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Type-Curve Matching Using a Computer Spreadsheet

by Theodore G. Cleveland®

Abstract

This note shows how to construct and perform a graphical type-curve analysis using a computer spreadsheet. Formulas are
provided to generate the axis shifting behavior that is required for the graphical fit. Arbitrary match points are obtained by
trial-and-error (or by closed form solution) for use in the calculation of aquifer hydraulic parameters. The analysis is illustrated using
a leaky aquifer type curve and a confined aquifer type curve. Macro programming is not required, only data entry and the ability to
use plotting features of a computer spreadsheet. The approach can be adapted for parameter estimation using any tabulated type

curve.

Introduction

Type-curve matching analysis is a convenient tool for inter-
preting aquifer hydraulics despite advances in computer tech-
nology that make simulation-optimization methods feasible.
The Theis matching technique is a component of textbook
chapters on well hydraulics (Fetter, 1994; Bedient et al., 1994;
Domenico and Schwartz, 1990; Marsily, 1986), the subject of
specialty books (Reed, 1980; Kruseman and deRidder, 1990;
Dawson and Istok, 1991; Walton, 1991), and a component of
short courses on aquifer pumping tests (NGWA, 1994). Type
curves are also used to present the solutions of complicated
mathematical expressions that apply to special aquifer hydrau-
lics problems (Avci, 1994; Moench, 1993; Shan et al., 1992; Motz,
1991). The use of these curves for parameter estimation usually
involves some modification of the Theis-matching technique.

This note shows how to perform a Theis-matching tech-
nique using a computer spreadsheet and tabulated type-curve
data. The method is the “spreadsheet equivalent” of plotting
time-drawdown data, drawing type curves, locating a match
point, and performing the associated arithmetic to determine the
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formation constants. It evolved from a need to teach the type-
curve matching techniques, without the tedium of obtaining
graph paper and drawing scaled type curves, while being general
enough to extend to other tabulated type curves.

This spreadsheet approach does not require macro pro-
gramming, and it can be used to match type curves that are not
supplied with commercial software programs. The approach is
illustrated using the Hantush leaky well function and several
data sets from a ground-water hydrology text as examples.

Spreadsheet Based Theis-Matching Method

The Hantush (Hantush, 1956) leaky well function is used to
illustrate the spreadsheet approach. The model equations for a
leaky aquifer with negligible aquitard storage are:
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where s is the drawdown in the observation well, Q is the
pumping well constant discharge rate, T is the aquifer transmis-
sivity, S is the aquifer storage coefficient, r is the distance from
the pumping well to the observation well, t is time since pumping
began, B = (Tb’/K’)"? is the leakance factor, K’ is the aquitard
hydraulic conductivity, and b’ is the aquitard thickness. The
unknown aquifer parameters are T, S, and K’ (as determined
from the leakance). This particular solution is valid when the
following conditions are met (Hantush, 1956):
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where rv is the radius of the well, and t, S, T, and B are the same
as previously defined.

Generally the manual type-curve analysis involves plotting
the observation data on graph paper with the same scale as a
published type curve, overlaying the type curve onto the data
plot, adjusting the relative position of the two plots, identifying a
match point, and performing some simple computations using
values from the match point. The details of a manual type-curve
analysis for this particular problem can be found in Walton
(1962), or in Fetter (1994).

The principal effort is plotting the data and adjusting the
two plots while maintaining parallel axes, and specialized com-
mercial software (Geraghty & Miller, 1994; Scientific Software,
1994) is available to assist in the matching, but commercial
software, as this note illustrates, is not necessary for analysts with
computer spreadsheets. Furthermore, the spreadsheet approach
is adaptable for type curves that commercial software may not
include.

To perform the analysis on a spreadsheet, the type-curve
tabulation that represents different values of the well function for
different values of u and r/B is entered into a spreadsheet with
the dimensionless group that contains time arranged in a vertical
column, and the other dimensionless group arranged in a hori-
zontal row along the top of the table, as shown on the upper
portion of Figure 1. This data entry step is tedious, but only
needs to be performed once for any given type curve. After-
wards, analysis only involves data entry of the test data.

A set of type curves is constructed by instructing the spread-
sheet to produce an XY plot using the first column as the x-axis,
the tabulation columns as different curves along the y-axis, and
the top row as labels for each different type curve. Current (circa
1994-95) spreadsheets allow the user great flexibility in scale
selection. The lower portion of Figure I is the plot of the type-
curve tabulation using log-log scales, and plotting the x-axis in
reverse order.

The test data-curve tabulation is then prepared on the same
spreadsheet with time and drawdown data arranged as two
columns. These two columns are shown on Figure ! to the left of
the plot, and the data are labeled as “Actual Pumping Test
Data.” The other test information is also included, in this case:
discharge rate, aquitard thickness, and observation well distance.
These data are also in Figure 1, below the test data. To the right
of the “Actual Pumping Test Data” section is a section labeled
“Shifted Test Values.” These values are the values that are plotted
as the data curve and are used to perform the analysis. The
example spreadsheets in this note include conversions for the
units shown on the figures; however, the method is applicable to
any consistent set of units.

