED FORMAT IS BEING USED.
READ(INBAS,'(A)') LINE1l
c
Cld-—m—- READ OPTIONS RECORD AND LOOK FOR OPTIONS
READ (INBAS, '(A)’') LINE2
IXSEC=0
ICHFLG=0
IFREFM=0
LLOC=1
5 CALL URWORD(LINE2,LLOC, ISTART,ISTOP,1,N,R,IOUT, INBAS)
IF(LINE2 (ISTART:ISTOP).EQ. 'XSECTION' .AND. NROW.EQ.l) THEN
IXSEC=1
ELSE IF(LINE2(ISTART:ISTOP).EQ.'CHTOCH') THEN
ICHFLG=1
ELSE IF(LINE2(ISTART:ISTOP).EQ.'FREE') THEN
IFREFM=1
WRITE (IOUT,6)
6 FORMAT (1X,'THE FREE FORMAT OPTION HAS BEEN SELECTED')
END IF
IF(LLOC.LT.80) GO TO 5
c
C5-———-- READ NUMBER OF LAYERS, ROWS, COLUMNS, STRESS PERIODS, AND
CBmmmmmm ITMUNI USING FREE OR FIXED FORMAT.
IF(IFREFM.EQ.0) THEN
READ(LINEL, ' (5I10)') NLAY, NROW,NCOL,NPER, ITMUNI
ELSE
LLOC=1
CALL URWORD(LINE1,LLOC, ISTART,ISTOP,2,NLAY,R,IOUT, INBAS)
CALL URWORD(LINE1l,LLOC, ISTART,ISTOP,2,NROW,R, IOUT, INBAS)
CALL URWORD(LINE1, LLOC, ISTART, ISTOP, 2,NCOL,R, IOUT, INBAS)
CALL URWORD(LINEL, LLOC, ISTART, ISTOP, 2, NPER, R, IOUT, INBAS)
CALL URWORD(LINEl, LLOC, ISTART, ISTOP, 2, ITMUNI,R, IOUT, INBAS)
END IF
c
C6-————- PRINT # OF LAYERS, ROWS, COLUMNS AND STRESS PERIODS.
WRITE(IOUT,7) NLAY,NROW, NCOL
7 FORMAT(1X,I4,' LAYERS',I1l0,' ROWS',I10,’' COLUMNS')
WRITE (IOUT,8) NPER
8 FORMAT(1X,I3,' STRESS PERIOD(S) IN SIMULATION')
c
C7-====- SELECT AND PRINT A MESSAGE SHOWING TIME UNITS AND OTHER OPTIONS.

IF(ITMUNI.LT.0 .OR. ITMUNI.GT.5) ITMUNI=0
IF(ITMUNI.EQ.0) THEN
WRITE (IOUT, 9)
9 FORMAT (1X, 'MODEL TIME UNITS ARE UNDEFINED')
ELSE IF(ITMUNI.EQ.l) THEN



WRITE (IOUT,11)
11 FORMAT (1X, 'MODEL TIME UNIT IS SECONDS')
ELSE IF(ITMUNI.EQ.2) THEN

WRITE (IOUT, 21)
21 FORMAT (1X, '"MODEL TIME UNIT IS MINUTES')
ELSE IF(ITMUNI.EQ.3) THEN
WRITE (IOUT, 31)

31 FORMAT (1X, 'MODEL TIME UNIT IS HOURS')
ELSE IF(ITMUNI.EQ.4) THEN
WRITE (IOUT,41)
41 FORMAT (1X, 'MODEL TIME UNIT IS DAYS')
ELSE
WRITE (IOUT, 51)
51 FORMAT (1X, 'MODEL TIME UNIT IS YEARS')
END IF
IF(IXSEC.NE.0) WRITE(IOUT,61)
61 FORMAT (1X, 'CROSS SECTION OPTION IS SPECIFIED')
IF(ICHFLG.NE.O) WRITE(IOUT,62)
62 FORMAT (1X, 'CALCULATE FLOW BETWEEN ADJACENT CONSTANT-HEAD CELLS')

------ INITIALIZE TOTAL ELAPSED TIME COUNTER STORAGE ARRAY COUNTER
------ AND CALCULATE NUMBER OF CELLS.

TOTIM=0.

ISUM=1

NODES=NCOL*NROW*NLAY



List of Variables for Module BAS5DF

Variable Range Definition

CUNIT Package CHARACTER*4(40), Names of major options corresponding to
elements within the IUNIT array.
HEADNG  Global = CHARACTER*80(2), Heading printed in output to identify problem.
ICHFLG Global  Flag for flow between constant-head cells:
=0, flow between constant-head cells is not calculated.
# 0, flow between constant-head cells is calculated..
IFREFM Global  Flag indicating if data should be read using free or fixed format:
= (0, fixed format
#0, free format

INBAS Package Primary input unit for the Basic (BAS) Package.
INUNIT Package Unit for reading from the name file.
1I0UT Global  Unit number for writing to the listing file.
ISTART Module Index pointing to the start of a word found by Module URWORD.
ISTOP Module Index pointing to the end of a word found by Module URWORD.
ISUM Global  Index of the lowest element in the X array which has not yet been
allocated.
ITMUNI Global  Code for time units being used:
0 - undefined
1 - seconds
2 - minutes
3 - hours
4 - days
5 - years
TUNIT Package DIMENSION(40), Primary input units for the major model options.
IXSEC Global  Cross section flag:

=0, the model is not a 1-row cross section.
# 0, the model is a 1-row cross section.

LINE1 Module CHARACTER*80, Third line of the BAS input file, from which NLAY,
NROW, NCOL, NPER, and ITMUNI are read.

LINE2 Module CHARACTER*80, Fourth line of the BAS input file, which is scanned
for option words.

LLOC Module Location within LINE1 and LINE2 where URWORD starts looking for
a word.

N Module Argument place holder for calls to URWORD in which the argument is
unused.

NCOL Global  The number of columns in the grid.

NLAY Global =~ The number of layers in the grid.

NODES Global The number of cells (nodes) in the grid.

NPER Global  The number of stress periods in the simulation.

NROW Global ~ The number of rows in the grid.

R Module Argument place holder for calls to URWORD in which the argument is
unused.

TOTIM Global  Elapsed time in the simulation.

10



Module BASSAL

SUBROUTINE BASS5AL(ISUM, LENX, LCHNEW, LCHOLD, LCIBOU, LCCR, LCCC, LCCV,
1 LCHCOF, LCRHS, LCDELR, LCDELC, LCSTRT, LCBUFF, LCIOFL, INBAS,
2 ISTRT, NCOL, NROW, NLAY, IOUT, TAPART, IFREFM)
----- VERSION 1334 20FEB1996 BASSAL
S R R s e o T T Ty

ALLOCATE SPACE FOR BASIC MODEL ARRAYS
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SPECIFICATIONS:

noanonaaoana

1--———- PRINT A MESSAGE IDENTIFYING THE PACKAGE.
WRITE(IOUT, 1) INBAS
1 FORMAT(1X,/1X, 'BAS5 -- BASIC MODEL PACKAGE, VERSION 5, 1/1/95',
2' INPUT READ FROM UNIT',I3)

C2-=--=-- READ & PRINT FLAG IAPART (RHS & BUFFER SHARE SPACE?) AND
C2--—--- FLAG ISTRT (SHOULD STARTING HEADS BE KEPT FOR DRAWDOWN?).
IF(IFREFM.EQ.0) THEN
READ(INBAS, '(2I10)') IAPART, ISTRT
ELSE
READ (INBAS, *) IAPART, ISTRT
END IF
IF(IAPART.NE.O) WRITE(IOUT,2)
2 FORMAT(1X,
1 'ARRAYS RHS AND BUFF WILL HAVE SEPARATE MEMORY ALLOCATIONS')
IF(IAPART.EQ.0) WRITE(IOUT, 3)
3 FORMAT(1X, 'ARRAYS RHS AND BUFF WILL SHARE MEMORY')
IF(ISTRT.NE.O0) WRITE(IOUT,4)
4 FORMAT(1X, 'INITIAL HEAD WILL BE KEPT THROUGHOUT THE SIMULATION')
IF(ISTRT.EQ.0) WRITE(IOUT,5)
5 FORMAT (1X, 'INITIAL HEAD WILL NOT BE KEPT THROUGHOUT THE',
1l ' SIMULATION, WHICH MEANS', /l1lX, 'DRAWDOWN CANNOT BE CALCULATED')

C3-—---—- STORE LOCATION OF FIRST UNALLOCATED SPACE IN X.
ISOLD=ISUM
NRCL=NROW*NCOL*NLAY

C4-——=--- ALLOCATE SPACE FOR ARRAYS.
LCHNEW=ISUM
ISUM=ISUM+2*NRCL
LCHOLD=ISUM
ISUM=ISUM+NRCL
LCIBOU=ISUM
ISUM=ISUM+NRCL
LCCR=ISUM
ISUM=ISUM+NRCL
LCCC=ISUM
ISUM=ISUM+NRCL
LCCV=ISUM
ISUM=ISUM+NROW*NCOL* (NLAY-1)
LCHCOF=ISUM
ISUM=ISUM+NRCL
LCRHS=ISUM
ISUM=ISUM+NRCL
LCDELR=ISUM
ISUM=ISUM+NCOL
LCDELC=ISUM
ISUM=ISUM+NROW
LCIOFL=ISUM
ISUM=ISUM+NLAY*4

C5-==-=-- IF BUFFER AND RHS SHARE SPACE THEN LCBUFF=LCRHS.
LCBUFF=LCRHS
IF(IAPART.EQ.0) GO TO 50
LCBUFF=ISUM
ISUM=ISUM+NRCL

C6-———--- IF STRT WILL BE SAVED THEN ALLOCATE SPACE.
50 LCSTRT=ISUM
IF(ISTRT.NE.O0) ISUM=ISUM+NRCL
ISP=ISUM-ISOLD

C7~——-=- PRINT AMOUNT OF SPACE USED.

WRITE (IOUT,6) ISP
6 FORMAT(1X,Il0,' ELEMENTS IN X ARRAY ARE USED BY BAS')

11



ISUM1=ISUM-1
WRITE(IOUT,7) ISUMl,LENX

7 FORMAT(1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',Il0)
IF(ISUM1.GT.LENX) WRITE(IOUT, 8)

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

12



Module BAS5RP
Narrative for Module BAS5RP

This module reads and prepares data for the BAS Package. It reads the boundary array
(IBOUND), reads initial values for head (HNEW), copies initial head to array STRT if initial
heads are to be kept throughout the simulation, initializes the volumetric-budget accumulators
(VBVL), and sets up the Output Control System. Initial heads are read even for steady-state
problems because the iterative solvers require an estimate of head to start the solution process.
This module also reads a head value, HNOFLO, to which head is set at no-flow cells. Because
head at no-flow cells is not part of any model calculations, HNOFLO has no effect on the
calculated head at variable-head cells or on any model calculation. The only purpose of
HNOFLO is for making inactive cells stand out when head is printed (e.g., 0.0 or 9999.99) or
stored in a disk file for use by another program.

The IBOUND codes are as follows.

IBOUND Code Meaning
negative constant-head cell
Zero inactive (no-flow) cell
positive variable-head cell

Module BASIRP performs its functions as follows:
1. Print the simulation title and calculate the number of cells in a layer.

2. Read the boundary array (IBOUND). If a cross section, read a single 2-D array for the cross
section. If not a cross section, read multiple 2-D arrays -- one for each layer.

3. Read and print the head value to be printed for no-flow cells (HNOFLO).

4. Read the initial heads. The initial heads are read as single precision values into the array
HOLD and converted to double precision as they are moved into HNEW. If a cross section, read
a single 2-D array for the cross section. If not a cross section, read multiple 2-D arrays -- one for

each layer.

5. Copy the initial heads (and convert to double precision) from HOLD into HNEW. At no-
flow cells, set HNEW equal to HNOFLO.

6. If the initial heads must be kept throughout the simulation, copy them from HOLD to
STRT.

7. Initialize volumetric-budget accumulators.
8. Call submodule SBAS5I to initialize the Output Control System.

9. RETURN.

13



BASSRP

SUBROUTINE BASS5RP (IBOUND, HNEW, STRT, HOLD, ISTRT, INBAS, HEADNG, NCOL,

1 NROW, NLAY, VBVL, IOFLG, INOC, IHEDFM, IDDNFM, THEDUN, IDDNUN, IOUT,

2 IPEROC, ITSOC, CHEDFM, CDDNFM, IBDOPT, IXSEC, LBHDSV, LBDDSV, IFREFM)
-—---VERSION 1345 20FEB1996 BASS5RP

khkhkhhkhhhhhkhhhkhhkhkhhhhhhkhhhhkhhkhhhhhkhhhkhkhhkhhkhhkhkhhkhkhhhkhkkhkhkhkkhkkkkkkkk

READ AND INITIALIZE BASIC MODEL ARRAYS
L L T L T T S T T Y

SPECIFICATIONS:
CHARACTER*80 HEADNG(2)
CHARACTER*24 ANAME(2)
DOUBLE PRECISION HNEW, HNOFLO
DIMENSION HNEW (NCOL, NROW, NLAY), IBOUND (NCOL, NROW, NLAY),
1 STRT (NCOL, NROW, NLAY) , HOLD (NCOL, NROW, NLAY) ,
2 VBVL (4,40),IOFLG(NLAY,4)
CHARACTER*20 CHEDFM, CDDNFM

DATA ANAME(1l) /' BOUNDARY ARRAY'/
DATA ANAME(2) /°® INITIAL HEAD'/

------ PRINT SIMULATION TITLE, CALCULATE # OF CELLS IN A LAYER.
WRITE (IOUT,'(''1'',/1X,A)"') HEADNG(1)
WRITE (IOUT, ' (1X,A)') HEADNG(2)

—————— READ BOUNDARY ARRAY(IBOUND) ONE LAYER AT A TIME.
IF(IXSEC.EQ.0) THEN
DO 100 K=1,NLAY
KK=K
CALL U2DINT(IBOUND(1,1,KK),ANAME (1), NROW,NCOL, KK, INBAS, TOUT)
100 CONTINUE
ELSE
CALL U2DINT(IBOUND(1,1,1),ANAME(1l),NLAY,NCOL, -1, INBAS, IOUT)
END IF

------ READ AND PRINT HEAD VALUE TO BE PRINTED FOR NO-FLOW CELLS.
IF(IFREFM.EQ.0) THEN
READ(INBAS, ' (F10.0)') TMP
ELSE
READ (INBAS, *) TMP
END IF
HNOFLO=TMP
WRITE(IOUT,3) TMP
3 FORMAT(1X,/1X, 'AQUIFER HEAD WILL BE SET TO ', 1PGll.5,
1 ' AT ALL NO-FLOW NODES (IBOUND=0).')

—————— READ INITIAL HEADS.
IF(IXSEC.EQ.0) THEN
DO 300 K=1,NLAY
KK=K
CALL U2DREL(HOLD(1,1,KK),ANAME(2), NROW, NCOL, KK, INBAS, IOUT)
300 CONTINUE
ELSE
CALL U2DREL(HOLD(1,1,1),ANAME(2),NLAY,NCOL, -1, INBAS, IOUT)
END IF

------ COPY INITIAL HEADS FROM HOLD TO HNEW.
DO 400 K=1,NLAY
DO 400 I=1,NROW
DO 400 J=1,NCOL
HNEW (J, I,K)=HOLD(J, I,K)
IF(IBOUND(J,I,K).EQ.0) HNEW(J,I,K)=HNOFLO
400 CONTINUE

------ IF STARTING HEADS ARE TO BE SAVED THEN COPY HOLD TO STRT.
IF(ISTRT.EQ.0) GO TO 590
DO 500 K=1,NLAY
DO 500 I=1,NROW
DO 500 J=1,NCOL
STRT(J,I,K)=HOLD(J,I,K)
500 CONTINUE

------ INITIALIZE VOLUMETRIC BUDGET ACCUMULATORS TO ZERO.
590 ZERO=0.

DO 600 I=1,40

DO 600 J=1,4

14



VBVL (J, I)=2ERO
600 CONTINUE

C
C8--mwm SET UP OUTPUT CONTROL.
CALL SBASSI (NLAY, ISTRT,IOFLG, INOC, IOUT, IHEDFM, IDDNFM, IHEDUN,
1 IDDNUN, IPEROC, ITSOC, CHEDFM, CDDNFM, IBDOPT, LBHDSV, LBDDSV, IFREFM)
C
(o R RETURN
1000 RETURN

END

15



List of Variables for Module BAS5RP

Variable Range Definition

ANAME Module CHARACTER?*24(2), Labels that identify the boundary and initial
head arrays.

CDDNFM  Package CHARACTER*20, Format that a user can specify for writing
drawdown in a disk file.

CHEDFM Package CHARACTER*20, Format that a user can specify for writing head in a
disk file.

HEADNG  Global = CHARACTER*80(2), Heading printed in output to identify problem.

HNEW Global DIMENSION (NCOL,NROW ,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

HNOFLO Module User specified value for head in cells that are no flow at the start of the
simulation (Double Precision).

HOLD Global DIMENSION (NCOL,NROW,NLAY), Head at the start of the current
time step.

I Module Index for rows.

IBDOPT Package Flag indicating how cell-by-cell budget data will be written:
1 - All budget terms will be written as a 3-D arrays.
2 - The form for writing budget data will be selected in order to
minimize the amount of disk space.

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
=0, no-flow (inactive) cell
> 0, variable-head cell

IFREFM Global  Flag indicating if data should be read using free or fixed format:
=0, fixed format
# 0, free format

IDDNFM Package Code that specifies the format for printing drawdown.

IDDNUN Package Unit number for saving drawdown in a disk file.

IHEDFM Package Code that specifies the format for printing head.

IHEDUN Package Unit number for saving head in a disk file.

INBAS Package Input unit number for the Basic Package.

INOC Package Inputunit number for the Output Control Option.

IOFLG Package DIMENSION (NLAY, 4), Flags to control printing and saving of head
and drawdown for each layer.

IOUT Global  Unit number for writing to the listing file.

IPEROC Package For alphabetic output control, the stress period at which the next
output is requested. IPEROC=-1 for numeric output control.

ISTRT Global  Flag for keeping initial heads throughout the simulation:
= 0, initial heads will not be kept in memory after the simulation
starts.
# 0, initial heads will be kept in memory throughout the
simulation so that drawdown can be calculated.

ITSOC Package For alphabetic output control, the time step at which the next output is
requested. ITSOC=-1 for numeric output control.

IXSEC Global  Cross section flag:

=0, the model is not a 1-row cross section.
# 0, the model is a 1-row cross section.
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LBDDSV

LBHDSV

NCOL
NLAY
NROW
STRT
TMP
VBVL

ZERO

Module
Module
Module

Package

Package

Global
Global
Global
Global
Module
Global

Module

Index for columns.

Index for layers.

Temporary variable set equal to K. KK is used as the calling argument
to subroutines in order to avoid problems with some compilers if a
DO loop index is an argument.

Label flag for saving drawdown in a formatted file.
=0, do not write a label in the file.

# 0, write a label in the file.

Label flag for saving head in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.

The number of columns in the grid.

The number of layers in the grid.

The number of rows in the grid.

DIMENSION (NCOL,NROW,NLAY), Initial (starting) head.

Single-precision equivalent of HNOFLO.

DIMENSION (4,40), Flows for the volumetric budget. For budget
term N, the values in VBVL are:

(1,N) Volume into the flow system during the simulation.

(2N) Volume out of the flow system during the simulation.

(3,N) Rate into the flow system for the current time step.

(4,N) Rate out of the flow system for the current time step.
The constant 0.
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Module BASSST

SUBROUTINE BASS5ST(NSTP,DELT, TSMULT, PERTIM, KPER, INBAS, IOUT, IFREFM)

----- VERSION 1418 20FEB1996 BASS5ST
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SETUP TIME PARAMETERS FOR NEW TIME PERIOD
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SPECIFICATIONS:

(oo NoXeNoNeNeNeNo NoNel

Cl---~-~--READ AND WRITE LENGTH OF STRESS PERIOD, NUMBER OF TIME STEPS AND
Clem=m~- TIME STEP MULTIPLIER.
IF (IFREFM.EQ.0) THEN
READ (INBAS, '(F10.0,I10,F10.0)"') PERLEN,NSTP, TSMULT
ELSE
READ (INBAS, *) PERLEN,NSTP, TSMULT
END IF
WRITE (IOUT,1l) KPER,PERLEN,NSTP, TSMULT
1 FORMAT('1l', /28X, 'STRESS PERIOD NO.',I4,', LENGTH =',G15.7,/

1 28X,46('-'),//
2 30X, 'NUMBER OF TIME STEPS =',I6,//
3 31X, 'MULTIPLIER FOR DELT =',F10.3)
C
ClA~~~~=- STOP IF NSTP LE 0, PERLEN LE 0., OR TSMULT LE 0.
IF(NSTP.LE.0) THEN
WRITE (IOUT, 2)
2 FORMAT (1X, /1X, 'THERE MUST BE AT LEAST ONE TIME STEP')
STOP
END IF
ZERO=0.
IF(PERLEN.LE.ZERO) THEN
WRITE (IOUT, 3)
3 FORMAT (1X, /1X, 'PERLEN MUST BE GREATER THAN 0.0')
STOP
END IF
IF(TSMULT.LE.ZERO) THEN
WRITE (IOUT, 4)
4 FORMAT (1X, /1X, 'TSMULT MUST BE GREATER THAN 0.0')
STOP
END IF
C
C2~—=~—- CALCULATE THE LENGTH OF THE FIRST TIME STEP.
C

C2A--~--ASSUME TIME STEP MULTIPLIER IS EQUAL TO ONE.
DELT=PERLEN/FLOAT (NSTP)

C
C2B~~-—-~~ IF TIME STEP MULTIPLIER IS NOT ONE THEN CALCULATE FIRST
C2B~~--~ TERM OF GEOMETRIC PROGRESSION.
ONE=1.
IF(TSMULT.NE.ONE) DELT=PERLEN* (ONE~TSMULT) / (ONE~-TSMULT**NSTP)
C
C3mmmmm— PRINT THE LENGTH OF THE FIRST TIME STEP.
WRITE (IOUT,S9) DELT
9 FORMAT (1X, /28X, 'INITIAL TIME STEP SIZE =',G15.7)
C
Cd-—-~~- INITIALIZE PERTIM (ELAPSED TIME WITHIN STRESS PERIOD).
PERTIM=0.
C
C5-=~~-~RETURN
RETURN
END
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Module BASSAD

SUBROUTINE BASS5AD(DELT, TSMULT, TOTIM, PERTIM, HNEW, HOLD, KSTP,

1 NCOL, NROW, NLAY)

VERSION 1412 22FEB1982 BASS5AD

L T T e
ADVANCE TO NEXT TIME STEP

khkhkkkkkkkkhkhkhkhhbhkhkhkhkdkkdkrhbhbhbhrhbrhbdrrdrddddddddrrdrd b drdrd b d

SPECIFICATIONS:

DOUBLE PRECISION HNEW
DIMENSION HNEW (NCOL, NROW,NLAY), HOLD (NCOL, NROW,NLAY)

--IF NOT FIRST TIME STEP THEN CALCULATE TIME STEP LENGTH.
IF(KSTP.NE.l) DELT=TSMULT*DELT

--ACCUMULATE ELAPSED TIME IN SIMULATION(TOTIM) AND IN THIS

C2-mmmm STRESS PERIOD(PERTIM).

TOTIM=TOTIM+DELT
PERTIM=PERTIM+DELT

C3-mmmmm COPY HNEW TO HOLD.

DO 10 K=1,NLAY
DO 10 I=1,NROW
DO 10 J=1,NCOL
HOLD(J, I,K)=HNEW(J,I,K)
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Module BASSEM

SUBROUTINE BASSFM(HCOF, RHS,NODES)

----- VERSION 1412 02JULY1993 BASS5FM
Tl T T Y

SET HCOF=RHS=0.

khhkhkhhkhkhkhkhhkhhkhkhhhkhkhhkhhhhkhhhkhhhkhhhhkhkhhkhkhhhkhkhhkhhhkhkhhkhkhhhkhkhhkhkhkkhhkkk

SPECIFICATIONS:

NN aaaaaaaaann

l---==- FOR EACH CELL INITIALIZE HCOF AND RHS ACCUMULATORS.
ZERO=0.
DO 100 I=1,NODES
HCOF (I)=ZERO
RHS(T)=ZERO
100 CONTINUE

RETURN
END
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Module BAS50C

Narrative for Module BAS50C

Module BAS50C is called every time step to set flags used by the budget and output
procedures that determine which data are written to the listing file and other files. The flags are
numeric codes. These flags can be defined using two methods. The original method reads the
numeric codes for these flags while the new method reads alphabetic words that indicate how
the flags should be set. A few new options, which can only be invoked through the word form of
output control, have also been added.

Individual flags are IHDDFL which indicates that head or drawdown is to be printed or
recorded, IBUDFL which indicates that the overall budget should be printed, and ICBCFL which
indicates that cell-by-cell flow terms should be calculated and printed or recorded. A table of
flags, IOFLG, has four flags for each layer. They correspond to the four options: print heads,
print drawdown, save heads, and save drawdown. The flags in IOFLG are used in conjunction
with the flag IHDDFL. If IHDDFL is set, IOFLG is used to determine head and drawdown on a
layer-by-layer basis. If IHDDFL is not set, heads and drawdown are not printed or saved and
IOFLG is ignored.

Module BAS10C performs its functions as follows:

1. Determine if the Output Control Option is inactive. If inactive, the twelfth element of the
IUNIT array will be less than or equal to 0. IUNIT(12) is passed to BAS10C as variable INOC. If
output control is inactive, set flags for default output. Flags IBUDFL and IHDDFL are set only
for the last time step of each stress period. Go to 1000 after assigning flags.

2. Output control is active; check to see if using word input. If so, IPEROC will be greater
than or equal to 0. (IPEROC is set by module SBAS1I through module BAS5RP.) If using word
input, call module SBASIN to set the flags. Upon return, go to 8.

3. Use the original method for defining output control flags. INOC is the unit number for
reading output control data. Read and print INCODE and flags IHDDFL, IBUDFL, and ICBCFL.

4. The code INCODE gives the user several options for specifying IOFLG. Determine
whether INCODE is less than zero, equal to zero, or greater than zero. Go to 5, 6, 0or 7.

5. INCODE is less than zero. Reuse the IOFLG flags used in the previous time step and print
a message to that effect. Go to 8.

6. INCODE is equal to zero. Read IOFLG for layer 1 and then set flags in all other layers
equal to those in layer 1. Go to 8.

7. INCODE is greater than zero. Read and print IOFLG table for all layers unless the model is
a cross section. If a cross section, read IOFLG for a single layer, which will apply to the cross
section.

8. Regardless of what output the user has requested, set the flag IBUDFL if the iterative
procedure failed to converge or if the current time step is the last time step in the stress period.

9. RETURN.
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BAS50C

SUBROUTINE BAS50C(NSTP,KSTP, ICNVG, IOFLG, NLAY, IBUDFL, ICBCFL,
IHDDFL, INOC, IOUT, KPER, IPEROC, ITSOC, IBDOPT, IXSEC, IFREFM)

----- VERSION 1340 20FEB1996 BAS50C
Y T T T L Ty

OUTPUT CONTROLLER FOR HEAD, DRAWDOWN, AND BUDGET
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SPECIFICATIONS:

NnNanNnN NNNOQNNNN

l-—-—-- TEST UNIT NUMBER (INOC (INOC=IUNIT(12))) TO SEE IF
1-—--—- OUTPUT CONTROL IS ACTIVE. IF NOT, SET DEFAULTS AND RETURN.
IF(INOC.LE.0) THEN
IHDDFL=0
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IHDDFL=1
IBUDFL=0
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IBUDFL=1
ICBCFL=0
GO TO 1000
END IF

C2-—-=—-—- QUTPUT CONTROL IS ACTIVE. IF IPEROC >= 0, READ OUTPUT FLAGS
C2-—-——- USING ALPHABETIC INPUT STRUCTURE.
IF(IPEROC.GE.0) THEN
CALL SBASS5N(IOFLG,NLAY, THDDFL, IBUDFL, ICBCFL, IPEROC, ITSOC, KPER,
1 KSTP, INOC, IOUT, IBDOPT)
GO TO 600
END IF

C3-===== READ AND PRINT OUTPUT FLAGS AND CODE FOR DEFINING IOFLG USING
C3--———- THE ORIGINAL NUMERIC INPUT STRUCTURE.
IF(IFREFM.EQ.0) THEN
READ (INOC, ' (4I10)') INCODE, THDDFL, IBUDFL, ICBCFL
ELSE
READ (INOC, *) INCODE, IHDDFL, IBUDFL, ICBCFL
END IF
WRITE(IOUT,3) IHDDFL,IBUDFL,ICBCFL
3 FORMAT(1X,/1X, 'HEAD/DRAWDOWN PRINTOUT FLAG =',I2,
1 5X, 'TOTAL BUDGET PRINTOUT FLAG =',I2,
2 /1X, 'CELL-BY-CELL FLOW TERM FLAG =',I2)
IF(ICBCFL.NE.0) ICBCFL=IBDOPT

(o EEELEL DECODE INCODE TO DETERMINE HOW TO SET FLAGS IN IOFLG.
IF(INCODE) 100,200,300

C5=-—uma USE IOFLG FROM LAST TIME STEP.
100 WRITE(IOUT,101)
101 FORMAT(1X, 'REUSING PREVIOUS VALUES OF IOFLG')
GO TO 600

C6b=—=—=== READ IOFLG FOR LAYER 1 AND ASSIGN SAME TO ALL LAYERS
200 IF(IFREFM.EQ.0) THEN
READ(INOC, ' (4110)') (IOFLG(1l,M),M=1,4)
ELSE
READ(INOC, *) (IOFLG(1l,M),M=1,4)
END IF
DO 210 K=1,NLAY
IOFLG(K, 1)=IOFLG(1,1)
IOFLG(K,2)=I0FLG(1,2)
IOFLG(K, 3)=IO0FLG(1,3)
IOFLG(K, 4)=IOFLG(1,4)
210 CONTINUE
WRITE (IOUT, 211) (IOFLG(1l,M),M=1,4)
211 FORMAT (1X, /1X, 'OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:'/
1X,' HEAD DRAWDOWN HEAD DRAWDOWN'/
2 1X, '"PRINTOUT PRINTOUT SAVE SAVE'/
3 1X,34('-')/1X,15,110,18,1I8)
GO TO 600

C7-—----- READ IOFLG IN ENTIRETY -- IF CROSS SECTION, READ ONLY ONE VALUE.
300 IF(IXSEC.EQ.0) THEN
DO 301 K=1,NLAY
IF(IFREFM.EQ.0) THEN
READ(INOC, '(4I10)') (IOFLG(K,M),M=1,4)
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ELSE
READ(INOC,*) (IOFLG(K,M),M=1,4)
END IF
301 CONTINUE
WRITE(IOUT,302) 'OUTPUT FLAGS FOR EACH LAYER:', 'LAYER'
302 FORMAT (1X, /1X,A,/

1 1X,°’ HEAD DRAWDOWN HEAD DRAWDOWN'/
2 1X,A,' PRINTOUT PRINTOUT SAVE SAVE' /
3 1X,41('-"))

WRITE (IOUT,303) (K, (IOFLG(K,M),M=1,4),K=1,NLAY)
303 FORMAT(1X,I4,I8,I10,I8,1I8)
ELSE
IF(IFREFM.EQ.0) THEN
READ(INOC, ' (4I10)') (IOFLG(1l,M),M=1,4)
ELSE
READ(INOC,*) (IOFLG(1,M),M=1,4)
END IF
WRITE(IOUT,302) 'OUTPUT FLAGS FOR CROSS SECTION:',' '
WRITE(IOUT,304) (IOFLG(1,M),M=1,4)

304 FORMAT(1X,I12,1I10,I8,I8)
END IF

C
C8-=----- THE LAST STEP IN A STRESS PERIOD AND STEPS WHERE ITERATIVE
C8-=mm—- PROCEDURE FAILED TO CONVERGE GET A VOLUMETRIC BUDGET.

600 IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP) IBUDFL=1
C
CY9-mmem— RETURN
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List of Variables for Module BAS50C

Variable Range Definition

IBDOPT Package Flag indicating how cell-by-cell budget data will be written:
1- All budget terms will be written as a 3-D arrays.
2 - The form for writing budget data will be selected in order to
minimize the amount of disk space.
IBUDFL Package Volumetric budget print flag:
= 0, volumetric budget is not printed for the current time step.
# 0, volumetric budget is printed for the current time step.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
=0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current

time step.

ICNVG Global  Flag that is set equal to one when the iteration procedure has
converged.

IFREFM Global  Flag indicating if data should be read using free or fixed format:

=0, fixed format
# 0, free format
IHDDFL Package Flag for using IOFLG in the current time step:
=0, regardless of IOFLG values, no head or drawdown values are
printed or saved.
# 0, IOFLG values are used to determine if head and drawdown
are printed and saved.
INCODE Module Flag for how IOFLG values are defined in the current time step:
<0, reuse values for IOFLG from the previous time step.
=0, read JIOFLG for 1 layer, and the same values for all layers.
> 0, read IOFLG values for each layer.
INOC Package Input unit number for the Output Control Option.
IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head
and drawdown for each layer:
(N,1) #0, head will be printed for layer N.
(N,2) #0, drawdown will be printed for layer N.
(N,3) #0, head will be saved for layer N.
(N,4) # 0, drawdown will be saved for layer N.

I0UT Global  Unit number for writing to the listing file.

IPEROC Package For alphabetic output control, the stress period at which the next
output is requested. IPEROC=-1 for numeric output control.

ITSOC Package For alphabetic output control, the time step at which the next outputis
requested. ITSOC=-1 for numeric output control.

IXSEC Global  Cross section flag:

=0, the model is not a 1-row cross section.
# 0, the model is a 1-row cross section.

K Module Index for layers.

KPER Global Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.
M Module Index for the 2nd subscript in IOFLG.

NLAY Global = The number of layers in the grid.

NSTP Global = The number of time steps in the current stress period.
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Module BAS50T

SUBROUTINE BASS50T (HNEW, STRT, ISTRT, BUFF, IOFLG, MSUM, IBOUND, VBNM,
1l VBVL,KSTP, KPER, DELT, PERTIM, TOTIM, ITMUNI, NCOL, NROW, NLAY, ICNVG,
2 IHDDFL, IBUDFL, IHEDFM, THEDUN, IDDNFM, IDDNUN, IOUT, CHEDFM, CDDNFM,
3 IXSEC,LBHDSV, LBDDSV)

Commw VERSION 1647 290CT1992 BASS50T

C (2 A A 2 2SR X A 2222 R R R X2 22 A X2 2 R X2 X2 X R 22 X R X R R R R 2 X R 2 R X R R X X ]
C OUTPUT TIME, VOLUMETRIC BUDGET, HEAD, AND DRAWDOWN

Cc XX XXX 2T X E R ARSI R RS 2SS S XS X2 X222 2 XX 2 222X XXX S22 XX R XXX SRR R X X 3 3
c

o] SPECIFICATIONS:

€ e e e e e e e e e e e

CHARACTER*16 VBNM(MSUM)
DOUBLE PRECISION HNEW
DIMENSION HNEW (NCOL, NROW, NLAY), STRT (NCOL, NROW, NLAY),

1 VBVL (4, MSUM) , IOFLG(NLAY, 4) , IBOUND (NCOL, NROW, NLAY) ,
2 BUFF (NCOL, NROW, NLAY)
CHARACTER*20 CHEDFM, CDDNFM
€ e e e e e e e e
C
Cle-www- CLEAR PRINTOUT FLAG (IPFLG)
IPFLG=0
(]
C2-wmemm IF ITERATIVE PROCEDURE FAILED TO CONVERGE PRINT MESSAGE
IF(ICNVG.EQ.0) WRITE(IOUT,1l) KSTP,KPER
1 FORMAT(1X, /11X, '****FATLED TO CONVERGE IN TIME STEP',I3,
1 ' OF STRESS PERIOD',I3, '****!)
C
C3mmwm—-e IF HEAD AND DRAWDOWN FLAG (IHDDFL) IS SET WRITE HEAD AND
Clewmm— DRAWDOWN IN ACCORDANCE WITH FLAGS IN IOFLG.
IF(IKDDFL.EQ.0) GO TO 100
C
CALL SBASSH(HNEW, BUFF, TIOFLG, KSTP, KPER, NCOL, NROW, NLAY, IOUT,
1 IHEDFM, IHEDUN, IPFLG, PERTIM, TOTIM, CHEDFM, IXSEC, LBHDSV, IBOUND)
CALL SBASSD(HNEW, BUFF, IOFLG, KSTP, KPER, NCOL, NROW, NLAY, IOUT, IDDNFM,
1 IDDNUN, STRT, ISTRT, IBOUND, IPFLG, PERTIM, TOTIM, CODNFM, IXSEC,
2 LBDDSV)
Cc
(of B PRINT TOTAL BUDGET IF REQUESTED

100 IF(IBUDFL.EQ.0) GO TO 120
CALL SBAS5V(MSUM, VBNM, VBVL, KSTP, KPER, IOUT)

IPFLG=1
C
Chmmeeem END PRINTOUT WITH TIME SUMMARY AND FORM FEED IF ANY PRINTOUT
Ch-—wme WILL BE PRODUCED.

120 IF(IPFLG.EQ.0) RETURN
CALL SBASS5T(KSTP, KPER, DELT, PERTIM, TOTIM, ITMUNI, IOUT)
WRITE(IOUT, 101)

101 FORMAT('1l')

C

(o] T RETURN
RETURN
END
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odule SBASS5D
Narrative for Module SBASS5D

Module SBAS5D is called by module BAS50T to calculate and write drawdown for every cell
in specified layers of the grid. The module is called at the end of each time step if the head and
drawdown flag (IHDDFL) is set. It calculates drawdown only if the user has specified that initial
heads should be kept throughout the simulation.

The layers for which drawdown is to be written are determined by the settings of flags in the
table named IOFLG. In IOFLG, there are four flags for each layer. If the second flag is set,
drawdown is written to the listing file (i.e. printed). If the fourth flag is set, drawdown is written
on unit IDDNUN.

Module SBAS5D performs its functions in the following order:
1. For each layer, do steps 2-4.
2. If flags indicate that drawdown is not needed for this layer, go on to the next layer.

3. Drawdown is needed for this layer. Test flag ISTRT to see if initial heads were kept
throughout the simulation. If initial heads were not kept, write a message to that effect and
STOP.

4. Initial heads were kept. Calculate drawdown for this layer.

5. Check if the model is a cross section. If not a cross section, for each layer check if
drawdown is to be written to the listing file. If so, call module ULAPRS or ULAPRW, depending
on the format requested (IDDNFM), to write drawdown.

A. If a cross section, check if drawdown is to be written to the listing file. If so, call
module ULAPRS or ULAPRW, depending on the format requested (IDDNFM), to write
drawdown.

6. Check if there is a positive unit number (IDDNUN) for saving drawdown in a separate
disk file. If not, go to step 7. If IDDNUN is positive, check if the model is a cross section. If not
a cross section, for each layer check if drawdown is to be written to unit IDDNUN. If so, call
module ULASAV or ULASV2, depending on the format requested (CDDNEFM), to write
drawdown.

A. If a cross section, check if drawdown is to be written to unit IDDNUN. If so, call
module ULASAV or ULASV2, depending on the format requested (CDDNFM), to write

drawdown.

7. RETURN.

26



SBASS5D

SUBROUTINE SBASS5D(HNEW, BUFF, IOFLG,KSTP, KPER, NCOL, NROW,
1 NLAY, IOUT, IDDNFM, IDDNUN, STRT, ISTRT, IBOUND, IPFLG,
2 PERTIM, TOTIM, CDDNFM, IXSEC, LBDDSV)

----- VERSION 1648 25JUNE1993 SBASS5D
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o]
(o]
C CALCULATE, PRINT, AND SAVE DRAWDOWNS

c T I I L T T T P T LY ey
o]

(o]

(o]

SPECIFICATIONS:
CHARACTER*16 TEXT
DOUBLE PRECISION HNEW,SSTRT
DIMENSION HNEW (NCOL,NROW,NLAY), IOFLG(NLAY,4),
1 BUFF (NCOL, NROW, NLAY) , STRT (NCOL, NROW, NLAY) ,
1 IBOUND (NCOL, NROW, NLAY)
CHARACTER*20 CDDNFM

DATA TEXT /' DRAWDOWN' /

Cl---=-—- FOR EACH LAYER CALCULATE DRAWDOWN IF PRINT OR SAVE IS REQUESTED.
DO 59 K=1,NLAY

C2-====- IS DRAWDOWN NEEDED FOR THIS LAYER?
KL=K
IF(IXSEC.NE.O) KL=1
IF(IOFLG(KL,2).EQ.0 .AND. IOFLG(KL,4).EQ.0) GO TO 59

C3--==—- DRAWDOWN IS NEEDED. WERE INITIAL HEADS KEPT?

