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TRANSCRI PT OF PROCEEDI NGS

THE CLERK: Al rise. This Honorable Court is called
to order, the Supreme Court Special Master Eugene Siler
presi di ng.

You nmay be seat ed.

THE COURT: You may proceed with your questioning.

MS. ROBERTS: Good norning, Your Honor. Before |
begin or continue ny direct examnation of Dr. Langseth, there
were two housekeeping nmatters that the parties wanted to
address, if Your Honor will allow us.

THE COURT: (kay. Sure.

M5. ROBERTS. Your Honor, the first issue we wanted to
address is that prior to this evidentiary hearing, we submtted
desi gnations of deposition testinony, and we wanted to state
for the record that that is part of the record, the deposition
desi gnations and the objections to those portions of designated
t estimony.

MR ELLINGBURG (Ckay. M ssissippi agrees.

THE COURT: (kay. That's fine, then

MS. ROBERTS. Your Honor, the other issue that we
wanted to address is that, as | proceed with Dr. Langseth's
direct examnation, | will not be offering individually each
defendants' exhibit into evidence because of the fact that the
parties previously, you know, conditionally submtted all of

the evidence into the record, so there's not a need to, with
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each new exhi bit, ask that it be offered.

THE COURT: (kay. Do you agree with that?

MR ELLINGBURG M ssissippi also agrees with that.

MR, BRANSON:  Your Honor, just to be clear, Tennessee
was operating under the sane principles when we put on our
W t nesses.

THE COURT: Well, that's the way | thought it was
SO --

M5. ROBERTS. | just wanted to make that clear for the
record.

DI RECT EXAM NATI ON ( CONT.)

BY M5. ROBERTS:
Q Good norning, Dr. Langseth
A Good norni ng.
Q What question were you asked to address or evaluate in this
case?
A  Wll, | was given a copy of Special Mster Menorandum of
Deci sion from August 2016 and asked to read this and address
the questions that the special nmaster identified for the
hearing that -- this hearing that we're in now.
Q And what is your understanding of that question or those
questions?
A  Well, I"'mthinking in particular of the summary page.
There was a |ot of legal material in the mddle that | read but

| didn't fully understand, but when we get to the summary page,
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the special master provided a very clear statenent that he was

interested in whether the aquifer was or was not an interstate
resource, and then he listed some particular types of evidence
that he thought would be useful for nmaking that determ nation.
And so | identified the issues that | addressed in ny report
based on the -- ny understanding of that menorandum
Q And you said "the aquifer.” Wat is your understanding of
the aquifer at issue?
A Wll, the aquifer has gone by different names but is nost
commonly M ddl e C ai borne Aquifer.
Q I want to make sure that we're on the sane page regarding
termnology. You used the term"Mddle O aiborne Aquifer," and
you've heard a nunber of different terns during these
proceedings. You use a different termin your report. Can you
expl ai n why?
A Yes, | actually did. In ny report | used the name the
Menphi s- Sparta Sand Aquifer, abbreviated MSSA.  And | used that
because it's a concatenation of the nmore conmonly known | ocal
nanes for what the -- for the overall Mddle O aiborne Aquifer.
And |'d also used that termin ny report for the
district court action, so to provide some continuity between ny
work, | continued with that same nane.
Q Are these different nanes for the aquifer at issue used in
the scientific literature?

A Yes, they are.
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Q Can you el aborate on that, please?

A Well, as explorations are done of the subsurface, nanes are
devel oped based on, frequently, locations that -- where the
expl orations are done or other things that seem neaningful to
the geol ogists that are doing the exploration at the time. So
you've got this collection of historical names that devel op.
And then you've also got the broader hydrogeol ogi c unit names
that get applied by the USGS as they're | ater doing nore

i ntegrated studies.

The Mddle Caiborne is one of those sort of broader
Integrative nanmes where both Menphis Sand and Sparta and ot her
nanes that we've heard during this hearing, along with the
| ocal nanes that get applied by various investigators for
particular reasons during their particular investigations.

Q Do those different nanes refer to the sane aquifer?
A  They do.
Q For purposes of your testinmony today, if | sinply used the

term"aquifer," is it -- do you understand that I'mreferring
to the Mddle O aiborne Aquifer or the Menphis Sand- Sparta
Aqui fer?

A Yes.

Q Dr. Langseth, can you explain to the special naster, what
IS your opinion on the question whether the aquifer at issue
here is an interstate resource?

A Inny opinion, the aquifer is clearly an interstate
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resource, in particular interstate between M ssissippi and

Tennessee, but also interstate between other states.

Q Wien we tal k about an aquifer, does the aquifer include the
groundwater in it?

A Yes. That's -- inherent in the -- when you say the word

"aquifer," it includes the water. You can't say the word
"aqui fer" without including the water. It's the water in the
formation, the conbination of the two.

Q Dr. Langseth, did you prepare an expert report in this
case?

A Yes, | did.

Q M. Taylor, could you please bring up Exhibits D191 and
D192. And, Dr. Langseth, these are in the binder in front of
you at tabs D191 and 192.

s this your report, your initial expert report, and
the supporting figures?
A Yes, it is.

Your Honor, it was issued in two volunes, the first
vol ume being the text and the second vol une being the tables
and figures.

Q Wien was this prepared?

A It was -- well, it was issued on June 27th, 2017, and it
was prepared in the nonths preceding that date.

Q How did you go about preparing this report? Tell us what
wor k you di d.
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A Well, ny customary practice for doing this type of work is

to first do aliterature review and then identify the
eval uations that are appropriate to answer the questions that |
need to address on this particular topic.

And so, Your Honor, in this case, | first reviewed the
literature that |1'd already collected and reviewed for the
district court action, refreshed nyself on that.

Then | identified any additional literature that I
could find that had been rel eased since ny prior work. And
then | evaluated what | thought were the best ways to address
the questions that you outlined in your nmenorandum the types
of evidence you wanted to see. And in doing that, | identified
both literature that was relevant and did sone nodeling
studies. So | identified the nodel that | thought was the nost
rel evant and did sone studies with that nodel.

Q What scientific literature did you review?

A  Wll, there's quite a wide variety. | would say nost of it
I's prepared by the USGS or in conjunction with the USGS, but
there is other scientific literature also, as identified in ny
report.

Q Howdid the scientific literature help you answer the
question you were asked to address in this case?

