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To convert inch-pound unit

foot (ft)

pound per square inch

atmosphere

millidarcy

centipoise

CONVERSION FACTORS

Multiply by
3,048 x 10T

6.895 x lO3

1.013 x 10°

9.870 x 10~10

1.000 x 103

°C = 5/9(°F-32)

iii

To obtain metric unit

Meter (m)
Newton per square meter
2
(N/m™)
Newtons per square meter
2
(N/m™)
2
Square meter (m")

Pascal second (Nt/mz)
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A COMPUTER PROGRAM FOR CALCULATING RELATIVE-TRANSMISSIVITY

INPUT ARRAYS TO AID MODEL CALIBRATION

By Emanuel Weiss

ABSTRACT

A program is documented that calculates a transmissivity distribution
for input to a digital ground-water flow model. Factors that are taken into
account in the calculation are: aquifer thickness, ground-water viscosity
and its dependence on temperature and dissolved solids, and permeability and
its dependence on overburden pressure. Other factors affecting ground-water
flow are indicated. With small changes in the program code, leakance also
could be calculated. The purpose of these calculations is to provide a
physical basis for efficient calibration, and to extend rational transmis—
sivity trends into areas where model calibration is insensitive to trans-
missivity values.

INTRODUCTION

If the average values of ground-water parameters were known for each
nodal area of a digital model, the prediction of stress patterns would be
the first effort in modeling. In practice, the data on which most ground-
water flow models need to be based commonly are few. If this is the case,
calibration of the model against historic potentiometric records usually is
attempted. In some cases, even adequate historic records are lacking, and
a steady-state calibration against one potentiometric surface is made.
(Research is continuing on the question of what errors are introduced when
a steady-state approach is used for model calibration for a system that is
undergoing change.)

The usual method of calibration is a repetitive procedure with trial
changes being made in ground-water parameters and the simulated results being
compared with field observations. Parameter changes can be made on a trial-
and-error basis, with the experience and skill of the modeler playing an
important role, or they can be made by a performance analyzer that embodies
formal optimization techniques (Neuman, 1973). The discussion in this report
is addressed primarily to the former procedure. A Fortran program is docu-
mented that calculates a relative transmissivity for each model node by
taking into account the dependence of ground-water viscosity on temperature
and dissolved-solids concentration and the dependence of aquifer permeability
on overburden pressure.



THE NATURE OF TRANSMISSIVITY AND LEAKANCE

In quasi-three-dimensional ground-water models, two of the most important
input parameters are aquifer transmissivity and confining-bed leakance. Both
contain hydraulic-conductivity factors:

T = Kd (L
where
T 1is aquifer transmissivity along the direction of K, (LZT_l); _
K 1is hydraulic conductivity along the aquifer-bedding plane, (LT ");
d 1is thickness of the aquifer, (L); and
L = K'/d' (2)
where

L is confining-bed leakance along the direction of K, (T—l);

K' is confining-bed hydraulic g?nductivity in a direction perpendicular
to the confining bed, (LT "); and

d' is thickness of the confining bed, (L).

Transmissivity and leakance are coefficients in the ground-water flow
equations that comprise a quasi-three-dimensional model (Trescott, 1976). As
such, they are convenient parameters for model simulations. More basic
parameters are factors of each; in particular, hydraulic conductivity contains
two parameters that characterize the ground-water and one that characterizes
the porous medium:

K = pg k/u (3)
where

p 1is density of water present in Ege rock matrix, (ML-s);
g 1s acceleration of gravity, (LT 7);
k 1is intrinsic permeability; sometimes called permeability, specific
permeability, or intrinsic hydraulic conductivity, (L2); ang1 _1
1 is dynamic viscosity of water present in the rock matrix, (ML T 7).
Hydraulic conductivity is associated with freshwater or constant-density
ground-water problems. In these problems, usually, only variations of
permeability (k) are considered significant. In regions where ground-water
pressures, temperatures, or dissolved-solids concentrations have large
variations, these variations affect hydraulic conductivity by affecting
ground-water viscosity (fig. 1) (Matthews and Russell, 1967) and density.
Changes in hydraulic conductivity due to viscosity changes are greater than
changes in hydraulic conductivity due to density changes, but density changes
may be significant, because the density of natural waters can range from 0.95
to more than 1.20 grams per milliliter (Potter and Brown, 1977).
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Figure 1.--Viscosity as a function of temperature, pressure, and dissolved
sodium chloride (modified from Matthews and Russell, 1967).
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Besides the effects on hydraulic conductivity, the fact that significant
changes in density occur affects Darcy's law. Specific discharge is no longer
proportional to the gradient of hydraulic head. Furthermore, where significant
density changes depend on ground-water pressure, temperature, and dissolved-
solids concentrations, variable density flow cannot be described in terms of
a potential (Bear, 1972). Because Darcy's law can no longer be written in
terms of a potential, the differential equation that results from the
combination of Darcy's law and the continuity equation is changed. In making
the resulting differential equation analogous to the constant density case
Weiss (unpublished data, 1981) finds it convenient to introduce a hybrid
hydraulic conductivity:

K = opgk/u (4)

where p_ is the concentration of pure water per unit volume of ground water,

ML_3. For problems with dissolved electrolytes flowing through coarse-grained
clayey soils, other factors enter into the ground-water flow description
(Scheidegger, 1974).

Density and Viscosity Determination

Usually, direct determinations of ground-water density and viscosity are
unavailable to model studies. The density and viscosity of brines can be
approximated by those of pure sodium chloride solutions of the same ionic
strength (Collins, 1975). Once this assumption is made, pure-water concen-
tration and ground-water density can be approximated from tables (Potter and
Brown, 1977). A program, based on these tables, that calculates ground-water
density and pure-water concentration, has been developed (Weiss, unpublished
data, 1981). This program could be combined with the program discussed in
this paper to calculate a relative transmissivity dependent on ground-water
density or a relative hybrid transmissivity. Throughout the following
discussion, it is assumed that model calibration is not sensitive to density-
caused changes in transmissivity or leakance distributions.

Viscosity can be approximated from the literature or figure 1 (Matthews
and Russell, 1967). An approximate empirical relationship that ignores
pressure dependence was developed by the author to fit the graph (fig. 1):

L L
u = (38.3/T°% - 14.6/T* + 1.48) (1 + DS/300) (5)
where

u  is viscosity, in centipoise;
T is temperature, in degrees Fahrenheit; and
DS is dissolved-solids concentration, in grams per liter.

This approximation's largest error is near 55° Fahrenheit, where it is
inaccurate by nearly 10 percent. An example of the use of temperature
dependence of viscosity in a model calibration is given by Konikow, 1976.



Permeability

On the basis of data compiled in many textbooks, primary permeability
(even of a specific lithology) may vary over several orders of magnitude
(Freeze and Cherry, 1979). In addition, consolidated ro¢k commonly has large
secondary or fracture permeability. Thus, it is almost impossible to estimate
permeability from lithology with the same certainty as viscosity and density
without additional information. Usually, the modeler has specific-capacity
data, electric logs, aquifer tests, drill-stem tests, or other data to decrease
uncertainty of the initial permeability estimate. If no information exists and
if recharge or flow estimates can be made, then these estimates can be used in
a few trial simulations to decrease permeability uncertainty (Konikow, 1976).

Calibration of the model may improve if permeability is decreased as
overburden pressure increases. Here, overburden pressure is the same as
effective stress which is used in aquifer mechanics (Poland, 1972). Effective
stress (overburden pressure) is the difference between the pressure exerted
downward by the sediments and liquids above a point within the saturated
deposit and the liquid pressure at the same point. Thus, effective stress and
overburden pressure are the intergranular pressures within the aquifer.