IF(ISTRT.EQ.0) THEN

WRITE(IOUT,52)
52 FORMAT (1X, /1X, 'CANNOT CALCULATE DRAWDOWN BECAUSE INITIAL HEAD',

1 ' WAS NOT KEPT AFTER THE'/1X,

2 'SIMULATION STARTED. SEE "ISTRT" PARAMETER IN BAS INPUT.')
STOP

END IF

Cd-———-- CALCULATE DRAWDOWN FOR THE LAYER.
DO 58 I=1,NROW
DO 58 J=1,NCOL
BUFF(JI IIK) =HNEW(JIIIK)
SSTRT=STRT (J,I,K)
IF(IBOUND(J,I,K).NE.0) BUFF(J,I,K)=SSTRT-HNEW(J, I,K)
58 CONTINUE
59 CONTINUE

C5-==m== FOR EACH LAYER: DETERMINE IF DRAWDOWN SHOULD BE PRINTED.
C5=mmmmm IF SO THEN CALL ULAPRS OR ULAPRW TO PRINT DRAWDOWN.
IF(IXSEC.EQ.0) THEN
DO 69 K=1,NLAY
KK=K
IF(IOFLG(K,2).EQ.0) GO TO 69
IF(IDDNFM.LT.0) CALL ULAPRS(BUFF(1,1,K),TEXT,KSTP,KPER,
1 NCOL, NROW, KK, -IDDNFM, I0UT)
IF(IDDNFM.GE.0) CALL ULAPRW(BUFF(1,1,K),TEXT,KSTP,KPER,
1 NCOL, NROW, KK, IDDNFM, IOUT)
IPFLG=1
69 CONTINUE

C5A~-~-=-- PRINT DRAWDOWN FOR CROSS SECTION.
ELSE
IF(IOFLG(1,2) .NE.O) THEN
IF(IDDNFM.LT.0) CALL ULAPRS (BUFF,TEXT, KSTP, KPER,
1 NCOL, NLAY, -1, ~-IDDNFM, IOUT)
IF(IDDNFM.GE.0) CALL ULAPRW (BUFF,TEXT,KSTP, KPER,
1 NCOL, NLAY, -1, IDDNFM, IOUT)
IPFLG=1
END IF
END IF

C6-—-=~= FOR EACH LAYER: DETERMINE IF DRAWDOWN SHOULD BE SAVED.
C6-—===-= IF SO THEN CALL A ULASAV OR ULASV2 TO RECORD DRAWDOWN.
IFIRST=1
IF(IDDNUN.LE.O0) GO TO 80
IF(IXSEC.EQ.0) THEN
DO 79 K=1,NLAY
KK=K
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74

IF(IOFLG(K,4).EQ.0) GO TO 79
IF(IFIRST.EQ.1l) WRITE(IOUT,74) IDDNUN, KSTP,KPER
FORMAT (1X, /1X, ' DRAWDOWN WILL BE SAVED ON UNIT',Id4,
' AT END OF TIME STEP',I3,', STRESS PERIOD',I3)
IFIRST=0
IF(CDDNFM.EQ.' ') THEN
CALL ULASAV(BUFF(1,1,K),TEXT, KSTP,KPER, PERTIM, TOTIM, NCOL,
NROW, KK, IDDNUN)
ELSE
CALL ULASV2(BUFF(1,1,K), TEXT, KSTP, KPER, PERTIM, TOTIM, NCOL,
NROW, KK, IDDNUN, CDDNFM, LBDDSV, ITBOUND(1, 1,K))
END IF
CONTINUE

--SAVE DRAWDOWN FOR CROSS SECTION.
ELSE
IF(IOFLG(1,4) .NE.O) THEN
WRITE (IOUT,74) IDDNUN, KSTP,KPER
IF(CDDNFM.EQ.' ') THEN
CALL ULASAV(BUFF, TEXT,KSTP, KPER, PERTIM, TOTIM, NCOL,
NLAY, -1, IDDNUN)
ELSE
CALL ULASV2 (BUFF, TEXT, KSTP, KPER, PERTIM, TOTIM, NCOL,
NLAY, -1, IDDNUN, CDDNFM, LEDDSV, TBOUND)
END IF
END IF
END IF
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List of Variables for Module SBAS5D

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

CDDNFM  Package CHARACTER*20, Format that a user can specify for writing
drawdown in a disk file.

HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.
I Module Index for rows.

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> (0, variable-head cell

IDDNFM Package Code that specifies the format for printing drawdown.

IDDNUN Package Unit number for saving drawdown in a disk file.

IFIRST Module Flag used when printing a notice that drawdown is being saved; the
flag prevents multiple notices being printed.
IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head

and drawdown for each layer:

(N,1) #0, head will be printed for layer N.

(N,2) #0, drawdown will be printed for layer N.
(N,3) #0, head will be saved for layer N.

(N4) #0, drawdown will be saved for layer N.

IOUT Global  Unit number for writing to the listing file.

IPFLG Package Flag that indicates if head, drawdown, or budget has been printed this
time step; if so, the flag is nonzero.

ISTRT Global  Flag for keeping initial heads throughout the simulation:
=0, initial heads will not be kept in memory after the simulation
starts.

# 0, initial heads will be kept in memory throughout the
simulation so that drawdown can be calculated.
IXSEC Global  Cross section flag:
= 0, the model is not a 1-row cross section.
# 0, the model is a 1-row cross section.

J Module Index for columns.
K Module Index for layers.
KK Module Temporary variable set equal to K. KK is used as the calling argument

to subroutines in order to avoid problems with some compilers if a
DO loop index is an argument.

KL Module Index for layers. KL=K when not a cross section, and KL=1 when a
cross section.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

LBDDSV Package Label flag for saving drawdown in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.

NCOL Global  The number of columns in the grid.

NLAY Global ~ The number of layers in the grid.
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NROW
PERTIM
SSTRT
STRT
TEXT

TOTIM

Global
Global
Module
Global
Module

Global

The number of rows in the grid.

Elapsed time during the current stress period.

Double precision equivalent of STRT at a cell.

DIMENSION (NCOL,NROW ,NLAY), Initial (starting) head.

CHARACTER*16, Label that identifies drawdown when printed or
saved.

Elapsed time in the simulation.
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Module SBASSH
Narrative for Module SBASSH
Module SBAS5H is called by module BAS50T to write head for every cell in specified layers

of the grid. The module is called at the end of each time step if the head and drawdown flag
(IHDDFL) is set.

The layers for which head is to be written are determined by the settings of flags in the table
named IOFLG. In IOFLG, there are four flags for each layer. If the second flag is set, head is
written to the listing file (i.e. printed). If the fourth flag is set, head is written on unit IHEDUN.

Module SBAS5H performs its functions in the following order:

1. For each layer, do steps 2-3.

2. If flags indicate that head is not needed for this layer, go on to the next layer.

3. Head is needed for this layer. Move head to BUFF for this layer.

4. Check if the model is a cross section. If not a cross section, for each layer check if head is to
be written to the listing file. If so, call module ULAPRS or ULAPRW, depending on the format
requested (IHEDEM), to write head.

A. If a cross section, check if head is to be written to the listing file. If so, call module
ULAPRS or ULAPRW, depending on the format requested (IHEDFM)), to write head.

5. Check if there is a positive unit number (IHEDUN) for saving head in a separate disk file.
If not, go to step 6. If IHEDUN is positive, check if the model is a cross section. If not a cross
section, for each layer check if head is to be written to unit IHEDUN. If so, call module ULASAV
or ULASV2, depending on the format requested (CHEDFM)), to write head.
A. If a cross section, check if head is to be written to unit IHEDUN. If so, call module
ULASAV or ULASV2, depending on the format requested (CHEDFM), to write head.

6. RETURN.
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SBASSH

SUBROUTINE SBAS5H(HNEW, BUFF, IOFLG,KSTP, KPER, NCOL, NROW, NLAY, TOUT,
1 IHEDFM, IHEDUN, IPFLG, PERTIM, TOTIM, CHEDFM, IXSEC, LBHDSV, IBOUND)

————— VERSION 1647 180CT1993 SBASS5H
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PRINT AND RECORD HEADS
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SPECIFICATIONS:

annNnnnaaan

CHARACTER*16 TEXT

DOUBLE PRECISION HNEW

DIMENSION HNEW (NCOL,NROW,NLAY), TIOFLG(NLAY, 4), BUFF (NCOL, NROW, NLAY),
1 IBOUND (NCOL, NROW, NLAY)

CHARACTER*20 CHEDFM

DATA TEXT /' HEAD' /

Cl-wwmwm FOR EACH LAYER MOVE HNEW TO BUFF IF PRINT OR SAVE IS REQUESTED.
DO 59 K=1,NLAY

C2-—=-—-= IS HEAD NEEDED FOR THIS LAYER?
KL=K
IF(IXSEC.NE.0) KL=1
IF(IOFLG(KL,1).EQ.0 .AND. IOFLG(KL,3).EQ.0) GO TO 59

C3-mmmn MOVE HNEW TO BUFF FOR THE LAYER.
DO 58 I=1,NROW
DO 58 J=1,NCOL
BUFF(J,I,K)=HNEW(J, I,K)
58 CONTINUE
59 CONTINUE

Cd-—-—-- FOR EACH LAYER: DETERMINE IF HEAD SHOULD BE PRINTED.
Cd------ IF SO THEN CALL ULAPRS OR ULAPRW TO PRINT HEAD.
IF(IXSEC.EQ.0) THEN
DO 69 K=1,NLAY
KK=K
IF(IOFLG(K,1).EQ.0) GO TO 69
IF(IHEDFM.LT.0) CALL ULAPRS(BUFF(1, 1,K), TEXT, KSTP,KPER,
1 NCOL, NROW, KK, -IHEDFM, IOUT)
IF(IHEDFM.GE.0) CALL ULAPRW(BUFF(1,1,K),TEXT, KSTP,KPER,
1 NCOL, NROW, KK, THEDFM, TOUT)
IPFLG=1
69 CONTINUE

C4A----- PRINT HEAD FOR CROSS SECTION.
ELSE
IF(IOFLG(1l,1) .NE.O) THEN
IF(IHEDFM.LT.0) CALL ULAPRS (BUFF, TEXT,KSTP, KPER,
NCOL, NLAY, -1, -THEDFM, IOUT)
IF(IHEDFM.GE.0) CALL ULAPRW(BUFF, TEXT,KSTP, KPER,
NCOL,NLAY, -1, THEDFM, TOUT)
IPFLG=1
END IF
END IF

C5-==-—-- FOR EACH LAYER: DETERMINE IF HEAD SHOULD BE SAVED ON DISK.
C5----—- IF SO THEN CALL ULASAV OR ULASV2 TO SAVE HEAD.
IFIRST=1
IF(IHEDUN.LE.O) GO TO 80
IF(IXSEC.EQ.0) THEN
DO 79 K=1,NLAY
KK=K
IF(IOFLG(K,3).EQ.0) GO TO 79
IF(IFIRST.EQ.1) WRITE(IOUT,74) IHEDUN,KSTP, KPER
74 FORMAT (1X, /1X, 'HEAD WILL BE SAVED ON UNIT',I4,

1 ' AT END OF TIME STEP',I3,', STRESS PERIOD',6I3)
IFIRST=0
IF (CHEDFM.EQ.' ') THEN
CALL ULASAV(BUFF(1,1,K),TEXT,KSTP, KPER, PERTIM, TOTIM, NCOL,
1 NROW, KK, THEDUN)
ELSE
CALL ULASV2(BUFF(1,1,K), TEXT,KSTP, KPER, PERTIM, TOTIM, NCOL,
1 NROW, KK, THEDUN, CHEDFM, LBHDSV, TBOUND(1, 1,K))
END IF
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79 CONTINUE

C5A----- SAVE HEAD FOR CROSS SECTION.
ELSE
IF(IOFLG(1,3).NE.0) THEN
WRITE (IOUT,74) IHEDUN,KSTP,KPER
IF(CHEDFM.EQ.' ') THEN
CALL ULASAV (BUFF, TEXT, KSTP, KPER, PERTIM, TOTIM, NCOL,
1 NLAY, -1, THEDUN)
ELSE
CALL ULASV2 (BUFF, TEXT, KSTP, KPER, PERTIM, TOTIM, NCOL,
1 NLAY, -1, THEDUN, CHEDFM, LBHDSV, IBOUND)
END IF
END IF
END IF
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List of Variables for Module SBAS5H

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

CHEDFM Package CHARACTER*20, Format that a user can specify for writing head in a
disk file.

HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

I Module Index for rows.

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head celllFIRSTModuleFlag used when printing a
notice that head is being saved; the flag prevents multiple notices
being printed.

THEDFM Package Code that specifies the format for printing head.

IHEDUN Package Unit number for saving head in a disk file.

IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head
and drawdown for each layer:
(N,1) #0, head will be printed for layer N.
(N,2) #0, drawdown will be printed for layer N.
(N,3) #0, head will be saved for layer N.
(N,4) #0, drawdown will be saved for layer N.

I0UT Global  Unit number for writing to the listing file.

IPFLG Package Flag thatindicates if head, drawdown, or budget has been printed this
time step; if so, the flag is nonzero.

IXSEC Global  Cross section flag:
= (0, the model is not a 1-row cross section.
# 0, the model is a 1-row cross section.

] Module Index for columns.

K Module Index for layers.

KK Module Temporary variable set equal to K. KK is used as the calling argument
to subroutines in order to avoid problems with some compilers if a
DO loop index is an argument.

KL Module Index for layers. KL=K when not a cross section, and KL=1 when a
cross section.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

LBHDSV Package Label flag for saving head in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.

NCOL Global =~ The number of columns in the grid.

NLAY Global  The number of layers in the grid.

NROW Global  The number of rows in the grid.

PERTIM Global  Elapsed time during the current stress period.

TEXT Module CHARACTER*16, Label that identifies head when printed or saved.

TOTIM Global  Elapsed time in the simulation.
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Module SBAS5] to process the initial output control records.

5. RETURN.
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Module SBA
Narrative for Module SBAS5I

Module SBASSI initializes parameters for controlling the output of model results. If the
Output Control option is inactive, the formats for printing head and drawdown are set to default
values, and flags are set so that heads and drawdowns will be printed for all layers. If output
control is active, the formats for printing and the unit numbers for recording head and
drawdown are read.

A table named IOFLG contains one entry for each layer in the grid. Each entry consists of
four flags corresponding to four operations: (1) head print (write to the listing file), (2)
drawdown print, (3) write head to a separate file, and (4) write drawdown to a separate file. The
module BAS50T examines the table and, for each layer, performs only the operations for which
the corresponding flags are set (equal to one). SBASS5I sets values for IOFLG if output control is
inactive. If output control is active, the flags in IOFLG are read at each time step by module
BAS50C.

There are two methods of controlling output -- the original method that uses numeric codes
and a new method that uses alphabetic words. SBAS5I detects which method is being used and
acts accordingly.

Module SBASS5I performs its functions as follows:
1. Assign default values to various variables.

2. Test IUNIT (12), which is passed to this module as variable INOC, to see if it is positive. If
INOC is positive, then the Output Control option is active and Output Control data will be read
from the unit number contained in INOC.

A. INOC is not positive, so the Output Control option is inactive. Print a message that
tells what the defaults are.

B. Set IOFLG values to default values; head will be printed for all layers. Also, if initial
head is kept throughout the simulation, drawdown will be printed for all layers. Go to
step 5.

3. Output Control is active. Read first record and use URWORD to parse the first word.

4. Test for numeric method of Output Control. If the numeric method is used, then the first
word will not be "PERIOD", "HEAD", "DRAWDOWN", or "COMPACT".

A. The numeric method is being used. For free format, use URWORD to parse the four
numeric parameters on the first record: the head-print format code (IHEDFM), the
drawdown-print format code (IDDNFM), the unit number to record heads (IHEDUN),
and the unit number to record drawdown (IDDNUN). Also print these values. Set
IPEROC and ITSOC to -1 to indicate to other modules that the numeric method of
specifying Output Control is being used.

B. The alphabetic word method of specifying Output Control data is being used. Call
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SBASSI

SUBROUTINE SBASS5I (NLAY, ISTRT, IOFLG, INOC, IOUT, IHEDFM, IDDNFM, IHEDUN,
1 IDDNUN, IPEROC, ITSOC, CHEDFM, CDDNFM, IBDOPT, LBHDSV, LBDDSV, IFREFM)

----- VERSION 1520 20FEB1996 SBASS5I
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SET UP OUTPUT CONTROL.
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SPECIFICATIONS:
DIMENSION IOFLG(NLAY,4)
CHARACTER*20 CHEDFM, CDDNFM
CHARACTER*80 LINE

(e NeNrXeXeXeXoNel

l-=-u=- ASSIGN DEFAULT VALUES.
CHEDFM=" '
CDDNFM="' '
IHEDFM=0
IDDNFM=0
IHEDUN=0
IDDNUN=0
IBDOPT=1
LBHDSV=0
LBDDSV=0

IF(INOC.LE.0) THEN

C2A-~--—- OUTPUT CONTROL IS INACTIVE. PRINT A MESSAGE LISTING DEFAULTS.

WRITE(IOUT, 41)

41 FORMAT (1X, /1X, 'DEFAULT OUTPUT CONTROL', /1X,

1 '’'THE FOLLOWING OUTPUT COMES AT THE END OF EACH STRESS PERIOD:')

WRITE(IOUT, 42)

42 FORMAT (1X, 'TOTAL VOLUMETRIC BUDGET')
WRITE(IOUT, 43)

43 FORMAT (1X, 10X, 'HEAD')
IF(ISTRT.NE.O0) WRITE(IOUT, 44)

44 FORMAT (1X, 10X, 'DRAWDOWN" )

C2B----- SET DEFAULT FLAGS IN IOFLG SO THAT HEAD (AND DRAWDOWN) IS

C2B----- PRINTED FOR EVERY LAYER.
ID=0
IF(ISTRT.NE.O) ID=1
DO 80 K=1,NLAY
IOFLG(K,1)=1
IOFLG(K,2)=ID
IOFLG(K,3)=0
IOFLG(K,4)=0

80 CONTINUE
GO TO 1000
END IF

Cl3==mm== OUTPUT CONTROL IS ACTIVE. READ FIRST RECORD AND DECODE FIRST
C3-===—-- WORD. MUST USE URWORD IN CASE FIRST WORD IS ALPHABETIC.

READ (INOC, '(A)') LINE

LLOC=1

CALL URWORD (LINE, LLOC, ISTART, ISTOP, 1,N, R, IOUT, INOC)

Cd-——--- TEST FOR NUMERIC OUTPUT CONTROL. FIRST WORD WILL NOT BE
Cd--=-—- "PERIOD", "HEAD", "DRAWDOWN", OR "COMPACT".
IF(LINE(ISTART:ISTOP) .NE. 'PERIOD' .AND. LINE(ISTART:ISTOP).NE.
1 'HEAD' .AND. LINE(ISTART:ISTOP).NE.'DRAWDOWN' .AND.
2 LINE(ISTART:ISTOP) .NE. 'COMPACT') THEN
C4A----- NUMERIC OUTPUT CONTROL. DECODE THE INITIAL RECORD ACCORDINGLY.
WRITE (IOUT, 102)
102 FORMAT (1X, /1X, 'OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP')
IF (IFREFM.EQ.0) THEN
READ(LINE, ' (4I10)') IHEDFM, IDDNFM, IHEDUN, IDDNUN
ELSE
LLOC=1
CALL URWORD(LINE,LLOC, ISTART, ISTOP, 2, IHEDFM, R, IOUT, INOC)
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IDDNFM, R, IOUT, INOC)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, IHEDUN, R, IOUT, INOC)
CALL URWORD(LINE, LLOC,ISTART, ISTOP, 2, IDDNUN, R, IOUT, INOC)
END IF
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WRITE (IOUT, 103) IHEDFM, IDDNFM
103 FORMAT(1X, '"HEAD PRINT FORMAT CODE IS',Id,
1 ' DRAWDOWN PRINT FORMAT CODE IS',I4)
WRITE(IOUT,104) IHEDUN, IDDNUN
104 FORMAT (1X, '"HEADS WILL BE SAVED ON UNIT',I4,
1 ' DRAWDOWNS WILL BE SAVED ON UNIT',I4)
IPEROC=-1
ITsoc=-1
ELSE

C4B----- ALPHABETIC OUTPUT CONTROL. CALL MODULE TO READ INITIAL RECORDS.
CALL SBAS5J(INOC, IOUT, IHEDFM, IDDNFM, THEDUN, IDDNUN,
1 IPEROC, ITSOC, CHEDFM, CDDNFM, IBDOPT, LBHDSV, LBDDSV,
2 LINE, LLOC, ISTART, ISTOP)

1000 RETURN
END
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List of Variables for Module SBASS5I

Variable Range Definition
CDDNFM  Package CHARACTER*20, Format that a user can specify for writing
drawdown in a disk file.
CHEDFM Package CHARACTER*20, Format that a user can specify for writing head in a
disk file.
IBDOPT Package Flag indicating how cell-by-cell budget data will be written:
1 - All budget terms will be written as a 3-D arrays.
2 - The form for writing budget data will be selected in order to
minimize the amount of disk space.
ID Module Flag; 0if ISTRT is 0, 1 if ISTRT is not 0.
IDDNFM Package Code that specifies the format for printing drawdown.
IDDNUN Package Unit number for saving drawdown in a disk file.
IFREFM Global  Flag indicating if data should be read using free or fixed format:
=0, fixed format
# 0, free format
IHEDFM Package Code that specifies the format for printing head.
IHEDUN Package Unit number for saving head in a disk file.
INOC Package Input unit number for the Output Control Option.
IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head
and drawdown for each layer:
(N,1) #0, head will be printed for layer N.
(N,2) #0, drawdown will be printed for layer N.
(N,3) #0, head will be saved for layer N.
(N,4) #0, drawdown will be saved for layer N.
IOUT Global  Unit number for writing to the listing file.
IPEROC Package For alphabetic output control, the stress period at which the next
output is requested. IPEROC=-1 for numeric output control.
ISTART Module Index pointing to the start of a word found by Module URWORD.
ISTOP Module Index pointing to the end of a word found by Module URWORD.
ISTRT Global  Flag for keeping initial heads throughout the simulation:
= 0, initial heads will not be kept in memory after the simulation
starts.
# 0, initial heads will be kept in memory throughout the
simulation so that drawdown can be calculated.
ITSOC Package For alphabetic output control, the time step at which the next output is
requested. ITSOC=-1 for numeric output control.
K Module Index for layers.
LBDDSV Package Label flag for saving drawdown in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.
LBHDSV Package Label flag for saving head in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.
LINE Module CHARACTER*80, A line read from the output control input file,
which is scanned for option words.
LLOC Module Index pointing to the location within a character string at which

Module URWORD begins looking for a word.
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N Module  Argument place holder for calls to URWORD in which the argument

is unused.

NLAY Global = The number of layers in the grid.

R Module Argument place holder for calls to URWORD in which the argument
is unused.
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Module SBA
Narrative for Module SBAS5J

Module SBAS5] reads initial alphabetic-word records from the Output Control file. Module
SBASS] performs its functions as follows:

1. Write a message saying that the new form Output Control is being used, and set initial values
for IPEROC and ITSOC. IPEROC is the stress period and ITSOC is the time step within that
stress period at which output is desired. These are set to such high values that they will not
result in output unless the user explicitly uses a "PERIOD" command to change these.

2. Go sequentially through the following steps to decode a record. If an error is detected, go to
step 5 to print an error message.

A. Look for "PERIOD". If found, decode IPEROC and ITSOC, and go to step 4. This is
the last of the initial records.

B. Look for "HEAD PRINT FORMAT" or "HEAD SAVE FORMAT". If found, decode
the format, and go to step 3.

C. Look for 'DRAWDOWN PRINT FORMAT or "DRAWDOWN SAVE FORMAT". If
found, decode the format, and go to step 3.

D. Look for "COMPACT BUDGET FILES". Actually, only "COMPACT" is checked for
because there is only one option that starts with "COMPACT". If found, set IBDOPT=2,
and go to step 3.

E. No valid command has been found, so there is an error. Go to step 5.

3. A record has been decoded. Read another record, get the first word using URWORD, and go
back to step 2 to process the record.

4. RETURN.

5. There has been an error decoding records. Print an error message and STOP.
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SBASSJ

SUBROUTINE SBASS5J(INOC, IOUT, IHEDFM, IDDNFM, IHEDUN, IDDNUN,
1 IPEROC, ITSOC, CHEDFM, CDDNFM, IBDOPT, LBHDSV, LBDDSV,
2 LINE, LLOC, ISTART, ISTOP)

----- VERSION 1433 3JAN1995 SBAS5J

khkhkhkhhkhhhkhkhhhkhkhkhhhhkhhkhhkhkhhkhkhhkhkhhkhkhhhkhhkhhhkhhkhkhhkhhkhrhhkhkhkhhhkhkhkhkhkhkkk

C
C
(o
C READ INITIAL ALPHABETIC OUTPUT CONTROL RECORDS.

c I I I I R I Y L XLy
C

C

[

SPECIFICATIONS:

CHARACTER*20 CHEDFM, CDDNFM
CHARACTER*80 LINE

C e e m e — e —————————— e ——————
C
Cl-—---- ALPHABETIC OUTPUT CONTROL. WRITE MESSAGE AND SET INITIAL VALUES
Cl--w—--- FOR IPEROC AND ITSOC.

WRITE(IOUT,S1)

91 FORMAT (1X,/1X, 'OUTPUT CONTROL IS SPECIFIED ONLY AT TIME STEPS',

1 ' FOR WHICH OUTPUT IS DESIRED')

IPEROC=9999

ITSOC=9999
C
o LOOK FOR ALPHABETIC WORDS:
C2A----- LOOK FOR "PERIOD", WHICH INDICATES THE END OF INITIAL OUTPUT
C2A----- CONTROL DATA. IF FOUND, DECODE THE PERIOD NUMBER AND TIME
C2A----- STEP NUMBER FOR LATER USE.

100 IF(LINE(ISTART:ISTOP).EQ.'PERIOD') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IPEROC, R, IOUT, INOC)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 1,N,R, IOUT, INOC)
IF(LINE(ISTART:ISTOP) .NE.'STEP') GO TO 2000
CALL URWORD(LINE, LLOC, ISTART,ISTOP, 2, ITSOC,R,IOUT, INOC)
WRITE(IOUT,101) IHEDFM, IDDNFM

101 FORMAT (1X, 'HEAD PRINT FORMAT CODE IS',I4,

1 ' DRAWDOWN PRINT FORMAT CODE IS',I4)
WRITE(IOUT,102) IHEDUN, IDDNUN
102 FORMAT (1X, 'HEADS WILL BE SAVED ON UNIT',I4,
1 ' DRAWDOWNS WILL BE SAVED ON UNIT',I4)
GO TO 1000
C
C2B--~--- LOOK FOR "HEAD PRINT FORMAT"” AND "HEAD SAVE FORMAT". IF
C2B--=-=-= FOUND, SET APPROPRIATE FLAGS.

ELSE IF(LINE(ISTART:ISTOP).EQ.'HEAD') THEN
CALL URWORD(LINE, LLOC, ISTART,ISTOP,1,N,R, IOUT, INOC)
IF(LINE(ISTART:ISTOP).EQ. 'PRINT') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP,1,N, R, IOUT, INOC)
IF(LINE(ISTART:ISTOP) .NE.'FORMAT') GO TO 2000
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IHEDFM,R,IOUT, INOC)
ELSE IF(LINE(ISTART:ISTOP).EQ.'SAVE') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP,1,N, R, IOUT, INOC)
IF(LINE(ISTART:ISTOP).EQ.'UNIT') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IHEDUN,R, IOUT,
1 INOC)
ELSE IF(LINE(ISTART:ISTOP).EQ.'FORMAT') THEN
CALL URWORD(LINE, LLOC, ISTART,ISTOP, 0,N,R, IOUT, INOC)
CHEDFM=LINE (ISTART:ISTOP)
WRITE(IOUT,103) CHEDFM
103 FORMAT (1X, 'HEADS WILL BE SAVED WITH FORMAT: ‘',A)
CALL URWORD (LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, INOC)
IF(LINE(ISTART:ISTOP).EQ.'LABEL') THEN
LBHDSV=1
WRITE(IOUT,104)
104 FORMAT (1X, ' SAVED HEADS WILL BE LABELED')
END IF
ELSE
GO TO 2000
END IF
ELSE
GO TO 2000
END IF
C
C2C-----LOOK FOR "DRAWDOWN PRINT FORMAT" AND "DRAWDOWN SAVE FORMAT".
C2C-=-==~= IF FOUND, SET APPROPRIATE FLAGS
ELSE IF(LINE(ISTART:ISTOP).EQ.'DRAWDOWN') THEN
CALL URWORD(LINE, LLOC, ISTART,ISTOP,1,N,R,IOUT, INOC)
IF(LINE(ISTART:ISTOP).EQ. 'PRINT') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, INOC)
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IF(LINE(ISTART:ISTOP) .NE.'FORMAT') GO TO 2000
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, IDDNFM, R, IOUT, INOC)
ELSE IF(LINE(ISTART:ISTOP).EQ.'SAVE') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 1, N, R, TOUT, INOC)
IF(LINE(ISTART:ISTOP) .EQ.'UNIT') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, IDDNUN, R, IOUT,
1 INOC)
ELSE IF(LINE(ISTART:ISTOP).EQ.'FORMAT') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP,0,N, R, TOUT, INOC)
CDDNFM=LINE (ISTART:ISTOP)
WRITE(IOUT,105) CDDNFM
105 FORMAT(1X, 'DRAWDOWN WILL BE SAVED WITH FORMAT: ',A)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT,INOC)
IF(LINE(ISTART:ISTOP) .EQ. 'LABEL') THEN
LBDDSV=1
WRITE(IOUT, 106)
106 FORMAT (1X, ' SAVED DRAWDOWN WILL BE LABELED')
END IF
ELSE
GO TO 2000
END IF
ELSE
GO TO 2000
END IF

D----- LOOK FOR "COMPACT BUDGET FILES" -- "COMPACT" IS SUFFICIENT.
D----- IF FOUND, SET APPROPRIATE FLAG.
ELSE IF(LINE(ISTART:ISTOP).EQ.'COMPACT') THEN
IBDOPT=2
WRITE (IOUT, 107)
107 FORMAT (1X, 'COMPACT CELL-BY-CELL BUDGET FILES WILL BE WRITTEN')

E--mm- ERROR IF UNRECOGNIZED WORD.
ELSE
GO TO 2000
END IF

—————— FINISHED READING A RECORD. READ NEXT RECORD, IGNORING BLANK

—————— LINES. GO BACK AND DECODE IT.
110 READ(INOC, '(A)',END=1000) LINE
IF(LINE.EQ.' ') GO TO 110
LLOC=1
CALL URWORD(LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, INOC)
GO TO 100
—————— RETURN.
000 RETURN

------ ERROR DECODING INPUT DATA.

000 WRITE(IOUT,2001) LINE

001 FORMAT(1lX,/1lX, 'ERROR READING OUTPUT CONTROL INPUT DATA:'/1X,A80)
STOP
END
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List of Variables for Module SBAS5J

Variable Range Definition

CDDNFM  Package CHARACTER*20, Format that a user can specify for writing
drawdown in a disk file.

CHEDFM Package CHARACTER*20, Format that a user can specify for writing head in a
disk file.

IBDOPT Package Flag indicating how cell-by-cell budget data will be written:
1- All budget terms will be written as a 3-D arrays.
2 - The form for writing budget data will be selected in order to
minimize the amount of disk space.

IDDNFM Package Code that specifies the format for printing drawdown.

IDDNUN Package Unit number for saving drawdown in a disk file.

IHEDFM Package Code that specifies the format for printing head.

IHEDUN Package Unit number for saving head in a disk file.

INOC Package Input unit number for the Output Control Option.

IOUT Global  Unit number for writing to the listing file.

IPEROC Package For alphabetic output control, the stress period at which the next
output is requested. IPEROC=-1 for numeric output control.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ITSOC Package For alphabetic output control, the time step at which the next output is
requested. ITSOC=-1 for numeric output control.

LBDDSV Package Label flag for saving drawdown in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.

LBHDSV Package Label flag for saving head in a formatted file.
=0, do not write a label in the file.
# 0, write a label in the file.

LINE Module CHARACTER*80, A line read from the output control input file,
which is scanned for option words.

LLOC Module Index pointing to the location within a character string at which
Module URWORD begins looking for a word.

N Module Argument place holder for calls to URWORD in which the argument
is unused.

R Module Argument place holder for calls to URWORD in which the argument
is unused.
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Module SBASST

SUBROUTINE SBASS5T(KSTP, KPER, DELT, PERTIM, TOTIM, ITMUNI, IOUT)

————— VERSION 0959 22JUNE1992 SBASST

khkhkhkhkhkhkhkhkhhhkhhkhkhhkhkhhhhkhkhkhkhhkkhhhkhkhhhkhhhkkhhhkhkhhkhhhkhkhhhhhhhhhkhkk

PRINT SIMULATION TIME

khkhkhhhkhhkhkhkhkhhhhhhkhhhkhhkhhhhhhhhkhhhkhhhhhhhhhhkhhhkhhhkhhhhhkhhhhhkhhk

SPECIFICATIONS:

(oMo NeNoNeNeNeRe o Kol

WRITE(IOUT, 199) KSTP,KPER
199 FORMAT(1X,///10X,'TIME SUMMARY AT END OF TIME STEP',I3,
1 ' IN STRESS PERIOD',I3)

C
Cl-=mmm—- USEOTIME UNIT INDICATOR TO GET FACTOR TO CONVERT TO SECONDS.
ZERO=0.
CNV=ZERO
IF(ITMUNI.EQ.l) CNV=1.
IF(ITMUNI.EQ.2) CNV=60.
IF(ITMUNI.EQ.3) CNV=3600.
IF(ITMUNI.EQ.4) CNV=86400.
IF(ITMUNI.EQ.5) CNV=31557600.

C

C2-mmmm IF FACTOR=0 THEN TIME UNITS ARE NON-STANDARD.
IF(CNV.NE.ZERO) GO TO 100

C

C2A~===~ PRINT TIMES IN NON-STANDARD TIME UNITS.
WRITE(IOUT,301) DELT,PERTIM, TOTIM

301 FORMAT(21X,"* TIME STEP LENGTH =',Gl15.6/

1 21X, STRESS PERIOD TIME =',G15.6/
2 21X, 'TOTAL SIMULATION TIME =',Gl5.6)

c

C2B~~=~~-~ RETURN
RETURN

C

C3mmmmmm CALCULATE LENGTH OF TIME STEP & ELAPSED TIMES IN SECONDS.

100 DELSEC=CNV*DELT
TOTSEC=CNV*TOTIM
PERSEC=CNV*PERTIM

Cldemmmw CALCULATE TIMES IN MINUTES, HOURS,DAYS AND YEARS.
SIXTY=60.
HRDAY=24.
DAYYR=365.25
DELMN=DELSEC/SIXTY
DELHR=DELMN/SIXTY
DELDY=DELHR/HRDAY
DELYR=DELDY/DAYYR
TOTMN=TOTSEC/SIXTY
TOTHR=TOTMN/SIXTY
TOTDY=TOTHR/HRDAY
TOTYR=TOTDY/DAYYR
PERMN=PERSEC/SIXTY
PERHR=PERMN/SIXTY
PERDY=PERHR/HRDAY
PERYR=PERDY/DAYYR

CBmm PRINT TIME STEP LENGTH AND ELAPSED TIMES IN ALL TIME UNITS.

WRITE(IOUT,200)

200 FORMAT(19X,' SECONDS MINUTES HOURS', 7X,
1 'DAYS YEARS'/20X,59('~"))
WRITE (IOUT,201) DELSEC,DELMN,DELHR,DELDY,DELYR

201 FORMAT(1X,' TIME STEP LENGTH',1lP,5G12.5)
WRITE(IOUT,202) PERSEC, PERMN, PERHR, PERDY, PERYR

202 FORMAT(1X, 'STRESS PERIOD TIME',1P,5G12.5)
WRITE(IOUT,203) TOTSEC, TOTMN, TOTHR, TOTDY, TOTYR

203 FORMAT(1X, ' TOTAL TIME',1P,5Gl2.5)
c
Co—mmm = RETURN
RETURN
END
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Module SBAS5V
Narrative for Module SBAS5V

Module SBAS5V prints the total volumetric budget for a model simulation. The individual
components of the budget are calculated by component-of-flow packages and passed to SBAS5V
in array VBVL. For each budget component there are four values: rates in and out for the current
time step, and cumulative volumes in and out for the entire simulation up to the current time.
SBAS5V calculates total inflow and total outflow, and prints the percent discrepancy. SBAS5V
performs its functions as follows:

1. Calculate the number of budget components. MSUM contains the next unused location in the
VBVL array, so there are MSUM-1 actual budget components.

2. Clear the four accumulators for total rates and volumes.
3. Accumulate the total rates and volumes by summing over all budget components.
4. Print a title, which includes the stress period and time step.
5. Print all the inflow components followed by the total inflow. In order to make it easier to
compare magnitudes of values, print the numbers with an alighed decimal point where possible.
The biggest value that can fit in the F17.4 format is: 999999999999.9999
When values cannot be printed with sufficient accuracy using this format, use an exponential
format used -- format (1PE17.4).
6. Print all the outflow components followed by the total outflow.
7. Calculate the difference between inflow and outflow and the percent difference.
A. Calculate the difference between inflow and outflow rates and the absolute value of
the difference. The absolute value is used in step 8 in order to determine the format for
printing the value.
B. Calculate the difference in rates as a percent of the average rate.
C. Calculate the difference between inflow and outflow volumes and the absolute value
of the difference. The absolute value is used in step 8 in order to determine the format
for printing the value.
D. Calculate the difference in volumes as a percent of the average volume.
8. Print differences and percent discrepancies. Differences can be negative, so space for the
negative sign must be allowed for in the format. The biggest magnitude value that can fit in the

F17.4 formatis: -99999999999.9999

9. RETURN.
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SBASSV

SUBROUTINE SBAS5V(MSUM,VBNM,VBVL,KSTP,KPER, IOUT)

----- VERSION 1448 28APRIL1994 SBASS5V

khkhkhhhhhkhhkhhhkhhhhkhhhkhhhhkhkhhhhhhkhhhkkhhhkhkhkkhhhkhkhhhhhkhkhhkhhkhkhkkkkhk

PRINT VOLUMETRIC BUDGET

khhhkhhhhhkhkhkhkhhkhkhhkhkhhhkhhhhkhkhhkhkhhkhkhkhhhkhhhkhkhhkhkhkhhkhkhkhhhkhhhkhkhhkhhkhhkkh

SPECIFICATIONS:

CHARACTER*16 VBNM(MSUM)
DIMENSION VBVL(4,MSUM)
CHARACTER*17 VALl, VAL2

lommmm DETERMINE NUMBER OF INDIVIDUAL BUDGET ENTRIES.
MSUM1=MSUM-~1
IF(MSUM1.LE.O) RETURN

C2mmmmmm CLEAR RATE AND VOLUME ACCUMULATORS.
ZERO=0.
TWO=2.
HUND=100.
BIGVL1=9.99999E1l1l
BIGVL2=9.99999E10
SMALL=0.1
TOTRIN=ZERO
TOTROT=ZERO
TOTVIN=ZERO
TOTVOT=ZERO

C3mmmmmm ADD RATES AND VOLUMES (IN AND OUT) TO ACCUMULATORS.
DO 100 L=1,MSUM1
TOTRIN=TOTRIN+VBVL(3, L)
TOTROT=TOTROT+VBVL(4,L)
TOTVIN=TOTVIN+VBVL(1l,L)
TOTVOT=TOTVOT+VBVL(2, L)
100 CONTINUE

C
Ch~~mmm PRINT TIME STEP NUMBER AND STRESS PERIOD NUMBER.
WRITE (IOUT,260) KSTP,KPER
WRITE (IOUT, 265)
C
C5-mmmm= PRINT INDIVIDUAL INFLOW RATES AND VOLUMES AND THEIR TOTALS.

DO 200 L=1,MSUM1

IF(VBVL(1l,L).NE.ZERO .AND.

1 (VBVL(1,L) .GE.BIGVLl .OR. VBVL(1,L).LT.SMALL)) THEN
WRITE(VALL, ' (1PE17.4)’') VBVL(1,L)

ELSE
WRITE (VALL, ' (F17.4)') VBVL(1l,L)

END IF

IF(VBVL(3,L) .NE.ZERO .AND.

1 (VBVL(3,L) .GE.BIGVL1 .OR. VBVL(3,L).LT.SMALL)) THEN
WRITE (VAL2, ' (1PE17.4)"') VBVL(3,L)

ELSE
WRITE (VAL2,'(Fl17.4)') VBVL(3,L)

END IF

WRITE (IOUT,275) VBNM(L),VALl,VBNM(L), VAL2

200 CONTINUE

IF(TOTVIN.NE.ZERO .AND.

1 (TOTVIN.GE.BIGVL1l .OR. TOTVIN.LT.SMALL)) THEN
WRITE (VALL, ' (1PE17.4)') TOTVIN

ELSE
WRITE (VALLl, ' (F17.4)') TOTVIN

END IF

IF(TOTRIN.NE.ZERO .AND.

1 (TOTRIN.GE.BIGVLl .OR. TOTRIN.LT.SMALL)) THEN
WRITE (VAL2, ' (1PE17.4)') TOTRIN

ELSE
WRITE (VAL2, ' (F17.4)') TOTRIN

END IF

WRITE (IOUT,286) VALl,VAL2

Co~~~mmm PRINT INDIVIDUAL OUTFLOW RATES AND VOLUMES AND THEIR TOTALS.
WRITE (IOUT, 287)
DO 250 L=1,MSUM1
IF(VBVL(2,L).NE.ZERO .AND.
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1 (VBVL(2,L) .GE.BIGVL1 .OR. VBVL(2,L).LT.SMALL)) THEN
WRITE(VALL, ' (1PE17.4)') VBVL(2,L)

ELSE
WRITE(VALL, ' (F17.4)') VBVL(2,L)

END IF

IF(VBVL(4,L).NE.ZERO .AND.

1 (VBVL(4,L) .GE.BIGVL1l .OR. VBVL(4,L).LT.SMALL)) THEN
WRITE(VAL2, ' (1PE17.4)') VBVL(4,L)

ELSE
WRITE(VAL2, '(F17.4)') VBVL(4,L)

END IF

WRITE(IOUT,275) VBNM(L),VALl,VBNM(L), VAL2

250 CONTINUE

IF (TOTVOT.NE.ZERO .AND.

1 (TOTVOT.GE.BIGVLlL .OR. TOTVOT.LT.SMALL)) THEN
WRITE(VAL1, ' (1PE17.4)') TOTVOT

ELSE
WRITE(VALL, ' (F17.4)') TOTVOT

END IF

IF (TOTROT.NE.ZERO .AND.

1 (TOTROT.GE.BIGVL1 .OR. TOTROT.LT.SMALL)) THEN
WRITE(VAL2, ' (1PE17.4)') TOTROT

ELSE
WRITE(VAL2, ' (F17.4)') TOTROT

END IF

WRITE(IOUT,298) VAL1l,VAL2

c
C7-----~CALCULATE THE DIFFERENCE BETWEEN INFLOW AND OUTFLOW.

