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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
continves in the use of computers to simulate ground-water systems, parallel
progresgs must occur in data collection and analysis. BAmong 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
punping 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
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 papexr 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-gsquare) error in drawdown
is calculated along with the corrvelation coefficient between pumping-test data
and the theoretically generated data, using the converged values of

transmissivity and storage coefficient.



INTRODUCTION

Accurate determination of agquifer parameters, notably the coefficients of
transmissivity (T) and storage (S), is necessary for a quantitative under-
standing of most problems in hydrogeology. For over four decades considerable
research has been done to improve the reliability of ground-water predictive
and managemnent models through better aquifer-parameter estimation, and the
efforts continue. Among the methods available for the determination of
aquifer parameters, pumping tests have the advantage of analyzing a
significant part of the aguifer as a whole, in an ine-gitu condition. In
addition, the test data may at times 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 Thels equation for non leaky aquifer pumping-test data has
proved gquite useful in practical applications. However, once the condition cf
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 installations pumping 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 pump and the hydraulic properties of the aquifer. In
determining the specific capacity of a production well, the pump 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.



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~Zeid and Scott, 1963; Hantush,
1964; Abu-Zeid, Scott and Aron, 1964; Aron and Scott, 196%; 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
fFamily of type curves determines the aquifer parametexrs. 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 aquifers. 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 aquifer parameters, proposed by Abu~Zeid and
scott (1963) and Hantush (1964), 1s based on ewmpirically 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 solutionsg"

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
agquifer 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 technigue and an algorithm to
automatically fit field-observed, variable-~rate, pumping-tesgt 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
calculated numerically for arbitrary space and time variables; thus, the Jacob
approximation is not necegsary in this work.

The automated analysis of pumping tests for nonleaky and leaky confined

caquifers with constant pumpage has been published previously (McElwee, 19804a;

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



coefficients and their uses, see Yukler (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 goodnesgs of fit between pumping-test data and
theoretical drawdown. Cowmputation of the correlation coefficient, based on
the "best" values of transmissivity and storage coefficient, also aids in
evaluating the goodness of fit. A high correlation coefficient (low rms
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 THELS EQUATION AND ITS NUMERICAL EVALUATION
Theis (1935), working on the concept of two-dimensional flow of water,
described an analytical solution for horizontal, radial confined ground-water

flow as
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3 = 2 e. ‘
s(r,t) = o= ] o oau (1)
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Theoretically the above nonequilibrium equation applies rigorously only to
aquifers which are of uniform saturated thickness, homogeneoug 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 gsolution is documented in many

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



Eg. (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], S 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 eguation in exponential integral form can be written as
q g

[ ..mg,...
5 = o Wiu), (2)
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where W(u) = f SWvdx,
u v

u = r? s/4art,
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 eguation in the range of 0 € u <1
and 1 € u s © 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) art (3)
0

where s(t) is the system response or drawdown at time t, T is a dummy variable
of integration, U is the gsystem 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 ag zero for negative
arguments. In the propex 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 Thels equation predicts the drawdown in response to a step change in
pumping rate (impulse) from zero to Q at t = 0 (AQ(T) = Q8(1), where §(71) is
the Dirac~delta function; Kanasewich, 19281), 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 system
response or drawdown at any time due to a series of pumpage changes or
impulses (AQ) should be given by the convolution

t

s(r,t) = [ 280(1)
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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) = & AQiG(Tmtim1)' AQi =5 Qi - Qim1

iz

and the integral in the convolution equation can be replaced by a suwamation

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

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

1 [ r?s ]
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Punmpage is assumed to stop at time tn; however the drawdown may be calculated
at any time by the above equation. Therefore, drawdown during the recovery
period also may be calculated by equation (5).

As an example, consider a well pumping at a rate Q1 from t = 0 to t = t1
and then the rate Q1 is changed to QZ‘ The drawdown at every instant is given

by
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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 = ty 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 frowm o
single aquifer test. The theory of superposition treats the water-level
changes during the recovery period as being the result 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 waterx
into the aquifer at the same rate and location asg the discharging well(s).
This gives a net zero withdrawal after pump shutdown.

When a well pumps Qq from t = ty = 0 to t = ty, then Qs from t, to t, and
in general Q; from ti.q to ty (L = 1,2,3,+..n) (Figure 1), then AQi =0y Q4.

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

Kk 2.
1 i r~s
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s(r,t) AT - (Qi Qi»1) wL4T(t~ti“1)J ; tk~1 < t tk (8)
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Figure 2. (a) Drawdown due to step change in pumping rate. (b) Case of
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An identical equation is derived by Bear (1979) by a slightly different
approach.

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 impulse
response function, W(U)/4wWT, 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‘parametersu The theoretical basis of this technique is called
gsensitivity analysis and is outlined by Tomovic (1962), while the application
to hydrologic problems has been examined by Vemuri and others (1969), McCuen
(1973), vukler (1976), McElwee 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 = hi(x,y,t; 8,7,09). (2)

Perturbing the parameters $ and T by small increments AS and AT produces a
corresponding perturbed head, h¥. Assuming 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 m oo ’ U = (11

Up and Ug are called sensitivity coefficients with respect to transmissivity

T
and storage coefficient respectively. Bpplying 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

—g el
Up(r,t) = 2 Exp[4§tg] (12)
S amp?
U (r,t) = =[-8 Bx ["rzs] (13)
g awrs! TPLgTE
By analogy Up and Ug for variable pumpage rate are obtained by
differentiating Eg. 4.
ko AQ. 2
Os(r,t) ~g{r,t) . 1 -r4s
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i=1 i=1
(15)

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

for ASs and AT less than or roughly equal to 20% of S and T respectively.
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LEAST=SQUARES FITTING PROCEDURE
The objective of any curve-fitting technique, 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 aguifer parameters. Manual curve fitting relies mainly on the best "eye
ball” fit and the guality 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 welghting of data points
is used). Sensitivity equations developed earlier are used to obtain a least
squares fit of experimental test data to the appropriate egquation. To apply
this procedure, a squared error function shall be defined as:

ERROR = f[se(ti) - s* () ]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.

o 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 after

changing T and 8 by AT and AS is
g% = g 4 UTAT + USAS. (17)

McElwee (1980b) has explicitly solved for AT and A8, 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 S produce a new set of calculated drawdown
valueg. 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-sguared error, given by

ERROR

g exrror = N

where N is the total number of observations. rms error is a measure of the
accuracy of fitting the measured drawdowns 85, to the theoretically generated
drawdowns ﬁf’ A low rms error indicates a good f£it for the converged
parameters T and 8. Frequently, expressing the degree of statistical
relationship by a descriptive measure, such as the correlation coefficient, is
useful . The degree of relationship 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 firstworder sensitivity formalism, initial
guess values considerably larger than the correct value may result in over-
reaction and negative T or § values during that iteration. For this reason, T
and $ are not allowed to change by more than a certain amount in one
iteration. Also, an additional requirement is that S cannot be greater than

1.
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APPLICATION TO TYPICAL DATA

To check the accuracy of the proposed method, the well drawdown and
discharge history synthesized by Aron and Scott (1965) was used and is
presented in Table 1. Thelr model used a continuously varying @, starting at
113.83 ft3/min. Column 2 represents the average discharge during that period
of pumping since the last time entyy. Columng 3 and 4 show synthesized
drawdowns at two piezometers 25 feet and 50 feet from therpumping well, at
various times between 2 minutes and 4096 minutes. The synthesized data used a

transmissivity (T7) of 1 ftz/min and a storage coefficient (8) of 0.001.

Table 1
Col 1 Col 2 Col 3 Col 4
t 0 DRAWD OWN
(minutes) (££3/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 ftz/min; S = 0.001)
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Initial estimates of T 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 required the change in transmig-
sivity and storage since the previous iteration to be less than or egqual to
0.01% of the previous values.

The best fit of aquifer parameters is shown in Table 2. Each 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-obgserved and
theoretically generated drawdowns) varies from 0.188 to 0.231 £t and from
«99968 to 0.99926 for the three cases respectively. The rms error is a
measure of the magnitude of error at an "average" data point. Several other
variable-rate pumping tests that were available alsc have been analyzed.
Numerical convergence was rapid and aquifer parameter values as measured by

rmgs 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 Yms

“Well Distance Fit Fit Fit Fit Erroxr 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 «29926

2 50 1.07  .00088 1.0128 .001006 7 =12 1.26 + 65 0,188 - 99968

1&2 25,50 1.0125 001017 1.26 177 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 1711 7429
4 20.69 P1.12
8 23.51 14.48
16 25.56 17.23
32 27.21 19.53
64 28.77 21.62
128 30.31 23.57
256 31.81 25.43
512 33.32 27.23
1024 34.76 28.94
2048 35.97 30.41
4096 36.85 31.56

17



PROGRAM THEIS.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 compillers 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 (l.e., array dimensions) in the algorithm
that the user may need to redefine from time to time. Following is a
list of the array sizes that may need to be re-dimensioned, provided the
preset dimension size is insufficilent.

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 approprlate 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 1is 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



ugage. 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,
if convergence does not occur in 25 iterations, this statement may be
changed and the number increased. The value TOL (abbreviation for
tolerance) 1s 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 0.001 (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. BSetting 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 analysils 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), 1listing 2 vefers 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 1s required to end with a carriage
return which 1s done by pressing the RETURN key.

