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Simulation of Groundwater Flow and Chloride Transport
in the “1,200-Foot” Sand With Scenarios To Mitigate
Saltwater Migration in the “2,000-Foot” Sand in the Baton

Rouge Area, Louisiana

By Charles E. Heywood, John K. Lovelace, and Jason M. Griffith

Abstract

Groundwater withdrawals have caused saltwater to
encroach into freshwater-bearing aquifers beneath Baton
Rouge, Louisiana. The 10 aquifers beneath the Baton Rouge
area, which includes East and West Baton Rouge Parishes,
Pointe Coupee Parish, and East and West Feliciana Parishes,
provided about 184.3 million gallons per day (Mgal/d)
for public supply and industrial use in 2012. Groundwater
withdrawals from the “1,200-foot” sand in East Baton
Rouge Parish have caused water-level drawdown as large
as 177 feet (ft) north of the Baton Rouge Fault and limited
saltwater encroachment from south of the fault. The recently
developed groundwater model for simulating transport in the
“2,000-foot” sand was rediscretized to also enable transport
simulation within the “1,200-foot” sand and was updated
with groundwater withdrawal data through 2012. The model
was recalibrated to water-level observation data through 2012
with the parameter-estimation code PEST and calibrated to
observed chloride concentrations at observation wells within
the “1,200-foot” sand and “2,000-foot” sand. The model is
designed to evaluate strategies to control saltwater migration,
including changes in the distribution of groundwater
withdrawals and installation of scavenger wells to intercept
saltwater before it reaches existing production wells.

Seven hypothetical scenarios predict the effects of
different groundwater withdrawal options on groundwater
levels and the transport of chloride within the “1,200-foot”
sand and the “2,000-foot” sand during 2015-2112. The
predicted water levels and concentrations for all scenarios
are depicted in maps for the years 2047 and 2112. The
first scenario is a base case for comparison to the six other
scenarios and simulates continuation of 2012 reported
groundwater withdrawals through 2112 (100 years). The
second scenario that simulates increased withdrawals from
industrial wells in the “1,200-foot” sand predicts that water
levels will be 12-25 ft lower by 2047 and that there will
be a negligible difference in chloride concentrations within
the “1,200-foot” sand. The five other scenarios simulate the
effects of various withdrawal schemes on water levels and

chloride concentrations within the “2,000-foot” sand. Amongst
these five other scenarios, three of the scenarios simulate
only various withdrawal reductions, whereas the two others
also incorporate withdrawals from a scavenger well that is
designed to extract salty water from the base of the “2,000-
foot” sand. Two alternative pumping rates (2.5 Mgal/d and
1.25 Mgal/d) are simulated in each of the scavenger-well
scenarios. For the “2,000-foot” sand scenarios, comparison
of the predicted effects of the scenarios is facilitated by
graphs of predicted chloride concentrations through time at
selected observation wells, plots of salt mass in the aquifer
through time, and a summary of the predicted plume area and
average concentration. In all scenarios, water levels essentially
equilibrate by 2047, after 30 years of simulated constant
withdrawal rates. Although predicted water-level recovery
within the “2,000-foot” sand is greatest for the scenario with
the greatest reduction in groundwater withdrawal from that
aquifer, the scavenger-well scenarios are most effective in
mitigating the future extent and concentration of the chloride
plume. The simulated scavenger-well withdrawal rate has
more influence on the plume area and concentration than

do differences among the scenarios in industrial and public-
supply withdrawal rates.

