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A Comparative Analysis of Two Slug Test Methods in Puget 

Lowland Glacio-Fluvial Sediments. 

Abstract 

Two different slug test field methods are conducted in wells completed in a Puget 

Lowland aquifer and are examined for systematic error resulting from water column 

displacement techniques.  Slug tests using the standard slug rod and the pneumatic 

method were repeated on the same wells and hydraulic conductivity estimates were 

calculated according to Bouwer & Rice and Hvorslev before using a non-parametric 

statistical test for analysis.  Practical considerations of performing the tests in real life 

settings are also considered in the method comparison.  Statistical analysis indicates that 

the slug rod method results in up to 90% larger hydraulic conductivity values than the 

pneumatic method, with at least a 95% certainty that the error is method related.  This 

confirms the existence of a slug-rod bias in a real world scenario which has previously 

been demonstrated by others in synthetic aquifers.  In addition to more accurate values, 

the pneumatic method requires less field labor, less decontamination, and provides the 

ability to control the magnitudes of the initial displacement, making it the superior slug 

test procedure.  
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1.0 Introduction 

Slug tests are a method of determining the hydraulic conductivity or transmissivity of an 

aquifer by observing the rise of the water level after removing a quantity water from the 

well.  These tests are often used instead of Theis-based pump tests for their relatively low 

equipment and labor costs and have become standard aquifer testing procedure.  It is safe 

to say that tens of thousands of these tests are performed in this country each year 

(Butler, 1998).  The removal of water can be accomplished by using a bailer, simulated 

by inserting and removing a slug rod, or by pressurizing the well casing and depressing 

the water column.  Two of the commonly used solutions to rising-head slug test data 

(Hvorslev, 1951; Bouwer & Rice, 1976) treat all of these methods as equivalent, though 

this seems not to have been thoroughly studied in real world settings.  Since these field 

methods use very different mechanisms to change the water level it should be determined 

if any particular test will introduce systematic error into the resulting data sets. 

Determining aquifer properties such as hydraulic conductivity are important for a host of 

hydrogeological applications including environmental remediation, contaminant 

transport, and groundwater modeling.  Introducing an avoidable source of systematic 

error would unnecessarily dilute the effectiveness of all the above techniques in making 

representative assessments.  Therefore, if one field method is more appropriate for a 

particular setting than it should be adopted to ensure the accuracy of the results.  

Presently, the slug rod method (mechanical method) is, by far the most common method 

used in the industry because it is inexpensive and doesn’t require the disposal of water if 

used in a contaminated aquifer like the bailer does.  The pneumatic method was 

developed more recently after the slug rod had been adopted as standard practice and, as 

such is, not as widely used. 

For this paper I have conducted 48 slug tests on eight wells using the slug rod and the 

pneumatic methods in glacio-fluvial sediments typically found in the Puget Lowland.  All 

of the wells are located at the Island County Solid Waste Facility (ICSWF) on Whidbey 

Island near Coupeville, WA (see fig. 1) because of the abundance of wells in close 

proximity to each other.  Many of the wells are known to be contaminated by a volatile 

organic compound (VOC) plume originating beneath the landfill, thereby making 
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standard pump tests prohibitively expensive. Slug tests were performed taking the 

appropriate safety precautions. 
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2.0 Geological Setting 

The ICSWF is located in the Puget Lowland, a north-south trending forearc basin 

between the Olympic Mountains to the west and Cascade Mountain Range to the east.  It 

is subject to the compressional forces from the subduction of the Juan de Fuca plate 

moving eastward and the lateral movement northward of the Pacific Plate, both pushing 

against the North American Plate.  These forces produce regional faults that trend 

northwest-southeast (Troost and Booth, 2008).   The primary faults impacting Whidbey 

Island are the Devil’s Mountain (DMF), South Whidbey Island (SWIF), the Strawberry 

Point (SPF), and Utsalady Point (UPF) Faults.  The DMF is considered a left-lateral, 

oblique slip fault zone that extends from the Cascade Foothills to just offshore of 

Vancouver Island (Johnson et al, 2001).  The SWIF is a transpressional fault zone up to 7 

km-wide that extends from across Possession Sound to the eastern Strait of Juan de Fuca 

(Johnson et al, 2004).  The SPF is a west-northwest-trending, subvertical fault that is at 

least 22km long and cuts across northern Whidbey Island.  It is the northern boundary of 

an uplift segment of pre-Tertiary bedrock (Johnson, 2001).  The UPF is a northwest-

trending, subvertical fault with a minimum length of 28 km, and forms the southern 

boundary of the pre-Tertiary uplift mentioned above (Johnson, 2003). 