A \Well, Your Honor, as you reviewthe scientific literature,
It consistently, going back over 100 years, probably 130 years,

i dentifies this aquifer as being continuous underneath the
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state line, underneath the M ssissippi-Tennessee state |ine,

under the Tennessee-Kentucky state line, and other state |ines.
So the literature really provides a direct and clear answer, in
my view, to the question at hand here.
Q Istheliterature to which you're referring reflected in
your report?
A Yes, it is.
Q M. Taylor, could you please bring up -- | guess it's PDF
page 16 of the report.

MR ELLINGBURG \What page did you --

M5. ROBERTS. |It's page 10 of his report, page 16 of
t he PDF.

MR ELLINGBURG  Thank you.
BY M5. ROBERTS:
Q Dr. Langseth, I'mshow ng you a page fromyour report.
Let's take a ook at the first sentence in the section that
starts wth 2. 3.

Can you read that sentence for the record?
A Yes. It's "Historical and recent scientific literature
characterize the MSSA as an interstate aquifer."”
Q Didthe references that follow the statenment support that
proposition, in your opinion?
A  Yes, they do.
Q Let's take a look at a couple of exanples. The first one

|isted here is Safford.
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Can you tell us about that record?

A Yes. Your Honor, this was one of the very first reports --
it's actually the first report that | could find that was
eval uating the Menphis water supply.

By 1890 Menphis had just started using wells. They
swi tched fromsurface water, which had real bacteriol ogical
problems, to well water, and this Safford report was one of the
early assessnments, or the earliest that | could find.

And in there, in this report, they recognized, and you
can see in the second line there, that the MSSA, or the Mddle
C ai borne, extended south into Mssissippi and north into
Kentucky. So even 130 years ago this aquifer was recogni zed as
an interstate aquifer.

Q M. Taylor, if you could go to the next page. Let's take
anot her exanple, the Stevenson report.

Dr. Langseth, what is this report?

A This was a report that was about water supplies in
Mssissippi. And it was conducted by the USGS in cooperation
with the State of M ssissippi.

And in this report, they go county by county through
the state. And |I've got a quote in here about -- that's from
the di scussion of the water supplies available in DeSoto
County, M ssissippi, and that quote is in the last two lines of
this highlighted section where it says -- and this is talking

about DeSoto County now. It's -- well, first it says --
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St evenson di scussed the water supply in Menphis, and then with
respect to DeSoto County, he said "simlar abundant supplies of
wat er coul d undoubtedly be devel oped at conparabl e depths from
t he sout hward extension of the same water-bearing beds."

So this was a report done, in conjunction with the
State of M ssissippi, by the USGS that 90 years ago recogni zed
the interstate character of the aquifer that we're talking
about .

Q Dr. Langseth, in your review of the scientific literature
regarding the aquifer, have you found any support for the
proposition that the aquifer is not continuous across the

M ssi ssi ppi - Tennessee state |ine?

A | have not.

Q You indicated that you al so made use of a nodel in your
work in this case. Can you tell us about that, please?

A Yes. In order to do my own supporting eval uations, |

t hought a nunerical nodel would be appropriate, and so

sel ected a nodel that has been devel oped by the USGS under
what's called the Mssissippi Enbayment Regi onal Aquifer Study.
We've heard the term MERAS, ME-R-A-S, so that's the nane of
t he study.

And as part of the study, they devel oped a nunerical
model, and | call it the MERAS nodel and others call it the
same thing. So | used that nodel to do some eval uations.

Q So the record is clear, who created the MERAS nodel ?
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A This was a very large effort by the US Geol ogi cal Survey.

Quite a few people participated. Dr. Brian Cark was the |ead
devel oper of the nodel.
Q What does the MERAS nodel involve?
A Oh, the MERAS nodel is a conprehensive nodel for the entire
M ssi ssi ppi Embaynent Aquifer System so it's -- whichis a
multi- -- you' ve heard -- Your Honor, you've heard the
description already. |It's a nultilayered systemwth aquifers
and aquitards init, and it has an extent over eight states.
So the MERAS nodel is a numerical nodel, a conmputer nodel, of
that entire aquifer system
Q How did the USGS MERAS nodel hel p answer the question you
were asked to address?
A The primary way which | used the MERAS nodel is to evaluate
flow patterns in the vicinity of the M ssissippi-Tennessee
border in the aquifer under predevel opment conditions, prior to
punpi ng.
Q Is using a USGS nathenatical nodel to evaluate an aquifer
sonething that is regularly or customarily done in the field of
hydr ol ogy?
A It's very common, yes.

Di d anyone assist you with your work in this case,

Q

Dr. Langseth?
A Yes. Various Gadient staff worked under ny direction
Q

And how did they assist you?
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A The primary way is that one person, John Kondzi ol ka,

assisted ne by actually sort of pressing the keys on the
keyboard, if you will, to run the nodel. He was actually a
former student of mne that we hired into Gadient, and | knew
of his modeling capabilities fromwhen he was ny student.
Q Was the work that he did, was that under your direction?
A Yes, it was all under ny direction.
Q Have any of your opinions in your report changed since
you' ve issued the report?
A No, they have not.
Q Are the resources you relied on and reviewed listed in your
report?
A Yes, they are.
Q Have you prepared any other reports in this matter?
A | have prepared a rebuttal report also.
Q M. Taylor, could you please bring up Exhibit D193? And,
Dr. Langseth, this is also in your binder of materials.

s this your rebuttal report?
A Yes, it is.
Q \Wen was this prepared?
A  \Well, it was prepared during the month after ny initial
report, and you can see the release date of July 28, 2017, on
t he cover page.
Q Did anyone assist you in the preparation of this report?

A Gadient staff again assisted, primarily John Kondzi ol ka.
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Q Have any of your opinions in this rebuttal report changed?

A No, they have not.

Q Are the resources you reviewed and relied upon listed in

the rebuttal report?

A Yes, they are.

Q Dr. Langseth, you were present in the courtroomfor Steve

Larson's testinmony; is that right?

A Yes.

Q You heard himgive an overview of basic principles of

hydr ogeol ogy?

A Yes, | did.

Q Do you agree with that testinony?

A Yes, | do.

Q And in that case, we don't want to retread that sane

ground, so I want to go ahead to |look at sone of the figures in

your report. Can you please bring up Exhibit D12, M. Taylor.
Dr. Langseth, is this a figure fromyour expert

report?

A Yes, it is.

Q And what is it?

A This is a map prepared by the USGS of what they call the

principal aquifers of the United States.

Q And what is a principal aquifer?