C7TA-~==- CALCULATE DIFFERENCE BETWEEN RATE IN AND RATE OUT.
DIFFR=TOTRIN~-TOTROT
ADIFFR=ABS (DIFFR)

o

C7B~~--~CALCULATE PERCENT DIFFERENCE BETWEEN RATE IN AND RATE OUT.
PDIFFR=ZERO
AVGRAT= ( TOTRIN+TOTROT) / TWO
IF(AVGRAT.NE.ZERO) PDIFFR=HUND*DIFFR/AVGRAT

c
C7C--=~-~ CALCULATE DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT.
DIFFV=TOTVIN-TOTVOT
ADIFFV=ABS (DIFFV)
C
C7D-===~ GET PERCENT DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT.
PDIFFV=ZERO
AVGVOL= ( TOTVIN+TOTVOT) / TWO
IF(AVGVOL.NE.ZERO) PDIFFV=HUND*DIFFV/AVGVOL
(o3
C8mmmm PRINT DIFFERENCES AND PERCENT DIFFERENCES BETWEEN INPUT
C8mmm—m AND OUTPUT RATES AND VOLUMES.
IF(ADIFFV.NE.ZERO .AND.
1 (ADIFFV.GE.BIGVL2 .OR. ADIFFV.LT.SMALL)) THEN
WRITE(VAL1l, ' (1PE17.4)') DIFFV
ELSE
WRITE(VALL, ' (F17.4)') DIFFV
END IF
IF(ADIFFR.NE.ZERO .AND.
1 (ADIFFR.GE.BIGVL.2 .OR. ADIFFR.LT.SMALL)) THEN
WRITE(VALZ2, ' (1PE17.4)') DIFFR
ELSE
WRITE(VAL2, ' (F17.4)') DIFFR
END IF
WRITE(IOUT,299) VALl,VAL2
WRITE(IOUT,300) PDIFFV,PDIFFR
[
C9-~~~--~RETURN.
RETURN
(o
C ---FORMATS
C

260 FORMAT('1l',/2X, 'VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF'
1,' TIME STEP',I3,' IN STRESS PERIOD',I3/2X,77('-'))

265 FORMAT(1X,/5X, 'CUMULATIVE VOLUMES', 6X,'L**3',7X
1, 'RATES FOR THIS TIME STEP',6X, 'L**3/T'/5X,18('~'),17X,24('~-"')
2//11X,'IN:',38X, 'IN:'/11X,"'~-~~-"',38X,'~-~--")

275 FORMAT(1X,3X,Al6,' =',Al7,6X,A16,' =',Al7)

286 FORMAT(1X, /12X, 'TOTAL IN =',A, 14X, 'TOTAL IN =',A)

287 FORMAT(1X, /10X, 'OUT:',37X, 'OUT:'/10X,4('~"'),37X,4('-"))

298 FORMAT (1X, /11X, 'TOTAL OUT =',A, 13X, 'TOTAL OUT =',A)

299 FORMAT(1X,/12X,'IN - OUT =',A,614X,'IN - OUT =',A)

300 FORMAT (1X, /1X, 'PERCENT DISCREPANCY =',6F15.2
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1, 5X, 'PERCENT DISCREPANCY =',F15.2,///)
END
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List of Variables for Module SBAS5V

Variable Range Definition

ADIFFR Module The absolute value of DIFFR.

ADIFFV Module The absolute value of DIFFV.

AVGRAT Module The average of the sum of all inflow rates and the sum of all outflow
rates.

AVGVOL Module The average of the sum of all inflow volumes and the sum of all
outflow volumes.

BIGVL1 Module The constant 9.99999E11.

BIGVL2 Module The constant 9.99999E10.

DIFFR Module The sum of all inflow rates minus the sum of all outflow rates.

DIFFV Module The sum of all inflow volumes minus the sum of all outflow volumes.
HUND Module The constant 100.

10UT Global  Unit number for writing to the listing file.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.
L Module Index for flow terms.

MSUM Global  Counter for budget terms stored in VBNM and VBVL.

MSUM1 Module MSUM - 1.

PDIFFR Module DIFFR as a percent of AVGRAT.

PDIFFV Module DIFFV as a percent of AVGVOL.

SMALL Module The constant 0.1.

TOTRIN Module Accumulator for the inflow rates.
TOTROT Module Accumulator for the outflow rates.

TOTVIN Module Accumulator for the inflow volumes.

TOTVOT Module  Accumulator for the outflow volumes.

TWO Module The constant 2.

VAL1 Module CHARACTER*17, Character

VAL2 Module CHARACTER*17,

VBNM Global CHARACTER*16(MSUM), Labels for terms in the volumetric budget.
VBVL Global DIMENSION (4,MSUM,), Flows for the volumetric budget. For budget

term N, the values in VBVL are:

(1,N) Volume into the flow system during the simulation.

(2,N) Volume out of the flow system during the simulation.

(3,N) Rate into the flow system for the current time step.

(4,N) Rate out of the flow system for the current time step.
ZERO Module The constant 0.

50



Module SBAS5N
Narrative for Module SBAS5N

Module SBAS5N sets output flags for time steps if the alphabetic-word method of Output
Control is being used. SBAS5N is called by BAS50C every time step. When the simulation time
(time step and stress period) is equal to the time for which output has been requested, SBAS5N
reads records from the Output Control file. The records specify various output options, and the
appropriate flags are set so that module BAS50T can output the requested data. Output times
are specified by "PERIOD" records in the Output Control data. The first output time is read by
SBASSI. Subsequent output times are read by SBAS5N. Module SBAS5N performs its functions
as follows:

1. Check if output time precedes simulation time. This can happen if output times are not
entered in order of increasing time or if a nonexistent time step is entered for a stress period. For

example, output might be entered for time step 3 of a stress period that has only two time steps.
If this happens, print a message and set output time equal to the current simulation time.

2. Set all output flags to off.

3. Output time is not equal to current simulation time. Write a message stating that there will be
no output and RETURN.

4. Output time is equal to current simulation time; do the following:

A. Read a record from Output Control data. If record is blank, read another. If record
is not blank, do the following:

1. Look for "PERIOD". If found, this indicates the end of output options for this
stress period. Set the new output time and RETURN.

2. Not a "PERIOD" record; look for a "PRINT" record. If found, look for
"BUDGET", "HEAD", or "'DRAWDOWN". If found, set appropriate flags, and
go to step 4B.. If not found, there is an error -- go to step 6.

3. Not a "PRINT" record; look for a "SAVE" record. If found, look for
"BUDGET", "HEAD", or "DRAWDOWN". If found, set appropriate flags, and
go to step 4B. If not found, there is an error -- go to step 6.

4. No recognized command was found, so there is an error. Go to step 6.
B. Go back to step 4A, and read and process another record.
5. An end of file was found when reading Ouput Control data. Thus, there can be no more
output after the current time step. Set the output time to stress period 9999 and time step 9999 so

that the simulation time will never reach the output time.

6. Error when decoding Output Control data. Print a messaage and STOP.
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SBASSN

SUBROUTINE SBAS5N(IOFLG,NLAY, IHDDFL, IBUDFL, ICBCFL, IPEROC, ITSOC,
1 KPER, KSTP, INOC, TOUT, IBDOPT)

c
Cmm=== VERSION 0932 14FEB1994 SBASS5N
c AERERRRRERRRAERR AR RRRRRRRRERNRRRRRRRRRARARRRER AR AR R R AR AR dhh
c SET OUTPUT FLAGS USING ALPHABETIC OUTPUT CONTROL INPUT STRUCTURE
c X2 Z 22 X2 X R XSS Z SRR SRR R SRR X R R X2 X2 2RSSR SRR R R 2R 2 X J
c
c SPECIFICATIONS:
c __________________________________________________________________
DIMENSION IOFLG(NLAY,4)
CHARACTER*80 LINE
C e e e e e e e e e - - —— - =
c
Cl------ ERROR IF OUTPUT CONTROL TIME STEP PRECEDES CURRENT SIMULATION
Cl------ TIME STEP.
IF( (IPEROC.LT.KPER) .OR. (IPEROC.EQ.KPER .AND. ITSOC.LT.KSTP)) THEN
WRITE (IOUT,5) IPEROC, ITSOC,KPER,KSTP
5 FORMAT (1X, /1X, 'OUTPUT CONTROL WAS SPECIFIED FOR A NONEXISTENT',
1 ' PIME STEP',/
2 1X, 'OR OUTPUT CONTROL DATA ARE NOT ENTERED IN ASCENDING ORDER',
3 /1X, 'OUTPUT CONTROL STRESS PERIOD',I3,' TIME STEP',I3,/
4 1X, 'MODEL STRESS PERIOD',I3,' TIME STEP', I3,/
5 1X, 'APPLYING THE SPECIFIED OUTPUT CONTROL TO THE CURRENT TIME',
6 ' STEP')
IPEROC=KPER
ITSOC=KSTP
END IF
c
C2-——--- CLEAR I/O FLAGS.
IHDDFL=0
IBUDFL=0
ICBCFL=0
DO 10 I=1,4
DO 10 K=1,NLAY
IOFLG(K,I)=0
10 CONTINUE
c
C3-——--- IF OUTPUT CONTROL TIME STEP DOES NOT MATCH SIMULATION TIME STEP,
C3------ WRITE MESSAGE THAT THERE IS NO OUTPUT CONTROL THIS TIME STEP,
C3--==—- AND RETURN.
IF(IPEROC.NE.KPER .OR. ITSOC.NE.KSTP) THEN
WRITE (IOUT,11l) KPER,KSTP
11 FORMAT (1X, /1X, 'NO OUTPUT CONTROL FOR STRESS PERIOD',I3,
1 ' TIME STEP',I3)
RETURN
END IF
c
Céd-----—- OUTPUT CONTROL TIME STEP MATCHES SIMULATION TIME STEP.
WRITE(IOUT,12) IPEROC,ITSOC
12 FORMAT (1X, /1X, 'OUTPUT CONTROL FOR STRESS PERIOD', I3,
1 ' TIME STEP',I3)
c
C4A-----OUTPUT CONTROL MATCHES SIMULATION TIME. READ NEXT OUTPUT
C4A----- RECORD; SKIP ANY BLANK LINES.
50 READ (INOC, ' (A)',END=1000) LINE
IF(LINE.EQ.' ') GO TO 50
c
C4Al----LOOK FOR "PERIOD", WHICH TERMINATES OUTPUT CONTROL FOR CURRENT
C4Al----TIME STEP. IF FOUND, DECODE TIME STEP FOR NEXT OUTPUT.
LLOC=1
CALL URWORD(LINE,LLOC, ISTART, ISTOP, 1,N,R, IOUT, INOC)
IF (LINE (ISTART:ISTOP).EQ.'PERIOD') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IPEROC, R, IOUT, INOC)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, INOC)
IF (LINE(ISTART:ISTOP).NE.'STEP') GO TO 2000
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, ITSOC, R, IOUT, INOC)
RETURN
c
C4A2----LOOK FOR "PRINT", WHICH MAY REFER TO "BUDGET", "HEAD", OR
C4A2----"DRAWDOWN" .
ELSE IF(LINE(ISTART:ISTOP).EQ.'PRINT') THEN
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 1,N,R, IOUT, INOC)
IF (LINE (ISTART:ISTOP) .EQ. 'BUDGET') THEN
WRITE (IOUT,53)
53 FORMAT (4X, 'PRINT BUDGET')
IBUDFL=1
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ELSE IF(LINE(ISTART:ISTOP).EQ.'HEAD') THEN
CALL SBAS5L(1,LINE, LLOC, IOFLG, NLAY, IOUT, 'PRINT HEAD',
1 INOC)
IHDDFL=1
ELSE IF(LINE(ISTART:ISTOP).EQ.'DRAWDOWN') THEN
CALL SBASS5L(2,LINE,LLOC, IOFLG,NLAY, IOUT,

1 'PRINT DRAWDOWN', INOC)
IHDDFL=1
ELSE
GO TO 2000
END IF
(o4
C4A3----LOOK FOR "SAVE", WHICH MAY REFER TO "BUDGET", "HEAD", OR
C4A3----"DRAWDOWN" .

ELSE IF(LINE(ISTART:ISTOP).EQ.'SAVE') THEN

CALL URWORD (LINE, LLOC, ISTART, ISTOP, 1,N,R,IOUT, INOC)

IF(LINE (ISTART:ISTOP) .EQ.'BUDGET') THEN
WRITE (IOUT, 57)

57 FORMAT (4X, ' SAVE BUDGET')

ICBCFL=IBDOPT

ELSE IF(LINE(ISTART:ISTOP).EQ.'HEAD') THEN
CALL SBASS5L(3,LINE,LLOC, IOFLG,NLAY, IOUT, ' SAVE HEAD', INOC)
IHDDFL=1

ELSE IF(LINE(ISTART:ISTOP).EQ.'DRAWDOWN') THEN
CALL SBASS5L(4,LINE, LLOC, IOFLG,NLAY, IOUT, 'SAVE DRAWDOWN',

1 INOC)
IHDDFL=1
ELSE
GO TO 2000
END IF
c
C4A4----WHEN NO KNOWN ALPHABETIC WORDS ARE FOUND, THERE IS AN ERROR.
ELSE
GO TO 2000
c
C4B----- AFTER SUCCESSFULLY DECODING ONE RECORD, READ ANOTHER.
END IF
GO TO 50
c
C5---mm= END OF FILE WHILE READING AN OUTPUT CONTROL RECORD, SO THERE
C5-emmmm WILL BE NO FURTHER OUTPUT. SET IPEROC AND ITSOC HIGH ENOUGH
Ch5-mm e THAT THE MODEL TIME WILL NEVER MATCH THEM.
1000 IPEROC=9999
ITSOC=9999
RETURN
C
C6-———--- ERROR DECODING ALPHABETIC INPUT STRUCTURE.

2000 WRITE(IOUT,2001) LINE

2001 FORMAT(1X,/1X, 'ERROR READING OUTPUT CONTROL INPUT DATA:'/1X,A80)
STOP
END
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List of Variables for Module SBAS5N

Variable Range Definition
I Module Index going from 1 to 4.
IBDOPT Package Flag indicating how cell-by-cell budget data will be written:

1 - All budget terms will be written as a 3-D arrays.
2 - The form for writing budget data will be selected in order to
minimize the amount of disk space.
IBUDFL Package Volumetric budget print flag:
= 0, volumetric budget is not printed for the current time step.
# 0, volumetric budget is printed for the current time step.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current
time step.
IHDDFL Package Flag for using IOFLG in the current time step:
= 0, regardless of IOFLG values, no head or drawdown values are
printed or saved.
# 0, IOFLG values are used to determine if head and drawdown
are printed and saved.

INOC Package Input unit number for the Output Control Option.

IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head
and drawdown for each layer.

10UT Global  Unit number for writing to the listing file.

IPEROC Package For alphabetic output control, the stress period at which the next
output is requested. IPEROC=-1 for numeric output control.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ITSOC Package For alphabetic output control, the time step at which the next output is
requested. ITSOC=-1 for numeric output control.

K Module Index for layers.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

LINE Module CHARACTER*80, A line read from the output control input file,
which is scanned for option words.

LLOC Module Index pointing to the location within a character string at which
Module URWORD begins looking for a word.

N Module Argument place holder for calls to URWORD in which the argument
is unused.

NLAY Global = The number of layers in the grid.

R Module Argument place holder for calls to URWORD in which the argument
is unused.
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Module SBAS5L
Narrative for Module SBAS5L

When using alphabetic-word Output Control, Module SBAS5L decodes layer numbers for the
commands for printing and saving drawdown and head. The user can specify a list of layers, or
no specific layers can be specified. If no layers are specified, then all layers are assumed.
Module SBASSL performs its functions as follows:

1. Initialize the counter for the number of layers for which output is specified (NSET) to 0.

2. When SBASSL is called, a command to print or save drawdown or head has been read and
partially parsed. The layer numbers are the only remaining part to be parsed. Call URWORD to
continue parsing the command in order to attempt to get an integer layer number. Test that the
returned number is within the range of valid layer numbers. If so, keep track of how many
layers have been specified, set the appropriate IOFLG value, and try to get another layer
number. If the layer number is not valid, continue to step 3. URWORD will return 0 as a layer
number if it finds a word, such as a comment, that is not an integer.

3. All valid layer numbers have been obtained from the record. Test to see if there were any
layers specified. If no layers were specifieded, then all layers are assumed, and IOFLG for all
layers is set. Write a message to this effect.

4. If one or more individual layers were specified, then write the layer numbers.

5. RETURN.

55



SBASSL

SUBROUTINE SBASS5L(IPOS,LINE, LLOC, IOFLG,NLAY, IOUT, LABEL, INOC)

C
C
Crmm== VERSION 1453 14FEB1994 SBASSL
c dkkkhhhkkhh R Rk hhhhhhhhkRkhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhhhhdhhkdds
[ WHEN USING ALPHABETIC OUTPUT CONTROL, DECODE LAYER
C NUMBERS FOR PRINTING OR SAVING HEAD OR DRAWDOWN
c R R L Y
C
C SPECIFICATIONS:
C e e ————
DIMENSION IOFLG(NLAY,4)
CHARACTER*80 LINE
CHARACTER* (*) LABEL
DIMENSION LAYER(200)
C e e ——————— ————
C
Cl------ INITIALIZE COUNTER FOR NUMBER OF LAYERS FOR WHICH OUTPUT IS
Cl--—---~- SPECIFIED.
NSET=0
C
C2--=-=-= CHECK FOR A VALID LAYER NUMBER. WHEN FOUND, SET FLAG AND
C2-===== REPEAT.
10 CALL URWORD(LINE, LLOC, ISTART, ISTOP,2,L,R,~1, INOC)
IF(L.GT.0 .AND. L.LE.NLAY) THEN
NSET=NSET+1
LAYER (NSET) =L
IOFLG(L, IPOS)=1
GO TO 10
END IF
C
C3-===== DONE CHECKING FOR LAYER NUMBERS. IF NO LAYER NUMBERS WERE
C3---——- FOUND, SET FLAGS FOR ALL LAYERS.
IF(NSET.EQ.0) THEN
DO 110 K=1,NLAY
IOFLG(K, IPOS)=1
110 CONTINUE
WRITE(IOUT,111) LABEL
111 FORMAT (4X,A,' FOR ALL LAYERS')
(o4
C4-----=- IF ONE OR MORE LAYER NUMBERS WERE FOUND, PRINT THE NUMBERS.
ELSE
WRITE (IOUT,112) LABEL, (LAYER(M),M=1,NSET)
112 FORMAT (4X,A,' FOR LAYERS:', (1X,15I3))
END IF
C
C5-=-=——- RETURN.
RETURN
END
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List of Variables for Module SBAS5L

Variable Range Definition
INOC Package Input unit number for the Output Control Option.
IOFLG Package DIMENSION (NLAY,4), Flags to control printing and saving of head

and drawdown for each layer:

(N,1) #0, head will be printed for layer N.

(N,2) #0, drawdown will be printed for layer N.
(N,3) #0, head will be saved for layer N.

(N,4) #0, drawdown will be saved for layer N.

I0UT Global  Unit number for writing to the listing file.

IPOS Module Integer code passed to SBAS5L that is the 2nd index to IOFLG, which
must have a value in the range 1 to 4.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

K Module Index for layers.

L Module Integer value returned by Module URWORD, which represents a layer
number.

LABEL Module CHARACTER*(¥), Label for the kind of output that is being processed
by SBAS5L.

LAYER Module DIMENSION (200), List of layers for which output is desired.

LINE Module CHARACTER*80, A line that has been read from the output control

input file and is passed to SBAS5L. SBASSL scans this line for
layer numbers.

LLOC Module Index pointing to the location within a character string at which
Module URWORD begins looking for a word.

M Module Index within array LAYER.

NLAY Global  The number of layers in the grid.

NSET Module  The number of layers for which output is specified.

R Module Argument place holder for calls to URWORD in which the argument
is unused.
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Module SBAS50
Narrative for Module SBAS50

Module SBAS50 opens files for MODFLOW. The only file that SBAS50 does not open is the
file, called the name file, that contains the names of other files. The name file must be opened
prior to entering SBAS50; the MAIN program opens the name file. SBAS50 also sets values of
the IUNIT array. The IUNIT array specifies which major options are active and the unit
numbers from which their data are read. Thus, to open a file for a major option, three pieces of
information are required: the option name, a unit number, and a file name. Module SBAS50
performs its functions as follows:

1. Initialize data. Specifically, set all file units to 0. Also set a flag, ILIST, to 0 to indicate that the
listing file is not open. Until this file is open, error messages are written to unit "*", which is a
processor-determined unit that is preconnected. After the listing file is opened, all error
messages are sent to that unit.

2. Read a record from the name file. If the record is blank, read another record. If column 1
contains #, the line is a comment. Print the comment line if the listing file is open, and then read
the next record.

3. Parse the first two fields of the line: the file type and the unit number.
4. Check for a valid file type as follows:

A. The first entry in the name file must be for type "LIST". Check for this type if the
listing file is not yet open. If the first entry is not file type "LIST", print a message and
stop.

B. Not the first entry; check for file type "BAS".

C. Not "BAS"; check for type "UNFORMATTED", which indicates an unformatted file
that is not a file for a major option.

D. Not "UNFORMATTED"; check for type "FORMATTED", which indicates a
formatted file that is not a file for a major option.

E. Not "FORMATTED"; check for a major option. If not a major option, print an error
message and STOP.

5. A valid file type has been found. Determine file name and the access method (direct or
sequential). Unless this is the listing file, write a message stating the name of the file being
opened. Open the file.

6. If the file is the listing file, it is now OK to go write the listing file’s name in the listing file. Go
back to step 2 to process the next record in the name file.

7. The end of the name file has been reached. Check to be sure that at least a listing file and the

"BAS" file have been opened. If so, close the name file and RETURN. If not, print a message and
STOP.
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SBAS50

SUBROUTINE SBASS50(INUNIT, INBAS,IOUT,IUNIT,CUNIT)

(o]
C——-=- VERSION 0943 18MAR1996 SBASSO
c L I T T L T Y Y™
(o] OPEN FILES.
c dekdekkdodhkh ko hdkkhhhkhh ok hhhhhhhhdh ke hdkhhk ok hkhhhhhhhhhhhhhn
(o]
C SPECIFICATIONS:
C e
DIMENSION IUNIT(40)
CHARACTER*4 CUNIT(40)
CHARACTER*80 LINE
CHARACTER*11 FMTARG
C e ———————————————
(o]
Cl------ INITIALIZE CONSTANTS. ILIST IS SET TO 1 ONCE THE LISTING
Cl--=-—- FILE HAS BEEN OPENED; UNTIL THEN ERROR MESSAGES ARE WRITTEN
Cl------ TO "*" UNIT.
INBAS=0
IOUT=0
ILIST=0
DO 5 I=1,40
IUNIT(I)=0
5 CONTINUE
(o]
C2-=--——- READ A LINE; IGNORE BLANK LINES AND PRINT COMMENT LINES.

10 READ(INUNIT, ' (A)',END=1000) LINE
IF(LINE.EQ.' ') GO TO 10
IF(LINE(1:1) .EQ.'#') THEN
IF(ILIST.NE.Q0) WRITE(IOUT, '(A)') LINE

GO TO 10
END IF
C
C3--==—- DECODE THE FILE TYPE AND UNIT NUMBER.
LLOC=1
CALL URWORD(LINE, LLOC,ITYP1, ITYP2,1,N,R,IOUT, INUNIT)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, IU,R, IOUT, INUNIT)
C
Cd----—=- CHECK FOR A VALID FILE TYPE.
FMTARG="'FORMATTED'
C
C4A----- FIRST ENTRY MUST BE FILE-TYPE "LIST".
IF(ILIST.EQ.0) THEN
IF(LINE(ITYP1l:ITYP2).NE.'LIST') THEN
WRITE(*,*) ' FIRST ENTRY IN NAME FILE MUST BE "LIST".'
STOP
END IF
IOUT=IU
C
C4B----- CHECK FOR "BAS" FILE TYPE.
ELSE IF(LINE(ITYP1l:ITYP2).EQ.'BAS') THEN
INBAS=IU
C
C4C----—- CHECK FOR "UNFORMATTED" FILE TYPE.
ELSE IF(LINE(ITYP1l:ITYP2).EQ.'DATA(BINARY)') THEN
FMTARG='UNFORMATTED'
C
C4D----- CHECK FOR "FORMATTED FILE TYPE.
ELSE IF(LINE(ITYP1l:ITYP2).EQ.'DATA') THEN
FMTARG="'FORMATTED'
C
CAE----- CHECK FOR MAJOR OPTIONS.
ELSE
DO 20 I=1,40
IF(LINE(ITYP1:ITYP2).EQ.CUNIT(I)) THEN
IUNIT(I)=IU
GO TO 30
END IF
20 CONTINUE
WRITE(IOUT,21) LINE(ITYP1l:ITYP2)
21 FORMAT (1X, 'ILLEGAL FILE TYPE IN NAME FILE: ',A)
STOP
30 CONTINUE
END IF
C
C5-===== DETERMINE FILE NAME AND THE ACCESS METHOD (DIRECT OR
C5-—---- SEQUENTIAL). WRITE THE FILE NAME IF THE FILE IS NOT THE
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Chmmmm LISTING FILE. THEN OPEN THE FILE.
CALL URWORD(LINE, LLOC, INAM1, INAM2, 0,N, R, IOUT, INUNIT)
CALL URWORD (LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, INUNIT)
IF(LINE (ISTART:ISTOP).EQ. 'DIRECT') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, IRECL,R, IOUT, INUNIT)
IF(ILIST.NE.O0) WRITE(IOUT,35) LINE(INAM1:INAM2),
1 LINE(ITYP1:ITYP2),IU,IRECL
35 FORMAT (1X, /1X, 'OPENING ',A,/
1 1X, 'FILE TYPE:',A,' UNIT',I4,"' DIRECT ACCESS',I10)
OPEN(UNIT=IU, FILE=LINE (INAM1:INAM2) , FORM=FMTARG,
1 ACCESS="'DIRECT', RECL=IRECL)
ELSE
IF(ILIST.NE.O) WRITE(IOUT,36) LINE(INAM1:INAM2),
1 LINE (ITYP1l:ITYP2),IU
36 FORMAT (1X, /1X, 'OPENING ',A,/
1 1X, 'FILE TYPE:',A,' UNIT', I4)
OPEN(UNIT=IU, FILE=LINE (INAMI1:INAM2), FORM=FMTARG,

1 ACCESS='SEQUENTIAL')
END IF
4
C6------ IF THE OPENED FILE IS THE LISTING FILE, WRITE ITS NAME.
C6—--mm— GO BACK AND READ NEXT RECORD.
IF(ILIST.EQ.0) WRITE(IOUT,37) LINE(INAM1l:INAM2),IU
37 FORMAT (1X, 'LISTING FILE: ',A,/25X, 'UNIT',I4)
ILIST=1
GO TO 10
C
C7--=mm-- END OF NAME FILE. RETURN PROVIDED THAT LISTING FILE AND BAS
C7-——=—-= FILES HAVE BEEN OPENED.

1000 IF(ILIST.EQ.0) THEN

WRITE(*,*) ' NAME FILE IS EMPTY.'
STOP

ELSE IF(INBAS.EQ.0) THEN
WRITE (IOUT,*) ' BAS PACKAGE FILE HAS NOT BEEN OPENED.'
STOP

END IF

CLOSE (UNIT=INUNIT)

RETURN

END
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List of Variables for Module SBAS50

Variable Range Definition

CUNIT Package CHARACTER*4(40), Names of major options corresponding to
elements within the IUNIT array.

FMTARG Module CHARACTER*11, The value of the argument for the "FORM="
specifier in the OPEN statement for a file being opened.

I Module Index for IUNIT.

ILIST Module A flag that is set to non zero once the listing file has been opened.

INAM1 Module  Starting location within LINE of the first character of the name of the
file to be opened.

INAM2 Module  Starting location within LINE of the last character of the name of the
file to be opened.

INBAS Package Primary input unit for the Basic (BAS) Package.

INUNIT Package Unit for reading from the name file.

IOUT Global  Unit number for writing to the listing file.

IRECL Module The record length of a direct access file.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ITYP1 Module  Starting locating within LINE of the first character of the file type.

ITYP2 Module Starting locating within LINE of the last character of the file type.

U Module The unit number of a file to be opened.

IUNIT Package DIMENSION(40), Primary input units for the major model options.

LINE Module CHARACTER*80, A line that has been read from the name file.

LLOC Module Index pointing to the location within a character string at which
Module URWORD begins looking for a word.

N Module  Argument place holder for calls to URWORD in which the argument
is unused.

R Module  Argument place holder for calls to URWORD in which the argument
is unused.
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Block-Centered Flow Package

Budget calculations have been changed to make increased use of double precision. Also, the
modular structure of the budget calculations has been changed. Originally, the MAIN program
made a single call to the BCF budget module (BCF1BD). This module calculated five budget
terms -- flow from storage, flow from constant-head cells, and three terms for flow between
adjacent cells. The budget is now calculated using three submodules that are directly called
from the MAIN program. Thus, there is not a BCESBD module. SBCF5SF calculates constant-
head flow, and SBCFE5S calculates flow from storage. The calculations of flow between adjacent
cells are in a single module, SBCF5B, which is called three times. The primary purpose for
calling the submodules from the MAIN is to make the values they calculate more readily
available for use by other modules that might be added to MODFLOW. Note that the calculation
of flows between adjacent cells is not a part of the overall volumetric budget calculated by
MODFLOW; the values are calculated solely for use elsewhere.

Modules SBCF5F and SBCF5B have the ability to calculate flow between two adjacent
constant-head cells, which was previously not an option in the original MODFLOW. Although
this flow is not part of MODFLOW's solution of head in a simulation, this flow may be of use in
transport models.
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Module BCF5AL

SUBROUTINE BCFS5AL(ISUM, LENX, LCSC1, LCHY, LCBOT, LCTOP, LCSC2, LCTRPY,
1 IN,ISS,NCOL,NROW,NLAY,IOUT, IBCFCB,LCWETD,IWDFLG, LCCVWD,
2 WETFCT, IWETIT, IHDWET, HDRY, IAPART, IFREFM)

[
C-——-- VERSION 1431 20FEB1996 BCF5AL
c I T I L T T T Y
C ALLOCATE ARRAY STORAGE FOR BLOCK-CENTERED FLOW PACKAGE
c Hkkkhhkhhkhhkkokkk ko ko hk kR h ok hkkk ok k ok hhhk ko k ko hh ke kk ok kR kh ok hh
C
C SPECIFICATIONS:
€  mmmem e e mmm e m e mmm e mmmmmm e mmmmm—m e —————————————
COMMON /FLWCOM/LAYCON(200)
COMMON /FLWAVG/LAYAVG(200)
CHARACTER*12 AVGNAM(4)
DATA AVGNAM/'HARMONIC ', "ARITHMETIC °',
1 'LOGARITHMIC ', '*UNCONFINED*'/
€  mmmmmm e ———————————————
C
Cl--==-- IDENTIFY PACKAGE
WRITE(IOUT,1l) IN
1 FORMAT(1X, /1X, 'BCF5 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 5°',
1', 9/1/93',' INPUT READ FROM UNIT',I3)
C
C2-=-==== READ AND PRINT ISS (STEADY-STATE FLAG), IBCFCB (FLAG FOR
C2-—---—- PRINTING OR UNIT# FOR RECORDING CELL-BY-CELL FLOW TERMS), HDRY
C2----—- (HEAD AT CELLS THAT CONVERT TO DRY), AND WETTING PARAMETERS.
IF(IFREFM.EQ.0) THEN
READ(IN, ’'(2I10,F10.0,I10,F10.0,2I10)")
1 ISS, IBCFCB, HDRY, IWDFLG, WETFCT, IWETIT, IHDWET
ELSE
READ(IN, *) ISS,IBCFCB,HDRY, IWDFLG,WETFCT, IWETIT, IHDWET
END IF
IF(ISS.EQ.0) WRITE(IOUT,3)
3 FORMAT(1X, 'TRANSIENT SIMULATION')
IF(ISS.NE.0) WRITE(IOUT,4)
4 FORMAT (1X, 'STEADY-STATE SIMULATION')
IF(IBCFCB.LT.0) WRITE(IOUT,8)
8 FORMAT (1X, 'CONSTANT-HEAD CELL-BY-CELL FLOWS WILL BE PRINTED',
1 ' WHEN ICBCFL IS NOT 0')
IF(IBCFCB.GT.0) WRITE(IOUT,S) IBCFCB
9 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)
WRITE(IOUT,11l) HDRY
11l FORMAT (1X, 'HEAD AT CELLS THAT CONVERT TO DRY=',G13.5)
IF(IWDFLG.NE.0) GO TO 35
WRITE (IOUT, 12)
12 FORMAT (1X, 'WETTING CAPABILITY IS NOT ACTIVE')
GO TO 39
C
35 WRITE(IOUT, 36)
36 FORMAT (1X, 'WETTING CAPABILITY IS ACTIVE')
IF(IWETIT.LE.O0) IWETIT=1
WRITE (IOUT, 37 ) WETFCT, INETIT
37 FORMAT(1X, 'WETTING FACTOR=',6F10.5,
1 ' WETTING ITERATION INTERVAL=',I4)
WRITE (IOUT, 38) IHDWET
38 FORMAT(1lX, 'FLAG THAT SPECIFIES THE EQUATION TO USE FOR HEAD',
1 ' AT WETTED CELLS=',I4)
C
C3==mm= STOP THE SIMULATION IF THERE ARE MORE THAN 200 LAYERS.
39 IF(NLAY.LE.200) GO TO 50
WRITE(IOUT,41)
41 FORMAT(1X, /1X, 'YOU HAVE SPECIFIED MORE THAN 200 MODEL LAYERS'/1lX,
1l 'SPACE IS RESERVED FOR A MAXIMUM OF 200 LAYERS IN ARRAYS LAYCON',
2 ' AND LAYAVG')
STOP
C
Chd———--- READ LAYCON & PRINT TITLE FOR LAYCON TABLE.
50 IF(IFREFM.EQ.0) THEN
READ(IN, '(40I2)') (LAYCON(I),I=1,NLAY)
ELSE
READ(IN, *) (LAYCON(I),I=1,NLAY)
END IF
WRITE (IOUT, 52)
52 FORMAT (1X, 5X, 'LAYER LAYER-TYPE CODE INTERBLOCK T',
1 /1X,5X,44('-"))
C
Ch-mmmm LOOP THROUGH LAYERS CALCULATING LAYAVG, PRINTING THE LAYER-TYPE
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C5-====- CODE, AND COUNTING LAYERS THAT NEED TOP & BOT ARRAYS.

DO 100 I=1,NLAY
IF(LAYCON(I).EQ.30 .OR. LAYCON(I).EQ.32) LAYCON(I)=LAYCON(I)-10
INAM=LAYCON(I) /10
LAYAVG(I)=INAM*10
IF (LAYAVG(I).LT.0 .OR. LAYAVG(I).GT.30) THEN
WRITE (IOUT,53) LAYAVG(I)
53 FORMAT (1X, 'INVALID INTERBLOCK T CODE:',I4)
STOP
END IF
LAYCON (I)=LAYCON(I)-LAYAVG(I)
L=LAYCON(I)
INAM=INAM+1
WRITE(IOUT,55) I,L, LAYAVG(I) AVGNAM ( INAM)
55 FORMAT(1X,I9,Il3, Ill -- ',3)
IF(LAYCON(I).LT. O .OR. LAYCON(I).GT.3) THEN
WRITE(IOUT,56) LAYCON(I)

56 FORMAT (1X, 'INVALID LAYER TYPE:',6Id4)
STOP
END IF
C
C5A----- ONLY THE TOP LAYER CAN BE UNCONFINED (LAYCON=1).
IF(L.NE.1 .OR. I.EQ.1l) GO TO 70
WRITE (IOUT,57)
57 FORMAT (1X,/1X, 'LAYER TYPE 1 IS ONLY ALLOWED IN TOP LAYER')
STOP
C
C5B----~- LAYER TYPES 1 AND 3 NEED A BOTTOM. ADD 1 TO KB.
70 IF(L.EQ.1 .OR. L.EQ.3) NBOT=NBOT+1
C
C5C--=-=-~ LAYER TYPES 2 AND 3 NEED A TOP. ADD 1 TO KT.
IF(L.EQ.2 .OR. L.EQ.3) NTOP=NTOP+1
C
C5D---~-~- IF LAYAVG=30, BUFF MUST BE SEPARATE FROM RHS (IAPART NOT 0).
IF(IAPART.EQ.0 .AND. LAYAVG(I).EQ.30) THEN
WRITE(IOUT,75)
75 FORMAT (1X, 'IAPART IN BAS PACKAGE MUST BE NONZERO',
1 ' WHEN INTERBLOCK T IS *UNCONFINED*')
STOP
END IF
100 CONTINUE
C
C
Cé-=-==-- COMPUTE THE NUMBER OF CELLS IN THE ENTIRE GRID AND IN ONE LAYER.
NRC=NROW*NCOL
ISIZ=NRC*NLAY
C
C7-===== ALLOCATE SPACE FOR ARRAYS.
ISOLD=ISUM
LCSC1l=ISUM
IF(ISS.EQ.0) ISUM=ISUM+ISIZ
LCSC2=ISUM
IF(ISS.EQ.0) ISUM=ISUM+NRC*NTOP
LCTRPY=ISUM
ISUM=ISUM+NLAY
LCBOT=ISUM
ISUM=ISUM+NRC*NBOT
LCHY=ISUM
ISUM=ISUM+NRC*NBOT
LCTOP=ISUM
ISUM=ISUM+NRC*NTOP
LCWETD=ISUM
IF (IWDFLG.NE. 0) ISUM=ISUM+NRC*NBOT
LCCVWD=ISUM
IF (IWDFLG.NE.0)ISUM=ISUM+NRC* (NLAY-1)
(o4
C8-mmm—= PRINT THE AMOUNT OF SPACE USED BY THE BCF PACKAGE.

ISP=ISUM-ISOLD
WRITE (IOUT,101) ISP

101 FORMAT(1X,Il1l0,' ELEMENTS IN X ARRAY ARE USED BY BCF')
ISUM1=ISUM-1
WRITE(IOUT,102) ISUM1,LENX

102 FORMAT(1X,Il1l0,' ELEMENTS OF X ARRAY USED OUT OF ',I10)
IF(ISUM1.GT.LENX) WRITE(IOUT,103)

103 FORMAT(1X,' ***X ARRAY MUST BE DIMENSIONED LARGER***')
C
[of- EEE LT RETURN.
RETURN
END
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Module BCFSRP

SUBROUTINE BCF5RP (IBOUND, HNEW, SC1, HY, CR, CC, CV, DELR, DELC, BOT, TOP,

1 SC2, TRPY, IN, ISS, NCOL, NROW, NLAY, IOUT, WETDRY, INDFLG, CVWD)
c
C-==== VERSION 0917 17JULY1992 BCFS5RP
c E X EZEZEZ XSS XS XS R R X 2 X 2 R o Xt 22 2 X 2 XX R X R X R R R R 2 X 2 X 2 X R X R X 2 XX XX XXX X R R X X )
c READ AND INITIALIZE DATA FOR BLOCK-CENTERED FLOW PACKAGE
c 22 X222 R R 22 X222 R 2R 222X 22 R 2R R X 2R 22l X2 X2 X R A2t i i X 22222222 X R X 2R X R X X X J
(o}
(o} SPECIFICATIONS:
c __________ - - ———— - e e e e A e
CHARACTER*24 ANAME(11)
DOUBLE PRECISION HNEW
(o}
DIMENSION HNEW (NCOL, NROW,NLAY), SC1(NCOL, NROW, NLAY),
1 HY (NCOL, NROW, NLAY) , CR (NCOL, NROW, NLAY) , CC (NCOL, NROW, NLAY) ,
2 CV (NCOL, NROW, NLAY) , DELR (NCOL) , DELC (NROW) , BOT (NCOL, NROW, NLAY) ,
3 TOP (NCOL, NROW, NLAY) , SC2 (NCOL, NROW, NLAY) , TRPY (NLAY) ,
4 IBOUND (NCOL, NROW, NLAY) , WETDRY ( NCOL, NROW, NLAY) ,
5 CVWD (NCOL, NROW, NLAY)
(o}
COMMON /FLWCOM/LAYCON(200)
DATA ANAME(1l) /' PRIMARY STORAGE COEF'/
DATA ANAME(2) /' TRANSMIS. ALONG ROWS'/
DATA ANAME(3) /' HYD. COND. ALONG ROWS'/
DATA ANAME(4) /'VERT HYD COND /THICKNESS'/
DATA ANAME(5) /' BOTTOM' /
DATA ANAME(6) /' TOP'/
DATA ANAME(7) /' SECONDARY STORAGE COEF'/
DATA ANAME(8) /'COLUMN TO ROW ANISOTROPY'/
DATA ANAME(9) /' DELR'/
DATA ANAME (10)/°' DELC'/
DATA ANAME (11)/°* WETDRY PARAMETER'/
c __________________________________________________________________
c
Cl--=---- READ TRPY, DELR, DELC.
CALL UlDREL(TRPY,ANAME(8),NLAY, IN, IOUT)
CALL UlDREL(DELR, ANAME(9), NCOL, IN, IOUT)
CALL UlDREL(DELC, ANAME(10), NROW, IN, TOUT)
c
C2------ READ ALL PARAMETERS FOR EACH LAYER.
KT=0
KB=0
DO 200 K=1,NLAY
KK=K
c
C2A----- FIND ADDRESS OF EACH LAYER IN THREE DIMENSION ARRAYS.
IF(LAYCON(K).EQ.1l .OR. LAYCON(K).EQ.3) KB=KB+1l
IF(LAYCON(K).EQ.2 .OR. LAYCON(K).EQ.3) KT=KT+1l
c
C2B----- READ PRIMARY STORAGE COEFFICIENT INTO ARRAY SC1 IF TRANSIENT.
IF(ISS.EQ.0)CALL U2DREL(SC1(1,1,K),ANAME (1), NROW, NCOL, KK, IN, IOUT)
c
c2C----—- READ TRANSMISSIVITY INTO ARRAY CC IF LAYER TYPE IS 0 OR 2.
IF(LAYCON(K) .EQ.3 .OR. LAYCON(K).EQ.1l) GO TO 100
CALL U2DREL(CC(1,1,K),ANAME(2), NROW, NCOL, KK, IN, IOUT)
GO TO 110
c
C2D----- READ HYDRAULIC CONDUCTIVITY(HY) AND BOTTOM ELEVATION (BOT)
C2D----- IF LAYER TYPE IS 1 OR 3.
100 CALL U2DREL(HY(1,1,KB),ANAME (3), NROW, NCOL, KK, IN, IOUT)
CALL U2DREL(BOT(1, 1,KB),ANAME(5), NROW, NCOL, KK, IN, IOUT)
c
C2E----—- READ VERTICAL HYCOND/THICK INTO ARRAY CV IF NOT BOTTOM LAYER;
C2E----- MULTIPLIED BY CELL AREA TO CONVERT TO CONDUCTANCE LATER.
110 IF(K.EQ.NLAY) GO TO 120
CALL U2DREL(CV(1, 1,K),ANAME (4), NROW, NCOL, KK, IN, IOUT)
c
C2F--=m- READ SECONDARY STORAGE COEFFICIENT INTO ARRAY SC2 IF TRANSIENT
C2F---—- AND LAYER TYPE IS 2 OR 3.
120 IF(LAYCON(K).NE.3 .AND. LAYCON(K).NE.2) GO TO 130
IF(ISS.EQ.0)CALL U2DREL(SC2(1,1,KT), ANAME (7), NROW, NCOL, KK, IN, TOUT)
(o}
C2G----- READ TOP ELEVATION(TOP) IF LAYER TYPE IS 2 OR 3.
CALL U2DREL(TOP(1,1,KT),ANAME (6), NROW, NCOL, KK, IN, IOUT)
(o}
C2H----- READ WETDRY CODES IF LAYER TYPE IS 1 OR 3 AND WETTING
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C2H----- CAPABILITY HAS BEEN INVOKED (IWDFLG NOT 0).

