d9. The return level method—a quick method for measuring
in situ the transmissivity and storage coefficient of aquifers
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Measuring the transmissivity and storage coefficient of an aquifer has so far proven to be diffi-

cult, time consuming and expensive.

Owing to a pumping signal of a limited period of time and

through the analysis of its piezometric response, the author presents herein a method which is

free of the aforementioned disadvantages.

Because of the short pumping time, this simple method

is particularly suited to sites where settlements, due to the lowering of the water table, are to
be expected. Formulation of transient seepage according to Theis and the principle of superposi-—
tion have enabled the author to estimate the piezometric response of any point of the aquifer,

following a constant discharge of water of limited time.

The response curve reveals that water

returns, after a certain delay to the level it reached when the pump was switched off (Return

Level Method).
presented in the form of a simple chart.

Through the analysis of significant dimensionless parameters, end results can be
This communication gives an overview of this new method
and of the experimental evidence provided by tests performed on a confined aquifer.

Initial hy-

pothesis are verified whereas results agree very closely with values obtained from classical tests

which lasted on an average 20 times longer.

INTRODUCTION

Most of the commonly used methods of deter-
mining in situ the transmissivity kH (product
of permeability k by thickness H of the per-
meable stratum) and the storage coefficient S
of an aquifer rely on conditions which are sel-
dom realized, or which necessitate a long pe-
riod of pumping.

Thiem's method, valid for a confined aqui- .
fer, assumes that the flow to the well is in a
steady—-state and does not give any information
on the storage coefficient. Other methods ap-—
proximate Theis's solution with a logarithmic
expression in order to obtain graphically the
two fundamental parameters (kH and S). These
methods (Jacob's method and Theis's recovery
method) require readings on piezometers in
close proximity to the well and after a cer—
tain length of time.

These attempts of simplification of the
exact solution were justified by the complexi-
ty of the true mathematical solution and the
imprecision in the graphical method designed
by Theis himself and Chow.

The method presented herein allows one to
estimate the values of kH and S through the
consideration of true Theis's equation, with-
out the mathematical and graphical complexity
which has hindered the practical use of its
exact solution and with the advantage that
real field conditions are more closely taken
into account.
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THE RETURN LEVEL METHOD

Assumptions
It is assumed that over the area influenced

by the pumping test,

- the aquifer is confined

- the aquifer is homogeneous, isotropic, hori-
zontal and of constant thickness

- the initial piezometric surface is horizontal

- the velocity of water is purely horizontal

- the water removed from storage is discharged
instantaneously with decline of head.

Theis wrote the fundamental equation given by

these hypothesis, one Darcy's law of filtration

was accepted and the principle of continuity

applied, and found its solution for the case

of a constant discharge, starting at time t = 0

from a well whose storage can be neglected.

For the purpose of working out the solution
in the case of a constant flow rate of a limited
duration, the principle of superposition will
be admitted.

Solution and Chart

The response of the piezometric level £%
to pumping for a limited period Tg results
from the combined effect of pumping, starting
at time t = - Ty, and of an injection of water
at the same rate, starting at time t = O
(fig. 1a.).

Fig. 1b. represents this response and
shows that the drop &% in the piezometric le-
vel continues to increase after the pumping
period has terminated and then reaches a maxi-
mum at time t = T : this particular point has
been dealt with by the stationary level method
which is outside the scope of this paper.
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Fig, 1

Afterwards, as 1t decreases with time in an
asymptotical manner to its initial value, the
water level returns, after a delay R, to the
value it reached at time t = 0, 1.e. when the
pump was switched off.

In computing the members of the integral
equation expressing the condition that the
water drawdown &t the end of the pumping
period 1s equal o the one at time R, it can
be shown that the relevant dimensionless para-
meters ere R/A and Tp/A. A ig 2 time parsme—
ter which depends on the values of the trans—
missivity kH and the storage coefficient S
{i.e. the type of aguifer} and on the distance
r between the piezometer and the well :

2
A = S .. 1r
¥ kH

Since the solution iz unique, the final sclu-
tion is graphically represented by more prac—
tical varisbles (R + TO)IA as a function of
R/T, (fiz. 2).

It is important to bare in mind that values
of {R + T,)/A in the range of 3 to 10 are re-
guired to successfully apply this method.
Considering that the time required for classi-
cal approximstion methods is of about 100 A,
one can see that the return level method is
on an average 10 to 30 times fasier.