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

This option is 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 (l.e., 'yes') 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 this option should make sure that file
"filename' has been created prior to the start of the program. (Some
computer installations may not require 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 1f 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 coefficient, 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. (If 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 ave based purely on
experience and should be taken as rule—of-thumb only.) Tor a constant
pumpage rate, the number of variable 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. If 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 palrs 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 affirmative responses are given by the
user, the program will continue to ask for data corrections. As soon as
a negative response is 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. For each lteration, 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 8
are updated by the quantities WT and WS. At some iteration of the
fitting algorithm 1f the convergence criteria set by TOL 1s 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 noun-convergence with
very small ov zero sensitivity coefficients. Should such a situation
occur, the program prints the sensitivity coefficlent values, indicating
thereby that convergence has not occurred because the initial 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 executione.

In situations where 'DRAWDOWN' data are analysed, the algovithm
asks the user 1f gpecific capacity of the production well needs to be
computed. The answer to this query should be affirmative only when:

(a) the observed drawdown 1s 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-
clty, etc. have been applled in the specific capacity computations.) If
the answer to the specific capacity query is negative, the next question
that the program asks 1s regarding constant drawdown conditions. If the
user's data is from a flowing well (where discharge may be variable and
drawdown constant), then an affirmative respounse 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 gquite simple. No
empirical relations for an assumed exponentially decreagsing 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
pumpages to adequately describe the given pumpage. The automated fit
technique is quick and inexpensive, and does not involve any graphical plot ox
graphicél interpretation for obtaining T and 8. The algorithin 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 bhelow the converged values. As a measure of error, the rms error in
drawdown is calculated for the 'best' transmissivity and storage. The rﬁs
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 'hest' 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 aquifers. 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 NUNBER OF ORSERVATION WELLS 7

1

RADTIAL DIGTANCE RETWEEN PUNP WELL & 1 AND ORGERVATION WELL #
RANIAL NISTANCE RETWEEN PUNP WELL % 2 AND OBRSERVATION WELL &
RADTAL DIGTANCE RETWEEN PUNP WELL & 3 ARD ORSERVATION WELL ¢

NUNRER OF TINE-RNRAW-REC PAIRS V0 RE  REARD 7

o

ECHD THE INITIAL DATA

§C = 2 1000000E 0] KRB = 5 1000000E+03

THESE ARE THE INITTAL GUESSES FOR STORAGE COEFFTCTENT AND TRANSMISSIVITY
CONSTANT PUMPAGE RATE OF P U, & 1 1§ = 136,2000000

FUNPING TIME = 525.0000000

CONSTANT PUMPAGE RATE OF P,W, & 2 X8 = 1674000000

FUNFING TINE = 605.0000000

CONSTANT PUMPAGE RATE OF P.YW. ¥ 3 18 = 213,6000000

PUHFING TIME = 695, 0000000

13

X% RADIAL DISTANCE(S) OF OBSERVATION WELL(S) IS/ARE ¢

RADIAL DISTANCE FROM PoW. & 1 TO O.Me & 1 I8
RADYAL DISTANCE FROM P.W. & 2 70 0.4, % 1 1§

RADIAL DISTANCE FROWM P.W. # 3 TO 0.4, & 1 18

NUMBRER OF TIME~-DRAM-REC PATRS ARE = 13
T8TOP( 1) = 523.0000

TSTOR( 2) = 60%,0000

TS5T0RC 3) = 695, 0000

R

TIME AT UWHICH LAST RECOVERY X8 MEASURED ¢ DAY OR

(Enter the LAST TINE of RECOVERY messurement)

ARE THERE ANY ERRORS IN THE AROVE ENTRIES?
(Answer YES or NO ) = HO

gHO.0000000
780,0000000

1060,0006000

693

TYPE IN TINE-DRAW-REC PAIRS XM ORDER OF IMCREASING TIME

(Enter TIME and DRAW-REC in free format )
= 30 0,96

60 3.20
= 120 46.21
= 180 7.77
= 240 8,76
= 305 9,30
= 345 10.00
= A25 10.37
= 488 10,467
= 525 10.84
= AQT 9,45

660 7.146

495 6,51

118 =
118 =

118

32.
B840
780
1060



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



[0 YOU WANT TO TRY OTHER GUESS VALUES FOR 8C AND KR, 7
{Answer YES or NO ) = YES

NEW ESTIMATE FOR 8C 7 = O35
NEW ESTIMATE FOR KB ? = o

SENSITIVITY COEFFICTENTS TOO SHALL (or zero)
THE SENSITIVITY COEFFICIEMYS ARE ¢

g6Us = +A24BLTIRI2E~62
SEUT = W G07629797LE-43
sgTys = ~21468491790E-62

OO 70U WANT TO TRY OTHER GUESS VALUES FOR SC AMD KR, ?
{(Ansder YES or NO ) = NQ :

S10F
)
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LISTING 2. RECOVERY RUN

NO YOU WANT TO HAVE A HARD COPY OF INFUT-OUTPUT?
( Answer YES oe NO Y = YES

INFUT FILE NaME (UP TO 8 CHARACTERS) IN WHICH THE
QUTPUT IS TO RE ROUTED, MAKE SURE THE FILE EXISTS
Imrut file name = THETSQUTY

O YOU WAMT TO PROVIDE A TITLE FOR THIS Jow?
( fAnswer YES or NO Y = YES

INFUT JOR TITLE -UF TO 100 CHARACTERS-
=RECOVERY RUN (SQOURCE ! “GROUNDUWATER HYDRAULICS®s NHCHORTER & SUNANDA: FORT COLLING)

DO YOU WadT TO USE Galy DAYy FT BYSTEM 7
(Answer YES ar NO )} = N{

DO YOU WANT TO ANALYZE DRAMDOWN OR RECOVERY OR
DRAMIOUN AND RECOVERY DATA 7 ) o
{ Enter “DRAWDOUN® or *RECOVERY® or *BRAN-REC® 3 =  RECOVERY

ESTIHATE FOR STORAGE COEFFICIENMT 7
{ Enter & ressonable positive fraction ) = 0.001

ESTIMATE FOR TRANSHISSIVITY 9 GAL/RAY/FT OR Lkk2/7
{Enter a reessonable rocitive value ) = 1.0

NUMRER OF PUMPIHG WELLS P = 1
NO. OF VARIARLE FUMPING RATES OF PUMP WELL % 17
(Enter 1 if Constant Pumring Rale) u i
THE CONSTANT PUMFING RATE OF PUMP WELL 1 I8 = 179
TINE FOR MHICH PUMPING RATE OC 1y 1) IS OQFERATIVE (NAY OR T) = 443

TOTAL NUMBER OF ORSERVATION WELLS ? = 1
RATIAL DISTANCE BETUWEEN PUNP WELL % 1 AND ORSBERVATION WELL # 1 16 = 4.4
NUKEER OF TIME-RECOVERY PAIRS TO BE READ 7 = 18

ECHO THE TNITIAL DATA
8¢ = +1000000E~02 KR = 10000008401
THESE ARE THE INITIAL GUESSES FOR STORAGE COEFFICIENT AND TRAMSMISSIVITY

CONBTANT PUMPAGE RATE OF PoW. & 1 I8 = 1,7900000
FUKFING TIME = §43.0000000

k- RARTAL DISTANCE(S) OF ORSERVATION WELL(S) IS8/ARE 3

RANIAL DNISTANCE FROJ P.W. & 1 T0 0,4, & 1 1§ = 4. 6000000



NUNEBER OF TIME~-RECOVERY PAIRS ARE = i

TETORC 3) = 443,0000

TIME AT WHICH LAST RECOVERY I8 MEASURED % DAY OR T
(Erter Bhe LAST TINE of RECOVERY measurement) = A43

ARE THERE ANY ERRORS® IN THE AROVE ENTRIFG?
{(Answar YES or MO ) = MO

TYPE TN TIME-RECOUVERY PATRS IN ORDER OF INCREASING TIHF
(Enter TIME and RECOVERY in free format )

+99 1,

= 151,595

5 1,501,535

= 21,49

2 2:591.,448

= ¥s1.4

= Ay1,305

= 4,5,1,035

K- TE Y

= 811,06

= 125493

= 147,845
214755

= by, 7

= 34y .59

= Abs.5

= By, 451

= 715,384

FEX PUMP TEST NATA IN TIME RECOVERY PATRE  %%x%

TIME RECOVERY
45000000 1,6400
1,0000000 1,5950
1,5000000 1.5350
2,0000000 144900
3,5000000 1.4450
3,0000000 1.4000
4,0000000 1.3050
4.,5000000 11,2350
5,5000000 1,2000
80000000 1,0600
12.0000000 ' 9300
160000000 + 8450
210000000 V7550
36,0000000 + 7000
360000000 V5900
46,0000000 $5210
560000000 4510
71,0000000 + 3840