A Principal aquifer is identified as a regionally inportant

aquifer that is either currently providing significant water
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supplies or the potential to be used to provide significant

wat er supply.

Q What does this figure show about the principal aquifers in
the United States?

A  Well, it shows a fewthings. One is that they're
distributed throughout the United States. |t shows that
there's many of them and it shows that many of themunderlie
state lines and are, hence, interstate aquifers.

Q Wy did you include this map of principal aquifers in your
expert report?

A There was really a couple of reasons. One is just to
provi de context for aquifers, major aquifers, on a US scale,
and then also to provide -- to show where the M ssissipp
Enmbaynent aquifer exists within these |arger aquifer systens.
Q Can you show Special Master Siler where the M ssissippi
Enmbaynent appears on the map of principal aquifers?

THE W TNESS: Your Honor, may | approach the big
screen?

THE COURT:  Yes.

THE WTNESS: |f we | ook down here in kind of the --
you know, the Southeast US, there's this yellow color, which is
a larger systemcalled the Gulf Coast Aquifer System and then
this brown outline right here (indicating) is specifically the
outline of the M ssissippi Enbayment Regional Aquifer System
It's the aquifer systemthat was the subject of the MERAS
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study, and it's the aquifer systemthat the MERAS nodel

si mul at es.

BY MS. ROBERTS:

Q \What's the relationship between the aquifer at issue in
this case and the M ssissippi Enbaynent Aquifer Systenf

A Well, the aquifer at issue in this case is one of the
aquifers within this Mssissippi Enbaynent Aquifer System
that's outlined in the brown outline.

And | should nention, the brown outline | added on top
of this map. The underlying map is copied exactly fromthe
USGS website. The brown outline | added, but | added it from
the USGS work under the MERAS study. |It's their -- it's still
a USGS line. It just doesn't appear on this map if you just
| ook on the USGS website.

Q Let's take a look at the aquifer at issue. M. Taylor, can
you please bring up Exhibit D13?

Dr. Langseth, what is this figure?

A  Well, this is effectively, Your Honor, a close-up of the
area of the M ssissippi Enbayment Aquifer System And if we

| ook at this map -- well, first off, just alittle orientation.
Tennessee, M ssissippi, Arkansas, you can see the states |

| abel ed here. And the brown [ine here that |I'mpointing to,
that's the sane brown line as was on the other map. [It's just
at a smaller scale.

And then the light blue line and the blue shaded area
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Is the area of the Mddle C aiborne Aquifer, or what | call the

MSSA. So it's one of the aquifers within the M ssissippi
Enbayment. And you can see it; it's alnost as large as the
whol e M ssissippi Enbayment but not quite. There are areas
where it doesn't go to the edge.

Q And so we're clear, where is Menphis on this map?

A Oh, yes. \Well, here we have Tennessee. Menphis is down
here in the southwest corner of Tennessee, just north of DeSoto
County, M ssissippi, which is up here in the north part of

M ssi ssi ppi .

Q \Were is the Mssissippi River?

A The Mssissippi River is this squiggly dark line that runs
kind of down through the center of the M ssissippi Enbaynment
Aqui fer System

Q Can you point to the states that overlie the aquifer at

| ssue?

A Yes. There's eight. Starting fromthe north, it catches
just a little bit of Illinois and then Kentucky and M ssouri,
down into Tennessee, Arkansas, Mssissippi. Extends a little
bit into Al abama and then over here into northern Louisiana.
Q Dr. Langseth, why did you include this exhibit in your
expert report?

A Wll, this shows the accepted delineation by the USGS of
the Mddle Caiborne Aquifer System So it's really a direct

denonstration that this is, in fact, an interstate aquifer.
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Q Let's go ahead and | ook at the aquifer in cross-section.

M. Taylor, if you could bring up Exhibit D15, please.

And this is one that we've seen before in this case.
Dr. Langseth, can you take us through what we're | ooking at
here?

A Yes. Your Honor, | know you've seen this cross-section a
few tines before, but if you'll allowme to kind of explain it
In my own words.

THE COURT: Sure.

THE WTNESS: Just, first, my own description of what
a cross-section is. | think you've heard already, it's like
you slice a knife into the ground and peel away a piece of it.
You' ve undoubtedly seen real-life cross-sections as you've
driven around on like interstate highways. I|n nountainous
areas, you go through an area with these steep rock walls on
ei ther side of the highway, then you' re observing a real
cross-section there where the people who built the road have
actually nade that knife cut into the ground and peeled it
away.

And sonetines you can see different layers in the
formation and so on when you go through there, so that's a rea
Cross-section.

Here, a cross-section like this is a depiction based
on information we've |earned fromborings into the ground where

the material had been characterized. And, of course, a
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cross-section at this scale is very generalized.

But this one is a cut -- imagine a cut in the earth
kind of parallel to the Mssissippi River, just alittle bit on
t he Kentucky- Tennessee-M ssissippi side of that |ine and -- of
the Mssissippi River, and then you peel it away, and we're
standing in either Kentucky, Tennessee, or M ssissippi, |ooking
into Mssouri, Arkansas, or Louisiana in this particular
section.

BY M5. ROBERTS:

Q And what is the source of this figure in your expert
report?

A Oh, this cones fromthe work of Arthur and Tayl or, which
you've heard a | ot about before. And Arthur and Taylor did
really the first conprehensive study of that CGulf Coast, that
whol e Gulf Coast Aquifer System that we saw in yellow on that
bi gger map. And, of course, part of what they did, they did
this cross-section.

Q \Were are Mssissippi and Tennessee on this figure?

A Your Honor, | don't know if you can read these. It m ght
be good to focus inonit alittle bit. Here is the

M ssi ssi ppi - Tennessee state line, right here (indicating). And
then | don't knowif we need to blow it up, but further north
you can see the Tennessee-Kentucky state Iine.

Q \Wiere is the aquifer at issue?

A The aquifer at issue here is |abeled the Mddle O aiborne
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Aqui fer, and we can see it extending underneath the

M ssi ssi ppi - Tennessee state |ine.
Q What does this figure have to do with your opinionin this
case?
A  Well, thisis really very basic to ny opinion because it
shows that the aquifer is an interstate aquifer. |It's quite --
very nuch a foundation of ny opinion.
Q Let's talk about your opinion in this case. | know you
briefly nentioned what your conclusion is, but can you state
again, what is your opinion on the question of whether the
aqui fer at issue, including the groundwater init, is an
interstate resource?
A Inny opinion, it clearly is an interstate resource, over a
broad area, but in particular, over the area between
M ssi ssi ppi and Tennessee.
Q Can you state for the Court, what are the primry bases of
your opi nion?
A The primary basis for ny opinion is the sinple delineation
or the extent of the area over which the aquifer exists. It
exi sts over an area above which there are state |lines, and that
sinple fact makes it an interstate aquifer.

