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ABSTRACT

the reliability of predictive and management models for ground water
would be improved by better aquifer~parameter estimation. As progress
continues in the use of computers to simulate ground-water systems, parallel
progress must occur in data collection and analysis. Among the various
methods available for the determination of aquifer parameters, pumping tests
occupy a prominent position. The maximum advantage is gained from an in-situ
pumnping teS£ when geological knowledge of the aquifer and the analysis of

aquifer test data complement each other. Relying on one piece of evidence,

:

such as a single pumping test, might lead to unwarranted conclusions but when

e

used with a combination of other pumping tests, borehole data, geological
information, and experience, reasonably accurate conclusions about the aguifer
parameters can be obtained. 'The purpose of this paper is to present a
technique involving the use of convolution and sensitivity analysis to obtain
the "best" fit of aquifer parameters in a least squares sense from a pumping
test with variable pumping rate. The method also can be used to analyze the
residual drawdown data obtained during the recovery period. In addition, this
method can also analyze drawdown and recovery data conjunctively. Constant
drawdown and variable discharge data of artesian flowing wells can also be
analyzed by this method. The method is straight forward, quick, inexpensive,
and is always objective. No graphical plots or graphical interpretationé are
needed. As a measure of error, the rms (root-mean-gquare) error in drawdown
is calculated along with the correlation coefficient between pumping-test data
and the theoretically generated data, using the converged values of

transmissivity and storage coefficient.



INTRODUCTION

Accurate determination of aquifer parameters, notably the coefficients of
transmissivity (7) and storage (8), is hecessary for a quantitative unde re
standing of most broblems in hydrogeology. For over four decadeg considerable
research has been done to improve the reliability of ground-water predictive
and management models through better aquifer-parameter estimation, and the
efforts continue. Among the methods available for the determination of
aquifer barametersg, pumping tests have the advantage of analyzing a
significant part of the aquifer ag a whole, in an in-situy condition. 1In
addition, the tagt data may at timeg give a clue as to the existence of
certain geohydrologic conditiong which may otherwise be unknown.

Equations describing the drawdown distribution around pumped wells
operating at constant discharge from an elastic artesian aquifer of uniform
thickness have been known since Theis (1935) and have been used for a variety
of aquifers. The Theis equation for non leaky aquifer bumping=-test data has
broved quite useful in practical applications. However, once the condition of
constant pumping rate imposed by the theory is not met in the field, the Theis
equation is no longer applicable to describe the drawdown distribution.

In various instances, the limitation of constant pumpage rate is not
obtainable in the field. In some field installationg bumping at a constant
rate may not be possible due to the self adjustment of a constant=speed pump
to the declining head in the well, in accordance with the head-discharge
characteristics of the bump and the hydraulic properties of the aquifer. 7Tn
determining the specific capacity of a production well, the bpump rate often is
varied in step fashion, Situations such as a sudden break-down of pumping
equipment during the course of a pumping test and the resumption of pumping at

the same or a different rate would result in a variable-rate pumping test.,

g
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The drawdowns observed under these conditions cannot be analyzed reliably by
the common conventional methods of pumping-test analysis, because these
methods presuppose a congtant discharge rate during the course of the test.
various investigators (Stallman, 1962; Abu~7Zeid and Scott, 1963; Hantush,
1964; Abu~Zeid, Scott and Aron, 1964; Aron and Scott, 1965; and Sternbery,
1967, 1968) realized the limitation of conventional methods and outlined
analytical and graphical methods for analysis of variable-rate pumping-test
data. Stallman (1962) devised a graphical method, which is essentially based
on the Theis equation. In this method, a continuously varying discharge rate
is divided into a number of small segments, from which a family of type curves
is constructed. A graphical fit of logarithmic drawdown and log 1/t to the
Family of type curves determines the aquifer parameters. Abu-Zeid and Scott
(1963) studied nonsteady flow for wells with decreasing discharge in nonleaky
confined aquifers; Hantush (1964) rigorously analyzed an exponentially varying
discharge rate in leaky and nonleaky agquifers. Both the studies of Abu-Zeid
and Hantush are based on the assumption that the discharge variation with time
follows a certain mathematical relationship (exponential type). The results
of these investigations led to the evaluation of variable-rate well func-
tions. The graphical solution of aguifer parameters, proposed by Abu-Zeid and
Scott (1963) and Hantush (1964), is based on empirically determined discharge
parameters for an exponential discharge-time relationship. Abu-~Zeid, Scott,
and Aron (1964) presented modified solutions for decreasing-discharge wells
and proposed adjustment of the observed drawdown by an adjustment factor that
depends on the time of observation and on empirically determined discharge-
variation parameters. The discharge-time relationship, as proposed by the
authors, did not prove satisfactory and they suggested "approximate solutions"

be sought for various time~discharge relationships. Aron and Scott (1965)



proposed a graphical method, based on Jacob's approximation of the well
function, W(u), that required the steepest decrease in discharge to occur at
early time after pumping began. For accurate prediction of drawdowns in
observation wells, where radial distances may be large, the method requires t,
the time of observation, to be very large, so Jacob's approximation is

valid. Sternberg (1967) gave a graphical technique for the determination of
aquifer transmissivity, based on the record of recovery data generated from
variable pump rates at an observation well after the pump shut down.

Sternberg later (1968), using Jacob's approximation of the well function,
presented a graphical method based on the principle of superposition.

All the above mentioned methods involve the visual comparison of pump-
teét data to theoretical type curves and involve laborious evaluations of
certain expressions even where simplified graphical solutions are proposed.
The purpose of this paper is to present a technique and an algorithm to
automatically fit field-observed, variable-rate, pumping~test data to the
uniform, horizontal, homogeneous, infinite confined aquifer equation. The
method of convolution is used in handling the variable pumping rates, and
sensitivity analysis is used in obtaining the "best" fit of aquifer
parameters, in the least-squares sense. After the Theis equation has been
evaluated for all the variable rates of pumping and the resulting drawdown
obtained by convolution, the sensitivity coefficients can be obtained with
little additional effort. The well function and sensitivity coefficients are
caleulated numerically for arbitrary space and time variables; thus, the Jacob
approximation is not necessary in this work.

The automated analysis of pumping tests for nonleaky and leaky confined
‘aquifers with constant pumpage has been published previously (McElwee, 1980a;

Cobb, McElwee and Butt, 1982). For a more detailed discussion of gsensitivity



coefficients and their uses, see Yuklexr (1976) and McElwee and Yukler

(1978), Sensitivity coefficients are used to predict the change in drawdown
due to changes in aguifer parameters. The aquifer parameters are adjusted in
a systematic way until convergence occurs. The root-mean-square error for the
drawdown indicates the goodness of fit between pumping-test data and
theoretical drawdown. Computation of the correlation coef ficient, based on
the "best" values of transmissivity and storage coefficient, also aids in
evaluating the goodness of fit. A high correlation coefficient (low rns
error) would indicate a good fit, whereas a low correlation coefficient (high
rms error) would indicate a poor fit. Automated fitting procedures have been
suggested before (Saleem, 1970; Labadie and Helwig, 1975; Holzchuh, 1976) but

they have not used variable pumpages and sensitivity analysis.

THE THEIS EQUATION AND ITS NUMERICAL EVALUATION
Theis (1935), working on the concept of two-dimensional flow of watex,
described an analytical solution for horizontal, radial confined ground-wataer

flow as

0
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Theoretically the above noneqguilibrium equation applies rigorously only to
aquifers which are of uniform saturated thickness, homogeneous and infinite in
areal extent. Presumably, trénsmissivity is constant at all times and places,
the well penetrates the entire aquifer, and the pumped well has an
infinitesimal diameter. The derivation and solution is documented in many

places and will not be discussed further here (Theis, 1935; Jacob, 1940). In



Eq. (1) s is drawdown [L] as a result of constant pumpage Q [LB/T], T is the
transmissivity (hydraulic conductivity x saturated thickness) [LZ/T], t is the
time of observation [T], 8 is the dimensionless storage coefficient (volume
release of water from storage per unit area per unit decline in head), and r
is the radial distance from the pumped well [L].

The Theis equation in exponential integral form can be written as

<3 ey .-mg'—-—
S AT Ww(u), (2)
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where W(u) = f %w dx,
u v

u = r? s/4aTt,
and x is a dummy variable of integration
values of W(u) (sometimes referred to as the well function) in terms of the
practical range of u are tabulated in many places {(Abramowitz and Stegun,
1968). The numerical solution of the Theis equation in the range of 0 < u < 1
and 1 € u € ® ig described by McElwee (1980b). 'the absolute error in the
numerical approximation for the well function is small for all values of u and

is not a real limitation.

CONVOLUTION USING THE THEIS EQUATION

For a linear time-invariant system, such as described by the Theis
equation, the principle of superposition holds. This means that the system
output response (drawdown) can be calculated for an arbitrary input (pumpage
change) by convolution of the input with the impulse response function
(Kanasewich, 1981).

The convolution integral has been actively used for ground-water flow

problems in the past 15 years. Moench and Kisiel (1970) used the convolution



equation in estimating recharge from an ephemeral stream using water-level
fluctuations in an observation well. For nonleaky and leaky aquifers a
solution for the drawdown using the convolution integral has been presented by
Moench (1971) for an arbitrary discharge function. Hall and Moench (1972)
applied the convolution equation to study the stream-aquifer relationship.
Morel-Seytoux and Daly (1975) used the convolution eqguation in developing a
discrete kernel generator for stream-aquifer studies whereas various other
investigators (Maddock, 1972; Bhatalla and others, 1977) have used the
convolution integral in its discrete form in the application of linear systems
analysis of multiwell systems.

Mathematically, convolution can be expressed as

t
s(t) = [ AQ(T) U(t-T) dr (3)
0

where s(t) is the system response or drawdown at time t, T is a dummy variable
of integration, U is the system impulse response function, and AQ is the
system input or change in pumpage. Many authors show the convolution integral
with integration limits of negative and positive infinity. Those limits are
not necessary here since AQ(T) and U(t-1) will be defined as zero for negative
arguments. In the proper use of convolution, the system must be linear so
that the principle of superposition and proportionality are applicable. Also,
stationarity is assumed t§ exist, which means that the aquifer model is time
invariant.

The Theis equation predicts the drawdown in response to a step change in
pumping rate (impulse) from zero to @ at t = 0 (AQ(T) = Q&8(1), where §(t) is
the Dirac-~delta Ffunction; Kanasewich, 1981), discharge remaining constant
thereafter. From this argument, the system impulse response

function (AQ=Q=1) is clearly given by
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The integration in Eg. (3) is assumed to contribute nothing to the units,
i.e., the product of AQ and U has units of drawdown. Therefore, the systen
response or drawdown at any time due to a series of pumpage changes or

impulses (AQ) should be given by the convolution

1
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t
s(r,t) = f AQ () W[

o
Suppose the pumpage changes only at a finite number of discrete time points as
shown in Figure 1. In this case, AQ can be represented by a series of delta
functions

n+1

AQ(T) = L AQiG(Tmti_
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and the integral in the convolution equation can be replaced by a suwamation

t <t st (4)
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1f W is defined as zero for negative arguments, this equation simplifies
somewhat
n+1

s(r,t) = L AQ
i=1

1 [ r?s ]
i4mre THaT(t-t, L)

Pumpage is assumed to stop at time tos however the drawdown may be calculated
at any time by the above equation. Therefore, drawdown during the recovery
period also may be calculated by eqguation (5).

As an example, consider a well pumping at a rate Q4 from t = 0 to t = t,
and then the rate o is changed to Q.. The drawdown at every instant is given

by
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Figure 1. Varying pumping rates (impulse input).
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The above computation is equivalent to calculating the drawdown due to pumping
at rate Q beginning at t = t_ from one well and adding to it the drawdown due
to pﬁmping at rate (QZ"Q1)’ beginning at t = t1 from a second well at the same
location (Figure 2a). The case of well shutdown and recovery is handled by
considering Qy = 0 (Figure 2b). The drawdown measurements during the pumping
period and residual drawdown (or recovery) measurements during the recovery
period (after pump shutdown) provide two distinct sets of information from o
single aquifer test. The theory of superposition treats the water-level
changes during the recovery period as being the regult of an imaginary
recharge well in addition to the pumping well. The theoretical residual
drawdown is computed by assuming the imaginary recharge well(s) injects water
into the agquifer at the same rate and location as the discharging well(s).
This gives a net zero withdrawal after pump shutdown.

When a well pumps 24 from t = tO =0 tot=ty, then Qs from ty to t, and
in general Q, from t; , to t; (i = 1,2,3,+..n) (Figure 1), then AQi = Qo Q4L

1+ From Eq. 4, the drawdown at any time t is given by

Kk 2.
1 C s
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s(r,t) = 3o 'i1 (Q,-0, ) WL4T(t~ti“1)J Pt <t (8)
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an identical equation is derived by Bear (1979) by a slightly different
approache.

Application of Eg. 5 to calculate the drawdown may seem complicated at
first glance. However, it is very easy to do on a computer. The lmpulse
response function, W(U)/4mT, can be calculated numerically by approximations
mentioned earlier (McElwee, 1980b). The resulting drawdown is simply a sum of
these impulse response functions multiplied by the appropriate AQi and time

shifted to a new origin at t, ;.

SENSITIVITY ANALYSIS

When treating ground-water flow mathematically, specifying physical
parameters with high precision is possible. However, in real world
situations, one has some uncertainty in these parameters. We must have some
way to quantify the change in calculated head caused by a small change in the
aquifer‘parameters, The theovetical basis of this technigue is called
sensitivity analysis and is outlined by Tomovic (1962), while the application
to hydrologic problems has been examined by Vemuri and others (1969), McCuen
(1973), Yukler (1976}, McBlwee and Yukler (1978), McElwee (1980a, 1980b), and
Cobb, McElwee, and Butt (1982).