36



37

ARE THERE ANY FRRORS IN TIME - RECGUERY PFATRS?
(Ansuwer YES or MO ) = NO

EEST FIT KR ANIY &C THIS XTERATION ARE v 16334962 + 003000000
BEST FIT KR AND 60 THIS ITERATION ARE yA7706219 0029340
BEST FIT KR AND GC THIS JYTERATION ARE +41134512 2009217288
BEST FIT KR AND S0 THIS YTERATION ARE » 30803974 012710490
REST FIT KR ANR 60 THIS TTERATION ARE v 53623016 013960627
BEST FIT KR AND 8¢ THIS YVERATIOMN ARE g 793383 +013961732
EEST FIT KB AND 8C THIS TTERATION ARE WOR7935214 1013971632
REST FIT KB AND 8C THIS ITERATIOM ARE v 03793600 013970105
BEST FIT KR AND 8C THIS ITERATION ARE v HE79IGRE » 013970406

RECOVERY RUM (SOURCES *GROUNDWATER HYBRAULICS®, MCHORTER & SUNANDA, FORT COLLING)

K¢k THE REST FIT  TIME.RECOVERY PAIRS ARE  #Rx

5000000 1,7994
1,0000000 1,5791
1,5000000 | 1,4835
2,0000000 1,413%4
2.5000000 1,3581
3.,0000000 1,3125
4,0000000 1,2399
4.5000000 1,2100
5,5000000 1,1389
80000000 1,0632

15,0000000 V9597

14,0000000 , 8864

21,0000000 8180

26,0000000 V7646

36,0000000 16844

440000000 '6252

54,0000000 V5786

710000000 V5237

LSS YS I TIIFTTITSTELITEFICTLITISOITITITELITITTTEISEEL S22

CREST® FIT TRANSMTSSIVITY (La%2/T) 1§ = v379358%
YREST® FIT GSTORAGE COEFFICIENT IS8 = 1013970404
THE rms ERROR  FOR RECOVERY (L) I8 w 107632

THE CORRELATION COEFFICIENT I8 = + 99154

E2 2332383223830 5332 22233222V IIPATENST LS
IO YOU WANT TO TRY OTHER GUESS VALUES FOR SC AMD KR, 7

(Answer YES or NO ) = YES&

NEW ESTIHATE FOR 6C 7 = o1

NEW ESTIMATE FOR KR ? = 100

BEST FIT KR ANR &C THIS ITERATION ARE 5.00000119 300000000
BEST FIT KB AMD SC THYIS ITERATION ARE » 23000012 015000004
BEST FIT KB AND SC THIS ITERATION ARE 3BAILN9T Q178285764
BEST FIT KB AN SC THIS ITERATION ARE 2AR471271 SO15816719
REST FIT KR ANI 8C THIS® ITERATION ARE 53474394 013768584
REST FIT KK AMD 8C THYS ITERATIOM ARE »G37900G41 013991317
BEGY FIT KR AND SC THIS YTERATION ARE + 53793800 013966130
REST FIT KRB AMO S THYS TTERATION ARE s 337293545 013971188
REST FIT KR AND &0 THIS ITERATION ARE VG3793595 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 (BOURCE? 'GROUNHMATER HYDRAULICS®» MCHORTER & SUNANDAy FORT COLLINS)

-

¥k THE  REST  FIT  TIME.RECOVERY PAIRS ARE  ¥x

V5000000 1,7294
1,0000000 1,5791
1,5000000 1,4835
2,0000000 1,4134
2,5000000 1.3581
3.0000000 1.3125
4,0000000 1,2399
4,5000000 1,2100
5,5000000 1,1589
8, 0000000 1.0632

12.0000000 19597
16,0000000 +8846
210000000 .8180
26.,0000000 V7646
36,0000000 6844
44, 0000000 £ 4252
56,0000000 5786
71,0000000 »5237

(X33 243 3220288234028 F3420383 3322202 ERILETEINS9Y

FREST® FIT TRAMSHISSIVITY (Lak2/7T) I8 = c BA79I580

*REST® FIT STORAGE COEFFICIENT IS = Q13970507

THE rms ERROR  FOR RECOVERY (L) 18§ = +07632

THE CORRELATION COEFFYCIENT IS8 = 99154
FRAWAFAREOCOOE R AR A A ok Rkl kkonck ok sok ok ok ok
DO YOU WANT TO TRY OTHER GUESS VALUES FOR SC AND Kk 7

(Anaswer YES o MO ) = YES
NFEW ESTIMATE FOR &6C 7 = LO00001
NEW ESTIWATE FOR KB 7 = 00001

REST FIT KB AND SC THIS ITERATION ORE 00002000 000002000
BEST FIT KR AHD 8C THIS ITFRATIUN ARE +HOOHAY0D 000004000
REST FIT KR ANR SC THIS ITERATION ARE 00007999 000007999
REST FIT KB AND SC THIS ITERATION ARE Q0015998 D00015995
BEST FIT KR AN 8C THIS TTERATION ARE 00031991 +000031981
BEST FIT KRB AND SC THIS ITERATION ARE » 00063963 + 000063922
BEST FIT KR AND &C THIS ITERATION ARE 00127801 LO00127686
BEST FIT KB AMI S0 THIS ITERATION ARE 00255401 LD00254743
BEST FIT KB ANR SC THIS TTERATION ARE 00509604 Q00506975
BEGT FIT KR AMI SC THIS TTERATION ARE 010144364 001003987
BL%( FIT KR AND SC THIS ITERATION ARE 020099461 001968763
EEGT FIT KB AND §C THIS ITERATIOM ARE 03745664 003785658
BEST FIT KR AND GC THIS ITERATION ARE 07605050 007001704
BEST FIT KR AN &G THIS ITERATIOM ARE » 314145717 +011998653
EEST FIT KR AN SC THIS® ITERATION ARE V24603644 Q17771082
BEST FET KR OAMD S0 THIS JITERATIOM ARE «ABHAGILD 020342013
BEGT FIT KB AND SC THIS ITERATION ARE A9261232 016744245
BEST FIT KR AMDY SC THIS ITERATIOM ARE s 33449595 013730884
REST FIT KB AN SC THIS ITERATION ARE HATBY34 D139966964
BEST FIT KR AMI 80 THIS ITERATION ARE v 53793854 013965054
EEST FIT KR ANJ 9C THIS ITERATION ARE VAR BN s013971399
REST FIT KR AND S THIS XTVERATION ARE 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 HhPD COPY OF INFUT=-0UTRUT?
( Answer YES o MO ) =

INPUT FILE NAME (UP TO 8 CHARACTERS) IN WHICH THF
QUTFUT 185 TO BE ROUTED., WAKE SURE THE FILE EXISTS
Input file name = THEISOUT

00 70U WaANT 170 FROVIDE A TITLF FOR THIS JOR?
( fAnswer YES or NO Y = YES

INFUT JOR TITLE ~UP T0 100 CHARACTERS-
=DRAWTIIOUN RUN (SOURCE ! "GROUNDWATER REGOURCE EVALUATION RY WALTON. PP 348  TARLE S.02)

00 You WANT To USE Gals DAYy FT SYSTEW 7
{Answer YES or ND )Y = NO

00 YOU WANT TO ANALYZE DRAYDOWN OR RECOVERY OR
DRAWDOWN ANDY RECOVERY DATA %
( Enter "DRAWDOUN® or "RECOVERY® or °“DRAW-REC® ) = DRAWDOUN

RO YOU  WANT SPECIFIC-CARACITY OF THE PRONBUCTION
WELL TQ RE COMPUTED 7
(Answer YES or NOY = YES

IS5 THE DATA OF CONSTANT DRAWDOWN TYPE ¢
{Answer YES opr HNOY = RNO

STINATE FOR STORAGE COEFFICTENT 7
( Enbee o paasonasple rasitive Pracfinn )y o= 001

ESTIMATE FOR TRANSMIGSIVITY % GAL/ZRAY/FT OR LEx2/7
{Enkere o reasonahle rosibive vaglue ) = 100,

MUMRER QF PUMPING WELLS 7 = i

NGO, OF VARIABLE PUNMPING RATES OF PUMP WELL # 17
(Enter 1 if Constant Pumring Raote) 4

THE VARTARLE FUHFING RATES OF PUMP WELL % 1 ARE!