For sandstone, some relative-permeability curves, as a function of
effective stress, are shown in figure 2. The permeability-overburden rela-
tionship in the Fortran code in the last section of this paper is a concaten-
ation of line segments that plots between curves 2 and 3 in figure 2. This
choice corresponds to an unpressurized permeability of 40 millidarcies or
greater. For unpressurized permeability about 4 millidarcies, a choice
between curves 1 and 4 is appropriate. To calculate overburden pressure, in
pounds per square inch, from overburden thickness, in feet, multiplication by
a factor ranging from 0.5 to 0.25 gives a good approximation (Core Laboratories,
Inc., 1974). 1In the following program, a factor of 0.5 is used.

Although the present discussion is specifically a relative transmissivity
calculation for sandstone, the relative leakance for a confining bed easily
could be calculated using the same principles. A comparison of equations (1)
and (2) shows the principal differences. A laboratory determination of ver-
tical permeability as a function of overburden pressure for clay (kaolinite)
shows that overburden can change vertical permeability by several orders of
magnitude (fig. 3). This could be used in a relative leakance calculation for
a clay confining bed.

There is some ambiguity caused by the hysteresis of clays. Whether one
is on the rebound portion or the consolidation portion of the curve can cause
an order of magnitude difference in the value of permeability associated with
an overburden pressure. Another factor to consider is the effect of dewater-
ing. For a discussion of how this can affect aquifer and confining-bed
permeability, see Helm, 1975 and 1976. Another factor to consider is the
presence of residual, anomalously-high fluid pressures within low-permeability
material. These pressures can cause the expected effective stress on the
granular matrix to be less than expected (Rieke, 1974). Each of these factors
may be used as justification for changes to the calculated relative-
transmissivity arrays rather than incorporation into a computer code.
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(modified from Fatt and Davis, 1952).
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COMPUTER CODE

Data-Deck Instructions

The following tabulation lists the data input required for this example
and their corresponding formats.

CARD
1

2

COLUMN

1-10
11-20
1-80

FORMAT

I10
110
20F4.0

VARTABLE

¢
N[
VK

DEFINITION

Number of rows.

Number of columns.

Values of permeability
type, in any consistent
unit (20 values possible).
Type 1 is first; type 2
is second, and so forth.

All of the following input data require a parameter card, either preced-
ing an array or as the sole input for that data.

Every

parameter

card

When arrays are included, start each row on a

DATA SET VARIABLE

1

1-10

11-20

21-30

COLUMN

1-80

G10.0

G10.0

G10.0

FORMAT

20F4.0

20F4.0

20F4.0
20F4.0

20F4.0
20F4.0

FAC

IVAR

IPRN

TPK

T1

THK
TELEV

AELEV
DS

If IVAR = 0, FAC is the
value assigned to
every element of the
matrix for this layer.

If IVAR = 1, FAC is the
multiplication factor for
the following set of data
cards for this layer.

0--If no data cards are to
be read in for this layer.

1--If data cards for this
layer follow.

0--If input data for this
layer are to be printed.

1--1f input data for this
layer are not to be
printed.

new card.
DEFINITION

Permeability type array,
1 to 20 types. Numbers
used to designate type
are 1 to 20 (unitless).

Temperature array, in
degrees Fahrenheit.

Aquifer thickness, in feet.

Topographic elevation, in
feet.

Aquifer elevation, in feet.

Dissolved-solids concen-
tration, in grams per
liter.



Example of a Relative-Transmissivity Calculation

It is the purpose of this example to illustrate the data input and results
of a relative-transmissivity calculation for a hypothetical dipping-sandstone
aquifer of constant thickness. Temperature, dissolved-solids concentration,
permeability, and overburden pressure increase in the direction of dip.

The program is written so that 20 permeability types may be entered for
each aquifer. A permeability type may correspond to an area of similar
lithology. Once these areas are identified, each node in an area is assigned
the same value of permeability by the program. This programming avoids
having to repunch more than one number, when the value of any permeability
type is changed for calibrations runs.