130 IF(LAYCON(K) .NE.3.AND.LAYCON(K) .NE.1)GO TO 200
IF(IWDFLG.EQ.0)GO TO 200
CALL U2DREL(WETDRY(1l,1,KB),ANAME(11l), NROW, NCOL, KK, IN, IOUT)
200 CONTINUE

------ PREPARE AND CHECK BCF DATA.

CALL SBCF5N(HNEW, IBOUND,SCl,SC2,CR,CC,CV,HY,TRPY,DELR, DELC,ISS,
1 NCOL, NROW, NLAY, TOUT, WETDRY, IWDFLG, CVWD)
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Module BCFS5AD

SUBROUTINE BCF5AD(IBOUND, HOLD, BOT, WETDRY, IWDFLG, ISS,
NCOL, NROW, NLAY)

VERSION 1659 300CT1992 BCF5AD

e de e Je do o o o ke e o do o de Jo o o e Jo o Jo Jo o de e e de Jo do o e Jo o o Be de e Je ke de be Je de Jo o de de e Ko de e K % ke de Ko K de Kk de ke ke ke ke ok

SET HOLD TO BOT WHENEVER A WETTABLE CELL IS DRY
Tkkkhkkhhhhhkhhhhhhkhkhhhhhhhhhhhhkkhhhhhhhhhkhkhhhhhhhhkrhhhhhhhrhhn

SPECIFICATIONS:

DIMENSION IBOUND (NCOL, NROW,NLAY), HOLD(NCOL, NROW, NLAY),
1

(o]

BOT (NCOL, NROW, NLAY) , WETDRY (NCOL, NROW, NLAY )
COMMON /FLWCOM/LAYCON(200)

--RETURN IF STEADY STATE OR IF NOT USING WETTING CAPABILITY
IF(IWDFLG.EQ.0 .OR. ISS.NE.0) RETURN

--LOOP THROUGH ALL LAYERS TO SET HOLD=BOT IF A WETTABLE CELL IS DRY
ZERO=0.

KB=0

DO 100 K=1,NLAY

--SKIP LAYERS THAT CANNOT CONVERT BETWEEN WET AND DRY
IF(LAYCON(K).NE.3 .AND. LAYCON(K).NE.1) GO TO 100
KB=KB+1

DO 90 I=1,NROW

DO 90 J=1,NCOL

--SKIP CELLS THAT ARE CURRENTLY WET OR ARE NOT WETTABLE
IF(IBOUND(J,I,K).NE.0) GO TO 90
IF (WETDRY(J,I,KB).EQ.ZERO) GO TO 90

--SET HOLD=EOT
HOLD(J, I, K)=BOT(J,I,KB)
CONTINUE

CONTINUE
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Module BCFSEM

SUBROUTINE BCF5FM(HCOF, RHS, HOLD, SC1, HNEW, IBOUND, CR, CC, CV, HY, TRPY,
1 BOT, TOP, SC2, DELR, DELC, DELT, ISS, KITER, KSTP, KPER,

2 NCOL, NROW, NLAY, TOUT, WETDRY, IWDFLG, CVWD,

3 WETFCT, IWETIT, IHDWET, HDRY, BUFF)

Cmmm== VERSION 1500 29JUNE1993 BCF5FM
C khkhkhhkhhhhhhkhkhkhkhkhkhkhhhkhkhhhhkhkhkhkhkhhhhhhkhhkhhkhhhhhhhhhkhhkhkhhkhhhhhkhkhkkkhkkk
C ADD LEAKAGE CORRECTION AND STORAGE TO HCOF AND RHS, AND CALCULATE
C CONDUCTANCE AS REQUIRED
C de b e ke ke ok ke ke de de g de de ke de ke e ke ke de e ke de e de de de ke ke de e ke ke ke ke Kk ke ke ke ke ke ke ke ke ke ke ke ke e ke ke ke ke ke ke ke ok ke ke ok ok ok ok kk ok
[od
c SPECIFICATIONS:
C e e e e e e e e e e e e o o o o o o o
DOUBLE PRECISION HNEW
[
DIMENSION HCOF (NCOL,NROW,NLAY), RHS (NCOL, NROW,NLAY) ,
1 HOLD (NCOL, NROW, NLAY) , SC1 (NCOL, NROW, NLAY) , HNEW (NCOL, NROW, NLAY) ,
2 IBOUND (NCOL, NROW, NLAY) , CR(NCOL, NROW, NLAY) ,
3 CC (NCOL, NROW, NLAY) , CV (NCOL, NROW, NLAY) , HY (NCOL, NROW, NLAY) ,
4 TRPY (NLAY) , BOT (NCOL, NROW, NLAY) , TOP (NCOL, NROW, NLAY) , DELR (NCOL) ,
5 DELC (NROW) , SC2 (NCOL, NROW, NLAY) , WETDRY (NCOL, NROW, NLAY) ,
6 CVWD (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
COMMON /FLWCOM/LAYCON(200)
=0
KT=0
ONE=1.
TLED=ONE/DELT
Cc
Cl---—-—- FOR EACH LAYER: IF T VARIES CALCULATE HORIZONTAL CONDUCTANCES
DO 100 K=1,NLAY
KK=K
IF(LAYCON(K) .EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1
Cc
ClA----- IF LAYER TYPE IS NOT 1 OR 3 THEN SKIP THIS LAYER.
IF(LAYCON(K) .NE.3 .AND. LAYCON(K).NE.1l) GO TO 100
KB=KB+1
[od
ClB----- FOR LAYER TYPES 1 & 3 CALL SBCF5H TO CALCULATE
ClB-==--- HORIZONTAL CONDUCTANCES.
CALL SBCF5H (HNEW, IBOUND, CR, CC,CV, HY, TRPY, DELR, DELC, BOT, TOP,
1 KK, KB, KT, KITER, KSTP, KPER, NCOL, NROW, NLAY, IOUT, WETDRY, IWDFLG,
2 CVWD, WETFCT, IWETIT, IHDWET, HDRY, BUFF)
100 CONTINUE
c
C2-——==-- IF THE SIMULATION IS TRANSIENT ADD STORAGE TO HCOF AND RHS
IF(ISS.NE.0) GO TO 201
KT=0
DO 200 K=1,NLAY
Cc
C3-===—- SEE IF THIS LAYER IS CONVERTIBLE OR NON-CONVERTIBLE.
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) GO TO 150
(o EEETTTS NON-CONVERTIBLE LAYER, SO USE PRIMARY STORAGE
DO 140 TI=1,NROW
DO 140 J=1,NCOL
IF(IBOUND(J,I,K).LE.0) GO TO 140
RHO=SC1(J, I,K)*TLED
HCOF (J, I, K)=HCOF(J,I,K)-RHO
RHS (J,I,K)=RHS(J,I,K)-RHO*HOLD(J,I,K)
140 CONTINUE
GO TO 200
[od
C5===——= A CONVERTIBLE LAYER, SO CHECK OLD AND NEW HEADS TO DETERMINE
C5====== WHEN TO USE PRIMARY AND SECONDARY STORAGE
150 KT=KT+1
DO 180 I=1, NROW
DO 180 J=1,NCOL
C
C5A--==~- IF THE CELL IS EXTERNAL THEN SKIP IT.
IF(IBOUND(J,I,K).LE.0) GO TO 180
TP=TOP (J, I, KT)
RHO2=SC2 (J,I,KT)*TLED
RHO1=SC1l(J, I,K)*TLED
(o4
C5B--—-~- FIND STORAGE FACTOR AT START OF TIME STEP.
SOLD=RHO2
IF(HOLD(J,I,K).GT.TP) SOLD=RHOLl
c
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C5C——--- FIND STORAGE FACTOR AT END OF TIME STEP.
HTMP=HNEW(J, I, K)
SNEW=RHO2
IF(HTMP.GT.TP) SNEW=RHOl

C
C5D----- ADD STORAGE TERMS TO RHS AND HCOF.

HCOF(J, I, K)=HCOF(J, I,K)-SNEW

RHS(J, I,K)=RHS(J,I,K) - SOLD* (HOLD(J,I,K)-TP) - SNEW*TP
C

180 CONTINUE
200 CONTINUE

Cc

(of T T FOR EACH LAYER DETERMINE IF CORRECTION TERMS ARE NEEDED FOR

C6b====== FLOW DOWN INTO PARTIALLY SATURATED LAYERS.

201 KT=0

DO 300 K=1,NLAY

(o4

C7-====- SEE IF CORRECTION IS NEEDED FOR LEAKAGE FROM ABOVE.
IF(LAYCON(K) .NE.3 .AND. LAYCON(K).NE.2) GO TO 250
KT=KT+1
IF(K.EQ.1l) GO TO 250

C

C7A----- FOR EACH CELL MAKE THE CORRECTION IF NEEDED.
DO 220 I=1,NROW
DO 220 J=1,NCOL

(o

C7B-—-—-- IF THE CELL IS EXTERNAL(IBOUND<=0) THEN SKIP IT.
IF(IBOUND(J,I,K).LE.0) GO TO 220
HTMP=HNEW (J, I, K)

C .

C7C-==== IF HEAD IS ABOVE TOP THEN CORRECTION NOT NEEDED
IF(HTMP.GE.TOP(J,I,KT)) GO TO 220

c

C7D=-==== WITH HEAD BELOW TOP ADD CORRECTION TERMS TO RHS.

RHS(J,I,K)=RHS(J,I,K) + CV(J,I, K-1)*(TOP(J,I,KT)-HTMP)
220 CONTINUE

C8==—-—- SEE IF THIS LAYER MAY NEED CORRECTION FOR LEAKAGE TO BELOW.
250 IF(K.EQ.NLAY) GO TO 300
IF(LAYCON(K+1l) .NE.3 .AND. LAYCON(K+1l).NE.2) GO TO 300

KTT=KT+1

C

C8A--—-- FOR EACH CELL MAKE THE CORRECTION IF NEEDED.
DO 280 I=1,NROW
DO 280 J=1,NCOL

C

Cc8B----- IF CELL IS EXTERNAL (IBOUND<=0) THEN SKIP IT.
IF(IBOUND(J,I,K).LE.O0) GO TO 280

(o4

c8C----- IF HEAD IN THE LOWER CELL IS LESS THAN TOP ADD CORRECTION

Cc8C----- TERM TO RHS.

HTMP=HNEW (J, I, K+1)

IF (HTMP.LT.TOP(J,I,KTT)) RHS(J,I,K)=RHS(J,I,K)

1 - cv(J,I,K)*(TOP(J,I,KTT)-HTMP)
280 CONTINUE
300 CONTINUE

Cc

C9--———- RETURN
RETURN
END
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Module SBCF5N

SUBROUTINE SBCFS5N(HNEW, IBOUND, SC1, sC2,CR, CC,CV, HY, TRPY, DELR, DELC,

1 ISS,NCOL, NROW, NLAY, IOUT, WETDRY, IWDFLG, CVWD)

UhwWwN R

VERSION 1456 29JUNE1993 SBCF5N

khkkhhhkhhhhhkhhhkhhhkhhkhhhkhhhhkhkhhkhkhhhhkhhhkhhhkhhhhhkhhhkhhhkhhhkhhhhkhhhhhkk

INITIALIZE AND CHECK BCF DATA

khkkhhkkhhkhhkhhhhhkhkhhhhhhhkhkhhhhhkhkhhhhkhhkhhhkhkhhhkhhhkhkhhhkhhhkhhhhhkhkhkk

SPECIFICATIONS:

DOUBLE PRECISION HNEW, HCNV

DIMENSION HNEW (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY)
+SC1(NCOL, NROW, NLAY) , CR(NCOL, NROW, NLAY)
,CC (NCOL, NROW, NLAY) , CV (NCOL, NROW, NLAY)
+HY (NCOL, NROW, NLAY) , TRPY (NLAY) , DELR (NCOL) , DELC ( NROW)
»SC2 (NCOL, NROW, NLAY) , WETDRY (NCOL, NROW, NLAY)
+»CVWD (NCOL, NROW, NLAY)

COMMON /FLWCOM/LAYCON(200)
COMMON /FLWAVG/LAYAVG(200)

C
Cl-wwew- MULTIPLY VERTICAL LEAKANCE BY AREA TO MAKE CONDUCTANCE.

ZERO=0.

IF(NLAY.EQ.l1l) GO TO 20

K1=NLAY-1

DO 10 K=1,K1l

DO 10 I=1,NROW

DO 10 J=1,NCOL
cv(J,I,K)=CV(J,I,K)*DELR(J)*DELC(I)
CONTINUE

C2====mm IF WETTING CAPABILITY IS ACTIVATED, SAVE CV IN CVWD FOR USE WHEN
C2-mmmm WETTING CELLS.

IF(IWDFLG.EQ.0) GO TO 20
DO 15 K=1,K1

DO 15 I=1,NROW

DO 15 J=1,NCOL

CVWD(J, I,K)=CV(J,I,K)
CONTINUE

C3-memn- IF IBOUND=0, SET CV=0 AND CC=0.

DO 30 K=1,NLAY

DO 30 I=1,NROW

DO 30 J=1,NCOL
IF(IBOUND(J,I,K).NE.0) GO TO 30
IF(K.NE.NLAY) CV(J,I,K)=ZERO
IF(K.NE.1l) CV(J,I,K-1)=ZERO
CC(J,I,K)=ZERO

CONTINUE

Cd--mmm- INSURE THAT EACH ACTIVE CELL HAS AT LEAST ONE NON-ZERO
C4------ TRANSMISSIVE PARAMETER.

HCNV=888.88

KB=0

DO 60 K=1,NLAY

IF(LAYCON(K).EQ.1l .OR. LAYCON(K).EQ.3) GO TO 50

C4A----- WHEN LAYER TYPE IS 0 OR 2, TRANSMISSIVITY OR CV MUST BE NONZERO.

41
42

DO 45 I=1,NROW

DO 45 J=1,NCOL
IF(IBOUND(J,I,K).EQ.0) GO TO 45
IF(CC(J,I,K).NE.ZERO) GO TO 45
IF(K.EQ.NLAY) GO TO 41
IF(CV(J,I,K).NE.ZERO) GO TO 45
IF(K.EQ.1) GO TO 42
IF(CV(J,I,K-1).NE.ZERO) GO TO 45
IBOUND(J,I,K)=0

HNEW (J, I, K)=HCNV

WRITE (IOUT,43) K,I,J

43 FORMAT (1X, 'NODE (LAYER,ROW,COL)"',3I4,
1

' ELIMINATED BECAUSE ALL CONDUCTANCES TO NODE ARE 0')

45 CONTINUE

GO TO 60
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C4B-~---- WHEN LAYER TYPE IS 1 OR 3, HY OR CV MUST BE NONZERO.
50 KB=KB+1
DO 59 I=1,NROW
DO 59 J=1,NCOL
(o4
C4B1l----IF WETTING CAPABILITY IS ACTIVE, CHECK CVWD.
IF(IWDFLG.EQ.0) GO TO 55
IF(WETDRY (J,I,KB).EQ.ZERO) GO TO 55
IF(K.EQ.NLAY) GO TO 51
IF(CVWD(J,I,K).NE.ZERO) GO TO 59
51 IF(K.EQ.1l) GO TO 57
IF(CVWD(J,I,K-1).NE.ZERO) GO TO 59
GO TO 57
(o4
C4B2----WETTING CAPABILITY IS INACTIVE, SO CHECK CV AT ACTIVE CELLS.
55 IF(IBOUND(J,I,K).EQ.0) GO TO 59
IF(K.EQ.NLAY) GO TO 56
IF(CV(J,I,K).NE.ZERO) GO TO 59
56 IF(K.EQ.l) GO TO 57
IF(CV(J,I,K-1).NE.ZERO) GO TO 59
C
C4B3----CHECK HYDRAULIC CONDUCTIVITY.
57 IF(HY(J,I,KB).NE.ZERO) GO TO 59
C
C4B4----HY AND CV ARE ALL 0, SO CONVERT CELL TO NO FLOW.
IBOUND(J,I,K)=0
HNEW(J, I,K)=HCNV
IF(IWDFLG.NE.0) WETDRY(J,I,KB)=ZERO
WRITE(IOUT,43) K,I,J
59 CONTINUE
60 CONTINUE

Cc
C5-==m—= CALCULATE HOR. CONDUCTANCE(CR AND CC) FOR CONSTANT T LAYERS.
DO 70 K=1,NLAY
KK=K
IF(LAYCON(K) .EQ.3 .OR. LAYCON(K).EQ.l1l) GO TO 70
IF(LAYAVG(K) .EQ.0) THEN
CALL SBCF5C(CR,CC, TRPY, DELR, DELC, KK, NCOL, NROW, NLAY)
ELSE IF(LAYAVG(K).EQ.10) THEN
CALL SBCF5A(CR,CC, TRPY,DELR, DELC, KK, NCOL, NROW, NLAY)
ELSE
CALL SBCF5L(CR,CC, TRPY, DELR, DELC, KK, NCOL, NROW, NLAY)
END IF
70 CONTINUE

C6-——-——- IF TRANSIENT, LOOP THROUGH LAYERS AND CALCULATE STORAGE
C6b-——=—~ CAPACITY.

IF(ISS.NE.0) GO TO 100

KT=0

DO 90 K=1,NLAY

C6A---—- MULTIPLY PRIMARY STORAGE COEFFICIENT BY DELR & DELC TO GET
C6A---—- PRIMARY STORAGE CAPACITY.
DO 80 I=1,NROW
DO 80 J=1,NCOL
SC1(J,I,K)=S8C1(J,I,K)*DELR(J)*DELC(I)
80 CONTINUE

C6B----- IF LAYER IS CONF/UNCONF MULTIPLY SECONDARY STORAGE COEFFICIENT
Cé6B---~- BY DELR AND DELC TO GET SECONDARY STORAGE CAPACITY(SC2).
IF(LAYCON(K) .NE.3 .AND. LAYCON(K).NE.2) GO TO 90
KT=KT+1
DO 85 I=1,NROW
DO 85 J=1,NCOL
8C2(J,I,KT)=8C2(J,I,KT)*DELR(J)*DELC(T)
85 CONTINUE
90 CONTINUE
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Module SBCFSH

SUBROUTINE SBCF5H (HNEW, IBOUND, CR, CC,CV,HY, TRPY, DELR, DELC
1,BOT, TOP, K, KB, KT, KITER, KSTP, KPER, NCOL, NROW, NLAY, IOUT
2,WETDRY, IWDFLG, CVWD, WETFCT, IWNETIT, THDWET, HDRY, BUFF)

--VERSION 1501 29JUNE1993 SBCF5H

khhkhkhhhhhkhhkhhhkhkhhhkhhkhkhhhkhhhhkhhhkhkhhhkhhhhkhhhkhkhhhkhhhkhhhkhkhkhhhkhhhhhkhhkk

COMPUTE CONDUCTANCE FOR ONE LAYER FROM SATURATED THICKNESS AND
HYDRAULIC CONDUCTIVITY

khkhkhkhhkhhkhkhhhkhkhhkhhhhhhkhhkhkhhhkhhhkhhhhkhhhhhhhhkhhkhhhhhkhkhhhhhhhkhhikhkhkiik

SPECIFICATIONS:

DOUBLE PRECISION HNEW, HD, BBOT, TTOP

DIMENSION HNEW (NCOL, NROW, NLAY), IBOUND (NCOL, NROW, NLAY)
1,CR(NCOL, NROW, NLAY), CC(NCOL,NROW,NLAY), CV(NCOL, NROW,NLAY)
2,HY (NCOL, NROW,NLAY), TRPY(NLAY), DELR(NCOL), DELC (NROW)
3,BOT (NCOL, NROW, NLAY) , TOP (NCOL, NROW, NLAY) , WETDRY (NCOL, NROW, NLAY)
4,CVWD (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)

CHARACTER*3 ACNVRT

DIMENSION ICNVRT(5), JCNVRT(5),ACNVRT(5)

COMMON /FLWCOM/LAYCON(200)
COMMON /FLWAVG/LAYAVG(200)

----LOOP THROUGH EACH CELL IN LAYER AND CALCULATE TRANSMISSIVITY AT
--=--EACH ACTIVE CELL.

ZERO=0.

NCNVRT=0

THDCNV=0

ITFLG=1

IF(IWDFLG.NE.O) ITFLG=MOD(KITER, IWETIT)
DO 200 I=1, NROW

DO 200 J=1,NCOL

----IF CELL IS ACTIVE, THEN SKIP TO CODE THAT CALCULATES SATURATED
----THICRKNESS.

IF(IBOUND(J,I,K).NE.O) GO TO 20

----DETERMINE IF THE CELL CAN CONVERT BETWEEN CONFINED AND
-~---UNCONFINED. IF NOT, SKIP TO CODE THAT SETS TRANSMISSIVITY TO 0.

IF(ITFLG.NE.O0) GO TO 6
IF(WETDRY(J,I,KB).EQ.ZERO)GO TO 6
WD=WETDRY (J,I,KB)

IF(WD.LT.ZERO) WD=-WD
TURNON=BOT (J, I, KB)+WD

IF(K.EQ.NLAY)GO TO 2
HTMP=HNEW(J, I, K+1)
IF(IBOUND(J,I,K+1).GT.0.AND.HTMP.GE.TURNON)GO TO 9

----CHECK HEAD IN ADJACENT HORIZONTAL CELLS TO SEE IF WETTING
----THRESHOLD HAS BEEN REACHED.

IF(WETDRY (J,I,KB).LT.ZERO) GO TO 6

IF(J.EQ.1)GO TO 3

HTMP=HNEW(J-1,I,K)
IF(IBOUND(J-1,I,K).GT.0.AND.IBOUND(J-1,I,K).NE.30000.AND.
1 HTMP.GE. TURNON)GO TO 9

3 IF(J.EQ.NCOL)GO TO 4

HTMP=HNEW(J+1, I, K)
IF(IBOUND(J+1,I,K).GT.0.AND.HTMP.GE.TURNON)GO TO 9

4 IF(I.EQ.1)GO TO 5

HTMP=HNEW(J, I-1,K)
IF(IBOUND(J,I-1,K).GT.0.AND.IBOUND(J,I-1,K).NE.30000.AND.
1 HTMP .GE.TURNON)GO TO 9

5 IF(I.EQ.NROW)GO TO 6

HTMP=HNEW(J, I+1,K)
IF(IBOUND(J,I+1,K).GT.0.AND.HTMP.GE.TURNON)GO TO 9

----CELL IS DRY AND STAYS DRY. SET TRANSMISSIVITY TO 0, SET
~---SATURATED THICKNESS (BUFF) TO 0, AND SKIP TO THE NEXT CELL.
6 CC(J,I,K)=ZERO

IF(LAYAVG(K) .EQ.30) BUFF(J,I,K)=ZERO
GO TO 200
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(o CELL BECOMES WET. SET INITIAL HEAD AND VERTICAL CONDUCTANCE.

9 IF(IHDWET.NE.0) HNEW(J,I,K)=BOT(J,I,KB)+WETFCT*WD
IF (IHDWET.EQ.0) HNEW(J,I,K)=BOT(J,I,KB)+WETFCT* (KTMP-BOT(J,I,KB))
IF(K.EQ.NLAY) GO TO 12
IF(IBOUND(J,I,K+1l).NE.O) CV(J,I,K)= CVWD(J,I,K)

12 IF(K.EQ.1l) GO TO 14
IF(IBOUND(J,I,K-1).NE.O0) CV(J,I,R-1)= CVWD(J, I, K-1)

14 IBOUND(J,I,K)=30000

C4A--=-- PRINT MESSAGE SAYING CELL HAS BEEN CONVERTED TO WET.
NCNVRT=NCNVRT+1
ICNVRT (NCNVRT)=I
JCNVRT (NCNVRT) =J
ACNVRT (NCNVRT) = 'WET'
IF(NCNVRT.LT.5) GO TO 20
IF(IHDCNV.EQ.0) WRITE(IOUT,17) KITER,K,KSTP,KPER
17 FORMAT (1X, /1X, 'CELL CONVERSIONS FOR ITER.=',I3,' LAYER=',
1 I3,' STEP=',I3,' PERIOD=',I3,' (ROW, COL) ')
IHDCNV=1
WRITE (IOUT,18) (ACNVRT(L),ICNVRT(L),JCNVRT(L),L=1,NCNVRT)
18 FORMAT (1X,3X,5(A,*(*,I3,*,"',I3,") '))
NCNVRT=0

C5-——-mu- CALCULATE SATURATED THICKNESS.
20 HD=HNEW(J,I,K)
BBOT=BOT(J, I,KB)
IF(LAYCON(K) .EQ.1l) GO TO 50
TTOP=TOP (J, I,KT)
IF(HD.GT.TTOP) HD=TTOP
50 THCK=HD-BBOT

C6===mm= CHECK TO SEE IF SATURATED THICKNESS IS GREATER THAN ZERO.
IF(THCK.LE.ZERO) GO TO 100

C6A--—~- IF SATURATED THICKNESS>0 THEN EITHER CALCULATE TRANSMISSIVITY
C6A-——--- AS HYDRAULIC CONDUCTIVITY TIMES SATURATED THICKNESS OR STORE
C6A---—-- K IN CC AND SATURATED THICKNESS IN BUFF.
IF(LAYAVG(K) .EQ.30) THEN
cc(J,I,K)=HY(J,I,KB)
BUFF(J,I,K)=THCK
ELSE
CC(J,I,K)=THCK*HY(J,I,KB)
END IF
GO TO 200

C6B-—=~~ WHEN SATURATED THICKNESS < 0, PRINT A MESSAGE AND SET
C6B-—-—- TRANSMISSIVITY, IBOUND, AND VERTICAL CONDUCTANCE =0
100 NCNVRT=NCNVRT+1
ICNVRT (NCNVRT)=I
JCNVRT (NCNVRT ) =J
ACNVRT (NCNVRT)="'DRY"
IF(NCNVRT.LT.5) GO TO 150
IF(IHDCNV.EQ.0) WRITE(IOUT,17) KITER,K,KSTP,KPER
IHDCNV=1
WRITE (IOUT,18) (ACNVRT(L),ICNVRT(L),JCNVRT(L),L=1,NCNVRT)
NCNVRT=0
150 HNEW(J,I,K)=HDRY
CcC(J,I,K)=ZERO
IF(IBOUND(J,I,K).GE.0) GO TO 160
WRITE (IOUT, 151)
151 FORMAT (1X, /1X, 'CONSTANT-HEAD CELL WENT DRY',
1 ' —- SIMULATION ABORTED')
WRITE(IOUT,152) K,I,J,KITER,KSTP,KPER
152 FORMAT(1X, 'LAYER=',I2, " ROW="',I3," COLUMN="', I3,
1 ' ITERATION=',I3,"' TIME STEP=',I3,' STRESS PERIOD=',I3)
STOP
160 IBOUND(J,I,K)=0
IF(K.LT.NLAY) CV(J,I,K)=ZERO
IF(K.GT.1l) CV(J,I,K-1)=ZERO
200 CONTINUE

C7--——-- PRINT ANY REMAINING CELL CONVERSIONS NOT YET PRINTED
IF(NCNVRT.EQ.0) GO TO 203
IF(IHDCNV.EQ.0) WRITE(IOUT,17) KITER,K,KSTP,KPER
IHDCNV=1
WRITE(IOUT,18) (ACNVRT(L),ICNVRT(L),JCNVRT(L),L=1,NCNVRT)
NCNVRT=0

C8-——==- CHANGE IBOUND VALUE FOR CELLS THAT CONVERTED TO WET THIS
C8-—-==- ITERATION FROM 30000 to 1.
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03 IF(IWDFLG.EQ.0) GO TO 210

DO 205 I=1,NROW

DO 205 J=1,NCOL

IF(IBOUND(J,I,K).EQ.30000) IBOUND(J,I,K)=1
05 CONTINUE

----- COMPUTE HORIZONTAL BRANCH CONDUCTANCES FROM TRANSMISSIVITY.
10 IF(LAYAVG(K).EQ.0) THEN
CALL SBCF5C(CR,CC, TRPY, DELR, DELC, K, NCOL, NROW, NLAY)
ELSE IF(LAYAVG(K).EQ.10) THEN
CALL SBCF5A(CR,CC,TRPY,DELR, DELC, K, NCOL, NROW, NLAY)
ELSE IF(LAYAVG(K).EQ.20) THEN
CALL SBCF5L(CR,CC, TRPY, DELR, DELC, K, NCOL, NROW, NLAY )
ELSE
CALL SBCF5U(CR,CC, TRPY, DELR, DELC, BUFF, K, NCOL, NROW, NLAY)
END IF
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Module SBCFE5C

SUBROUTINE SBCF5C(CR,CC, TRPY,DELR, DELC, K, NCOL, NROW, NLAY)

-VERSION 1512 02JULY1993 SBCF5C
KEKEKKKKRKKRKERKKRRKRARRKRTANKRRKRARKRRkThkkRARkhkhhhkhhhkhkhkhhkhkhhkhkhkhhkhkhhkhkhhkhkhkk
COMPUTE BRANCH CONDUCTANCE USING HARMONIC MEAN OF BLOCK
CONDUCTANCES -- BLOCK TRANSMISSIVITY IS IN CC UPON ENTRY

hhkhkhkhhkhhkhkihihkhhhhhhhhhhhhhhhhkhkkhkhhkkRkhhkhhhkhhhhkhhhkhkhhkhhkhkhkhhhkdk®

SPECIFICATIONS:

DIMENSION CR(NCOL, NROW,NLAY), CC(NCOL,NROW,NLAY)
2 , TRPY(NLAY), DELR(NCOL), DELC (NROW)

TWO=2.
YX=TRPY (K) *TWO

---FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL
---TO THE ONE ON THE RIGHT AND THE ONE IN FRONT.

DO 40 I=1, NROW

DO 40 J=1,NCOL

T1l=CC(J,I,K)

-=-IF T=0 THEN SET CONDUCTANCE EQUAL TO 0. GO ON TO NEXT CELL.
IF(T1.NE.ZERO) GO TO 10

CR(J, I,K)=ZERO

GO TO 40

-—-IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE
---BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT.
IF(J.EQ.NCOL) GO TO 30

T2=CC(J+1,I,K)

CR(J, I,K)=TWO*T2*T1*DELC(I)/(T1*DELR(J+1)+T2*DELR(J))

---IF THIS IS NOT THE LAST ROW(FRONTMOST) THEN CALCULATE
---BRANCH CONDUCTANCE IN THE COLUMN DIRECTION (CC) TO THE FRONT.
IF(I.EQ.NROW) GO TO 40

T2=CC(J,I+1,K)

CC(J,I,K)=YX*T2*T1*DELR(J)/ (T1*DELC(I+1)+T2*DELC(I))

CONTINUE
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Module SBCF5A

SUBROUTINE SBCF5A(CR,CC, TRPY,DELR, DELC, K, NCOL, NROW, NLAY)

c
C-==~= VERSION 02JULY1993 SBCF5A
c L I Ry T T T P Ty
Cr—mm=e- COMPUTE CONDUCTANCE USING ARITHMETIC MEAN TRANSMISSIVITY
Crmmm—m— ACTIVATED BY LAYAVG=10
c I I A R Ty ey Y Y YT T Y
c
C SPECIFICATIONS:
C e e i i o e o e o o e e
c
DIMENSION CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY)
2 + TRPY(NLAY), DELR(NCOL), DELC(NROW)
C
C e e ———————————
ZERO=0.
YX=TRPY (K)
c
Cl--v-=- FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL
Cl-mem—m TO THE ONE ON THE RIGHT AND THE ONE IN FRONT.
DO 40 I=1,NROW
DO 40 J=1,NCOL
T1l=CC(J,I,K)
Cc
C2--mmm= IF T=0 THEN SET CONDUCTANCE EQUAL TO 0. GO ON TO NEXT CELL.
IF(T1.NE.ZERO) GO TO 10
CR(J, I,K)=2ERO
GO TO 40
Cc
C3m=-m=m IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE
C3-=m=m= BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT.

10 IF(J.EQ.NCOL) GO TO 30
T2=CC(J+1,I,K)
C3A----—- ARITHMETIC MEAN INTERBLOCK TRANSMISSIVITY

IF(T2.EQ.ZERO) THEN
CR(J,I,K)=2ERO

ELSE
CR(J,I,K)=DELC(I)*(T1+T2)/(DELR(J+1)+DELR(J))

END IF

Cd-m—mmm IF THIS IS NOT THE LAST ROW(FRONTMOST) THEN CALCULATE
Cd-mmmnmn BRANCH CONDUCTANCE IN THE COLUMN DIRECTION (CC) TO THE FRONT.
30 IF(I.EQ.NROW) GO TO 40
T2=CC(J,I+1,K)
IF(T2.EQ.ZERO) THEN
cc(J,I,K)=ZERO
ELSE
CC(J,I,K)=YX*DELR(J)*(T1+T2)/(DELC(I+1)+DELC(I))
END IF
40 CONTINUE
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Module SBCF5L

SUBROUTINE SBCFS5L(CR,CC, TRPY, DELR, DELC, K, NCOL, NROW, NLAY)
----- VERSION 02JULY1993 SBCF5L

L L I I T T T T T Ty R g oy R P P P T T Y
------- COMPUTE CONDUCTANCE USING LOGARITHMIC MEAN TRANSMISSIVITY
------- ACTIVATED BY LAYAVG=20

Cc
c
C
c
c
c L L T Y T Y
c
c
(o4
C

SPECIFICATIONS:

DIMENSION CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY)
2 , TRPY(NLAY), DELR(NCOL), DELC (NROW)

FRAC1=1.005
FRAC2=0.995
YX=TRPY (K) *TWO

Cl------ FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL
Cl--—---- TO THE ONE ON THE RIGHT AND THE ONE IN FRONT.

DO 40 I=1,NROW

DO 40 J=1,NCOL

T1l=CC(J,I,K)

C2------ IF T=0 THEN SET CONDUCTANCE EQUAL TO 0. GO ON TO NEXT CELL.
IF(T1.NE.ZERO) GO TO 10
CR(J, I,K)=ZERO
GO TO 40

C3--—=—= IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE
C3-——-—-=~ BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT.
10 IF(J.EQ.NCOL) GO TO 30
T2=CC(J+1,I,K)
IF(T2.EQ.ZERO) THEN
C3A----- SET TO ZERO AND EXIT IF T2 IS ZERO
CR(J,I1,K)=ZERO
GO TO 30
END IF
C3B-~---- LOGARITHMIC MEAN INTERBLOCK TRANSMISSIVITY
RATIO=T2/T1
IF(RATIO.GT.FRAC1.0R.RATIO.LT.FRAC2) THEN
T=(T2-T1) /LOG(RATIO)
ELSE
T=HALF* (T1+T2)
END IF
CR(J,I,K)=TWO*DELC(I)*T/(DELR(J+1)+DELR(J))

Cd--—--- IF THIS IS NOT THE LAST ROW(FRONTMOST) THEN CALCULATE
Cd--—--—- BRANCH CONDUCTANCE IN THE COLUMN DIRECTION (CC) TO THE FRONT.
30 IF(I.EQ.NROW) GO TO 40
T2=CC(J, I+1,K)
IF(T2.EQ.ZERO) THEN
CCc(J,1,K)=ZERO
GO TO 40
END IF
RATIO=T2/T1
IF(RATIO.GT.FRAC1.0R.RATIO.LT.FRAC2) THEN
T=(T2-T1)/LOG(RATIO)
ELSE
T=HALF* (T1+T2)
END IF
CC(J,I,K)=YX*DELR(J)*T/(DELC(I+1)+DELC(I))
40 CONTINUE
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Module SBCFSU

SUBROUTINE SBCF5U(CR,CC, TRPY,DELR, DELC, BUFF, K, NCOL, NROW, NLAY)
----- VERSION 02JULY1993 SBCF5U

khkhhhhkhkhkhkhhkhhkhhhhhhhhhhhhkhhkhhkhhkhhhkhkhhhhkkhhhhhhhhkhhkhkkhkhhkhkhkhkhkkhkkhkkkk
——————— COMPUTE CONDUCTANCE USING ARITHMETIC MEAN SATURATED THICKNESS
------- AND LOGARITHMIC MEAN HYDRAULIC CONDUCTIVITY
------- NODE HYDRAULIC CONDUCTIVITY IS IN CC,
------- NODE SATURATED THICKNESS IS IN BUFF
------- ACTIVATED BY LAYAVG=30

hkkhkkhkhkhkhhhhkhhhkhhkhkhhkhhhhkhkhhhhhhhhkhkhhhkhkhkhhkhhkkhkhkhhhkhhkhkhkhkkhhhkhhkhikk

SPECIFICATIONS:

[eNoNeNoNoNeNeNoNoNoNoNoNel

DIMENSION CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY)
2 , TRPY(NLAY), DELR(NCOL), DELC(NROW)
3 , BUFF (NCOL, NROW, NLAY)

ZERO=0.
HALF=0.5
FRAC1=1.005
FRAC2=0.995
YX=TRPY (K)

na

Cl--=wmu=- FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL
Cl-=w-=- TO THE ONE ON THE RIGHT AND THE ONE IN FRONT.

DO 40 I=1, NROW

DO 40 J=1,NCOL

T1l=CC(J,I,K)

C2-==m—= IF T=0 THEN SET CONDUCTANCE EQUAL TO 0. GO ON TO NEXT CELL.
IF(T1.NE.ZERO) GO TO 10
CR(J,I,K)=ZERO
GO TO 40

C3-——=-- IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE
C3-——--- BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT.
10 IF(J.EQ.NCOL) GO TO 30
T2=CC(J+1,I,K)
IF(T2.EQ.ZERO) THEN
C3A--=--- SET TO ZERO AND EXIT IF T2 IS ZERO
CR(J, I,K)=ZERO
GO TO 30
END IF
C3B----- LOGARITHMIC MEAN HYDRAULIC CONDUCTIVITY
RATIO=T2/T1
IF (RATIO.GT.FRAC1.OR.RATIO.LT.FRAC2) THEN
T=(T2-T1) /LOG(RATIO)
ELSE
T=HALF* (T1+T2)
END IF
C3C----- MULTIPLY LOGARITHMIC K BY ARITHMETIC SAT THICK
CR(J,I,K)=DELC(I)*T*(BUFF(J,I,K)+BUFF(J+1,I,K))
* / (DELR(J+1)+DELR(J) )

Cd=-===== IF THIS IS NOT THE LAST ROW(FRONTMOST) THEN CALCULATE
(of T BRANCH CONDUCTANCE IN THE COLUMN DIRECTION (CC) TO THE FRONT.
30 IF(I.EQ.NROW) GO TO 40
T2=CC(J,I+1,K)
IF(T2.EQ.ZERO) THEN
cc(J,I,K)=ZERO
GO TO 40
END IF
RATIO=T2/T1
IF(RATIO.GT.FRAC1.0OR.RATIO.LT.FRAC2) THEN
T=(T2-T1) /LOG(RATIO)
ELSE
T=HALF* (T1+T2)
END IF
CC(J,I,K)=YX*DELR(J)*T*(BUFF(J,I,K)+BUFF(J,I+1,K))
* / (DELC(I+1)+DELC(I))
40 CONTINUE
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Module SBCF5B
Narrative for Module SBCF5B

Module SBCF5B computes flow between adjacent cells in a subregion of the model grid. It
does so in three passes; across columns, across rows, and across layers. SBCF5B performs its
functions as follows:

1. Set IBD flag if cell-by-cell flows will be written to disk. If IBCFCB is greater than 0, IBD will be
set equal to ICBCFL. ICBCFL is set by the Output Control Option.

2. Set the subregion equal to the entire grid if values will be saved in a file.

3. If the direction code (IDIR) is not 1, then go to step 4. Direction 1 indicates flow should be
calculated across columns. If there is only 1 column, RETURN because flow cannot be calculated
unless there are at least 2 columns.

A. If not saving values in a file, then set the subregion to the region indicated by calling
arguments IL1,IL2,IR1,IR2,IC1,IC2. The flow for the subregion includes flow that
crosses the boundary between the outside and inside of the region. Clear the buffer.

B. Calculate flow through the right face, but avoid attempting to calculate flow out of
the right edge of the grid (J2 must be less than NCOL). When ICHFLG is 0, do not
calculate flow between 2 constant-head cells (or any combination of constant-head and
no-flow cells). When ICHFLG is not 0, do not calculate flow when either cell is no flow.
This check is unnecessary because conductance is 0 when a cell is no-flow, but the check
saves unnecessary computation time. Flow is calculated as conductance times head
difference.

C. Record the buffer if indicated by the budget flag (IBD). If IBD is 1, call UBUDSV; if
IBD is 2, call UBDSV1. RETURN.

4. If the direction code (IDIR) is not 2, then go to step 5. Direction 2 indicates flow should be
calculated across rows. If there is only 1 row, RETURN because flow cannot be calculated unless
there are at least 2 rows.

A. If not saving values in a file, then set the subregion to the region indicated by calling
arguments IL1,1IL2,IR1,IR2,IC1,IC2. Clear the buffer.