Technigue and Interpretation

On the site, one sets the return value g,
by 7owe¢ing classical electric probe from
the initial plezometric level to a depth of Eo-
One starts to pump until chosen value Eq 18
reached and times T, as one switches off the
pump. Then, one waits for the water drawdown

te return to value En ané measures the value of
R + Ty,

_ Once R and T, are known, the chart {fig. 2}
vields the theoretical valuas of (R + Ty)/a
an

g Wg. Dividing the measured value R 17 by
ne theoretical wvalue (R + To) /A gives L.

Wy is the value of the exponential integral
proportional teo the water drawdown at time
t =0ocrt=R: .

| o,
"l

This function has been computed with value A
given by the first step of the solution, so
that it can be defined slso through value R/TO,

The transmissivity and storage coefficient
are then given by

Q. W A.Q . W
H*E??—“Eg and S = 5 2
- T . r . E

EXPERIMENTAL EVIDENCE

The construction of an underground aguaduch
in the area of Wavre (Bslgium) along the Dyle™ "
valley provided us with the opportunltj to teet’
the return level method on a confined agquifer.
Under about 7 m of alluvial deposits of poor
geotechnical properties, the water table was
kept under pressure in quaternary gravels and -
fissured primary rock, its natural piezometric”
level being 2,5 m deep. Tests to examine the
validity of the method, its hypothesis and itz -
consequences were run on a single well equiped .
with a pump of & 20 m3/h capacity and on a set '~
of open piezometric tubes. 2

Classical pumping tests

Classical methods of interpretation have
been used to crozs-check the results given by
the return level method.
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Fig. 2 Chart for the interpretation of tests.
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refer to experimental data and numbers
or letters to piezometers).

Variations in the well due to continuous
pumping for 15 min. allowed us tc apply Thels's
recovery method : for 3 different flow rates,
obtained values of the transmissivity varied
from kH = 6.7 1073/m2/s o kH = 7.5 1073 m2/s.
Cn the other hand, the specific water drawdown
£/4 remained constant, confirming the confined
agspect of the aquifer.

Observations of several plezometers in a
cizssical pumping test enabled us to apply
Jacob's method. Fig. 3 represents the water
drawdown as & function of time for different
piczometers. Its interpretation gave values of
the transmissivity renging frowm kH = 5.8 1073
n2/s to kI = 5.10°3 m2/s wheress the interprata-
tion of simultanecus observatlons gave
KH = 5.1073 m2/s.

Depending on the method chosen to estimate
kH, the storage coefficient ranged from
8= 0.12 1073 to 8 = 0.29 1073.

Return level method

Numerous tests were run in ovder to verify
what the theoretical developments had brought to
1ight.
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The first step was to check the principle
of superposition : with only a regular draw—
down curve, observed in anyone of the piezome-
ters, values of R can be obtained for different
return levels by graphical superposition. These
values compared well with those measured on the
site (physical superposition) : the maximum
relative difference on R/T, was of asbout + 5%,
which corresponds to a practical relative error
of + 1,8% and F 0,5% in estimating kH and 8.
From this can be concluded that in the preci-
sion range we are desling with. the principle
of superposition can be used.

The second step was to establish that the
results kH and S were independent of the pum—
ping time T, (or the chosen return level E5),
of the Tlow rate @ and of the point of obser-
vation for a homogenecus aguifer. Table I
presents an extract of the measures which
summarize these three points.

As can be seen in the first part of table I
(piezometer 32, U2 m from the well), the choice
of g, does not influence the values of kH and 8,
congidering the usual confidence with which
these results are guaranteed.

From the second and third part of table I
{piezometer PI, 55 m from the well}, it can be
seen that the cholce of @ does not influence
the values of kH and 8. As & matter of fact,
G varying with T,, a betber consistency in the
results have been Tound if the flow rate (or
the total flow) was measured each time.

From the comparison of the values of kH and
S obtained with these two plezometers, it can
be seen that the homogeneity of the aguifer
appears with this method, az had been concluded
from classical tests (fig. 3).

