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I. Introduction 

Defendants’ Joint Motion in Limine to Preclude Mississippi from Arguing 

That There Are Two Aquifers at Issue (Dkt. No. 78; “Motion”) requests that the 

Special Master “prohibit Plaintiff, State of Mississippi, Plaintiff’s witnesses, and 

Plaintiff’s counsel from testifying, introducing evidence, inquiring on cross-

examination, or otherwise arguing that there are two aquifers at issue in this case, 

rather than one.” Motion at 1. Defendants’ Motion seeks to avoid development of an 

accurate, complete, and detailed scientific record relevant to this original action on 

a matter of first impression.   

As the United States Geological Survey (“USGS”) has acknowledged, the 

complexity of naturally created groundwater systems often makes clear articulation 

of the key hydrogeologic concepts difficult and confusing. See generally Exhibit 1 

(R. L. Laney and C. B. Davidson, USGS Open-File Report 86-534, Aquifer- 

Nomenclature Guidelines (1986)). This is certainly the case when the relevant 

geographic area hosts the interface of two separate geologic formations with 

different hydrogeologic constituents formed millions of years ago.  

Mississippi has not “reversed course” as Defendants assert. Instead, 

Mississippi simply believes the Special Master should hear scientific evidence 

relating to all of the formations that are present in the areas of southwestern 

Tennessee and northwestern Mississippi. And most importantly, the outcome of this 
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case should focus on the groundwater at issue, regardless of the aquifer(s) in which 

that water has resided within Mississippi’s borders for thousands of years. 

II. Argument 

There is no doubt that the groundwater terminology used in this case has not 

always been as precise and consistent as it could have been. The problem arises from 

the fact that “[a]quifers do not lend themselves to brief, neat, simple definitions.” 

Ex. 1, p. 3. In fact, “[t]he term aquifer probably has more shades of meaning than 

any other term in hydrology. It can mean different things to different people and 

different things to the same person at different times.” Id. at 4-5. Beyond this, “[t]he 

variety of ways in which aquifers have been named is one of the causes of confusion 

associated with aquifer nomenclature,” and this confusion has been further 

“compounded by the various scales or hydrologic investigations.” Id. at 17.  

In this case, the parties have stipulated that “aquifer” means “a formation, a 

group of formations or part of a formation that contains sufficient saturated, 

permeable material to yield usable quantities of water to wells and springs.” 

Plaintiff’s and Defendants’ Joint Statement of Stipulated and Contested Facts (Dkt. 

No. 64) at S-17 (page 102). Based on this definition, “aquifer” is a term that can be 

used to refer to a single formation/aquifer; or used to refer to a group of 

formations/aquifers. 
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Defendants assert that there is a single aquifer at issue, encompassing the 

entirety of the Mississippi Embayment, but Mississippi simply wants the record to 

be clear that the “Aquifer” to which Defendants refer is made up of a group of 

different formations and aquifers, including the “Sparta Sand” and the “Memphis 

Sand.” 

The Sparta Sand is recognized in scientific literature as an aquifer; and the 

Memphis Sand is recognized in scientific literature as an aquifer. They are aquifers 

(or sub-units) within the Middle Claiborne aquifer system, and are sometimes 

referred to collectively as the “Memphis Sand Aquifer,” the “Sparta Sand Aquifer,” 

the “Memphis Sparta Aquifer,” and the “Middle Claiborne Aquifer.” 

By way of example, attached as Exhibit “2” is United States Geological 

Survey (“USGS”) Scientific Investigations Map 314 (Schrader, T. P. 2007) (“Map 

314”), entitled “Potentiometric Surface in the Sparta-Memphis Aquifer of the 

Mississippi Embayment.” This document—which has been identified by both 

Plaintiff and Defendants as a hearing exhibit—explains that what it refers to as “the 

Sparta-Memphis Aquifer” is actually two aquifers: the “Sparta aquifer” and the 

“Memphis aquifer.” Id. (“Herein, the sand layers within the Sparta Sand and 

Memphis Sand that comprise the Sparta aquifer and the Memphis aquifer will be 

referred to as the Sparta-Memphis aquifer.”) (footnote omitted; emphasis added).  
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In the upper left-hand portion of Map 314 is “Table 1. Hydrogeologic units 

and their correlation across the states within the Mississippi Embayment,” which 

reflects that the “Memphis Sand” is present in Tennessee (and not in Mississippi) 

and that the “Sparta Sand” is present in Mississippi (and not in Tennessee). Map 314 

explains that near the Tennessee-Mississippi border there is a “facies” change in the 

Middle Claiborne geological formations. Map 314 describes this as follows:  

In the southern part of the Mississippi embayment (south of about 35 

degrees north latitude), the Sparta Sand of Claiborne Group (herein 

referred to as the Sparta Sand) is composed of a sequence of alternating 

sand and clay beds between the massive clays of the confining units of 

the overlying Cook Mountain Formation of Claiborne Group and the 

underlying Tallahatta Formation of Claiborne Group in Alabama, Cane 

River Formation of Claiborne Group in Arkansas and Louisiana, and 

the Zilpha Clay of Claiborne Group in Mississippi (table 1). In 

Alabama, the Lisbon Formation of Claiborne Group is equivalent to the 

Sparta Sand. In the northern Mississippi embayment (north of about 35 

degrees north latitude), the Memphis Sand of Claiborne Group (herein 

referred to as the Memphis Sand) (Sparta Sand equivalent) is between 

the confining units of the overlying Cook Mountain Formation of 

Claiborne Group and the underlying Flour Island Formation of Wilcox 

Group in Arkansas, Missouri, and Tennessee and the Tallahatta 

Formation of Claiborne Group in Kentucky. At about 35 degrees north 

latitude, there is a transition zone where the Cane River Formation of 

Claiborne Group in Arkansas and the Zilpha Clay of Claiborne Group 

in Mississippi have a facies change or pinch out. The sequence of the 

Sparta Sand, Cane River Formation or Zilpha Clay, and the Carizzo 

Sand of Claiborne Group merges into the Memphis Sand at 

approximately 35 degrees north latitude.  

