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ABSTRACT

A Monte Carlo technique is utilized to incorporate the uncertainty in
media characteristics to the solution of a groundwater flow problem.
This technique involves the repetitive solution of a significant number
of equiprobable representations of the soil medium. Probability and
statistics are utilized to model the soil parameters and study the

significance of the output.

An existing computer code was adapted and significantly modified to
allow characterization f the media's hydraulic conductivity (perme-
ability) as autocorrelated and statistically homogeneous. A first order
nearest neighbor model was selected to affect the autocorrelation of
this parameter within the finite difference mesh. The statistical
homogeneity considers that the distribution of hydraulic conductivity
valt ;3 within the mesh comes from a log normal probability density
function. The selection of hydraulic conductivity value at any mo¢ of
the mesh is stochastic within the framework of the autocorrelation and

statistical homogeneity of the mesh aggregate.

The computer code takes the stochastically generated hydraulic conduc-
tivity field and the boundary conditions and utilizing 1 iterative
alternating direct dimplicit solution determines the hydraulic head
values at each mode and flow rate through the medium. An array of these

results are proc : | for each of the equiprobable representations of the

soil medium.



Mass transport through the region is simulated as a combination of
advection ad stochastic simulation of microscopic or | -ticle scale
dis) csion. A water particle is released from a preselected location
along the gradient boundary. The particle moves tov cd the down-
gradient boundary under the influence of advective forces caused by the
differences in hydraulic head and the stochastic simulation of micro-
scopic dispersion. This simulation of microscopic dispersion displaces
the particle parallel to and perpendicular to the . sective tr: sport
direction based on laboratory scale dispersivities. The computer code
establishes arrays for the particle location at a predetermined time
after start as well as the location along tl downgradient bounc cy and

tol | travel time upon completion of transit of the region.

Uniform flow results in most of the regions considered although some
alternate configurations were considered. An effective hydraulic con-
ductivity is calculated on the basis of flow rate. After application of
a shape factor this value was found to be slightly less but closest to
the geometric mean of the hydraulic conductivity distribution thus
confirming earlier work. An alternative effective hydraulic conduc-
tivity calculated on the basis of travel time was also determined. This
value was generally less than the other effective hydraulic conductivity
value but again after application of a shape factor the value was best
estimated by the geometric mean. These results suggest that the mean
flow rate and mean travel time may be estimated by the use of the shape
factor from a flow net solution or the method of fragments and the

geometric means of the hydraulic conductivity.



The results of the simulations indicate tl : macroscopic or field scale
longitudinal and lateral dispersion is significantly affected by the
standard deviation of the hydraulic conductivity distribution. Region
size, hyd 1lic gradient and time interval were found to cause lesser

effects.

The techniques utilized provide a means to develop confidence in the
output. The effects of the variations in parameters become ident from
a review of the results of the equiprobable results. Confidence limits
may even be developed in the output where the characteristics of known
probability density functions may be utilized. Example problems are
presented where confidence limits on the estimates of travel time are

developed for the conditions considered.
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of the flow gion using a singular known value of hydraulic ¢ ductiv-
ity. This effective lue of hydraulic conductivity should then be
divided into the singular known value and the result is the shape
factor. The s| »e factor is then multij ied by the effective hydraulic
conductivity before comparing with the geometric mean. Examples of

these computations are presented elsewhere (2).

The res Lts of this study tend to support this technique. For the cases
considered, the adjusted values of effective hydraulic conductivity
generally fall between the geometric and harmonic means and is closest

to the geometric mean as presented in Table 1.

The importance of this finding is that the mean flow rate may be
estimated by rearranging equation 15 to solve for the flow rate, Q, as

below:

L (19)

The geometric mean should be used for the value of K and the shape
factor, S, may be determined by a flow net solution or the method of
fragments.

A similar rearrangement of equation 18 and taking L equal to L, results

T

in the following equation for the mean travel time, t:

~ L.n.H.St (20)

1= — ¢t
Khy

The mean travel time may then be approximated by using the geometric
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mean of hydraulic conductivity for K and the shape factor from flow
net solution or the method of fragments. Although this technique has

not b 1 theoretically proven and for nonuniform flow L, may be unknown

T
exactly 1d may not equal L, the results developed here 1ggest that

this technique can provide reasonable estimates of mean travel time.

The stochastic nearest neighbor process model was utilized to generate
random meshes of hydraulic conductivity which are autocorrelated. Each
of the individual representations within the ensemble of representations
making up each Monte Carlo simulation was analyzed to determine the
magnitude of correlation by row and column. The formulation below was
utilized to calculate this value and may be found in many references,

e.g. (32):

~L
1 . =
H-Iz K; - K * (K;up X)
i=]

-

(21)

p (L) =

1 —
@1’ & - K

i=1

2

In this equation p(L) is the autocorrelation coefficient for the lag L.
L is a whole number with the range zero to one minus the number of
elements in the row or column considered. K is the value of hydraulic
conductivity and K is the mean value. The denominator is the variance
of the hydraulic conductivity. It may be easily shown that if L equals

zero, then  (0) equals 1.0.

A graph of a typical result of this computation for lags from one to

three is presented in Figure 7. The concept of integral scale as dis-
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1.0

Qx= qy=0.8
Block size = 10 Feet

0.8
Integral Scale = A
. A= (1.0 + 0.436 + 0.138 + 0.008)10
0.6 | = 15.8 Feet
0.4

Correlation Coefficient,

0.2—

Lag Number

Figure 7 - Correlation Coefficient Versus Lag Number



34

cussed by Smith and Freeze (33) is utilized herein to conceptualize the
degree of dependency of the hydraulic conductivity value at one node
with the value at adjacent nodes. The integral scale has been estimated
as the summation of the positive auto-correlation coefficients times the
block size. As indicated, the integral scale, ) , equals 15.8 for the

data in Figure 7.

Smith (31) recognized a problem with the autocorrelation resulting from
boundary effects. This problem was mitigated somewhat by deleting the
boundary blocks of the region after development. Aldinger (2) demon-
strates the effects on the autocorrelation coefficients of deleting
these boundary blocks. Also presented are the effects on these same
autocorrelation coefficients caused by the 1log transformation to
hydraulic conductivity. The results indicate a slight 1loss of
correlation when the boundaries blocks :re deleted and some additional
loss when the log transformation was completed. This total loss was

slight, particularly for the integral scale.

The effect of the region size on the integral scale is demonstrated in
Figure 8. It is clear that as the region size increases, the integral
scale increases, although at a decreasing rate. This figure also demon-
strates the effects of stacking blocks of internally autocorrelated
hydraulic conductivity meshes to model larger regions without utilizing
a larger FILTR matrix. There is a loss in the integral scale although
this loss is relatively small even when the region is increased by three
times. The figure also demonstrates that as the region size increases,

the integral scale continues to increase even with the same FILTR
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APPENDIX D ~ COMPUTER PROGRAMS

1.

INVERSE
110 C THIS IS A PROGRAM WHICH WILL ASSIGN CORRELATED HYD. CONDUCTIVITY VALUES
120 C TO A FINITE DIFFERENCE MESH AND WRITE VALUES ON A DISK
130 C FILE NAME IS INVERSE
1640 C
170 C SPECIFICATIONS
180 INTEGER CHECK., CONH, CONK, ELEC, MINI. STRF, FLOW, SKIP, UNILU(10), UNIHU
190 $(10)
200 INTEGER EXLO, EXHI: WARP, PTPT
210 REAL K, KHARM. LENGTH, KHEGFD, KVEQFD: KVEQCS, KHEQCS, HARMK, MEAN, KLOG
220 REAL KY, LNK(300), WI(300, 300)
222 INTEGER IA, NN, IDGT, IER
224 REAL W(300,300), TOL, FILTR(300, 300), S(300, 300), WK(&00), WID(300, 300)
230 DOUBLE PRECISION H
250 REAL#8 DSEED/992299. DO/
260 DIMENSION KHARM(S52, 52, 2), H(52, 52), K(32, 52), XD(52), YD(52), AX(52),
270 $AY (52), HEADIN(20), ANISO(32), CHECK(10), X (52, 52), Y (52, 52), ERR(300)
280 DIMENSION LAYER(10), LAYLU(10), LAYHU(10Q), CONMN(10),SD(10)
290 DIMENSION ETA(10), ALPHAX(10), ALPHAY(10), EPSILN(300)
300 DIMENSION IC(52,52), KY (52, 52)
320 DATA CHECK/ “CONK ‘', ‘CONH‘, ‘ELEC’, ‘MINI’, ‘STRF ‘, 'VERT’, ‘SKIP’,
330 L'V’ "WARP‘, ‘PTPT "/
340 READ(S, 10) HEADIN
350 10 FORMAT (20A4)
360 WRITE(6, 20) HEADIN
370 WRITE(6, 25) DSEED
380 25 FORMAT (‘0. /, 35X, ‘DSEED=', F12. Q)
390 20 FORMAT (’1‘, 20X, 20A4)
400 23 FORMAT (1I10,&F10.5)
410 C
420 C INPUT PARAMETERS
430 C NOTE#### ALL INPUT PARAMETERS ARE NODAL VALUES:t#i#
440 C
450 READ(S3, 30) NROW, NCOL. EC, IS0, PERM
460 READ (5, 35) CONH, CONK, ELEC, MINI, STRF. FLOW, SKIP, WARP
470 READ (S5, 30) LSTRM, LEQUIV, DHEAD
480 C LSTRM IS THE COLUMN (FOR THE HORIZONTAL FLOW CASE., FLOW=HORI)
490 C OR THE ROW (FOR THE VERTICAL FLOW CASE., FLOW=VERT)
500 C OR THE COLUMN OF THE CONSTANT HEAD POINT ON THE
510 C LEFT SIDE OF THE UPPER BOUNDARY
520 C WHERE THE TOTAL FLOW IS COMPUTED FOR THE USE OF NONDIMENSIONALIZING
530 C THE STREAM FUNCTION ### IT IS USED ONLY WHEN CHECK(3)=STRF
540 C
350 C LEQUIV IS THE COLUMN (FOR THE HORIZONTAL FLOW CASE, FLOW=HORI)
560 C OR THE ROW (FOR THE VERTICAL FLOW CASE, FLOW=VERT)
570 C WHERE THE TOTAL FLOW IS COMPUTED TO BE USED IN SOLVING
380 C FOR THE EQUIVALENT CONDUCTIVITY (RESISTIVITY) OR WHERE THE
390 C WARREN AND PRICE TECHNIQUE IS APPLIED
600 READ(S, 40) WPFACT
610 NROWM1=NROW-1
620 NCOLM1i=NCOL-1
&30 NROWM2=NROW-2
640 NCOLM2=NCOL-2
650 NCOLM3=NCOL~-3
660 NROWM3=NROW--3
670 C NOTE #### THE VALUE READ IN FOR HMIN IS THE LOWEST ITERATION
700 C PARAMETER AND IS USED ONLY IF MINI WAS SPECIFIED IN THE OPTIONS
710 READ (5, 32) ITMAX, NUMPAR, HMAX, HMIN
720 30 FORMAT (2110, 1F10.5,110,F10.5)
730 32 FORMAT (2110, 2F10. 3)
740 33 FORMAT (3I10,1F10.5)
745 34 FORMAT (4110, 3F10.5)
750 35 FORMAT(16(A4, 1X))
760 READ (S, 40) (XD(J), J=1, NCOL)
770 40 FORMAT (8F10.1)
780 READ(5, 40) (YD(I), I=1, NROW)

790 C COMPUTE AX AND AY




800 C
810 C
820 C
830
840

860
870
880
890
f00
?10
920
930
240
?50
240
970
980
270
1000
1010
1020
1030
1040
1050
10460
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1280
1270
1280
1290
1300
1210
320
1330
1340
1350
1350
1370
1380
1390
1400
1410
1420
1430
1440
1450

OO0

[eNesNeNeNesNe NNy
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AX= X-DISTANCE FROM ONE NODE CENTER TO THE NEXT
AY= Y-DISTANCE FROM ONE NODE CENTER TO THE NEXT

DO 42 J=2, NCOL N

42 AX(J)= (XD(J)+XD(J=1))/2.0
DO 44 I=2, NROW

44 AY(I)=(YD(I)+YD(I-1))/2.0

READ ANISOTROPY AT EACH ROW
VALUE IS THE RATIO OF KH/KV
120 READ(S5, 40) (ANISO(I), I=1, NROW)

SET BOUNDARY CONDITIONS

NOTE ### PERIMETER BOUNDARY POINTS CAN BE EITHER CONSTANT HEAD OR IMPERMEABLE
NOTE ##% FLOW SHOULD BE FROM RIGHT TO LEFT OR TOP TO BOTTOM

I.E. HIGH HEADS SHOULD BE LOCATED AT THE TOP OR LEFT SIDE

SET ALL HEADS EQUAL TO SOME INITIAL VALUE
AND ALL IC(I,J) VALUES TO ZERO
325 DO 330 I=1, NROW
DO 330 J=1,NCOL
IC(I,J)=0
330 H(I,J)= 50.0

READ LOCATIONS OF CONSTANT HEAD NODES

ALONG THE PERIMETER

NOTE: THE PERIMETER IS THE ONLY LOCATION FOR A SOURCE OR A SINK
THAT IS -— A HIGH CONSTANT HEAD OR A LOW CONSTANT HEAD

00000

C READ THE TOP ROW
READ(S, 336) (1C(2,J), J=2, NCOLM1)
336 FORMAT (16195)
C READ THE BOTTOM ROW
READ (S, 336) (IC(NROWML1, J), J=2, NCOLM1)
C READ THE LEFT SIDE
READ(S, 336) (IC(I,2), I=3, NROWM2)
C READ THE RIGHT SIDE
READ (3, 336) (IC(I,NCOLM1), I=3, NROWM2)

C READ HEAD VALUES ALONG THE PERIMETER
C READ TOP ROW
READ (S5, 350) (H(2,J), J=2, NCOLM1)
C READ THE BOTTOM ROW
READ (35, 350) (H(NROWM1, J), J=2, NCOLM1)
C READ THE LEFT SIDE
READ(S, 350) (H(I,2), I=3, NROWM2)
C READ THE RIGHT SIDE .
READ (5, 350) (H(I, NCOLM1), I1=3, NROWM2)
350 FORMAT (8D10. 3)

C ECHO CHECK OF INPUT PARAMETERS

130 WRITE(&, 140) NROW, NCOL, EC, ITMAX
140 FORMAT (’0’,4X, ‘# OF ROWS =',T25,15,/,5X, ‘# OF COLUMNS =‘, T25, IS, /
$///, 35X, ‘CLOSURE ERROR CRITERIA=’, E16.5 » 5Xs ‘MAXIMUM ITERATIONS
=7, I3)
WRITE(&, 148) CONH, CONK, ELEC, MINI, STRF, FLOW, SKIP, WARP
148 FORMAT (‘0‘, /, 5X, ‘PROBLEM OPTIONS SPECIFIED: ‘, 2X, 10A8)
IF(SKIP. EQ. CHECK(7)) €0 TO 215
WRITE(&, 150)
WRITE(&, 160) (XD(J), J=1, NCOL)
150 FORMAT (‘0’,/,S5X, ‘DELTAX NODAL VALUES~)
160 FORMAT (°Q’, 4X, 10F12. 1/(5X, 10F12. 1))
WRITE(&, 170)
WRITE(&, 160)(YD(I), I1=1, NROW)



1460
1470
1480
1490
1500
1310
1520
1530
1540
1350
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1780
1770
1730
1790
1800
1810
1820
1830
1840
i18S0
1860
1870
1830
1890
1900
1210
1920
1930
1940
1950
1960
1270
1980
1970
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100

e NeNe]

OOO0O00
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170 FORMAT (‘O‘, 35X, ‘DELTAY NODAL VALUES‘)

215 WRITE (&4, 220)

220 FORMAT (‘0‘, 5X, ‘ANISOTROPY RATIO KH/KV’)
WRITE (&, 160) (ANISO(I), I=1, NROW)

WRITE AX AND AY

IF(SKIP. EQ. CHECK(7)) 60 TO 253
WRITE(&, 250)
250 FORMAT(’0’, 53X, ‘AX VALUES’)
WRITE (&, 160)
WRITE(&, 260)
260 FORMAT (’0‘, 5X, "AY VALUES’)
WRITE (6, 160) (AY(I), I=2, NROW)

255 CONTINUE

(AX(J), J=2, NCOL)

READ IN THE NUMBER OF SOIL STRATA AND REQUESTED SIMULATIONS
READ(3, 96) LAYERS, NOSIM
DO 53 L=1.LAYERS
READ (5, S3)LAYER (L), LAYLU(L), LAYHU(L)
93 FORMAT (3110, 2F10.3)

95 CONTINUE

DO 3000 NSIM=1, NOSIM

NOONE=0
NOTWO=0
NOTHRE=0
NOFOR=0
NOF IV=0
NOSIX=0
NOSEV=0
NOEGT=0
NONIN=0
NOTEN=0
NOGTN=0

WRITE (6, 97) NSIM, NOSIM
97 FORMAT (“17,//, 35X, ‘SIMULATION NUMBER’, 14, 1X, ‘OF’, I14)

THE K VALUES ARE ASSUMED TO EACH NODE ON THE BASIS OF THE TYPE

OF P.D.F. ASSUMED. IF ISO=1,K= A CONSTANT; IF IS0=2,K IS UNIFORM
=3, K IS LOGNORMAL: IF IS0=4, EXPONENTIAL; IF IS0=3,

X IS READ IN AT EACH NODE; IF IS0=0, WE HAVE VERTICAL STRATA.

DIST.: IF ISO

IF(ISO0. EQ.
IF(ISO0. EQ.
IF(ISO0. EQ.
IF(IS0. EQ.
IF(1S0. EQ.

OTHERWISE

READ VALUES FOR

1)
2)
)]
4)
N

GO TO 80
G0 TO <91
60 TO S0
GO TO 84
60 TO &0

A VERTICALLY LAYERED DETERMINISTIC MODEL

73 FORMAT(2I10,F10.2)

THE MODEL IS VERTICALLY LAYERED
78 DO 79 IL=1, LAYERS
READ(35, 73) LAYLO, LAYHI, PERM
DO 79 1=2, NROWM1
DO 79 J=LAYLO, LAYHI
K(I, J)=PERM

79 CONTINUE
GO TO 95

HYDRAULIC CONDUCTIVITY VALUES HAVE A LOG NORMAL DISTRIBUTION
WITHIN UP TO 10 LAYERS IF REQUESTED

50 CONTINUE

DO 57 N=1,LAYERS
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IF(NSIM.NE. 1) GO TO S8
READ (3, 23)LAYER (N), CONMN(N), SD(N), ETA(N), ALPHAX (N), ALPHAY (N)
IF(N.NE. 1) GO TO 76
WRITE(&L, 51) LAYERS
76 WRITE(&, 65) LAYER(N): LAYLU(N), LAYHU(N), CONMN(N), SD(N), ETA(N),

SALPHAX (N), ALPHAY (N)
98 LAYLO=LAYLU(N)
LAYHI=LAYHU(N)
MEAN=CONMN(N)
SDEV=SD(N)
ETAN=ETA(N)
ALFAX=-ALPHAX (N)
ALFAY=—ALPHAY (N)
NOROWS=LAYHI-LAYLO+1
NP=NOROWS #NCOLM2
NLASR=(NOROWS~1) #NCOLM2+1
SUMK=0. 0
RECIPK=0. 0
PRODK=0. O
SUMDIF=0. 0
IAINV=300
IA=300
NN=300
MN=300
TOL=0. 0
51 FORMAT (‘0‘,/,5X, "HYDRAULIC CONDUCTIVITY IS LOG-NORMALLY DISTRIBUT
$ED IN’, I4, ‘LAYER(S) ") .
55 FORMAT (//, 93X, ‘LAYER’, I4,2X, ‘i INITIAL ROW IS’, I4,2X, ‘LAST ROW IS°
%, 14, 5X, 'EXPECTED MEAN=’,F10. 4, 5X, /, STD. DEV.=’,F10. 4,
$‘'WITH ETA=’,F10. 4, //,7X, ‘AUTOREGRESSIVE PARAMETERS ARE ‘,F10. 4,
$’IN X DIRECTION AND’,F10.4, "IN Y DIRECTION’)
NOW CONVERT SDEV AND MEAN TO LOGARITHMIC VALUES, SDVLNK & AMNLNK
COVKSGA=(SDEV/MEAN) ##2
YARLNK=ALOG(COVKSa+1. 0)
SDVLNK=SQRT (VARLNK)
AMNLNK=ALOG (MEAN)—0. 5# (VARLNK)
INITIALLY SET ETAN=SDVLNK
ETAN=SDVLNK
GENERATE THE EPSILON MATRIX, {E}, AND PREMULTIPLY BY ETA
DO 152 I=t1, NP
YFL=GGNGF (DSEED)
EPSILN(I)=ETAN®YFL
WRITE(&, 194) I,EPSILN(I)
194 FORMAT(//,7X,I10,2F10. 5)
152 CONTINUE
GENERATE A WEIGHTING MATRIX (WT) AND AN IDENTITY MATRIX (I)
AUTOMATICALLY GENERATE MATRIX TO BE INVERTED ((I)—(WT))=(W)
INITIALLY SET ALL VALUES ON THE DIAGONAL=1. 0, ALL OTHERS=0. 0