VARTABLE PUMFTNG RATE Q¢ 1y 1) I8 = 735294

TINE FOR WHEICH PUMPING RATE OC 1, 1) I§ OFERATIVE (DAY OR T) = 9
VARTABLE FUMFTING RATE QC Ly 2) I8 = 7219251

TTME FOR WHICH PUNPING RATE OC 1, 2) I8 OPERATIVE (LAY OR T) = 100
VARTARLE FUNPING RATE QC » 3y Y& =  1.2433153

TIME FOR WHICH PUNFING RATVE O( 1, 3) IS OFPERATIVE (DAY OR T) = 180
VARIARLE PUMPING RATE G( 1s 4) I8 = 16978409

TIHE FOR UWHICH PUNPING RATE OC 1, 4) I8 OPERATIVE (DAY OR T) = 250
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EFFECTIVE RADIUS (Ruw) OF THE PUMPING WFLL ? FT OR L = %]
UMBER OF TIME-DRAWDOUN PAIRS TO RE READ 7 = 39
ECHO THE INITIAL TATA
S = »1000000E-02 KR = ,1000000E+03
THESE ARE THE INTTTAL GUESSES FOR STORABE COEFFICTENT AND TRANGMISSIVITY

THE 4 UARYING PUMP RATES OF P. We & 1 ARE 2

QC 1+ 1Y = o 7353

BC 1, 2) = 07219

G 1 33 = 1,2433

¢ 19 4) = 1:6979

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

TFC 1, 1) = 2.0000000

TR Ly 2 ) = 100.0000000

TF( 1y 3 ) = 180,0000000

TRO 1, 4 ) = 250,0000000

NUMRER OF TIMF-DRAWDOWN PATRES ARE = 35

ARE THERE ANY ERRORS IN THE ABOVE ENTRIES?
(Answer YEE or NO ) = NO

TYFE IN TIHE-DRAWOOWM PATRS IN ORDER OF INCREASING TIME
(Fn!e{ijTE and DRAWNOWN inm free format )
= 294,42
= 35,84
= 457,63
= 9510,0
= 10:30,23
= 13:10.84
= 15011.09
= 17911.37
= 20s11.82
= 23,111,088
= 26v12.,09
= $0,12.33
= A0912.68
= 45;12,79
= G0»12,89
= 55013,04
60513.15
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70,135,349

B80,13,54
90513%,79

i

100:12,93
121,16.27
130,259,84
140,28,99

1

109 30,13

©
!

i

160030,83
170,31.48

i

1805 31.84
193+36,82
203,45,89
220,49.82
230,51,00
240951,92

250

i

FUMP TEST ﬁATﬁ IN TIME DRAWDOWN PAIRS

ARX

£ £

TTHE
0000000
0600600
0e00000

DRAWTIIOWN

[elalelololeriolelielelelefolalnlelolelelelelelelelelolelelelelole]
DOCLOCTOOOCOTC OO C OO OOOOCOOOOOT
PO SOOI O TS SO O IR T VO TSSO TNED
MO OMITEOMONEOCMINNGNE <R TWOOLOooly
00000000 @ e D S D> S s > s DD O G S L B o S e S o oW
570001111?2?223?533?6%80011659112
o S g e e, el e T et vl W el TS ey v e vt vt O O PO PR PSP IS < SO U

DO
SO
[ Rt R
-t 8
-
b

4 4200

SOOOCOCO

000000

ooooooooo
T OOUT 70360050..:000004\0000001..1)0000
T e O TS O T NN OO MM LT O N O OIS

vt e v et i v et et T I OGN

1
2
3
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ARE THERE AMY ERRORS IN TIME - NRAUDODWN PAIRS?
{(tnswer YES ar NOU ) = N

EEST FIT KR AND 6C THIS ITERATION ARE 5.00000119 2003600000
BEST FET KR AMN 6C THIS XTERATIOMN ARE + 25000012 L 009050000
BEST FIT KR AND 60 THIS ITERATION ARE 01250001 027000000
BEST FIT KR AND 8C THIS ITERATION ARE 01341776 » 072452819
REST FIT KR ANDI 8C THIS ITERATION ARE Q1298768 + 143146071
REST FIT KR AND 8C THIS ITERATION ARE » 01249559 » 199815857
BEST FIT KR AN 8C THIS ITERATION ARE W Q1223912 v 222467516
BEST FIT KR AND SC THIS ITERATION ARE 201215092 + 228106966
REST FIT KB AN SC THIS ITERATION ARE 01212821 v 229368503
BEST FIT KR AN SC THIS XITERATION ARE » 01012292 2 229652766
BEST FIT KR AND 6C THIS ITERATION ARE 001212171 0229717108
BEST FIT KB AN 86 THIS ITERATION ARE 201212144 + 229731689

DRAWDOWN RUN (SOURCEL“GROUNDUATER RESQURCE EVALUATION RY WALTON. PF 348 TARLE S.12

k¥ THE  BEST  FIT  TINE.DRAWAOWN  PAIRS  ARE  okx

1, 0000000 ' 7836
2,0000000 2,2979
3. 0000000 3,4324
4. 0000000 4, 4184
90000000 706177

10, 0000000 8.0523
130000000 90,1274
15,0000000 9,7341
17,0000000 10,2738
20,0000000 10,9848
2%, 0000000 1146040
26,0000000 12,1520
30, 0000000 12,7947
40,0600000 14,1059
45, 0000000 14,6462
50, 0000000 15,1311
550000000 15,5711
6040000000 15,9737
700000000 16,6890
80,0000000 17,3103
90,0000000 17,8596

100, 0000000 18,3518

121,0000000 27,3003

130,0000000 38,8010

140,0000000 30,1002

150.0000000 31,1479

1600000000 32,0818

170,0000000 39,8849

1800000000 3%, 6036

192, 0000000 40,1321

203,0000000 42,3037

2200000000 44,7871

230,0000000 45,9164

340,0000000 46,9008

250,0000000 47,7791

ko korsckkiooklk o)k kR k ke koo oo ok ko ke koo ko

"BEST® FIT TRANSMISSIVITY (L¥%2/T) I§ = 01212144
“HF“I' FIT STORAGE COEFFICIENT 18 = y 229731689
THE rms ERROR  FOR DRAWDOWN (L) I8 s FoZ2206

THE CORRELATION COEFFICIEMT 1§ = 97434

BrokkbkoknR R bbkiob oo eoponkk bbbk ook ko gk
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i

SFECIFIC CAPACITY COMPUTATIONS FOR PUMPING WELL Nos
rpcrrooobiocobobopooobobobk bk ko ok kR oknoborok
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)

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

(Arauwar YES ar NO

XK R AR ROk R K K
GTOP



APPENDIX T. PROGRAM LISTING

I E R A RS TR RIS EEEEFEELTEENEEETEEREE B E S

.

PROGEAM THEIS» VARG

et
L7

k-3

& #
¥ x
# INTERACUYIVE TIME~SHARTING #
# FORTRAN-TT YERSION 4
£ &
g &

e e Bt e e e e e A e e e e e R R B
WRITYTEN avs MUNTA A, BUYTY DATES 10~-01~84%

&
CARL Dw MoELHEE

%

e I B o

LAST YERTFIED BYS RUBEW ARTEAGA BATES 15~07-8%

-
E

PURPOSES

CALUCULATE THE BESY FIT STORAGE AND TRANSMISSIVITY
BY FITYING THE THELS EQUATION TO FIELD  OBSERVED
PUMPTEST DATEs e s (drawdown or racoyery  or both
drawdodn and reacowery data together) USING  THE
METHOD OF CONVRLUTION FOR YWarvYIng PUMPING  HATES
AN@ “QN LTIVITY ANALYSIS I8 &4 LEAST-SGUARE SEd
CONSTANT DRAYDOYN AND ¥ARIABLE O
ﬁf@?frr‘} AN FLOUINS WELLS CAN ALSD

[ e e e B

*

SRR EeEe R

-

SCHARGE DATA  OF
S ANALYZED.

NI:sa s Es RS EEREETEEETETEEEEETSS NS SRS EESEEELESELEREEERESEREEEE EES

DESCRIPTION OF MAIN VARIABLLES AND PARAMETERS

YARTABLE TYBE DESCRIPTION

bt AN WS N S At st o T

UNTT CHAR ~5 SYSTEM OF UNITS: YES FOR GALs DAYy FY3
OTHERMWISE  ANY CONSISTENT SYSTEM OF
UNT TS ARE ASSUHMED.

COMSTORA CHAR -2 SWITCH FOR  ANALYZING THE CONSTANT
DRAWDOHN DATAY PYES? QR TNOY.

LI REAL -2 FIELD BRSERVED COMSTANT DRAWDOWM DATAS
{FT) OR fL)a

BATYR CHAR -2 DATA TYPE T0 BE ANALYZEDS  ZDRAWDOWMT s
TRECOVERY ¥ 5 OR TORAW~RICY »

FTLENM CHAR =2 CHARAUTER VARIADLE CONTAINING THE NAME
OF A SEQUENTIAL FILE YO BE USED 1D
ROUT INPUT-DUTPUT HHEN THE CHARALDTER
VARTABLE PTR =« 9YESY,

KH ' REAL ~> AQUIFER TRAMSMISSIVITY {GALJSDAY/FTY OR
fLwn2/Tha

NDMLNO2BMYR INT  ~> PARAMETERS TO SET DIMENSIONSI

* NOM -~ MO, OF DRAYWDOHN (O RECOVERY)