It can be seen from the output of the calculated relative transmissivity
that the largest value is 9,998. This is true for every calculation.
Furthermore, the relative transmissivity can be put directly into group III,
data set 4, of the program in Trescott, 1976. In this program, the number
entered on the factor-card multiplies each number of the relative-
transmissivity array to calculate input transmissivity.



Data Input for Dipping-Sandstone-Aquifer Example
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w N

&

0e0

0.0

1e0
l.o

100

MAXAIMUM & MINIMUM THANS(I,J)=

100
2.0
2«0

2.0

00

3.0
3‘0
3‘0

Output for Dipping-Sandstone-Aquifer Example

1.0 ls0
LY Sev
%0 Sev
“e0 Se0
1.0 10
0.0

0.500E 02 0.800E 02

0.500E 02 04800E 02

0.500E 02 0.800E 02

000

0.0

0.0

0.0

0.200E 04 0.100E 04

04200E 04 00100E 0¢

0.200E 04 0.100E 04

0.0

o.o

040

Dco

0.500E 01 0.100E 02

0,500€ Ul 04100E 02

05008 01 04100t 02

0.0

0.0

INTRINSIC=R TYPE NU,

MATREXe LAYER I

le0 1e0 140  1e0 1.0
S0 940 Se0 50 10
9560  9e0 S0 5.0 1.0
Se0 9.0 Se0 9.0 160
la0 1.0 1.0 1.0 1.0
AQUIFER TuMP DATA MATRIXs LAYER 1
0.0 0.0 040 0e0 0.0
0o110E 03 04,140t 03 UVG170E 03 0.200E 03 0.230& 03
0,110E 03 0Qo.l4Ut 03 0,170E 03 0.200E 03 0,230t 03
0.110E 03 0o140t 03 0.170E 03 0.200E 03 0.230c 03
0.0 0.0 060 0.0 0.0
AQUIFER THICKNESS = 1000000
TOPO-LLEVATION IN FT = 2000,000

AQUIFER ELEVATION IN FT MATRIXe LAYER 1
0.0 0,0 0.0 0.0 0.0
0.0 =0,100& 04 =0,200E 04 -0.300E 04 -0.400E 04
0.0 “0,100t 04 =0,200E 04 <0.300E 04 -0.400t Qa
00 “0,100E 04 =0,200E 04 «0.300E 04 =0,400E 04
0.0 0.0 0.0 0.0 0.0

#se¢ DS (IN G/LITER)®ees MATRIXe LAYER 1
0.0 0.0 0,0 0.0 0.0
0.150E 02 0.200t 02 0.300E 02 0.500E 02 0,100t @3
0,150E 02 0,200t 02 0,300E 02 O0.590E 02 0.100t 03
04150E 02 0,200t 02 0+300E 02 05008 02 0.100t ©3
040 0.0 0.0 0.0 040
206,9028 Vel

10

0.0

0.,260E 03

0.260E 03

0+260E 03

0.0

FOR LAYER
FOR LAYER

0.0

=0+500E 04

=0,500E 04

=0+500E 04

00

0.0

0+400E 03

0+400E 03

0.400€ 03

0.0

0.0

000
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100,

(INTRINSIC PERMEABILITY)

K=VALUES FCOR LAYEK
O 4e 83 440 404k 0 3 Ay 0 S

(s
Qo
{a
Ue
U

Qo ?
Ueb43
Ue33
0eG3
Goll/

le18
0aG1
0,91
0291
lold

TO ENU CFH

U
0.
O
Ue
Ue

U.87
Ust?
Oedd/
UeB7
UeB7

lels
Ue65
Ue65
Ve65
1.18

O O
le leo
16 10
le 1a
0e 0o

OVERBRKON DELTA
PR T R Y R

DeB T 0,87
DedU U7 7
DeBO D77
NeBU UWT7
087 087

VISCOSITY

LA A-2-X-5-X- L0 R-ER-X-2 X%

118 1,18
050 0a41
0650 Ue4l
D50 V.41l
1.18 1.18

PRUGRAM #4

11

e
1.
le
le
U s

GeB7
Ge /3
0e?3
0e 73
Oet27

lels
0e35
0635
0635
lelB

U

100
100,
100,
100.
100,

(MY
le
1.
le
Ue

0ed?
0,70
Bl
He 0
Q.d?