DO 154 L=1,NP
DO 154 M=1., NP
IF(L.EQG. M) 60 TO 176
W(L,M)=0.0
GO TO 154

176 W(L,M)=1.0

154 CONTINUE
DO 155 L=1, NP
NCOLML=NCOLM2+L
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NCLMP2=NCOLM2%2
NRUP=L-NCOLM2
NRDN=L +NCOLM2
NCOLR=L+1
NCOLL=L-1

DETERMINE IF IN THE UPPER ROW
IF(L.EQ. 1) GO TO 158

DETERMINE IF IN THE MIDDLE OF THE UPPER ROW
IF(L.LT.NCOLM2) GO TO 157

DETERMINE IF WE'RE IN THE UPPER LEFT HAND CORNER
IF (L. EQ. NCOLM2) 60 TO 1356

WE’RE NOT IN THE UPPER ROW,CHECK FIRST COLUMN
NiCOL=(L-1)/NCOLM2
CHKICL=(FLOAT(L)-1. 0)/(FLOAT(NCOLM2))
CHKMTH=CHK 1 CL~FLOAT (N1COL)
IF(CHKMTH. EQ. 0. 0) GO TO 161

WE’‘RE NOT IN THE LEFT HAND COLUMN, CHECK RIGHT HAND COLUMN
NLASCL=L/NCOLM2
CHKLCL=FLOAT (L) /FLOAT (NCOLM2)
CHKMLS=CHKLCL-FLOAT (NLLASCL)
IF(CHKMLS. EQ. 0. 0) 6D TO 163

WE‘RE NOT IN THE RIGHT COLUMN, CHECK LAST ROW
IF(L. GT. NLASR) GO TO 1&5

WE’RE NOT IN LAST ROW SO WE MUST BE. AT AN INTERIOR POINT
W(L, NCOLL)=ALFAX/4.0
W(L, NCOLR)=ALFAX/4. 0
W(L.,NRUP)=ALFAY/4 0O
W(L, NRDN)=ALFAY/4. 0
GO TO 155

WE‘RE AT THE UPPER LEFT HAND CORNER
158 W(L, 2)=ALFAX/2.0
W(L, NCOLM1)=ALFAY/2. O
GO TO 155
WE’RE IN THE MIDDLE OF THE UPPER ROW
157 WL, NCOLL)=ALFAX/3.0
W(L., NCOLR)=ALFAX/3. 0
W(L; NRDN)=ALFAY/3. 0
60 TO 155 \
WE‘RE IN THE UPPER RIGHT HAND CORNER
156 W(L,NCOLL)=ALFAX/2.0
W(L, NRDN)=ALFAY/2. 0
60 TO 155
WE’'RE IN THE LEFT HAND COLUMN
161 IF(NICOL. EG. NROWM3) GO TO 162
VE'RE NOT IN THE LOWER LEFT CORNER
W(L, NRUP)=ALFAY/3.0
WL, NRDN)=ALFAY/3. 0
W(L, NCOLR)=ALFAX/3. 0
GO TO 155
WE’RE IN THE LOWER LEFT COLUMN
162 W(L, NRUP)=ALFAY/2. 0
W(L, NCOLR)=ALFAX/2.0

60 TO 155
WE'RE IN THE RIGHT HAND COLUMN, CHECK IF AT LOWER CORNER
163 IF(NLASCL. EQ. NROWM2) 6O TO 144
WE’RE NOT IN THE LOWER RIGHT CORNER
W(l., NRUP)=ALFAY/3. 0
W(L, NRDN)=ALFAY/3. 0
WL, NCOLL)=ALFAX/3. 0
GO TO 155
WE’'RE IN THE LOWER RIGHT CORNER
164 WL, NRUP)=ALFAY/2. O
W(L, NCOLL)=ALFAX/2. 0
GO TO 1595
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3200 C WE'RE IN THE INTERIOR OF THE LOWER ROW

3210 165 W(L, NCOLL)=ALFAX/3. 0

3220 WL, NCOLR)=ALFAX/3. 0

3230 W(L, NRUP)=ALFAY/3. 0

3240 153 CONTINUVE

3250 C PRINT OUT THE MATRIX THAT IS TO BE INVERTED

3260 WRITE(&, 178) LAYER(N)

3270 178 FORMAT (‘17,//,3X, 'THE MODIFIED WEIGHTING MATRIX, ((I)=(W)),FOR LAY
3280 $ER’, 14, 2X: ‘AS GENERATED IS‘)

3290 DO 179 L=1,NP

3300 179 WRITE(&, 200) L, (W(L.M), M=1,NP)
3310 C NOW INVERT THE MATRIX TO DEVELOP THE FILTER MATRIX

3320 CALL LGINF (W, IA, MN, NN, TOL, FILTR, IAINV, S, WK, IER)
3330 C

3332 C NOW WRITE OUT THE FILTR MATRIX AND STORE ON DISK
3334 WRITE(&, 173) LAYER(N)

3336 173 FORMAT( ‘0, 5X, “THE FILTR MATRIX FOR LAYER ’, 14,
3338 #2X, 'AS GENERATED IS’)

3340 DO 181 L=1,NP

3345 181 WRITE(14,201) L, (FILTR(L, M), M=1,NP)

3347 DO 98 L=1,NP

3350 78 WRITE(&, 203) L, (FILTR(L, M), M=1, NP)

3360 WRITE(G, 182) IER

3370 182 FORMAT(//, 7X, 110)
3380 C NOW MULTIPLY FILTER MATRIX BY EPSILON AND THESE ARE LOG OF K

3390 DO 183 L=1,NP
3400 YEQLK=0. 0
3410 DO 483 M=1, NP
3420
683 YEGLK=YEQLK+FILTR(L, M)*EPSILN(M)
3430 WRITE (&, 23) L, YEGLK ’
3440 183 LNK(L)=YEQLK
3450 C
3440 M=0
3470 DO 54 I=LAYLO,LAYHI
31430 DO 54 J=2, NCOLM1
3490 M=M+1
3500 C THEN CONVERT N(O, SDEV) DEVIATE TO N(MEAN, SDEV) DEVIATE
3510 KLOG=LNK (M) +AMNLNK
3520 € VALUE KLOG= LN OF K
3530 K(I, J)=EXP (KLOG)
3540 YEQLK=LNK (M)
3550 YYK=K (I, J)
3560 WRITE(&, 23) M. YEGLK, KLOG, YYK
3570 SUMK=SUMK+K (I, J)
3380 RECIPK=RECIPK+(1. /JK(I, J))
3590 PRODK=PRODK+ALOG10(K (I, J))
3600 54 CONTINUE
3610 XLAYHI=FLOAT (LAYHI)
3620 XLAYLO=FLOAT(LAYLO)
3630 XCOLM2=FLOAT(NCOLM2)
3640 ARITHK=8SUMK/ ( (XLAYHI-XLAYLO+1. O0)#XCOLM2)
35650 HARMK=( (XLAYHI-XLAYLO+1. 0)#XCOLM2) /RECIPK
3660 GEOMK=10## (PRODK/ ( (XLAYHI—-XLAYLO+1. 0)#XCOLM2))
3670 DO 37 I=LAYLO, LAYHI
34630 DO 57 J=2, NCOLM1
3690 C NOW CALCULATE THE ACTUAL STANDARD DEVIATION AND COEF OF VARIATION
3700 DISPER=(K (I, J)-ARITHK) ##2
3710 . SUMDIF=SUMDIF+DISPER
3720 VARK=SUMDIF/ ( (XLAYHI-XLAYLO+1. O)#XCOLM2)
3730 STNEV=SQRT (VARK)

3740 COV=STDEV/ARITHK
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CONVERT CONDUCTIVITIES FROM FT/D TO CM/SEC
CARITH=ARITHK#. 0003528
CHARM=HARMK#. 0003528
CGEOM=GEOMK#. 0003528
IF(I.LT. LAYHI) 60 TO 57
IF(J. LT. NCOLM1) GO TO 57
WRITE (4, 56) ARITHK, CARITH, GEOMK, CGEOM, HARMK, CHARM
56 FORMAT (//, 16X, ‘ARITHMATIC MEAN=‘,F10. 4, 1X, ‘FT/D’, 1X, '=‘, 1X, F10. 6,
$1X, "CM/SEC“, /, 16X, “GEOMETRIC MEAN=‘,F10. 4, 1X, ‘FT/D’, 1X, ‘=, 1X, F10
$6, 1X, ‘CM/SEC’, /, 16X, "HARMONIC MEAN=’, F10. 4, 1X, ‘FT/D‘, 1X, ‘=, 1X, F10
$. 6, 1X, ‘CM/SEC )
WRITE(6, 1111) STDEV. CQV
57 CONTINUE
GO TO 95

CONDUCTIVITIES ARE READ IN AT EACH NODE
60 READ(S, 40) ((K(I,J), J=1,NCOL), I=1, NROW)
GO TO 95

HYDRAULIC CONDUCTIVITY VALUES ARE ALL THE SAME
380 DO 32 I=1,NROW
DO 82 J=1,NCOL
32 K(I, J)= PERM
GO TO 95

HYDRAULIC CONDUCTIVITY VALUES HAVE AN EXPONENTIAL DISTRIBUTION
OVER THE ENTI REGION :
CONMN(L)=MEAN <. THE EXPONENTIAL DISTRIBUTION

84 CONTINUE
DO 88 L=1, LAYERS
IF(NSIM.NE. 1) GO TO 87
READ(5, 23) LAYER(L), CONMN(L)
IF(L.NE. 1) GO TO 83
WRITE(6, 83) LAYERS
83 WRITE(6,81) LAYER(L),LAYLU(L), LAYHU(L), CONMN(L)
81 FORMAT (//,SX, ‘LAYER’, I4,2X, ‘i INITIAL ROW IS‘, I4,2X, ‘LAST ROW IS~
&%, I4. 5X, 'EXPECTED MEAN=‘,F10. 4)
37 LAYLO=LAYLU(L)
LAYHI=LAYHU(L)
MEAN=CONMN (L)
8% FORMAT (‘0°’, /, 3X, "HYDRAULIC CONDUCTIVITIES FOLLOW AN EXPONENTIAL
$DISTRIBUTION IN “, I4,2X, ‘LAYER(S) )
DO 38 I=LAYLO, LAYHI
DO 88 J=1, NCOLM1
86 YFL=GGEXN(DSEED, MEAN)
K(I, J)=YFL
88 CONTINUE
60 TO 95

THE HYDRAULIC CONDUCTIVITY VALUES ARE UNIFORMLY DISTRIBUTED
WITH A DIFFERENT DISTRIBUTION WITHIN EACH OF THE LAYERS
91 CONTINUE

DO 93 L=1,LAYERS

IF(NSIM.NE. 1) GO TO 89

READ (5, 96)LAYER (L), UNILU (L), UNIHU(L)

WRITE (&, 94) LAYER(L), UNILUCL), UNIHUCL), LAYLU(L), LAYHU(L)
89 XER=1000

IF(UNIHU(L). LE. 100) XER=100.

LAYLO=LAYLU(L)

LAYHI=LAYHU (L)

DO 73 I=LAYLO, LAYHI

DO 93 J=2, NCOLM1
92 YFL=GGUBFS(DSEED)

NUM=INT (YFL#XER)

IF(NUM. LT. UNILU(L)) GO TO 92

IF{NUM. GT. UNIHU(L)) GO TO 92

K{I, J)=FLOAT (NUM)
2?3 CONTINUVE
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?4 FORMAT (’O°’, 7/, 5X, ‘LLAYER’, I4,2X, '"HYDR. COND. RANGE FOR UNIFORM DIS
1TRIBUTION="', 16, 2X, *TO’, 16, 1X, 'FT/D’, 1X, 'FOR ROWS‘, 1X, 12, 1X, 'TO"
%, 1%, I2)

9?6 FORMAT (7I110)

SET VALUE OF K IN THE LEFT COLUMN EQUAL TO O

93 DO 100 I=1,NROW
K(I,1)=0.0
SET VALUE OF K IN THE RIGHT COLUMN EQUAL TO O

100 K(I,NCOL)>=0.0
DO 110 J=1,NCOL
SET VALUE OF K IN THE UPPER ROW EQUAL TO O

K(1,J)=0.0
SET VALUE OF K IN THE LOWER ROW EQUAL TO O

110 K(NROW, J)=0.0

COMPUTE KY (I, J) VALUES
THESE ARE THE NODAL VALUES TO BE USED IN COMPUTING
KHARM(I, J, 2) —=THE CONNECTION VALUE IN THE Y-DIRECTION
DO 112 I=2, NROWM1
DO 112 J=2, NCOLM1
112 KY(I, J)=K(I, J)/ANISOC(I)
CONVERT HYDRAULIC CONDUCTIVITIES TO ELECTRICAL CONDUCTIVITIES IF SPECIFIED
IF(ELEC. NE. CHECK(3))GO TO 117
DO 115 I=2, NROWMI1
DO 115 Ju=2, NCOLM1
KY (I, J)=1/CCCKY (T, J)#. 0003528) /3. 13E-06) ##. 7)
115 K(I, I=1/C((K(I, J)®* 0003528)/5. 13E-06)#%,  7)

COMPUTE THE ARITHMATIC, HARMONIC AND GEQMETRIC MEANS OF THE
HYDRAULIC CONDUCTIVITY DISTRIBUTION

117 SUMK=Q. 0
RECIPK=0.0
PRODK=0. O
DO 119 I=2, NROWML
DO 119 J=2, NCOLM1
SUMK=SUMK+K (I, J)
RECIPK=RECIPK+ (1. sK(I, )}
PRODK=PRODK+ALOG10(K (I, J))
119 CONTINUE
XROWM2=FLOAT (NROWM2)
XCOLMZ2=FLOAT (NCOLM2)
ARITHK=SUMK / ( XROWM2#XCOLM2)
HARMK={ XROWM2%XCOLM2) /RECIPK
GEOMK=10## (PRODK/ ( XROWM2#XCOLM2) )
NOW CALCULATE THE ACTUAL STANDARD DEVIATION AND COEF OF VARIATION
SUMDIF=0. 0
DO 121 I=2, NROWM1
DO 121 J=2, NCOLM1 f
DISPER=(K(I, J)-ARITHK) ##2
SUMDIF=SUMDIF+DISPER
121 CONTINUE
VARK=SUMDIF / ( XROWM2#XCOL-M2)
STDEV=SQRT (VARK)
COvV=STDEV/ARITHK

HYDRAULIC CONDUCTIVITY VALUES ARE WRITTEN ONTO A DISK DATA SET
TO BE USED WITH PLOTTING
IF(CONK. NE. CHECK (1)) GO TO 105
DO 105 I=2, NROWMI
DO 1035 v=2, NCOLM1
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5090 WRITE(10,2110) K(I,J)
5100 105 CONTINUE

5110 C

5120 IF(NSIM. GT. 1) G0 TO 3000

5130 175 WRITE(&, 180)

5140 180 FORMAT (‘1-, 5X, ‘HORIZONTAL CONDUCTIVITY VALUES AT NODE CENTER’)
9150 DO 190 I=1, NROW

9160 190 WRITE(&, 200) I, (K(I,J),J=1, NCOL)

5170 200 FORMAT (/0‘, I3,2X, 10F12. 4/(&X, 10F12. 4))

5180 201 FORMAT (I3,2X,6F12. 10/(5X, 6F12. 10))

5190 203 FORMAT (07, I3,2X, 10F12. 9/(&6X, 10F12. 9))

3200 210 FORMAT (‘0-,12,2X,10110/(5X, 10I110))

3210 1111 FORMAT (//, 5X, ‘ACTUAL STANDARD DEVIATION OF HYDRAULIC CONDUCTIVITY

3220 ¢ DISTRIBUTION IS ‘,F10.4,//,5X, ‘AND THE COEFFICIENT OF VARIATION I
9230 $S ‘,F10. 4)
3240 2110 FORMAT (30X, F10. 5)
5250 C
5260 3000 CONTINUE
5270 sTOP
5280 END
2. STKBLKNP

100 C234567879012345678901234567890123456789012345678901234567890123405678F01 2% st #4443%

105 € .

110 ¢ THIS IS FIRST PART OF A PROGRAM WHICH SOLVES

120 ¢ 2-D STEADY, HETEROGENEQUS. ANISOTROPIC FLOW THROUGH POROUS MEDIA
130 C USING FINITE DIFFERENCE WITH VARIABLE GRID SPACINGS

140 C AND THE ITERATIVE ALTERNATING DIRECTION IMPLICIT PROCEDURE

150 C FILE NAME IS STKBLKNP AND PROGRAM CONTINUES IN FILE QWCOR2NP

101 ¢C FILE SAME AS STKBLK EXCEPT PRINTOUT IS SEVERELY LIMITED

152 ¢ SIMILAR TO GWCOR1 EXCEPT THE OUTER ROWS8 AND COLUMNS ARE DELETED

153 € AFTER SHAVING, THE BLOCKS ARE STACKED END TO END AND OR ON TOP OF
1535 C ONE ANOTHER. THIS PROGRAM TAKES FILTR MATRIX FROM DSN FILE.

160 C

165 C 2345678901234567890123454678901234567890123456789012345678901234567870 1 2% ##k44 4
170 C SPECIFICATIONS

180 INTEGER CHECHK, CONH, CONK, ELEC, MINI, STRF, FLOW, SAIP, UNILU(10), UNIHU
190 s(1Q)

200 INTEGER EXLQO, EXHI, WARP, PTPT, UPDISC

205 INTEGER NTREB(400), NWAV(400), NBSIM(400)

210 REAL. K, KHARM, LENGTH, KHEQFD, KVEGFD, KVEQCS, KHEQCS, HARMK, MEAN, KLOG
220 REAL KY, LNK(300), XLNK (32), AMEAN (&60), ASDV(&60), RHO1(&60), ARHO(&O0, 4)
£n? REALL TTHW(400), TT&0(400), TT70(400), TT80(400), TTF0(400): RHO4(&0)
g REAL FILTR(300, 300), PARTK(32, 62), RHO2(60), RHOS5(&60), HDSMN (32, 62)
224 REAL TOTM(400), XLOCHT(400), YLOCHT (400), YLOCEN(400), XISCAL(100),
227 $CCSTAT(100, 10),

228 $HDSUP (62, 100), HDSDN (62, 100),

229 $STY (400), STRFMN(32, 62), CSTATS(100, 17), HCSTAT(100, 9), YISCAL(100)
230 REAL RHD3(&0), ARHOA (25, 20), AMEANA (60), ASDVA{60), RHDA(25)

231 DOUBLE PRECISION H, HNEW, A, B, C, D, E, F, G, GPARM, GKNOWN, DABS, HOLD
240 DOUBLE PRECISION ITPARM

250 REAL#B DSEED/992299. DO/

240 DIMENSION KHARM(D32, &2, 2), H(52, 62), K(52, 62), XD(&2), YD(&2), AX(62),
270 $AY (S2), HEADIN(20), ANISD(52), CHECK(10), X{52, 62), Y{ 52, 62), ERR(300)
280 DIM IN LAYER(10), LAYLU(10), LAYHU(10), CONMN(10),SD(10)

290 DIMEnoaON ETA(10), ALPHAX(10), ALPHAY(10), EPSILN(300)

300 DIMENSION G(&62), F(62), IC(52, 62), HNEW(62), ITPARM(62), HOLD (52, 62) .
310 $STRFUN(S52, 62), HSTRAT (52, 62), KY (32, 62)

315 DIMENSION VX (52, 82),VY(52, 62)

317 DIMENSION VALY (100), VALK(100), RHO(100)

320 DATA CHECK/ “CONK ‘, “CONH’, ‘ELEC’, ‘MINI’, ‘STRF’, ‘VERT ", ‘SKIP’,

330 1797, "WARP 7, ‘PTPT "/

340 READ(S, 10) HEADIN

350 10 FORMAT (20A4)

360 WRITE (6, 20) HEADIN
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WRITE(&, 25) DSEED
20 FORMAT (17, 20X, 20A4)
21 FORMAT (10F12. 3)
22 FORMAT (1F3. 0, 16F8. 3)
23 FORMAT (1110, 6F10.35)
24 FORMAT (316,2X,&F10.5)
25 FORMAT (°0Q’, /., 3X, ‘DSEED=‘, F12. 0)
26 FORMAT (F35. 0, 3F5. 3, 10F6. 3)
27 FORMAT (1F3. 0, 8F9. S5)
28 FORMAT (214, 9F8. 2)
29 FORMAT (316, 2X, 10F10. 4, I9)