The log-log plot of the shifted data produces a curve of
similar shape as the type curves, but displaced in the vertical and
horizontal direction from the set of type curves. Figure 2 is a
picture of the lower part of the spreadsheet that depicts this
situation, with the shifted time-drawdown data superimposed on
the type curves. The dot and cross symbols are used to identify
the match point and are explained shortly.

In a manual analysis the analyst overlays the type-curve set
onto the test data curve and adjusts the type-curve set up-and-
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down, left-and-right to fit the data; identifies match point(s) and
performs associated computations to estimate the hydraulic
parameters. The spreadsheet equivalent of adjusting the curves is
accomplished using some simple computations.

The two displaced plots are related to the following system
of equations:

In[s] = In[ Z%f J+uwlw(u 2)] 3

n[t] = In[ %s_ 1+ m[ % ]=m[ j—TS] —ln[u] @

The test data curve is a graph of the left-hand side of the two
equations, the type curves are the far right terms of the two
equations, and the shifts in axes are represented by the two
middle terms of the equations. To permit shifting of axes on the
spreadsheet plots, we appeal to the structure of these two equa-
tions, and actually plot “adjusted” time-drawdown data, where
we make vertical and horizontal adjustments. The formulas to
make these adjustments are:

s* = (shift,) s — In[s*] = In[shift,] + In[s] 5)
1/t* = (shifty)/t = —In[t*] = In[shift.] — In[t]  (6)

When the horizontal and vertical shift parameters are set to
one, the unshifted data are plotted. When different values are
input, the adjusted data plot (t* vs. s*) shifts up-and-down,
left-and-right relative to the type-curve plot depending on these
values. The analyst then changes these values and observes
changes in the relative position of the data and type curves to
perform the match.

Figure 2 shows the bottom portion of the spreadsheet, the
pumping test data are from Fetter (1994), pg. 271. The adjusted
data points (t*, s*) are displaced from the type curves when the
shift parameters are set to one, and represent the actual test data
(t, s) plotted on the same scales as the type curves. In addition,
two other points are plotted. These points are (u**, W**) and
(t**, s**). They represent the analyst’s choice of match point on
the type curves and test data curve, respectively. These points are
used later to locate a match point for subsequent calculations,
and are plotted as the dot and cross symbols on the graph.

The data curve is shifted by trial-and-error relative to the
type curves using different values of the shift parameters. Figure
3 shows the lower portion of the spreadsheet after the shift
parameters have been adjusted. These values are entered by the
analyst on the spreadsheet below the test data (labeled as item 2
on the spreadsheet). Decreasing the value of the horizontal shift
parameter moves the test data curve to the right relative to the set
of type curves. Decreasing the value of the vertical shift parame-
ter moves the data curve downward relative to the set of type
curves. Comparing Figure 2 with Figure 3, the values of the shift
parameters have been changed from (1, 1) to (1.13, 0.2) indicat-
ing that the analyst shifted the data curve leftward and down-
ward to find an acceptable match.

Once an acceptable type curve is located (Figure 3) the next
step is placing a match point on both curves that overlay each
other. The symbols for the match point in this note are indicated
by t**, s** u** and W**, The matching task is accomplished by
choosing a convenient (u**, W**) match pair on the type-curve
axis and plotting this pair using a special symbol (shown as a
cross on all the figures). This pair can be changed by the user to
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Fig. 1. Leaky type-curve analysis spreadsheet. Upper portion is data from tabulated function values. Lower portion is field data and plots of both
data and type-curve tabulations on the same scales.
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reflect the needs of a particular problem. Once the (u**, W**)
target is set, the analyst can then change values (t**, s**) in the
spreadsheet. The spreadsheet automatically computes an adjusted
data pair location on the (u, W) scale and plots (t**, s**) using
another special symbol (shown as a dot on all the figures). These
changes move the (t**, s**) match point relative to the (u**,
W**) target point, while preserving the previously obtained axes
shifts. Figure 4 shows the spreadsheet when the match point has
been selected. Comparing Figure 3 to Figure 4 the values of (t**,
s**) have been changed from the arbitrary values of (1, 1) to the
match values of (11.3, 50). These values move the (t**, s¥¥) match
point so that it overlies the (u**, W**) match point.

Actually, the match point is uniquely determined once the
analyst chooses (u**, W**), and the values (t**, s**) can be
computed from:

t** = shift, /u** )
s** = W**/shift, ®)

For illustrative purposes, or teaching, it is worthwhile to
simply find the (t**, s**) match by trial-and-error to maintain
the analogy between the spreadsheet and manual method. Addi-
tionally, this particular relationship [equations (7) and (8)] may
not necessarily hold for other type curves.

