
Aquifer characterization using transient streaming poten tials generated
by flow during pumping tests - New developments

Bwalya Malama (1) (bmalama@cgiss.boisestate.edu), Kristopher L. Kuhlman (2) (kuhlman@hwr.arizona.edu), Andr�e Revil (3) (arevil@mines.edu)

(1) Dept. of Geological Engineering, Montana Tech of U. of Montana, Butte, MT, (2) Repository Performance Dept. Sandia National Laboratories, Carlsbad, NM
(3) Department of Geophysics, Colorado School of Mines, Golden, CO. Paper Number: H43C-1046 (AGU 2009 Fall Meeting, SanFrancisco, US)

Abstract

Traditional methods of aquifer characterization, namely pumping and slug tests, provide the most direct
way of measuring system state variables (hydraulic head) and estimating hydraulic parameters (hydraulic
conductivity, speci�c storage and speci�c yield) of aquifers. Despite this signi�cant advantage, such meth-
ods have some serious limitations: they can be laborious, expensive, are intrusive and yield spatially sparse
data. Hydrogeophysical methods o�er some promise to overcome some of these limitations. We discuss
recently developed semi-analytical solutions for transient streaming potentials associated with pumping
tests conducted in homogeneous con�ned and uncon�ned aquifers. Using these solutions, data obtained
from �eld tests conducted (a) in a con�ned aquifer at a site located near Montalto U�ugo, in the region
of Calabria in Southern Italy, and (b) in an uncon�ned aquifer at the Boise Hydrogeophysical Research
Site (BHRS) in Idaho, US. Estimates of hydraulic parametersthat compare well to those obtained by
traditional methods were obtained. Our work indicates thattransient streaming potential data, collected
at land surface, may be used to provide preliminary estimates quickly and cheaply.

Conceptual Models
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Figure 1: Conceptual model of the (a) con�ned and (b) uncon�ned aquifer 
ow systems.
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Model Predicted Behavior
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Figure 2: Response of pumped formations (a) dimensionless drawdown, sD;s, versusrD , and plot
of dimensionless aquifer SP,� D;2, againsttD=r2

D for di�erent values of (b)zD , and (c)Sy.
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Figure 3: SP response at ground surface (a) as function ofrD for di�erent tD , and as function of
tD=r2

D (b) for di�erent values of anisotropy ration,� , and (c) for di�erent values ofSy.
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Figure 4: SP response at ground surface as function oftD=r2
D for di�erent values of (a)zD , (b)

unsaturated zone thickness,bD;1, and (c) e�ect of boundary (no 
ow and constant head).

Boise Hydrogeophysical Research Site

Figure 5: (a) Semi-log plot of� D;1 and (b) log-log plot of� D;2, againsttD=r2
D .

Model fit to field data
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Figure 6: Model �t to SP data collected during a con�ned aquifer pumping test conducted at a
site located near Montalto U�ugo, in the region of Calabria in Southern Italy (after Malama et al.
(2009b))
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Figure 7: Model �t to SP data collected during an uncon�ned aquifer pumping test conducted at
the Boise Hydrogeophysical Research Site (after Malama et al. (2009a))

Summary

Figure 8: Hydraulic parameter values estimated from streaming potential data for the indicated
electrodes (r 0 is radial distance from injection well (C4) to respective electrode).

K r Ss
Electroder 0(m) (� 10� 4 m=s) (� 10� 3 m� 1) Sy �
3 1:90 2:14 38:2 0:103 0:13
4 2:92 1:30 1:66 0:226 0:21
12 1:24 2:74 14:2 0:007 2:08
13 2:43 1:17 2:69 0:013 6:81
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