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(I'n open court)

(Case call ed)

THE COURT: Gkay. |I'mglad to see all these experts
with us and everything el se, but anyway, we're finally to it.
And what we'll try to do, ny goal is to find the facts,
determine the law, and send it to the Suprenme Court and not
bring it back. So we don't want any remand in this case, and
so I'mgoing to be very liberal in allow ng evidence to cone
in. | mght strike it later, but our goal is to provide
something for the Supreme Court to nmake its ruling. And so
they found somebody who would try it, and that's mne,

And we can be very informal in this matter. W want
to follow the rules of evidence, obviously. |f we have to, we
can nove w tnesses around and nove the | awyers around. And the
bi ggest problemwe w |l have, of course, is the stam na of al
of us intrying this case. So as we go along, you can rem nd
me of any kind of rulings we may have made in the past, and go
fromthere.

And | will try ny best to be fair to all of the
parties. | have tried cases as a Court on the District |evel
on several occasions, and so I'mfamliar with how you do these
things. And | have dealt with water rights. | have dealt wth
ownershi p of property and property fines in Kentucky and places
li ke that.

So with that, | guess we need to |let the counsel
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| dentify thenselves for the record, so that you -- so I'l|
do -- | may forget who everybody is sonetimes, but let's go
fromthere, and then we will start with our opening statenents,
unl ess there are other matters that need to be brought to the
attention of the Court.

Ckay. For the plaintiff?

MR ELLINGBURG  Good norning, your Honor. M name is
M ke Ellingburg; | amlead counsel for the State of
Mssissippi. M actual nanme is C. Mchael Ellingburg, but I go
by "M ke."

THE COURT:  Ckay.

MR ELLINGBURG Wuld you like ne to introduce the
ot her counsel ?

THE COURT: Sure.

MR BARRETT: Your Honor, |'mCharles Barrett fromthe
Neal & Harwell firmhere in Nashville for M ssissippi.

M5. RAY: Jacqueline Ray for the M ssissipi Attorney
General 's office.

THE COURT: Al right. Is that it?

MR MOFFETT. Larry Mffett on behalf of the State of
M ssi ssi ppi .

MR, McMULLAN:  Good norning, your Honor. David
McMul lan for the State of M ssissippi.

MR FREDERI CK: For Tennessee, your Honor, David

Frederi ck.
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MR. BRANSON. Good norning, your Honor. Josh Branson,
also for the State of Tennessee.

MR HILL: Your Honor, Dietrich HIIl for the State of
Tennessee.

MS. KNOFCZYNSKI: Gace Knofczynski, also for the
State of Tennessee.

MR L. BEARMAN. Good norning, your Honor. |'mLeo
Bear man, representing, along with my cohorts, the Cty of
Menphi s and the Menphis Light, Gas & Water Division.

MR. D. BEARVAN. Good norning, your Honor. David
Bearman, representing the Gty of Menphis and Menphis Light,
Gas & Water Division.

THE COURT: Al right.

M5. ROBERTS. Good norning, your Honor. |'mKristine
Roberts, also representing the Gty of Menphis and Menphis
Light, Gas & Water Division,.

THE COURT: |Is there anything in housekeepi ng or other
probl ems that you need to bring up to the Court before we get
started? Is the United States on tel ephone now, does anybody
know?

MR FREDERI CK:  Your Honor, David Frederick for
Tennessee. United States has indicated it's okay not being on
the phone. They'Il reviewthe transcripts as they becone
avai | abl e.

THE COURT: So that's resol ved?

5
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MR, FREDERI CK:  Yes.

THE COURT: Thank you.

MR BARRETT: Your Honor, we have a few slides to use
in opening. Could we turn on the systen?

THE COURT: You sure nay.

Al right. Are we ready? Have we set alimt of tinme
on the opening statenments?

MR ELLINGBURG Yes, your Honor. 15 minutes each.

THE COURT: We've got a lot to cover in this case.

Al right. You may proceed for the great State of
M ssi ssi ppi .

MR ELLINGBURG  Thank you, your Honor.

|'d like to open up by stating that the lawto us is
clear. Mssissippi has declared as its public policy,
consistent with its contained sovereignty under the
Constitution, that all water, whether occurring on the surface
of the ground or underneath the surface of the ground, declared
to be anmong the spaces publicly for the state. And the state
holds themin public trust.

This idea is not unique to Mssissippi. Tennessee has
done what is the equival ent; somewhat different |anguage inits
statute, but it has declared the public policy of Tennessee to
be part of the waters and of the State. And so both states
claimall the water in their boundaries.

Now, you're going to hear a |ot of testinmony about

Alpha Reporting Corporation




© 00 N o o A W DN

CEE R S EE SR S S e e e T e el T T = =
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

hydr ol ogy, hydrogeol ogy, and the earth and formation and all
those things which are really relevant to this case. But in
the end, this case is about groundwater that was naturally
occurring in the state of Mssissippi, within the area of its
boundaries for thousands of years before it was actually formed
as a state. And groundwater that could be -- that was in a

vol ume essentially equivalent that didn't change under the
conditions of nature. And groundwater that would have remained
in Mssissippi but for the punping of the defendants in this
case.

It's inportant to understand at the outset that
groundwater flow can't really be conpared to surface water
flow 1've put a slide up which is one of the exhibits in the
case, and what the slide shows is the travel tine, if you wll,
between the tine that surface water enters a groundwater system
and the tine that it is discharged fromthat system

And | don't know if your Honor can see this clearly,
but the slide shows -- and this is something that is in
groundwat er hydrol ogy courses and teaching -- but it shows that
you have an unconfined water surface at the top. That's what
we call the water table, which you have confined aquifers bel ow
it.

This case is about the confined aquifer in northwest
Mssissippi. And so, as it shows on the slide, it takes either

years in sone cases -- and it depends on the specific geol ogy,
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which you'll hear a lot about -- or it takes decades, or in
some cases it takes centuries for groundwater, fromthe time it
enters the ground until the time that it is discharged from
confined aquifer.

Now, if you want to conpare that to what the Suprene
Court's previously dealt wth, if you dropped your water ski --
al though 1 don't know if anybody skis on the M ssissippi River,
but if you dropped it in the channel on the M ssissippi River,
a day later you'd find you're about 50 mles away. So when you
t hink about water in a river flow ng, you can think about that
ski moving 50 mles in a day.

Vell, there's really nothing on this chart that would
I ndi cate you woul d expect confined groundwater, fromthe time
It enters the confined formation until the tine it naturally
di scharges, to take | ess than decades. So that's an inportant
di stinction.

Now, the City of Menphis has been punping water for a
long tinme. | forget the exact day; | think they say 1886. But
the United States Geol ogical Survey has been paying attention.
They' ve done their job, and there is -- | found a report in
1906 when they're tal king about Menphis punping. And they
becanme active over the years, and they reported on nunerous
occasi ons what the status was, because the anount of water
bei ng punped in the Menphis-Shel by County area was increasing

as the 20th century noved forward.

Alpha Reporting Corporation




© 00 N o o A W DN

S R S EE SR S S e e e T e el T T = =
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

And in 1958 there was significant increases in the
amount punped. So -- in the 1950s. So in about '58, '59, USGS
started a study of the inpacts on the groundwater systemwthin
Tennessee.

Now, | think it's inportant to note at this point that
before this, we've seen nothing that would indicate that the
punpi ng that was taking place in Shel by County was having any
material inpact on any groundwater available in M ssissippi.

So they started these studies as a result of significantly

i ncreased punping, and those studies are ultimately reported in
Joint Exhibit J22, J58, and |I'mgoing to show you a few of the
things that it says in those studies.

The first one is in J22. And these are two clips.

And this is in 1964, after they've conducted this study of what
the conditions -- and the information they collected, |
believe, in 1960. And it nakes it very clear that they are
draw ng water out of areas within Tennessee.

If you go to that second paragraph, it says that
the -- "The present 1960 rate of withdrawal is about 150
mllion gallons a day."

Now, this is 135, of which is punped from-- what they
call the 500-Foot Sand here, but it will consistently be
referred to as the Menphis Sand.

And that was all punping in Shel by County. It wasn't
just the Mssissippi line, okay? | mean, Menphis, Light, Gas &
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Wt er .

But it says, of the inflow that was comng into these
wel|'s, that about 45 percent was fromthe east, so that would
be in Tennessee. About 20 percent fromthe south; that would
have been out of Mssissippi. And then about 15 percent from
the north, also in Tennessee. And about 10 percent or |ess
fromthe west.

Now, there was another study that was done -- now,
this study we just |ooked at, J22, was done in cooperation with
Menphis Light, Gas & Water. There was anot her study done that
was in cooperation with the State of Tennessee, and that is
Exhi bit J58.

Chuck, put that up. Thank you.

Now, this one is -- it goes through the sane types of
analysis. And here they're tal king about Menphis. The area --
what they call the Menphis area, which is essentially Shel by
County; sonme north, some east, and a little down in M ssissippi
a few mles.

And | think this particular quote is inportant in
context. It says that "Future devel opnent shoul d be undertaken
with the full know edge that the net increase in punping wll
be of fset by an increase in inflow of groundwater from other
states." So at a decrease in the base flow of streams. But
they are acknow edging here that they will be taking nore water

out of Mssissippi if they increase the punping.
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Now, with that information in hand, M.GN planned a new

wellfield. And that wellfield, they did a study before it
actually started, but they had already planned it, | believe.
But being this period between 1959, 1965, reported. So that
study, they wanted to | ook at how far they would be pulling
water fromnot just -- well, fromthe length of the entire
circular area of that wellfield, and that is J59.

And if you would put that up.

This is a study of the Lichternan field, that's not
yet started punmping, or is about to start punmping. And they're
tal king about sonething you will hear about a lot, whichis
cone of depression which is the area fromwhich a well can
actually capture water. And they estinate about 20 mles.

Now, the reason that's significant is where they put
these wellfields. Now, before Lichterman was put in, when they
had these studies fromboth the USGS, both the Tennessee --
with Tennessee and with the City of Menphis and Menphis Light,
Gas & Water, if you'll look at the slide, these are the
wel | fields they had punping. And so the Lichterman field isn't
on here.

I f you would pull the next slide.

So with the information that they had at that point in
tinme, they decided they would build a wellfield -- they were
already pulling water out of M ssissippi; they decided they'd

build a wellfield closer to Mssissippi, so they built the
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Lichterman field. But they didn't stop there.

If you go to the next slide.

That Lichterman was in '65. In 1970, they're still
I ncreasing their punping, and so they build the Davis field,
which is even closer to Mssissippi. And they've also now
added one to the northeast. And then finally in 1971 they
built the Palmer field, which is even -- it's small, but it's
even closer to M ssissippi.

So what we have is a situation where, because the
Menphi s area was studied so thoroughly, Menphis Light, Gas &
Water in Tennessee, they knew exactly what they were doing.
And it was not sonething that had to be done. The fact is that
a-- as the proof will show, wells, wellfields, at the tine all
this was done, were -- could be planned; the area from which
they withdrew water could be estimated, and the ability to
avoi d taking water from someone el se was al ways avail abl e.

Now, the last thing that kind of fits into this is
that north of Menphis -- and you're going to see the geol ogy,
and you're going to see the testinony, but south in
M ssissippi, the water quality, the level of water
availability, all decreases.

North of Tennessee, they have an abundance of water.
| mean, in all of west Tennessee. So North Menphis, they have
an abundance of water. So had these wells been placed after

they'd gotten the information they received further to the
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north, and there had been a systematic effort nade in -- by the

Gty of Menphis and Shel by County, there wouldn't be any
significant water being noved out of Mssissippi. But you'll
see the scientific testinony. And it's clear

The water -- the groundwater in M ssissippi, as
groundwat er in Tennessee, was predom nantly noving at the
rate -- at a rate measured in decades and centuries and
t housands of years across each state fromthe outcrop area,
which is to the east. And that water was entering the surface,
and it was nmeandering and finding its way down as shown on the
prior slide, and it was staying within the respective states in
terms of the amount of water. There was sonme little bit here
and sone little bit there, but until punping the anmount of
wat er available in Mssissippi, in Tennessee and Shel by County,
the anount of water residing in M ssissippi was not -- the
avail abl e water.

Now, that doesn't say the water doesn't nove; it does
move, ever so slowy. And so we'll put on some evi dence about
that. The reality is this is -- case is about water that was
available in Mssissippi under natural conditions, was not
shared wi th anybody, and had been appropriated or taken by
punping. And they didn't need it. They didn't have to do it.
It was avoidable. They had alternative sources to the north,
and surface water.

Thank you, your Honor.

Alpha Reporting Corporation




© 00 N o o A W DN P

S R S EE SR S S e e e T e el T S~ = T
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

14
THE COURT: My | ask a quick question. | knowit's

an opening statement, but what sort of remedy are you asking
for?

MR ELLINGBURG Well, in this particular case, the
Court has bifurcated the proceedings, so that there was a --
this hearing is about the question of whether there was a right
to take the water. M ssissippi's positionis that the -- that
the water within its earth, which is what thisis, isits --
under its right to regulate, control, or preserve for its
citizens. As is the water that naturally resides in Tennessee,
and that neither State has a right to appropriate the other
State's water. And that's really the question.

THE COURT: Okay. So we'll do this in a bifurcated
style to determne whether they're liable, and then we go into
some sort of a remedy hearing, or what?

MR ELLINGBURG Yes, your Honor, that's what |
understand, was that your order set this hearing up for the
purpose of determning the right to the water, if you woul d.

THE COURT: (kay.

MR ELLINGBURG  Thank you.

THE COURT: Are you all going to have separate opening
st atement s?

MR FREDERI CK:  Yes, your Honor, we will. This is
David Frederick. ['ll open for Tennessee. And M. Bearman for
Menphi s and ML.GW
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Your Honor, this hearing is focused on the sole and

what we believe to be the dispositive question of whether the
aquifer is an interstate water resource. As the Special Master
has al ready recogni zed, equitable apportionnent is the only
litigation remedy for an interstate water resource that is not
governed by an interstate conpact.

The evidence will show that the aquifer is an
Interstate resource, and that the Special Mster was correct,
that M ssissippi has pleaded its way out of court by
disclaimng and claimed for equitable apportionment. And
equi tabl e apportionnent applies equally to groundwater,
especially when, as the evidence will show here, that
groundwater is connected to interstate surface water.

M ssi ssi ppi and Tennessee do not have an interstate
conmpact concerning the aquifer; nor do any of the other eight
states under which the aquifer flows. So we're in an area
where, if you determne that the aquifer is an interstate
aqui fer, the case is over, because M ssissippi has disclained a
right to interstate water through the |legal neans that the
Supreme Court of the United States has recognized.

That is an equitable apportionnent. Their conplaint
says they are not seeking an equitable apportionnment, and your
prelimnary decisions, your Honor, have ruled that if the
resource is an interstate resource, then the case should be

over.
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So we view your fact-finding in this phase of the 0
hearing to be directed to the sole question: |s this aquifer
an interstate resource? And if you find that it is, the
evi dence overwhel mingly shows that -- and in fact Mssissippi's
counsel has just conceded in his opening that this is
interstate water -- the case should be over. And we would ask

for you to nake a recommendation to the Justices that the
conpl aint be dism ssed with prejudice.

M ssi ssippi argues that State law clains are
overriding their disclainer of equitable apportionnment, but
what is inportant is that they nade a conscious decision to
avoi d an equitabl e apportionnent.

Wiy? Wiy did they do that? Because they are not able
to prove the key elenents of an equitable apportionment:
Substantial injury by clear and convincing evidence;
justification for an equitable decree that would preclude its
demand for hundreds of mllions of dollars in noney damages; an
eval uation of the broader regional water systemthat would
I ncl ude not just M ssissippi and Tennessee's punping, but also
the substantial punping in other states that are on top of this
aqui fer throughout the M ssissippi Enbayment.

Nor can they address the reliance interests of
Tennessee and Menphis in protecting its historical water
supply, which originates wth the very first well, in the

1880s. In fact, an equitable apportionnent, if done fully the
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way the Supreme Court has done equitable apportionnents, very

|ikely would be | eading to bigger and much nore conplicated
litigation, and the result could nean that M ssissippi would be
wor se of f.

So instead, what they're trying to do is to use
M ssissippi tort law to ask Tennessee to pay it hundreds of
mllions of dollars, because it cannot neet the requisites of
an equitable apportionment for the proper and fair sharing of
an interstate water resource.

We're going to ask you, your Honor, to keep the focus
on the threshol d question of whether the aquifer is an
interstate aquifer. Al of the maps of the aquifer will show
It to be alarge nulti-state resource. M ssissippi spent half
of its tine in its opening talking about Menphis's intent, but
the intent is irrelevant. The question before you is whether
this water resource is an interstate water resource, and we
believe the evidence will show overwhelmngly that it is.

If we were having an equitable apportionment, we would
have plenty to say about all the evidence that they want to
introduce that's irrelevant to the question you have said is
the sole dispositive question for this hearing. But we
directed our discovery at the question that you said we should
be focusing on, which is whether or not this is an interstate
resource. And we would ask you to confine what we're doing in

this hearing to the limted topic that you set out in your 2016
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deci sion, because that's what we relied on in determning the

scope of the discovery in this case.

Now, counsel says the US Geol ogical Survey has, quote,
done their job; but all of the USGS maps of this aquifer show
It to be an interstate aquifer going underneath eight different
states. Qur trial presentation will denonstrate that
M ssi ssi ppi cannot neet its burden because the M ddl e C ai borne
Aqui fer, including the groundwater, is interstate.

In your decision on summary judgnent, Judge Siler, you
identified four reasons why the aquifer is an interstate water
resource: The aquifer theory, the punping effects theory, the
natural flow theory, and the surface connection theory. The
evi dence is going to show through expert testinony, maps, and
ot her documents, that Tennessee will establish that all four of
those theories for why this is an interstate aquifer are
correct and provable.

Let's start with the first one, the aquifer theory.
Tennessee's expert, Steve Larson, will testify that froma
hydr ogeol ogi cal perspective, an interstate aquifer is a single
continuous hydrogeol ogi cal unit extending beneath nmultiple
states, in which an action in one state can affect water in
another state. The aquifer in question here is called the
M ddl e d ai bor ne.

Now, to be sure, it's given |ocal names in different

parts of the country where it underrides, but the US Geol ogica
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Survey identifies it as a single aquifer. And it lies

underneath eight different states, six of whomare not
defendants in this lawsuit. Those states are Illinois,
M ssouri, Kentucky, Arkansas, Louisiana, and Al abama, in
addition to Tennessee and M ssi ssi ppi

Now, every relevant study is going to show that the
M ddl e O ai borne extends beneath those eight states. There is
no barrier restricting the lateral flow of water at the
M ssi ssi ppi / Tennessee border, and this imge here shows you the
different levels of sand at different elevations within the
groundwat er systemof the Mddle C aiborne Aquifer.

And what this shows is that the sand | evels do not
change at state boundaries; they cross state boundaries. And
the water that is encapsulated within this -- these geol ogi ca
structures do not have a change either. And so what's
I mportant to understand is that it is a single resource. It is
water in its geological formation, and they are in sands from
which the water can be punped. But it is a single resource.

The second theory that we are going to present is
cal l ed the punping effects theory. The opening conceded that
20 percent, according to one very rough estimte made 50 years
ago, of water came from M ssissippi. That concession ends the
case, because that denonstrates that through the natura
effects of physics, punping in one state will affect the

groundwat er novement in another state.
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Now, what they're going to talk about, and you're

going to hear a |ot of testinobny about cones of depression.

And this diagram shows you where sone of the nost significant
cones of depression are in the region that is within the Mddle
( ai borne Aquifer.

And if you look at this diagram your Honor, you're
going to see that the cones of depression are actually |arger
I n Arkansas, and in Arkansas, the boundary wth Louisiana, and
even in south central Mssissippi, than they are up in Menphis.

Think about that. They're punping out, and the cones
of depression are larger in adjoining states than what they're
accusi ng Tennessee of in this case. And those cones of
depression cross state boundaries and affect the flow of water
bet ween Loui si ana and M ssissippi and between Arkansas and
M ssi ssi ppi .

So when you | ook at the very right cone of depression,
up in the Menphis area, and you conpare the sand | evel and
density, you will see that the cones of depression in these
other states is much nore significant. That's from punping.
And the evidence is going to showthat it is the punping
effects theory that is causing these cross-boundary flows of
wat er .

Now, the third theory that we will explore with you is
called the natural flow theory. And Steve Larson will testify

that no water, including the water that Mssissippi clains is,
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quote, intrastate, will remain under M ssissippi permanently.

As your 2018 opinion at page 19 has al ready
recogni zed, M ssissippi's experts have adopted a predevel opnent
flow map showing all the water |eaving Mssissippi. This is
fromthe plaintiffs, this exhibit. And all those arrows show
that water was |eaving Tennessee and M ssissippi and flow ng
toward the M ssissippi River and under the M ssissippi River
Into Arkansas, or in sone instances -- and you noted that it
was being -- it was going from M ssissippi into Tennessee
itself; that's the famus yellow triangle in which
M ssi ssippi's conceded that under predevel opment conditions,
water was already flowing to the north out of M ssissippi and
into Tennessee.

The fourth theory that we're going to present evidence
on is the surface connection theory. M. Larson also wll
testify about the interconnection of the aquifer to interstate
surface water. Now, it's undisputed that the Mddle C ai borne
Is part of the |arger M ssissippi Enbayment Regional Aquifer
System It contains nultiple interstate aquifers that are
separated by confining |ayers.

You're going to hear a | ot about |ayers in the
testinony this week, your Honor, but it's also undisputed that
the aquifer is connected to interstate surface streams. And
this diagram here shows you the boundaries of the Mddle

C ai borne Aquifer. And then the blue are all the rivers, the
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surface streans that flowinto the Mssissippi River, but in

various forns create recharge for the Mddle C aiborne Aquifer.

And that recharge source is very inportant fromthe
interstate river network. And because of that, what the
Supreme Court's cases have said is that if there is a dispute
bet ween one state and another that deals with the surface water
and groundwater, it should be addressed through an equitable
apportionnent, not through the use of one State's tort lawto
claimthat another State owes it hundreds of mllions of
dol I ars.

Now, we don't think you're going to need to get into
the predevel opnent, but you're going to hear a |ot about it
anyway, and |let ne just give you sone sense of what you're
going to hear in terms of testinony: That even if no water
fl owed across M ssissippi into Tennessee under natura
conditions, the aquifer would still be an interstate resource,
for all the reasons |'ve discussed and that we're going to
prove.

You're not going to need to go back into the 1880s,
your Honor, and try to reconstruct through historic maps and
age information what the state of predevel opnent punping was.
That's not necessary to the question that you have before you
which is: Is this aquifer an interstate resource?

However, if you decide you want to | ook at that, we

have probably the world's forenost expert on this aquifer,
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Brian \Wal dron, who spent nore -- thousands and thousands of

hours studying the Mddle C aiborne Aquifer. And he's going to
testify to you, and he's going to show you, based on the nost
preci se data possible, which way the water was flowing in the
predevel opment state.

And this diagram which we'll have himwal k through
when he testifies, is going to show that water was leaving in
significant anounts, northward into Tennessee and then
thereafter into Arkansas.

As | say, | don't think you're going to have to decide
that in order to resolve the case. But we're going to present
that evidence to you, because you've indicated you want to have
a full evidentiary record.

Both M. Larson and Dr. Waldron will testify that al
of the maps and nodel s of the predevel opment potentionetric
surface will indicate natural interstate flowin the Mddle
C aiborne Aquifer. And why is that? Wter is not static.
Water is constantly noving. VWen it rains, the water seeps
through to the ground. Wen it seeps into the ground, it seeps
into places where it noves, but it is always noving. There is
no such thing as static water.

Now, you've already indicated at the pleading stage
that the yellow triangle fromM ssissippi's expert does not
help their case, because it shows that even in predevel opnent

conditions, there was sone water that was nmoving across State
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boundaries. And of course the effect of the punping has

altered that, the evidence is going to show that [ess water is
movi ng now, after devel opment, than before devel opment.

Think about that. They brought this tort suit on the
theory that Tennessee is doing something wong by having water
go across the boundaries. The evidence is going to show, in
fact, that M ssissippi's punping has sl owed down that
Intra-aquifer flow across the state |ines.

Now, M ssissippi's evidence is not going to
denmonstrate that the water in the aquifer is intrastate.
They' ve got a couple of theories that they're going to trot
out, based on what they have done in their pleadings.

One of themis that there are in fact two aquifers,
not one. As sinply a new characterization of a |ong
establ i shed hydrogeol ogi cal fact, where there's no physical
barrier to prevent the flow of water. You'll hear sonething
about a facies change. This is a geological formation that is
south of the border between Tennessee and M ssissippi. But
there is an uninterrupted layer of primarily sand that
saturated with water, and that is the Mddle O aiborne Aquifer.

We're going to ask you to reject their repeated
attenpts to characterize this aquifer as an intrastate water
resource. They'll probably give you hours of testinony about
the velocity and novenent and residence tinme of the aquifer

water. Al of that is irrelevant. It's irrelevant because
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wat er constantly noves. They cannot prove that any water woul d

stay in Mssissippi forever, and that Tennessee has sonehow
gotten water that woul d have stayed in M ssissippi forever

Simlarly, they're going to talk a [ ot about Menphis's
groundwat er and punpi ng nmanagement practices. Those m ght be
relevant if we were having an equitable apportionment. But
they already disclained we're not doing an equitable
apportionnent. So when we listen to their testinony, it wll
all be geared toward an irrelevancy to what you are charged
with deciding after this hearing.

And that is: |s the aquifer an interstate water
resource? It is a single, continuous, hydrogeol ogic unit
extending beneath nmultiple states, in which punping in one
state can, through the natural |aws of physics and hydrol ogy,
affect water in another state. And the predevel opment flows
are unnecessary to that conclusion, but they nonethel ess
further support the claimthat the aquifer is an interstate
wat er resource.

Thank you, your Honor.

THE COURT: Thank you.

You may proceed on behalf of the City of Menphis and
Menphi s Light, Gas & Water.

MR L. BEARMAN. Thank you, your Honor

MR ELLINGBURG  Excuse ne, your Honor. Before we

proceed, | wanted to make one request.
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THE COURT: Sure.

MR ELLINGBURG | know it's unusual, but we agreed to
15 mnutes, and | pretty much pushed nyself through 15 m nutes.
And M. Frederick just took about 19. And so when M. Bearnan
finishes, 1'd like just a few mnutes. | won't necessarily
even take four m nutes.

THE COURT: (kay. |If you can stick to the limts.

"' mnot keeping track of your tine. | hope you are keeping
track of your own tine.

Al right, M. Bearmn.

MR L. BEARMAN. Good norning, your Honor. [If you
will allowne, I'd like to introduce ny cohorts and peopl e that
are working with ne.

First, my son, David Bearman, partner; secondly,
Kristine Roberts, partner; third, our paral egal, Kathy Hughes,
who is back there; and fourth, what they now call a litigation
support specialist, your Honor, which, | take it means he can
work a conputer. H's name is Cole Taylor.

Al'so, if your Honor will allow ne to introduce
Ms. Cheryl Patterson, who is vice president and general counse
of the Menphis Light, Gas & Water Division back there. And
Ms. Charlotte Knight Giffin, who i s nanager of the |egal
services at the Menphis Light, Gas & Water Division. And
finally, M. Bruce McMillen, who is Gty Attorney of the Gty
of Menphis.
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Thank you, your Honor. | appreciate that.

THE COURT: G ad to have them al ong.

MR L. BEARMAN. Your Honor, we adopt of course what
poi nts have been made by M. Frederick

| was going to start, but he's made the point before,
and it's significant that M ssissippi ignores what your Honor
has designated as what we're doing here today; namely, on
page 36 of your Honor's opinion, an evidentiary hearing on the
limted i ssue of whether the aquifer and the water constitutes
an interstate resource is appropriate.

Ckay. That's what we've -- | assune are going to do,
and it's significant, as | say, that M ssissippi has ignored
that and began tal king about intentional actions. W're not
anywhere near that, as M. Frederick points out.

Now, your Honor is going to need, | suggest --
al though your Honor may already be aware of sone of the
geography that's going to be alluded to in this case -- can
your Honor see that poster board over there?

THE COURT: Yes, | can.

MR L. BEARMAN. (Good. | apologize for not putting it
up on all kinds of screens here, but I've won a | ot of cases on
poster board, your Honor, so I'll keep trying it this way.

Your Honor, the key area in this -- obviously
Arkansas, Tennessee, and M ssissippi; but the key area of focus

here i s Shel by County, Tennessee, right in the southwest corner
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of Tennessee. And Menphis, Tennessee, is of course located in

Shel by County, and your Honor can see that part. And just
south of Shel by County, in Mssissippi, is DeSoto County.

Your Honor may hear other counties nentioned:

Marshal | County and Benton in M ssissippi, and perhaps Fayette
and Hardeman in Tennessee. But the focus your Honor is going
to find, and what | suggest is the appropriate proof, is Shel by
County and DeSoto County, and of course the M ssissippi River
that runs down the side.

Now, your Honor al so needs to be aware, | suggest, of
certain nonenclature, if your Honor will allow me. |[If the
aqui fer that we're talking about is the |ight-blue shaded area,
your Honor's already seen that on the screens, but that is
known generally as the Mddle C aiborne Aquifer. The Mddle
C ai borne Aquifer.

Now, your Honor, al so needs to know, because you'll
hear this, | suggest, as the testinony goes on, sone people
have called the aquifer in Tennessee the Menphis Sand Aquifer.
Some people in Mssissippi have called the aquifer the Sparta
Sand Aquifer. Sone people have called it the MSSA, Menphis
Sand/ Sparta Sands Aquifer.

The fact is that those words are interchangeable, and
they all stand for the Mddle O aiborne Aquifer, which is what
we're tal king about today; is that an interstate resource?

Your Honor is going to find that the answer is yes.
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But here is some of the proof that | suggest your

Honor is going to want to mark, nunber one -- and this point
has been nmade well by M. Frederick, and |'mnot going to
overdo it, but it's inportant, because these are crucial

| Ssues.

The aquifer underlies eight states, and your Honor can
see that on the poster board, in the |ight blue area:

M ssouri, Kentucky, Tennessee, Arkansas, M ssissippi, Al abam,
and Louisiana. That is certainly one added factor that

i ndicates that the Mddle Caiborne is in fact an interstate
resource and interstate aquifer.

Your Honor will also find -- and the reason |'m making
these points, let me say in advance, these points that | say
are proof are going to be undisputed, in ny judgment,
undi sputed, that it underlies eight states; that before
punpi ng, groundwater naturally flowed across state |ines,
including flow ng fromM ssissippi into Tennessee and al so,
your Honor will find, as the proof goes on, from Tennessee into
Arkansas. And so that, your Honor will find, is also going to
be undi sput ed.