INPUT PARAMETERS
NOTE#### ALL INPUT PARAMETERS ARE NODAL VALUES: %

READ(5, 30) NROW. NCOL, EC, IS0, PERM
READ(3, 33) CONK, CONMH, ELEC, MINI, STRF, FLOW, SKIP, WARP
READ(5, 30) LSTRM, LEQUIY, DHEAD
LSTRM IS THE COLUMN (FOR THE HORIZONTAL FLOW CASE. FLOW=HORI)
OR THE ROW (FOR THE VERTICAL FLOW CASE, FLOW=VERT)
OR THE COLUMN OF THE CONSTANT HEAD POINT ON THE
LEFT SIDE OF THE UPPER BOUNDARY
WHERE THE TOTAL FLOW IS COMPUTED FOR THE USE OF NONDIMENSIONALIZING
THE STREAM FUNCTION ### IT IS USED ONLY WHEN CHECK(35)=5STRF

LEQUIV IS THE COLUMN (FOR THE HORIZONTAL FLOW CASE, FLOW=HORI)
OR THE ROW (FOR THE VERTICAL FLOW CASE, FLOW=VERT)
WHERE THE TOTAL FLOW IS COMPUTED TO BE USED IN SOLVING
FOR THE EQUIVALENT CONDUCTIVITY (RESISTIVITY) OR WHERE THE
WARREN AND PRICE TECHNIQUE IS APPLIED
READ(S5, 40) WPFACT
NROWM1=NROW-1
NCOLM1=NCOL-1
NROWM2=NROW-2
NCOLM2=NCOL-2
NCOLM3=NCOL-3
NROWM3=NROW-3
NROWP2=NROW+2
NCOLP 1=NCOL+1
NCOLP2=NCOL+2
NOTE ####% THE VALUE READ IN FOR HMIN IS THE LOWEST ITERATION
PARAMETER AND IS USED ONLY IF MINI WAS SPECIFIED IN THE OPTIONS
READ (3, 32) ITMAX, NUMPAR, HMAX, HMIN
30 FORMAT (2I10,1F10.5,110,F10.5)
32 FORMAT (2I10,6F10.53)
33 FORMAT (3I110,3F10.5)
34 FORMAT (4110,4F10. 5)
35 FORMAT(146(A4, 1X))
READ(S5, 40) (XD(J), J=1, NCOL)
40 FORMAT (8F10. 1)
READ(S, 40) (YD(I), I=1, NROW)
COMPUTE AX AND AY
AX= X-DISTANCE FROM ONE NODE CENTER TO THE NEXT

AY= Y-DISTANCE FROM ONE NODE CENTER TO THE NEXT

DO 42 J=2,NCOL

42 AX(J)= (XD(J)+XD(U-1))/2.0
DO 44 I=2, NROW

44 AY(I)=(YD(I)+YD(I-1))/2.0

READ ANISOTROPY AT EACH ROW
VALUE 1S THE RATIOQ OF KH/KV
120 READ(S, 40) (ANISO(I), I=1, NROW)
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1010 C

1020 C SET BOUNDARY CONDITIONS

1030 C NOTE ### PERIMETER BOUNDARY POINTS CAN BE EITHER CONSTANT HEAD OR IMPERMEABLE
1040 C NOTE ### FLOW SHOULD BE FROM LEFT TO RIGHT OR TOP TO BOTTOM

1050 € I.E. HIGH HEADS SHOULD BE LOCATED AT THE TOP OR LEFT SIDE

1060 C

1070 C SET ALL HEADS EQUAL TO SOME INITIAL VALUE

1080 C AND ALL IC(I,J) VALUES TO ZERO

1090 325 DO 330 I=1, NROW

1100 DO 330 J=1, NCOL

1110 IC(I, J)=0 .
1120 HDSMN(I, J)=0.0

1130 - 330 H(I,J)= 350.0

1140

c
1150 C READ LOCATIONS OF CONSTANT HEAD NODES

1160 C ALONG THE PERIMETER

1170 C NOTE: THE PERIMETER IS THE ONLY LOCATION FOR A SOURCE OR A SINK
1180 C THAT IS ~- A HIGH CONSTANT HEAD OR A LOW CONSTANT HEAD

1190 C

1200 C READ THE TOP ROW

1210 READ(35, 336) (IC(2,J),J=2, NCOLM1)

1220 336 FORMAT (1613)

1230 ¢ READ THE BOTTOM ROW

1240 READ(S, 336) (IC(NROWM1, J), J=2, NCOLM1)
1250 € READ THE LEFT SIDE

1260 READ (5, 336) (IC(I, 2), I=3, NROWM2)

1270 € READ THE RIGHT SIDE

1280 READ(S, 336) (IC(I, NCOLM1), I=3, NROWM2)
1290 C

1300 C READ HEAD VALUES ALONG THE PERIMETER

1310 C READ TOP ROW

1320 READ(3S, 330) (H(2,J),J=2, NCOLM1)

1330 € READ THE BOTTOM ROW

1340 READ(S, 350) (H(NROWM1, J), J=2, NCOLM1)
1350 € READ THE LEFT SIDE

1360 READ(3S, 350) (H(I,2), I=3, NROWM2)

1370 C READ THE RIGHT SIDE

1380 READ(S, 350) (H(I,NCOLM1), I=3, NROWM2)
1390 350 FORMAT (8D10. 3)

1400 C

1410 C ECHO CHECK OF INPUT PARAMETERS

1420 C

1440 140 FORMAT (°‘0-,4X, ‘# OF ROWS =‘,T25, 15, /, SX, '# OF COLUMNS =‘, T2S, IS, /

1445 $/,4X, ‘'TOTAL DISSIPATED HEAD 1S “,F10.9%, - FEET IN ‘,F10.5., * FEET’,

1447 $3X, “WITH AN AREA OF ‘,3X,F10.5, * SQUARE FEET INTO SECTION,

1228 $///, 3%, ‘CLLOSURE ERROR CRITERIA=’, E1&6.5 » 3X, ‘MAXIMUM ITERATIONS
$=7,1I5)

1470 WRITE (4, 148) CONH, CONK, ELEC, MINI, STRF, FLOW, SKIP, WARP

1480 148 FORMAT (‘0”, /, 5X, ‘PROBLEM OPTIONS SPECIFIED: /, 2X, 10A8)

1490 IF(SKIP. EQ. CHECK(7)) 60 TO 215

1500 WRITE(6, 150)

1510 WRITE (6, 160Q) (XD(J), J=1, NCOL.)

1520 150 FORMAT (‘0“, /, 5X, ‘DEL.TAX NODAL VALUES*)
1330 150 FORMAT (°0‘, 4X, 10F12. 1/(3X, 10F12. 1))
1540 WRITE (&, 170)

1350 WRITE(&, 160)(YD(1), I=1, NROW)

1560 170 FORMAT (‘0‘, 5X, ‘DELTAY NODAL VALUES’)
1570 215 WRITE (6, 220)

1380 2220 FORMAT (‘0’, 5X, ‘ANISOTROPY RATIO KH/KV’)

1590 WRITE (6, 160) (ANISO(I), I=1, NROW)
1600 €

1610 C WRITE AX AND AY

1620 C

1630 IF(SKIP. EQ. CHECK (7)) GO TO 255
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1640 WRITE(&, 250)

1650 250 FORMAT( ‘0, 53X, ‘AX VALUES‘)
1660 WRITE(6, 160) (AX(J), J=2, NCOL)
1670 WRITE (6, 260)

1680 260 FORMAT (‘0’, 5X, ‘AY VALUES‘)
1690 WRITE (&, 160) (AY(I), I=2, NROW)
1700 255 CONTINUE

1710 C

1720 C READ IN THE NUMBER OF SOIL STRATA AND REQUESTED SIMULATIONS

1725 C USE A VALUE FOR NCFLO ONLY IF FLOW IS FROM THE UPPER BOUNDARY,

1726 C AND THEN USE THE LAST COLUMN FROM THE LEFT WHERE FLOW IS POSSIBLE

1730 READ(3, ?6) LAYERS. NOSIM, NRBLK, NCBLK, NCFLO, UPDISC, NCBAR, NRBARB

1740 C UPDISC IS USED ONLY IF FLOW AT RIGHT SIDE IS TO THE UPPER SIDE: IE. A
1750 C RESTRICTION TO FLOW EXISTS AT BOTTOM. USE A #2>0 & NRCUTO IS UPPER ROW #
1760 C NCBAR IS COL # WITH A BARRIER FROM TOP DOWN TO COL # NRBARB

1820 DO 55 L=1,LAYERS

1830 READ(S, S33)LAYER(L), LAYLU(L), LAYHU(L)

1840 53 FORMAT (3I10,2F10.3)

1350 55 CONTINUE

13880 AVGAMK=0. O

1870 AVGSDK=0. 0

1830 RHO1YM=0. O

1890 RHO2YM=0. O

1700 RHO3YM=0. O

1910 ARHO1Y=0.0

1920 ARHO2Y=0. 0

1930 ARHO3Y=0. 0

1740 RO11MK=0. O

1950 RO1MKR=0. 0

1960 RO1MKC=0. 0

1970 NSKIPS=0

1975 NSKOUT=0

1980 DO 3300 NSIM=1, NOSIM

2000 97 FORMAT (17, //,3X, ‘SIMULATION NUMBER‘, I4, 1X, ‘OF *, I4)

2010 C

2020 C THE K VALUES ARE ASSUMED TO EACH NODE ON THE BASIS OF THE TYPE
2030 C OF P.D.F. ASSUMED. IF 1S0=1,K= A CONSTANT; IF IS0=2,K IS UNIFORM
2040 C DIST.; IF IS0 =3,K IS LOGNORMAL; IF IS0=4, EXPONENTIAL; IF IS0=5,
2050 C K IS READ IN AT EACH NODE; IF IS0=0, WE HAVE VERTICAL STRATA.
2060 G

2070 IF(IS0.EG. 1) GO TO 80

2030 IF(IS0.EG. 2) 60 TO 91

2090 IF(IS0.EG. 3) 60 TO 50

2100 IF(IS0O. EQ. 4) 60 TO B84

2110 IF(IS0. EQ. 5) GO TO &0

2120 C OTHERWISE .
2130 € READ VALUES FOR A VERTICALLY LAYERED DETERMINISTIC MODEL
2140 C

2150 73 FORMAT(2110,F10. 2)

2160 C

2170 C THE MODEL IS VERTICALLY LAYERED

2180 78 DO 79 IL=1.,LAYERS

2170 READ(S5, 73) LAYLO, LAYHI, PERM

2200 DO 79 I1I=2, NROWM1

2210 DO 79 J=LAYLO,LAYHI

2220 K(I, J)=PERM

2230 79 CONTINUE

2240 G0 TO 95

2250 C

2260 C HYDRAULIC CONDUCTIVITY VALUES HAVE A LOG NORMAL DISTRIBUTION
2270 C WITHIN UP TO 10 LAYERS IF REQUESTED

2280 50 CONTINUE

2290 DO 57 N=1, LAYERS

2300 IF(NSIM. NE. 1) GO TQ 58

2310 READ (5. 23)LAYER (N), CONMN(N); SD(N), ETA(N), ALPHAX (N), ALPHAY (N)

2320 IF(N.NE. 1) 6O TOQ 76
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2330 WRITE(G, S1) LAYERS

2340 76 WRITE(G, 63) LAYER(N), LAYLU(N), LAYHU(N), CONMN(N), SD(N), ETA(N),
2350 SALPHAX(N), ALPHAY (N)

2360 98 LAYLO=LAYLU(N)

2370 LAYHI=LAYHU(N)

2380 LALOM1=LAYLO-1

2370 LAHIP1=LAYHI+1

2400 MEAN=CONMN(N)

2410 SDEV=SD (N)

2420 ETAN=ETA(N)

2430 ALFAX=-ALPHAX (N)

2440 ALFAY==ALPHAY (N}

2450 NOROWS=LAYHI-LAYLO+1

2460 NP=NRBLK#NCBLK

2470 NCBKM1=NCBLK-1

2480 NCBUKM2=NCBLK-2

2490 NRBKM1=NRBLK-1

2500 NRBKM2=NRBLK-2

2510 SUMK=0. 0

2520 RECIPK=0.0

2530 PRODK=0. O

2540 SUMDIF=0. 0

2550 CSTATS(NSIM, 2)=0. 0

2560 CSTATS(NSIM T)=0.0

2370 CSTATS(NSIr¢F )=0.0

2580 CSTATS(NSIM; 15)=0. 0

2590 CSTATS(NSIM, 16)=0.0

2600 CSTATS(NSIM, 17)=0.0

2610 XISCAL (NSIM)=XD(N)

2620 YISCAL(NSIM)=YD(N)

2630 91 FORMAT (‘0“, /+ 33X, "HYDRAULIC CONDUCTIVITY IS LOG~NORMALLY DISTRIBUT
2640 $ED IN’, I4, ‘LAYER(S) ")

2650 63 FORMAT (//,5%, ‘L """ZR’, I4,2X, ’; INITIAL ROW IS’, I4,2X, ‘LAST ROW IS*
2660 %, 14, 5X, "EXPECTEL . _IAN=‘,F10. 4, 3X, /', STD. DEV.=',F10. 4,
2670 $‘'WITH ETA=",F10. 4, 7/, 7X, “AUTOREGRESSIVE PARAMETERS ARE ‘,F10. 4,
2680 +’IN X DIRECTION AND‘,F10. 4, “IN Y DIRECTION’)

2690 C NOW CONVERT SDEV AND MEAN TO LOGARITHMIC VALUES, SDVLNK & AMNLNK
2700 COVKSQA= (SDEV/MEAN) ##2

2710 VARLNK=ALOG (COVKSQ+1. 0)

2720 SDVLNK=SQRT (VARLNK)

2730 AMNLNK=ALOG (MEAN) ~0. 5#(VARLNK)

2740 C INITIALLY SET ETAN=SDVLNK

2750 ETAN=0. 25#SDVLNK

2755 IF(NSIM.NE. 1) 60 TG 163 -

2760 WRITE (&, 161) AMNLNK, SDVLNK;: ETAN

2770 161 FORMAT (’0”,7X, ‘REQ"T MEAN OF LOG OF K= ’,F10.3,’ AND STD. DEV.= /,
2780 #7109, © THE VALUE OF ETAN IS SET AT ',F10. &)

2783 163 CONTINUE

2786 NBLKSL=(NCOL-2)/ (NCBLK-2)

2787 NBLKST=(LAYHI-LAYLO+1)/ (NRBLK-2)

2788 NBKTOT=NBLKSL#NBLKST

2789 IF(NSIM.NE. 1) GO TG 1958

2790 WRITE(&, 70) N, NBKTOT, NBLKST, NBLKSL

2791 70 FORMAT(‘0Q’, //, 10X, ‘LAYER’, I3, / CONSISTS QF ‘, I4, ’ BLOCKS. “,

2792 $I4, * BLOCKS WILL BE STACKED ONE ON TOP OF THE OTHER ‘,//, 10X,

2793 $°AND ‘., I4,  BLOCKS WILL BE STACKED END TO END, STARTING FROM THE U
2794 $PPER LEFT WORKING DOWN AND THEN TO THE RIGHT’)

2795 158 CONTINUE

2796 DO 75 NBLK=1, NBLKSL

2800 DO 75 NBLKT=1, NBLKST

2820 77 FORMAT (‘0“,//, 10X, ‘THE BLOCK IN BLOCK ROW ‘,I4,’ AND BLOCK COLUMN
2830 $ ‘.14, ' ,HAS THE FOLLOWING MAKEUP ‘)

2840 NTROW=(NBLKT-1)#(NRBLK-2) +LALCOM1

2850 NBROW=NTROW+NRBLK—1

2860 NTRWP 1=NTROW+1

2870 NBRWMI=NBROW-1



2880 C GENERATE THE EPSILON MATRIX, {EJ}.

2890
2900
2910
2920
2930
2940
2960
2970
2980
2990
2991
3000
3010
3020

3030
3040
3050
3060
3070
3080
3070
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3230
3290
3300
3310
3320
3330
3340
3350
33460
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3430
3490
3500
3510
3520

194
152

162

$F10.9, * AND STD. DEV.=’,F10.3: AND COV.

265

AND PREMULTIPLY BY ETA

DO 152 I=1,NP

YFL=GGNQF (DSEED)
EPSILN(I)=ETAN#YFL
FORMAT(//, 7X, 110, 2F10. 3)

CONTINUE

)
CALL MUNSD (EPSILN, NP, AMN, SDV, COEVAR ,
FORMAT (‘0‘, 3X, "EPSILN MATRIX WITH ‘. I4, HEHE?ng?AS A MEAN=

=/, .

IF(NBLKT.NE. 1) 60 TO 178
IF(NBLK. NE. 1) GO TO 178
IF(NSIM. NE. 1) GO TO 178
IF(N.NE. 1) GO TO 178

RETRIEVE THE FILTR MATRIX FROM THE DIS

179
178

NOW

683
183

DO 179 L=1,NP
READ (14, 202) (FILTR(L, M), M=1,NP)
CONTINUE

MULTIPLY FILTER MATRIX BY EPSILON AND THESE ARE LOG OF K
DO 183 L=1, NP

YEGLK=0. 0

DO &83 M=1, NP

YEGLK=YEQLK+FILTR(L, M)®EPSILN(M)

LNK (L)=YEQLK

CALL MUNSD (LNK, NP, AMN, SDV, COEVAR)

NLCOL=(NBLK—1)#(NCBLK-2) +1
NRCOL=NLCOL+NCBLK-1

M=0

DO 54 I=NTROW, NBROW

MM=1

DO 54 J=NLCOL., NRCOL

M=M+1

THEN CONVERT N(O, SDEV) DEVIATE TO N(MEAN, SDEV) DEVIATE

KLOG=LNK (M) +AMNLNK

IF(I. EQ. NTROW) €0 TO 159
IF(I. EQ. NBROW) GO TO 159
IF(J. EQ. NLCOL) G0 TO 159
IF(J. EQ. NRCOL) GO TO 159

VALUE KLOG= LN OF K

K (I, J)=EXP (KLOG)
SUMK=SUMK+K (I, J)
RECIPK=RECIPK+(1. /K(I,J))
PRODK=PRODK+ALOG10(K(I, J))

CHECK THE STATISTICAL PARAMETERS OF LOG K, BY ROWS

159

NOW

48

XLNK (MM) =KLOG

MM==MM+1

IF(MM. LE. NCBLK) GO TO 54

CALL MUNSD " (XLNK, NCBLK, AMN, SDV, COEVAR)
LAGS=5

CALL AUGAR (XLNK, NCBLK. AMN, SDV, LAGS, RHO)
AMEAN (I )=AMN

ASDV(I)=SDV

REFIGURE W/0 THE EDGES

DO 48 MMM=2, NCBKM1

MMMREV=MMM-1

XLNK (MMMREV ) =XLNK (MMM)

CONTINUE

CALL MUNSD (XLNK, NCBKM2, AMNA, SDVA, COVA)
CALL AUGAR (XLNK, NCBKM2, AMNA, SDVA, LAGS, RHOA)
AMEANA ( I)=AMNA

ASDVA(1)=SDVA

¢
]



3530
3540
3550
3560

3570 C CORRELATION COEFFICIENTS FOR ALL ROWS OF THIS SEGMENT HAVE BEEN CALCULATED

3590
3600
3610
3620
3630
3640
3660
3670
3680
3690
3710
3720
3730
3740
3750
3760
3780
3770
3800
3810
3820
3840
3850
3860
3870
3880
3890
3900
3910
3920
3730
3940
3950
3260
3970 C
3980 C
4000
4010
4030
4040
4050
4060
4070
4080
4100
4110
4120
4130
4140
4160
4170
4180
4200
4210
4220
4240
4250
42560
4270 €
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DO 54 IN=1, LAGS

ARHO(I, IN)=RHOCIN)

ARHOA (I, IN)=RHOA(IN)
54 CONTINUE

DO 52 I=NTROW, NBROW
IREV=I-NTROW+1
RHO1 (IREV)=ARHO(I, 1)
RHOZ( IREV)=ARHO(I, 2)
RHO3(IREV)=ARHO(I, 3)
52 CONTINUE
&4 FORMAT(’O’, 10X, ‘MEAN, STD. DEV. AND AUTOCORRELATION COEFFICIENTS FO
$R EACH ROW AND LAGS FROM 1 TO 4 “,//,7X, 'ROW’, 4X, ‘MEAN’, 5X,
+/STD. DEV. 7, 2X, ‘RHO(1) ‘, 4X, ‘RHO(2) *, 4X, "RHO(3) ’, 4X, ‘RHO(4) *)
CALL MUNSD (RHO1,NRBLK, AMN, SDV, COEVAR)
RHO1YM=RHO1YM+AMN/ (FLOAT (NOSIM))
CSTATS(NSIM, 1)=FLOAT(NSIM)
CSTATS(NSIM, 2)=CSTATS(NSIM, 2)+AMN/ (FLOAT (NBKTOT))
165 FORMAT (‘0’, 5X, ‘LAG 1 CORR. COEF. FOR’, I3, ° ROWS, HAS A MEAN= ',
$F10. 5, * AND STD. DEV.=‘,F10.3, * AND COV. = ’,F10. 6)
CALL MUNSD (RHO2, NRBLK, AMN, SDV, COEVAR)
RHO2YM=RHO2YM+AMN/ (FLOAT (NOSIM))
CSTATS(NSIM, 3)=CSTATS(NSIM, 3)+AMN/ (FLOAT (NBKTOT))
168 FORMAT (’0’, 5X, ‘LAG 2 CORR. COEF. FOR‘, I3, ° ROWS, HAS A MEAN= ~’,
$F10. 5, © AND STD. DEV.=’,F10. 3, AND CcOV. = ‘,F10.6)
CALL MUNSD (RHO3, NRBLK, AMN, SDV, COEVAR)
RHO3YM=RHO3YM+AMN/ (FLOAT (NOSIM))
CSTATS(NSIM, 4)=CSTATS(NSIM, 4)+AMN/ (FLOAT (NBKTOT))
172 FORMAT (‘0‘,5X, ‘LAG 3 CORR. COEF. FOR’, I3, ' ROWS, HAS A MEAN= ',
$F10. 5, * AND STD. DEV.=',F10.5,’ AND COV. = ',F10.6)
169 FORMAT (°0’, 5X, ‘LAG 1 CORR. COEF. FOR’, I3, © COLMNS, HAS A MEAN= ‘,

