Narrative for Module RCHIBD

This module calculates rates and volumes added to the aquifer by

areally distributed recharge.
1. Clear the rate accumulators RATIN and RATOUT.

2. If cell-by-cell flow terms will be saved, clear the buffer (BUFF)
in which they will be accumulated.

3. If the recharge option is one, the recharge goes into the top layer,

Process the horf{zontal locations one at 2 tima,
(a) If the cell is external, do not calculate budget.

(b) If cell-by-cell flow terms will be saved, add recharge to

the buffer,

(c) If the recharge is positive, add it *o RATIN; otherwise, add it
to RATOUT,

4. If the recharge option is two, recharge goes into the layer specified

in indicator array (IRCH). Process the horizontal locatfons one at a time.
(a) Get th~ cell layer from indicator array (IRCH).
(b) If the cell is external, do not calculate budget.

(c) If cell-by-cell flow terms will be saved, add the recharge to

the buffer.

(d) If the recharge is positive, add it to RATIN; otherwise, add it
to RATOUT.
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5. If the recharge option is three, the recharge goes into the top
variable-head cell provided there fs not a constant-head cell adove it.
Process the horizontal locations one at a time. Start with the top cell

and work down.

(a) If the cell s inactive, there is no recharge into that cell;

move down to the next one.

(b) If the cell is constant, there is no recharge at-this

horizontal location; move on to the next horizonta)l Tocation.

(c) 1If cell-by-cell flow terms 2re to be saved, add the recharge to

the buffer,

(d) If the recharge 1s positive, add it to RATIN; otherwise, add it

to RATOUT,

6. If cell-by-cell flow terms will be saved, call module UBUDSV to

write the buffer (BUFF) onto disk.
7. Move RATIN and RATOUT into. the VBVL array for printing by BAS10T.

B. Add RATOUT multiplied by the time-step Tength to the volume
accumulators in VBYL for printing by BASI1OT.

9. Move the recharge budget-term labels to VBNM for printing by BAS10T,
10. Increment the budget-term counter (MSUM).

11. RETURN,
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Flow Chart for Module RCH1BD

RATIN is an accumulator to
which al1 flows into the
aquifer are added.

RATOUT 1s an accumul ator
to which all flows out
of the aquifer are
added,

BUFFER 1s an array in
which values are stored
as they are being
gathered for printing
or recording,

NRCHOP is the recharge
option,

1 - Recharge s to the
top 1ayer.

2 - Recharge is to the
layer specified by
the user in the
indicator array
(IRCH).

3 - Recharge is to the
uppermost active
cell,

IRCH {s an array contain-
ing a recharge indicator
for each horizontal
cell, It is usad only
if the recharge option
(NRCHOP} $s equal to two.

VBVL Is a table of budget
entries calculated by
component-of-fl ow packages
for use in calculating
the voiumetric budget.

VBNM s a table of labels
for budget terms.

EXTERNAL: a cell is external
1f 1t is either no flow
inactive) or constant

head,
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Variable Range
BUFF Global
DELT Global
18D Module
1BOUND Global
1C Module
1CBCFL Global
L Module
10UT Global
IR ~ Module
IRCH Package
IRCHCS Package
KPER Global
KSTP Global
MSUM Global
NCOL Global

List of Variables fo? Module RCH18D

Definition

DIMENSION (NCOL ,NROW,NLAY), Buffer used to accumulate
information before printing or recording {t,

Length of the current time s2ep,

Flag.
= 0, cell-by-cell flow terms for this package will
not be recorded,
» 0, cell-dby-cell flow terms for this package will
be recorded.

DIMENS;ON (NCOL NROW NLAY), Status of ‘each cell.
< 0, constant-head cell
= 0, inactive cell
> 0, variable-heac cell

Index for columns,

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

Index for layers.

Primary unit number for all printed output. IO0UT = 6,
Index for rows.
DIMENSION (NCOL,NROW), Layer number for each horizontal

cell location to which recharge will be applied {f
the recharge option {NRCHOP) is equal to 2.

Flag.
IRCHCB < 0, cell-by-cell flow terms will not be
recorded or printed,
IRCHCB > 0 and ICBCFL = 0, cell-by-cell flow terms

for the RCH1 Package will be recorded
on UNIT = IRCHCR,

Stress period counter,

Tima step counter, Reset at the start of each stress
perind,

Counter for budget entries and labels in VBYL and VBNM.
Number of columns in the grid,
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List of Variables for Module RCH1BD (Continued)

Variable Range Definition
NLAY Global Number of layers in the grid.
NRCHOP Package Recharge option:

= 1, recharge is to the top grid layer.

= 2, recharge is to the grid layer specified in
array IRCH,

» 3, recharge is to the highest variable-head cell
which §s not below a constant-head cell.

NROW Globdal Number of rows in the grid,

Q Module Flow from recharge into a cell. (Reverse the sign to
get flow out of the cell.)

RATIN Module Accumylator for the total flow into the flow field from
recharge. .

RATOUT Module Accumulator for the total flow out of the flow field
to recharge,

RECH  .ackage  DIMENSION (NCOL,NROW), Recharge rate.

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

VEBNM Global OIMENSION (4,20), Labels for entries in the volumetric
budget.

VBVL Global DIMENSION (4,20), Entries for the volumetric budget.

For flow component N, the values in VBVL are:
(1,N), Rat: for the current time step into the flow
field.
(2,N), Rate for the current time step out of the
flow field.
(3,N), Yolume into the flow field during simlation.
(4,N), Yolume out of tie flow field during simulation.
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CHAPTER 8
WELL PACKAGE

Conceptualization and Implementation

A recharging well can be viewed as a source of water which §s not
affected by the head in the aquifer. A discharging well is a recharging R
well with a negative recharge rate. For the sake of this discussion, the
well will be assumed to be screened in only a2 single cell. Thus for each é;

cell containing a well, the recharge rate must be added to the right side

2

of the finite-difference equation.

A 14st containing the location and rate for each well is maintained.

e The 1ist contains four values for each entry: row, column, and layer 5
of the cell, and the rate at which the well recharges the aquifer. At :

S~ each iteration, for each variadble-head cell {,j,k containfng a pumping - - %;

well, the well rate is added to the accumulator in which RHSy j , is

A 1":"2 ..:

formulated,

v
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Well Package lnput

Input for the Well (WEL) Package is read from the unit specified in
TUNIT(2).

FOR EACH SIMULATION
WEL1AL

1. Data:  MXWELL IWELCB
Format: 110 110

FOR EACH STRESS PERIOD

WELIRP
2. Data: 1TMP
Format: I10
3. Data: Layer Row Column 0

Format: 110 110 110 F10.0
(Input item 3 normally consists of one record for each well,
If 1TMP is negative or zero, item 3 is not read.)
Explanation of Fields Used in
Input Instructions
MXWELL--1s the maximum number of wells used at any time,
IWELCB--is a rlag and a unit number,
If IWELCB > 0, it is the unit number on which cell-by-cell flow
terms will be recorded whenever ICBCFL {see Output
Control) is set,
If INELCB = 0, cell-by-cell flow terms will not be printed or recorded.
If IWELCB < 0, well recharge will be printed whenever ICBCFL is set.
[TMP--is a flag and a counter.

If ITMP < 0, well data from the last stress period will be reused,

If ITHP > 0, ITMP will be the number of wells active during the
current stress period.

Layer--is the layer number of the model cell that contains the well.
Row--is the row number of the model cell that contains the well.
Column--is the column number of the model cell that contains the well,
Q--is the volumetric recharge rate. A positive value indicates recharge

and a negative value indicates discharge,
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Module Documentation for the Well Package

The Well Package (WEL1) consists of four modules, all of which are called

by the MAIN program. The modules are:
WEL1AL Allocates space for the list of wells (WELL), §

WELIRP - Reads locatfon and recharge rate for all wells.

Note: Discharge rate is entered as a negative

number,

Lherd s o it

WELIFM Subtracts the recharge rate from the term KHS for

each cell containing pumping wells,

WEL1BD Calculates the rates and accumulated volume of 2

. recharge to or discharge from the flow system , E
S’ PO 9
by pumping wells. E~

3

3
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Norrative for Module WELIAL

This module allocates space in the X array to store the list of wells.
The X array is a pool of memory space from which space is allocated for

tables, lists, and arrays.

1. Print a message identi’ying the package and inftialize NWELLS (a

counter containing the number of wells).

2. Read and print MXWELL (the maximum number of wells) and IWELBD
~ (the unit number for cell-by-cell flow terms or 2 flag indicating that

o cell-by-cell flow terms should be printed),

3. Set LCWELL, which will point to the first element 1n the well
Tist (WELL), equal to ISUM, which is currently pointing to the;first

unallocated element {n the X acray.

4. Calculate the amount of space needed fcr the well list (four

values for each cell--row, column, layer, and rate) and add it to ISUM.

5. Print the number of elements in the X array used by the Well

Package,

6. 1If the pointer to the lowest unallocated element in the X array
(ISUM) is greater than the length of the X array (LENX), print a message

warning that the X array will have to be enlarged.

7. RETURN,

..
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Flow Chare for Module WELJAL

MXWELL ¢s the maximum nymber
of wells that will be active
3t any one time during the
simulation,

IWELCR is a flag and a un't

number, v .

If IWELCB > 0, it is the unit PRINT &

number on which cell-by-cell IDENTAEG

flow terms wil] be recorded THE PACKAGE

whenever ICBCFL ig set.

If IWELCB = 0, cell-by-cell ’

flow terms will not pe Y 2

printed or recorded. READ axwes,
AND 1weELCR

If IWELCB < 0, well recharge

will be printed whenever
ICBCFL $s set. )

LCWELL is a location pointer to SET LCwei,
the first storage location EQUAL TO 1L
occupied by the well 1ist.

ISUM {s the Yocation of the ,

lowest unallocated storage v ' ' \ A
location in the X array.

ADD ThE antonT
CF S2ACE NEEDZD

X array is the pool of memory SOR LELLS T3 15y es
Sspace allocated for storing
specific tables, arrays, and
lists, '

LENX {s the size of the X array. h 4 s

SRINT stEz3agzg
SHOVJING OV VU O
of TmE x A%2av -3

BIEN aLLCoaTsn

|

IF ISUM IS LARGER

THAN LENX, PQINT A
WARNING MESSAGE
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SUBROUTINE WEL1AL(ISUM,LENX LCWELL MXWELL NWELLS,IN, I10UT,
1 IWELCB)

----YERSION 0933 08DEC1983 WEL1AL

Tty sy A2 2 A Ao d 2 a2 2 22 R4 2 AR 2222222112 Y2222 2

ALLOCATE ARRAY STORAGE FOR WELL PACKAGE

PR Tty e 22 a2 A A A 2 R 22 2 2 22 2 a2 ad iRl il RS2 Yy s 2

SPECIFICATIONS:

P pppnpnynpepepepegspees 2 2 T 2 2 3 1 2 L ittt it YT

------ IDENTIFY PACKAGE AND INITIALIZE NWELLS
WRITE(IOUT,1)IN
1 FORMAT(1HO, 'WEL1 -~ WELL PA’KAGE VERSION 1, 12/08/83',
2' INPUT READ FROM',13)
N%L;S'o

----- -READ MAX NUMBER OF WELLS AND
----- -UNIT OR FLAG FOR CELL-BY-CELL FLOW TERMS.
READ(IN,2) MXWELL,IWELCB
2 FORMAT(2110)
WRITE(IOUT,3) MXWELL
3 FORMAT(IH , 'MAXIMUM OF*,15,' WELLS')
IF(IWELCB.GT.0) WRITE(IOUT,9) IWELCB
9 FORMAT(1X, ‘CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT’,13)
IF(IWELCB.LT.0) WRITE(10UT,8)
8 FOKMAT(1X, "CELL-BY-CELL FLOWS WILL BE PRINTED WHEN ICBCFL NOT 0° )

------ SET LCWELL EQUAL TO LOCATION OF WELL LIST IN X ARRAY,
LCWELL=ISUM A

------ ADD AMOUNT OF SPACE USED 8Y WELL LIST TO ISUM.
ISP=4*MXWELL
iSUM=ISUM+ISP

------ PRINT NUMBER OF SPACES IN X ARRAY USED BY WELL PACKAGE,
WRITE(IOUT,8) ISP
4 FORMAT(1X,105,' ELEMENTS IN X ARRAY ARE USED FOR WELLS')
[SUM1=ISUM-1
WRITE(IOUT,5) ISuM1,LENX
5 FORMAT(1X,16,' ELEMENTS OF X ARRAY USED OUT OF',I17)

------ 1F THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT
...... A WARNING MESSAGE.

IF(ISUM1.GT.LENX) WRITE(IOUT,6)
6 FORMAT(1X,'  #*+*X ARRAY MUST BE DIMENSIONED LARGER***’')
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Yariable Range
IN Package
10Ut Global
ISP Module
ISUM Global
1SuM) Module
IWELCB Package
LCWELL Package
LENX Global
MYWELL Package
NWELLS Package

List of Variables for Module WEL]AL

Definition

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

Primary unft number for all printed output., 10UT = 6,
Number of words in the X array allocated by this module,

Index number of the lowest element fn the X array which
has not yet been 3llocated. When space s allocated
for an array, the stze of the array {s added to ISuM,

ISUM-1,

Flag and a unit nurder,
> 0, unit number on which cell-by-cell flow terms
wi1l be recorded whenever ICBCFL {s set,
= 0, cell-by-cell flow terms wil) not be printed
or recorded.
< 0, well recharge will be printed whenever ICBCFL
1s set,

Location in the X'array of the first-element of array
WELL,

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

Maximum number of wells active at any one time.

Number of wells active during the current stress seriod,
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Narrative for Module WELIRP

This module reads data to build the WELL list.

¥

1. Read 1TMP,

(2) 1f 1TMP 1s less than zero, the well data read for the last

stress perfod will be reused. Print & message to that effect and RETURN,

(b) 1t 1THP is greater than or equal to zero, it is equal to the

number of wells (NWELLS) in the current stress period.

2. 1f the number of wells (NWELLS) in the current stress period is

greater than the number specified as the maximum for the simulation {MXWELL),

STOP.
3. Print the numdber of wells in the current stress period (NWELLS).

4. 1f there are no wells in the current siress period (NWELLS),

bypass further we!l processing.

5. For each well, read and print the layer, row, column, and well

recharge rate,

6. RETURN,




L e

Flow Chart for Module WELIRP

ITMP is a flag and/or the
number of wells, 1f it {g
Tess than zero, it is » flag
which indicates that the well
data from the last stress
period will be reused. |f
‘t is greater than or equal
to zero, it i{s the number
of wells active during the
current stress period,

NWELLS is the number of wells
active during the current
stress period.

MXKELL is the maximum number
of wells which will pe active
3t any one time during the
simulation,

SET NWELLS
. EQUAL TO
IT™Mp

ENTER
WEL1RP

READ
1TMP

YES

NO

18
————

1A

PRINT A
MESSAGE SAYING
THAT OLD DATA
WILL BE REUSED

NO

PRINT THE
NUMBER OF
WELLS

FOR EACH WELL ' NO

y 5

READ. STORE.
AND PRINT
LOCATION AND
RECHARGE RATE

278
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SUBROUTINE WELIAP(WELL MWELLS pxwi (L 1N, 10UT)

~n

Coeea-YERSION jS44 220EC1 982 WELIRS

READ MEW WELL LOCATIONS AnD STRESS RATES

o

SPECIFICATIONS:
DIMENSION WELL (4, MIVELL?

C
4
<
4
4
c
4
c

JeeeeeATAD ITHP(MUMBER OF VELLS OR FLAG SATING REUSE WELL DATA)
READ {IN,1) ITw®
1 FORSAT(ILO0)
IF{1T™® G .0) GO TO SO

C
ClAeee=-]F ITip LESS THAR ZERO REUSE OATA, PRINT MESSAGE ANO RETuAN,
WRITE{IOUT,6)
[} ‘0:::‘(1'0. *REUSING WELLS FROM LAST STRESS PERIO00®)
RETURN

c
ClBeam-e| TPe>0, SET WELLS EQUAL TO ITr0,
50 MELLS=1Tw
1F(WELLS LE MEMELL) GO TO 100

c
C2eeene-MWELLSMIVELL, PRINT MESSACE, STOM,
MRITE(I0UT . 99) WELLS . MOMELL
9 FMT(IN.'MLLS('.II.') IS GREATER TwAm MXWELL(',14,°)")
STOP

4
ClemeeePRINT WUBER OF WELLS IN CURRENT STRESS PER100,
100 WRITE [10UT,2) MEL'S
2 FOMAT(1¥0,10X,14,° WELLS®)

4
CleceeeclF THERE ARE MO ACTIVE MELLS 1Y THIS STRESS PERIOO THEN RETURN
17 {MwELLS €00} GO TO 260

¢
C5eceecREAD ANO PRINT LAYER,ROM ,COLUM AND RECMARGE RATE.
WRITE(IO0UT,3)
3 FORMATIIN .472,°LAYER RO COL  STRESS RATE  WELL %0.%/
1,481,45(°.%))

DO 250 Ilel MELLS
READ {In,4) x,1,0,Q

4 FORMAT(3110,F10.0)
WRITE (JOUT,5) %,1,3,0,11

5 FORMAT{482,13,18,17,616.5,18)
wELL({L, 1)<
WELL[2,11)e]
wELL(3, 11}
wELL(4,11)=Q

250 COne IMUE
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List of Variables for Module WELIRP

Variable Range Definition
1 Module Row numbder of cell containing well,
1§ Module Index for wells.
IN Package Primary unit number from which input for this package
will be read.
10Ut Global Primary unit number for all printed output. 10UT = 6,
1TMP Module Flag or number of wells, =

2> 0, number of wells active during the current
stress period,

< 0, same wells active durfing the last stress period
will be active during the current stress period,

J Module Column number of cell containing well,

K Module Layer number of cell containing well,

MXWELL Package Maximum number of wells active at any one time.

NWELLS Package Number of wells active during the current stress periond,
g Module Rate at which the well recharges the aquifer,

Will Package DIMENSION (4,MXWELL), For each well: layer, row, column,

and recharge rate of the well,
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Narrative for Module WEL1FM

This module adds terms representing well recharge to the accumulator

in which the term RHS is fofmdlatéd.

1. 1f NWELLS is less than or equal to zero in the current stress

period, there are no wells. RETURN,
2. For each well in the WELL list:

(a) If the cell containing the well is external (IBOUND (IC,IR,IL)

< 0), bypass processing on this well and go on to tae next well.

(b) If the cell containing the well is active, add the recharge

rate to the accumulator RHS for that cell.

3. RETURN.
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BRAGAR Al :" b ,. »,_..‘ ~. . Cenl vl & - -' ,-— :f' 0 .."
STRRAMTINE HE:I‘V(NHELLS.“XHELL.RHS,KELL.ZﬂOUND.
NCOL ,NROW ,NLAY,I0UT)
c
Coanna VERSION 1001 26AUG1982 WELIFM
o
C i'.'t""..'.ﬁ.’..".'f""."".'.Q."_"'..'."."'QO.Q"O'.""."
C  ADD WELL FLOW TO SOURCE TERM
C ."..."..."..'...'.'0."".....'.DI'.."."..'.........'.D.'.'.'
C
o SPECIFICATIONS:
S
DIMENSION RHS(NCOL,NROH.NLAY),HELL(4,HXHELL).
IBOUND(NCOL ,NROW ,NLAY)
T
Cleweeaa IF NUMBER OF WELLS <= O THEN RETURN.
IF{NWELLS .LE.Q) RETURN
c
C2-enueao OROCESS EACH WELL IN THE WELL LIST.
- DO 100 L=1,MELLS
- IR=WELL(2,L)
(C=WELL(3,L)
- IL=WELL(1,L)
O=WFLL(&,L)
> c
C2A----- IF THE CELL IS INACTIVE THEN BYPASS PROCESSING,
IF(IBOUND(IC, TR, IL).LE.O) 6O TO 100
c
C2Becue- IF THE CELL IS VARIABLE HEAD THEN ADD RECHARGE RATE
c iU THE RHS ACCUMULATOR.
RHS(IC,IR,IL)=RHS({IC,IR,IL)-0
. 100 CONTINUE
c
C3-evu-- RETURN
RETURN
END
| 280
e




7 7

/

AR SEER "-"-‘. RN

Variable Range
1 BOUND Global
IC Module
IL Module
Jout Global
IR Module
L Module
MXWELL Package
NCOL Global
NLAY Global
'NROW Global
NWELLS Package
Q Module
RHS Global
WELL Package

List of Variables for Module WELIFM

Definition
DIMENSION (NCOL ,NROW,NLAY), Status of edch cell.
< 0, constant-head cell
= (0, inactive cell
> 0, variable-head cell
Index for columns,

Index for layers,

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

Index for rows.

