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Relationship between Horizontal Strain near a Well 
and Reverse Water Level Fluctuation 

ROGER G. WOLFF 
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Abstract. Measurements of radial surface strains near a pumpino- well showed compression 
near the well that ch~ged to tension farther away from the w~lI. A theoretical model is 
presented: In general, thIS model reproduces the measured strains, Observations of anomalous 
Increase In pore pressur~ in a clay. adjacent .to the pumped aquifer are related to the de
velopment ?f these stralns. ~hese mcrenses lD pressure are attributed to distortion of the 
P?re space In th~ clay resultmg from the transfere~ce of horiJlontal strain from the aquifer 
Vl~ shear. Applymg ll. conceptual model that permIts the transference of strain across con
finmg layers to unpumped artesian aquifers accounts for reverse water level fluctuations. 

INTRODUCTlO~ 

The water level response in observation wells 
in the vicinity of a pumping well is occasionally 
observed to be the opposite of that predicted. 
Some 'reverse' fluctuations can be explained by 
pump column loading [Barksdale et al., 1936, 
p. 87J, compaction of the aquifer material due 
to vibration of the pumping engine (H. H. 
Cooper, Jr., oral communication, 1969), dila
tancy [Andreason and Brookhart, 1963J, or the 
Noordbergum effect [Verruijt, 1969]. However, 
these explanations do not suffice for all observed 
reverse fluctuations. 

In an earlier report [Wolff, 1970, p. 197J 
mention was made of an observed increase in 
pore pressure in a clay bed. This increase 
accompanied the starting of the pump in a. well 
screened in the overlying aquifer. Further in
vestigation of this phenomenon included sur

, 	face strain measurements. The purpose of this 
report is to: (1) present the results of the strain 
measurements; (2) present a possible explana
tion of the cause of the strain and the apparent 
relationship of the strain to the observed pore 
pressure rise at this site; and (3) extend these 
results to some of the reported reverse water 
fluctuations. 

OBSERVATIONS 

Pore pressure. Observations of strain around 
a producing well were prompted by the results 
observed in an earlier study. The original inves
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tigation compared values of the hydraulic dif
fusivity for a clay bed determined from draw
downs during a pumping test with values meas
ured in the laboratory [Wolff, 1970J. 

In the field, observations of pressure were 
made by means of piezometers terminating at 
different depths in a clay bed underlying the 
pumped' aquifer and located at points radially 
equidistant from the pumping well. A piezom
eter was also installed in the aquifer on the 
circumference of the same circle. All piezometers 
were equipped with electrical pressure trans
ducers to eliminate the time lag that can result 
from the use of open standpipes. Simultaneous 
observations of the head change in the pumped 
aquifer and in the clay permitted an evaluation 
of the diffusivity of the clay. Large diameter 
cores were brought to the laboratory for testing. 

During this earlier study it was observed that 
pore pressures in the clay increased very soon 
after the pump was started. The pressure rise 
was greatest near the interface between the 
pumped aquifer and the clay and decreased ,,'itb 
depth in the clay (Figure 1). Shutting the 
pump off resulted in the opposite effect (Figure 
2). 

Because the measurements of pore pressure 
were ma~e electrically, it was originally thought 
that the observed results were attributable at 
least in part, to line voltage fluctuations ca~ed 
by starting and stopping the electrically pow
ered pump. To eliminate this possibility the 
entire measuring system was totally isolated 
