Id. 
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Similarly, Exhibit 3 is a 2016 USGS report1 that contains a table identifying 

the “Middle Claiborne aquifer” as a “Regional hydrogeologic unit” that includes the 

“Sparta aquifer” in Northern Mississippi and the “Memphis aquifer” in West 

Tennessee. 

The varying labels applied to these formations separately and/or collectively 

have led to confusion, both in scientific publications and, unfortunately, in this 

proceeding, where the parties and various witnesses and counsel have, at times, 

referred to the Sparta aquifer and the Memphis aquifer separately and sometimes 

collectively, using a hodge-podge of terms. Inconsistencies and/or confusion even 

exist currently among Defendants’ experts in this proceeding. MLGW’s expert 

David E. Langseth states that the aquifer at issue is the “Memphis/Sparta Sand 

Aquifer (MSSA),” which Langseth defines as “[t]he aquifers of the Middle 

Claiborne, Lower Claiborne, and Upper Wilcox units, represented by layers 5-10 in 

the US Geological Survey (USGS) Mississippi Embayment Regional Aquifer Study 

(MERAS) model . . . .” Ex. 4 (excerpts from the June 27, 2017, report of David E. 

Langseth) at 4. Tennessee’s experts, however, state that the aquifer at issue is the 

“Middle Claiborne aquifer.” See, e.g., Ex. 5 (excerpts from the June 30, 2017, report 

                                                 
1 C. J. Haugh, USGS Scientific Investigations Report 2016-5072, Evaluation 

of Effects of Groundwater Withdrawals at the Proposed Allen Combined-Cycle 

Combustion Turbine Plant, Shelby County, Tennessee (2016).  
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of Brian Waldron) at 2 (“The Middle Claiborne aquifer will be the geologic name 

applied in this report to represent the Memphis aquifer and the Sparta aquifer.”) 

In the June 30, 2017, Report of Richard Spruill, one of Mississippi’s experts, 

Dr. Spruill framed his report around what he called the “Sparta-Memphis Sand, also 

known as the Middle Claiborne Aquifer or the Memphis Aquifer,” but identified the 

Sparta Sand in Mississippi as a separate formation within the larger Middle 

Claiborne geological formation, and acknowledged its hydrogeological connection 

with the upper part of the separate Memphis Sand. Ex. 6 (excerpts from June 30, 

2017, Report of Richard K. Spruill) at 1-2, 14-16. Dr. Spruill addressed this further 

in his deposition, including during the following exchange with defense counsel:  

Q. Do you understand the names “Memphis Sand” and “Sparta 

Sand” as used at various times in this case are both referring to 

the same aquifer? 

A. I think the “Memphis Sand” and “Sparta Sand” are often used 

interchangeably, but there are regional differences in the two.…  

 … 

A. They are part of a single geological formation. The Sparta Sand 

is not the same unit as the Memphis Sand in terms of its thickness 

and its areal distribution. They are the part of the same 

hydrostratographic unit. 

Q. If I talk about the “Middle Claiborne,” you’ll understand that 

name is referring to the entire geologic formation that 

encompasses what you are referring to, both the Sparta Sand and 

the Memphis Sand, correct? 

A. I think it is really important to say which geographic area we are 

talking about and make that distinction. Generally I would agree 

with what you said. 
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Ex. 7 (excerpts from the September 28, 2017, deposition of Richard K. Spruill) at 8-

11.  

Notably, Defendants do not suggest that the distinctions between the Sparta 

Sand and Memphis Sand are not scientifically accurate. Instead, Defendants rely 

entirely on an alleged admission by Mississippi in response to a request for 

admissions served early in the discovery in this original proceeding. While this 

response is the basis for Defendants’ arguments that Mississippi should be barred 

from offering genuine scientific evidence, Defendants’ Motion recites only a portion 

of it. Mississippi’s actual response (with the only language quoted by Defendants in 

their Motion in bold underlined font) is set forth below:  

REQUEST NO. 1: The Aquifer underlies several states including 

Mississippi, Tennessee, and Arkansas. 

 

RESPONSE: Mississippi objects to Request No. 1 because it 

improperly defines the “Aquifer” as “the underground hydrogeologic 

units identified in paragraphs 15 and 41 of the Complaint,” and 

conflates the natural groundwater movement and storage in a deep 

confined geological formation within each state’s borders with 

generalized geology to erase state boundaries and sovereignty to natural 

resources residing within their territory under natural conditions. (See 

Defendants’ “Definitions and Instructions,” at paragraph 14.) 