Topography in the Puget Lowland is the product of cyclic glacial and interglacial periods 

during the Quaternary period.  The ICSWF sits upon the topset and underlying forset 

beds of the Partridge outwash gravels (see fig. 2) deposited in the early Everson 

Interstade by a short lived re-advance of the Cordilleran Ice Sheet.  Glacio-fluvial 

deposits are commonly channelized, stratified, and spatially variant conducive to 

preferential paths of groundwater flow.  The Partridge Gravel ranges in thickness from 

100 feet to 250 feet and is described as sand, gravel, and sand-gravel mixes with 

interlayered silt deposits.  This unit serves as a local, unconfined aquifer (aquifer 1) 

around the site.  Underlying the Partridge Gravel is the undivided Pleistocene deposits 

which is at least 150 feet thick and is a gray, medium to fine-grained sand that is poorly 

sorted and compacted.  This unit comprises sediments that could be either glacial or 

interglacial deposits (Polenz, et al., 2005), and serves as the island’s primary aquifer 
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(aquifer 2) for drinking water.  At depths of up to 1500 feet lies a pre-tertiary bedrock 

unit that is exposed on the northern end of Whidbey Island. 

2.1.0 Site and Well Information  

All wells included in this testing program are located around within and around the 

perimeter of the ICSWF and monitoring wells used for groundwater flow (see fig. 3) and 

chemical analysis.  The naming system of the wells use a prefix letter indicating its 

location relative to the landfill (N for north, SE for southeast), a number to identify it, and 

a letter suffix indicating which aquifer it is screened in (D for deep aquifer, S for 

shallow).  The shallow wells are partially penetrating, completed with artificial sand pack 

in the unconfined aquifer 1with screen lengths ranging between 5 and 8 feet, and casing 

diameters of 2 inches.  The confining layer below pinches out at some distance beyond 

the facility so the aquifer is local to the site. The deep wells are completed in the confined 

aquifer 2 at up to 210 feet bgs with screens lengths ranging from 5 to 9 feet and casing 

diameters of either 2 inches or 4 inches.  (Site and Well Information adapted from SCS 

Engineers, 2004). 

Aquifer 1 is composed of gravels, sand, silts, and clay with sediments fining with depth 

and ranges in thickness from 2 to 20 thick depending on the nature of the confining layer 

below. Ground water seeps down from aquifer 1 through the confining layer and 

recharges aquifer 2.  It has a hydraulic conductivity estimated at 12 ft/day (6 x 10
-3

 cm/s) 

from grain-size analysis and averaging results from the Shepherd (1987) and Zhang & 

Brusseau (1999) methods.  Aquifer 2 is at least 40 feet thick and almost entirely made up 

of fine sub-rounded to sub-angular sand with some silt. It exhibits a moderate 

conductivity of 16.6 feet/day (7.76 x 10
-2

 cm/s) and dimensionless storativity of 0.001, 

both calculated by Papadopoulos-Cooper analysis of a 24 hour pump test performed on 

site outside of the contamination plume.  This hydraulic conductivity is used with 

porosity values from soil sample analysis to estimate groundwater flows of 

approximately 4 ft/day (linear velocity) from the south to the northeast with a possible 

flow component to the northwest as well (see fig. 4, SCS Engineers, 2004).   
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3.0 Methods 

3.1.0 Field Methods 

In this paper I present a quantitative comparison between two different field methods of 

rising head or “slug-out” tests and conduct statistical analyses to determine if the chosen 

method has an effect on the data.  The mechanical method involves submerging a rod into 

the well water and pulling it out as quickly as possible, while the pneumatic method uses 

a compressed gas to push the well water down before releasing the pressure.  Both 

methods simulate a near-instantaneous removal of a quantity of water, before observing 

the well equilibrate to its previous static level using a pressure transducer and data logger.  

Using this data I can calculate the hydraulic conductivity of the aquifer within a small 

radius of the well.   