Index for wells,

Maximum number of wells active at any one time.

Number of columns in the grid.

Number of layers in the grid.

Numbes of rows in the grid,

Number of wells active during the current stress period,

Rate at which the well recharges the aquifer,

DIMENSION (NCOL,NROW,NLAY), Right hand side of the
finite-difference equation, RHS is an accumulation

of terms from several different packages.

DIMENSION (4,MXWELL), For each well: layer, row, column, ;
and recharge rate of the well,
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Narrative ‘or Module WELIBD

This module calculates rates and volumes transferred between the
aquifer and wells,

1. Clear the rate accumulators RATIN ang RATOUT and the flag (180)
which indicates that cell-dy-cell flow terms should be recorded on a disk.

2. 1f there are no wells, skip down to step 7.

3. Determine if the cell-by-cell flow terms for wells will be written
7 2 disi. They will be §f (1) this is the proper time step (1CBCFL is not
equal to zero), (2) if the channel for well-budget terms (IWELC3) 1s greater
than zero, and (3) if the number of wells (NWELLS) is greater than zero.

4. 1f budget terms are to be written on a disk, set IBD = ] and clear
the buffer (BUFF) in which they will be accumulated.,

5. If the number of wells in the current stress period (NWELLS) i3
not equal to zero, then for each cell in the well 1ist:

(a) If the cell containing the well is externa) (1BOUND(I,J,X) < 0),
bypass further processing of the ce;l.

(b) 1f the user has requested that cell-by-cell rates be priated
(IMELCB < 0 and ICBCFL # 0), print the rate (Q). . :

{c} If the budget terms are to be saved on a disk, 4dd the rect.arge
rate (Q) to the buffer (BUFF).

(d) If Q is positive, add it to RATIN.
(e) If Q is negative, add it to RATOUT.

6. If the cell-by-cell flow terms are to be recorded, call module
UBUDSV to write the contents of buffer (BUFF) onto the disk.

7. Mcve RATIN and RATOUT into the VBYL array for printing by BAS10T.

8. Acd RATIN and RATOUT multiplied by the time-step lenglh to the volume
accumulators in the VBVL array for printing by BASIQT,

3. Move the well budget term labels to VBNM for printing by BAS10T.
16, Increment the budget-term counter {MSUM),

11. RETURN,
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Flow Chart for Mogyle wWELIRD

RATIN i35 an accumylator to which
31} fiows into the aquifer
are added,

RATOUT ts an accumul)ator to
which all flows out of the
aquifer are added.

IBD s a flag which, if set,
causes cell-by-cell flow
terms for river well flow to
be recorded,

RUFFER {s an array in which
values are stored as they
are heing gathered for
printing or recording.

EXTERNAL: a cell 1is said to be
external {if it {s either no
flow or constant head (i.e.,
an equation !s not formulated
for the cell).

RECHARGE {s the rate at which
the well recharges the
aquifer, A discharging well

is represented by a negative
rate,
! &
IWELCB s a flag and a unit number, ¢ arcmsany
sag-."o‘-."-.
If IWELCB > 0, iz is the unit
number on which cell-by-cell Y u
flow terms will be recorded ¥ aoneace
whenever [CBCFL is set, e l
If IWELCB = 0, cell-by-cell .
flow terms will not be printed o oo
or recorded. R
SLOw YOy

If IWELCB < 0, well recharge ;p—-________
8

rate will be printed whenever
ICBCFL 4s set, Evotiuds
~'C vlvL
ICBCFL i< a flag. v
MOE LaflL S
If ICBCFL = 0, cell-by-cell SRR
flow terms will be either -
printed or recorded (depending <
on IWELCB) for the current .
time step.
. ..283




OO0 M

SUBROUTINE WEL.SD(NWELLS,MXWELL ,VBNM,VBVL MSUM,WELL,IBOYND LDELT,
1 NCOL ,NROW , NLAY KSTP KPER IV:LCB ICBCFL ,BUFF IOUT)

----VERSION 1449 20MAY1983 WEL1BD

..'.'l..'.0'....""....'.""'i'.'t'ti.t'."'.tf't'.tt...""'..‘

CALCULATE VOLUMETRIC BUDGET FOR WELLS

» "'..'.'."t’...."'.Q".'.""."""'""t"i.t"..".'.'"Q."

SPECIFICATIONS :
DIMENSION VBNM(4,MSUM),VBVL(4,MSUM),MELL (8, MXWELL),
1 IBOUND(NCOL ,NROW LAY ), BUFF (NCOL , NROW ,NLAY )

DIMENSION TEXT(4)

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /* . ,'OUN'L'ELLS'/

----- -CLEAR RATIN AND RATOUT ACCUMULATORS.
RATIN=0,
RATCUT=0,
180=0

------ IF THERE ARE NO WELLS DO NOT ACCUMULATE FLOW
IF (NWELLS .EQ.D) GO TO 200

------ TEST TO SEE IF CELL-BY-CELL FLOW TERMS HILL BE RECORDED
IF(ICBCFL.EQ.0 .OR. IWELCB.LE.O) GO TO 60

------ IF CELL-BY-CELL FLOWS WILL BE SAVED THEN CLEAR THE BUFFER,
18D=1
DO 50 It=s NLAY
DO 50 IR=1,NROW
DO 50 IC-1,NCOL
BUFF (IC,IR,IL)=0,
50 CONTINUE

------ PROCESS WELLS ONE AT A TIME,
60 DO 100 L=1,NWELLS

[R=WELL(Z,L)

IC=WELL(3,L)

L=WELL(1,L)

Q=WELL(4,L)

C5A=~ee- IF THE CELL IS EXTERNAL IGNORE IT,

IF(1BOUND(IC,IR,IL).LE.D0)GO TO 100

CS5Bewww- PRINT THE INDIVIDUAL RATES IF REQUESTED(IWELCB<O),

o

[F(IWELCB.LT,0.AND, ICECFL.NE.0) WRITE(IQUT,900} (TEXT(N),N=1,4),
1 XPER KSTP L IL,IR IC,Q
900 FORMAT(IHO 4A4 PERIOD , 13, STEP',I3,' MELL',I4,
1 ' LAYER',I3.' ROW *,14,' cOL',[4,' RATE',G15.7)

C5C~=vu- IF CELL-BY-CELL FLOWS ARE TO BE SAVED THEN ADD THEM TO BUFFER.

f;i‘?za‘
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IF{130.£Q.1) BUFF(IC,IR,IL)=BUFF(IC,IR,IL)+Q

IF(Q) 90,100,80

c
C50~<--- PUMP ING RATE IS POSITIVE(RECHARGE). ADD IT TO RATIN,

80 RATIN=RATIN«)
GO 10 100

C5E----- PUMP ING RATE IS NEGATIVE(DISCHARGE). ADD IT TO RATOUT,

90 RATOUT=RATOUT-Q
100 CONTINUE

c

Cobmeeuue IF CELL-BY-CELL FLOWS WILL BE SAVED CALL UBUDSY TO RECORD THIM :
IF(180.£0Q.1) CALL UBUDSV(KSTP.KPER.TEXT.IHELCB,BUFF,NCOL,NRON,
1 NLAY,IO0UT)

c

[ Z— MOVE RATES INTO VBYL FOR PRINTING BY MODULE BASLOT.

200 VBYL(3,MSUM)=RATIN
VBVL(4,MSUM)=RATOUT

¢
C8-cu-- -MOVE RATES TIMES TIME STEP LENGTH INTO VBYL ACCUMULATORS .,

VBVL (1,MSUM)=VBVL (1,MSUM)+RATIN*DELT
VBVL(2,MSUM)=VBVL (2 MSUM)+RATOUT*DELT

C

C9~ewe- -MOVE BUDGET TERM LASELS INTO VBNM FOR PRINTING.
VBNM(1,MSUM)=TEXT(1)
VBNM(2,MSUM ) =TEXT(2)
VBNM(3,MSUM)=TEXT!3)
VBNM(4 ,MSUM) =TEXT(4)

¢ )

C10----- INCREMENT BUDGET TERM COUNTER(MSUM).
MSUM=MSUM+1

C

Cll---~-RETURN
RETURN
END
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Variable

BUFF

DELT
18D

[EOUND

IC
ICBCFL

L
[ouTY
IR
IWELCS

KPER
KSTP

L
MSUM
MXWELL

List of variatles for Module WEL18D

e e e e ALY e sl d L
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Range
Clobal

Globa)

Module

Global

Module

Global

Module
Global
Module

Package

Glodal

Glopal

Module
Global

Package

Definition

DIMENSION (NCOL NROW,NLAY), Ruffer used to 3ccumylate
information before priating or recording it,

Length of the current time step, T

Flag. N
= 0, cell-by-cell flow terms for this package will
not be recorded,
+ 0, cell-by-cell flow terms for this package will
te recorded.

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

Index for colums,
Flag.
= 0, celi-by-cell flow terms will not be recorded
or printed for the current time step.
+ 0, cell-by-cell flow terms will be efther printed -
or recorded (depending on IWELC8) for the
current time stap,
Index for layers,
Primary unit number for all printed output., IOUT = 6. .
Index for rows.
Flag and a unit aumber,
> 0, unit number on which cell-by-cell flow terms
will be recorded whenever ICBCFL is sat,
= 0, cell-by-cell flow terms will not be printed
or recorded,
< 0, weil recharge rate will be printed whenever
[CBCFL is sat,
Stress period counter.

Time step counter, Reset at the start of each stress
perind,

Index for wells.
Counter for budget entries and labels in VBYL and VBNM,
Maximum number of wells active at any one time,
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Variable

NCOL
NLAY
NROW
NWELLS

Q
RATIN

RATOUT

TEXT
VBNM

YBVL

WELL

List of Variables for Module WEL1BD (Continueq)

Range
Global

Global
Global
Package
Module

Module
Module

Module
Global

Global

Package

Definition
Number of columns in the grid.

Number of layers in the grid,

Number of rows in the grid.
Number of wells active during the current stress perind,
Rate al which the well recharges the aquifer,

Azcumylator for the total flow into the flow field from
wells,

Accumulator for the cotal flow out of the flow field into
wells.,

Label to be printed or recorded with the array data.

DIMENSION (4,20), Labels for entries in tne volumetric
budget.

DIMENSION (4,20), Entries for the volumetric budget,

For flow component N, the values in VBVL are:

(1,N) Rate for the current time step into the flcw
field,

(2,N) Rate fcr the current time step out of the flow
field.

(3,N) Yolume fnto the flow field during simylation,

(4,N) Volume out of the flow field during simulation,

DIMENSION (8,MXWELL), For each well: layer, row, column,
and recharge rate of the well.
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CHAPTER 9
DRAIN PACXAGE

Concaptualization and Implementation

The rate at which water seeps into a drain in the saturated zone of

an aquifer is approximated in the model using the equation

5,5,k = €05, 5,k(Mg,5,k-d1,5,k) = COf 5 khy 5,k = €04 5 ¢y j.x (65

where
GDy j,x is the rate water flows into the drain (LJt-!);
di,j,« 15 the head in the drain (L);
hi,j,k s the head in the aduifer near the drain (L): and
CDi,j,x is the conductance of the interface between

the aquifer and the drain (L2:-1),

The c~efficient €Dy, 3,k (fig. 39) is the conductance of the interface
between the drain and the porous material. It may be affected by size and
frequency of openings in a drain tile, chemical precipitation around a
tile, difference in permeability between the aquifer material and the
backfill around a tile, and a Tow permeability bed in an open drain or the
converging area of flow as the drain is approached (fig. 40). The head in
the drain is assumed to be the elevation of the drain., Thus the flow into
the drain is assumed to be proportional to the head above the drain (fig. 41).
This equation only holds when the head in the aquifer is greater than the
head in ihe drain. When the elevation of the drain is greater than tne head

in the aquifer, the flow into the drain, 004,5,x» s equal to zern.
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Q = CD (h-d)

Figure 39.—Flow into a drain as a function of head in the
aquifer and the elevation of the drain.
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Figure 40.—Factors that may atfect the conductance of the
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Figure 41.—Leakage into a drain as a function of head in the
aquifer.
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Data describing eacn drain is stored in 3 list. The contents of the
list, which ara specified by the user at the beginning of each stress
period, consist of the row, column, layer, elevation, and conductance for
each drain. During the formulation phase, the heads from the previous
fteration are compared to the arain elevation, 1t the drain elevatfon is
less than the head in the cell, the erpressions - CD1’j’k and - CDi,J.kﬂi.j.k
are added to the accumulator HC0F1.j,k and RHSi.j_k, respectively, If the
drain elevation is greater than or equal to the head in the cell, nothing

's added to HCOF{ j \ and RHS; j .
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Orain Package Input

Input to the Drain (DRN) Package is read from the unit specified in
TUNIT(3).

FOR EACH SIMULATION

DRN1AL
1. Data: MXDRN IDRNCB
Format: 110 110
FOR EACH STRESS PERIOD
DRN1RP
2. Data: 1T™P
Format: 110
3. Data: Layer Row Col Elevation Cond
Format: I10 110 110 F10.0 F10.0

(Input item 3 normally consists of one record for each drain,
If 1TMP §s negative or zero, item 3 will not be read.)

gxplanation of Fields Usec in
Input Instructions
MXDRN--is the maximum rumber of drain cells active at one time.
IDRNCB--is a flag and a unit number,
If TORNCB > 0, it is the unit number on which cell-by-cell flow
terms will be recorded whenever ICBCFL (see Qutput

Control) is set.

If IDRNCB = 0, cell-by-cell flow terms will not be printed or
recorded.

Uf IDRNCB < 0, drain leakage for each cell will be printed whenever
ICBCFL is set.

1TMP--is a flag and a counter.
If 1TMP < 0, drain data from the last stress period will be reused.

If ITMP > 0, ITMP will be the number of drains active during the current
stress period,




8]

Layer--1s the layer aumber of the cell containing the grain,
Row--is the row number of the cell containing the drain,
Column--is the column number of the cell containingvtﬁe drain,
Elevation--is elevation of the drain,

Cond--1s the hydraulic conductance of the interface between the
and the drain,
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Module Documentation for the Drain Package

The Drain Package (DRN1) consists of four modules, all of which are

called by the MAIN program.

DRNIAL

DRN1IRP

DRNIFM

DRN18BD

Allocates space for an array that contains

the drain list (DRAl).

Reads location, drain elevation, and drain

conductance of each cell containing a drain,

Adds the terms -CDj ; y and -CDy j xdi j,x to

the accumulators HCOF; ; y and RMS{ .y,

The modules are:

respactively,

Czlculates the rates and accumulated volume of

drainage from the flow system,
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Narrative for Module DRNIAL

This module allocates space in the X array to store the list of drains,

1. Print a message identifying the package and_1nitialize NORAIN

(number of drains).

2. Read and print MXDRAN (the maximum number of drains) and IDRNCB
{the file number for saving cell-by-cell flow terms or a flag indicating

that cell-by-cell flow terms should be printed).

3. Set LCDRAI (which will point to the first elemenc in the drain

1ist) equal to ISUM (which points to the first unallocated element in the

X array.

4. Calculate the amount of space needed for the drain list (tive

values for each drain--row, columa, layer, drain elevation, and drain

conductance).

5. Print the number of elements in the X array used by the Drain

Package.

6. RETURN,
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Flow Crart for “agule CavlAL

NORAIN {s the number of drains
being simylated at any given ENTER
time, CRN1AL

MXDRN is the maximum number of
drains simulated,

IORNCB s a flag and a unit number,

If IDRNCB > 0, it is the unit IDENTIFY
number on which cell-by-cell PR SE AND
flow terms will be recorded DANUMBER OF
whenever 1CBCFL is set. INS-INDRAIN)
If TDRNCB = 0, cell-by-cell flow
term will not be printed or ;
recorded.
REAC DA:NOAP:‘;NT
MXx 3
If IDRNCB < 0, drain 1eakage for 'DANCB
each drain will be printed whenever
ICBCFL is set, l
LCDRAI 4s the location, in the X &
array, of the l1ist of drain data SEEgJﬁDfG'
{DRA1), LOCATION OF
FI185~ ELEMENT
.o OF DRAIN LIST
\ i
™~ ]
) CALCULATE
— AMOUNT OF
SPACE NEECED
- FCR DRAIN LIST

| ‘.

BRINT AMCUN™
OF SPACE USED
3Y THE DRAIN
PACKAGE

RETURN
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SUBROUTINE DRNIAL(XSUH.LENX.LCDRAI.NDRAIN,HXDRN,XN.IOUT,
1 IDRNCR)

----- VERSION 0956 08DEC1983 DRNIAL

."Qg"g...'......"'g..'001’000'.'..ttbt"tntt.tttt".t't"'t'l.i

ALLOCATE ARRAY STORAGE FOT DRAIN PACKAGE

VERXANENERANEINPR t'.tt""l"'.""."""""'Qt.t.".’t."".."'

OO O

SPECIFICATIONS:

IO N
]
L}
1
L}
'
]
1
1]
]
]
)
[]
]
]
]
'
[]
]
[]
14

1 FORMAT(1HO, 'ORN1 -- DRAIN PACKAGE, VERSION 1, 12/08/83',
2' INPUT READ FROM UNIT',13)
NDRAIN=0O

C2-=eu- -READ & PRINT MXDRN & IDRNCB(UNIT § FLAG SOR CELL-BY-CELL FLOW)
' READ(IN,2) MXDRN,IDRNCB

2 FORMAT(2110)
WRITE(IOUT,3) MXDRN

3 FORMAT(1H ,'MAXIMUM OF',15,' DRAINS')
IF (IDRNCB.GT.0) WRITE(IOUT,9) IDRNCB

9 FORMAT(1X,'CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT' ,13)
IF(IDRNCR.LT.0) WRITE(IOUT,8)

8 FORMAT(YX, 'CELL-BY-CELL FLOWS WILL BE PRINTED WHEN iCBCFL NOT 0')

c
3--cva- SET LCDRAI EQUAL TO ADDRESS OF FIRST UNUSED SPACE IN X,
LCDRAT =] SUM
c
C4------CALCULATE AMOUNT OF SPACE USED BY THE DRAIN PACKAGE,
[SP=5*MXDRN
ISUM=] SUM+] SP
C
o PRINT AMOUNT OF SPACE USED BY DRAIN PACKAGE.
WRITE(IOUT,4) ISP
4 FORMAT(1X,16,"' E'EMENTS IN X ARRAY ARE USED FOR DRAINS')
ISUMI=ISUM-1
WRITE(IOUT,5) ISUM1,LENX
5 FORMAT(1X,16,' ELEMENTS OF X ARRAY USED QUT CF',17)
IF(ISUM1,GT.LENX) WRITE(IOUT,6)
€ FORMAT(1X,'  **#X ARRAY MUST BE DIMENSIONED LARGER***')
c
Cbeoew- -RETURN
RETURN
END
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List of Variadles for Module DRN}AL

Variable Range Defirition
1DRNCB Package Flag and a unit number,

> 0, unit number on which cell-by-cell flow terms
will be recorded whenever ICBCFL is set.

= 0, cell-by-cell flow terms will be neither
printed nor recorded.

< 0, leakage for each drain will be printed.

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

1007 Global Primary unit number for all printed output, I0UT = 6,

1sp Module Number of words in the X array allocated by this
module. .

ISUM Global Index number of the lowest element in the X array

which has not yet been allocated. When space
is allocated fo- an array, the size of the
array is added to ISUM,

1SUM1 Module ISUM - 1.

LCDRA] Package Location in the X array of the first element of array
DRAI,

LENX Global Length of the X array in words. This should always

be equal to the dimeasion of X specified in the
MAIN Program,

MXDRN Package Maximum number of drains active at any one time.
NDRAIN Package Mumber of drains active during the current stress
period,
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Narrative for Module DRNIRP

This module reads data to build the drain 1ist,

1. Read ITMp, TTMP is the number of drains or a flag indicating

that drafn data from the previous stress period shbuld be reused,

2, Test ITMP, If ITMP is less than zero, the drein data read for
the last stress period will be reused, Print a Message to that effect
and RETURN,

. If 1TMP i greater than or equal to zero, it is the number of
drains for this stréss pertod, Set the number of draiﬁs {NDRAIN) in the

current stress period equal to ITMP.