118
0e34%
0e34
0e34
le18

100.
100.
100.
100.
100

U
le
I,
le
o

Qel7
oo
GebY
Jab'
Jetdd

lel8
Jeol
Qebl
0.51
1.18

100.
100,
100,
100,
100.

Jad7
Qa7
UeBT
Jus?
0.87

1.18
l.18
1.18
1.18
1.18



AELEV
DELTA

19, J9
KK

PSI
T1

DS
DSMU
TELEV
TEMP
THK
TPK

TRANS
VK

Definitions of Some Program Variables

Elevation of the aquifer middle, in feet above
sea level,

Ratio of permeability with overburden pressure
to permeability without overburden pressure.

Number of rows and columns in model grid.

Array of relative transmissivity with maximum
member equal to 9,998.

Overburden pressure, in pounds per square inch.

Aquifer temperature, in degrees Fahrenheit.

Dissolved-solids concentration of water in
aquifer, in grams per liter.

A factor expressing viscosity's dependence on
dissolved-solids concentration.

Elevation of land surface, in feet above
sea level.

Intermediate variable to which temperature 1is
assigned.

Aquifer thickness array.

Aquifer permeability type array.

Calculated relative transmissivity.

Estimated values of each permeability type
without overburden.

Array of estimated permeability without
overburden.

A factor expressing viscosity's dependence on
temperature.

Maximum and minimum values of calculated
transmissivity.

Calculated viscosity, in centipoises.

12



Fortran Program to Calculate Relative Transmissivity

The following Fortran program for calculating relative transmissivity
was written for a specific model study and contains code peculiar to that
study or data used in that study. Some of these peculiarities are:

1.
2

The arrays are dimensioned 21 x 26.

The decrease in permeability caused by overburden pressure is
calculated for sandstone.

Aquifer transmissivity is calculated, but simple changes can convert
the program to a leakance calculation for a confining bed.

The largest value of relative transmissivity is always 9,998.

For a ground-water temperature of less than 40° Fahrenheit,
transmissivity and viscosity are set equal to zero. This allows
the user to identify input errors in a temperature array.

A factor of 0.5 is used to determine overburden pressure; it can be
decreased to 0.25.

None of these peculiarities are difficult to change to suit an individual

study.

The program was run on the U.S. Geological Survey's Amdahl 470 V/7%
computer in Reston, Virginia, with an IBM System 360/370, Fortran IV,
H-extended compiler. Typical central processing unit time is 0.4 second.

*Any use of trade names is for descriptive purposes only and does not
imply endorsement by the U.S. Geological Survey.

13



CERUB R ReadBadealatasadtsttetadadadattdOtotdodtedsdtsdstsdasaatoadondondt

ThiS PROGRAM CALCULATES A RELATIVE AQUIFER TRANSMISSIVITY.
FACTORS CUNSIDERED: VISCOSITY AND ITS UEPENUENCE ON 0S &
TEMPERATURE s OVERSBURDEN PRESSUREs THKNES
AND OPTION TO INPUT UNPRESSURIZED INTRINSIC
HYDRAULIC CONDUCTIVITYesese
P Y e R L L L I T Ny N T T T F T Y Y YT T TS 'Ly 2
INTEGER BLK
DIMENSION TPK(21926)9 T1(21426)s THK(21926) s TRANS(21926) s INFT (2
12) ¢ 1OFT(Ge4)e IN(6)9 DUM(3)y TELEV(21926)s AELEV(214+26) 9 KK(21+26
2)e DS(21426)9 VK(20)s XK(21926) 9y DELTA(21926) 9 ZMU(21,+26)
COMMON /MISC/ 10940
DATA HLK/Y v/
DATA INFT/4H(20F 94H440) 44H(BFl94H044)/
DATA TOFT/P(lP0 et o 20" 9t2Xe2%9?0F6a'9?'1/(5'97Xe20%9'F6el'9?)) Yy
1 Vot (THO Y o' g ISe v 9 14FG gt 5/ (196Xl 9 4FDa?905)) 1, byt
2 '9‘(lHO'o'QISo'Q'IOEl'o'Z.S/'o'(6Xo'o'1051!s’2s5)'9') L '
Jef(1HO ety 150 ot 10EL1 91,3/t (6Xe%9?]0EL1'9"1e3)% ") Tyt 4
C@'QG#“#“
IRN=1
XMAX=0,40
XMIN=9999 ,0
DO 110 I=1,6