MEASUREMENT S

# MOB -~ NO. DF OBSERVATION WELLS.

A NYE o~ K. ﬁF VARTABLE PUMPAGE Ss

N0 OF TIME-DRAWODOHN DATA PATRS 7O BE

OO0 OO0O 000000

o
L

NTOP INY

% % % % B K @ R ¥ B B OB B % ¥ ¥ ¥ % % H KB ¥ A2 % F F x R 5 F

MITER THY %ﬁl JE FOR O TOTAL NUMBER OF

R e e Relaiele e e eI ee R Ibe B e

E

46



47
NOU INT =% NDa BF OBSERVATION WELLS.
: INT =3 NDs OF VARIABLE PUMPING RATES.

LG =5 LOGICAL YARIABLE SET = TRUE. WHEN
HARLCOPY OF INPUT-OBUTPUT IS5 TO0 8L
ROUYED 7O FILE "FILENM®,

i
r
&
T
ﬂ
» PTR WY -2 LOGICAL SUTPUT DEVICE NUMBER.
L
c
P
i

GLII REAL -3 WARTABLE PUMPING RATE {GALJDAY)Y OR (
Lewe 37/ T)a
8.0 REAL -» RADIAL DISTANCELSY OF OBYSERVATION
£ WELL (3 FROM PUMPING WELL (FT) OR (L)
T RIN INT -2 LOGICAL THPUT QEVICE NUMBER
& 5413 REAL -3 FIELD OBSERVED DRAHUOOWN AT TIME I {FT)
C GR {L)¥as
Ly SCAPCY REAL -5 SPLUIFIC CAPACITY  OF PUMPED WELL
(RPRODUCTION $ELLY {BALJFTY OR LLx22/7)
SI6Ma REAL =2 THE rms ARDBOT-MEAN-SOUARE ERROR N
DRAMOOEN AFTER THE BESY FIT  HAS  BEEN
PRETAINED (FTY 02 (L.
SPLyy REAL - THEORETICAL {COMPUTEDY  DRAUDOKEN AT
g LFTY DR {LY.
FDR  COMPUTING CTHESRETICAM D
IFIC CAPACTTY OF PUNPED (PRODUCT-
107 HELL Y FYEST G0 "G,
LI REAL -2 THE I[TH TIML AT HHICH FIELD MEASURE

s
¢

[ e
&

[ el o e

BPCAP CHAR =

% % % % F % B % % B 2 % F ¥ F 5 ¥ 3 £ F op B

&
MENTY Fok THE DEAMDOBNS 15 MADRE §}ﬁ¥f) *

DROATY. *

TITLE CHAR -3 CHARACTER YARIABLE CONTAINMING THE *
TITLE FOR THE J08B {UP 70 100 CHAR LDNGI=

TLAST REAL -2 Tiuc WHICH LAST RICOVYERY  OHSERYVED
{2AY5) O (Tia i

1oL REAL -3 TOLERAH FOR CRGE b
TR REAL =2 TIME HHILE ;»%Egh aaa PUMPING RATE +
15 ERATIVE {0AYS) OR (T)a *

#

#

#*

it e ReNe e lele

]

v %

WOouUT INT -2 LOSICAL QUTPUYT DEVITE NUMBER.

T fe Rl &l Wl ol B ok Rl B R e Rl ok R W e e Nl e RN B o e i ol Rl vl R Bl O W B o g W b e R B Rl i e o

METER ( NDM =200 MOR =Dy N¥0 =30, NOPW =5 )

DIMENSION q{NﬁN@QQi3??%%3%?9R%Mﬁ63w€P§NDW9NQﬁ3$
SODTINDNLMOB o DEDSCINDM N0 2 RINDPUH NYOs1 ) o

i?(ﬁﬂ”#ﬁ?ﬂi“??%@%V?*i)@ SCAPLTANDMI s TSTUPINOPHD 4

PHONCNOPY s NOB I »NPRTINY G+ 1) 5TPUINOPUE ) o DELT INOPY )

REAL#*H K&ﬂ KEINIT

IMPLICLY DOUBLE PRECISION {A-Ha0-22

CHARBUTER®3 UMIT CHERDATACTRIALSPCAP»CONSTDRAy PTH, TITL

CHARACTER=8 DATYP FILENM

CHARACTER=LOD TITLE

LOGICAL UDATATYPy PRFLy CHCKFL

INTESER RINLHOUT s IPTRTLIMINY G

DATA BLANKAAH ¥
DATA RIN;HOUT,IPTRSGe5415/

PRE-SET THE VARIABLES FOR ERROR TOLERANCE 17T0L) AND FOR
MAXTMUY NUMBER OF TTERATIONS (NITER).

[ e el

I
i3

PREL = 2 FALSES
ToL = (L0001
MY TER = 25

% WRITEAHOU T 's?
% FaaMaroS ST Do ¥nl WANT O TH HMAYE A HARD O0OPY OF TNPUT-0BUTPUTZ Y/



Ly

s

o o e e e e

C
"
C
o
&

£ T

% ¥ Ansmer YES ND
HEADURINS 143 PIR
IF (PTR «EGe 1YES5®
GOOTo 4
% IF { PIR
?%Wf x a TRUE »
RITELHOUT T
JORMagijf* INPUY
% ' OOUTPUT 15 To
% ¥ oInput file na
READIRINGBY FILEWNM
CORMATLABY

nr
s e PTR

«FGe INOT 3 GO OTH

FILE

NAME
BE

mE

o s o e e o st S It i 1 ot s

n%AYEN%
STHRTEMINT

THE FQLLQMIMW N {
THANGE THIR
IPTR = QEVICE NUMBER
(IPTR,FILE=FILENM IO INYTE
HIRANY S

BPEN
g

i
]

@

s

14
12
1%

CONTINUL

WRITE 4W0OUY.133

FORMAT (J72 Do vyou
% Pl Answer

EAD TRINs 183 TITL

F%}@Af (A3

HANT T3
YES or

24
M O3 o=

14

IFLTITL «hGe TYESY? LOR. TIVL
5o To 12

15 IFCTITL «EG. *MD%)
HRRITELCRDUT 9163

16 FOUMATO? TNPUT JDB T
17 READIRINS LAY TITLE
18 ForRMATLCALDD)

READ IN THE INMITI
{HDUT 30

FORMAT (479 00 00U HANT TO
B 0F {Anzuwer YES or NO 3
READ(RIN QY UNMIT
FORMATIAZNS
IF € UNTY «EGe ¥YESY
WRITE  AWDUT5%0)
GOOTD 20
HRTTE {WOUT-60)
FORMATLS/7® DO YOU HWANT 70

OORAMDOUN AND RELOVERY
¥ { Fofer BDRAUNOHMNY o
READCRIN 703 DATYP
FORMAT (A8)
DATATYP = |
SROAR = fNDY
TF{DATYPLEQ I RECOVERY ¥ L OR.
B DATYPL Qe "ORAM-RBECHIGD

WRITE (WU Te90)

EOaRDMATY (54 F e

28 WRITE

» O 5

50
GQ

B

e

GAaTYyp

o b a

B0

631 ¥ HAVWE

BOUTED»

AL

UsE

UMIY

ANALYZE
DAY
PRECOYERY®

DATYVP.EQ?
O 108

A

o=y

LG TNOFY G0 10 &

10

CUP YO 8 CHARACUTERSY IN WHICH

MAKE SURE THE FILE EXIS

YHE®
s/
vy

THE EﬁL?PS? FVS%G ﬁdWWU?fR
FILENM = NAME OF FILE
NT=1DUTPUT? »CARRTAGE CONYROL =

ROVIDE 4 TITLE FOR THIS

JORTE Ty,
) :

«Efl- ¥NOTH LD TO 1D

CHARACTERS~ 941

=13

DATA

GAL e DAY, FT SYSTEM 2 %3/,

w3

«Eda TNOTY LD VD 50

DRAWDOWN OR
¥ sl 9
ar

RECOVERY OR 9444
A 2

PORAW~RECH ) o 2y

TORAWDDWNS )

DRAWNDOHNY 2 UR »

PR TM NATA FNTRY. saefade

i

48



171

173
i80

181

*OENTER EITHEHR
FORMATIZH )

GO TO 50
COWNTINUE :
IFL «NOTs DATATYPY GO TD 150
HAITECHOUT s L 200

ERYT 08 PODRAMDOENY O YDRAU-RLLe

FORMAT /77 DO YOU  HANT SPECIFIC-CAPACITY OF THE PRODUCTION

POLELL OTO BE COMPUTED 7 2,7,

T LhAnsder YES or NG e #}
CAD{RINS G D SPCAP
{ BPUAP »E8s ¥YESY L0R. SPUAP »F0. THOY ) 60 TO 150
IFL SPLAP GNE. TYESY L0R. SPCAP oNE. *NO? ) WRITELCWOUT 59
GO 1O 1190
WAITELHOUT 91490
FORMATL//Y 15 THE DATA 0F CONSTANT DRAMHDOUN TYPE 2 9.7,

T {Angwer YES or NOY o #Y
READIRINGANICONSTDRA

TFACONSTORA »EG» TYES® L0OR. CONSTUORA E0s. *ND?Y 60 TO 150

£ g ¥

03

Yol g

ITFCCONSYORA A NEs PYESY L OR. CONSTORA LNE. PNOT) WRITE(WOUTSS90)