4. Compare the number of drains (NDRAIN) in the current stress period
to the numcer specified as the maximum for the simulation {MXDRNY, If

NDRAIN is greater than MXDRN, STOP,
5. Print the number of drains in the current stress period (NDRAIN),

6. See if there are any drains. If there are no drains in the current

stress period (NDRAIN = 0), bypass further drain processing.,

7. Road and print the layer, row, column, elevation, and conductance for

each drain,

B. RETURN,
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S~ Flow Crart for Mpgyle LaN)RD

1TMP ‘5 both a flag and a
counter. If it !s greater
than or equal to zero, it 3s
the number of drains to be
simulated during the current
stress period. If it is )ess

than zero, it ‘ndicates that !
the drains similated in the
last stress period should be TEaD
simul ated in the current
stress period.
MXDRN is the maximum number of 2 2a
drains to be simulated, vES PRINT &
MESSAGE SAVING
THAT OLD SATA ™
wiL L BE REUSED
NO
® 3
. SET NUMBER
OF DRAINS
- ECUAL TO ITMP

NUMBER

OF DRAINS >

MXDRN
-

PRINT NUMBER
OF DRAINS

NUMBER OF
JRAINS z O
2

NO

READ ONE
DATA RECCRD
FOR EACH
ORAIN
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g LETL e At Ty L W et L1 A e s

SUBROUTINE DANIRS {DRAJ NOAAIN #EDAN 3N, 10UT)
C

4
Cooeo-YERSION 1631 25APR1983 ORNIRP

AEAD ORAIN LOCATIONS, ELEVATIONS, Asty COMDUCTANMCES

SPECIFICATIONS -

DIMERSION DBAS (S, “IDEN)

5 akal [aXaXaXaXaXal

loceeed £AD IDP(MBGER OF ORAIN CELLS OA FLAG TO REUSE DATA)
REAT/IN Q) IO
8 FORMAT(110)

C
C2aceeleTiS? 1T
1F(3Twe £ .00 6O TO S0

C
(28 seself IO TWEN REUSE ODATA FROM LAST STRESS PFRICO,
wmITE{IOUT,?)
7 FORMAT{1MO, ‘REUSING DRAINS FROM LAST STRESS PERI00°)
RETVAN

c .
Cleveeealf [TPerp THER 1T [S THE MPGER OF DRAINS,
S0 NORAINITIP
IF{NDRAIN.LE /X DAN) GO TO 100

[4
LleceeeelF NORALNINZIDAR THER $10P
WRITE(IOUT,99; MORALN,FIDRN
99 FORMAT{1M0, *NORAIN( ", 14,°) 15 GAEATER ThAN MIDRN(‘,14,°}")
STOP
4

C5eure--PRINT MoWER OF DRAINS Im THIS STRESS PERIOQ,
100 WRITE(TOUT, ]} NORAIR
1| FORMAT{INO,7/1X,18," DRAINS®)
4
Z8eeeoaeelF THERE ARE SO DRAINS THEN SETURN,
1F (NORAIN.EG.0} G0 TO 260

4
CleeeeeREAD AND PRINT DATA FOR EACK DRALN,
wTE(IOUT, D)
3 FIRMAT(1M0, 15X, "LAYER® 5%, "ROW° 51
1,°COL  ELEVATION CONDUCTANCT  CRAIN MO, °/1X,151,60('-'))
DO 250 11=1 NDRAIN
READ (Im,8) x,1,J DRAI(S,T.),DRAI(S,11)
4 FORWAT{3]10,2F10.0)
wRITE {I0UT.S) £,1,J DAALLS,TT1), DRAI(S,12),1!
S PORMAT(1X,182,14,19,18,613.4,G14,4,10)
DRAJ{1,I1}=
ORAL{2,11)el
DAl (3, L)
250 CONTINUE

3
£BeenesRETURN
250 RETURN

<
1]
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List of Variables for Module DRNIRP

Variable Range
DRAI Package
I Module
11 Module
IN Package
10uT Global
1T™P Module
J Module
K Moaule
MXDRN Package
NORAIN Package

e s e e gt

Definitten

DIMENSION (5,MXDRN), For each drain: layer, row, column,
head in drain, &nd conductance into drain,

Index for rows.
Index for drains.

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

Primary unit number for all printed output. 10UT = 6.
Flag or number of drains.
2 0, number of drains active during the current
stress period. ' o
< 0, same drains active during the last stress
period will be active during the current stress
period.
Index for columns.
Index for layers.

Maximum number of drains active at any one time,

Number of drains active during the current stress period.
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Narrative for Module DRNIFM

This module adds terms representing drain leakage to the accumulators

HCOF and RHS.

1. If NDRAIN is less than or equal to zero in the current stress period,

there are no drains., RETURN,

2. For each drain in the drain list, DO STEPS 3-7.

3. Determine the column (IC), row (IR), and layer (IL).

4. If the cell is external (IBOUND(IC, IR, IL) < 0), bypass processing

on this drain and go on to the next drain,

5. If the cell is internal, get the drain data (elevation and conductance).

6. 1f the head in the aquifer (HHNEW) is greater than the elevation nf

the drain, there is no drain leakage, RETURN,

7. If the head in the aquifer (HHNEW) is greater than the elevation of
the drain (EL), add the term -C*EL (C {s the drain conductance) to the

accumulator RHS and the term -C to the accumulator HCOF.

8. RETURN.
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Flow Chert ‘or Muete NIN]IFv

RHS i{s an accumulator *n

which the right hanc¢ séde

ENTE‘R
of the equation ig OANIFM
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HCOF {s an accumulator in
which the coefficient of
head in the cell g
formul ated.
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KETURN
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- AND LAYER
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HEAD <= DRAIN

ELEVATION
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vES

NO
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ADD TZRAMS
TO |RHS AND
HCOF FOR Tris

CELL
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SUBROUTINE DRNIFM(NDRAIN,MXDRN,DRAI ,HNEW,HCOF ,RHS ] BOUND,

1 NCOL ,NROW NLAY,10UT)
c
[ VERSION 1638 25APR1983 DRNIFM
c
c L 2] t"."*'"ti'f’t'..'.'*f"'..ﬁt".'t."".'.""tt"'.".' (22X XT ]
C ADL: DRAIN FLOW TO SOURCE TERM
c L2222 X2 (A2 24222222223 222 At 22 i 22l el ity Y] rTARRARROTASSRIPORNES
c
c SPECIFICATIONS:
TS P g O
DOUBLE PRECISION HNEW
¢
DIMENSION DRAI(S,MXDRN) ,HNEW(NCOL ,NROW,NLAY),
) RMS (NCOL ,NROW ,NLAY ), IBOUND (NCOL ,NROW ,NLAY ) ,
1 HCOF (NCOL ,NROW,NLAY )
€  ~ecccmccccccmccccccecccccccccccccccccccccccaccceccncccrecmemna————
3
Cleemen- IF NDRAIN<=0 THERE ARE NO DRAINS. RETURN
IF (NDRAIN.LE.C) RETURN
c
£2-=--=- PROCESS EACH CELL IN THE DRAIN LIST
DO 100 L=1,NDRAIN
c
€3----- -GET COLUMN, ROW AND LAYER OF CELL CONTAINING DRAIN.
IL=DRAI(1,L)
IR=DRAI (2,L)
Tr=DRAI(3,L)
c
[ SO IF THE CELL IS EXTERNAL SKIP IT,
IF (1BOUND(IC,IR,IL).LE.O) GO TO 100
c
- IF THE CELL IS INTERNAL GET THE ORAIN CATA.
EL=DRAI(4,L)
HHNEW=HNEW(IC,IR,IL)
c
C6mmnm-n IF HEAD IS LOWER THAN DRAIN THEN SKIP THIS CELL.
IF (HHNEW.LE.EL) GO TO 100
c
oy — HEAD IS HIGHER THAN DRAIN. ADD TERMS TO RES AND HCOF.

C=DRAI(5,L)

HCOF (1C,IR,IL)=HCOF (IC,IR,IL)-C

RHS(IC,IR,IL)=RHS(IC,IR,IL)-C*EL
100 CORTINUE

¢

I RETURN
RETURN
END
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List of Variables for Module DRNIFM

Variable Range Definftion

¢ Module Conductance into the drain.

DRAI Package DIMENSION (S,MXDRNj. For each drain: layer, row, column;
head in the drain and conductance iato the drain,

EL Module Elevation of the drain (head in the drain),

MCOF Global DIMENSION (NCOL,NROW,NLAY), Coefficient of head in the
cell (J,1.K) in the finite-difference equation,

HHNEW Module Head in the cell containing the drain,

HNEW Global DIMENSION (NCOL,NROW,NLAY;, Most recent estimate of head

in each cell. HNEW changes at each. jteration,

1BOUND Global DIMENSION (NCOL ,NROW,NLAY), Status of each cell,
< 0, constant-head cell
= 0, inactive cell
> 0, variable-head cell

IC Module Index for columns,

IL | Hoﬁule Index for layers,

10uT Global Primary unit number for alj orinted output, I0UT = 4,

iR Module Index for rows.

MXDKN Package Maximum number of drains active at any one timas,

NCOL lobal Number of columns in the grid.

NDRAIN Package Number of drains active during the current stress perind,
NLA&Y Global Number of layers {n the grid.

NROW Globai Number of rows in the gridq.

RHS Global OIMENSION (NCOL,NROW,NLAY), Right hand side of the

finite-difference equation. RHS fs an accumylation
of terms from several different packages.
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Narrative for Module DRN1BD

This module calculates rates and volumes transferred between the aquifer

and drains.

1. 1Initialize the cell-dby-cell flow-term flag (IBD) and the rate

accumulator (RATOUT).

2, If there are no drains (NDRAIN < 0), skip down to step 12 and put

zercs fnto the budget terms for drains.

3. Test to see if cell-by-cell flow tarms are to be saved on disk.
They will not be saved if either of the following conditions hold: (1) this
s not the proper time step (ICBCFL = ©) or (2) cell-by-cell fluw terms
are not needed for drains during this simulation (IDRNCB < 0). 1If cell-by-cell
flow ter~ will be saved for drains, set the cell-by-cell flow-term flag

(18D) and clear the buffer in which they will be accumulated (BUFF).
4. For each drain, do steps 3-11 accumulating flows into drains.

5. Determine the row, column, and layer of the cell containing the

drain,

6. 1f the cell is external (IBOUND(I.J.K).‘i 0}, bypass further

processing of this drain.
7. Get the drain parameters from the drain list.

8. If the head in the cell is less than the elevation of the drain,

bypass further processing of this drain.

309




g - . Y
- gy - gl e - ) ¥ B .- . i sH
.o e e, o P - e AR e s s 2= ad adan - i i . < SRy A 4 e it da ~nyi % g fyr S, ivaj
, A chate® oo, S itig i od 5 AR & sl = ’ R S LS UL S S ¥ o e L TR Mg =AY

9, If the head in the cell is greater than the elevation of the
drain, set “Q" equal to the conductance of the drain (C) times “he drafn
elevation (EL) minus the head in the cell (HHNEW) (Q = C*(EL - HHNEW)).

Add Q to the accumulator RATOUT to get the total flow from the aguifer into

drains,

10. 1f the cell-by-cell flow terms are to be printed (IDRNCB < O and
ICBCFL # 0), print Q.

11, 1f the cell-by-cell flow terms for drains are to be saved, add Q

to the buffer (BUFF).

12, Saee 1f the cell-by-cell flow terms are to be saved (IBD = 1), 1f

they are, call module UBUDSV to record the buffer (BUFF) onto disk. .

13. Move RATOUT into the VBVL array for printing by BAS10T., Add
RATOUT mulitiplied by the time-step length to the volume accumulator in V3VL
for printing by BAS10T. Move the drain budget-term iabels to VBNM for

print by BAS10T.

14. Increment the budget-term counter (MSUM), See the section in

the Basic Package for a detailed expianation of VBVL, VBNM, and MSUM,

15, RETURN,
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Flow Tnart for Module ORNIBD

!BD is a flag which, {f set,
causes cell-by-cell flow
terms for arains to be
recorded,

EXTERNAL: a cell $s said to be
external if it is either no
flow or constant head {i.e.,
an equatfon is not formulated
for the ceil).

BUFFER is an array in which
values are stored as they
are being gathered for
printing or recording.

RATOUT ‘s an accumul ator to
which all 7lows out of tne
aquifer are added.

Q ¢s the discharge to a drain,

EL {s the elevation of the
drain,

IDRNCB ‘s a flag and a unit
number,

1f IDRNCB > 0, it {is the unit
number on which cell-by-cell
flow terms will be recorded
whenever ICBCFL is set.

If IDRNCB = 0, cell-by-cell
flow terms will not be printed
or recorded,

1f 1DRNCB < 0, drain leakage
for each drain will be printed
whenever ICBCFL {s set.

ICBCFL is a flag.

If ICRCFL 2 0, cell-hy-cell
flow terms will be either
printed or recorded for the
current time step.

S8 ¢ 4l DA
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SUBROUTINE DRNIED(NDQ:’-!N.“.XDRN,VE.\'V,VBVL,MSUH,:‘QA[,DELT,HNEH,
1 NCOL ,NROW ,NLAY,, IBOUND ,KSTP KPER , [DRNCS , |CBCEFL JBUFF ,10UT)

C

(oneeue VERSION 1301 28DEC1983 DRN1BD

g ""!’.'.Q."t.'.'."'.."0.'.."'.’...'.."'...'..'...'..'.'.Q’Q'
c CALCULATE YOLUMETRIC BUDGET FOR DRAINS

C ".’...'..i".i.'....""'..'.'.."".'I"'.."....'."'.."...".
C .

c SPECIFICATIONS:

c ................... ke DT LT R

DOUBLE PRECISION HNE
¢

DIMENSION VBNH(4,HSUH).VBVL(‘.HSUH),DRAI(S,MXDRN),

HNEH(NCOL,NROH.NLAY).IBOUND(NCOL,NROH,RLAY).
2 BUFF(NCOL ,NROW, ,NLAY ) ;

DIMENSION TEXT(4)

DATA TEXT(l).TEXT(Z).TEXT(J).TEXT(4: /’ ' ‘o' DR','AINS'/
G DR sty
C - ~ .. . . - LR
Cleceea- INITIALIZE CELL-BY-CELL FLOW TERM FLAG (1BD) AND
Cleceaaa ACCUMULATORS (RATIN AND RATOUT),

RATOUT=0,

18D=0
c
C2eveuan IF THERE ARE NO DRAINS THEN DO NOT ACCUMULATE DRAIN FLOW
: IF (NDRAIN.LE.0) 6O TO 200
c
C3-veu-a TEST TO SEE IF CELL-BY-CELL FLOW TERMS ARE NEEDED,

IF(ICBCFL.EQ.0 .OR. IDRNCB.LE.0) GO TO 60
c
€38----- CELL-BY-CELL FLOW TERMS ARE NEEDED SET 18D AND CLEAR BUFFZR.

IBD=]

DO SO IL=1,NLAY

J0 50 IR=1,NROW

DO 50 IC=1,NCOL

BUFF(IC,IR,IL)=0.

50 CONTINUE
c
Cdecaaa. FOR EACH DRAIN ACCUMULATE DRAIN FLOW
60 DG 100 L=1,NDRAIN
o
o -GET LAYER, ROW & COLUMN OF CELL CONTAINING REACH.

IL=DRAI(1,L)

IR=DRAI(2,L)

IC=DRAI(3,L)

c
Cobemmuee 1€ CELL IS EXTERWAL IGNORE IT.

IF (IBOUND(IC,IR,IL),LE.0) GO TO 100
C ' ‘ ,

R GET DRAIN PARAMETERS FROM DRAIN LIST,

EL=DRAI(4,L)

C=DRAI(5,L)
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HHNEW=HNEW(IC,IR,IL)
c
(Beccaa- IF HEAD LOWER THAN DRAIN THEN FORGET THIS CELL.
IF (HHNEW,LE EL) GO TO 100 :
¢
o PEP SRR HEAD HIGHER THAN DRAIN. CALCULATE Q=C*(EL-HHNEW) ADD Q TO RATOUT
Q=C*(EL -HHNEW) .
RATOUT=RATOUT-Q -
c }
Cl10ece-- PRINT THE INDIVIDUAL RATES IF REQUESTED(IDRNCB<O0). N

IF (1DRNCB.LT .0, AND, ICBCFL .NE .0) WRITE(IOUT,900) (TEXT(N),N=1,4),
1 KPER,XSTP,L,IL,IR,IC,Q

900 FORMAT(1HD,4A4,' PERI0D',13,* STEP’,I3,° ODRAIN',I4,
1 ' LAYER',I3," ROW',14,' COL',I4,' RATE',G15.7)

Clle-e-- IF C-B-C FLOW TERMS ARE TO BE SAYED THEN ADD Q TO BUFFER. |
IF(18D.EQ.1) BUFF(IC,IR,IL)=BUFF(IC,IR,IL)+Q
100 CONTINUE

Cl2--v-- IF C-B-C FLOW TERMS WILL BE SAVED CALL UBUDSV TO RECORD THEM,
IF(180.EQ.1) CALL UBUDSV{KSTP.KPER,TEXT,IDRNCB,BUFF ,NCOL ,NROW,

1 NLAY,10UT)
c
Ci3-----MOVE RATES,VOLUMES & LABELS INTO ARRAYS FOR PRINTING,
200 VBVL{3,MSUM)=0.
VBVL(4,MSUM)~RATOUT
VBYL (2,MSUM)=VBYL (2,MSUM) +RATOUT*DELT
VBNM(1,MSUM)=TEXT(1)
VBNM(2,MSUM ) =TEXT(2)
VBNM(3,MSUM)=TEXT(3)
VBNM(4 ,MSUM)=TEXT (4)
c .
Cl8mmmnn INCREMENT BUDGET TERM COUNTER
MSUM=MSUM+1
c
£15-mmnsl RETURN
RETURN -
END
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Variable Range

BUFF Global

C Mcdule

DELT Global
DRAI Package

EL Module

>~ HHNEW Module
HNEW Globa!?
- I80 Package

N

1B0UND Global

IC Module

1CBCFL Glohal
IDRNCB Package

IL Module

ouT Global

IR Module

XPER Global

List of Variadbles for Module DnN1BD

Definition

DIMENSEON (NCOL NROW,NLAY), Buffer used to accumulate
informatfon before printing or recording it,

Conductance into drains,
Length of the current time step,

DIMENSTON (5,MXDRN), For each drain: layer, row, column,
head in the drain and conductance into the drain.

Elevation of the drain (head in the drain),
Head in the cell containing the drain.

DIMENSION (NCOL ,NROW,NLAY), Most recent estimate of head
tn each cell. HNEW changes at each {teration,

Flag,
= 0, cell-by-cell flow terms for this package will
not de recorded.
* 0, cell-by-cell flow terms for this package will
be recorded.

OIMENSION (NCOL,NROW,NLAY), Status of each cell,
< 0, constant-head cell
= 0, inactive cell
> 0, variadle-head cel)

Index for columns,
Flag.
= 0, cell-by-cell flow terms will not be recorded
or printed for the current time step.
* 0, cell-by-cell flow terms will be recorded for
the current time step.
Flag.
> 0 and 1f ICBCFL = 0, cell-by-cell flow terms
for the DRN1 Package will be recorded on
UNIT = IDRNCR,
Index for layers,
Primary unit number for all printed output, 1I0UT = 6,
Index for rows,
Stress period counter.
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List of Variadbles for Module DRN1BD (Cortiinued)

Variable Range
KSTP Global
L Module
MSUM Global
MXDRN Package
NCOL Global
NDRAIN Package
NLAY Global
NROW Global
Q Module
RATOUT Module
TEXT Module
VBNM Global
VBVL Global

Definition

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

Index for drains,

Counter for budget entries and labels in VBVL and VBNM,
Maximum number of drains active at any one time,

Number of columns in the grid,

Number of drains active during the current-stress
period.

Number of layers in the grid.
Number of rows in the grid.

Flow from 3 drain into a cell, (Reverse the sign to
get the flow into the drain.)

Accumulator for the total flow out of the flow field
into the drains.

Label to be printed or recorded with the arr-ay data.

DIMENSION (4,20), Labels for entries in the volumetric
budget.

DIMENSION (4,20), Entries for the volumetric budget.

For flow component N, the values in VBVL are:

(1,N) Rate for the current time step into the flow
field.

(2,N) Rate for the current time step out of the flow
field.

(3,N) Volume into the flow field during simulation.

(4,N) Volume out of the flow field during simulation,
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CMAPTZIR 10
EVAPOTRANSPIRATION PACKAGE

Conceptualization and Implementation

Evapotranspiration (ET) is the mechanism whereby water is converted from
the 1iquid phase to the vapor phase. This package similates the effect
of ET where the source of water is the saturated porous medium; therefore,

it deals primarily with water removed by the roots of plants.