110 IN(E)=BLK
C Haa R RtadaRatatat oottt R Rt LaetedetttRRttORttetRatttOioteltaadtaastdsss

% & & % ¢ @

OO OO OO

C READ IN UNPRESSURIZED INTRINSIC HYUDRAULIC CONDUCTIVITY VALUE

C ASSOCIATED w EACH JYPE DEFINEU IN NEXT REAU=IN STATEMENT

C ¢ IN MILLIOARCIES, TYPICAL INPUT 3+4 FOR GRAVELs 9 FOR

C POOR AUUIFERS,) »
R LT T L R T R R R R Y T P e A 2 R R e T T T Y T e

READ (5¢210) [UsJ0
Cewea=kbAD IN INTRINSIC-K VALUESe VK(1l) ASSOCIATED W TYPE 1 (TPK(1))
READ (59¢220) (VK (J)eJd=1,20)
C we== KEAD IN INTRINSIC=-K TYPE
CALL ARRAY(TPKoINFT(1lel) s IOFT(1ol) o' INTRINSIC=K TYPE NOe®9s IRNyOUM)
Ce=== READ IN TEMPEKATURE OF AQUIFER
CALL ARRAY(TLoINFT(1el)3I0FT(194)s? AQUIFER TEMP DATA 4 IRMyDUM)
Cew=e READ IN THICKNESS OF AQUIFER
CALL ARRAY(THKoINFT(lel)sIOFT(1e4) s YAQUIFER THICKNESS 'y IRNsDUM)
L R Ty L Ry R P R e e Y R T T S T T T T T T YL
C TELEV & AELEV MUST BE IN FEET
C READ IN TOPOGRAPHIC ELEVATION OF PROJECT AREA IN FT ABOVE MSL.
CHB R R B R R B RS R R BB IO R B RO B BRI R R IR R B R BB RO R EEIRB R R R BB DD DURD
CALL ARRAY(TELEVeINFT(1e1)9sIO0FT(1e4) s TOPO=-ELEVATEON IN FT
1ABAVE MSL ' IRNIDUM)
C==== RKEAD IN AQUIFER MIDULE ELEVATION IN FT ABOVE MSL
CALL ARRAY(AELEVIINFT(1l41) e I0OFT(lo4) s *AQUIFER ELEVATION IN FT9,IRN
1,0UM)
Cew== READ IN DISSOLVED SOLIUS OF AQUIFER (IN G/LITER)
CALL ARRAY (USoINFT(lel)sIUFT(lea)orsus DS (IN GZLITER) ##ustst,]
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1RN s DUM)
DC 140 I=14]0
DO 140 J=14,J0
XK{I+J)=0,U
Kk (1ed)=0
IMU(L9J) =040
DELTA(IsJ)=040
R LR L L R R L R R R R R R R TR g g TR R TR R R e e T T )