$F10. 5, * AND STD. DEV.=‘,F10.5, * AND COV. = ',F10. &)
171 FORMAT (‘0’, 5X, ‘LAG 2 CORR. COEF. FOR’, I3, ° COLMNS, HAS A MEAN= ‘.,
$F10. 5, © AND STD. DEV.=',F10. 5, * AND COV. = ‘,F10.6)

173 FORMAT (‘0’, 5X, ‘LAG 3 CORR. COEF. FOR’, I3, COLMNS. HAS A MEAN= ’,
#F10. 5, AND STD. DEV.=’,F10.5,“ AND COV. = “,F10.6)

&9 FORMAT(’0O‘, 10X, ‘MEAN, STD. DEV. AND AUTOCORRELATION COEFFICIENTS FO
$R EACH COLUMN AND LAGS FROM 1t TO 4 “,//,7X, “COLUMN’, 4X, '"MEAN’, 5X.
%/STD. DEV. 7, 2X, ‘RHO(1) ‘, 4X, ‘RHO(2) ’, 4X, ‘RHO(3) ’, 4X, 'RHO(4) ")

NOW CALCULATE MEAN CORRELATION COEFFICIENTS AFTER DELETING OUTER NODES

71 FORMAT(’0’.7X, ‘AFTER REMOVING THE OUTSIDE LAYERS OF THE CONDUCTIVI
$TY FIELD, WE ARE LEFT WITH A FIELD WITH THESE STATS’)
DO 133 I=NTRWP1, NBRWM1
IREV=I-NTRWP1+1
RHOL (IREV)=ARHODA(I, 1)
RHO2(IREV)=ARHODA(I, 2)
RHO3 (IREV)=ARHOA(I., 3)
153 CONTINUE
DO 72 I=NTRWP1, NBRWM1
IREV=I-NTRWP1+1
72 CONTINUE
NOROM2=NOROWS~2
CALL MUNSD (RHO1, NRBKM2, AMN, SDV, COEVAR)
ARHO1Y=ARHO1Y+AMN/ (FLOAT (NOSIM))
CSTATS(NSIM, 15)=CSTATS(NSIM, 153)+AMN/ (FLOAT (NBKTOT) )
CALL MUNSD (RHOZ, NRBKM2, AMN, SDV, COEVAR)
ARHO2Y=ARHO2Y+AMN/ (FLOAT (NOSIM) )
CSTATS(NSIM, 16)=CSTATS(NSIM, 16)+AMN/ (FLOAT (NBKTOT))
CALL MUNSD (RHO3JI, NRBKM2, AMN, SDV, COEVAR)
ARHO3Y=ARHO3Y+AMN/ (FLOAT (NOSIM))
CSTATS(NSIM, 17)=CSTATS(NSIM, 17)+AMN/ (FLOAT (NBKTOT))
75 CONTINUE :
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4280 C COMPUTE THIS SIMULATIONS STATS ON LN K

4290

4300

4310

4320

4330 2795
4340

4343

4346

4350 C CHE
4360

4370

4330

4390

4400 bb
4410

4420

4430 167
4440

4450

44460

4470

4480

4470

4500

4510 99
4520

4530

4540

4550 166
4560

4570 a7
4580

4390

4600

4610

4620

4630

4640

4650

4660

4670 C NOW
4680

4690

47720

4:10

4720

4730 € CO
4740

4730

4750

4770

4780

4750 23
4800

4810

4820

4830 57
4840

4830 C
48460 C CON
4870 &0
4880

4890 C

DO 275 I=LAYLO, LAYHI

IREV=I-LAYLO+1

DO 273 J=2, NCOLM1

JREV=U-1

PARTK ( IREV, JREV)=ALOG(K (I, J))

CALL MUNSD2 (PARTK, NOROWS, NCOLM2, AMN, SDV, COEVAR)
HCSTAT(NSIM, 8)=AMN

HCSTAT(NSIM, ?)=SDV
CK SUBROUTINE MUNSD2 & AUGAR2 BY RECALCULATING INFO ON K
DO &6 I=LAYLO.LAYHI

IREV=I-LAYLO+1

DO 66 J=2, NCOLM1

JREV=J-1

PARTK (IREV, JREV)=K (I, J)

CALL MUNSD2 (PARTK, NOROWS, NCOLM2, AMN, SDV, COEVAR)
NINK=NOROWS#NCOLM2

FORMAT (‘0“, 5X, ‘PARTK MATRIX WITH °‘, 14, ° MEMBERS HAS A MEAN= ~,
$F10.5, © AND STD. DEV.=’,F10.5,’ AND COV. = ‘,F10.6)
CALL AUGAR2 (PARTK, NOROWS, NCOLM2, AMEAN, ASDV, RHO)
NOROM3=NOROWS-3

NOROM1=NOROWS=-1

LAYHMI=LAYHI~1

DO 59 I=LAYLO,LAYHM1

IREV=I-LAYLO+1

CONTINUE

CALL MUNSD (RHO, NOROM1, AMN, SDV, COEVAR)
RO11MK=RO1 IMK+AMN/ (FLOAT(NOSIM))

CSTATS(NSIM, 8)=AMN

FORMAT (‘0O’,5X, ‘LAG 1,1 CORR. COEF. FOR’, I3, ’ ROWS, HAS A MEAN= *,
$F10. 5, * AND STD. DEV.=’,F10.5, ° AND COV. = ‘,F10. &)
CONTINUE

XLAYHI=FLOAT (LAYHI)

XLAYLO=FLOAT (LAYLO)

XCOL=FLOAT (NCOL)

XCOLM2=FLOAT (NCOLM2)

ARITHK=SUMK/ ( (XLAYHI-XLAYLO+1. O)*XCOLM2)

HARMK=( (XLAYHI-XLAYLO+1. 0)*#XCOLM2) /RECIPK

GEOMK=10#* (PRODK/ ( (XLAYHI-XLAYLO+1. O0)#XCOLM2))

DO 57 I=LAYLO.LAYHI

DO 57 J=1, NCOLM2

CALCULATE THE ACTUAL STANDARD DEVIATION AND COEF OF VARIATION
DISPER=(K (I, J)~ARITHK) ##2

SUMDIF=SUMDIF+DISPER

VARK=SUMDIF/ ( (XLAYHI-XLAYLO+1. O)*XCOLM2)

STDEV=SQRT (VARK)

COV=STDEV/ARITHK
NVERT CONDUCTIVITIES FROM FT/D TO CM/SEC

CARITH=ARITHK%*. 0003528

CHARM=HARMK#*. 0003528

CGEOM=GEOMK#%. 0003528

IF(I.LT. LAYHI) GO TO 57

IF(J.LT.NCOLM2) GO TO 57

FORMAT (//, 16X, "ARITHMATIC MEAN=’,F10.4,1X, ‘FT/D’, 1X, ‘=", 1X, F10. &,
*1X, 'CM/SEC’, /, 16X, ‘GEOMETRIC MEAN=’,F10. 4, 1X, ‘FT/D’, 1X, =", 1X, F10.
®6, 1X, ‘CM/SEC’, /, 16X, "HARMONIC MEAN=',F10.4, 1X, ‘FT/D’, 1X, ‘=, 1 X, F10
®. &6, 1X, ‘"CM/SEC’)

CONTINUE

60 TO 95

DUCTIVITIES ARE READ IN AT EACH NODE
READ(S, 40) ((K(I,.J),J=1,NCOL), I=1, NROW)
60 TO 95

4900 C HYDRAULIC CONDUCTIVITY VALUES ARE ALL THE SAME
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4910 80 DO 82 I=1, NROW

4920 DO 82 J=1,NCoL
4930 82 K(I,J)= PERM
4940 N=1

4950 CONMN (N)=PERM
4960 GO TO 95

4970 C

4980 C HYDRAULIC CONDUCTIVITY VALUES HAVE AN EXPONENTIAL DISTRIBUTION
4990 C OVER THE ENTIRE REGION

5000 C CONMN(L)=MEAN OF THE EXPONENTIAL DISTRIBUTION

5010 84 CONTINUE

5020 DO 88 L=1,LAYERS

5030 IF(NSIM.NE. 1) GO TO 87 .
5040 READ (5, 23) LAYER(L), CONMN(L)
5050 IF(L.NE. 1) 60 TO 83

5060 WRITE(6, 85) LAYERS

5070 83 WRITE(6,81) LAYER(L), LAYLU(L), LAYHU(L), CONMN(L)
5080 81 FORMAT (//,5X, ‘LAYER’, I4,2X, '; INITIAL ROW IS’, I4,2X, 'LAST ROW IS’

5070 %, I4, 5X, "EXPECTED MEAN=’,F10. 4)

5100 87 LAYLO=LAYLU(L)

5110 LAYHI=LAYHU (L)

5120 MEAN=CONMN(L)

5130 8% FORMAT (‘0’,/, 3X, "HYDRAULIC CONDUCTIVITIES FOLLOW AN EXPONENTIAL
5140 $DISTRIBUTION IN “, I4,2X, "LAYER(S) ")
5150 DO 88 I=LAYLO, LAYHI

5160 . DO 868 J=1.NCOLM1

5170 86 YFL=GGEXN(DSEED, MEAN)

5180 KL, J)=YFL

5190 38 CONTINUE

5200 GO TO 93

%210 C

5220 C THE HYDRAULIC CONDUCTIVITY VALUES ARE UNIFORMLY DISTRIBUTED
5230 C WITH A DIFFERENT DISTRIBUTION WITHIN EACH OF THE LAYERS
5240 7?1 CONTINUE

5250 DO 93 -L=1, LAYERS

SR260 IF(NSIM.NE. 1) GO TO 89

S270 READ (S, 96)LAYER (L), UNILU(L), UNIHU(L)
5280 WRITE(6, 94) LAYER(L), UNILUCL), UNTHU(L), LAYLUCL), LAYHU(L)
5290 89 XER=1000.

5300 IF(UNIHU(L). LE. 100) XER=100.

5310 LAYLO=LAYLU(L)

5320 LAYHI=LAYHU(L)

9330 DO 93 I=LAYLO, LAYHI

5340 DO 93 J=2, NCOLM1

5350 7?2 YFL=GGUBFS(DSEED)

53480 NUM=INT (YFL#XER)

5370 IF(NUM. LT. UNILU(L)) GO TO 92

5380 IF(NUM. GT. UNIHU(L)) 60 TO 92

5390 K(I, J)=FLOAT (NUM)

2400 93 CONTINUE
5410 ?4 FORMAT (‘0Q’, /, 3X, ‘LAYER’, I4, 2X, "HYDR. COND. RANGE FOR UNIFORM DIS

29420 1TRIBUTION=", 16, 2X, ‘'TO’, 16, 1X, ‘FT/D’, 1X, ‘FOR ROWS‘, 1X, I2, 1X, ‘'TOQ’
5430 %, 1X, I2)

5440 ?6 FORMAT (5110, 615)

5450 C SET VALUE OF K IN THE LEFT COLUMN EQUAL TO O
5460 €

5470 35 DO 100 I=1, NROW

5480 K(I,1)=0.0

5490 C SET VALUE OF K IN THE RIGHT COLUMN EQUAL TO O
5500 C

9510 100 K(I,NCOL)=0.0

5520 DO 110 J=1, NCOL

5530 C SET VALUE OF K IN THE UPPER ROW EQUAL TO O
3540 €

5530 K(1,4)=0.0

55640 C SET VALUE OF K IN THE LOWER ROW EQUAL TO O
3570 C

5580 110 K(NROW, J)>=0.0

5590 C
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CHECK IF A INTERIOR BARRIER IS PRESENT
IF (NCBAR. EG. 0) €0 TO 113
DO 113 I=2, NRBARB
K(I,NCBAR)=0.0

113 CONTINUVE

COMPUTE KY(I,J) VALUES
THESE ARE THE NODAL VALUES TO BE USED IN COMPUTING
KHARM(I, J, 2} —=-~THE CONNECTION VALUE IN THE Y-DIRECTION
DO 112 I=2, NROWM1
DO 112 J=2, NCOLM1
112 KY(I, J)=K(I,J)/ANISOC(I)
CONVERT HYDRAULIC CONDUCTIVITIES TO ELECTRICAL CONDUCTIVITIES IF SPECIFIED
IF(ELEC. NE. CHECK(3))60 TO 117
DO 115 I=2, NROWM1
DO 115 J=2, NCOLM1
KY (I, J)=1/7CC(KY (I, J)# 0003328)/3. 13E-Q6) »#. 7)
115 K(I, J)=1/7CC(K(I, J)# 0003528)/5. 13E-06) %%, 7)

COMPUTE THE ARITHMATIC, HARMONIC AND GEOMETRIC MEANS OF THE
HYDRAULIC CONDUCTIVITY DISTRIBUTION

117 SUMK=0.0
RECIPK=0. O
PRODK=0. O
DO 119 I=2, NROWM1
DO 119 J=2, NCOLM1
SUMK=SUMK+K (I, J)
RECIPK=RECIPK+(1. /K(I, J))
PRODK=PRODK+ALOG1O0(K(I, J))

119 CONTINUE
XROWM2=FLOAT (NROWM2)
XCOLM2=FLOAT (NCOLM2)
ARITHK=SUMK/ ( XROWM2#XCOLM2)
HARMK= ( XROWM23#XCOLM2) /REC IPK
GEOMK=10##% (PRODK/ ( XROWM2#XCOLM2) )

NOW CALCULATE THE ACTUAL STANDARD DEVIATION AND COEF OF VARIATION
SUMDIF=0. O
DO 121 I=2, NROWM1
DO 121 J=2, NCOLM1
DISPER=(K (I, J)-ARITHK) ##2
SUMDIF=SUMDIF+DISPER

121 CONTINUE
VARK=SUMDIF / ( XROWM2#XCOLM2)
STDEV=SGRT (VARK)
COV=STDEV/ARITHK
AVGAMK=AVGAMK+ARITHK/ (FLOAT (NOSIM))
AVGSDK=AVGSDK+STDEV/ (FLOAT(NOSIM))
HCSTAT(NSIM, 1)=FLOAT(NSIM)
HCSTAT(NSIM, 2)=ARITHK
HCSTAT(NSIM, 3)=CEOMK
HCSTAT(NSIM, 4)=HARMK
HCSTAT(NSIM, 5)=STDEV

HYDRAULIC CONDUCTIVITY VALUES ARE WRITTEN ONTO A DISK DATA SET
TO BE USED WITH PLOTTING
IF(CONK. NE. CHECK (1)) GO TD 103
DO 105 I=2, NROWM1
DO 1035 JU=2, NCOLM1
WRITE(10,2110) K(I,J)
105 CONTINUE

IF(NSIM. GT. 1) GO TO 262
175 WRITE(&, 180)
180 FORMAT (’17, 3X, "HORIZONTAL CONDUCTIVITY VALUES AT NODE CENTER’)
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6200 DO 190 I=1, NROW

6210 190 WRITE (&, 200) I, (K(I,J),J=1,NCOL)

6220 200 FORMAT (70, I3, 2X, 10F12. 4/(&X, 10F12. 4))
6230 201 FORMAT (13, 2%, 6F12. 10/ (3X, 6F12. 10))
6240 202 FORMAT (35X, 6F12.10)

6230 203 FORMAT (’0°, I3, 2X, 10F12. 9/(6X, 10F12. 9))
6260 204 FORMAT (8X: 6F12.7)

6270 203 FORMAT (I3, 2X,6F12. 6/(3X, 6F12. 6))

6280 210 FORMAT (0, 12, 2X, 10110/ (3X, 10110))

6290 C
TE KHARM(I,Js 1) AND KHARM(I,J, 2)
23?8 g i3223(1,5,1)- HARMONIC MEAN OF THE CONDUCTIVITIES AT ADJACENT NODES
2 HE X DIRECTION
2338 g i:A;HfI,J.2)= HARMONIC MEAN OF THE CONDUCTIVITIES AT ADJACENT NODES
6340 C IN THE Y DIRECTION
6350 C
6360 262 DO 270 I=2, NROWM1
6370 DO 270 J=2, NCOL

- 6380 270 KHARH(I.J.1)=((XD(J—1)+XD(J))*K(I.J—l)iK(I,J))/(K(I.J)#XD(J—I)
6390 $K(I, J-1)%XD(J))

6400 DO 280 I=2, NROW

6410 DO 280 J=2, NCOLM1

6420 280 KHARM(I, J, 2)=((YD(I-1)+YD(I))*KY(I~-1, J)#KY(I, J))
6430 $/(KY (I, J)#YD(I=1)+KY(I-1, J)#YDC(I))

5440 C

6430 C WRITE VALUES OF KHARM

5460 C

6470 IF(SKIP. EQ. CHECK(7)) GO TO 392

6480 WRITE (&, 290)

6490 290 FORMAT (17, //,5X, ‘VALUES OF KHARM I,J,17)
6500 DO 300 I=2, NROWM1

6510 300 WRITE(&, 200) I, (KHARM(I, J, 1), J=2, NCOL)
46520 WRITE (6, 310)

6530 310 FORMAT (17, //,5X%, ‘VALUES OF KHARM I,J,2%)
6540 DO 320 I=2, NROW

6550 320 WRITE(6,200) I, (KHARM(I, J, 2), J=2, NCOLM1)
6560 C

6570 ¢

6580 C WRITE STARTING HEAD MATRIX

6590 IF(SKIP. EQ. CHECK(7)) 6O TO 392

6600 WRITE(&, 360)

6610 360 FORMAT(’1°,//, 35X, ‘STARTING HEAD MATRIX’)
6620 DO 370 I=1,NROW

6630 370 WRITE(6,200) I, (H(I,J), J=1,NCOL)

6640 WRITE (&, 380)

6650 380 FORMAT( ‘1, //,5X, ‘CONSTANT HEAD NODES’)
5660 DO 390 I=1, NROW

6670 390 WRITE(&,210) I, (IC(I, ), J=1, NCOL)

6680 C

6690 392 IF(MINI. EQ. CHECK(4)) 6O TO 396

6700 HMIN=2

6710 XVAL=3. 1415%#2/ (2. *NCOL#*2)

6720 YVAL=3. 1415%#2/ (2. *NROW**2)

6730 DO 395 I=2, NROW

6740 DO 395 J=2, NCOL

6750 IF(K(I, J).EQ. 0.0) GO TO 395

6760 XPART=XVAL#(1/ (1+XD(J) ##2/YD(I) #%#2#ANISO(I)))
6770 YPART=YVAL #(1/(1+YD(I) *%2%#ANISO(I) /XD (J) #%2))
6780 HMIN=AMIN1 (HMIN, XPART, YPART)

&790 395 CONTINUE

6800 396 ALPHA=EXP (ALOG (HMAX/HMIN) / (NUMPAR-1))
6810 ITPARM(1)=HMIN

6820 DO 397 NTIME=2, NUMPAR

6830 397 ITPARM(NTIME)=ITPARM(NTIME-1)#ALPHA
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IF(NSIM. NE. 1) 60 TO 401 )
WRITE (&, 398) NUMPAR, (ITPARM(J), J=1, NUMPAR)

398 FORMAT (‘0‘, 3X, I3, 2X, ‘ITERATION PARAMETERS: ‘, 6D12. 3, //, 6X, 10D12. 3)
IF(MINI. EQ. CHECK(4)) WRITE(&, 399)

399 FORMAT (‘0’, 2X, ‘NOTE--MINIMUM ITERATION PARAMETER WAS SET ')

401 ICTR=0
400 CONTINUE
SOLUTION ALGORITHM USING THE ITERATIVE ALTERNATING DIRECTION IMPLICIT PROC.
DD 500 I=1, NROW
DO 500 J=1, NCOL
500 HOLD(I, J)=H(I,J)
DD 510 L=2, NCOLM1
510 HNEW(L)=H(1,L)
IF (MOD(ICTR, NUMPAR) ) 3520, 320, 330
520 NTH=0
530 NTH=NTH+1
PARM=ITPARM(NTH)