B3 OTO 130
CONTINUE
WRITEAWOUT 3160 ,
FORMATLZ/Y ERSTINATE FOR SE COIFFICIENY 7 9.4,
¢ { Fnter a reasonable positive fractdon 3 = ¥
READIRINs+) SO
HRITECHOUY 170
FORMATL//Y ESTINMATE FOR THANSHISSIVITY 2 SALSDAYJFT 2
FOR LeaZdT Y 2 {Enter s ressonable positive walue 3 =
READMIRINa # ) KB
WRITE(HOUT 23171
SCINIT = S¢
KBINIT = KB
FORMAT (AT HUMBER OF PUNpINGg §ELLS 20 o= %
READCH I N« 3 NPY
v q 4 oL Ge LIED TD 174
DG 175 1 = LeWPY
HE T T8 4u0uUT 17731
FORMATL/S9K .7 STARTING TINME OF PUMP ¥FLL # 9410,
¥ POOAY DR T = %3
READLRIN =« ISTPUHLTL)
canyidye
COMTINUE
DB LTS 1 = 1.0NPy
WRITECWOUT 1722 I
FORMATO/GN»® NOw OF VARTABLE PUMPING RATES OF PUMP WFLL ¥
T24% 29,750,
Fotinter 1 9 Constant Pusping Rate) = 73
READ(RIN =3 NPRTLID
CONTINUE
CONTINUGE
DO 190 1 =l NPu
IFANPRTICT)Y 6T L2HRITE(HOUT LB1OT
FORMATC 775X 2 THE VARTHABLE PUMPING RATES OF 0UYP WELL o
TFANPRTAIY EQ. 1DWRITE(WOUT 18231
FORMATOOK g 2 THE CONSTANT PUMPING RATE OF PUNMP MELL 8§ .12
D9 1848 J = 1LeyNPRTLID)
ITFINPRTLTILEQ. IGO0 YO 183
HRITELYOUT 218583144
FORMATCOSH, PVARTABLE PUMPING RATE QT2 95041244 13
READCRIN#»30{IsJ)
WRITELWOUT »1B85Tsd

it

POPERATIVE (DAY DR Ty = #3

)

@

g ¥

2

3

FORMATOSH *TIME FOR WHICH PUMPING RATE QU 412999 %5024%) I8 9,4

49
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184
184

194
195
240

o
¥

s ReRe i

8

S EeRe!

260

2T0

280

299

300

E01

READIRINg &}
CONTINUE
CONMTINUE

TPITsd)d

IF Mo THAEN ©
PUMP LY WELL IS
TIME OF EACH #
TIME { BASE T17

NE PUMPIN
S DIFFERE
ELL WITH

ME OF

ST04=0.8
B0 195 I=loMPH
DELT(I? w0

194 Jom 3l sNPRYLL S

IFLBTPUWL Ty STHDELTCR

CoMTINUE

CJV?IQUK

CoNTIN

1FY¢ »pﬂﬂ@ 2 E e 7
THESS JAND. NPUW

WREITECHOUT »2510

FORMATL/SFA® WOT4AL
‘”i?TM§ﬂ§ pEth

=1y MPY

257 = g NOH
HRITELWOUT»251 8 e 4d
FORMATLSX 2 *RADIAL

26T

ERE o AND.

2EQs 1 3 B

NUMBER OF

OISTANCE

$125% I3 L ]
ﬁ 3}§*1¥@*3 BPHOWHT Ty 3%

ﬁ?%?l%ﬂ*

Fﬂrgiﬁﬁﬁ

HATTELUOUT 22807
FORMATLZIY EFFECTIVE
READLA Iy 3R ANDY)
CONTINUE
BRITECHDUT 9300 30AT YR
FORMATO//Y NUMBER OF TIME
CADLRINs ¥ NTDP

RADIUS

e B

CHECK IF
IF NOT,

PRE-ASSIGNED DI
PRINY A MESSARL

Dy 301 1 =1sNPHK
IFINTOP T »NDMaOR MO BT »
CONTINUE

M

ELHO PRINT TH

INGUIREIUNTIT=IPTR s OPENED=TH
IF{OHCKFLY GOTO 304
WRITECHOUT ¢ 303 TIPTRSFILENM
FORMATL//® IPYTR =915 5Xy
OPENCIPTR«FILESFILENMy TOINT
TEORTRANT)

CONTINUE
IFIPRFLY HRITECIPTR,IOS)
FORMATI// 3K sAL00773

R 1

OHSE

Y TH

G WELL AND
NTy  THEN
TIME ﬁ?
RVATIO

STARTING VIME
RE-ADJUST THE
%8%”*?ATI§M WELL

WELE ASSUMED = D0

PEESTPRLLY~STOY

NP «EDw 1 »0Rs CONSTORA oF Qe
270

CUSERYATION WELLS ¥ =

BETHUEN PUMP WELL # ¥,12+% AND

{Rwd) OF THE PUMPING WELL 2 FY

» A8e% PALIRS YO BE  READ 2

H

MENSTONS
AND STOPR

{NDM NOB o NY G ARED
PROGRAM ERECUTION.

BalRNPRTLT3.6TNVEIGO T 1160

EOINITIAL Dava

CKFLY

y PRFL
FETLENM
ENY=

=¥ 388y GRIPRFL
3”J¥”ST“»L&&HIA*

CCONTROL=

TLE

Tel.la/

50

OF EACH
PUMP ING
A% BASL
)dﬁl

")

OBSERVATION HEH

OrR L 0= "3

€5

SUFFICIENT .



322

323
B2R

i
]
o4

430

WRITECHOUT 99
WRITE € WRUTs 220 ) S5Ce KB
TFAPRFLY MRITEVIPTRSA28) SC,KD
FORMATOY ECHD THE INITIAL DATARISH SC =y 3XeF 14T 3Xe5H KB
f%“%*? FEBE ARE THE IMITIAL BUESSES FOR STORAGE *4
RCOEFFICIENT AND TRANSMISSIVITYYZS)

Do 334 1 = 1eNPY

IFIPAFLY BRITECIPTHS321) 1

FORMATL S EEREAERE FAF AR S v Rw F PN

Yo PUMP BELL H PyI2,9 KELTOL 3Btk e kN kR W R d b yndf)
TF{ HPRTCLIY «EG. 1% B0 T8 523

Bl TECEOUT 5 322 NPRTIIIs1

IFOPRFLY BRITELIPTRSA22)Y HERTLI)s1

FORMAYC /7 7 THE 24,525% YARYING PUNP RATES DF Po Ws # 2,51
D0 324 J = LsNPRTCD

WRETECWDUT ¢ 5253 T adyR T 543

IFAPRELY BRITELIPTRGI23) Tadeilydd

FORMATLY QU128 o0 2y = P ilet)

CONTINUE

WEITECHOUT 325 NPRTLIY T

IF{PRFL) URITELIPTR325) NPHTLI3.1

2y ?

ARE

51

= Elte Ty

@
%

FORMATL 7 % THE 94129 PUMP RATES OF Pa HWe # "512.7% CHANGE AFTER

VI OFGLLOWING PUMPING TIBESR & #,47)

0 327 J =L NPRTLEDY

WMRBITECUDUT 2228) 13 deTPAT o3

TFEPRFLY WRITECIPTRRAZ2E) TadeTH{14.9)
FOARMATL TD{ ¥ ,120% %48 249% 3 = #3F 14,72
CONTYRUE

BO TG 334

G@*E%éﬁ

$%§§u5§33¥a§333 Fo08Todd g TPL 1nd)

IF{PRFLY WRITELIPTRIZY) L0413y TPALTI )

FORMATO/® CONSTANT PUNPAGE RATE OF Pelae # #5129 I35 =
POPUMPING TIME " TaF14.T)
CONTINUE

CONTINUE

ConTIRuE

HRITEAUOUT 992

CONTINUE

IF SPCAP »E0Q. SYES® 36D TH 458

WRITELWOUT 9420

TFAPEFLY YRITELIPTRs%20)

FORMATC 7 ® xx RADIAL DISTANCE(S) OF OBSERVATION WELL(S)
DO 441 I =14NPY
am 440 J = 19NOW
WRITECHOUT 94300 Iy JsRPUDUCTyJ)
IF(PRFL) WRITECIPTRy430) L,JsRPUOWCTy )
FORMATC /7 * RADIAL DISTANCE FROM Palle f 1901247 TO Ouls K

35 1%e 773

o

449
443

&P

CONTINUE

CONTINUE

WRITLAAWOUT 9993

HRITECHOUT 546 03IDATYP o NTOP

TFIPRFLY WRITELIPYRAGOINDATYP sNTDP

FORMATC/Y NUMBER OF TIME-?3885% PAIRS ARE = %,1I5)
My 452 1 =1yNPY

TETAPLI Y = D.8

CONTINUE

IF {DATATYPY 60 TO 480

VaF 14T ads

IS7ARE 2

447

2

¥

#

s

LTS

RI7Y



[n e lel

3

o
€

&
I
L

454
465

479
2

4810

450

o

892
493

K 3

G508
&

B0z

510

5510

IF RECOVERY OR DRAW-REL, THEN PRESET LASY PUMPING
TIME AS TINME SINCE PUMPING STOPPED.

DB 455 1 =1lsNPH

00 4583 J =1:NPRETCIL)

TEYAPLTY = TPR{Isdd

CONTINUE

WMEBTTECUDUT y8464) T T8TOPLTY

TFLPARFL)Y WRITECIPTR444) I4+787T0OPLT)

FORMAT(# TETOFL® 12493 = F,F14.4)

CONTINUE

WRITECHOUT o870

FRAMATCSY TIFE
* {fnter the

AT HHICH LASY RECOUYERY IS5 MEASURED
LASYT YiME of RECOVERY wmeasuremend)
READLA I Ne# ITLASY

CONTINUE

DAY OR T
)

How

CHECK FOR ERRDR IN THE INPUT DATA. IF THEHRE I35 AN ERROR
THEN RE-ENTER THE DATA.

