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1987/03. Modifications to Boonstra and de Ridders' computer
programs for numerical modelling of groundwater basins on the
Department of Mines Perkin-Elmer minicomputer.

B. b. Weldon

Abstract

Tha sulte of progrems presented by Boonstra and de Ridder for numerical
modeliing of groundwater basins have been modified so as to run on the
Department of Mines Perkin-Elmer minicomputer under FORTRAN VII. The
modifications reguire that alterations be made to each zource program
before calculating a new model. The data file layout has been modified
alsc. This repert details the files wused, the data file lavouts and
presents a short discussion con time discretisation as used by the programs.

INTRODUCTICN

It 1is assumed that the reader is familiar with the concepts of numerical
modelling of groundwater basins az explained by Boonstra and de Ridder
{1981}, The modified suite of programs consists of several modules (table
1y. Each module comprises several files ({table 2). 4ll modules contain
dimensioning statements for certain variables. These must be reset if a
new model is to be calculated. This is donre through the program NEWMOD.CSS.

Table 1. MODULES USED IN THE NUMERICAL ANALYSIS OF GROUNDWATER BASINS

Module Pescripticn Boonstra and de Ridder
GWMOD1 reading of input deta/nodal network {equivalent to SGMP 1)
GWMODZ calculation: iteration technigue {(equivalent to SGMP 2}
GWMODZ print-out of results {equivalent to SGMP 3a)
GWMOD4  plot of results to the line printer {equivalent to SGMP 3b}

Table 2. FILES THAT ARE USED BY THE VAEIOUS MODULES

Module Source Data Print-out Binary Binary C38
file output input
GWMOD1  GWMOD1.FTN GWMOD1.DAT GWMODL.PRT GWMODL.BIN GW1.C58
GWMODZ  GWMODZ . FTN  GWMODZ . DAT GWMODZ.PRT GWMODZ.BIN GWMODL.BIN GW2.055
GSMOD3  GWMOD3.FTN GWMOD3.DAT GWMODZ . PRT GWMODZ .BIN GW3.CES
GWMOD4  GWMOD4  FTN  GWMOD4 . DAT  GWMODS . PRT GUMODZ .BIN GW4.C58
ALL ALL ALL GWMOD4 . PRT  ALL ALL GW.CSS
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NEWMCD. O35

All modules contain dimensioning statements for certain variables. These
must be reset if & new model is to be calculated. This iz done through the
program named NEWMOD.CSS. This program calls each module source program
inte the EDITCR so that new values for:

NN the number of internal nedes and
THN the total number of nodes

may be amended to suit the new model. For plotting the results, the
variable:

IMAJOE, the time discretisation variable MAJOR renamed

must also be amended. In all modulss, these changes are made o line
number 6, and are made by typing NEWMOD @1, 92 where @1 = NN and @2 = TNN.

The edited source programs are then compiled and linked but are not
executed., This must be done using the relevant .C35 program to run sach or

-

all mcdules as required (gee table 2).

The following provides a description of each input item required by the
varicus modules. These items are more fully discussed by Boonstra and de
Ridder and the reader whe is contemplating running a model is strongly
advised to become familiar with that discussion.

DATA FILE FOR GWMGDI
In this module, the data of the nodal network, and the data of the

hydrogeclogical parameters and other variables are presented and prerpared
30 columns wide,

LINE 1 c¢ol 1-80 TITLE, the first 80 characters of the title.

LINE 2 «col 1-80 TITLE, continuation of {l=ave blank otherwise;.

LINE 3 c¢ol 1-4 NSCONF, the number of internal nodes that represent
represent a semli-confined aguifer numbered

consecutively, starting with 1 {sse Hote 1}.
FORMAT=IIII.

col 5-8 NCONF, the number of internal nodes that represent
a confined aguifer numbered consecutively starting
from N3CONF + :. FORMAT = IIII.

ool 9-12 NEATN, the number of external nodes numbered

consecutively starting from NCONF + 1.
FORMAT = ITII.

The total number of nodes TNN = BN + NEXATN.

LINE 4 two columns NSIDE(K;, for =ach internal node, the number of
¥NN sides to the polygon forming the internal node. The
program places a limit of 7 on the number of sides.

FORMAT = 11
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LINE &

LINE &

LINE 7

LINE 8

he actual punber of S0 column lines is NN/4Q

five columns CO{1.,J;, for each node (both internal and external}

col

[g]
[®]
ot

col

col

col

% TNH the % and v <coordinateg. They are measured in

centimetres with regard to an arbitrarily chosen
cartesian coordinate system laid on the map of the
network configuration (see Note 2).

FORMAT = NNDNH.

Actual number of 20 column lines = Z x TNN/16.
1-8 TMBAS, the dimension of time step. It is expressed
as a word: MONTH WEEK DAY HOUR.
FORMAT = AAAAAAAA.

9-12 DMTIM the number of daye in a unit of TMBAS.
FORMAT = NNDN.

A-16 SCALE, scale of the map used for the nodal network
and from which the «coordinates of the ncodes are
read. FORMAT = NNNNNNND.

17-24 L3Wi, an external switch that can be given the
value 1 or 2. FORMAT = IIII.

1-4 DELTA, the time step. The dimension of DELTA is
TMBAS (s&€e Note 4}. FORMAT = NDNN.

5-8 MINOR, the number of DELTA periods required to give
a unit of TMBAS. FORMAT = III.

g-12 MAJOR, the number of TMBAS's in the total time
periocd considered. FORMAT = III.

13-16 LIST, the number of MAJOR periocds in the total time
period considered. FORMAT = III.

The total time period in units of TMBAS is the algebraic
product  DELTA # MIMOR x MAJCR x LIST.

1-8 ERROR, & tolerance level that directly affects the
accuracy of the final results (see Note 5i.
FORMAT = NNNNNDNN.

g-16 COEFFA, the relaxation coefficient which is in the
range 9.8 to 1.2. FORMAT = NNNNNDNN.
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LINE 9 five cclumns BL{K}, the bottom boundarvy of the aquifer svystenm,

LINE

LINE

LINE

LINE

LINE

LINE

10

11

[33
L

14

15

% TNN in each nodal area, weighted over the nodal area
and at each external node that represents a
head-contrglied boundary im above & refarence
level}, Enter zerc for external nodes that
reprasent a flow-controlled boundary.

FORMAT = NNND.

Actual number of 80 column lines is TNN/ZO.

col 1-3 f, the number of the internal node.
FORMAT = III.
ccl 4-10 blank.
next 3 cols ¢ NS(J), the number of an adjacent node.
¥ FORMAT = III.
next 5 cols * PERM{JT). the mean horizontal hydraulic conductivity
* along the side of the aguifer between nocde K and
* 5{(Jj. weighted over the length of the side. The
* dimensicn is fixed: m/day (see Note &).
* FORMAT = KNNDNN.
*
E4

next 2 cols blank.

The sequence indicated by *'s above ig repeated for =ach

internal ncde K. Total number of &80 celumn lines is NN.
seven columns CO{I,1}, the mean storage ceefficient or specific
X NN vield of the agquifer in each nodal area, weighted
over the nodal area. FORMAT =NDNNNNKN.

Total number of 80 ¢clumn lines is NN/11.

2 eight columns PCONF{EK}, the mean vertical hydraulic conductivity

% NSCONF of the confining layer in thcse nodal areas denoted

semi-confined, weighted over the nodal area (m/day}.

FORMAT = NNNDNNNN.

Total number of 80 ccolumn lines is NSCONF/10.
If NBCONF is zero, this line is skipped.

seven columns ASC{I}!, the mean specific vield of the confining
¥ NSCONF layer in those nodal areas dencted as
semi-confined, weighted over the nodal area.
FORMAT = NDNNNNN.

Total number of 80 column lines iz NN/11.
If NSCONF 1s zero, this line is skipped.

four columns SL{K;, the elevaticn of the land surface in each
nedal area, weighted over the nodal area im above a
reference level}. FORMAT = HNNND.

Total number of 80 column lines iz NN/2(.

four columns CCO(K,2), the thicknesgs of the aquifer if the nodes
X (NCONF+ are denoted as semi-confined or confined, weighted
NSCONF over the nodal area, FORMAT = NNND.
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LINE 16

LINE 17

LINE 18

Note 1.

b

Note

Ly

Note

Note 4.