In formulating the sensitivity analysis of a confined aquifer, it is

assumed that the solution of the flow equation may be written as
h = hix,y,t; 8, 7,0). (9)

Perturbing the parameters $ and T by small increments AS and AT produces a
corresponding perturbed head, h*. BAssuming AT and AS are small enough such

that higher powers can be ignored, a Taylor's series expansion gives
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h* = h + UTAT + U s, (10)
N [»]
and U o= e ’ U = g (11

U, and Ug are called sensitivity coefficients with respect to transmissivity

T
and storage coefficient respectively. BApplying Leibintz's rule for

differentiating an integral (Hildebrand, 1962), McElwee (1980b) showed that

the sensitivity coefficients U, and U, for constant pumpage rate ( are
T S

s o2
U (re) = 224 —2- mxp[ 3] (12)
* anr?
U (rt) = ~[+2-] Bx ["rZS] (13)
gt anrsd PRI
By analogy Upy and Ug for variable pumpage rate are obtained by
differentiating Egq. 4.
koA 2
as(r,t) -g{xr,t) . 1 S Sl
U _(r,t) = = = + 3 Exp | | t, <t <t
T AT m ~ : ! wef -
! : i=1 4wp? ar(e-t; o) o K
(14)
U (rt) = SSLEEL ; fgiw Exp | - ww»fiﬁwwwwj £ <t <t
s 38 2 amrs P Frete ) k-1 k
i=1 i=1
(15)

Coefficients Urp and Ug for variable rate Q; may be easily evaluated by using
standard exponential functions available on any computer. Values of U and Ug
so obtained may be used in Eqg. (10) to calculate the new head values caused by
changes AT and AS. McElwee and Yukler (1978) indicate Eq. (10) is valid

for AS and AT less than or roughly equal to 20% of 8 and T respectively.
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LEAST-SQUARES FITTING PROCEDURE
The objective of any curve-~fitting technigue, whether visual or

automated, is to obtain as close a fit as possible between the theoretical
type curve and the experimental data set, thereby obtaining good values for
the aquifer parameters. Manual curve fitting relies mainly on the best "eye
ball" fit and the quality of the data plot, which is likely to vary from
person to person. In the automated fitting technique no human judgement or
bias of the data points is involved (unless variable weighting of data points
is used). Sensitivity equations developed earlier are used to obtain a least
squares fit of experimental test data to the appropriate equation. To apply
thig procedure, a squared error function shall be defined as:

ERROR = f[se(ti) - s*(t,) ]2 (16)
ERROR is the sum over all measurements of the squared difference between
experimental drawdown Sq and the updated or new drawdown s*. ty is the
discrete time at which an experimental measurement of the drawdown is made.

of hO represents the undisturbed

The drawdown is defined as s(ti) = h(ti) - h
or prepumping water level and h(ti) is the water level at time t = tiw

The updated drawdown computed from a truncated Taylor's series afterx

changing T and 8 by AT and AS is
gk = g 4+ UTA'I.‘ + US/_\S. (17

McElwee (1980b) has explicitly solved for AT and AS, which when used in eq.
(16) minimizes ERROR. The updated values of T and $ are given by
rr

ipp =Ty b AT,

and S. = G, + AS,

13



The updated values of T and $§ produce a new set of calculated drawdown
values. These values are then employed in the least-squares procedure to
obtain new values of AT and AS. This process continues until the AT and AS
values simultaneously become so small as to be insignificant and satisfy a
specified convergence criteria.

The goodness of fit obtained at the termination of the last iteration is

indicated by the value of the root-mean-squared error, given by

ERROR

N

rug exror =

where N is the total number of observations. rms error is a measure of the
accuracy of fitting the measured drawdowns 8, to the theoretically generated
drawdowns ﬁf’ A low rms error indicates a good fit for the converged
parameters T and S. Freguently, expressing the degree of statistical
relationship by a descriptive measure, such as the correlation coefficient, is
useful. The degree of relationghip between the pumping-test data and the
theoretically generated data would lie in the range 0 to 1. For a close
relationship, the correlation coefficient would be near to 1; for poor or no
correlation, it would be close to 0.

In order to realize good convergence properties, maintaining physical
reality in the system, by preventing 8 and T from becoming negative at any
iteration, is helpful. Due to the first-order sensitivity formalism, initial
guess values considerably larger than the correct value may result in over-
reaction and negative T or 8 values during that iteration. For this reason, T
and S are not allowed to change by more than a certain amount in one
iteration. Also, an additional reqguirement is that S cannot be greater than

1.
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APPLICATION TO TYPICAL DATA

7o check the accuracy of the propo
discharge hi
presented in Table 1.

113.83 ftB/min.

of pumping since the last time entry.

drawdowns at two plezomete
various times between 2 minutes and 4096 minutes.

transmissivity (T) of

sed method, the well drawdown and

Column 2 represents the average di

story synthesized by Aron and gcott (1965) was used and is
Their model used a continuously varying Q, starting at

scharge during that period

Columns 3 and 4 show synthesized

rs 25 feet and 50 feet from thetpumping well, at
The synthesized data

1 ftz/min and a storage coefficient (8) of 0.001.

Table 1
Col Col 2 Col 3 Col 4
t 0 DRAWD OWN
(minutes) (£t3/min) r = 25 ft (ft) r = 50 ft
2 106.47 17.12 7.49
4 94.73 20.78 11.29
8 85.97 23.46 14.60
16 77.82 25.41 17.27
32 71.11 27.04 19.51
64 65.88 28.62 21.58
128. 61.94 30.06 23.46
256 58.60 31.58 25.30
512 55.88 33.10 27.09
1024 53.47 34.54 28.78
2048 51.06 36.16 30.59
4096 48.55 37.45 32.08

(T = 1 £t%/min; S = 0.001)
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Initial estimates of 7T and 8 for the automated analysis were chosen 2 to
3 orders of magnitude above and below the true value. Convergence occurred in
10-18 iterations. The convergence criterion requifed the change in transmisg-
sivity and storage since the previous iteration to be less than or equal to
0.01% of the previous values.

The best fit of aquifer parameters is shown in Table 2. FEach data set
for piezometer 1 and 2 was independently analyzed by the automated
procedure. The automated rms error is only a few tenths of a foot and the
correlation coefficient is close to 1, which indicates a good fit. The values
for aquifer parameters determined by the automated procedure are compared with
the true synthetic values for the evaluation of percent error. The percent
error for parameters obtained graphically by Aron and scott (1965) are much
higher (from 5 to 13%) than those obtained by the automated fit (1-3.5%).
Also, the data sets of piezometers 1 and 2 were analyzed simultaneously by the
automated routine. The numerical agreement of the true synthetic values and
automated fit values of 8 and T is very close, with the percent error being
between 1.26 and 1.77. The "best fit" drawdowns for this case (1 and 2
analyzed together) are shown in Table 3. The root-mean-square error deviation
in drawdown and correlation coefficient (between field-observed and
theoretically generated drawdowns) varies from 0.188 to 0.231 £t and from
.99968 to 0.99926 for the three cases regpectively. The xms error is a
measure of the magnitude of error at an "average" data point. Several other
variable-rate pumping tests that were available also have been analyzed.
Numerical convergence was rapid and agquifer parameter values as measured by

rms and correlation coefficient indicated accurate determinations. However,

16



the analysis can only be as good as the data.

One cannot obtain satisfactory

results from poor data or data that violate the assumptions inherent in the

variable-rate Theis model.

Table 2
Parameters Obtained by Percent Error Automated
Radial Graphical Automated Graphical Automated rms
“Well Distance Fit Fit Fit Fit Exrroxr Correlation
No. r (ft) T* S T 3 T S T S (£t) Coefficient
1 25 1.05 .00087 1.0100 .001036 5 ~13 1.05 3.5 0.231 «99926
2 50 1.07 .00088 1.0128 .001006 7 -12 1.26 65 0.188 99968
1&2 25,50 1.0125 001017 1.26 1.77 0.217 -99960
P o= ftz/min
Table 3
Best Fit Time Drawdown Pairs
(Wells 1 and 2 analyzed simultaneously)
Time Drawdown (£t)
(minutes) Well No. 1 Well No. 2
2 17. 11 7.29
4 20.69 11.12
3 23.51 14.48
16 25.56 17.23
32 2721 19.53
64 28.77 21.62
128 30.31 23.57
256 31.81 25.43
512 33.32 2723
1024 34.76 28.94
2048 35.97 30.41
4096 36.85 31.56

17



PROGRAM THELS.VARQ

Program THEIS.VARQ is written in user—friendly (time sharing) mode;
a listing appears in Appendix I. All the variables and variable types
(e.g., Integer; Real, Character, and Logical) are listed at the begin~-
ning of the program along with the units of measurement. Frequent
comments are provided to help understand the program flow and its logic.

The program THEIS.VARQ is written in FORTRAN 77 and was used on a
Data General MV8000 series computer. In general, the algorithm is not
in machine-dependent code. (In order to make program THEIS.VARQ compat-
ible and adaptable to FORTRAN IV compilers or to other foreign machines,
the only statements that may need to be readjusted are PARAMETER, OPEN,
and free format (read and write) statements). There are some preas=
signed parameter statements (i.e., array dimensions) in the algorithm
that the user may need to redefine from time to time. TFollowing is a
list of the array sizes that may need to be re-dimensioned, provided the
preset dimension size is insufficient.

NDM (number of drawdown, recovery, or drawdown and recovery
measurements) set presently to 200;

NOB (number of observation wells) set currently equal to 8; and
NVQ (number of variable pumpages) set currently to 30 in the
program.

Should any of the above listed array sizes be lower than needed by
the user, the appropriate array would need to be redimensioned accord-
ingly. The program is designed to check internally for each of these
array sizes and if insufficient array size 1s found, an appropriate
message 1s written onto the user's terminal and program execution stops.

There are some preassigned parameter values (NITER, TOL) in the
algorithm which the user may not have any need to change in normal

18



usage. The maximum number of iterations (NITER) has been set to 25,
since our experience from the experiments that we performed shows that
all the data sets tested converge in fewer than 25 iterations. However,
1f convergence does not occur in 25 iterations, this statement may be
changed and the number increased. The value TOL (abbreviation for
tolerance) is used to check for convergence. Making it larger reduces
the number of iterations while decreasing the accuracy of the fit.
Reducing its value has the opposite effect. In the program it has been
assigned to at 0.00l (i.e., 0.1 percent).

In the proper usage and execution of the THEIS.VARQ program, the
user should be aware of the preassigned value of parameter NCONV. NCONV
is an on-off switch which allows the user to make use of the program for
two distinctly different purposes. Setting NCONV=1 (i.e., switch is on)
lets the user obtain the best fit of aquifer parameters for field ob-
served drawdown, recovery, or drawdown and recovery data. However, in
instances where the aquifer parameters (i.e., transmissivity and storage
coefficient) are known, setting NCONV=0 (i.e., switch is off) would
allow the user to compute the drawdown, recovery, or drawdown and re-
covery at selected time intervals for known variable (or constant)
pumpages.

The THEIS.VARQ algorithm is flexible and is designed to analyse
drawdown and recovery data elther separately or conjunctively, depending
upon the cholce of the user. Both constant or variable pumpage can be
handled by the program. Thus a set of drawdown and/or recovery data
from an observation well(s), as a result of variable (or constant)
pumpage, could be analysed in the following three different ways:
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1. DRAWDOWN data analysis alone; or

2. RECOVERY data analysis alone; or

3. DRAWDOWN AND RECOVERY data analysis conjunctively.

Data input to the program is straight forward and flexible. ALl
the data entries are in FREE format. Most of the user-oriented respon-
ses are provided with some hints. These hints are helpful, particularly
for the first-time user, since these reduce the user response time.

Listings 1, 2, and 3 are printouts of typical runs. Listing 1
refers to conjunctive data analysis of DRAWDOWN AND RECOVERY (i.e.,
DRAW-REC), listing 2 refers to RECOVERY data analysis, whereas listing 3
refers to analysis of DRAWDOWN data. The user's response is underlined
on each printout.

The program execution on the MV8000 Data General computer initiates
a series of questions after the XEQ THEIS.VARQ command is typed and a
carriage return given. Fach response is required to end with a carriage
return which is done by pressing the RETURN key.

The first inquiry asks about the input-output printing option.

This option 1s especially useful to CRT (screen) terminal users who may
like to retain a hard copy of the entire session of user input and
program output. An affirmative response (i.e., 'ves') activates the
next inquiry about the filename (i.e., the filename where the entire
session is going to be recorded). The user enters filename, a maximum
of eight characters. Users of thls optlon should make sure that file
'filename' has been created prior to the start of the program. (Some
computer installations may not requlre pre-existing 'filename' files.)

The next question the program asks is ~ if the user wants to pro-
vide a TITLE for the job. This is helpful in job identification, parti-
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cularly if a series of computer runs are done consecutively. An appro-
priate response to this inquiry is either 'YES' or 'NO' which is typed
in capital letters (i.e., upper case) only. Any response other than
'YES' or 'NO' would not be accepted by the program. An affirmative
response from the user would be followed by the job title, whatever the
user may wish to assign. The user may enter a maximum of 100 characters
(inclusive blanks).

The next inquiry is about the system of units. The user may use
the gallon-day~foot system or any consistent set of units. A 'YES'
response means the gallon-day-foot system, whereas a 'NO' response means
any other consistent system of units.

The program lists the acceptable units for each parameter as the
user 1s asked to enter the value. L is any arbitrary length unit and T
is any arbitrary time unit. The consistent units of some important
variables used in the program are:

Transmissivity (L3/T/L) or (Z/T)
Pumpage (L3/T)
Drawdown (or Recovery), Distance, rms Error (L)
Time (T)
(Storage coefficient is a positive dimensionless fraction.)