WRITECHOUT 993
WRIYELHOUT s%90)
FORMATL® ARE THERE any
¥ {hnguer YES or NO )
BEADIRINSS0) CHEKDATA
ITF{UCHERDATA »NE- TNDP IS0 TO 10

ORS IN THE ABOVE ENTRIES? %47,

TYPE IN THE TIME~DRAWDOWN PALRS IN ORDER OF INCREASING TIME

IFUBATYPE Qs PHECOVERYY » DR DATYP - EQu P DRAN-RELY w IR

CONSTORALEG-N02IG0 T 495

VR T TECHIUT #8913

FORMATL ¥ CONSTANT DRAWDOWN % FT 08 L = 1)

CAULAINy &30S

493 1 =leMPy

39 492 J =1 sNPRTLI)

TLe1: TPL{LaJd3

50113 = "
CONTINYE

CoaNTINGE
o TH %290

CONTINGE

KARITECWHOUT 50 0IDATYPDATYP

FORMATO? TYPE IN TIME-? ¢A8,% PAIRS IN ORDER OF INCREASING TIME
P {Enter TINE and "3AB+% dn free Fformat 32 %)

DD o519 I = 1.NTGP

WRITEAHOUT 25020

FORMATL ® = 43

READCRIN y# 3 TLLY o (S Todd o d=t s NOWY

LoNTINUE

i

&3 i
o

ECHD PRINT THE TIME-DRAHDOWN PATIHRS.

HRITELHOUT « 5303 DATYP
IF(PHFLY WRITELIPTRH303 DavYe

FORMAT(S 3 wxx  PUMP TEST DATA IN TIME 75AH.% PAIRS  sxn ¥ 4/7)

WRITEHOUT o 540 0ATY P

IFAPRFLY HRITELIPTR,52GIDATYP
FORMAY ( @ TIME TP LES
DR 550 I=1lsNTOP

WRITEAUMOUT o BEDITLL ) o480 Tsddsudz] oNDW Y

IFEPRFLY WRITECIFTR B0 ITIII» 48 1T 900 pad=1 o NGHY

CONT INUE

@%@fﬁ

LR A"



oy O

b

[ IR R

554

i

BERY
BEG

5940

600

B34

532
G4

H44

645

&

650
b1
HhO

HRITECHOUT 2 554 53
FORMAT(S{/) ) -
IFAPRFLY HRITECIPTR 45553

FORMAT( 719}

FORMATEF 14« 7o aXeBAF 9043

CHECK THE TIME-DRAWDDWN PAIRS. IF ANY ERRORs RE-ENTER THAT
LINE W

MEWOATA=D

WRITELHQUT 993

CONT INUE

WRITE {HOUT «SHB00ATYP

FARMAY (7% AHE THERE ANY ERARORS IN TIHE - P,4Ry7 PAIRS?I
2 {hngyeyr YES or NO 3 = LR

READIRINSADICHEKDATA

IFCCHERDATA »EfG, PNOY LAND. NEWDATS «F0.0360 TO &40

IFCCHEKDATA »E Ge "NOY LB NDe N BTHA »GEL1IG0 TD 428

e BYERTYSD OTH BBO

e PYES P O, CHERDATASNE » TNO9 ) WRITECWOUTHY0)

TOU HAYE AN ERROR IN DATA ENTRY LS

IFLUHECKDATA .
FORMATL /& ¥
G0 T 578
HRITELAOUT s 510D

RAATLY ENTER THE LOCATION de. LINE NUMBER ®I% AND
RYATION WELL 8O, ".3% ANMD CORRECT TINE AND DRAKDOWN. 747,
Enter LydaTHIde8{0eddy = 3
READ { RIMs®3Tods TLILdy 341440
EUDATA=NEWDATA» ]
G0 To 570

i,

ECHO PRINT THE CORBUECT TIME-DRAYDOUN PAIRS.

CONTINUE

B0 &30 1 = 1.MTLP
WRITECHOUT «B58 370384 Ladd e J=l oNOWY

IFCPAFL) WRITECIPTRSSEEITLI) 0484 e udd sdml s NOW)
WRITE( WOUT.6313

FORMATISC(A 3}

ITFURAFL) URITECIPTRGI2)

FORMATL?L? ]

LONTINGE

IF RECOVERY OR DRA-REC DATAy RE-ADJUST THE TIME
SCALE AND ACCOUNT FDR 2ZERDY PUNPAGE.

IFIDATATYPIGD TO aab

D 645 1§ =1, NP

NPRTLID = NPRT{L)#+1

D0 644 J =1aNPRY(IL)

CONTINUE

Q(iﬁ\l} o

TP{Tedd = TLAST-TSTOPLD

IFC NPW »E8e 1 3TPUIsd? = TLAST + TSTOPLD)
CONTINUE

DG 65T IP = 1aNPY

00 633 T = LaNTDP

IF  DATYP «EQs ¥ORAW-RECY LAND. MPW »E0Q. 1 oAMD.
TOIY »67Ts TLI#IBTLIHL) = TSTOPCIP)Y + T(I#l)

IF U DATYP 88 TRECOVERY? »ANDs NPW £8. 13 T413 =
YsTopl{rey + 141D

CONTINUE

CONTINUE

CONTINUE



[ e Ne el R

o
o

e

£
[

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

850

8940
aon
9140

320

930

fex)

56
RE-INITIALIZE  THE  ARRAYS AND  COMPUTE BESYT-F IV
TIME~DRANDOUN PAIRS rﬁﬁ CONYERGED YALUES 0¥ 5C % Kit»

NCONW=NCONY+ L

TFONCONY-6E-L360 TO 690

CONTINUE

DO B60 1T = LaNYDP

D4 85% IP= 1yNPY

TE=TL3

IF { NPW »BT- 1 )} &3 TD 839

IFLTC 8T T3TOPAIPIITO=TC-TSTOPLIPY
CONTIRUE

NQ;?gidﬁUTyﬁﬁﬂﬁftg( SPL T 5 d) ad=1 5H04 )
i HRITEAIPTHGEHI) TOaUSPLIvdd gad=l o NOH Y

Cﬁﬁ§iuﬁ

HRITELHOUT »BT2)

FORMATLZ 604 0% /)

WRITECHOUT o8B0 IKB 50

IFAPRFL)Y WRITELIPTEB80) Kie SO

FORMATL/? BRESTY FIT TRANSMISSIVITY {L»277) I35 = V4 F 188
BOMESTY FIYT  STORAGE COEFFILCIENY 15 = FaF 1090

CALCUATE THE rms EREDR IN THE *8ES8Y FITY DRAMDODUN.

SuUm o= G0

SUHMSP = Owl

SUMS = (el

SUMEPEY el

SUMISYy Oel}

SUMSPS = fe0

09 208 I = 1s NTOP
}3 893 o =N

= SUM + ASPLIad -84 edddenl

OB

: 3P SUMSF» EP(T 5.3

auﬁg = SUMS+SLT4d3

SUMSPER = SUNMSPSO+5P{ 1900 a2

SUMESE = SUMSSO+S{T4ad) a2

SUMSPS = SUMESPSA5PL I 9d3#5{Led}
COoONTINUE

CONTINUE

CoNTINUE

STGHMA = DSORTASUM/DBLEAFPLOAT(NTDP+NOWI D
IF { CONSTORA «EQ. YYEBRY 3} 50 TH 930

COMPUTE CORRELATION BETHEEN FIELD OBSERVED DAYTA AND 9BESY F1yw
DAT A
{IF THE DATA 15 OF TONSTANT-DRAWD OWN TYPE THEN SKIP THIE 37EP)

COR={SUMSPS~L {ISUMEP*SUMSY/ DELECFLOATINTDP»NOWI I I I ALOSORT ISUMSPE G~ ( BUNEP:

DBLE(FLOATINTOP *NOWIII 2« DSARTLSUMSSQ-ISUMS»« 2/DBLEFLOATURTOP«NOWI 33 )
WRITELWOUT 5928 DATYP »SIGMA,CLOR

IFAPARFLY WRITEAIPTR,I28) DATYP,SI6MALOR

FORMATL/®  THE rms ERAQGR FOR #3A8.% (L) I3 = Ty FlOe5 37y

¥ THE CORRELATION COEFFICIENT IS5 e PgF 157

WRITELHOUY 4872

ITFAPRFLY HWRITECIPTRL.ET2)

GO 79 954

COoMTINUE

WRITECHOUT 94 0DATYPRIGMA
[FCPREL) WRITECIPTRs940) DATYPySIGHA



o

Ty Ty Yy T A

i

&3 %

R TH
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FORMAT(® THE rms ERROR FOR ?9Af4% (L) IS = $43F10.5/7) 7
CONTINUE
IF(SPCAP L NE. TYES?3GO TO 1109

SPECTFYC CAPACTETY UALCULATIONS ONLY PERFORMED WHEN:
a) the observed drawdoun g from the puwping