The ET rate determined by the ET Package depends on the Posii}on of the
aquifer head relative to two given ET refererce elevations--ET surface and ET
extinction elevation (fig. 42). For a given @odei node, the ET rate decreases
to zero as the aquifer head declines to the extinction elevation and is set to
zero when the aquifer head drops below this elevation. The ET rate increases
to a user-controlled maximum 1imit as the aquifer head rises above the extinction
elevation to the given ET Surface.elevétioﬁ. The ET rate is assumed to bde
proportional to the saturated thickness above the given ET extinction

elevation. The ET -ate is expressed in terms of flow into the aquifer as

Q = 0 when h < EXEL (70)
N = EVIR (h - EXEL)/EXDP when SURF > h 3_EXEL (71)
Q = EVTR when h > SURF (72)

where
0 is the ET rate {L3t-1);
h s the head in the aquifer (L);
EXEL is the extinction elevation (L);
SURF js the ET surface elevation (L);
EXDP is the extinction depth {SURF - EXEL) (L); and
EVIR is the maxinum ET rate (L3t-1),
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Figure 42.—Evapotranspiration as a function of head in the
aquifer.
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Replacing the term EXEL by the expression (SURF - EXDP) {n equations 70, 71,
and 72 ylelas

0 » 0 when h ¢ SURF - EXDP (73)

0 = EVIR (h - (SURF - EXDP))/EXDP when SURF > h > SURF - EXDP  (74)
Q = EVIR when h > SURF, (75)

To simulate the effect of ET on an aquifer, one of these expressions
is added to the finite-difference equation for each cell. The }1nite-

difference equation was written in the form

m m . m
CVi,5,k-172Mi,5,k-1 * CCi-1/2,5,kM4-1,5,x + CRY,5-1/2,kM4,5-1 k
- OV 5,k-172 = CCy1z2,5,x = CR{ jo1/2.k - CRy,j+1/2,x
m m
= CCia1/2,5,k = CVi,j,ke172 * HCOFy 5 4 0h5 5y + CRy,5+172,xNi, 541,k

m m
* CCia 72,5,k 5,k * OV, 5, ka1 /24,5, k) 7 RHS 5 ) (76)

where
RHS; j,x 1is composed of all terms independent of head at the end of
the ifteration; and
HCOF; j,k 1s composed of all coefficients of Ry, j,k other than

conductances from adjacent cells.

As explained in chapter 2, an external source of water represented by an

equation or the form

a4,5,k,n * Fi,j,k,n™ 3,k * Qi,5,k,n (77)

can be incorporatec into equation 76 by adding'pi'j.k,n to HCOFy 4  and

subtracting ai,§,k,n from RHSi.j,k. The value of Pi,j,k,n ond Q5 5 k,n
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depends on which of the three equations--73, 74, or 75 |4 selected, The

values are shown in the following tadle,

Equation
73 74 7%
Pi,i,k,n ) -EVIR/EXDP i)
9§,3,k,n 0 EVTR*(SURF-EXDP)/EXDP  -EVIR

The data needed to calculate the terms in this table are the three
variables--maximum ET rate, ET surface elevation, and extinction depth. The
three variables are stored in the three arrays--EVTR, SURF, and cXDP, each
array having one value for each horfzontal-cell Tocation. The user must

specify values for each variable at each horizontal-cell location.

There are two options (fig. 43) for indicating from which tayer £7 is
abstracted at a given horizontal-cell location. Under option 1, €T {s taken
from grid layer 1. Under option 2, ET {s taken from the layer specified by

the user in a special array called IEVT,
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Evapotranspiration rackage Input

Input to the Evapotranspiration (EVT) Package is read from the unit
specified 1n JUNIT (5),

FOR EACH SIMULATION

1. Data:
Format:

FOR EACH STRESS

?. Data:
Format:

3. Data:
Module:

4, Data:
Module:

5. Data:
Mo~ le:

EVTIAL

NEVTOP IEVTICB
110 110

PERIOD
EVTIRP

INSURF INEVIR INEXDP.  INIEVT
110 110 110 110

SURF
U2DREL

EVIR
UZOREL

£xop
U2DREL

IF THE ET OPTION IS EQUAL TO TWO

6. Data:
Module:

1EVT
U2DINT

Explanation of Fields Used in
Input Instructions

NEVTOP--is the evapatranspiration (ET) option code. ET parameters (ET
surface, maximum ET rate, and extinction depth) are specified
in two-dimensiona) arrays, SURF, EVTR, and EXDP, with one value
for each vertical column, Accordingly, ET is calculated for one
cell in each vertical column, The option codes determine for
whicn cell in the column ET will be calculated.

1 - ET {s calculated only for cells in the top grid layer.

2 - The cell for each vertical column is specified by the
user in array IEVT,
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IEVICB--is a flag and a unit number,
If IEVICB > 0, it is the unit number on which cell-dby-cell flow
terms will be recorded whenever ICBCFL (see Output
Control) is set.

If IEVICB < ¢, cell-by-cell flow terms will not be printed or
recorded.

INSURF--is the ET surface (SURF) read flag,

If INSURF > 0, an array containing the ET surface elevation will be
read,

If INSURF < 0, the ET surface from the preceding stress perind will
be reusad, .

INEVIR--is the maximum ET rate (EVIR) read flag.
If INEVTR 2> 0, an array containing the raximum ET rate will be read,

If INEVIR < 0, the maximum ET rate from the preceding stress period
will be reused,

INEXDP--is the extinction depth (EXDP) read flag,

If INEXDP >0, an array containing the extinction depth (EXDP) wil)
be read.

Uf INEXDP < 0, the extinction depth from the preceding stress period
will be reused.

INIEVT--is the layer indicator (IEVT) read flag. It is ysed only if the ET
ontion (NEVTOP) 1s equal to two.

If INIEVT.1 0, an array containing the layer indicators (IEVT) will
be read,

If INIEVT < 0, layer indicators used during the preceding stress pe~iod

will be reusad,
SURE--is the elevation of the ET surfaca,
EVIR--is the maximum ET rate.
EXDP--is the ET extfnction depth,
IEVT--is the layer indicator array. For each horizontal location, it

indicates the layer from which ET s removed, It is needed only if
the ET option is equal to two.
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DATA
1TEN

L NI VRV I

1A

DATA
1TEN

[ XX S

-0

SANPLE INPUT TO THE IYWSPIIATIOI PACKAGE USING ET OPTION 1

EXPLANATION INPUT RECORDS
{NEzvTOP, 12ZVTCH) 1 4]
Stress period )--|INSURP, INEVTR, INEXDP, INIEZVT) 1 )
Control record for ET surface array n i.

710 71% 7220 2%
ET surtace 720 73S 730 713

Contiol f1ecoid for mazimum ET tate [} 9.65E-7
Control recocd for extinction depth array . [} 19.
Stress peciod ,.2--|INSURP, INEVIR, INEXDP, INIEVEl____ -1 1
Control tecord for maximuam ET gate [} 8.2)E-?
Stress peciod J}--{INSURP, INEVTR, INEXDP, INIRVT)____ -1 )}
Control secord tor mazimum ET rate - n 9.652-)
1.21.21.21.21.
1.2 1.21.21.3 1.4
max ET rate 1.2 1.2 1. 1.4 1.8
1.01.01.0 1.1 1.2
1.2 1.3 1.3 1.4 1.4
1.3 1.3 1.4 2.4 1.4
SANPLEZ INPUT TO THE EVAPOTRANSPINATION PACKAGE USING ET OPTION 2
EXPLANATION INPUT RECORDS
{NEVTOP, IEVTCS) - 2 45
Stress peclod 1--(INSURP, INEVTR, INEXOP, INIEVY)__ 1 1
Contro) record for LT surface arcay 27 1.
710 71% 720 925
715 720 32% 130
ET surlace 720 725 730 735
725 730 7135 740
730 735 40 745
735 740 745 75C
Control tecord for maximum ET ratec 0 9.65€E-7
Control sccord for extinction depth arvoy _ = _ __ [} 10.
Control revord for layer indicator array —— 12 1
122123
12222
Layes nusbers 11222
11212
11111
11111
Stress perivd 2--{INSURF, INEVTR, INEXDP, INIEVT) _— -1 1
Control tecotd fur maximum ET frate ] 8.2)E-7

FPIELDS IN ARWAY CUNTROL RECORDS ARE-~-{ LOCAT, CONST,

1
(10F5.0)
730
733
740
145
750
%%

-1

-1
{10r4.0)

i 1
{10r5.0)
7310
738
7140
245
750
75%

(2012)

-1 -1

FNTIN, LIPRN)
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“odule Documentation for the [vapotranspiration Package

The Evapotranspiration Package (SVT1) consists of ‘our modules, all

of which are called by the MAIN program. The modules are:

EVTIAL Allocates space for arrays to contain maximum
ET rate (EVTR), surface elevation {SURF),
extinction depth (EXDP), and, if option 2

is specified, the layer indicator (IEVT).

EVTIRP Reads arrays containing the maximum ET rate
(in terms of a volume per unit area), su(face
elevation, extinction depth, and, if option 2
is specified, the layer indicator. Maximum ET
rates are multiplied by cell area to get the

maximum ET for each node as a volumetric rate.

EVTIFM Determines, for each horizontal location, which
cell is at the surface. Determines if there
is ET from that cell. 1If there is ET, add the
appropriate terms to HCOF(I,J,K) and RHS(1,J,K).

EVT1BD Calculates the rates and accumulated volume of T

out of the flow system.
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Narrative for Module EVT1AL

This module allocates space in the X array to store data relating to

evapotranspiration,
1. Print a message identifying the package.

2. Read and print the option indicator (NEVTOP) ind the unit numbe~

for cell-by-cell flow terms (IEVTCB).

3. See if the ET option (NEVIOP) is legal., 1f NEVTOP is illegal
(not 1 or 2), print a message saying the option is 11legal. Do not

allocate storage. STOP.
4. If NEYTOP is legal, print NEVTOP,

5. If the.cell-by-cell flow terms are to be recorded, print the unit .

number {IEVTCB) where they will be recorded.

6. Allocate space for the maximum ET-rate array (EVIR), the extinction-

depth array (EXDP), and the ET-surface array (SURF),

7. If the ET option (NEVTOP) is equal to two, allocate space for a

layer-indicator array (IEVT).

8. Calculate and print the number of elements in the X array used by

the ET package.

3. RETURN.
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“Tow Cnart for Mocuie EVTIAL

NEVTOP ¢s the ET optéon.
ENTER
1f NEVTOP = 1, ET is from the EvTia

top layer,

f NEVTOP : h 4

If NEVTOP = 2, ET is from the ——————
layer specified by the user in IDENTIFVING
the {ndicator array (IEVT). PACKAGE

IEVTCB {s the unit number on which + :
cell-by-cell flow terms for ET READ NEVTOP
will be written, AND IEVTCB

EVIR is an array which contains the
maximum ET rate for each horizontal

cell location, PRINT
ERROR
. MESSAGE
SURF {s an array which contains the
elevation of the ET surface.
EXDP s an array which contains the | PRINT MESSAGE
extinction depth for ET, | SHOWING OPTION
[EVT is an array which contains the
layer number from which ET i{s taken
for each norizontal location., It
is used only if option 2 has Igngfm
been specified. vrca

ALLOCATE SPACE
FOR EVTR, SURF.
AND EXDP ARRAYS

ALLOCATE
SPACE FOR
IEVT ARRAY

T

OPTION
2

‘ 2RINT AMOUNT
1 OF SPACE USED
4 BY THE EVT

PACKAGE

RETURN
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Susﬂwn# EVTIAL{1Sum LENE LCIEVT LCEVTR LCEIOP LCSURF,
"COL , NA0u NEYTOP 1N JOUT IEVTCH)

--eee FRSION 0943 080£C1903 f¥TIM

AMLOCATE APRAY STORAGE 500 EVAPOTRANSPIRATION

SPECIFICATIONS:

(2 laXalaXatataRalalylel

Jecacaeo| DENTIFY PACKAGE.
wRITE(IOUT 33N
1 FORMAT{ING, 'EVTL -o EVAPOTRANSPIRATION 'ACIDEE. viasion 1,
1 : lll“ll!' * INPUT READ FROM UNIT® 13)

<
C2eeeaeREAD MEYTOP AND 1EVTCSB,
READIIN,3INEYTOP, (EVICE
1 FORMATI2110)

4
£3eceea CNECK TO SEE TMAT ET OPTION IS LEGAL.
1F (MEVTOP . GE . 1. ARD REYTOP ,LE.2)60 10 200

4
CIAewweelF ILLFGAL PRINT A MESSAGE § ABORT SIMULATION,
wRITE(IOUT,8)
9 FORMAT(1%, 'ILLEGAL ET OPTION COOE, SIMULATION ABORTING')
sTOP

C
Cée-eaaa]F THE OPTION IS LEGAL THMERM PPINT THE OPTION COOE.
20¢ 1F (WEYTOP EQ.3) WRITE(ICYT 201}
20) FORMAT{1I, ‘OPTION ] -« EVAPOTRANSPIATION FROM TOP LAYER®)
IF(NEYTOP.£3.2} WMRITE(TOUT 202}
202 FORMAT(13, 'CPTION 2 -- EVAPOTRANSPIRATION FROM OME SPECIFIED®,

1 * WOOE IM EACM VERTICAL COLUMN®)
1Rl Sim
<
e R IF CELL-OY-CELL TERMS TC SE SAVED THEN PRINT UNIT wUMSER,

1F(IEVTCR.3T.0) WRITEIIOUT,203) 1E¢TCE
203 FORMAT(11, "CELL-BY-CELL FLOW TERMS WILL BE SAVED Ow UNIT’ 1)

[ PO ALLOCATE SPACE FOR THE ARRAYS EYIR, EXDP AND SURF,
LCEYTReISUM
15UMe ] SUmeRCOL *NROW
LCEXDP=ISUM
15UMe] SUMeNCOL *NROM
LCSURF =1 SUM
1511 SUMCNCOL *NROW

,
[7aceeeslF OPTION 2 THEN ALLOCATE SPACE FOR THE IMDICATOR ARRAT(1EVT)
IF(NEVTOP NE.2)GO TO 00
LCIEY ToISUN
15U ] SUM-NCOL *NROW

[, PO -CALCULATE & PRINT AMOUNT TF SPACE USED 8Y ET PACKAGE,
300 IRK=ISUM-RK

WRITE{JQUT 4V IR

4 SOPMAT{1X,16,° ELEMENTS OF X ARRAY UStD FOR EVAPQTRANSPIRATION')
15yml el SUN-]
WRITE(IOUT,S)ISUML LENX

S FORMAT{12,16,' ELEMENTS OF 3 ARRAY USED OUT OF°,17)
1F1SUMY GT LENXWRITEITOUT 6)

6 FORMAT{1X,®  °**X ARRAY MUST BE MADE LARGER®**‘)

4 B RETURN,
AETURN
END
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List of Varianies for Mogule EVT3aL
1 Variable Range Definition

TEVTCS Package Flag,
Tf 1EVICB > 0 and ICBCFL » 0, cell-by-cell flow
terms for the EVT) Package wil) be recorded on
UNIT = [EVTCB,

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

10Ut Global Primary unit number for al) printed output. 1QUT = 6.

IRK Module Before this module allocates space, IRK is set equal

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

ISUM Global Index number of the lowest element in the X array which
p has not yet been 1llocated. When space is allocated
for an array, the size of the array is added to
o ISuM, : '
. TSymMl Module Index number of the last element of the X array
allocated by this module.
~ LCEVTR Package Location in the X array of the first elerent of array
EVIR.
LCEXDP Package Location in the X array of the first element of array
EXDP.
o LCTEVT Package Location in the X array of the first element of array
- IEVT'
t CSURF Package Location in the X array of the first element of array
SURF,
~
LENX Global vength of the X array in words. This should always e
~ equal to the dimension of X specified in the MAIN
program,
- NCOL Global Number of columns in the grid,
NEVTOP Package ET option:

= 1, ET 1s from the top layer.
= 2, ET at each horizontal-cell location is from
the layer-indicator array (1EVT).
NQQOW Global Number of rows in the qrid,
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Narrative for Module EVTIRP

This module reads data used to calculate the terms which represent
evapotranspiration,

1. Read the values INSURF, INEXDP, INEVTR, and INIEVT which indicate
whether the data contained in arrays SURF, EXOP, EVTR, and IEVT,
respectively, used during the last stress period, are to be used for the
current stress period,

2. Tast INSURF to see where the ET-surface array (SURF) is coming from,
If INSURF §s less than zero, the ET-surface elevation used in the last stress
period will be used again in this stress ,eriod. Print a message to that
effect and GO TO 4.

3. INSURF is greater than or equal to zero. CALL UZDREL to read SURF,

4, Test INEVTR to see where the maximun ET -ate (EVIR) is coming from,
1f INEVTR is less than zero, the maximum ET rate used in the i13ast stress
period will be used again in this stress period. Print a message to that
effect and GO TO 7. ‘

5. [INEVTR is greater than or equal %o zero. CALL U20REL to read the
maximum ET rate (EVTR),

6. Myltiply the maximum ET rate by the area to get a volumetric rate.

7. Test INEXNDP to see where the extinction rate is coming from, If
INEXDP is less than zero, the :xtinction depth used in the last stress period
will be used again in this stress period. Print a message to that effect
and GO 70 9.

£, If INEXDP is greater than or equal to zero, CALL U2DREL to read the
extinction depth.

9. 1f the ET option (NEVTOP) is equal to two, a layer-indicator array
is necaed.

10. Test INIEVT to see where the layer indicator is coming from, !f
INJEVT is less than zero, the indicator array used in the last stress period
will be used again in this stress period. Print 2 message to that effect
and GO TO 12.

11. [If INIEVT is greater than or equal to zero, CALL U2DINT to read the
IEVT array.

12. RETURN.
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Ftow Cnars tor vaeitae SYTIRD

INEVIR is a flag wnicn, when set,
indicates that the maximum ET rate
EVIR should he read for the current
stress period. If it !s clear
(Tess tran zero), maximum ET rates
from the last stress period should
be reused,

INIEVT, INSURF, and INEXDP are flags
similar to INEVTR ysed for the
1ayer indicator array (IEVT), the
ET surface array (SURF), and the
extinction depth array (EXDP),
respectively,

EVIR is an array containing the maximum
ET rate for every horizontal cell
location,

SURF 1s an array containing the ET
surface elevation for each horizontal
cell location,

EXDP is an array containing the extinction
depth for each horizontal cell
Yocation,

IEVT {s an array containing a layer
indicator for each horizontal cell
location., For each horizontal cell
location, it indicates the layer
numder of the call at tha: location
from which €T s taken, It is used
only if the ET option (NEVTOP) is
equa: to two.

NEVTOP i{s the ET option,

If NEVTOP = 1, ET ¢s from the top
1ayer,

If NEVTOP = 2, ET $s from the 1ayer

specified by the user in the indicator
array (IEVT).
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SUBROUTINE EvTIPR wEVTOP 1EV® EvT2 £000 SysF DELR DELI,
NCOL VROV , LAY tn 10y T)

¢
CeeessVERSION 163] DBFED]»4) (¥TIRP

READ EVAPOTEANSPIRATION DATA

SPELIFLCATIONS :

DIMENSION TEVT(NCOL ,SROV ), EVIR!NCOL , NR0M ) EXOPINCOL ,MAOW ),
1 SURF (NCOL R0} , ANARE (6,4 ) DELR(NCOL ) ,DELC (WROW)

DATA m'z n,mu 1) AN, 1) ANAME (4,1) AN (3,11,
1 ANAE(S,) E1°.° LAT' B8 1°,"NOEL"/

0ATS mu z;.wnm z).mm: z).mu.z).mmu 2. N

1 MANE(6,2) / €1°, " Suk,'Pacts/ N

DATA ANANE(1,3), ANNE(2,3), ANAME(D.Y) ARNE (8,3) . ANNE (S,3), :
1 AMAME(6.3) /° EvA°, "0‘"' *ANSPY CIRATY C1ON °, "NATE?) 3
OATA AN (1,8),ANNE(2,4), AANELD ) KRN (4,8) | ANNE (3.4}, 3
1 AnAMElS,4) 7° %’ *LESTI hCTE, 0N DY, EPTHY/

(2 Xa XY NaXel

4

3
CleeeeeREND FLAGS SMOMING WWETHER DATA [S TO BE REUSED,
READIIN S)TNSURF INEYTR INEIOP INIEVT
6 FORMAT(4110}

¢
€2eamacaTEST INSURS TO SEE WERE SURFACE ELEYATION CL'ES FROW,
1F (INSLRF GE 0060 TO 37 : 3

¢
€28ecoeeslF IKSURF<O THEN REUSE SUGFACE ARRAY FAOM LAST STRESS PERI00

WwRITE(10UT.I)
3 FORMAT (140, ‘AEUSING SURF 7ROW LAST STRESS PERI0O")

G0 T0 JS

¢
C3eecane=clF INSURFe»0 THEN CALL MOOULE UZDREL TO WEAD SURFACE. .
32 CALL UZDREL (SURF ANANE(1,2),%R0u,mCOL 0,18, 100TY R

C
Cloceen <TEST INEYTR TO SEE WHERE MAX ET RATE COMES FROM, 3
35 IF{INEVIR GE.0)60 TO 37 . @

c
CoAeeeaalf INEVTRCO TMER REUSE MAI ET VATE, B
i

WAITE{I0UT &) 2
& FORMAT{1M0, "REUSING EYTR FROM LAST STRESS PERIOD') R &
T e g

G0 T0 45

.
CS-eeeeelF INEVTR®>0 CALL MOOULE UZ2OREL YO READ MAX ET RATE, :
37 CALL UZOREL{EVIR ANAME(] 3} NR0MW NCOL.0,IN,10UT) . I

C
Chovee-LTIFLY RAX EY RATE BY CELL AREA TO GET VOLUMETRIC RATE 3
00 40 [Rel, MROW E’

00 40 1C=1,NCOL
EVIR(IC, ll){"l(lc [RY“OELR(IC)*DELC(IR) I

40 CONTIMUE 5
C - .
CTaceeesTEST INEXDP TO SEE WMERE EXTINCTION DEPTH COMES FROM - 3
45 IF{INEIDP.GE.0)G0 TO 47 2

4
€74 17 INEXDP<O REUSE EXTINCTION DEPTH FROM LAST STRESS PERIO0D -8

Aveocne

WRITE(IOUT,S5)
§ FORMAT(IMO, ‘REUSING EXOP FRO® LAST STRESS PERIOD®)

60 T0 8
4
[ IF INEXDP=>0 CALL MODULE U2DREL TO READ £XTINCTION DEPTH
47 CALL UZ0REL{EXOP ANAME(1,4},9R0u NCOL,0,IN, 10UT} -
¢ -3
P T -1F OPTION(NEYTO?) !S 2 THEN WE NEED AN INOICATOR ARRAY, -
48 [F{NEYTOP.NE.2)G0 TO SO ’ .
4 -
C10=eocaelF INMEVT<O THEN REUSE LAYER INDICATOR ARRAY, U3
IF{IMIEYT.GE,0)GO TO 4% B
WRITE(10UT,2) -
2 FORMAT(1MO, ‘PEUSING IEVT FROM LAST STRESS PERIDO®) :

60 10 50 b

m..-.-." INTEVTor0 THEN CALL MODULE UZDINT TO NEAD INDICATOR ARRAY,
49 CALL UZDINT(IEVT,ANAME(1,1), 5004 ,NCOL,0,1N,10UT)

C
Cl12eeeaRETURN
50 RETUAN -
END
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Variable Range
ANAME Module
DELC Global
DELR Global
EVTR Package
txopP Package
1C Module
1EVT Package
IN Package
INEVTR Module
INEXDP Module
INIEVT Module
INSURF Module
10UT Giobal
IR Module
NCOL Global
NEVTOP Package
NLAY Global
NROW Global
SURF Package

List of variables for Module EVTIRP

Definition

tabel for printout of the input array.