Mississippi’s claims relate solely to groundwater collected and stored 

in the Sparta Sand within Mississippi and its specific hydrogeology, not 

in multiple “hydrogeologic units.” Further, the proposed definition and 

Request No. 1 are built on a false premise, as they fail to distinguish 

between (1) the sandstone geological formation known as the “Sparta 

Sand within Mississippi territory,” and (2) the water naturally collected 

and stored in Mississippi in the Sparta Sand formation. Mississippi, 

therefore, denies Request No. 1. 

 



 

{D1088150.1} 10 

Without waiving its objection, Mississippi states that the general 

geologic formation known as the Sparta Sand underlies several 

states, including Mississippi, Tennessee, and Arkansas; and avers 

that the groundwater at issue in this case underlies and is confined in 

Mississippi only under natural conditions, and is an intrastate natural 

resource.   

 

Obviously, this response does not constitute an agreement to Defendants’ definition 

of the “Aquifer at issue” in this original proceeding. Mississippi did not waive its 

objection to Defendants’ definition, and following the Federal Rules of Civil 

Procedure, it acknowledged some undefined existence of the broadly-defined Sparta 

Sand formation in the three listed states, wholly reaffirming its position that the issue 

is the groundwater itself. 

In any event, Mississippi does not deny that its pleadings, briefs, and experts 

have frequently referred to the Memphis Sand and the Sparta Sand collectively, but 

the Court must be made aware of the existence of and differences between the Sparta 

Sand and Memphis Sand through the presentation of scientific evidence. Defendants 

will certainly not be surprised or prejudiced, given that their own exhibits recognize 

distinctions between the two formations. The Special Master may eventually 

conclude that the Memphis Sand and the Sparta Sand should be considered a single 

aquifer (e.g., the Middle Claiborne aquifer system), but the Special Master’s 

decision should be a fully informed one. And regardless, it is imperative that the 

threshold legal issue remain focused on the groundwater at issue. 
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III.  Conclusion 

For the foregoing reasons, Plaintiff requests that Defendants’ Motion (Dkt. 

No. 78) be denied.  
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 Hydrostratigraphic Unit:  "A formation, part of a formation, or a group of formations in 

which there are similar hydrologic characteristics that allow for a grouping into aquifers 

and associated confining layers" (Domenico and Schwarz, 1998, p. 16). 

 Memphis/Sparta Sand Aquifer (MSSA):  The aquifers of the Middle Claiborne, Lower 

Claiborne, and Upper Wilcox units, represented by layers 5-10 in the US Geological 

Survey (USGS) Mississippi Embayment Regional Aquifer Study (MERAS) model (see 

below).  The MSSA consists predominantly of the aquifer known as the Sparta Sand 

Aquifer in Mississippi, southern Arkansas, and Louisiana and the Memphis Sand Aquifer 

in Tennessee, northern Mississippi, and northeastern Arkansas. 

 Mississippi Embayment:  The northern portion of the Gulf Coast regional syncline 

(trough) in the Paleozoic rocks that has filled with sediments during subsequent geologic 

periods, with alternating periods of terrestrial and inundated environments (Hosman and 

Weiss, 1991, pp. B3-B4; Hosman, 1996, pp. G1, G4).  The north-south axis of the 

Mississippi Embayment is generally coincident with the Mississippi River, the northern 

extent of the Mississippi Embayment is approximately where the Ohio River joins the 

Mississippi River, and the southern extent is in southern Mississippi and central 

Louisiana. 

 Mississippi Embayment Aquifer System:  The regionally extensive and vertically 

interconnected group of aquifers and confining units present in the Mississippi 

Embayment (Hart et al., 2008, pp. 3, 5). 

 Mississippi Embayment Regional Aquifer Study (MERAS) Model:  A numerical 

simulation model developed by the USGS for the aquifers in the Mississippi Embayment 

Aquifer System (Clark and Hart, 2009). 

 Outcrop:  The area where a geologic formation is exposed at or very near the ground 

surface (Stokes and Varnes, 1955, p. 101). 

 Particle Tracking:  A method of visualizing the pathway traveled by groundwater using 

discrete, imaginary particles.  The particles are initially placed at selected locations in the 

model and are then repeatedly moved to new locations after a given amount of time, 

based on the water flow direction and velocity.  In this manner the particles move in the 

same direction and with the same velocity as the water moves.  The "track" of the particle 

then shows the pathway traveled by that parcel of water and, as a result, provides 

information about the flowpath of the groundwater.  Both defining the flow direction/rate 

and performing the particle tracking itself are most commonly done using electronic 

computers, due to the computational intensity of these evaluations (Pollock, 2012). 

 Potentiometric Head:  Potentiometric head is the sum of pressure and elevation at a 

given location in the aquifer and is commonly measured as the height to which water 

rises in a standpipe open to the aquifer.  Equivalent terms include "piezometric head," 

"hydraulic head," "total head," or "head" (Heath, 1983, p. 10).  Potentiometric head is the 

driving force for groundwater flow, with groundwater flowing from locations of higher 

head to locations of lower head. 

 Potentiometric Surface:  A representation of the potentiometric head of an aquifer over 

a region (USGS, 2017a).  The surface is often represented in terms of lines of equal 

potentiometric head, commonly called contour lines. 
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U.S. customary units to International System of Units

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

acre 4,047 square meter (m2)
acre 0.004047 square kilometer (km2)
square mile (mi2) 2.590 square kilometer (km2) 

Flow rate

gallon per minute (gal/min) 0.06309 liter per second (L/s)

Datum 
 
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).