Next, the program asks the user about the type of data to be anal-
ysed. Typing 'DRAWDOWN' or 'RECOVERY' indicates that the data are to be
analysed for either drawdown or recovery only, whereas typing 'DRAW-REC'
indicates conjunctive data analysis of drawdown and recovery data. Any
other response (such as misspellings, etc.) will not be accepted by the
program and an appropriate message will be written on the user's termi-

nal until a correct response is given.
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The remaining prompting statements query the user for values of the
storage coefficlent, transmissivity, number of pumping wells, number of
variable pumping rates of each well, time for which each pumping rate is
operative, total number of observation wells, radial distance of each
observation well with respect to pumping well(s), and number of time-
drawdown (or recovery or drawdown and recovery) pairs.

Initial guess estimates of the storage coefficient and transmis-—
sivity within two to three orders of magnitude above or below the true
value usually converge. (Lf no prior geohydrologic information about
the aquifer is available, a guess value of 0.0l to 0.001 for the storage
coefficient and a transmissivity of 1 ftz/min to 10 ftz/min are good
starting median values. However, these values are based purely on
experience and should be taken as rule—of-thumb only.) TFor a constant
pumpage rate, the number of wvariable pumpages is entered as 1.

After entering all the above mentioned responses, the program
checks to see if the preassigned dimensions of NDM, NOB, and NVQ are
sufficient. 1If array sizes are found to be sufficient, all the previous
user responses are echo printed and the user 1s given an opportunity to
examine all the responses for correct entry. If any error is found, the
user may restart the program by answering in the affirmative ('YES').

At this stage all the steps, as explained up to now, are repeated once
again.

If the user's response is 'NO' (if no error is found) then the
algorithm asks for time-drawdown (or recovery or drawdown and recovery)
pairs. Only NDM pairs may be entered. After NDM time-data pairs are
entered, all pairs are echo printed. The program lets the user examine

for possible errors. The correction may be accomplished by entering the
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sequential number (I) and observation well number (J) of the erroneous
time~drawdown (or recovery or drawdown and recovery) pair and the cor-
rect values. After entering a correction, the program continues to ask
for more correctlons. As long as afflrmative responses are given by the
user, the program will continue to ask for data corrections. As soon as
a negative response 1s given, the program proceeds to execution.

At this point, starting with the initial extimates of the aquifer
parameters, the program begins an iteration loop to find the ‘best fit'
aquifer parameters. F¥or each iteration, the ‘best fit' aquifer para-
meters are printed at the user's terminal. The value of TOL checks for
convergence of the parameters. If convergence has not occurred, T and §
are updated by the quantities WT and WS. At some iteration of the
fitting algorithm if the convergence criteria set by TOL is met, the
final convergence status 1s announced. The successful ‘'best fit' time~
drawdown (or recovery or drawdown-recovery) pairs are printed at the
user's terminal along with the converged values of transmissivity and
storage coefficient. The algorithm then prints the rms (root mean
square) error and finally, as a statistical measure of the fit, prints
the correlation coefficient between the field (input) data and theore-
tical (computer generated) data.

Instances where the initial guess values of the storage coefficient
and transmissivity are too far off, may result in non-convergence with
very small or zero sensitivity coefficients. Should such a situation
occur, the program prints the sensitivity coefficient values, indicating
thereby that convergence has not occurred because the initlal estimates
of the aquifer parameters are too far off or the data is too poor. At

this point, the program lets the user decide if other guess values are
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to be tried. An affirmative response requires new values for the aqui-
fer parameters, and the program proceeds immediately to execution.
Should the user decide not to try new guess values, the negative re-
sponse stops the program execution.

In situations where 'DRAWDOWN' data are analysed, the algorithm
asks the user if specific capacity of the production well needs to be
computed. The answer to this query should be affirmative only when:

(a) the observed drawdown is from the pumped well itself, and

(b) the number of observation wells is one and it is located at

a radial distance equal to the radius of the pumping well.
If all the above mentioned conditions are met, answering in the affirm-
ative would cause computation of the specific capacity of the production
well. (No corrections for well losses due to screens, friction, velo-
city, etc. have been applied in the specific capacity computations.) If
the answer to the specific capacity query is negative, the next question
that the program asks is regarding constant drawdown conditions. TIf the
user's data is from a flowing well (where discharge may be variable and
drawdown constant), then an affirmative response will allow the user to
analyse this type of data.

When recovery data are being analysed, there may be situations
where a storage coefficient value can not be computed. (This situation
generally occurs when the radial distance of observation is too small
and/or the time of observation is too large. As a result, the argument
of the exponential function approaches zero.) When this occurs, an
appropriate message 1s printed at the user's terminal, and only the

value of transmissivity is printed.
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SUBROUTINE THEISVQ

Appendix I contains a listing of SUBROUTINE THEISVQ. Tt is a
FORTRAN 77 subroutine and is called by the mainline program. To employ
subroutine THEISVQ the arguments (SC, KB, Q, TT, R, SE, DSDTE, DSDSCE,
UNIT, WOUT) must be assigned a value and/or character designation prior
to calling THEISVQ. UNIT must be declared a character type variable in
the mainline program. If the user wishes to use the gallon-day-foot
system, UNIT must be 'YES' in the calling mainline. SC is the storage
coefficient (dimensionless); KB is the transmissivity (gal/day/ft or
LZ/T); Q is the variable (or constant) pumpage (gallon/day or LB/T); TT
is the elapsed time of pumpage (day or T); R is the radial distance of
observation (ft or L); SE is the theoretical drawdown computed in the
subroutine THEISVQ. (ft or L) for the current aquifer parameters; DSDIE
and DSDSCE are the sensitivity coefficients with respect to transmis-
slvity and storage coefficlent, respectively. These sensitivity coef—
ficients are assigned values in the subroutine before returning to the
mainline; WOUT is the unit number for writing the results to the output

file.
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DISCUSSION AND SUMMARY

The automated fit for variable rate pumping-test data using the method of
convolution and sensitivity analysis should prove quite useful. The
alternative is a laborious and time-consuming visual curve-fitting
technique. The algorithm presented in this paper is quite simple. NO
empirical relations for an assumed exponentially decreasing or increasing
discharge rate are needed. The variable discharge rate can be of any form:
continuously increasing or decreasing, combination of increasing and
decreasing, or intermittent. One simply needs to select a set of discrete
punpages to adequately describe the given pumpage. The automated fit
technique is quick and inexpensive, and does not involve any graphical plot orx
graphicél interpretation for obtaining T and S. The algorithm can handle both
time-drawdown and distance-drawdown data. Generally, very little computer
time is used. The same "best" fit values for good data usually are achieved
when initial estimates of T and 8 range from 2 to 3 orders of magnitude above
or below the converged values. As a measure of exror, the rms error in
drawdown is calculated for the ‘'best' transmissivity and storage. The rms
error in drawdown should be only a few tenths of a foot for good data that
satisfies the model assumptions. Subsequently, the correlation coefficient
for the 'best' fit in this case should be close to 1.

Realizing that convergence may occur in certain situations with high rms
error and a low correlation coefficients is important. This indicates the
importance of the hydrologist in identifying the aquifer type or hydrologic
situation which may or may not be represented by the variable-pumpage Theis
model. The user cannot blindly select a data set, apply a fitting techniqﬁe,

and obtain the aquifer parameters.
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The procedure set forﬁh in this paper has been tested on hypothetically
generated data and real field data with excellent results. The program
listing and user manual may be obtained by writing to the authors (Butt and
McElwee, 1984). A similar automated fitting routine could be easily developed
for variable-rate pumping~test analysis for leaky artesian agquifers. The
methods of convolution and sensitivity analysis outlined here are rather

general and could be applied to many more situations in geohydrology.
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31
LISTING 1. DRAWDOWN-RECOVERY RUN

LO YOU WANT TO HAVE & HARD COFY OF THPUT-QUTRUTY?
{ Answer YES or HO ) = YES

INPUT FILE NAME (UP TO 8 CHARACTERS) TN WHICH THE
QUTPUT 18 T0 BE ROUTEN. MAKE SURE THE FILE EXISTS
Imput file name = RRJZ,OUT

0D YOU WANT TO PROVIDE & TITLE FOR THIS Jone?
{ Answer YES or NO ) = YES

INFUT JOR TITLE -UF TO 100 CHARACTERS- ‘
=NRAW-REC RUN (SOURCED COOFER ARD JACORy TRANS. AMER. GEOPHYS UNTON V(27 FP 526-534y 194@

O OYOU WANT TO USE GAL, DAY, FT SYSTEM 7
(Answer YES or NOO Y = MO

00 YoU WANT TO ANALYZE DRAWDOWN OR RECOVERY OR
DRAWDOWN ANDI RECOVERY DATA 7
( Enter "DRAWDOWUN® or °"RECOVERY® or °DRAW-REC® } = DRAW-REC

ESTIHATE FOR STORAGE COEFFICIENT ?
{ Enter 2 reaconable pocitive fraction )} = 001

ESTIMATE FOR TRANSHMISSIVITY 7 GAL/DAY/FT OR LA%2/7
(Enter & reasonstble rositive value ) = 100

NUMRER OF PUMPING WELLS ? = 3
STARTING TINE OF PUMP WELL 3 1 7T DAY OR T = 0.0
STARTIMG TIMEVUF PUMP WELL % 2 7 DAY OR T = 30
BTARTING TIME OF PUMP WELL & 3 7 DAY OR T = 60

NO. OF VARTARLE PUMPIMNG RATES OF PFUHP WELL $ 17
(Enler 1 if Constent Pumeindg Role) = i

NO. OF VARIARLE PUNPING RATES (OF PUNP WELL B 27
(Enter § if Constant Pumeing Rete) = i

NO, OF VARTABLE PUMPING RATES OF PUNP WELL % 379

(Enter 1 if Constant Pumpring Raote)d = i
THE COMSTANT FUMPING RATE OF PUMP WELL % i I8 = 136.2
TIKE FOR WHICH PUMPING RATE QC 1y 1) IS OFERATIVE (DAY OR T) = 528

THE COMSTANT PUMPING RATE OF PUMP WELL & 2 I8 = 167.4
TIME FOR WHICH PUMPING RATE QC 2» 1) I8 OPERATIVE (DAY OR T) = 605
THE COMSTANT PUMPING RATE OF PUMP WELL & 3 I8 = 213,46

TIME FOR WHICH PUMPING RATE Q( 3» 1) I8 OFERATIVE (DAY OR T) = 695



TOTAL HUNBER OF ORSERVATION WELLS 7
RATIAL DIGTANCE BETWEEN PUNP WELL
RanIatl

LI |

NISTANCE RETWUEEN PUNP WELL % 2

RANIAL NISTANCE RETWEEN PUNP WELL & 3

NUNRER OF TIME-DRAW~REC PAYRS T0 RBE
ECH) THE INITIAL DATA

= s 1000000E -0} KB = 510000
THF%F ARE THE INITTAL GUESSES FOR 870
COMGTANT PUMPAGE RATE OF P.U, & 1 I8
FUNPING TIME
CONSTANT PUMFAGE RATE OF P.W. & 2 18
FUNFING TIHE
CONSTANT PUNPAGE RATE OF P.W. % 3 18

FUMPING TIME

¥ RADIAL DISTANCE(S)

RADIAL DISTANCE FROM PoWe & 1 7O 0.

RADIAL DISTAMCE FROM P.W. %

RADIAL DISTANCE FROW P.W. &

NUMRER OF TIME~DRAM-REC PATRS ARE =

THTORC 1) = 525.0000
TSTOP( 2) = 60%5.,0000
TSTORC 3) = 695, 0000

1
AND ORSERVATION WELL & L 1§ =
AMIT DBRSERVATION WELL ¢ 1 IS
ANIL ORSERVATION WELL ¢ 1 I8

READ ? = 13
O0E+03
RAGE COEFFICTENT AND TRANSMISSIVITY
&= 136, 2000000
= 525,0000000
= 14674000000
= 6050000000
= 413,6000000
= 695, 0000000

3

270 0.4, %

3 70 0.4,

# 1

£ 1

13

TIME AT WHICH LAST RECOVERY X§ MEASURED ?

(Enter the LAST TIME of RECOVERY messuvement) =

ARE THERE ANY ERRORS XM THE AROVE ENTRIES?

(Answer YES or NO ) = HO

i

OF OBSERVATION WELL(S) IS/ARE ¢

8 = BEOL 0000000
8 = 780.0000000
8 o+ 1060,0006000
nay or v
695

TYPE IM TIME-DRAW-REL FPATRS IM ORDER OF IMCREASING TIME
(Ente%oTIgEggnd NRAW-REC in frec format )

60 3.20
= 120 6,21
= 180 7.77
= 240 8,76
= 305 9,50
10.00
10,37
10,67
10,84
9,45
7.16
4.51

32
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33

Kk PUMP TEST DATA IN TINE DRAW-REC PAIRS  kix
TIME NRAY-REC

300000000 + 9600
6000006000 $a.000
1200000000 2100
180,6000000 /.7/00
240,0000000 8,7600
307, 0000000 92,5000
36%5,0000000 10,0000
425,0000000 10,3700
488.0000000 10,6700
S25.,0000000 10,8400
6050000000 22,4500
640,0000000 - 7+1600
49%.0000000 645100

ARE THERE AMY ERRORS IM TIME -~ DRAW-RED FAIRS?
CAnswer YES or NOD ) = N{)

BEST FIT KR AND SC THI® XTERATION ARE F.00000119 2D00500000
BEST FIT KB AMD 8C THIS ITERATION ARE 8:72974982 000537777
BEGT FIT KB AND SC THIS ITERATION ARE 13,15%62938 +000390191
BEST FIT &B AND SC THIS ITERATION ARE 16,08266945 » 000288783
BEGT FIT KR AND §C THIS ITERATION ARE 16.74136867 Q00277557
BEST FIT KR AND 8C THIS IVERATION ARE 16.76704%60 000277270
EEST FIT KR AND 8C THIS ITERATION ARE 16.76699151 000277274

DRAW-REC RUM (SOURCES COOPER AND JACOR, TRANG, AMER, GEOPHYS UNION V.27 FF 526-534s 19

¥k THE  REST FIT  TIME.DRAW-REC PAIRR ARE Rk

30,0000000 1,1809
40.0000000 3.1740
120, 0000000 65215
180.0000000 78399
240,0000000 8.6849
30%5. 0000000 743558
345,0000000 9.,8447
42%. 0000000 10,2519
488, 0000000 10,6171
9290000000 10,8084
405.0000000 94017
660,0000000 742497
695.0000000 6.8793

worrrkooiken ko nocoRobbokbk ook Do RER RO

TBEST" FIT TRANSMISSIVITY (L¥%2/T7T) 1§ = 16.76699151
"BEST® FIT STORAGE COEFFICIENT I8 u 000277274
THE rus ERROR  FOR BRAW-REC (L) I8 = 16881
THE CORRELATION COEFFICIENT I8 = «PIBRY

(IS RDEEEL IO TLEELEISLOEIELISTIEOVESSTI IS EITEIEIIS LSS S



DO YOU WANT -TO TRY OTHER GUESS VALUES FOR 8C AND KR,

(Answer YES or HO ) = Yuo
NEW ESTIMATE FOR 8C 7 = 035
NEW ESTIMATE FOR KR ? = o

SENSITIVITY COEFFICTENTS T00 SMALL (or zero)
THE SEMSITIVITY COEFFICIENTS ARE &

88U = «A248111R12E-62
SEUT o= 0762979740 E-63
suTHs < ~+14468491790E-62

?