B. Calculate flow through the front face, but avoid attempting to calculate flow out of
the front edge of the grid.

C. Record the buffer if indicated by the budget flag (IBD). If IBD is 1, call UBUDSV; if
IBD is 2, call UBDSV1. RETURN.

5. Direction code (IDIR) is not 1 or 2, so it assumed to be 3. Direction 3 indicates flow should be
calculated across layers. If there is only 1 layer, RETURN because flow cannot be calculated
unless there are at least 2 layers.
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A. If not saving values in a file, then set the subregion to the region indicated by calling
arguments IL1,IL2,IR1,IR2,IC1,IC2. Clear the buffer.

B. Calculate flow through the lower face, but avoid attempting to calculate flow out of
the bottom of the grid. The head in the lower aquifer must be compared to its TOP
elevation for confined/unconfined cells in order to limit flow when the lower cell is
unconfined.

C. Record the buffer if indicated by the budget flag (IBD). If IBD is 1, call UBUDSV; if
IBD is 2, call UBDSV1. RETURN.
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SBCF5B

SUBROUTINE SBCF5B(HNEW, IBOUND,CR,CC,CV,TOP,NCOL, NROW, NLAY, KSTP,
1 KPER, IBCFCB, BUFF, I0UT, ICBCFL, DELT, PERTIM, TOTIM,
2 IDIR,IBDRET, ICHFLG,ICl,IC2,IR1l,IR2,ILl,IL2)

————— VERSION 1308 28JUNE1993 SBCF5B

% g de e de de e e e e g b e ok g ok g ok ok ok ok ok oo e e e e e e e e e de e de e de ke de ok ok e ok o ok ode e e e e e e e e e ke e e e e ke b ke de ke ke

COMPUTE FLOW BETWEEN ADJACENT CELLS IN A SUBREGION OF THE GRID

khkkkhkkhkkhdkdk bbbk hbddbbdrbddbddddbddbbdibddbbddddbddbbbdhbddbhbdhddhdr

SPECIFICATIONS:

CHARACTER*16 TEXT(3)
DOUBLE PRECISION HNEW,HD

naaoaoanaan

Q

DIMENSION HNEW(NCOL, NROW,NLAY), IBOUND(NCOL,NROW,NLAY),
1 CR (NCOL, NROW,NLAY), CC(NCOL,NROW,NLAY),

2 CV(NCOL, NROW,NLAY), TOP(NCOL, NROW,NLAY),

3 BUFF (NCOL, NROW, NLAY)

COMMON /FLWCOM/LAYCON(200)

DATA TEXT(1l),TEXT(2),TEXT(3)
1 /'FLOW RIGHT FACE ', 'FLOW FRONT FACE ', 'FLOW LOWER FACE '/

Cl--=-=--- IF CELL-BY-CELL FLOWS WILL BE SAVED IN A FILE, SET FLAG IBD.
Cl------ RETURN IF FLOWS ARE NOT BEING SAVED OR RETURNED.

ZERO=0.

IBD=0

IF(IBCFCB.GT.0) IBD=ICBCFL

IF(IBD.EQ.0 .AND. IBDRET.EQ.0) RETURN

C2====== SET THE SUBREGION EQUAL TO THE ENTIRE GRID IF VALUES ARE BEING
C2-—==== SAVED IN A FILE.
IF(IBD.NE.0O) THEN
Kl=1
K2=NLAY
Il=1
I2=NROW
Jl=1
J2=NCOL
END IF

C3-—==-- TEST FOR DIRECTION OF CALCULATION; IF NOT ACROSS COLUMNS, GO TO
C3-—---- STEP 4. IF ONLY 1 COLUMN, RETURN.

IF(IDIR.NE.l) GO TO 405

IF(NCOL.EQ.1l) RETURN

C3A----- CALCULATE FLOW ACROSS COLUMNS (THROUGH RIGHT FACE). IF NOT
C3A----- SAVING IN A FILE, SET THE SUBREGION. CLEAR THE BUFFER.
IF(IBD.EQ.0) THEN
Kl=ILl
K2=IL2
I1l=IR1
I2=IR2
Jl=ICl-1
IF(J1.LT.1) J1l=1
J2=IC2
END IF
DO 310 K=K1l,K2
DO 310 I=I1,I2
DO 310 J=J1,02
BUFF(J,I,K)=ZERO
310 CONTINUE

C3B----- FOR EACH CELL CALCULATE FLOW THRU RIGHT FACE & STORE IN BUFFER.
IF(J2.EQ.NCOL) J2=J2-1
DO 400 K=K1,K2
DO 400 I=I1,I2
DO 400 J=J1,02
IF(ICHFLG.EQ.0) THEN
IF( (IBOUND(J,I,K).LE.O0) .AND. (IBOUND(J+1l,I,K).LE.0)) GO TO 400
ELSE
IF((IBOUND(J,I,K).EQ.0) .OR. (IBOUND(J+1,I,K).EQ.0)) GO TO 400
END IF
HDIFF=HNEW(J,I,K)-HNEW(J+1,I,K)
BUFF(J,I,K)=HDIFF*CR(J,I,K)
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400 CONTINUE

C3C--==-- RECORD CONTENTS OF BUFFER AND RETURN.
IF(IBD.EQ.1)
1 CALL UBUDSV(KSTP, KPER, TEXT(1), IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
IF(IBD.EQ.2) CALL UBDSV1(KSTP,KPER, TEXT(1l), IBCFCB, BUFF, NCOL, NROW,
1 NLAY, IOUT, DELT, PERTIM, TOTIM, IBOUND)
RETURN

o B TEST FOR DIRECTION OF CALCULATION; IF NOT ACROSS ROWS, GO TO
o e STEP 5. IF ONLY 1 ROW, RETURN.
405 IF(IDIR.NE.2) GO TO 505
IF(NROW.EQ.1l) RETURN

C4A-——-~ CALCULATE FLOW ACROSS ROWS (THROUGH FRONT FACE). IF NOT SAVING
CAA----- IN A FILE, SET THE SUBREGION. CLEAR THE BUFFER.
IF(IBD.EQ.0) THEN
Kl=IL1l
K2=IL2
I1=IR1l-1
IF(I1.LT.1) Ii=1
I2=IR2
J1l=IC1
J2=IC2
END IF
DO 410 K=K1,K2
DO 410 I=I1,I2
DO 410 J=J1,3J2
BUFF(J,I,K)=2ERO
410 CONTINUE

C4B----- FOR EACH CELL CALCULATE FLOW THRU FRONT FACE & STORE IN BUFFER.
IF(I2.EQ.NROW) I2=I2-1
DO 500 K=K1,K2
DO 500 I=I1,I2
DO 500 J=J1,J2
IF(ICHFLG.EQ.0) THEN
IF((IBOUND(J,I,K).LE.0) .AND. (IBOUND(J,I+1,K).LE.0)) GO TO 500
ELSE
IF((IBOUND(J,I,K).EQ.0) .OR. (IBOUND(J,I+1,K).EQ.0)) GO TO 500
END IF
HDIFF=HNEW(J,I,K)-HNEW(J,I+1,K)
BUFF(J,I,K)=HDIFF*CC(J,I,K)
500 CONTINUE

C4C-—--- RECORD CONTENTS OF BUFFER AND RETURN.
IF(IBD.EQ.1)
1 CALL UBUDSV (KSTP, KPER, TEXT(2), IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
IF(IBD.EQ.2) CALL UBDSV1(KSTP,KPER,TEXT(2), IBCFCB, BUFF, NCOL, NROW,
1 NLAY, IOUT, DELT, PERTIM, TOTIM, IBOUND)
RETURN

C5-=mm— DIRECTION OF CALCULATION IS ACROSS LAYERS BY ELIMINATION. IF
C5====—=- ONLY 1 LAYER, RETURN.
505 IF(NLAY.EQ.1l) RETURN

C5A--=== CALCULATE FLOW ACROSS LAYERS (THROUGH LOWER FACE). IF NOT
C5A~----- SAVING IN A FILE, SET THE SUBREGION. CLEAR THE BUFFER.
IF(IBD.EQ.0) THEN
Kl=IL1l-1
IF(K1.LT.1) Kl=1
K2=IL2
Il=IR1l
I2=IR2
Jl=IC1l
J2=IC2
END IF
DO 510 K=K1,K2
DO 510 I=I1,I2
DO 510 J=J1,J2
BUFF (J, I,K)=ZERO
510 CONTINUE

C5B----- FOR EACH CELL CALCULATE FLOW THRU LOWER FACE & STORE IN BUFFER.
IF(K2.EQ.NLAY) K2=K2-1
KT=0
DO 600 K=1,K2
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1l
IF(K.LT.K1l) GO TO 600
DO 590 I=Il,I2
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DO 590 J=J1,J2
IF(ICHFLG.EQ.0) THEN
IF( (ITBOUND(J,I,K).LE.O) .AND. (IBOUND(J,I,K+1).LE.0)) GO TO 590
ELSE
IF((IBOUND(J,I,K).EQ.0) .OR. (IBOUND(J,I,K+1).EQ.0)) GO TO 590
END IF
HD=HNEW(J, I,K+1)
IF(LAYCON(K+1l) .NE.3 .AND. LAYCON(K+1l).NE.2) GO TO 580
TMP=HD
IF(TMP.LT.TOP(J,I,KT+1l)) HD=TOP(J,I,KT+1)
580 HDIFF=HNEW(J,I,K)-HD
BUFF (J,I,K)=HDIFF*CV(J,I,K)
590 CONTINUE
600 CONTINUE

C5C-===-= RECORD CONTENTS OF BUFFER AND RETURN.
IF(IBD.EQ.1)
1 CALL UBUDSV(KSTP,KPER, TEXT(3), IBCFCB, BUFF, NCOL, NROW, NLAY, TOUT)
IF(IBD.EQ.2) CALL UBDSV1(KSTP,KPER,TEXT(3),IBCFCB, BUFF, NCOL, NROW,
1 NLAY, TOUT, DELT, PERTIM, TOTIM, IBOUND)
RETURN
END
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List of Variables for Module SBCF5B

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

CC Global DIMENSION (NCOL,NROW ,NLAY), Conductance in the column
direction. CC(J,I,K) is conductance between cells (J,1,K) and
(J,1+1,K).

CR Global DIMENSION (NCOL,NROW,NLAY), Conductance in the row
direction. CR(J,LK) is conductance between cells (J,I,K) and
(J+1,LK).

Ccv Global DIMENSION (NCOL,NROW,NLAY), Conductance in the vertical

direction. CV(J,IK) is conductance between cells (J,I,K) and
(J,LK+1). Although CV is dimensioned to the size of the grid,
space exists for only NLAY-1 layers.

DELT Global  Length of the current time step.

HD Module Temporary value for head.

HDIFF Module Head difference between two adjacent nodes.

HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

I Module Index for rows.

Il Module First row of region in which flow is calculated.

12 Module Last row of region in which flow is calculated.

IBCFCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
=0 or <0, cell-by-cell budget flow will not be saved or written to
the listing file.

IBD Module Cell-by-cell budget flag, which is a composit of IBCFCB and ICBCFL:

= 0, budget will not be saved for the current time step.

=1, budget will be saved by Module UBUDSYV for the current time

step.

=2, budget will be saved by Module UBDSV1.
IBDRET Module Flag that is non zero when there is a user-specified subregion.
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:

< 0, constant-head cell

= 0, no-flow (inactive) cell

> 0, variable-head cell

IC1 Module User-specified first column of subregion in which flow is to be
calculated.

IC2 Module User-specified last column of subregion in which flow is to be
calculated.

ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:

=0, cell-by-cell flow terms will not be saved or printed for the
current time step.

# 0, cell-by-cell flow terms will be saved or printed for the current
time step.
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ICHFLG

IDIR

IL1

IL2
10UT
IR1
IR2

J

J1

2

K

K1

K2

KPER
KSTP

KT
LAYCON

NCOL
NLAY
NROW
PERTIM
TEXT
™P
TOP

TOTIM
ZERO

Global

Module

Module

Module
Global

Module
Module
Module
Module
Module
Module
Module
Module
Global

Global

Module
Package

Global
Global
Global
Global
Module
Module
Package

Global
Module

Flag for flow between constant-head cells:
=0, flow between constant-head cells is not calculated.
# 0, flow between constant-head cells is calculated.

Code for which flow term is being calculated:

1 - across columns.
2 - across rows.
3 - across layers.

User-specified first layer of subregion in which flow is to be
calculated.

User-specified last layer of subregion in which flow is to be calculated.

Unit number for writing to the listing file.

User-specified first row of subregion in which flow is to be calculated.

User-specified last row of subregion in which flow is to be calculated.

Index for columns.

First column of region in which flow is calculated.

Last column of region in which flow is calculated.

Index for layers.

First layer of region in which flow is calculated.

Last layer of region in which flow is calculated.

Stress period counter.

Time step counter. KSTP is reset to 1 at the start of each stress period.

Layer index for TOP array.

DIMENSION (200), Layer-type code:

0 - Layer is always confined.

1 - Layer is always unconfined.

2 - Layer is convertible between confined and unconfined, but
transmissivity is constant.

3 - Layer is convertible between confined and unconfined, and
transmissivity is not constant.

The number of columns in the grid.

The number of layers in the grid.

The number of rows in the grid.

Elapsed time during the current stress period.

CHARACTER*16(3), Labels that identify the flow terms.

Single precision equivalent of HD.

DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells.
Although TOP is dimensioned to the size of the grid, space exists
only for cells that can convert between confined and unconfined.

Elapsed time in the simulation.

The constant 0.
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Module SBCESF
Narrative for Module SBCF5F

Module SBCF5F computes flow from constant-head cells. SBCESF performs its functions as
follows.

1. Set flag IBD to indicate how cell-by-cell flows will be written. If ICBCFL is 0, no flows are
written (IBD=0). If ICBCFL is not 0, flows are written as follows:
If IBCFCB is less than 0, flows are written to the listing file (IBD=-1).
If IBCFCB is greater than 0 and ICBCFL is 1, flows are written to unit IBCFCB as a 3-D
array (IBD=1).
If IBCFCB is greater than 0 and ICBCFL is 2, flows are written to unit IBCFCB as a list
(IBD=2).

2. Set total flow rates in and out of the model to 0. Also, set the flag that controls the printing of
a label when cell-by-cell flows are printed in the listing.

3. Clear the 3-D bulffer that is used to store flow rates for each cell in the grid.

3A. If cell-by-cell flows are to be written as a list, call UBDSV2 to write header
information.

4. Loop through each cell in the grid calculating constant-head flow. Keep track of the layer
index for the TOP array for confined /unconfined layers.

5. Skip the cell if it is not constant head.
6. Clear values for flow through the 6 faces of the cell.

7. Calculate flow through the left face. Comments A-C appear only in this section, but they
apply in similar manner to section 8-12.

A. If there is no flow across this face, skip to the next face. No flow occurs at the edge
of the grid, when the adjacent cell is no flow, and when both the adjacent cell is constant
head and ICHFLG=0.
B. Calculate flow through the face as head difference times conductance.
C. Accumulate total constant-head flow. In order to accumulate inflows separately
from outflows, check the sign of the flow. When flow is negative, subtract flow from
total outflow. When flow is positive, add flow to total inflow.

8. Calculate flow through the right face.

9. Calculate flow through the back face.

10. Calculate flow through the front face.
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11. Calculate flow through the upper face.
12. Calculate flow through the lower face.

13. Calculate the total constant-head flow for the cell by adding the flow for the 6 faces. Store
the flow in the cell-by-cell buffer.

14. If IBD is -1, print the flow for the cell in the listing file. Print the label for constant-head flow
only once.

15. If IBD is 2, call UBDSVA to save flow to a file as a list. This is the end of the loop that is
invoked for each river reach.

16. If IBD is 1, call UBUDSV to save flow as a 3-D array.

17. Move total flow rates and volumes into the global array of budget terms for the model
budget. Also, define the name of the river budget term, and increment the budget term counter.

18. RETURN.
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SBCFSF

SUBROUTINE SBCF5F (VBNM, VBVL, MSUM, HNEW, IBOUND, CR, CC,CV, TOP, DELT,
1 NCOL, NROW, NLAY, KSTP, KPER, IBCFCB, BUFF, IOUT, ICBCFL,
2 PERTIM, TOTIM, ICHFLG)

----- VERSION 1315 18DEC1992 SBCF5F

g de e de e ke e ke de K ke e ke de de Ko ke ke Ko de ke K K ke e K e de e Ko de e e Ko de ke K ke ke e e ke de Ko ke e e Ko ke ke ke K ke ke ke ke de ke ke k ke ke ke ke ok

C
C
C COMPUTE FLOW FROM CONSTANT-HEAD CELLS

c I i T T T
[

C

C

SPECIFICATIONS:

CHARACTER*16 VBNM(MSUM), TEXT
DOUBLE PRECISION HNEW, HD,CHIN,CHOUT, XX1, XX2, XX3, XX4, XX5, XX6

C
DIMENSION HNEW(NCOL, NROW,NLAY), TIBOUND (NCOL, NROW,NLAY),
1 CR(NCOL, NROW, NLAY) , CC(NCOL, NROW,NLAY),
2 CV(NCOL, NROW, NLAY), VBVL(4,MSUM),
3 TOP (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
C
COMMON /FLWCOM/LAYCON(200)
C
DATA TEXT /' CONSTANT HEAD'/
€ me e e e e e e e e e e e e 2 e e e e o o e 2
C
Cl--ww-—- SET IBD TO INDICATE IF CELL-BY-CELL BUDGET VALUES WILL BE SAVED.
IBD=0
IF(IBCFCB.LT.0 .AND. ICBCFL.NE.O) IBD=-1
IF(IBCFCB.GT.0) IBD=ICBCFL
C
C2-vwww= CLEAR BUDGET ACCUMULATORS.
ZERO=0.
CHIN=ZERO
CHOUT=ZERO
IBDLBL=0
C
C3-=--=w= CLEAR BUFFER.
DO 5 K=1,NLAY
DO 5 I=1,NROW
DO 5 J=1,NCOL
BUFF (J, I,K)=ZERO
5 CONTINUE
C
C3A--~-- IF SAVING CELL-BY-CELL FLOW IN A LIST, COUNT CONSTANT-HEAD
C3A~-—-~ CELLS AND WRITE HEADER RECORDS.
IF(IBD.EQ.2) THEN
NCH=0
DO 7 K=1,NLAY
DO 7 I=1,NROW
DO 7 J=1,NCOL
IF(IBOUND(J,I,K).LT.0) NCH=NCH+1l
7 CONTINUE
CALL UBDSV2 (KSTP,KPER, TEXT, IBCFCB, NCOL, NROW, NLAY,
1 NCH, IOUT, DELT, PERTIM, TOTIM, TBOUND)
END IF
C
of B LOOP THROUGH EACH CELL AND CALCULATE FLOW INTO MODEL FROM EACH
(o e CONSTANT~HEAD CELL.
KT=0
DO 200 K=1,NLAY
LC=LAYCON (K)
IF(LC.EQ.3 .OR. LC.EQ.2) KT=KT+l
DO 200 I=1,NROW
DO 200 J=1,NCOL
C
o L IF CELL IS NOT CONSTANT HEAD SKIP IT & GO ON TO NEXT CELL.
IF (IBOUND(J,I,K).GE.0)GO TO 200
c
C6--—-—~ CLEAR VALUES FOR FLOW RATE THROUGH EACH FACE OF CELL.
X1=ZERO
X2=ZERO
X3=ZERO
X4=ZERO
X5=ZERO
X6=ZERO
C
C7--=——- CALCULATE FLOW THROUGH THE LEFT FACE.
C7--——— COMMENTS A~-C APPEAR ONLY IN THE SECTION HEADED BY COMMENT 7,
C7--=-== BUT THEY APPLY IN A SIMILAR MANNER TO SECTIONS 8-12.
C
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C7A- -~~~ IF THERE IS NO FLOW TO CALCULATE THROUGH THIS FACE, THEN GO ON

C7A-—~~~ TO NEXT FACE. NO FLOW OCCURS AT THE EDGE OF THE GRID, TO AN
CTA---~~ ADJACENT NO-FLOW CELL, OR TO AN ADJACENT CONSTANT-HEAD CELL
C7TA~—==~- WHEN ICHFLG IS 0.

IF(J.EQ.1l) GO TO 30
IF(IBOUND(J-1,I,K).EQ.0) GO TO 30
IF(ICHFLG.EQ.0 .AND. IBOUND(J-1,I,K).LT.0) GO TO 30

C7B~-=~~~ CALCULATE FLOW THROUGH THIS FACE INTO THE ADJACENT CELL.
HDIFF=HNEW(J,I,K)-HNEW(J-1,TI,K)
X1=HDIFF*CR(J-1,I,K)
XX1=X1

C7C--=~~ ACCUMULATE POSITIVE AND NEGATIVE FLOW.
IF (X1) 10,30,20
10 CHOUT=CHOUT-XX1
GO TO 30
20 CHIN=CHIN+XX1

C8-mmmmm CALCULATE FLOW THROUGH THE RIGHT FACE.

30 IF(J.EQ.NCOL) GO TO 60
IF(IBOUND(J+1,I,K).EQ.0) GO TO 60
IF(ICHFLG.EQ.0 .AND. IBOUND(J+1,I,K).LT.0) GO TO 60
HDIFF=HNEW(J, I,K)-HNEW(J+1,I,K)
X2=HDIFF*CR(J, I ’ K)
XX2=X2
IF(X2)40,60,50

40 CHOUT=CHOUT-XX2
GO TO 60

50 CHIN=CHIN+XX2

CY9-mmmmm CALCULATE FLOW THROUGH THE BACK FACE.

60 IF(I.EQ.1l) GO TO 90
IF (IBOUND(J,I-1,K).EQ.0) GO TO 90
IF(ICHFLG.EQ.0 .AND. IBOUND(J,I-1,K).LT.0) GO TO 90
HDIFF=HNEW(J, I, K)-HNEW(J,I-1,K)
X3=HDIFF*CC(J,I-1,K)
XX3=X3
IF(X3) 70,90,80

70 CHOUT=CHOUT-XX3
GO TO 90

80 CHIN=CHIN+XX3

Cclo0----- CALCULATE FLOW THROUGH THE FRONT FACE.

90 IF(I.EQ.NROW) GO TO 120
IF(IBOUND(J,I+1,K).EQ.0) GO TO 120
IF(ICHFLG.EQ.0 .AND. IBOUND(J,I+1,K).LT.0) GO TO 120
HDIFF=HNEW (J,I,K)~-HNEW(J,I+1,K)
X4=HDIFF*CC(J, I,K)
XX4=X4
IF (X4) 100,120,110

100 CHOUT=CHOUT-XX4

GO TO 120
110 CHIN=CHIN+XX4
[
Cll---~- CALCULATE FLOW THROUGH THE UPPER FACE.

120 IF(K.EQ.1l) GO TO 150
IF (IBOUND(J,I,K-1).EQ.0) GO TO 150
IF (ICHFLG.EQ.0 .AND. IBOUND(J,I,K-1).LT.0) GO TO 150
HD=HNEW(J, I,K)
IF(LC.NE.3 .AND. LC.NE.2) GO TO 122
TMP=HD
IF(TMP.LT.TOP(J,XI,KT)) HD=TOP(J,I,KT)
122 HDIFF=HD-HNEW(J,I,K-1)
X5=HDIFF*CV(J,I,K-1)
XX5=X5
IF(X5) 130,150,140
130 CHOUT=CHOUT-XX5

GO TO 150
140 CHIN=CHIN+XX5
c
Cl2--==- CALCULATE FLOW THROUGH THE LOWER FACE.

150 IF(K.EQ.NLAY) GO TO 180
IF(IBOUND(J,I,K+1).EQ.0) GO TO 180
IF(ICHFLG.EQ.0 .AND. IBOUND(J,I,K+1l).LT.0) GO TO 180
HD=HNEW (J, I,K+1)
IF (LAYCON(K+1) .NE.3 .AND. LAYCON(K+1l).NE.2) GO TO 152
TMP=HD
IF(TMP.LT.TOP(J,I,KT+1)) HD=TOP(J,I,KT+1)

152 HDIFF=HNEW(J,I,K)-HD
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X6=HDIFF*CV(J,I,K)
XX6=X6
IF(X6) 160,180,170
160 CHOUT=CHOUT-XX6
GO TO 180
170 CHIN=CHIN+XX6

C
Cl3----- SUM THE FLOWS THROUGH SIX FACES OF CONSTANT HEAD CELL, AND
Cl3----- STORE SUM IN BUFFER.

180 RATE=X1+X2+X3+X4+X5+X6
BUFF (J,I,K)=RATE

C
Cla----- PRINT THE FLOW FOR THE CELL IF REQUESTED.
IF(IBD.LT.0) THEN
IF(IBDLBL.EQ.0) WRITE(IOUT,899) TEXT,KPER,KSTP
899 FORMAT(1X, /1X,A, " PERIOD',I3,"' STEP',I3)
WRITE (IOUT,900) X,I,J,RATE
900 FORMAT (1X, 'LAYER', I3, ROW',I4,"' COL', I4,
1 ' RATE', 1PG15.6)
IBDLBL=1
END IF
c
Cl5---~-= IF SAVING CELL-BY-CELL FLOW IN LIST, WRITE FLOW FOR CELL.
IF(IBD.EQ.2) CALL UBDSVA(IBCFCB,NCOL,NROW,J,I,K,RATE, IBOUND, NLAY)
200 CONTINUE
[
Cl6----- IF SAVING CELL-BY-CELL FLOW IN 3-D ARRAY, WRITE THE ARRAY.
IF(IBD.EQ.1l) CALL UBUDSV(KSTP,KPER, TEXT,
1 IBCFCB, BUFF, NCOL, NROW, NLAY, TOUT)
c
Cl7----- SAVE TOTAL CONSTANT HEAD FLOWS AND VOLUMES IN VBVL TABLE
Cl7----- FOR INCLUSION IN BUDGET. PUT LABELS IN VBNM TABLE.
CIN=CHIN
COUT=CHOUT
VBVL(1l,MSUM)=VBVL(1l, MSUM) +CIN*DELT
VBVL(2,MSUM) =VBVL(2, MSUM) +COUT*DELT
VBVL (3, MSUM) =CIN
VBVL (4, MSUM) =COUT
VBNM (MSUM) =TEXT
MSUM=MSUM+1
C
cl8----- RETURN.
RETURN
END
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List of Variables for Module SBCF5F

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

CC Global DIMENSION (NCOL,NROW ,NLAY), Conductance in the column
direction. CC(J,I,K) is conductance between cells (J, 1K) and
(J,1+1,K).

CHIN Module Accumulator for flow into the modeled area.

CHOUT Module Accumulator for flow out of the modeled area.

CIN Module Single precision equivalent of CHIN.

COuT Module Single precision equivalent of CHOUT.

CR Global DIMENSION (NCOL,NROW,NLAY), Conductance in the row
direction. CR(J,IK) is conductance between cells (J,I,K) and
(J+1,LK).

Ccv Global DIMENSION (NCOL,NROW,NLAY), Conductance in the vertical

direction. CV(J,1,K) is conductance between cells (J,I,K) and
(J,LK+1). Although CV is dimensioned to the size of the grid,
space exists for only NLAY-1 layers.

DELT Global  Length of the current time step.

HD Module Temporary value for head.

HDIFF Module Head difference between two adjacent nodes.

HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

I Module Index for rows.

IBCFCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
=0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

IBD Module Cell-by-cell budget flag, which is a composit of IBCFCB and ICBCFL:

= -1, budget will be printed in the listing file.
=0, budget will not be saved for the current time step.
=1, budget will be saved by Module UBUDSYV for the current time
step.
=2, budget will be saved by Modules UBDSV2 and UBDSVA.
IBDLBL Module Flag used when printing cell-by-cell budget values in the listing file so
that the budget label is printed only once.
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
<0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head cell
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
=0, cell-by-cell flow terms will not be saved or printed for the
current time step.
#0, cell-by-cell flow terms will be saved or printed for the current
time step.
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ICHFLG

I0UT

J

K

KPER
KSTP

KT
LAYCON

LC
MSUM
NCH
NCOL
NLAY
NROW
PERTIM
RATE
TEXT
T™™P
TOP

TOTIM
VBNM
VBVL

X1
X2
X3
X4
X5
X6
XX1
XX2
XX3
XX4
XX5
XXé
ZERO

Global

Global
Module
Module
Global
Global
Module
Package

Module
Global
Module
Global
Global
Global
Global
Module
Module
Module
Package

Global
Global
Global

Module
Module
Module
Module
Module
Module
Module
Module
Module
Module
Module
Module
Module

Flag for flow between constant-head cells:
= 0, flow between constant-head cells is not calculated.
# 0, flow between constant-head cells is calculated.

Unit number for writing to the listing file.

Index for columns.

Index for layers.

Stress period counter.

Time step counter. KSTP is reset to 1 at the start of each stress period.

Layer index for TOP array.

DIMENSION (200), Layer-type code:

0 - Layer is always confined.

1 - Layer is always unconfined.

2 - Layer is convertible between confined and unconfined, but
transmissivity is constant.

3 - Layer is convertible between confined and unconfined, and
transmissivity is not constant.

LAYCON(K).

Counter for budget terms stored in VBNM and VBVL.

Accumulator for the total number of constant-head cells.

The number of columns in the grid.

The number of layers in the grid.

The number of rows in the grid.

Elapsed time during the current stress period.

The sum of flows through the 6 faces of a constant-head cell.

Label that identifies constant-head flow.

Single precision equivalent of HD.

DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells.
Although TOP is dimensioned to the size of the grid, space exists
only for cells that can convert between confined and unconfined.

Elapsed time in the simulation.

CHARACTER*16(MSUM), Labels for terms in the volumetric budget.

DIMENSION (4,MSUM), Flows for the volumetric budget. For budget
term N, the values in VBVL are:

(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.
(3,N) Rate into the flow system for the current time step.
(4,N) Rate out of the flow system for the current time step.

Flow through the left face of a constant-head cell.

Flow through the right face of a constant-head cell.

Flow through the back face of a constant-head cell.

Flow through the front face of a constant-head cell.

Flow through the upper face of a constant-head cell.

Flow through the lower face of a constant-head cell.

Double precision equivalent of X1.

Double precision equivalent of X2.

Double precision equivalent of X3.

Double precision equivalent of X4.

Double precision equivalent of X5.

Double precision equivalent of X6.

The constant 0.
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Module SBCF5S
Narrative for Module SBCF5S

Module SBCF5S calculates flow from storage. Rate of inflow, rate of outflow, volume of
inflow, and volume of outflow are calculated for the overall budget. For cell-by-cell flows, the
net inflow is calculated for each cell, with outflow being a negative value. Budget totals are
accumulated in double precision in order to avoid truncation when summing storage for large
models; however, storage for each cell is calculated as a single precision value because HOLD
(head from the previous time step) is stored as a single precision value. Module SBCF55
performs its functions as follows:

1. RETURN if steady state (ISS not 0).
2. Initialize budget accumulators, STOIN and STOUT, and calculate 1./DELT.

3. SetIBD flag if cell-by-cell flows will be written to disk. If IBCFCB is greater than 0, IBD will be
set equal to ICBCFL. ICBCFL is set by the Output Control Option.

4. Clear the buffer used for storing cell-by-cell flows.

5. Loop through each cell in the grid calculating storage flow. Keep track of the layer index for
the TOP array for confined/unconfined layers.

6. Skip no-flow and constant-head cells. Also, convert head at current cell to single precision.
7. Check the layer-type code to see if there is one storage capacity (always confined or
unconfined) or two (convertible between confined and unconfined).
A. There are two storage capacities; calculate storage as a sum of confined and
unconfined parts.
B. There is one storage capacity; calculate storage.
8. Store storage in cell-by-cell buffer, and accumulate total storage. In order to accumulate
inflows separately from outflows, check the sign of the flow. When flow is negative, subtract

flow from total outflow. When flow is positive, add flow to total inflow.

9. Call the appropriate utility module to save cell-by-cell budget data, depending on the value of
IBD.

10. Store total rates, and accumulate total volumes in VBVL. Put title in VBNM, and increment
the budget counter, MSUM.

11. RETURN.
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SBCF5S

SUBROUTINE SBCF5S(VBNM, VBVL, MSUM, HNEW, IBOUND, HOLD, SC1,
1 TOP, SC2, DELT, ISS, NCOL, NROW, NLAY, KSTP, KPER, IBCFCB,
2 ICBCFL, BUFF, IOUT, PERTIM, TOTIM)

----- VERSION 1257 28JUNE1993 SBCF5S

khkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhhhkhkhhkhkhhhhkhkhkhkhhhkhkhhkhhkkhkkhkkhkkhhkhkkkhkkhkkkhkkkhkkkkkk

C
C
C COMPUTE STORAGE BUDGET FLOW TERM FOR BCF.

c P s s Y Y T
C

[

[

SPECIFICATIONS’

CHARACTER* 16 VBNM(MSUM) TEXT
DOUBLE PRECISION HNEW:STOIN,STOUT,SSTRG

Q

DIMENSION HNEW (NCOL, NROW,NLAY), IBOUND(NCOL,NROW,NLAY),

1 HOLD (NCOL, NROW, NLAY) , SC1 (NCOL, NROW, NLAY) , VBVL (4, MSUM) ,

2 SC2 (NCOL, NROW, NLAY) , TOP (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
COMMON /FLWCOM/LAYCON(200)

DATA TEXT /' STORAGE'/

l------RETURN IF STEADY STATE.
IF(ISS.NE.0) RETURN

NN NN a 0

2-—=m== INITIALIZE BUDGET ACCUMULATORS AND 1/DELT.
ZERO=0.
STOIN=ZERO
STOUT=ZERO
ONE=1.
TLED=ONE/DELT

C3===-w== IF CELL-BY~CELL FLOWS WILL BE SAVED, SET FLAG IBD.
IBD=0
IF (IBCFCB.GT.0) IBD=ICBCFL

Cd------ CLEAR BUFFER.
DO 210 K=1,NLAY
DO 210 I=1,NROW
DO 210 J=1,NCOL
BUFF(J,I,K)=ZERO
210 CONTINUE

c

C5------ LOOP THROUGH EVERY CELL IN THE GRID.
RKT=0
DO 300 K=1,NLAY
LC=LAYCON(K)
IF(LC.EQ.3 .OR. LC.EQ.2) KT=KT+1l
DO 300 I=1,NROW
DO 300 J=1,NCOL

c

C6--==== SKIP NO-FLOW AND CONSTANT-HEAD CELLS.
IF(IBOUND(J,I,K).LE.0) GO TO 300
HSING=HNEW(J,I,K)

c

C7-==~- CHECK LAYER TYPE TO SEE IF ONE STORAGE CAPACITY OR TWO.
IF(LC.NE.3 .AND. LC.NE.2) GO TO 285

c

C7A----TWO STORAGE CAPACITIES.
TP=TOP(J, I,KT)
RHO2=8SC2(J, I,KT)*TLED
RHO1=SC1(J, I, K)*TLED
SOLD=RHO2
IF(HOLD(J,I,K).GT.TP) SOLD=RHO1
SNEW=RHO2
IF(HSING.GT.TP) SNEW=RHOl
STRG=SOLD* (HOLD(J,I,K)-TP) + SNEW*TP - SNEW*HSING
GO TO 288

c

C7B----ONE STORAGE CAPACITY.

285 RHO=SC1(J,I,K)*TLED

STRG=RHO*HOLD(J,I,K) - RHO*HSING

C
C8--=== STORE CELL-BY-CELL FLOW IN BUFFER AND ADD TO ACCUMULATORS.
288 BUFF(J,I,K)=STRG
SSTRG=STRG

IF(STRG) 292,300,294
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292 STOUT=STOUT-SSTRG
GO TO 300
294 STOIN=STOIN+SSTRG

Cc
300 CONTINUE

[+

C9--=-- IF IBD FLAG IS SET RECORD THE CONTENTS OF THE BUFFER.
IF(IBD.EQ.1l) CALL UBUDSV(KSTP, KPER, TEXT,
1 IBCFCB, BUFF, NCOL, NROW, NLAY, IOUT)
IF(IBD.EQ.2) CALL UBDSV1(KSTP,KPER, TEXT, IBCFCB,
1 BUFF, NCOL, NROW, NLAY, TOUT, DELT, PERTIM, TOTIM, IBOUND)

c

Cl0-=-=-- ADD TOTAL RATES AND VOLUMES TO VBVL & PUT TITLE IN VBNM.
SIN=STOIN
SOUT=STOUT
VBVL(1,MSUM)=VBVL (1, MSUM) +SIN*DELT
VBVL (2, MSUM) =VBVL (2, MSUM) +SOUT*DELT
VBVL (3,MSUM) =SIN
VBVL (4, MSUM) =SOUT
VBNM (MSUM) =TEXT
MSUM=MSUM+1

C

Cll----RETURN.
RETURN
END
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List of Variables for Module SBCF5S

Variable Range Definition

BUFF Global ~ DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

DELT Global  Length of the current time step.

HNEW Global DIMENSION (NCOL,NROW ,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

HOLD Global DIMENSION (NCOL,NROW,NLAY), Head at the start of the current
time step.

HSING Module Single precision equivalent of HNEW.

I Module Index for rows.

IBCFCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
<0 or = 0, cell-by-cell budget flow will not be saved or written to
the listing file.

IBD Module Cell-by-cell budget flag, which is a composit of IBCFCB and ICBCFL:
= 0, budget will not be saved for the current time step.
=1, budget will be saved by Module UBUDSYV for the current time
step.
= 2, budget will be saved by Module UBDSV1.

IBOUND Global =~ DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
=0, no-flow (inactive) cell
> 0, variable-head cell

ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
=0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current
time step.

I0UT Global  Unit number for writing to the listing file.

ISS Package Steady-state flag:
=0, simulation is transient.
# 0, simulation is steady state.

J Module Index for columns.

K Module Index for layers.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

KT Module Layer index for TOP array.

LAYCON Package DIMENSION (200), Layer-type code:
0 - Layer is always confined.
1- Layer is always unconfined.
2 - Layer is convertible between confined and unconfined, but
transmissivity is constant.
3 - Layer is convertible between confined and unconfined, and
transmissivity is not constant.

LC Module LAYCON(K).

MSUM Global  Counter for budget terms stored in VBNM and VBVL.
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NCOL
NLAY
NROW
ONE
PERTIM
RHO

RHO1
RHO2
SC1
SC2

SIN
SNEW

SOLD

SOUT
SSTRG
STOIN
STOUT
STRG

TEXT
TLED
TOP

TOTIM
TP
VBNM
VBVL

ZERO

Global
Global
Global
Module
Global
Module

Module
Module
Package
Package

Module
Module

Module

Module
Module
Module
Module
Module

Module
Module
Package

Global
Module
Global
Global

Module

The number of columns in the grid.

The number of layers in the grid.

The number of rows in the grid.

The constant 1.

Elapsed time during the current stress period.

Storage capacity divided by DELT for layers that are always confined
or always unconfined.

Confined storage capacity divided by DELT for convertible layers.

Unconfined storage capacity divided by DELT for convertible layers.

DIMENSION (NCOL,NROW,NLAY), Primary storage capacity.

DIMENSION (NCOL,NROW,NLAY), Secondary storage capacity.
Although SC2 is dimensioned to the size of the grid, space exists
only for cells that can convert between confined and unconfined.

Single precision equivalent of STOIN.

Storage capacity divided by DELT at the end of the time step for
convertible layers.

Storage capacity divided by DELT at the start of the time step for
convertible layers.

Single precision equivalent of STOUT.

Double precision equivalent of STRG.

Accumulator for storage flow into the modeled area.

Accumulator for storage flow out of the modeled area.

Flow from storage into the modeled area for a cell (negative for
outflow).

Label that identifies the storage budget term.

1./DELT.

DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells.
Although TOP is dimensioned to the size of the grid, space exists
only for cells that can convert between confined and unconfined.

Elapsed time in the simulation.

TOP(J,LKT).

CHARACTER*16(MSUM), Labels for terms in the volumetric budget.

DIMENSION (4, MSUM), Flows for the volumetric budget. For budget

term N, the values in VBVL are:
(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.
(3,N) Rate into the flow system for the current time step.
(4,N) Rate out of the flow system for the current time step.

The constant 0.
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River Package

Budget calculations in the River (RIV) Package have been changed to double precision. In
addition, the ability to read extra data parameters for each river reach has been added.

M le RIVSAL
Narrative for Module RIV5AL

Module RIV5AL allocates space in the X array for river data. RIV5AL performs its functions
as follows:

1. Write a message identifying the package. Also, initialize the number of river reaches to 0.

2. Read the first record from the RIV file into a buffer so it can be parsed by URWORD. Decode
the maximum number of river reaches (MXRIVR) in any stress period and the river cell-by-cell
budget flag (IRIVCB) using URWORD or READ depending on the free format flag (IFREFM).

3. Check for alphabetic options. "AUXILIARY" or "AUX" indicates an extra data parameter is to
be read. "CBCALLOCATE" or "CBC" indicates that memory will be allocated to store the flow
rate into the model from each river reach. Keep track of the total number of data values for each
river reach in NRIVVL, which is needed in order to calculate the required space in the X array.

4. Allocate space in the X array for the RIVR array. Set LCRIVR equal to ISUM, which is the
lowest unused location in X. Add the size of RIVR to ISUM.