Total number of 80 column lines is (NSCONF + NCONF)/20.
If both NSCONF and NCONF are equal to zero, this line
is skipped.

col 1-4 LSWZ, an external switch that can be assigned the
values 1 or 2 (ges Note 7).
FORMAT = IIII.

col 5-8 DELG, a2 coefficient that determines the speed of
reaching the final value of the additional
percolation or abstraction rate that will keep the
water table elevaticns between the prescribed

limits {see Noie 8}. FORMAT = NNDN.
eight columns UL{K}, the upper limit to which the water table in
% NN each nodal area 1s allowed to rise (m above a
reference level). FORMAT = NNNDNNMNNN.

Total number of 80 column lines is NN/10.
If LSW2 is equal to Z, this line is skipped.

eight columns CL(K), the lower limit to which the water table in
x NN each nodal area is allowed to fall {(m above a
reference level). FORMAT = NNNDNKKN.

Total number of 80 column lines is NN/10.
If LSKZ is equal to Z, this line is skipped.

FORMAT denctes the number of characterz and their tvpe in the
field allowed for the named variable thus:

= numeric character of an integer number
= numeric character of a real number

= decimal point (.}

= alphabetic character

o I v oA ]
|

Where the triangle formed bv three nodes possess an  angle
greater than 90 degrees a message is printed indicating the nodes
concerned.

. The unit of length is always fixed at cone metre; it is used in the

hydraulic conductivity values (metres/day) and in the elevaticn
values {metres above a reference datumj}. L5Wl is used to control
the size of the nodal areas and when set to one it gives a unit of
area in metres®; uwhen zset to two it gives a unit of area of one
million metres=,

It is advisable to run the program with variocus DELTA wvalues. When
the results are compared, it can vreadily be seen for what value of
DELTA the resulte do not appreciably change.

—
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Wote 5. If after 50 iterations, ERROE is still exceeded, the iteration is
terminated and a message 'Relaxation fails to converge’ is printed.
Calculation resumes for the next time step.

Note & When the values specified for the hydraulic conductivity on the
common side of two internal nodes differs, a message to this affect
is printed.

Note 7. Setting L5W2=1 means that the water table elevations are prescribed
within certain limits and that specific 1input values (UL{¥K) and
CL(K}) must be given for some or all of the nodal areas.

Note &, Determining the value of DELO iz a matter of trial and error. A

value of 0.1 has been found to work satisfactorily.

TIME DISCRETIZATION

In modelling a groundwater basin two time parameters are indispensable.
The first is the time step (DELTA}, which is implicit to the finite
difference method. Common time steps are a week, fortnight, or a month for
regional =studies and a day for local studies like aguifer tests. The
second (LIST) iz the total time period for which the calculations are to be
nade.

Two other time parameters (MINCOR and MAJOR) are alsc used in the progran
suite. They are included to allow the boundary conditions to be prescribed
at time intervals that are different from the time step {DELTA} e.g. each
week or month depending on the available data; and tc provide print-out of
the water table elevations at periods of time other than the time step e.g.
print-cut for each month giving the water balance components for each vyear
even though the actual time step is a week.

The relaticonships between the different time units 1s best illustrated in
the following examples:

For regional studies -

Parameter Value Interpretation

THMEBAS MONTH month

DELTA 0.5 fortnight

MINOR 2 number of fortnights in & month
MAJOR 12 number of months in a year

LIST 5 number of years in total time period

In the above context 1 yvear = 12 menths = 24 fortnights = 48 weeks = 336
days.



For local studies -

Parameter Value Interpretation

TMBAS HOURS hour

DELTA 0.1 6 minutes

MINGR ig number of ¢ min. perieds in an hour
MAJOR 24 number of hours in & day

LIST 2 number of davs in total time period

Total time (in units of TMBAS) = DELTA x MINOR x MAJOR x LIST

DATA FILE FOR GWMODZ

In this module, the water table elevations at the nodes and the water
balance of the nodal areas are calculated for esach time step. The results
are stored in a binary output file.

LINE 1 col 1-4 L3k3, an external switch that can be given the
values 1, Z, or 3. It determines the frequency
with which the boundary conditions must be
specified (see Note 1), FORMAT = IIII.

col 5-8 L3W4, an external switch that can be prescribed the
values 1 or Z. It determines the freguency with
which the boundary conditions are read (see Note
23. FORMAT = ITII.

ccl 9-12 LSWS, an external switch that c¢an bhe given the

values 1 or 2. It determines whether the time step
used in the calculation 1is fixed or variable {see

Note 3}. FORMAT = IIII.
col 13-16 L5We, an external switch that can be assigned the
values 1 or 2. It determines whether the

water table elevation in the top layer is varlable
{for semi-confined aquifers) or fixed (ze= Note 4.
FORMAT = IIII.

LINE 2 eight columns H{K), the initial water table elevations of the
% TNN agquifer for all internal and external nodes,
measured at the nodes themselves (m  above a

reference level). FORMAT = NNNNNDNN.

Total number of 80 cclumn lines is THN/1C.

LINE 2 eight columns HCONFi®), the initial water table zlevations of the
X NSCONF top laver for those internal nodes that are denoted

as semi-confined (m above a reference levell).
FORMAT = NNNNNDNN.

tal number of 80 column lines is NSQQNFilO.
NSCONF equals zero, this line is skipped.
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LINE

LINE

LINE

LINE

Note

Note

Note

Note

Note

A

5

[

b

col 1-8 reserved for identification code.
next 5 columns RECH{K], +the net recharge in each internal nodal
% NN area being the sum of a number of external flows

with dimension depth per time. The unit length is
fixed at one metre and the wunit time is TMBAS. A
positive sign means recharge to the aquifer, or if
the aguifer is semi-confined, recharge to the
confining laver {(see Note 5).

FORMAT = NDNNN.

Total number of 380 column lines is NN/14.
col 1-8 reserved for identification code.

next 1¢ coiumns FLWCON(K), net recharge rate in each internal nodal
% NN area being the sum of a number of external flows
with dimension volume per time. The unit of volume
is determined by LSWI {1 ¥ or 1 million m®); the
unit of time 1is TMBAS. A positive sign means
recharge to the aguifer (see Note 5.
FORMAT = NNNNNDNNNN.

Total number of 80 column lines is NN/7.

col 1-8 reserved for identification code.
next 8§ coclumns H{K), water table elevationg in the external ncdes
X NEXTN that simulate head-controlled boundaries (m above a
reference level}. FOEMAT = NNNNNDNN

Total number of 80 column lines is NEXTN/S.

col 1-5 DELTA, the time step. This is required if L5KS
equals 2. FORMAT = NDNNNN.

If LSKS is equal to one, thig line is skipped.

. Lines 4 to © are repeated:

LIST times 1if LSW2=1
LIST % MAJOR times i1f L3SWN3=2
LIST % MAJOR x MINOR times if LSW3=2.

. L8W4 = 2 during calibration i1.e. the boundary conditions are read

for each DELTA, first or second acculmulation level depending on
the value of L3W3; in operationsl runs L3W4 15 usually set to 1.

. LSWS = 2 indicates a variable time step. This is often used in

simulating aquifer tests {iogarithmic time step) bhut for regional
groundwater flow problems a fixed time step is preferred.

LSWe = 2 is valid when the suite of programs is used to simulste
aguifer tests as it iz then assumed that the water table elevation
in the t¢p layer remains constant during the test. For regional

groundwater flow problems, LSW6 must be given the value one.
For unconfined aquifers both RECH(K) and FLWCON{K} can be used; for
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confined aguifers only FLWCON(K) can be used and for semi-confined
aquifers RECH{K} can be used for the confining layver and FLWCON(K)
for the agquifer itself.

DATA FILE FOR GWMODS

This meodule presents the results of the calculations in tabular form. The
input data comprizes a binary file created by GWMODZ and the values of
three external switches. The data file is 80 columns wide.

LINE 1 col 1-4 L3WY7, an external ewitch that can be given the
valueg 1, 2 or 2. It determines the f{requency with
which the water table elevations are printed.