DO roU WANT TO RhY OTHER ggESS VALUES FOR SC AND KB, 7

(Answer YES or
STOR
3
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LISTING 2. RECOVERY RUN

N0 YOU WANT TO HAVE A HARD COPY OF INPUT-OUTPUT?
( Answer YES oe MO ) = YES

INFUT FILE NAME (UP TO 8 CHARACTERS) IN WHICH THE
QUTPUT IS TO RE ROUTED., MAKE SURE THE FILE EXISTS
Inrut file name = THETSOUT

o0 Yol WANT TO PROVINDE A TITLE FOR THIS J0RY
( fAnswer YES or NO ) = YES

INFUT JOR TITLE ~UP TO 100 CHARACTERS-
=RECOVERY RUN (SQURCE ! *GROUNDUATER HYDRAULICS®s WOHORTER & SUNANDAy FORT COLLING

DO You WAMT TO USE GAly BAYy FT SYSTEM 7
(Answer YES or NO )} = NU{

DO YOU WANT TO AMALYZE DRAWDOMN OR RECOVERY OR
DRAWLOWN AND RECOVERY DATA 7 ] -
( Enter "DRAWLOUN® or *RECOVERY' or *DRAW-REC® ) =  RECOVERY

ESTIMATE FOR STORAGE COEFFICIENT ¥
{ Enter & reasonahle sositive fraction ) = 0. 001

ESTINATE FOR TRAMSHISSIVITY 7 GAL/DAY/FT OR LAK2/T
{Enter a reasonable rocitive value ) = 1.0

NUMRER OF PUMPIHG WELLS 7 = 1
NO. OF VARIARLE PUMFING RATES OF PUMF WELL % 1 %
(Entar 1 if Conshant Pumeind Rabe) u i
THE CONSTANT PUMFING RATE OF PUMP WELL # 1 18 = 1.79
TIME FOR WHICH PUMPING RATE OC 1, 1) IS OFERATIVE (DAY OR T) = 443

TOTAL NUMRER OF ORSERVATION WELLS 7 = 1
RATITAL DYSTANCE RETWEEM PUNP WELL & 1 AND ORSERVATION WELL % 1 18 = 4.6
NUMRER OF TIME-RECOVERY PAIRS TO BE READ 7 = 18

ECHO THE IMITIAL NATA
8¢ = +1000000E~02 KR = L1000000E401
THESE ARE THE INITIAL GUESSES FOR STORAGE COEFFICIENT AND TRAMBMISSIVITY

CONSTANT PUNMPAGE RATE OF PoW. & 1 I8 = 147900000
FUKPING T TME = 443.0000000

ok RARTAL DISTANCE(S) OF DRSERVATION WELL(E) I8/ARE 3

RATIIAL NISTANCE FROM P.M. & 1 TO 0.0 & 1 X5 = 4. 6000000



NUMKER 0OF TIME-RECOVERY FAIRE ARE = ig
TETORC 1) = 443,0000

TIME AT WHICH LAST RECOVERY I8 MEASURED 7 nAY OR ¥
(Erter bhe LAST TINE of RECOVERY measurement) = A43
ARE THERE ANY ERRORS IN THE ARDVE ENTRIESG?

{Answar YES or MO ) = MO

TYPE IN TIME-RECOVERY FATRS IN ORDNER OF INCREASING TIHE
(En‘r,m‘ TIME and RECOUVERY in free format )

+99 1,

= 11,595

= 1,501,535

= 21,49

= 2,591,445

= ¥s1.4

= 1,305

= 4,5,1,235

SN TE Iy

= 811,06

= 125,93

= 14/.845
214755

= by, 7

= 34y .59

= A6y, 521

= By, 451

= 717,384

¥rx FUMP TEST DATA IN TIME RECOVERY PATRE %R

TIME RECOVERY
/5000000 1,6400
1,0000000 1,5950
1,5000000 1.5350
2.0000000 144900
2,5000000 14450
3.0000000 1.4000
4,0000000 1.3050
4,5000000 1,2350
5, 5000000 1,2000
8,0000000 1,0600
12,0000000 9300
1640000000 + 8450
21.0000000 7550
34,0000000 7000
360000000 L5900
44,0000000 5910
540000000 4510
71.,0000000 + 1840

36



37

ARE THERE ANY ERRORS IN TIME - RECGUERY POIRSY

(Answer YES or MO ) = NO
REST FIT KB AND GC THIS ITERATION ARE v 16334942 003000000
REST FIT KR ANR GC THIS YTERATIOMN ARE y 27706219 005529340
REST FIT KR AND GC THIS TTERATION ARE 41134512 2009217288
BEST FIT KR AND 8C THIS XTERATIOM ARE »a803974 012710490
REST FIT KR ANR GC THIS JTERATION ARE vO3623016 013960627
BEST FIT KR ANR §C THIS YTERATION ARE 93793383 013963732
REST FIT KR AND SC THIS TTERATION ARE WOR7935214 WO13973432
REST FIT KM AN 80 THIS ITERATION ARE v 03793600 013970105
BEST FIT KR AN 80 THIS ITERATION ARE W BHET793GRG 013970406

RECOVERY RUM (SOURCESGROUNDWATER HYDRAULICS®, MCHORTER & SUNANDA, FORT COLLINS)

%¥% THE REST FIT  TIME.RECOVERY FAIRS ARE 1%
5000000 1,7294
1,0000000 1,5791
1.5000000 1,4835
2,0000000 14154
2,5000000 1,358
3,0000000 1.3125
4,0000000 1,239
45000000 1,2100
5, 5000000 1,1589
8. 0000000 1,0632
12.0000000 V9597
14,0000000 L8B46
210000000 +8180
56 ,0000000 7446
36,0000000 V6844
440000000 6252
54,0000000 5784
71,0000000 V5237

IR PSP CTIEFTTTSTETI T FITTIIITETTLITITTSYI TSV LSS E 2

'REST® FIT TRANSMIGSIVITY (L¥%2/T) I§ = +S379358%
'REST® FIT  STORAGE COEFFICIENT IS = 2013970406
THE rms ERROR  FOR RECOVERY (L) I8 w 07632

THE CORRELATION COEFFICIEMNT I8 = « 99154

obkbookokbokDOERE oDk R o0obEDE oo R RO R

DO YOU WAMT TO TRY OTHER GUESS UALUES FOR SC AMD KR, 7

(Answer YES or NO )Y = YES&

NEW ESTIMATE FOR 6C 7 = o1

NEW ESTIMATE FOR KB ? = 100

REST FIT KR ANR GC THIS ITERATION ARE 5. 00000119 L 300000000
REST FIT KB AMD 8C THYIS ITERATIOM ARE p 23000012 2015000004
BEST FIT KB AND SC THIS ITERATION ARE +3B8431593 2OL782B576
REST FIT KR AMAO SC THIS ITERATION ARE 2AR471271 LO15816719
REST FIT KR AND 8C THIS ITERATION ARE 53474394 013768584
REST FIT KR AMD 8C THIS ITERATIOM ARE »G3790041 013991317
BEGY FIT KR AND SC THIS ITERATION ARE s 5A793800 +013966130
REGT FIT KB AMAO S0 THYS TTERATION ARE s 337293545 013971188
REST FIT KR AND S0 THIS ITERATION ARE G379%595 013970192
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RECOVERY RUM (SOURCES *GROUNDWATER HYDRAULICS®, MCHORTER & SUNAMDA, FORT COLLINS)

*kk VTHE  REST FIT  TIME.RECOVERY PAIRS ARE &k

»HO00G00 1.,7294
10000000 1.579)
1.5000000 1.,4835
2.00600000 144134
23000000 1,3581
3, 0000000 1.3325
4,0000000 1.2399
4,5000000 1,2100
G.,G000000 1.1589
B.6000000 1,0632
12,0000000 + 2997
160060000 88466
21,0000000 8180
260000000 17646
36,0000000 + G844
46,0000000 6253
36,0000000 784
71.0000000 0237
gk f Rk kol kol ik ke i dokiolololor ok ko ket
"REGT® FIT TRANGMISEIVITY (L¥k2/T) I8 = sGA7935950
TREST® FIT STORAGE COEFFICIEMT 18 = 013970192
THE rme ERROR  FOR RECOVERY (L) IS w +07633
THE CORRELATION COEFFICIENT 16 o= 299154

ook obbobook koo bobobob koo ooonopeeong

BDOYOU WANT TO TRY OTHER GUESS UALUES FOR SC AMD KB, 7
(Ancwer YES or N ) = YES

NEW ESTIHATE FOR SC 7 = .5

NEW ESRTIMATE FOR KE 2 = 100

BEST FIT KR AND S THIS ITERATION ARE 5,00000119 KAERRELRKK
REST FIT KB AND §C THIS ITERATION ARE 25000012 050000012
BEST FIT KR AND §C THIS ITERATION ARE V3820037 00811973
EEST FIT KR AND SC THIS TTERATION ARE » 49983077 019499068
FEST FIT KR AND SC THIS ITERATION ARE /53589701 013366145
EEST FIT KE AND §C THIS TTERATION ARE \ 53787500 + 014070457
BEST FIT KB AND S5C THIS ITERATION ARE V53794583 + 013950520
BEST FIT KB AND SC THIS ITERATION ARE L 53793391 013974258
BEST FIT KR AND SC THIS ITERATION ARE V5A793626 013969568
BEST FIT Kk AN SC THIS TTERATION ARE 53793580 013970507
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RECOVERY RUN (SOURCE? 'GROUNHMATER HYDRAULICS®» MCHORTER & SUNANDAy FORT COLLINS)

-

¥y THE  REST  FIT  TIME.LRECOVERY PAIRS  ARE ik

+ 5000000 1.7294
1.0000000 1.0G791
1,5000000 1.4835
200000090 1.,4134
20000000 1.3581
3.0000000 1.3125
4,0000000 1,2399
4,35000000 1.2100
545000000 1.1589
8.0000000 1.0632

12.0000000 +RR97
16, 0000000 + 8846
210000000 +B8180
26.,0000000 17646
340000000 4
44,0000000 s 6252
560000000 ’
710000000 o237

wRrnroRRnoboRoboDopoRD R Rk Rk R R R ROERER R

"REST® FIT TRAMSMIGSIVITY (Lak2/7T) I§ = c BA79I580

*REST® FIT STORAGE COEFFICIENT I8 = Q13970507

THE rms ERROR  FOR RECOUVERY (L) I8 = 07632

THE CORRELATION COEFFICIENT I8 = 99154
FRARZARRSORRR AR CA AR I AR R RR AR ROk ok dek Rk sokokkok ok
OO YOU WANT T0 TRY OTHER GUESS VALUES FOR 8C AND Kk 7

(Anaswer YES oe MO ) o= YES
NEW ESTIMATE FOR SC 7 = LO00001
NEW ESTIWATE FOR KB % = 00001

RFGI FIT KR AND SC THIS ITERATION ARE 00002000 000002000
BEST FIT KR AND bC THIS ITERATIOM ARE DOOHAY00 000004000
BESY FIT KR ANIU SC THIS ITERATION ARE 00007999 LO00007999
REST FIT KB AND 8C THIS ITERATION ARE SO0015998 000015995
BEST FIT KR ANIN 8C THIS TTERATION ARE 00031991 +000031981
REST FIT KR AN GG THIS ITERATIOM ARE DO063943 »000063922
REST FIT KR AND GC THIS ITERATION ARE L B01278%] JO0012746B6
BEST FIT KR AMI 8C THIS YTERATION ARE LO0255401 LD00254743
REST FIT KB ANR SC THIS TTERATION ARE 00509604 Q00506975
BEST FIT KR AN SC THIS TTERATION ARE 010144364 001003987
BEST FIT KR AND SC THIG ITERATION ARE 020099461 01968763
EEGT FIT KR AND GC THIS ITERATION ARE L03745664 003785658
REST FIT KR AN GC THIS ITERATION ARE 07605050 007001704
BEST FIT KR AMD SC THIS ITERATION ARE » 314145717 018998653
EEST FIT KR AN 60 THIS® ITERATION ARE 124603644 Q17771052
BEST FIT KR AMID SC THIS ITERATION ARE +ABHAGIL3 +020342013
BEGT FIT KB AND SC THIS TTERATION ARE vA9REL232 016744245
BEST FIT KR AN SC THIS ITERATIOM ARE v 3449599 013730884
BEST FIT KB ANIN 8C THIS ITERATION ARE HATBRY34 013996696
BEST FIT KR AMR 8C THIS ITERATION ARE »a3793854 D139465054
EEGT FIT KR ANA CC THIS ITERATION ARE VAR BN JO13971399
REST FIT KR AMD 80 THIS YXTERATION ARE W GR793597 2013970151
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RECOVERY RUN (SDURCE*GROUNDUATER HYDRAULICS®s MUCHORTER & SUNANBAs FORT COLLING)

kkd THE REST FIT  TIME.RECOVERY PAIRS ARE  %%¥%

V5000000 1,7294
1,0000000 1,5791
1,5000000 1,4838
2,0000000 1,4134
5.,5000000 1,2581
3,0000000 1.3195
4,0000000 1,2399
4,5000000 1,2100
5, 5000000 1,1589
8.0000000 1.0632