A pressure transducer is an instrument that employs a diaphragm to convert fluid pressure 

into an analog electric signal which is then interpreted as a pressure measurement.  This 

is accompanied by a data logger (which is often integrated into the unit) that records 

pressure measurements at specified intervals.  For both slug tests I used two recently 

calibrated, 25 psi-rated transducer/logger units recording continuously (at either 8/second 

or 10/second).  One unit was suspended by a cable capable of transmitting data to a field 

computer in real-time to ensure well recovery before repeating the test, and the other 

suspended by fishing line and data was downloaded at the end of the tests.  Depth-to-

water (DTW) measurements were made with an electric water-tape relative to the top of 

the well casing (TOC).  Tests were conducted using the real-time transducer to estimate 

recovery times for the use of the “blind” transducer to ensure re-equilibration of the wells 

between tests.  Three tests were conducted at each well, using both field methods for a 

total of 6 slug tests per well on eight wells.  In the few cases where the data showed 

evidence of procedural error (e.g. the slug is withdrawn too slowly, see fig. 5) those data 

sets were not considered in the calculations.  Barometric pressure was recorded, but not 

considered because it would have no effect over the time scale of each individual test 

(Spane, 2002). 

 



 
6 

 

3.1.1 Slug Rod Test 

To perform the mechanical slug test I used two different diameter PVC slug-rods to 

maximize the water displacement in the 2 inch and 4inch wells.  The wells are made of 

schedule 80 PVC pipe and therefore have inside diameters significantly less than two or 

four inches.  The slug rod for 2 inch wells is 5.6 feet long and 1” in diameter, the larger 

rod is 5.0 feet long and uses 1.25 diameter PVC pipe.  Both rods are filled with clean 

sand and capped and I suspended the rod into the well using 175 feet of polypropylene 

rope (USGS, 2010).  Since many of the wells in the paper are being actively monitored 

for contaminants, I allowed the PVC glue to off-gas for at least two days before 

beginning tests. 

Slug rod tests were conducted as per the procedures for instantaneous change in head 

tests outlined in the American Society for Testing and Materials (ATSM) guidelines 

D4044.  The pressure transducer is lowered into the water column below the reach of the 

slug rod, and tied off at the surface.  The rod is then lowered into the well and fully 

submerged in the water column before allowing the well to re-equilibrate to within 5% of 

the original static level (Butler, 1998).  It is then, as quickly as possible, pulled up out of 

the water and the recovery of the well is recorded by the transducer.  This process is 

repeated at least three times at each well.   

3.1.2 Pneumatic Slug Test 

To pneumatically induce a change of head, I constructed a device that would allow me to 

pressurize the well with compressed gas (see fig. 6).  This device is made of PVC pipe in 

the shape of a ‘y’ which tightly attaches to the well casing.  One stem of the ‘y’ is fitted 

with a metal nipple for the attachment of the gas hose and a hole for the insertion of the 

transducer while the other has a 2-inch, lubricated ball valve for releasing the pressure.  

For these tests I use compressed nitrogen gas to avoid interacting with the aquifer’s water 

chemistry and the gas tank is fitted with a regulator to maintain steady pressure 

throughout the test.  The gas is used to push the water level of the well down and letting it 

re-equilibrate to within 5% of the original static level (Butler, 1998) before releasing the 

pressure and measuring its recovery.  Since the regulator has a range of 10 psi to 250 psi I 
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selected a psi-rating as low as possible, but not at the gauge’s minimum to ensure an 

accurate reading.  This resulted in a constant 12 psi for each test depressing the water 

column at up 18 feet.  The ball valve allows the pressure to be released near-

instantaneously, and the well’s recovery is recorded by the transducer.  Using a two inch 

ball-valve with a four inch well will result in a longer depressurization time (though still 

shorter than pulling up a slug rod), but this has been shown to have no effect on hydraulic 

conductivity estimates (Rosberg, 2010). 

3.2.0 Calculation Methods 

To calculate hydraulic conductivity (K) values from the test data I used two industry-

standard procedures for over-damped well response:  the Hvorslev (1951), and the 

Bouwer & Rice (1976 & Bouwer, 1989) methods.  In the case of well N5D, I used the 

Van der Kamp (1976) procedure for determining K values due to its high transmissivity.  

Although the Papadopoulos-Cooper is commonly known to be more accurate, it cannot 

be used for partially penetrating wells such as these.  Data analysis followed ATSM 4104 

for slug tests and multiple approaches were used to ensure statistical differences between 

field methods are not due to calculation sensitivity to data.  Data sets for each well are 

exactly identical for both the Hvorslev and Bouwer & Rice methods.    