DIMENSION {NROW), Cell dimension in the column
direction. DELC(I) contains the width of row 1.
DIMENSION (NCOL), Cell dimensfon in the row direction,

DELR(J) contains the width of column J.

DIMENSION (NCOL,NROW), Maximum ET rate,

DIMENSION (NCOL ,NROW), Extinction depth.

Index for columns,

DIMENSION {NCOL,NROW), Layer number for each Norizontal
cel) location from which ET will be taken if the E7
option (NEVTOP) is equal to two.

Primary unit number fror whizh input for this package

will be read, :

Flag, )
> 0, EVTR array will be read.

< 0, EVIR array already in memory from the last
stress period will be used.
Flag.
> 0, EXDP array wili be read.

< 0, EXDP array already in memory from the last
stress period will be used.
Flag,
> 0, IEVT array will be read.

< 0, 1EVT array already in memory from the last
stress period will be used.
Flag.
> 0, SURF array will be read.

< 0, SURF array already in memory from the last
stress period will be used.

Primary unit number for all printed outpur. IQUT = £,
Index for rows.
Numbder of columns in the grid.
ET option,
= 1, €T is from the top layer.
= 2, ET at each horizontal-cell location is from
the layer-indicator array (IEVT).
Number of layers in the grid.
Number of rows in the grid.
DIMENSION (NCOL,NROW), Elevation of the ET surface,
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Narrative for Mosyle EVTIFM

This module adds -arme representing ET to the finite-difference equations.

1. For each horizontal-cell location, determine which layer ET comes _;

from and add the appropriate terms to the equation for the cell. DO STEPS 1-7.
2. Set the layer index equal to one. A

3. If option 2 was invoked, get the layer index from the indicator

array (1EVT).

4, 1f the cell is external, move on to the next horizontai-cell

location, SKIP STEPS 5-7.

5. 1f the head in the aquifer is greater than or equal to the ET-
surface elevation, add EVIR to RHS and move on to the next horizontal-

cel} location. SXIP STEPS 6 AND 7.

6. 1f the head in the aquifer is less than the extinction elevation

(ET surface minus extinction depth), no terms nead to be added to the

LI

finite-difrerence equation. Move on to the next horizontal-cell locatton. .

SKIP STEP 7. 3

7. Add the term -EVTR/EXDP to HCOF and subtract the term

-EVTR(EXDP - SURF)/EXOP from RHS.

8. RETURH,
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Flow Chart for Mcoyle EVTIFM

1EVT ¢s an array containing a
layer indicator for each
nhortzontal cell location.
For each horizontal cell
location, it ingicates
the layer number of the
cel) at that location from
wnich EY {s taken. It is
used only if the ET option
(NEVTOP) is equal to two,

SURF is an array containing
the maximum ET rate for
every horizontal cell
location,

EVTR is an array containing
the maximum ET rate for
every horizontal cell
Yocation,

RHS *s an accumylator in which
the right hand side of
the finite-difference
equation is formulated.

HCOF s an 3accu—ulator in
which a coefficient of
nead in the finite-
difference equation is
formul ated,

NEVTOP $s the ET option.,

1f NEVIOP = 1, ET s from
the top layer.

1f NEVIOP = 2, ET is from
the layer specified by
toe vser in the indicator
array (IEVT).

FOR EACH
HOR.ZONTAL
CELL LOCATION

SET LAYER
INDEX EQUA,
T0

v_.

+ JQPTION 2

i SPECWIED

SET LA/ER
INDE> rACM IEVT

CELL

EXTERNAL
2

HEAD IN
ZELL> SURF
~

-]
HEAD IN CELL

YES

<EXTINCTION
ELEVATION
el

ADD ET TERAMS
TO HCOF AND
IS

TN SV ce e e e
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SUBROUTINE EVTLIFM(NEVTOP,IEVT ,EVIR,EXDP,SURF RHS HCOF,

1 1BOUND ,HNEW ,NCOL ,NROW ,NLAY , [0UT)
c
C-----VERSION 0835 i0FEB1983 EVTIFM
c (22422 2 I 3222222222222 ARl A8l b2 22442 2223224224122 X222 32222222222 X ]
c ADD EVAPOTRANSPIRATION TO RHS AND HCOF
c .".""'..tti"*""."..".'.t"'..'.'!'I'"..f.""""'.'""".
c
c SPECIFICATIONS:
C - - e e D - a S - P D D DD G P D D D D D D W D D W
DOUBLE PRECISION HNEW
OIMENSION IEVT(NCOL,NROW),EVTR(NCOL,NROW),EXDP(NCOL, NRON) ,
1 SURF (NCOL ,NROW ) ,RHS (NCOL ,NROW ,NLAY ),
2 HCOF (NCOL ,#ROM LAY ), IBOUND (NCOL ,NROW ,NLAY ) ,
3 HNEW(NCOL ,NROW ,NLAY)
{  ccccccecemcecccceccccesssceccecccecccaccccecrceccsesesmscemsenna—=
c
3 R PROCESS EACH HORIZONTAL CELL LOCATION
D0 10 IR=1,NROW
DO 10 IC=1,NCOL
o P
2-annn- SET THE LAYER INDEX EQUAL TO 1
IL=1
c
o IF OPTION 2 IS SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY
1f (NEVTOP.EQ.2)IL=IEVT(IC,IR)
c
Y P IF THE CELL IS EXTERNAL IGNORE IT.
IF (1BOUND(IC,IR,IL).LE.O)GO0 TG 10
C=EVTR(IC,IR)
S=SURF (1C,IR)
H=HNEW(IC.IR,IL)
C .
C5mmmmnn IF AQUIFER HEAD IS GREATER THAN OR EQUAL TO SURF, ET IS CONSTANT
IF(H.LT.S) GO TO 5
c

CS5A-ccu- SUBTRACT -EVTR FROM RHS
RHS(IC,IR,IL)=RHS(IC,IR,IL) = C

GO TO 10
c .
C6-nn-- IF DEPTH TO WATER>=EXTINCTION DEPTH THEN ET IS 0
5 D=S-H
X=EXDP(IC,IR)
1F (D.GE.X)GO TO 10
c
Clemmmeo LINEAR RANGE. ADD ET TERMS TO BOTH RHS AND HCOF.
RHS(IC,IR,IL)=RHS(IC,IR,IL)+C-C*S/X
HCOF (I1C,IR,IL)=HCOF(IC,IR,IL)-C/X
10 CONTINUE
¢
€8----- -RETURN
RETURN
END
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List of Variables for Module EVTIFM

Variable Range Definition

c Module Maximum ET rate.

D Module Oepth to water,

EVTR Package DIMENSION (NCOL NROW), Maximym ET rate.

Expp Package DIMENSION (NCOL,NROW), Extinction depth,

H Module Head in the cell, ’

HCOF Global DIMENSION (NCOL ,NROW,NLAY), Coefficient of head in
the cell (J,1,K) in the finite-difference equatior.

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

1BOUND Global DIMENSION (NCOL ,NROW,NLAY), Status of each cell.

< 0, constant-head cell
= 0, inactive cell
> 0, variable-head cell

1C Module Index for columns,

IEVT Package DIMENSION {NCOL,NROW), Lzyer number, for each horizontal-
cell location, from which ET will be taken §f the ET
option (NEVTOP) is equal to two.

IL Module Index for layers,

10UT Global Primary unit number “or 2ll printed output. TOUT = 6,
IR Module Index for rows,

NCOL Global Number of columns in the grid.

NEVTOP Package ET optinn,

= 1, ET is from the top layer.
= 2, ET at each horizontal cell location is from
the layer-indicator array (1EVT).

NLAY Global Number of layers in the grid,
NROW Global Number of rows in the grid,
RHS Global DIMENSION (NCOL,NROW _NLAY), Right hand side of finite-

difference equation. RHS is an accumylation of
terms from several different packages.

S Module 2T surface elevation for a cell.
SURF Package DIMENSION (NCOL,NROW), Elevation of the ET surface.
X Module Extinction depth fcr a cell,
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Narrative fo~ Module EVT1BD

This module calculates rates and volumes removed f-om the aquifer by
evapotranspiration.

1. Clear the rate accumulator RATOUT,

2. 1f budget terms will be saved, clear the buffer (BUFF) in which
they will be accumulated.

3. Process each horfzontal-cell location one at a time calculating
flow to evapotranspiration (STEPS 4-11),

4, Set the layer index (IL) equal to one.

5. If opticn 2 is in effect, get the layer index from the layer-
indicator array (1EVT).

6. 1If the cell is external (IBOUND < 0), bypass prucessing of the cell,

7. 1f the head in the aquifer is gréater than the elevation of the
ET surface, set the ET rate for the cell equal to the maximum ET rate.
SKIP STEPS 8 AND 9,

8. [f the depth to the water is greater than the extinction de;th,
bypass further processing of this cell, SKIP STEP 9,

. Calculate the ET rate using the linear approximation.

10. Add the ET flow from the cell to the accumulator (RATOUT).

11. If the cell-by-cell flow terms are to be saved, add the ET rate
to the buffer (BUFF),

12. If the cell-by-cell flow terms are to be saved, call module UBUDSY
to write the buffer (BUFF) onto a disk.

13. Move RATOUT into the VBVL array for printing by BAS10T.

14, Add RATOUT multiplied by the time-step length to the volume accum-
ulatcrs in VBVL for printing by BAS10T.

15, Move the CT budget-term labels to VBNM for printing by BAS10T,
16. TIncrement the budget-term counter (MSUM),

17, RETURN,
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Tow (mart for Module EV7180

RATOUT ‘¢ an accurmulator to which
all flows out of the aquifer
are added,

BUFFER is an array in which values
are stored as they are deing
gatheread for printing or
recording.

ISVT ¢s an array containing a
layer indicator for each
horizontal cell location. For
each horizontal cell location,
it indicates the layer number
of the cell at that locaticn
from which ET {s taken, It is
used only if NEVTOP is equal
to two,

SURF {s an array containing the £T
surface elevation for each
horizontal cell locatton.

Q is the flow to £ET from an
individual cell.

VBVL !s a table of budget entr-es
calculated by component-of-flow
packages for use ‘n calculating
the volumetric budget.

VBNM 1s a table of labels for
budget terms.
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SUBROUTINE EVTIBD(NEVTOP,IEVT ,EVTR EXDP,SURF ,1BOUND MNEW,
1 NCOL ,NROW ,NLAY ,DELY ,VBVL ,VBNM ,MSUM KSTP KPER,
2 IEVTCB,1CBCFL ,BUFF,1OUT)

---VERSION 1405 10FEB1983 EVTIBD

PR RPOARNAER P AN IO R N SO ORI AN O PN O ARG C RN R OO NN ARG E PR N E RN AP PO RN OERNED

CALCULATE VOL!METRIC BUDGET FOR EVAPOTRANSPIRATION

PP I Y Y T T T2 2 1 T T TR TR D TR T R PO P e QP Gy

SPECIFICATIONS:

DOUBLE PRECISIOM HNEW
DIMENSJON 1EVT(NCOL ,NROW),EVTR(NCOL ,NROW),EXDP (NCOL ,NROW),
SURF (NCOL ,NROW } , IBOUND (NCOL ,NROW ,NLAY),
VBVL(4,20),VBNM(4,20) ,KNEW(NCOL ,NROW NLAY),
BUFF {NCOL ,NROW ,NLAY)
DIMENSION TEXT(4) i
DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /' ! ! '\ OET'/

W N o

-----CLEAR THE RATE ACCUMULATOR.

RATOUT=0

----- IF CELL-BY-CELL FLOW TZRMS WILL BE SAVED THEN CLEAR THE BUFFER.

18D=0
1F(1EVTCB.LE.O .OR. ICBCFL.EQ.?) GO TO S
18D=1
DO 4 IL=1,NLAY
DO 4 IR=1,NROW
N0 4 IC=1,NCOL
BUFF (IC,IR,IL)=0.
a4 CONTINUE

----- PROCESS EACH HORIZONTAL CELL LOCATION

5 D0 10 IR=1,NROW
DO 10 IC=1,NCOL

----- SET THE LAYER INDEX EQUAL TO 1

IL=l

----- IF OPTION 2 IS SPECIFIED THEN GET LAYER INDEX FROM IEVT ARRAY

IF (NEVTOP,EQ.2)IL=IEVT(IC,IR)

----- IF CELL IS EXTERNAL THEN IGNORE IT.

IF (1BOUND(IC,IR,IL).LE.0)GO TO 10
C=EVTR(IC,IR)

S=SURF (1C, IR)

HeHNEW(1C,IR,IL)

----- IF AQUIFER HEAD => SURF,SET Q=MAX ET RATE

IF(K.LT.S) GO TO 7
Q=C
GO TO 9

----- 1F DEPTH=>EXTINCTION DEPTH, ET IS O
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7 XsEXDP{IC,IR)

D=5-H
IF(D.GE.X)GO TO 10

o

C9-men=- LINEAR RANGE . Q=-EVTR(H-EXEL)/EXDP
Q=C*D/x-C

c

C10-=-w- ACCUMULATE TOTAL FLOW RATE
9 RATOUT=RATOUT-Q

Clle---- 1F CELL-BY-CELL FLOW TERMS TO BE SAVED THE ADD Q TO BUFFER.
IF(18D.EQ.2) BUFF(IC,IR,IL}=Q
10 CONTINUE

Cl2----- IF C-B-C TO BE SAVED CALL MODULE UBUDSY TO RECORD THEM.
1F(180.£Q.1) CALL UBUDSV{KSTP KPER,TEXT,IEVTCB,BUFF ,NCOL ,NROW,
1 NLAY,T0UT)

C

C13-----MOVE TOTAL ET RATE INTO VBVL FOX PRINTING BY BASL0T.

: VBVL (3,MSUM)=0,
VBVL(4,MSUM) =R ATOUT

c

Cldmeu-- ADD ET(ET RATE TIMES STEP LENGTH) TO VBVL
VBVL (1,MSUMT =0,
VBVL ({2 ,MSUM)=VBVL (2 ,MSUM}+RATOUT*DELT

c .
C15-----MOVE BUDGET TERM LABELS TO VBNM FOR PRINT BY MODULE BAS10T
VBNM (1 ,MSUM)=TEXT(1)
VBNM(2,MSUM)=TEXT(2)
VBNM(3,MSUM)=TEXT(3)
VBNM{4,MSUM)=TEXT(4)
c
C16-=--- INCREMENT BUDGET TERM COUNTER
MSUM=MSUM+1
C
C17---~-RETURN
RETURN
END
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List of Variables for Module EVTIBD

Variable Range Definition
BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate
information before printing or recording it,
c Module Maximum ET rate at a cell.
)] Module Depth to water below the ET surface. 9
DELT Global Length of the current time sten. -
EVTR Package DIMENSION (NCOL,NROW), Maximum ET rate. .
EXoP Package DIMENSION (NCOL,NROW), Extinction depth,
H Module Head in the cell.
HNEW Global DIMENSION (NCOL NROW NLAY), Most recent estimate of
head in each cell, HNEW changes at each iteration,
18D Module Fiaq,
s 0, cell-by-cell flow terms for this package will
not be recorded.
s+ 0, cell-by-cell flow terms for this package will
be recorded,
IBOUND Global DIMENSION (NCOL ,NROW,NLAY), Status of each cell,
<0, constant-head cell .
= 0, insctive cell i
> 0, variable-head cell .
IC Module Index for columns,
ICBCFL Global Flag.
= 0, cell-by-cell ¥low terms will not be recorded
or printed for the current time step.
+ 0, cell-by-cell flow terms will be recoraed for -
the current time step. i
TEVT Package DIMENSION (NCOL,NROW), Layer number for each horizontal- 5
cell location from which ET will be taken if the ET .
option (NEVTOP) is equal to two.
IEVTCB Package Flaqg.
If 1EVTCB > O and ICBCFL =2 0, cell-by-cell flow
terms for the EVT]l Package will be recorded on
UNIT = IEVTCB.
1L Module Index for layers.
10uT Global Primary unit number for all printed output. TOUT = 6.
1P Module Index for rows.
KPER Global Stress period counter,
KSTP Global Time step counter. Reset at the start of each stress
period.
MSUM Global Counter for budget entries and labels in VBVL and VBNM.
NCOL Glopal Number of columns in the grid,
NEVTOP Package ET option.
» 1 ET is from the top layer,
, ET at each horizontal-cell location t{s from
the layer-indicator array (IEVT).
NLAY Global Number of layers in the grid.
NROW Global Number of rows in the grid.
Q Module Filow from ET into the cell. (Reverse the sign to get
the flow to ET.)
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of Variables for Module EVT1BD {Continued)

List
Variable Range
RATOUT Module
S Module
SURF Package
TEXT Module
VBNM Global
VBVL Global
X " Module

Definition

Accumulator for the total flow out of the flow field
to €T, ' :
Elevation of the ET surface for a cell.
DIMENSION (NCOL,NROW), Elevation of the ET surface,
Ladbel to be printed or recorded with the array data,
nlngnglou (4,20), Labels for entries 1n the volumetric
udget .
DIMENSION (4,20), Entries for the volumetric budget,
For flow component N, the values in YBYL are:
(1,N), Rate for the current time step into the
flow field,
(2,N), Rate for the current time step out of the
flow field,
(3,N), Yolume into the flow field during simulation,
(4,N), Yolume out of he flow field during simulatior,
Extinction depth for a cell,
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CHAPTER 11}
GENERAL-HEAD BOUNDARY PACKAGE

Conceptualization and implementation

A general-head boundary (GHB) consists of a source of water outside
the modeled area which supplies water to a cell in the modeled area at a .
rate proportional to the head difference between the source and the cell.

The rate at which water is supplied to cell i,j,k is given by the expression
04,j,k,m = Cm(HBpy - My 5 i) (78)

where

Qi,j,k,m is the rate at which water is supplied to the cell from
boundary m (L3t-1);

C. is the constant of proportionality for boundary m (L2t"!);

m
HBp is the head at the source boundary m (L); and

hi,j,k is the head in the cell (L).