Now, | also | ooked at other lines of evidence that
hel ped dermonstrate the continuity of the aquifer underneath
those state lines, in particular, the predevel opment flow

patterns, to | ook to see whether or not there's evidence of
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flow across the state line, which, you know, hel ps denonstrate

the continuity of the aquifer underneath the state line, under
the M ssi ssippi - Tennessee state |ine.

And | also | ooked to see whether or not the inpacts of
punpi ng across the state |ine, because that's another strong
pi ece of evidence that the delineation such as we see in this
cross-section is indeed a correct delineation.

And then the final thing | |ooked at was some of the
details of the interactions between the aquifer and interstate
surface waters.

Q M. Taylor, could you please bring up the denonstrative
that we prepared showi ng this opinion and the bases for that
opi ni on?

Does this accurately state your opinion in this matter
and a summary of the main bases for that opinion?

A Yes, it does.

Q Are these bases for your opinion reflected in your expert
report?

A Yes. This is really very consistent with ny report.

Q For purposes of your analysis in this case, how do you
define an interstate aquifer?

A M definitionis really quite sinple. If you have an

aqui fer that -- where a state line overlies that aquifer, that
Is an interstate aquifer. O another way to say it is if the

aqui fer extends underneath the aquifer of the state line, then
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Q Wat is your definition based on?

A It's based on a couple of things. One is the common

| anguage meaning of the word "interstate.” | think actually in

my report | list a particular dictionary definition of
Interstate, and it's based on the scientific meaning of the
word "aquifer,"” and it's also based on how |I've used the term
myself in other work and how |'ve seen it used in the
literature.

Q How have you used it in other work?

A \Well, for exanple, one -- | nmentioned ny work with the
Advi sory Conmittee on Water Information, the ACW. And one of
the things that we did in that project was to -- or |let ne back
up a mnute. | was on the subcommttee for groundwater under
ACW, and one of the things we did is we devel oped a national
groundwat er monitoring network. And as part of that, we used

the term"interstate aquifer," and we discussed interstate
aquifers in that work. So that's a report that | was a

coaut hor of.

Q Have you seen the term"interstate aquifer" in the
scientific or technical literature?

A Yes, | have.

Q And how does it -- the scientific or technical literature
use the term"interstate aquifer"?

A It uses it the sane way that |'ve just defined it.
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Q Does the scientific or technical literature use any other

terns other than "interstate" for aquifers that cross state
boundari es?

A Yes. A commonly used other term Your Honor, is
transboundary. That's a nore general termto refer to an
aqui fer that extends underneath some kind of boundary, whether
it's an international boundary, a state boundary, or county
boundary. But when a transboundary aquifer is transboundary
for a state line, thenit's the sane thing as an interstate
aqui fer.

Q I'dlike to go through each one of these bases for your
opinion one at a tine.

The first one is that "The aquifer extends beneath
portions of M ssissippi, Tennessee, and six other states.”

How di d you nake this determnation?

A Wll, with regard to the -- the broad basis, the total of
the eight states, | really relied on the delineations that had
been prepared by the USGS. W saw one of the delineations
earlier for the -- based on the MERAS nodel, we | ooked at a
figure.

But as regard to the delineation between M ssissipp
and Tennessee, | also |ooked in detail at sone of the -- some
of the boring logs and sone of the work that's been done in
that vicinity.

Q Are you referring to Exhibit D13?
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And, M. Taylor, please bring that back up.

A Yes. Wen | said the aquifer extending underneath eight
states, it's really this well-accepted delineation created by
the USGS under the MERAS study that | relied on for the
extendi ng under eight states, though | will say it's very
consistent with earlier work, such as the work by Arthur and
Taylor, which also had it extending under eight states. So
It's not a new discovery under the MERAS st udy.

Q Gven that aquifers are underground, howis the latera
extent or delineation of an aquifer determ ned?

A \Well, what we do is we put -- drill holes in the ground and
we characterize the material. W characterize the material in
a fewdifferent ways. Sonetines physically -- Your Honor,

you' ve already heard other experts testify about grain size.

Li ke, you know, sand, clay, silt, you're famliar with those
terms based on grain size.

And then there's also electronic methods that are used
because it's -- if you're drilling a hole that's 2,000 feet
deep, it's really onerous to go in and collect sanples and test
t hem of the physical characteristics all the way down that
2, 000-foot-deep hole. So there are various what are called
geophysi cal methods that characterize the material.

And then that's information at one location. But when
you get simlar information at several |ocations, then you can

connect the dots and figure out what's underground that way.
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It's called correlation oftentimes, that connecting-the-dots

process.
Q What is your understanding of whether such work has been
done, drilling in to nake holes and bore logs in the aquifers
that exist in this area?
A Alot of that work has been done. And, in fact, it's
under -- Arthur and Taylor did quite a bit of that sort of
study. They relied on other work that had been done.

And then for the MERAS study, they did a najor
reeval uation, bringing in lots nore boring | ogs than had
previously been evaluated to further refine the delineation to
create the figure that we see on the screen right now
Q | think it mght be helpful to |ook at an exanple.
M. Taylor, can you please bring up the denonstrative of the
boring | og.

Dr. Langseth, are you famliar with this
denonstrative?
A Yes, | am
Q Can you explain, where does this come fronf

THE WTNESS: Your Honor, can | just be free to go up
to the screen when |

THE COURT: You nay.

THE WTNESS: | didn't know if | needed to ask every
time or not.

THE COURT: You nay.
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THE WTNESS: So there's two basic things on this

diagram and we'll go over each of themin detail in a mnute.
But | just want to orient you to the overall diagram

One is we have here a cross-section where different
formations have been identified and that have been identified
as extendi ng between particular borehole |ocations. And we can
see the borehol e | ocations |abeled along the top. And then
we'll come back to that for nore detail.

And then there's a location map over here that shows
where these boreholes are located. And this is a fairly comon
and consistently used overall structure for these kinds of
displays. And it mght be useful to take a | ook at the
| ocation map here for a nonent in detail
BY M5. ROBERTS: :

Q Before we look at that, Dr. Langseth, where does this come
fron? What's the source of this?