Evaluation of Effects of Groundwater Withdrawals 
at the Proposed Allen Combined-Cycle Combustion 
Turbine Plant, Shelby County, Tennessee

By Connor J. Haugh

Abstract
The Mississippi Embayment Regional Aquifer Study 

groundwater-flow model was used to simulate the potential 
effects of future groundwater withdrawals at the proposed 
Allen combined-cycle combustion turbine plant in Shelby 
County, Tennessee. The scenario used in the simulation con-
sisted of a 30-year average withdrawal period followed by a 
30-day maximum withdrawal period. Effects of withdrawals at 
the Allen plant site on the Mississippi embayment aquifer sys-
tem were evaluated by comparing the difference in simulated 
water levels in the aquifers at the end of the 30-year average 
withdrawal period and at the end of the scenario to a base case 
without the Allen combined-cycle combustion turbine plant 
withdrawals. Simulated potentiometric surface declines in the 
Memphis aquifer at the Allen plant site were about 7 feet at 
the end of the 30-year average withdrawal period and 11 feet 
at the end of the scenario. The affected area of the Memphis 
aquifer at the Allen plant site as delineated by the 4-foot 
potentiometric surface-decline contour was 2,590 acres at the 
end of the 30-year average withdrawal period and 11,380 acres 
at the end of the scenario. Simulated declines in the underlying 
Fort Pillow aquifer and overlying shallow aquifer were both 
less than 1 foot at the end of the 30-year average withdrawal 
period and the end of the scenario.

Introduction
The Tennessee Valley Authority (TVA) proposes to 

reduce sulfur dioxide emissions at its Allen Fossil Plant (ALF) 
in Shelby County, Tennessee, by retiring the coal units and 
constructing a natural gas power plant. The existing coal-fired 
units at the ALF provide real and reactive power for the Mem-
phis, Tennessee, area. To continue to reliably serve the area, 
generation resources must be located at or near the ALF. The 
proposed plant will be a two-on-one natural gas plant that can 
run in either simple- or combined-cycle mode. The simple-
cycle mode uses very little water, whereas the combined-cycle 
mode is projected to use an annual average of 2,500 gallons 

per minute (gal/min) and a maximum of 5,000 gal/min from 
wells screened in the Memphis aquifer (table 1). 

In 2016, the U.S. Geological Survey (USGS), in coopera-
tion with the TVA, conducted an investigation to define the 
potential effects of groundwater withdrawals associated with 
the proposed Allen combined-cycle combustion turbine plant 
(hereafter referred to as the Allen plant site) on water levels in 
the Mississippi embayment aquifer system. Groundwater from 
the Memphis and Fort Pillow aquifers, which are in the Mis-
sissippi embayment aquifer system, is used to supply munici-
pal and industrial water needs in West Tennessee (Parks and 
Carmichael, 1989, 1990). Self-supplied domestic groundwater 
withdrawals are usually from shallower zones including the 
alluvium or the fluvial deposits, which constitute the shallow 
aquifer at many locations. 

The Mississippi Embayment Regional Aquifer Study 
(MERAS) was completed as part of the USGS Groundwater 
Resources Program to assess groundwater availability 
within the Mississippi embayment. The primary tool used in 
the assessment of groundwater availability is the MERAS 
groundwater-flow model (Clark and Hart, 2009). In the 
study described in this report, the effects of groundwater 
withdrawals associated with operation of the proposed Allen 
plant site were estimated by using the MERAS groundwater-
flow model.

Purpose and Scope

This report presents an analysis of the potential effects 
of groundwater withdrawals associated with operation of the 
proposed Allen combined-cycle combustion turbine plant in 
Shelby County, Tennessee (fig. 1). The effects of groundwater 
withdrawals at the Allen plant site, in conjunction with exist-
ing withdrawals, were analyzed using the MERAS groundwater-
flow model (Clark and Hart, 2009). This analysis will help 
further the understanding and evaluation of the effects of 
increased water use on an important multistate aquifer. This 
report does not address the potential effects of water leakage 
from the shallow aquifer on groundwater quality in the 
Memphis aquifer.
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groundwater withdrawals associated with the operation of five 
proposed combined-cycle combustion turbine plants on the 
Mississippi embayment aquifer system in West Tennessee and 
northern Mississippi (Haugh, 2012). 

Regional Model

The MERAS model covers 97,000 square miles (mi2) 
and consists of 13 model layers with grid cells of 1 mi2 (Clark 
and Hart, 2009). The modeling code used for the MERAS 
model is MODFLOW-2005 (Harbaugh, 2005). Model layers 
correspond to aquifers and confining units from land surface 
down to the top of the Midway Group (table 1). In Shelby 
County, these include the following aquifers: the “shallow 
aquifer” (alluvium and fluvial deposits), the Memphis aquifer, 
and the Fort Pillow aquifer (table 1). In Shelby County, the 
Memphis aquifer is confined by the overlying Cook Mountain 
Formation. Recharge to the Memphis aquifer is primarily from 
the infiltration of rainfall in the outcrop area (east of Shelby 
County). The Memphis aquifer also receives some water as 
vertical leakage from the shallow aquifer where the confining 

unit is thin, sandy, or absent. The MERAS model simulations 
spanned more than 130 years from 1870 to 2007 and incorpo-
rated the most current water withdrawal data available (Clark 
and Hart, 2009). 