The source of water could be a gaining river in which case the constant
of oroportionality is the conductance of the riverbed (fig. 44(a)). The
source could bde a buried drain (i.e., 2 negative source); then the constant '-
is a function of the material around the drain and the size and spacing of
opanings in the skin of the drain (fig. 44(b)). It could also be the head in
the aquifer outside the simulated area in which case the censtant of propor-
tionality is the hydraulic conductance of the material between the known
head and boundary of the simulated area (fiqg. 44(c)). Although the GHB
Package can be used to simsiate the situations shown in figure 44, it
should be done with great care. In the first two cases, the GHB Package,

which deals with a single 1inear relationship (fig. 45), 1s more restrictive -
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Q= C (HB-h)

n
-

C = Conauctance of River Beg

o A = Gaining Stream
~Y n }
xC = Conguctance of Drain, Aquiler interface
B = Buned Drain
™~
~N
™~

=

C * Concuctance of Materal
Berween Constant head
anc Mocel Area

C = Constant Head Qutside the Model Area

Figure 44.—Three situations which can be simulated using the
General Head Boundary Package: (a) a gaining stream,
(b) a buried drain, and (c) horizontal leakage.
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Fiow into the Cell Flow Out of the Cell

Flow to a General Head Boundary

Figure 45.—Flow from a general-head boundary as a function of
head in the aquifer.
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than the River or Drain Packages, each of which deal with two linear
relationships. In the third case, the GHB Package does not attempt to
account for change in storage in the»aqu{fer materfa) between the bdundary

head and the simulated area,

Data describing each GHB, which is stored in a Vist, is specifie¢ by
the user for each stress period. Input for each boundary consists of the
location of the boundary cell--layer, row, and column--the bodhdary head,
and the constant of proportionality. ODuring the formulation phase of each
iteration, the term -C*HB is added to the accumulator RHS and the term -C

is added to the accumulator RCOF.
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General -Head Boundary Package input

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

FOR EACH SIMULATION

GHB1AL
1. Data: MXBND IGHBCS
Format: 110 110
FOR EACH STRESS PERIOD
GHBIRP
2. Data: 1TMP
Format: 110
Boundary
3. Data: Layer Row Column Head cond
Format: 1110 110 110 F10.0 F10.0

(Input item 3 normally consists of one record for each GHB.
If ITMP {s negative or zero, ‘tem 3 {is not read.)

Explanation of Fields Used in
Input Instructions
MXBND--is the maximum number of general-head boundary cells at one time,
IGHBCB--is a flag and a unit number.

1f IGHBCB > 0, it is the unit number on which cell-by-cell ficw
terms will be recorded whenever ICBCFL (see Output
Control) is set.

1f IGHBCB = 0, cell-by-cell flow terms will not be printed or
recorded,

If IGHBCB < 0, boundary leakage for each cell will be printed
whenever ICBCFL is set,

JTMP--is a “lag and a counter,
If [TMP < 0, GHB data from the preceding stress perfod will be reused.

If ITMP > 0, ITMP is the number of general-head boundaries during the
curreat stress period,
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Layer--is the layer number of the cell affected by the head-dependent
boundary,

Row--is the row number of the cell affected by the heéd-dependent boundary.

Column--is the column number of the cell affected by the head-dependent
boundary,

Boundary head--is the head on the boundary.

Cond--is the hydraulic conductance of the interface between the aguifer
cell and the boundary.
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SANPLE INPUT TO THE GENEZRAL HEAD BOUNDARY PACEAGE

DATA EXPLANATION IRPUT RECORDS

1TER
1 {nxsND, ICHBCB] [ 24
2 STRESS PERIOD ) [1TMP) — —— 4
3 FINST BOUNDARY (Layes, Row, Columa, Nead, Conductance. 2 S [ 235.0 0012
3 SECOMD BOUNDARY {Layetr, Row, Colusn, Nead, Conductance 2 4 [ 230.0 0012
3 THIAD BOUNDARY [Layes, Row, Columa, Nead, Conductance 3 S [ ] 2%0.0 onne
3 POURTE BOUNDARY {Layer, BRow, Column, Nead, Conductance 2 7 $ 2)%.0 0012
2 STRESS PERIOD 2 (1TNP — -1
2 STRESS PERIOD 3 {1TNP — -3
2 STRESS PERIOD & {1TMP 6
3 PIRET -‘BOUNDARY. {Layer. Row. Columa, Nead, Conductaice 3 5 ¢ 235.% 0012
3 SECOND BOUNDARY [Layer. Row, Column, Nead, Conductance 2 4 [ . 230,.0 .00)2
3 THIRD BOUNDARY |[Layer, Row, Colusn, wead, Conductance 2 b} [ ] 25%0.0 -.0018
3 POURTM BOUNODARY [Layes, Row, Columsn, Bead, Conductance 2 ? ] 215.0 .0018
] FIFTH BOUNDARY [Layer, Row, Coluan, Nead, Cciductance 2 3 [ 133.0 .0032
b SIATH BOUNDARY (Layer, Row, Colusn, %ead, Conductance 2 10 [ 2%0.0 .0032
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Module Documentatian for the General-Head Boundary Package

The Genera)-Head Boundary Package (GHB1) consists of four modules, all of

which are called by the MAIN program. The modules are:

GHB1AL Allocates space for an array that contains

the general-head boundary 1ist (BNDS).

GHBIRP Reads locatfon, boundary head, and boundary

conductance (Cp) of each cell containing

general-head bounda’y m,

GHB1FM Adds the terms -Cp and -CoHBp to the accumulators

HCOFy j,x and RHS{ j x, respectively,

GHB1BD Calculates the rates and accumulated volume of

flow to and frcm general-head boundaries.
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Narrative for Module GHBIAL

This module allocates space fn the X array to store the 1ist of general-

head boundaries {GHB).

1. Print a message fdentifying the package and initialfze NBOUND

(number of general-head boundaries).

2. Read and print MXBND (the maximum number of general-head boundaries)
and 1GHBCB (the unit number for saving cell-by-cell flow terms or a flag

indicating that cell-by-cell flow terms should be printed).

3. Set LCBNDS, which will point to the first element in the boundary
1ist {BNDS), equal to ISUM which is curreatly pointing to the first unallocated

element in the X array.

4, C:'culate the amount of space needed for the boundary list (five
values for each boundary--row, column, layer, h2ad, and conductance) and

add it to 1SUM so that it continues to point to the first unallocated

elemeny in X,

5. Print the number of elements in the X array used by the GHB Packace,

6. RETURN,
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Flow Chart for Module GHBIA;

NBOUND ¢s the number of general-head
boundaries being sitmulated at any
given time,

MYBND §{s the maximum number of
general -head boundaries simulated,

1GHBCB {s a flag and a unit number.

If IGHBCB > 0, it {s the unit number
on which cell-by-cell flow terms will
be recorded whenever ICBCFL is set.

~ 1f 1GHBCB = 0, cell-by-cell flow

) terms will not be printed or recorded.
If IGHBCB < 0, the boundary leakage

- for each cell will be printed

- whenever ICBCFL is set.

LCBNDS is the location in the X

array of the list of general-head
, boundaries data (BNDS).
N’
- BNOS is a table containing data for
general -head boundaries.
~
~
™
N
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SUBROUTINE GHBIAL(1SUM,LENX,LCBNDS ,NBOUND,MXBND,IN,I10UT,
1 1GHBCB)

----- VERSION 0940 O8DEC1983 GHB1AL

"t'.'.".".."""""QQ."""..""..".'..""".".'.'Q'..'.

ALLOCATE ARRAY STORAGE FOR HEAD-DEPENDENT BOUNDARIES

ti"'".'.".O".".t"f"'..""'."..".'Q'.".'l.."t"'t"'."

SPECIFICATIONS:

..................................................................

JDENTIFY PACKAGE AND INITIALIZE # OF GENERAL HEAD BOUNDS
WRITE(IOUT,1)IN
1 FORMAT(1HO, '6HBl -- GHB PACKAGE, VERSION 1, 12/08/83',
2* INPUT READ FROM UNIT',13)
NBOUND=0

C2=eemm -READ AND PRINT MXBND AND IGHBCB (MAX # OF SOUNDS AND UNIT

(2-ce—=" FOR CELL-BY-CELL FLOW TERMS FOR GHB) - ‘ :

READ(IN,2) MXBND,IGHBCB
2 FORMAT(2110)
WRITE(I0UT,3) MXBND
3 FORMAT(1H ,'MAXIMUM OF°',IS,° HEAD-DEPENDENT BOUNDARY NODES')
IF (IGHBCB .GT.0) WRITE(IOUT,9) IGHBCB
9 FORMAT(1X, 'CELL-BY-CELL FLOW WILL RE RECORDED ON UNIT',13)
IF{.GHBCB.LT.0) wRITE(10UT,8)
8 FORMAT(1X, 'CELL-BY-CELL FLOW Will RE PRINTED WHEN ICRCFL NOT O°)

c
ok P SET LCBNDS EQUAL TO ADDRESS OF FIRST UNUSED SPACE IN X,
LCBNDS=1SUM
c .
P P _CALCULATE AMOUNT OF SPACE USED BY THE GENERAL HEAD LIST.
15P=5*MXBND
[SUM=1SUM+ISP
c
C5mmmmmm PRINT AMOUNT OF SPACE USED BY THE GHB PACKAGE
WRITE(IOUT,8) ISP
4 FORMAT(1X,16,' ELEMENTS IN X ARRAY ARE USED FOR HEAD',
1 ' .DEPENDENT BOUNDARIES')
[SUML =] SUM-1
WRITE (IOUT,5) ISUM1,LENX
S FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7)
IF(ISUM1.GT.LENX) WRITE(IOUT,6)
6 FORMAT(1X,'  =+* ARRAY MUST BE DIMENSIONED LARGER¥**')
c
o -RETURN
RETURN
END
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tist of Variables for Module GHB1AL

Variable Range Definftion

1GHBCB Package Flag and a unit number, v
> 0, unit number on which the cell-by-cell flow -
terms will be recorded whenever ICBCFL is set. ’
= 0, cell-by-cell flow terms will not be printed N
or recorded.
< 0, boundary leakage for each cell will be prin.ed
whenever IGHBFL {is set.

IN Package Primary unit number from which input for this package
will be read. .
10UT Global Primary unit number for all printed output. [OUT = 6.
Isp Module " Number of words in the X array 2llocated by this module,
ISUM Global Index number of the lowest element in the X array which

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

ISUM] Module ISUM-1, "
LLBNDS Tackage Location in the X array of the first element of array
BNDS.
LENX Global Length of the X array in words. This should always be
equal to the dimension of X specified in the MAIN
program,
MXBND Package Maximum number of head boundaries active at any one
time.
NBOUND Package Number of head boundaries active during the current

stress period.
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Narrative for Mocule GHBIRP

This module reads data to build the general-head boundary 1§st.

1. Read ITMP., 1TMP is the number of general-head boundaries or a

flag indicating that data from the previous stress period should be reused.

2. Test ITMP, If ITMP is less than zero, the general-head boundary
data read for the last stress period will be reused. Print a message to

that effect and RETURN.

3. 1f ITMP is greater than or equal to zero, it is the aumber of
general-head boundaries for this stress period. Set the number of general-

head boundaries (NBOUND) in the current stress period equal to ITMP,

4, Compare the number of general-head boundaries (NBOUND) in the .
current stress period to the nuﬁber specified as the maximum for the simylation

(MXBND}. If NBOUND is greater than MXBND, STOP.

5. Print the number of general-head boundaries in the current stress

period (MBOUND).

6. See if there are any general-hcad boundaries. If there are none
in the current stress period (NBOUND = 0), bypass further boundary processing

(SKIP STEP 7).

7. Read and print the layer, row, column, head, and conductance for

each general-head boundary.

8. RETURN.
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_F}_Ow Char . tor Moaule GRBIRP

JTMP {5 both a flag and a .
counter, If it is greater ol
than or equal to zero, ‘t is
the number of general-head

boundaries to be simulated 1
during the stress perfod.

If *t is less than zero, it READ
4ndicates that the boundaries 1M
simulated in the last stress

period should be simu)ated
in the current stress period.

2 *a
YES
MXBND {s the maximum number of MzssTéhs"s:v-m
general -head boundaries to THAT OLD DATA [T
be simulated. wiLL BE REUSED
NO
3
SET NUMBER
OF BOUNDARIES
EQUAL TO 1TMP

PRINT NUMBER
OF GENERAL-
HEAD BOUNDARIES

NUMBER OF
BOUND:RIES*O

READ ONE DATA
RECORD FOR EACH
GENERAL-HEAD
SCUNDARY

.

RETURN
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SUBROUTINE GMBSRP(BADS NBOUND MIBNO, [N, 10UT)

[ aXallal

cecesVERSION 18351 OFENLIS3 GHELRP

NEAD DATA FOB Gni

SPECLIFICATIONS:

DIMENSION BNOS (S, NEB%0)

[aXalal [aXaXalaNalal

lecee- AE0 1190 ( 0 OF GENCANL MEAD BOUNOS OR FLAG TO REUSE OATA.)
READ(IN,0} ITWP
8 FORMAT{I10)

4

C2eceees TEST LT
15 (1T GE.0) GO TO 50
4

C2Aeenealf [THPCO THER REUSE DATA FROW LAST ST™ISS #£/100
WRITE(10UT,7)
? FORMAT(1MO, "REVSING MEAD-OEPENOENT SOUNDS FROM LAST STRESS®,
) * rEmioo’)
60 10 260

4

Cleee=aelf IDPe>0 THEN IT IS THE 2 OF GEVERAL WEAD BOUNDS,
SO MoUND=1Te

¢

Cleaeuea]F MAX MMGER OF BOUNOS IS EXCEEDED THEN STOP
1F (WBOUND .LE.MXEND) GO TO 100
WRITE(IOUT,99) ¥SOUND, MLBNC
99 FORMAT(1MO, ‘NBOUMI( ° 14,°) 15 GREATER THAN WBNO(°,14,°)")
4 .
CAAeo-a-ABNORIAL STOP
STOP
(4

€5=necePRINT ¢ OF GENERAL MEAD BOUNDS THIS STRESS PERIOO
100 WRITE(IOUT 1) »e0UNOD
1 FORMAT{1MO,//1X,1S," WEAD-DEPENOEAT SOUNDARY NODES ")
4

Cemmcesf THERE ARE WO GENERAL MEND BOUNOS THEN RETUAN,
c 17 (Ms0UN0.£0.0) 60 TO 260

C7eeaeeREAD § PRINT DATA FOR EACH GENERAL HEAD BOUNOARY,

WITE(IOUT,3)

3 FORMAT{1HO0, 15X, ‘LATER" 55X, "ROW* 53X

1.'COL  ELEVATION CONDUCTANCE  BOUND MO.°/1X,15X,60(’-"))
0O 250 13«1, NB0UND
READ (1N, 4) X,1,0,0N0S(8,11),800¢(5 L1)

4 FORMAT{3110,2F10.0)
walTE (1OUT8) L,1,0,8%05{4,1),BM05¢5, 11,11

S FORMAT(11,151,18,19,18,613.4,614.4,18)
sN0S{1. 11}
NS (2,11) ]
an0s(3, 1))

250 CONTIWE
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List of Variables for Module GHBRIRP

Variable Range Definition
BNDS Package DIMENSION (5,MXBND), Layer, row, column, head and

conductance from boundary for each general-
head boundary.

1 Module Row number,

11! Module Index for general-head boundaries.

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

TouT Global Primary unit number far a)3 printed output. [OUT = 6,

1 TMP . Module . Flag or numdber of boundaries.

> 0, number of bounds active during the current

T - stress periog.

< 0, same bounds active during the last stress
perfod will be active during the current
stress period.

J Module Coiumn number.

K Module Layer number,

MXBND Package Maximum number of head boundaries active at any one
time,

NBOUND Package Number of haad boundaries active during the current

stress period.
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Narrative for Module GHBIFM

This module adds terms representing riverhead boundaries to the accum-

ulators HCOF and RHS.

1. lf NBOUND is_less than or equal to zero in the current stress

perio<, :nére are no general-head boundaries. RETURN,
2. For each boundary in the BNDS list, DO STEPS 3-6.
3. Determine the column (IC), row (IR}, and layer (IL).

4, 1f the cell is external (IBOUND(IC, IR, IL) < 0), hypass processing

on this boundary and go on to the next one.
5. If the cell is internal, get the boundary data (head and conductance).

6. Add the -C*HB term (C is the conductance and HB is the boundary head)

to the accumulator RHS and the term -C to the accumulator HCOF,

7. RETURN.
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Flow Crart ¢

or Moayle GHBIFM

RHS Y5 an accumulator ¢n
wnich the right hand side
of the equation is
formylatec,

HCOF ‘s an accumulator in
which the coefficient of
head in the cell is
formul ated,

FOR £ar —~ BOUNDARY

NUMBER OF
SOUNCARIES
<:0
k4

tJ

DETEAMINE
ACW COLUMN
LAYER

5

GET SOUNTARY
-EAD ANC
CONDUCTANCE

420 Tzams
TO AmMS aND
~COF 0= 7""5
CELL
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SUBROUTINE GHB1FM(NBOUND,MXBND,BNDS ,HCOF ,RHS ,IBOUND,
1 NCOL ,NROW ,NLAY,10UT)
¢
Cavom-- VERSION 1605 O2FEB19B3 GHBLFM
¢ PP Y I s a s st 22 22 E LR R A4 AL A R Al A AR Al oot d it il add sl
o ADD GHB TERMS TO RMS AND HCOF
c PR 222432 ¢ 8 2] .'..‘.QQQQCQQQQ'."..".i"ft'."QQ.Q"'..Q"".'.O'O
c
" SPEC!FICATIONS:
( 2 wececmcecscccccecscecccceseccsecemaao eSS oA d s a s s s
DIMENSION BNDS(5,MXBND),HCGF (NCOL ,NROW ,NLAY),
1 RHS(NCOL ,NROW ,NLAY ) , IBOUND(NCCL ,NROW ,NLAY)
{ | eccmecesccmemcmcccmccessceeseen e R S e eSS SSnese
C
Cl-se=-- IF NBOUND<=0 THEN THERE ARE NO GENERAL HEAD BOUNDS. RETURN.
IF (NBOUND.LE.O) RETURN
. C
- C2-=vm=- PROCESS EACH ENTRY IN THE GENERAL HEAD ROUND LIST (BNDS)
- D0 100 L=1,NBOUND
c
- C3--=-- -GET COLUMN, ROW AND LAYER OF CELL CONTAINING BOUNDARY
- 1L=BNDS(1,L)
- [R=BNDS(2,L)
1C=BNDS(3,L)
c
C4------ 1f THE CELL IS EXTERNAL THEN SKIP IT.
~— 1F (1BOUND(IC,IR,IL).LE.0) 60 TO 100
- C .
(5-wem=- SINCE THE CELL IS INTERNAL GET THE BOUNDARY DATA.
~ HB=BNDS(4,L)
~ c C=BNDS(S,L)
— C6--=ve- ADD TERMS TO KHS AND HCOF
HCOF (1C,IR,IL)=HCOF (IC,IR,IL)C
~ RHS(1C,IR,IL)=RHS(IC,IR,IL)-C*HB
100 CONTINUE
c
Cle=~=- -RETURN
RETURN
END

361




s JRSReEg e o ¥

List of Variables for Module GHBIFM

© e en . . ara o o
RS Dy R Rl gy g
: [Raudaiale oy it

A ST T Y R - R R - i - . gt T .
AR, £k e T g R IR TR AT
T SRR Pkl s S A N Ay

Variable Range
BNDS Package
C Module
HB Module
HCOF Global
1BOUND Global
1C Module
IL Module
10UT Global
IR Module
L Module
MXBND Package
NBOUND Package
NCOL Global
HLAY Global
NROW Global
RHS Global

Definition
DIMENSION {5,MXBND), Layer, row, column, head and
conductance from boundary for each general-
head boundary.
Conductance from the external boundary.

Head on boundary.

DIMENSION (NCOL ,NROW ,NLAY), Coefficient of head in
the cell {J,1,X) in the finite-difference equation,

DIMENSION (NCOL ,NROW,NLAY). Status of each cell,
< 0, constant-head cell
= 0, inactive cell
> 0, variable-head cell
Index for colums.
Index for layers.
Primary unit number for all printed output. I0UT = 6,
Index for rows.

Index for boundaries.

Maximum number of head bdoundaries active at any one
time.

Number of head bouncaries active during the current
stress perind, -

Number of columns in the grid.

Number of layers in the grid.

Number of rows in the grid.

DIMENSION (NCOL,NROW,NLAY), Right hand side of the ' .

finite-difference equation. RHS is an accumulation
of terms from several different packages.
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Narrative for Module GHB180D

This module calculates rates and volumes transferred between the aquifer

and general-nead boundaries,

1. Initialize the cell-by-cell flow-term flag (18D) and the rate

accumulator (RATOUT).

2. 1f there are no general-head boundaries (N3OUND = 0), skip down

to step 13 and put zeros into the budget terms for general-head boundaries.