A  Onh, thisis fromthe USGS study conducted by More and
Brown in 1969. And this is actually an interesting study.

Just alittle side bite, this is the study in which the name
Menphi s Sand was coined. They -- | nentioned earlier that

t hese various historical names come during the studies of the
aquifers. Previously what's now call ed the Menphis Sand used
to be just called the 500-Foot Sand. That was a driller's term
because it was typically found 500 feet bel ow the ground

surface in the Menphis area.
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Vell, in this study, which was a very, very deep test

hole up by Fort Pillow, Tennessee, up in, | think it was,
Lauderdal e County, they coined the nane. They said, Wll, from
now on we're going to propose calling this deeper section of
the Mddle Caiborne in the Menphis area, we want to call it
the Menphi s Sand.

And in this same report, that's actually when they
named the Fort Pillow Sand. | think you've heard the Fort
Pillow Sand di scussed as a deeper aquifer. You may remenber
hearing the terms Flour Island Confining Unit and O d
Breast-Wrks Confining Unit. Those were also naned in this
report as Od Breast -- Fort Pillow was where they did the
hole, so they naned that deep aquifer the Fort Pillow Qd
Breast-Wrks was some of the fortifications around the fort, so
they used that as the name for one of the confining |ayers.
And then Flour Island was an island in the river near where
they did the study.

So that's an exanple of how sone of these nanes cone
about. They do the study and they pick names based on things
near the area. |In fact, Sparta cones from Sparta, Louisiana,
where that formation was first discovered.

Q Dr. Langseth, you were starting to ook at that map on the
right side of the screen.

A (Oh, yes.

Q Tell us, what does this show?
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A Well, first off, just to orient, Shelby County is down here

in the [ower left-hand corner of this diagram So we have
Tennessee. And then Mssissippi is |abeled. | guess the
aut hors assumed we know that this is Tennessee.

And then there's dots on this nmap that show the
| ocations of the various test holes. And each one has a | abel
onit, like SH U-12. Actually, we heard yesterday Dr. Wl dron
tal king about this |abeling systemwhere the SH for exanple,
stands for Shel by County, and then the section that we'll see
goes through these four borehol e | ocations.
Q So the line connecting those dots, what is that |ine?
A  Wll, the line connecting these dots is just to help your
eye follow these dots. |'mnot sure why they didn't put a line
down to SH. U-12, but the line just indicates that those are the
dots that will formthe basis of the section that's on the rest
of the bigger diagram
Q Let's go back to that bigger diagram \Wat is the area
hi ghli ghted in blue?
A \Well, before | explain the highlighted in blue, let ne just
explain a little bit where this cones from

In each of these borings, based on the -- in this
case, nostly the geophysical studies, the geol ogists or whoever
Is interpreting this, identifies |ayers that have comon
characteristics. For exanple, they mght find a layer that's

| argely sandy and then a |layer that's got a |ot of clay and
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then a layer that maybe is a mx of sand and silt. And they

get different signals fromthe geophysical studies.

And then -- so they identify that in each hole. Then
they look at this hole and this hole, and they see -- ah, we
see about the same thing here as we see here, and it |ooks
pretty simlar to what we see here and pretty simlar to what
we see over here. And based on that, they connect the dots
bet ween those holes and then provide a nane.

So in this case, it's -- there's two | abels for nanes,
so this -- what's shaded in blue is one of those formations
that is -- they' ve been able to connect the dots between the
boreholes and say this is a consistent formation between these
borehol es and given it a nane.

In this case, as | nmentioned, this particular study
was the first one to call this the Menphis Sand. W can see
the -- | don't know if you can actually read it, but there's
t he 500- Foot Sand | abel ed over here, which was the historical
driller's name, just because that way the drillers knew that
they -- when they got down about 500 feet, they should start
wat ching for this nice sandy aquifer unit.

Q Have boring logs like this been direct-drilled el sewhere in
the aquifer in Southwest Tennessee and Northwest M ssissippi?
A Yes. Throughout that area and al so really throughout the
whol e M ssi ssi ppi Enbaynent.

Q And has that work hel ped you identify the geographic extent
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of the Mddle O aiborne Aquifer?

A Very -- very nuch so. In the MERAS study, it actually
expanded to, | think it was, around 2,600 boring |ogs and
devel oped essentially a network of these kind of diagrams in
order to identify the extent of the aquifer we're |ooking at,
plus the extent of the whole M ssissippi Enbayment Aquifer
System
Q | want to go back just for a nmonment to Exhibit D15 and
focus, again, on that region near the border of Tennessee and
M ssi ssi ppi .

Can you just explain for us, what happens at the
border of Tennessee and M ssi ssippi ?
A \Well, at the border of Tennessee and M ssissippi, not nuch
happens. The aquifer just continues right on underneath the
border. So, | mean, obviously other things happen at the
border, but in terns of the aquifer we're tal king about,
not hing real |y happens.
Q Is there anything in the ground that inpedes the flow of
water in the aquifer across the border of M ssissippi and
Tennessee?
A No, there's not.
Q Are there any barriers in the aquifer that align with the
M ssi ssi ppi - Tennessee state |ine?
A No, there are not.

Q There's an area in white on the M ssissippi side of the
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Tennessee- M ssi ssi ppi state border.

Do you see where I'mreferring to?
A Right about this area right in here (indicating).

Your Honor, do you see where the cursor is?

THE COURT:  Yes.
BY M5. ROBERTS:
Q Wat is that area?
A  Well, thisis an area that's -- we've heard the termfacies
change. It's comonly called a facies change. And facies is
just a geologist termfor the character of the material.

And what this is is that, as we [ook at this aquifer,
as you go far enough south, there are areas where there's a
| ower permeability unit that can be identified as being areal
ext ensi ve.

As we go further north, it pinches out. It doesn't
di sappear, but it's not areal extensive; it's discontinuous so
that south of somewhere -- and notice there's a jagged |ine at
the end of this facies change, neaning it's not an exact
| ocation; it's not an abrupt change, but if you go sufficiently
far south of that, then it provides sone restriction to
vertical water novenent.

And if you go north of that, even though there are
remants of the same |ow conductivity materials that continue
all the way up through certainly at |east mddle of Tennessee,

as far as |'ve | ooked at boring logs, they' re not continuous
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enough to restrict the vertical -- vertical flow of water and

so they're not considered to be present in a neaningful way
with regard to the aquifer.