126000000 9597

14,0000000 8864

210000000 . 8180

24,0000000 7646

360000000 26844

44,0000000 06352

560000000 5786

71.0000000 (5237

LR A2 ¢E292 4442232222222 2222820828200 200000 ATNY S

REST® FIT TRANSHMISSIVITY (L¥%2/7) I§ = «G3793597
FREST® FIT STORAGE COEFFICIENT T8 = Q13970151
THE rms ERROR  FOR RECOVERY (L) 18 = 07632
THE CORRELATION COEFFICTENT I8 = » 77154
Rkl kil ki Rk ook ek ok ook ook ok
DO YOU WANT TO TRY OTHER GUEGS VALUES FOR SC AKD KR, 7

(Ansuwar YES opr NO Y = NO
EREAS
Y



LISTING 3. DRAWDOWN RUN A
1

DO YOU WANT TO HAVE A HARD COPY OF INPUT-QUTRUT?
( Answer YES or NO Y = YES

INFUT FILE NAME (UP TO 8 CHARACTERS) TN WHICH THE
OUTEUT 18 TO BE ROUTEDR. MAKE SURE THE FILE EXISTS
Input file name = THEISOUT

00 Yol WadT 10 PROVINDE A TIfLE FOR THIS JOR?
{ Ancwer YES or NO )Y = YES

INFUT JOR TITLE =UP T0O 100 CHARACTERS-
=DRAWDOUN RUN (SOURCE? *GROUNDUATFR RESOURCE EVALUATION BY WALTON. PP 348 TARLE S12)

00 YOU WANT TO USE GALs DAYy FT SYSTEHM 7
(Answer YES or NO Y = NO

00 YOU WAMT TO ANALYZE DRAYDOWN OR RECOVERY OR
DRAUDOWN AND RECOVERY DATA 7
{ Enter 'DRAWDOUN® or 'RECOVERY® or “DRAW-REC® ) =  DRAUDOWN

D0 YOU WANT SFECIFIC-CAPACITY OF THE PRODUCTION
WELL TO RE COMPUTED 7
(Answer YES or NO) = YES

15 THE DATA OF CONGTANT DRAWDOWN TYPE 7
Chnswar YES or NOY = NO

FSTIMATE FOR STORAGE COEFFICTENT 7
( Entor o raasonable rositive Peaction ) = 001

ESTIMATE FOR TRANSMISSIVITY % GAL/DAY/FT OR Lik2/7
(Ertor o ressonable rosibive value ) = 100,

MUMRER OF FUMPING WELLE T = i

NO. OF UARTIABLE PUMPING RATES OF PUMP WELL % 17
(Enter 1 if Constent Fumring Rate) = 4

THE VARIABLE FUHFPING RATES OF PUNMP WELL ¥ 1 ARES

VARTARLE PUMFING RATE QC &s 1) IS8 = WERYAL

TINE FOR WHICH PUMPING RATE QC 1, 1) IS OFERATIVE (DAY OR T) = 9
VARTARLE FUMPING RATE QC 1y 2) I§ = o 7219251

TIME FOR WHICH PUNPING RATE 0C 1, 2) I8 OPERATIVE (0AY OR T) = 100
UARTAELE PUMFING RATE QC 1y 3) X6 =  1.2433155

TINE FOR WHICH PUNFING RATE 0C 1, %) I§ OPERATIVE (DAY OR T) = 180
UARIARLE PUNPING RATE QC 1s 4) I8 = 169784609

TIHE FOR WHICH PUNPING RATE C

P

( 1y 4) I8 OPERATIVE (DAY OR T) « 250
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EFFECTIVE RADIUS (Rw) OF THE PUMPING WFLL ? FY OR L. = %]
UMBRER OF TIME-DRAWNOWN PAIRS TO RE READ 2 = 35
ECHO THE TNITIAL TIIATA
SC = »1000000E-02 KR = ,1000000E4+03
THESE ARE THE INTTTAL GUESSES FOR STORAGE COEFFICTENT ANIL TROANGMIGSIVITY

THE 4 VARYING PUNP RATES OF P. W. & 1 ARE ¢

Qc 1. 1) = o 7363

g 1, ) = 0 7219

B 1 33 = 1.,2433

RC 1. 4y = 1:.6979

THE 4 FUMP RATES OF P, W. & 1 CHANGE AFTER
FOLLOWING PUMPING TIMES 3 :

TFC 1, 1) = 9.0000000

TEC 1y 2) = 100.0000000

TR 1y 3 ) = 180,0000000

TR 1y 4 ) = 250,0000000

NUMBER OF TIME-DRAWDOWN PATRS ARE = 5

ARE THERE AMY ERRORS IN THE ABRQVE ENTRIEG?
{(Answer YES or NO )Y = NQ

TYFE IH TIME-DRAWAOWN PATRS IN ORDER OF INCREASING TIME
(Friter TIME and DRAWADUN in free format )

= 1,2.1

= 2v4.,42

= 325,84

= 497 .63

= 9510.0

= 10510,23

= 13:10,84

= 15911.09

= 17511,37

= 20911.82

= 23211,868

= 26112.09

= 30,12,33

= 40,12.48

= 4%:12,79

= G0512,89

= G9013.04
605,13.15
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70:,15.34

i

R0»,13,54
F0515.79

i

100:13,93
124,16,27
130,25.84
140,28,99
1505 30,13

160-30,83
170»31.48

180, 31.84

$

193,36,82
203,45,89
220549.82
230,51,00
240951,92

FUMP TEST DATA IN TIME DRAWROUN PAIRS

ARX

£ £

NRAWTIGUN

TTHE

fa

OO OC OO OO OOTOUOTCO OO
OO GE oo OCTC OO OOCTOOTOTT
P P O LSS NI O O TR @ OGN T ORI O T OO TS TN
6028038803678013%.79?“991948888099
> @ B s B> e s S D 0".0.".”".0”0.'0.#.
5700011114&2”&2np.m?\uno.lu33365800116c0911nﬂ&
et o et o e et et O et el Y e T g v e et O O PP PG PG IO T G

100

L=l
<
Lo
j#2]

+ 1000
4ed

-

r4

00060000

4

“ b e e e e ow e = P T S I I
,..34903ud70310005OwJOOOOOIOOOOO0330000
ot ot vt DI CA T < WY O DN O O CIM T U0 N O OIS

e ] vyt et i o et et T CIEE TS

1
)
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ARE THERE ANY ERRORS IN TIME - NRAUDOUN PAIRS?
(fnoswer YES ar N0 ) = NO

BEGT FIT KR AND 8C THIS ITERATION ARE 300000119 2003600000
BEST FIT KB AN 8C THIS XITERATION ARE + 20000012 L 009050000
BEST FIT KR AND 6C THIS ITERATION ARE +01250001 027000000
BEST FIT KR AND 8C THYIS ITERATION ARE 01341776 » 072452819
BEST FIT KR AN SC THI® ITERATION ARE Q1298768 + 143146071
BEGT FIT KR AND §C THIS ITERATIOM ARE » 01249559 » 199815857
BEST FIT KR ANR 8C THIS ITERATION ARE W 01223912 v 222467516
BEST FIT KR AND 8C THIS ITERATION ARE 201215092 « 228106966
BEST FIT KB AN SC THIS ITERATION ARE 01212821 v 229368503
BEST FIT KR AN §C THIS XITERATION ARE y 01212292 2 229652766
BEST FIT KB AND GC THIS ITERATION ARE 01212171 0229717108
BEST FIT KB AND 8C THIS XITERATION ARE 201212144 + 229731689

DRAWDOWN RUN (SOURCE! “GROUNDWATER RESOURCE EVALUATION RY WALTON, PF 348 TARLE S.12

¥¥% THE  BEST  FIT  TINE.DRAWNOWN  PATRS  ARE  fdk

1, 0000000 + 7836
2.0000009 202279
F 0000000 3.4326
4.0000000 4,4184
9. 0000000 746177
10.0000000 3.0523
13.0000000 P.1274
1500000600 9.7341
170000000 10.2738
<0,0006000 10,9848
240000000 11,4040
26, 0000000 12.1520
30,0000000 12:.7967
40.0000000 14.1089
450000000 14,6462
90,0000000 15. 1311
950000000 15.5711
60.,0000000 15,9737
700000600 16,6890
80, 0000000 17,3103
90, 0000000 17.85%96
100,0000000 18,3518
121.0000000 27+ 3003
130,0000000 28,8010
140.,4000000 30,1002
150, 00000600 31,1679
1600000000 32,0818
170, 0000000 39,8849
1800000000 33,6036
193.0000000 40,1321
203,0000000 42,3037
220,0000000 44.7871
230,0000000 45,9164
2400000000 46,9008
250.0000000 47.7791

WORRIRRIAERTARARRRARRRERKR IR LRBAIORR AR AR R AR AR KRRk Kok

TREST® FIT TRANSMISSIVITY (L¥x2/T) 1§ = 01212144
“HFS!' FIT STORAGE COEFFICIENT I8 = v 2297314689
THE vms ERROR  FOR DRAWDOWN (L) T8 s FoZ2206

THE CORRELATION COEFFICTENT 18

#

97434

obooonoRRoRo o ook DR RO R0k OR R Rk
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SFECIFIC CAPACITY COMPUTATIONS FOR PUMPING WELL Nol
Pk rolboboocok koo ook bopbbbokoboRonnnnbobbboooobEobooob

PUNMPAGE SFECTIFIC

IRAUTIOWN

TIME

(L) (LAR3/T)

(1)
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kR ook Rk koo ook ook ok ko k

)

ar NO

DO YOU WANT TO TRY OTHER %%HSS VALUES FOR SC AND KR«

{Aruar YES

KRR KRROUK KRR AR R R AR
STOP



¢ APPENDIX T. PROGRAM LISTING

HERAH R AR B RAE R R A RR R B AT A b Ak Bk AR R R Rk
PROGEAM THEIS» VARG

*
& e
& b
1 # INTERACYIVE TIME~SHARING 4
# FORTRAN-TT VERSION #
= *
5 #

ek A B A e e ek e e A e e ek e o R B
£ ERITYTEN ave MUNTSR A, BUTY DATES 18~01~84%

L &
C CARL Dw MoELHEE

e
54

LAST YERTFIED BYS RUBEN ARTEAGA DATES 15~07-8%

i e T B B

-
E

PURPOSES

CALTULAYTE THE BESY FIT STORAGE AND TRANSMISSIVITY
BY FITTING THE THEIS EQUATION Y0 FIELD OBSERYED
PUMPYTEST DATAy fese {drawdown or recovery  or bhobh
drawdoun and recowery data jether) USTNG ¥HM
METHDD OF CONVOLUTION FOR YarYiInNt PUNMPING £
AND SENSITIVITY ANALYSTIS IN 2 LEAST-SGUARE SENSC.
CONSTANTY Qﬂﬁyﬁﬁxu BND YARLIABLE DISCHARGE DATA  OF
ARTES ITAN FLOWING WELLS CAN ALSD 23F ANALYZED.

[ e e e B

*

SR ETESEeEe

NI EESTEEESESEEERELITERIFETLEEER ISR SRR LSRR LA R R EEEREEEEESESEREEEES]

DESCRIPTION OF MATH VARIADLES AND PARAMETERS

YARTABLE Tyee DESCRIPTION

bt AN WS N S At st o T

ONTY CHAR -2 SYSTEM OF UNITSS YES FOR GALs DAYs FT3
OTHERMWISE  ANY CONSISTENT BSYSTEM OF
UNT TS ARE ASSUMED.

COMSTORA CHAR -2 SHITCH FOR  ANALYZING  THE CONSTANT

‘ WOOWN DATAS *YESY QR TNGY.,

LI REAL -2 FIELD BRSERVED COMSTANT DRAWDOWM DATAS
{FTY OR {1}

BATYR CHAR =2 DATA TYPE TO BE ANALYZED:  7ORAWDOUNT
FRECOVERY? 5 OR TORAU~RECY »

FILENM CHAR ~> CHARAUTER VARIADLE CONTAINMING THE NAWME
OF A SEQUENTIAL FILE TO BE USED 1O
ROUT INPUT-DUTPUT WHEN THE CHARACTER
VARTABLE PTR =« 9YESY,

KH , REAL ~=> AQUIFER TRANSMISSIVITY (0ALJDAY/FT) OR
(Lan2/Tha

NDMLNOB MYV INT -3 PARAMETERS TO SET DIMENSIONSS
* NDM - MO, OF DRAHDOWN {08 RECOVERY)

MEASUREMENT S

& NOB -~ NO. DF OBSERVATION ®ELLS.
A NYR o~ N ﬁF NARTABLE PUMPAGE Ss

NTOP INT =D H)u OF TIME-DRAWDOWN DATA PAIRS TO BE

k4

sBesEsBeBeNeNeleReReReelele e e

% % % % B B & B ¥ % P OB H % B N ¥ o % #H KB ¥ B % B F o F g ¥

RE
MITER wWy -» %ﬁt A5 FOR O TOT AL NUMBER OF

isEoBeNeeleRelelelle et ey

-3

46



Y
O I 4

[l o e

e Sy 0y

]

-
i

i

En T I I I 4

MY
NPR
PRFL

PYRE

eIl

H1.03

RIN
S413

SCAPCY REAL -3 5
(PRODUCTION WELL)Y {BALJFT)
& REAL =~ THE rams (ROOT7-MEAN-SQUARED
DRAVUOEN AFTER THE gESY FITY

516GM

spdLg

SPCA

TLI

TITL

TLASY HEAML. =2 TI

ToL
TROT

WOUT

%

P g bt
oo a2
Y g e

ROUTED 7O FILE "FILENM?.