ICTR=ICTR+1
ERR(ICTR)=0.0

ROW CALCULATIONS

DO 700 KK=2, NROW
I=KK
DO 4620 J=2, NCOLM1
IF(K(I, J))605, 620, 605

603 A=(KHARM(I, J, 1)#YD(I))/AX(J)
B=(KHARM(I, J+1, 1) #YD(I))/AX(J+1)
C=(KHARM(I, J, 2)#XD(J) ) /AY(I)
D= (KHARM(I+1, J, 2)#XD(J))/AY(I+1)
AP ARM=(A+B+C+D) #PARM
E=A+B+QPARM
GUNOWN=C#H(I—1, J)+D#*H(I+1, J)=(C+D—-QGPARM) #H (I, J)
IF(J. EQ. 2) GO TO 615
IF(IC(I,J-1).EQ. ~1) GO TO 610
G(J)=(A#G(J-1)+QKNOWN) / (E~A#F (J-1))
F(J)=B/ (E-A%F (J-1))
60 TO 620

610 G(U)=(A#H(I, J—1)+QKNOWN) /E
F(J)=B/E
60 TO 620

6515 G(2)=QKNOWN/E
F(2)=B/E

6520 CONTINUE .

CALCULATE HEADS BY BACK SUBSTITUTION
N=NCOLM1
H(I-1, N)=HNEW(N)
IF(IC(I,NCOLML1). EQ. ~1) GO TO 640
HNEW(N)=G(N)
GO TO 655

640 HNEW(N)=H(I,N)
60 TO 6355

450 HNEW(N)= G(N)+F (N)#HNEW(N+1)

655 N=N-1
IF(N.EG. 1) 60 TO 700
H(I=-1, N)=HNEW(N)
IFCICCIL,N). NE. -1) €0 TO 650
60 TO 640

700 CONTINUE

COLUMN CALCULATIONS

D3 703 L=2, NROWM!
703 HNEW(L)=H(L., 1)
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DO 800 KK=2, NCOL

=KK

DO 720 I=2, NROWM1
IF(K(I,J)) 705,720, 705

705 A=(KHARM(I, J, 1)#YD(I))/AX(J)
B=(KHARM(I, J+1, 1)#YD(I))/AX(J+1)
C=(KHARM(I, J, 2)#XD(J))/AY(I)
D=(KHARMC(I+1, J, 2)#XD(J) ) /AY(I+1)
QPARM=(A+B+C+D) *PARM
E=(C+D+QPARM)
QKNOWN=A#H(I, J=1)+B#H(I, J+1)—-(A+B~QPARM) *H(I, J)
IF(I.EQG. 2) GO TO 713
IF(IC(I-1,J).EQ. -1) 60 TO 710
G(IN=(CHG(I—1)+QKNOWN) / (E-CH#F(I-1))
FCI)=D/(E-C#F(I~-1))

G0 TO 720

710 G(IN=(C#H(I—-1, J)+QGKNOWN)/E
F(I)=D/E
G0 TO 720

715 G(2)=QKNOWN/E
F(2)=D/E

720 CONTINUE

CALCULATE HEADS BY BACK SUBSTITUTION
N=MNROWM1
H(N, J—1)=HNEW (N)
IF(IC(NROWML, J). EQ. ~1) 60 TO 740
HNEW(N) =G (N)

GO TO 755

740 HNEW(N)=H(N,.J)
G0 TO 755

750 HNEW(N)=G(N)+F (N)+HNEW(N+1)

755 N=N-1
IF(N.EQ. 1) GO TO 757
H(N, J—-1)=HNEW(N)

IFC(IC(N, J).NE. ~1) GO TGO 730
60 TO 740

757 IF(J. EQ. NCOL) 60 TO 800
DO 770 I=2, NROWM1
ET=DABS(HNEW(I)-HOLD(I, J))
IF(ET.6T. ERR(ICTR)) 6O TO 760
G0 Ta 770

760 ERR(ICTR)=ET
IET=1
JET=J

770 CONTINUE

800 CONTINUE

CHECK CLOSURE CRITERIA FOR STEADY STATE

1000 IF(ICTR. GE. ITMAX) GO TO 1045

IF(ERR(ICTR). GT. EC) GO TO 4Q0
OTHERWISE THE STEADY STATE HEADS HAVE BEEN COMPUTED

COMPUTE HEADS AROUND THE PERIMETER OF THE MODEL
THIS IS DONE TO GIVE A BETTER PLOT EFFECT

ALONG TOP ROW
DO 950 J=1, NCOL

950 H(1, HH=H(2, J)

ALONG BOTTOM ROW
DO 960 J=1, NCOL.
760 H(NROW, J)=H(NROWML, J)

ALONG LLEFT VERTICAL BOUNDARY
DO 270 I=1, NROW
P70 HCI, 1)=H(TI, 2)
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C ALONG RIGHT VERTICAL BOUNDARY

DO 980 I=1, NROW
980 H(I, NCOL)=H(I,NCOLM1)
C STORE THIS SIMULATION’S HEAD VALUES IN THE CUMULATIVE ARRAY,
o} HDSMN, WHICH WILL CONTAIN THE MEAN VALUES FOR ALL SIMULATIONS
DO 981 I=1, NROW
DO 981 J=1, NCOL
HDSMN (I, J)=HDSMN(I, J)+H(I, J)/ (FLOAT(NOSIM))
981 CONTINUE
C STORE THE HEAD VALUES ALONG TWO SELECTED ROWS
IF(NHDSUP. NE. 0) GO TO 983
NHDSUP=NROW/3
NHDSDN=2#NHDSUP
7?83 CONTINUE
DO 984 J=2, NCOLM1
JREV=J-1
HDSUP (NSIM, JREV)=H(NHDSUP, J)
984 HDSDN(NSIM, JREV)=H(NHDSDN, J)

IF(NOSIM. NE. 0) GO TO 1041
WRITE(&, 1005)(ERR(I), I=1, ICTR)
1005 FORMAT( 1, 5X, '"HEAD DIFFERENCE FOR EACH ITERATION’,//,
$(/,3X, 10F12. 3))
1010 WRITE(&, 1020) ICTR, ERR(ICTR), IET, VET
1020 FORMAT(’1’,//, 10X, ‘STEADY STATE HEAD MATRIX AFTER~’, I4, 2X, 'ITERATIO
$NS‘, //, 10X, ‘LARGEST HEAD DIFFERENCE =’,E12. 3, 2X, ‘AT POINT’, 2X, ‘ROW
$/, 13, 2Xs ‘COLUMN, I13)
60 TO 1022
1024 WRITE(6, 1006) (ERR(I), I=1, ICTR)
1006 FORMAT (5X, ‘HEAD DIFFERENCE FOR EACH ITERATION’, //,
&(/,3X, 10F12. 5))
1011 WRITE(6, 1021) ICTR,ERR(ICTR), IET, JET
1021 FORMAT(//, 10X, ‘STEADY STATE HEAD MATRIX AFTER’, I4, 2X, ‘ITERATIO
$NS’, //, 10X, ‘LARGEST HEAD DIFFERENCE =’, E12. 3:2X, ‘AT POINT’, 2X, ‘ROW
%/, 13,2X, “"COLUMN’, I3)
1022 IF(NSIM. NE. 1) GO TO 1041
1030 DO 1040 I=1, NROW
1040 WRITE(6, 200) I, (H(I, J),J=1, NCOL)
1041 IF(NOSIM.NE. 1) GO TO 1100
IF (CONH. NE. CHECK(2)) GO TO 1100
DO 1042 I=1, NROW
DO 1042 J=1, NCOL.
1042 WRITE(11,2110) H(I,J)
WRITE(6, 1043)
1043 FORMAT(’0’, 4X, ‘##%%# HEADS WRITTEN ONTO DSN ####s#’)
GO TO 1100

1045 WRITE(&, 1055)
WRITE(&, 1005)(ERR(I), I=1, ICTR)
1050 WRITE(&, 1060) ICTR, ERR(ICTR), IET, JET
1055 FORMAT(“1°, ‘##tsusssnnsst ITERATIONS EXCEEDED ##%# #5448 5% 43 7 )
1060 FORMAT (‘1°,//, 10X, "HEAD MATRIX AFTER’, 14, 2X, ‘ITERATIONS’, //, 10X, *
$LARGEST HEAD DIFFERENCE =‘,E12. 3, 2X, ‘AT POINT’, 2X, ‘ROW’, I3, 2X,
& 'COLUMN, I3)
DO 1070 I=1,NROW
1070 WRITE(&, 200) I, (H(I,J),J=1, NCOL)
GO TCO 3000
Cc
1100 IF(ELEC. EQ. CHECK(3)) GO TO 1120
C OTHERWISE CONVERT CONDUCTIVITIES FROM FT/D TO CM/SEC
CARITH=ARITHK#. 0003528
CHARM=HARMK#. 0003528
CGEOM=GEOMK#*. 0003528
Cc
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8900 1110 FORMAT (‘1’, 83X, ‘STATISTICAL MEANS OF THE HYDRAULIC CONDUCTIVITY’,

8910 1’ DISTRIBUTION’, //,8X:, ‘ARITHMATIC MEAN=‘,F10. 4, 1X, ‘FT/D’, 1X,

8920 2=, 1X,F10. 6, 1X, ‘CM/SEC’, //, 8X, ‘GEOMETRIC MEAN=’,F10.4,1X, ‘FT/D",
8930 31X, ‘=, 1X, F10. 6, , 1X, ‘CM/SEC’, //, 8X; 'HARMONIC MEAN="’, F10. 4, 1X,
8940 4°‘FT/D’, 1X, ’=’,1X, F10. 6, 1X, ‘CM/SEC )

8950 1126 FORMAT (35X, ‘STATISTICAL MEANS OF THE HYDRAULIC CONDUCTIVITY',

8960 1/ DISTRIBUTION’, //,8X, ‘ARITHMATIC MEAN=‘,F10. 4, 1X, ‘FT/D’, 1X,

8970 2/=’,1X,F10. 6, 1X, ‘CM/SEC’, //, 8%, ‘GEOMETRIC MEAN=’,F10. 4, 1X, ‘FT/D”’,
8980 31X, '=’, 1X, F10. 6, , 1X, ‘CM/SEC‘, 7/, 8X, ‘HARMONIC MEAN="‘, F10. 4, 1X,
8990 4'FT/D’) 1X, ‘=*, 1X, F10. 6, 1X, ‘CM/SEC’)

000 1124 CONTINUE
9010 1111 FORMAT (//, 39X, ‘ACTUAL STANDARD DEVIATION OF HYDRAULIC CONDUCTIVITY

9020 ¢ DISTRIBUTION IS ‘,F10.4,//,5X, ‘AND THE COEFFICIENT OF VARIATION I
9030 %S ‘', F10.4)

9040 C

9050 C CHECK THE DOUBLE SUBSCRIPTED ARRAY SUBROUTINE

0580 G0 TO 1140

9070 C

9080 C CONVERT CONDUCTIVITIES TO RESISTIVITIES
2090 1120 ARITHK=1. /HARMK

100 GEOMK=1. /GEDOMK

9110 HARMK=1. /ARITHK

7120, WRITE (6, 1130) ARITHK, GEOMK, HARMK

9130 1130 FORMAT (‘1‘,5X, ‘STATISTICAL MEANS OF THE RESISTIVITY ‘.,
7140 1 ‘DISTRIBUTION, //, 8X, ‘ARITHMATIC MEAN=‘,F10. 4, 1X, ‘OHM-METERS’,
7150 2//,8X, ‘GEOMETRIC MEAN=‘, F10. 4, 1X, ‘OHM-METERS ‘. 7/, 8X,
7160 3’HARMONIC MEAN="‘, F10. 4, 1X; ‘OHM~METERS )

?170C

9180 1140 IF(FLOW. EQ. CHECK(&)) G0 TO 1300

7190 IF(WARP. EQ. CHECK (9). OR. FLOW. EQ. CHECK(10)) 60 TO 1293
9200 C

7210 C

9220 C

7230 C OTHERWISE THE PREDOMINANT FLOW MUST BE HORIZONTAL

9240 C COMPUTE THE EQUIVALENT HORIZONTAL HYDRAULIC CONDUCTIVITY
9250 C

9260 C

9270 a=0. 0

280 AREA=0. O

9290 C AREA= TOTAL CROSS SECTIONAL AREA THAT THE FLOW PASSES THROUGH
?300 C

9310 DO 1200 I=2, NROWM1

320 AREA=AREA+YD(I)

330 Q=@+ (KHARM (I, LEQUIV, 1)#((H(I, LEQUIV-1)-H(I, LEQUIV))/AX(LEQUIV))
7340 1#YD(I))

7350 1200 CONTINUE
9360 C LENGTH=MACROSCOPIC LENGTH OVER WHICH THE TOTAL HEAD DIFFERENCE
9370 C (DHEAD) IS DISSIPATED

360 C

F390 LENGTH=0. 0

7400 DO 1250 J=3, NCOLM1 '~

7410 LENGTH=LENGTH+AX (J)

7420 1250 CONTINUE

?430 C

9440 C KHEQFD=EQUIVALENT HORIZONTAL HYDR. COND. IN UNITS OF FT. /DAY
7450 KHEGQFD=(Q#LENGTH) / (DHEAD®*AREA)

4460 HCSTAT(NSIM, &6)=KHEQFD

9470 C KHEQCS=EQUIVALENT HORIZONTAL HYDRAULIC CONDUCTIVITY IN UNITS OF CM. /SCC.
430 KHEQCS=KHEQFD#. 0003528

F490 IF(ELEC. EG. CHECK(3)) 60 TO 1290

300 C

9510 C OTHERWISE WE HAVE THE HYDRAULIC CASE
9520 1280 FORMAT(’0’,/////.3X, "MACROSCOPIC PARAMETERS’, //,8X, ‘EQUIVALENT ’,

7530 1 ‘HORIZONTAL HYDR. CONDUCTIVITY=',F10. 4, {X, ‘FT/D’, 1X, '=’,F10. &, 1X,
9540 2°'CM/SEC’, //,8X, ‘TOTAL FLOW=‘,F10. 1,1X, ‘CFD’, 7/, 8X, '"LENGTH=", F10. 4,
550 31X, ‘FT*, //,8X, ‘AREA=",F10. 4, 1X, 'SQ. FT. *, //, 8X,

9560 4‘TOTAL DISSIPATED HEAD=',F10. 4, 1X, ‘FT. *)
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c
G0 TO 1400
1290 KHEGFD=1/KHEQFD
C THE EGUIVALENT ELECTRICAL HORIZONTAL CONDUCTIVITY WAS CONVERTED TO
C AN EQIVALENT HORIZONTAL ELECTRICAL RESISTIVITY
C CONVERT CURRENT FLOW TO AMPERES
a=Q/3. 281
WRITE (&, 1292) KHEGFD, G, LENGTH. AREA, DHEAD
1292 FORMAT(‘0’, /////)5X, ‘MACROSCOPIC PARAMETERS’, //.,8X, 'EQUIVALENT,
1/ HORIZONTAL ELECTRICAL RESISTIVITY=‘,F10. 4, 1X, ‘OHM-METERS’, //, 8X,
2/TOTAL CURRENT FLOW=’,F10. 6, 1X, ‘AMPERES’, //, 8X, ‘LENGTH=", F10. 3, 1X,
3'FT. *, //,8X, ‘AREA=’,F10. 3,'1X, ‘SQ. FT. *, //, 8X, ‘TOTAL VOLTAGE DROP=’,
4F10. 4, 1X, ‘VOLTS ")
GO TO 1400
c .
C COMPUTE THE AQUIFER HYDR. CONDUCTIVITY FOR POINT TO POINT FLOW USING
¢ THE METHOD SHOWN BY WARREN AND PRICE
C
1293 FKI=0.0
DO 1294 I=2, NROWM1
FRI=FKI+KHARM(I, LEQUIV, 1)#(H(I, LEQUIV-1)~H(I,LEQUIV))
1294 CONTINUE
KHEQFD=FKI/WPFACT
WRITE(G, 1298)
IF(ELEC. EQ. CHECK(3)) 60 TO 1296
WRITE(&, 1295) FKI, KHEGFD
GO TO 1400
1295 FORMAT (07, 3X, ‘FKRI=", 1X, F10. 2, 1X, ‘FT#%2/D*, ///+ 33X,
1 AQUIFER HYDRAULIC CONDUCTIVITY=', 1X,F10. 3, 1X, ‘FT/D’)
c
1296 KHEQFD=1. /KHEGFD
WRITE(&, 1297) FKI, KHEGFD
1297 FORMAT (’0’,///,5X, ‘FKI=’, 1X,F10. 6, 1X; ‘VOLT/0HM~M"*, ///, X,
1 'AQUIFER RESISTIVITY=’,1X,F10. 2)
1298 FORMAT (‘0. /////, 35X, "MACROSCOPIC TRANSPORT PROPERTIES’,
1‘ WERE COMPUTED BY THE WARREN & PRICE TECHNIGQUE')
c
GO TO 1400
C
C HERE THE PREDOMINANT FLOW IS VERTICAL
C COMPUTE THE EGQUIVALENT VERTICAL HYDRAULIC CONDUCTIVITY
c .
1300 IF(WARP. EQ. CHECK(9)) GO TO 1393
Q@=0. 0
AREA=0. O
DO 1350 J=2, NCOLM1
AREA=AREA+XD(J)
A=G+ (KHARM(LEQUIV, J, 2) % ((H(LEQUIV=-1, J)-H(LEQUIV, J)) /AY(LEQUIV))
1#XD(J))
1350 CONTINUE
C
C LENGTH= MACROSCOPIC LENGTH OVER WHICH THE TOTAL HEAD DIFFERENCE
C (DHEAD) IS DISSIPATED -
C COMPUTE LENGTH
LENGTH=0. 0
DO 1370 I=3, NROWM1
LENGTH=LENGTH+AY (I)
1370 CONTINUE
C
C HKVEGFD= EQUIVALENT VERTICAL HYDR. CONDUCTIVITY IN UNITS OF FT. /DAY
KVEQFD=(Q#LENGTH) / (DHEAD*AREA)
C KVEQRCS= EQUIVALENT VERTICAL HYDR. CONDUCTIVITY IN UNITS OF CM. /SEC.
KVEGCS=KVEQFD#. 0003528
IF(ELEC. EQ. CHECK(3)) GO TO 1390
WRITE (&4, 1380) KVEQGFD, KVEQCS, G, LENGTH, AREA; DHEAD
1380 FORMAT(’O’, /////: 53X, "MACROSCOPIC PARAMETERS’, //,8X, 'EQUIVALENT ',
1 “VERTICAL HYDR. CONDUCTIVITY=’,F10.4,1X, ‘'FT/D’, 1X, ‘=’,F10. 6, 1 X,
2°CM/SEC’, //,8X, ‘“TOTAL FLOW=’,F10.1,1X, 'CFD’, //,8X, 'LENGTH=", F10. 4,
31X, ‘FT’, /7/,8%X, ‘AREA=’,F10. 4, 1X, ‘SQ. FT. ’, 7/, BX,
4'TOTAL DISSIPATED HEAD=’,F10. 4, 1X, ‘FT. /)
C
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G0 TO 1400

THE EQUIVALENT VERTICAL ELECTRICAL CONDUCTIVITY IS CONVERTED TO
THE EQUIVALENT VERTICAL ELECTRICAL RESISTIVITY
1390 KVEQFD=1/KVEGFD

CONVERT CURRENT FLOW TO AMPERES
=Q/3. 281

WRITE (&, 1392) KVEGFD, G, LENGTH, AREA, DHEAD

1392 FORMAT(’0’, ////7/: 35X, ‘MACROSCOPIC PARAMETERS’, //,8X, ‘EQUIVALENT’,
1’ VERTICAL ELECTRICAL RESISTIVITY=‘,F10. 4, 1X, “OHM-METERS’, //, 8X,
2 'TOTAL CURRENT FLOW=’,F10. 6, 1X, ‘AMPERES”, //, 8X; 'LEN6TH=", F10. 3, 1X,
3'FT. *» //,8X, ‘AREA=",F10. 3, 1X, 'SQ. FT. /, //, 8%, ‘TOTAL VOLTAGE DROP=~’,
4F10. 4, 1X, ‘VOLTS )
G0 TO 1400

COMPUTE THE AQUIFER HYDRAULIC CONDUCTIVITY FOR VERT. FLOW USING
THE METHOD SHOWN BY WARREN AND PRICE
1393 FKI=0.0
DO 1394 J=2, NCOLM1
FKI=FKI+KHARM(LEQUIV, J, 2) # (H(LEQUIV-1, J)=H(LEQUIV, J))
1394 CONTINUE
KVEQFD=FKI/WPFACT
WRITE (&, 1398)
IF(ELEC. EQ. CHECK(3)) GO TO 1396
WRITE(&, 1395) FKI, KVEGFD
G0 TO 1400 i
1395 FORMAT (‘0’, 5X, ‘FKI=‘, 1X, F10. 2, 1X, ‘FT#%2/D", ///, 5X,
1 “AQUIFER HYDRAULIC CONDUCTIVITY=’, 1X,F10.3,1X, ‘FT/D")