Now, | should also mention that the location of where
this pinches out changes as you nove east-west. This is a
pretty accurate description of roughly where it pinches out at
the location of this section. But if you nove east or west, it
changes. The location where it really pinches out would nove
north in some places, nove south in sone places. So it's not
an exact consistent location, nor is it a solid vertical wall
like it's portrayed in this very generalized cross-section.

Q Does this facies change inpact your opinion at all in this

case?

A No, it does not.

Q Wiy not?

A Well, I've taken account of the presence of this facies

change in ny evaluation of the aquifer and the continuity of
the aquifer underneath the M ssissippi-Tennessee state |ine and
other state lines, and it really has no inpact on the
continuity of the aquifer underneath those state |ines.

Q Dr. Langseth, how do the USGS and other scientific
publ i cations describe the aquifer's geographic extent?

A The -- it's consistently described as underlying eight
states and having the outline that we described. Now,

historically, it wasn't -- you know, you go back 130 years, as
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| showed earlier, it was understood to extend between Kentucky,

Tennessee, and M ssi ssippi.

At that time it wasn't known that it extended under
ei ght states, but over the years, as we've gathered nore
information, it's becone consistently and well accepted --
consistently described as and wel | accepted that it underlies
that eight-state area we saw in the prior figure.

Q In your research and anal ysis, have you found any
scientific support for the proposition that the aquifer does
not extend across state lines, including M ssissippi and
Tennessee?

A | have not.

Q Coing back to the denonstrative listing your opinions, if
you don't mnd, M. Taylor, the second basis for your opinion
I's that "Before punping began, groundwater in the aquifer
naturally flowed from M ssissippi into Tennessee (and across
other state lines)."

As a threshold natter, how do you know that the
groundwater in the aquifer is flow ng or noving?

A  Wll, there's really two ways. First off, groundwater is
always flowng. That's just inherent in the nature of
gr oundwat er .

But then specifically, we can |ook at potentiometric

head data, and where there are variations in potentionetric

head, we know that the water is noving fromthe higher head to
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the | ower head. That's just a basic |aw of how groundwat er

nmoves.
Q Inthis case, how did you reach the determ nation that
groundwater in the aquifer naturally flowed from M ssissi ppi
into Tennessee and across other state |ines?

A Wll, | used two approaches. One is | reviewed the
literature to see what other people had concluded about that
matter, largely fromstudies of potentionmetric head data, that
I's, water level -- studies of water level data. And then |

al so | ooked at nodeling studies that addressed that issue. And
then | conducted ny own eval uations using the MERAS nodel .

Q Let's start with the publications you | ooked at with regard
to water |evel data.

Can you tell Judge Siler what you found in the
scientific literature regarding water level data in the aquifer
under predevel opnent, or prepunping, conditions?

A Well, Your Honor, | found two studies that addressed this
question. Both of these studies have been actually discussed
extensively in the courtroom the Criner and Parks study, where
we have seen the map several tines, and then the study by

Dr. Waldron and Larson. And, of course, we've heard the
testinony about that study yesterday. Those are the two
studies that |'ve put in ny report.

There's a third study we've heard a little bit about

by Reed in 1972. | didn't include that in ny report because he

Alpha Reporting Corporation




© 00 N o o A W DN P

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

Proceedings - May 24, 2019

1016
did not indicate anything about where his -- what his data
source was.
Q Let's start with the Criner and Parks eval uation you

nment i oned.

A

M. Taylor, could you please bring up Exhibit D177
What is the source of this figure?

This figure, Your Honor, comes fromthis Criner and Parks

1976 study that you've heard about several times before. It's

a reproduction of Figure 4 fromthat 1976 study by Criner and

Parks, and then |'ve added some lines on top of it.

Q
A

Q
A

And, for the record, who are Criner and Parks?
They were hydrogeol ogi sts working for the USGS.
VWiere is the M ssissippi-Tennessee border on this figure?

It's kind of faint, so it mght be good to highlight it.

[t's down here near the bottom You can see the words

"Tennessee" and "M ssissippi." They're a little bit faint.

And then over to the right you can see Shel by County,

DeSot o County. And | should probably say where the M ssissipp

River is. That's kind of faint too. It's over on the

| eft-hand side. It kind of curves up here on the west side --

west side of Menphis, Menphis, of course, being down here in

t he sout hwest corner of Tennessee.

Q

You mentioned potentiometric head data. How is that

reflected on this map?

A

Ckay. Your Honor, you've heard the concept of contour
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lines already were the lines of equal potentionetric head. So

this drawi ng has such lines, and they're | abeled in feet above
mean sea | evel

For exanple, you can see the |abel 260, and then the
curving line that goes north and south of the |abel 260, and
then there are other lines for going higher, 270, 280, 290, and
going | ower, 250, 240, 230. So --
Q You nentioned that the blue lines are yours. Wy did you
draw those |lines on the map?
A | drewthe blue lines to indicate the general directions of
groundwater flow that are indicated by these contour |ines.
And | used the principles that, Your Honor, you've heard
before, basic principles of groundwater flow, that the water
goes from higher head to | ower head and flows at approximately
perpendi cul ar to the contour |ines.
Q What does this indicate about predevel opnent flowin the
area of the M ssissippi-Tennessee border?
A It indicates that there is flow across the border. |
drew -- a couple of the lines |I drew show flow across the
M ssi ssi ppi - Tennessee state border in this aquifer.
Q How does that relate to your opinions in this case?
A Well, this is supporting information that -- that there's
no i npedinment to flow across the border. W've got the
delineation that shows the aquifer continues across the border,

and where you've got flow across the border, that supports the
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accuracy of that delineation.

Q Nowlet's look at the Waldron and Larson anal ysis you
mentioned. M. Taylor, could you please bring up Exhibit D18?

What is the source of this figure, Dr. Langseth?

A  Well, this is copied directly fromthe study that we heard
quite a bit of testinony about yesterday from Dr. Wal dron.
It's a copy of his Figure 4 or their Figure 4 fromthat study.
Q Wiy don't you zoomin on the map soit's alittle larger.

Can you please identify, where is the
M ssi ssi ppi - Tennessee border on this figure?

A Yes. It's -- it's down here, right in this area where --
wel I, maybe first the Mssissippi River, that squiggly line
running up through the left, and then right about through the
mddle third of the way up where the cursor is, that's the
bor der .

It changes fromred to brown because the red is the
outline of Shelby County, and then the brown is the state |ine
bet ween the other counties. And then, of course, DeSoto County
here south of the border, Shelby County here in the Menphis
area north of the border.