Ancther clue for the validity of the curves
given in fig. 2 is the materialization of the
symetry of the curve (B + Ty)/A respectful
to R/T, = 1 by two experiments on piezometer
32. Tndeed, for both conditions E, = 1 cm and
o = 3 cm, where R + Ty is egual to 89 sec.,
values of R and T, are exchangsd (i.e. R/T,
is inversed),

Teble I  Results of the Return Level Method using the measures of v, £,, To, R + T, and Q.

r £ T R4T, R R/T R+T, /A W A Q KH S8

() (0 (s () (s) S S =% (8) (1073d/s) (10-3m2/e) (1073)
0.01 27.5 89 61.5 2.2h 3.6 0.27 27. b 277 6.0 0.34
0.02 43 8G.5 37.5 0.87 3.25 0.9 2L.8 3.08 6.0 0.34

Lp 0.03 61 &9 28 0.46 3.6 G.T1 oh, 7 2.90 5.h 0.31
0.0k 83 106 23 0.28 h.2 0.9 25.2 2.88 5.2 0.30
0.05  31h 135 21 0.184 5.9 1.00 o 2.96 5] 0.32
0.01 &8 201 133 1.96 3.5 0.29 57 2.85 6.7 0.51
0.02 104 184 80 0.77 3.3 0.53 56 2,99 6.2 0.46

2 0,03 154 217 63 o.k7 3.6  0.70 %0 2.93 Gl 0.43
0.05 297 330 33 0.113 6.2 1.33 53 297 6.2 0.43

_ oL 38.5 229.5 191 4,06 4.8 0.15 48 5.6 6.7 0.4z

55 0.02  57.5 197.5 141 o ks 3.7 0.26 53 5.3 5, 0.38
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Comparison with classical methods

© From tests run on piezometers analysed by
both the classical and the return level method,
an excellent agreement can be found for the
transmissivity : classical methods give

kH = 5.10"3 to 7.10"3 m2/s whereas the return
level method gives kH = 5.1 1073 to 6.7 1073
m2/s.

Somewhat higher values for the storage coef-
ficient are obtained with the return level
method : S = 0.2L4 1073 to 0.59 1073 versus
0.12 1073 to 0.29 1073 with Jacob's method.

The interpretation of S as a coefficient di-
rectly involved in the compressibility of the
aquifer makes the assumption of the constancy
of 8 throughout the test rather precarious.
Indeed, S is a damping factor in Theis's para-
bolic differential equation and, at the early
stages of the pumping period, consolidation of
the compressible layers bounding the aquifer
is responsible for the apparent increase of S.
Since the return level method works with short
pumping signals, it takes into account the
compressibility of the whole soil influenced
by the reduction of the water pressure; hence,
the value of S obtained with this method is a
better indication of the danger of settlements.

CONCLUSIONS

The analysis of the piezometric response to
a pumping signal of a limited period has ena-
bled the author to design a new method for es-
timating in situ the transmissivity and stora-
ge coefficient of aquifers. Through the analy-
sis of the parameters involved in the phenome-
non, it has been possible to draw a chart ta-
king into account the complexity of Theis's
solution and enabling one to interpret the
tests in a matter of minutes.

Experimental evidence has been provided by
tests run on a confined aquifer. It has been
possible to verify the principle of superposi-
tion, and that the values of the transmissivi-
ty and storage coefficient were independent of
the chosen value of the return level, of the
flow rate and of the point of observation for
homogeneous conditions. The performance of a
few quick tests provides confirmation of the
obtained values. The use of the curve
(Tg + R)/A in fig. 2 in order to minimize the
time it takes to perform the whole test, has
been confirmed. The values of the transmissi-
vity compare perfectly with the values obtained
with classical methods, whereas the values of
the storage coefficient are somewhat higher.
An explanation for this apparent discrepancy
has been found in the decrease of S with time,
due to the consolidation of the compressible
layers in contact with the aquifer.
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Waen considering a water drawdown problem,
this method provides the engineer with the
following qualities
- range of application suited to most aquifers
- simplicity of measure
- rapidity of measure and interpretation
- one of the direct results (A) is connected
with the influence area

— storage coefficient obtained with a quick
pumping test gives a better estimation of the
danger of settlements

- possibility of rapid intervention when the
pumping system is already at work (analysis
with the stopping of one pump for a short
period).

It is hoped that this new technique will
help the engineer find an efficient and rapid
solution for designing water drawdown installa-
tions.
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