FURMAT = IIII.

oGl 5-8 L5W8, an external switch that can be prescribed the
values 1, 2 or 3. It determines the frequency with
which the water balance of the nodal area is
calculated. The results are printed after each
particular time level. FORMAT = IITI.

col 8-12 L3W9, an external switch which may take the values
i1 or 2. It determines whether the water table
levels of the internal nodes only or all nodes are
printed (see Note 1). FORMAT = IIII.

Note 1. LSW9 = 2 is usually done only once to check the head-controlled
boundaries numerically.

DATA FILE FOK GWMQD4

This module presents the water table elevations at the nodes in graphical
form on a line printer. The binary file generatecd by GWMCODZ iz used as a
data source along with various characters or symbols for the line printer
plots., In additicn, the value of three external switihes are supplied.
For the calibration process, the historical water table elevations are
prescribed.

LINE {1 col 1-4 these columns are alwayz left blank.
¢ol 5-8 HI, a character or symbol to denote the unit of
scale. FORMAT = AAAA.
col 9-12 HMINUS, & character or symbol that denctes the

tenth of the unit of scale.
FORMAT = AAAA.

col 13-16 H¥, a character or svmbol that indicates when a
computed water table elevation falls outside the
maximum range cf the scale.

FORMAT = AAAA.

col 17-20 ASTRSK, a character or symbol that indicates the
position of a calculated water table elevation in
the graph. FORMAT = AAAA.

col 21-24 HY. & character or symbol that indicates when a

03-9
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LINE 2

LINE 3

col

col

col

col

col

ccl

L) S
P2 =3

historical water table elevation falls ocutside the
maximum range of the scale.

FORMAT = AAAA.

25-28 PLUS, & character or symbol that indicates the
positicn of a historical water table elevation in
the graph. FOEMAT = AAAA.

29-30 L5W9, an external switch that may take the values 1
or 2. It determines whether the water table
elevations are plotted for the internal nodes only
or for all nodes. FORMAT = II.

31-32 LSW10, an external switch that may be prescribed
the wvzalues 1 or Z. It determines whether the
historical and <c¢alculated water table elevations
are plotted together or only the calculated values
are plotted.

FORMAT = II.

33-34 L5Wil1, an external switch that may be assigned the
values 1 or 2. It determines whether the deviation
between the calculated and historical water table
elevations is calculated or not.

FORMAT = II.

1-4 MINOR, as previocusly defined {module GWMOD1;}.
FORMAT = IIII.

5-8 MAJOR, as previously defined (module GWMOD1).
FORMAT = TIIII.

9-12 LIST, as previously defined (module GWMODIL).
FORMAT = TIZII.

These parameters may be given new values here s¢ as to
reduce the amount of data generated when making
operational runs over long time periods.

If LEW10 is egual to 1, this line is skipped.

i-8 reserved for identification ctde.

eight cclumns H{K,M}, the historical water table elevation of

% NN the aquifer at each internal node.

FORMAT = NNNNNDNN.

Total number of 80 column lines is RNN/9.
If L3W10 is equal 0o 2, thisz line is skipped.
Line 3 is repeated LIST » MAJIOR times.



u/;%7

Note 1. LSWI = 2 is usually done only once to provide a visual check of the
fhiead controlled boundaries.

Note 2. LSWIC = 1 is required for the calibration process; in operational
rung there 1s no historical water table elevations.

Note 3. LBWI1 = 2 1s reguired for cperational runs where there 1s nc
historical water table elevations.
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APPENDI® A
288 and FORTRAN program listinas

FNEWMOD.CSS a proaram to modify the groundwater modules
¥ PARAMETERS: @l1=NN, @2Z=ThN

$IFNUL @1; $WR NN and TNN must both be zpecified: $EMIT: $ENDC
FIFNUL @2y $WR NN and TNN must both be specified: $EXIT: $ENDC
FBUILD &W, WD

(P INPLACE=0N

G GWMODL.FTN

COL17. /7 (NN=R1, ThN=@2) AN

G GWMODZ2.FTN

E0L17, /7 (NN=@1, TNN=G2) FLE

G GWMODILFTN

COL17, 7 (BN=@1, TNN=82) /.6

H GWMOD4.FTN

COLL7, / (NN=@1, TNN=GZ) P

END

$ENDE

L EDITIZ/S

ST, LIST=CON:,COM=Gk. CHMLE

mhE GW.CMD

SYSPFRT MULL:

COMPLINE GWMOD1.,FTN

COMPLINE GWMODZ.FTN

COMPLINK GWMOD3I.FTN

COMPLINE GWMODL4,FTH

SYSFRT CON:

DE GWMOD1.0RI

DE GWMODZ.OBJ

DE GWMOD3, ORI

DE GWMOD:4.0BJ

FESIT

¥EW.CSS  TO RUN THE ENTIRE PROGRAMME SUITE
* OF INPUT.CALCULATION,PRINTING & FLOTTING MODULES
DE GWMOD1.PRT, GWMCDL.BIN

RUN GWMOLL.FTN

FRI GWMOD1.FRT,DEV=EPR:

DE GWMODZ.FRT, GWMOD2Z, BIN

RUN GWMODZ.FTN

PRI GWMODZ.PRT, DEV=EFR:

DE GWMOD3.FRT

RUN GWMORZ. FTM

PRI GWMOD3.PRT,DEV=EFR:

DE GWMOD4.PRT

RUN GWMOD4, FTN

PRI GWMOD4.PRT,LEV=EPR:
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*GW1. 0SS T RUN DATA INFUT MODULE GRMODL.FTN
DE GWMODL.PRT

[E GWMORL.BIN

RUN GWMODRL.FTN

PRI GWMOD1.PRT,DEV=FFR:

FERIT

$TITL GWMOD1.FTN

_ GRUUNDWATER MODEL PART1: READING INPUT DATA (POLYGONS/ INHOMOGENEQUS)
INTEGER TNN

FARAMETER (NN=3, TNN=15)

REAL LENGTH

LIMENSION PERM(7),NS(7), TITLE (40), TMEAS ()

DIMENSION AGC( NND L LLC NND L OL ¢ NND L AREA{ NND . AS( NN),SL{ NN
DIMENSION CO(TNN,2)

DIMENSION BL {TNN).NSIDE( NN),PCONF ( NN) .NREL{ NN,7),CONDU( NN, 7)

OFEN (UNIT=2,FILE="GWMOD1. AT ', STATUS=0LD") .
OPEN(LNIT=5,FILE="GWMOD1.PRT ', STATLIS= 'NEW®)
OPEN(UNIT=1,FILE="GWMODI.BIN', STATUS="NEW')

READ (2, 40) TITLE
40 FORMAT (20A84/Z20G64)

READ{E, 1} NSCONF . NCONF , NEXTN
1 FORMAT (314)

NO=NN+1

NCONF =NCONF +NSCONF

NFH=NN-NCONF

NRC=NCONF -NSCONF

D47 I=1,Nn

L0 47 I1=1,7

NREL (I, J)=n
47 CONDUCT, D) =0, 0

READ (2. 10) (NSIDE(K),K=1,NN)
10 FORMAT (4012)

READ (2, 42) ((CO(I, ), J=1,2),I=1, TNN)
4z FORMAT (16F%.2)

READ (B, 46 TMBAS, DMTIM, T, SCALE, |5k
4 FORMAT (2R4,.2F4.1.F2.0,14)

READ (8,2} DELTA, MINOR,MAJOR, LIST

3 FORMAT (F4. 2,314}
READ (2, 4)ERROR, COEFFA
4 FORMAT (ZF&. 2)
WRITE(S,44)TITLE

44 FORMAT (' GROUINDWATER MODEL FOR ', 20A4/2084//)

WRITE (S, 12) NN, NEXTN, NSCONF , NNC, NPH
1z FORMATC' NUMBER OF INTERNAL NODES 187,14/ NUMBER OF EXTERNAL N'