C BEGINNING OF VvISCOSTY CALCul.aTION
c”“@ﬁﬁ#*“ﬁ““#“”§“”“ﬂ“§”ﬁ#*@““ﬁ&*ﬁﬁ#%”*”*#“”ﬂ”*“#*%““““““#*“*Q*#Q“#“#Q#Q#
IF (THK(I4J)ekGa0) GU TO 130
IF (T1(1,3).LT.40) GO TO 130
IF (T1(IsJ) eNEe0) TEMP=TLI(IsJ)
XMU=38,43432/SCRT(TEMP) =16.623/SURT(SWURT(TEMP))
YMUSXMU+] ., 481
DSMU=1.+(DS(1,d)/300.)
IMU T 9 J)=YMUHDSMY
DC 120 K=1,20
IF (TPK(JTeJ)ebEWeK) XKA(I4J)=VK(K)
120 CONTINUE
C*#Q&‘}f’“ﬂ'ﬂ#““'u()‘ﬂ'(X-‘I}{}”5Q5)‘?*'5?.3ﬁ*§9*“ﬂ**‘?ﬁ(X-ﬂ"l)ﬁﬁ#*ﬂQf?ﬁ**%“#“*#*“#“*Q“*“**Q#*ﬂ'““

C  ARKAY AELEV(IsJd) IS ELEV OF MIUDDLE OF AQUIFER %
C%#Q&Qﬁ###QQ#&%#%‘:%###D%G&é'l:-b%{ﬂ“&%é#%bﬂ&&%&#ﬂé%u%ﬂ*##&#%##ﬂ##&u#“#o##ﬁ“&*
PSI=(TELEV(IoJ)=ALLEV(IvJ) ) /20
IF (PSIGLE.1500) UELTA(I9U)=1400=042%(PSI/15004)
lF ‘PSIQLEOU) UELIA‘19J)=100
IF (PSIe0GTel9U0eANU«PSIWLEC3000) CELTA(ISJ)=U8=041#((PSI-1500.)/15
1004)
IF (PSIeGTe3000sANDPSILECI2000) DELTA(IsJ)=SaT=a2%((PSI=3000.)/90
10Ca)
1F (PSLeGTe12000) DELTA{I+Jd)=0,45
C####ﬁ#*%##b##*&ﬁ**&ﬂ%#-;b&#QQ&###&H&&&b*%%##‘l&&b%oﬂ'&#%i&####ﬁ#%é*%#ﬁ#&%###b&

c RELATIVE TRANSMISSIVITY IS CALCULATED NEXT #
(R R R T R T R R Y R R R R R R R R g g R R R R TR R L R R R R ey
TRANS(T 9 J)=XK (T o) #THR (L4 I ¥DELTA(L2J) Z7ZMU(T 0 J)
IF (TRANS(I+J) eGTeXMAX) XMAX=TRANS(IeJ)
IF (TRANS(I9J) eLToXMIN) XMIN=TRANS(I9J)
GO TO 140
130 TRANS(LsJ) =040
ZMU(Led} =060
140 CCNTINUE
R L Ry R R g g g R g R T R R T R SRR T AN R R R T

C G999, /XMAX MAKES THE MAX TRANS(IeJ) VALUE 9999,
c##&u#%&#au*#&&&##(&rﬁ%#aﬂun;ut-ieG-»-rrh'-ﬂ%u&u»Q#u*#&%a#*&h&#ﬁﬁ**ﬂ&#&#*#QD#&#@H}&#
WRITE (6+4240) XMAX¢XMIN
WRITE (£e230)
00 160 I=1,10
DO 150 JU=14J0
150 KK{(IoJ)=INT(TRANS(14J) #9999 ,/XMAX)
WHITE (662500 (KK(1eJ)evd=1940)
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510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
6690
670
680
690
700
710
720
730
740
750
760
773
780
790
800
al1o0
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

1000



1€0

170

180

190

200

210
220
230
240
2s0
260
2o
280
250
300
310
320
330
340
350

WRITE (74260) (KK(IeJ)eJ=1leJd0)
CCNTINUE

WRITE (64270)

0C 170 I=1,10

WRITE (64280) (THK(IsJ) ¢d=1e¢J0)
CONTINUE

WRITE (64290)

0C 180 I=1.10

WRITE (64300) (XK(IeJ)eJ=1leJ0)
CONT INUE

wKkITE (69310)