The third point is that punping in one state inpacts
the flow of groundwater in the same aquifer in other states.
And that of course is one of the reasons we're in this
courtroomtoday. And that is, it's -- it is quite undisputed

that punping in Tennessee will affect groundwater in
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M ssi ssi ppi .

And let me add, your Honor, because it's inportant,
punping in Mssissippi will affect groundwater, the same
groundwat er, in Tennessee. So that is one of the additional
factors.

And finally -- not finally. |'msorry. The aquifer
I's hydrol ogically connected with interstate rivers. That's
going to be undisputed as well. Your Honor has seen
designation of that on the screen earlier from M. Frederick.

One of the main rivers in this area that your Honor
will find is connected to is the WIf River, which runs --
starts in Mssissippi and runs in Tennessee and then into the
M ssi ssi ppi River.

Now, there are two other points in addition to that
that | think your Honor will find inportant. There is no
physical barrier -- I'Il repeat: No physical barrier along the
M ssi ssi ppi Tennessee boundary -- that inpedes groundwater from
crossing the State Iine.

In other words, there is no -- rephrase it -- there is
no physical barrier that inpedes this groundwater noving
Interstate fromM ssissippi to Tennessee, from Tennessee to
M ssissippi. That will be undisputed.

And as al so has been alluded to, the groundwater --
this is not -- your Honor, this is not a M ssissippi bathtub.

This water is constantly noving. This water in the aquifer is
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constantly moving in the Mddle Cl aiborne, to sone extent. And

It is recharging constantly. It is nmoving in and out of
M ssi ssippi, and in and out of other states.

So | think your Honor will find that with these facts
that | have set out being undisputed in the record, | think
your Honor will conclude, undisputed in the record, the
plaintiff's position in this case is going to be not only
unwor kabl e but illogical; and that the proper way, as indicated
by M. Frederick, and we concur, is if thisis -- and we
certainly viewit as an interstate resource, then equitable
apportionnent is the solution.

The solution fromMssissippi will be, if their
position is upheld, their position will involve dozens and
dozens of lawsuits around the country from areas where the
aqui fer is underlying nmore than one state. It's untenable and
it's illogic, and so we ask your Honor to answer that question
that your Honor posed as yes. This is an interstate resource.
So is the aquifer water. So is the water. And we think the
proof will be clear and undi sput ed.

Qur expert, M. David Langseth, will testify in the
case. Your Honor will find himto be highly conmpetent, highly
| earned, two degrees fromthe University of Mnnesota, a
master's and doctorate fromMT, and he will support the
positions that we have reiterated to indicate that in fact this

Is an inter -- interstate -- I'msorry, interstate resource.
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So that will be our proof, if the Court please. And

when it's concluded, your Honor will be strongly persuaded.

Thank you.

MR ELLINGBURG Excuse me. You said | could have
just a few mnutes.

THE COURT: (kay. Makes no difference if you save it.
He got 19, so you get 4 mnutes

MR ELLINGBURG Yes, sir. This won't take |ong.

What the proof's going to showis that the defendant's
case is based on undisputed generalizations, |abels that
weren't necessarily included as part of the report, and if they
were, they were just titles and characterizations.

That's what their case is all about. Mssissippi's
case is about the signs, and the reason it's been the signs is
very clear. This issue has never been addressed by the Suprene
Court. And groundwater is sinply not surface water. And al
of these efforts to make it ook the same are going to
di sappear during the course of this case.

The reality is that groundwater is -- the availability
of it, the quality of it, is different in virtually every
| ocation on the earth, including within the M ssissippi
Enbayment. There are some common characteristics; we don't
deny that. There are -- you know, certainly geol ogy didn't
stop at the State |ine.

The case isn't really about the geology; it's about
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the water. And this -- in this case, this is a mxed question
of law and fact. |It's a question that has to be deci ded under

the United States Constitution. | mean, states' rights have
been eroded, but as recently as the |ast year, the Suprene
Court has reaffirnmed the state sovereignty over the waters
within its borders.

And that's what this case is about. This case is
about M ssissippi's right to protect, preserve, control the
taking, regulate groundwater within its borders. And it has
been denied that right by the attitude of its neighboring
state, which said, "We can punp it, and so it's ours."

And it didn't have to be punped fromthere. So
they're -- this is an issue not about generalizations,
characterizations, high-level labels. |It's about the
groundwater in this area, what its natural condition is, and
about the fact that it's being punped by another state out of
M ssi ssippi, and M ssissippi has a constitutional right to
regul ate and control it, before the Suprene Court.

Thank you.

THE COURT: Thank you.

Well, are we ready to put on any testinony?

MR, ELLINGBURG Yes, your Honor.

THE COURT: Are you planning on putting on joint
pur poses defense now, later on, or is Menphis and Tennessee

going to have separate w tnesses?
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MR FREDERICK: We'|l have separate w tnesses, your >
Honor .

THE COURT: Al right.

Ckay. Are you ready, M ssissippi?

MR D. BEARVMAN:  Your Honor, just as a housekeeping
matter, the Court -- thisis nmy -- an issue with me personally
is ny hearing is a little difficult. Wuldit -- if it's not
too much trouble, to ask your Honor to bring the m crophone a
little bit closer --

THE COURT: Ckay.

MR D. BEARMAN. -- to you; and perhaps on the podi um

too, if your Honor would not m nd.

THE COURT: Sure.

MR. D. BEARMAN. Thank you, your Honor.

THE COURT: Can you hear that? |Is that better?

MR D. BEARVAN. Absol utely.

THE COURT: Thank you for bringing it to my attention.
| have the sane problem sonetimes, if people don't get close to
the mcs.

Ckay.  Yes.

MR D. BEARMAN. May | nove the m crophones together,
or -- M. Elingburg, if you wouldn't mnd.

THE COURT: W want everybody to hear what we're
sayi ng.

MR D. BEARMAN. Thank you, your Honor. | appreciate
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t hat .

THE COURT: (Okay. You may call your first wtness for
M ssi ssi ppi .

MR ELLINGBURG Thank you, your Honor.

THE COURT: Are you all keeping track of your tine now
that -- for the whole part of your case, as we tal ked about
bef ore?

MR ELLINGBURG Yes, we'll keep the time -- track of
the testinonial time, and we have parties who will agree to
medi ate at the end of the day.

The State of Mssissippi would like to call as its
first wtness Dr. Richard Spruill.

THE COURT: Do we have a clerk here to swear himin?
| guess | can do this now.

DR, RI CHARD SPRUI L,
called as a witness by the Plaintiff,
having been duly sworn, testified as follows:

MR ELLINGBURG  Your Honor, before we start, | would
like to ask if it would be acceptable -- certainly not the
whole time, but we're going to use a lot of illustrations to
show some issues. Could it be acceptable for Dr. Spruill at
times to step down and point at the screen?

THE COURT: Onh, yeah, sure. That woul d be fine.

MR ELLINGBURG  Thank you, your Honor.

THE COURT: You're going to use the screen prinarily
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for your exhibits?

MR ELLINGBURG Yes, your Honor. You'll see themup
there al so, and you should have a book of them

THE COURT: Yes, | have.

MR ELLINGBURG Thank you. | have a propensity to
sometimes get alittle too loud, so | try to keep it away from
me. But I'Il try to keep that down.

THE COURT: It's okay. | never conplain about
sonebody speaking too | oud.

MR ELLINGBURG Thank you, your Honor.

Before we start, 1'd |like to say that Dr. Spruill's
résung or curriculumvitae has already been submtted to the
Court.

THE COURT: Sure.

MR ELLINGBURG It is Docket Nunber -- let's see.
It's Docket Nunber 73. We're not going to go through the

entire contents of it, but | amgoing to -- |I'Il try to get
some highlights on his background. | think it's inportant.
THE COURT: Al right. | don't think there's any

obj ection on the other side.

MR. FREDERI CK: No objection, your Honor.

THE COURT: Okay. Al right. Go ahead. You nay hit
some high points.

MR, ELLINGBURG  Thank you.
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DI RECT EXAM NATI ON

BY MR ELLI NGBURG
Q Wuld you state your nane.
A My name is Richard Kent Spruill.
Q And what is your residence address?
A. | reside at 4100 Tinberlake Drive, in Ginesland, North
Carol i na.
Q And what is your profession?
A.  1'ma geol ogi st and hydrogeol ogi st.
Q Is there -- is there a difference between geol ogy and
hydr ogeol ogy?
A. | think that geology is a nore general term There are
many different types of geologists: M neralogist, petrologist,
and so forth. And | have trained as a geologist first, and
then added additional training that | think qualifies me to
specialize in the study of water

So | think that's the difference between the two. ['m
a specialist as a geol ogi st who understands somet hi ng about
groundwat er and surface water.
Q Do you -- would you -- briefly, what is your educationa
background?
A. | studied geology at -- master's -- undergraduate at
master's level down at East Carolina University and the south
coastal plains of North Carolina, and I then enrolled in the

PhD program at the University of North Carolina at Chapel H I,
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where | studied geol ogy and isotope geochem stry.

Q And did you have any further studies that related
specifically to groundwater hydrol ogy?

A, Well, throughout ny three-degree program | was fortunate
to take sone courses in hydrogeol ogy at both the undergraduate
and graduate level. But | didn't find the subject at that tinme
to be something that | wanted to adopt, because | was
fascinated by isotope geochem stry.

And so | started teaching at East Carolina University
in 1979, and nainly taught courses in mneral ogy and petrol ogy
and isotope chemstry. But at that tine the university offered
me the opportunity to go back to North Carolina State
University, in addition to everything else | was doing at the
university, and take courses wth a renowned hydrogeol ogi st
naned Ral ph Heath, who was a retired US Geol ogi cal Survey
hydrogeol ogist. So | trained extensively with him
Q Just for a nonent, before we go there, can you hear ne,

Dr. Spruill?

A.  Yeah. It just shakes ne up. The sound all of a sudden
comes here, and | think it's the judge. Sorry.

Q Wat | was going to ask is, what nade Ral ph Heath sonebody
you went to study under?

A, Well, Ralph Heath, in ny opinion, is one of the preem nent
hydr ogeol ogi sts who ever worked for the US Geol ogi cal Survey.

In addition to being a North Carolinian and graduate of
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University of North Carolina Chapel HIl, he worked throughout

his career as a high-level district chief at the US Geol ogi cal
Survey.

But what was nore inportant to nme is that he wote a
coupl e of books that | think serve as the foundation for nodern
appl i ed hydrogeol ogy, and these are water supply papers. And
so | had been fortunate to read those papers and was fascinated
by his approach to eval uating groundwater hydrol ogy,
especial ly.

Q Yes, | believe one of those has been marked as a joint
exhibit. 1'mnot sure of the nunber at this nonment, but it's
Basi ¢ G oundwat er Hydrogeol ogy, right?

A. Basic G oundwater Hydrol ogy.

Q Hydrology. And so what -- would you describe briefly your
studies with -- under Dr. Heath -- | nean, under M. Heath?

A M. Heath.

So | had an opportunity to go to NC State and attend
his class in the school of engineering, where he taught after
his retirement, and as a return to the great Tar Heel state.
And that first course was an advanced course in applied
hydrogeol ogy. And so | studied that semester with himand
becanme fascinated with the subject because of his approach.

Following that first senester, | feel that |
establ i shed a bond wth Ral ph Heath, and we worked together to

begin to eval uate some issues that he thought were critical
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| ssues that he could perhaps pass along to ne as a budding

hydr ogeol ogi st in North Carolina.
Q Didyou wrk with himon any specific projects in North
Carol i na?
A That first year we wote a research proposal to | think the
Water Resources Research Institute to eval uate how water moves
in certain parts of the bedrock aquifer systemin the Piednont
of North Carolina. And we were successful in getting funding,
and we installed wells. And he nmentored nme throughout that
first early project.
Q How nuch of this was fieldwork and how much of it was
cl asswor k?
A.  About half and half.
Q GCkay. And what is the value of the fieldwork?
A Well, I've always been a field-oriented person, and so the
value of the fieldwork to ne was to learn a lot of the
techniques. And | was never exposed to that as nore of an
academ c-style geologist, and that is dealing with well --
| earning how to design and construct wells, and | earning howto
take neasurenments in wells, and doing the kinds of things that
| call applied hydrogeol ogy.
Q So what did -- what effect --

THE COURT: You're taking your coat off?

THE WTNESS: Yes. It's warmin here.
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BY MR ELLI NGBURG. : “

Q Richard, would you |ike some water?

A 1'd love sone -- | have sone right here.

Q You ready?

A Yes.

Q Before |l nmove on, I'd like to step back just a little hit.
|'s there anything about your CV that needs to be

changed?

A Yes.

Q And what is that?

A After 39 years, which equates to al nost 80 senesters, |

retired last year fromEast Carolina University. | don't think

that's indicated on this; | didn't update it on this résung.

So I'mofficially retired fromECU, after al nmost 40 years,
effective Septenber 1st of 2018.

Q Is that the only change you need to make?

A. As far as | know

Q Okay. Now, after you worked with Ral ph Heath, did you take
any actions that were notivated by that work with hinf

A. It's a funny question.

Q Didyou shift your focus? You said earlier you --

A. | shifted ny focus both at the university and both outside
the university to really getting involved in to the groundwater
| ssues that are significant in the coastal provinces of the

Carolinas and all the way down to Florida.
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And one of the nost inportant things that | started to

do early on was Ral ph had made me aware of the very large cone
of depression that was generated by punping fromthe ngjor
coastal plain cities of North Carolina and the inpacts it was
having on the groundwater system And so he and | devel oped a
series of presentations that | gave over a nmulti-year period to
try to convince the State to take sone action with respect to
the inpacts that our use of groundwater fromcertain aquifers
on the coastal plain was having.

Q \What was your concern about those cones of depression?

A, Well, the cone of depression and what we call the
Cretaceous aquifer -- that's a geological tine period for
materials that are deposited during the time of the dinosaurs,
100 or nore mllion years ago -- was that the larger cities of
the coastal plain, Geenville, Kingston, Jacksonville, were
taking large quantities of water fromthe groundwater system
And then that result was that a |arge cone of depression was
generated. Water levels were declining, and perhaps nore
significance, there was evidence that groundwater flow patterns
were altered, and saltwater intrusion was occurring in response
to those | arge-scale wthdrawals.

Q And so what action did the State take, if any?

A. The State didn't take any action for a |ong period of tine.
But after giving nore than 100 presentati ons and working with

| ots of different groups, the State of North Carolina finally
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passed the Central Coastal Plain Capacity Use Area, which

governed the withdrawal of water in a roughly 15-county area --
slightly larger than that, actually -- and forced the reduction
by 75 percent, with respect to the volune of water that the
water -- major water purveyors were renmoving fromthe
groundwat er system

Q Was that to protect the sustainability of the systenf

A.  Absol utely.

Q Ckay. Now, after -- | got alittle off course, but after
you studied with Ral ph Heath, did you start your own business?
A. | started ny business a year or -- a year or so later.

Q And what is that business?

A. M business is called Goundwater Management Associ ates,

| ncor por at ed.

Q Is that where you are now?

A Yes.

Q OCkay. So you started it in 19867
A.  About 1986.

And coul d you describe what the resources you currently
have are at G oundwater Managenment and Associ at es.
A. G oundwat er Managenent Associates is a small conpany. |
have two offices. | have an office in Apex, North Carolina,
which is a suburb of Raleigh, and | have an office there in
Geenville. The office in Apex is housed by my partner, who is

a worl d-class engineer. And he has geol ogi sts and other staff
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menbers in that office. And | keep all of the geol ogists and

most of the CAD operators and so forth in the Geenville
office, because | ama geol ogi st; and our conpany, we separate
t he geol ogi cal and the engi neering services.
Q Are you a licensed geol ogic -- geol ogist?
A. Yeah, I'"'ma real proud |icensed geol ogist, professional
geol ogi st in North Carolina, Number 942.
Q Have you done any work with any national associations
relating to testing and groundwater hydrol ogy?
A, I'mnot sure what you're asking, but early on in ny career
at ECU, | became fascinated with the concept of professional
|'icensure, mainly because professional licensure at its coreis
protective of the health, welfare, and safety of the public.
And so | becane involved in professional |icensure by being
appoi nted by the Governor to the North Carolina Board for
Li censing of Ceologists. And | was on that board for six
years, and shared the board for the last three years of ny
tenure on the North Carolina Licensing Board.
Q Is there a national board?
A. There isn't a national board, but through ny experiences on
the North Carolina Board for Licensing of Geologists, | really
got interested in how we can inpact the profession through the
devel opnent of the national exam nations that every geol ogi st
has to pass in order to becone |icensed.

So | got involved in what's called ASBOG It's a
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terrible acronym but the acronymis A-S-B-OG and it stands

for the National Association of State Boards of Geology. And
what it does is design, build, admnister, score, and report
the national exam nations that every geol ogist has to suffer
through if they want to be licensed in the United States. And
we al so adm nistered this examin Canada.

And this whole thing fascinated me so nmuch that |
contributed about 17 years of ny career to it, involving noving
up through the executive conmttee to becone the president of
ASBOG in the year 2010, 2011
Q Ddthey -- does ASBOG identify subject natter specialists
or experts?

A, Yes. So the structure of ASBOGis in which one subject
matter experts in specific disciplines are designated by the
organi zation, and the organi zation brings those subject matter
experts together to craft the examand to evaluate the results
of scoring of the exam

Q Gkay. Could you run -- were you a subject matter expert?
A. | was a subject matter expert for 17 years.

Q In what area?

A. In the areas of mneral ogy, petrology, geochem stry, and
groundwat er hydrol ogy. The surface water hydrol ogy.

Q Ckay. Back to, | guess, the tineline alittle bit here.

After you formed -- well, GWA, how many |icensed

prof essional s do you have at GVA now?
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A.  Oh, boy. So one -- one professional engineer. One

prof essi onal engineer who's also licensed as a geologist. And
approxi mately 13 |icensed professional geol ogists.

Q GCkay. And what is your role at GVA, or G oundwater
Managenent Associates, with regard to the work that's being
done there in the area of groundwater and groundwater and
hydrol ogy and groundwat er devel opnent?

A.  So ny conpany has two divisions. It has an environnental
division; it has a water resources division. And | have

wel | -trai ned hydrogeol ogi sts heading up both those divisions.
Then we have the engineering division. Wat | dois | oversee
the work in both of those divisions that is hydrogeological in
nature but not engineering part of it, the conpany.

So | serve as sort of an oversight person, reading al
the reports, etc. But since ny retirement fromthe university,
at night, | only had one job instead of two. |'ve becone
fascinated again with getting back out into the field, doing
the things that really applied to other geol ogists actually do.
Q So what kind of projects does G oundwater Management
Associ ates handle with regard to groundwater and its
devel opnent and use?

A.  So that would be the water resources division of the
company. We're involved in the -- the evaluation and
managenment of groundwater resources through the -- throughout

just about any place that you can nmanage. And we are real
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specialists in howto design wells and wellfields and nanaged

groundwat er resources in an effective way.

Q What part does sustainability of the groundwater resource
and availability play in the work you do in the groundwater
area?

A. | don't think you can have a conpany |ike G oundwater
Managenent Associ ates wi thout a heavy enphasis on
sustainability. Sustainability is the one issue that Ralph
Heat h preached throughout nmy wonderful time with himbefore he
passed away. So it's a real serious issue for us, is dealing
with the issue of sustainability.

Q And fromthe nanagenent standpoint, what are you | ooking at
on your projects oftentimes?

A.  Fromthe nanagenent perspective, what we're doing is
actually designing wellfields and testing and devel opi ng

wel [ fields, which end up in nunicipal water supplies for snal
towns, big towns. But we also do a trenendous anount of work
I n support of the groundwater resource issues associated with
| arge-scale withdrawal s from m ning operations.

Q GCkay. I'mgoing to nove forward. You in the courtroom --
and | made this comment that groundwater wasn't |ike surface
water. Could you tell me, what is groundwater?

A. Goundwater is that water which occurs in the core spaces
or fractures in naturally occurring material below the land

surf ace.
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Q Okay. Does it flow underground, like a river?

A. Rivers flowon the land surface in channels of their own
creation, in ny opinion. Rivers don't find channels and flow
in them Rivers generate the channels after water accumul ates
on the land surface follow ng precipitation.

G oundwater is different, in that water falling on the
| and surface percol ates through portions of the groundwater
system where the groundwater systemthen becones saturated,;
then groundwater then flows at pretty low flow rates through
and around, nostly around, individual particles in the
subsurf ace.

Q Ckay. Let me show you something. ['mgoing to put a slide
up and ask if this hel ps you explain by |ooking at groundwater.

This slide is a slide, proud to say, from Ral ph
Heath's water supply paper 220, that's designed at sort of the
introductory level to make the point that groundwater occurs in
the pore spaces around rings of naturally occurring material.
And this particular diagram which Ralph referred to as primry
openi ngs, those are the pores around sedinment after it forns.

The whol e i dea was these woul d be sand-sized
particles, and sand-sized particles are illustrated or defined
by definition in the upper |eft-hand corner of the |eft-hand
figure wth the sinple scale one mllimeter. MIllineter is
about, as you know, the thickness of your little fingernail

About the thickness of your little fingernail.
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And so this is a blowp, so that sand-sized particles

can be easily observed. And the blue-green color on this
diagramis sinply designed to get across the point that water
fills these pore spaces as part of groundwater, and that water
flows through and around -- around these particles in response
to certain physical forces.

Q kay. So those -- those sand particles shown in that case
woul d generally be about the size, in terns of thickness, of
your fingernail, or snmaller?

A.  About the thickness of your little fingernail. Not the

| ength of your little --

Q That little bitty part.

A. Mnhmm
Q Ckay. Let's -- let's go to the next -- now |let me ask you
Is this -- is this an -- what kind of material, geologically is

this? Sand, you said; what is that?
A. Sand. Sand is a geological termthat is a size term not a
conposition term People confuse all the tine sand. Sand can
be conposed of any naturally occurring material, as long as the
grain size is between a 16th of a mllimeter and 2 mllineters.
Q GCkay. I'mgoing to put up another slide here, and that
we'll be referring to on occasion.

What does the slide show?
A So | want to know, how this can work? Can | walk down to

the slide? |'mcapable of speaking pretty | oud.
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THE COURT: Sure.

THE WTNESS: So this is the 1922 Wentworth scal e

that --

Q Speak up some nore.

A. This is the 1922 Wntworth scal e used by geol ogists from
the Journal of Geology quite sone years ago, and it is the --
sort of the fundamental scale that geologists use to tal k about
t he gradational sizes of naturally occurring materials.

Now, just hit a couple highlights. Mterials that are
| ess than 1/256th of a mllineter are referred to by geol ogists
as clay. 1/256th of the thickness of your fingernail is
really, really tiny, and that material is called clay.

We actually use the word "nud" as a scientific term
| know it sounds like a child' s term but we actually use "nud"
to describe these particles of both silt and clay. Any
particle that's between 1/256th of a mllimeter and a 16th of a
mllinmeter, this size range is referred to as silt. So silt is
bi gger than clay.

Q But it's still 1/16th the size, thickness of your
fingernail?

A. Yeah. It's less than 1/16th the size of your little
fingernail.

So clay, really, really tiny; silt, also tiny.

CGeol ogi sts are fond of actually saying you can -- if you were

to chew on a piece of clay, you wouldn't be able -- it wouldn't
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be pretty, but silt would be slightly gritty. You can hardly

even see these particles with some analytic nagnification.
Anything bigger than a 16th of a mllimeter but smaller than 2
mllimeters -- that's two tines the thickness of your little
fingernail -- is called "sand," regardless of its conposition.
It could be gold sand; it could be quartz sand. "Sand" is a
size term

| think it's inportant to note that we al so subdivide
sand to the different types of particles; for exanple, very
fine sand, fine sand, medium sand, coarse sand, etc.

Any particle bigger than two mllineters, regardless
of its conposition, is called gravel. And there are
subdi visions of gravel: Ganule, pebble, cobble, and boul der.
These terns -- clay, nud, silt, sand, and gravel -- are used
excl usively by geologists to indicate that the particles aren't
stuck together. They're unconsolidated naterials.

If you stick the particles together, you forma rock,
sowe Wil say it's lithified. For exanple, if you take sone
gravel which is bigger than 2 mllinmeters, and you in the
natural environnent cenment the grains together, maybe by
groundwat er percolating through it, the resulting rock would be
called "conglonerate.” |f you stick the sand grains together
by natural processes, it would be called a sandstone. It would
be called a sedinmentary rock. |If you -- and etc. Silt stone,

and a clay stone or a nmud stone would be the lithified
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equi val ent of these unconsolidated materials indicated on this
chart.

Q Okay. And thisis a-- thisis the chart -- it says at the

bottom but it's hard to read; it's a scale of grade or class
terms for clastic sedinments?

A.  Sedi nments.

Q So what is a clastic sedinment?

A. Castic sedinents are those that are derived fromthe
weat hering breakdown of pre-existing materials into discrete
particles wthout being dissolved first. So these are -- these
are fragments of other mnerals, in many cases.

Q So how does this relate to the earth under northwest

M ssi ssi ppi, west Tennessee and throughout the M ssissipp
Embaynent ?

A Well, materials that make up the M ssissippi Enbaynment are
not lithified, and so they woul d be conposed of varying
conpositions of clay, silt, sand, and some gravel in sone

| ocat i ons.

Q Okay. So this is the earth basically on the M ssissippi
Embaynent ?

A It is.

Q And the earlier slide showing the big blowp of the sand,
the groundwater we're tal king about is water that is in the
spaces between those -- these particles in the ground?

A. That's correct.
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Q Thank you.

Now, the term"aquifer" is throw around a lot. In
fact, the representation has been made that the entire
M ssi ssi ppi Embaynent is one totally hydraulically related
aquifer. So what is an aquifer?
A. | use the Heath's definition of an aquifer that |'ve used
in the past 20-some years. An aquifer is a rock or sedinent
| ayer capable of transmtting usable quantities of water.
Q Andif -- is there -- are there different kinds of
aqui fers?
We classify aquifers differently --
Ckay.
-- based on lots of different hydraulic properties.
Are there any fundamental |arge classifications?
Yes. Yes.
\WWhat are they?

> O >» O > O F

Those classifications, in ny mnd, would be a sinple one:
Unconfined aquifers and confined aquifers would be the two
fundanent al types.

Q Okay. Doyou -- I'dlike to put a slide up and ask you if
you could explain what the differences in the ground --

THE COURT: We'll take a short recess at this tine.
MR. ELLINGBURG  Thank you.

THE COURT: We'll take a ten-mnute recess.

( Recess)
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THE COURT: You nmay continue with your wtness.

MR ELLINGBURG  Thank you, your Honor
BY MR ELLI NGBURG
Q Backing up just a little bit, earlier | asked you if there
were different types of aquifers in terms of their -- and |
meant to ask you in terns of their geological materials. And
|"'msorry | wasn't clear about that; but could you explain what
the different groupings of aquifers are in terns of geol ogi cal
material s.
A.  So we had evolved, | thought, to a discussion of the types
of aquifers and unconsolidated materials. And | had described
t hose as confined and unconfi ned.
Q Right.
A.  But on a broader scale, there are rocks and there are
sedinents. |'ve described sediments -- clay, silt, sand,
gravel -- and there are aquifers in those. But rocks can also
be aquifers. There are three rock types: |Igneous rocks,
|-G NE-OUS, netanorphic, and sedinentary rocks. | actually
gave an exanple of sedinmentary rocks in the previous exanple,
where | pointed out that sand can become sandstone. And
sandstone is a sedinentary rock.

| gneous, metanor phic, and sedimentary rocks can be
considered aquifers. Many tines igneous and netanorphic rocks
have water in fractures and cracks rather than in the pore

spaces between grains. But you can have pore spaces that have
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water in them and sedinentary rocks, |ike sandstones and silt

st ones.

And so that's a general discussion of the three
different types of rocks, in fact, that they can be aquifers,
and are inportant aquifers in many places around the country
and the world where we don't have sedinent or sedinmentary
aqui fers.

Q Soin the fractured rock aquifers, do you -- do those
sonetimes, | guess, does the water over mllions of years erode
some of the fractures away?

A.  Goundwater velocity is so low, in my opinion, in these
kinds of rocks, that there's no erosion. But mneral
precipitation in response to changes and conditions in the
fractures can be a problem

Q Okay. Well, that was kind of an aside. What kind of

aqui fer systemdo you have in the area of North M ssissippi and
West Tennessee?

A.  Those aquifers that we seemto be tal king about here today
are conposed of unconsolidated sedinentary materials. They're
composed of kinds of particles |'ve described: Silt, clay,
sand, etc.

Q And when we | ook at some of these early slides, we'll see
an area, and it will say "sand," okay? And within the geol ogy
of Northwest M ssissippi and West Tennessee, when it says

"sand," is that |like the sand | get at the Hone Depot? Cones
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inabag, it's all nice, regular, and sorted, and sane size and

everyt hi ng?
A. It can be. But nost geologists, | think, agree that
natural Iy occurring materials tend to be less than perfect.
They tend to be a little nessy. They tend to have sone
variation in grain size. For exanple, a sand can have -- can
be characterized as poorly sorted, which nmeans that it could
have fine sand mxed in with the coarser sand. It could be a
silty sand.

So as a general rule, when you see the words on a nap,
"sand," nost geol ogists would take that to nean that there's a
preponderance of sand-sized particles; but there could be other
things init and still classify it as a sand.
Q GCkay. So the nmaps are the generalization?
A.  They are.
Q GCkay. Now, in ternms of the recovery of groundwater, or in
terns of the presence of groundwater, where it's found, you put
a slide up that says "Aquifers and confining beds." Could you
explain to us what that shows.
A Yes.

|'"mgoing to nove down again. | don't have a |lot of
experience with this. 1Is that too |oud?

THE COURT: That's fine.

THE WTNESS: Is it okay without it?

THE COURT: It's better if you have it.
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THE WTNESS: kay. So this figure is also fromRaIpﬁ7
Heat h; probably no surprise. Probably no surprise. Thank you.
Is fromhis Basic G oundwater Hydrol ogy textbook

And what it shows is the difference between aquifers
and confining beds. And so just to give you some understanding
of what's going on here, this is a geol ogical cross-section of
the earth. So the |and surface woul d be here.

And just to get things going, we'll subdivide the
groundwat er systeminto two zones: The unsaturated zone and
the saturated zone. And in the unsaturated zone, there is
wat er, but the pore spaces aren't conpletely filled wth water.
It's not saturated. The unsaturated zone overlies the
saturated zone, and by definition, the saturated did -- in the
saturated zone, all the pore spaces are filled with water,
hence they're saturated.

