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Characterization/ Conductivities of
Louisiana Aquifers Explored
Douglas Carlson

INTRODUCTION

This article is a first in a series of articles which will appear in the
Louisiana Geological SurveyÕs newsletter considering the
properties of aquifers in Louisiana. Aquifers are units of rock or
sediment which provide an economically useful amount of water
for consumers (Fetter, 2001). The determination of Louisiana aqui-
fersÕ properties is part of a larger goal of the Louisiana
Geological Survey (LGS) to develop a series of groundwater models
of major aquifer systems throughout Louisiana, first of which is the
Chicot Aquifer. The Chicot Aquifer groundwater model and future
models will provide policy makers a tool for better understanding
of how these various aquifers respond to possible future scenarios
of groundwater demand.

However, before the construction of the conceptual and math-
ematical model of an aquifer is started there is need to gather and
analyze existing information available for the aquifer and determine
the physical properties of the aquifer. The results of aquifer proper-
ties analysis provides a reasonable range of parameter values to
create the model framework and/or test when calibrating a ground-
water model. One of the most important properties of an aquifer, is
what is its hydraulic conductivity? This is often a property of an
aquifer that groundwater models are very sensitive to (Anderson
and Woesnner, 1992). For this reason before the start of any ground-
water modeling project it is necessary to gather a large set of
hydraulic conductivity values for aquifers and analyze the results.

HYDRAULIC CONDUCTIVITY

Hydraulic conductivity is the property of how easy is it for water
to move through a material (Fetter, 2001). If this material is a
porous medium then hydraulic conductivity is generally
dependent upon the size and shape of the pore spaces, size and
arrangement of the individual earth materials (particles), the
effectiveness of the interconnections between the pores, and the physi-
cal properties of the fluid (determined by temperature)
(Fetter, 2001). For example, if the interconnections between the pores
are small, and restricted by the presence of finer grained materials,
the resulting hydraulic conductivity is low (Figure 1). If the aquifer
material is comprised of coarse grained material such as gravel
(Figure1), then resulting hydraulic conductivity will be quite high.
In general, sand and sandstones are considered porous media
(Schulze-Makuch and others, 1999), which means LouisianaÕs aqui-
fers which are sand and sandstones are considered porous media
(Renkin, 1998).

The units that express hydraulic conductivity are those of length/
time, often feet per day, abbreviated ft/day. Although the units of
hydraulic conductivity are the same as velocity, hydraulic conduc-
tivity and velocity are not the same unless the hydraulic gradient is
one. The velocity of groundwater is dependent on two other unit-
less properties of an aquifer: hydraulic gradient (slope of water-table
or potentiometric surface) and porosity (fraction of an aquifer that
is empty space for fluids to fill).

Natural geologic materials have a range of hydraulic conduc-
tivities that is 10 orders of magnitude. That is, gravel can have a
hydraulic conductivity about 10 billion times that of unfractured
shale. For naturally occurring properties of materials on earth
probably the only other property with a range value that is larger
is the electrical resistivity of materials. The resistivity of a good
electrical insulator like quartz/glass is about million billion bil-

lion times larger than that of a good electrical conductor like a
copper wire (Dohr, 1981).

Hydraulic conductivity value for any aquifer will vary significantly
depending on point selected within the aquifer (Fetter, 2001). In
general, because the aquifers of Louisiana are sands the distribution
of hydraulic conductivity values will be log normally distributed,
for example Sparta Aquifer (Figure 2). What this means is the num-
ber of observed hydraulic conductivity values will form a standard
normal curve Òbell-shaped curveÓ of the frequency of observations
(dependent variable on the Y axis) plotted  against values of
hydraulic conductivity (independent variable on the X axis) when
hydraulic conductivity values are divided into equal steps on a log
scale. So, with this in mind the values which appear in Figures 5, 7,
9 and 12 are geometric mean values. In general, hydraulic conduc-
tivity values for Louisiana major aquifers have a range that yields a
standard deviation of about 0.5 on a log scale. For example the
Sparta Aquifer has a geometric mean value of hydraulic conductiv-
ity of 12.4 ft/day and the range of values within one standard devia-
tion is 4.2 ft/day to 36.6 ft/day. For a normally distributed data set
approximately two thirds of observations will fall within one stan-
dard deviation of the mean (Kirk, 1990).

HYDRAULIC
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Ò500 foot sandÓ, and Ò700 foot sandÓ (Sargent and McGee, 1998).
In Allen, Beauregard, Evangeline and St. Landry Parishes the Chicot
Aquifer is usually considered a single undifferentiated unit (U.S.
Geological Survey, 2003). Lastly in Acadia, Iberia, Jefferson Davis,
Lafayette, St. Martin, and Vermilion the Chicot is divided into up-
per and lower Chicot (Lovelace and Lovelace, 1995). In general, the
Chicot Aquifer has a higher hydraulic conductivity in the north and
near to the surface (Figure 9). However, even the lowest hydraulic
conductivity value of Chicot Aquifer for the Ò700 foot sandÓ and
lower Chicot is still higher than all but the Upland Terrace and Mis-
sissippi River Alluvial (Figure 5 and 7). The Evangeline Aquifer is a
source of water for Allen, Beauregard, Evangeline and St. Landry
Parishes, however, in general, parishes to the south of these four
parishes the Evangeline is no longer a potable aquifer, EvangelineÕs
waters are too saline to be a source of water for human consump-
tion (Jones and others, 1954). Lastly, the Evangeline AquiferÕs typi-
cal hydraulic conductivity is about 1/6 th of the Chicot AquiferÕs
hydraulic conductivity (Figure 9).