MBs 0F ODBSERVATION WELLS.

N OF WARJTADLE PUNMPING RATLS.
BELCAL YARIABLE SEY = <TRUE. WHEN
HARDCOPY OF INPUT-OUTPUT 15 i

70

INT =2 LOGLICAL SUTPUT DEVICE NUMBER.
¥ REAM. =3 WARTIABLE PUMPING RATE {GALJDAY) OR

Lew3/T)a
REAL => RADILAL DISTANCELS)Y OF

WELL (S FROM PUMPING WELL
NUMBE
AL =D FIELD DOSERYED DRAWUOWM A

INT =3 LOGICAL THPUT DEVICE

GR {L)a
ELIFIC  CAPACITY OF

DATAINED (FTY OH (L)

¥ REAL =2 THEDRETICAL {COMPUTED)
TIME I AFTH DR 4LV

P CHAR -3 BRITCH FOR  COMPUTING

3

101

OBYSERVATION

(FTY OR (L)
TIME

PUMPED
R KL*WZJT)

YOMELLY PYEST OR TNGY.
REAL ~> THe [TH TIME AT WHICH FIELD

1 AFT)

N

%Q? BEEN

DRAWD OHN

{THEQRETIC
CIFIC CapACITY OF PUMPED

AT -

#1.2

{PRODYCT -

MEASURE

MENT FoR THE DRAMDOENS IS MADE §}ﬁ¥f)

DROAT ).

£ CHAR =2 CHARACTER YARIASLE CONTAINING THE

o

{(3AYS)
TOL ERAK

(Tia
FOR
B A S
HATIVE

RE AL

@ ConyE
3 REAL -

ARTICULAR

INY

PARAY

ROGENLCE »

! PUMP ING
DAYS) OB (¥1)a.

QUTPUT DEYICE NUMBLHR.

ETER 1 NDM =200, NDE =Hy NYD =30, NOPYW

TITLE FOR THE JOB (UP TO 100 CHAR LONG)
ME AT WHICH LAST RECOVERY

OBSERYED

DIMENSION q{NﬁNmﬁdiivfim @?@R%M%@?wS@iND 9&@%3?
SOTINDMNOBY s DEDRCINDM N0 2 RINDPHs NYE+1 ) o
i?(ﬁﬂ”#ﬁ?@i*??%@%V?*i)@ SCAPCTANDMI s TSTUPINOPHD

PHONINDPY s NOB I SNPRTIONY G+ 1)« STPUINOPH) »DELT (NOPY)

REAL#*B K&ﬂ KEINIT
IMPLICLY DOUBLE PRECISION (A-~HsO-2)

RATE

N EITEXELESESE RS g fecdr B ko ke ol ol R ol e b W R & R R B R ol Rk ol e dr e ok Ol R ke e ook b ol R o R e I e o o

CHARACTER =3 UMIT CHEKDATASTRIAL,SPCAPyCONSTDRAy PTRY TITL

CHARACTER=8 DATYP,FILENM
CHARACTER=LOD TITLE

LOBICAL DATAYYPy PRFLy CHCRFL
INTEGER RIN«WOUT s IPTR.TLIPUINYG)

DATA BLANKAAH ¥
DATA RINSHOUTIPTR/G s He 15/

PRE-~SET THE VARIABLES FOR ERROR TOLERANCE
MANTMUN NUMBER OF TTERATIONS (NITER).

PRFL = 2 FALSE.
ToL ~0001
NTTER = 25

?\:’C}

BRITUALHOUT T ’53

GMATESSY Nin YA HMANT T HAYY A HARD OOPY OF

{70L} AnD

TAPUY--BUTPUY 2 Y

FOR

¥
W
k.
#
¥
£
&
¥
*
#
#
*
#
¥
&
#
ko
%
£
*
#
£
¥
ko
#
£
3%
4
£ 4
&
#
£
%
W
#e
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& T AnsEer YE3I ar NO O3 o= #3
READURINS 18) PTR
IF (PTR wE0e TYESY L0R. PTR »EQ. "NDOfY 60 70 &
GOOTo 4
& I8 § PR LFEG. INOT 3 5D T8 10
?%*f = oa VRUE »
RITECHOUT T}
¥ J)%M&Fiif* INPUT FILE NAME CUP YO B CHARACTERSY IN WHICH THEMS
% OopUTRLET 185 TO BE ROUTED. MAKE SURE THE FILE EXISTSYY
% ¥odipput File name = 9
READIRINS8Y FILENY
B FORTMATLAR)

C

o o e i ok o o o o i i o e s ey e S e i e "
o woion et Gh 3 h l AAR S iy VS e e e e o -

¢ THE FQL%QMIMW n§AY£W%N
OOOHANGE THIS STATEMENT aCg )
o . o
9 IPTR = BEVICE NUMBER FILENMM = NAME OF FILL =
[ =
OPEN (IPTR,FILF=EILENM . TOINTENT=10UTPUT Y »CARRI AGE CONTROL =
TEORTRANY Y

#

s
G s vt s e s o v v S s sy Ao i s s o S LGS e Y R Sl myn e o sang oo e — i Lm0 o iy s e S o O i e R D S N A o U T S S A T i e [ A WO 1
|G AN S S SNt A o o i a1 0 s s s S oo N R A AR ARG SRS ey v e g < s i s s kv S e o

ey o
.
;

10 CONTINUE

12 HWRITE 4WOUYT.133

1% FORMAT (F7Y DO OYoU HANT T2 PRBVIDE & TITLE FOR THIS JOBR7 %47,

% o Amsumer YES op NS O3 o= ) ‘

EAD IRINeIa3 TITL

GREAT (A3

TFLTITL B0 TYES?T 0B, TITL «EQ. INO®Y 60 TO 15

GO T 12

1% IF(TITL E0Q. FNOYY GG T 28
WETTELHOUT 9163

16 FORMAT(® [NPUT JUBR TITLE «uUP 1O 1480 CHARACTERS- 978 =9

17 READ(RINLIAY TITLE

18 FORsMaATLALD D)

. READ IN THE IMITIAL DATA

20 HRITE {yDUT30)
A FORMAT (777 00D YOU HWANT TO USE GALe DAY FT SYSTEM 2 "3/,
% F {Anzwer YES or NO o= w3
REAGCRING A0 UNIT
47 FORMAT(AZ}
IF O UNTT EG. PYESY »0R. UNIT «ER. TND®S GO TO S50
WRITE  (WDUY 590
G0 10 20
G800 HMBITE {(W0UT.60)
60 FORMATOZ/% DO YOU MHANT TO ANALYZE DRAWDOWN OR RECOVERY OR %4/,
L7 DRAMDOWN AND RECOVERY DATA 7 #s7,
£ % { Enter "DRAWDOWMY gy PRECOVERY® oy YORAW-REC® 3 = L]
REAGCRIN +703 DATYP
FORMAT tA8)
DATATYP =  DATYP .EQ. TORAWDOMYNS)
SPOAP = ¥*NOY
TELDATYPLE RV RECOVERY P L ORLDATYPLEQ P DRAUDGUN T » DR »
2 OATYP=-E Q. YDRAN-RECEIGD YO 100
B0 HRITE (WOULTs%903

£t EOADMAT fFF ¥ sae YN HAVE AN FROAD TAN NATA FNTHY. sraafefa




130
140

150

150

1D

171

173
i80

181

5

TOENTER EITHER PHRELDVE
FORMATLZH 3

GO TO 540
COWNTINUE :
IFL «NOT». DATATYPY B0 TD 150
HBRITECHDBUT L 20

FORMAT (/77 DO YOU  WANT SPECIFIC-CAPACITY OF THE PROBUCTION

FOWELL TO BE COMPUTED 7 %,4y
o {Ansuer YEI or NG e ¥y
READ{RIN,4 0 SPCAP
TFL SBPUAP LE8. PYESY L0R. SPLAP 00 YND¥ 3 560 TH 130

IFC SPLAP oME. TYESY L,0R, SPUAP LNE. *NOY ) WRITELWOUT 390

GO 1O 110
WRITELWDUT s1L 80
FORMATL/ZZY 15 THE DATA OF CONSTANT DRAMHDOWN TYPE 2 94/,
T o {Angwer YES or NO) ¥
READIRIN40ICONSTDRA
TFLCOMSTORA «Ef- TYESY 0OR. CONSTORA EG. "NO%Y 60 TO 1950
ITF{CONSTIORA «NEs #YESE
B3 OTO 130
CONTINUE
WRITEALUOUT 5160 ,
FORMATLZ/® ESTINATE FOR STOR L COEFFICIENTY 2 %/
¥ { fater a reasonable positive fraction 3 0= LR
BiNs#) S0
ST 5170
FORMATL/Z/Y ESTIMAYTE FOR THANSHIGSIVITY ¥ GALJDAYIFTY ¢
FOR Lwa2dY 0y 8
! D{RINe» ) KB
WRITC{WOUT 31713
SCIwWIT = 5S4
KBINIT = K8
FORMAT(Z7Y NUNBER OF PUNPIHG HILLS P = 2}
READLR I N« NPY
g o at 1¥E0 T 194
D0 175 T = 18Py
HRITE(HOUT 317721
FORMATL /5K .7 STARTING TIME OF PUMP BELL # %4512
¥ ?OOAY DR T = #3
READCRINy#3STPWIL)
CONYIAUE
CONTINUE
DOOL78 I = LaNPE
WRITE(WOUTY$L720 1
FORMATO 9% NOs OF VARIADBLE PUMPING RATES OF DUMP WFPLL #
T24% 2% 7% 4,
o {fnter 1 3F Constant Pusping Rate) = 73
READ(RINs =3 NPRTLID
CONTINUE
CONTINUE
DO 190 1T =lsipPu
IFONPRTCLY o857T. 1IHRITE(HGUY 18131
FORMATL 775X THE WART:
IFANPRTAIY EQ. 1DWRITE(WBUT s18231

H

{

FORMATOOX s 2THE CONSTANT PUMPING RATE OF PUMP HELL § #4124¢

na 1%@ Jo= LeNPRTOD
IFINPRYLI)LEQ.1350 YO 183
J&i?&(wddTwiﬂ§il§d
FORMATOSX» SVARTABLE PUMPING RATE QUPeI25%499124%) 1S
READCREIN» 3Q{ L0 J)

HRITELWOUT 9186019 d

FORMAT(5Xs *TIME FOR WHICH PUMPING RATE GU¥aT25%4951257) IS
POPERATIVE (DAY DR Ty = #3

#

it

{Enter a reagsonable positive walue 3 = %3

RY®™ O8 "ORAUDOUNY O MDRAU-HED® w1/

» 3R CONSTORA -8E. #NG%) WRITE(WOUT.S902

¥ 9

BLE PUMPING RATES OF PUMP HELL # 7,12,

3

b5

Yol g

49

27



Fa
L7

R ele

8

S EeRe!

300 4

i 50
READ(RINs «3 TP(Lsd)
184  CONTINUE
190 CONTINUE

IF MORE THAN ONE PUMPING WELL AND STARTING YIME OF EACH
PUMPING MELL I3 DIFFERENTy THEN RE-ADJUST THE PUMPING
TIME OF ZACH #ELL WITH TIBE OF DBSERVATION HELL AS BASE
TIME { BASE TIME OF OBSERVATION WELL ASSUMED = 0.0 ).

STHW=leD
B0 198 I=1MPY
DELTLIY = D0
D 194 JolsNPRYL S
IFL8TPUHETY =0T STOMIDELTCI I =STREL I ~3T0M
194 CoONTINGE
195 CJV?IQUK
240 CONTIN
1FY¢ »pﬂﬂ@ 250 IVESR® LAND. NPW o1
B OTYESY LANDe NPH LEQs 1 03 6O Y0 2
WERITECHOUT »250)
250 FORMATL//7% TOTAL NUMBER DF QUSERVATION WELLS ¥ o 9y
EADLRT Ny » ) NUOY
0T mleMPY
e N
AHOGUT»2501 38 e d
AMATIGX « *RADIAL DISTANCE GETHLEN PUMP WELL # %312+9% AND OBSERVATION

Be 1 20Rs CONSTDRA ¥ 8.
T4

B pi2»% I5 = vy
RE 3}§413@ﬁ3 BPUDUT Tyd3

260 CONTINUE
o TG 290
COMYINUE
=1
HATTECHOUT 92887
280 FORMATO//® EFFECTIVE RADIUS {Rw) OF THE PUMPINS WELL 2 FT OR L = L
READ(R T H»» JRANONY
290 DONTINUE
WRITECHOUT 30030ATYP
MATO//7% NUMBER OF TIME-7,A8,% PALIRS TO BE READ 2 = ®3
EADURINs*} NTODP

CHECK IF PRE-ASSIGNED DIMENSIONS (NDMaNOB,NYG) ARE SUFFICIENT.
IF NOT, PRINY A MESSAGL AND STOP PROGRAM EXECUTION

Dy 301 1 =1aNPK
TFLATOP s Gl aNDM OR . MOML BT NOB L BRNPRTLII B TLHYEIG0 T 1160
B01 CONTIMUE

EOHD PRINT VHE INITIAL DATA

TNAQUIRELUNIT=IP TR, OPENED=CHIKFL)
IFLCHOUKFLY GOTO 304
WRTTECHOUT 2 303) IPTRFILENM PRFL
303 FORMATL/Z/# IPTR =¥ [ B9 BXe 9 FTLENY =8 ARG 9PRFL =940 147
OPLENUIPTRFILESFILENM y IOINTENT = BUTPUT R o CARRIASECONTROL=
L YFORTRANY)

HRITESIPTRS,I0S)Y TITLE

505 sxﬁqﬁkfijﬁ&AA? 2 73



322

430

owi[ie)e

o

440
481

467

WRITELHOUT 99
WRITE € WoUTe 320 ) S50 K8
TFIPRFLY WRITECIPTHSA20) S0KE

FORMATLY [OHD THE INITIAL DAVAR/SH SO =y 3HsE 147+ 3¥e5H KB

FUMs PTHESE ARE THE INITIAL BUESSES FOR STORAGE
RCOEFFICIENT AND TRANSMISEIVITYY IS

¥y

DD 334 1 = 14NPY

ITFIPAFLY HRITECIPTRS321) 1

EORMAT LS EHERARE BT AR T AR AR AN C TN Ky

P BUMP HELL B f41269 EF LD g P bk ok h ke hhh ek n ko knhw )Y
IFT MPATCI)Y «EG. 13 B0 T4 523

Br i TEduoUT » 3223 NPRTILIMs1

IF{PREFL)Y BRITELIPTRS322)Y HPRT(IYI

FORMATL /7 1 THE 941
DO 324 J = LsNPRTYLDY
WRITECWOUY 23258 TadeRdl 33

ITFAPRFLY HRITELIPYRGB25) Tadeils.d)
@®%%*€%3 BT a1 28s® o8 Ryey = T9F ila )
CONT JE

WEITECHOUT 3250 NPRY(I 1

TFIPRFLY URITEAIPTR325) NPRTLL3T

¥

¥OYARYING PUMP RATES OF Po e # 291897

ARE

51

Sy El%a Ty

@
&

FORMATE 7 % THE ¥412.% PUMP RATES OF Ps We ft 75124% CHANGE AFTER

V7P OFGLLOWING PUMPING TIBES & w77

DO 327 J =LyNPRTI?