3. Test to see if cell-by-cell flow terms are to be saved on disk.
They will not be saved if either of the fol\owing conditions boid: (1) this
is not the proper time step (ICBCFL = 0) or (2) cell-by-cell flow terms.
are not needed for general-head boundaries during this simslation (IGHBCB < 0).
If cell-by-cell flow terms will be saved for this package, clear the buffer
in which thev will be accumulated {BUFF) and set the cell-by-cell flow-term

flag (18D).

4, For each general-head boundary, DO STEPS 5-13 accumulating flows

from or into the general-head boundary.

5. Determine the row, column, and layer of the cell containing the

generai-head boundary.

§. 1f the cell is external (180UND(1,J,K) < 0), bypass further processing

of this boundary.
7. Get the boundary parameters from the boundary list (BNDS).

8. Set RATE equal to the boundary conductance times the boundary
nead minus the head in the cell (RATE = C*(HB - HHNEW) ).
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9. If cell-by-cell flow terms are to be printed (IGHBCB < 0 and

ICBCFL # 0), print RATE,

10. 1f budget terms for individual cells are to be saved, add the

RATE to the buffer (BUFF),
11. Check to see whether flow is into or out of the aquifer.
12. If RATE is negative, add it to RATOUT,
~ 13. If RATE is positfve, add it to RATIN.

14, See if cell-by-cell flow terms for individual cells are to be

saved (1BD = 1). If they are, call module UBUDSY to record the buffer

(BUFF) onto disk.

~ 15. *ove RATIN and RATOUT into the VBVL array for printing by BAS10T,
Add RATIN and RATOUT multiplied by the time-step length to the volume
accumylators in VBVL for printing by BAS10T. Move the general-head boundary

- " budgei~-term labels to VBNM for printing by BASI1OT.

16. Increment the budget-term counter (MSUM). See the section in the

Basic Package for i detafled explanation of VBVL, VBNM, and MSUM,

17. RETURN,
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~ “Yow Chart ‘or Mocu!e GHE 18D

IBD is a flag which, if set, causes
cell-by-cell flow terms for general-
head boundary to be recorded.

EXTERNAL: a cell is sa‘d to be external
if it is either no flow or constant
head (i{.e., an equation {s not
formul ated for the cell),

RATE {s the leakage rate into the
aquifer from the boundary in a cell.

BUFFER is an array in which valuas are
stored as they are being gathered
for printing or recording.

SCA (L™ SCrMCane »
>

RATOUT {s an accumulator to which all
flows out of the aquifer are added. ]

1

RATIN is an accumilator to which all
o flows into the aquifer are added.

C is the conductance between the
boundary and the cell,

HB {s the boundary head.

-~ HHKEW is the head in the cell.

~ IGHBCB is a flag and a unit number.

If IGHBCB > 0, it is the unit number
—_ on which cell-by-cell flow terms wil}
be recorded whenever ICBCFL ¢s set.

If IGHBCB = G, cell-by-cell flow
terms will not be printed or recorded.

AQD marg

~0 aarout 5:: aarg

C 88Ty

If IGHBCB < 0, boundary 1eakage for
each cell will be printed whenever
ICBCFL is set.

ICBCFL s a flag.

If ICBCFL # 0, cell-by-cell flow terms
will be either recorded or printed
depending on IGHBCB for the current .
time Step. NCREVEN"

T4 JuDGL"
ALK S-S L]
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SUBROUTINE GHB1BOD(NBOUND ,MXBND,VBNM,VBVL ,MSUM BNDS ,DELT HNEW,
1 NCOL,NROW,NLAY,IBOUND ,KSTP, KPER IGNBCB ICBCFL.BUFF IOUT)

c
Comnnm VERSICN 1152 20MAY1983 SHB18D
c L3 XA 2R 2R 22 A2 222 2 2 PR R 2222 22 22 4 ARt T R Y R R Ry roe
c CALCULATE VOLUMETRIC BUDGET FOR GHB
C L E 2R 23 2 2 Y R PP YT RTR Y R I R R X2 R 2222 242 2 R Y Y R R R ) koot eonn
c
c SPECIFICATIONS:
£  eecocecccccccccccceccsccccccccccmemcromcaeccccccaceccseanccaananen
DOUBLE PRECISION HNEW
DIMENSION VBNM(4,MSUM),VBYL(4,MSUM),BNDS(5 MXBND),
1 HNEW(NCOL ,NROW ,NLAY ), IBOUND{NCOL ,NROW ,NLAY ),
2 BUFF (NCOL ,NROW ,NLAY )
DIMENSION TEXT(4)
DATA TEXT(1),TEXT(2),TEXT{3),TEXT(4) /' HEA*,'D DE', p BO', 'UNDS '/
{ = eeccccccmccccacccccccacccccncccccseememmemsccccaccacccescemeeaean-
c
3 P— INITIALIZE CELL-BY-CELL FLOW TERM FLAG (IBD) AND
Clemmmm- ACCUMULATORS (RATIN AND RATQUT)
180=0
RATOUT=0,
RATIN=0,
¢
o J— IF NO BOUNDARIES THEN KEEP ZEROES IN ACCUMULATORS.
IF (NBOUND.EQ.2) GO TO 200
c
C3mmmnn- TEST TO SEE IF CELL-BY-CELL FLOW TERMS ARE NEEDED,
IF (ICBCFL.EQ.O .OR. IGMBCA.LE.0) GO TO 10
c

CIA-eemm SINCE CELL-BY-CELL FLOW TERMS ARE NEEDED CLEAR BUFFER & SET
C3A-e=e- THE FLAG 18D,

IBD=1

DO 5 IL=1,NLAY

DO 5 IR=1,NROW

pc S5 I1C=1,NCOL

BUFF(IC,IR,IL)=0.
S CONTINUE
I
L8-ceuw- FOR EACH GENERAL HEAD BOUND ACCUMULATE FLOW INTO AQUIFER
10 DO 100 L=1,NBOUND
C
- TEEEEE GET LAYER, ROW AND COLUMN OF EACH GENERAL HEAD BOUNDARY,
IL=BNDS{1,L)
IR=BNDS(2,L)
I1C=BNDS(3,L)
c
Cob--new- IF CELL IS EXTERNAL THEN IGNORE IT,
IF{IBOUND(IC,IR,IL).LE.O) GO TO 100
C
o GET PARAMETZRS FROM BOUNDARY LIST.
HHNEW=HNEW(IC ,iR,IL)
HB=BNDS(4,L)
C=BNDS(5,L)

386




/

7

}
.,
’I

LRSS 4; P PRI NI S 2 W A O

C
of . EEEET -CALCULATE THE FOW RATE INTO THE CELL
RATE =C* (HB-HHNEW)

c .
CYremo-- PRINT THE INDIVIDUAL RATES IF REQUESTED(IGHBCB<O).
17 (1GHBCB.LT.0.AND ICBCFL,NE.O) WRITE(IOUT,900) (TEXT(N),N=1, 4},
1 KPER XKSTP,L ,IL,IR,IC,RATE
900 FORMAT{1KHO,4A4,' PERIOD’,I3,' STEP',I13,' BOUNDARY',l4,
1 *  LAYER',I3,* ROW',14,' COL',I14,' RATE',515.7)

c
€10--=--- IF CELL-BY-CELL TERMS ARE TO BE SAVED THEN PUT RATE IN BUFFER
1F(180.£Q.1) BUFF(IC,IR,IL)=BUFF (IC,IR,IL)+RATE

c
Cllem=n- SEE IF FLOM 1S INTO AQUIFER OR OUT OF AQUIFER.
[F(RATE)94,100,96

¢
C12------FLOW 1S OUT OF AQUIFER SUBTRACT RATE FROM RATOUT
94 RATOUT=RATOUT-RATE
GO T0 100

. C
"C13-----FLOW IS INTO AQIFER ADD RATE TO RATIN

96 RATIN=RATIN4RATE
100 CONTINUE

c
Cl4----- IF CELL-BY-CELL TERMS ARE TO BE SAVED THEN CALL
C14-----UTILITY MODULE UBUDSY
iF(18D.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT,IGHBCB,BUFF NCOL,NROW,
1 , NLAY,IOUT)
4
C15-----MOVE RATES, VOLUMES AND LABELS INTO ARRAYS FOR PRINTING
200 VBVL{3,MSUM)=RATIN
VBVL(1,MSUM)=VBVL{1,MSUM)+RATIN*DELT
VBVL (4,MSUM) =RATOUT
VBVL(2,MSUM) =VYBYL(2,MSUM)+RATOUT*DELT
VBNM(1,MSUM)=TEXT(1)
VBNM(2 ,MSUM)=TEXT(2)
VBNM(3,MSUM)=TEXT(3)
YBNM(4 ,MSUM)=TEXT(4)
c
C16----- INCREMENT THE BUDGET TERM COUNTER
MSLMaMSUM+1

c
€17-----RETURN

RETURN
END

387




variable

8KDS

BUFF

o
DELT
HB
HHNEW
HNEW

180

_ IBOUND

IC
[5HBCS

1cscrL

S
10U
IR
XPER
XSTP

L

MSUM
MXBND
NBOUNKD

NCOL
NLAY
NROW

List of Vvariables for Mcdule GHB1BD

Range h Definition
Package DIMENSIUN {5,XBND)Y, Layer. row, column, head and

conductance from the boundary for each general-
head boundary.

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

Module Conductance from the external boundary.

Global Length of the current time step.

Module Head on boundary.

Module HNEW (J,1,K), Single precision,

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

Package Flag.

= 0, cell-by-cell fiow terms for this package will
not be recorded.
2 0, cell-by-cell flow terms for this package will
be recorded,.
Glopal DIMENSION (NCOL,NROW,NLAY), Status of each cell,
< 0, constant-head cell
= (0, inactive cell
> 0, variable-head cell
Module Index fcr columns.
Package Flag and a unit number.
> 0, unit number on which cell-by-cell flow terms
will be recorded whenever ICBCFL is set,
= 0, cell-by-cell flow terms will not be printed
or recorded.
< 0, boundary leakage for each cell will be printed
whenever ICBCFL is set. :
Global flag.
= 0, cell-by-cell flow terms wiil nct be recorded
or printed for the current time step.
2 0, cell-by-c21) flow terms will be either printed
or recorded (depending on IGHBCB) for the current

time step.
Module Index for layers.
Global Primary unit number for all printed output. I0UT = 6.
Module Index for rows.
Global Stress period counter.
Global Time step counter. Reset at the start of each stress
period.
Module Index for general-head boundaries.
5lobal Counter for budget entries and labels in VBVL and V3NM,
Package Maximum number of head boundaries active at any one time,
Package Number of head boundaries active during the current
stress period. _
Global Number of columns in the grid.
Global Number of layers in the grid.
Global Number of rows in the grid.
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RATE
RATIN
RATOUT

TEXT
VBNM

VBYL

List of Variables for Module GHB1BD (Continued)

Range
Module

Module
Module

Module
Global

Global

Definition

Flow from a bound into a cell, (Reverse the sign to get
flow into the bound.)
Accumulator for the total flow into the flow field out
of the bounds.
Accumulator for the total flow out of the flow field
into the bounds.
Label to be printed or recorded with the array d:ta.
DIMENSION (4,20), Labels for entries in the volumetric
buaget. )
DIMENSION (4,20), Entries for the volumetric budget.
For flow component N, the values in VBVL are:
(1,N), Rate for the current time step into the flow
field.
(2,N), Rate for the current time step out of the
flow field.
(3,N), Volume into the flow field during simulation.
(4,N), Volume out of the flow field during simulation.
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CHAPTER 12

STRONGLY IMPLICIT PROCEDURE PACXAGE

Conceptualization and Implementation

The Strongly Implicit Procedure (SIP) is a method for {teratively solving

a large system of simultaneous linear equatfons.
For cell i,j,k, the finite-difference equation was shown to be of the form

CV,5,k=1/2M1,5,k-1 * CCinz2,3,kMi-1, 5,k * CRy j-172 «kPi 5-1 x

+ (-CVy,5,k-172 = CCi-172,5,% CRy 3172,k

- CRy,j+1/2,k = CCie1/2,4 .k - CVi;j,x+1/z + HCOF5 5 k)M 4,k

+ CRy j+1/2,kMi, 541,k * CCi41/2,5,khi41 .5,k

+ CVi,5,k+1/2Mi,5,k+1 = RHS§ 5 . {79)

One equatio.. of this form is written for each cell in the finite-difference
grid. It expresses the relationship among the heads at node 1,j,k and at
each of the six adjacent nodes at the end of a time step. Because the

head at any node appears in the equation for that node and in the equation
for the adjoining cells, the equations must be solved simultaneously. The
solution of all of the equations consists of the head for each node, The
notation used in equation 79 is used to illustrate the role of conductances
between nodes. It is convenient to rewrite the equation in a notation

that permits easier identification of coefficients to a given equation.

In the new notation, based on that of Weinstein, Stone, and Kwan {1969),

the developers of SIP, equation 79 can be written

Zi -j’khi’j’k'1 * Bi ,j,khi-] 1jvk + Di ,j,khi,j'] rk + 5{ !j!kh1 aj:k
* 500,590k 2 B ke gk * 51,5,k L5 ke ® Q45,0 (80)
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Notation can be simplified by writing the system of equations i1 matriz form

AR = -q.o (31)

The two bars over the A indicate that it is a square matrix, The single
bars over the T and the g indicate that they are vectors. Figure 46 shows
the elements of the coefficient matrix and the two vectors. Notice that
there are very few nonzero elements (the matrix is sparse) and th;t.they'are

on just seven diagonals (fig. 47),

The coefficients in equation 80 all have the fndex 1,j,k to show that
they belong to the equations for node 1,j,k. furtyermore, the I coefficient
for the equatfon at node i,j,k (Zj 3 i), is equal to CLi,j,k=1/2 which is
the same as the S coefficient for the equztion at node 1,5,k=1 (Sg.j’k-1),

or more succinctly,

Zi,j,k * S1 .Jok"' (82)
Similarly,

81 Jak = H"‘ oj’k (83)
and

4,5,k = Fi,j-1,k* (84)

Thus the coefficient matrix, ;, is symmetric (fig. 48).

Direct methods for solution of systems of simultaneous equations factor
the coefficient equation, R, into two matrices, E and G, such that in E, all
of the nonzero elements are on or below the main diagonal; and in G. all of
the nonzero elements are above the mafn diagonal (fig. 49). After factoring
;, equation 81 can be solved using a method called “"backward and forward

. 3N
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Figure 46.—Correspondence between the finite-difference

equations and the matrix equation for a grid of

three rows, four columns, and two layers.
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Figure 47.—Structure of coefficient matrix showing nonzero
diagonals.
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substitution.” Unfortunately, even though A is sparse, L and U are not
sparse: a lot of computer memory and time is needed to calculate all of
the nonzero elements in L and U, Furthermore, roundoff errors may become

unacceptably large.

SIP tries to take advantage of the fact that the coefficient matrix is
sparse, An attempt is made to find a matrix ; such that A+B is “"close® to
R. and X+8 can be factored easily into sparse matrices { and G. DnceAa
matrix E is constructed and Eﬁ'is added to both sides of equation 81, the

equation obtained is

(K<B)F = g + BR. | (85)

A vector h which is a solution to equation 85 is also a solutfon to equation 81.
If we knew the value of the right side of equation 85, we could easily solve
the equation by factoring A+B into T and U and using backward and forward
substitution. Of course, we do not know the value gﬁ. However, we could
approximate it using our best estimate of h. That would give rise to the

iterative equation
(A=3)Fm = g + BRM-1, (86)

The vestor hM is the m-th estimate of the vector h. On the first iteration

(m = 1), the vector -1 would be the heads at the start of the time step.

On subsequent iterations, -1 would be the head vector calculated at the

previous iteration. The solution of equation 81 has been transformed to the -
problem of finding a matrix B such that A78 is close to A and easily

= = ] =
factored into lower and upper matrices L and U, where L and U are sparse.
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It is convenient to specify that E and G will not only be sparse but
that each will have only four nonzero diagonals (fig, 50). Multiplication
of L and U gives the form of X+B. There are six nonzero diagonals
in A+B that were not in ; (figa. 51). The relationship between elements

in L and U and elements in A+B are given by the following equations

1,5,k =34 5.k (87-a)
AL5k % 31, 5,k8, 4 kA1 . (87-b)
T i3,k " 21,5.k%4,5,k-1 (87-¢)
B 1,3,k = b1 4k (87-4)
C'3,5.k = €5-1,5,kb1,5,x (87-e)
05,5k = Ci,j,k (87-f)
E' 5.k = 31,5,k91,5,k-1 + 4 ,5,kfi-1,j.x

T8, -1,k%,5 kedi j k (87-g)
F'9,5.k = 94,5 k84, j,k (87-h)
69,5k 7 F1,5-1,kC4,5.k {87-1)
3,50 = T4,5,494, 5,k (87-)
U',5,k = D4,5,k9-1,4,k (87-k)
R™4,3,k = 94,5-1,kC1, 5,k (87-1)
$'1,5,k * 94,5.k% 3,k (87-m)

If the subscript of an element in equations 87(a-m) places the element
outside of the grid boundary, the element is assumed to be equal to zero.
The 13 equations contain 20 unknown values, the elements of E, G. and A8,
Thus there are many matrices E which can be added to R S0 that the sum can

by factored into upper and lower triangular matrices of the form of L and U,
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The requirement that A<3 is “close” %0 A has not heen ysed, The term

“close" can be definad by the relation
AR ~ (R+B)A. (88)

In terms of a single equation in the system of equations, A+B is close to

A means that

SRR NS EG PE WU I R IR IR R LN R
+ B.iyjokhi'] -jok + c.i-jukhi-l ‘j+] vk + D.isj'khi oj" lk

*E LML Lk PP kM ge k¢ B g ke a1k

+

H'g 5 khier 5,k * U4 5 kPi-1,5,k40 * R'§ 5,kP1, 51 k)

+

$'i,5,kPi,5,k+1 = Zi 5,khd 5,k-1 *+ By 5 khi-1, 5,k

+

Dy, j5,kMi,5-1,k * Ei i 5,k * Fi j,kNi i+ ,k * i 5,khie1, 4,k

+

$i,5,kMi,5,k+1- (89)

Equation 89 can be rearranged so that the extra terms are on the right

side and the changes in the existing terms are on the left sice,

(Zi,3,%2°4,5,60M1 5,61 * (B4 5 x-B"5 5,1)Mi-1,5,x
+{04,5,6°0"1, 1,604,351,k * (B4 5,k€"4, 5,60, 4,k
MG I IR I IS LI IR P ISR AL I IS R B NUSLERS B 8

4 (55,5,k75"4,5,k004,5,ke1 = AT 5 kNG G4,k

+

T',5,kNi+1,2,%=1 * €' 5,khi-1,541,k * 6'4,5,khis+1,5-1,k

+

Us,5,kMie1,5.k81 * RYy 5 b 5o1 kel (90)

To partially cancel the effect of terms which contain head in cells
not adjacent to cell i,j,k, the terms on the right side of equation 90
are multiplied by three “iteration parameters,” a, 3, and y between
zero and one.
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(23 5,027,300 ket = (B4 5 k=B'5 5k Ingo1 ok

MRS NECAE IS AR LLIS B IR T I BT SRR | PR

¢ Ry g F e g 0n ger e ¢ (Hy g c=H'g 5 00ngey g 0

* 0S4, 5.k75" 1, 5,0 008 5 kel = @A'q 5 kg, a1 ke

AR IR LTS IS S IR (T RS TT I 1S DR R TR I JOX FIC TR

* BU'Y 5, kN121, 5 kel * aR' g ehy g ke (91)

The right side of equatfon 91 consists of terms which involve head in cells
that are not adjacent to cell i,j,k. One such term is uAli'j’khj.J¢].k_|.
Node 1,j+1,k-1 is at a corner of a rectangle; the other three corners of which
1,3,k=1, 1,j+1,k, and i,j,k are represented on the left side of equation 91.°
The head of one corner can be approximated ty the sum of the heads at the

adjacent corner minus the head at the opposite corner (fig. 52). Therefore,

Pi,5+1,k=1 = Bi 541,k * Py 5 ko1 = My 5 k- (92a)
Similarly,

Pisl,i,k=1 * P 5,k=1 * Pge1 5k = My 5.k (92v)

hio1,341,k = Picl, gk * P get K = Pi gk (92¢;

Piel,j-1,k *Pisd, g,k * Py jo1x - hi j.k (92d)

hia1,3,k+1 = Mi 5 kel *hioy g,k = Ny, j,x (92e)

Ri,j-1,k#1 = Pi 5,k41 * My 520,k = Py g k- (92f)

Substituting equations 92(a-f) into equation 91 and reorganizing gives
(24,5, = 253,k * oA"§ .k + BT 4§, k01,5 k-1
* B3,k = Bij,k * YC'y 5,k * 8U'Y 5,k)04-1,5,k
*(0%y,5,k = 0,5,k * Y65 § k + aR'y 5 k)Ni,5-1,k

+

(E"5 5,k = Bi,j,k = oAy g, - 8T'4 5,k = ¥C'i 5,k
- ¥6'y 5,k = 85 5,k - oR'y 5 x)hg j k

* L0 = Frge v A%y 5k + Y€l 5,00y, 41,k
MALE N I NS L ISR I IR P LIPS TR

+

(S'5,5,k = Si,3,k *-8U'4 5, * oR'{ 3, k)i 5 ka1 = O. (93)
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Suppose the Functuion 1 s Xnown at 2. 3 and 4

By Simpie Interpolation the Function
at the Ceniter Can Be Approximated by

f,(€)~= 121+ 113)
LA

and

: Se)= L)1 18
. 2

Suppuse
Jy €)=/, {c)
Then

L= f(3)=r1) [ {4)
2 2

Thereto:e

S~ f2)=f(3)-/14)

Figure 52.—Estimation of a function at one corner of a rectangle
in terms of the function at the othar three corners.
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Tne relation in equation 93 nolds only if each cvefficient is approximately

equal to zero.