Inthis illustration | try to distinguish between two
types of unconsolidated aquifers, the unconfined aquifer and
the confined aquifer, but I throwin the issue of a confining
bed. Confining beds are naterials that have -- can have a | ot
of water in them but they don't transmt the water very
readily. So while clay actually has nore water init, and nore
pore space, the pore spaces aren't as interconnected, and it's
hard to get water to flow through clay. So we say clay can be
confining; that is, it can be the boundaries between the

different types of the groundwater system
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Above a confining |layer, the first confining |ayer

that we find below the |and surface, we usually find an
unconfined aquifer system It's not confined above, but it's
confined bel ow.

Below it, we define confined aquifers. And confined
aqui fers are usually confined above and bel ow, even though
there's no confinement shown on this particular diagram

So there's an inportant distinction between unconfined
aqui fers and confined aquifers, that are really the result of
the presence of this confining bed. Wen water falls on the
| and surface as precipitation, sone of it runs off and becomes
the water that will breach the rivers; but a lot of the
water -- sone proportion of the water seeps underground and
goes down and saturates the pore spaces. And so while it's not
conpl etely obvious in this diagram every pore space between
this -- belowthis line, between the pore spaces in the clay
and pore spaces in the sand, are conpletely saturated with
water. Every pore space below that |ine, every pore space in
all these different units, is conpletely saturated with water.

If you were to go out into the unconfined aquifer and
put in a well, and put sone pipes in the ground to keep it from
col I apsing, and put some slots there that we call screens, that
will allowthe water to cone in but not let the sand in this
case cone in, the water would rise to the height of the

saturated zone -- unsaturated zone, nore or |ess.
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And | say "nore or |ess" because of the presence of

this thing called a capillary fringe. And the capillary fringe
I s perhaps one of the nost conplicated parts of the groundwater
system Dbecause there the water is under tension caused by the
attraction of water nolecules for each other and the water

mol ecul es for grades of sand.

And so the water actually in this capillary fringe is
at less than atnospheric pressure, and it can't come into the
well. So we say, for all practical purposes, the water table
I s the boundary between the saturated zone and the unsaturated
zone at the base of the capillary fringe.

If you put a well into the unconfined aquifer and ask
yoursel f the question, "Well, where is the top of the aquifer?"
Vell, it's there.

And so the water table, the water table in an
unconfined aqui fer does not rise above the top of the aquifer
at the well. The top of the aquifer at this well is there.

The water is going to be here. This is the kind of well you'd
see out in Mmand Pop's farm with an old punphouse and a hand
crank and a bucket to get the water out of the ground.

VWen we devel oped the ability to drill deeper holes,
we realized we can drill into the deeper aquifers and get water
which is often not always a higher quality.

So I'lIl move on, then, to some discussion about the

confined aquifer, in which case |'mshowing it as a sand. And
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| show it uniformin conposition, but it could be variable.

And so in this case, if we put in a steel pipe with
slots init, so that the water can cone into the well but the
sand can't, we would find a situation, in real sinple, ternms
like this: The water level in this well will rise above the
top of this aquifer. At this well.

In other words, the water level could rise all the way
to here, in this generic exanple. So when the water level in
that well rises above the top of the aquifer in that well, we
call it a confined aquifer well. And the general term nol ogy
Is "Artesian well."

Sometimes particularly the water surface in this well,
the standing water level in this well is above the |and
surface, and it wll flowfreely, and it's called a
free-flowng Artesian well. |'Il show you one |ater

Many times, however, the water level in a well
attached to this aquifer is above the top of the aquifer but
bel ow the | and surface.

An inportant point about confined aquifers is that the
water in the pore spaces is under pressure. And you tap this
aquifer, the water will rise to a certain height, that can be
related to sea |evel

So sea level is down here. W would say, "Ch, it's
up -- a hundred feet up to this surface," or to this height in

this well, and so that is the potential that this water has to
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rise to that height. So we call it, in general ternms, the
potentionetric surface.

Q And those wells -- in that case there's no punping; this is

just a hole in the ground. Right?

A.  These are holes in the ground, in which we would install
things to keep themfromcollapsing. And so, yes, these are
wells that do not have punps, and that | would call a

moni toring well.

Q Ckay. Al right.

A I'mmonitoring things in the groundwater system |ike

hei ghts of the water table, or height to which water would rise
in this aquifer, called the potentionetric surface.

Q GCkay. So the water in the water table is essentially -- so
the water in the water table is at a level that is confined by
at mospheric pressure?

A. The water in the water table is actually at greater than

at mospheric pressure, because atnospheric pressure exists in
this well. So if the water here is at greater than atnospheric
pressure, it can come into the well. The water in the
capillary fringe is at |less than atnospheric pressure, so it
can't overcome atnospheric pressure, so it remains in the
groundwat er system

Q But everything in the confined aquifer is residing under
pressure?

A Yes. Yes.
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Q And that pressure is higher than atnospheric pressure, on
aver age?
A, Yes.

Q And that's what shows an Artesian well?

A. By definition -- ny definition of an Artesian well is one
in which the water in the well rises above the top of the
aqui fer at the well.

Q Thank you. Let's nove to the next slide.

And I'mgoing to ask you, we have those clay layers in
that |ast slide; and what does this show? That shows one --
Can we go back one slide?

What - -

Are you tal king about this clay |ayer?

Yes, that one. Let's go to the next slide.
Ckay.

And so what does it show?

This slide shows a nore realistic depiction of a

> O >» O > O F

groundwat er system A groundwater systemusually is not just
one unconfined aquifer overlaying a confined aquifer. It's
probably more conmon to find a series of confined aquifers
stacked one on top of the other, with intervening clay |ayers,
that we would call confining beds; or it could be silt layers
that we call confining beds.

Q Soin this particular depiction, you have these dotted

lines. What are they show ng?
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A. This particular figure, from-- also fromRal ph Heath, is

designed to educate people about the functions of the
groundwat er system which are to store water, to transport
water, and to treat water. Those are the three functions of
t he groundwater system

And so the predom nant thing that you get fromthese
arrows is that well water stored underground, with a nolecule
of water at this location, can, given existing conditions
within these aquifers, follow this Iine, noving across
confining layers at a really slowrate, and then noving through
the groundwater systembefore ultimtely discharging to some
area that we call the discharge area, which could be a creek, a
river, or even the ocean.
Q GCkay. So when you talk about groundwater com ng in, say,
in this case, it doesn't show one other |ayer; but when it
comes into the confined aquifer system it will then follow a
path. Now, you've got sone -- or M. Heath put sonme -- put
some time scales that are pretty generic on there?
A.  Yeah.
Q But could you explain why those tinme scales are there, what
t hey show?
A.  So what Ral ph has al ways enphasized is that the residence
time of water in different aquifers is different. And as a
general rule, groundwater flows fromrecharge areas, indicated

by this, to discharge areas in both the shallow aquifers and
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t he deeper aquifers.

But the amount of time required for a nolecule of
water to flow fromrecharge areas to discharge areas varies
pretty dramatically. In the unconfined portion of the
groundwat er system travel tines -- that's the anount of tine a
mol ecul e of water stays in the groundwater systems -- could be
measured in days, or weeks, or even years. But for deeper
groundwat er systenms -- and |'mtal king about systems where the
aqui fers are thousands of feet, for exanple, below the |and
surface -- water can require -- a nolecule of water can require
centuries or even mllennia to nove fromthe recharge area,
where it ultimately could be discharged in the discharge areas.

So this is an indication of areally, really slow
velocity of water in the groundwater system
Q And those things, what's called the travelers time?

A.  Travelers tine or residence tine.

Q O residence tine. What determnes -- just generally, at
this point, what determnes those? Is it the nakeup of the
material? Wat is it?

A It's awde variety of factors. The travel tine, for
exanple, in this aquifer would be a function of the
perneability of all the materials through which it flows. It
has to flow through this material. |t has to flow through this
clay and through this material. And each of these could have

different abilities to transmt water, which is what we cal
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perneability.

Q GCkay. So --
A.  So that would be a factor.

The other factor could be the pressures that are
operating in the system that are the driving force for water
t hrough these systens.

Q And these are all natural systens?
A.  These are just generic -- it's a portrayal of kind of a

generic systemthat would be considered natural

Q Focus on concepts?
A. Pardon?
Q To help us understand the concepts?
A.  Absol utely.
(kay. Now, let's nove -- in the last two slides, these

aquifers were like flat; were |ike a cake, except for the top,
where sonmebody messed up the icing.

Let's nove to the next one. Are there different-sized
aqui fers than that?
A.  Yeah. | think Ralph was a naster of noving fromthe sinple
to the conplex, so in his text he always started out with
horizontal layers. But we recognize that many |ayers that we
call aquifers in confining beds can have an inclination, and so
the | ogical next step would be to show an aquifer here, called
the confined or Artesian aquifer, that actually has an

inclination relative -- relevant to showing in a flat
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orientation a horizontal orientation.

So in this case I'mactually show ng a confining |ayer
down here that's nonporous -- | don't know if that's spelled
correctly -- and an aquifer sitting on top of it with a
confining |ayer.

And the purpose of this slide, inny mnd, isto
illustrate this concept that aquifers can beconme inclined when
It rains, and what we call the recharged area of the confined
aquifer. It's -- water can percolate down. And by the way,
woul d perceive that that's an unconfined portion of the
groundwat er system And where the clay picks up, it becones
confined, and water flows down the confined aquifer system
because it's under pressure.

And the only way you can see that pressure is to put
inamrgin well here, that lets the water come in here, the
pressure rises to there, you would say, relative to sea |evel
there's its pressure; there's its potentionetric surface in
feet.

And if you were to cone over here, somewhere el se and
do it, what you would find is that at this location for this
diagram the pressure would be |ower; so groundwater noving in
the direction of decreasing pressure, down the axis of this
confined aquifer.

Q Okay. Now, we're talking in this case about -- these are

some general concepts. Now we're talking about aquifers,
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systenms, and units within the M ssissippi Enbaynent, right?

A Mnhmm
Q Tal king about -- put the next slide up.

Now, what is that?
AL Thisis a-- thisis amp by Gark, et al., 2011, you see,
and it shows the general location of the northern part of the
M ssi ssi ppi Enbaynent, the part of the M ssissippi Enbaynent in
M ssi ssi ppi and Loui siana up into Tennessee, Arkansas, and so
forth.
Q kay. Now, as a geologist, could you give us some history
as to how the M ssissippi Enbayment was forned, and why that is
I mportant in this case?
A.  So the M ssissippi Embaynent is a rather |arge sedinentary
structure that is what | would describe as a synclinal form
which neans it's a downwarping. And this downwarped geol ogi ca
feature, which is part of the GQulf Coastal Region, began
formng, in ny opinion, about 100 or so mllion years ago,
during Cretaceous tinme.
Q Let's go to the next slide.

Ckay. So what are you show ng here?
A, Ckay. And so thisis a --
Q Tell us how many years we're tal king about here.
A, Ckay. | call this a pal eogeographic nmap. It shows the
geography a long tine ago, hence "pal eo" to geographic. And so

75 mllion years, according to this artist's rendition, who was
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al so a geologist, the Gulf of Mexico and -- which is here, and

the Gulf states at the East Coast of the United States, and

i ndeed the central part of the United States, was inundated by
a great sea. And that's because sea | evel was a whol e | ot
higher than it is today.

And so this enbaynment, this |ow spot -- which has a
really interesting geological history, which I'msure you don't
know about -- fornmed in response to sone kind of tectonic
forces as a sedinentary basin, that it's a lowspot. And in
this time, late Cretaceous, 75 mllion years ago, and before a
sea occupied this area.

And so you can imagine, 75 mllion years ago, a river
fl ow ng down here -- oops.

Q Got ahead of you

A It noved.

Q I'msorr.?

A Ariver flowng down. And in this area, a conplex |and
surface with sone beaches all along there, these would be late
Cretaceous beaches, and there would be dinosaurs wal ki ng around
there instead of people. And offshore, there would have been
other types of sedinent deposited, and naybe some barrier

i slands; | see a few barrier islands in there, for exanple.

And so in Cretaceous tine, the M ssissippi Embaynent
was inundated by the ocean. And the net result would be sone

| ayers today that geol ogists would say are Cretaceous in age,
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because they formed in this area 75 mllion years ago.

In the last 75 mllion years, sea | evel has been
rising and falling pretty dramatically. |t gives new meaning
to global clinmate change and gl obal warmng. Here the clinmate
was a lot different than it is today, and you can inagine that
all of Eastern North Carolina, for exanple, where | live, was
underwat er, and nmost of M ssissippi was underwat er.

The point here is that during these tines, sedinent
| ayers were being deposited. And their conplexity is enornous.
There were beach sands, deposits |ike estuarine deposits of
mud, silt and clay, all kinds of conplexity in this geol ogical
envi ronment, just during this tinme,

And what | think it would showin the next slide would
be that as time progresses, to 65 mllion years ago, the ocean,
whi ch covered pretty far up on the continent and now regressed
off the continent, and so those |layers that coul d have been
deposited up into here now mght eroded by rivers, and sone of
It could be eroded away, and now new material is being
deposited down here that has a slightly different age. It
woul d be called Tertiary, or 65 mllion years ago, etc.

And then if we progress just a little bit nore,

Pal eocene tine, which is 60 mllion years ago, the sea had
regressed pretty far off. So those sediments are still there
In large part; those Cretaceous sedinents are still there. But

they coul d have been inpacted by the fact the sea | evel has
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fallen, and rivers are cutting down into the land surface and

changi ng those, the conpositions of those materials.

But then, at about the end of this tine period, about
56 mllion years ago -- and | think this was |isted as 50, but
about 56 mllion years ago -- the climate of the earth changed
dramatically, and it |aunched what we geol ogists call the
Eocene time period, a word for 56 mllion years ago to about
33.9 mllion years ago. The climate of the earth changed
dramatically. And the glaciers nelted. And there was no
Arctic and no Antarctic at the time, and all of that water went
into the ocean again, and it inundated the |and surface, and
once again flooded the land surface all the way up to the
present-day position of Menphis and beyond.

And | think it's really inportant, if you want to
understand this stuff, to know that this is just a snapshot,
one time frame, within a 25-mllion-year period that we call
"Eocene." And during this tine, sea level rose and fel
throughout all this time. The internediate |evel age aquifers
or layers that make up the M ssissippi Embaynent today were
fornmed in this kind of a protrusion of the ocean up onto the
continent during that time. So you would say they are Eocene
formations, geological formations.

Q And so are you saying that there was a beach up here
sonmewhere?

A. | think there was a delta up here, bringing sand down from
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the Mssissippi River, all of its tributaries, and depositing

it, the sand at this particular tine in the Eocene there.

And | can inmagine sand bei ng deposited and
distributaries and all kinds of interesting bodies, and clay
bei ng deposited over here. So tremendous conplexity.

And then further offshore, right in this area,
actually see barrier islands. So there could be beaches of
sand there, and sand dunes, and all kinds of material Dbeing
deposited behind it.

So the net result is that if you find a | ot of
geol ogi cal formations that are that age, Eocene, but they have
tremendous |ateral and vertical grading.

Q Now, when you say grading, what sedinments were being

deposi ted?

A Sand, silt, clay, and probably sone gravel |ayers
associated with the primary channel of the major rivers flow ng
down fromthe north.

Q Gkay. And is there some reason that they wouldn't be
uni f or n?

A. | think geologists |ook at an environnent like this and see
ultimate complexity. |If you were at this location up here,
you' d be in a delta not unlike the delta south of New Ol eans
today. And if you cane down the M ssissippi River, you d see
splays of the river going off in different directions. By the

time you get down to here, you'd see kind of an estuary out
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there; you mght be able to see Gulf Coast-type barrier islands

with big sand dunes on them And then the beach, and then nore
sand deposited here, silt and clay being deposited out here.

So ny point in showing you this is, this is the
reality of the formation of geological materials. W don't get
the sane geol ogical material formed over really |arge areas
except under some different geol ogical circunstances. And I'm
showing for this region at this tine.

Q Wuld this generally -- you're saying that the level of the
ocean woul d move up and nove down, but would this generally
show where what's been called by many geol ogi sts the Southern
M ssi ssi ppi Enbaynent was primarily being formed, of the South
M ssi ssi ppi Enbaynent --

A. | think you woul d see sedinents of the m ddle and upper
part of the M ssissippi Enbaynent here, as well as a | ot of
settlement in the Mssissippi Embayment in the Gulf Coast
region, and the Atlantic Coast region also.

Q Thank you. Next slide.

What does this show?

A.  This just shows the natural progression of the earth as the
climte changed, and sea level rose and fell after a -- towards
the end of the Eocene.

Towards the end of the Eocene, sonmething interesting
real |y happened; that is, the earth cooled dramatically. So at

t he beginning of the Eocene glaciers nelted; sea |evel rose.
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By the time we -- again, close to the end of the Eocene, which

Is around 30, 40 mllion years ago, glaciers started to form
once again in the polar regions, and so sea |evel fell, because
you had to have the water fromthe ocean to make the gl aciers.
It shows, then, that you would be |eft here, in this
area, wth a thick several -thousand-foot section of sedinments
that formed from Cretaceous to Eocene, but now sea |evel has
fallen, and those sedinents are exposed at the land surface,
and rivers are magrating across them
Q Is there anything other than just the ocean going up and
down that inpacted the way the sedinents got formed?
A. There could be all kinds of things. They could actually be
sand dunes in here; they could be river channels and
floodplains as rivers flood their channels and m grated across
their floodplains.
Q Didriver flow have any inpact?
A. Rver flowcould clearly inpact the sediments of the
M ssi ssi ppi Enbaynent by constantly eroding through them at
different times through geol ogi cal history.
Q Ckay. Let's go to the next one.
This is just another one?
A.  Just another slide to show this conplex change through
time, shows how the shoreline is going to change.
Wiere | live, in Eastern North Carolina, was still

underwater 25 mllion years ago, and coastal Louisiana and
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M ssi ssi ppi was underwat er.

Q \Wat about the next one: Let's look to the next one.
A. Sane thing. Sea level rises and falls, and the sea |evel
change is the norm rather than the exception, in the way
geol ogi sts perceive the history of the earth. And it shows
that you coul d have had rivers of different conposition flow ng
fromdifferent areas up in the area now known as the
M ssi ssi ppi  Enbaynent .

And we're al nost done with these slides.
Q Next one.
A. 8 mllion years ago, still a higher stand of sea |evel than
we see today. And then 3 mllion years ago, nost of the
present-day area of the M ssissippi Enbaynment was clearly a
hi ghl and, the sea trends had regressed. And then this is
the -- what happened about a couple mllion years ago up to
about 126,000 years ago, and that is the global climte changed
dramatically, and water piled onto the continents as ice two
mles thick, and inundated the continent with ice.

And today all those ice sheets are gone, and this is
what North Anerica |ooks |ike today.
Q So that's what we have now?
A, Yes, that's what we have now. And you actually can kind of
see the outline of the Mssissippi Enbayment here, because the
materials are different than the materials of the Appal achian
and the Quachita.
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Q So the Mssissippi Embayment is filled with sediments that

were |aid down over this long period of tine under these
condi ti ons?

A. That's an accurate description

Q Okay. Now, how does -- fromthe geol ogi st-hydrogeol ogi st
standpoi nt, the history you' ve just given: Wy is it

| mpor t ant ?

A. It's inportant because you just have to think, if you're a
geol ogi st, about conplexity and about the different geol ogical
environs that existed in this area over that roughly
hundred-m | lion-year period that resulted in that al nost

unfat honabl e difference in the environments of deposition and

the changes in the materials that existed in this area through

that tine.
Q I'mgoing to show you a slide that has been used a lot in
this case. And it's a-- it's something you even used in your

report. And when I'mlooking at this, it appears to ne that we
got something called Mddle O aiborne, which is an underground
sea full of water, and it's just all flowng in these nice
uniformdirections of these arrows. |Is that what it really

| ooks |ike underground?

A Well, | think this is designed to be a generalization that
can lead to the type of interpretation that you just nade. But
| would say that just because there's an arrow there doesn't

mean that it's a flowng river of water underground. These
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arrows are giving us an indication of the direction of

groundwater flow, not the rate of groundwater flow

And the overall concept here | think is a good one,
because it portrays that these sedinments are forned in a basin
that has sort of a north/south axis, and that there are
multiple layers, like the bottomones of Pal eocene, and the top
ones are really young, and there are different nanes applied
to the different geological formations that occur in the
M ssi ssi ppi Enbayment .

But | certainly agree that you can't |ook at this
di agram and see rivers of water underground; you have to | ook
at these arrows in ternms of direction of groundwater flow.
Q GCkay. Well, about -- I"mnot |ooking right now for a
specific, but what kind of tinetable are we |ooking at on this
map fromthe time water enters the Mddle C aiborne, as shown,
to the time that it nakes that turn to go up?
A. Are you talking about in this area, where it turns and goes
up?
Q Yeah.
A, So up here, the Mddle O aiborne not only thins, but it
gets close to the land surface. So groundwater noving up in
this area of an outcrop area could enter and exit the
groundwat er systemin a matter of days, weeks.
Q And the unconfined?

A.  And the unconfined portions up here in the outcrop area.
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But once the water gets into the part of the system !
Q The confined part?
A. Into the confined part, travel time is now measured by
centuries and mllennia. Thousands of years.
Q So this would go back -- that water fromthe out -- once it

gets into the confined portion of the aquifer, it would take it
t housands of years to even get to the bottom is that right?

A.  Thousands and ten -- and tens of thousands of years.

Q kay.

A. Mllennia.

Q Also this particular diagram you know, it's got that

m ddl e area called the Mddle O ai borne.

A. Mnhmm

Q Is the Mddle Oaiborne an uninterrupted body of sand?

A, No. No. |It's characterized by significant |ateral and
vertical variability.

Q And this is exaggerated scale, it says on there, right?

A It says "Not to scale," and so the vertical scale would be
different fromthe horizontal scale. So slight exaggeration

Q Right. ay. So what -- let ne ask you, you said -- are
there any other recognized formations within the Mddle

C ai borne that aren't shown on this map?

A. Ckay. This particular -- thisis not a map; it's a
cross-section -- shows an interpretation by sone well-respected

hydr ogeol ogi sts, Arthur & Taylor, 1990, not of the formations
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but the lunmping of fornmations together in what are called

aqui fer systens, or aquifer units, or hydrologic units.

And so when you asked ne the question about
formati ons, nmake sure that you understand, the geol ogi st thinks
about a formation different froma hydrologic unit, and
these -- this stacking of these naterials is designed to
portray the M ssissippi Enbayment hydrol ogic system
Q kay.
A.  Ceologists |ook at big systens |ike this because they have
something in conmon. They forned in the last hundred mllion
years the same general structural feature. But we
hydr ogeol ogi sts |like to subdivide things in different |ayers,
different systenms, in this case wthin the bigger system and
then we use the term"hydrologic unit."
Q kay.
A.  And so these are hydrol ogic, hydrogeol ogic units of the
M ssi ssi ppi Enbayment G oundwat er System
Q Gkay. And how --
A.  But your question to ne was, are there variations even
within this hydrologic unit? And ny answer is yes.
Q GCkay. Could we -- let's pull up the next slide.

Do you recognize that, Dr. Spruill?
A Yes.
Q This is the -- a chart that you see everywhere in the

literature for this region that's been worked on by geol ogi sts
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for years. It's called the hydrogeol ogic and geologic units

and their correlation across the states within the M ssissippi
Enbayment Regi onal Aquifer Study.
Q Now, let nme make it clear, this particular slide has
renoved the last colum, which we'll showin a mnute.
A. | took the last colum off.
Q To just talk about the geol ogy?
A.  Yes. Wat you see here is geol ogy, and you add
hydr ogeol ogy on the right-hand side when you put it back
t oget her.
Q Ckay. So --
A.  Should have lifted some weights before | cane, because it's
heavy.
Q Tell ne, what geologic formations do you see on that map
that are in the state of Tennessee in the Eocene tine period?
A, Ckay. So this diagramshows what geol ogists refer to as
the Cenozoic, one of the major subdivisions of geol ogical tineg;
and then the tertiary; and then it shows the Eocene --
remenber, that's about 56 mllion years ago, and that woul d be
about 33 mllion years ago or so. So all of the formations
listed right in here are Eocene in age. These are ol der
Eocene, and these are younger Eocene.

So you asked me specifically, if you went to
M ssi ssippi today and wanted to see the things that geologists

call formations, which are mappable units -- we're not thinking
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about water; we're tal king about mappabl e geol ogical units.

Q So what is a nappabl e geol ogical unit?

A. A unit that has sufficient thickness and characteristics
that a well-trained geol ogi st would recognize it in different

| ocations as the sane unit.

Q Ckay. Does that mean that its conposition within that
formation is the same as it was?

A.  Not necessarily. It can change, but it has characteristics
and thickness that would be recognized by a trained geol ogi st

as sonet hing that's mappabl e.

Q ay.
A.  Recogni zabl e.
Q Go ahead.

A Soin -- with respect to the Eocene, and the great State of
M ssi ssippi, you would expect to find at the base of the Eocene
something called a Meridian Sand menber. You mght find the
Tal l ahatta Formation, the Wnona Sand, the Zilpha day, the
Sparta Sand, the Cook Muntain Formation, and the Cockfield
Formation stacked one on top of the other. And you m ght see
that in some parts of M ssissippi, but you mght not find it
everywhere in M ssissippi.

Q kay.

A. In the great State of Tennessee, you woul d expect to find
at the sane |ocation a geological formation called the Menphis
Sand. And the Menphis Sand is represented by this rectangle.
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On top of the Menphis Sand woul d be the same formation, and the

same two formations that represent well per part of the Eocene,
of the Caiborne group. Caiborne is a group of formations.
Q GCkay. It's not a formation?
A It's a group of formations.
Q Okay. And this lists the formations, right?
A.  These are geological formations. The Menphis Sand is a
geol ogi cal fornation.
Q Ceologically, are there further breakdowns w thin these
formations?
A.  Oh, yeah. GCeologists then go from-- fromgroup to
formations to nenbers, and even submenbers, but they're not --
that level of detail is not shown on this docunent.
Q This, again, is a generalization?
A It's a pretty good generalization.
Q Ckay. Now, let's put the next slide up.

Now, what -- this is the slide out of the USGS MERAS
study. So what has been added in that |ast col um?
A. | added back in the hydrogeol ogical units, just for sake of
clarity. GCeologists |ook at these on the basis of their
conposi tions. And then geol ogists come in, hydrogeol ogists and
others, and say, "Well, wait a mnute; what about the ability
of these formations to transmt water? Let's lunp those
formations together that have simlarity, say, of age and

position, and have the same tendency to transmt water; let's
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| unp them together as a hydrogeol ogic unit," as shown in the

headi ng at the top.
Q So what is a hydrogeologic unit?
A.  Ckay. A hydrogeologic unit is a subdivision of an aquifer
system This is the aquifer system
Q The whol e thing?
A. Al of this. This is the aquifer system Hydrogeol ogic
units are subdivisions of aquifer systems, based on their
simlarity of ability to transmt water -- or their inability,
so to speak -- to transmt water

So hydrogeol ogic units can be things |ike the Upper
( ai borne Aquifer. And it can also -- hydrogeol ogic unit can
also be the Mddle daiborne Confining Unit, and | tal ked about
confining units before.
Q So a hydrogeol ogic unit includes both aquifers and
confining units?
A. In this classification of hydrogeologic units, you can find
confining layers or confining units that are part of the
system and you can find different types of aquifers with
different names as hydrogeol ogic units.
Q So they've lunped together or put together multiple
formations?
A, Miltiple formations can be |unped together in a single
hydrogeol ogi cal unit, or it can be a single geol ogi cal

formation that nakes up a hydrogeol ogic unit.
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For exanple, as a general rule, the Cockfield %
Formation, over a really large area, Cockfield Formation is
cal l ed the Upper C aiborne Aquifer. And there isn't a |ot of
name change fromstate to state.

Q Ckay. But these hydrologic units, |I've got to make sure
|'"mclear: Do they include the confining |ayers?
A. A hydrogeologic unit may be a confining unit. It may be a

group of aquifers lunped together, called an aquifer unit.

Q Okay. On the right-hand side -- on the -- in that
particular section you' re looking at, the Sparta Sand and the
Menphi s Sand?

A.  That woul d be here and here.

Q Between that line and the bottomline, the Menphis Sand?

A, Mmhmm

Q Over to the right, in the hydrogeologic unit, it's got
those funny lines. Wat do they nmean?

A. Those are lines that geologists draw to represent, in ny
opi nion, some |evel of uncertainty about exactly where these
boundaries are, tinmew se, and how we've decided to |unp sone of
these different things together. And it can also show, when
the line is vertical, it has this variability, that sometines
this exists in an aquifer, as an aquifer unit, and sometines it
doesn't.

Q ay.

A. It can come and go in this particular geologic environment.
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Q Okay. Were is the Tallahatta Formation in the Menphis

Sand?

A.  Say that again?

Q Wiere is the Tallahatta Formation -- | see that in
Mssissippi. Wereis it in the Menphis Sand?

A.  Ceologists don't recognize the Tallahatta Formation as part
of the Menphis Sand.

Q \What about the Zilpha Cay, or Zlpha?

A. The Zilpha Oay, of Eocene age, is not recognized as part
of the Menphis Sand in this correlation chart.

Q Is it recognized in this --

A. It's recognized in Mssissippi as a geol ogical formation
and part of a hydrogeol ogical unit called the Lower C aiborne
Confining Unit.

Q kay. So it's a confining |ayer?

A It's part of a confining |ayer.

Q Oh. And so if we just decided we were going to disregard
the -- we were going to mx it all up, and we were going to
call themthe sane thing, what would be the thickness of the
Menphi s Sand in Tennessee?

A, Fromthe literature, | understand that the Menphis Sand is
probably on the order of 250 neters thick, which would be over
700 feet thick.

Q ay.

A. But variable in thickness. So if you went to the east, it
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woul d becone thinner.

Q Right. Wat about the Sparta Sand in M ssissippi?

A.  Appreciably thicker, appreciably thinner inthe -- in the
M ssi ssippi, especially in Northern M ssissippi, but attained
some slightly greater thickness in Southern M ssissippi.

Q GCkay. So this -- these Zlpha Cay, the Wnona Sand, the
Tal l ahatta formation, those aren't in Tennessee?

A. My opinion is they do not exist in Tennessee.

Q Okay. Now, this chart does refer to the Mddle C aiborne
Aquifer, right?

A Yes.

Q And is that anywhere on the geology part of the table?

A. No. The word "Claiborne" is a word that's used to describe
a group of geological formations without regard to its ability
to transmt water. So hydrogeol ogists sinply took this name
and added a "M ddl e" designation to it, and the word "aquifer,"
and said, "Ch, sone of these formations are capabl e of
transmtting usable quantities of water and shoul d be | unped
together in something called a Mddle C aiborne Aquifer."

Q But that's a hydrogeol ogical ternf

A. It's a hydrogeol ogical term

Q And it includes both the confined aquifer, which can
produce water, right?

A Yes.