HRITECUOUT 23263 TadeTPLT 53

TF{PRFLY WRITELIPYTR320) Ia2dyTPLIl4d)
“ﬁEMl?fﬂ TP( 1297 9% 127 3 = FF 14,73

Q} ?Q 354

CONTINUE

G m mPRTLLY

HRITECHOUT 23298 T80 520 s TP 10}

TFIPRFLY YRITECIPTRG3I29) 1001 s3Y TP LT wd)

FORMATOSY CONSTANT PUNPAGE RATE OF Polbia #f %5129 15 =
BORPUMPING TIME S T3F1A.7)
CONTINUE

CONTII &t

%Qi?f(éGU§v@W9

CONTINUE

IFC SPCAP LE0. ¥YESY 360 TH 258
WRITEAWOUT 94203

ITFIPRFL)Y HRITEAIPTRs%20)

FORMAT( S0 owa RADTAL DISTANCEACS) OF QUBSERYATION wELL(S

D9 441 I =1.NPU

DO 440 J = 1.NDY

WRITECHOUT o430 T e JeRP DWW

IFAPRFLY HWRITEAIPTR,430) T RPUONIT 9.3

FUQMA?( 0% BADIAL DISTANCE FROM Pade # "212:7% TO e

3\T{NU&

CONTINUE

WRITEAAWOUT $993

WRITECHDUT 9460 IDATYP NTDP

IFEPRFLY WRITELIPTRS4GGIDATYP SHTDP

FORMATC/ Y NUMBER OF TIME-~?34897% PAIRS ARE = %,1%5)
My 452 1 =1.NPY
TSTAPLT)Y = 0.8
CONTINUE

TF LOATATYP) 60 70 480

H

PyF 18T ad s

IS7ARE &

447

2

¥

#

15

LTS

RI7Y
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o
i

s

454
465

470
2

4810

450

o

B9
493

K 3
G508

&
B0z

510

551

IF RECOVERY OR DRAW-REL, THEN PRESEY LASY PUNPING
TIME AS TIME SINCE PUMPING STOPPED.

B 455 1 =LlaNPU

D0 46735 J =1:NPRTCL)

TESTOPLTY = TPLIsdd

CONTINUE

WMRTTECEDUT y854) TT8T0PLT)

TELPRFL Y WRITELIPTRS64) L T57T0PCI)

FORMATCT  TSTOPLP 4 124%% = F9F14.4)

CONTINUE

WRITECWOUT o870

FRAMATOSY TIPE AT UHICH LAST RECOVERY IS MEASURED
? {fpter the LAST TINE of RECOVERY wmeasureoment)

READLAIN» ITLASY

CONTINUE

DAy or 7
")

Hoe

CHECK FOR ERRDA IN. THE INPUT DATA- IF THERE IS AN EXROH
THEN RE-ENTER THE DATA.

WRITECHOUT 993
WRIVTELHOUT 4430
FORMATLS ARE THERE any
¥ {Anguer YES or KO )
READIAINS S0 CHEKDATA
IFICHERDATA s NE TNO¥I»HBD TO 10

ABOVE ENTRIES? %97,

TYPE TN THE TIME-DRAWDOWN PALRS IN ORDER OF INCREASING TIME.

TFOOATYPEda P HECOVERYY w DR DATY P EQu P DRAWSRECY » DR
CONSTORALLU G- *NG?IL0 TO 495

WRiTECEaUT »831

FORMATO ¥ CONSTANT DRAWDODWN ¢ FT OR L = L
EADLHINy #3035

4933 1 =lslPy

1A NPRTLLD

TP(I24J7

i

o
o

EOo TD %29

CONTINUE

WEITELWOUT S0 0IDATYPLDATYP

FORMATLY TYPE IN TIME~?2 oA8,% PAIRS IN DRDER OF INCREASING YTIME
* {Enter TIME and "3AH+9% dn free format 3 %3

D0 519 1 = 1aNTOP

WRITEAHOUT 25023

FORMATL % = 4%

READARING» I TCL 39 (30T500 o Jd=1 o NOMY

CoMTINUE

ECHD PRINT THE TIME-DRAHDOEN PATIHRS.

HRITECHOUT B30 3DATYYP

IFEPAFLY WRITE{LIFPTR B30 DATYP

FORMAT(S 3 w»xx  PUMP TEST DATA IN TIME #4AR8s9% PAIRS  #wxw ¥ 477}
WRITEHOQUT o 54 0)0ATYP

IFCPRFLY WRITELIPTR,530IDATYP

FORMAY ( @ TIME A B LES

DO OBHY Y=l NTOP

WRITEAUDUT o BAENITLL ) (S0 Todd wud= ] o NDW D

IFEPRFLY HRITECIFTR o560 3TLTII 080T 90 3wl o NG

CONTINUE

¥y iy

LY



o

b

[ IR R

WRITEAHOUT 2554
%4 FORMATLS(/) 3

IFAPRFLY HRITEUIPTR (H55)
55% FORMAT(?1%)
60 FORMATIF 14 798N BV Yen))

CHECK THE TIME~-DRAWDOHN PAIRS. IF ANY ERROR, RE-ENTIR  THAT
LINE

MEWOATA=D
WRITELROUT 2993
SYN CONTINUE
WRITE THOUT +58030ATYP
R0 FIRMAT €7 ARE THERE ANY FHROAS IN TIHE - #4.AR4% PAIRSI Ty
& ® {dnsyey YES or ND 3 P LR
READIRINyADICHEKDATA
TF{CHERDATA sF G, PNOY LAND, NEWDATHE LEQ0.03G0 T8 5440
IFCCHEKDATA »FE e "N LB NDs HDATA »BEL1IG60 TO 520
IF{CHEKDAYA FYERYGD T BUO
IF{CHERDATALNE P YES P, DRL CHEKDATASNE s INOF ) WRITEALWOUTEHY0Y
B90 FORMATYL 7 % 741 HAVE AN ERZOR IN DATA ENTHY 49N
G0 TH 5714
00 WRITELUOUTBL0D
HIT FRARMATLY FNTEA THLE LOCATION de. LINE NUMBER »I% AND
L DHSEAVATION WELL 8Os *J4% AND CORRBECT TINE AND DRANDOWN. 7o
B 7 {fnter IsdeTUL)eB{l+d3) = #3
READ 4 BRIMexdTads TLLds 4T3
NEWDATA=NEYDATA+]
L3 OTH %70

.wx

ECHD PRINT THE CORRBECT TIME-DRAYDCOHN PAIRS.

H20 CONTINUE
B0 &30 1 = 1.MTLP
630 WRITE(WOUT +588 37013454 LeddaJd=1 aNOWY
IF(PARFL) SRITECIPTHSSGUITLII v 18410 udd o d=l o NOMD
WRITE( WOUT.5313
631 FORMATIS(/ 3}
TFOPRFL ) SRITELIPTRLHI2)
BEB2 FORMATI¥LIY)
&4 CONTINUE

IF AECOVERY OR DRAN-REC DATA» RE-ADJUST THE YTINE
BCALE AND ACCDUMT FRR TZERD? PUMPAGE.

IFIDATATYRIBD TO ash
Dy fa5 1 =l NP
NPRTOIDY = NPRT(I)+1
DD 644 J =LsNPRT(I}
44 CONTINUE
Bilaedd = Dad
TP{Tsdd = TLAST-TSTOPLI)
IF{ NPW -8 8. 1 3TP4IsJdr = TLAST + TSTOPLIDD
4% CONTINUE
DG 4591 TP = 1sNPY
O 6550 I = LNTDP
IF { DATYP «F0s TORAY-RECY LAMD. NPW E0. 1 »AKD,
B OTLIY 86T TLI#1307T01+1) = TSTOPLIPY + T(T%13}
IF { DATYP »E8ds FRECOVERY? »AND. NPY 0. 13 T4I) =
£ ¥sTop{IP) +» TL13
650 CONTINUE
51 CONTINUE
&R0 CONTINUE
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6Fn

HH1

Ta0

Tio

TED

T4y

750

160
LAY

789

781
795

TCOUNT = 0 5
NCONY =
ng = 0

INITIALIZE THE ARRAYYS.

DG 710 I = 1 » NYDP

O 700 4 = 1 5 NOY

SP{Iyd) = Gl

Q@ﬁfizgd) = Pl
‘%};{kiggajg o die 8
”3K¥IMBt

Tr413 =000

CONTINUE

YSE THE METHOD oF {}QVﬂLh?}ﬁN FOR OCALCULATING DRAMDOWNYS FOR
THE VARAIBLE PUMPAGE! i BROTHE ASSUNED (BULSEY YVALUES

OF 5C AND KB. ALSO Umh STITIVITY ANALYSIS AND LEAST SOUARES
TO FIND A BETTER ST AND KB.

CONTINUD

DI 781 I8l NPY

HMPR = NPRTALIP)

DD 780 11 = 14NPR

DG o7I 10 = AsNTDP

TFLIT »8T« 1360 TO 730

TTLIY = T413

G = GLIPLILY

IFO DELTUIPY 68 STOWITTOII=TTL4I3-0ELTLIP)
GO T3 740

COMYTINUE

T4y = ¥LI =« TRLIPeIT~-1)

Ga o= GLIP» LY — QUIPLII~12

CONTINUE

D% 750 J = 13MNOW

TE{SPCAP o NE. *YES?) RLJI = RPHOBLIPsJ)
SId o= Dwl

DSOTIJ = (a9

DEI3CTEL = 0.0

IFLTTLL) »LEx 80360 T 750

CALL SUB-ROUTINE  THEISYG AND COMPUTE DRAVDOUNLS) AND
SENSITIVITY COEFFICIENTYS DUE TO PUMPAGE(S).

CALL THEISYOISTs KB 00 TTLI ) o REI IS TJ e DEDTI S DSOSCTJa UNIT s HOUT)
SUM THE DHRAUWDOGHNTS AND THE SENSITIVITY COEFFICIENTS.

CONTINGE

SP{lsd) = SP{T 32851 4
DSO¥{T+d) = USDTLIJd¥eD30DTY
BEOECHLIeJd = ﬁ?;ut(fsd@*ﬂ?ﬁxhld
CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

TFINCONY W 6E. 1360 T 2590
S5Us = Dal

55071 = 1= 0




"

£

SRR

SEsEeRe

T

808
a19
B2

ARG

837

240

BUTUS = g
SUSDIF = O
SUTDI¥F = a

ﬂ&i”Ui&Tg THE DELTA VALUES FOR S0 OAND KB
..... FFICIENTSY AND UPDATE THE INITIAL GUES

RO 810§ =1eNTOP

D 800 J=1 4806

B5UL = 33& DAl eadd e + S3US

585UY = SOTLT9ddnw2 » 530UT

SUTUS = Ugﬁvﬁiigd§w3“DTilad§ + BUTUS
SUSDIF = 051

CONTINGE
CONTINUE
ConTINUE

PRINT THE MESSAGE IF SENBITIVITY COEFFICIENTS ARY

{OR ZEROD
IFAZSUE SLEs B0 »0Rs BBUT LEs Hs0  L0Rs

IF ADELTSE L Te =.%5485C 3 DELYSO = -,95#50
IF (DELTE0 26T M*ﬁ*?ﬂ ¥ ODELTEC = 2,080
S0 = 30 +« DELTSC

IF {30 »67¥e 1.0 ) SC =

DELTKE = (SUTOIF~ DELYSD#«SUTUSIESUT

IF {DELTKE »LTa =»95+KB )} DELTHE = -,952KB
IF (OELTRE 2067 2.00K8 3 DELTKE = Z2u.0%KB
KB = K3 +» DELTKE

HRITE { HWDUT,8303 Kbe 3O

ITF(PEFLY HRITECIPTRLBB0Y KEsSC

FORMATO ¥ BESY FIV KB ANY SO OTHIS ITERATION

ICOUNT = TLOUNT + 1

IF IT DIO NOY CONMERBE FOR THE
PRINT  THE MESSAGE

IF ¢ TCOUNT 67. NITE®R) 6O 10 10290

{USING SENSITIVITY

5 WALUES.

Ll s 855 (e =0 LTe )} + SUSDIF
SUTOIF = T}%}?‘({*Qﬁ;ki {16& K’ﬁﬂﬁiﬁ\.}}$ + SUTHIF

BUTUS LI,
BELTSC = (SSUT*SUSDIF-SUTUS«SUTDIF I/ (SSUS#SSUT-SUTYS »e2)

TO0 SMALL

D060 10

55

1040

ARE %4 Flh.Be8XaF 18,9

GIVEN DATA SETs

IF THERE 15 NO CONVERGENCE AND ITERATION LIMIT

NOT ERCEEDED THEN

€]

DTHER ITERAYTION=

TFOABSCUTEMPKB=-KBI/KBY »LTe TOL o ANDs 3C «EGs 10 -0Rs

 ABSU{TIMPKB-KBITKB) 2LTe TOL «ANDe 30 «LTa

& NEB=NKB+1
IFINKR 6% 13 60 T 1060

IFIASSY{TEMPRKE-KBI/EBY o BT o TOL « DR ARBSCLTEMPSC=BC /30267 s TOL)

% 50 TO R840

IF CONVERBGENCE 3UCC
13

EBs
TiM KAy

E

DOMN DATA PAIRS.