Figure 4 shows the result of matching these points. The
arbitrary values for (u**, W**) were chosen as (0.1, 10). The
matching values (t**, s**) from the data plots are (11.3, 50). Once
the (t**, s**) pair overlies the target point, the user has identified
the solution to the equation pair below:

In[s**] = In| ZS_T ]+ m[we(u, % )] o

In[e+*] = In[ %}S ]+m[ ul: (10)

The user must read from the plot which value of r/B is
appropriate and record this value prior to computing the aqui-
tard hydraulic conductivity. The unknown aquifer parameters
are then computed from the equation pair using:

Q r
T= Wk |y, — 1
dms*x - £ B ] h
4Tu**t**
A — (12)
Tb’(r/ B)?
K’=—(2/ ) (13)

r

Alternatively, the unknown parameters for the leaky type-curve
example can be computed from:

=N (14)
4T
4Tshift,
=— (15)
T
Tb’(r/B)’
K = .._(rz/—) (16)

r

By integrating equations (14), (15), and (16) into the spreadsheet,
the parameter computations and solutions can be automatically
included in the spreadsheet. These computations are included in
the spreadsheet examples available from the author.

The result for the particular data shown is T = 1629 sq
ft/day; S = 0.0008; K’ = 1.4 ft/day. The spreadsheet produces
values containing more significant figures than usually justified
by the test data, and the analyst will need to be aware of this fact
and report the fitted parameters using an appropriate number of
significant figures. In the figures various different numerical
formats were used in the spreadsheet, and these can be adjusted
as desired by the user. For instance, the user can specify that the
drawdown data be recorded with four places after the decimal
point as is often recorded by a datalogger.

Additional Results

The same spreadsheet above was used to determine the
parameters for time-drawdown data taken from two examples in
Fetter (1994). The first example is simply a different data set fora
leaky aquifer; the second example is a data set for a confined
aquifer. To perform a spreadsheet match for a confined aquifer
using the Theis solution, the analyst can either create a new
spreadsheet with the Theis type curve, or use the leaky type-curve
spreadsheet above and match the r/ B = 0 curve. Figure 5 shows
the results of the Theis case. The type-curve set has been replot-
ted so that only the r/B = 0 curve is shown.

The table portion of the spreadsheet was unchanged; the
time-drawdown data were simply entered into the same area of
the spreadsheet as were the previous data. Because the data plot
range will change, the user must either replot the data curve, or
insert/delete rows in the spreadsheet before entering the new
data. It is usually easier to insert or delete rows in the middle of
the data range, and let the spreadsheet adjust the plots. If one
accidentally deletes the first or last row of the data range it will
disconnect the link between the data and the plot, and the user
must replot the data range.

Table 1. Results of Spreadsheet Matching on Two Datasets

Data reference Reported values

Spreadsheet values Remarks

T = 200 ft¥/day
S = 0.00020
r/B=0.22
K’=0.015 ft/day

T = 1400 ft*/day
S = 0.000024

pg. 231, Fetter (1994)

pg. 223, Fetter (1994)

T = 199 ft¥/day Hantush model;

S = 0.00020 ut*, W =0.1, 10
r/B =022 Shift, = 3.3
K’ = 0.015 ft/day Shift, = 0.52

T = 1393 ft¥/day

S = 0.0000227

r/B=0

Spreadsheet gives Theis
solution when data are
matched to r/B = 0 curve.

Theis model,
u** W —01, 10

Shift, = 0.404
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Table 1 shows the results of the spreadsheet approach with
the values reported in Fetter for the two different data sets. The
table shows that the spreadsheet matching procedure produces
comparable results to the published results of manual plotting
and fitting. The reader should be able to reproduce the results in
the table using the listed match point values in the remarks
column, and the referenced data sets.

Conclusion

This note shows how to construct and perform type-curve
matching using the built-in graphics on a computer spreadsheet.
The type-curve data are entered as a table, and plotted. The test
data are entered as another table, and adjusted values are plotted
using axis shifting parameters. Once an acceptable fit is estab-
lished, the analyst chooses a convenient target point on the type
curve and then adjusts an artificial match point on the test data
curve to identify a Theis-type match point for subsequent com-
putations. The estimated parameters using this approach agree
with published estimates using the same data. The spreadsheet
method preserves the nature of the graphical method, but
removes the tedium of plotting data and drawing type curves.

The method illustrated is general enough to use for other
type curves. Macro programming is not required, only data
entry and the ability to use plotting features of a computer
spreadsheet. Specialized software, other than a computer spread-
sheet, is not required. An analyst can construct type-curve
matching spreadsheets for any tabulated well function, in some
cases climinating the need for specialized software. The analyst
should carefully check and plot all tabulated well function values
to avoid errors, before relying on a newly developed spreadsheet.

Copies of the spreadsheets used in this note are available for
free from the author by sending a formatted diskette and a
self-addressed, stamped disk mailer. The spreadsheet shown was
created in Excel, but can also be accomplished using Lotus 1-2-3.
The author can provide either Excel 5.0 (Macintosh or PC) or
Lotus 1-2-3 Version 4 (PC only) copies. The Lotus spreadsheet
does not plot reverse type curves, so the curves will appear to be
“flipped” in the horizontal plane.
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