Q Gkay. And it includes the confined | ayers, which were
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predom nantly clay. Does anybody --

A | don't agree with what you just said, so --
Q Wll, the confining units are of |ower permeability, right?

A. That's correct.

Q Does anybody drill wells in the confining units to produce
wat er ?
A, Yes. Wat -- I've always said throughout ny career that

one man's confining layer is another man's aquifer. For
exanpl e, here in Mssissippi, there's a sequence of fornmations
that are relatively lowin their ability to transmt water; but
inthe mddle, there's a discontinuous sand called Wnona Sand.
And if a small conpany or residences or sonebody wanted sone
wat er, they coul d probably get some water out of it. But by
and large that's not a major aquifer, soit's lunmped in -- this
is really inmportant -- it's lunped in with the Lower C aiborne
Confining Unit.

Q Soit's inside the confining unit?

A It is part of the confining unit.

Q Ckay. So -- but it's kind of walled off, generally?

A.  Sealed off vertically, and then in many cases horizontally.
Q GCkay. So it wouldn't -- it wouldn't be providing water to
t he Menphis Sand?

A. | can't say whether or not -- where it ends, in this
direction, whether it actually intersects the Menphis Sand or

not. | don't have that level of detail. Sorry.
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Q Tell ne what the significance is of the nane being -- of

the nane "M ddl e O ai borne Aquifer" being the hydrol ogic unit
aqui fer.
A. The Mddle Caiborne Aquifer is a very inportant aquifer in
the M ssissippi Enmbaynent, which is Lower Eocene in age, which
has different geol ogical formations that make it up. And
geol ogi sts have called these different geological fornmations
different aquifers.

But M ddle C aiborne Aquifer is incredibly conplex, as
Is indicated by this particular pattern here, which is hard for
some people to understand. | would like to point out that when
ot her geol ogi sts started comng up with these nanmes, they
deci ded that they would name an aquifer like this, like the
Lower O ai borne Aquifer, and the confining bed above it, they
would call it the Lower C aiborne Confining Unit.
Q kay.
A So if there's an aquifer called the Lower C aiborne Aquifer
here, its confining layer is called the Lower C aiborne
Confining Unit.
Q Are you saying that there can be multiple aquifer units
within different aquifers or nultiple aquifers?
A.  There could be multiple aquifers within a hydrogeol ogi cal
unit, nultiple aquifers. So the concept is system M ssissippi
Enmbaynent. Hydrogeol ogic unit, these subdivisions, aquifers.

Q kay. So the aquifers are what would be identified in the
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geol ogy part; that's where they woul d be found?

A \Wll, the formation, the formation, the Menphis Sand
carries no connotation of its ability to transmt water, other
than it's a sand. So what hydrogeol ogi sts would do -- and
| ook, it's not shown on this diagram-- is they'd sinply say
the Menphis Sand has the ability to transmt usable quantities
of water; it's an aquifer.
Q \Well, are there any -- what aquifers are there in that area
I n Tennessee?
A.  In Tennessee, the aquifer is called the Menphis aquifer.
Q Gkay. In Mssissippi, is there a different recognized
aqui fer?
A. In Mssissippi, the aquifer is called the Sparta Aquifer of
the Mddle O aiborne Aquifer systemof the M ssissipp
Enbayment Aquifer System

But there's also another aquifer of Eocene age in
M ssissippi that is called the Lower C aiborne Aquifer, and it
has in Mssissippi a Lower O aiborne Confining Layer on top of
it, and it's called these formations.
Q Gkay. And so does the Lower C aiborne Aquifer exist in
Tennessee?
A, M opinion is that the Lower C aiborne Aquifer does not
exi st in Tennessee.
Q ay.
A.  Typically. Mybe right along the border at sone spot we
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don't know about, but no.

Q Wll, fromthe hydrogeol ogi c standpoint, are the Sparta
Sand and Menphis Sand different aquifers?
A.  The Menphis Sand, in ny mnd, and Sparta Sand are different
aqui fers that have been assigned to the same aquifer
hydr ogeol ogy unit.
Q But interns of the -- it is a recognized separate aquifer
Sparta Sand?
A Inny mnd, yes.
Q Inyour mnd? | nmean, is it or isnt it?
A It is -- | perceive -- | would classify the Menphis Sand as
a different aquifer fromthe Sparta Sand.
Q GCkay. And this would nean the entire aquifer systemon
this chart?
A Well, not really. There's some over stuff down here that
doesn't show up on this chart, but it's usually pretty deep and
pretty hard to get to, so nost hydrogeol ogi sts just kind of
focus on this.
Q Well, is this intended to be a depiction of an entire
aqui fer systen?
A. The majority of the younger part of the aquifer system
Q Ckay. Let's go to the next slide.

Can you tell ne, is this depicted on the |ast two
docunents we've | ooked at, or is this another |ayer down?

A, To nme, this is an attenpt to portray in a geol ogical

Alpha Reporting Corporation




© 00 N o O A W DN

CEE R S EE SR S S e e e T e el T T = =
g B W N P O © o N O o »h W N -k O

Proceedings - May 20, 2019

90
cross-section all those words that we see in that table.

Q ay.

A It's away to get people to understand what all those words
mean in terns of how aquifers in confined |ayers are stacked
one on top of the other.

Q Ckay. Now you said the Sparta Sand is separate in

M ssi ssippi or the Menphis Sand. Can you show even how you
woul d indicate that?

A.  The words "Menphis Sand" and "Sparta Sand" will not show up
on this diagram But here's the difference: This is a

geol ogi cal cross-section that you would get if you went way up
north of Menphis, alnmost in Kentucky; split the earth right
here, and split it all the way down to Southern M ssissippi,
and lifted it up and | ooked at it fromthe side.

And what you woul d see is that the geol ogical
formations are getting thinner up here, but in the vicinity of
the Tennessee-M ssissippi State line, there's a |ot of
I nteresting geol ogi cal things going on.

So this diagramshows -- as | know, the interest is in
the Mddle O aiborne Aquifer; it shows a thick Mddle C aiborne
Aquifer. And it shows, right here, this area that doesn't have
the blue color --

Q The white part of the ragged edge?
A. The white part of the ragged edge is called a Lower

C ai borne Confining Unit. So this thing is a Lower C aiborne
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Confining Unit, and it dies out or pinches out in Northern

M ssissippi. Wien a geol ogical formation pinches out in the
subsurface, and we can't see it down there, we sinply show a
symbol that kind of |ooks like a flame, and we say that in this
general area, this thing pinches out. This thing disappears.
Coul d have been by erosion, or it could have just never been
deposited there.

So what's really critical is that the Mddle O aiborne
Aquifer right here is real thick; probably it's 1,000 feet
thick. But right here, there's a fundamental change, and a | ot
of clay is found in this mddl e section. And so that's called
the Lower O aiborne Confining Unit.
Q And what is above the Lower C aiborne Confining Unit?
A.  Ceol ogi sts have stipulated that at this boundary -- and
this is a diffuse boundary, the transition fromthe Mddle
( ai borne Aquifer occurs. And instead of calling it the
Menphis Aquifer, we'll call it the Sparta Aquifer, Menphis
Sand, Sparta Sand, Menphis Aquifer, Sparta Aquifer.
Q And | think you've said that an area in between the State
line and the beginning of the Lower C aiborne Confining Unit
has been referred to as a transition zone?
A.  Yeah, transition zone. Wuld be best if | could draw it,
but | can't do; but that squiggly line there, representing a
faci es change, the change in the subsurface from predom nantly

sand to a lot nore clay to a predom nance of clay as you go in
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this direction.

Q ay.
A, So we call that a facies change. And so it's not a sharp
line; rather, it's a boundary that you can see if you | ook down
fromthe surface, if you could see into the subsurface.
Q ay.

MR ELLI NGBURG  Excuse me, your Honor, can we put up
sonething so he can draw what he's tal king about ?

THE COURT: Sure.

(Di scussion held off the record)
BY MR ELLI NGBURG
Q Dr. Spruill, we've been talking about this transition zone.
A Yes.
Q Could you draw an illustration of it? Because we don't
know exactly what it |ooks Iike.
A Soonthis limted space | have, I"'mgoing to try to draw
the geology right at this area of the Tennessee/ M ssi ssi ppi
line. But if you would, I'mjust going to reverse it, to nake
it alittle bit easier to |abel, because |I'mright-handed.

So here I'mgoing to draw the | and surface, and
there's going to be the Tennessee --
Q You mght turnit just alittle bit nore so the judge can
see it.

THE COURT: | can see it. | can see it.

A.  There's the Tennessee/ M ssissippi line on the land surface.
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For exanple, there's atree, so that's the [and surface. Down

beneath the | and surface, hundreds of feet, there's the top of
a series of geological formations that represent a horizontal
l'ine.

And so now this is the south and this is the north.
And down in the subsurface, further down, a thousand feet or
nmore, there's another boundary. And this boundary represents
the lower part of the Eocene, the sedinents and geol ogi cal
formati ons during Eocene.

And sonewhere right in here, near Mssissippi -- mght
make that smaller -- because the northern border of
M ssi ssippi, here's what you have. (Indicating.)

You have a preponderance over here of sand. And you
have sand over here -- and |I'm speaking in real general terns
first -- and you have some sand over here. And I'mnot saying
that this sand is exactly like this sand; |'mjust saying right
now, it's sand.

Q By "this" and "this" --

A. |'mnot saying that the dots that |'mputting here under
"Tennessee" are the same as the dots |I'mputting here in terns
of grade si ze.

Q Mybe a different mxtures of --

A. Dfferent mxture, different amount of clay, which

haven't shown, and so forth. So |I'mjust kind of working

towards the major points.
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Down in Mssissippi, not far fromthe Tennessee

border, you can find the layer of sand -- and frankly, | don't
t hi nk we know enough about it to know how far it extends in a
north/south direction, but it's referred to in that previous
chart as part of the Lower O ai borne Confining Layer

On top of it is sone clay. W use this synbol for
cl ay, because that's what's geol ogi sts do.

So what we have here is a layer that starts to appear
as you go southward into Mssissippi. That doesn't exist in
Tennessee, in any information |I've ever seen. And this thing
has a nane. And this thing has a name, and this one and this
one have a nane.

Q ay.
A, So if you go back and |l ook at that chart -- which is now
gone, so could we go back one slide, please.

| draw now the Menphis Sand, and this is the Menphis
Sand, or the Menphis Aquifer. And | draw this sand, which |'m
going to call the Sparta Sand.

Thi s geol ogical formation and this geol ogical
formati on have specific names in this chart. And they are part
of hydrogeologic units. This Zlpha Cay, Wnona Sand,

Tal | ahatta Fornmation, are part of what's called the Lower
( ai borne Confining Unit. That's this thing.

Q By "this thing," you're pointing to --

A.  The Lower C aiborne Confining Unit.
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Q ~-- the chart?
A. Strange thing in the chart for --
Q That's under "Hydrogeol ogic Units"?
A. This thing is a hydrogeologic unit, called a Lower
C ai borne Confining Unit. So if you have a Lower O aiborne
Confining Unit, by definition, there's going to be a Lower
C ai borne Aquifer. So this thing is the Lower C aiborne
Aqui fer.
Q kay.
A.  Lower O aiborne Aquifer, Lower C aiborne Confining Unit,
Sparta Sand of the Mddle Caiborne Aquifer, Menphis Aquifer
Sand of the Mddle daiborne Aquifer.

So if you have a Mddle Caiborne Aquifer -- here it
I S.
Q Just pausing for one second, so you're saying that a
hydr ogeol ogi ¢ unit can have -- and in this case does have --
multiple aquifers; is that correct?
A.  Yes. A hydrogeologic unit called an aquifer can have
mul tiple aquifers.
Q Ckay.
A, Miltiple names for aquifers, for exanple. Types of

aqui fers.

95

Q But the hydrogeol ogic nane is depicting sonething different

than the aquifer names?

A It's a bigger classification. It's a classification for a
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group of aquifers or a group of confining |ayers.

Q ay.
A, So if you take the position of the Lower O ai borne Aquifer
Confining Layer, this thing, and you show where it sort of
starts to really get thick and where it disappears, and then
you project that up to the surface, like this -- just a
theory -- right here, you're projecting it up to the surface,
and then draw it across the |and surface where it occurs, you
woul d say that everything in this zone called -- I'Il call it
the transition zone, "TZ " the transition zone, everything in
this zone is transitioning fromwhat you have over here to what
you have over here. That's why it's called a transition zone.
Q GCkay. And is that -- as you nove closer to Tennessee, isS
it all pure sand?
AL No. Mxed inwth the Menphis Sand or sone sand -- some
clay layers, as we all know, and mxed in with the Sparta Sand
are sone clay layers. But in addition, the Menphis Sand has
some really nice sands init. The sands tend to get smaller in
size, and could tend to get nore clay mxed in when you go in
this direction, and that's well known.

And so at some point right in here --
Q Wien you said the sands get snaller in size, and there's
more clay as you go in the direction you were pointing, the
direction from Tennessee to Mssissippi; is that correct?

A. Mre clay, smaller grain size of the sand.
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Q Okay. Now you just drewa line on there. And if you --
A kay. So --
Q You can put an arrow or something. | mean, and -- but we

just need to make sure we know what you're tal king about.
In this direction.

Ckay.

In this direction, the --

Vell, what is that?

The coarser grain materials that make up the Menphis are

> O > O >

getting smaller as you go in this direction, and you' re getting
more clay in the aquifer.

Q Now, remnd us: |If you have smaller grains instead of

| arger grains, what does that do?

A It would affect the ability of the material to transmt
water. So it would have a different perneability here than
here.

Q Is it lower with the snaller grains, or higher?

A.  As a general rule.

Q Okay. kay. Are you finished with that?

A. | am except that this transition zone -- | keep pointing
out that the transition zone, lots of things happen. One, the
Menphis Sand transitions to the Sparta Sand, and the Menphis
Aqui fer becones the Sparta Aquifer of the Mddle d aiborne.
The -- that's true because the thickness is dramatically |ess,

and the grain size decreases, and nore clay enters the picture
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as you go in that direction; that is, to the south

The Lower C aiborne Confining Layer does not exist
north of the transition line, the Lower C aiborne Aquifer does
not exist north of the transition line, according to all the
information that | see in our reports and literature.

Q Ckay. Does that have anything to do with the hydrogeol ogic
properties of the aquifer in those |ocations?

A.  The dramatic thinning of the Menphis Sand Aquifer to the
Sparta Sand Aquifer is significant in itself, because thinned
aqui fers have different ability to transmt water relative to
thick aquifers.

Q ay.

A. In addition, the transition fromlower -- to smaller grain
sizes as you go to the south woul d have a profound inpact on
the ability of aquifer materials to transmt water

Q This transition zone, its exact location certainly on this
map has not been identified, has it?

A Let's see.

Q | nean, they showit on the -- on the border, the change?
A 1've seen it on a lot of different figures.
Q Well, let me show you sone, okay?

Let's go to the next slide, Charles. And just |eave
that there. W'IIl figure out how we're going to deal with that
on the record.

A. |s this okay?
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Q Yes. ay.

Now, what does this slide show?

A, Ckay. This is a mat from MERAS, which is a USGS report. |
forget the date. But what this map shows is the states of

Loui si ana, M ssissippi, Tennessee, and so forth. And it is a

map designed to use colors to show the thickness of the Mddle
d ai borne Aquifer.

In the Mddle Claiborne Aquifer is the Sparta Sand --

Q You nean the hydrogeologic unit?

A.  Hydrogeologic unit.

Q Ckay. |It's designed to show both the Sparta Sand and the
Menphi s Sand, which is part of the hydrogeologic unit.

Q ay.

A, And it shows in color the different colors of the

t hi ckness. For exanple, the white color right here, up in
west -- Sout hwestern Tennessee indicates a thickness of up to
1,100 feet. The green color and the yellow col ors woul d

I ndi cate thicknesses of no greater than about 400 feet.

And so what's conspicuous is this line running across
the land surface here, on this map view, in which the Mddle
( ai borne Aquifer is really thick up there, and suddenly
becomes thin at that line. And that line is indicated as the
facies transition, that |ine.

Q That's what you were draw ng?

A. As the transition zone.
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Q GCkay. And the -- | think the brown color shows that you

have, what, 601 to 800 feet?

A, \Well, color shows an aquifer unit whose thickness would
range from 600 to 800 feet, approximtely.

Q Gkay. And then the darker kind of sand color, that shows
4 to 600 feet?

A.  This shows 4 to 600 feet.

Q Ckay. So --

A.  Yes, this color.

Q So where do you see either the brown color, 6 to 800 feet,
or the lighter sand color, 4 to 600 feet, or the white, 800 to
1,000 feet: What do you see there, below the transition zone

in North M ssissippi?

A | don't see it in North Mssissippi. | don't see it unti
you go nmuch further south. | don't see it in Northern
Mssissippi at all. | don't see the -- if you're asking ne

about the brown and |ight colors indicate great thickness, |
don't see that in Northern Mssissippi. | see it in Southern
Tennessee, Western Tennessee, and maybe just across the border,
because this is a very irregular pattern we're showing with
some uncertainty.

Q But that -- that sand map of the USGS and MERAS, you've
shown the digital map north of that transition zone extends
pretty nuch all the way up through West Tennessee, doesn't it?

A. Extends all the way up to approxinately here, according to
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this map. That's the end of that zone, where the thickness
woul d be up to 800 feet.

Q kay. So it extends up there -- it looks |ike Kentucky and

alittle bit of Mssouri?
A Yes.
Q Ckay. Nowlet's go to the next nmap

What does this show?
A. This map is also in the MERAS report, and it shows the
t hi ckness of the Lower O aiborne Confining Unit. And the Lower
C ai borne Confining Unit, referring to ny sketch, is this clay
| ayer, this persistent thick clay layer that you find down in
M ssi ssippi but don't find over in Tennessee.
Q Now, you were just referring to the hand-drawn sketch that
you put on the whiteboard with the detailed picture?
A That's right. | was referring to the Lower C ai borne
Confining Layer.
Q Ckay.
A, And the fact that it disappears here -- well, it's
portrayed on this diagramas the thickness of the Lower
( ai borne Confining Unit, in feet. And here it's saying that
this is the extent of the Lower {aiborne Confining Unit and
that small yellow -- red line.

So this small red line says that right there, it
exists to the south of the line, does not exist to the north of

the line, as | -- as suggested in ny hand-drawn sketch. The
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transition zone.

Q Al right. Right at the Tennessee/ M ssissipi State |ine?
A. Wich is that.

Q And by "that," you're pointing at that -- the very top of
the colored part of this particular slide, that ends right at
the edge of the M ssissippi/Tennessee State line, right?

A. That is correct. I'mpointing at this light red |ine that

paral l el s the M ssissippi/Tennessee |ine east of the
M ssi ssippi River, off to the edge of the M ssissippi
Enbayment .
Q Thank you. Let's show the next slide.
Now, what is shown on this slide?
A. This is the thickness of the Lower O aiborne Aquifer. By
reference, the Lower C aiborne Aquifer is this thing.
Q This thing you're pointing to -- you're draw ng?
A. This thing on ny drawi ng being the --
Q The space beneath the confining unit that disappears in the
transition zone?
A. It is a hydrogeologic unit beneath the | ower confining
| ayer called the Lower -- Lower Aquifer, Lower O aiborne
Aqui fer.
Q Al of that would be part of a hydrogeologic unit, as is
the rest of the formations?

A. This is a hydrogeologic unit. This is a hydrogeol ogic
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unit. This is a hydrogeologic unit. It gets thicker as you go

in that direction.
Q But it includes the confined ones?
A.  Hydrogeologic units, including the confining layers. |
would like to do this. (Indicating.)

That's a hydrogeol ogic unit.
Q Gkay. Now, you -- what you've done now is you've just
taken a red Magic Marker, and you have drawn off an area bel ow
the Lower O aiborne Confining Unit, and then you put sone kind
of hatch lines across it. And you're saying that is a what?
A. This is a depiction on this geol ogical cross-section of the

nature and extent vertically, laterally, of the Lower C aiborne

Aqui fer.
Q Ckay.
A I'mshowng it does not exist to the north of the

transition zone.

Q Right.
A. | would then show, using a blue line that outlines the
Lower O aiborne Confining Unit, illustrate that it can have

vari abl e thickness, but it does not extend to the north of the
transition zone.

Q kay.

A, And then finally, and | think this is critical, the Mddle
( ai borne Aquifer, conposed of the Sparta Aquifer and the
Menphis Aquifer, is all of that.
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Q GCkay. That's the hydrogeologic unit?

A. That's the hydrogeol ogic unit conposed of the Menphis
Aquifer, transitioning to the Sparta Aquifer, all called part
of the hydrogeologic unit called the Mddle C aiborne aquifer.
Q GCkay. Let's go to the next slide.

Now, what did you -- what do you want to showin this
slide? O is it just the language, primarily, this -- what is
this slide?

A. This is the potentionetric surface of the Sparta Sand and
Menphis Aquifer as portrayed in 19- -- 1886, projected in 1886,
by the researcher Reed. | guess it's published in 1972. And
this particular figure shows running across the -- in an
east/west direction across the state of M ssissippi a

pattern -- it's hard to estimate its wdth, but several mles
wi de, extending for a substantial distance across the northern
part of the state. And it's called the approxi mte position of
the transition, where things change.

Q kay.

A, And if you read the statement in this caption, which he
wote, and the explanation, it says this zone |'mpointing to,
called this transition zone, marks the southern limt of the
Menphi s Aqui fer.

Q Sointhis USGS report, he's identified the bottomline in
that transition zone between the Menphis Sand Aquifer and the

Sparta Sand Aquifer?

Alpha Reporting Corporation




© 00 N oo O A W DN

S R S EE SR S S e e e e el T T = = T
g B W N P O © O N O o M W N -k O

Proceedings - May 20, 2019

105
A Yes.

Q ay.

A, Showing it not only in the confined portions of the

aqui fer, but also in the unconfined portions of the aquifer,

i ndi cated by this darker pattern.

Q Right. Wat is that gray area on that map?

A.  So remenber, the geological formations in the M ssissippi
Enbaynent are down to what they did -- fromthe east to the
west, fromthe west to the east. So they come up close to the
| and surface, they outcrop; you can actually go and see them
They're not covered by clay. And so geologists would call this
the outcrop area, where you could actually go and see it, Fort
Dodge underground to the west.

Q And is that where the water that mgrates fromthe surface
primarily conmes fronf

A Primarily. Not all of it, but primrily.

Q Al right. So that gray area, the outcrop area, is on
that -- is where the -- that kind of | guess is very
bended-down sort of U shaped -- whatever cones to the surface?
A Yes. Yes.

Q Okay. And that's where the water originally came from on
t he whol e, during predevel opment conditions, and found its way
down into the systenf

A. Even in nodern tines, this is a major area of recharge of

the deeper aquifers, because when it rains here, it can enter
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directly into the aquifers wthout having to go across the clay

| ayer.

Q Now, we've nentioned that it noves. Do you have, or have
you | ooked at approxinmately how long it woul d take that water
entering that recharge area, or the outcrop, to be discharged
fromthe confined Mddle C aiborne Aquifer -- or Mddle

C ai borne hydrogeol ogic unit in M ssissippi?

A.  Travel times in an aquifer conposed of this type of
material could be measured in terns of inches per day. Most
likely in terns of inches per day. An inch a day mght be a
good average value, because it's not all sand; sone of it's
clay. And so at an inch per day, it would take about 30 -- it
woul d take about a couple hundred years to nmove a mle. And an
I nch per day, or once it gets into this aquifer, is noving down
through the aquifer, would travel -- reasonable -- reasonable
estimtes woul d be, oh, 150, 180, 200 years to travel a mle,
dependi ng on the specifics of the aquifer at this |ocation.

Q kay. So those -- that water, those water nolecul es
entering that outcrop are going to be within that formation for
a very, very long period of time?

A. Especially in human terns; very, very long period of tine.
Human terms, right, at |east 200 years?

Per mle.

Per mle. Ckay.

> O > O

Per mle. Per mle of travel.
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Q Thank you.

MR ELLINGBURG ~ Your Honor, would this be a good tine
to break for |unch?

THE COURT: (Okay. It may be appropriate. W wll
recess until 1:15; is that okay wth people?

All right. W'll cone back at 1:15. Court stands in
recess.

(Luncheon adj our nnent)
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AFTERNOON SESSI ON
1:15 p.m

THE COURT: You may resune your direct exam nation.

MR ELLINGBURG Thank you, your Honor
BY MR ELLI NGBURG
Q Okay. Going back to kind of pick up, a little overlap.

Can you hear ne?

A Yes.

Q Can everybody hear me? Can you hear me now? Thank you
Ckay.

Dr. Spruill, we were talking before lunch, and it is
kind of an extension leading into the next area, but of the
aquifers, in the Mddle C ai borne Hydrogeol ogical Unit, do
those aquifers contain areas that are confined and al so areas
that are unconfined?

A Yes.
Q \Were -- |'ve put a map up here. Can you show us where the

unconfined areas are? The map is --

A Yes.

Q And just try to be alittle clearer than we have been.
This is a digital map fromthe USGS MERAS report, titled
"Surficial Geography of the M ssissippi Enbayment Region

Aqui fer Study Area." |Is that correct?

A. Yes. This is surficial geology; that which you can see at

the surface, not necessarily what you could see bel ow the | and
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surface. So this map predicts with -- or shows with different

colors the different hydrogeol ogic and geologic units in this
part of the M ssissippi Enbayment.

Q And can you tell me where the outcrop areas are?

A. Well, since this is a surface geol ogical map or surficial
geol ogy, these patterns would represent where you can see these
units exposed at the land surface, and hence they woul d be the
out crops.

For exanple, this -- this color, | guess, whichis
sort of a brown-orange color, according to the chart, would be
the outcrop area for what's called the Mddle O ai borne Aquifer

(Menmphis Sand). And in contrast, the blue area, the blue area
Is south of it, south of this -- of roughly east-west trending
line that parallels the border sonme distance bel ow the
Tennessee/ M ssi ssi ppi border is |abeled "Mddle C aiborne
Aqui fer,"
Q GCkay. And then what does the green show?

and in parentheses, "Sparta Sand."

A. The green area |'mquite sure shows the -- what they call
the undifferentiated C ai borne group; that is other geol ogical
formati ons el sewhere in the C ai borne group.

Q And in West Tennessee, appears that you have those two
formations, the outcrops for the Menphis Sand and the outcrop
for the undifferentiated C ai borne?

A. At the land surface, yes.

Q At the land surface. And then in Mssissippi, what do we
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have in ternms of outcrop areas?

A. W have a w de range of geological formations. Some of the
color patterns are hard for me to see up here. | suspect,
maybe Lower O ai borne Confining Layer disappeared --

di sappearing Sparta Sand, disappearing, and then disappearing
here at this east-west trending |ine south of the border.

Q And by "east-west trending line," you' re talking about the
bottom of the orange section that covers all Wst Tennessee?

A | am

Q kay.

A. And then in the green, some up -- the d aiborne group,

undi fferentiated, which | woul d assunme is younger in age than
the Sparta Sand, and then this very large color pattern here.

Q And is that representative of the eastern boundary of the
M ssi ssi ppi Enbaynent in the entire Enbaynent on the east side?
A. Mre or less. The -- yeah, this is a study outlined in
red, and | would assume that this is -- this line ['m
iIllustrating is east of the study area of the M ssissippi nmarks
the west -- eastern limt of the geological units of the

M ssi ssi ppi Enbaynent that are exposed at the |and surface.
Hence they are outcrops.

Q So how does surface water or surface precipitation find its
way into the confined aquifers in the two -- in both

M ssi ssippi and in Tennessee?

A Well, I"'mfond of saying that water noves into and out of
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aquifers fromall directions. But the preponderance of water,

in ny opinion, in these confined aquifers, this part of the
M ssi ssi ppi Enbaynent, probably enter the -- does enter the
aqui fer systemin the unconfined portions of the aquifer, where
a substantial part of that water is discharged locally to
creeks and rivers, and sonme percentage finds its way down into
the confined aquifers, confined aquifer flow.
Q Okay. |Is the outcrop and the unconfined portion of the
aqui fer the sane thing?
A.  Generally speaking, yeah. | would say that.
Q In this case?
A Yes.
Q GCkay. Do you have sone slides to show generally how wat er
moves fromthe outcrop into the confined aquifer systenf
A, Yes.
Q And what was this?
AL Thisis a-- the first of a series of slides designed to
show, hypothetically, flow paths in the confined portion of the
groundwat er systemin an area of Northwestern M ssissippi and
over into the State of Tennessee. And so on this map, that
gi ves you sone indication of land forms, so that you can see
sonme el evation over here as relative to the flat terrain here
associated with the position of the Mssissippi River.

|'"ve indicated with letter "A" that in M ssissippi,

the beginning of a -- what | call a line of section extending
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upward into Menphis, termnating at A prime geol ogists call e
this "the line of section." And the concept is that -- try to
envision lifting up the earth along this line of section and
seeing what's bel ow the surface of the earth in terms of the
geol ogi cal formations, etc.

Q And have you prepared sone slides to illustrate that?

A Yes.

Q Now, the slides we're going to show, they're not to scale,
are they?

A.  Not to scale.

Q And they don't depict specific flow directions; is that
correct?

A. They're designed to illustrate how groundwater flows

t hrough the unconfined and confined portions of the aquifer.

Q kay. And they -- and they depict what would be natural
for -- in the absence of any punping; is that correct?

A. That's correct.

Q Wll, let's put the first slide up. Now, would you explain
what this shows.

A. Ckay. Thisis a -- what | call a groundwater residence
tinme slide, which sort of starts the process. | point out that

it's not to scale. |Inset, once again, is the line of section,
so that the line of section would begin at A would be
anal ogous to this point on the |eft-hand side of the diagram of

the land surface, and the red Iine running across the |and
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surface woul d intersect the Tennessee/ M ssissippi line there

and there. And I'mindicating inner section of this
M ssi ssi ppi / Tennessee border, with the red [ine on the map view

and on the cross-sectional view

Q Thank you.
What part of the -- if you woul d describe what's
shown, in terms of -- again, inillustrative form in terms of

the earth in that area, before noving to the next slide.
A. |'mdescribing a geological formation simlar to the
Menphi s Sand and the Sparta Sand, with -- represented by this
pattern of closed circles, representing sand of varying sizes,
and maybe use some gravel with sonme interlayers of clay.

"' mshow ng that this continuous layers in this
general -- general diagramthat does not -- displays how an
aqui fer can be inclined fromthe |and surface, getting deeper
below the | and surface off to the left here.

On top of the sand layer, |I'mshow ng sone |ayers of
clay, which would effectively confine bel ow and confine above.
These are the extending gray layers that |'m show ng,
effectively confine the aquifer. Wthin the aquifer and down
dipin the aquifer, I'mshowng a transition zone between
mostly sand. And we pick up a layer of clay and other
materials here, predomnantly clay |'mshowing on this
general i zed di agram
Q That's the dark part within the confined aquifer?
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A. That's this dark part that's -- it has this kind of

flame-1ooking pattern on the right hand, in down inside the
conbi ned aqui fer

Q Tothe left?