Introduction

Fresh groundwater is valued for public and industrial
supply in southeastern Louisiana and the greater Baton Rouge
area (subsequently referred to as the “Baton Rouge area”),
which includes East and West Baton Rouge, Pointe Coupee,
and East and West Feliciana Parishes. In the Baton Rouge
area, fresh groundwater in most aquifers is soft, sodium
bicarbonate water with a total dissolved-solids concentration
of less than about 200 milligrams per liter (mg/L) (Meyer and
Turcan, 1955) and requires little treatment for potable use or
industrial purposes (Stuart and others, 1994). Groundwater
withdrawals in the Baton Rouge area since the 1940s
have lowered water levels and altered groundwater-flow
directions in most of the 10 underlying freshwater-bearing
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aquifers. During 2010, about 196 million gallons per day
(Mgal/d) of groundwater were withdrawn in the Baton Rouge
area (Sargent, 2011), mostly in East Baton Rouge Parish.
Groundwater usage in 2010 was primarily for public and
industrial supply, which consumed about 94 Mgal/d and
73 Mgal/d, respectively. The drawdown of groundwater levels
has caused saltwater' to encroach into freshwater areas near
Baton Rouge. Saltwater encroachment has been detected in
seven aquifers, including the “1,200-foot” sand and “2,000-
foot” sand in East Baton Rouge Parish (Lovelace, 2007).
Water planners and managers need additional knowledge
of the effects of groundwater withdrawals on the rate and
pathways of saltwater migration and a tool to assess possible
management strategies that could control further saltwater
encroachment in the Baton Rouge area. In response to this
need, the U.S. Geological Survey (USGS), in cooperation
with the Capital Area Groundwater Conservation Commission
(Commission), the Louisiana Department of Transportation
and Development (DOTD) Public Works and Water Resources
Division, and the City of Baton Rouge and Parish of East
Baton Rouge (City-Parish), developed the groundwater-
flow and saltwater-transport model of the Southern Hills
regional aquifer system (Buono, 1983) that is documented
in this report. The model simulates the effects of reported
groundwater withdrawals on groundwater flow in the regional
aquifer system and the movement of saltwater northward from
the Baton Rouge Fault in the “1,200-foot” sand and “2,000-
foot” sand in East Baton Rouge Parish. The model simulates
historical conditions (prior to 2013) and six possible future
pumping scenarios. The model provides a tool for evaluation
of the effectiveness of modified pumping rates that may affect
saltwater encroachment. A digital archive of the groundwater
model is on file at the USGS Lower Mississippi-Gulf Water
Science Center in Baton Rouge.

Purpose and Scope

This report documents the hydrogeologic framework of
the Southern Hills regional aquifer system in southeastern
Louisiana and in southwestern Mississippi, the hydraulic
properties of the aquifer system, groundwater-withdrawal
rates, and a groundwater model that simulates flow in the
regional aquifer system and chloride transport in the “1,200-
foot” sand and the “2,000-foot” sand in the Baton Rouge area.
The simulated effects of groundwater withdrawals on water
levels, flow directions, and the movement of saltwater in the
“1,200-foot” sand are described. Because the simulated effects
of groundwater withdrawals on water levels, flow directions,

'For the purposes of this report, saltwater is defined as water containing
greater than 250 mg/L chloride. Concentrations of chloride greater than
250 mg/L exceed the Secondary Maximum Contaminant Level (SMCL) for
drinking water (U.S. Environmental Protection Agency, 2006). SMCLs are
established for contaminants that can adversely affect the aesthetic quality of
drinking water. At high concentrations or values, health implications, as well
as aesthetic degradation, also may exist. SMCLs are not federally enforceable
but are intended as guidelines for the States.

and the movement of saltwater in the “2,000-foot” sand were
described in a previous report (Heywood and others, 2014),
only new scenarios for managing pumpage and saltwater
movement within the “2,000-foot” sand are described.

Seven hypothetical groundwater-management scenarios that
represent the effects of continued groundwater withdrawals
at 2012 rates and various modifications to withdrawal rates
and (or) installation of a “scavenger well” that could affect
saltwater encroachment in the “1,200-foot” sand or “2,000-
foot” sand beneath the city of Baton Rouge are simulated and
discussed.

The model documented in this report is a modified
version of the model previously documented by Heywood and
others (2014). Differences from the previous version include
refinement of the hydrogeologic framework to represent the
“1,000-foot” sand and “1,200-foot” sand as separate aquifers,
refinement of the horizontal and vertical finite-difference
discretization to provide more detail in the area of transport
within the “1,200-foot” sand, specification of reported annual
groundwater withdrawals from 2008 through 2012, and
recalibration of model parameters to water levels observed
through 2012.

The model domain encompasses an area of 6,529 square
miles (mi?) in southeastern Louisiana and southwestern
Mississippi; however, its primary focus is on the “1,200-foot”
sand and “2,000-foot” sand in a 48-mi? area in the Baton
Rouge area (the detailed model area) where large groundwater
withdrawals have occurred and where saltwater encroachment
is of concern. Simulation of regional groundwater flow
through all hydrogeologic units in the Southern Hills regional
aquifer system helped ensure reasonable simulated results
within the primary area of concern.