Effects of Groundwater Withdrawals

The differences in water levels between simulations with 
and without pumping at the Allen plant site were contoured 
to provide an overall measure of the effects of pumping at 
the Allen plant site. At the end of the 30-year average with-
drawal period, the simulated potentiometric surface of the 
Memphis aquifer in the model cell containing the Allen plant 
site declined by about 7 feet (ft; fig. 2). Simulated declines 
in the underlying Fort Pillow aquifer and overlying alluvial 
aquifer did not exceed 1 ft. The area encompassed by the 
–4-ft potentiometric surface change contour at the end of the 
30-year average withdrawal period is 2,590 acres. At the end 
of the TVA withdrawal scenario (30-year average plus 30-day 
maximum withdrawal), the simulated potentiometric surfaces 
of the Memphis aquifer in the model cell containing the Allen 

Table 1. Generalized correlation chart of units of Tertiary age of the Claiborne and Wilcox Groups in West Tennessee and northern 
Mississippi.

[Fm, formation]

System Series Group West Tennessee Northern Mississippi Regional hydrogeologic unit

Quaternary Holocene and 
Pleistocene Alluvium Alluvium

Shallow aquifer
Quaternary Pleistocene Fluvial Deposits  

(terrace deposits)
Fluvial Deposits  
(terrace deposits)

Tertiary

Eocene
Claiborne

Cockfield Fm Cockfield Fm Upper Claiborne aquifer

Cook Mountain Fm Cook Mountain Fm Middle Claiborne confining unit

Memphis Sand
(Memphis aquifer)

Sparta Sand
(Sparta aquifer) Middle Claiborne aquifer

Zilpha Clay Lower Claiborne 
confining unit

Lower sands in the 
Claiborne Group

Lower Claiborne-
Upper Wilcox aquifer

Wilcox

Flour Island Fm Upper sands in the 
Wilcox Group

Paleocene

Fort Pillow Sand
(Fort Pillow aquifer) Middle Wilcox aquifer

Lower sands in the 
Wilcox GroupOld Breastworks Fm Lower Wilcox aquifer

Midway
Porters Creek Clay Porters Creek Clay

Midway confining unit
Clayton Fm Clayton Fm

Modified from Hosman and Weiss, 1991.



4  Evaluation of Effects of Groundwater Withdrawals at the Proposed Allen Combined-Cycle Combustion Turbine Plant

plant site declined by 11 ft (fig. 3). Simulated declines in the 
underlying Fort Pillow aquifer and overlying shallow aquifer 
did not exceed 1 ft. The area encompassed by the –4-ft poten-
tiometric surface change contour (affected area) at the end of 
the TVA withdrawal scenario is 11,380 acres.

The simulated potentiometric surface decline of about 
7 ft in response to the estimated average groundwater with-
drawal at the Allen plant site can be compared to measured 
water levels from well Sh:J-140 (http://dx.doi.org/10.5066/
F7P55KJN, USGS station no. 350124090072200), an obser-
vation well completed in the Memphis aquifer and located 
in the Davis well field (about 3 miles [mi] to the southeast) 
(fig. 1). The Davis well field began withdrawals in August 
1971 with average withdrawals of about 8,300 gal/min from 
1972 through 2000 (Parks and others, 1995). In the early 
2000s, withdrawals at the Davis well field increased and aver-
aged about 12,900 gal/min from 2006 through 2014. Periodic 
water-level measurements from well Sh:J-140 show an initial 
decline during 1971–72 of about 20 ft due to withdrawals at 
the Davis well field (fig. 4). Annual water-level variations in 
subsequent years (1973–2015) in well Sh:J-140 average about 
10 ft. Seasonal water-level fluctuations in the Memphis aquifer 
in the Davis well field area are related to variations in with-
drawals at the well field or in the Memphis area (Parks and 
others, 1995). The simulated potentiometric surface declines 
at the Allen plant site of about 7 ft in response to average 
withdrawals at the Allen plant site would be less than the typi-
cal seasonal variations in water levels observed in observation 
well Sh:J-140 at the Davis well field.

The simulated potentiometric surface decline of 11 ft 
at the end of the TVA withdrawal scenario at the Allen plant 
site is notably less than the simulated declines (20 to 56 ft) 
in source aquifers from the five sites previously analyzed by 
Haugh (2012). The affected area at the Allen site (11,380 acres) is 
near the minimum area from the five sites previously analyzed 
where affected areas ranged from 11,362 to 535,143 acres 
(Haugh, 2012). Pumping rates at the Allen site were similar 
to those at the previously studied sites where four of the five 
sites had annual average water withdrawals of 2,460 gal/min 
and 30-day maximum water withdrawals of 3,473 gal/min. 
The magnitude of change at all the sites and the spatial extent 
of affected areas varied depending on the transmissivity and 
storativity of the aquifers, the amount of confinement from 

above and below, the withdrawal rates, and the effects of 
nearby boundary conditions (Haugh, 2012). At the Allen plant 
site, the simulated decline is smaller than the decline at any 
of the previously studied sites, most likely due to the greater 
thickness and transmissivity of the Memphis aquifer at the 
Allen plant site. 