A. To the left.

Q GCkay. And what are those cone-shaped-1ooking things at the
very top that cone fromthe surface, or below the surface, it

| ooks |ike?

A Well, they are -- is this going to work? That thing is
really, really heavy and hard to hold and deal with.

Can you hear ne if | speak without it?

Q Can | -- why don't you use this -- which | haven't broke it
entirely yet, and see if that helps. And |I'I|l speak |ouder in
the mcs, which | will lean in and nove for David's benefit.

You better put it up real close.
A Yes, sir. How does that work? Good? Ckay.

So woul d you repeat your question? |'msorry.
Q \What are the cone-shaped figures within that slide that
start at or near the surface and cone down?
A. These are ny attenpt, as not such a good artist, to portray
that there are variations in the materials above this confined
aqui fer that could be filled with geol ogical naterial of
different conposition than that which surrounds it.

Some people mght say, well, this could be an

erosional window. It could be a paleo channel caused by the
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prior position of a river mgrating across this area, and then

the backfilling of that river channel with gravel

And |'"mproud to illustrate that sone of themactually
coul d reach the confining layer, and that's the case of the
m ddl e one, it actually provided a breachment of the confining
| ayer, whereas the other two, | didn't show them breaching the
confining layer, but my concept was to get across the idea that
these aquifers aren't just beautifully confined everywhere.
There are places where the confining layer thins and it's nore
perneabl e, and there are places where the confining layer is
actual |y breached by erosion, paleo channels and things of that
nat ure.
Q So does that depict the actual conplexity, or is it just
sonmething used to illustrate --
A, Just an -- just to get across the idea of some of the
complexity involved in these kinds of geol ogi cal systens.
Q W'Il go to the next slide.

Ckay. So what have you shown here?
A. The next slide is a blowp. Take this rectangle and draw
an arrowto the formation to say that --
Q Now, you're referring to the rectangle in the |ower
right-hand corner, which is a blowp of sonme geol ogic naterial,
and it's an arrow pointing to what you have defined as the
confined aquifer illustration. Correct?

A I'msorry.
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Q I'lIl try to stop dropping off at the end. 1o
THE COURT: ['msorry, | didn't hear. D d sonebody
say somet hi ng?
MR ELLINGBURG The court reporter -- |I'mdropping ny
Voi ce.
Q Go ahead, M. Spruill
A. | agreed with your nore detailed analysis of ny description

that this box is a representation of material fromthe confined
portion of the aquifer. And |'ve enlarged it, but it's not to
scale. And the blue line here represents -- the blue line in
the rectangul ar box represents a concept of how a nol ecul e of
wat er m ght nove through the geol ogical materials in the
confined aquifer. It can't nove through the sand grains or the
silt grains. It's required to nove around the sand grains as
it flows in a given direction, in this case fromthe top of
this rectangle to the bottomleft of this rectangle.

Q Is the next slide -- let's show the next slide. GCkay.

So if you would now, | think this would be easier to
follow W've blown up the small box fromthe prior one, and
the top says "Illustrative path of groundwater through sand."
And then at the bottomit says "Goundwater flow direction."”

s that correct?

A.  The bottom says "G oundwater flow direction," which really
doesn't have an arrow on it, but it would indicate the

groundwater flow direction was to the lower left of this box.
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Q GCkay. Now, would you describe what you -- what that is

il lustrating?

A. So once again, | tried to illustrate a not-to-scale sand
grains. But if these were sand grains, then they would, by
definition, between a 16th -- be between a 16th of a mllineter
and 2 mllimeters. So there's some small sand grains and sone
| arger sand grains within this -- within this unit.

A ol ecul e of water entering this segment of the
groundwat er systemmght followthis flow path as it flows
around --

Q Now, "this flow path," you're tal king about the blue |ine?
A.  This blue Iine.

Q ay.

A 1've illustrated here with ny finger, following a blue path
as it goes fromthe upper part of the diagramto the |ower

left.

Anot her nolecule of water in really close proximty to
this nolecule of water mght follow a slightly separate
circuitous path as it flows through these materials, but the
general pattern would be for the water that enters this part of
the aquifer systemalert -- or this porous nedia to flow al ong
tortuous flow paths, as |'ve illustrated in this diagram
Q GCkay. And as you said, some of that water comes in at the
very top of the arrowis -- may very well follow a different
path now?
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A. That's correct.

Q And we're tal king about very, very small amounts of water?
A Well, we could be tal king about very |arge amounts of water
flow ng through a sand, a sand body, at a very slow rate.
Q Gkay. And this particular diagram the water flow ng on
that path is the -- a snall anount of water, isn't it?
A I'msinply trying to illustrate the path and direction that
a single nolecule of water mght follow as is flow ng through
t he groundwater system
Q Gkay. Now, as far as these sand particles, why aren't they
all unifornf
A.  The nonuniformty of grain sizes in the geol ogi cal
environnent, to nme, is the rule, not the exception. There are
certainly some fairly uniform geol ogi cal deposits that we find
in nature. | would hold up a sand dune deposit, for exanple,
as one in which many of the grains are about the same size, but
most geol ogi cal formations have a variety of particles within
t hem
Q Okay. If we could nove to the next slide

So now what are we showi ng here?
A.  Just the same slide over again, but | had this idea that
you coul d get across how aquifers become charged with water by
recogni zing precipitation. So these were rain drops at the
top, above the |and surface, so precipitation. These little

dots falling on the land surface either runs off the |and

Alpha Reporting Corporation




© 00 N o o A W DN P

S R SR SR S S e e e T e el T =~ = T
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

119
surface, evaporates, transfers, or enters the groundwater

system

Q Gkay. And so what's -- let's put the next slide.

A.  So we get across this concept of travel tine and residence
time in the groundwater system trying to illustrate that as
wat er noves into the groundwater system it mght take a series
of days for water to flow fromrecharge areas to discharge
areas in the unconfined portions of the groundwater system

Q Okay. So this is the unconfined portion?

A Well, it could be the unconfined system Cearly over here
the systemm ght be slightly confined, but |'m saying
consistent with what Ralph tells us, that in the upper parts of
the groundwater system it's not unusual to have water that can
move through the groundwater system and di scharge over

di stances of -- over time franes of days.

Q Okay. So let's nmove to the next slide.

A. The next slide, I"'mjust trying to get across the idea of
the sl ow nmoverment of water through the groundwater system So
now novenent of a nolecule of water mght require a tine frane
of ten years to nove sonme reasonabl e distance through the
groundwat er system measured in feet to mles.

Q Now, are you in the confined part of the aquifer now?

A. I'mdefining now the flow down in the confined portion of

t he groundwater system

Q Gkay. That's not in the outcrop area?
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A No, it's in the groundwater system But it's confined.

Q Can we kind of follow that particle al ong?
A, Sure. So followthat particle along, travel tine of
100 years mght be shown in this general sketch, followed by
more travel time of 1,000 years. Flows slowy through the
I ndi vi dual pore spaces at rates neasured in inches per day.
Q This is all under natural conditions?
A. This is all under natural conditions.
Q Al right. Let's nove to the next one.
A.  And then the next one, just a final illustration to show
that groundwater in the groundwater system has been shown to be
old. It takes a long time for water to reach the deeper parts
of our groundwater system

In the coastal plain of North Carolina, where | |ive,
we know that the water in the deeper aquifers is al nost
20,000 years old. So as it noves fromthe | and surface across
this long history, it resides in the groundwater systemas it's
slowy noving through the systemfor incredibly |ong periods of
time.
Q GCkay. And this is all looking at the water as it noves
fromthe outcrop area of recharge down in the systenf
A, Yes.
Q And through the systenf
A Yes.
Q Thank you.
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Now, | think you may have nentioned this earlier, but

what is the approximate rate in the actual Sparta Sand and
North Menphis Sand in Tennessee, both the actual natural --
under natural conditions, the actual estimted rate of novenent
of the water?
A Well, it depends on a lot of different factors, whether you
tal k about water noving through some of these clay |enses or
wat er noving through sands. But |'ve stated already | think a
reasonabl e value is, for velocity of groundwater in the
groundwat er system is inches per day.
Q Gkay. Wich would convert to how many feet a year?
A, At an inch -- at an inch per day, |I'Il have to do that
cal cul ati on.

And that would be 365 inches in a year, 30 feet.
Maybe the width of this roomin here.
Q About 30 years?
A Ina--in a year, 30 feet.
Q 30 feet in a year?
A. 30 feet a year, which would be about the width of this
room | would suppose, though | haven't neasured it.
Q If we change that froma year to the tine it would take for
it to travel fromthe outcrop down through the aquifer, under
natural conditions, for a mle, about how |ong woul d that take?
A. Thirty feet a year; 30 into 5,280 is around 200.
Q Gkay. Thank you.
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Q ay.
A So --
Q |Is 200 feet in a year what you neant to say?
A. | think about a mle, travel about a mle in about --
200 days, 187 days or sonething, however you cal cul ate.
Q Is that years or days a mle?
Al I'msorry. So we're talking about the amount of tinme it
takes to travel an inch. That was about an inch a day.
Q Right.
A, So to travel a mle would probably take around 200 years,
185 years, 200 years. We're talking about a mle.
Q ay.
A, I'msorry for the confusion,
Q Okay. | just wanted to nmake sure we had it clear.
So in your illustration, what would be the approxi mate

time fromthe area of recharge in the outcrop to the discharge
of the groundwater? Al though I know you're not show ng the

di scharge point.

A. It depends on too many factors for me to answer that,
because the discharge area for all parts of the groundwater
systemis not the sane. But | would say that we know t hat
residence times in the groundwater system could be measured in
t housands of years. It can also take thousands of years for it

to nmove upward across confining |ayers and into other aquifers
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before finally being discharged.

Not all groundwater discharge is locally; sone
groundwat er can actually flow in circuitous paths and flow, for
exanpl e, down the axis of the M ssissippi Enbayment before it
di scharges much further away.

Q Soif you give it 10, 20, 50, 100, 200, 300,000 years, it
will get out?

A It wll get out over a long period of tine.

Q GCkay. Now, | want to conpare this inch a day to sone
surface water.

A Ckay

Q Okay. And so l'd like to ook at the next slide.

Now, could you tell me what you're show ng here.

A. | took a map of the Mssissippi River, |ooked for sone
velocity data on the website, that is a governnent website,
shown in the lower left-hand corner. And | chose three

| ocations to illustrate the velocity of water, and fluvial
system-- river system

So | chose first --

Q Let's pause for just a second. This is sonething that you
actually culled data fromthe government site

WWW. nps. gov/ m ssi ssippi/riverfacts; is that correct?

A Yes, sir.

Q And you used that to calculate what you' re about to show

us:; is that correct?
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A Yes.

Q And did you also use the map from
americanrivers.org/river/ mssissippi?

A Yes.

Q Gkay. Now go ahead and explain to us what it shows in
terms of the travel time of the surface water in the

M ssi ssi ppi River.

A, This map, | use flyins that ny daughter hel ped ne wth.
And | picked three locations. | flewin the position of the
M ssi ssippi River headwaters up in Mnnesota, indicated by the
uppernmost box. | flewin locations of the Menphis --

M ssi ssippi River in Menphis, Tennessee, indicated by this box,
this arrow pointing to Menphis. And | selected New Ol eans,
Loui siana, indicated in this box, and an arrow indi cating

New Ol eans.

And using this information, |'ve sinply calculated or
sinply related to you the velocity of water in the river. And
this is sort of an average velocity, so |'ve been -- the
headwat ers of the Mssissippi River in Mnnesota, a nore
reasonabl e velocity would be about 1.2 mles an hour. And you
can translate that into mles per day, so that would translate
to about 28.8 mles per day of novenment of the water in the
river.

Q ay.

A.  And you can contrast that with an increase in velocity
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further downstreamin the mghty M ssissippi of about two mles

per hour and a velocity of alnost 50 mles per day. And
further south, velocity could increase to 3 mles per hour
which would translate to a velocity of about 72 mles per day.
Q Gkay. So the water flowing at Menphis, how many mles per
hour did you say that was?
A, About 50 mles per day. Per day.
Q About 50 mles per day. Ckay. And | think you said
that -- let's see. In a year, an inch a day for groundwater,
the groundwater mght travel about 50 -- about 30 feet?
A. | used that exanple.
Q Gkay. And so the amobunt of water that flows down the
M ssissippi River wwthin a reasonably short period of time
woul d be a great deal nore water than would flow through this
aqui fer systemin 20, 30, 40 years?
A.  That woul d be an understatenent.
Q Understatenment. kay. Thank you

Now, the M ssissippi River obviously is not
representative of all rivers?
A. Definitely not.
Q Ckay. But interms of flowrates, if we cone down to, say,
a streamor small tributary river, would the flow rate again be
measured in -- nore likely in mles a day?
A. Could be, or at least hundreds of feet per day.
Q At least?
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A.  Hundreds.

Q Well, asmll trickling stream m ght only go hundreds or
t housands of feet a day, but nobst significant tributaries have
significant surface water velocities.
Q Ckay. Now, what can you, as a hydrogeol ogist, tell us
about the flow direction of groundwater in the unconfined and
confined portions of an aquifer such as the one you illustrated
earlier?
A.  Generally, groundwater in the -- well, | would say
general ly that groundwater in the unconfined portions of the
groundwater systemis typified by conplex flow patterns, and
then the deeper parts of the groundwater systemis typified by
more consistent regional flow patterns. But both of them
can -- both -- in both exanples, the flow patterns can be
conpl ex.
Q Let's look at the next slide

If you woul d explain what that shows.
A, Ckay. This is a slide fromthe freshnman textbook that |
used, called Tarbuck and Lutgens, 2010 publication, and it
shows a land surface typified by a couple of rivers, a najor
river, a streamand a couple of |akes here, clearly |abeled,
with some interstreamareas wth higher topography.

And the general concept here is that we woul d see what
| call local versus regional flow patterns. |[|'Il describe what

| nmean.
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The unconfined aquifers, typified by a water table --

that's the boundary between unsaturated and saturated
conditions, and that water table generally mmcs the | and
surface. And what | nean by that is where the land surface is
| ow, |ike next to streans, the water table is low, and where
the land surface is -- has the higher elevation, the water
tabl e has a hi gher elevation.

So it -- | always say that the water table in the
unconfined aquifer is a subdued reflection of the |and surface.
The inclination --

Q Wiy do you say it's a subdued reflection?

A.  Because the water table here, if you just notice, is a
relatively flat surface; sone inclination, but it doesn't have
the sane curvature.

Q Now, you're pointing to the first -- it |ooks like kind of
an upward-curved area to the right of the river, on the left of
your drawing; is that correct?

A. That's correct.

Q Ckay. And --

A.  Sane thing would be true in any part of the surficial

aqui fer on this document.

Q kay. Because you have a whole series of |lines that show
wat er basically entering at the surface and then di scharging
into the surface water, correct?

A.  Yeah. These are general flowlines. It's really inportant
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for everybody to realize that it doesn't just rain up here.

Water doesn't just enter the aquifer here. Water enters the
aqui fer everywhere when it rains. It also covers the land
surface, and there's infiltration.

But this is -- the concept here is just one of
under st andi ng how | ocal flow patterns develop in the unconfined
portions of the groundwater system where water -- groundwater
flows frominterstreamareas, as a general rule, downward
before it takes the turn, and actually flows upward and
di scharges to local discharge areas |ike |akes and rivers.

Q So on your slide, you have light blue lines at the top --
A. Mnhmm

Q ~-- that were -- you've been pointing to in your
description?

A, Yes.

Q So what are the red lines, the red --

A. The red lines indicate that you can have nmultiple scales of
groundwater flow patterns as you transition froman unconfined
aqui fer systemto a confined aquifer system And the idea of
this diagramis that these clay | enses that actually have
breaches in themare confining layers for a deeper aquifer
systemthat is confined.

And so I'millustrating a shallow aquifer flow
pattern, an internediate groundwater and what's called the

subregi onal groundwater flow pattern, indicated by the red
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[ i nes.

And then sone of this groundwater nust nmake it into
the confined aquifer systemin areas |ike this. O herwse we
woul d never have consistent volumes of water, under nonpunping
conditions, flow ng through our groundwater system
Q Thank you.

Now, the next line, if you would pull the next slide,
then let's | ook back, and if you would tell me what you want to
show.

A. | use this slide all the tine to indicate what's necessary
to really understand the general groundwater flow patterns in
the unconfined portions of the groundwater system And it's
quite a conpl ex diagramthat shows the |and surface, the top of
the diagramindicated by the word "land surface." And it shows
the water table that would develop in this area follow ng
precipitate, long-termprecipitation and the establishnent of a
groundwat er system And it shows the position of the water
table with this dotted line, that's at sone distance fromthe

| and surface and is mmcking the | and surface.

Q If I could just get -- before we nove on, it says "Mdified
fromWnter, et al. '98."

A Mnhmm

Q Is that a USGS publication?

A | don't renenmber if it's USGS or not.

Q kay.

Alpha Reporting Corporation




© 00 N o o A W DN P

CEE R S E SR S S e e T e el T T = = T
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

130
A. | don't renmenber.

Q But that's a published docunment that has been taken from --
and what is the purpose of this slide?

A.  The purpose of this slide for ne always is to get people to
under stand how you determ ne groundwater flows down in a
recharge area in an unconfined aquifer, then flows laterally,
and then can actually flow upward.

' malways frustrated when people say groundwater
flows in response to gravity. |f groundwater flows in response
to gravity, it's hard to get groundwater to flow upward in the
face of just the gravitational force. And so what geol ogists
have cone to recognize is that the lines of equal pressure in
t he unconfined systemare conplex and variable, and that what
you need to do, if you really want to understand how
groundwater flows in the unconfined system is to use a series
of nonitoring wells, which are on this diagramcalled
pi ezoneters. | equate nonitoring wells with piezonmeters, and
there may be sone differences, but I'mtal king about a well
that we can install that can neasure the pressure over a short
vertical distance. It doesn't have a punp init.

Q So none of those are punping; they just nmeasure pressures
at specific locations?

A. That's correct.

Q And depths?

A.  And dept hs.
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Q ay.

A. So all of these are designed with what | call short

screens. In other words, | only want to neasure the pressure at
that spot. So I'mgoing to put 40 feet of screen init. So by
having a piezometer at sea, for exanple, that extends to a
depth of -- to this depth, by measuring the water level in this
wel |, which would rise to about 80 feet -- there's 80 feet -- |
can neasure the pressure in this well, and | can construct this
surface, called the potentionetric surface or the pressure
surface; a line of equal head within the aquifer itself.

So the concept here is an inportant one. |f you go
anywhere else on this diagramin this area, and you drill a
well to 80 feet, | expect the water in that well with a short
screen to rise to 80 feet above sea |evel.

Simlarly, if | put in a shallower well, | would
measure a pressure of 90 feet. Put in a shallower well still
that has a short screen in it, | measure a pressure of
110 feet.

By putting in these wells, we can construct these
lines. W don't construct these lines and then put in the
wel |'s.

Q So how are those used to determne direction?
A. Goundwater flows in the direction of decreasing pressure,
at right angles to lines of equal pressure. These are |ines of

equal pressure in the subsurface. Goundwater flows at right

Alpha Reporting Corporation




© 00 N o o A W DN

SIS EE SR S S e e T e e e T = = T
g B W N P O © 0 N O o »h W N -k O

Proceedings - May 20, 2019

132
angles to lines of equal pressure, in the distribution of

decreasi ng pressure.

So this area, the pressure |'mshow ng in the upper
right-hand corner is 120 feet; here, along this blue flow |ine,
it's 110, 100, 90.

So we know that groundwater has to flow at right
angles to those lines of equal pressure, and in the direction
of which the pressure is decreasing. And so what we do as
hydrol ogists is we define the recharge area. W define the
recharge area of aquifers as those places where there is an
Increase in pressure -- sorry, a decrease in pressure with
I ncreasing depth, and decrease in pressure with increasing
depth. And we say that's a recharge area.

Qur opinion as hydrologists is that you can't wal k out
on the land surface and just say, "That's a recharge area."

You mght be right. But a recharge area is that part of the
groundwat er systemwhere, with increasing depth, there's a
decrease in pressure.

Q Wy can't you just look at a geol ogical map and sone data
you get and say, "Well, this is how the groundwater is flow ng
In the unconfined aquifer"? Wy can't you do that?

A.  Too conplicated. Goundwater is not just flow ng
horizontally in the groundwater system It has a downward fl ow
compound, and in sone places near horizontal flow conpounded

into others, and a upward flow conpounded into other places.
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For exanple, if you were to go to this |ocation, which

|"ve labeled "B" on this diagram and put in two, three, four
wells -- as many as you want, as |long as they have short
screens -- at this particular location, you woul d neasure the
same pressure. And so the line of equal pressure is vertical,
whi ch means that the flow pattern is at right angles to that
line. And so |'mshowing you this blue line, aright-to-left
groundwat er fl ow.

So groundwat er enters an unconfined aquifer system
here, flows horizontally at the boundary between -- at this
subboundary | call the groundwater recharge boundary right
there, and then fromhere over towards a stream there mght be
a creek or a river here.

Q Ckay.

A.  The groundwater systemis different. So if | put in a deep

wel I, | get a pressure of 20.
Q Al right.
A If | put inanintermediate well | get a pressure of 10.

Wl |, that neans that with increasing depth, the pressure

I ncreases. So the deeper | go in the groundwater system the
greater the pressure. Goundwater flows in the direction of
decreasing pressure, at right angles to lines of equal
pressure; 30 feet of pressure, 20 feet of pressure, 10 feet of
pressure. |It's that pressure gradient that's driving this

wat er upward, so it discharges.
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Notice this: There's recharge in the groundwater

system everywhere. Wien it rains, water infiltrates the
groundwat er system And so we define groundwater discharge
areas as the area where there is an upward decrease in pressure
and upward flow, and here a downward flow and a downward
decrease in pressure.

And recharge areas and discharge areas are defined on
this, not necessarily topography.
Q Okay. We've talked about that a lot now Let's -- we've
tal ked al so about confined aquifers, and we've tal ked about
unconfined aquifers. The question is, how do you get water out
of a confined aquifer for use?
A. Mre often than not, it has to be done by designing,
drilling, constructing a well into that aquifer and renoving
that water fromthat aquifer. Unless it's a free-flow ng
Artesian aquifer, you renmove it by punping.
Q Ckay. Let's go to the next slide.

What does this slide show, Dr. Spruill?
A It's a picture of a typical well.
Q At thetop it says -- the title says "Supply Well"?
A kay. So it says Supply Well, Miltiscreen, Gavel Pack.
But it's a figure that | took -- no surprise -- from Ral ph
Heat h' s cl assic groundwat er supply book, the groundwater
hydrol ogy book. And so it shows the construction details for a

mul tiscreen, gravel pack, supply well.
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Q Okay. And is that representative of the wells that are

typically used to commercially punp water?

A. These are the types of wells that | design and supervise
the construction of or the removal of water punp -- nostly for
a larger-type well, based on the style of punp that | see here.
Q GCkay. And so the top -- top surface, it shows sand, right?
A, Up at the surface it shows a |ayer of sand underlain by a

| ayer of clay, another sand, |ayer of clay, sand, clay.

Q Is this well producing any water on that top |ayer of sand?
A No. W're intentionally precluding that upper sand that
|"mpointing to here now. That's just the first sand that you
encountered in this particular situation below the |and
surface, by taking special precautions to seal it off by
putting in a casing and using cement. W only use Portland
cement, or we could use other types of nmaterials that have
really low perneability, to prevent or preclude not only the
mgration of water fromthe sand into the well, but also the
mgration of water down the well fromone |ayer surface towards
another. W call that grouting.

Q kay. So you've -- this illustration shows two additiona
sand |l ayers and shows a total of three clay layers, is that
correct?

A. That's correct.

Q So there's multiple zones of sand that this well is

penetrating?
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A. Yeah. And that's pretty common. It's wonderful to find a

single sand that will produce the anount of water that you
need, but nost often you'll find the sand layer, and you'll put
a solid piece of casing into the subsurface in this hole and
allow -- put into the design some openings here that mght be
20/ 1,000t hs of an inch, or sonething like that, that will allow
the water fromthe sand to come in and preclude the sand from
comng in. It wll also put maybe a gravel pack illustrated by
this, so the material that we generated put underground.
Q Before you drill this well, how do you determne the
potential zone of sand in the subsurface that you m ght be
trying to obtain the water fronf
A \Wll, alot of ways to do that. One would be to rely on
what people have already |learned fromdrilling wells at a given
| ocation, is go to the literature, go to nore purveyors, find
out what's known about the groundwater system and begin to get
a picture of what's underground.

The second way would be to go to the literature.
There's a tremendous amount of literature in some [ocations in
this country, and other |ocations we don't know much about the
groundwat er systemat all. But ultinmately we use what | call
the great truth machine. And the great truth nachine is a
drill rigger. And you can stand at the |and surface and
pontificate about what's underground all you want to, but you

really don't know the details until you drill a hole in the
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ground.

And so we woul d pick a spot and drill an exploratory
hole in the ground. It would be called a pilot hole. And
while we're drilling the pilot hole, a good geol ogi st would
stand there with his or her hand |lens and study the naterials
that are comng up while we're drilling this hole, and devel op
a picture in their mnd of what's underground from | ooking at
the cuttings. And on the basis of that, then you have this
initial picture of where sonme units underground m ght be
potential good candidates for construction of well screens that
will allowyou to tap that water anywhere there are places that
woul d be problematic, because you don't want these teeny
clay-sized particles to cone into your well.

Q So the water is not comng in the entire well depth; it
cones into the screens?

A. If you construct it that way, water will conme in through
the areas that are opposite screens, and for short distance
above and bel ow that through the gravel path.

Q Ckay. And once you've -- once you drill the well, is there
i nformation you can obtain fromdown in the well before you
start punping it?

AL W're in an age of electronics, and so we have these
sophi sticated instrunents that we use that you can generally
descri be as geophysical logging tools. | spent a trenendous

amount of ny career learning howto deal with these geophysica
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| ogging tools and interpret the results of them

Q Okay. Let's look at the next slide.

A Ckay.

Q Could you tell us the next slide, which on the bottomit

says "Figure 9, Ceologic Section CC Tennessee Vall ey

Aut hority, Allen Conbined Cycle and Allen Fossil Plants Area.”
s that what this slide was taken fron?

A. That's exactly what it says.

Q Okay. And is this -- is this fromthe area where the -- or

near the Davis wellfield?

A Yes. Yes, it is.

Q Gkay. Can you tell us what that |og shows.

A \Well, there are a series of logs here. And so just to lay

the groundwork, in this diagramthere's a vertical scale

indicating the altitude in feet above sea level, NGBV. This is

altitude relative to sea |evel

(Reporter interruption)

A. There's a vertical scale show ng depth bel ow sea level in
feet; mnus 100, mnus 600 feet bel ow sea |evel.

The | and surface or the approximate |land surface is
shown as this subhorizontal line, and there is a break over
here in topography, and there's nore topography or nore
el evation in the land surface on the right-hand side of the
di agram

| selected this diagrambecause it illustrates the
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kind of geophysical |ogs that you would see in the Menphis

Sand, as indicated by this -- these two words. So in this
di agram someone has --
Q The two words you pointed to are over to the right box,
with the various explanations at the very top; it was "Menphis
Sand" ?
A, "Menphis Sand" is shown on this diagramin at |east two
places. It's shown at this location right above the word
"Explanation," and it's also shown on the extrenme right of the
diagram about a third of the way down the document.
Q So go ahead. So what does it actually show, that you're
trying to illustrate?
A.  So you had asked ne about geophysical |ogging techniques
and how they're used and what they tell us. | would just pick,
for the sake of brevity, a well that was drilled at the
| ocation here, called PW, right in the center of this diagram
And | interpret that this horizontal -- this vertical line, the
dark black vertical line represents nmore or |ess the center of
a well. And after a hole in the ground was drilled, and they
kept it fromcollapsing by, say, keeping heavy drilling mud in
It, soneone |owered a geophysical |ogging tool down to the
bottom of the well.

One of the logging tools -- and there are many that we
could utilize -- would be what's called a ganma | oggi ng tool.

Gamma rays are part of the natural el ectromagnetic spectrum
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|ike X-rays and visual light, etc. Naturally occurring

formations give off varying amounts of ganma radiation

Sands conposed of quartz predomnantly tend to not
produce nuch gamma radiation. Cay fine-grain naterial, that
tends to be heterom neral ogic, tends to be conposed of several
different mnerals, some of which give off ganma rays.

Then that distinction between a formation that doesn't
produce a | ot of gamma rays and one that does produce a | ot of
gamma rays is applicable to this diagram because it shows --
Q Here you're pointing again to PW.

A I'mpointing to PM. ['magoing to focus all ny discussion
on PW for the time being.

Q ay.

A And in this diagram |'mjust going to start at the Menphis
Sand Cook Mountain sand boundary, and show that the gamma
radiation, NGR -- natural gamma ray -- NGR | og shows a
variation from-- kicks to the right, to the left, right again,
| eft again. And so I'mfollowing with ny finger down the water
hol e, show ng the differences and variation of the anplitude of
this gamma ray | og.

Q So would you convert that the layers of --

A.  So based on ny experience with these kinds of geophysical

| ogs, | would nmake the generalization that this zone, from

ri ght above 300 feet bel ow sea level, is sand.

Q That's basically 250 to 3507
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A, Ckay, if you want that level of specificity, | can provide

it. And so | see that mnus 250, mnus 300 sand.
Q kay.
A. And then | see a clay layer that extends downward probably
to about 350 feet. Another small sand, naybe 350, 360,
something like that. Another clay layer that would take me
down to 400 feet. Below that, another sand |ayer, maybe 400 to
440 feet below | and surface, underlain by clay, underlain by
now pretty thick-looking sequence of sand, that just happens to
be around 500 feet bel ow sea |evel

And -- but even with, then, this |ayer of sand that |
see from about 500 feet below sea |level to nearly 800 feet
bel ow sea | evel, | see indication of gamma em ssions that could
represent different conpositions of the sand, but could al so
represent clay |ayers.
Q Ckay. And soin terms -- just in general terms, would you
describe this as a sinple area, in terns of subsurface geol ogy?
A. | would describe it as relatively conplex. It's not in one
honogeneous sand body fromtop to bottom It's typified by
sand layers and intervening |layers of |lower permeability. |
woul d know or have a good feel for whether this is -- what type
of sand this is and what type of finer-grain naterial this is
iIf | was paying special attention while we were drilling this
hole initially.

Q And all those things go into how nmuch water can be produced
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fromthose various -- we'll call them zones?