Q And as you nentioned, we've heard extensive testinony about
this yesterday, but what is your understanding of what

Dr. Wl dron and Larson did?

A  Wll, they did really the sane type of study that Criner

and Parks did, although nore exhaustive. They |ooked for
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historical information about water |evels, they plotted up

those water levels, drew contour |ines, based on the water
| evel s that they plotted up, and then this particular nap ends
wi th having drawn the contour |ines.

But it's quite easy to see that if you go from--
wel |, higher values, 104 out here to 73 in here, the water is
flow ng fromthose higher values to the |ower val ues across the
state line fromM ssissippi into Tennessee in the aquifer.
Q Wat is the direction of natural groundwater flow based on
the fracture contours shown on this nap?
A Oh it would be -- it would be fromMssissippi inthis --
well, first off, let's look at this 104 contour. |If we start a
flow line anywhere along this 104 contour, it's going to head
up north across the border until we get down near kind of the
end of the 104 contour. Then it mght head over into Arkansas
rather than going into Tennessee. But the -- nost of the
water, as we | ook along here, along the 104 line, is going to
be heading up and catching at |east sone portion of Tennessee.
Q What does this tell us about the predevel opment flow in the
area of the Mssissippi and Tennessee state border?
A Well, once again, it shows us flow across the border, which
Is confirmng the delineation, the characterization of the
aqui fer as continuing underneath the Menphis --
M ssi ssi ppi - Tennessee state border

Q So we've looked at two different maps, the Criner and Parks
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map and the Wal dron and Larson map. \Wat do these maps tel

you about predevel opnent flow?
A They basically show that there is flow across the border in
this -- inthis region. And fromny perspective, | |ooked at
this as a literature review, confirmng that people who have
studied the data found that there is, in fact, flow across the
bor der .

And | should mention the Reed study, which we're not
showi ng here, shows the sane thing.
Q In your research, are you aware of any USGS or ot her
scientific analysis of predevel opnent flow fromthe aquifer
al ong the M ssissippi-Tennessee border that does not show sone
wat er moving naturally, that is, predevel opment, from
M ssi ssippli into Tennessee?
A No, |'"mnot.
Q You testified that you also did sone nodeling work in this
case. Can you please tell Judge Siler about your nodeling
wor k?
A Yes. Your Honor, what | didis -- you know, you asked in
your nenorandum of decision for information about flow patterns
in the vicinity of the border, so | obtained this nodel, the
MVERAS nodel, fromthe USGS, and then | did a variety of
different applications of that nodel to illustrate various flow
patterns across the border.
Q You said you obtained the nodel fromthe USGS. How did you
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obtain it?

A  (Onh, | contacted the |ead devel oper, Dr. Brian dark, and
got it fromhim 1'd actually had some prior contact with him
when | was supervising graduate student research on this
aqui fer in Arkansas.
Q Wat is your understanding of how the USGS MERAS nodel was
devel oped?
A Oh, this was a big study. It started back in 2006, and it
initially included a massive review of boring |ogs. They
reviewed something like 2,600 boring logs to further refine
the -- both the vertical and horizontal delineation of the
various geol ogic and aquifer units underground.

And then they also did a major study of punping rates.
And they did a ot of work to develop this nodel that is very
highly districized for such a |arge nmodel, both vertically and
horizontally. And it includes what |I'mgoing to call
physically based representations of how water noves in this
system So it was quite a large nmultiyear effort to devel op
this nodel .
Q You nentioned the bore log work. Did that have any inpact
on your decision to use this nodel ?
A \Well, yes, because it's really -- it's the nost
conprehensive review of boring logs in the M ssissippi
Enbaynent area that |'maware of.

Q What did do you, if anything, to confirmthe reliability of
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t he MERAS nodel ?

A  Well, there's really two aspects to that, Your Honor. One
is | was follow ng the devel opment of the nodel right fromthe
beginning. | was aware of the work in 2006, aware that they
were begi nning the work, and they produced various interim
reports that |'ve been reading and eval uating.

And | also went to a conference where they presented
some of their interimresults. | also made a presentation at
that same conference. And then -- so I've been tracking the
devel opment of it, knowi ng howthey did it.

And then within the nodel reports, it's common to
provi de both statistics of how well the nodel perforns and then
al so discuss limtations of the nodel. And so |'ve |ooked at
those eval uations of those statistics, and it really perforns
quite well and has just the normal [imtations that you expect
a nunerical nodel of this type to have.

Q So, Dr. Langseth, you testified as to why you used this
model . Can you explain to Judge Siler how you used this nodel
for your work in the case?

A Ckay. First off, | didn't nodify it. | just -- | took it
as it was. And | used it for predevel opnment conditions, which
I's with no punping, because | wanted to evaluate natural flow
patterns across the border or in the border region with this
nmodel .

And, generically, the way | did this is to use a
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technique that's called particle tracking. It's an unfortunate

msnoner. It's really a mathematical way to track the pathway
of water through a three-dimensional system three dinensiona
versus two di mensional .

Wien we | ook at these flow arrows |ike the ones we
just |ooked at on the Criner and Parks data and other flow
arrows we've seen, those are two-dimensional approximtions.
And they're useful, but they don't tell the whole story.

Wth the MERAS nodel, which is a fully
t hr ee- di mensi onal nodel, and this particle tracking nethod --
|"mgoing to use that name even though it's a bit of a
m snomer -- you can follow the fully three-dimensional flow
paths of the water.

Q Wat was the results of your analysis of the natural flow
patterns in the Mddle O aiborne Aquifer?

A  Well, there are really two things | looked at. | did |ook
at the broad flow patterns in the overall aquifer and saw that
there were many areas where flow went across state borders.

And then | looked in detail at the M ssissippi-Tennessee border
and saw that -- evaluated sone of the flow patterns as they
crossed the border in this aquifer -- or, | should say,

eval uated the flow patterns in the border region. Because not
all the water crosses the border naturally, but | evaluated the
flow patterns in this aquifer in the region of the

M ssi ssi ppi - Tennessee border, a lot of water -- or there's a

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 = = T
g B W N P O © O N O o »h W N -k O

Proceedings - May 24, 2019

1024
| ot of l[ocations for which water does flow across the border,

and | illustrate that with the results of the nodel.
Q And you're referring to natural or predevel opnent
condi tions?
A Al of this is natural, predevel opment conditions, with no
I nfl uence of punping.
Q Before we look nore closely at your use of the USGS nodel
and anal ysis of predevel opnent flow, | want to ask, are there
any other USGS nodels of the aquifer of which you are aware?
A There's two primary other nodels, and they've all been
mentioned in this hearing so far. One is a nodel of the
northern part of the M ssissippi Enbayment that was devel oped
by Brahana and Broshears, commonly called the Brahana nodel .
That's the nodel that M. Wley used and that Dr. Spruil
relied upon in terns of M. Wley's use of that nodel.