The simulations show less than a 1-ft decline in the 
overlying shallow aquifer; however, the potential effect of the 
withdrawals on water levels in the shallow aquifer as well as 
the potential for water-quality changes due to the leakage of 
water from the shallow aquifer near the Allen plant site cannot 
be fully evaluated with the available data and the scope of the 
current investigation. Water-quality changes in the Memphis 
aquifer due to the leakage of water from the shallow aquifer 
have been noted in nearby Memphis Light, Gas and Water 
Division well fields at Davis (about 3 mi to the southeast) 
(Parks and others, 1995) and at Allen (about 6 mi to the west) 
(Parks, 1990). The simulated declines in the potentiometric 
surface of the Memphis aquifer as a result of simulated with-
drawals at the Allen plant site were localized and similar in 
magnitude and extent to declines associated with other users 
over the simulation period. 

Model Limitations
Models are simplifications of natural systems. Factors 

that affect how well a model represents a given natural 
system include the model scale, the accuracy and availability 
of hydraulic property data, the accuracy of withdrawal, 
water-level, and streamflow data, and appropriately defined 
boundary conditions. The MERAS model, used for the analy-
sis presented in this report, is consistent with the conceptual 
model and hydrologic data of the MERAS study area. The 
MERAS model uses a grid-cell size of 1 mi2, and a model will 
not provide accurate prediction on a scale smaller than the 
grid resolution. The hydraulic-conductivity zones used in the 
MERAS model represent large-scale variation in hydraulic 
properties; the actual spatial variations of hydraulic properties 
of the aquifer system occur on a much smaller scale and are 
poorly defined. Further discussion of the limitations of the 
MERAS model are reported by Clark and Hart (2009, p. 56).
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SECTION 2. Summary of opinions
 

5. The central question that I have been asked to give my opinion about is whether the 
groundwater in the Middle Claiborne aquifer is an “interstate resource.” 

6. The Middle Claiborne aquifer is part of a larger set of aquifers within the regional geologic 
framework, the Mississippi embayment, which underlies portions of the states of Louisiana, 
Mississippi, Tennessee, Arkansas, Alabama, Kentucky, Illinois, and Missouri.  Naming conventions 
of the aquifers change as they cross state boundaries and as the formations split, merge, or otherwise 
change over distance.  Waldron et al. (2011) detailed these naming convention changes and 
correlated geologic formations across state boundaries.  In Shelby County, Tennessee, the Middle 
Claiborne is locally named the Memphis Sand.  In DeSoto County, Mississippi, the Middle Claiborne 
is locally named the Sparta Sand.  The Middle Claiborne aquifer will be the geologic name applied in 
this report to represent the Memphis aquifer and the Sparta aquifer.  

7. I understand that Mississippi asserts that a certain portion of the groundwater within the 
Middle Claiborne aquifer under Mississippi constitutes an “intrastate” resource because it allegedly 
would remain confined within the state boundaries under natural conditions, because it allegedly 
crosses into Tennessee only because of pumping, and because it would not otherwise flow across 
the Mississippi-Tennessee boundary.  These assertions are not supported by the scientific consensus 
about the nature of the aquifer generally or by any valid analysis of groundwater flow in the aquifer. 

8. The water in the aquifer is an interstate resource.  I base this conclusion on two opinions, as 
described below. 

 

Opinion 1: The Middle Claiborne aquifer extends continuously underneath Tennessee 
and Mississippi, and groundwater in the aquifer is not and has never been “confined” to 
the borders of Mississippi or any other state. 

9. There is a scientific consensus that the “Memphis aquifer” and the “Sparta aquifer” are parts 
of one aquifer, a single hydrological unit referred to as the Middle Claiborne aquifer.  The Middle 
Claiborne aquifer extends, continuously and without meaningful change that would prevent 
groundwater flow from one part to another, under Mississippi, Tennessee, and Arkansas, as well as 
other states.  There are no physical or hydrological barriers that separate the portions of the aquifer 
within Mississippi from other parts of the same aquifer at the Tennessee-Mississippi-Arkansas state 
lines, and groundwater naturally can and does move freely across political boundaries within the 
aquifer. 

10. The term “confined” as used in Mississippi’s assertions differs in meaning from the same 
term used in basic hydrology when characterizing an aquifer as confined or unconfined.  A confined 
aquifer is vertically bounded above and below by a less permeable layer such as clay that pressurizes 
the groundwater.  As a result, when a well is emplaced into a confined aquifer, the static water level 
in the well rises above the basal elevation of the upper impermeable (or confining) layer.  An 
unconfined aquifer is not under pressure, and the static water level in a well rises to the elevation of 
the water table. 
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I.   Introduction 

 

Groundwater Management Associates (GMA) was retained by the firm of Daniel Coker 

Horton & Bell, P.A. (DCH&B) to provide expert geologic and hydrogeologic consulting 

regarding the origin and distribution of groundwater, interactions between surface water 

and groundwater, natural and man-induced migration patterns of groundwater, and 

specific topics regarding the geology and hydrogeology of predominantly sandy 

sediments comprising the Eocene-age Middle Claiborne Group that host the Sparta-

Memphis Sand aquifer system in northwestern Mississippi and southwestern Tennessee.  

GMA’s services included producing this expert report, which is focused on known or 

likely impacts on groundwater distribution and migration patterns within the Sparta-

Memphis Sand (aka, the Sparta Sand, Memphis Sand, Memphis Aquifer, and other 

variations) in response to historic and ongoing pumping in Shelby County, Tennessee. 