1'0bES IS',I4///' NUMBER OF SEMICONFINED NODAL AREAS IS',I4/' N
Z'UMBER OF CONFINED NODAL AREAS IS, I4/" NUMBER OF UNCONFIN'
J'ED NOLAL AREAS  IS',I14/)
IF(LSWILER. 1} WRITE(S,17)
IF (LSWILER. 2} WRITE(S,39:
17 FORMAT (//' UNIT LENGTH : 1 METRE'/' LUNIT AREA vo1, 0000
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11,000 SO.METRES' /' UNIT VOLUME : 1,000,000 CU.METRES')
FORMAT(//' UNIT LENGTH 3 1 METRE'/' UNIT AREA : 1 SO.METRE'/
1" UNIT VOLUME : 1 CU. METRE')
WRITE(S,43) TMBAS
45 FORMAT{//' UNIT OF TIME FOR DELTA AND BOUNDARY CONDITIONS IS ¢
3, 2A4)
WRITE(S,13)
13 FORMAT (//13H BETWEEN NODE , 4%, 1ZHPERMEABILITY, 44, SHWIRTH, 44, 6HLENGT
1M, 18K, SHNODE NG, , 10K, 8H5-CO0RD. , 10, BHY -CO0RD. , 10X, HROTTOM/15%, 10
Z2H MADAY LB, ZHCM, 8k, ZHCM, 415, 2HCHM, 155, 2HCM, 13, SHELEVATION/ /)
READ (B, 6) (BLIE) ,K=1,TNN)
TAREA=0.
Ly 1t I=1i,NN
JE=NSIDE(I)
READ(B,13) K, ING(H) ,PERMIT), J=1. T2}
15 FORMATA{IR, 78, 7(I3,F5. 2, 2¥))
Lo 41 J=1,J52
NREL (K, .J)=NS (1)
41 CONDUE, J) =PERM (.1}
11 CENTINUE
[ 4% K=1,NN
JZ2=NSIDE (k)
Do 52 JI=1,J2
NOD=NREL (K, .J}
IF(NODL LT K. ORCNODL ST, NNY GO TO 52
JA=NSIDE (NOL)
DO 54 Ji=1,73
IF (NREL (NOD, J1).NE.E) G0 T S4
G TO S5
54 CONTINLE
55 IF{CONDU (K, J) , EQ.CONDUNOD, J1)) G0 TO 52
WRITE (T,53) kK, NOD.NOD, K
=3 FORMAT (30H PERMEABILITIES BETWEEN MODES , I3, 1H/,I3,5H AND 13, 1H/,
113,174 ARE NOT THE SAME)
CONTINUE
CONTINUE
JI=0
DO 18 KE=1,NN
J2=NSIDE (K)
DiiM=0. 0
by 3% J=1,32
JI=JI+1
NS (1) =NREL (K, .I)
IFCI-1.ER. 0) NS (2)=NREL (K, J2)
TF(J-1.NE.O) NS(2)=NREL{K,J-1)
IF{I.ECL J2) NS{3) =NREL (K. 1)
IF(IONE. J2) NS{Z)=NREL (K, .J+1)
DO 36 I=1,3
=0, 1 -CONS (I, 1)
Y=CO{E, 2)~COiNS(I) . 2)
& PERM (1) =5 4R+ yHyY
D37 I=2.3
FeQO{NS (L), 1) -CONS{T), 1)
Y=00NS (1) ,2) ~CONS(D) .2
37 PERM{I+2) =¥+ yry
B2=FPERM{Z) +FERM (4) -FERM (1)
IF{BZ.LT.0.0) WRITE(S,43) K,NS(2).NS(1)
BZ=PERM(3) +PERM{S) -FERM (1)
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IF(RZ.LT.0.0) WRITE(S.43) K,NS(23) NS(1)
48 FORMAT (/30H THE ANGLE FORMED BY THE NODES,I3,2H ,,I3,2H ,,I3,27H 1
15 GREATER THAN 90 DEBREES/)
A=FERM (1)
B={(PERM(4) +PERM (Z) ~PERM {1) ) ##2
C={PERM (3 +PERM (3} ~FERM{1}) #%2,
D=4+PERM (4) *FERM (2)
E=4*#PERM () #FERM (T)
WIDTH=SORT ( (0. 25%4%R) / (D-H) ) +50RT ( {0, 25*A+0) /(E-C))
LENGTH=5QRT (M)
IFCEILGT.OTHNN) WRITE(S, 16) K,NS{1) ,CONDUTK. ), WILTH, LENGTH
TF{FILLE. TNN)Y WRITE (5, 16) K, NS(1), CONDUCK, J), WIDTH, LENGTH, J.J, C0¢
LIT, 10,0031, 2) ,BLOIT)
1& FORMAT (I3, 4H AND, I4, 108, F5, 2,55, F5. 2,08, F5. 2, 18K, I5, 134, F5. 2, 134, F
15.2,Fl&.4)
IF (LWL EQ, 1) CONDU ¢, J) =CONDU CE, J) # (WIDTH/LENGTH) #DMTIM/ 10000080,
IF LWL ER, 2) CONDL (K, J) =CONDI K, T3 ¥ (WIDTH/LENGTH) *DMTIM
DUM=DUM+WIDTH*LENGTH
CONTINLE
IF(LSWI.EQ. 1) AREA(K)=DUM*0, 25+ (SCALE/LOQG0N, ) **2
IF (LSWL.EG.2) AREA(K) =DUM*0, 23% (SCALE/100. ) #+2
1g TAREA=TAREA+AREA (K}
READ (32,43) {(C3(I,1),I=1,NN}
43 FORMAT (11F7.5)
IF (NSCONF . GT.0) READ(S,S) (FCONF (K),K=1,NSCONF)
FORMAT (10F&. 4>
IF (NSCONF.GT.0) READR{(S,43) {(ASC(I), I=1.NSCONF)
P38 K=1,NN
AS(K) =AREA (K) #CO(K, 1)
READ (&, ) (5L (K) . K=1,NN)
IF(NCONF.NE. ) READ(R,6) {(CO(I,2),I=1,NCONF)
6 FORMAT {20F 4. )
READ (8,2) LSW2,DELG
2 FORMAT (1I4,F4.1)
TF{LsW2.EQ.2) GO 7O 7
READ(2,5) (UL {K) k=1, NN)
READ (3, 3) (0L (K) ,K=1,NN)
GOOTO 9
P08 K=1.nNN
UL (KD =50 (kD
QL (K =BL {K)
WRITE (5,19
Ej FORMAT {//3H NODE, 5X, 4HAREAR, 5K, 14HSTORARBE COEFF. , 64, 7THSURFACE, 2K, 9H
I THICENESS, 7K, JHTHICKNESS, S, 12HFERMEARILITY, OX, 14HSTORAGE COEFF, /2
228, THAOUIFER, 95, SHELEVATION, S, 1ZHCONF . ARUIFER, 6K, GHTOPLAYER, 74, 8H
ATOFLAYER, 10, SHTOPLAYER/)
DiM=0.10
L =0 K=1.NN
DL=BL (&) +C0 (K, 2)
IF (kL LE.NSCONF) WRITE(S, 20) K, AREA(KY,CO{K,. 1), 5L K OO, 2) DL P
1CONF (k) . ASC (k)
IF (K. GT.NSCONF. AND.ELLE.NCONF) WRITE(S,20) E,AREA(K) ,COK, 1) ,5L¢
1K), C0(K. 2)
TF (K.GT.NCONF) WRITE(S,20) K,AREA(K),CO{K,1),5L(K)
20 FORMAT (I3,F11.2,F14.5,F17. 0, FI5.0,F16.0,F16. 3. F18.3)
il CONTINUE
WRITE (5.33) TAREA
FORMAT(/F14.2)
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IF (NSCONF.EG. 0} GO TO 34

DO 31 E=1,NSCONF

FUONF (K =PCONF (K *DMTIM

ASC (K =AREA (k) ®ASCK)

IFCLSWL. B ZY GO TO 23

WRITE(S,21)

FORMAT (//SH NODE, X, 1ZHUPPER LIMITS, S, 12HLOWER LIMITS//)
WRITE (S, 22) (K, UL, 0L (KD ,E=1, NND

FORMAT(I3,F16.2,F17.2)

WRITE(S, 24)

FORMAT ¢/ /4%, 23HMISCELLANEGUS CONSTANTS, 10K, 27HVALUES OF EXTERNAL &

1IKITCHES/)