@ell dtselfs: and
By the aumber of observatdon wells s one angd

i Located at a radial Jdistance squal to

the radius of the pusping welle

BPom i
CALL SPECAPLYIOUTyPRFLyIPTRyKSPyNPRANTOP T2 TPy Qe SP o Ny
NOPUy NUQe NOMs TLIMs BCAPCT o NOE)
BOOTH 1140
WRITE  WOUT,10303NITER
TFOPaFL) WRITECIPTRLIDIOINITER
FORMATOY DID NOT CONVERGE IN?  4I2y PITERATIONS "3
TFLICOUNT BT NITERIGO 1D 1100
CONYTINUE
HRITELHOUT 18503
IFIPRFLY %RITE%I??Q@l%E%?
FORMATL® SJENSTIYIVIYY Cof %Pihi”ﬁT§ TR0 SHALL dor zeerp) %)
HRITEAHOUT 1057 S U :
IFLPRFL)Y %ﬁ}?iii??%yiﬁjw)a U5 SBUT»SUTHS
FORMATLY THL SENSITIVIYTY C© W“?iiihN?ﬁ ARE 5 Veid/s
¥ogsus o= VLE20 L1049 SSUT = pE 2010 /7% JSUTVE = Tl 20010772
Gy T 1iég ‘
TITECHAUT » 10703 2ATYP
FLPARFLY HRITECIPTRLLOFD)
FORMAYL 7 % STORAGE COEFFICIENT {SCY CANNOT BE COMPUTED FOR GIVEN 7,40,

P

WRITECWOUT s 10RBIDATYP
ITFLPRFLY HRITEUIPTH1L080YRAYTYP
FORMATC /% wxww DT STICS »wx 977,
P o Radial distance {r) too small andfor tipe of obsepwation (1) ¥,7
¥ toos largs. The arvgument of exporentisl aporsaches zero. Henge %47
Tothe walue of transmissivity ds only compuled for the Y4AR¢7 data )

WRITECHOUT ¢ 1090 3KB

IFLPAFLY HRITELIPTRLLBSDIND

FORMATL//Y BRESTY FIT YAANSHISSIVITY fL+#+2/7Y IS = PeF1EL87)

HRITELHOUT »10%4 )

IFL{PRFLY BRITELIPYRSLO94)

FORMATISGL IHx) /)

WRITELHDUT 1120

FORMATCY DO YOU WANT TO TRY QTHER GUESS VALUES FOR SC AND ¥B. 9 ¥4/,
Vo{Anguer YES oer NO ¥ 0= 4y

READIRING%DI TRIAL

TFOTRIALLEDLYYESSYED TO . 1129

GO 10 1139

CONTINUE

HRITELHOUT »21300

FORMATLC® MEW ESTIMATE FBR SC 7 = %)

READIRING = 35C

HRITE(HOUT 21140

FORMATO? NEW ESTIMATE FDR KB 2 = %)

ADIRINg # KB

TRTAL=NMNEHTRIAL2Y

BOOTO AN

5Tav

- g T o ¢
HRITELWOUT 11522
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1152 FORMAT45H wxs  BESET THE PARAMETERS NOMoNOBaNVG  #nw)

N
END

s R E E SR RIS RS SR EEESTEIEEE SRS E S E

& *
% SUBROUTINE THEISYG #*
& #

IR EE RS R R R I E ST IS TS E RS TR SRS X

SUBROGUTINE THEISVRLSC yKBe e TTRySE s DSDTESISDSCESUNITHOUT)

PURPOSES

W%ﬁ*f
DSBSCE
UNTY

X E R RS EEE S s R E T EEE R E T TE RS E LSS T E TR TR ST S FSEEL RS S TR R L SR S T E RS EE L

CALT

CALCULATE THE DRAMDOUN FOR & HELL PUMPINSG
AT A CONSTANT OR VARIABLE DISCHRABE FrROM
AN INFINITE  AQUIFER USING  THE THELS
EQUATION FRO® YINTRODUCTION TO HYDROLOGY®
BY ¥IESSMANs KNAPP, LUHIS AND HARBAUBH.
(F&&? 328) 1EPs 1977,
THE EQUATION IS5  SDBLYED  USING  RATIONAL
FROM "HANDBOOK OF MﬁT%M@mYIC&L FUMCTIONS®
BY ABRAMOWITY AND STEBUN,: PAGE 231,

ARGUMENTSE (L I35 AHBITHARY LENGTH: T I3 ARBITRARY TIMD)

=% STORAGE COEFFICIENT FOR AGUIFER {UNITLES
= TRANSMISSIVIYTY i (GCaL/ORY/FTS DF (Lex2773
—» WARTABLE (0OH
- O
w3
w3 SENSITIVITY HeRa¥e TRANSMISSIVITY {FTxs22DAY/GALY OR (T/L)
Wy BENSITIVITY WeReTe STORAGE (FT) O AL
o BYSTEM OF UNITSS YES FOR GALs DAYy ¥T3 OTHERUWISE
COMNSISTENT UNITS ARL ASSUMED

CONG 4
CRYATION TIME (DAYSY OR 4T
%Qﬁﬂ?iﬁw DISTANCE FROM BILL LFYTY DR 4L}

ULATE THEIS 59LUTIBN

PUMPAGE OF HELL (GALYDAY) DR {Lx«3/7)

REALAZ] KH
TMPLICIY DOUABLE PRECISIDNIA~HD~73
ITNTELER WOUY
CHARACTER =3 UNTT
Urmi{Raw 2SS0 (A, 2T T eKH )
IFLUNIT »ERe TYESTM — TLA8wY
TFLU »LE-0.D08360 T4 3
TFCU »5Te 10260 1O 1
oD D600 =~ 3TT2L560 939931 9854 U=s 249910552 Ux s
& 209519968« Unnlfe, BU9THO04» e 2+, 00107857+ nxh
G 1O 2
T OWm{EAPL=Ud Uy« qUs 22, 334733« 25062134
B AU+ 3. 33008087+ » 1.581534)
72 Cl%?i%ﬁé
£ (G140 % 3, 14150 KE) el
ITE = (/04 0%x35 14159 KBra23 ) ad~ + EXPL{~U))
YECE e {7 4 Do 30 115 Y% KRS I wERPL -1}
RETURBHN
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S WRITECHDUT 99 R B TTe KB

4 FORMATL® DRAWDOMN UNDEFINLD U T80 SMALL. TERMIMATE EXCCUTION®,
a FoOSDME VARITABLES [F POSSIBLE INTEREST AREz®S
% 4 R = Palls RADIUS CRRR 0 eIy
# Sl= STURAGE FACTDR =?,E12.64
% ¥ T¥= TIME mA g EL 2o bF
¥ KB= TRANSMISSIVITY =93812.63

5Tap

EMND

Fehode Mk kR A e e RN R A B R R R R Ao R kAR Rk
9 %
b SUBRDUTING SPELaP #
& #
S o e ok e e Ak e bk dode ok ke de ok A Rk

SUBRGUTING SPECAP (HDUTsPRFLIPTHsNPH NPy NTOP s T2 TP 2G5y
% N MOPRy NG NDMa TL IM, SCAPCT e NOB)

NOTES IN THIS SUBROUTINE NPH IS5 THE CURRENT PUMPING dELL

PURPOSE 2

PERFORM SPECIFIL CAPACITY COMPUTATIONS FOR PUMPINMG HMELLS

DOUBLE PRECISION{A~HaD-7)

TOWOUT TLINMONYG

SION QUINOPL«NVGrL Y TANMDND » SCAPCTANDMY s SPINDMeNGH Iy
f TPLNOPHsNYVE+1 )

LBGICaL PHRFL

PRINT HEADINGS

HRITEC(HBUT 103 WPW ‘
1O FORMATLO/ /LI X ¥SPECIFIC CAPACITY COMPUTATIONS Fop oo
o TPUMPING MELL Nol #2313%.77
B 79 Px? 39K TIMET o TAX# DRAUDOUN g LIX s *PUMPAGET 3 11X 5
§ PEPECIFIC /6o WWAPACTITY I/ 10 s 8 LTI LT R P (LI %13 My
BorqLewxB/ T3 5L 00 M Lae2/TIR/)
IFIPRFLY WRITECIPTR$10) NPH

DETERMINE NUNMBER OF TIME-DRAWDOWN DATA PAIRS
BETHEEN PUMPA :
Plmp

Y G
TLIMLL) i
B0 40 1 1 e NPR
oan 34 J 1aNTOR
TF LT4d) 567, TPINPHLIDI? HOTO 30
KK = KK + 1

5 CONTINUE
TLIMCI#1) = KK
KK = 0

40 CONTINUE

1

PEod s

SPECIFIC CAPACTTY COMPUTATIONS:

R0 80 1T = 1+NPH



&0
T

DU 70 1 = TLIMUILY » TLIMOII+1D
SUAPCTLIY = QONPH T3P0 oMM

ol

WRITELWDUT 2500 TAL I SPLL o NOH I s GUNPH T LI 3 SCARCTLL)
IFIPRFLY WRITECIPTRHI) TLID 8P4l sNMBI ) QINPRE- LT SCAPCY (T

FORMATISGFL1BaB)

CONTINUL

TLIMOTT Ly = TLIMOIX#LY + 1
CONTINGE
CONTINUE
WRITECWOUT»100)
FORMATC/ 790 9%} )

RETURN
END
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