3.2.1 Bouwer & Rice 

The Bouwer & Rice (B&R) method of determining hydraulic conductivity assumes the 

aquifer is in a steady state to use a modified Theim equation: 

 

Where: Q = flow into the well 

 K = Hydraulic Conductivity 

 L = Height of the screen 

 y = vertical distance between water level in the well and the 

water table 

 Re = effective radius over which ‘y’ is dissipated 

 rw = horizontal distance from well center to original aquifer 
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This equation is rearranged and integrated with limits y0 at t=0 and yt at t resulting in the 

working formula: 

 

Where: rc = inside radius of the well casing 

The value for the term: (
 

 
)   (

  

  
) is found by matching the line to a graph of     versus 

 .  Values for the effective radius, Re , were determined empirically in the original study 

using electrical resistance network analog for different constant values (Bouwer & Rice, 

1976) and therefore represent standard estimated values.  The original method was 

developed for unconfined aquifers, but has been shown to apply to confined and leaky 

confined aquifers as well (Bouwer, 1989).  It has more recently been shown that the B&R 

method tends to underestimate K with errors ranging from 10% to 100%, but still 

considered to be superior to results from the Hvorslev method.  This is due to the fact that 

the effective radius (Re) is not a constant, as it is treated here, but is time dependent 

(Brown et al., 1995). 

For my calculations I used an excel spreadsheet created by the USGS that uses this 

procedure to produce values of K by graphing the log of the recovery by time, 

determining the resulting slope, and plugging the value into the above equation.  All 

assumptions that are associated with the Bouwer & Rice method are considered met to 

the degree of standard hydrogeological practice. 

3.2.2 Hvorslev 

Also commonly used is the Hvorslev model which, like B&R, uses the concept of 

estimating K from the semi-log recovery curve but uses different well parameters.  The 

fundamental equation for calculating is as follows: 

  
    (

  
 )

      
 

    Where: K = hydraulic conductivity 

      r = radius of well casing 
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      R = radius of well screen or sandpack 

      Le = length of well screen 

 T37 = time it takes for the water level to rise to 37% 

of the initial change 

(Fetter, 1994) 

 

With this the log percentage of recharge is graphed against time, showing recharge as a 

straight line.  A value of ‘t’ is selected for where the slope crosses 37% recharge and 

plugged into the equation to calculate K.  For these tests I used an Excel spreadsheet 

calculator created by Earth Science Strategies Consulting, Inc. using identical data sets to 

those used in the Bouwer & Rice calculations. 

3.2.3 Van der Kamp 

The Van der Kamp slug test method was developed in 1976 to calculate transmissivity 

(T) values for under-damped well responses typical of high-transmissivity wells.  The 

recovery of the water column is rapid enough to produce enough inertia as to over-

compensate, fall, and quickly rise again, oscillating around the static, equilibrium level.  

Such well responses require transducers capable of taking several measurements per 

second to accurately capture the wavelength and amplitudes of the oscillations.  This 

method is calculates ‘T’ values by graphing the recovery of the well against time, and 

fitting a sloped line to the maximum amplitudes of each period.  This slope represents the 

damping coefficient (γ), and is used with the period of oscillation (ω) in the equations: 

 
Where:  

 

 

 
The Van der Kamp method assumes that the aquifer is homogenous, the well is fully 

penetrating, and (γ) and (ω) remain constant (Van der Kamp, 1976).  For wells exhibiting 

under-damped response (see fig.9) I used a spreadsheet calculator provided by the USGS. 
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3.3.0 Statistical Analysis 

3.3.1 Wilcoxon Signed Rank Test 

The Wilcoxon Signed Rank Test is a non-parametric test used to measure the probability 

that the differences between two paired sample groups are due to chance.  The fact that 

this statistical method is designed for paired sample groups and does not require the data 

to be normally distributed makes it appropriate for this analysis.  The test involves 

ranking the differences between the two populations (n) from lowest (1) to highest (n) 

and attaching the sign of the difference to the rank (see table 1).  These rankings convert 

non-parametric samples into a normal distribution centered at 0 where there is no 

difference between the pairs.  The positively signed ranks are added together to create a 

quantity symbolized as W+.  W+ has a mean and standard deviation: 

 