WRITE {5,25)LIST,LSW1

FORMAT (8. THLIST = ,I7,26K,7HLESW1 = ,I2)
WRITE(S, 31) MAJOUR,LSWZ

FORMAT (S, 8HMAJOR = 17,268, THLSWZ = ,I2)
WRITE{S,32) MINOR
FORMAT (3, SHMINOR = ,I7)
WRITE(S,27)SCALE
FORMAT (S, 8HSCALE = F10.2)
WRITE (3, 28) COEFFA
FORMAT {4, FHCOEFFA = F10.2)
WRITE(S, 14) DMTIM
FORMAT (S, BHIMTIM = Fi0.2)
WRITE(S,26) DELTA
FORMAT (DX, SHDELTA = ,Fi4.6)
WRITE(S,29) ERROR
FORMAT (X, 8HERROR = ,F14.6}
WRITE (5, 30) DELG

FORMAT {&X, 7HDELD = ,Fi14.£&)

WRITE (1) PELG,COEFFA,T.NQ, ERRUR, DELTA, NCONF, LSW1

WRITE (1) TITLE, THMBAS, (BLAK) k=1, TNN) . LIST,MAJOR, MINGH, NGCONF
WRITE{(1) (LK), 0L (K3, SLCK) , AREAR) , AS(K) ,NSIDE (K}, K=1, NN}
WRITE (1) ¢ (NREL (K, J), CONDUCE, J), T=1,7) ,K=1, NN) '

IF (NCONF.GT.0) WRITE(L) (CO(I,2),I=1,NCONF)

IF(NSCONF.GT.0) WRITECL) (ASCH), PCONF (K} K=1, NSCONF)

ENL:
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*GWZ,.085  TO RUN CALCULATION MODULE GWMODZ,FTN
DE GWMODZ.PRT; DE GWMOD2.BIN

RUN GWMODZ.FTN

FRI GWMODZ,PRT, DEV=EPR;

FEHIT

FTITL GWMOLZ.FTH
£ GROUNLWATER MODEL PART Z CALCULATION OF GROUNDWATER FLOW

C GALSS/SEIDEL
INTEGER TNN,SUBITR
REAL IMP

[
FARAMETER (NN=%, TNN=13)

G
DIMENSION NREL { NN, 7),NSIDE( NN) ,AREA( NN) . TITLE(40), TMRAS (2)
DIMENSION HOTNND S HOC NND L HT O NND L HOONF ¢ NND , HOCONF { NND L DRECH( NN)
DIMENSION RECH( NN),FLWCON{ NN}, TOTAL@C NN, S NN),RSEEP( NN)
DIMENSION CONDU( NN, 7), PCONF ( NNY,SC( NNYLASC{ NNY,AS{ NN)
DIMENSION BLCTNN) L UL{ NN) QL ¢ NN), THID( NNY . SL{ NND

G
OPEN (UNIT=8, FILE="'GWMODZ, DAT ', STATUS= 'OLD ")
OPEN{(UNIT=35,FILE="'GWMODZ.PRT "', STATLIS="NEW')
OFEN(UNIT=1,FILE="GWMOD1, BIN',STATUS="0LD ")
OFENC(UNIT=2, FILE="'GWMODZ, BIN', STATUS="NEW')

c

READ (1) DELW,COEFFA, T, NG, ERROR, DELTA, NCONF, LSW1
READ(L) TITLE, TMBAS, (BL(K),K=1, TNN),LIST, MAJOR, MINCHR, NSCONF
READ (1) (UL (K DL (KD , SL(K) , AREA (KD , AS (K) , NSIDE (K) ,K=1, NN)
READ (1) {{NREL (K, 1), CONDUCE, J), T=1.7) ,K=1, NN)
IF{NCONF.GT. 0} READ(1) (THID(I),I=1,NCONF)
IF (NSCONF.GT.0) READR(1) (ASC{K),PCONF (K),K=1,NSCONF)
READ (8, 38) LSW3,L5W4, LSWS, LEWE
FORMAT (474)
READ (5, 18) (H(K),K=1, TNN)
IF (NSCONF. GT.0) READ (9, 13) (HCONF (K) ,E=1, NSCONF)
13 FORMAT (10F3.2)
WRITE (2) LIST.MAJOR,MINOR,DELTA, T,LSWI
WRITE{(Z) (HOK),K=1, TNN) . NSCZONF, (SL(K) ,K=1,NN), NCONF, TITLE, TMRAS
IF (NSCONF.L GT. 1) WRITE(Z) (HOONF (k) ,K=1, NSCONF)
WRITE(S,4m)
41 FORMAT (12H CALCULATION////7)
WRITE(S,39) TITLE
39 FORMAT (' GROUNDWATER MODEL FOR ', Z0A4/20484)
WRITE(S,41)
41 FORMAT (///728H VALUES OF EXTERNAL SWITCHES/)
WRITE (5,42) LSW3,L5W4, LSKWS, LSWE
42 FORMAT (1004, 'LSW3= ', I2/10K, 'LSWd= ', I2/10K, 'LSWS= ', T2/10%,
1'LGWE= ', T2)
L0 S0 L=t,LIST

IF(LSWR.NE. 1) GO To 31
READ(Z, 1) (RECH(K) .k=1,NN)

i FORMAT (2, 14F5. 3

READ{(E,2) (FLWCON{ED ,K=1,NN)
2 FORMAT (2K, 7F 10, 4)

[0 32 K=1,NN
3z RECH (k) =RECH (k) ¥AREA (k)

READ (2,4 (HD , K=NQ, TNA)
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FORMAT (8K, 9F8.2)

O 30 M=1,MAJOR

IF(LSW4,.EQ, 1.ANDLL.NEL LY B0 TD &
IF(LSWI.NE.2) GO Ta 5

READ (8, 1) {RECH(K) ,K=1,NN)
REAL(2,2) (FLWCON{K) ,K=1,NN)
P03 K=1,NN

RECH (K) =RECH (k) *AREA (K
READ(Z,4) (HU)  K=NG, TN

e 70 JT=1,MINOR
IF(LSWI.NE.)GED TO 7

REAL (2, 1) {(RECH{K),K=1,NN)
READ (&, 2) (FLWCON ) . K=1, NN)
DO & #=1,NN

RECH (k) =RECH () #AREA (i)

READ (2, 4) (H{K) . K=NO, TNN)
IF(LSWS. EQL2) READ(2,28) DELTA
FORMAT (F&. 4)

T=T+DELTA

ITRNO=0

DO &8 k=1,NN

DRECH (K} =0,0

HO K ) =H (k)

LO 35 K=1,NSCONF

HEEEP () =0. 0

SCi{KY=0.40

HOCONF (K) =HCONF ()
ITRNG=ITRNO+1

SUBITR=0

LM=0

ITOET=1

SlmM=0.,10

O 14 K=1,nN

RES=0,1

IMF=0.0

HL.=H {k}

J2=NSIDE (k)

PO13 J=1,732

NOD=NREL (K, .J)

B={RBL {NODY+BL{K)) /2,

HA= {(H{NGD)Y +HL) /2.

THI=HA-H

IF (K. LE.NCONF . AND, NOD. LE. NCONF) THI= (THID(K) +THID(NOD) 1 %0, 5
IF (K.LE.NCONF) THI=THID ()

IF (NODRLE.NCONF) THI=THID (NOD)
Y=THI*CONDL (K, .T)

IMP=IMF+Y

Q=Y ¥ {H{NOD) -HL)