1396 KVEQFD=1. /KVEQFD
WRITE(6, 1397) FKI, KVEQFD

1397 FORMAT (’0‘,///:5X, 'FKI=", 1X,F10. &, 1X, *VOLT/OHM=-M"*, ///, 3X,
1 ‘AQUIFER RESISTIVITY=', 1X,F10. 2)

1398 FORMAT (°0’,/////,5X, "MACROSCOPIC TRANSPORT PROPERTIES~,
1’ WERE COMPUTED BY THE WARREN & PRICE TECHNIQUE’)

1400 CONTINVE
IF(IS0. EQ. 1) 60 TO 1450

DETERMINE 1D AUTOCORRELATION COEFFICIENTS OF HYDRAULIC CONDUCTIVITY
BY ROWS
DO 1281 I=2, NROWM1
M:==0
DO 1282 J=2, NCOLM1
M=M+1
VALK (M)=K (I, J)
VALY (M)=ALOG(K(I,J))
1282 CONTINUE
CALL MUNSD (VALK.NCOLM2, AMN, SDV, COEVAR)
CALL AUGAR (VALK, NCOLM2. AMN, SDV, LAGS, RHO)
AMEAN (I )=AMN
ASDV(I)=8SDV
CALL MUNSD (VALY, NCOLM2, AMN, SDV, COEVAR)

CALL AUGAR (VALY, NCOLM2, AMN, SDV, LAGS, RHOA)
AMEANA ( I)=AMN

ASDVA(I)=SDV

DO 1281 IM=1,LAGS

ARHOCI, IM)=RHO(IM)

ARHOA (I, IM)=RHOA(IM)
1281 CONTINUE

DO 1289 I=LAYLO, LAYHI

IREV=I-LAYLO+1

RHO1 (IREV)=ARHO(I, 1)

RHO2(IREV)=ARHO(I, 2)

RHO3(IREV)=ARHO(I, 3)

RHO4 (IREV)=ARHO(I, 4)
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10750 RHOS ( IREV)=ARHO(I, 5)

10960 1289 CONTINUE

10970 CALL MUNSD (RHO1l., NOROWS. AMN, SDV, COEVAR)
10980 CSTATS(NSIM; 9)=AMN

10990 CCSTAT(NSIM, 1)=AMN

11000 RO1MKR=RO1MKR+AMN/ (FLOAT(NOSIM))

11010 CALL MUNSD (RHOR2, NOROWS. AMN, SDV, COEVAR)
11020 CSTATS(NSIM, 10)=AMN

11030 CCSTAT(NSIM, 2)=AMN

11040 CALL MUNSD (RHO3, NOROWS, AMN. SDV, COEVAR)
11050 CSTATS(NSIM, 11)=AMN

11060 CCSTAT(NSIM, 3)=AMN

11070 CALL MUNSD (RHO4, NOROWS, AMN, SDV, COEVAR)
11080 CCSTAT(NSIM, 4)=AMN

11090 CALL MUNSD (RHOS, NOROWS. AMN, SDV, COEVAR)
11100 CCSTAT(NSIM, 5)=AMN

11110 C

11120 ¢ COMPUTE THE MEAN AUTOCORRELATION COEFFICIENTS FOR LOG OF K BY ROWS
11130 DO 1286 I=LAYLO.LAYHI

11140 IREV=I-LAYLO+1

11150 RHO1 (IREV)=ARHOA(I, 1)

11160 RHO2(IREV)=ARHOA(I, 2)

11170 RHO3(IREV)=ARHOA(I, 3)

11180 RHO4 ( IREV)=ARHOA(I, 4)

11190 RHOS (IREV)=ARHOA(I, 5)

11200 1286 CONTINUE

11210 CALL MUNSD (RHO1, NOROWS, AMN. SDV, COEVAR)
11220 CSTATS(NSIM, 3)=AMN

11230 RO1MKR=RO1MKR+AMN/ (FLOAT(NOSIM))

11240 CALL MUNSD (RHOZ2, NOROWS, AMN, SDV:; COEVAR)
11250 CSTATS(NSIM, &6)=AMN

11260 CALL MUNSD (RHO3, NOROWS, AMN, SDV, COEVAR)
11270 CSTATS(NSIM, 7)=AMN

11280 C DETERMINE 1D AUTOCORRELATION COEFFICIENTS OF HYDRAULIC CONDUCTIVITY
11290 C BY COLUMNS

11300 DO 1283 J=2, NCOLM1

11310 M=0

11320 DO 1284 I=2, NROWM1

11330 M=M+1

11340 VALK(M)=K (1. J)

11350 1284 CONTINUE

11360 CALL MUNSD (VALK, NROWM2, AMN, SDV, COEVAR)
11370 CALL AUGAR (VALK, NROWM2, AMN, SDV. LAGS, RHOD)
11380 AMEAN (J) =AMN

11390 ASDV(J)=SDV

11400 DO 1283 IM=1,LAGS

11410 ARHO(J, IM)=RHO(IM)

11420 1283 CONTINUE

11430 DO 1291 J=2, NCOLM1

11440 JREV=J-1

11450 RHO1 (UREV)=ARHO(J, 1)

11460 RHOZ2 (JUREV)=ARHO(J, 2)

11470 RHO3¢JREV)=ARHO(J, 3)

11480 RHO4 ( IREV)=ARHO(I, 4)

11490 RHOS(IREV)=ARHAC(I, 5)

11500 1291 CONTINUE

11510 CALL MUNSD (RHO1, NCOLM2, AMN, SDV, COEVAR)
11520 ROIMKC=ROIMKC+AMN/ (FLLOAT {NOSIM))

11530 CSTATS(NSIM. 12)=AMN

11540 CCSTAT(NSIM, &)=AMN

11550 CALL MUNSD (RHOZ2, NCOLMZ, AMN, SDV, COEVAR)
11560 CSTATS(NSIM, 13)=AMN

11570 CCSTAT (NSIM, 7)=AMN

11580 CALL MUNSD (RHO3J3, NCOLM2, AMN, SDV, COEVAR)
11590 CSTATS(NSIM, 14)=AMN

11600 CCSTAT(NSIM, 8)=AMN
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CALL MUNSD (RHO4, NOROWS. AMN, SDV, COEVAR)
CCSTAT(NSIM, 9)=AMN
CALL MUNSD (RHOS5, NOROWS, AMN, SDV, COEVAR)
CCSTAT(NSIM, 10)=AMN

1450 CONTINUVE

C
IF(STRF. NE. CHECK(5)) 60 TO 3000
C OTHERWISE COMPUTE THE STREAM FUNCTION FROM THE
C STEADY STATE HEADS
C
C BRANCH TO THE APPROPRIATE LOCATION TO COMPUTE THE STREAM FUNCTION
C DEPENDING ON THE FLOW TYPE (HORIZONTAL.VERTICAL OR POINT TO POINT).
C
IF(FLOW. EQG. CHECK(6)) GO TO 2300
IF (FLOW. EQ. CHECK(10)) 60 TO 2360
C
C OTHERWISE THE FLOW IS PREDOMINATELY HORIZONTAL
C SET BOTTOM ROW STREAM FUNCTION VALUES TO ZERO

DO 1500 J=1, NCOLMI1
1500 STRFUN(NROWMI1, J)=0.0
C
C
C COMPUTE INTERIOR VALUES OF THE STREAM FUNCTION MOVING ALONG
C SUCCESSIVE COLUMNS FROM THE BOTTOM STREAMLINE
C
DO 1800 J=2, NCOLM2
DO 1800 I=2. NROWM1
I I=NROW-I
STRFUN(CII, J)=STRFUN(II+1, J)+(KHARM(II+1, J+1, 1) ((H(II+1,J)~
SHOII+1, J+1))/AX(J+1) ) %#YD(II+1))
1800 CONTINUE
o
C SET THE VALUES OF STRFUN(I, 1) AND STRFUN(I, NCOLM1) TO
C PRODUCE A BETTER PLOT EFFECT
C
DO 1850 I=1, NROWM1
STRFUNCI, 1)=STRFUN(I, 2)
1850 STRFUNCI, NCOLM1)=8STRFUN(I, NCOLM2)
o
C NONDIMENSIONALIZE THE STREAM FUNCTION
o
STRNOR=STRFUN(1, LSTRM)
DO 1900 I=1, NROWM1
DO 1900 J=1, NCOLM1
1900 STRFUNCI, J)=(STRFUN(I, J)/STRNOR)#100.
C
C WRITE OUT THE VALUES OF THE NONDIMENSIONALIZED STREAM FUNCTION
C
C STORE THIS SIMULATION’S VALUES IN THE CUMULATIVE ARRAY, STRFMN
DO 982 I=1, NROWM1
DO 982 J=1,NCOLM1
STRFMN (I, J)=STRFMN(I, J)+STRFUN(I, J) /7 (FLOAT (NOSIM))
7?82 CONTINUE
IF(NSIM. NE. 1) GO TO 3000
C A WRITE STATEMENT SHOULD BE PUT HERE IF STRFUN IS DESIRED
2100 FORMAT(’1’, 5X, ‘STREAM FUNCTION VALUES’)
C A WRITE STATEMENT W/ DO LOOP IS NEEDED TO PRINT STRFUN
C
c
C WRITE STREAM FUNCTION VALUES ONTO DSN
DO 2200 I=1, NROWM1
DO 2200 J=1, NCOLM1
2200 WRITE(13,2110) STRFUNCI, J)
2110 FORMAT (30X, F10. 35)
WRITE(S, 2300)
2300 FORMAT (’0’, ’s##% STREAM FUNCTION VALUES WRITTEN ONTO DSN ###% ‘)
C
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¢0 TOQ 3000
c
[
C COMPUTE STREAM FUNCTION FOR VERTICAL FLOW

C SET RIGHT SIDE STREAM FUNCTION VALUES TO ZERO
[

2500 DO 2510 I=1, NROWM1

2510 STRFUN(I, NCOLM1)=0.0
Cc
C COMPUTE INTERIOR VALUES OF THE STREAM FUNCTION MOVING ALONG
C SUCCESSIVE ROWS FROM THE RIGHT SIDE STREAM LINE
C WHERE THE STREAM FUNCTION IS EQUAL TO ZERO
Cc
c .
DO 2520 I=2, NROWM2
DO 2520 J=2, NCOLM1
JJ=NCOL~-J
STRFUN(I, JU)=STRFUNC(I, JU+1)+(KHARM(I+1, JJ+1, 2)#((H(I, JJ+1)-
IH(I+1, JJU+1))/7AY(I+1) ) #XD(JJ+1))
2520 CONTINUE
Cc
C SET THE VALUES OF STRFUN(1,J) AND STRFUN(NROWM1,J) TO
C PRODUCE A BETTER PLOT EFFECT
DO 2525 J=1, NCOLM1
STRFUN(1, J)=STRFUN(2, J)
2525 STRFUN(NROWM1, J)=STRFUN(NROWMZ2, J)
Cc
C NONDIMENSIONALIZE THE STREAM FUNCTION
Cc

STRNOR=STRFUN(LSTRM, 1)
DO 2530 I=1, NROWM1
DO 2530 J=1, NCOLM1
2530 STRFUNCI, J)=(STRFUN(I, J)/STRNOR)#100.
C
C WRITE THE VALUES OF THE NONDIMENSIONALIZED STREAM FUNCTION
[
IF(NSIM.NE. 1) GO TO 3000
WRITE(&, 2100)
DD 2540 I=1, NROWMI
2540 WRITE(6, 200) I, (STRFUNCI, J), J=1, NCOLM1)
C
C WRITE STREAM FUNCTION VALUES ONTO DATA SET
C
PO 2550 I=1, NROWMI1
DO 2550 J=1, NCOLM1
2550 WRITE(13,2110) STRFUNC(I, J)
WRITE (6, 2300)

(9]

GO TO 3000

COMPUTE STREAM FUNCTION FOR POINT TO POINT FLOW
SET RIGHT SIDE STREAM FUNCTION VALUES TO ZERO

[sEsNeNsNe]

2560 DO 2570 I=2, NROWM2
STRFUN(I, 1)=0.0
2570 STRFUN(I, NCOLM1)=0.0
[
C COMPUTE INTERIOR VALUES OF THE STREAM FUNCTION MOVING ALONG
C SUCCESSIVE ROWS FROM THE RIGHT SIDE STREAM LINE
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C WHERE THE STREAM FUNCTION IS EQUAL TO ZERO

Cc
Cc

C
Cc
[+
[+

o}
[

C

2600

DO 2600 I=2, NROWM2

DO 2600 J=2, NCOLM2

JJ=NCOL-J
Q1=KHARM(I+1, JJ+1, 2)# ((H(I+1, JU+1)~H(I, JJ+1))
1/7AY (I+1))#XD(JJ+1)

STRFUNCI, JJ)=STRFUN(I, JJ+1)+G1

COMPUTE TOTAL INFLOW AND QUTFLOW AT THE
CONSTANT HEAD NODES IN ROW 2

QIN=0. 0

QOUT=0. 0

DO 2606 J=2, NCOLM1
IF(IC(2,J). GE. 0) &0 TO 2606

OTHERWISE COMPUTE FLOW THROUGH THE LEFT(GL), RIGHT(GR)

AND

OTH

BOTTOM(GB) FACES OF THE CONSTANT HEAD NODE
QL=KHARM (2, J, 1) #(H(2, J)-H(2, J=1))/AX(J)#YD(2)
QR=KHARM (2, J+1, 1)#(H(2, J)-H(2, J+1))/AX (J+1)#YD(2)
QB=KHARM(3, J, 2)#(H(2, J)-H(3, J) ) /AY(3) #XD(J)
QNODE=QL+QR +GB

IF(QNODE. LT. 0. 0) 60 TD 2604

ERWISE INFLOW OCCURS AT THE NODE

QIN=QIN+GNODE

GO TO 2606

¢ OUTFLOW OCCURS AT THE NODE

(o

2604
260646

QOUT=QOUT+GNODE
CONT INUE

C SET STREAM FUNCTION VALUES OF ROW 1
C THIS IS VALID ONLY WHEN ALL INFLOW IS FROM ONE NODE
C AND ALL OUTFLOW LEAVES AT ONE NODE

2603

2607

C
C MAKE THE BOTTOM ROW OF THE STREAM FUNCTION= 0.0
C

2610

[+
13370 C NONDIMENSIONALIZE THE STREAM FUNCTION
C AS BASED ON THE TOTAL INFLOW

[

2620

LSTRM1=LSTRM-1

DO 2608 J=1, LSTRM1
JJ=NCOL-J
STRFUN(1, J)=0.0
STRFUN(I, JJ)=0.0
J1=LSTRM
J2=NCOL—-J1

DO 2609 J=J1,J2
STRFUN(1, J)=QIN

DO 2610 J=1, NCOLM1
STRFUN(NROWM1, J)=0.0

DO 2620 I=1, NROWM1
DO 2620 J=1, NCOLM1

STRFUNC(I, J)=(STRFUN(I, J)/QIN)#100.

C WRITE THE VALUES OF THE NONDIMENSIONALIZED STREAM FUNCTION

C

C

c

2630
2640

2650

WRITE(&, 2100)

DO 2630 I=1, NROWM1

WRITE (&, 2640) I, (STRFUNCI, J), J=1, NCOLM1)
FORMAT (°0“, I2,2X, 10F12. 3/(5X, 10F12. 3))

WRITE (4, 2650) QIN, QOUT
FORMAT ¢°0‘, 3X, ‘FLOW INTO THE MODEL=‘,F12.2,//,
13X, ‘FLOW OUT OF THE MODEL=-,F12. 3)

C WRITE STREAM FUNCTION VALUES ONTO DATA SET

c
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13560 IF(NSIM. NE. 1) GO TO 3000
13570 DO 2660 I=1, NROWM1
13580 DO 2660 J=1, NCOLM1

13590 2660 WRITE(13;2670) STRFUN(I,J)
13600 2670 FORMAT (30X, F10.4)
13610 WRITE (6, 2300)
13620 C
00 CONTINUE
igzgg CBgALCULATE THE TRAVEL TIME FROM THE LEFT SIDE TO THE RIGHT
13650 ¢ INITIALIZE ALL VELOCITY VALUES=0

13660 DO 213 I=1, NROW
13670 DO 213 J=1,NCOL
13680 VX(I,J)=0.0

13690 213 VY(1,J)=0.0
13700 C CALCULATE THE VELOCITY IN EACH INTERIOR BLOCK

13710 DO 191 I=3, NROWM2

13720 DO 191 J=3, NCOLM2

13730 POROCT=1. 0

13740 VX(I.J)=—0.5*((KHARH(IrJ+1;1)*(H(I:J+1)—H(I.J))/AX(J))+(KHARH(I.J.
13750 $1)#(H(I, J)-H(I, J-1))/AX(J-1)))/POROCT

137640 VY(I.J)=—O.5*((KHARH(I.J.Z)*(H(I—l.d)—H(I.J))/AY(I))+(KHARH(I+1.J.
13770 $2)#(HCI, J)=H(I+1,J))/AY(I)))/POROCT

13780 191 CONTINUE
13790 ¢ COMPUTE VELOCITY IN THE UPPER BOUNDARY BLOCK

13800 DO 193 J=3, NCOLM2

13810 VY (2, J)=—C(KHARM (3, J, 2) #(H(2, J)=H(3, J) ) /AY(2)) /POROCT

13820 VX(Z,J)=—O.5*((KHARH(2:J+1,1)*(H(2.J+1)—H(2:J))/AX(J))+(KHARM(2,J:
13330 $1) % (H(2, V) —H(2, J-1))/AX(J=-1)))/POROCT

13840 C COMPUTE VELOCITY IN LOWER BOUNDARY BLOCK

13850 I=NROWM1

13860 VX (I, J)==0. S ( (KHARM(I, J+1, 1) ®(H(I, J+1)=H(I, J))/AX(J))+(KHARM(I, J,
13870 $1)#(H(I, JI=H(I, J=1))/AX(J-1)))/POROCT

13880 193 VY (NROWM1, J)==(KHARM(NROWM1, J, 2) # (H(NROWM2, J) ~H(NROWM1, J) ) /AY (NROW
13890 ®M1))/POROCT

13900 C CALCULATE VELOCITIES IN THE LEFT BOUNDARY BLOCKS

13710 DO 195 I=2, NROWM1

13920 VXA, 2)==(KHARMCI, 3, 1Y% (H(I, 3)=H(I, 2))/AX(2)) /POROACT

13930 VY(I,2)==0. 5% ((KHARM(I, 2, 2)#(H(I-1,2)-H(I, 2))/AY(I))+(KHARM(I+1, 2,
13940 $2)#(H(I, 2)-H(I+1,2))/AY(1)))/POROCT

13950 C CALCULATE VELOCITIES IN THE RIGHT BOUNDARY BLOCKS

13940 =NCOLM1

13970 VY (I J)==0. S# ((KHARM(I, J, 2)# (H(I—-1, J)~H(I, J))/AY(I))+(KHARM(I+1, J,
13980 $2)#(H(I, J)=H(I+1,J))/AY(I)))/POROCT

13990 195 VX (I, NCOLM1)=—(KHARM(I, NCOLM1, 1)#(H(I, NCOLM1)-H(I, NCOLM2))/AX(NCOL
14000 $M2))/POROCT

14010 C REVISE VERTICAL VELOCITIES IN THE FOUR CORNERS OF FLOW REGION

14020 VY (2, 2)=-(KHARM(3, 2, 2) #(H(2, 2)-H(3, 2) ) /AY(2) ) /POROCT

14030 VY (2, NCOLM1) =~ (KHARM(3, NCOLM1, 2)# (H(2, NCOLM1)-H(3, NCOLM1))/AY(2))/
14040 $POROCT

14050 VY (NROWM1, 2) == (KHARM(NROWM1, 2, 2) #* (H(NROWM2, 2) -H(NROWM1, 2) ) /AY (NROW
14060 $M1))/POROCT

14070 J=NCOLM1

14080 VY (NROWM1, J)=—(KHARM(NROWM1, J, 2) # (H(NROWM2, J)-H(NROWM1, J) ) /AY (NROW
14090 $M1))/POROCT

14100 DO 198 I=2, NROWM1

14110 VEXAMP=VY (I, 2)

14120 198 IF(VEXAMP. EQ. 0. 0) VY(I,2)=aVY(I,3)

14130 DO 179 J=2, NCOLM1

14140 199 IF(VEXAMP. EQ. Q. 0) VX(2, J)=VX(3, J)

14150 VEXAMP=VX (2, J)

14140 IF(NSIM. NE. 1) 60 TO 182 R

14170 WRITE(&, 140) NROW., NCOL., DHEAD, LENGTH, AREA, EC, ITMAX

14180 C SET CUMULATIVE MEAN VALUES EQUAL TO 0.0

14190 AVEGXH=0. 0

14200 AVEYH=0. 0

14210 AVGYL=0. 0

14220 AVETTT=0. 0
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14230 C READ IN THE VARIABLE INPUT DATA
14240 C USE STFLOC=0.0 FOR FLOW FROM ENTIRE LEFT SIDE, 1.0 FOR ONLY PART
14250 C OF THE LEFT SIDE. OR 2.0 FOR FLOW FROM UPPER BOUNDARY