Previous Investigations

Several previous reports have included background data
on the geologic, hydraulic, and water-quality characteristics
of freshwater-bearing aquifers in the Baton Rouge area
(Meyer and Turcan, 1955; Morgan, 1961). Morgan and
Winner (1964) documented known areas of saltwater in
aquifers underlying East and West Baton Rouge Parishes and
estimated the rates of saltwater movement toward areas of
large groundwater withdrawals in the industrial district and
toward public-supply pumping stations. Whiteman (1979)
included a detailed discussion of saltwater encroachment in
the “600-foot” sand and “1,500-foot” sand and discussions of
saltwater in other aquifers. Whiteman (1979) also documented
the existence of the east-west trending Baton Rouge Fault as
a leaky hydrologic barrier that limits northward movement of
saltwater in aquifers in the Baton Rouge area. Buono (1983)
described the freshwater-bearing aquifers in the northern
parishes of southeastern Louisiana (including those in the
Baton Rouge area) and the updip equivalent aquifers in
Mississippi as an interdependent system, which he named
the “Southern Hills regional aquifer system” (table 1).
Griffith (2003) presented hydrogeologic cross sections of



Table 1. Aquifers and aquifer systems in southern Mississippi and southeastern Louisiana and corresponding model layers (modified from Buono, 1975; Stuart and others, 1994;
Lovelace and Lovelace, 1995; and Griffith, 2003).

S_ou_the_rn . Southeastern Louisiana
Mississippi .
Aquifer
System Series Aquifer' unit model
Aquifer' . layer?
unit Aquifer system Eastern Florida
. Baton Rouge area
Parishes
Holocene ; Near-surface aquifers Mississippi River
Alluyvium " a“ No regionally extensive alluvial aquifer
g‘ ? ? hydrogeologic units
E Shallow sands
= . : Chicot equivalent , Layer 1
= Pleistocene | Citronelle . Upland terrace aquifer “400-foot” sand
o . fi t p q oot” san
formation aquiter system Upper Ponchatoula Upland F;rrace
£ aquifer aquiter “600-foot” sand
Q
G h A7 13 i en)
;a am A Lower Ponchatoula 800-foot” sand
e 2 aquifer 1,000-f d Layer 3
. f ti = ¢ ) “1,000-foot” san ayer
Pliocene — & Evangeline equivalent Big Branch aquifer -
= g q Kentwood aquifer “1,200-foot” sand Layer 5
< aquifer system . .
g Abita aquifer . .
? Pascagoula B Covington aquifer 1,500-foot” sand Layer 7
. — . .
| g formation = Slidell aquifer “1,700-foot” sand Layer 9
5 =
&= IS Tchefuncte aquifer “2,000-f00t” sand Layers 11-20
Miocene 2 Jas ival :
== per equivalent Hammond aquifer B ,
Hattiesburg E aquifer system Amite aquifer 2,400-foot” sand Layer 22
formation Ramsay aquifer “2,800-foot” sand Layer 24
—? Catahoul.a Catah.oula equivalent Franklinton aquifer Catahoula aquifer
Oligocene formation aquifer system

'Aquifers in southern Mississippi and southeastern Louisiana are separated by unnamed discontinuous confining units.

2Aquifer model layers are separated by confining model layers except model layers 11-20. Model layer 24 is the bottom model layer.
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the freshwater aquifers in southeastern Louisiana, which

he described as a sequence of complexly interbedded,
interconnected, lenticular (lens shaped), alluvial, freshwater-
bearing, clayey, sandy, and graveliferous strata. Morgan and
Winner (1964), Whiteman (1979), Tomaszewski (1996), and
Lovelace (2007) documented the occurrence of saltwater and
increasing chloride concentrations within various aquifers in
the Baton Rouge area.

In 1975, the USGS began a cooperative program with
the DOTD and the Commission to analyze groundwater
flow by using groundwater models of aquifers in the Baton
Rouge area, including the “400-foot” sand and “600-foot”
sand (Kuniansky, 1989), the “1,200-foot” sand (Halford and
Lovelace, 1994), the “1,500-foot” sand and “1,700-foot”
sand (Huntzinger and others, 1985), and the “2,000-foot”
sand (Torak and Whiteman, 1982) in the Baton Rouge area.
Under the USGS regional aquifer-system analysis program,
the hydrogeologic framework, groundwater chemistry, and
regional flow patterns in the freshwater aquifers along the
northern coast of the Gulf of Mexico in Louisiana and parts of
Texas and Mississippi were described, and groundwater-flow
models were developed to simulate regional flow patterns
(Martin and Whiteman, 1990). Heywood and others (2014)
developed a groundwater-flow model of the aquifers in the
Baton Rouge area, and much of the background information
presented herein is from that report.