SOUTHEASTERN LOUISIANA

Lastly the southeastern portion of Louisiana has the most com-
plex set of aquifers. Fetter (2001) notes there are 10 different aqui-
fers noted for the Baton Rouge part of this region, while Lovelace
and Lovelace (1995) in their Figure 1 note 29 aquifers in the entire
southeastern Louisiana area. All of these units are Miocene to Qua-
ternary in age (Lovelace and Lovelace, 1995). However, a large num-
ber of these aquifers can be classed by their ages into a fairly system-
atic system of aquifers (Figure 10): Chicot, Evangeline and Jasper

Chicot
Evangeline

Figure 8.  The extent of two
aquifers in southwestern

Louisiana: Chicot and
Evangeline.

Figure 9. The hydraulic conductivity values of  major aquifers in
southwestern Louisiana. This regions 608 hydraulic conductivities
have been determined from analysis of U.S. Geological Survey (2003)
specific capacity data by using the Bradbury and Rothschild (1985)
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Figure 5. Each of the crosses represents the location of a specific
capacity test analyzed for determination of hydraulic
conductivity of Sparta Aquifer.

Figure 6. Location of geophysical logs used to determine the base
of the Sparta Aquifer.  Each star is the location of geophysical log
used within Sparta base data set. Values for the base of Sparta are
the elevations relative to sea level in feet.

Chicot Aquifer (Carlson, et al., 2003). Using the 50% rank of
discharge for the recharge rate the average recharge rate is 5.77
+ 7.38 inch/yr., while for the 80% rank of discharge the average
recharge rate is 1.52 + 2.29 inch/yr. The average precipitation
throughout northern Louisiana is 48 inch/yr to 54 inch/yr (Gar-
rison, 1997). Lastly Sparta Aquifer recharge rates are lower than
those for the Chicot Aquifer in southwestern Louisiana where
the 50% rank of discharge for the recharge rate yields an aver-
age recharge rate is 8.38 + 6.18 inch/yr., while for the 80% rank
of discharge the average recharge rate is 3.13 + 3.37  inch/yr
(Carlson, et al., 2003). Thus recharge rate over the Sparta Aqui-
fer is about 33% to 50% less than over the Chicot Aquifer. As
indicated by the standard deviations listed above, listed after +,
being larger than mean values, listed before +, recharge rate is
not normally distributed but is skewed. The results are such that
recharge is concentrated by area and during a few of 36 years
considered.

POROSITY VALUES

Lastly for this year, porosity for the aquifers and aquitards of
northern Louisiana has been determined from analysis of sonic logs;
a combination of electrical logs and water conductivity data; mois-
ture content data; and dry density data. All four of these techniques

have allowed for the calculation of hundreds of porosity values.

The combination of electric logs and water conductivity data has
been used to determine porosity values throughout northern Louisi-
ana. This technique involves using Archie(s equation (Archie, 1942),
sediment resistivities (U.S. Geological Survey, 2003a) after borehole
corrections have been completed using Hallenburg (1984) correc-
tion factors and water conductivity data from a variety of sources
(Newcombe et al., 1963; Page et al., 1963; Page and May, 1964;
Winner et al., 1968; Dial, 1970; Hoseman et al., 1970; Sanford,
1972; Snider et al., 1972; Ryals, 1982; Snider, 1982;  Snider and
Covay, 1987; Rapp, 1996; U.S. Geological Survey, 2003b).

The determination of porosity for this technique was a three-step
process. The first step was to read and record the observed resistiv-
ity (Ro) usually for the 64 inch normal log and sometimes the deep
induction log for a well that has water quality data. The second step
is to determine the resistivity value of water. The water resistivity
(Rw) was determined by inverting the reported values of electrical
conductivity, from the sources that are noted previously. With Ro
and Rw values, the third and last step is to determine porosity by
using ArchieÕs equation (Archie, 1942). This technique has been used
to determine 176 values of porosity for Wilcox and 153 values of
porosity for Sparta Aquifer. Altogether 394 values of porosity have
been determined using this technique.  The average porosity for Sparta
Aquifer is 22.31 + 10.13 %. This porosity is similar to the average
porosity value for Wilcox Aquifer 20.56 + 5.52%.