RES=RES+

CONTINUE

TOTALE (K =RES

S{k = (HO(K) -HL)Y *A5 (k) /DELTA
IF(K.GT.NSCONF) & TO 33
DL=BL (K} +THID{K)
IF{HCONF () JLE.DLY GO TO 20

C= (HCONF (K) -DL) /FCONF (K}

QSEER ¢K) = ¢ (HCONF (K) -HL) /C) #+AREA {K)
IF{HL.LE.DL) BSEER (K)=( (HOCONF (k) =L /C) *AREA (K)

ga-12
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GOTO 43
BSEEP (K) =0, 0
3 RES=RES+FLWCON (k) +QSEEF (K) +5 (K) +DRECH (K)
SC K} = {HOCONF (K) -HCONF (K) ) *ASC (K) /DELTA
RESC=RECH (K} +5C(K) -QSEEF (K)
IF (LaWE.ERL 1) HCONF (K} =HCONF (K) +RESC/ {ASC (K) /DELTA+AREA (K) /1)
HKY =HL+ {RES*COEFFA/ (IMP+AS (K) /DELTA+AREA (K) /0))
60 TO 24
IF (K.LELNCONF) RECH{K) =0, 0
RES=RES+RECH (K) +3 (k) +FLWCON (k) +DRECH{K)
H{EY =HL+ (RES*COEFFA/ (IMF+AS (K) /DELTAY )
a4 SUmM=5UmM+ARS {RES)
14 CONTINUE
IF {SUM.GT.ERROR) ITOET=2Z
IF(SUBITR.LT.49) GO TO 17
WRITE(S,16)T
i& FORMAT (//26H DELQ IS TOO SMALL AT TIME,F2.4//)
17 IF{ITRNG.LT.S0) GO TO Z0
WRITE(S,19) T
19 FORMAT {/ /601, 37H RELAXATION FAILS TO CONVERGE AT TIME,FS.4)
20 DO 25 K=1,NN
IF (HOK) LGE. QLK) LANDLHK) LLTL UL (K)) G0 TO 25
IF (ABS(FLWCON(K) ) .GT.ABS(RECH(K) )Y &0 TO 23
TDRECH=ABS (RECH (k) ) *DELD
G0 TO 22
21 TORECH=ABS (FLWCON (K) ) *DELE
22 IF(H(R) JLT.OL R GO TO 23
IF{K.LE.NCONF) GO TO 25
DRECH (#) =DRECH (K) ~TDRECH

F oL
o
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%)

GO 7O 24
23 DRECH (k) =DBRECH (K) + TDRECH
24 LM=1

23 CONTINUE
IF (ITRNOL GE. 50, OR. SUBITR.GE. 50 G0 TQ 37
IF(LM.EQ. 1) SUBITR=SUBITR+1
IF(LM.ER. 1) GO TO 10
IF{ITOET.EQ.2) GO TO o
37 DO 26 K=1,NN
IF (K. GT.NSCONF) GO TO 27
IF (HCONE CK) . BT SLAK) Y WRITE(S, 29K, T
29 FORMAT (// "WATER TARLE IN CONFINING LAYER AT NODE ',I3, 'IS
1ABOVE SURFACE LEVEL AT TIME ',.F3.4)
7 IF(K.GT.NCONF) GO TO 26
IF(HRY LT, (BLOD +THID(EDY ) ) WRITE(S,36) K, 7
26 FORMAT (//37H PIEZOMETRIC LEVEL IN AQUIFER AT NODE, I3, 26H IS BELOW
ITOFLAYER AT TIME,FE.4)
26 CONTINUE
WRITE(Z) (RECHK), TOTALM (KD, S<k) ,FLWCON(K) , DRECH(KY ,KK=1, NN}
WRITE(2) (H{K) . K=1,TNN), T, ITRNG, DELTA, SURBITR
IF(NSCONF.GT.0) WRITE(Z) (HUONF (K) , GSEEP (K), SC(K) , K=1, NSCONF)

70 CONT INLE
za CONTINUE

Fi CONTINUE
END



FEWA.CE8 TO RUN THE PRINTING MODULE GWMODI,FTN
DE GWMODI.PRT

RUN GWMOL3.FTM

FRI GWMOD3, PRT, DEV=EPR:

FERIT

FTITL GWMODZI.FTN
C GROUNDWATER MODEL FPART 23A 3 FRINTING OF RESULTS
INTEGER TNN,SUBITR

o

-

[
FARAMETER (NN=%, TNN=15)

O
DIMENSION H{TNN}, SL( NN)Y,HCONF{ NNY, TITLE (40), TMBAS{Z)
DIMENSION RECH({ NNJ FLWCON{ NN, TOTALE( NN, S0 NN GSEEF{ NNJ
DIMENSION SC{ NN} ,DRECH( NNY, TOTRE( NN}, TOTFC(O NN)Y , TOTSA (¢ NND
DIMENSION TOTS( NM) , TOTGS( MNY , TOTSC( NN, TOTDG O NND

C
OPEN(UNIT=2,FILE="GWMOD3. DAT ', STATUS="0LD")
OPEN(UNIT=0,FILE="GWMOD3, FRT ', STATLS= "NEW' )
OPEM(UNIT=2,FILE="GWMODZ, BIN' ,STATUS="0LD")

C

REAL{(Z) LIGT.MATOR., MINOR, DELTA, T,LSW!
REAL(2)  {(HOE) , K=1, TNN) , NSCONF, {(SL (K}, k=1, NN) , NCONF, TITLE, THRBAS
IF (NGCONF . GT. 0) READ(Z) (HCONF (K . K=1, NSCONF)
READ (S, 14) LSW7,1 8Wa, LSWT
14 FORMAT (214)
IFCLSW2.EQ. 1) NT=MN
IF(LSWI.E@.2) NT=THNN
NE=TN=TNN-NN
NFH=NMN~NCONF
NNC=NCONF ~NSCONF
WRITE (%,1)
1 FORMAT (9H SOLUTION////)
WRITE(S.44) TITLE
44 FORMAT (¢ GROUNDWATER MODEL FOR ', 20R4/20R477)
WRITE(S,43) NN,NERTN, NSCONF , NNC, NFH

43 FORMAT (' NUMBER OF INTERNAL NCGDES IS',I4/° NUMBER OF EXTERNAL'
1" NODES IS',I4///' NUMBER OF SEMICONFINEL NODAL AREAS I5°,I4/
Z2' NUMBER OF CONFINED NODAL AREAS I5°,X4/' NUMBER OF °
JUUNCONFINED NODAL AREAS IS',I4/)
IF(LSWLLER. 1) WRITE(S,42)
IF(LEWl.EQL Z) WRITE(S, 39)
42 FORMAT(// '"UNIT LENGTH : 1 METRE'/ 'UNIT AREA s L,000,0
19000 SE.METRES'/ 'UNIT VOLUME = 1,000,000 CU.METRES")
a9 FORMAT (/7 '"UNIT LENGTH : 1 METRE'/ 'UNIT AREA : 1 SELMETRE'/

1 '"UNIT VOLUME @ 1 CU.METRE®)
WRITE (5, 47) THMBEAS
47 FORMAT (// UNIT OF TIME FOR DELTA AND BOUNDARY CONDITIONS IS!
1,204)
WRITE(S,27 :
FORMAT(/// 'VALUES OF EXTERNAL SWITCHES'/)
WRITE (D, 28 L5W7, LSWS, LSWY
FORMAT (10, ‘LSW7= ', 12710k, 'L8WS= ', TZ/710K, 'LalW3= ', I
WRITE(S.2)
FORMAT (/777" INITIAL WATERTABLE ELEVATIONS'/)
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WRITE(S, 3y 7T

FORMAT (/7 /! T = ,Fid.4//)

DO 4 k=1,NT

IF(K.LE.NSCONF) WRITE(S,41) K, H(K),HCONF ()
IF (K. GT. NSCONF. ANL. K. LENCONF) WRITE(S,40) K, H{)
IF (KL.GT.NCONF)Y WRITE(S,45) K,H(X)
FORMAT {%H NODE NG, 14, SH, 1 7HHZERO SEMICONF
1}

FORMAT (9H NODE NO.,I4,5%, 17HHZERD CONFINED
FORMAT (9H NODE NO., T4, 5, 1 7HHZERD LINCONE
CONTINUE

PO 20 L=1,L1587

IF{LSWa.NE.J) G0 T &

DO 5 K=1,NN

TOTRE (K} =0.10

TOTSO(K) =0.0

TOTS(K) =0. 0

TOFFCAR) =00

TOTRR(KY =0, 0

IF(K.GT.NSCONFY G0 TO S

TATSC{K) =0.0

TOTRS (K =00

CONTINUE

TTRE=0,0

TTSG=0. 8

TTS=0.1

TTSC=0.4

TTFC=0,10

TTAS=0, 0

TTDE=0.40

PO 30 M=1,MAJOR

IF(LEWS.NE.2) &0 TO =

O 7 K=1,NN

TOGTRE (K) =0. 0

TATSR (K =0,0

TATS(K) =0, 0

TOTFC{K)=0. 0

TOTDGH (K =0.0

IF{K.GT.NSCONF) GO TO 7
TOTSC(K)Y=0. 0

TOTES{KY=0.0

CONTINUE

TTRE=0.0

TTSH=0, 10

TTS=0.0

TTSC=0, 0

TTFC=0,0

TTES=0.0

TTDR=0, 0

Do 78 IT=1,MINOR

IF{LSWE. NE. 1Y GO TO 140

L 9 k=1, NN

TOTRE (K =0, 0

TOTSE{K) =0. 0

TOTS (K =0. 0

TOTFC (D =00

TOTDE (K) =0, 0

TF(K.GT.NSCONF)Y GO T 9

2FB.4,58,5HH = ,FE.4
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TOTEC (K) =0, 0