 
These values are used to calculate Z, which is used to find a probability (p) value in 

tabulated reference tables.  Z is found by: 

   
       
   

 

The value of ‘p’ indicates the likely hood that the observed differences are the result of 

chance and not related to a systematic difference between methodologies.  A commonly 

accepted critical value of ‘p’ is 0.05 indicating that chance is not a significant factor 

(Moore, 2006).  Stricter critical values include p = 0.025 and p = 0.01 to emphasize the 

insignificance of chance.  The application of this statistical analysis will show whether or 

not the differences in in K values derived by each field method is likely the product of 

chance or procedure since the aquifer characteristics are constant for each series of tests 

at each well. 
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4.0 Results 

As you can see in figures 7 and 8, plotting the semi-log of water column displacement 

against time results in straight slopes typical of slug tests.  Most slug tests look similar to 

these figures.  The time needed for a well to fully recover to its static level ranges from 

60 seconds to over 5 minutes.  Initial displacements during pneumatic tests reached as 

high as 18 feet, while those in the mechanical tests were typically around 2.5 feet.  The 

pneumatic test curves also show consistently more distinct test initiations in the first few 

seconds of the test.  Some log-head plots show concave upwards trends instead of true 

straight lines see (fig. 10).  After visual analysis of the data was complete the tests were 

entered into the appropriate spreadsheet calculators.  

The resulting values for hydraulic conductivity were taken from the spreadsheets and 

tabulated into tables for statistical analysis (see Table 1).  K-values derived using the 

B&R and Hvorslev methods range from 0.4 to 98.3 ft./day (10
-4 

to 10
-2

 cm/s) with 

Hvorslev giving consistently higher estimates.  K values from mechanical slug rod tests 

are also larger than those resulting from the pneumatic method with an average 

percentage difference of about 30%.  Only well NE1D gives a lower slug rod K value 

when estimated with B&R.  There was no correlation observed between displacement 

size and differences in K values. 

The absolute differences between the two field methods were calculated, ranked, and 

signed as per the Wilcoxon Signed-Rank test.  This analysis produced W-values of 3 

(B&R) and 0 (Hvorslev) which were compared to tabulated critical p-values for small 

sample populations (Moore, 2006).  The tables indicate that the null-hypothesis can be 

rejected in that there is 95% certainty that chance (random variability) did not play a 

significant chance in the production of K-values using the Bouwer and Rice method.  For 

Hvorslev, estimates indicate 99% certainty that chance was not a significant factor.   

 

 

 



 
12 

 

5.0 Discussion 

The K values (table 1) are consistent (within the same orders of magnitude) with values 

typically found in aquifers units of the Puget Lowland such as Qva, QAc, etc. (DHI, 

2009).  The table indicates that those estimates derived from the Hvorslev method are 

consistently larger (up to 100% larger) than those from B&R.  This field data confirms 

trends found in synthetic slug tests that show this to be the case (Brown, et al., 1995).  

Both methods use the same conceptual framework of multiplying the slope of the 

recovery curve with various shape factors and both ignore specific storage, therefore both 

are susceptible to many of the same types of errors.  They differ mostly in that the shape 

factors used by B&R are empirically derived, where Hvorslev uses approximated 

analytical solutions.  While both methods are shown to introduce error into the estimates 

of K, B&R’s empirical approach (resulting in errors of 10% to 100%) is shown to 

perform better (Brown, et al. 1995). 

As you can see in Figures 7 and 8 the pneumatic test initiation gives a clearer, 

undisturbed curve in the first few seconds than the traditional slug rod.  The disturbance 

in the mechanical test is due to time it takes to withdraw the slug rod from the water 

column, which is known to cause shifts in phase and magnitude of the response data 

resulting in low estimates (Zurbuchen et al., 2002).  When using solutions that use infer 

the initial displacement by back-tracing the recovery slope to the y-intercept, the 

mechanical slug test will give biased estimates due to slug removal time shifting the data.  

The higher the hydraulic conductivity of an aquifer, the faster the slug must be removed 

or it will cause these disturbances.  For wells exhibiting under-damped responses, the 

pneumatic method should always be used (Butler, 1998).   