IF 47TI7L «=NE- #YES#®3 GORTO B3V
BRITEAHBUT» 305 TITLe

IFEPRFLY WRITE(IPYR 505 TITLE

CONYINUGE

WRITEAWOUT »9%9)

HETTE { HMOUT48400ATYP

IFIPRFLY WRITECIPTR 840> Davyp

FORMAY 4/7% »=x THE BEST FIT TIME _*9ABy7

SFUL THEN PRINY THE
A1

TeBE~1%2

SREST FITH

PATRS

ARE

& & ¥

LY



SRk

A A B B B 4

e,

850

859

< &
fond

BY2

BE0

8940
aon
9140

320

930

fex)

56

& P

RE~-INITIALIZE THE  ARRAYS AND  COMPUTE BESYT-F IV
TIME~DRANDOUN PAIRS Wﬁﬁ CONYERGED YALUES OF SC & Kb

NCONY=NCONY+1

TFLNCONYBE- L3060 TO 690

CONTINUE

DO B0 T = 1.NYDP

D A%Y IP= 1y NP

TE=TLY

IF { NPH »BT- 1 )} &3 TD 859

IFLTE al TSTOPLIP T =TO-TETOPLLIPY
CONTINUE

WRITECWOUT s B683TC o (SPL T 93D wd=1 »N0W I
I ipﬁﬂab HRITEAIPYRSHE0) TCO(SPLTIvdd pad=l yNOH D

CONTINUE

WRITECHOUT »872)

FORMAT(/ 60¢ 1H*) /)

WRITECWOUT 9880)KB»SC

[F{PRFL) WATITECIPTRyBAT) KBySC

FORMATC/® ®BEST® FIT TRANSMISSIVITY (L»s277T) IS =  14F 15894
T OMBESTY FIY  STORAGE CDEFFICIENY I3 = PF10.9)

CALCUATE THE rms ERRDR IN THE ¥RESYT FIT® DRAWDOWNN.

Sum o= fle
SURSP = Uull
SUMs = Ha il
SUMEPSE Ul
SUMISYy Oall
SUMSPS = Be0
D3 900 I = 1. NTDP
}3 BS99 W =1 NUW
= SUM + {SPLTad -8Bl dddnnld
: R SUMSF» EPL(T 5.3
a&@@ = SUMS+SLT4d3
SUMSPER = SUMSPSO4SPL L edlax?
SUMESE = SUMSSO+S{T4add %a?
SUMLSPS = SUMSPS+5P{ T+ 5L ed?
CONTINUE
CONTINUE
CONTINUL
SIGHA = DSORTASUM/DRLEAFLIATANTOPSNOWI I
IF ¢ CONSTORA EQ. YYEBR® ) GO TO 930

OB

COMPUTE CORRELATION BETWEEN FIELD OBSERVED DATA AND "BESY ¥FIT®
DT AW
{IF THE DATA IS5 0OF CDNSTANT~-DRAWDOWN TYPE THEN SKIP THISE STEP)

COR=(SUMSPS~{ I SUNS P+ SUMSH/DBLELFLOATINTDP#NOWI DI ALODSORT {SUMSPSO~ (SUNSP*

DBLECFLOATINTOP*NGWII Y D * DSARTASUMSSQ~-LSUMS»« 2/DBLEFLOATINTOP=.NGW 2 3D 3}
WRITELCWDUT »928) DATYP »SIGMALTOR

TEF{PaFL)y WRITELIPTR,9208) DATYP.SIGMA.LOR

FORMATLS®  THE rms ERAQGR FOR #,A8.7 (L) IS = Ty FlO5 3/

® THE CORRELATION COEFFICIENTY IS5 o PgF 1573

WRITELHDUTY «BT 2

IFAPRFLY HRITECIPTRWBT2)

GO T 9548

COMTINUE

WRITECHOUT 9940 0ATYP»SIGMA
IF(PRFL) WRITECLPTRs94D) DATYPySIGNA
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H0
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YUYy Ty oy TN A

oy

1928

1038

1040

1050

1055
%

1060

10780
DATA®)

1080

2% ™

1129

1130

1140

e b
o
A
3 S

&
o

FORMATC® THE rms ERROR FOR 79ABe¢ (L) IS = PyF10.5/7) 57
CONTINUE
IFCSPCAP WNE. YYES*)G0 TO 1100

SECIFIC CAPACTYY CALCULATIONS ONLY PERFORMED WHENZ
a) the obserwed drasdouwn 2 from the pusping
ell dtselfs: and
d the aumber of obserwvatdon wells s one angd
45 Located at o radial Jd9stance agual to
the radius of the pusping wells

KEp o= i
CALL SPECAPLWOUT sPRFLyIPTRsKSPyNPRANTOPpT s TP s e SPp NOU
NOPHy NUQe NDMs TLIMa SCAPLT o NOB)
BT 11400
WRITE ( WOUT,103DINITER
TFIPAFL) BRITECIPTR.AOD3IDINIVER
FORMATU? DID NOT CONVERGE IN?  »I2, 7ITERAYIONS "3
IFEICOUNT BT NITERIGS 1D 1100
COMTIAUE
HRITELHOUT » 1058
IFLPRFLY MRITELIPTRLILO0BOY
FORMATLY SENSTITVIVITY COEFFICIFNTS TO0 SHALL dor zersd %)
HMRITELHOUT L0555 USR. SSUT, SUTUS
TF(PRFLY %@1?%5IP?%;%%&%)E”Q%;S%M?@“Ufﬁ“
FORMATLY YTHE BENSITIVIYY Lo ViiihN?h ARE % ¥a//»
Pogsus o= TeEZ L s F? S3UT = sE2U-10e /% BUTUS = PyE20e 10477
G Ta L1100 ‘
: TECHOUT107030ATYP

1t

FLPRFLY HRITELIPTHLLOFD)
FORMATL /7 % STORASE COEFFICIENT {SCy CANNOT BE COMPUTED FOR GIVEN 73884

WRITECHOUT s 1OROIDATYR
TFL LY HBITEUIPTRLLOUBOIDATYP
EORMATL 7 % waww DTAY STICE www AFF,

* Radial distance (v) too small andfoy time of obsepvatian (23 ¥4

¥ toas Larges. The @r;aa@ nt af exponential approaches zeros. Hence Ta/

¥ the walue of transunissieity s only cvomputed for the ¥3:A8¢% data )

WRITECHOUT s 1090 3KB

IFIPAFLY WRITEAIPTRSLEDDIKE

EORMATLI/Z® BRAFSTY FIT TARANSHMISSIVITY (L»#2/73) IS5 = TaF1ELA7)

WRITELHOUT »10%4 )

TFLPRFLY HRITELIPTRSLO99)

FORMATO(SG4 IH% )/ )

WRITELHWDUT 11103

FORMATC? DO YOU WANT TO TRY DBTHER GUESS VALUES FOR SC AND KB. ¥ T4/,
¥ {Ansuer YES oer NO ¥ o= 4y

READIRIN«BDITRIAL

TFCTRIALLEQLYYES 60 TO 1120

GO 10 1150

CONTINUE

HRITELHOUT 221300

IRMATCY NEW ESTIMATE FOR SC 7 = #3

READ(RIN, = 3SC

HRITELHDOUT 211400

FORMATC? NEW ESTIMATE FOR K8 % = %)
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FORMATC45H  #x# RESE
N
END
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SUBHROBUTINE THEISVALSCsKBe B e TTsRySE 4 DSDTESDSDECE»UNTIT»HOUT)

PURPOSES

CALCULATE THE
AT A CONSTANY
AN INFINITE
EQUATION FRODM
BY YIESSMAN,
{PAGE 3283 1EPy 19
THE EQUATION I8
FROM "HANDBOOK BF
BY ABRAMOWIT.E AKD

DRABDOUN FOR
DR YARIABLE
AQUIFER
PINTRO
KHAPPy L

A HELL
DiIBCHRAGE
USING  THE

d1 5

S0y
MATHE?
STE LN, PAGE

USING

251w

ARGUMENTS (L 15 ARBITHARY LENGTH: 7
%
-

C STURAGE
3
Y
T

!

THRANSMISSIVITY OF
ﬁﬁ TARLE (08 CoNsT
RYATION TIME

T

PP AGE
OR 4T3

oF

QMY ¥
DISTANCE

OR (L)

w ¥
-
SE =D
DEOYTE =D
DEDSCE =5
UNTT =

Q%sﬁﬁﬁﬂ?iﬁw

SENSITIVITY HsRals 1
SENSITIVITY HeBReTs I3TORAGE
SYSTEY of UNITSS YES FO

COMNSISTENT UNITS ARL ASSUMED

18 ARBITRARY

COEFFICIENT FOR AGUIFER {UNITLES
DIFER (GAL/DAY/FT)
SELL (GALYVDAY)

TRANSMISSIVITY AFT#=2+DAY/GAL) OR
GEOU(FTY DR (L)
GAly DAYy FT3

PUMP ING

FROM
THETS
JCTION TO HYDROLOGY?
AND HARBAUEGH.

RATIONAL
ATTICAL FUNCTIONS?®

TIMED

DF (Lax257)

R {Lwx&3%7 1)

FRaM gLl (FTy OR (L2

(T7L3

OTHERMWI SE

PR R R R TEE RS EEETEFREETEEETTEEETEEESZTEEEEEETESSIEEEEEEE ST ST A ELEEEEEE S EEEREE SR ESE S

CALCULATE THEIS 59LUTION
REAL*E KB
THPLICIYT DOUBLE
INTESER WOUTY
CHARACTER=3 UNTT
Um{Re#x 2503/ (A oTT+KH)
TFLUNTT »EQe ¥TYESYII = 7
IFLU »LE-0.D836G0 T8 3
IF(Y 4% 10360 T0 1

Hue DL 60~ 3TT21L065+, 933931 95 % U~
2 UBSLIIER R Ul QU THOG 4o e G by
GO TO 2

Wz EAP{~U AU 2 U Ve 2. 3347335 U+ 25062134
(U U+ 3. 330607+ + 1.5681534)

ONTINUE

(G714 0% 5. 14159 K8) )xy

ITE = AR/ ha DS 14109 KB ea 2 b i~y + EUP{~U})
GEE s B/ % 0 8, 141D 9 KBS L) I UPL~U)
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S0 WRITECHOUT 443 R SCTTs KH
4 FORMATL® DRAWDOWN UND
a FPOSOME YARIABLES 0OF POSSIBLE INTEREST aREzw/s
& 4 B = Palde RADIUS CRRR 0 B Y
# SOz STORAGE FACTDR =?,E12.64
% ¥ T¥= TIME A EL 2 BT
¥ Kb= TRANSMISSIVITY =13012.6)

s1aP

END
s s 2112822233222 s 3222,
W %
b SUBRDUTINE SPECAP &
5 "
el o Hok e Ak R A ok e bk e dode ok g e Rl & B Rk ik

SUBROUTINE SPECAP (UDUT PRFLy IPTHR NPUSNPRINTDPs T2 TP a0 9SPy
% NOH»HOPUHs NV NDM VL EM SCAPCT s NOB )

NOTES IN THIS SUBROUTINE NPW IS THE CURRENT PUMPING WELL

PURPOSES

PERFORM SPECIFIC CAPACITY COMPUTATIONS FOR PUMPING HWELLS

CET DOUBLE PRECISION{A~HA0-2)
BER WOUT TLTMONYG)
, SION QEINOPRNVErLY o VLMD » SCAPCTANDMY o BPLNDM NGB I
 TPONOPUsNY A+
LBGICaL PHFL

PRINT HEADINGS

HRITELUDBUT, 103 NPU _
18 FORMAT(/ /LI X ¥SPECIFIC CAPACITY COMPUTATIONS Fop @
B oo 7PUMPING MELL Nol #2313%./7
L P9 P %83 S AN P TIMES 5 14X # DRAUDOGUN 3 LIK e "PUMPAGE? 5 11X
§ PSPRCIFICH 764X CAPACTTY I 710X 24T 17X {LI¥ o130y
BoAQLxaB/ U39 3100 Lae2/T)07)
IFAPRFL)Y HWRITECIPTR$INY NPH

OETERMINE NUMBER OF TIME-DRAWDOWN DATA PAIRS
BETWEEN PUMPA INTERVALS FOR EACH

KK = 0
TLIWLL) i
DD 40 X L aNP#
oo o349 1aNTOP
TF 4T4dY .67 TEINPHs I HBUTO 30
KK = KK + 1

0 OCONTINUE
TLIMII»1Y = KK
KK = §

40 CONTINUE

1

PEod s

SPECIFIC CAPACITY COMPUTATIONSZ

G0 80 11 = 1aNPH

EFINED U T8O SMALL. TERMINATE EXCCUTIOMY,

59
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DU 70 1 = TLIMOILY » TLIMOII#DD

SCAPCTAI) = QUNPY LI/ 3P0 9Ny

]

ol

WRETELWOUT 2500 TLI) »5PAL o NDH DI s GUNPH T L) 9 SCAPCTLT)

IFIPRFLY WRITECIPTR 63}
FORMATLS4FL8=8)

CONTINUL

TLIACIT+1y = TLIMLIT#1)
CONTINGE
CONTINUE
WRITELWOUT 100D
FORMATUZTI9( 8w} )

RETURN
END
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