5. Print the number of elements in the X array used by the RIV Package and the total space used
in the X array.

6. RETURN.
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RIVSAL

SUBROUTINE RIV5AL(ISUM,LENX,LCRIVR,MXRIVR,NRIVER, IN,IOUT,IRIVCB,
1 NRIVVL, IRIVAL, IFREFM)

(o]
C-=—=- VERSION 1445 20FEB1996 RIVS5AL
c Ahkhkkhhkhhhkhkhkhkhhkhhhkhhkhkhkhkhhkhkhhkhkhhkhkhkhhkhkhkhkhhkhhkhkhkhhkhkhkhhkhkhkhkhkhhkhkhkkhkhhkkxk
(o] ALLOCATE ARRAY STORAGE FOR RIVERS
c [E XL EEEE XXX XSS SR LA XXX R R X RS R R X XA X R X R X aXx X X R YR X 2R X R R R R R X R X R X ¥
c
o] SPECIFICATIONS:
O e e
COMMON /RIVCOM/RIVAUX(5)
CHARACTER*16 RIVAUX
CHARACTER*80 LINE
€ e e e e e e e ——————— e e e
C
Cl--==-- IDENTIFY PACKAGE AND INITIALIZE NRIVER.
WRITE(IOUT,1)IN
1 FORMAT(1X,/1X,'RIV5 -- RIVER PACKAGE, VERSION 5, 9/1/93',
1l' INPUT READ FROM UNIT',I3)
NRIVER=0
(e
C2====== READ MAXIMUM NUMBER OF RIVER REACHES AND UNIT OR FLAG FOR
C2=—==== CELL-BY-CELL FLOW TERMS.
READ(IN, ' (A)') LINE
IF(IFREFM.EQ.0) THEN
READ(LINE, ' (2I10) ') MXRIVR, IRIVCB
LLOC=21
ELSE
LLOC=1
CALL URWORD (LINE,LLOC,ISTART, ISTOP,2,MXRIVR,R,IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,2,IRIVCB,R,IOUT, IN)
END IF
WRITE (IOUT,3) MXRIVR
3 FORMAT(1X, 'MAXIMUM OF',I5,' RIVER REACHES')
IF(IRIVCB.LT.0) WRITE(IOUT,7)
7 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE PRINTED WHEN ICBCFL NOT 0')
IF(IRIVCB.GT.0) WRITE(IOUT,8) IRIVCB
8 FORMAT(1X, 'CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)
(o]
C3====== READ AUXILIARY PARAMETERS AND CBC ALLOCATION OPTION.
IRIVAL=0
NAUX=0
10 CALL URWORD(LINE, LLOC, ISTART,ISTOP,1l,N,R,IOUT, IN)
IF(LINE (ISTART:ISTOP).EQ. 'CBCALLOCATE' .OR.
1 LINE (ISTART:ISTOP).EQ. " 'CBC’) THEN
IRIVAL=1
WRITE(IOUT,11)
11 FORMAT (1X, "MEMORY IS ALLOCATED FOR CELL-BY-CELL BUDGET TERMS')
GO TO 10
ELSE IF(LINE(ISTART:ISTOP).EQ.'AUXILIARY' .OR.
1 LINE(ISTART:ISTOP) .EQ.'AUX') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP,1,N,R,IOUT, IN)
IF(NAUX.LT.5) THEN
NAUX=NAUX+1
RIVAUX(NAUX)=LINE (ISTART:ISTOP)
WRITE(IOUT,12) RIVAUX(NAUX)
12 FORMAT(1X, 'AUXILIARY RIVER PARAMETER: ',A)
END IF
GO TO 10
END IF
NRIVVL=6+NAUX+IRIVAL
(o]
Cd------ ALLOCATE SPACE IN THE X ARRAY FOR THE RIVR ARRAY.
LCRIVR=ISUM
ISP=NRIVVL*MXRIVR
ISUM=ISUM+ISP
(o]
CS=m=—== PRINT AMOUNT OF SPACE USED BY RIVER PACKAGE.
WRITE (IOUT,1l4)ISP
14 FORMAT(1X,XI10,' ELEMENTS IN X ARRAY ARE USED BY RIV')
ISUM1=ISUM-1
WRITE (IOUT,15)ISUM1, LENX
15 FORMAT(1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',I1l0)
IF(ISUM1.GT.LENX) WRITE(IOUT, 16)
16 FORMAT(1X,'® ***X ARRAY MUST BE DIMENSIONED LARGER***')
(o]
C6b-—-—=-= RETURN.
RETURN
END
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List of Variables for Module RIV5AL

Variable Range Definition

IFREFM Global  Flag indicating if data should be read using free or fixed format:
= (0, fixed format
# 0, free format

IN Package Primary unit number from which input for this package is read.

10UT Global  Unit number for writing to the listing file.

IRIVAL Package Flag for allocation of memory for returning cell-by-cell flows:
= 0, memory has not been allocated in RIVR array to return budget
values.
# 0, memory has been allocated in RIVR array to return budget
values.

IRIVCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
= 0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

ISp Module Number of elements allocated in the X array by this package.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ISUM Global  Index of the lowest element in the X array which has not yet been
allocated.

ISUM1 Module ISUM-1.

LCRIVR Package Location in the X array of the first element of array RIVR.

LENX Global  The number of elements in the X array. LENX is defined in a
PARAMETER statement in the MAIN program.

LINE Module CHARACTER*80, contents of a record that has been read from the
package input file. LINE is parsed by URWORD.

LLOC Module Index that tells URWORD where to start looking for a word within
LINE.

MXRIVR Package The maximum number of river reaches active at one time.

N Module Argument place holder for calls to URWORD in which the argument is
unused.

NAUX Module Counter for the number of auxiliary river parameters.

NRIVER Package Number of river reaches active in the current stress period.

NRIVVL Package The size of the first dimension of the RIVR array; that is, RIVR has
dimensions of (NRIVVL,MXRIVR).

R Module Argument place holder for calls to URWORD in which the argument is
unused.

RIVAUX Package CHARACTER*16(5), names of auxiliary parameters.
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103
104

Module RIVSRP

SUBROUTINE RIV5RP (RIVR,NRIVER,MXRIVR, IN, IOUT, NRIVVL, IRIVAL, IFREFM)

VERSION 1449 20FEB1996 RIVSRP
T L R T T T T ey

READ RIVER HEAD, CONDUCTANCE AND BOTTOM ELEVATION

khkhkhkkhhkhhkkhhhkhhhhhhhhhhkhhkhhhkhhhhkhhhhhhhkhhhhkhhhhkhhhhhhhkhhkhhhkhhkhsk

SPECIFICATIONS:
DIMENSION RIVR(NRIVVL, MXRIVR)
COMMON /RIVCOM/RIVAUX(5)
CHARACTER*16 RIVAUX
CHARACTER*151 LINE

--READ ITMP (NUMBER OF RIVER REACHES OR FLAG TO REUSE DATA).
IF(IFREFM.EQ.0) THEN
READ(IN, '(I10)') ITMP
ELSE
READ(IN, *) ITMP
END IF

--TEST ITMP.
IF(ITMP.GE.O0) GO TO 50

-~IF ITMP <0 THEN REUSE DATA FROM LAST STRESS PERIOD.
WRITE(IOUT,7)

FORMAT (1X, /1X, 'REUSING RIVER REACHES FROM LAST STRESS PERIOD')
GO TO 260

--IF ITMP=> ZERO THEN IT IS THE NUMBER OF RIVER REACHES.
NRIVER=ITMP

--IF NRIVER>MXRIVR THEN STOP.

IF (NRIVER.LE.MXRIVR)GO TO 100

WRITE (IOUT, 99)NRIVER, MXRIVR

FORMAT (1X, /1X, '"NRIVER(',I4,"') IS GREATER THAN MXRIVR(',I4,')’')

--ABNORMAL STOP.
STOP

--PRINT NUMBER OF RIVER REACHES IN THIS STRESS PERIOD.
WRITE(IOUT, 101)NRIVER
FORMAT(1X,//1X,I5,' RIVER REACHES')

--IF THERE ARE NO RIVER REACHES THEN RETURN.
IF(NRIVER.EQ.0) GO TO 260

--READ AND PRINT DATA FOR EACH RIVER REACH.
NAUX=NRIVVL~-6-IRIVAL
MAXAUX=NRIVVL-IRIVAL
IF(NAUX.GT.0) THEN
WRITE(IOUT,103) (RIVAUX(JJ),JJ=1,NAUX)

WRITE(IOUT,104) ('---=mm—mmm—mme—m ', JJ=1, NAUX)
ELSE
WRITE (IOUT, 103)
WRITE (IOUT, 104)
END IF
FORMAT (1X, /1X, 'LAYER ROW COL STAGE CONDUCTANCE ',

'BOT. ELEV. REACH NO.',:5(2X,A))

1
FORMAT(1X,65('-"'),5a)

DO 250 II=1,NRIVER
--READ THE REQUIRED DATA WITH FIXED OR FREE FORMAT.
READ(IN, '(A)') LINE
IF(IFREFM.EQ.0) THEN
READ(LINE, '(3110,3F10.0)') K,I,J, (RIVR(JJ,II),JJ=4,6)
LLOC=61
ELSE
LLOC=1
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2,K,R, IOUT, IN)
CALL URWORD({(LINE, LLOC, ISTART, ISTOP, 2,I,R, IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2,J,R, IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,3,N,RIVR(4,II),IOUT,IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 3,N,RIVR(5,II),IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,3,N,RIVR(6,II),IOUT,IN)
END IF
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C7B--=~~ READ ANY AUXILIARY DATA WITH FREE FORMAT, AND PRINT ALL VALUES.
IF (NAUX.GT.0) THEN
DO 110 JJ=1,NAUX
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 3,N,RIVR(JJ+6,II), IOUT, IN)
110 CONTINUE
WRITE (IOUT,115) K,I,J,RIVR(4,II),RIVR(5,II), RIVR(6,II),II,
1 (RIVR(JJ, IT), JJ=7,MAXAUX)
ELSE
WRITE (IOUT,115) K,I,J,RIVR(4,II),RIVR(5,II),RIVR(6,II),II
END IF
115 FORMAT(1X,I4,I7,I6,G13.4,G12.4,612.4,18,:5(2X,G616.5))
RIVR(1,II)=K
RIVR(2,II)=I
RIVR(3,II)=J
250 CONTINUE

o]
C8mm=mmm RETURN.
260 RETURN
END
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Module RIVSEM

SUBROUTINE RIV5FM(NRIVER,MXRIVR,RIVR, HNEW,HCOF,RHS, IBOUND,
1 NCOL, NROW, NLAY, NRIVVL)

c
o VERSION 0950 16JULY1992 RIVSFM
c AKEKERAKAkRAkARhkAhhhkhhkhhkhhkhhkhhkhkhhhkhkhhkhkhkhkhkhkhkhhkhhhkhkhkhkhkhkhkhhkhhkhkhkhkhkhkhkkkk*k
c ADD RIVER TERMS TO RHS AND HCOF
c khkkhhhhkkhhkhhkhhkhhkhhkhhkhhkhhhhhhhhkhhhhhhhhhhhhkhkhkhkhhkhhhhhhhhhhkhkhhhkhk
c
c SPECIFICATIONS:
c __________________________________________________________________
DOUBLE PRECISION HNEW, RRBOT
DIMENSION RIVR(NRIVVL,MXRIVR), HNEW(NCOL, NROW,NLAY),
1 HCOF (NCOL, NROW, NLAY) , RHS (NCOL, NROW, NLAY) ,
2 IBOUND (NCOL, NROW, NLAY)
c __________________________________________________________________
c
c
Cl----—- IF NRIVER<=0 THERE ARE NO RIVERS. RETURN.
IF(NRIVER.LE.Q)RETURN
c
C2--—=-—= PROCESS EACH CELL IN THE RIVER LIST.
DO 100 L=1,NRIVER
c
C3-————- GET COLUMN, ROW, AND LAYER OF CELL CONTAINING REACH.
IL=RIVR(1,L)
IR=RIVR(2,L)
IC=RIVR(3,L)
c
C4d----—-- IF THE CELL IS EXTERNAL SKIP IT.
IF(IBOUND(IC,IR,IL).LE.0)GO TO 100
c
C5-————- SINCE THE CELL IS INTERNAL GET THE RIVER DATA.
HRIV=RIVR(4,L)
CRIV=RIVR(5,L)
RBOT=RIVR(6,L)
RRBOT=RBOT
c
C6-=m=== COMPARE AQUIFER HEAD TO BOTTOM OF STREAM BED.
IF (HNEW(IC,IR,IL).LE.RRBOT)GO TO 96
c
CT7-=m—== SINCE HEAD>BOTTOM ADD TERMS TO RHS AND HCOF.
RHS (IC,IR,IL)=RHS(IC,IR,IL)-CRIV*HRIV
HCOF (IC, IR, IL)=HCOF (IC,IR,IL)-CRIV
GO TO 100
c
Cc8-—--—- SINCE HEAD<BOTTOM ADD TERM ONLY TO RHS.
96 RHS(IC,IR,IL)=RHS(IC,IR,IL)-CRIV*(HRIV-RBOT)
100 CONTINUE
c
C9——m——= RETURN
RETURN
END
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Module RIV5BD
Narrative for Module RIV5BD

RIV5BD calculates flow rates and volumes for water moving between the ground-water flow
system and rivers. RIV5BD performs its functions as follows:

1. Initialize values. Total flow rates in and out of the model are set to 0. Flag IBD is set to
indicate how cell-by-cell flows will be written. If ICBCFL is 0, no flows are written (IBD=0). If
ICBCEFL is not 0, flows are written as follows:
If IRIVCB is less than 0, flows are written to the listing file (IBD=-1).
If IRIVCB is greater than 0 and ICBCFL is 1, flows are written to unit IRIVCB as a 3-D
array (IBD=1).
If IRIVCB is greater than 0 and ICBCFL is 2, flows are written to unit IRIVCB as a list
(IBD=2).

2. If cell-by-cell flows are to be written as a list, call UBDSV2 to write header information.

3. Clear the 3-D buffer that is used to store flow rates for each cell in the grid. Even if these
values are not written to a file, they are returned by RIV5BD for possible use by other modules.

4. If there are no river reaches, skip to step 7.
5. Loop through each river reach calculating flow.
A. Get layer, row, and column locations for river reach, and initialize the flow rate to 0.

B. Skip to step 5L if the cell is no-flow or constant-head, which means there is no flow
to the river for this reach.

C. Get river parameters from the RIVR array, and define variables. RRBOT is the
double precision value of the elevation of the bottom of the riverbed. Precision of
values is carefully controlled in order that calculations are done using the same
precision that the solvers use and to avoid mixed mode expressions.

D. Compare head at the node containing the river reach to the elevation of the bottom
of the riverbed.

E. Head at the node is greater than elevation of the bottom of the riverbed. Calculate a
head-dependent flow. Flow is CRIV(HRIV-HNEW); however, this is calculated as
CRIV*HRIV - CRIV*HNEW so that budget calculations will be formulated like the flow
equation is formulated. This can be important for simulations that can barely be solved
due to a computer’s limited precision.

F. Head at the node is less than or equal to the elevation of the bottom of the riverbed.
Calculate a constant flow that is independent of head at the node.

G. Write the flow rate to the listing file if IBD is less than 0. Before writing the flow for
the first reach, write a heading.

104



H. Add the flow rate to the 3-D buffer.
I. In order to accumulate inflows separately from outflows, check the sign of the flow.

J. Flow is negative, which indicates flow into the river. Subtract flow from total
outflow.

K. Flow is positive, which indicates flow into the model node. Add flow to total inflow.

L. If IBDis 2, call UBDSVA to save flow to a file. If flow is being returned in the RIVR
array, copy flow to RIVR. This is the end of the loop that is invoked for each river reach.

6. If IBD is 1, call UBUDSYV to save flow as a 3-D array.

7. Move total flow rates and volumes into the global array of budget terms for the model budget.
Also, define the name of the river budget term.

8. Increment the budget term counter.

9. RETURN.
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RIVSBD

SUBROUTINE RIV5BD(NRIVER,MXRIVR,RIVR, IBOUND, HNEW,

1 NCOL, NROW, NLAY, DELT, VBVL, VBENM, MSUM, KSTP, KPER, IRIVCE,
2 ICBCFL, BUFF, IOUT, PERTIM, TOTIM, NRIVVL, IRIVAL)
Cmmm== VERSION 1422 05APRIL1993 RIV5BD
c Khkhhkhkhkhhhkhhhkhhkhkhhhkhhhhhhkkhkhkhkhhhkhhhhkhhhhhhkhhkhhhkhhhkhhkhhkhhhkhhkhkhhkhhhkkk
C CALCULATE VOLUMETRIC BUDGET FOR RIVERS
C khhkhhkhkhkhhkhkhkhkhkhkhhkhhkhkhkhkhkhhkhkhkhkhhhkhkkhkhkhkhkhkhkhkhkhkhhkhkhkkhkhkhkhkhhkhkhkkhkhkhhhhhk
(o]
c SPECIFICATIONS:
€ e mm e mm e o i e o e o e e 2 8 e e e e B e e
CHARACTER*16 VBNM(MSUM), TEXT
DOUBLE PRECISION HNEW, HHNEW, CHRIV, RRBOT,CCRIV, RATIN, RATOUT, RRATE
DIMENSION RIVR(NRIVVL,MXRIVR), IBOUND (NCOL, NROW, NLAY),
1 HNEW (NCOL, NROW, NLAY) , VBVL (4, MSUM) , BUFF (NCOL, NROW, NLAY)
(o]
DATA TEXT /' RIVER LEARAGE'/
o D i e i e e e b e
(o]
Cl-=m==—-- INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
Cl-====~ ACCUMULATORS (RATIN AND RATOUT).
ZERO=0.
RATIN=ZERO
RATOUT=ZERO
IBD=0Q
IF(IRIVCB.LT.0 .AND. ICBCFL.NE.O) IBD=-1
IF(IRIVCB.GT.0) IBD=ICBCFL
IBDLBL=0
(o]
C2emmm=m IF CELL-BY-CELL FLOWS WILL BE SAVED AS A LIST, WRITE HEADER.
IF(IBD.EQ.2) CALL UBDSV2(KSTP,KPER, TEXT, IRIVCB, NCOL, NROW, NLAY,
1 NRIVER, IOUT, DELT, PERTIM, TOTIM, IBOUND)
(o]
C3mmmm=— CLEAR THE BUFFER.

DO 50 IL=1,NLAY

DO 50 IR=1,NROW

DO 50 IC=1,NCOL

BUFF (IC, IR, IL)=ZERO
50 CONTINUE

c
Chd--mmm- IF NO REACHES, SKIP FLOW CALCULATIONS.
IF (NRIVER.EQ.0)GO TO 200
c
C5-—mmmm LOOP THROUGH EACH RIVER REACH CALCULATING FLOW.
DO 100 L=1,NRIVER
c
C5A-===- GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=RIVR(1,L)
IR=RIVR(2,L)
IC=RIVR(3,L)
RATE=ZERO
c
C5B--=~~ IF CELL IS NO-FLOW OR CONSTANT-HEAD MOVE ON TO NEXT REACH.
IF (IBOUND(IC, IR, IL).LE.0)GO TO 99
(o}
c5C----~- GET RIVER PARAMETERS FROM RIVER LIST.
HRIV=RIVR(4,L)
CRIV=RIVR(5,L)
RBOT=RIVR(6,L)
RRBOT=RBOT
HHNEW=HNEW (IC, IR, IL)
c
C5D----~ COMPARE HEAD IN AQUIFER TO BOTTOM OF RIVERBED.
1IF (HHNEW.GT.RRBOT) THEN
c
C5E-----AQUIFER HEAD > BOTTOM THEN RATE=CRIV* (HRIV-HNEW) .
CCRIV=CRIV
CHRIV=CRIV*HRIV
RRATE=CHRIV - CCRIV*HHNEW
RATE=RRATE
c
C5F-==m= AQUIFER HEAD < BOTTOM THEN RATE=CRIV*(HRIV-RBOT).
ELSE
RATE=CRIV* (HRIV-RBOT)
RRATE=RATE
END IF
c
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C5G===== PRINT THE INDIVIDUAL RATES IF REQUESTED(IRIVCBE<Q).
IF(IBD.LT.0) THEN
IF(IBDLBL.EQ.0) WRITE(IOUT,61l) TEXT,KPER,KSTP

61 FORMAT (1X,/1X,A," PERIOD', I3, STEP',I3)
WRITE(IOUT, 62) L,IL,IR,IC,RATE
62 FORMAT(1X, 'REACH',I4,"' LAYER',I3,"' ROW',I4,' CoL', T4,
1 ' RATE', 1PG15.6)
IBDLBL=1
END IF
C
C5H------ ADD RATE TO BUFFER.
BUFF(IC,IR,IL)=BUFF(IC,IR,IL)+RATE
C
C5T----- SEE IF FLOW IS INTO AQUIFER OR INTO RIVER.
IF(RATE)94,99,96
C
C5J----- AQUIFER IS DISCHARGING TO RIVER SUETRACT RATE FROM RATOUT.
94 RATOUT=RATOUT-RRATE
GO TO 99
C
C5K--=--- AQUIFER IS RECHARGED FROM RIVER; ADD RATE TO RATIN.
96 RATIN=RATIN+RRATE
C
C5L----- IF SAVING CELL-BY-CELL FLOWS IN LIST, WRITE FLOW. OR IF
C5L—---—- RETURNING THE FLOW IN THE RIVR ARRAY, COPY FLOW TO RIVR.
99 IF(IBD.EQ.2) CALL UBDSVA(IRIVCB,NCOL,NROW,IC, IR, IL,RATE, IBOUND,
1 NLAY)
IF(IRIVAL.NE.0) RIVR(NRIVVL,L)=RATE
100 CONTINUE
Cc
(o TEE T IF CELL-BY-CELL FLOW WILL BE SAVED AS A 3-D ARRAY,
C6-——-—- CALL UBUDSV TO SAVE THEM.
IF(IBD.EQ.1l) CALL UBUDSV(KSTP, KPER, TEXT, IRIVCB, BUFF, NCOL, NROW,
1 NLAY, IOUT)
C
C7-————- MOVE RATES, VOLUMES & LABELS INTO ARRAYS FOR PRINTING.
200 RIN=RATIN
ROUT=RATOUT
VBVL(3,MSUM)=RIN
VBVL (4, MSUM) =ROUT
VBVL(1,MSUM)=VBVL(1,MSUM)+RIN*DELT
VBVL(2,MSUM) =VBVL(2, MSUM) +ROUT*DELT
VBNM (MSUM) =TEXT
(o4
C8--==—- INCREMENT BUDGET TERM COUNTER.
MSUM=MSUM+1
C
C9-===—=- RETURN.
RETURN
END
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List of Variables for Module RIV5BD

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

CCRIV Module Double precision equivalent of CRIV.

CHRIV Module CRIV times HRIV.

CRIV Module Riverbed conductance for a river reach.

DELT Global  Length of the current time step.

HHNEW Module HNEW(IC,IR/IL).

HNEW Global DIMENSION (NCOLNROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

HRIV Module Stage in a river reach.

IBD Module Cell-by-cell budget flag, which is a composit of IRIVCB and ICBCFL:

-1, budget will be printed in the listing file.
0, budget will not be saved or printed.
1, budget will be saved by Module UBUDSV.
=2, budget will be saved by Modules UBDSV2 and UBDSVA..
IBDLBL Module Flag used when printing cell-by-cell budget values in the listing
file so that the budget label is printed only once.
IBOUND Global DIMENSION (NCOL,NROW ,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head cell
IC Module Index for columns.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current

time step.

IL Module Index for layers.

I0UT Global  Unit number for writing to the listing file.

IR Module Index for rows.

IRIVAL Package Flag for allocation of memory for returning cell-by-cell flows:
=0, memory has not been allocated in RIVR array to return budget
values.
# 0, memory has been allocated in RIVR array to return budget
values.

IRTVCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
=0, cell-by-cell budget flow will not be saved or written to the
listing file.
< 0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

L Module Index for river reaches.

MSUM Global  Counter for budget terms stored in VBNM and VBVL.
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MXRIVR
NCOL
NLAY
NRIVER
NRIVVL

NROW
PERTIM
RATE
RATIN
RATOUT
RBOT
RIN
RIVR

ROUT
RRATE
RRBOT
TEXT
TOTIM
VBNM
VBVL

ZERO

Package
Global
Global
Package
Package

Global
Global
Module
Module
Module
Module
MOdule
Module

Module
Module
Module
Module
Global
Global
Global

Module

The maximum number of river reaches active at one time.

The number of columns in the grid.

The number of layers in the grid.

Number of river reaches active in the current stress period.

The size of the first dimension of the RIVR array; that is, RIVR has
dimensions of (NRIVVL,MXRIVR).

The number of rows in the grid.

Elapsed time during the current stress period.

Flow from a river reach into a cell.

Accumulator for flow into the model from rivers

Accumulator for flow out of the model to rivers.

Elevation of the bottom of the riverbed for a river reach.

Single precision equivalent of RATIN.

DIMENSION (NRIVVL,MXRIVR), For each river reach: layer, row,
column, river head, riverbed conductance, elevation of the bottom
of the riverbed, optional auxiliary parameters, and optional cell-
by-cell budget flow.

Single precision equivalent of RATOUT.

Double precision equivalent of RATE.

Double precision equivalent of RBOT.

CHARACTER*16, Label that identifies river budget data.

Elapsed time in the simulation.

CHARACTER*16(MSUM), Labels for terms in the volumetric budget.

DIMENSION (4,MSUM), Flows for the volumetric budget. For budget

term N, the values in VBVL are:
(1N) Volume into the flow system during the simulation.
(2)N) Volume out of the flow system during the simulation.
(3/N) Rate into the flow system for the current time step.
(4,N) Rate out of the flow system for the current time step.

The constant 0.
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Recharge Package

Budget calculations in the Recharge (RCH) Package have been changed to double precision.

Module RCHSAL

SUBROUTINE RCH5AL(ISUM, LENX,LCIRCH,LCRECH, NRCHOP,
1 NCOL, NROW, IN, IOUT, IRCHCB, IFREFM)

c
C——=== VERSION 1512 20FEB1996 RCHS5AL
c khhkhhkhkhkhkhkhkhkhkhkhhhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhhkhhkhhkhhkhhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhk®k
c ALLOCATE ARRAY STORAGE FOR RECHARGE
c R EEZ AT A EE X R LR LR R RS E R SRR R R R R R R R R R R R R R X R R R R X TR X R X R R X R R X 2 X R X3
c
c SPECIFICATIONS:
c __________________________________________________________________
c __________________________________________________________________
c
Clewm—nw IDENTIFY PACKAGE.
WRITE(IOUT,1)IN
1 FORMAT(1X,/1X,'RCH5 -- RECHARGE PACKAGE, VERSION 5, 6/1/95°',
1' INPUT READ FROM UNIT',I3)
c
C2------ READ NRCHOP AND IRCHCB.
IF(IFREFM.EQ.0) THEN
READ(IN, '(2I10)') NRCHOP,IRCHCB
ELSE
READ(IN, *) NRCHOP,IRCHCB
END IF
c
C3-=m=== CHECK TO SEE THAT OPTION IS LEGAL.
IF(NRCHOP.GE.1.AND.NRCHOP.LE.3)GO TO 200
c
C3A--~--- IF ILLEGAL PRINT A MESSAGE AND ABORT SIMULATION
WRITE(IOUT,8)
8 FORMAT(1X, 'ILLEGAL OPTION CODE. SIMULATION ABORTING')
STOP
c
Cd-————- IF OPTION IS LEGAL PRINT OPTION CODE.

200 IRK=ISUM
IF(NRCHOP.EQ.1) WRITE(IOUT,201)

201 FORMAT(1X, 'OPTION 1 -- RECHARGE TO TOP LAYER')
IF(NRCHOP.EQ.2) WRITE(IOUT,202)

202 FORMAT(1X, 'OPTION 2 -- RECHARGE TO ONE SPECIFIED NODE IN EACH',
1 ' VERTICAL COLUMN')
IF(NRCHOP.EQ.3) WRITE(IOUT,203)
203 FORMAT(1X, 'OPTION 3 -- RECHARGE TO HIGHEST ACTIVE NODE IN EACH',
1 ' VERTICAL COLUMN')
C
C5-=—ww- IF CELL-BY-CELL FLOWS ARE TO BE SAVED, THEN PRINT UNIT NUMBER.

IF(IRCHCB.GT.0) WRITE(IOUT,204) IRCHCB
204 FORMAT(1lX, 'CELL~BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)

C
C6-—----~ ALLOCATE SPACE FOR THE RECHARGE ARRAY (RECH).
LCRECH=ISUM
ISUM=ISUM+NCOL*NROW
C
C7==mm= IF OPTION 2 OR 3, ALLOCATE SPACE FOR INDICATOR ARRAY(IRCH)
LCIRCH=ISUM
IF(NRCHOP.EQ.2 .OR. NRCHOP.EQ.3) ISUM=ISUM+NCOL*NROW
C
C8=—-mmmm CALCULATE AND PRINT AMOUNT OF SPACE USED BY RECHARGE.
IRK=ISUM-IRK
WRITE(IOUT,4)IRK
4 FORMAT(1X,I10,' ELEMENTS IN X ARRAY ARE USED BY RCH')
ISUM1=ISUM-1
WRITE(IOUT, 5)ISUM1, LENX
5 FORMAT(1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',I1l0)
IF(ISUM1.GT.LENX)WRITE(IOUT,6)
6 FORMAT (1X,' ***X ARRAY MUST BE MADE LARGER***')
C
C9-————- RETURN
RETURN
END

110



RCH5RP

SUBROUTINE RCH5RP (NRCHOP, IRCH, RECH, DELR, DELC, NROW, NCOL,
1

naNNnNnNNnN

(o]

IN, IOUT, IFREFM)
VERSION 1514 20FEB1996 RCH5RP

LA A 22222 AR A 2R AR XA SRRl 2ttt 222 X2 X i 2 R X At 2 R X2 R 2]

READ RECHARGE RATES

LE XA AR R R R R R R AR AR R R R R R 2 R 2R R R R 2t R R R 2 X2 )

SPECIFICATIONS:
CHARACTER*24 ANAME(2)
DIMENSION IRCH (NCOL,NROW), RECH (NCOL, NROW) , DELR (NCOL) , DELC (NROW)

DATA ANAME (1) /° RECHARGE LAYER INDEX'/
DATA ANAME(2) /' RECHARGE"' /

--READ FLAGS SHOWING WHETHER DATA IS TO BE REUSED.
IF (NRCHOP.EQ.2) THEN
IF (IFREFM.EQ.0) THEN
READ(IN, ' (2I10)') INRECH, INIRCH
ELSE
READ(IN, *) INRECH, INIRCH
END IF
ELSE
IF (IFREFM.EQ.0) THEN
READ(IN, '(I10)') INRECH
ELSE
READ(IN, *) INRECH
END IF
END IF

--TEST INRECH TO SEE WHERE RECH IS COMING FROM.
IF(INRECH.GE.0)GO TO 32

--IF INRECH<0 THEN REUSE RECHARGE ARRAY FROM LAST STRESS PERIOD
WRITE (IOUT, 3)

FORMAT (1X, /1X, ‘REUSING RECH FROM LAST STRESS PERIOD')

GO TO 55

--IF INRECH=>0 THEN CALL U2DREL TO READ RECHARGE RATE.
CALL U2DREL (RECH, ANAME (2), NROW, NCOL, 0, IN, TOUT)

--MULTIPLY RECHARGE RATE BY CELL AREA TO GET VOLUMETRIC RATE.
DO 50 IR=1,NROW

DO 50 IC=1,NCOL

RECH(IC, IR)=RECH(IC, IR)*DELR(IC)*DELC(IR)

CONTINUE

--IF NRCHOP=2 THEN A LAYER INDICATOR ARRAY IS NEEDED.
IF (NRCHOP.NE.2)GO TO 60

--IF INIRCH<0 THEN REUSE LAYER INDICATOR ARRAY.
IF(INIRCH.GE.0)GO TO 58

WRITE (IOUT,2)

FORMAT (1X, /1X, 'REUSING IRCH FROM LAST STRESS PERIOD')
GO TO 60

=-IF INIRCH=>0 CALL U2DINT TO READ LAYER IND ARRAY (IRCH)
CALL U2DINT (IRCH,ANAME (1), NROW,NCOL, 0, IN, TOUT)
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RCHS5FM

SUBROUTINE RCH5FM(NRCHOP, IRCH, RECH, RHS, IBOUND, NCOL,
1

NROW, NLAY)
c
Cmmmm— VERSION 1404 12MAY1987 RCHS5FM
c khkhkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhkhhkhkhhkhkhkhkhhhkhhkhkhhkhhkhkhkhkhkhhkhkhhhkhhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkk
c SUBTRACT RECHARGE FROM RHS
c hhkhkkhkhhkkhhkhhhhkhhhhhkhhkhkhhkhkhhhhhkkhkhhkhkkhhhhhhkhhhhkhhkhhkhhkhkhkihkhhikhk
c
c SPECIFICATIONS:
c __________________________________________________________________
DIMENSION IRCH (NCOL, NROW), RECH (NCOL, NROW),
1 RHS (NCOL, NROW, NLAY) , TBOUND (NCOL, NROW, NLAY)
c __________________________________________________________________
c
Cl--mm- IF NRCHOP IS 1 RECHARGE IS IN TOP LAYER. LAYER INDEX IS 1.
IF(NRCHOP.NE.1l) GO TO 15
DO 10 IR=1, NROW
DO 10 IC=1,NCOL
c
cla----- IF CELL IS EXTERNAL THERE IS NO RECHARGE INTO IT.
IF(IBOUND(IC,IR,1).LE.0)GO TO 10
c
ClB---~~ SUBTRACT RECHARGE RATE FROM RIGHT-HAND-SIDE.
RHS (IC, IR, 1)=RHS(IC,IR,1l)-RECH(IC,IR)
10 CONTINUE
GO TO 100
c
C2mmmmmm IF OPTION IS 2 THEN RECHARGE IS INTO LAYER IN INDICATOR ARRAY
15 IF(NRCHOP.NE.2)GO TO 25
DO 20 IR=1,NROW
DO 20 IC=1,NCOL
c
C2A-==~~ LAYER INDEX IS IN INDICATOR ARRAY.
IL=IRCH(IC,IR)
c
C2B-~~~~ IF THE CELL IS EXTERNAL THERE IS NO RECHARGE INTO IT.
IF(IBOUND(IC,IR,IL).LE.0)GO TO 20
c
C2C-—~m- SUBTRACT RECHARGE FROM RIGHT-HAND-SIDE.
RHS (IC,IR,IL)=RHS(IC,IR,IL)-RECH(IC,IR)
20 CONTINUE
GO TO 100
c
C3mmmmmm IF OPTION IS 3 RECHARGE IS INTO HIGHEST INTERNAL CELL.
25 IF(NRCHOP.NE.3)GO TO 100
CANNOT PASS THROUGH CONSTANT HEAD NODE
DO 30 IR=1, NROW
DO 30 IC=1,NCOL
DO 28 IL=1,NLAY
c
C3A--=—-- IF CELL IS CONSTANT HEAD MOVE ON TO NEXT HORIZONTAL LOCATION.
IF(IBOUND(IC,IR,IL).LT.0) GO TO 30
c
C3B--=~- IF CELL IS INACTIVE MOVE DOWN A LAYER.
IF (IBOUND(IC,IR,IL).EQ.0)GO TO 28
c
C3Cmmmmm SUBTRACT RECHARGE FROM RIGHT-HAND-SIDE.

RHS (IC,IR,IL)=RHS(IC,IR,IL)-RECH(IC,IR)
GO TO 30
28 CONTINUE
30 CONTINUE
100 CONTINUE
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Modul HSBD

Narrative for Module RCH5BD

RCHS5BD calculates flow rates and volumes for water added to the ground-water flow system
from areal recharge. RCH5BD performs its functions as follows:

1. Set total flow rates in and out of the model to 0.

2. Clear the 3-D buffer that is used to store flow rates for each cell in the grid. Even if these
values are not written to a file, they are returned by RCH5BD for possible use by other modules.
Flag IBD is set to indicate how cell-by-cell flows will be written. If IRCHCB is less than or equal
to 0, no flows are written (IBD=0). If IRCHCB is greater than 0, then IBD is set equal to ICBCFL.
The value of ICBCFL, which is specified in the Output Control Option, determines how flows are
written as follows:

0 -- flows are not written

1 -- flows are written as a 3-D array to unit IRCHCB.

2 -- flows are written to unit IRCHCB as a 1-layer array.

3. If the recharge option (NRCHOP) is 1, recharge is to layer 1. Loop through all cells in layer 1
and accumulate recharge. If NRCHOP is not 1, skip to step 4.

A. If cell is no flow or constant head, skip that cell. Otherwise, set Q equal to the
recharge flow.

B. Add recharge to the 3-D cell-by-cell budget array, BUFF.

C. Add positive recharge to RATIN and negative recharge to RATOUT. Skip to step 6
when done with the loop.

4. If the recharge option (NRCHOP) is 2, recharge is to layers specified in the IRCH indicator
array. Loop through all rows and columns and accumulate recharge. If NRCHOP is not 2, skip
to step 5.

A. Get the layer number for a row and column location from IRCH.

B. If cell is no flow or constant head, skip that cell. Otherwise, set Q equal to the
recharge flow.

C. Add recharge to the 3-D cell-by-cell budget array, BUFF.

D. Add positive recharge to RATIN and negative recharge to RATOUT. Skip to step 6
when done with the loop.

5. The recharge option is 3 by elimination, which means that recharge is to the highest cell in

each vertical column that is not no flow. Recharge will not pass through a constant-head cell.
Loop through each horizontal cell.
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A. For each vertical column, the layer in which recharge is applied will be stored in
array IRCH. Initialize IRCH to 1. Loop through all cells in a vertical column.

B. If the cell is constant head, recharge is assumed to be combined with the constant-
head source. Move to next horizontal location.

C. If cell is no flow, skip down to next lower cell.

D. Cellis variable head; set Q equal to the recharge flow. Add recharge to the 3-D cell-
by-cell budget array, BUFF. Put the layer number of the cell that receives the recharge
in IRCH.

E. Add positive recharge to RATIN and negative recharge to RATOUT. Move to next
horizontal location.

6. Call the appropriate utility module to write cell-by-cell flows; call UBUDSV for a 3-D array
and UBDSV3 for 1-layer array.

7. Move total flow rates into the global array of budget terms for the model budget.

8. Add the total flow volumes for the time step to the global array of budget terms for the model
budget.

9. Define the name of the recharge budget term.

10. Increment the budget term counter.

11. RETURN.
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RCHSBD

SUBROUTINE RCHSED(NRCHOP, IRCH, RECH, IBOUND, NROW, NCOL, NLAY,

1 DELT, VBVL, VBNM, MSUM, KSTP, KPER, IRCHCB, ICBCFL, BUFF, TOUT,
2 PERTIM, TOTIM)
C----- VERSION 1519 18DEC1992 RCHSBD
c khkhkkhkkhhhkhkhkhhhhkhhhhhhhhhhhhkhhhhhhhhhhhhhhhhkhhhhhhhhhhhthhhhhhhhhhh®
c CALCULATE VOLUMETRIC BUDGET FOR RECHARGE
c khkhkhhkkhkhhkhkhkhhkhhkhhhhhhhkhhhhhhhhhhkhkhkhhhhkhhkhhhhhhhhhhhhhhhhkhhhhhhhh®
c
c SPECIFICATIONS:
C | e m e e e e e e e e e e e e e e e e e e e e e e e e e e e o o e
DOUBLE PRECISION RATIN,RATOUT,QQ
CHARACTER*16 VBNM(MSUM), TEXT
DIMENSION IRCH(NCOL,NROW), RECH(NCOL, NROW),
1 IBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY) ,
2 VBVL (4, MSUM)
DATA TEXT /' RECHARGE' /
C e e e e e e e e e e e e e e e e e e e e e
c
Cl--—-=mv- CLEAR THE RATE ACCUMULATORS.
ZERO=0.
RATIN=ZERO
RATOUT=ZERO
c
C2--===~ CLEAR THE BUFFER & SET FLAG FOR SAVING CELL-BY-CELL FLOW TERMS.
DO 2 IL=1,NLAY
DO 2 IR=1,NROW
DO 2 IC=1,NCOL
BUFF (IC, IR, IL)=ZERO
2 CONTINUE
IBD=0
IF(IRCHCB.GT.0) IBD=ICBCFL
c
C3----m- IF NRCHOP=1 RECH GOES INTO LAYER 1. PROCESS EACH HORIZONTAL
C3-=mmm-e CELL LOCATION.
IF (NRCHOP.NE.1) GO TO 15
DO 10 IR=1,NROW
DO 10 IC=1,NCOL
c
C3A----- IF CELL IS EXTERNAL THEN DO NOT DO BUDGET FOR IT.
IF(IBOUND(IC,IR,1).LE.0)GO TO 10
Q=RECH (IC, IR)
QQ=Q
c
C3B----- ADD RECH TO BUFF.
BUFF (IC, IR, 1)=0Q
c
C3C--=~= IF RECH POSITIVE ADD IT TO RATIN ELSE ADD IT TO RATOUT.
IF(Q) 8,10,7
7 RATIN=RATIN+QQ
GO TO 10
8 RATOUT=RATOUT-QQ
10 CONTINUE
GO TO 100
c
Cd--—-m- IF NRCHOP=2 RECH IS IN LAYER SHOWN IN INDICATOR ARRAY(IRCH).
Cd-—-m—- PROCESS HORIZONTAL CELL LOCATIONS ONE AT A TIME.
15 IF(NRCHOP.NE.2) GO TO 24
DO 20 IR=1,NROW
DO 20 IC=1,NCOL
c
C4A--—-- GET LAYER INDEX FROM INDICATOR ARRAY(IRCH).
IL=IRCH(IC,IR)
c
C4B~--——- IF CELL IS EXTERNAL DO NOT CALCULATE BUDGET FOR IT.
IF (IBOUND(IC,IR,IL).LE.0)GO TO 20
Q=RECH (IC, IR)
c Q0=0
C4C-—---- ADD RECHARGE TO BUFFER.
BUFF (IC, IR, IL)=Q
c
C4D--~-~ IF RECHARGE IS POSITIVE ADD TO RATIN ELSE ADD IT TO RATOUT.

IF(Q) 18,20,17
17 RATIN=RATIN+QQ

GO TO 20
18 RATOUT=RATOUT-QQ
20 CONTINUE

GO TO 100
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Chmmmmm OPTION=3; RECHARGE IS INTO HIGHEST CELL IN A VERTICAL COLUMN
Ch-mmmmm THAT IS NOT NO FLOW. PROCESS HORIZONTAL CELL LOCATIONS ONE
Ch=rmmmmm AT A TIME.