14260 READ(5. 34) NWAVES, NROWT, NROWB, NRCUTO, DEL.T, D50, DSPRAT, STFLOC
14270 NP TOT=NWAVES#* (NROWB—NROWT +1 ) #(FLOAT (NOSIM))

14280 NPSIM=NWAVES#* (NROWB—NROWT +1)

14290 STXLOC=XD(J)#1.0

14300 ENXLOC=FLOAT (NCOLM1)#XD(J)

14310 TDIST=ENXLOC-STXLOC

14320 HALFWY=STXLOC+0. 3# (ENXLOC-STXLOC)

14330 REG&OP=STXLOC+0. &# (ENXLOC-STXLOC)

14340 REG70P=STXLOC+0. 7#(ENXLOC~STXLOC)

14350 REGBOP=STXLOC+0. 8# (ENXLOC-STXLOC)

14340 REGFOP=STXLOC+0. ?#(ENXLOC-STXLOC)

14370 ESTTTT=(TDIST*LENGTH) #POROCT/ (CONMN (N) #DHEAD)

14380 THT=ESTTTT/2.0

14390 NESHT=INT(THT/DELT)

14400 THT=DELT#FLOAT (NESHT)

14410 C MP IS A COUNTER OF THE PARTICLES TRAVERSING THE REGION
14420 MP=0

14430 182 CONTINUE
14440 C SET HORIZ. VELOCITIES IN UPPER ROW EQUAL TO NEIGHBOR IF CUTOFF PROBLEM

144350 HDCHK1=H (2, 2)

14460 HDCHK2=H (2, 3)

14470 IF(HDCHK1. NE. HDCHK2) GO TO 197
14480 DO 196 J=1, NCFLO

14490 196 VX (2, J)=VX(3,J)

14500 197 CONTINUE

14510 C

14320 IF(SKIP. EQ. CHECK(7)) GO TO 176

14530 131 WRITE(6, 184)

14540 184 FORMAT(’1,//, 3X, ‘THE VELOCITY MATRIX IN THE X DIRECTION IS TABULA

14550 $TED BELOW, WHERE J=’, //, 13X, 17, 12X, ‘27, 12X, ‘3*, 12X, ‘4, 12X, ‘5’, //)
14560 DO 186 I=1, NROW

14370 186 WRITE (&, 200) I, (VX(I, J),J=1, NCOL)

14580 WRITE(&L, 187)

14590 187 FORMAT( 1, //, 3X, ‘THE VELOCITY MATRIX IN THE Y DIRECTION IS TABULA
144600 $TED BELOW, WHERE J=',//, 13X, “1/,12X, ‘2’, 12X, '3, 12X, ‘47, 12X, 'S’, //)
145610 DO 188 I=1, NROW

14620 188 WRITE(&, 200) I, (VY(I, J),J=1,NCOL)
14430 176 CONTINUE

144640 SIMTTM=0. O

144650 DO 45 NT=1, NWAVES

14660 DO 45 IY=NROWT, NROWB

14670 TOTSX=0. 0

14480 MP=MP+1

14890 NWAV (MP )=NT

14700 _SKIPS=0.0

14710 NTIM=0

14720 TTHW(MP)=0. O

14730 TT&O0(MP)=0.0

14740 TT70(MP)=0. 0

147350 TTBO(MP)=0. 0

14760 TT?O(MP)=0. O

14770 NTREB (MP ) =0

14780 IF(STFLOC. EQ. 2. 0) GO TO 41
14790 I=JY

14800 YLOC=FLOAT(I)#YD(I)+(YD(I)/2. 0
14810 STY(MP)=YLOC

14820 J=1

14330 XLOC=FLOAT (J)#XD(J)

14840 GO TO 1

14350 43 WRITE(&, 62) MP, NTIM

14860 62 FORMAT( 0, 7X, ‘PARTICLE NO. ‘, 14, * DURING TIME INTERVAL NO’,
14870 $I4, ° GOT BUMPED BACK BEYOND THE ORIGIN’)
14880 60 TO 45

148790 353 CONTINUE
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14900 NSKOUT=NSKOUT+1

13910 355 FORMAT (°0’,7X, ‘THE PARTICLE WAS KICKED BACK OUT OF THE REGION‘)
13720 IF(NTIM. 6T. 10) GO TO 3354

14930 60 TO 357

14940 362 WRITE(6, 355)

14950 WRITE (6, 356) NTIM, MP

14960 336 FORMAT(’0’,8X, 'DURING TIME INTERVAL ', I4, '’ THE PARTICLE WAS ALLOWED
14970 ¢ TO CONTINUE TRAVERSING ANYWAY ’,2X. ‘PARTICLE NO WAS ‘, 14)
14980 357 YLOC=YLOC+SY+DSY

14990 NTIM=NTIM~1

15000 G0 7O 1

15010 371 CONTINUVE

15020 IF(XLOC. GE. REG6OP) GO TO 372

135030 IF(TTHW(MP). EQ. 0. 0) TTHW(MP)=FLOAT(NTIM-1)#DELT~TREM
15040 G0 TO 379

15050 372 CONTINUE

15060 IF(XLOC. ' GE. REG70P) 60 TO 373

15070 IF(TTOO(MP). EQ. 0. 0) TT&O(MP)=FLOAT(NTIM-1)#DELT-TREM
15080 60 TO 379

15090 373 CONTINUE

15100 IF(XLOC. GE. REGBOP) GO TO 374

15110 IF(TT70(MP). EQ. Q. 0) TT70(MP)=FLOAT(NTIM-1)#DELT-TREM
15120 G0 TO 379

15130 374 CONTINUE

15140 IF(XLOC. GE. REG?0P) 60 TO 375

15150 IF(TTBO(MP). EQ. 0. 0) TTBO(MP)=FLOAT (NTIM—1)#DELT-TREM
15160 G0 TO 379

15170 375 CONTINUE

15180 IF(TT?0(MP). EQ. 0. 0) TTR0(MP)=FLOAT(NTIM-1)#DELT-TREM
15190 60 TO 379

13200 41 I=1

15210 YLOC=FLOAT(I)#YD(I)

15220 J=1Y

15230 XLOC=FLOAT(J)#XD(J)+(XD(J+1)/2. 0)

15240 STY(MP)=XLOC

15250 TOTSX=XD(J+1)/2. 0

15260 IF(MP.NE. 1) GO TO 1

13270 WRITE(&, 23) DSEED

15280 WRITE (6, 189) MP, NTIM, I, J, NI, SY, DSY, YLOC, §X., DSX, XLOC, TOTSX
15290 I NTIM=NTIM+1

15200 IF(XLOC.LT.0.0) GO TO 43

15310 IF(XLOC. GE. HALFWY) 60 TO 371

13320 379 CONTINUE

13230 NBLKSX=0

15340 NBLKSY=0

15350 € RESTABLISH THE I&J VALUES AT THE PARTICLE LOCATION
15350 J=INT (XLOC/XD(J) ) +1

13370 I=INT(YLOC/YD(I))+1

15380 C PARTICLE CANNOT MOVE BACKWARDS OR UPWARDS OUT OF THE REGION
15390 IF(J.6T. 1) 60 TO 352

15400 J=2

15410 TOTSX=0.0

15420 332 CONTINUE

15430 IF(I.GT. 1) GO TO 351

15440 I=2

15450 YLOC=FLOAT(I)#YD(I)

15460 IF(MP.NE. 1) €0 TO 351

15470 WRITE(&, 25) DSEED

15480 € CALCULATE THE PARTICLE CONVECTIVE MOVEMENT IN THE X # D
15490 351 SX=VX(I, J)#DELT Y DIRECTIONS

15500 SY=VY (I, J)#DELT
15510 C CALCULATE THE PARTICLE DISPERSIVE MOVEMENT IN THE X &
Y DIR
15520 RANOL=GGNQF (DSEED) /4. O TRECTIONS
13330 RANOT=GGNQF (DSEED) /6. O
15340 THETA=ATAN(SY/SX)
15550 VL=SART (VX (I, J)##2+VY (I, J) ##2)
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DL=SART(&. 3#DSO#VL#DELT) # (RANOL)
DT=SART (6. 3*D30#VL#DSPRAT*DELT) #(RANOT)
DSX=DL#COS(THETA)-DT#SIN(THETA)
DSY=DL#SIN(THETA)+DT#COS(THETA)
YLOC=YLOC-SY-DSY
NI=INT(YLOC/YD(I))+1
IF(NI.LE. 1) 60 TO 353
354 TOTSX=TOTSX+SX+DSX

XLOC=XLOC+SX+DSX
IF(NTIM. EQ. NESHT) 60 TO 18

19 CONTINUE
IF(MP.LT. 401) GO TO 15
WRITE(&6, 189) MP, NTIM, I, J, NI, SY, DSY, YLOC, SX, DSX, XLOC, TOTSX

15 CONTINUE

189 FORMAT (//,7X,515,8F10. 3)
CHECK TO SEE IF THE PARTICLE HAS MOVED LATERALLY TO THE NEXT BLOCK
IF(TOTSX. GE. XD(J)) GO TO 3
CHECK TO SEE IF THE PARTICLE MOVED VERTICALLY OUT OF THE BLOCK
IF(NI.NE. I) GO TO 4 .
THE PARTICLE REMAINS IN THE SAME BLOCK SO START A NEW TIME INTERVAL
GO TO 1
PARTICLE HAS MOVED LATERALLY OUT OF THE BLOCK
3 NBLKSX=INT(TOTSX/XD(J))
VERIFY THAT IT HAS MOVED ONLY ONE BLOCK
IF(NBLKSX.GT. 1) GO TO 2
PARTICLE HAS ONLY MOVED INTO THE NEXT BLOCK OR A SKIP WAS RECORDED
13 PREVX=TOTSX-SX-DSX
XREMB=XD (J)—-PREVX
PRCTXM=XREMB/ (SX+DSX)
PARDSX=PRCTXM#DSX
RXREMB=XREMB-PARDSX
TREM=DELT-(RXREMB/VX(I, J))
J=J+NBLKSX
CHECK TO SEE IF THE PARTICLE HAS REACHED THE END OF THE REGION
IF(J. GE. NCOL) GO TO 74
PARTICLE HAS NOT REACHED THE END OF THE REGION
IF(J. NE. NCBAR) 6O TO 339
IF(NI. GT. NRBARB) GO TO 359
PARTICLE HAS ENCOUNTERED THE BARRIER
J=J-NBLKSX
IF(J. GT. NCBAR) GO TO 361
XLOC=FLOAT (NCBAR)*XD(J)—(XLOC-FLOAT(NCBAR)#XD(J))
GO TO 358
361 XLOC=(FLOAT(NCBAR)#XD(J))#2 0-XLOC
358 TOTSX=XLOC-(FLOAT(J-1)#XD(J))
NTREB (MP)=NTREB (MP) +1
GO TO 1
359 TOTSX=VX(I,J)#*TREM+DSX-PARDSX -
XLOC=TOTSX+XD(J)#(FLOAT(J)-1. 0)
IF(TOTSX. LT. XD(W)) GO TO 31
PARTICLE HAS MOVED MORE THAN ONE BLOCK
TREM=(TOTSX-XD(J) ) /VX(I, J)
J=J+INT(TOTSX/XD(J))
IF(J. GE. NCOL) GO TO 74
31 CONTINUE
IF(NI.NE. I) GO TO 4
PARTICLE HAS NOT MOVED UP COR DOWN OUT OF THE BLOCK, SO NEW TIME INT.
GO TO 1
PARTICLE HAS MOVED MORE THAN ONE BLOCK
2 SKIPS=SKIPS+1.0
G0 TO 13
PARTICLE HAS MOVED VERTICALLY AT LEAST ONE BLOCK
4 CONTINUE
CHECK TO VERIFY THAT THE PARTICLE HAS NOT MOVED BEYOND
THE BOUNDARIES. CHECK THE UPPER BOUNDARY FIRST
IF(NI.LT.2) GD TO &
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NOW CHECK THE LOWER BOUNDARY
NBLKSY=NI-I
IF(NI. GT. NROWM1) GO TO 7
THE PARTICLE REMAINS IN THE REGION
I=NI
11 CONTINUE
CHECK TO SEE IF THE PARTICLE MOVED MORE THAN ONE BLOCK
NBSY=IABS (NBLKSY)
IF(NBSY.GT. 1) GO TO 5
IT HADN’T, BUT SEE IF THE DISPLACEMENT HAS BEEN ADJUSTED
12 CONTINUE
IF(NBLKSX.NE. O0) GO TO 1
FIRST CHECK IF THE PARTICLE WAS REBOUNDED FROM THE BOUNDARY
IF(NI.LT.2) 60 TO 1
IF(NI. GT. NROWML) GO TO 1
PARTICLE HADN'T MOVED LATERALLY. SO RECALCULATE DISPLACEMENTS
PREVY=YLOC+SY+DSY
PREVX=TOTSX-SX-DSX
IPREV=I-NBLKSY
DETERMINE WHETHER THE PARTICLE MOVED UP DR DOWN
IF(NBLKSY.LT.0) GO TO 14
PARTICLE HAS MOVED DOWNWARD
YREMB=YD(I)#(IPREV)~PREVY
GO TO 16
PARTICLE MOVED UP
14 YREMB=PREVY-YD(I)#(IPREV-1)

NOW CALCULATE THE TIME REMAINING AFTER LEAVING BLOCK
FIRST CHECK IF VvY=0
16 CONTINUE
IF(VY(IPREV, J).EQ.0.0) GO TO 8
IT ISN’T SO CONTINUE
PRCTDY=YREMB/ (SY+DSY)
PARDSY=PRCTDY#DSY
RYREMB=YREMB—-PARDSY
TREM=DELT-(RYREMB/ABS(VY(IPREV, J)))
NOW RECALCULATE DISPLACEMENTS
? SX=VX(IPREV, J)#(DELT-TREM)+VX (I, J)#TREM
SY=VY (IPREV, J)#(DELT-TREM)+VY (I, J) *TREM
TOTSX=PREVX+SX+DSX
YLOC=PREVY-SY-DSY
XLOC=(FLOAT(J)=1)#XD(J)+TOTSX
MJ=INT (XLOC/XD(J))+1
IF(NJ.EQ. J) GO TO 1
TOTSX=XLOC-(FLOAT (NJ-1)#XD(J))
J=NJ
IF(J. GE. NCOL) GO TO 74
NOW START A NEW TIME INTERVAL
60 TO 1
PARTICLE MOVED OQUT OF A BLOCK WHERE VY = O
3 PARDSY=YREMB/DSY
TREM=0. 0
60 TO 9
PARTICLE SKIPPED AT LEAST ONE BLOCK
5 SKIPS=SKIPS+1.
GO TO 12
PARTICLE HAS HIT THE UPPER BOUNDARY
& NBLKSY=I-NI
NTREB(MP)=NTREB(MP)+1
IF(NI."7T 1) GO TO 17
PARTICLE C..... MOVED ONE BLOCK INTO THE BOUNDARY
YLOC=2. O#YD(I)-YLOC
I=INT(YLOC/YD(I))+1
IF(J. GE. NCOL) GO0 TO 23t
NOW RECALCULATE DISPLACEMENTS
GO TO i1
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16880 C PARTICLE MOVED MORE THAN ONE BLOCK BEYOND THE UPPER BOUNDARY

16890 17 YLOC=ABS(YLOC)+YD(I)#2. 0

16900 I=INT(YLOC/YD(I))+1

16910 IF(J. GE. NCOL) GO TO 231

16920 60 TO 11

16930 C PARTICLE HIT THE LOWER BOUNDARY

16940 7 YLOC=FLOAT(NROWML)#YD(1)#2. 0-YLOC

16950 NTREB (MP )=NTREB (MP) +1 .
16960 I=INT(YLOC/YD(I))+1

16970 GO TO 11

16980 C PARTICLE HAS TRAVELED HALF THE ESTIMATED TIME REQUIRED TO TRAVERSE
16990 C THE REGION. STORE THE X & Y LOCATIONS AT THIS TIME

17000 18 AVGYH=AVGYH+YLOC/FLOAT(NPTOT)

17010 AVGXH=AVGXH+XLOC/FLOAT(NPTOT)

17020 XLOCHT (MP)=XLOC

17030 YLOCHT(MP)=YLOC

17040 60 TO 19

17050 C PARTICLE REACHED THE END BEFORE END OF TIME CYCLE
17040 74 CONTINUE

17070 NICHK=NI

17080 IF(UPDISC. GT. 0) NICHK=NROW-NI

17020 IF(NICHK. GT. NRCUTQ) GO TO 61

17100 C PARTICLE HAS ENCOUNTERED THE CUTOFF, SO REBOUND IT
17110 XLOC=FLOAT (NCOLM1) #XD (J)-(XLOC-FLOAT(NCOLM1)#XD(J))
17120 NJ=INT (XLOC/XD(J) ) +1

17130 TOTSX=XLOC—(FLOAT (NJ—1)#XD(J))

17140 NTREB (MP)=NTREB(MP) +1

17130 60 TO 1

17160 61 TOTIM=FLOAT(NTIM)*DELT~-TREM

17170 C

17180 TOTM(MP)=TOTIM

17170 NBSIM(MP)=NSIM

17200 ¢

17210 ¢ CHECK TO SEE IF THE PARTICLE MOVED VERTICALLY OUT OF THE REGION
17220 C CHECK UPPER BOUNDARY

17230 IF(NI.LT. 2) GO TO 6

17240 C CHECK LOWER BOUNDARY

17250 IF(NI. GT. NROWM1) GO TO 232

172460 60 TO 231

17270 C PARTICLE WENT BEYOND THE LOWER BOUNDARY
1728C 232 YLOC=FLOAT (NROWM1)#YD(I)#2. O-YLOC

17290 I=INT(YLOC/YD(I))+1

17300 231 AVGYL=YLOC/FLOAT (NPTOT)+AVGYL

17310 YLQCEN (MP)=YLOC

17320 C DETERMINE IF THE PARTICLE SKIPPED ANY BLOCKS DURING TRANSIT
17330 IF(SKIPS. EQ.0.0) GO TO 49

17340 NSKIPS=NSKIPS+INT (SKIPS)

17350 WRITE (&,47) NT, 1Y, SKIPS, NSIM

17360 47 FORMAT(‘0‘, 5X, ‘DURING TRANSIT IN WAVE # ', I3, 2X, ‘AND IYv=",
17370 $13, 2X, ‘THE PARTICLE SKIPPED AT LEAST ONE BLOCK‘, 1FS. 1, ‘TIMES’,
17380 $'SIM # 1S ‘., 1I4)

17390 49 CONTINUE

17400 SIMTTM=SIMTTM+TOTIM/FLOAT (NPSIM)

17410 45 AVGTTT=AVGTTT+TOTIM/FLOAT(NPTOT)

17420 RATIO=FLOAT(NOSIM)/FLOAT(NSIM)

17430 RAVGXH=AVGXH*RATIO

17440 RAVGYH=AVGYH#RATIO

17450 RAVGYL=AVGYL#RATIO

17440 RAVGTT=AVGTTT#RATIO

17470 RRO1YM=RHO1YM#RATIO

17480 RROZYM=RHORYM*RATIO

17490 RRO3YM=RHOJ3YM#RATIO
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RARO1Y=ARHO1Y#RATIO
RARO2Y=ARHO2Y#*RAT IO
RARO3Y=ARHO3Y#RATIO
RR11MK=RO11MK#RATIO
RR1MKR=RO1MKR#RATIO
RR1MKC=RO1MKC#RATIO
RAMK=AVGAMK #RAT IO
RSDK=AVGSDK#RATIO
RTTTK=(TDIST#LENGTH) #(POROCT) / (DHEAD#RAVGTT)
SIMATT=(TDIST#LENGTH) # (POROCT) / (DHEAD#SIMTTM)
HCSTAT (NSIM, 7)=SIMKTT
IF(NSIM. NE. 1) GO TO 3500
WRITE (&, 32) NSIM, NOSIM, RATIO, AVGXH, AVEYH, AVGYL, AVGTTT
WRITE(&, 32) NSIM, MP, THT, RAVGXH, RAVGYH, RAVGYL, RAVGTT, RTTTK
WRITE(&, 32) NSIM, NTIM, RAMK, RSDK, G
WRITE(&, 23) NSIM, RRO1YM, RRO2YM, RRO3YM, RR11MK, RR1MKR, RR1MKC
WRITE(&, 23) NSIM, RARO1Y, RARO2Y, RARO3Y
500 CONTINUE
WRITE (&, 321) NSKOUT
321 FORMAT (17, 7X, ‘THE NUMBER OF PARTICLES WHICH WERE KICKED BACK OUT
$ OF THE REGION DURING INITIAL STAGES OF TRAVERSING WERE ‘., 14)
WRITE (&, 46) NPTOT, NROWT, NROWE, DELT, DSO, DSPRAT
ANROWS=FLOAT (NROWT+NROWB ) /2. O
AVGSI=ANROWS#YD(I)+YD(I)/2. 0
WRITE(&, 226) STXLOC, ENXLOC
WRITE (&, 224) AVESI
224 FORMAT(’0’, 5X, ‘THE AVERAGE STARTING Y LOCATION WAS *, 1F10. 4)
226 FORMAT(’0’.5X, ‘PARTICLE TRAVEL WAS FROM X=°, 1F10. 4,
$/ TO X= ’, 1F10. 4)
WRITE (&, 222) THT, AVGXH, AVGYH, AVGYL, AVGTTT
222 FORMAT (°0‘, 5X, ‘THE AVERAGE X & Y LOCATIONS AFTER’ ,F10. 4,
$/DAYS IS’,F10.3, ’ AND’,F10. 3, //,7X: ‘THE AVERAGE Y LOCATION AT THE
$ END IS‘,F10.3,2X, ‘AND TRAVEL TIME OF /', F10. 5, 2X, ‘DAYS’)