A.  \Well, yeah, the hydrogeol ogists would be faced with the
wonder ful of task of deciding -- well, it could build a well
screen, or something like this, or screenin this unit,
excluding these finer-grain materials. O you would want to
build a well that has screens set in a few of these sands, and
so you mght actually do an exploratory program where you
design sone wells to test these individual zones for yield and
wat er quality.

Q Based on what you know about the geology in this area of
the M ssi ssippi/ Tennessee border, if you noved fromthat

| ocation, say, to the east or the southeast 200 yards, would
you expect to see exactly the sane thing?

A.  Not exactly the sane thing. | think there's sone
generalities. | would think that -- a pervasive and
significant sand layer mght be able to trace that across sone
areas, but there would be |ocal variations within even that

t hi cker sand deposit.

Even | ooking at this sight, [ooking rather at PW over
to PW-- PW, all the scales and the geophysical |og are not
the sane. | can see some variations in the conposition of the
earth materials fromthis position to this position, over
what ever horizontal this distance this is, and | forget,

I ncluding the horizontal scale.
Q Thank you.
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But this isn't -- this isn't pure sand down there

you're pointing to?

"Pure sand" meaning sand all one size and nothing el se?
O all sand and no clay.

It's definitely not all sand and no silt or clay.

So thisis --

> O > O >

It's sand interlayered by |ower pernmeability or finer-grain
materials, in nmy opinion.
Q Gkay. Thank you.

Now, on this slide there is another -- is there
anot her feature, geological feature of the clay?

A, \Wll, there are a couple geological features. The one of
most interest to ne as a field geol ogist, because | spend a | ot
of time unpacking these kinds of structures, is the fault
that's indicated on the east side of the diagramby the
vertical dash-dot-dash-dot line that's |ocated here.

And it has the two arrows down and up, which indicate
someone -- sonmeone's interpretation of the relative novement
along this feature, which is -- and this diagram classified as
afault. Afault isaline -- is a boundary between parts of
the earth that have noved relative to each other.

And so the location of the work done in this |ocation
Is that the top of the Menphis Sand, which is shown here on the
| eft side of this fault, disappears and shows up on -- maybe a
little nore than 100 feet, just -- about 100 feet higher on the
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right-hand side of the fault. So the inplicationis that this

bl ock went up on the right, and this block on the left went
down.

Q And so woul d you expect the geol ogy to be sonewhat
different at the sane |ocation below sea level to the right?
AL No. It's -- things are going to be different by 100 feet,
just based on the fault; and they could be different just based
on their lateral change relative to sone other |ocation on the
di agram

Q So is the Menphis Sand a sinple sand formation?

A.  Menphis Sand is a conpl ex geol ogical formation, with sand
| ayers and intervening |ower-perneability |ayers, and some
relatively thick and very nice sand |ayers.

Q So | forget what you called test wells. Wat did you cal
then? Test wells?

A | call them-- well, that | put a punp in a test well. |If
| don't put a punp in, | call it awhat -- if | put a punp in a
well, I call it atest well, or production well. If I don't

put a punp in it and just neasure things, | call it a
monitoring well.

Q So just explain, | guess, briefly: Wy do you drill test
wells at all?

A.  In an unknown area, you can drill a test well, and you can
| earn a tremendous amount about the geol ogical formations at

reduced expense and reduced liability. Risk, | mght say.
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Suppose | never drilled in this location at all. |

m ght decide to drill a small-dianeter hole and put in a 4- or
6-inch diameter casing with screens. O | mght, after running
t he geophysical log to the core hole, put in a 40-foot screen,
and | maght just pull it up little bit at a time, testing these
different zones in the subsurface.

Q So what kind --

A O yield.
Q -- of information could you obtain fromthe test well, as a
hydr ogeol ogi st planning wellfields or well -- individual wells?

A, Qher than first 1'd be able to interpret -- obtain

i nformation about the yield of the individual zones that I've
been testing. That is, how many gallons a mnute do I think |
coul d get out of it? | would gain valuable information about
the quality of the water in the individual zones if | tested

t hem i ndi vi dual | y.

Q kay.

A. But nore inportantly, if | enploy sonme really sound aquifer
test procedures and anal yses, | can begin to determ ne the
hydraulic properties of the aquifer.

Q Okay. And why is it inportant to know the hydraulic
properties of the aquifer at that point, before the well is
drilled?

A. Well, nodern wellfield design has to be based on really

detail ed know edge of the hydraulic properties of the aquifer

Alpha Reporting Corporation




© 00 N o o A W DN P

SR R S EE SR S S e e e e el T T = = T
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

146
In which you're going to install wellfields.

Q Gkay. And when you say "nodern," how |long has that been
around?

A Well, we've known about a lot of these techniques for

eval uating the groundwater system really, since the 1800s.

But our know edge was of a neager kind, and we had a few basic
equations like the -- like Darcy's Law and the 10 Equation, but
t he whol e science of hydrol ogy and hydrogeol ogy and aquifer
under standi ng revol utionized in the 1930s, with the advent

of -- sorry, with the publication of papers by the US

Ceol ogi cal Survey, and a nman named CB Tatis in 1939, in which
he described the inpacts on the groundwater system associ ated
with withdrawal of water.

Q Ckay. Let's nove to Slide 43. | think we've seen this
before, and | just want to ask you a few questions about it.

A 1'mready.

Q Ckay. Now, briefly again, we touched on it earlier, what
I's the potentionmetric surface?

A. Potentiometric surface is the indication of -- an

I ndication of the pressure in an aquifer at the spot where you
measure it. | measured the pressure of this aquifer by tapping
the aquifer with a monitoring well that doesn't have a punp. |
record the height of the water standing in this well, and
relate it to sea |evel

And so we relate the pressure of the aquifer, the
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potential of the aquifer, to the height of the water that woul d

rise in a well that taps the aquifer location. |If | put a well
in the sane aquifer in this location, and the water is noving,
then by definition the potentionetric value of the termnal
wi Il not be the same.
Q So can you map potentionetric pressures in an aquifer
systemor in --
A W can, and | --
Q -- hydrogeologic --
A. W can, and that's a significant thing that hydrogeol ogists
do, is to put nonitoring wells into aquifer systens, neasure
the head in the aquifer systemrelative to sea | evel, and then
contouring or evaluating the differences in head in the
groundwat er system Mainly for the purposes of determ ning
direction of groundwater flow and hydraulic gradient.
Q Ckay. So what information can get -- can you get froma
pot map in terns of direction of flow?
A Well, | don't use the term"pot nap," because it wll get
you in trouble at the university, so | use the word
"potentionetric surface map." | don't know what you're talking
about. Little levity here.

A pot map is a abbreviation of potentionmetric surface
map.
Q So potentionetric surface map?

A. Potentiometric surface map is a map indicating the
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variation in the pressure in an aquifer as a function of
different positions in the aquifer. And so once you know some
of these numbers, by putting in a well, neasuring that height
relative to sea level, and you have a bunch of those nunbers,
you can start to contour.

Contours are lines of equal pressure. And once you
have those contours, you can begin to figure out the direction
of groundwater flow in the aquifer as well as the steepness,
the inclination of a potentionetric surface.

Q Soit will help you determ ne both the direction of the
groundwater at that point in time and the slope?

A, And the slope, but it will also give you an incredibly

val uabl e piece of information about how far the potentionetric
surface is above the top of the aquifer. And later on, | hope
I"I'l talk about avail able drawdown.

Q Wil --

A.  So that number right there, the distance fromthe
potentionetric surface to the top of the aquifer, really also
| nportant.

Q Let's look at the next slide

Now, what are you showing in this slide, that's
entitled "Cone of Depression"?

A. This is a figure fromRal ph Heath, shows both the
unconfined aquifer system which | don't want to say anything

about, and the confined aquifer systemin the right-hand bl ock.
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And the major point of this discussion would be to get

across the idea that once you drill and constructed a well, if
you want to get water out of that well, the only way you can do
it is by [owering the pressure in that well. Before any
punping is done, the pressure would rise to the height of the
potentionetric surface, and is shown as this horizontal |ine

| ocated parallel with the land surface, this particular

diagram and so | abeled "Potentionetric Surface," that |ine.

Q GCkay. There's an edge of that potentiometric surface?

A. There's a what?

Q Seens like there's an edge on the surface; | nean, is that
curved line? What does that reflect?

A.  So when you put a punp in the well, and geol ogi sts al ways

I ndi cate "cubed," which indicates we are taking water out at
some nunmber of gallons per mnute; that's the flowrate. So
when you're taking water out of this well, this water level is
going to fall. \Wen the water level falls, the pressure in the
aquifer in the vicinity of the well decreases, and that causes
water to flow towards the well.

And so there are lots of inportant things about this
diagram One is, Ral ph devel oped a tendency early on in his
witing that he could showa circle to represent a nol ecul e of
water. And so all he's showing here is that a nol ecul e of
water will flow towards the well fromthis side of the well,

this side, and actually it will flowradiantly toward the well
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in this case

And so when you renove water froma well, the pressure
in the aquifer next to the well decreases, and that pressure
propagates -- pressure decline propagates outward.

Q And that's a confined aquifer?
A. This is a confined aquifer.

And the net result is a lowering of the potentionetric
surface, in this case well above the top of the aquifer. And
It has the shape of a cone.

You really can't see it here so much, but you can
imagine this thing is a three -- as a three-di nensi onal
theoretical feature, and it's cone-shaped; it's roughly
circular in this case, centered on the well. And it represents
a lowering of the pressure in the vicinity of the well. And
hydrol ogi sts call it the cone of depression, but it's the cone
of depression in the potentionmetric surface. Goundwater flows
in the direction of decreasing total pressure.

So | ook, the pressure here now, which was at the
original and potential surface, is [ower, but the pressure here
Is even lower. So groundwater flows in the direction of
decreasing pressure; it nmust flow fromright to left towards
the well.

The opposite is true over here. The pressure here is
high -- I'"mtalking about the |eft-hand side of this diagram--

and the pressure here is lower. So groundwater will flow in
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the direction of decreasing pressure towards the well.

Q Okay. So the well is creating negative pressure in the
area of the punping?
A. It's reducing the pressure.
Q Okay. The pulling down of pressure, and it's pulling that
wat er out of the confined aquifer?
A, Right. But the flowis not |ike here; the flowis down
here, in the confined aquifer. But the pressure surface, which
you really can't see unless you put in the well, is above the
aqui fer.
Q But why isn't the water comng out of the confined aquifer?
| don't see any water comng out of that -- the aquifer; | just
see the dotted lines involved.
A. The water is flowing in this direction in response to
punpi ng, entering the well and going up to the punp. And the
punp is stabilizing the water |level here for a time, and
probably increasing with increasing punping time. So water is
com ng out of the confined aquifer and | eaving the well.
Q What does "drawdown" mean?
A.  "Drawdown" is a hypogeol ogical termused specifically and
often to hydrologists to represent the difference in pressures
at different distances, specified distances and specified
tines.

For exanple, if I've just punped this well at

300 gallons a mnute for four hours at a distance of 12 feet
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fromthis well, | could neasure the difference between the

original potentiometric surface and the potentionmetric surface
that the cone can calculate that in feet. And I mght say,
"Wl |, the potentionetric surface has been | owered at that
di stance, at that punping rate, at that time, by four feet."
Q ay.
A. That's called drawdown. Drawdown in a cone of depression
Is greater near the well and |ess further and further fromthe
wel .
Q Ckay. So the change in pressure created by the punping of
the well is pulling water in fromall directions toward the
wel | ?
A.  Yes, in the confined aquifer.
Q In the confined aquifer.
A.  Yeah.
Q Now, what is total available drawdown?
A Total available drawdown is a very inportant hydrol ogical
concept that says nmeasure the pressure surface relative to the
top of the aquifer --
Q Ckay.
A.  -- and convert that nunber to feet.

For exanple, if sea level is here, and the
potentiometric surface is above sea level, and the top of the
aquifer is 60 feet above sea |evel, 100 mnus 60, there woul d

be 40 feet of total available drawdown. Total avail able
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drawdown is sinply the distance fromthe potentionetric surface

to the top of the aquifer

Q How does it affect the amount of water you can punp out of
a well?

A. That's a really great but conplicated question. And in the
great Tar Heel state, we're not allowed to punp water |evel

over the top of our aquifer. So if we use that as an exanpl e,
if | put a punp in this well and | continue to punp the water

| evel down, I"'mgoing to be [imted in terns of how nuch | can

punp the water |evel down in ny state to the top of the

aqui fer.

So if I know how many feet that is, if it's 40 feet or
100 feet, it's sonme nunber, | know how nuch | can | ower the
water level inm well. And I'mgoing to assune the water

|l evel is going to be lowest in nmy well, unless depressed
out side the wel |

So then I"'mgoing to calculate something called the
specific capacity of the well; that's how nmuch water you can
get out of a well at a given flowrate, relative to the
drawdown at a specific time and specific distance.

| knowit's a lot.
Q Ckay. But let's just pause for a second, and we'll come
back to this, nmaybe.

Wthin that cone of depression, if | drop another

well, can | recover as nuch water as | could before this well
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was put in?
A No.
Q \Wy?

A.  You reduce the total available drawdown. So you're saying
iIf | put -- would have put in a well right here, at the
| ocation of this level arrow --
Q Yes, sir
A. -- the total available drawdown at this location, if | put
I n another well within the cone of depression, that's been
reduced by the difference between the original potentionetric
surface and the position of the cone of depression at that
di st ance.
Q Ckay. And so dropping the pressure down to the confined
aquifer within the area of the cone of depression of that well,
| have reduced the amount of water soneone el se could punp out
of it?
A.  The maxi num anmount they could punp out.
Q Gkay. Thank you.
A Yep.

THE COURT: | think we'll stop for a short recess.
W'l have a ten-mnute recess.

(Recess)

THE COURT: You may proceed with your wtness.
BY MR ELLI NGBURG
Q Are you ready, Dr. Spruill?
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A Yes.

Q On, okay.

Dr. Spruill, earlier we tal ked about how you
determ ned the direction of groundwater flow at an unconfi ned
aqui fer at sonme point. And | don't want to revisit that. But
It looked like | forgot to ask you about how you determ ne the
flow on direction of groundwater in a confined aquifer, and if
that's different than an unconfined aquifer.

A. In a confined aquifer, if you want to determne the
direction of groundwater flow, you need at |east three wells,
In ny opinion, that do not have punps in them called hydro
well's, in which you neasure the elevation of the water in the
monitoring wells and then the head, and then you can start to
get a feel for direction of groundwater flow That gives you a
general understanding of which way groundwater is flow ng.

If you want to determne the direction of groundwater
floww th any reasonabl e degree of accuracy, it requires a
fairly large nunber of nmonitoring wells, or a nonitoring well
network, such that you can neasure the head at each of those
wel I's and the pressure at each one of those wells, and then use
those data to determne direction of groundwater flow.

Q So what influences the direction of groundwater flowin a
confined aquifer?
A Alot of different things. The inclination of the aquifer,

its dip, relationship between recharge areas and di scharge
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areas woul d be two of the key factors. The anount of recharge

that you get into the aquifer within control flow through the
aqui fer, and under nonpunping conditions you can establish a
state of equillibriumin which water flows fromthe recharge
areas to the discharge areas, say, at an inclined aquifer
system

So those woul d be some of the factors that would
control the direction of flow
Q Can you -- have you devel oped an opinion, based on
everything you studied, of the flow direction of the
groundwater in a confined portion of the M ssissippi aquifer
system before it was ever punped?
A.  The M ssissippi Enbaynment Aquifer Systenf
Q Yes, within the State of M ssissippi
A. | would have to describe it in the general terms indicated
on an earlier illustration for the entire Enbaynent; that
basically water flows fromthe outcrop areas to the east, with
a generally westward groundwater flow pattern, increasing
downward into the aquifer before the -- before there's a
transition from downward novenent to upward nmovenent towards
recharge areas to the west, or even to the south.
Q And within that confined portion of the aquifer system
within the State of Mssissippi, | think you' ve given us sone
estimates of how long it takes the groundwater to nove?

A.  Yeah. |I've indicated several times that groundwater noves
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really, really slowy, and its long path fromrecharge to

di scharge areas could be -- could literally be thousands or
tens of thousands of years.

Q GCkay. And so that would be true without regard to which
direction that water was flow ng, wouldn't it; that it would be
under natural conditions, that it would take nmany, many years

to cover short distances? |s that correct?

A Correct.
Q Thank you.

Now, you said that -- you tal ked about a discharge
area. Does the water in the confined aquifer under -- or did

the water in the confined aquifer under natural conditions
ultimately discharge fromthe State of M ssissippi?
A, Yes. Water that knows the aquifer -- hydrologists are fond
of saying what goes down nust come up; water that goes down
into these inclined aquifers eventually discharges fromthose
aqui fers. Some discharge |ocation could be a creek or river.
It could ultimately be an area near the ocean
Q Wth regard to substantially all of the water in the State
of Mssissippi in the confined aquifer, when it enters -- does
the water under natural conditions -- strike that. Let's start
over.

Under natural conditions, when we talk about
equi librium what are you talking about?

A.  Oh, an interesting concept of a balance in the groundwater
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system Ceol ogi sts woul d say that when a groundwater systemis

In steady state, that the anount of water entering the
groundwat er systemis bal anced by the anount of water exiting
the groundwater system So the equipotential surface renains
relatively constant through tine.

So that doesn't nean that you can't have an increase
in wet periods and a decrease in dry periods. But effectively,
a nonpunp groundwat er system disregardi ng any major changes in
precipitation fromtime, wll be in balance, and we say that
the recharge i s bal anced by the discharge, so the equipotentia
surface of the water table would remain relatively constant
through tine.

Q So absent, in the State of Mssissippi, or absent punping,
the groundwater in the confined aquifers in the State of

M ssi ssi ppi and Northwest M ssissippi would remain as an
essentially constant amount of groundwater, varying with, as
you said, the weather and all; but if you | ooked at the
pressures in the confined aquifer, they would not be changing
material over time. |s that correct?

MR, BRANSON:  Your Honor, objection. W've tried to
be very spare with our objections today, but he's |eading the
witness with these types of questions, and we'd ask for a nore
open-ended questi on.

THE COURT: (I naudi bl e)

(Reporter interruption)
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MR ELLINGBURG The judge instructed me not to | ead

him is that right?

THE COURT: We of course know we're not before a jury,
so it's not so bad. But when that objection is nade, let's try
to obey it.

MR ELLINGBURG | understand. And thank you.

BY MR ELLI NGBURG

Q I'mtrying to understand what you see bel ow the surface in
the groundwat er system before any punping was taking place
within the State of Mssissippi. And could you try to make
that clear for me, because |'mnot -- obviously not learned in
all this.

A. If you had a -- an aquifer, and it was at equilibrium so
that the anount of water entering the aquifer is about the
amount of water |eaving the aquifer, and on any given day that
aquifer had a billion gallons of water in its pore spaces, you
woul d say that enough water would have to enter the aquifer and
exit the aquifer on a daily, nonthly, yearly basis to nmaintain
that constant volume of water within the aquifer.

Q And with regard to the specific confined aquifer systemin
North M ssissippi, would you expect over the |ast several
hundred years for that volune or that |evel of potentionetric
surface to change materially, absent punping?

A.  Absent punping? No.

Q And why is that?
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A, \Well, absent punping, a groundwater systemwould -- in the

absence of significant climte change, |ike changes in
precipitation -- be in a balance, where the amount of water
entering the aquifer is balanced by the amount of water exiting
the aquifer. W would say discharge is balanced by recharge,
and we woul d have a relatively constant volume of water in the
aqui fer as the water slowy noves fromthe recharge areas
through the confined aquifer to the discharge areas.

Q And again, you're defining "slowy" in terms of what?

A I'malways defining "slowy" in ternms of groundwater
velocities, which are neasured in inches or fractions of a
foot --

Q Wich converts to thousands?

A -- a day.
Thousands of years of travel tinme.
Q kay.
A R ght.
Q But the water -- but the systemis, unless soneone

Intercepts that water that woul d otherw se be discharged; then
that water is going to remain in that systenf
A. R ght.
Q Thank you.

O at |east that volume of water, because the specific
mol ecul es are turning over in this process?

A. That's the point. |[It's not the same nol ecul es of water;
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It's the same nunber of nolecules of water. ot
Q Thank you.

Now, before punping, is there another groundwater
formation in Mssissippi to which the confined aquifer woul d
di scharge water?
A I'msorry, | didn't understand that question.
Q | said is there another aquifer systemthat a -- above the

confined aquifer involved in this case to which that natural

di scharge woul d go before it was ever punped?

A If we're talking about the Menphis Aquifer and the Sparta
Aqui fer of the Mddle O aiborne hydrologic unit --

Q Yes.

A -- it's overlain by confining |ayers and other potenti al
aqui fers that would receive water by upward nmovenent in

di scharge areas in response to those head gradients, so water
can flow out of the confined aquifer upward, across confining

| ayers and other aquifers, before it's ultimately discharged.
Q Ckay. What aquifers overlie the area near the M ssissippi
River in the State of Mssissippi that would ultimately receive
groundwat er that was being discharged, if it were not

I ntercepted, and that are commonly used?

A. In Tennessee or M ssissippi?

Q In Mssissippi.

A. In Mssissippi, on top of the Sparta Sand Aquifer, there is

the Mddle daiborne confining unit, and its geol ogi cal
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formation is the Cook Mountain Formation, and it's consi dered

to be a confining unit. Above that in Mssissippi is a
relatively thin aquifer called the Upper O aiborne Aquifer.
And its geological formation is called a Cockfield Formation.
And then there's the Jackson Formation and the Vicksburg
Formation, both of which are considered confining |ayers.

And on top of that, in sone places there is a
relatively young sedinentary sequence called alluvium that's
really related to nore recent geological tines and association
with deposition relative to Mssissippi -- the Mssissipp
Ri ver systemand its changing position through tine.

Q Is that the Mssissippi Alluvial Aquifer?

A It's called the Mssissippi Rver Valley Alluvial Aquifer,
in ternms of the hydrogeologic unit. And the geol ogical
formation woul d be called alluviumterrace and deposits.

Q Thank you. So before punping this water we're talking
about, that had noved through the thousands of years and was

ultimately discharged, was sone of it going into that alluvia

aquifer?
A. | believe that it is.
Q ay.

A.  The geological reports that |I've seen show some di scharge
upwar d across confining layers and into the M ssissipp

Al luvial Aquifer and in tributaries and into M ssissippi.

Q Thank you.
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Now I' m going to nove back to the cone of depression.

And ny question here is whether the -- the radial extent away
fromthe well and the cone, can that radial extent be
reasonably estinmated or cal cul ated?

A.  Yes. It can be kind of generalized. For exanple, at a

gi ven punping rate, the cone of depression in an unconfined
aquifer will generally be not as large radially as that in a
confined aquifer, and you can sort of generalize depths of the
cone of depression in that way. But the best way to determ ne
the configuration, size, and shape of the cone of depression is
fromeither determning directly, by having an adequate number
of observation wells near a production well, and/or calcul ate
It using nodern equations.

Q GCkay. And the calculations are dependent on the -- on the
amount of information you have, and they are a kind of a
honogeni zati on of everything within the cone, | would think?

A, I'mnot sure what you nean, but you can't calculate the

si ze and shape of the cone of depression unless you know the
hydraulic properties of the aquifer in the vicinity of the well
that you' re tal king about, or the aquifer that you're talking
about .

Q But if you know those hydraulic properties and that cone of
depression and the size of it, the reach, if you will, fromthe
wel | out are you able -- could that be reasonably cal cul ated?
A Oh, yes.
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Q Now, how do you do that?

A, |'mnot sure what your question is. Do you nmean how do you
get the answer to the question of what are the hydraulic
properties, or how do you calculate it once you know then? The
hydraul i ¢ properti es.

Q | think you said you have to determ ne the hydraulic
properties, so | guess, how do you determ ne the hydraulic
properties?

A. Ckay. M opinion is that you can | ook at a geol ogica
material and estimate its hydraulic property, at |east one of
them that's called pernmeability. But the way that hydraulic
properties of aquifers are determned are fromnodern tests
that we call aquifer tests. Aquifer tests involve putting in a
production well and renmoving water fromthat well at constant
rate, and nmeasuring the rate of decline of water level in that
wel I, and know ng the rate of decline and the punping rate.

You can cal cul ate one of the inportant hydraulic
properties, called transmssivity, in the aquifer. But
transmssivity of an aquifer can be calculated directly and
determned directly froma test in a single well, single
production well; but if you really want to determ ne the nature
and extent of the cone of depression, you also have to
determ ne sonething called storage coefficient.

Storage coefficient cannot be determned froma single

well test. In other words, you can't put in a production well
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like the one I'mpointing to, of this diagramon page 44, and

test it at constant rate and determ ne storage coefficient.
I nstead, you have to have that well, and another one that wl|
be in the cone of depression, that's used to monitor the rate
of decline of water level in that well in response to a
constant rate withdrawal of water fromthat production well.

So we need a production well, and a monitoring well
nearby. And fromthose data we can cal cul ate storage
coefficients. Arnmed with transmssivity and storage
coefficient, we can calculate the theoretical limt of the cone
of depression, and you can tell me how | ong you want to punp
that water; in other words, if you want to punp it for one day
or one year, | need to know that before | can cal culate how big
the cone of depression is.
Q \What is perneability?
A. Perneability is a termthat geol ogists use generally, but
prefer a better term called hydraulic conductivity. But 'l
just use the word "perneability."

Perneability, or hydraulic conductivity, is the -- is
a measure of the ability of a naturally occurring material in
this case to transmt water. |It's a nmeasure of the ease with
which that material transmts water.
Q Do different naterials have different perneabilities?
A. One of the things that fascinates me nost about hydraulics

Is that permeability of naturally occurring nmaterials varies
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over 12 orders of magnitude. | find nothing else in nature

that has that much variability as a single concept.

Hydraul i c conductivity, as shown in this slide.
Q Now, you just put a slide that's titled "Igneous and
Met anmor phi ¢ Rocks"?
A. No, that's not the title. That's a category within the
body of the feature. This is a figure from--
Q No surprise: Ralph?
A And it shows different rock types and different sedinment
types as a function of a quantified permeability, a neasure of
permeability,.

So | can give you a couple of exanples.
Q ay.
A Onthis axis, there are different ways that geol ogists dea
with these units. They're units of netric meters per day,
they're units of standard unit speed per day, and they're old
units by the US CGeol ogic Survey, gallons per day per foot
squar ed.

|"mjust going to focus on units of feet per day --
and by the way, it's not velocity; it looks like it, but it's
not .

The ability or the ease with which water flows through
naturally occurring materials is defined wth a nunber, and
that nunmber has units of feet per day; but it's really a vol ume

of water that can be transmtted through this material under
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certain conditions. And they give you an indication of that, a

material that we call clay, and we all renmenber is |less than
1/256 of a mllimeter, has a perneability on average of 10 to
the -6 and 10 to the -7 cubic feet of water that can pass

t hrough --

(Reporter interruption)

A I'ma sinple guy; it's a measure of the volume of water
that can be transmtted through the material. One times 10 to
the -7 cubic feet of water is a thinbleful of water. [It's not
much water at all; you can hold it in the pal mof your hand.

So that's one tines 10 to the -7 cubic feet of water
woul d be transmtted by a clay. If you take the sanme anmount of
earth material and nake it a | ean sand, or coarse sand, meaning
all the particles are about the same size, 10-squared cubic
feet of water woul d pass through that sane area of the
material .

So sand has a perneability one, two, three, four,
five, six, seven, eight -- nine orders of magnitude higher; it
has nine orders of magnitude greater ease of transm ssion of
water than clay. Cay, then, doesn't easily allow water to be
transmtted through it. But it's not inpernmeable; it's just
very restrictive.

And so this is the concept of perneability, the
ability of a naturally occurring material in this case to

transmt water.
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Q So what is storage coefficient? You mentioned that

earlier.

A. Storage coefficient is the thing that separates

hydr ogeol ogi sts from wannabes. Storage coefficient is the nost
difficult concept that you can possibly imagine, because in
confined -- can we go back one slide?

In confined aquifers, when we take water out of these
pore spaces and the water flows to the well, the pore spaces
are still completely filled with water. Wen we take water out
of a confined aquifer, the pore spaces are still conpletely
filled wth water. Wich is absolutely fascinating to ne.

And so what we've learned is that the water in these
confined aquifers is under pressure; and in a given vol une,
then, in the aquifers, in a given volune there's nore nol ecul es
of water, because the water is slightly conpressible; just Iike
air is conpressible, water is slightly conpressible.

So in the pore spaces down there, we can put a bunch
of extra nolecules. And when we |ower the pressure, the water
expands. W can take a few of those extra nol ecul es out.

| would give the analogy of a car tire, a car tire
that has 15 pounds per square inch of air init, thus its
pressure is filled with air. You can put some nore air in that
car tire, and it's still filled wth air, and you can jack the
pressure up to 30PSI. How do you do that? You just conpress

the nmolecules a little bit. But if you'll recall, when you put
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more nmolecules in atire, the tire gets a little bit bigger.

So in an aquifer --

Q A confined aquifer?

A. In a confined aquifer, the water is under pressure. And
that pressure allows nore water nolecules to be in a given
volunme, but it also pushes the grains a little bit apart, and
now there's nore space for those water nolecul es.

So it wasn't recognized until the 19- -- late '20s and
1930s in this country that aquifers are elastic and that water
Is slightly conpressible, and that you can put nore into an
aquifer and take water out of a confined aquifer and it wll
still be filled with water. You can put some nol ecul es of
water already in a confined aquifer. [It's full of water; just
put sone nmore in it. You can do that by conpressing the water
and noving the grains apart just a little bit.

So in answer to your question, |'msorry, we have cone
to understand that storage coefficients for an aquifer is a
nunber. It is the volune of water that you can put into the
pore spaces or take out of the pore spaces for a given vol unme
of the aquifer per foot of head change. If you want to take
wat er out of the pore spaces, |lower the head. |f you want to
put water in the pore spaces, increase the head.

We put water in the confined aquifers all the tine
that are already filled with water, and we just pack them ful

of nol ecul es of water.
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Q kay. So was that the area of the cone of depression, even

t hough if you looked at it, it's still filled with water, there
is in fact less water than there was before? |Is that correct?
A, Absolutely true. There's less water within the cone of
depression and those pore spaces than there was before the cone
of depression generated, but the pore spaces are still filled
with water.

Q Rght. Andis that why the total available drawdown you
described earlier is |ess; you can produce |less water than you
coul d have outside the cone of depression within the cone of
depressi on?

A. In effect, yes.

Q Ckay. Sir, can you -- to determne the size of the cone of
depression, do you need a storage coefficient?

AL My opinion is that if you want to determne the size of the
cone of depression at a specified tine, you have to have the
storage coefficient. There are ol der equations that say, "I
can tell you what the size of the cone of depression is going
to be way out in the future, when everything is stabilized."