1'4,5.x
B'4,4,k
0'4,5.x
B4,

F'4,9.%

H'j.j.k

$'5,5,k

Equations 94(a-g) and

= I4,5,k * oA 5,k * BT 5.k

Bi.j.k * YC'i, 5,k
- Dy 5,k * ¥6'§ 5,k

Ei,j,k - oA'q §,x
-vC'y 4,k
- BV 4.k
- Fy3.% * oA 5,

Mgk * BT 5.k

$1,5,k * 8V 5,k

+

+

+

+

+

87(a-m) form a system

[]
[ =

SU'i.j.k =0
R’y 3,k =0
BT 4,5,k

1€ 5 5,k

aR'f 5.k *
YC’1.j'k =
6y 5,k "

o o O o

aR'{ 5,k *

Setting them equal to zero yields the equations

(94a)
(94d)

{94c¢)

(94d)
(942)
(9af)
(94g)

of 20 equations in 20 unknowns

which when solved, will yield the entries of A+B, L, and U. For example,

substituting equations 87-a, b, and ¢ into equation 94(a) and rearranging

yields

ai,5,k = 24,3,k/(1 + aeq j k1 * By 5 k7).

Similarly,

b{’jlk = BivJ:k/(] * Yei- 'j’k + Bgi‘]'j,k)

¢i,j,k = Di,j,k/( + ¥fi j21 & * agi j-1,k)

A'i,5.k
C'4,5,k
6'1,3,k
R' 4,3,k

74,5,k

* 3§,5,k84,5,k-1
~ej.1,5,kbi,3,k
= f4,5-1,kCi,3,k
* 9{,3-1,k%,3,k
= 34,5,kfi,5,k1
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—
Ui, = Di,5,k88-1,5,k (951)
9,5,k = Ei,§,k*A%y § k*8T'5 5,k
+¥C'i,5,k*Y6 4,5,k *8U"§ 5 x
*oR'5 5,k-24,5,k94,5,k-1-Di § kfi-1,5,k
“24,j-1,k%4,j,k (955)
1,5,k = (Fi j,k-0A"5 j k=vC's 5,6)/d4 5,k (95K )
fi.g.c = (He,5,6-8T" 4 5,kv6" 4 5 6 )/d4 5 ,x (951)
9i,5,k = (S4,5,k-aR"§ 5,k-80"§ ¢ k)/ds j . (95m)
B Recall that the goal was to find a matrix E such that A+B 1s close to R.
) and A+B can be factored into sparse Jower and upper matrices L and U,
. The matrix E could then be used to solve the iterative equation
(RFE)Rm = g + BAm-1, (96)
N

To reduce ro.ading errors, equation 96 can be reformulated. Subtracting the

. term (R+3)h™=) from both sides yields
(58) (Am-Am-1) = g - ARM-D, (97)
Replacing the matrix A+B with the product fﬁ{yields
TO(Rm-Fm-1) = - ARP-1, (98)
The vector RES™ can be defined by the equation
RESm = g - ARM-1, (99)
Then equation 96 can be written

TO(AM-Rm-1} = REZM, ' (100)
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The problem of solving the equation

AR = Qq

(101)

for the head distribution h has been converted to iteratively solving
equation 100. Matrices : and G can be derived from equations 95{a-m).
Vector RES™ can be calculated from the vectors q, h™-1 (head calculated
at the previous iteration) and the coefficient matrix :. Equation 100

can be solved using first “forward”™ and then "back™ substitution,
The first step is to perform forward substitution on the matrix equation
Lv = RES™® : (102)..

=
solving for v, where v = U(RP-F™=1)_  Then perform back substitution or

the equation
U(Rm_m-1) = ¥ : (103)

solving for (AM-AM-1)_ In earlier discussions, the coefficients of the
equations and hence the elements of the matrices are tdentified by the
indices of the cells. At this point, it is convenient to renumber the

equations sequentially starting with one (fig. 53).

Because all elements in L to the right of the main diagonal (fig. 50(a))
are equal to zero, the first linear equation represented by matrix equation

102 is

m
divy = RES). (104)
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Ce!l Numpering With 3 Indices
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e ld <

S
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/ 311 / 321 / 3.3.1 / 3.4.1 /Rows

-~ " o »
Y N N

o ¢
/ 1.1.2 / 122 /1.3.2 / 14,2 /Row1
/ 21.2 / 2.2.2 / 232 / 2.42 /'nowz
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Cell Numbering With 3 Indices
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~ N h Y hY
P P oy F
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>
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Cell Numbering With 1 Index

Figure 53.—Cell numbering schemes for a grid using three
indices and using one index.
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The onily unknown is vy. Dividing both sides of equation 104 by d] gives the

valve of vy. The second linear equation represented by matrix equation 102 is
m
cavy *+ dyvy = RESy . {(105)

The value of v) was calculated using the first equation; the only unknown is
vp--it too can be found by simple algebra. Similarly, all of the other

elements of the vector v can be calculated using the genera) equation
Vo * (523: = 3nVn - NRC = Dn¥n - NCOL - Cn¥n-1)/dpn. . (106)

The reason equation 93 can be solved so easily is because the matrix
E has.nothing but zercs to the right of the main diagonal--1t is lower
triangular, Thus starting at the top, each linear equatfon cont;ins only
one value in v that was not calculated in an earlier equation, The technigque

used here to solve equation 102 for v is called forward substitution.

Back substitution is similar to forward substitution. Since G is upper
triangular, however, the order of solutfon is reversed. The result of back
substitution applied to equation 103 is the vector (RW-R™-1)  That vector
can be added to the vector AM-1 to get the vector WM. The vector ™ g
the m-th estimate of the head distribution h which s, in turn, a solution

to the equation
h = q. {107)

In summary, SIP is an iterative procedure which calculates a sequence
of head distributions RV, h2,,., hM which converge to h, the solution of
Ah = q. Each head distribution consists of a value of head for each active

cell. A head distribution W™ is obtained by calculating a lower triangular
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matrix L and an upper triangular matrix U such that LU fs "close” to ;.

Then the equation

LG(hm-pm-1) = q - Anm-] (108)

s solved for the head difference, MM-F™=1  ysing first forward and then back

substitution. The head difference is added to h™! to get hm,

Two further modifications of the procedure must be described.y There
are times when the method consistently overestimates the vector RM-Fn-1_
That overestimatfon may pfevent convergence tr F}_ An acceleration parametqf
(ACCL) between zero and one has been introduced which mitiplies the right |
side of equation 108, It provides the user with a means of dampening the

overestimation,

Fxperience has shown that if the finite-dffference equatfons are solved
in two different orders on alternate fterations, the number of iterations
negded to converge to 2 solution is lower than it would be if Just one order
were used. The order used in the discussion, so far, for solving the equations,
has been to start at the first column, the first row, and the first layer and
to proceed in ascend*ng'column order, ascending row order, and ascending
layer order. An alternative is to start at the first column, the lact row,
and the last layer and to proceed in ascending column order, descending row
order, and descending layer order. Using the same ordering of diagonal names
used in figure 51, equations similar to equations 97(a-m) can be developed.

They are
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aj,5, = Zi 5,1/ (1%08q ka1 874 5 01) (1092)
bi,j,k * Bi,j,k/(1+ve547 5, k*89147 5, k) (109b)
¢i,g.k = D1 5, x/(0%vfy 5.1 k*a94, 5.1 ,k) (109¢)
AU 5,k = 31,5,k84,5,k+]
' (109d)
Ch1,5,k = €341, §,kb1, 5,k
. (1092)
6'1,5,k = f1,5-1,k¢1,5,k
, (1091}
R iljlk = gi,j-],kci,j,k
, (109g)
T80 = 24,4,xF4,5,k+1
o! (109?\)
C'4,5,% = Pi,5,k94+1,4,k
. , (109i)
di,5,k = Ei,j,k*aA"y 5 k*8T§ 5k
'y L5, k6 g 5, k80" 5k
*aR'y 5,k=24,5,k94,5,k+1°D1 5, kf541,5,k
84 lj‘] |kci:j9k (1093)
ej,j,k = (Fi g,k-0h"§ 5, x-vC'y 5,x)/d¢ 4 & {10%) _
fi,3.k = (Hy 5 x-BT"¢ 3 k=¥6"y 3, k)/di (1091)
99,3,k = (S4,5,k-aR"j 5 k-eU'§ 5, k)/dy § k » (109m)

Implementation of the concepts presented in the previous section entails
setting up and solving either equations 95(a-m) or 109(a-m) to get the elements

of matrices L and U, solving for the vertors v and (AM - =13 and finally

calculating the vector hM,

The first step is to select the three sequences of iteration parameters
a, 8, and y. Selection of those parameters is based primarily on experience.
Selection of the iteration parameters does not alter the value of the
solution, only the efficiency of the solution method. It has been observed
that all three sequences can be set equal to each other., Thus we will use
a2 single sequence designated w.
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Although iteration parameters are an important part of the SIP solution

process, how to select the parameters is not well understood. The number

of parameters, their values, and the order of cycling through them mys> be
chosen, Weinstein, Stone, and Xwan (1969) use the same set of parameters
for all three planes and use from 4 to 10 parameters. Numerous methods of
cycling the parameters have been used. Trescott, Pinder, and Larson (1976)
tested different parameter ordering in two-dimensional problems and found
that repeated cycling through the parameters fn the order of smallest to
largest worked well for a variety of prohlemc., That method of cycling is

used in this program,

The selection of the iteration parameters themselves is the most
critical for the efficient operation of SIP, It has been customary t- base
the selection of parameters on one mirus the maximum parameter, called the

"seed" in this report. The equation for the iteration parameters is
w (2) = 12SEED 2-1/L-1 £ =1,2,...NPARM (110)
where

2 is an index going from 1 to the number of iteration parameters:
w {2) is the tth iteration parameter;
NPARM is the number of iteration parameters; and

L is the number of iteration parameters.

Using this equation leaves only the seed to be specified. This choice is not
strajghtforward and, accordingly, the user is given the choice of specifying

the seed or permitting the model to calculate it.
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The equation used to calculate the seed in the model is based on the

equation developed to define the minimum iteration parameter for the Alternating
Direction Implicit Procedure (ADIP) solution process. That the ADIP equation

has any value for use with SIP is simply an empirical result (Weinrstein, Stone,
and Kwan, 1969). The equation is

SEED = afnimum x2 »2 2
of {2NCOLZ(14p1)+ 2NROWZ(1452)+ znuv‘g'(lopz) ], (111)

:2

where pl =.E§_S-E{-%; + {:—8&%1' (12)
where

NCOL 1s the number of columns fn the model grid;

NROW is the number of.rows in the model grid;

NLAY is the number of layers in the model grid;

KC is the hydraulic conductivity in the column direction;

KR is the hydraulic conductivity in the row direction;

KY is the hydraulic conductivity in the vertical direction;

DELC is the cell width in the column direction;

DELR is the cell width in the row direction; and

DELV is the cell width in the vertical direction.

The ADIP equation was developed assuming 2 uniform grid and homogeneous medium;
that is, XC, KR, KV, DELR, DELC, and DELV were assumed constant. For non-
uniform grids or nonhomogeneous mediums, Weinstein, Stone, and kwan (1969)
calculate equation 33 at every cell and take the overall minfmum. In this
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program, an average of the values calculated by applying equation 111 to every
cell is used. Using the average prevents a single cell with unusual properties

from dominating the calculation,

The o1, p2, and p3 terms are modified to use conductance producing

ol = £C + CV
CR (115)

52 = CR + CV (116)

03 = LR + CC (117)

where
CC is the cell conductance in the column direction;
CR {s the cell conductance in the row direction; andg

CV 1s the cell conductance in the vertical direction,

Equations 115-117 require conductances at a cell; however, these valuas
are not known to the model program. 0Only conductances between nodes are
defined. Therefcre, equations 115-117 are rewritten in terms of conductances
betweer. nodes. Wherever a value of cell conductance is required in equations
115-117, one of the two values of conductance between the two neighboring nodes
in the required agirection is selected so that the resulting seed is minimized.

Tne resylting equations defining pl, 02, and p3 are

« MAX{8 H) + MAX{Z.S)
ol HIN{D.F) (118)
p2 = MAX(D,F) + MAX(Z,S) (119)
MIN(B,H)
3 = MAX(D,F) + MAX(B )
° WIR(Z.S) . (120)
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where

MAX is a mathematical function spectfying the maximum of the values
in parentheses;
MIN is a similar function specifying the minimum of values; and

B, H, Z, S, D, and F are the conductances as used in equation 80,

Experience has shown that setting the acceleration parameter {ACCL)
to one and using the calculated value of the seed often results in inefficient
convergence. Optimum convergence occurs when the convergence cr;terion is
met with the least number of iterations. C-~nvergence deviates from the
optimum if the absolute value of head change each fteration is consistently
either too small or too large. When head change is consistently too large,
nead overshoots the correct value and oscillations of head occurs. The
sign of the head change repeatedly reverses in order to compensate for the
overshoot. Severe overshoot causes divergence while moderate overshoot
simply slows down convergence. When head change 1s consistently too small,
the opposite problem occurs; head approaches the correct value slowly.
in severe situvations, the head-change criterion for convergence may be
met, but the head will be far from the correct value. In such situations,

a significant volumetric budget imbalance will occur.

Weinstein, Stone, and Kwan (1969) suggest that a trial and er.or method
be used to improve the choice of the seed. Thus provisions have been
made to permit the user to specify the seed., By observing the rate of

convergence for several different seeds, an optimal seed can be selected.

The similarity between equations 95(a-m) and 109{a-m) was used to produce
a system of equations with single indices taking on different values to
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reflect the ordering of the equations, Sirce element vn of the v vector

2 =
can be calculated as soon ac the n-th row of the L matrix and U matrix

has been calculated, we can include the equation for ;h as the last
equation in the 1ist. The index nl1l refers to the cell in the last layer
to be calculated which fs in the same row and column as cell n. Tne indices

nrl and ncl are defined analogously. The equations are

ap = In/(1 + wleqyy + fa11) (121a). ‘
b = Ea/{1 + wlepapry + 9ar7) (121b)
¢n = Dp/{1 + w(fpcy *+ 9nc1) (121c)
R'n = apen)y (121d)
C'n = bnenpy (121e)
G'n = ¢pfnct {121f7)
R'n = ¢pdncl (1219)
T'a = apfan (121h)
Un = Bpdnr (1214)
dp = Eq + w{A'g + T'q +C'q +6' + V', +R'p)
= 279011 = 5nfarl - Cntncd (121)
eq = (Fy - w(A'g +C'p))/dy, (121k)
fn = (Hp - w(T'y, + 6'3))/dy (1211)
M = (S - w{R'y + U'g)) ey (121m)
vn = (RESy - 2pva11 = Bp¥ar) = Cavacl)/dp (121n)

Since the backwar¢ substitutfon requires all values of e,, f,, g, and

vn, Space will have to be allocated in the SIP Package for four arrays to

store those values. Each array has as many elements as there are cells in

the grid,
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The coefficient matrix ; is sparse with only seven nonzero diagonals.
Rather than passing an entire matrix to the SIP Package, only the nonzern
diagonals are passed. Because of symmetry of the matrix, only the main
diagonal and the three lower dfagonals are needed.. The three fower diagonals
correspond to the conductance arrays CC, CR, and CV. The main diagonal is
tormed ‘rom the three conductance arrays and the afray HCOF described in
chapter 2. The right hand side of the matrix equation, §, corresponds to
the array RHS described in chapter 2, The latest estimate of the ﬂead
distribution, F“". corresponds to the array HNEW As new estimates of
head are calculated by SIP, they are stored in HNEW replacing the previon
estimates. Thus input to SIP consists of the following arrays: CC, CR; Cv,
RHS, HCOF, and HNEW. Output from SIP consists of a new HNEW. As explained
in chapter 3, the Formulate Procedure is inside the iteration loop; therefore,

the input arrays may be modified at each it=ration,
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Strongly Implicit Procedure Package lnput

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

FOR EACH SIMULATION

SIPIAL
1. Data: MXITER NPARM
Format: 110 110
SIP1IRP
2. Data: ACCL HCLOSE 1PCALC WSEED IPRSIP
Format: F10.0 F10.0 110 F10.0 110

Explanation of Fields Used in
Input Instructions

MXITER--is the maximum number of times through the iteration loop in one
time step in an attempt to sclve the system of finite-difference
equations. Fifty iterations are gererally sufficient.

NPARM--is vie number of iteration parameters to be used. Five parameters
are generally sufficient,

ACCL--is the acceleration parameter. It must be greater than zero and is
generally equal to one. if a zero is entered, it is changed to one.

HCLOSE--is the head change criterion for convergence. When the maximum
adsolute value of head change from all nodes during an iteration
ts less than or equal to HCLOSE, iteration stops. :
IPCALC--is a flag indicating where the iteration parameter seed will come from,
0 - the seed will be entered by the user,

1 - the seed will be calculated at the start of the simulation from
problem parameters.

WSEED--is the seed for calculating iteration parameters. It is only
specified if ]PCALC is equal to zero.

IPRSIP--is the printout interval for SIP, If IPRSIP is equal to zero, i%
is changed to 999. The maximum head change (positive or negative) is
printed for each iteration of a time step whenever the time step is an
even multiple of IPRSIP, This printout also occurs at the end of each
stress period regardless of the value of IPRSIP,
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SANPLE INPUT TO THE S1P PACKAGE[USER SPECIPIES THE SEED)

EXPLANATION INPUT ADCORDS

{NXITER, NPARM} .
[ACCL, NCLOSE, IPCALC, WSEED, IPRSIP| .01 [} .98 1

SANPLE INPUT T0O THE SIP PACKAGE(PROGRAR CALCULATES TNE SEED)

EXPLANATION INPUT RECORDS

InXs rER, NPARM]) - 100 6
(ACCL, NCLOSE, IPCALC, WSEED, IPASIP) 1. .01 b}
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Module Documentation for the Strongly Implicit Procedure Package

The Stongly Implicit Procedure Package (SIP1) consists of ihree primary

modules and two submodules, They are:

SIPlAL

SIPIRP

SIPlAP

SSipPlP

SSIP1l

Primary Modules
Allocates space for SIP work arrays.

Reads control information needed by the SIP
Package and calculates ‘terztion parameters if

the seed is specified by the user,
Performs one iteration of the strongly implicis
procedure,
Submodules
¢rints the largest head change for each iteralion,

Calculates fteration parameters when the secd

is calculated by the program,
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Narrative for Module SIPI1AL

Module SIPIAL allocates space in the X array for SIP arrays. The four
arrays, EL, FL, GL, and YV hold tintermediate results during the solution
process. Each of these contains one element for each model cell, -
Additionally, three arrays, HOCG, LRCH, and W are required. HDCG holds .-
the maximum head change each iteration and LRCH holds the cell location at
which the maximum occurred. HDCG contains MXITER elements and LRCH contains
three times MXITER elements, where MXITER--the maximum number of ;terations
allowed in a time step--is specified by the -:ser, Array W holds iteration
parameters. One element in W is.used for each of the NPARM {teration

parameters. ({NPARM is specified by the user.)
Module SIPIAL performs its functions in the following order:
1. Print a message identifying the SIP Package.
2. Read and print MXITER and NPARM,

3. Allocate the required space in the X array. The X-array location
pointer (1SUM} is saved in variable ISOLD prior to allocation so that the

space required for SIP can be calculated in step 4.

4. Calculate and print the space used in the X array. The space
used by SIP is ISUM - 1SOLD. The total space allocated by all packages so

far is ISUM - 1.

5. RETURN.
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