DO 190 [=1,10

WRITE (64320) (DELTA(1lcJ)od=19J0)
CCNTINUE

WRITE (6+330)

DO 200 I=1.I0

WRITE (64340) (ZMU(I9J) yJ=1+J0)
CONTINUE

WRITE (64350)

248 3 30 85 3% 35 38 35 45 35 A0 38 38 30 4 8 41 46 46 8

STOR

FCRMAT (2110)
FCRMAT (20F44U)
FCRMAT (1H1 915Xy *RELATIVE TRANSMISSIVITYty/9lb6Xetodanasnnsny)

FORMAT (1H ol0Xy*MAXIMUM & MINIMUM TRANS(I+J)='9F10e%93XsF10e49//)

FCRMAT (T2+261447/)
FORMAT ((201497)9614)

FCRMAT (1HLel5Xe!' AQUIFER THICKNESS 's/sl6X t00saidaniotinsy)

FCRMAT (T2426F54047)

FCRMAT (1H1912Xs 'K=VALUES FOR LAYER t'y/s]16Xytotunantaannaaataaniet)

FCRMAT (T2426F5,09/)

FCRMAT (1H1919Xs *OVERBRDON UELTAY 9/ 916Xyt #ettrttaaantanaannany)

FCRMAT (T2+26F5424/)

FCRMAT (1H1915Xg'VISCOSITY "9/ 916Xy tasunonnnnnsnattsnssy)
FORMAT (T2+26F5,247) )

FORMAT (//9'%% RAN TU END OF PROGRAM ##1)

END
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Al010
Al020
Al030
A1040
A10S0
Al060
Alo070
A1080
A1090
Al1100
A1110
A1120
Al1130
A1140
A1150
Al160
A1170
Al1180
Al1190
Al200
Al210
A1220
A1230
Al1240
A1250
A1260
Al270
A1280
A1290
A1300
A1310
A1320
A1330
A1340
A1350
Al1360
A1370
A1380
Al1390-~



OO0

SUBROUTINE ARRAY(A¢INFToIOFToINeIRNoTF)

SUBROUTINE ARKAY(ASINFTSIOFTsIN9s IRNoTF)
P g T T T Y ]
INTEGER BLK
UDIMENSION A(21626)¢ INFT(202)9 IN(6)s TF(3)s DUM(3) e DUM2(4)s IOFT
1(S94)
CCMMUN /MISC/ 10+J0
DATA BLK/ZY v/
K=1
READ (S54120) FACsIVARIIPRNTF9IRECS,IRECD
IC=4+#RECS+2%*IVAR+[PKN+)
GO TO (10910¢30630660+60)¢ IC
10 00 20 I=1,10
00 20 J=1,4J0
0 A(leJ)=FAC
WRITE (64100) INsFACHK
GO TO 80
30 IF (ICeEQ.3) WRITE (6¢110) INsK
DO S0 I=1,10
READ (SeINFT) (A(IeJd)ed=19J0)
DO 40 J=1,J0
40 A(I J)=A(19J)®FAC
S0 IF (ICeEQe3) WRITE (6sIOFT) Ie(A(Iod)ed=1eJ0)
GO 71O 80
60 CONTINUE
IF (IC+EQe6) GO TO 80
WRITE (64110) INeK
Dc 70 [=1,10
T0 wRITE (64I10FT) I9(A(led)eJd=1s40)
£6 CONTINUE
JRN=IRING]
DC QU I=1,6

230
240
250
260
270
280
290
300
310

S0 IN(I)=8BLK 320
RETURN 330
340

cc=fF(RMAT === 350

360
370

100 FCRMAT (1HO0+S2X96A4s' =1,Gl5a7s' FOR LAYER'yI13)
110 FORMAT (1H1+45X96A49 " MATRIXs LAYER'913/46Xy4]1(0=1))
120 FORMAT (F104U9211093F10,092110)

END

390
400
410
420-

Tt X CCCETPTTCIITTTICTITIOIETITXICTCTITTTTD
N
—
o
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