The magnitude of water level displacements in slug tests is known to have an effect on 

hydraulic conductivity estimates in the case of critically over-damped response (Weeks, 

2013).  In these cases the response of the well during re-equilibration lies within a 

borderline region between over-damped (straight line in semi-log) and under-damped 

(water level oscillates around its static level).  Semi-log graphs of critically over-damped 

well response exhibits a concave-downward trend to the data in the early-time region of 

the graph (< 15s; Butler, 1998) due to the effect of the water column’s inertia during 
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recovery.  If very small water displacements are used the graph will have characteristics 

similar to under-damped response.  Since inertial effects are usually considered only in 

solutions for under-damped, oscillatory well responses, methods for over-damped 

calculations will likely over estimate K (Weeks, 2013).  None of the tested wells clearly 

show signs of critical damping, but many of the mechanical slug tests have too much 

noise in the early data (caused by pulling the slug out of the water column) to make a 

clear analysis.  Alternatively, water displacements via compressed gas are so large that 

indications of near-critical over-damping (if present) could likely be washed out so that it 

appears to be over-damped.  This can lead to an underestimation of K to a factor of 4 

(Butler, 1998).  If the water column displacement is too large, this underestimation can be 

approximately resolved using the Hvorslev method on the semi-log, over-damped graph 

due to its insensitivity to well parameters (Weeks 2013).  In regimes like this one, it is 

essential to monitor data in the field if possible for signs of near-critical flow in order to 

select the appropriate methodology. 

The estimated storage coefficient (of 0.001) is on the higher end of those typical for 

confined aquifers (Fetter, 1994). Storativity is not formally accounted for by either 

Bouwer and Rice and Hvorslev for K-value calculations (Butler, 1998), but can be seen 

on few head-recovery graphs (see fig. 10).  This is assumed to have no effect on the 

relative differences between tests, even though it is shown to be a source of error in 

absolute K values (see Calculation Methods above), especially if is seen in the near time 

region (first 15 seconds). Since there is no early time concave-upward trend or double-

line effect in the data points storativity is not a significant factor in K value estimates 

(Butler, 1998).   

5.1.0 Practical Considerations 

Some of the data gathered during the mechanical slug test had to be discarded due to 

interference caused by pulling the slug out of the water column or by the lines getting 

tangled (see fig 5).  These interferences violate the assumption of instantaneous head 

change to the degree that the data is not reliable.  The data from the pneumatic slug test 

show much more defined test initiation points than the mechanical counterparts, because 
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of the near-instantaneous release in casing pressure.  This is especially important in early 

time (<5 seconds) data analysis, which is used to determine wellbore storage, storativity, 

and critical damping effects (Butler, 1998). Also, since wells on this site are at least 200 

feet deep the likelihood of wrapping the line suspending the transducer and the line 

suspending the slug was significant.  Even though entanglement is not an issue with the 

pneumatic slug tests, you must take precautions against leaky casings or a water table that 

crosses the screen making the test impossible.   

The pneumatic field method was performed at the same pressure for all tests which gave 

initial displacements of up to 18 feet.  In wells with 20 foot or less water columns this can 

be problematic since pushing the level below the top of the screen or transducer would 

greatly complicate K-value estimations and reduces the certainty of the result.  Large 

displacements are also a problem in critically damped well responses as discussed above.  

According to Butler (1998 and 2003) it is important to use a variety of initial 

displacements to eliminate a K value dependency on slug size.  For adequate control of 

the slug test parameters, I recommend using a small air-gas tank fitted with a regulator 

that can make fine adjustments at low psi’s, and use a different pressure at each test. 

Other practical considerations include the process of performing the tests in the field.  In 

the case of deep wells such as these (>200 feet), winding enough rope up and down the 

well is cumbersome and time consuming.  If the wells are polluted, the entire length of 

rope must be decontaminated as well as the rod to prevent disturbing chemical analysis 

programs.  With the pneumatic method only the transducer needs to be rinsed and there is 

no rope winding.  
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6.0 Summary and Conclusions 

After performing multiple slug tests using both field methods on a number of wells, 

hydraulic conductivities were estimated and statistically analyzed.  The analysis shows 

with confidence ranging from 95% to 99% that the difference in K-values using each of 

the two methods is systematic, resulting in higher values attributed to the mechanical slug 

test.  These differences are consistent, even though they are relatively small enough that 

the spatial variability of the aquifer is a more significant factor by one or two orders of 

magnitude. While this can mean that the aquifer’s anisotropic conditions can over 

shadow those errors, the practical considerations involved with slug testing and the 

quality of the data consistently favors the pneumatic method.  
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Figures 

 
Figure 1: Location map of ICSWF on Whidbey Island, WA.  (Adapted from SCS Engineers.) 
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Figure 2 shows a cross section of the deltaic deposits near the site (circled at A’, from Polenz, 2005) 
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Figure 3: Well location map at the ICSWF on Whidbey Island, WA.  