Study Area Description

The study area encompasses about 6,600 mi® in
southeastern Louisiana and southwestern Mississippi (fig. 1).
The study area extends southward from about 25 miles (mi)
north of the Mississippi State line to Gonzales, La., in the
south and eastward from Breaux Bridge, La., in the west to
Hammond, La., in the east. In southeastern Louisiana, all
or parts of Ascension, Avoyelles, Concordia, East and West
Baton Rouge, East and West Feliciana, Iberville, Livingston,
Pointe Coupee, St. Helena, St. Landry, St. Martin, and
Tangipahoa Parishes are in the study area. In Mississippi,
all or parts of Adams, Amite, Franklin, Lincoln, Pike, and
Wilkinson Counties are in the study area.

The terrain in the study area varies from forested rolling
hills in the north to flat lowlands and swamps in the south.
The Mississippi River Valley dominates the setting near the
western and southern boundaries of the study area. Land-
surface altitudes range from zero to more than 450 feet
(ft) (Calhoun and Frois, 1997). The climate is subtropical,
warm, and temperate, with an average annual temperature of
68 degrees Fahrenheit (°F) (20 degrees Celsius [°C]) and an
average annual rainfall of 61 inches (National Oceanic and
Atmospheric Administration, 1995).

About 1 million people live within the study area, with
the largest population in the Baton Rouge metropolitan area
(U.S. Census Bureau, 2010). All of the public water supplied
in the Baton Rouge area in 2010 was groundwater (Sargent,

2011). Several industrial facilities, primarily located along the

Mississippi River, also utilize the groundwater resources in the
study area. In addition, groundwater supplies about 84 percent
of agricultural water use in the study area (Sargent, 2011).

Horizontal Datum and Projection Systems

The geographic coordinates of database features, such as
well-head locations, and geographic information system (GIS)
data used in the model are referenced to the North American
Datum of 1983 (NAD 83). To represent model-cell areas
accurately, polygon and point GIS coverages of the model
finite-difference cells and nodes, created with the program
MODELGRID (Kernodle and Philip, 1988), were generated
in a Lambert Conformal Conic projection system. The model
finite-difference grid columns are oriented north-south in
the Lambert Conformal Conic projection system. These GIS
coverages were subsequently projected into the Universal
Transverse Mercator (UTM) zone 15 coordinate system that
was used for GIS coverages of wells, the hydrogeologic
framework, and water levels. Consequently, the model finite-
difference grid appears slightly rotated in the UTM projection
displayed in the map figures in this report. Projection and
coordinate system details are included in a file in the digital
model archive.

Hydrogeology

Aquifers containing freshwater in the Baton Rouge
area are generally part of the Southern Hills regional aquifer
system and include the Mississippi River alluvial aquifer,
the shallow sands of the Baton Rouge area, and the Upland
terrace aquifer; the “400-foot” sand, “600-foot” sand, “800-
foot” sand, “1,000-foot” sand, “1,200-foot” sand, “1,500-foot”
sand, “1,700-foot” sand, “2,000-foot” sand, “2,400-foot”
sand, and “2,800-foot” sand of the Baton Rouge area; and the
Catahoula aquifer (Meyer and Turcan, 1955; Morgan, 1961;
Buono, 1983; Griffith, 2003). The Mississippi River alluvial
aquifer and the shallow sands of the Baton Rouge area are the
shallowest aquifers in the Baton Rouge area. Deeper aquifers
in the Baton Rouge area include aquifers that are named for
their depth of occurrence in the Baton Rouge industrial district
(table 1) and the Catahoula aquifer. Aquifers in the Baton
Rouge area have been correlated with aquifers in southern
Mississippi and in Louisiana parishes east of the study
area. The aquifers also have been grouped on the basis of
correlative units in southwestern and central Louisiana into the
Chicot equivalent, Evangeline equivalent, Jasper equivalent,
and Catahoula equivalent aquifer systems (Stuart and others,
1994). Although the Catahoula aquifer contains freshwater
in some areas, it is generally too deep and contains too much
saltwater to be an economically viable water resource in the
Baton Rouge area (Griffith, 2003).
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Figure 1.
southwestern Mississippi.
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Freshwater-bearing aquifers in the Baton Rouge area
range in composition from very fine to coarse sand with some
pea- to cobble-sized gravel (Griffith, 2003) and are sufficiently
permeable to yield economically substantial quantities of
water to wells (Bates and Jackson, 1984). The aquifers are
separated by confining units composed of materials ranging
from solid clay to sandy and silty clay that limit vertical
groundwater flow. The freshwater aquifers and intervening
confining units in the Baton Rouge area, together with the
updip equivalent units in southwestern Mississippi, form a
thickening wedge that dips to the south and southwest toward
the Gulf of Mexico. The confining units generally pinch
out northward, and deeper aquifers coalesce with overlying
surficial aquifers.