The second technique used to determine porosity of northern
Louisiana aquifers is to analyze sonic logs located in Bienville, DeSoto,
Jackson, LaSalle, Morehouse, Ouachita and Richland Parishes. Of
these logs 26 of the 40 lie in Ouachita Parish. A value of porosity
has been determined every ten feet within the section of Eocene age.
This process is a three-step process for determining porosity. One,
read off the sonic logÕs recorded travel time noted as a value of mi-
croseconds per foot of travel distance at points a ten feet apart.
Two, calculate the porosity using a standard equation for sonic logs
assuming sandstone. Three, divide porosity by the necessary correc-
tion factor to adjust the previous equation for unconsolidated mate-
rials (Schlumberger, 1972). For this study the correction factor was
set at 2.5. This yields results that are reasonable in light of porosity
determined by other techniques discussed later. This technique has
currently been used to determine 3668 values of porosity, of these
1565 values are for the Sparta Aquifer and 1348 are for the Carrizo-
Wilcox Aquifer. The result is the porosities are slightly larger than
from the previously discussed technique. The average porosity for
Sparta Aquifer is 29.36 + 3.89 % (Figure 8). This porosity is similar
to the average porosity value for Wilcox Aquifer 22.29 + 3.40%.
This is not surprising given that this technique responds to all pores
filled with water while the previous technique is only responding to
interconnected pores, a subset of all pores. However both of these
techniques yield as expected normally distributed values of porosity
as expected for sands, Figure 8 shows results from analysis of sonic
logs.

   As expected in Bienville Parish which is up dip from Ouachita
Parish the porosity is somewhat higher. The average porosity for
131 Sparta Aquifer porosity values is 34.13 + 7.02 %. This porosity
is larger than average porosity value for 267 Wilcox Aquifer poros-
ity values is 26.93 + 6.25%. Both of these values are larger than
results for Ouachita Parish. The statistical confidence of this differ-
ence is over 99.5%.

  





  10  Louisiana Geological Survey          July 2004

NewsInsights  ¥  www.lgs.lsu.edu

Conferences/Exploration Present Data on
Coal Seam Natural Gas (CSNG)
Clayton Breland

Exploration activity has continued since the Woods Oil and Gas
#1 IPCo was drilling in early 2001 in Caldwell Parish, LA. The
Woods well was the first well drilled in Louisiana to specifically test
the production potential of coal seam natural gas (CSNG). Since
that well was drilled, more than a dozen wells have been drilled in
and around Caldwell Parish to further assess CSNG and interest in
the play remains high. CSNG exploration players include compa-
nies with relatively long histories and experience in CSNG like De-
von Energy and Geomet Operating. New to the play but experi-
enced in oil and gas exploration in the area are King Drilling,
Jonesboro, LA and Enervest Management Partners, Houston, TX.
More recently Vintage Petroleum, Tulsa, OK and Harvest Gas Man-
agement, Houston, TX have entered the play by drilling the Colgrade
CZ Fee A #114 in Winn Parish, LA and KFG #4 International Paper
in Catahoula Parish, LA respectively. Both wells were drilled early
this year and both wells used Baker Hughes InteqÕs Coredrill Coring
System and TerraTek Core Analysis Coalbed Methane Evaluation
to core and evaluate the gas content and character of the coal.

USGS and LGS have actively pursued assessment of LouisianaÕs
CSNG resources since forming a partnership in October 2001. As
partners we have worked with Devon Energy, Enervest Gas Man-
agement and most recently Harvest Gas Management through an
arrangement called a Cooperative Research and Development Agree-
ment (CRADA).  LGS and partner USGS would like to thank Deane
Foss, Harvest Gas Management, for kindly sharing some of the core
data from his well. Also, LGS/USGS would like to thank Kirk Ross,
Vintage Petroleum, for contributing core and water data from their
well with us.

In an effort to spread the word about CSNG in Louisiana and the
Gulf Coast, Dr. F. Clayton Breland, Jr. collaborated with Dr. Peter
D. Warwick (USGS) and members of the recently formed Gulf Coast
Coal Seam Natural Gas Consortium; Ed Ratchford (Arkansas Geo-
logical Commission), Steve L. Ingram (Mississippi Minerals Re-
sources Institute) and Jack C. Pashin (Alabama Geological Survey),
to present a paper at the recent Geological Society of America Con-
vention in Washington, D.C. entitled ÒCoal Gas Resource Potential
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American Association of Petroleum
Geologists (AAPG) Annual
Convention, Dallas, Texas
April 18 - 21, 2004

LGS staff authored/co-authored the following
presentations at this AAPG Conference:

¥ The University Oil and Gas Field: Hydrocarbons,
Reservoirs, and Future Potential by Byron Miller,
Chacko John, Brian Harder, and Reed Bourgeois.

¥ Preliminary Geologic Characterization of the
Chicot Aquifer in Southwest Louisiana: Acadia,
Allen, Beauregard, Calcasieu, Evangeline, and
Jefferson Davis Parishes by Riley Milner (LGS) and
Sean McLaughlin (DNR).

¥ Regional Correlation and Character of Coal-
Bearing Zones, Wilcox Group, North Central
   Louisiana: Implications for Coalbed Gas
   Exploration by P.D. Warwick (USGS), F.C. Breland
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