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Slug Tests 

Slug tests involve the use of a single borehole for determining aquifer characteristics.  A 

volume of water is suddenly added or removed and observations of recovery or 

drawdown are noted through time.  Evaluation of the recovery curve and knowledge of 

borehole geometry allows one to estimate the hydraulic conductivity of the formation 

near the borehole. 

Typical Procedure 

A displacement rod (the slug) slightly smaller than the borehole is lowered into the 

borehole and the water level is allowed to come to equilibrium (Figures 1 and 2).   

  

Figure 1. Measure equilibrium water level. Figure 2. Lower slug allow water to come 
to equilibrium. 

 

The rod is then quickly removed, its volume equivalent to removing the same volume of 

water from the borehole (Figure 3).  Water level measurements are then collected (Figure 

4) and analyzed to infer the aquifer characteristics.   
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Figure 3. Rapidly pull slug from well, start 
timer, measure depth to water at frequent 
intervals. 

Figure 4. Continue to monitor until water 
level has returned at least 90% of distance 
back 

 

Typical measuring intervals are every fifteen seconds for the first two minutes, then every 

thirty seconds from two to five minutes, and every minute afterwards until 90% recovery 

is observed. 

Analysis 

Slug tests are analyzed using a variety of conceptual models.  One common model is the 

Hvorslev (1951) approach.  Figure 5 is a diagram of the variables used in slug test data 

analysis.  The assumptions used in this analysis are that the aquifer is bounded by 

aquicludes, Darcy’s law is valid, the aquifer is horizontal, the aquifer is incompressible, 

flow is essentially horizontal, and there is negligible head loss through the well screen 

and filter pack. 
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Figure 5. Sketch of relevant variables for slug tests. 

The analysis assumed that a volume of water is added instantly.  After the addition of this 

volume the flow rate of water into the formation is given by Darcy’s law as 

wKAHQ =          (1) 

where A is a flow area (shape factor) based on borehole and flow geometry.  The flow 

rate out of the borehole is 

dt

dH
rQ w

c
2π−=         (2) 

From continuity the flow into the aquifer must equal the flow out of the borehole and this 

relationship allows one to relate aquifer flow to borehole flow. 

w
w

c KAH
dt

dH
r =− 2π         (3) 
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Integration of this equation will provide a formula to estimate the  hydraulic conductivity.  

Separating variables produces 

dt
r
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H

dH

c
2π

−=        (4) 

Integration of this equation produces 
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The constant of integration is evaluated from the boundary conditions (H,0)=Ho 
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This last expression can be written as 
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A plot of ||ln
oH

H
 versus t should be a straight line with slope 

2
cr

KA

π
− .  Thus from a plot 

of the data we can determine the slope and then the value of K.   The  slope is determined 

from the data as 
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And solving this equation for the hydraulic conductivity produces 

K
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Typical shape factors are chosen based on geometry of the test. 
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Cylindrical (very thin screen length, in middle of aquifer) 
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Elongated (Screen about 80% of entire thickness) 
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Various other shape factors are available from the original reference.  Equation 11 is the 

same shape factor and solution used on pg. 249 in the textbook by Fetter. 

References 

Fetter, C.W. 1994 Applied Hydrogeology, Third Ed., Macmillan Pub. New York. 
 
Hvorslev, M.J., 1951. Time lag and soil permeability in ground water observations. U.S. 
Army Corps of Engineerg, Waterways Experiment Station, Bulletin 36.  (Also a Naval 
Facilities Manual by the same name and author exists). 
 

Example 

A slug test is performed by lowering a metal slug into a piezometer that is screened in a 

coarse sand.  The inside diameter of the well screen and well casing is 2 inches.  The well 

screen is 10 feet long.  A pressure transducer was used to record the water level every 

second.  The attached spreadsheet lists the data obtained and the calculations used to find 

the hydraulic conductivity. 

 

The spreadsheet also plots the values using equation 7 to illustrate how the model 

represents the data.  In this particular example, the fit is quite good. 
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A B C D E F G H I J
Purpose: Hvorslev Slug Test
Author: T.G. Cleveland
Date: 10/14/99

r 0.083 ft
R 0.083 ft
L 10 ft
K 8.64E-04 ft/sec 7.46E+01 ft/day
A 1.31E+01 shape factor

Observed Modeled
Time (sec) Depth Hw Hw/Ho Hw/Ho
<0 13.99

0 14.87 0.88 1 1
1 14.59 0.6 0.681818 0.592444
2 14.37 0.38 0.431818 0.35099
3 14.2 0.21 0.238636 0.207942
4 14.11 0.12 0.136364 0.123194
5 14.05 0.06 0.068182 0.072985
6 14.03 0.04 0.045455 0.04324
7 14.01 0.02 0.022727 0.025617
8 14 0.01 0.011364 0.015177
9 13.99 0 0 0.008991

t1 0
t2 4.4
H2/Ho 0.1
H1/Ho 1
Slope 0.523315
K 8.64E-04
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