 

This expert report was produced for DCH&B using information available from publicly-

available maps and reports from a variety of sources, including federal agencies such as 

the United States Geological Survey (USGS).  This information was used in combination 

with the professional training and experience of the report’s author, Dr. Richard K. 

Spruill, to develop opinions about the geologic and hydrogeologic setting of the study 

area.  A partial list of resources and documents that were reviewed or employed to 

prepare the expert report is provided as Appendix A. 

 

 

II. Qualifications 

 

Richard K. Spruill, Ph.D, is GMA’s Principal Hydrogeologist, president, and co-owner of 

the firm.  Dr. Spruill’s professional practice is focused on the hydrogeological 

exploration, evaluation, development, sustainable management, and protection of 

groundwater resources.  He has been a geologist for over 40 years, and he is licensed in 

North Carolina as a professional geologist.  Since 1979, Dr. Spruill has been a faculty 

member in the Department of Geological Sciences at East Carolina University (ECU), 
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Greenville, North Carolina.  He teaches hydrogeology, mineralogy, petrology, field 

geology, and physical geology at ECU.  Dr. Spruill has provided litigation support and 

testified previously regarding geology, hydrogeology, water resources, and 

environmental contamination.  His curriculum vitae is provided as Appendix B. 

 

I, Dr. Richard K. Spruill, am the author of this expert report.  My descriptions, 

interpretations, conclusions, and professional opinions described within this expert 

report are subject to revision, expansion, and/or retraction as additional information 

becomes available. 

 

 

III Summary of General Opinions 

 

The following is a summary of my opinions provided within this expert report.  The 

opinions itemized below are based on (1) my education, training, experience, (2) 

detailed study of the geology and hydrogeology of the Mississippi Embayment, (3) 

evaluation of the specific geological and hydrological characteristics of the pertinent 

geological formations in north Mississippi and west Tennessee, and, (4) specific 

resources and materials referred to and identified with this report. 

 The Sparta-Memphis Sand, also known as the Middle Claiborne Aquifer or the 

Memphis Aquifer, is an important source of potable groundwater within 

northwestern Mississippi and southwestern Tennessee.  Most of the Sparta-

Memphis Sand is a hydraulically-confined aquifer that consists of geologic 

deposits that accumulated within the Mississippi Embayment approximately 40 

million years ago.  The Sparta-Memphis Sand is inclined (dips) toward the west 

from areas where the unit crop out in both Mississippi and Tennessee.  These 

sandy deposits thicken toward the center of the Embayment, which generally 

coincides with the present trace of the Mississippi River. 

 The Middle Claiborne formation contains several lithologic constituents, including 

the Sparta Sand, that comprise an aquifer that has accumulated groundwater 

over many thousands of years.  Historically, most of that groundwater originated 

as surface precipitation that infiltrated the formation where exposed at or near 
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they are predominantly calcareous sands, chalks, marls, and clay that are grouped 

together as the McNairy-Nacatoch Formations (Grubb, 1998; Cushing et al., 1964). 

 

Cenozoic Era sediments that overly the McNairy-Nacatoch Formations were deposited in 

the Tertiary Period between 65 million years ago and approximately 3 million years ago.  

From oldest to youngest, these deposits are subdivided into the Midway, Wilcox, 

Claiborne, and the Jackson-Vicksburg groups (Grubb, 1998).  Thick sand beds 

characterize the Wilcox and Claiborne groups (Figure 4), while finer grained deposits of 

clay and silt dominate the Midway and Jackson-Vicksburg groups.  Sediments deposited 

during the Quaternary Period are less than approximately 3 million years old, and are 

predominantly sands, silts, and clays deposited by the Mississippi River (Figure 4). 

 

Figure 4: Stratigraphic Correlation of Paleocene and Younger Sedimentary 

Units and Aquifers in Northern Mississippi and Western Tennessee 

(Haugh, 2016, Table 1) 
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V.3 General Hydrogeology of the Mississippi Embayment 

 

There are three major aquifer systems in the Mississippi Embayment recognized in the 

vicinity of southwestern Tennessee and northwestern Mississippi (Figure 4): The Wilcox 

System (composed of the lower, middle, and upper Wilcox Aquifers), the Claiborne 

System (composed of the lower, middle, and upper Claiborne Aquifers), and the shallow 

alluvial aquifer system located within the Mississippi River valley.  Figure 5 shows the 

areal exposures of these aquifers at the land surface. 

 

Figure 5: Surface Distribution of Regional Aquifers and Confining Units in the 

Mississippi Embayment and Gulf Coastal Plain (Grubb, 1998, Figure 7) 
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In northwestern Mississippi and western Tennessee, most of the Lower Claiborne and 

Upper Wilcox Aquifers are confined (i.e., are ‘artesian’ aquifers).  The Lower Claiborne 

Aquifer and the Upper Wilcox Aquifer are often considered to form one aquifer, and they 

are separated by a confining layer from the overlying Middle Claiborne Aquifer. 