Adapted from Earth Science Strategies Consulting, Inc. 
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Figure 4: Showing a groundwater elevation contour map with flow direction (SCS Engineers, 2004). 
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Figure 5:  Semi-log recovery graph indicating field test errors within the first 10 seconds 
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Figure 6: Pneumatic slug test device with blue transducer cable and red/white gas release valve to the right. 
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Figure 7: Well recovery semi-log plot using pneumatic slug test. 
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Figure 8: Well recovery semi-log plot using mechanical slug rod. 
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Figure 9: Well recovery semi-log plot of an under-damped response 

 (negative indicates movement upward.) 
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Figure 10: Well recovery semi-log plot using pneumatic slug test indicating storativity and other 

effects 
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Tables 

 

 

 

 

Table 1. Tables of Hydraulic Conductivity Values and Statistical Analysis 
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Appendix A: Hydraulic Conductivity Estimates for Each Test 

Mechanical Slug Test 
      

Well 
ID 

Bouwer 
& Rice 

[ft/day] 

Hvorslev 
[ft/day] 

Van der 
Kamp 

[ft/day] 

Well 
Avg      

B & R 

Well 
Avg 

Hvor 

Well Avg - 
Van der 
Kamp 

Stan. 
Dev. 
B&R 

Stan. 
Dev. 
Hvor 

E4D 3.55 4.01             
E4D 3.59 4.10   3.57 4.05   0.02 0.04 

E4S 4.57 6.43             
E4S 4.61 6.93   

  
      

E4S 4.67 7.29   4.62 6.87   0.04 0.35 

E5D 9.00 11.00             
E5D 8.90 10.80   8.95 10.90   0.05 0.10 

E6D 1.49 2.11             
E6D 1.91 2.48   1.69 2.29   0.21 0.19 

E7D 4.48 4.22             
E7D 4.75 4.36             
E7D 4.91 4.45   4.71 4.34   0.18 0.09 

N5D     101           
N5D   

 
81.9 

  
      

N5D     115     98.3 13.57   

NE1D 1.08 2.16             
NE1D 1.08 2.00             
NE1D 1.03 1.95   1.06 2.04   0.02 0.09 

S11D 0.41 0.47             
S11D 0.84 1.00   0.59 0.69   0.22 0.27 
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Pneumatic Slug 
Test 

       

Well 
ID 

Bouwer&Rice 
[ft/day] 

Hvorslev 
[ft/day] 

Van 
der 

Kamp 
[ft/day] 

Well 
Avg      

B & R 

Well 
Avg 

Hvor 

Well Avg - 
Van der 
Kamp 

Stan. 
Dev. 
B&R 

Stan. 
Dev. 
Hvor 

E4D 2.14 2.64             

E4D 2.16 2.64             

E4D 1.94 2.44   2.08 2.57   0.10 0.09 

E4S 4.09 6.46             

E4S 4.76 6.90   
  

      

E4S 4.19 6.87   4.34 6.74   0.30 0.20 

E5D 8.20 9.90             

E5D 6.90 7.60             

E5D 5.00 6.00   6.56 7.67   1.31 1.60 

E6D 0.65 2.48             

E6D 0.65 1.06   0.65 1.62   0.00 0.71 

E7D 3.29 3.83             

E7D 2.72 3.21   2.99 3.51   0.29 0.31 

N5D     90.1           

N5D   
 

91.2 
  

      

N5D     77.6     86.1 6.17   

NE1D 1.50 1.79             

NE1D 1.51 1.81             

NE1D 1.40 1.67   1.47 1.76   0.05 0.06 

S11D 0.40 0.48             

S11D 0.39 0.48   
  

      

S11D 0.36 0.35   0.38 0.43   0.02 0.06 

         

 

 

 

**Appendix B can be found in the electronic version of this report in the UW Library System** 
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Appendix B: Output of spreadsheet calculators 

Bouwer & Rice Method (1976) 
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Hvorslev (1951) Method 
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Van der Kamp Method 
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