But if you ask ne, how big is the cone of depression after one
day or ten days or a year, you have to have the storage
coefficient.

Q GCkay. And do you need actual punping infornmation?

A.  You need information fromaquifer tests that accurately

give that storage coefficient for the region in the vicinity of
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the well.
Q Thank you.

Ckay. |'mgoing to show you anot her document which
on the bottom indicates that it is taken from--

A.  This one up here? On.
Q At the bottomit says "Distance fromcenter of punping in
Lichterman wel Ifield in feet."

No, that's not the next one? Going back. | mssed
one. (kay.

This one says "Wl lfield design." Could you explain
this to me, and how you use it, and what it's used for.

A, Yes, sir. This is another figure fromHeath, and -- who
woul d have thunk it? Living with this figure, because this is
the basic tool that you use to design wellfields; that is, the
areas conposed of one or nore wells.

And so what you would do in this case is actually use
the value of transmssivity for an aquifer and storage
coefficient for an aquifer. And if | said to you, "Well, I'm
going to tell you the size of the cone of depression after a
tinme of 365 days," | could calculate, using a real sinple
equation, this nunber.

And this nunber, which |'ve called R-subzero, or
radi cal R-subzero, is 90,600 feet. And so if | punp an aquifer
whose hydraulic properties are 5 000 feet square per day for

transmssivity, and 5 times 10 to the -4 per storage
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coefficient, for one continuous year, the cone of depression

woul d extend outward at a honogeneous and isotropic acclimte
to 90, 600 feet.

And so that's the first aspect of this design, is that
the calculation is done to get that nunber, which I then apply
here at 90, 000 feet.

Q kay. And so --

A. 90,000 feet is about 19 or -- 19 to 20 mles.

Q So that shows the distance of the cone fromthe well or the
wel | fields?

A.  Yeah, so -- yes. It would say if I put a well at this

| ocation, or at any location, the distance to the place where
there woul d be no inpact, theoretically, would be 90,600 feet,
equal to R-subzero.

Q And that's under stated specific properties?

A.  Yeah, you change these nunbers and change this time, you
change that val ue.

Q So all those things -- so it all depends on the specific
geology within the area of the cone?

A. Depends on the hydraulic properties in the vicinity of the
cone.

Q And how did you say you can determne those?

A. You put in a production well with an observation well. You
have to have that observation well. Punp that well probably

for 24 hours, and the presence of that observation well,
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measure the rate of decline. Use the Tatis -- T-A-T-1-S --

nonequi | i brium procedures devel oped in the 1930s to calculate T
and S for any time -- sorry, to calculate T and S, and then you
use nodifications of that equation to cal cul ate R-subzero.

Q Gkay. Thank you.

Now ' Il ask you to go to the next slide. So could
you explain to the Court what this slide shows.

A.  This is another of those plots, and |I'msorry, on the
previous plot | failed to point out that this scale is a
| ogarithmc scal e.

So here is a graph showing distance fromthe center of
a punping well -- this happens to be in the Lichterman
wellfield -- in feet. So it says, okay, if you're 1,000 feet
away froma punping well, or 10,000 feet or 100,000 feet away
froma well, and that well is punping, how big would the cone
of depression be?

And so we've said so far that the theoretical size of
the cone of depression, its radius or dianeter is a function of
transmssivity, storage coefficient, and time. But the cone of
depression has another dinmension, and that's its depth. How
much drawdown do you have in the well, or in the aquifer next
to the well? And that is a function of the punping rate in
gal | ons per mnute.

And so here's an exanple fromthe literature report

back fromthe 1960s on the well that was punped that
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Lichterman -- or some theory about it, that says that if you

punp a well at 6,000 gallons a mnute, which is a really high
punping rate, the cone of depression, the drawdown w |l extend
outward to about 100,000 feet. And at a distance of about --
1,000, 2,000 -- at a distance of 3,000 feet, you'd have about
22 feet of drawdown.

The cone of depression would extend outward to
100, 000 feet, and this is the amount of drawdown you woul d have
at the 2,000 feet; but if you increase the punping rate to
14,000 gallons per mnute from6,000 gallons per mnute, it
doesn't influence the theoretical Iimt of the cone of
depression. |t causes nore drawdown at the well and
| mredi ately adjacent to the well.

So at 1,000, 2,000, 3,000 feet, instead of having
22 feet of drawdown at 6,000 gallons a mnute, at the same
di stance, 2,000 feet, you would have 55 feet of drawdown.

So the cone of depression size is independent of the
punping rate. The depth is a function of the punping rate.
Q Now, | think earlier you testified what transm ssivity was;
Is that correct?
AL W didn't say nmuch about it. | used the termbut didn't
tal k about it very much, so I tal ked about the term
"permeability" or "hydraulic conductivity."

And that's a really great term but it indicates how

much water would flow through a small cross-sectional area of
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an aquifer. So hydrologists found it nore convenient to say,

"Well, let's just multiply the perneability." That's that
thing that varies over 12 orders of nagnitude by the thickness
of the aquifer

So transmssivity is equal to hydraulic conductivity
or permeability times aquifer thickness. In hydrology, we
say -- and | think ny students menorized -- TKB, Tis
transmssivity, K --

(Reporter interruption)

A. K, hydraulic conductivity, times B, aquifer thickness.

So you inmagi ne how nuch water would flow through a
little cross-sectional area by how nmany cross-sectional areas
there are. That's the thickness of the aquifer. It's a better
measure of the ability of the aquifer to transmt water than is
just perneability.

Q Based on that, is the Sparta Sand in M ssissippi either
more or |ess transm ssive than Menphis Sand is?

A |If you assune equal perneability in the Menphis Sand and
the Sparta Sand, because the Sparta Sand is thinner, it by
definition has a lower transmssivity. M studies show that
fromthe literature, that there's also a difference in
perneability in sone parts of the Sparta and Menphis Sands. So
the Menphis Sand generally has a higher trans -- sorry, higher
pernmeability than does the Sparta Sand.

So if you conbine those two factors for the Sparta
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Sand -- reduced thickness, reduced perneability -- it has a

| ower transmssivity than the Menphis Sand.
Q Thank you.

And | think you said that as you increased punping
rates, the -- what happens isn't so much the extent of the cone
as it is the amount of total available drawdown reduction; is
that correct?

A.  The theoretical limt of the cone of depression, its

di ameter, independent of the punping rate. It's a function of
transm ssivity, storage coefficient, and how | ong you' ve been
punpi ng.

Q Andit's 19 or 20 mles, generally?

A. For a lot of confined aquifers, that's a good starting
nunber, yeah, 90,000 at the end of a year of punping.

Q Ckay. Thank you.

So what is a wellfield?

A Awellfieldis one or nore wells drilled for the purpose of
suppl yi ng water demands of sone organi zation -- individuals or
organi zation. So it is in effect one or nore wells.

Q So what is wellfield design?

A Well, wellfield design, as | envisioned it, isa--is a
process of |earning everything you can about an aquifer: |Its
depth, its thickness, its permeability, its storage
coefficient; all those properties. Its water chemstry.

And arnmed with that information about its hydraulic
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properties, it's designing one or nore wells that wll L
col l ectively produce the volune of water needed by the client,
while mnimzing the inpact to the groundwater systemor the

| mpact to adjacent property owners.

Q Gkay. Are those inpacts something that you al ways factor
into your wellfield designs?

A. | certainly -- | certainly try. |It's a fundanental part of

wel I field design, as | |earned from Ral ph Heat h.

Q Is the creation of the cone of depression something you
take into account when you are engaged in wellfield design?
A.  You have to understand the size and depth of the cone of
depression to do an adequate job of wellfield design. And
that's because when you drill one or nore wells, if one well
happens to be within the cone of depression of the other, you
have to factor in well interference.

Q So we've put up another slide. Does this slide address the
| ssue of cone -- or well interference?

A Yes, it does.

Q And could you tell us what it shows.

A. This slide fromRal ph Heath is designed to illustrate the
concept of well interference inits sinplest form So this
upper slide, the slide is divided into two parts: An upper
sequence and a | ower sequence. And in the upper sequence,
we're showing a confined aquifer in blue, with arrows init.

And the arrows in the confined aquifer are pointing towards
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Well A indicated here, and a little bit of water shown com ng

out of it, so it's punping.
Q And this slide is titled "Wll Interference"?
A "Well Interference.”

And so the concept here is that if you punp Well A at
sone rate, it will generate a cone of depression illustrated by
the words "Cone of Depression with Well A Pumping.” And so it
will generate a cone of depression that |ooks like this, and
the cone of depression will extend out to here. |'m show ng
out to the right, under the words "Static Potentionetric
Surface."

And water will flowin the aquifer rate | eading by the
wat er standing and the aquifer materials contracting. And
we're taking the water out of the aquifer, but the pore spaces
are filled.

And so imagine that you turn on Wll B, Wll B, and
Well A was not on. Well B, if this aquifer is the same across
this area, Wll B would create a cone of depression that is
I dentical, if you use the same punping rate and punp it the
same amount of time. And so the cone of depression, if Wll B
were punping and Well A were idle, is the dash |ine.

What's critical about wellfield designis this: |If
you go to put two wells, one within the cone of depression of
the other, you have to know how nuch drawdown is going to occur

at each of these wells caused by each of the other wells.
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| can illustrate that in this real sinple way: Well A

punpi ng causes that much drawdown -- |'mindicating the
di stance between the potentionetric surface and the
potentionetric surface for Wll A

Vel | B punping causes the sane anount of drawdown as
Wll A Halfway between the two wells, Well A causes a
substantial anount of drawdown; Well B causes the sane amount
of drawdown. And so the resultant -- we call it the resultant,
t he conbination of those drawdowns, is shown in the second
di agram

And so instead of just having this punping water |evel
inthis well, I'"ve got to add the additional drawdown in Well A
caused by pumping at Well B. And so the drawdown wll be
lower. And it's designed to showthat in this second or bottom
sketch, that Wll A the drawdown is lower in that well --
greater in that well than it is in Wll A punping al one.
Q Go ahead. |Is there anything you can do to mnimze the
radi al extent and the depth of a well's cone of depression?
A, As a factor in wellfield designs, or --
Q Yes, we're still on wellfield design
A, kay. So the closer you put these wells together, the
cl oser the spacing of these two wells in this theoretical
wel | field design, the greater the drawdown that is caused at
each wel .

So if you want to mnimze the depth of the cone of
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depression, one of the things you can do is nove the wells

further apart. By noving the wells further apart, you mnimze
t he amount of drawdown in each well. That doesn't mnimze the
size of the cone of depression; it mnimzes the depth of the
cone of depression.

So that's one thing you can do. So you're asking,
what can you do to minimze the cone of depression?

Q The extent and the depth.

A. Ckay. Mnimzing the extent of the cone of depression is
different frommnimzing the depth of the cone of depression.
So if you'll allow, I'lIl just take themone at a tinme.

If you want to mnimze the extent of the cone of
depression -- that is, R-subzero; how far it extends out from
the well -- punp the well for a shorter time period. You can't
change the transmssivity or storage coefficient of the
aqui fer, but you can reduce the punping time. How big the cone
of depression is is a function of T and S of the aquifer and
how [ ong you punp it. The longer you punp it, the bigger it
gets. Reduce the punping tine, you reduce dramatically the
theoretical limt of the cone of depression, or its radius.

If you want to reduce the depth of the cone of
depression, or the drawdown that you have in these individual
wells and the aquifer in the vicinity of the wells, then there
are lots of things that you can do. You can nove the wells

further apart. You can punp the wells at a | ower punping rate,
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measured in gallons per mnute. You can alternate the wells,

so that one's punping for a while, and then you turn it off and
| et the other one punp.

Those are sone of the key things that you can do to
mnimze the nature and extent, the size and the depth of the
cone of depression.

Q In an aquifer system or a hydrogeol ogic system where you
have multiple formations, can you do anything to reduce the
size or the depth of the cone of depression?

A, I'mnot sure what you're asking. But if you have at your
di sposal nore than one aquifer, or nore than one perneable zone
in an aquifer, you can mnimze the size and the shape of the
cone of depression by devel oping some of your wells in
different parts of that aquifer, or wells in different
aquifers. And that would certainly mnimze the cone of
depression, conpared to putting two wells, one inside the cone
of depression of the other.

Q Now, once the cone of depression has been created, is it
possible to shrink it?

A Yes, it is.

Q Wiy is that?

A. Because of the natural recharge of aquifers. So if the
operation of a well is such that a cone of depression has been
generated, and the aquifer hasn't been harmed -- that is, it

hasn't been punped so hard that the grains of sand, for
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exanple, can't -- can't be pushed apart again; that is, if it's

conpressed by too nuch punping over a long period of tine --
unl ess that's happened, when you stop punping, the rate of
water |evel recovery, the rate at which the pressure wll
return, is a sort of reversed imge of the rate at which it
declined, associated with the onset of punping.

And so the cone of depression will recover itself in
an anmount of time nore or |ess equal to the anount of time it
took to devel op that cone by punping.

Q Do you have any specific exanples where this has been done
that you were directly involved in?

A.  The best exanple | would give, and the one |I'm nost proud
of is the Central Coastal Plain of North Carolina, where they
produced literally hundreds of feet of drawdown in a really

| arge cone, and as a result of the efforts -- mainly | could
credit Ralph Heath; | was the spokesperson, but he was the
brains -- we convinced the State that that wasn't a tolerable
situation. And so the State stepped in and said, "Ckay, in
this multicounty area, you got to stop punping so nuch water
fromthe aquifer.”

So we said -- so the State said, "How much do we need
to stop punping?"

And we said, "75 percent reduction in the volume that
you' re taking."

And the water purveyor said, "Unfunded mandate,
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unreasonabl e expectations."

So we said, "Ckay, let's do it over a 16-year period.
Let's start reducing 25 percent, another 25 percent, another
25 percent, until we got to 75 percent.”

And as we reduced our reliance on that aquifer, under
State mandate, the water levels recovered, and are continuing
to recover today, sone 20 years after inplenmentation, or
17 years after inplementation, | think, of that program

So, yes, we got a lot of recovery early, and we're
still continuing to recover. But what that required is that
peopl e who were using that particular aquifer -- and it was all
of us in the Central Coastal Plain -- had to find alternative
sources of water
Q Using another aquifer or surface water?
A, W went to surface water in some cities, other aquifers in
other cities, and devel oped alternative sources of water
because of the requirenment that you can no |onger punp that
volume of water fromthat aquifer or those aquifers.
Q In your work in this case, have you been becorme famliar
with the groundwater production activities of M ssissippi
Light, Gas & Water?
A 1've studied it as much as | can.
Q Could you give us -- could you provide us kind of a brief
overview, then -- | think you put some slides together on this?

A A brief overview
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Q Tell us what's the first slide -- go ahead. Gve the brief

overvi ew.

MR, BRANSON:  Sorry, your Honor. Before we get into
this, we wanted to renote our relevance objection to this. |In
reliance on your ruling in this case, we have not focused our
di scovery on MLGN's punping activity. So we think it's
prejudicial to allowit in. It's not relevant. If it is going
to cone in, we'd ask for a continuing objection and have the
ability to nove to strike it.

THE COURT: And |I'msure what the -- go ahead.

Anyway . ..

MR ELLINGBURG This is clearly relevant, because
Menphi s and Tennessee, and Menphis Light, Gas & Water, have all
taken the position that if you punp anything in Tennessee, it
necessarily takes water out of Mssissippi. And it is
fundanental -- that's fundamentally scientifically
unsupportabl e.

And that's one of the things we've been building up
to, is this point. So the punping that was done by MLGN and
the way that punping was increased, and the way it located its
wel | fields, shows that that was an -- and the rest of the
testinony | believe will show that that was an avoidable -- and
| think that you can't -- they can punp the water. It doesn't
necessarily have the inpact.

And this case is not about the sand; it's about the
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water. And our position is that they have taken M ssissippi

water. They say, "Well, it's not Mssissippi water, because if
anybody punps, M ssissippi |oses water."

That's just not so. So it is relevant.

MR L. BEARVAN: | want to join in with the objection,
your Honor, and point out an additional point. This is well
beyond the scope of the pleadings and beyond the scope of the
| awsui t .

THE COURT: So | agree -- I'mgoing to overrule the
objection that you nake, put it in subject to it being
stricken.

MR, ELLI NGBURG  Yes, your Honor.

And | will point out one thing at this juncture in
response to M. Bearman's statement. The order entered of
Court, which has been characterized by defendants with sone
liberality, specifically says that evidence which you woul d
envi sion could be relevant would have to be with historical
flows of the water.

Now, the historical flows of the water, as we have
been show ng, laying the foundation to show, is directly
I npacted by the punping. And so it falls within this category
of the historical flows between states, which is one of the
comrents in your order, as long as -- as well as the geol ogy
and the hydrogeol ogy, which is what we've been focusing on.

THE COURT: Al right. You may proceed.
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MR ELLINGBURG  Thank you.
BY MR ELLI NGBURG
Q So, Dr. Spruill, you've prepared sone slides which show a

progression -- okay. You were about to give a brief overview
of the punping by M.GW --

A Ckay.

Q -- in Shelby County, Tennessee?

A. Ckay. MGN according to ny research, operates one of the
| argest artesian wellfields in the country. They w thdraw
wat er from approximately 160 wells and 10 different wellfields
in the county -- that's Shel by County -- and they have produced
over the years variable anounts of water, starting back into
the 1800s -- | don't renmenber the exact dates, but the

m d- 1800s -- producing water froma series of wells and

wel | fields, progressing up to as high as 150 mllion or so. |
think the current withdrawals fromthe ten wellfields is
probably in the vicinity of 120, 24, 23 mllion gallons of
wat er a day.

So they -- they are a large purveyor of water,
extracting water fromthe Menphis Aquifer, fromten different
wel | fields. They provide that water for the use of the people
in the region.

Q And does that cone of depression extend beyond the Gty of
Menphi s?
A. Today?
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Q Yes.

A. Cearly. The cone of depression of a single well, punping
this aquifer for a long period of tine, would extend outward --
Q Ckay. So let's --

A -- 15to 20 mles, and extend beyond the Cty of Menphis.
Q Now you've provided sone slides that show the progression
to how we got where we are today in terms of wellfields?

A kay.

Q \Wat does this first slide show?

A.  Just prepared a slide that shows that Menphis Light &

Gas -- Menphis Light, Gas & Water wellfield conprised of -- a
wel | system conprised of one, two, three, four -- four
wellfields: The Mallory, Allen, Sheehan, and MCord

wel [ fields, up to the year 1958.

Q And did you track the additional wellfields?

A | did. | thought it was very interesting to see the

hi storical devel opment of additional wellfields.

And so the next slide, from 1965, shows that in
addition to those initial four wells that -- whose nanes |
mentioned, the Lichterman wellfield was brought online, and
according to ny records the first punping was probably in 1965.
Q And what is the next progression -- now, the Lichterman
fieldis -- | think we've already nmoved to the next one, but
the Lichterman field is -- or you can see on the map, it's

| ocated closer to the Mssissippi border; is that correct?
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A. Yeah, it's -- nost of the wells are between, say, two and

four mles fromthe border between Tennessee and M ssi ssippi.
Q Now, is that the wellfield fromwhich you obtained the
information of the projected pumping, in terns of the size of
the cone of depression, from Lichternan?
A Yes.
Q kay. And so you said the cone of depression would extend
about 20 mles; is that correct?
A Rght. Rght. At the increased -- at the punping rate
projected by the USGS geol ogists that did that work, they
projected a cone of depression extending outward to
approxi mately 20 mles.
Q Thank you.

Now, what's the next wellfield?
A. The next field -- wellfield that comes online, according to
my data, is the Davis wellfield, in about 1970.
Q And is that the one that's been added to the | ower
| eft-hand corner?
A Yes, it is.
Q And then were there any other wellfields added?
A.  Yeah, at this -- about the same time, the LMGfacility --
and that would be up in the northeast corner of that facility,
right underneath the bar scale -- LM5 | think, facility cane
online, started punping around 1970.

Q And were any other wellfields constructed after Lichternan,
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in addition to Davis, close to the M ssissippi/ Tennessee 169
bor der ?

A.  Yeah, this slide shows the devel opment of a Pal ner

wel | field, somewhere around '71 or '2.

Q Now, that bright line -- the dark line across there,
underneath the Palmer wellfield, it says

"Tennessee/ M ssissippi”; is that the Tennessee/ M ssi ssi ppi

State |ine?

A Yes, it is.

Q And | think earlier M. Bearman put a map up that showed
that -- this is Shel by County, Tennessee, and inmmediately bel ow

It, where you can see the eastern boundary of Shelby County on
that slide, and then inmediately below that is DeSoto County,

M ssissippi, is that correct?

A. Correct.

Q Now, do all these wellfields punp fromthe Menphis Sand?
A, As far as | can determne, yes, they do.

Q Do they all have the same nunber of wells?

A.  They do not.

Q They don't?

A

Some have a snall nunmber of wells; some have as nmany |
think as 20 wells or so.

Q Do they all produce the same vol une of water?

A No. No.

Q Let's go to the next slide, because | think | focused on
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these close to Mssissippi, but | think there's sone nore

wel | fields there.

Wiat's the next slide? Does that show the addition of
anot her wellfield?
A |I'msorry, I"'mconfused. Yeah, this would show, | think,
the 1973 addition of the Mrton wellfield.
Q Wiichis to the north of Menphis?
A.  That woul d be correct.
Q O at least to the north of the existing wellfields.
A.  Except -- with the exception of LMG
Q Right.

And woul d you go one nore slide.

Ckay. And so does this show the addition of the Shaw
wel | field?
A Yes, it shows the addition of the Shaw wellfield in 1990.
Q And so those are the wellfields you referred to a little
bit earlier, when you were tal king about the total nunber now?
A.  Yes. Shows the ten wellfields that | nentioned earlier.
Q Now, do you know how far those three southernnost
wel [ fields are fromthe M ssissippi/ Tennessee border?
A. Yeah. | nean, I'd -- | took the time to calculate those
distances. | don't have that chart with ne, but | know
general ly how far those wells -- wellfields are.
Q Okay. And | think the parties have agreed they're

generally within two to three mles; is that correct?
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MR ELLINGBURG |Is that not the stipulation, David?

VWhat is the stipulation?

MR D. BEARMAN. | don't have it. | don't have it.

MR, ELLINGBURG W can nobve on.
Q Do you have a slide, or would you give a slide that shows
the actual Palmer wellfield?
A, The Palmer wellfield is shown as Slide 55.
Q So how many wells did it have?
A | count five wells in the Palner wellfield. And by ny
cal cul ation, these wells are about three-quarters of a mle
fromthe Tennessee/ M ssi ssi ppi border.
Q Now, do you have a slide showing the Davis wellfield?
A, This is a slide of the Davis wellfield.
Q How many wells does it have?
A. I'mconvinced that it has eleven wells. And these wells
are approximately two mles fromthe border. | don't renenmber
the exact nunbers, but about two mles fromthe border.
Q Ckay. Did you provide us with a slide of the Lichterman
wel | ?
A Yes. And this is that figure, and it shows approxi mately
20 wells. About 20 wells, and by ny calculation, these wells
range from about two to about four mles fromthe
Tennessee/ M ssi ssi ppi border.
Q Now, did you -- did you add a scale to Slide -- the slide

of the Lichterman wellfield?
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A. | did, because maps w thout scales drive me up the wall.

Q And so where did you get the information to add a scale to
it?

A | went to the USDS, found latitude and | ongitude val ues for
the individual wells, and had ny GS specialist in ny conpany

t ake those coordinates and then do our G S magic and cal cul ate
the distance fromthose wells to the border

MR, BRANSON:  Your Honor, |'d have to object to this
as well. None of this information he's cited was in his expert
reports. W haven't deposed himon this. W haven't taken
discovery on it. It sounds like he's done this after the
deposi tions.

MR L. BEARMAN. Sane objection

MR ELLINGBURG  Your Honor, there's been continuing
work on this case. This is a matter of great inportance, and |
don't -- we're not in a case where sonebody is saying they're
bringing in a new doctor on the eve of the trial. This
information is all relevant to these inquiries.

MR, BRANSON:  Your Honor, | have no idea if this is
accurate or not. W haven't had a chance to test it. The
whol e point of discovery and a scheduling order is so that
we're all on the same page and we're prepared for the hearing.
If it's done after discovery closed, | don't think it should be
al | owed here.

THE COURT: ['mnot sure | see that, but I'mgoing to
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let it cone in.

Overruled. Overrule the objection, and you may
proceed.

MR ELLINGBURG W'd also like to offer at this time
Exhi bit P57, which is not a joint exhibit, but which has an
expl anation of the scale and how it was added, using USGS dat a.

THE COURT: (Ckay. Any objection?

MR ELLINGBURG |'Il provide it to the parties.

THE COURT: I'Il let it be introduced at this tine,
subject to later change.

MR BRANSON:  Your Honor, can | just note a continuing
objection to these, so | don't have to keep saying that.

THE COURT: Yes. You'll have a chance to strike it.

MR L. BEARMAN. Sane thing.

THE COURT:  Ckay.

We'|| take a short break at this tine. Ten mnutes.

( Recess)

THE COURT: The witness may take the stand.

MR L. BEARMAN. Your Honor, can | add to the
objection: No proper foundation has been laid for this
t estinony.

| know | heard your Honor rule; | just want to nake
clear --

THE COURT: (kay. Yes. Your objection is well taken.

[t's overrul ed.
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Go ahead.

BY MR ELLI NGBURG
Q Dr. Spruill, in your notebook, you have Exhibit P57,
Correct?
A 1577
Q P57,
A Oh, 57. Yes. Yes, | seeit.
Q Gkay. And can you explain to us what is shown in
Exhi bit P57.
A.  That --
Q This one. The one in your notebook has nore than one page.
A Oh. Ckay. So are you asking me about this figure? |'m
sorry.
Q No, excuse ne. No. On P57 relates to --
A | think it's Nunmber 58.
Q Look at P57 in your notebook
Are you looking at 1t?
Yes.
Does it have nore than one page? |If it does, it's good.
Vel l, | just have sonething called P57, page one of four.
Right. Do you have four pages as part of P577?
No. Well, hold on.
Let me hand this to you.
Ckay.

Because it is a four-page docunment, and | think that was an

O > O > O > O P
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error.

MR ELLINGBURG Did you all get four pages?

M. KNOFCZYNSKI: Yes.

A (Oh, | see what you're talking about. That's further along
than | thought. Sorry.

Q GCkay. So now do you see Exhibit P577?

A | do.

Q And can you tell me what's on the three pages after the
slide we've shown that you discussed.

A.  Oh, those are -- those are some |atitude and | ongitude
values for wells, by number. In the different wellfields,

Pal mer, Davis, and Lichterman wellfields.

Q Now, was that used to prepare the images and to give the
testimony you gave with regard to the |ocation of those wells?
A It was only used to prepare a figure called P57, that has a
scale onit. So | used those data --

Q Ckay.

A -- wth the GS specialists in ny conpany to pinpoint the
| ocation of those wells, and just do the sinple calculation of
how far is it to the border?

And then we said, "Well, we |love maps with scales on
them and the maps don't have scales on them that's not good.
So let's put a bar scale onit."

So we generated that bar scale that you see in the

| ower right-hand corner
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MR ELLINGBURG So that -- for P57, Plaintiff's
Exhi bit, which we'd like to offer along with -- we'd like to
offer the full copy of P57 into the record to show the basis,
the dermnation of the scale.

THE COURT: It's been tendered to the other side
before this trial?

MR ELLINGBURG Yes, your Honor.

MR. BRANSON. W have the sanme objection. You' ve
al ready heard it, your Honor.

THE COURT: |'Il overrule the objection. But it may
be placed in evidence at this tine.

(Plaintiff's Exhibit 57 received in evidence)
BY MR ELLI NGBURG
Q | just want to make sure, is that the information used to

apply that scal e?
A Yes.
Q Pull up the next slide. No, wait a mnute, |'ve got ny --
all right.
Bef ore we nove on, did you use P57 in any way to
cal cul ate the scale added to this map?
A. | used the latitude and | ongitude nunbers for the
i ndividual wells that we recovered fromthe USGS -- some USGS
website; | don't renenber which one.

And the position of the M ssissippi/ Tennessee |ine,
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whi ch you can al so get fromwebsites, to not only calculate the

di stance fromthe border to the individual wells, but to
generate a map scale, to sinply say on this nap one inch equal s
about half a mle,

Q Gkay. And did you determne the distance between the

map -- the wells using that scal e?

A I'msorry, did | determne what?

Q D d you determne the distance between the wells in the
wel [ field using the scal e?

A. Just generally, | nean, you can |ook at the -- now the --
you can | ook at the bar scale at the bottom and you can
determne that a lot of the wells there in Lichterman, relative
to each other, mght be a quarter of a mle, 13 -- 1,300 or so
feet.

QG her wells, fromthe northwest to the southeast --
there seemto be kind of two clusters here; one on the
nort hwest, one on the southeast. Those wells would be further
apart by a distance easily measured with a reasonabl e bar
scal e.

Q Thank you.

Earlier we tal ked about the shrinking of the cone of
depression, and | think you discussed the possibility of
limting the anount of time that wells in the wellfield were
punped; is that correct?

A | did. | did say that.
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Q What if you just turned all the wells off? Wuld that have

any inpact on the well -- on the cone?

A It will elimnate the cone, the cone -- elimnate it in

| arge part relatively rapidly, and the final recovery of the --
of the artesian pressure would occur over a period of -- of
years after that, but it would recover, in my opinion.

Q So you could recover the original predevel opnent punping

pressures if you turned off all the wells?

A Al the wells.

Q Yeah?

A.  Yeah. Yes.

Q Thank you.

A. I'll add sonething to that. | said before, the w thdrawal
of water from confined aquifers can result in nonelastic
behavi or of an aquifer. | don't think that's the case for the
Menphis Sand. | don't think the sand -- | think the Menphis

Sand behaves elastically, and that is, if you -- so there's no
damage, no substantial damage or subsidence that | can see so
far.

So | just want to qualify that.
Q Thank you.

Have you had and used some information relating to the
vol une of groundwater being punped fromthese wells and others
in wellfields?

A I'maware of the nunmbers, of mllions of gallons per day
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withdrawn fromthe wellfields, and |I've | ooked at those

nunbers.
Q So do you have before you Exhibit P157? That's in your
not ebook; it's the last, | believe.
A Yes, | do.
Q If you would turn back to -- or let's -- we're going to go
back -- we'll give it to you -- to slide -- the slide show ng
the wellfields. Slide 54. 1It's up there? Ckay.