 

The Claiborne Group is a package of sediments deposited in the Mississippi Embayment 

approximately 40 million years ago during the middle of the Eocene Epoch of the 

Cenozoic Era.  Historically, the Middle Claiborne Aquifer was called the 500 Foot Sand to 

reflect the typical depth of the sands being targeted for water-supply wells in the 

Mississippi-Tennessee border area (Criner et al., 1964).  In Tennessee, the names 

Memphis Sand or Memphis Aquifer (Figure 4) are synonymous with the Middle Claiborne 

Aquifer.  In Mississippi, the upper part of the Middle Claiborne Aquifer is called the 

Sparta Sand (e.g., Clark et al., 2011), which is correlative with the upper part of the 

Memphis Sand (Figure 4).  The Claiborne and Wilcox Aquifer Systems are the major 

sources of public water supply in the vicinity of the City of Memphis, both north and 

south of the Mississippi-Tennessee border.  Of these, the Middle Claiborne Aquifer is the 

primary source of water used to supply municipalities and individual home owners, and 

that aquifer has experienced the most obvious impacts from extensive pumping in 

Shelby County, Tennessee.  The Middle Claiborne Aquifer in western Tennessee and 

northwestern Mississippi is inclined (dips) generally westward from where the sand 

deposits crop out to beneath the Mississippi River. 

 

The upper part of the Middle Claiborne Aquifer (i.e., the Sparta Sand) is the primary 

water-producing zone exploited by municipal well fields (Clark et al., 2011), and the 

name Sparta-Memphis Sand is employed in this expert report to refer to the Middle 

Claiborne Aquifer that is being pumped extensively in Shelby County, Tennessee.  The 

terms Middle Claiborne Aquifer or Memphis Aquifer are considered synonymous with the 

SMS for purposes of this expert report.  It is important to recognize that pumping has 

also impacted the Lower Claiborne-Upper Wilcox Aquifer, and focus on the SMS is not 

intended to discount pumping impacts on that deeper aquifer system. 

 





8
1  just ask that you answer whatever question is

2  pending, and then we can take a break.  Is that

3  fair?

4   A.  Fair enough.

5   Q.  We're going to talk a lot today about

6  an aquifer that you have called the Sparta

7  Memphis Sand in your reports.  Do you recall

8  that?

9   A.  Yes.

10   Q.  Do you agree that the term "Middle

11  Claiborne" -- you understand that if I use that

12  term, that I'm referring to the same aquifer?

13   A.  Yes.

14   Q.  Do you understand the names "Memphis

15  Sand" and "Sparta Sand" as used at various times

16  in this case are both referring to the same

17  aquifer?

18   A.  I think the "Memphis Sand" and "Sparta

19  Sand" are often used interchangeably, but there

20  are regional differences in the two.  In terms

21  of what I would call hydrostratographic

22  interpretations, they are more or less

23  equivalent.

24   Q.  When you say "more or less equivalent,"



9
1  just to make sure we're on the same page, you

2  understand that they are part of a single

3  geological formation, correct?

4   A.  They are part of a single geological

5  formation.  The Sparta Sand is not the same unit

6  as the Memphis Sand in terms of its thickness

7  and its areal distribution.  There are some

8  differences.  They are part of the same

9  hydrostratographic unit.

10   Q.  If I talk about the "Middle Claiborne,"

11  you'll understand that name is referring to the

12  entire geologic formation that encompasses what

13  you are referring to, both the Sparta Sand and

14  the Memphis Sand, correct?

15   A.  I think it is really important to say

16  which geographic area we're talking about and

17  make that distinction.  Generally I would agree

18  with what you said.

19   Q.  Is there a geographic distinction you

20  would need clarification on if I use the term

21  "Middle Claiborne"?

22   A.  If you use the term "Middle Claiborne,"

23  my interpretation is that it would involve both

24  the Memphis Sand, the Sparta Sand and various
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1  submembers of the Memphis Sand further south,

2  say into Mississippi, where there are local

3  confining layers that may not exist in the

4  Memphis Sand.

5   Q.  When you say the sub -- what was the

6  term you used?

7   A.  Submemembers.

8   Q.  What do you mean by that?

9   A.  My opinion is as you move south from

10  Tennessee into Mississippi, the thick unit that

11  people in Tennessee call the Memphis Sand

12  becomes more complex in its nature, and it has

13  some interlayers that are actually of lower

14  permeability than you might find in the same

15  Middle Claiborne Aquifer system further north.

16   Q.  We will get to more details about that

17  a little bit later.  Just to be sure that we're

18  on the same page terminology-wise, when I use

19  the term "Middle Claiborne," I'm referring to

20  the entire formation that includes both the

21  Sparta Sand and Memphis, the sub units you

22  referred to.  Do you understand that?

23   A.  I do.

24      MR. ELLINGBURG:  And the entire
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1  Mississippi Embayment?

2   Q.  (BY MR. BRANSON) Dr. Spruill, would

3  that be your understanding?

4   A.  There are lots of different

5  subformations that make up the Middle Claiborne

6  Aquifer in the Mississippi Embayment.  It is

7  pretty complex.

8   Q.  The word "Middle Claiborne" today will

9  refer to the entire embayment that you just

10  referred to.  Okay?

11   A.  Okay.

12   Q.  If you need clarification on which part

13  or if the distinctions between the different

14  parts of the Middle Claiborne are relevant to

15  your answer, please ask me, and we'll drill down

16  and be more specific.  Okay?

17   A.  Okay.

18   Q.  When I refer to "predevelopment" today,

19  will you understand that I'm referring to the

20  time period before 1986?

21   A.  Yes.

22   Q.  You understand that this case concerns

23  in part pumping by Memphis MLG&W, correct?

24   A.  Yes.