Precipitation in the northern part of the study area and
farther north in Mississippi is the primary source of recharge
to the aquifer system. Because the aquifers are interconnected,
precipitation that infiltrates the shallow, surficial aquifers
located in recharge areas flows southward into deeper aquifers.
Kuniansky (1989) estimated a range from 0.2 to 4.6 inches
per year (in/yr) for deep regional aquifer recharge in the Baton
Rouge area. Groundwater velocities range from a few tens
of feet per year to several hundreds of feet per year (Buono,
1983).

The “1,200-foot” sand, like other freshwater aquifers in
the study area, generally dips and thickens to the south and
consists of single or multiple 65- to 95-ft-thick intervals of fine
to medium sand and 100 to 300 ft of medium sand. Where the
aquifer contains multiple sand intervals, the sand intervals are
separated by clays. The top of the “1,200-foot” sand is about
1,200 ft below land surface north of the Baton Rouge Fault
but is displaced downward about 300 ft at the fault (fig. 2).
The “1,200-foot” sand is continuous throughout the study area
except in parts of Avoyelles, Concordia, and Point Coupee
Parishes and in most of Mississippi (fig. 3).

Baton Rouge Fault

The Baton Rouge Fault extends across the southern part
of the study area (fig. 1) and is part of a series of east-west
trending faults in southern Louisiana (Murray, 1961; Hanor,
1982; Griffith, 2003). The location of the Baton Rouge Fault
was documented in the 1960s and 1970s after the importance
of the fault as a barrier to groundwater flow in the aquifers
in the Baton Rouge area became apparent (Meyer and Rollo,
1965; Whiteman, 1979). McCulloh (1991) mapped the
detailed location of the surface expression of faults through
East Baton Rouge Parish. Within the study area, the Baton
Rouge Fault dips to the south at angles between about 65 and
70 degrees (Durham and Peeples, 1956; Smith and Kazmann,

1978; Whiteman, 1979; Roland and others, 1981; Hanor,
1982; McCulloh, 1991; Griffith, 2003, 2006).

Sediment deformation and displacement of sedimentary
layers across the Baton Rouge Fault reduce the hydraulic
connections between aquifers, thereby impeding horizontal
groundwater flow, which causes substantial changes in
both water levels and water quality across the fault. The
displacement of aquifers across the fault ranges from about
20 ft near the ground surface to about 300 ft at altitudes of
-1,600 to -3,000 ft.

Occurrence and Movement of Saltwater

Groundwater investigations conducted during the
1960s identified a freshwater-saltwater interface located near
the Baton Rouge Fault (Morgan and Winner, 1964; Rollo,
1969). Prior to groundwater development in the 1940s, fresh
groundwater flowed from recharge areas in Mississippi
southward toward the fault and then upward to discharge at
springs. This groundwater-flow pattern caused aquifers north
of the fault to generally contain freshwater, whereas they
may contain saltwater south of the fault. Exceptions exist
because freshwater is also found in some areas south of the
Baton Rouge Fault, such as West Baton Rouge Parish, where
the “2,000-foot” sand contains freshwater areas. In the Baton
Rouge area, the base of freshwater is between about 1,100 and
2,600 ft deeper on the north side of the fault than it is on the
south side of the fault. The altitude of the base of freshwater
ranges between about -1,500 and -3,500 ft north of the fault
and between -200 and -1,000 ft south of the fault (Smoot,
1988; Griffith, 2003). Aquifer tests conducted across the fault
in the vicinity of Baton Rouge have indicated that the fault
impedes groundwater flow (Whiteman, 1979).

Large groundwater withdrawals north of the fault in
Baton Rouge, primarily for public supply and industrial use,
have lowered water levels and created gradients conducive
to the movement of saltwater from the south side of the fault
into previously freshwater areas north of the fault (Whiteman,
1979; Tomaszewski, 1996). Groundwater withdrawals from
the “2,000-foot” sand have resulted in measured water-level
drawdowns as great as 356 ft. Except in the deeper “2,800-
foot” sand and Catahoula aquifers, most saltwater currently
north of the fault moved there in response to the groundwater
withdrawals in the Baton Rouge area. Within the “2,000-
foot” sand, saltwater threatens industrial wells located about
3 mi north of the fault. If groundwater withdrawals in the
Baton Rouge area continue at rates similar to the historical
rates, saltwater encroachment will probably continue to occur
(Tomaszewski, 1996).
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