TOTRS (K) =0, 0
CONTINUE

TTRE=0. 0

TTSH=0. 0

TTS=0.10

TTSC=0,

TTFC=0.10
TTGS=1. 0

TTDR=0.0
READ (2) (RECH(K), TUTALR(K) , 5 (K) LFLUCON (K) , DRECH (K) ,K=1 , NN)

READ(Z) (H(K),K=1,TNN), T, ITRNO, DELTA, SUBLTR

IF (NSCONF.GT.0) READ(Z) (HOONF (K) , GSEEF (K) , SC{K) , K=1, NSCONF)

DO 11 K=1,NN

TOTRE {K) =TGTRE (K) +RECH (K) *DELTA

TOTSR (K) =TOTSR (K) + TOTALE (k) ¥DELTA

TOTS (K) =TOTS ) +5 (K) #DELTA

TOTFC(K) =TOTFC (K) +FLWCON (K) ¥DELTA

TOTD (K =TOTDG (K) +IREGH (1) *DELTA

IF (K. GT.NSCONF) GO TO 11

TOTSE (K) =TOTSC (K) +5C (K) *DELTA

TOTES (K) =TOTES (K) +GSEEP (K) #DELTA

CONTINLE
DO 12 K=1,NN

TTRE=TTRE+RECH () *DEL TA

TTS6=TTS0+ TOTALR (K) #DEL TA

TTS=TTS+5 (K) *DELTA

TTFC=TTFC+FLWCON (k) #DELTA

TTDG=TTDE+DRECH (K) *DELTA

IF (K. GT.NSCONF) GO TO 12

TTSC=TTSC+3C (K) *DELTA

TTAS=TTRS+OSEEF (K) *DELTA

CONTINUE
WRITE (5, 13) T, ITRNG, SUBITR

FORMAT(/////SH T = ,F10.4,8%,20HNO. OF ITERATIONS = ,13,
185, Z3HNG, OF SUBITERATIONS = ,I3/)

IF(LSW7.NE. 1) GO TO 15
DO 3% K=1,NT

IF (K.LE.NSCONF) WRITE (5,37) K,H{K) . HCONF (K)

IF (K. GT.NSCONF . AND, K. LE.NCONF ) WRITE (5,36) K, H(K)

IF (K. GT.NCONF) WRITE (5,35) K, H(K)
FORMAT (%H NODE NO., I4,%X, 13HH SEMICONF

FORMAT (9H NODE NO., 14,54, 13HH CONFINED
FORMAT (9H NODE NO., 14, 5K, 13HH UNCONF

CONTINUE

IF (LSWE.NE. 1} GO TO 70

WRITE (5, 16)

FORMAT (//24H WATERBALANCE COMPONENTS)
WRITE (5,17)

FORMAT (// (' NODE', 4}, 'RECHARGE', 4), ‘CHANGE IN STORAGE', 4%,
1'SEEPAGE FLOW',4¥, 'CHANGE IN STORAGE',4X, 'TOTAL SUBSURFACE FLOW’
2,4, "PUMP FLOW®, 4%, 'DRAINAGE FLOW' /24X, 'IN TOPLAYER', 27X,

3 IN AGUIFER' /30X, ' (ALL COMPONENTS ARE CALCULATED FOR THE LAST
4'TIME STEP)'/))

DUM=0,

DO 18 K=1,NN

IF (K.LE.NSCONF) WRITE(S,1%9) K,TOTRE(K), TOTSC(K) , TOTAS (K) , TOTS(K)
1, TOTSR(K) , TOTFCAK) , TOTDG ()

JFB04, 50, BHHY = ,FE. 4)
FE.4)
SF2.4)

H 4 H
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IF (K. GT.NSCONF. AND. K. LE. NCONF) WRITE(S, 19) &, DL, DU, DUM, TOTS (K)
1, TOTSQK) , TOTFC (K) , TOTING (k)

IF (K. GT.NCONF) WRITE(S, 13) K, TOTRE (KD, DUM, DUM, TOTS () , TOTSR(K),
LTOTFCK) , TOTRE (K

FORMAT (IS, F12.4,F21.4,F16.4,F21.4,F25,.4,F13.4,F17. 4)

CONTINUE

WRITE(S,20)

FUORMAT {//40H WATERBALANCE COMFONENTS FOR WHOLE BASIN/)
WRITE(S, 21y TTRE,TTSC, TTRS, TTE, TTSR, TTFC, TThM
FORMAT(F17.4,F21.4,F16.4,F21.4,F25.4,F13.4,F17.4)

CONTINUE

IF{LSW7.NE.2) GO TO 22

DO 34 K=1.NT

IF{K.LE.NSCONE)Y WRITE(Z,37) K HEDY, HOONF (K)

IF (K. ET.NSCONF . ANEL KL LELNCONF) WRITE{(S, 38} K. HUD

IF(ELGTONCONF ) WRITE(S,35) K.H{E)

CONTINLUE

IF(LSWR. NE. 2] GO TO &0

WRITE (S, 16)

WRITE(S,23) MINOR

FORMAT {// (' NODE', 4%, 'RECHARGE', 4%, 'CHANGE IN STORAGE', 4¥, 'SEER!
1'AGE FLOW', 4, 'CHANGE IN STORAGE', 4, 'TOTAL SUBSURFACE FLOW', 4x,
1'PUMP FLOW' , 4, 'DRAINAGE FLOW' /724, 'IN TOPLAYER®, 274, "IN °
Z'ACMITFER ' /30K, ' (ALL COMPONENTS ARE CALCULATED FOR THE LAST',
313, TIMESTEFPS)'/))

DO 24 K=1,NN

TFGRLLE.NSCONFY WRITE(S, 19} KL TOTRE (K, TOTSCLK) , TOTQS (KD , TAOTS (KD
L, TOTSE (KDY, TOTFC (K, TOTDE (k)

IF (k. GT. NSCONF.AND. K. LE, NCONF) WRITE(S, 19) #,DUM, DUM, DUM, TOTS(K)
L, TOTSR (), TOTFC (KD, TOTRE (K)

IF (RLGTWNCONF)Y WRITE(S, 19) K, TOTRE(K) . DM, DUM, TATS (K) , TOTSAWM) , T

TOTFC(KY , TOTDEH(E)

CONTINLUE

WRITE (S, 20)

WRITE (S, 21) TYRE,TTS0, TTOS, TTS, TTSW, TTFC, TTRE

CONTINUE

TF{LSW7.NE.3) GO TO 25

L 33 K=1,NT

IF (KLLELNSCONF) WRITE(S,37) K, HK)  HCONF (k)
IF{K.GT. NSCONF . ANDL L LELNCONF)Y WRITE(S,36) K, H{K)

IF (K.GT.NCONF) WRITE(S, 33} K,H{K)

CONTINUE

IF(LSWR.NE. ) GO TO 90

WRITE (%, 16)

IYEAR=MAJOR*MINOR

WRITE(S.23) IYEAR

DO 26 K=1,NN

IF(ELLE.NSCONF) WRITE(S,19) K, TOTRE (K}, TOTSC(K) , TOTRS (K) , TOTS{K)
1, TOTSGH{K) . TOTFC (K) , TOTDE (KD

IF (K. GT. NSCONF . AND. K. LE. NCONF) WRITE (T, 19) K, DUM, DUM, DUM, TOTS(K)
liTUTSQ(K) TOTFE (K) . TOTDG (D

Fik.GT. NCONF) WRITE(S, 19) K, TOTRE (K), DUM, DUM, TOTS (K}, TOTSG{K) , T

10TFCOEDY , TOTDE (KD

CONTINUE

WRITE(S, 20

WRITE(G,Z1) TTRE,TTSL, TTRS, TTS, TTSR, TTFC, TTRE
CONTINUE

EMD
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*GW4.CSS TO RUN THE FLOTTING MODULE GWMQD4.FTN
DE GWMOL4,PRT

RUN GWMOD4.FTN

PRI GWMOD4.PRT,DEV=EPH:

FERIT

FTITL GWMODS4.FTN
- GROUNDWATER MODEL PART 4 3 PLOTTING OF RESULTS
INTEGER TNN

C
o
C
PARBMETER (NN=53, TNN=1%)
FARAMETER {IMAJOR=1Z)
[
DIMENSTION A{104),%{11),B(TNN, IMAJOR) ,H(TNN, IMAJOR) ,SL{ NN), TI{(100)
DIMENSION TMBAS{Z).TITLE(40)
[
OPEN (UNIT=8,FILE="GWMOL4, DAT', STATUS="0OLE ")
QFENC(UNIT=5,FILE='GWMOD4 . FRT ', STATUS= "NEW ')
OPEN(UNIT=2, FILE='GWMOD2, RIN', STATUS="0LD")
C

READ (2,1) BLNI,HI, HMINUS, HX, ASTRSK ., HY, PLIIS, LSW9, LSW10, LSW1 1
i FORMAT (7R4,312)
REALC2) LIST.MAJOR, MINOR, DUM, T, I[{M
READ (2) (H(K, 1), K=1, TNN) , NSCONF, (SL (k) ,K=1,NN) , IDUM, TITLE, TMRBAS
IF (INSCONF . G3T. 1) READ(2)
IF(LSW10,EQ.2) READ(E, 14) MINOR,LIST
i4 FORMAT (3I4)
WRITE (S, 23)
A3 FORMAT ('PLOT' ////)
WRITE(S,29) TITLE
=9 FORMAT { ' GROUNDWATER MODEL FIOR',2084/20A4)
WRITE(S,3D)
3 FORMAT (///'VALUES OF EXTERNAL SWITCHES'/)
WRITE(D,32) LSWY,L5Wi0,LSW11
32 FORMAT (100, 8HLSWS = ,T2/10K,8HLSWIO = I2/10%,8HL5WIL = ,I2)
IF(LSWI0.EG. 1) GO TO 35
WRITE (S, 34) MINOR.MAJOR, LIST
24 FORMAT (10, "MINOR = ', I4/10K, "MAJOR = ', I4/10%, 'LIST = ',14)
35 WRITE {3, 3M)
30 FORMAT (1H1)
NE=NN+1
IF (LSW?.E0. 1) NT=NN
IF{LSWI.ED.2) NT=TNN
DOOo0 L1=1,L.IS7
LOoa0 M=1,MATOR
PO 70 J7=1,MINOR
READ (2}
IF (JT.GE.MINOR}) &0 TO 70
READ(2)
IF (NSCONF. GT.0) REAL(2)
7 CONTINUE
READ(2) (BOLM) L E=1, TN . TI(M
TF (NSCONF. GT.0) READ(Z)
a0 CONTINUE
Do M=1, MAJOR
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LA
a3

LA

14
25

IF (LSWIDLER. 1) REAB(S,2) (HUC, M), K=1,MN)

FORMAT (8x,9F&8. )

[ 26 I=1,TNN
IF(LSWI0.ER. 1. AaND. T LE.NN) GO TO 26
H(I,M)=R{I.M)

CONTINUE

CONTINUE

LO 24 IT=1,NT

SMALL=RB(IT, 1)

HSMALL=H{TI, 1)

BIG=R(II. 1)

HEIG=H(II, )

LO 4 J=1,MAI0K
IF(B{(II,J).LT.5MALL) SMALL=B(II,.J}
IF(H(II,J) LT .HSMALL) HSMALL=H(II. ]}
IF{sMALL . GT.HSMALL ) SMALL=HSMALL
IF{B{(II,.).GT.BIG) BIG=R{(II.I)
IF(H{IXI, ). GT.HEIG) HBIG=H{II,.J}
IF(BIG.LT.HBIG) BIG=HRIG
SCALE=1. 0
IF(BIG-SMALL-1.0.GT.8.0) GO Ta %
GOTO R

IF (BIG-SMALL-Z.0.GT. 14.0) GOTO &
SCALE=Z.D

GOTO &

IF{BIG-SMALL-4.0.6T.32.0) GOTO 7
SCALE=4.1

GOTO &

SCALE=2, 0

IY=5mMat i

¥=IY

RINC=-1.0%SCALE

DO 9 k=1,11

HK) =Y+RING

BINC=HINC+SCALE

IF(LEW10.ER. 1) WRITE(S,10) (AK),K=1,11)
IFCLSWIO.ER.2) WRITE(S.23) (M{K),K=1,11)

FORMAT (1H+, 2, 11 (F5. 0, 5%) , 1 7HCOMPT (*)
FORMAT C1H+, 2K, 11 (FS. 0, SK) , BHCOMPT (+))
P11 I=1,10

K=l¥1g-3

A(K) =HI

DO 11 T=%,9

L=J+K

A (L) =HMINUS

ALl =HT

bOo12 I=102,104

A{T) =BLNK

WRITE(I, 13 A

FORMAT (74, 10441)

DO 15 K=1,104
A {K) =BLNK

HK=Y-SCALE

DO 21 J=1,MAJTOR

ITY=TI{F)}

I={B{II, ) -kK) F{SCALE/10,0) +1.5
IH=(H{IL, J) -6k} /A (GCALE/10.0) +1.5
VAL=B(II. )

43-2%
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HVAL=H{II, D

IFOLSWI1.EQ.2) RO TO 36

IF(IT.GT.NNY GO TO 36

B{II, D) =R{(II,J)-H(II.D)

IF(IH.LE. 0. OR.TH 6T, 104) GO TO 20

A(THY =PLUS

IF(I.LE.0,0R.I.GT. 104) GOTO 19

AT} =ASTRSK

IF{LSW10.ERQ. 1) WRITE(S,18) ITT,A,VAL,HVAL

IF(LSWI0.ER.2Z) WRITE(S, 1) ITT,A, VAL
FORMAT{I&, 1k, 10441, 2(F9.2))

A{T)=BLNE

A(IH) =BLNK

GO TO 21

I=102

A{T)=H¥

GO To 17

IH=104

A(IH) =HY

GOTO 16

CONTINUE

IF{ITI.LE.NN) WRITE{Z,22) II,TMBAS,S5L(II)

IF(IT.GT.NN)Y WRITE(S,27) II,THEAS

FORMAT (// 'NODE NO',I14,13%, 'ELEVATIONS (METRES AROVE SEA LEVEL)
1vS. TIME' 2A4' SURFACE ELEVATION = 'F4.0)

FORMAT (//"NODE NG',I4,26X,' ELEVATIONS(METRES ABOVE SEA LEVEL)
1vs. TIME 'zad)

WRITE {3,23)

FORMAT (/7770

CONTINUE

IF{LSWI1.ER.2) GO TO 20

wnl=0. 0

wIz=0.0

DO 37 K=1.NN

B0 38 J=1,MAJOR

HI=RKI+R{K,J)

wIZ=YIZ+B (K, ) *R (K, .J)

CONTINUE

MNN=MAJOR*KN

DMEAN=XT /MNN

DSDEV=SHRT { {KI2- (XTI #x1) /MNN) / (MNN-13)

MT=MAJOR*LIST

WRITE (S, 41)

FORMAT (' CALCULATION OF DEVIATIONS BETWEEN CALCULATED AND
1'HISTORICAL WATERTABLE ELEVATIONSG'//3

WRITE (3,39) MAJOR, MT

FORMAT (' THIS CALCULATION IS BASED ON THE DEVIATIONS OVER ALL
1'THE INTERNAL NODES AND TAKEN OVER ',I3,' TIME STEFS'/
2'TOTAL NUMBER OF TIME STERS IN THE ENTIRE CALCULATION IS °,I3/)
WRITE(S,40) DBMEAN, DSDEV
FORMAT (' MEAN =
1'DEVIATION = ',FS.2,' METRE')
WRITE (5,25

FORMAT (1H1)

CONTINUE

END

'LFS.Z, ' METRE'/' STANDARD
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