24 DO 30 IR=1, NROW
DO 29 IC=1,NCOL

(o]
CH5A~== == INITIALIZE IRCH TO 1, AND LOOP THROUGH CELLS IN A VERTICAL
CH5A~~= =~ COLUMN TO FIND WHERE TO PLACE RECHARGE.
IRCH(IC,IR)=1
DO 28 IL=1,NLAY
(o]
C5B~—~~=~~ IF CELL IS CONSTANT HEAD MOVE ON TO NEXT HORIZONTAL LOCATION.
IF (IBOUND(IC,IR,IL).LT.0) GO TO 29
(o]
C5C—=w=== IF CELL IS INACTIVE MOVE DOWN TO NEXT CELL.
IF (IBOUND(IC,IR,IL).EQ.Q0) GO TO 28
C
C5D~ =~~~ CELL IS VARIABLE HEAD, SO APPLY RECHARGE TO IT. ADD RECHARGE TO
C5D- === BUFFER, AND STORE LAYER NUMBER IN IRCH.
Q=RECH(IC, IR)
Q0=0
BUFF(IC,IR,IL)=Q
IRCH(IC,IR)=IL
C
CS5E~==== IF RECH IS POSITIVE ADD IT TO RATIN ELSE ADD IT TO RATOUT.

IF(Q) 27,29,26
26 RATIN=RATIN+QQ
GO TO 29
27 RATOUT=RATOUT-QQ
GO TO 29
28 CONTINUE
29 CONTINUE

30 CONTINUE
C
C
(o] TR L IF CELL-BY-CELL FLOW TERMS SHOULD BE SAVED, CALL APPROPRIATE
Co-—mm-m= UTILITY MODULE TO WRITE THEM.
100 IF(IBD.EQ.1l) CALL UBUDSV(KSTP, KPER, TEXT, IRCHCB, BUFF, NCOL, NROW,
1 NLAY, IOUT)
IF(IBD.EQ.2) CALL UBDSV3 (KSTP, KPER, TEXT, IRCHCB, BUFF, IRCH, NRCHOP,
1 NCOL, NROW, NLAY, IOUT, DELT, PERTIM, TOTIM, IBOUND)
Cc
CT=——m— MOVE TOTAL RECHARGE RATE INTO VBVL FOR PRINTING BY BAS1OT.
ROUT=RATOUT
RIN=RATIN
VBVL (4, MSUM) =ROUT
VBVL (3, MSUM) =RIN
c
C8--=m-=- ADD RECHARGE FOR TIME STEP TO RECHARGE ACCUMULATOR IN VBVL.
VBVL (2, MSUM) =VBVL (2, MSUM) +ROUT*DELT
VBVL(1, MSUM) =VBVL(1, MSUM) +RIN*DELT
(o]
CY9-—mmm MOVE BUDGET TERM LABELS TO VBNM FOR PRINT BY MODULE BAS_OT.
VBNM (MSUM) =TEXT
C
Cl0----~- INCREMENT BUDGET TERM COUNTER.
MSUM=MSUM+1
Cc
Cll--==- RETURN
RETURN
END
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List of Variables for Module RCH5BD

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

DELT Global  Length of the current time step.

IBD Module Cell-by-cell budget flag, which is a composit of IRCHCB and ICBCFL:

=0, budget will not be saved or printed.
=1, budget will be saved by Module UBUDSV.
= 2, budget will be saved by Module UBDSV3.
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head cell
IC Module Index for columns.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current

time step.
IL Module Index for layers.
IOUT Global  Unit number for writing to the listing file.
IR Module Index for rows.
IRCH Package DIMENSION (NCOL,NROW), Layer number to which recharge will

be applied if the recharge option (NRCHOP) is 2.
IRCHCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever

ICBCFL is set.
< 0 or = 0, cell-by-cell budget flow will not be saved or written to
the listing file.
KPER Global  Stress period counter.
KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.
MSUM Global  Counter for budget terms stored in VBNM and VBVL.
NCOL Global ~ The number of columns in the grid.
NLAY Global ~ The number of layers in the grid.

NRCHOP Package Recharge option:
= 1, recharge is to the top layer.
= 2, layer number for recharge for each horizontal cell location is
specified in IRCH.
= 3, recharge is to the uppermost variable-head or constant-head
cell at each horizontal cell location.

NROW Global =~ The number of rows in the grid.

PERTIM Global  Elapsed time during the current stress period.

Q Module Flow into a cell from recharge.

QQ Module Double precision equivalent of Q.

RATIN Module  Accumulator for flow into the model from recharge.
RATOUT Module Accumulator for flow out of the model from recharge.
RECH Package DIMENSION (NCOL,NROW), Recharge flow rate.
RIN Module Single precision equivalent of RATIN.
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ROUT
TEXT
TOTIM
VBNM
VBVL

ZERO

Module
Module
Global
Global
Global

Module

Single precision equivalent of RATOUT.
CHARACTER*16, Label that identifies recharge budget data.
Elapsed time in the simulation.
CHARACTER*16(MSUM), Labels for terms in the volumetric budget.
DIMENSION (4, MSUM), Flows for the volumetric budget. For budget
term N, the values in VBVL are:
(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.
(3,N) Rate into the flow system for the current time step.
(4N) Rate out of the flow system for the current time step.
The constant 0.

118



Well Package

Budget calculations in the Well (WEL) Package have been changed to double precision. In
addition, the ability to read extra data parameters for each well has been added.

Module WELS5AL
Narrative for Module WEL5AL

Module WEL5AL allocates space in the X array for well data. WEL5AL performs its functions
as follows:

1. Write a message identifying the package. Also, initialize the number of wells to 0.

2. Read the first record from the WEL file into a buffer so it can be parsed by URWORD. Decode
the maximum number of wells (MXWELL) in any stress period and the well cell-by-cell budget
flag (IWELCB) using URWORD or READ depending on the free format flag (IFREFM).

3. Check for alphabetic options. "AUXILIARY" or "AUX" indicates an extra data parameter is to
be read. "CBCALLOCATE" or "CBC" indicates that memory will be allocated to store the flow
rate into the model from each well. Keep track of the total number of data values for each well in
NWELVL, which is needed in order to calculate the required space in the X array.

4. Allocate space in the X array for the WELL array. Set LCWELL equal to ISUM, which is the
lowest unused location in X. Add the size of WELL to ISUM.

5. Print the number of elements in the X array used by the WEL Package and the total space used
in the X array.

6. RETURN.
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WELSAL

SUBROUTINE WELSAL (ISUM, LENX, LCWELL, MXWELL, NWELLS, IN, IOUT, IWELCB,
NWELVL, IWELAL, IFREFM)

----- VERSION 0820 21FEB1996 WEL5AL

(22 XXX S L R LR R R AR R X R R XX 2 22 XXX XXX 2t R A A X X X X2

ALLOCATE ARRAY STORAGE FOR WELL PACKAGE

o b de b ke ode de e ohe de ke ke ke de de ke ke ode de K e ke ke ol de e ok K ke e ke de ke e ok e ke e ke de e ohe de ke ke ode oK e de K ke ke de ke ke ke Kk ke de ke ke ke ke ke kK

SPECIFICATIONS:
COMMON /WELCOM/WELAUX(5)
CHARACTER*16 WELAUX
CHARACTER*80 LINE

[eNoNoeNoNoNoNeNe!

l---=-- IDENTIFY PACKAGE AND INITIALIZE NWELLS.
WRITE (IOUT, 1) IN
1 FORMAT(1X,/1X, 'WEL5 -- WELL PACKAGE, VERSION 5, 9/1/93',
1' INPUT READ FROM UNIT',I3)
NWELLS=0

C2====== READ MAXIMUM NUMBER OF WELLS AND UNIT OR FLAG FOR
C2-===== CELL-BY-CELL FLOW TERMS.
READ(IN, '(A)') LINE
IF(IFREFM.EQ.0) THEN
READ(LINE, ' (2I10)') MXWELL, IWELCB
LLOC=21
ELSE
LLOC=1
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2, MXWELL, R, IOUT, IN)
CALL URWORD(LINE,LLOC, ISTART,ISTOP,2,IWELCB,R,IOUT, IN)
END IF
WRITE (IOUT,3) MXWELL
3 FORMAT (1X, 'MAXIMUM OF',I5,' WELLS')
IF (IWELCB.LT.0) WRITE(IOUT,7)
7 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE PRINTED WHEN ICBCFL NOT 0')
IF(IWELCB.GT.0) WRITE(IOUT,8) IWELCBE
8 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)

C3-————- READ AUXILIARY PARAMETERS AND CBC ALLOCATION OPTION.
IWELAL=0
NAUX=0
10 CALL URWORD{(LINE, LLOC, ISTART, ISTOP,1,N,R, IOUT, IN)
IF(LINE (ISTART:ISTOP).EQ.'CBCALLOCATE' .OR.
1 LINE (ISTART:ISTOP).EQ. 'CBC') THEN
IWELAL=1
WRITE (IOUT,11)
11 FORMAT{%X,'MEMORY IS ALLOCATED FOR CELL-BY-CELL BUDGET TERMS')
GO TO
ELSE IF(LINE(ISTART:ISTOP).EQ.'AUXILIARY' .OR.
1 LINE (ISTART:ISTOP) .EQ.'AUX') THEN
CALL URWORD (LINE,LLOC, ISTART,ISTOP,1,N,R, IOUT, IN)
IF(NAUX.LT.5) THEN
NAUX=NAUX+1
WELAUX (NAUX) =LINE (ISTART: ISTOP)
WRITE(IOUT,12) WELAUX(NAUX)
12 FORMAT (1X, 'AUXILIARY WELL PARAMETER: ',A)
END IF
GO TO 10
END IF
NWELVL=4+NAUX+IWELAL

Cld=—-———- ALLOCATE SPACE IN THE X ARRAY FOR THE WELL ARRAY.
LCWELL=ISUM
ISP=NWELVL*MXWELL
ISUM=ISUM+ISP

CH-mmm—= PRINT NUMBER OF SPACES IN X ARRAY USED BY WELL PACKAGE.

WRITE (IOUT,14) ISP

14 FORMAT(1X,I1l0,' ELEMENTS IN X ARRAY ARE USED BY WEL')
ISUM1=ISUM-1
WRITE (IOUT,15) ISUM1l,LENX

15 FORMAT (1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',Il10)
IF(ISUM1.GT.LENX) WRITE (IOUT, 16)

16 FORMAT(1X, ' ***X ARRAY MUST BE DIMENSIONED LARGER***')
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List of Variables for Module WEL5AL

Variable Range Definition

IFREFM Global  Flag indicating if data should be read using free or fixed format:
=0, fixed format
#0, free format

IN Package Primary unit number from which input for this package is read.
I0UT Global  Unit number for writing to the listing file.
Isp Module Number of elements allocated in the X array by this package.
ISTART Module Index pointing to the start of a word found by Module URWORD.
ISTOP Module Index pointing to the end of a word found by Module URWORD.
ISUM Global  Index of the lowest element in the X array which has not yet been
allocated.
ISUM1 Module ISUM - 1.
IWELAL Package Flag for allocation of memory for returning cell-by-cell flows:
=0, memory has not been allocated in WELL array to return
budget values.
# 0, memory has been allocated in WELL array to return budget
values.

IWELCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
= 0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

LCWELL Package Location in the X array of the first element of array WELL.

LENX Global  The number of elements in the X array. LENX is defined in a
PARAMETER statement in the MAIN program.

LINE Module CHARACTER*80, contents of a record that has been read from the
package input file. LINE is parsed by URWORD.

LLOC Module Index that tells URWORD where to start looking for a word within
LINE.

MXWELL Package The maximum number of wells active at one time.

N Module Argument place holder for calls to URWORD in which the argument is
unused.

NAUX Module Counter for the number of auxiliary well parameters.

NWELLS Package Number of wells active in the current stress period.

NWELVL Package The size of the first dimension of the WELL array; that is, WELL has
dimensions of NWELVL,MXWELL).

R Module Argument place holder for calls to URWORD in which the argument is
unused.

WELAUX Package CHARACTER*16(5), names of auxiliary parameters.
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Module WELS5RP

SUBROUTINE WELSRP (WELL, NWELLS, MXWELL, IN, IOUT, NWELVL, IWELAL, IFREFM)

(o4

C-==== VERSION 0823 21FEB1996 WELSRP

c P L A L Ry Ty
C READ NEW WELL LOCATIONS AND STRESS RATES

c T i Rt Ty
(o4

C SPECIFICATIONS:

€ e e e e e e ————————

DIMENSION WELL (NWELVL, MXWELL)
COMMON /WELCOM/WELAUX(5)
CHARACTER*16 WELAUX
CHARACTER*151 LINE

C e e e e e e e e ———————— o 2 o P T e
C
Cl-—--=~- READ ITMP (NUMBER OF WELLS OR FLAG SAYING REUSE WELL DATA).
IF(IFREFM.EQ.0) THEN
READ(IN, '(X10)') ITMP
ELSE
READ(IN, *) ITMP
END IF
IF(ITMP.GE.O0) GO TO 50
Cc
ClA~~~~~- IF ITMP LESS THAN ZERO REUSE DATA. PRINT MESSAGE AND RETURN.
WRITE (IOUT, 6)
6 FORMAT(1X,/1X, 'REUSING WELLS FROM LAST STRESS PERIOD')
RETURN
(o4
ClB----~- ITMP=>0. SET NWELLS EQUAL TO ITMP.
50 NWELLS=ITMP
IF (NWELLS.LE.MXWELL) GO TO 100
(o4
C2-~--~~~- NWELLS>MXWELL. PRINT MESSAGE. STOP.
WRITE (IOUT, 99) NWELLS, MXWELL
99 FORMAT(1X, /1X, 'NWELLS(',I4,') IS GREATER THAN MXWELL(',I4,')"')
STOP
C
C3--===- PRINT NUMBER OF WELLS IN CURRENT STRESS PERIOD.

100 WRITE (IOUT,101) NWELLS
101 FORMAT(1X,//1X,I5,' WELLS')

Chd-~----- IF THERE ARE NO ACTIVE WELLS IN THIS STRESS PERIOD THEN RETURN.
IF (NWELLS.EQ.0) GO TO 260

C5-====- READ AND PRINT DATA FOR EACH WELL.
NAUX=NWELVL-4~-IWELAL
MAXAUX=NWELVL-~IWELAL
IF (NAUX.GT.0) THEN
WRITE (IOUT, 103) (WELAUX(JJ),JJ=1,NAUX)
WRITE (IOUT,104) ('-=~=~==—eeemmmmm—m ', JJ=1, NAUX)
ELSE
WRITE (IOUT, 103)
WRITE (IOUT, 104)
END IF
103 FORMAT(1X,/
1 1X,'LAYER ROW COL STRESS RATE WELL NO.',:5(2X,A))
104 FORMAT (1X,42('~-'),5A)
DO 250 II=1,NWELLS
C5A----- READ THE REQUIRED DATA WITH FIXED OR FREE FORMAT.
READ(IN, '(A)') LINE
IF (IFREFM.EQ.0) THEN
READ(LINE, ' (3I10,F10.0)') K,I,J,WELL(4,II)
LLOC=41
ELSE
LLOC=1
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2,K, R, IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2,I,R,IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 2,J,R, IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 3,N,WELL(4,II),IOUT, IN)
END IF
C5B--~~--READ ANY AUXILIARY DATA WITH FREE FORMAT, AND PRINT ALL VALUES.
IF(NAUX.GT.0) THEN
DO 110 JJ=1,NAUX
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 3,N,WELL (JJ+4,II), IOUT, IN)
110 CONTINUE
WRITE (IOUT,115) K,I,J,WELL(4,II),II,
1 (WELL(JJ,II),JJ=5, MAXAUX)
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ELSE
WRITE (IOUT,115) K,I,J,WELL(4,II),II
END IF
115 FORMAT(1X,I4,I7,I6,G15.5,1I7,:5(2X,G16.5))
WELL(1,II)=K
WELL(2,II)=I
WELL(3,II)=J
250 CONTINUE

260 RETURN
END
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Module WELSEM

SUBROUTINE WELSFM(NWELLS, MXWELL, RHS, WELL, IBOUND,
1 NCOL, NROW, NLAY, NWELVL)

c
C—==== VERSION 1101 28AUG1992 WELS5FM
c
c 2 X E X 2L R X R R EZ LR R R RS LSRR R R RS R R RS RS X R X R R SRR R R R X RS XX R XX X R RS X R R X
(o} SUBTRACT Q FROM RHS
C Ahkhkhhkhkhhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhkhhkhkhkhhhkhhkhkhkhhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkkhkhkkik
c
c SPECIFICATIONS:
c __________________________________________________________________
DIMENSION RHS (NCOL, NROW,NLAY) , WELL (NWELVL, MXWELL) ,
1 IBOUND (NCOL, NROW, NLAY)
C e o o e o e o e e e e e e e e e e 0
Cl-———-- IF NUMBER OF WELLS <= 0 THEN RETURN.
IF(NWELLS.LE.Q) RETURN
c
C2-————- PROCESS EACH WELL IN THE WELL LIST.
DO 100 L=1,NWELLS
IR=WELL(2,L)
IC=WELL(3,L)
IL=WELL(1l,L)
Q=WELL (4, L)
c
C2A----- IF THE CELL IS INACTIVE THEN BYPASS PROCESSING.
IF(IBOUND(IC,IR,IL).LE.Q) GO TO 100
c
C2B----- IF THE CELL IS VARIABLE HEAD THEN SUBTRACT Q FROM
(o} THE RHS ACCUMULATOR.

RHS(IC, IR, IL)=RHS(IC,IR,IL)-Q
100 CONTINUE

C

Clmmmmmm RETURN
RETURN
END
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Module WEL5BD

Narrative for Module WEL5BD

WELS5BD calculates flow rates and volumes for water moving between the ground-water flow
system and wells. WEL5BD performs its functions as follows:

1. Initialize values. Total flow rates in and out of the model are set to 0. Flag IBD is set to
indicate how cell-by-cell flows will be written. If ICBCFL is 0, no flows are written (IBD=0). If
ICBCFL is not 0, flows are written as follows:
If IWELCB is less than 0, flows are written to the listing file (IBD=-1).
If IWELCB is greater than 0 and ICBCFL is 1, flows are written to unit IWNELCB as a 3-D
array (IBD=1).
If IWELCB is greater than 0 and ICBCFL is 2, flows are written to unit IWELCB as a list
(IBD=2).
2. If cell-by-cell flows are to be written as a list, call UBDSV2 to write header information.

3. Clear the 3-D buffer that is used to store flow rates for each cell in the grid. Even if these
values are not written to a file, they are returned by WEL5BD for possible use by other modules.

4. If there are no wells, skip to step 7.
5. Loop through each well calculating flow.
A. Get layer, row, and column locations for well, and initialize the flow rate to 0.

B. Skip to step 51 if the cell is no-flow or constant-head, which means there is no well
flow.

C. Get flow rate from the WELL array.

D. Write the flow rate to the listing file if IBD is less than 0. Before writing the flow for
the first well, write a heading.

E. Add the flow rate to the 3-D buffer.
F. In order to accumulate inflows separately from outflows, check the sign of the flow.

G. Flow is positive, which indicates flow from well into the model node. Add flow to
total inflow.

H. Flow is negative, which indicates flow into the well (pumping). Subtract flow from
total outflow.

I. IfIBD is 2, call UBDSVA to save flow to a file. If flow is being returned in the WELL
array, copy flow to WELL. This is the end of the loop that is invoked for each well.
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6. If IBD is 1, call UBUDSV to save flow as a 3-D array.

7. Move total flow rates and volumes into the global array of budget terms for the model budget.
Also, define the name of the well budget term.

8. Increment the budget term counter.

9. RETURN.
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WELSBD

SUBROUTINE WELSED (NWELLS, MXWELL, VBNM, VBVL, MSUM, WELL, IBOUND, DELT,
NCOL, NROW, NLAY, KSTP, KPER, IWELCB, ICBCFL, BUFF, IOUT,
PERTIM, TOTIM, NWELVL, IWELAL)

————— VERSION 1120 16APRIL1993 WEL5BD

khhhkkhhhkhhhhkhdhhhkhkhhhkhhkhhkhhhhhkhhkhhhhhkhhkhhhhhkhhkhrhkhkhhkhhhhhrhhhhik

C
cC
C CALCULATE VOLUMETRIC BUDGET FOR WELLS

c I A Ly Yy T T Y T
C

C

C

N

SPECIFICATIONS:

CHARACTER*16 VBNM(MSUM), TEXT
DIMENSION VBVL(4,MSUM), WELL (NWELVL, MXWELL) , IBOUND (NCOL, NROW, NLAY) ,

1 BUFF (NCOL, NROW, NLAY)
DOUBLE PRECISION RATIN,RATOUT, QQ
DATA TEXT /' WELLS'/
c __________________________________________________________________
c
Cl------ CLEAR RATIN AND RATOUT ACCUMULATORS, AND SET CELL-BY-CELL
Cl------ BUDGET FLAG.
ZERO=0.
RATIN=ZERO
RATOUT=ZERO
IBD=0
IF(IWELCE.LT.0 .AND. ICBCFL.NE.O) IBD=-1
IF(IWELCB.GT.0) IBD=ICBCFL
IBDLEL=0
c
C2----- IF CELL-BY-CELL FLOWS WILL BE SAVED AS A LIST, WRITE HEADER.
IF(IBD.EQ.2) CALL UBDSV2(KSTP,KPER, TEXT, IWELCB, NCOL, NROW, NLAY,
1 NWELLS, IOUT, DELT, PERTIM, TOTIM, IBOUND)
c .
C3--=—--- CLEAR THE BUFFER.
DO 50 IL=1,NLAY
DO 50 IR=1,NROW
DO 50 IC=1,NCOL
BUFF(IC,IR,IL)=2ZERO
50 CONTINUE
c
Cd------ IF THERE ARE NO WELLS, DO NOT ACCUMULATE FLOW.
IF (NWELLS.EQ.0) GO TO 200
c
C5-—=——- LOOP THROUGH EACH WELL CALCULATING FLOW.
DO 100 L=1,NWELLS
c
C5A---—- GET LAYER, ROW & COLUMN OF CELL CONTAINING WELL.
IR=WELL (2, L)
IC=WELL(3,L)
IL=WELL(1,L)
Q=ZERO
c
C5B----- IF THE CELL IS NO-FLOW OR CONSTANT_ HEAD, IGNORE IT.
IF(IBOUND(IC,IR,IL).LE.0)GO TO 99
Cc
Cc5C--—-—- GET FLOW RATE FROM WELL LIST.
Q=WELL(4,L)
c QQ=Q
C5D----- PRINT FLOW RATE IF REQUESTED.
IF(IBD.LT.0) THEN
IF (IBDLBL.EQ.0) WRITE(IOUT,61) TEXT,KPER,KSTP
61 FORMAT (1X, /1X,A, "' PERIOD',I3," STEP',I3)
WRITE(IOUT,62) L,IL,IR,IC,Q
62 FORMAT (1X, 'WELL',I4," LAYER',I3,"' ROW',I4,"’ coL',Id4,
1 ' RATE', 1PG15.6)
IBDLEL=1
END IF
c
C5E----- ADD FLOW RATE TO BUFFER.
BUFF (IC, IR, IL)=BUFF(IC,IR,IL)+Q
(o}
C5F---—- SEE IF FLOW IS POSITIVE OR NEGATIVE.
IF(Q) 90,99,80
c
C5G---—- FLOW RATE IS POSITIVE (RECHARGE). ADD IT TO RATIN.
80 RATIN=RATIN+QQ
GO TO 99
c
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C5H----- FLOW RATE IS NEGATIVE (DISCHARGE). ADD IT TO RATOUT.
90 RATOUT=RATOUT-QQ

C
C5I----- IF CELL-BY-CELL FLOWS ARE BEING SAVED AS A LIST, WRITE FLOW.
C5I----- OR IF RETURNING THE FLOW IN THE WELL ARRAY, COPY FLOW TO WELL.

99 IF(IBD.EQ.2) CALL UBDSVA(IWELCB,NCOL,NROW,IC,IR,IL,Q,IBOUND, NLAY)
IF(IWELAL.NE.0) WELL(NWELVL,L)=Q
100 CONTINUE

C
C6------ IF CELL-BY-CELL FLOWS WILL BE SAVED AS A 3-D ARRAY,
C6——==== CALL UBUDSV TO SAVE THEM.
IF(IBD.EQ.1l) CALL UBUDSV(KSTP, KPER, TEXT, IWELCB, BUFF, NCOL, NROW,
1 NLAY, IOUT)
Cc
C7-====- MOVE RATES, VOLUMES & LABELS INTO ARRAYS FOR PRINTING.
200 RIN=RATIN
ROUT=RATOUT
VBVL(3,MSUM) =RIN
VBVL(4,MSUM) =ROUT
VBVL(1,MSUM)=VBVL(1l,MSUM) +RIN*DELT
VBVL(2,MSUM) =VBVL (2, MSUM) +ROUT*DELT
VBNM (MSUM) =TEXT
(o4
C8-——=== INCREMENT BUDGET TERM COUNTER (MSUM) .
MSUM=MSUM+1
(o4
C9—————- RETURN
RETURN
END
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List of Variables for Module WEL5BD

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

DELT Global  Length of the current time step.

IBD Module Cell-by-cell budget flag, which is a composit of INELCB and ICBCFL.:

= -1, budget will be printed in the listing file.
= 0, budget will not be saved or printed.
=1, budget will be saved by Module UBUDSV.
=2, budget will be saved by Modules UBDSV2 and UBDSVA.
IBDLBL Module Flag used when printing cell-by-cell budget values in the listing
file so that the budget label is printed only once.
IBOUND Global ~ DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
>0, variable-head cell
IC Module Column index.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current

time step.
IL Module Layer index.
IOUT Global  Unit number for writing to the listing file.
IR Module Row index.

IWELAL Package Flag for allocation of memory for returning cell-by-cell flows:
= 0, memory has not been allocated in WELL array to return
budget values.
# 0, memory has been allocated in WELL array to return budget
values.

IWELCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever

ICBCFL is set.
= 0, cell-by-cell budget flow will not be saved or written to the
listing file.
< 0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.
KPER Global  Stress period counter.
KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.
L Module Index for wells.
MSUM Global  Counter for budget terms stored in VBNM and VBVL.
MXWELL Package The maximum number of wells active at one time.
NCOL Global =~ The number of columns in the grid.
NLAY Global ~ The number of layers in the grid.
NROW Global = The number of rows in the grid.

NWELLS Package Number of wells active in the current stress period.
NWELVL Package The size of the first dimension of the WELL array; that is, WELL has
dimensions of (NWELVL MXWELL).
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PERTIM

QQ
RATIN

RATOUT
RIN
ROUT
TEXT
TOTIM
VBNM
VBVL

WELL

ZERO

Global
Module
Module
Module
Module
Module
Module
Module
Global
Global
Global

Package

Module

Elapsed time during the current stress period.
Recharge rate from a well.
DOuble precision equivalent of Q.
Accumulator for flow into the model from wells.
Accumulator for flow out of the model from wells.
Single precision equivalent of RATIN.
Single precision equivalent of RATOUT.
CHARACTER"16, Label that identifies well budget data.
Elapsed time in the simulation.
CHARACTER*16(MSUM), Labels for terms in the volumetric budget.
DIMENSION (4,MSUM), Flows for the volumetric budget. For budget
term N, the values in VBVL are:
(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.
(3,N) Rate into the flow system for the current time step.
(4,N) Rate out of the flow system for the current time step.
DIMENSION (NWELVL,MXWELL), For each well: layer, row,
column, recharge rate, optional auxiliary parameters, and optional
cell-by-cell budget flow.
The constant 0.
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Drain Package

Budget calculations in the Drain (DRN) Package have been changed to double precision. In
addition, the ability to read extra data parameters for each drain has been added.

Module DRN5AL
Narrative for Module DRNSAL

Module DRNS5AL allocates space in the X array for drain data. DRN5SAL performs its
functions as follows:

1. Write a message identifying the package. Also, initialize the number of drains to 0.

2. Read the first record from the DRN file into a buffer so it can be parsed by URWORD. Decode
the maximum number of drains (MXDRN) in any stress period and the drain cell-by-cell budget
flag (IDRNCB) using URWORD or READ depending on the free format flag (IFREFM).

3. Check for alphabetic options. "AUXILIARY" or "AUX" indicates an extra data parameter is to
be read. "CBCALLOCATE" or "CBC" indicates that memory will be allocated to store the flow
rate into the model from each drain. Keep track of the total number of data values for each drain
in NDRNVL, which is needed in order to calculate the required space in the X array.

4. Allocate space in the X array for the DRAI array. Set LCDRAI equal to ISUM, which is the
lowest unused location in X. Add the size of DRAI to ISUM.

5. Print the number of elements in the X array used by the DRN Package and the total space
used in the X array.

6. RETURN.
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DRNSAL

SUBROUTINE DRN5AL (ISUM,LENX, LCDRAI, NDRAIN, MXDRN, IN, IOUT, IDRNCB,
1 NDRNVL , IDRNAL, IFREFM)

----- VERSION 0841 21FEB1996 DRN5AL

Khkhkhkkhkhkhkkhhhhhhhhhhhhhhhhhhhhkhhkhhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhhhhhhhkhkhhhhhhkhhh

ALLOCATE ARRAY STORAGE FOR DRAIN PACKAGE

Khhkhkhkhkhhkhkhkhkhhhhhhhhhhkhhkhkhkhkhkhkkhkhkhkhkhkhkhkkhkhkhkhhhhhhhhhhhhikhkkhkkhkhhhkhih

SPECIFICATIONS:
COMMON /DRNCOM/DRNAUX(5)
CHARACTER*16 DRNAUX
CHARACTER*80 LINE

(e NeNeNeXeXoNoNel

l--=ww=- IDENTIFY PACKAGE AND INITIALIZE NDRAIN.
WRITE (IOUT, 1) IN
1 FORMAT(1X,/1X, 'DRN5 -- DRAIN PACKAGE, VERSION 5, 9/1/93°',
1' INPUT READ FROM UNIT',I3)
NDRAIN=0

C2-mmmmm READ MAXTMUM NUMBER OF DRAINS AND UNIT OR FLAG FOR
C2--=mmm CELL-BY-CELL FLOW TERMS.
READ(IN, '(A)') LINE
IF (IFREFM.EQ.0) THEN
READ (LINE, ' (2I10) ') MXDRN, IDRNCB
LLOC=21
ELSE
LLOC=1
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, MXDRN, R, IOUT, IN)
CALL URWORD(LINE, LLOC,ISTART, ISTOP, 2, IDRNCB, R, IOUT, IN)
END IF
WRITE(IOUT,3) MXDRN
3 FORMAT(1X, 'MAXIMUM OF',I5,' DRAINS')
IF(IDRNCB.LT.0) WRITE(IOUT,7)
7 FORMAT(1X, 'CELL-BY-CELL FLOWS WILL BE PRINTED WHEN ICBCFL NOT 0')
IF (IDRNCB.GT.0) WRITE(IOUT,8) IDRNCB
8 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)

C3---mm READ AUXILIARY PARAMETERS AND CBC ALLOCATION OPTION.
IDRNAL=0
NAUX=0
10 CALL URWORD(LINE,LLOC,ISTART,ISTOP,1,N,R, IOUT,IN)
IF (LINE (ISTART:ISTOP).EQ. ' 'CBCALLOCATE' .OR.
1 LINE(ISTART:ISTOP).EQ.'CBC') THEN
IDRNAL=1
WRITE (IOUT,11)
11 FORMAT (1X, "MEMORY IS ALLOCATED FOR CELL-BY-CELL BUDGET TERMS')
GO TO 10
ELSE IF (LINE(ISTART:ISTOP).EQ.'AUXILIARY' .OR.
1 LINE(ISTART:ISTOP) .EQ.'AUX') THEN
CALL URWORD(LINE,LLOC,ISTART,ISTOP,1,N,R, IOUT, IN)
IF(NAUX.LT.5) THEN
NAUX=NAUX+1
DRNAUX (NAUX) =LINE(ISTART: ISTOP)
WRITE(IOUT,12) DRNAUX(NAUX)
12 FORMAT ( 1X, 'AUXILIARY DRAIN PARAMETER: ',A)
END IF
GO TO 10
END IF
NDRNVL=5+NAUX+IDRNAL

Chd--wm= ALLOCATE SPACE IN THE X ARRAY FOR THE DRAI ARRAY.
LCDRAI=ISUM
ISP=NDRNVL*MXDRN
ISUM=ISUM+ISP

C5-=-=w=- PRINT AMOUNT OF SPACE USED BY DRAIN PACKAGE.

WRITE (IOUT,14) ISP

14 FORMAT(1X,I1l0,' ELEMENTS IN X ARRAY ARE USED BY DRN')
ISUM1=ISUM-1
WRITE(IOUT,1l5) ISUM1l,LENX

15 FORMAT(1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',Il0)
IF(ISUM1.GT.LENX) WRITE(IOUT,16)

16 FORMAT(1X,' ***X ARRAY MUST BE DIMENSIONED LARGER***')
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List of Variables for Module DRN5AL

Variable Range Definition

DRNAUX Package CHARACTER*16(5), names of auxiliary parameters.

IDRNAL Package Flag for allocation of memory for returning cell-by-cell flows:
=0, memory has not been allocated in DRAI array to return budget
values.
# 0, memory has been allocated in DRAI array to return budget
values.

IDRNCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
=0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

IFREFM Global  Flag indicating if data should be read using free or fixed format:
=0, fixed format
# 0, free format

IN Package Primary unit number from which input for this package is read.

IOUT Global  Unit number for writing to the listing file.

ISP Module  Number of elements allocated in the X array by this package.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ISUM Global  Index of the lowest element in the X array which has not yet been
allocated.

ISUM1 Module ISUM-1.

LCDRAI Package Location in the X array of the first element of array DRAIL

LENX Global = The number of elements in the X array. LENX is defined in a
PARAMETER statement in the MAIN program.

LINE Module CHARACTER*80, contents of a record that has been read from the
package input file. LINE is parsed by URWORD.

LLOC Module Index that tells URWORD where to start looking for a word within
LINE.

MXDRN Package The maximum number of drains active at one time.

N Module Argument place holder for calls to URWORD in which the argument is
unused.

NAUX Module Counter for the number of auxiliary drain parameters.

NDRAIN Package Number of drains active in the current stress period.

NDRNVL Package The size of the first dimension of the DRAI array; that is, DRAI has
dimensions of (NDRNVL,MXDRN).

R Module  Argument place holder for calls to URWORD in which the argument is
unused.
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c2---

103
104

DRNSRP

SUBROUTINE DRNSRP (DRAI, NDRAIN, MXDRN, IN, TOUT, NDRNVL, IDRNAL, IFREFM)

-VERSION 0845 21FEB1996 DRN5SRP

khkhhhhkhhkhkhhkhkhhhkhhhhkhhhhkhhkhkhhhkhhkhhhkhhhhhhkhhhhhhhhhhdhhhhhhhhihhikik

READ DRAIN LOCATIONS, ELEVATIONS, AND CONDUCTANCES

khkhkhkhkhhhkhhhhkhhhkhkhhhkhhhhhhhkhhhhhhkhhhhkhhhhkhhkhhkhhhkhhkhkhhkhkhkhhkhkhhkhkhkhkhhk

SPECIFICATIONS:
DIMENSION DRAI (NDRNVL, MXDRN)
COMMON /DRNCOM/DRNAUX(5)
CHARACTER*16 DRNAUX
CHARACTER*151 LINE

---READ ITMP (NUMBER OF DRAIN CELLS OR FLAG TO REUSE DATA).
IF(IFREFM.EQ.0) THEN
READ(IN, '(I10)') ITMP
ELSE
READ(IN, *) ITMP
END IF

---TEST ITMP.
IF(ITMP.GE.0) GO TO 50

---IF ITMP<0 THEN REUSE DATA FROM LAST STRESS PERIOD.
WRITE(IOUT,7)

FORMAT (1X, /1X, 'REUSING DRAINS FROM LAST STRESS PERIOD')
RETURN
---IF ITMP=>0 THEN IT IS THE NUMBER OF DRAINS.
NDRAIN=ITMP
IF (NDRAIN.LE.MXDRN) GO TO 100
---IF NDRAIN>MXDRN THEN STOP.
WRITE (IOUT,99) NDRAIN,MXDRN
FORMAT (1X, /1X, '"NDRAIN(',I4,') IS GREATER THAN MXDRN(',I4,')')
STOP
---PRINT NUMBER OF DRAINS IN THIS STRESS PERIOD.
WRITE(IOUT,101) NDRAIN
FORMAT(1X,//1X,I5,' DRAINS')
---IF THERE ARE NO DRAINS THEN RETURN.
IF (NDRAIN.EQ.0) GO TO 260
-—-READ AND PRINT DATA FOR EACH DRAIN.
NAUX=NDRNVL-5-IDRNAL
MAXAUX=NDRNVL-IDRNAL
IF (NAUX.GT.0) THEN

WRITE (IOUT,103) (DRNAUX(JJ),JJ=1,NAUX)

WRITE (IOUT,104) ('—-———————mmmmo——e e ', JJ=1,NAUX)
ELSE

WRITE (IOUT,103)

WRITE (IOUT, 104)
END IF
FORMAT(1X,/1X,'LAYER ROW COL ELEVATION CONDUCTANCE Y,
1 'DRAIN NO.',:5(2X,A))
FORMAT(1X,55('-'),5A)

DO 250 II=1,NDRAIN
--=-READ THE REQUIRED DATA WITH FIXED OR FREE FORMAT.
READ(IN,'(A)') LINE
IF(IFREFM.EQ.0) THEN
READ(LINE, ' (3X10,2F10.0)') K,I,J, (DRAI(JJ,II),JJ=4,5)
LLOC=51
ELSE
LLOC=1
CALL URWORD(LINE, LLOC, ISTART, ISTOP,2,K,R,IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART,ISTOP,2,I,R,IOUT,IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,2,J,R,IOUT, IN)
CALL URWORD(LINE, LLOC, ISTART,ISTOP,3,N,DRAI(4,II),IOUT,IN)
CALL URWORD(LINE, LLOC, ISTART,ISTOP,3,N,DRAI(5,ITI),IOUT, IN)
END IF
---READ ANY AUXILIARY DATA WITH FREE FORMAT, AND PRINT ALL VALUES.
IF(NAUX.GT.0) THEN
DO 110 JJ=1,NAUX
CALL URWORD(LINE, LLOC, ISTART,ISTOP, 3,N,DRAI(JJ+5,II),IOUT,IN)
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110 CONTINUE
WRITE (IOUT,115) K,I,J,DRAI(4,II),DRAI(5,II),II,
1 (DRAI (JJ,IT),JJ=6, MAXAUX)
ELSE
WRITE (IouT,1l15) K,I,J,DRAI(4,II),DRAI(5,II),II
END IF
115 FORMAT(1X,I4,I17,I6,G13.4,G14.4,18,:5(2X,G16.5))
DRAI(1,II)=K
DRAI(2,II)=I
DRAI(3,II)=J
250 CONTINUE

C

260 RETURN
(o4
END
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DRNSEM

SUBROUTINE DRN5FM(NDRAIN,MXDRN, DRAI, HNEW, HCOF, RHS, IBOUND,
1 NCOL, NROW, NLAY, NDRNVL)

c
C-——-—- VERSION 1050 16JULY1992 DRNSFM
C hhhkhkhkhkhhkhkihhhkkhhkhhkkhkkhkhhhhkhhkhhhhhhkhhhkhhkhkkhkhkhkhkhkhhhkhhkhkkkkkhkhhkhhkik
c ADD DRAIN FLOW TO SOURCE TERM
c A E S RS X R EE RS SR E R LR XS R R R R XX R R R R R R XX RRRRRX RS R IR RRZE R RS SRR R E X
c
c SPECIFICATIONS:
c __________________________________________________________________
DOUBLE PRECISION HNEW, EEL
c
DIMENSION DRATI (NDRNVL,MXDRN) , HNEW (NCOL, NROW, NLAY) ,
1 RHS (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY) ,
1 HCOF (NCOL, NROW, NLAY)
c __________________________________________________________________
c
Cl-=-=-=- IF NDRAIN<=0 THERE ARE NO DRAINS. RETURN.
IF(NDRAIN.LE.O) RETURN
c
C2--==== PROCESS EACH CELL IN THE DRAIN LIST.
DO 100 L=1,NDRAIN
c
C3-————- GET COLUMN, ROW AND LAYER OF CELL CONTAINING DRAIN.
IL=DRAI(1,L)
IR=DRAI(2,L)
IC=DRAI(3,L)
c
Chd-—————= IF THE CELL IS EXTERNAL SKIP IT.
IF(IBOUND(IC,IR,IL).LE.0) GO TO 100
c
C5-—————- IF THE CELL IS INTERNAL GET THE DRAIN DATA.
EL=DRAI(4,L)
EEL=EL
c
C6--—--- IF HEAD IS LOWER THAN DRAIN THEN SKIP THIS CELL.
IF(HNEW(IC,IR,IL).LE.EEL) GO TO 100
c
C7-——-—- HEAD IS HIGHER THAN DRAIN. ADD TERMS TO RHS AND HCOF.
C=DRAI(5,L)
HCOF (IC, IR, IL)=HCOF(IC, IR,IL)-C
RHS (IC,IR,IL)=RHS(IC,IR,IL)-C*EL
100 CONTINUE
c
C8-————- RETURN.
RETURN
END
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Module DRNSBD

Narrative for Module DRN5BD

DRN5BD calculates flow rates and volumes for water moving from the ground-water flow
system to drains. DRN5BD performs its functions as follows:

1. Initialize values. Total flow rate out of the model is set to 0. Flag IBD is set to indicate how
cell-by-cell flows will be written. If ICBCFL is 0, no flows are written (IBD=0). If ICBCFL is not
0, flows are written as follows:
If IDRNCB is less than 0, flows are written to the listing file (IBD=-1).
If IDRNCB is greater than 0 and ICBCFL is 1, flows are written to unit IDRNCB as a 3-D
array (IBD=1).
If IDRNCB is greater than 0 and ICBCFL is 2, flows are written to unit IDRNCB as a list
(IBD=2).

2. If cell-by-cell flows are to be written as a list, call UBDSV2 to write header information.

3. Clear the 3-D buffer that is used to store flow rates for each cell in the grid. Even if these
values are not written to a file, they are returned by DRN5BD for possible use by other modules.

4. If there are no drains, skip to step 7.
5. Loop through each drain calculating flow.
A. Get layer, row, and column locations for drain, and initialize the flow rate to 0.

B. Skip to step 5G if the cell is no-flow or constant-head, which means there is no flow
to this drain.

C. Get drain parameters from the DRAI array, and define variables. EEL is the double
precision value of the drain elevation. Precision of values is carefully controlled in
order that calculations are done using the same precision that the solvers use and to
avoid mixed mode expressions.