46 FORMAT(’0’, 5X, ‘A TOTAL OF’, 14, 2X, ‘PARTICLES WERE RELEASED UNIFORML
$Y FROM HALF THE NODE SPACING BELOW ROW‘, I2, //,9X, ‘TO HALF THE NODE
$SPACING BELOW ROW ‘, 12, 2X,//,7X, 'TIME INTERVAL OF, ’,F10. 4, 2X,
$/DAYS’, 2X, ‘AND MEDIAN GRAIN SIZE OF ’,F8.2, ' MM.,WITH A DISPERSIVI
$TY RATIO OF ’,FS5.3,  WAS UTILIZED. ‘)

IF(NSKIPS. EQ. 0) GO TO 223
WRITE(6, 221) NSKIPS
221 FORMAT (‘0’, 5X, ‘DURING PARTICLE TRANSIT’, 14, - PARTICLES SKIPPED A
$COMPLETE BLOCK’)
223 CONTINUE
IF  ‘LOC.NE.2.0) GO TO 230
WRL 16 234) ,
234 FORMAT(‘0’, 7X, ‘##xs#n% NOTE; REFERENCES TO STARTING Y LOCATION SHO
$ULD REALLY BE STARTING X LOCATIONS ##atsis’)
230 WRITE(&, 233) THT, THT :
233 FORMAT (’1’, 25X, ‘SUMMARY TABLE OF TRAVEL TIME INFORMATION’,//.1X,
$/PARTICLE’, 1X; ‘SIM. /, 1X, ‘WAVE‘, &X, ’Y LOCATIONS AT’, 4X,
$’/XLOC AT‘,4X, ‘TOTAL TIME (DAYS) FOR TRANSIT OF EACH % OF REGION’,
$9X, ‘YLOC AT, 2X, 'TIMES’, //, 2X, ‘NUMBER /, 2X, ‘NO. *, 1X, ‘NUMBER *, 3X,
+’START”, 4X, 1F4. 1, * DAYS’, 1X, 1F4. 1, * DAYS’, 3X, ‘50%’, 8X, ‘&0%", 7X,
$70%, 7X, ‘B0%’) 7X: ‘90%’, &6X, ‘100%’, &6X, ‘END* , .
D s mpe Ot X X, ‘END’, 4X, "REBOUNDED * )

WRITE(13,24) MP, NBSIM(MP), NWAV(MP), STY(MP)
SYLOCEN (M. vaTmimeS » YLOCHT (MP ), XLOCHT (MP),

235 WRITE(&, 29) HP:NBSIM(MP),NNAV(HP).STY(MP):YLDCHT(MP).XLOCHT(MP).

ETTHW(MP), TTGO(MP), TT70(MP), TTBO(MP), TTSO(MP),
$NTREB (MP) ! ’ TOTM(MP), YLOCEN(MP),

CALL MUNSD (TOTM, NPTOT, AMN. SDV, COEVAR)
WRITE (&, 23&4) AMN, SDV, COEVAR

2346 FORMAT (‘0Q‘, 5X, ‘MEAN TRAVEL TIME= ‘,F10.5, * DAYS
. W/ V.=
$F10. 5, AND COV= “,F10.5) ' ’ STP DEV. I

TTTK=(TDIST#*LENGTH)#(POROCT ) / (DHEAD*AMN)



18150
18160
18170
18180
18190
18200
18210
18220
18230
18240
18250
18260
18270
18280
18290
13300
18310
13320
12330
18340
13350
18360
18370
18380
18390
18400
13410
13420
18430
18440
18450
13450
13470
18480
18490
18500
18510
18520
18530
13540
18550
1835460
18570
18380
18590
13500
186510
184620
18630
18640
18650
18660
18670
18680
13690
18700
183710
18720
18730
13740
18750
18760
18770
18730
18790
18800
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WRITE (6, 238) TTTK

238 FORMAT(’0’, 5X, ‘EFFECTIVE HYDRAULIC CONDUCTIVITY OF THE REGION ON
$BASIS OF TRAVEL TIME IS ‘,F10.5, * FT/DAY’)
CALL MUNSD (YLOCEN, NPTOT, AMN, SDV. COEVAR)
WRITE(6, 237) AMN, SDV, COEVAR

237 FORMAT (’0‘, 3X, ‘MEAN Y COORDINATE AT END OF TRANSIT IS’,F10. 4,
$‘WITH STD DEV =’,F10. 3, * AND CQV = ', F10. &)
WRITE (&, 239) NOSIM, AVGAMK, AVGSDK

239 FORMAT (’0‘, 3X, “MEAN OF HYDRAULIC CONDUCTIVITY FOR A TOTAL OF °,

14,  SIMULATIONS IS ',Fl10.4,° WITH A MEAN STD. DEV. OF ’,F10.4)
WRITE OUT THE MEAN VALUES OF THE HEAD MATRIX COMPUTED FOR ALL THE
SIMULATIONS

ADD A WWRITE STATEMENT HERE TO DO THAT
CALCULATE MEAN & STD DEV. OF THE HEADS FOR ALL SIMS AT PRESELECTED SPOTS
DO 263 J=1, NCOLM2
M=0
DO 264 I=1,NOSIM
M=pi+1
VALK (M)=HDSUP (I, J)
264 CONTINUE
CALL MUNSD(VALK, NOSIM, AMN, SDV, COEVAR)
AMEAN (J) =AMN
ASDV (J)=8DV
263 CONTINUE
DO 265 J=1,NCOLM2
M=0
DO 266 I=1,NOSIM
M=M+1
VALK (M)=HDSDN(I, J)
266 CONTINUE
CALL MUNSD(VALK, NOSIM, AMN, SDV, COEVAR)
AMEANA (J) =AMN
ASDVA (J)=SDV
265 CONTINUE
WRITE(6, 269) NHDSUP, NHDSDN, NCOLM1
DO 267 I=1,NOSIM
WRITE (6, 200) I, (HDSUP (I, J), J=1, NCOLM2)
267 WRITE(20,205) I, (HDSUP(I,J), J=1, NCOLM2)
DO 268 I=1,NOSIM
GO TO 268
251 WRITE(6, 200) I, (HDSDN(I. J), J=1, NCOLM2)
258 WRITE(21,205) I, (HDSDN(I, J), J=1, NCOLM2)
241 CONTINUE
WRITE(6, 271) NHDSUP, NHDSDN, NHDSUP, NMNDSDN
DO 272 J=1, NCOLM2
VARHUP=(ASDV (J) ) ##2
VARHDN= (ASDVA(J) ) ##2
JREV=J+1 .
HRITE(EE;EB)JREV,AHEAN(J).ASDV(J);VARHUP,ANEANA(J).ASDVA(J).VARHDN
272 WRITE(6, 23) JREV, AMEAN(J), ASDV (J) : VARHUP, AMEANA ( J), ASDVA (J), VARMDN
271 FORMAT (‘0°‘, 7X, ‘TABLE OF MEAN AND STD. DEVY. OF HYD HEADS FOR THE
$TWO PRESELECTED ROWS, ‘, I4, * AND *, 14, //, 5X, “COLUMN’, 2X, .
$‘FOR HEADS IN ROW ‘, I4,7X, ‘FDR HEADS IN ROW ‘114, 77/,14X, ‘MEAN",
$4X, ‘STD. DEVY. ‘, 2X, ‘VARIANCE ‘', 3X, “MEAN‘, 4X, ‘STD. DEV. VARIANCE ")
269 FORMAT (’1°, 7X. ‘THE HEAD VALUES FOR EACH SIMULATION FOR ROWS
$I4, ° AND ‘, 14, ’ LISTED BELOW BY COLUMN’, 7/, 2X, ‘SIMULATION", 2X,
% /COLUMN FROM 2 THROUGH “, I4)
IF(CONH. NE. CHECK(2)) 60 TO 242
DO 242 I=1, NROW
DO 242 J=1, NCOL
WRITE(11, 204) HDSMN(I, J)
242 CONTINUE
240 FORMAT(’1’, //, 10X, ‘MEAN STEADY STATE HEAD MATRIX FOR 7, I4,
%’ SIMULATIONS )

:

C WRITE OUT THE MEAN STREAM FUNCTION VALUES AND TO A DISK IF CALCULATED

IF(STRF. NE. CHECK(5)) GO TO 245
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18810 C ADD A WRITE STATEMENT HERE TO PRINT THE STREAM FUNCTION
18820 244 CONTINUE

18830 DO 245 I=1, NROWM1

18340 DO 245 J=1,NCOLM1

18850 WRITE(1&, 204) STRFMNC(I, J)

18860 243 FORMAT(’1’, //, 10X, ‘MEAN STEADY STATE STRFMN MATRIX FOR ‘, 14,

13870 $‘ SIMULATIONS ‘)

18880 245 CONTINUE

18890 WRITE (6, 258)

18900 258 FORMAT(’1’,7X, ‘"HYDRAULIC CONDUCTIVITY STATISTICS BY SIMULATION NUM
18910 $BER ., //, 2X, 'SIMULATION’, 11X, ‘STATISTICAL MEANS‘, 12X, ‘STANDARD ‘, 4X,
18920 $'EFF K VALUE ON BASIS OF‘, //.4X, ‘NUMBER ’, 5X, ‘ARITHEMATIC ", 2X,
18930 % ‘GEOMETRIC “, 4X, 'HARMONIC ‘, 4X, ‘DEVIATION', 3X, ‘FLOW QUANTITY ', 1X,
18940 $‘TRAVEL TIME’)

18950 C WRITE OUT CORR %HYD COND STATS AND STORE ON A DISK DATA FILE
18960 DO 247 I=1,NOSIM

18970 WRITE(&,21) (HCSTAT(I, J), J=1,9)

18980 247 WRITE(17,27) (HCSTAT(I,J),J=1,9)

18990 WRITE(6, 259)

19000 259 FORMAT ¢ ‘17, 7X, ‘HYDRAULIC CONDUCTIVITY CORRELATION STATISTICS BY

19010 $ SIMULATION NUMBER, //,1X, ‘SIM “, 10X, ‘LOG CONDUCTIVITY BEFORE %

19020 $AFTER SHAVING’, 10X, “COEFF BY ROW’, 10X, ‘CQEFF BY COLUMN’,

19030 $,//, 1%, 'NO. *, 1X, ‘YRHO(1) YRHD(2) YRHD(3) RYRHO(1) RYRHO(2)’, 1X, ‘RY

19040 $RHO(3) RHO(1,1) RRHO(1) RRHO(2) RRHO(3) CRHO(1) GRHO(2) CRHO(2) )

19050 DO 249 I=1, NOSIM

19060 WRITE(6&, 22) (CSTATS(I,J),J=1,17)

19070 249 WRITE(18,26) (CSTATS(I.J),J=1, 14)

17080 DO 274 J=2,17

19090 M=0

19100 DO 273 I=1,NOSIM

19110 M=pM+1

19120 VALK (M)=CSTATS(I, J)

19130 273 CONTINUE

19140 CALL MUNSD (VALK, NOSIM, AMN, SDV, COEVAR)

19150 AMEAN (J) =AMN

19160 ASDV (J)=SDY

19170 274 CONTINUE

19180 WRITE(&, 277) MOSIM

Igigg 277 FORMAT( 0, 7X, ‘THE STATS ON THE CORRELATION COEFFICIENTS FOR THE -,
2 $I4, * SIMULATIONS FOR EACH DF THE COLUMNS ABOVE ARC: *, /7,

19210 $4X, ‘COLUMN *, 5X, ‘MEAN, 3X, ‘STD. DEV. *) '

19220 DO 276 J=2, 17

19230 274 WRITE(4.23) J: AMEAN{J), ASDYV(J)

19240 DO 251 I=1, NOSIM

19250 =0

19260 DO 251 J=1,5

19270 IF(M. NE. 0) 60 TO 451

19280 IF(CCSTAT(I, J). LE. 0) GO TO 451

19290 XISCAL(I)=XISCAL(I)+CCSTAT(I, J)#XD(J)

19300 60 TO 251

19310 451 M=1
19320 231 CONTINUE

19330 DO 252 I=1,NOSIM

19340 M==0

19350 DO 252 u=6, 10

19360 IF(M. NE. 0) GO TO 252

19370 IF(CCSTAT(I,J).LE. 0) 6O TO 452

19380 YISCAL (1)=YISCAL(I)+CCSTAT(I, J)*YD(J)
19390 G0 TO 252

19400 452 M=1

19410 252 CONTINUE

19420 WRITE(&, 253) NOSIM

17430 DO 254 I=1,NOSIM

19440 254 WRITE(6,23) I, XISCAL(I), YISCAL(I)
19450 253 FORMAT('0“, 7X, ‘THE MEAN INTEGRAL SCALES IN THE X AND Y DIRECTIONS

194460 $FOR THE ‘., I4, * SIMULATIONS ARE *, //, 1X, ‘S
, ’ IM. 0.
19470 $IRECTION) ' N X DIRECT

Y D



290

1?2480 CALL MUNSD (XISCAL, NOSIM, AMN, SDV, COEVAR)

19490 CALL MUNSD (YISCAL.NOSIM, AMNA, SDVA, COVA)

19500 WRITE (&,256) AMN, SDV, AMNA, SDVA

19510 256 FORMAT (‘O‘, 2X, 'THE MEAN INTEGRAL SCALE IS ‘,F6.2,° FEET IN THE X
19520 $DIRECTION WITH A SD=',F6&.2,//,4X, ‘AND ‘,F6.2, ° FEET IN THE Y DIREC
19530 $TION WITH A SD= ’,F6.2)

19540 DO 257 MP=1, NPTOT

19550 257 WRITE(19,28) MP.NBSIM(HP).STY(HP);TTHN(HP).TTbO(HP),TT70(HP),TT80(
19560 $MP), TT?0(MP)

19570 sTo?

19580 END ‘—" T

1590 € 393600 W 660 363696 636 606 U 36963 366 3669636 36 36 3666 I3 36 06 0636606 6633 6 393U I3 I A6 I
19600 C

19610 C SUBROUTINE FOR COMPUTATION OF MEAN & STD DEV. ,ETC

19620 C OF A SINGLE SUBSCRIPTED VARIABLE ARRAY

19630 C

19640 C #4303 3 303 35 30 98 36 363 3636 36 3 343 35 3698 36 3538 36 3098 38 36 34 3630 30 3 36 5 3 36 30 3 36 3 349 636 S4-36 35 3 36 35 36 36 3636 98 30 3436 396 3
19650 SUBROUTINE MUNSD (VAL. N. AMN, SD, COEVAR)

1925660 REAL VAL (N)

19570 5 FORMAT (I10, 5F10.5)

19680 C CALCULATE THE MEAN VALUE OF THE ARRAY

17670 SUMVAL=0. O

19700 DO 10 I=1,N

19710 SUMVAL=SUMVAL+VAL(I)

17720 10 CONTINUE

19730 AMN=SUMVAL/ (FLOAT(N))

19740 C

19750 C NOW CALCULATE THE STANDARD DEVIATION, VARIANCE & COEF. OF VARIATION
1927460 SUMDIS=0. 0

19770 DO 20 I=1,N

19730 DISPER=(VAL (I)-AMN) &#2

192790 SUMDIS=SUMDIS+DISPER

19300 20 CONTINUE

19810 VAR=SUMDIS/ (FLOAT(N)-1. 0)

19820 SD=SQRT(VAR)

19830 COEVAR=SD/AMN

19840 RETURN

19850 END

19860 C

19870 C SIS IS I A0 A0S I I3 3 FE IS 036 AT 0T ST 33330 3503 S S S 3 3 3 S 3 3 3 3 A3 23 3 300 3 45 S 333
17880 C

19890 C SUBROUTINE FOR COMPUTATION OF MEAN & STD DEV.,ETC
19900 C OF A DOUBLE SUBSCRIPTED VARIABLE ARRAY

19710 C

19920 C  #4HRHMIERIE TSI IE T IS IS S0 136 A 55 I I I U 3030 3030 3636363636369 4500 S 35 3 3 38 35 3 3 3 348 9 3 46 36 36 46 96 35 35 34 4
19930 SUBROUTINE MUNSD2 (VAL., N, L, AMN, SD, COEVAR)

12740 REAL VAL (32, 62)

19950 S5 FORMAT (2110, 3F10.5)

19940 15 FORMAT (’0’, I3, 2X, 10F12. 4/(6X, 10F12. 4))

19970 C CALCULATE THE MEAN VALUE OF THE ARRAY

19980 SUMVAL=0. O

19970 DO 10 I=1,N

20000 DO 10 J=1,L

20010 SUMVAL=SUMVAL+VAL (I, J)

20020 10 CONTINUE

20030 AMN=SUMVAL/ (FLOAT (N3%L) )

20040 C

20050 C NOW CALCULATE THE STANDARD DEVIATION, VARIANCE & COEF. OF VARIATION
20060 SUMDIS=0.0

20070 DO 20 I=1,N

20080 DO 20 J=1,L

20090 DISPER=(VAL (I, J)—AMN) ##2
20100 SUMDIS=SUMDIS+DISPER

20110 20 CONTINUE

20120 VAR=SUMDIS/ (FLOAT(N#L)-1.0)
20130 SD=SQRT(VAR)

20140 COEVAR=SD/AMN

20130 RETURN

20160 END
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T3 9 96 I 4 36 3 36 3 A T A I T I I3 T 3 I 3 3 6 3 33 3 36 9 3

SUBROUTINE TO CALCULATE THE AUTOCORRELATION OF AN ARRAY OF
ORDERED VALUES (SINGLE SUBSCRIPTED ARRAY)

B4 T I3 I A I T I I 2T I S I 3 I I

10

20

SUBROUTINE AUGAR (VAL. N, AMN, SD, LAGS, RHO)
REAL VAL (N), RHO(LAGS)

FORMAT (2110, &6F10. 5)

DO 20 NL=1, LAGS

cov=0.0

NINSAM=N-NL

DO 10 I=1, NINSAM
DISPAH=VAL ( I+NL)-AMN
DISP=VAL(I)-AMN
ACOV=DISPAH*DISP/FLOAT (NINSAM)
cov=Ccav+AcaVv

CONTINUE

RHO(NL ) =COV/SD##2

CONTINUE

RETURN

END

T4 T3 9 S A I 3 I I I S I T T T I I 3 I

SUBROUTINE TO CALCULATE THE AUTOCORRELATION OF AN ARRAY OF
ORDERED VALUES FOR A LAG OF ONE AHEAD & BELOW

36 38 B 3 3030306 I WIS I I FE I I I I I SIS I I IE I IE I T I I I 39 3

5
15

SUBROUTINE AUGARZ2 (VAL, N, L, AMN, SD, RHO)
REAL VAL (32, 62), RHO(N), AMN(N), SD(N)
REAL SUMVAL (60), SUMDIS(60)

FORMAT (2110, 9F10. 5)

FORMAT ‘07, I3,2X, 10F12. 4/(6X, 10F12. 4))

CALCULATE THE MEAN VALUE OF EACH ROW OF THE ARRAY

30

40

NOW

J0

&0

10

20

DO 30 I=1i,N

SUMVAL (1)=0. 0

DO 30 J=1,L

SUMVAL (I)=SUMVAL (I)+VAL (I, J)
CONTINUE

DO 40 I=1,N

AMN(I)=SUMVAL (I)/(FLOAT (L))

CALCULATE THE STANDARD DEVIATION OF EACH ROW
DO 50 I=I1,N

SUMDIS(I)=0.0

DO 50 J=1.,L
DISPER=(VAL (I, J)—-AMN(I))#%2
SUMDIS(1)=SUMDIS(1)+DISPER
CONTINUE

DO 460 I=1,N
VAR=SUMDIS(I)/(FLOAT(L)-1.0)
SD(I)=SART(VAR)

NM1=N-1

LMi=L-1

DO 20 I=1, NM1

cav=0. 0

DO 10 J=1,LM1
DISPAH=VAL (I+1, J+1)—AMN(I)
DIZP=VAL(I, J)=AMN(I)
ACOV=DISPAH#DISP/FLOAT(LM1)
cav=Ccov+aCoVv

CONTINUE
RHO(I)=COV/(SD(1)%SD(I+1))
CONTINUE

RETURN

END
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