Can you sunmarize the groundwater production fromthe
Davis field, using the --
A.  Through time, or just the nost recent nunber?
Q No, not...
A. So Davis -- according to this P157 chart, the Davis
wellfield, there in the southwestern portion of Shel by County,
came online in about 1970. And the early production figures
show about 3.2 mllion gallons of water per day. And it began
to increase through tine, achieving -- | would say a maxi num
in the 2005/ 2006 tine frame, of about 20.8 mllion gallons of
wat er per day fromthat wellfield. And the 2016 total for
Davi s suggests 14.98 mllion gallons of water per day fromthat
wel | field.
Q Thank you. Can you do the sane for Pal nmer?
A.  Palnmer, | think, came online around 1972, and it has
consi stently produced between about 2.8 and 4 mllion gallons

of water a day. So the first year of record that | find
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suggests about 2.8 mllion gallons of water, and the highest

that | think | remenber seeing was a little over 5 mllion

gal lons of water a day fromthat wellfield. And the 2016 --
yeah, 2016 wellfield production is recorded as 3.68, roughly,
mllion gallons per day.

Q And finally, what about Lichternman?

A. Lichterman | Dbelieve cane online in 1965, and it -- it
started off in around 4.2 mllion gallons per water --

4.2 mllion gallons of water per day. And probably the highest
production fromit occurred in the |ate 1980s, around

25 mllion gallons of water per day. And in 2016, the reported
value is 18.5 mllion gallons of water per day production from
the total wellfield.

Q \Wat about ML.GWs overall punping vol umes?

A.  These records indicated on this chart started 1965, and
they indicated at that time total M.GN punpi ng was about

71.96 mllion gallons of water per day. And it increased, and
sort of seemed to cap out in the 162 mllion gallon-per-day
range around year 2000. And today -- and 2016, the value is
123 -- 123. | think it's -- | think it's 123.9, roughly,
mllion gallons of water per day.

Q So which of the MLGWwel | fields have been the |argest
groundwat er producers in recent years?

A.  "Recent years" nmeaning last --

Q Last time you remenber them
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A, Ckay. So in 2016, the largest producers were Allen at 14,

Lichterman at 18, MCord at 14, Davis at alnost 15, Mrton at
al nost 16, and Shaw at al nost 20.
Q Thank you.

MR ELLINGBURG Before I nove on, may | approach the
W t ness, your Honor?

THE COURT: Yes, you nay.
BY MR ELLI NGBURG
Q Doctor, you should take a few minutes, and all I'd Iike you
to do is authenticate, verify, that the series of slides which
I"I'l identify are slides that cane out of your report; they're
figures within your report.

The first one is Figure 1. |Is that a figure that came

out of your report?

A, Yes.
Q Figure 2?
A Yes.

Q Is that a -- which is marked as P192; Figure 1 was narked
as P191.
Figure 3, which is marked as P193, is that a --

A Yes.

Q Okay. Figure 4, which is marked as P194 --
A Yes.

Q ~-- is that one of yours?

A, Yes.
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Q Figure 5is nmarked as P195; is that
A Yes.

Q Figure 8, which is marked as P198:
figures?

A Yes.

Q Figure 9, which is marked as P199:
figures?

A Yes.

Q Figure 10, nmarked as P200: |Is that
A Yes.

Q Figure 11, marked as P201: |Is that
A Yes.

Q Figure --

202
one of yours?

| s that one of your

| s that one of your

one of your figures?

one of your figures?

MR. BRANSON: We're just -- for the record, we're
happy to stipulate; you don't have to keep --
MR, ELLINGBURG There was an authenticity objection

to these.

MR. BRANSON: | think, if all you're doing is saying

that these figures on the exhibit Iist are actually in his

expert report, we will stipulate to that.

MR, ELLI NGBURG  Ckay.

MR. BRANSON: | don't --
MR D. BEARMAN. We agree.
MR, ELLI NGBURG  Thank you.

THE COURT: This is what he's been testifying to,

Alpha Reporting Corporation




© 00 N o O A W DN P

CEE R S E SR S S e e e T e el T T = =
g B W N P O © O N O o »h W N -k O

Proceedings - May 20, 2019

203
mostly? Al these exhibits are what we saw?

MR ELLINGBURG These are figures that cane fromhis
original report back in 2000.

THE COURT: If there's no objection, they may be
adm tted.

MR ELLINGBURG And so they go fromP191 to P208.

MR, BRANSON: And, your Honor, to be clear, we have
our evidentiary objections we submtted to you on these, but
|"mjust stipulating to the fact that they actually are in his
expert report.

THE COURT: No authenticity, but you don't give up
your objection on rel evancy.

MR BRANSON:  Thank you, your Honor.

MR D. BEARMAN. Thank you, your Honor.

THE COURT: They will be admtted.

(Plaintiff's Exhibits P191 to P208 received in
evi dence)

MR ELLINGBURG  Your Honor, for the purposes of
preserving the sketch and naking the transcript somewhat nore
under st andabl e, based upon the testinmony, we had soneone take a
color picture of what he drew on the whiteboard. And this goes
to his testimony, and we wanted to submt that for the record,
for clarification.

MR FREDERI CK: Can we put an exhibit nunber or

somet hing on that, counsel, so that we can at |east know what

Alpha Reporting Corporation




© 00 N oo o A W DN

S R S EE SR S S e e e T e el T S~ =
g B W N P O © o N O o »h W N -k O

Proceedings - May 20, 2019

204
we're tal king about?

MR ELLINGBURG Sure. W also took a better picture.

THE COURT: No objection, that will be filed, subject
to the rel evancy.

MR ELLINGBURG And the other thing that we'd like to
do is to put sonme exhibit nunbers on the slides, so that they
can -- again, so the record can be followed.

MR, BRANSON:  Which slides are you tal king about?

MR ELLINGBURG The ones used with Dr. Spruill's
t estinony.

MR, BRANSON: The ones that were not on the exhibit
list before the hearing, that we didn't get until Friday, |
think we woul d have an objection to them being submtted as
exhi bits.

MR, D. BEARVAN. Absol utely agree, your Honor.

MR ELLINGBURG Can we mark themfor identification,
your Honor ?

THE COURT: Sure, they may be.

MR ELLINGBURG Thank you. And so we'll put stickers
on those after we finish today --

THE COURT: Al right.

MR ELLINGBURG -- and submt themto the Court.
BY MR ELLI NGBURG
Q Dr. Spruill, do you have any opinions on the inpact of --

i f any -- on the punping in Shel by County, Tennessee, and
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i ncl uding the MLGW punpi ng operations on the Mddle C aiborne

Hydrologic Unit within the State of M ssissippi?

A.  The creation of a cone of depression associated with
punpi ng 120-plus mllion gallons of water a day, to ne, is
undeni able. The cone of depression would be large, and it
woul d be rel atively deep, depending on the hydraulic properties
of the aquifer

And so ny general statement would be | would
anticipate the devel opment of a large, a really extensive and
reasonably deep cone of depression, based on what | understand
about hydraulic properties of the aquifer, and what |'ve read
fromthe literature and fromreports that |'ve read that deal
with estimtion or calculation on the size of the cone of
depression associated with punping that nmuch water from an
aquifer fromten wellfields located in their current positions.
Q Thank you.

Do you have an estimte of about how far that cone of

depression extends into, or could have been determned to
extend into the State of M ssissippi?
A.  Mkes sense to me that for wells located within a couple
mles of the M ssissippi/Tennessee |ine, that a cone of
depression of 20 mles, theoretical limt of the cone of
depression of 20 mles would be very reasonabl e.

And so that would put an inpact south of the

Tennessee/ M ssi ssi ppi border of on the order of 15 to 18 mles,
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and that's with respect to the theoretical limt of the cone of

depression, with respect to the depth of the cone. | can only
rely on the reports that are related to nodeling to estimte
the anount of well-level change or reduction in pressure you
woul d have down in M ssi ssippi.
Q Based on the nodeling which you' ve seen -- which woul d
i ncl ude USGS nodels, right?
A.  Right.
Q Do you have an estimte of what the drawdown inpact coul d
have been anticipated to be in one in the cone of depression
created by the MLGW wel | s?
A | canonly rely -- since | didn't do the nodeling, | can
only rely on what | see in terms of nodel results or nodel
outputs fromnodels |ike those done by Dave Wley at LBG and
earlier nodels that were done by the USGS that attenpted to
predict or to show the cone of depression at different tinmes
agai nst different punping rates.

And so a generality is that there's a 20-foot cone --
20-foot drawdown area that extends over -- appreciably over
| arge parts of DeSoto County, and that drawdowns of 20, 40,
maybe even 60 feet up near the border of Tennessee and
M ssi ssi ppi are shown on sone of those -- those maps, both
as -- taking the different surface maps, and then subtracting
the equi potential surface map fromthe cal cul ated cone of

depression, you get a drawdown map. So |'ve seen both of those
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that indicate that general size.
Q In addition to what you've seen from-- | think you said
LB -- what --
A LBGis the -- I'"'msorry, is the old nane for Dave Wley's

conpany, Leggette Broshears Graham a Florida-based

hydr ogeol ogy firm

Q I think in addition to those nodels, have you | ooked at
model results from-- published by USGS?

Yes.

Are those part of the basis of your opinion?

Yes.

And so how | ong have you actually been planning wellfields?

> O > O >

| designed ny first wellfield in 1989 -- sorry, late in
1988, into '89 and 1990, at the city of Washington in North
Carolina. The original Washington.

Q Have you designed any wellfields specifically for the
purpose of limting the anount of the -- or limting the depth
of the cone of depression for a public utility or other entity?
A | would like to think |'ve never designed a wellfield

wi thout that information. That would be ny hope.

Q And how many wellfields would you say you' ve designed, an

estimte?
A. |'ve designed and worked on over -- well, hundreds of wells
in ny career. | don't have an exact number. But wellfields,

20, 30, or nore.
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Q Thank you.

What are the renmaining known or obvious inpacts in
M ssi ssi ppi that have been reported in the USGS docunents that
you' ve seen?
A. |'mnot sure what you're asking ne.
Q I'masking if USGS for nodeling has indicated that the
punpi ng woul d be com ng out of Mssissippi if M.GWVproceeded as
t hey pl anned?
A. | guess two -- yes. The answer would be yes. |'ve seen
reports, exanples.
Q Right.
A. | recall the 1965, | think, report by More fromthe US
CGeol ogi cal Survey, who indicated that continued devel opnent
of -- devel opment of supplies, devel opnent of wellfields, and
especially in that area closest to the border, could cause
water to flow fromother states and could be probl enatic.

| specifically recall -- and | just focused on,
because | |love the report -- the work done by a USGS gentl enan,
whose name escapes nme, on the Lichterman wellfield about the
same time, about 1965, in which he did cal culations indicating
the nature and the extent of the cone of depression, and where
he predicted cones extending outward in the 20-mle range.
Q \Wat are the specific changes to the groundwater systemin
the Mddle O aiborne and M ssissippi, within the cone of

depression that you discussed, created the Menphis wellfields?
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A.  Generally speaking, the devel opnent of a cone of depression

of this magnitude will change groundwater and flow patterns.

It will affect pressures within the cone of depression. It can
and generally does cause changes in direction of groundwater
flow that can be significant.

It has always the result of decreasing the pressure,
and hence reducing the total available drawdown wthin the cone
of depression. And so if the cone of depression extends
outward for a reasonabl e distance, or for any distance within
that cone of depression, there is a -- an absolute reduction in
the anount of total available drawdown.

And |' m speaking just generally now, so in the
vicinity -- within the cone of depression, or as a result of
the cone of depression, you have to anticipate potential water
qual ity issues that result when you create a pressure gradient
between different parts of the system so that if you | ower the
water |evel in an aquifer by a cone of depression, the
overlying and underlying aquifers that have their own pressure
regi mes can begin to respond by pushing water in the direction
of reduced pressure, which is in the cone of depression.

And so water quality changes are something we al ways
t hi nk about when we think about devel oping a devel oped cone of
depression by | eakage across, say, w ndows or breaches in the
confining layer by faulting, and things of that nature.

Q Now, in your answer you said sonething can happen. Based
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on the work you've done, do you know whether the tota

avai | abl e drawdown has been reduced within the state of

M ssissippi as a result of the punping in Shel by County,
particularly M.GAP

A. Based on the drawdown nmap and the equi potential surface
maps that |'ve seen, the total available drawdown in

M ssi ssi ppi has been reduced by punping from across the border.
Q Has the cone of depression created by the punping in Shel by
County and by M.GW caused any change in the natural flow path
of groundwater within the confined aquifer unit within

M ssi ssi ppi ?

A. Again, if you look at equipotential surface nmaps, based on
actual data, and then say for predevel opment conditions, or
within the cone of depression as nodel, for exanple, it's clear
that groundwater flow patterns have changed such that water
that naturally resided in Mssissippi is noving towards -- has
moved towards or is continuing to nove towards the State of
Tennessee, unless the cone of depression is elimnated or

| essened.

Q GCkay. Wthin a confined aquifer, what was the

predevel opment direction?

A, In Mssissippi?

Q Yes.

A. Generally to the west.

Q

And how has that direction been changed as it shows up on a
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map?

A, Mps that | see -- and obviously not all maps show the same
thing, but there is a shift towards a nore northerly flow
pattern in the vicinity of the Tennessee and M ssi ssi ppi

bor der.

Q Based on your testinmony earlier with regard to tota
avai | abl e drawdown, has the ambunt of water that can be
produced fromthe Mddle C aiborne hydrologic unit in the state
of M ssissippi been reduced by the punping in Shel by County and
by M.GA?

A. | would have to base ny answer to that on the drawdown map
that | have observed fromthe Wley study that shows, say, by
way of exanple, 40 feet of drawdown in the northern part of
DeSot o County and south of the border. 40 feet of reduction
and total available drawdown would be then inplied by the
drawdown map show ng a 40-foot drawdown.

Putting that in perspective, if you have a well at
that location that's capable of producing 10 gallons a mnute
for every foot that you | ower the water level, then reducing
the total anount available drawdown by 40 feet woul d reduce the
ability -- would reduce the capacity of that well, maxi num
capacity, by 400 gallons a mnute.

Q And is that because of this novenent of sone of the
mol ecul es of water out of the pore spaces?

A. It neans that the amount of water in storage in these
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completely filled pore spaces has been reduced materially by

the reduction it had within the cone of depression up -- at
that value. | gave a value of | think 40 feet, so 40 feet of
pressure reduction would result in a loss of 400 gallons a

m nut e maxi num capacity of a well --

Q Wthin your exanple?

A, Wthin ny exanple.

Q Ckay. Are there any other inpacts that relate to -- on the
production of groundwater in M ssissippi that arise fromthe
reduction in total available drawdown?

A. | would have concerns, based on ny experience, that if you
had a well within the cone of depression that |'ve stipulated,
this cone of depression that has maybe 20, 40, 60 feet of
drawdown, if sonmebody el se had a well within that cone and they
were producing a given anount of water, it's entirely

concei vabl e that the cost of punping that water to the surface,
It 1s reasonable to assune that the cost of punping that water
to the surface increases, because now, instead of punping

agai nst the high water level, they're punping against a | ower
wat er |evel.

As we all know, the definition of work is noving an
obj ect over a distance. So that punp has to nove the water
over a greater distance; it has to do nore work, so it caused
that water purveyor nore noney.

Throughout ny career, |'ve been involved in situations
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like this, where the punp that was installed was perfectly

capabl e of producing a given amount of water against that head,
that pressure; but when the pressure was |ost, that punp could
no | onger produce the sane anount of water, so the punp had to
be repl aced.

Q So that's a possible exanple. But in the case of actually
punpi ng --

THE COURT: Just a mnute.

MR L. BEARMAN. We're now tal king about what's
possible, which is inadmssible, in nmy judgnent. W are also
speculating, if the Court please. And while |I understand your
Honor's ruling, | think this has gone beyond the pale.

MR ELLINGBURG Which is the reason | was about to
ask himto clarify that further, wthout talking about --

THE COURT: The point is well taken. But I'Il let you
proceed, and overrule the objection. But don't get into
possibilities; do probabilities, if you can.

BY MR ELLI NGBURG

Q Dr. Spruill?

A Yes, sir.

Q Is there any inpact on the cost of producing water from
a-- wthin a cone of depression, where you have to punp out of
that cone, as distinguished from punping at conditions outside
t he cone?

A.  Absol utely.
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Q And what is the cost?

A. Increased cost of lifting water to the surface against --
agai nst a reduced water level in a well at that sane rate.

Q And what amount -- the actual well itself, did it have to
go deeper?

A It's possible that the --

Q Not possible?

A. It's probable -- well, okay. Depending on the punp
setting, depending on the punp setting, you may have to | ower
the punp to achieve the sane flow of water, gallons per mnute.
Q Gkay. So that was "nmay," and again, that's specul ative.
But if you have to punp fromthe deeper depth because of all
the circunmstances, does that cost any nore noney?

A, Certainly. Yes.

Q And how about -- do you have any idea how much nore it
costs?

A.  Under the calculation years ago that shows if you lift a --

| don't want to give this exanple.

Q Then don't.
A. It costs nore noney to |ift water over a greater distance.
Q kay.

Al'so, | want to make sure | understand that earlier in
your answer -- |'mnot sure how you phrased it, but is it your
opi nion that the punping -- do you have an opinion as to
whet her the punmping in Shel by County and by ML.GWhas w t hdrawn
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any groundwater through M ssissippi?

A.  The nodeling results and reports that | see, that show the
cone of depression and changing flow lines, say to me that
groundwater that originally was residing in Mssissippi has
changed directions, in sonme |ocations nmoving towards the

M ssi ssippi and by -- some of that water has noved across the
bor der .

Q And do you -- when you say "the nodel results,"” are you
tal ki ng about the USGS nodels included in that?

A. Both the USGS nodel and recent nodeling efforts.

Q Thank you.

Now, you nentioned earlier some water quality issues
resulting fromthe [owering of the pressures within the Mddle
C ai borne Hydrological Unit; is that correct?

A, Yes.

Q Have you seen evidence of that?

A, 1've read lots of papers outlining the mgration of water
In response to the devel opnment of the cone of depression
downward fromoverlying units and through confining beds and
breaches in confining beds, through things that are variably
referred to as pal eo channel s, wi ndows, thinning -- areas of
thin confining beds, etc.

Q And when you say you' ve read papers, do you have an opinion
based on the information, scientific information available, as

to whet her that has taken place?
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A. Yeah, | think it's a lot of really nice work that involves

the use of isotopes and | ooking at the introduction of human
contam nants, human-rel ated contam nants, into the groundwater
system
Q Dr. Spruill, you said, | think it's nice work. M question
I's, do you have an opinion, based on the scientific information
you revi ewed?
A.  Yeah, | have an opinion.
Q Yes?
A.  Contam nants have noved downward through these features
that | described.
Q O younger water?
A. O younger, uncontam nated water, into the aquifers within
the cone of depression.
Q Yes.

MR L. BEARMAN. Do | understand, your Honor, that we
have a continuing specul ation objection as well?

THE COURT: | understand that. ['Il let it be
I ntroduced. You may reserve your right to strike it,
BY MR ELLI NGBURG
Q | think you said yes; is that right?
A | said yes.
Q And what is the opinion?
A. The opinion is clear. There's lots of scientific evidence,

based on constituents that show up at production wells that are
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not part of the confined aquifer system that have cone from

demonstrably younger water making its way down through these
special areas within the overlying materials that are making
their way into the groundwater system

It is well documented. |It's not speculation. It's
wel | documented that there are windows that allow or facilitate
the mgration of younger water that nmay be anthropogenically --
may be contam nated with human-rel ated constituents; for
exanpl e, gasoline. Constituent of gasoline, benzene, or
somet hing el se that m ght come up --
W don't need to tal k about what may happen.
Ckay.
But has there been downward m gration?
Yes.

And is it your opinion that that's the..

> O > O > O

Yes.

And that is -- and why is that as it relates to the cone of
depressi on?

A.  The establishment of a cone of depression changes the
pressure environnent and increases the rate of downward
mgration of water fromoverlying units within the cone of
depressi on.

Q Thank you.

Wul d you put the last slide up there.

This is a docunent taken from hydrogeol ogy of the
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principal aquifers in relation to faults to interaquifer

| eakage in the Menphis area. Have you seen this before?

A, Yes.

Q And what is it that is significant on this slide that you'd
like to talk about, and how does it relate to your opinion?

A. This figure, froma report by the USGS, shows the position
of the ten wellfields. There's Davis. |'mpointing to Allen,

Sheahan, Lichternan; can't see Pal ner because of the timng

But it shows the area where the confining unit is thin
or absent. And it shows the areas where the confining unit is
thin or absent nost conspicuously, and nost understandably, in
the confining -- in the unconfined portions of the aquifer
where it's expected to be absent.

But it shows the position of areas in some cases
closely related to the position of the wellfields, where there
I's thinning of the confining unit or the confining unit is
absent. And so those would be places where the confined
aqui fer would be -- is less protected fromdownward mgration
of water than areas where these windows or thin areas don't
exi st.

Q GCkay. So those are the w ndows you were talking about;
woul d that also -- does that have any relation to the pal eo
channel s?

A. | don't know whether these are pal eo channel s, ancient

channel s that formwhen sea level fell, rivers cut deeper, sea
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| evel rose, the channels were filled with gravel and sand.

don't know whet her they are paleo channels or whether they are
areas where sinply there's a thinning of the confining bed on
top of the aquifer. But they are recognized as areas -- and
these are the ones that were recognized, | guess, up to this
point in time.
Q Thank you

Wul d you put Slide 23 back up.

We discussed this slide earlier on, did we,
Dr. Spruill?
A Yes.
Q Do you have an opinion as to whether there is available
groundwat er that can be produced within the State of Tennessee
far enough fromthe border of the State of M ssissippi that
woul d have no significant inpact on channel s?

MR. BRANSON:  Your Honor, | just note a foundation
objection to that question. There's been no evidence t hat
Dr. Spruill has studied that question.

THE COURT: I'Ill overrule it, but you may put it in.
BY MR ELLI NGBURG
Q Before we do that, do you recall being asked questions in
the deposition by M. Branson in which he asked how the cone
could be mtigated?
A Yes.
Q And you stated that wells could be placed further to the
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north?

A Yes.

Q Gkay. That said, do you have an opinion as to whet her
there is an adequate supply of water, based upon the US
Geol ogi cal Survey's mapping, north of Menphis to meet the needs
I n Tennessee wi thout any significant inmpact on channel s?

A.  Yes, | have an opinion. This map shows the thickness of
the Mddle O aiborne Aquifer. North of the transition zone,
the Mddle O aiborne Aquifer unit is conposed of the Menphis
Sand Aqui fer.

North of the facies line, | think that it's called,
the facies transition that's shown on this map, there's an
i ndication that the Menphis Sand, well north in Tennessee and
east of the Mssissippi River, contains a thickness of 600 feet
or higher, which is an appreciable sand thickness. And so the
transmssivity of that aquifer would be an inportant question,
because transmssivity is not just aquifer thickness, but it's
al so perneability times aquifer thickness.

And so | base my opinion on a report prepared in the
1960s by Moore, in which he presented a map of zones of
transmssivity for this particular area that we're describing;
that is, the area north of Menphis, east of the M ssissippi
River, and well to the west of the -- of the unconfined
portions of the system

| cannot tell you what individual yields fromwells
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woul d be, but ny opinion is that that's a zone capabl e of

sustaining significant quantities of water fromwells or
wel | fields.
Q And based on the More --

A. Based on the More study.
Q And on channel s?
A, And on this, it shows a significant thickness.
Q Gve ne a nonent.
MR ELLINGBURG  Excuse ne just a noment.
THE COURT:  Yes.
MR ELLINGBURG Trying to find our copy of the joint
exhi bits.

THE COURT: Al right.

MR. BRANSON: M ke, do you have a particular one
you're | ooking for?

MR ELLINGBURG Yes. 1'd like to see Joint
Exhibits 58 and 59.

THE COURT: Wy don't we just recess until tonorrow,
and you can see if you can find that and answer anything el se,
or ask any questions, and then have cross-exam nation tonorrow.

Yes.

MR, BRANSON:  Your Honor, | have something I'd like to
raise briefly before we recess. Dr. Spruill has not addressed
today -- and | understand he's probably not going to on

direct -- the predevel opnent of flow map generated by Dr. Brian
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Wl dron, who we're planning to call. And this was an extensive

subj ect of discovery; 70, 80 pages of expert reports were
devoted to it. Both experts were deposed on it.

| don't know if they're planning to do Dr. Spruill's
criticisns of Dr. Waldron on rebuttal or not, but |I would ask
that if they are, that we -- that you instruct themto do it on
direct, so that we can only have Dr. Waldron testify once. |
don't want to have himtestify, then get critiqued, and then
have to come testify again.

So | just wanted to raise that issue.

THE COURT:  Ckay.

MR ELLINGBURG  Your Honor, this issue was first
rai sed today, and we have planned to direct -- to present our
evidence in that fashion. W wll follow the typical rule,
that you have direct and that the other side has a response,
and then if you need it, you have rebuttal. And so we'd |ike
to hear what he has to say first, before we know whether we
have to put any testinony on.

MR, BRANSON: Judge, there's no nystery about what our
expert is going to say. He published an academ c paper that
all five experts in this case have tal ked about. There are
literally 70 pages of expert reports exchanged on it. It goes
to a core thing that | understood your Honor wanted evi dence
on, which is the historical flows in the aquifer between the

states.
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We think that it needs to be part of the case in

chief. There's no good reason to have both witnesses testify
twi ce about it when we could just do it once.

MR ELLINGBURG Well, there's no reason for it to be
testified to twice. | nmean, we don't know what Dr. Waldron is
going to say about it and how that exam nation is going to go.
W can't make a decision as to whether we want to put
Dr. Spruill on to respond any of it; he may say something about
Dr. Spruill.

There's a reason that this has al ways been done this
way, which is that you put on your wi tnesses, they put on
theirs, and then if you need to, you put on rebuttal.

And so we object to having to ask himquestions about
sonething that we may not even need to ask hi mquestions about.

THE COURT: Well, what we'll do, we won't decide that
| ssue today, but we'll decide it inthe nmorning. And it may be
that if you don't cover -- make their expert go, if they want
to, or if you expect to put Dr. -- what's his name, Moore?

MR, BRANSON: No, our expert is Dr. \Waldron, your
Honor .

Just to be clear, he's testifying -- M. Frederick
presented his map of the aquifer in his opening statenent, and
he's going to testify based on an academ c paper that all five
experts have di scussed about the predevel opment cross-border

flows in the aquifer.
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So we're not letting himgo. M point is that

Dr. Spruill submtted essentially this entire expert report
criticizing Dr. Waldron's map. Both of them were deposed about
It. There's just no good reason to do this pieceneal and force
both of these gentlemen to testify twice. It just makes sense.

THE COURT: Well, put it in tonorrow, then you can
hold your witness over, or you can put it in later, if it's a
proper report. But if it doesn't come in, | don't see any
reason for you to have your expert here.

MR BRANSON:  Your Honor, this is -- to be clear, our
expert is independent of Dr. Spruill. Qur expert has published
a map about predevel opment flows in the aquifer, which |
under st ood your Honor wanted evidence on in this hearing, the
extent of historical flows between states. And so it's an
affirmative part of our case.

THE COURT: So you want to use him anyway?

MR, BRANSON. We're going to use himanyway.

MR ELLINGBURG As he said, it's an affirmative part
of their case.

THE COURT: Well, we'll try to figure that out. |
never had that cone up before. But we'll see about it now, and
we'll talk about it tomorrow.

MR FREDERI CK:  Your Honor, the main point is that if
we could finish this week, by having efficiency with the

W t nesses --
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THE COURT: That's correct.

MR. FREDERICK: -- that's a net good for everybody.

THE COURT: Sure.

MR FREDERICK: And so having Dr. Spruill address al
the issues that he opined about in his expert report once, and
then we just have one cross-examnation of him |'msure he
woul d appreciate that. And then having Dr. Waldron tal k about
his information and then not have to come back two days |ater
to address any issues that Dr. Spruill mght testify about
specifically to Dr. \aldron.

We're just trying to make the hearing nore efficient.

THE COURT: | understand that. |'mnot sure that |
can look at it in a vacuum frankly, because you're going to
put your man on, and if he doesn't testify about it, you may
not have any problemwhether it's done. We'll just have to be
as flexible as we can about it.

MR, BRANSON:.  Your Honor, the other -- the only other

thing | had is ny experience in these -- in trials has been
that when a witness is still live on the stand when we break
for the day, such as Dr. Spruill is now, that attorneys should

not be talking to the witness about the substance of their
testinmony, and that would apply to both sides. | just wanted
to see if that was your understanding as well.

THE COURT: What do you say?

MR ELLINGBURG W have no objection to that.
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THE COURT: Al right. That's ny direction, then

Don't talk to your witness until we get back tonorrow and put
himon the stand.

I's there anything el se to take up?

MR ELLINGBURG The only thing | can say about that
Is that we have not planned on putting on testinmony by him
directly about Dr. Waldron. And so if the Court were to
require us to put testinony on for himbefore we've heard
Dr. Waldron testify, we'd have to do sonme nore work.

That's part of the reason we're objecting to this
bei ng brought up today. They've brought up al nost every
| magi nabl e thing they wanted to during the pretrial, and so
it's hard for me to see how they can justify today telling us
that one is going to change the historic rule of the progress
of trial with regard to our witness, and then not let us -- you
know, not even let us talk to himif we're going to have to do
t hat .

You know, | just think that -- we don't mnd not
talking to him but we would have to talk to himif we were
going to have himtestify with regard to --

THE COURT: Well, if you don't plan to do it, don't
change it, and we'll just wait to see what he testifies about,
and we'll -- I"Il rule after that.

MR, BRANSON: And your Honor, just to be clear, if

there ends up being rebuttal testinony criticizing our expert,
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we woul d nove for |eave to have a surrebuttal and have our
expert respond to the criticisns.

THE COURT: |'mnot sure whether rebuttal will pass,

or surrebuttal, but we'll pass that also.

MR ELLINGBURG  Thank you, your Honor

MR. BRANSON: Thank you, your Honor.

THE COURT: If there's nothing else, this Court wll
be in recess until 9:00 a.m

(Adj ourned until My 21, 2019, at 9:00 a.m)
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STATE OF TENNESSEE

COURT REPORTER S CERTI FI CATE

I, PATRICIA A. N LSEN, Licensed
Reporter for the State of Tennessee, CERTIFY:

1. The foregoi ng deposition was
t aken before ne at the tine and place stated in the foregoing
styl ed cause with the appearances as noted,;

2. Being a Court Reporter, | then
reported the deposition in Stenotype to the best of ny skil
and ability, and the foregoi ng pages contain a full, true and

correct transcript of nmy said Stenotype notes then and there
t aken;

3. I amnot in the enploy of and am
not related to any of the parties or their counsel, and | have
no interest in the matter invol ved.

W TNESS MY SI GNATURE, this,
the_  day of , 2019.

Ny

PATRICIA A NILSEN, RVMR, CRR, CRC
TN Li censed Court Reporter
LCR Nunber: 717
Expiration: 6/30/2020
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