D. If head at the node is greater than the drain elevation, then calculate a head-
dependent flow. Flow is C(EL-HNEW); however, this is calculated as C*EL - C*HNEW
so that budget calculations will be formulated like the flow equation is formulated. This
can be important for simulations that can barely be solved due to a computer’s limited
precision. Subtract flow for this drain from total drain outflow (flow is negative, which
indicates flow into the drain). If head at the node is less than or equal to the drain
elevation, flow is 0; so no calculations are made

E. Write the flow rate to the listing file if IBD is less than 0. Before writing the flow for
the first drain, write a heading.

F. Add the flow rate to the 3-D buffer.
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G.If IBD is 2, call UBDSVA to save flow to a file. If returning flow in the DRAI array,
copy flow to DRAI This is the end of the loop that is invoked for each drain.

6. If IBD is 1, call UBUDSYV to save flow as a 3-D array.

7. Move total flow rates and volume into the global array of budget terms for the model budget.
Also, define the name of the drain budget term.

8. Increment the budget term counter.

9. RETURN.
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DRNSBD

SUBROUTINE DRN5BD(NDRAIN, MXDRN, VBNM, VBVL,MSUM, DRAI, DELT, HNEW,
NCOL, NROW, NLAY, IBOUND, KSTP, KPER, IDRNCB, ICBCFL, BUFF, IOUT,
PERTIM, TOTIM, NDRNVL, IDRNAL)

----- VERSION 1052 06APRIL1993 DRN5BD

khhkhkkhhhhhhhhhhhkhhkhkhkhkhhhhhhhhhhhhhhhhhkhhkhkhkhkkhkhkkhkhkhhkhhkhkhhhhkhhkk

C
Cc
c CALCULATE VOLUMETRIC BUDGET FOR DRAINS

c DL L R T L
(o4

(o4

Cc

MR

SPECIFICATIONS:

CHARACTER*16 VBNM(MSUM), TEXT
DOUBLE PRECISION HNEW, HHNEW, EEL,CC, CEL, RATOUT, QQ

Cc
DIMENSION VBVL(4,MSUM), DRAI (NDRNVL, MXDRN) , HNEW (NCOL, NROW, NLAY),
1 IBOUND (NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
c
DATA TEXT /' DRAINS'/
€C =~ rmmmeer e e e e e e, e, ——— ————————
C
Cl--===- INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
Cl-——==- ACCUMULATOR (RATOUT).
ZERO=0.
RATOUT=ZERO
IBD=0
IF(IDRNCB.LT.0 .AND. ICBCFL.NE.O) IBD=-1
IF(IDRNCB.GT.0) IBD=ICBCFL
IBDLBL=0
C
C2-==—=== IF CELL-BY-CELL FLOWS WILL BE SAVED AS A LIST, WRITE HEADER.
IF(IBD.EQ.2) CALL UBDSV2 (KSTP, KPER, TEXT, IDRNCB, NCOL, NROW, NLAY,
1 NDRAIN, IOUT, DELT, PERTIM, TOTIM, IBOUND)
C
C3-——==- CLEAR THE BUFFER.

DO 50 IL=1,NLAY

DO 50 IR=1,NROW

DO 50 IC=1,NCOL

BUFF (IC, IR, IL)=ZERO
50 CONTINUE

c
C4----—- IF THERE ARE NO DRAINS THEN DO NOT ACCUMULATE DRAIN FLOW.
IF (NDRAIN.LE.Q0) GO TO 200
c
C5-===== LOOP THROUGH EACH DRAIN CALCULATING FLOW.
DO 100 L=1,NDRAIN
c
C5A----- GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.
IL=DRAI(1,L)
IR=DRAI(2,L)
IC=DRAI(3,L)
Q=ZERO
c
C5B-=-—- IF CELL IS NO-FLOW OR CONSTANT-HEAD, IGNORE IT.
IF(IBOUND(IC,IR,IL).LE.0) GO TO 99
c
C5C----- GET DRAIN PARAMETERS FROM DRAIN LIST.
EL=DRAI(4,L)
EEL=EL
C=DRAI(5,L)
HHNEW=HNEW (IC, IR, IL)
c
C5D----- IF HEAD HIGHER THAN DRAIN, CALCULATE Q=C* (EL-HHNEW).
C5D----- SUBTRACT Q FROM RATOUT.
IF (HHNEW.GT.EEL) THEN
CC=C
CEL=C*EL
QQ=CEL - CC*HHNEW
Q=QQ
RATOUT=RATOUT-QQ
END IF
c
C5E---—- PRINT THE INDIVIDUAL RATES IF REQUESTED(IDRNCB<O0).

IF(IBD.LT.0) THEN
IF(IBDLBL.EQ.0) WRITE(IOUT,61) TEXT,KPER,KSTP

61 FORMAT (1X, /1X,A," PERIOD', I3, STEP',I3)
WRITE(IOUT, 62) L,IL,IR,IC,Q
62 FORMAT (1X, 'DRAIN', I4,"' LAYER', I3, ROW',I4,"' COL',I4,
1 ' RATE', 1PG15.6)
IBDLBL=1
END IF
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C5F~=-=~- ADD Q TO BUFFER.
BUFF (IC, IR, IL)=BUFF(IC,IR,IL)+Q

C
C5G~==~~- IF SAVING CELL-BY-CELL FLOWS IN A LIST, WRITE FLOW. OR IF
C5G~==~~ RETURNING THE FLOW IN THE DRAI ARRAY, COPY FLOW TO DRAI.
99 IF(IBD.EQ.2) CALL UBDSVA(IDRNCB, NCOL, NROW, IC, IR, IL, Q, IBOUND, NLAY)
IF(IDRNAL.NE.O) DRAI(NDRNVL,L)=Q
100 CONTINUE
(o]
Cob=m—=-= IF CELL-BY-CELL FLOW WILL BE SAVED AS A 3-D ARRAY,
C6-~----CALL UBUDSV TO SAVE THEM.
IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER, TEXT, IDRNCB, BUFF, NCOL, NROW,
1 NLAY, IOUT)
C

C7------MOVE RATES,VOLUMES & LABELS INTO ARRAYS FOR PRINTING.
200 ROUT=RATOUT
VBVL (3 ,MSUM) =ZERO
VBVL (4, MSUM) =ROUT
VBVL (2, MSUM)=VBVL(2, MSUM) +ROUT*DELT
VBNM (MSUM) =TEXT

C

C8-==-~- INCREMENT BUDGET TERM COUNTER.
MSUM=MSUM+1

[

CO9-mmmmm RETURN.
RETURN
END
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List of Variables for Module DRN5BD

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it.

C Module Conductance of a drain.

CcC Module Double precision equivalent of C.

CEL Module C times EL.

DELT Global  Length of the current time step.

DRAI Package DIMENSION (NDRNVL MXDRN), For each drain: layer, row,

column, elevation, conductance, optional auxiliary parameters,
and optional cell-by-cell budget flow.

EEL Module Double precision equivalent of EL.

EL Module Elevation of the drain.

HHNEW Module Double precision equivalent of HNEW(IC,IR,IL).

HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

IBD Module Cell-by-cell budget flag, which is a composit of IDRNCB and ICBCFL.:

= -1, budget will be printed in the listing file.
= 0, budget will not be saved or printed.
=1, budget will be saved by Module UBUDSV.
=2, budget will be saved by Modules UBDSV2 and UBDSVA.
IBDLBL Module Flag used when printing cell-by-cell budget values in the listing
file so that the budget label is printed only once.
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head cell
IC Module Index for columns.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current
time step.
IDRNAL Package Flag for allocation of memory for returning cell-by-cell flows:
=0, memory has not been allocated in DRAI array to return budget
values.
# 0, memory has been allocated in DRAI array to return budget
values.
IDRNCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
=0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.
IL Module Index for layers.
I0UT Global ~ Unit number for writing to the listing file.
IR Module Index for rows.
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KPER
KSTP

MSUM
MXDRN
NCOL
NDRAIN
NDRNVL

NLAY
NROW
PERTIM

RATOUT
ROUT
TEXT
TOTIM
VBNM
VBVL

ZERO

Global
Global
Module
Global
Package
Global
Package
Package

Global
Global
Global
Module
Module
Module
Module
Module
Global
Global
Global

Module

Stress period counter.
Time step counter. KSTP is reset to 1 at the start of each stress period.
Index for drains.
Counter for budget terms stored in VBNM and VBVL.
The maximum number of drains active at one time.
The number of columns in the grid.
Number of drains active in the current stress period.
The size of the first dimension of the DRAI array; that is, DRAI has
dimensions of (NDRNVL,MXDRN).
The number of layers in the grid.
The number of rows in the grid.
Elapsed time during the current stress period.
Flow rate from a drain into a model cell.
Double precision equivalent of Q.
Accumulator for flow out of the model into drains.
Single precision equivalent of RATOUT.
CHARACTER*16, Label that identifies drain budget data.
Elapsed time in the simulation.
CHARACTER*16(MSUM), Labels for terms in the volumetric budget.
DIMENSION (4,MSUM), Flows for the volumetric budget. For budget
term N, the values in VBVL are:
(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.
(3,N) Rate into the flow system for the current time step.
(4,N) Rate out of the flow system for the current time step.
The constant 0.
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Evapotranspiration Package

Budget calculations in the Evapotranspiration (EVT) Package have been changed to double

precision.
Module EVTSAL

SUBROUTINE EVTS5AL(ISUM, LENX, LCIEVT, LCEVTR, LCEXDP, LCSURF,
1 NCOL, NROW, NEVTOP, IN, IOUT, IEVTCB, IFREFM)

————— VERSION 0957 21FEB1996 EVTS5AL

kbbbt bbbbbbrrdbbbridbbbrbbbbdbrrbrddbidd

ALLOCATE ARRAY STORAGE FOR EVAPOTRANSPIRATION

o e e b ke ke ke e ke e ke ke ke ke ke e ke ke e ke ke ke ke ke ke ke ke ke ke ke ke e ke ke e e e e e e e ke K e e e e e e e e e e e ke e e de ke e b de de de ke K

SPECIFICATIONS:

[eNeNeReNeNoNoNe XoNe Xel

l--=-=- IDENTIFY PACKAGE.
WRITE (IOUT,1)IN
1 FORMAT (1X,/1X, 'EVT5 -- EVAPOTRANSPIRATION PACKAGE, VERSION 5,°',
1 ' 9/1/93',' INPUT READ FROM UNIT',I3)

C2--==-- READ ET OPTION (NEVTOP) AND UNIT OR FLAG FOR CELL-BY-CELL FLOW
C2--mew- TERMS (IEVTCB).
IF(IFREFM.EQ.(0) THEN
READ(IN, '(2I10)') NEVTOP,IEVTCB
ELSE
READ(IN, *) NEVTOP, IEVTCB
END IF

C3-mmmm CHECK TO SEE THAT ET OPTION IS LEGAL.
IF(NEVTOP.GE.1l.AND.NEVTOP.LE.2)G0O TO 200

C3A---=-- IF ILLEGAL PRINT A MESSAGE & ABORT SIMULATION.
WRITE(IOUT, 8)
8 FORMAT (1X, 'ILLEGAL ET OPTION CODE. SIMULATION ABORTING')
STOP

Chd---==- IF THE OPTION IS LEGAL THEN PRINT THE OPTION CODE.
200 IF(NEVTOP.EQ.1l) WRITE(IOUT,201)
201 FORMAT (1X, 'OPTION 1 -- EVAPOTRANSPIRATION FROM TOP LAYER')
IF(NEVTOP.EQ.2) WRITE(IOUT, 202)
202 FORMAT (1X, 'OPTION 2 -- EVAPOTRANSPIRATION FROM ONE SPECIFIED',
1 ' NODE IN EACH VERTICAL COLUMN')
IRK=ISUM

Co--mm - IF CELL-BY-CELL FLOWS ARE TO BE SAVED, THEN PRINT UNIT NUMBER.
IF(IEVTCB.GT.0) WRITE(IOUT,203) IEVTCB
203 FORMAT (1X, 'CELL-BY~-CELL FLOWS WILL BE SAVED ON UNIT',I3)

C6-—--~- ALLOCATE SPACE FOR THE ARRAYS EVTR, EXDP AND SURF.
LCEVTR=ISUM
ISUM=ISUM+NCOL*NROW
LCEXDP=ISUM
ISUM=ISUM+NCOL*NROW
LCSURF=ISUM
ISUM=ISUM+NCOL*NROW

C7--===- IF OPTION 2 THEN ALLOCATE SPACE FOR THE INDICATOR ARRAY (IEVT)
LCIEVT=ISUM
IF(NEVTOP.NE.2)GO TO 300
ISUM=ISUM+NCOL*NROW

C8-mmm—m CALCULATE & PRINT AMOUNT OF SPACE USED BY ET PACKAGE.
300 IRK=ISUM-IRK
WRITE (IOUT, 4) IRK
4 FORMAT (1X,T10,' ELEMENTS OF X ARRAY ARE USED BY EVT')
ISUM1=ISUM-1
WRITE (IOUT, 5) ISUM1, LENX
5 FORMAT(1X,I10,' ELEMENTS OF X ARRAY USED OUT OF ',Il0)
IF(ISUM1.GT.LENX)WRITE(IOUT, 6)
6 FORMAT (1X,' ***X ARRAY MUST BE MADE LARGER***')
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Module EVISRP

SUBROUTINE EVTSRP (NEVTOP, IEVT, EVTR, EXDP, SURF, DELR, DELC,
1 NCOL, NROW, IN, IOUT, IFREFM)

c
C-—--—- VERSION 1001 21FEB1996 EVTSRP
C khkhkhkhhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhhkhkhhkhkhkhkhkhhkhhkhhhkhkkhkk*k
c READ EVAPOTRANSPIRATION DATA
c hhkhkhhhhhhhhhhhhhhhhhhhhhhkhhhhhkhhhhkhhhhhkhhhhhhhhhhkhhhhkhkhkhkhkhhhhik®
c
(o} SPECIFICATIONS:
C __________________________________________________________________
CHARACTER*24 ANAME (4)
DIMENSION IEVT (NCOL,NROW), EVTR(NCOL, NROW) , EXDP (NCOL, NROW),
1 SURF (NCOL, NROW) , DELR (NCOL) , DELC (NROW)
c
DATA ANAME(1l) /° ET LAYER INDEX'/
DATA ANAME(2) /' ET SURFACE'/
DATA ANAME(3) /' EVAPOTRANSPIRATION RATE'/
DATA ANAME(4) /' EXTINCTION DEPTH'/
c __________________________________________________________________
c
Cl-=-=-—= READ FLAGS SHOWING WHETHER DATA IS TO BE REUSED.
IF(NEVTOP.EQ.2) THEN
IF(IFREFM.EQ.0) THEN
READ(IN, '(4I10)') INSURF,INEVTR, INEXDP, INIEVT
ELSE
READ(IN, *) INSURF,INEVTR, INEXDP, INIEVT
END IF
ELSE
IF(IFREFM.EQ.0) THEN
READ(IN, ' (3I10)') INSURF, INEVTR, INEXDP
ELSE
READ(IN, *) INSURF,INEVTR, INEXDP
END IF
END IF
c
C2-=-=-=-- TEST INSURF TO SEE WHERE SURFACE ELEVATION COMES FROM.
IF(INSURF.GE.0)GO TO 32
c
C2A------ IF INSURF<0 THEN REUSE SURFACE ARRAY FROM LAST STRESS PERIOD
WRITE(IOUT,3)
3 FORMAT(1X, /1X, 'REUSING SURF FROM LAST STRESS PERIOD')
GO TO 35
c
C3-—————- IF INSURF=>0 THEN CALL MODULE U2DREL TO READ SURFACE.
32 CALL U2DREL (SURF,ANAME (2), NROW, NCOL, 0, IN, IOUT)
c
Cd-==-=~ TEST INEVTR TO SEE WHERE MAX ET RATE COMES FROM.
35 IF(INEVTR.GE.0)GO TO 37
c
C4A----- IF INEVTR<0 THEN REUSE MAX ET RATE.
WRITE(IOUT,4)
4 FORMAT (1X, /1X, 'REUSING EVTR FROM LAST STRESS PERIOD')
GO TO 45
c
C5-——=—= IF INEVTR=>0 CALL MODULE U2DREL TO READ MAX ET RATE.
37 CALL U2DREL(EVTR,ANAME (3), NROW,NCOL, 0, IN, IOUT)
c
C6-————- MULTIPLY MAX ET RATE BY CELL AREA TO GET VOLUMETRIC RATE
DO 40 IR=1,NROW
DO 40 IC=1,NCOL
EVTR(IC, IR)=EVTR(IC, IR)*DELR(IC)*DELC (IR)
40 CONTINUE
c
C7--==—- TEST INEXDP TO SEE WHERE EXTINCTION DEPTH COMES FROM
45 IF(INEXDP.GE.0)GO TO 47
c
C7A---=--~ IF INEXDP<0 REUSE EXTINCTION DEPTH FROM LAST STRESS PERIOD
WRITE (IOUT, 5)
5 FORMAT (1X,/1X, 'REUSING EXDP FROM LAST STRESS PERIOD')
GO TO 48
c
C8———-——- IF INEXDP=>0 CALL MODULE U2DREL TO READ EXTINCTION DEPTH
47 CALL U2DREL (EXDP, ANAME (4 ), NROW,NCOL, 0, IN, IOUT)
c
C9-——-—- IF OPTION(NEVTOP) IS 2 THEN WE NEED AN INDICATOR ARRAY.
48 IF(NEVTOP.NE.2)GO TO 50
c
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------ IF INIEVT<0 THEN REUSE LAYER INDICATOR ARRAY.
IF(INIEVT.GE.0)GO TO 49
WRITE (IOUT, 2)
2 FORMAT(1lX, /1X, 'REUSING IEVT FROM LAST STRESS PERIOD')
GO TO 50

—————— IF INIEVT=>0 THEN CALL MODULE U2DINT TO READ INDICATOR ARRAY.
49 CALL U2DINT(IEVT,ANAME (1), NROW,NCOL, 0, IN,IOUT)
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Module EVTSEM

SUBROUTINE EVT5FM(NEVTOP, IEVT, EVTR, EXDP, SURF, RHS, HCOF,
1 IBOUND, HNEW, NCOL, NROW, NLAY)

c
C-=-=- VERSION 1616 16JULY1992 EVTS5FM
c AKEAAAXEARREARhAAkhhhhhhhkhkhhhhhhhhkhhkhkkhhkhhhkhhkhkhkhhkhhkhhkhkhkhkkhhkhhkhhhhhkkhkk
c ADD EVAPOTRANSPIRATION TO RHS AND HCOF
c hhhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhhhkhhkhhkhhkhkkhkhkhkhkhkhkhkhhhhhhhhhhhhkhhkhhkhhkhhhhhh
c
c SPECIFICATIONS:
c __________________________________________________________________
DOUBLE PRECISION HNEW, HH, SS,XX,DD
DIMENSION IEVT (NCOL, NROW) , EVTR (NCOL, NROW) , EXDP (NCOL, NROW) ,
1 SURF (NCOL, NROW) , RHS (NCOL, NROW, NLAY) ,
2 HCOF (NCOL, NROW, NLAY) , IBOUND (NCOL, NROW, NLAY) ,
3 HNEW (NCOL, NROW, NLAY)
c __________________________________________________________________
c
Cl------ PROCESS EACH HORIZONTAL CELL LOCATION
DO 10 IR=1,NROW
DO 10 IC=1,NCOL
c
C2-————= SET THE LAYER INDEX EQUAL TO 1 .
IL=1
c
C3-==== IF OPTION 2 IS SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY
IF (NEVTOP.EQ.2)IL=IEVT(IC,IR)
c
Cd--===-= IF THE CELL IS EXTERNAL IGNORE IT.
IF (IBOUND(IC,IR,IL).LE.0)GO TO 10
C=EVTR (IC,IR)
S=SURF (IC, IR)
gs=8s
HH=HNEW (IC, IR, IL)
c
C5==m== IF AQUIFER HEAD IS GREATER THAN OR EQUAL TO SURF, ET IS CONSTANT
IF(HH.LT.SS) GO TO 5
c
C5A----- SUBTRACT -EVTR FROM RHS
RHS (IC,IR,IL)=RHS(IC,IR,IL) + C
GO TO 10
c
C6-—————- IF DEPTH TO WATER>=EXTINCTION DEPTH THEN ET IS 0
5 DD=SS-HH
X=EXDP (IC,IR)
XX=X
IF(DD.GE.XX)GO TO 10
c
C7—=——==- LINEAR RANGE. ADD ET TERMS TO BOTH RHS AND HCOF.
RHS(IC,IR,IL)=RHS(IC,IR,IL)+C-C*S/X
HCOF (IC, IR, IL)=HCOF(IC,IR,IL)-C/X
10 CONTINUE
c
[of: BT RETURN
RETURN
END
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M e EVISBD

Narrative for Module EVT5BD

EVT5BD calculates flow rates and volumes of water removed from the ground-water flow
system by evapotranspiration. EVT5BD performs its functions as follows:

1. Set total flow rate out of the model to 0.

2. Clear the 3-D buffer that is used to store flow rates for each cell in the grid. Even if these
values are not written to a file, they are returned by EVI5BD for possible use by other modules.
Flag IBD is set to indicate how cell-by-cell flows will be written. If IEVTCB is less than or equal
to 0, no flows are written (IBD=0). If IEVTCB is greater than 0, then IBD is set equal to ICBCFL.
The value of ICBCFL, which is specified in the Output Control Option, determines how flows are
written as follows:

0 -- flows are not written

1 -- flows are written as a 3-D array to unit IEVTCB.

2 -- flows are written to unit IEVTCB as a 1-layer array.

3. Loop through all rows and columns and accumulate evapotranspiration.

4. Set the layer index to 1, which is the correct value when the evapotranspiration (NEVTOP) is
1.

5. If the evapotranspiration option is 2, set the layer index to the value of the layer indicator
array, IEVT.

6. If cell is no flow or constant head, skip this cell. Otherwise, get parameters needed to
calculate the evapotranspiration rate.

7. If aquifer head is less than the evapotranspiration surface, skip to step 8. If aquifer head is
greater than or equal to the evapotranspiration surface, then set the evapotranspiration rate to

the maximum rate and go to step 10.

8. Calculate the distance of the water level below the evapotranspiration surface. If this distance
is greater than the extinction depth, ET is 0; skip this cell.

9. ET is in the linear range; calculate the rate using the linear formula.
10. Add evapotranspiration to RATOUT.
11. Add evapotranspiration to the 3-D cell-by-cell budget array, BUFF.

12. Call the appropriate utility module to write cell-by-cell flows; UBUDSV for a 3-D array and
UBDSV3 for 1-layer array.

13. Move total flow rates into the global array of budget terms for the model budget.
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14. Add the total flow volume for the time step to the global array of budget terms for the model
budget.

15. Define the name of the recharge budget term.

16. Increment the budget term counter.

17. RETURN.
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EVISBD

SUBROUTINE EVTS5BD(NEVTOP,IEVT,EVTR, EXDP, SURF, IBOUND, HNEW,
1 NCOL, NROW, NLAY, DELT, VBVL, VBNM, MSUM, KSTP, KPER,
2 IEVTCB, ICBCFL, BUFF, I0UT, PERTIM, TOTIM)

C-==== VERSION 0829 18DEC1992 EVTSBD
Cc EEEERERRERRERRERRERKEERRKEER AR RRERRERARRRARARRRRRERRRARRRAR AR R AR R RN AN
(o4 CALCULATE VOLUMETRIC BUDGET FOR EVAPOTRANSPIRATION
C L2 A AR R A X R SRR AR AR 2R R X XXX 2 X R XX R XA XXX SR XXX X2 X2 223
(o]
c SPECIFICATIONS:
C e m e e e e e ————
CHARACTER*16 VBNM(MSUM), TEXT
DOUBLE PRECISION HNEW,RATOUT, QQ,HH, SS,DD, XX, HHCOF, RRHS
DIMENSION IEVT (NCOL,NROW), EVTR(NCOL, NROW) , EXDP (NCOL, NROW),
1 SURF (NCOL, NROW) , TBOUND (NCOL, NROW, NLAY) ,
2 VBVL (4, MSUM) , HNEW ( NCOL, NROW, NLAY) , BUFF (NCOL, NROW, NLAY)
DATA TEXT /' ET'/
C | e, e, —————————
o]
Cl-=-=-- CLEAR THE RATE ACCUMULATOR.
ZERO=0.
RATOUT=ZERO
c
C2====== SET CELL-BY-CELL BUDGET SAVE FLAG (IBD) AND CLEAR THE BUFFER.
IBD=0
IF(IEVTCB.GT.0) IBD=ICBCFL
DO 2 IL=1,NLAY
DO 2 IR=1,NROW
DO 2 IC=1,NCOL
BUFF (IC,IR,IL)=ZERO
2 CONTINUE
c
C3===—== PROCESS EACH HORIZONTAL CELL LOCATION.
DO 10 IR=1,NROW
DO 10 IC=1,NCOL
o]
Cd-===== SET THE LAYER INDEX EQUAL TO 1.
IL=1
[od
C5-=-—=-- IF OPTION 2 IS SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY.
IF (NEVTOP.EQ.2)IL=IEVT(IC,IR)
o]
C6b-===—= IF CELL IS EXTERNAL THEN IGNORE IT.
IF (IBOUND(IC,IR,IL).LE.0)GO TO 10
C=EVTR(IC,IR)
S=SURF(IC,IR)
ss=s
HH=HNEW (IC,IR,IL)
(o]
C7-——-—=== IF AQUIFER HEAD => SURF, SET Q=MAX ET RATE.
IF(HH.LT.SS) GO TO 7
QQ=-C
GO TO 9
o
C8-=—-—= IF DEPTH=>EXTINCTION DEPTH, ET IS 0.
7 X=EXDP(IC,IR)
XX=X
DD=SS-HH
IF(DD.GE.XX)GO TO 10
o]
C9-===—= LINEAR RANGE. Q=-EVTR* (HNEW- (SURF-EXDP))/EXDP, WHICH IS
C9-=———= FORMULATED AS Q= -HNEW*EVTR/EXDP + (EVTR*SURF/EXDP -EVTR).
HHCOF=-C/X
RRHS=(C*S/X)-C
QQ=HH*HHCOF+RRHS
o
cl0----- ACCUMULATE TOTAL FLOW RATE.
9 Q=QQ
RATOUT=RATOUT-QQ
o
cii----- ADD Q TO BUFFER.
BUFF(IC,IR,IL)=Q
10 CONTINUE
o
Ccl2----- IF CELL-BY-CELL FLOW TO BE SAVED, CALL APPROPRIATE UTILITY
Ccl2----- MODULE SAVE THEM.

IF(IBD.EQ.1l) CALL UBUDSV(KSTP, KPER, TEXT, IEVTCB, BUFF, NCOL, NROW,
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1 NLAY, IOUT)
IF(IBD.EQ.2) CALL UBDSV3(KSTP,KPER, TEXT, IEVTCB, BUFF, IEVT, NEVTOP,
1 NCOL, NROW, NLAY, IOUT, DELT, PERTIM, TOTIM, IBOUND)

C

Cl3-~-=~~ MOVE TOTAL ET RATE INTO VBVL FOR PRINTING BY BAS1OT.
ROUT=RATOUT
VBVL (3, MSUM) =ZERO
VBVL (4, MSUM) =ROUT

C

Cl4~-~-~~~ ADD ET(ET_RATE TIMES STEP LENGTH) TO VBVL.
VBVL(2,MSUM) =VBVL (2, MSUM) +ROUT*DELT

C

Cl5~~~~~ MOVE BUDGET TERM LABELS TO VBNM FOR PRINT BY MODULE BAS1O0T.
VBNM (MSUM) =TEXT

C

Cl6-~~~~ INCREMENT BUDGET TERM COUNTER.
MSUM=MSUM+1

C

Cl7~~~~~ RETURN.
RETURN
END
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List of Variables for Module EVT5BD

Variable Range Definition

BUFF Global DIMENSION (NCOL,NROW ,NLAY), Buffer used to accumulate
information before printing or recording it.

C Module Maximum evapotranspiration rate at a cell.

DD Module SS-HH.

DELT Global  Length of the current time step.

EVTR Package DIMENSION (NCOL,NROW), Maximum evapotranspiration rate.

EXDP Package DIMENSION (NCOL NROW), Extinction depth.

HH Module Double precision equivalent of HNEW(IC,IRIL).

HHCOF Module -C/X.

HNEW Global DIMENSION (NCOL NROW,NLAY), Most recent estimate of head in
each cell. HNEW changes at each iteration.

IBD Module Cell-by-cell budget flag for this package:

=0, budget will not be saved or printed.
=1, budget will be saved by Module UBUDSV.
=2, budget will be saved by Modules UBDSV2 and UBDSVA.
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell in the grid:
< 0, constant-head cell
= 0, no-flow (inactive) cell
> 0, variable-head cell
IC Module Index for columns.
ICBCFL Global  Flag for saving or printing cell-by-cell flow terms:
= 0, cell-by-cell flow terms will not be saved or printed for the
current time step.
# 0, cell-by-cell flow terms will be saved or printed for the current

time step.

IEVT Package DIMENSION (NCOLNROW), Layer number to which
evapotrnspiration will be applied if the evapotranspiration option
(NEVTOP) is 2.

IEVTCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever
ICBCFL is set.
<0 or = 0, cell-by-cell budget flow will not be saved or written to
the listing file.

IL Module Index for layers.

IOUT Global  Unit number for writing to the listing file.

IR Module Index for rows.

KPER Global  Stress period counter.

KSTP Global  Time step counter. KSTP is reset to 1 at the start of each stress period.

MSUM Global  Counter for budget terms stored in VBNM and VBVL.

NCOL Global = The number of columns in the grid.

NEVTOP Package Evapotranspiration option:
= 1, evapotranspiration is to the top layer.
=2, layer number for evapotranspiration for each horizontal cell
location is specified in IRCH.

NLAY Global  The number of layers in the grid.

NROW Global = The number of rows in the grid.
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PERTIM

Q

QQ
RATOUT
ROUT
RRHS

S

SS

SURF

TEXT
TOTIM

VBNM
VBVL

ZERO

Global

Module
Module
Module
Module
Module
Module
Module
Package

Module

Global
Global
Global

Module
Module
Module

Elapsed time during the current stress period.

Rate of flow from evapotranspiration into a model cell.

Double precision equivalent of Q

Accumulator for flow from evapotranspiration out of the model.

Single precision equivalent of RATOUT.

(C*S/X)-C

Elevation of the evapotranspiration surface for a cell.

Double precision equivalent of S.

DIMENSION (NCOL,NROW), Elevation of the evapotranspiration
surface.

CHARACTER*16, Label that identifies the evapotranspiration budget
data.

Elapsed time in the simulation.

CHARACTER*16(MSUM), Labels for terms in the volumetric budget.

DIMENSION (4,MSUM), Flows for the volumetric budget. For budget
term N, the values in VBVL are:
(1,N) Volume into the flow system during the simulation.
(2,N) Volume out of the flow system during the simulation.

(3,N) Rate into the flow system for the current time step.
(4 N) Rate out of the flow system for the current time step.
Extinction depth for a cell.
Double precision equivalent of X.
The constant 0.
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General-Head Boundary Package

Budget calculations in the General-Head Boundary (GHB) Package have been changed to
double precision. In addition, the ability to read extra data parameters for each boundary has
been added.

Modul HB5AL
Narrative for Module GHB5AL

Module GHB5AL allocates space in the X array for boundary data. GHBSAL performs its
functions as follows:

1. Write a message identifying the package. Also, initialize the number of boundaries to 0.

2. Read the first record from the GHB file into a buffer so it can be parsed by URWORD. Decode
the maximum number of boundaries (MXBND) in any stress period and the GHB cell-by-cell
budget flag (IGHBCB) using URWORD or READ depending on the free format flag (IFREFM).

3. Check for alphabetic options. "AUXILIARY" or "AUX" indicates an extra data parameter is to
be read. "CBCALLOCATE" or "CBC" indicates that memory will be allocated to store the flow
rate into the model from each boundary. Keep track of the total number of data values for each
boundary in NGHBVL, which is needed in order to calculate the required space in the X array.

4. Allocate space in the X array for the BNDS array. Set LCBNDS equal to ISUM, which is the
lowest unused location in X. Add the size of BNDS to ISUM.

5. Print the number of elements in the X array used by the GHB Package and the total space used
in the X array.

6. RETURN.
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GHBSAL

SUBROUTINE GHB5AL (ISUM, LENX, LCBNDS, NBOUND, MXBND, IN, IOUT, IGHBCE,
1 NGHBVL, IGHBAL, IFREFM)

----- VERSION 0943 21FEB1996 GHBSAL

kbbbt hbbtdbddbdddbdbbhbtdbbdbbdhkd bbb bdbbridd

ALLOCATE ARRAY STORAGE FOR HEAD-DEPENDENT BOUNDARIES

(X222 222222 X2 X R 2 22X 2 X2 2222 2 X2 2 22 X2 2 X2 XX 22X 22 2 2 XXX 2 222 R X 2 X 2 Rt 2t

SPECIFICATIONS:

COMMON /GHBCOM/GHBAUX(5)
CHARACTER*16 GHBAUX
CHARACTER*80 LINE

nanNaonnoan

1l---=-=-- IDENTIFY PACKAGE AND INITIALIZE # OF GENERAL HEAD BOUNDS.
WRITE(IOUT, 1)IN

1 FORMAT (1X, /1X, 'GHB5 -- GHB PACKAGE, VERSION 5, 9/1/93',

1*' INPUT READ FROM UNIT',I3)

NBOUND=0

C2-—---- READ MAXIMUM NUMBER OF BOUNDS AND UNIT OR FLAG FOR
C2------ CELL-BY-CELL FLOW TERMS.
READ(IN, '(A)') LINE
IF(IFREFM.EQ.0) THEN
READ(LINE, ' (2I10) ') MXBND, IGHBCB
LLOC=21
ELSE
LLOC=1
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, MXBND, R, IOUT, IN)
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2, IGHECB, R, IOUT, IN)
END IF
WRITE (IOUT,3) MXBND
3 FORMAT(1X, 'MAXIMUM OF',I5,' HEAD-DEPENDENT BOUNDARY NODES')
IF(IGHBCB.LT.0) WRITE(IOUT,7)
7 FORMAT (1X, 'CELL-BY-CELL FLOWS WILL BE PRINTED WHEN ICBCFL NOT 0')
IF(IGHBCB.GT.0) WRITE(IOUT,8) IGHBCEB
8 FORMAT(1X, 'CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT',I3)

C3-=—==—- READ AUXILIARY PARAMETERS AND CBC ALLOCATION OPTION.
IGHBAL=0
NAUX=0
10 CALL URWORD(LINE, LLOC, ISTART,ISTOP,1,N,R, IOUT, IN)
IF(LINE(ISTART:ISTOP) .EQ. 'CBCALLOCATE' .OR.
1 LINE (ISTART:1ISTOP).EQ.'CBC') THEN
IGHBAL=1
WRITE(IOUT,11)
11 FORMAT (1X, '"MEMORY IS ALLOCATED FOR CELL-BY-CELL BUDGET TERMS')
GO TO 10
ELSE IF(LINE(ISTART:ISTOP).EQ.'AUXILIARY' .OR.
1 LINE(ISTART:ISTOP).EQ.'AUX') THEN
CALL URWORD(LINE, LLOC, ISTART, ISTOP, 1, N, R, IOUT, IN)
IF(NAUX.LT.5) THEN
NAUX=NAUX+1
GHBAUX (NAUX)=LINE(ISTART:ISTOP)
WRITE(IOUT,12) GHBAUX(NAUX)
12 FORMAT (1X, 'AUXILIARY BOUNDARY PARAMETER: ',A)
END IF
GO TO 10
END IF
NGHBVL=5+NAUX+IGHBAL

Cd-———--- ALLOCATE SPACE IN THE X ARRAY FOR THE BNDS ARRAY.
LCBENDS=ISUM
ISP=NGHBVL*MXBND
ISUM=ISUM+ISP

C5-—-———- PRINT AMOUNT OF SPACE USED BY THE GHE PACKAGE.

WRITE(IOUT, 14) ISP

14 FORMAT(1X,I10,' ELEMENTS IN X ARRAY ARE USED BY GHB')
ISUM1=ISUM-1
WRITE (IOUT,15) ISUM1, LENX

15 FORMAT (1X,I1l0,' ELEMENTS OF X ARRAY USED OUT OF ',I10)
IF(ISUM1.GT.LENX) WRITE (IOUT, 16)

16 FORMAT(1X,' ***X ARRAY MUST BE DIMENSIONED LARGER***')
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List of Variables for Module GHB5AL

Variable Range Definition
GHBAUX Package CHARACTER*16(5), names of auxiliary parameters.
IFREFM Global  Flag indicating if data should be read using free or fixed format:

=0, fixed format
#0, free format
IGHBAL Package Flag for allocation of memory for returning cell-by-cell flows:
=0, memory has not been allocated in BNDS array to return
budget values.
# 0, memory has been allocated in BNDS array to return budget
values.
IGHBCB Package Cell-by-cell budget flag for this package:
> 0, unit number for saving cell-by-cell budget flow whenever

ICBCFL is set.
= 0, cell-by-cell budget flow will not be saved or written to the
listing file.
<0, cell-by-cell budget flow will be written to the listing file
whenever ICBCFL is set.

IN Package Primary unit number from which input for this package is read.

I0OUT Global  Unit number for writing to the listing file.

ISP Module Number of elements allocated in the X array by this package.

ISTART Module Index pointing to the start of a word found by Module URWORD.

ISTOP Module Index pointing to the end of a word found by Module URWORD.

ISUM Global  Index of the lowest element in the X array which has not yet been
allocated.

ISUM1 Module ISUM-1.

LCBNDS Package Location in the X array of the first element of array BNDS.

LENX Global =~ The number of elements in the X array. LENX is defined in a
PARAMETER statement in the MAIN program.

LINE Module CHARACTER?*80, contents of a record that has been read from the
package input file. LINE is parsed by URWORD.

LLOC Module Index that tells URWORD where to start looking for a word within
LINE.

MXBND Package The maximum number of boundaries active at one time.

N Module Argument place holder for calls to URWORD in which the argument is
unused.

NAUX Module Counter for the number of auxiliary boundary parameters.

NBOUND  Package Number of boundaries active in the current stress period.

NGHBVL Package The size of the first dimension of the BNDS array; that is, BNDS has
dimensions of (NGHBVL,MXBND).

R Module  Argument place holder for calls to URWORD in which the argument is
unused.
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GHBSRP

SUBROUTINE GHBS5SRP (BNDS, NBOUND, MXBND, IN, IOUT, NGHBVL, IGHBAL, IFREFM)

C
C----- VERSION 0946 21FEB1996 GHB5RP
c L E o P I 2 P Y Y )
c READ DATA FOR GHB
c P T L T Y Ty
C
C SPECIFICATIONS:
C e e
DIMENSION BENDS (NGHBVL, MXBND)
COMMON /GHBCOM/GHBAUX(5)
CHARACTER*16 GHBAUX
CHARACTER*151 LINE
€ e —————————————
C
Cl------ READ ITMP (# OF GENERAL HEAD BOUNDS OR FLAG TO REUSE DATA).
IF(IFREFM.EQ.0) THEN
READ(IN, ' (I10)') ITMP
ELSE
READ(IN,*) ITMP
END IF
C
C2-—-=—- TEST ITMP
IF(ITMP.GE.0) GO TO 50
C
C2A----- IF ITMP<0 THEN REUSE DATA FROM LAST STRESS PERIOD.
WRITE (IOUT,7)
7 FORMAT (1X,/1X, 'REUSING HEAD-DEPENDENT BOUNDS FROM LAST STRESS',
1 ' PERIOD')
GO TO 260
C
C3-m—mmm IF ITMP=>0 THEN IT IS THE # OF GENERAL HEAD BOUNDS.
50 NBOUND=ITMP
C
Cd-—---=- IF MAX NUMBER OF BOUNDS 1S EXCEEDED THEN STOP.
IF (NBOUND.LE.MXBND) GO TO 100
WRITE(IOUT,99) NBOUND,MXBND
99 FORMAT(1X,/1X, 'NBOUND(',I4,') IS GREATER THAN MXBND(',I4,')"')
C
C4A----- ABNORMAL STOP.
STOP
C
C5-==m=- PRINT # OF GENERAL HEAD BOUNDS THIS STRESS PERIOD.
100 WRITE(IOUT,101l) NBOUND
101 FORMAT(1X,//1X,15,' HEAD-DEPENDENT BOUNDARY NODES')
(o4
C6====== IF THERE ARE NO GENERAL HEAD BOUNDS THEN RETURN.
IF (NBOUND.EQ.0) GO TO 260
C
C7-—===- READ & PRINT DATA FOR EACH GENERAL HEAD BOUNDARY.

NAUX=NGHBVL-5-IGHBAL

MAXAUX=NGHBVL-IGHBAL

IF (NAUX.GT.0) THEN
WRITE(IOUT,103) (GHBAUX(JJ),JJ=1,NAUX)
WRITE(IOUT,104) ('----=-=-—--———m—m- ', JJ=1,NAUX)

ELSE
WRITE(IOUT,103)
WRITE(IOUT,104)

END IF

103 FORMAT(1X,/1X, 'LAYER ROW COL ELEVATION CONDUCTANCE 'y
1 'BOUND NO.',:5(2X,A))
104 FORMAT(1X,55('-'),5A)
DO 250 IXI=1, NBOUND
C7A----~ READ THE REQUIRED DATA WITH FIXED OR FREE FORMAT.

READ(IN, '(A)') LINE

IF (IFREFM.EQ.0) THEN
READ(LINE, '(3I10,2F10.0)') K,I,J, (BNDS(JJ,IX),JJ=4,5)
LLOC=51

ELSE
LLOC=1
CALL URWORD (LINE, LLOC, ISTART, ISTOP, 2,K,R,IOUT, IN)
CALL URWORD (LINE,LLOC, ISTART, ISTOP,2,I,R,IOUT,IN)
CALL URWORD({(LINE,LLOC, ISTART, ISTOP,2,J,R,IO0UT, IN)
CALL URWORD(LINE, LLOC, ISTART, ISTOP,3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>