And then there was the nodel devel oped by Arthur and
Tayl or, the same authors, USGS hydrogeol ogi sts who devel oped
that cross-section that we've come back to so nmany times.
Q | want to ask you a few questions about each of those
model s. \Who are Brahana and Broshears?
A  Well, they at the time were hydrogeol ogi sts working for the
USGS.
Q And how were you aware of the Brahana and Broshears nodel ?
A \Well, | first became aware of that, Your Honor, back when |

was working on the district court action. And for some of the
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evaluations | did in that action, nodeling studies were

appropriate, and at the tine the Brahana and Broshears nodel
was the best available nodel for the general, you know, greater
Menphis area, if you will.

Q And what is your understanding of what the Brahana and
Broshears nodel shows as to predevel opnent and natural flow of
the M ssi ssippi - Tennessee state border?

A Oh, it shows flow across the M ssissippi-Tennessee border
inthis aquifer. |If you run the Brahana and Broshears nodel
for predevel opment conditions, that is, no punping, and it
produces contour |ines that show that you' ve got flow across
the M ssissippi-Tennessee border in this aquifer.

Q You also nentioned the Arthur and Taylor nmodel. Tell us
about that nodel

A  Well, that's a nodel for the entire M ssissippi Enbaynment
System simlar to the MERAS nodel, although it's not as highly
districized. That is, it's fewer layers; the block sizes are
bigger. But it was developed for the entire M ssissipp
Enmbaynent, and it al so shows predevel opment flow across the
bor der.

Q Across the border from M ssissippi to Tennessee?

A Yes. It shows predevel opment flow in this aquifer across
the border from M ssissippi to Tennessee.

Q Are you aware of any conputer mathematical nodels of the

aqui fer that do not show water noving from M ssissippi into
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Tennessee under predevel opment or natural conditions?

A No. Every nodeling effort that I'maware of, which is the
three that we're tal king about, shows flowin the aquifer
across the M ssissippi-Tennessee border. Mstly from
M ssi ssippi into Tennessee, but there's actually al so sone
areas further west where sonetinmes flow from Tennessee into
M ssissippi is shown. So it goes both ways.
Q Are you aware of any conputer nodels or nathenatical nodels
of the aquifer that represent the aquifer as sonething other
than a continuous aquifer across the Tennessee-M ssi ssi ppi
state line?
A No. Al three of these efforts show this aquifer as a
continuous aquifer going right underneath the state line, the
M ssi ssi ppi - Tennessee state |ine.
Q I'dlike to |ook at some of your work on predevel opnent
flowwth the USGS MERAS nodel. M. Taylor, could you please
bring up Exhibit D267?

Dr. Langseth, can you identify this figure, please?
A Yes. Thisis afigure fromny report. And this is -- |
mentioned earlier that | |ooked at the broad regional patterns
of flow fromthe MERAS nodel. This is a potentionmetric head
map created fromthe MERAS nodel for the Mddle O aiborne
Aqui fer over the entire region of the Mddle C ai borne Aquifer.
Q Because it's fairly small print, for me at least, let's

zoomin on the caption.
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Coul d you read that, please?

A Yes. "USGS MERAS Model, Predevel opnent, NSSA,
Potentionetric Surface with CGeneralized Flow Directions."”

Q Al right. Going back to the overall exhibit,

Dr. Langseth, can you explain what is shown on Exhibit D26?

A Yes. There's -- well, there's several pieces toit. First
off, in the brown we can see the overall outline of the

M ssi ssi ppi Enbaynent System the sanme outline we've seen
earlier. And then in the blue, these blue lines are Iines of
equal potentionetric head.

The contour lines, |ike we've seen before, these lines
were generated by the MERAS nodel, and these are contour |ines
for the Mddle O aiborne Aquifer. And the nunbers on themare
in feet above nmean sea level. So each one tells the
potentionetric head or water level, in other words, in feet
above nmean sea | evel
Q \Were is Menphis on this figure?

A Oh, yeah. Well, let's -- we've got the Mssissippi Rver,
the squiggly line, running up through the mddle. W see the
State of Mssissippi. North of that, the State of Tennessee.

And then Menphis is, of course, right down here in the

sout hwest corner of Tennessee, with DeSoto County, M ssissippi
being just south of the border in M ssissippi.

Q And you mentioned that -- the blue lines, are those lines

that you drew, or those are lines that are drawn by the nodel ?
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A  Well, the way this is done is that the nodel conputes

val ues of potentionmetric head, or water level, in each of the
1-mle-square grids over this entire -- sone -- the area of the
blue lines is some probably 70,000 square mles or so, so
there's a value of potentionetric head conputed in each square
mle. And then a conputer programis used to draw the contour
| i nes, though the nethods that the conputer program uses are
essentially the sane as the ones that we heard M. Larson
testify about in his little diagramof how contour lines are
dr awn.
Q And what are the black arrows on this figure?
A The black arrows are arrows that | added to show the
generalized flow directions, and they follow just the sane kind
of principles we've tal ked about before in that they go from
areas of higher head to | ower head, and they are approximtely
perpendi cul ar to the contour |ines.
Q And what do they represent?
A \Well, they just represent general flow directions starting
at various locations. | just picked a sanple of |ocations to
Illustrate the broad regional flow patterns over the entire
aqui fer.
Q M. Taylor, could you enlarge the inset?

Dr. Langseth, can you take us through what we're
| ooki ng at here?

A Well, this is just an inset that is focusing on the area
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that we've been discussing nost, that is, the area of Southwest

Tennessee. W can see here, you know, Menphis here in the
sout hwest corner of Tennessee and M ssissippi wth DeSoto
County being here, or the northwest county in M ssissippi.

So it's the same contour lines as were on the other
map but just |looking nore closely at this area of Shel by County
and DeSoto County.

Q What does this show about flow direction in the

Tennessee- M ssi ssi ppi border area under predevel opnent
condi ti ons?

A Well, it shows a couple of things. One is that there's
kind of a curvilinear flow path, which comes up in all of the
models. It's sonething that's characteristic of this northern
portion of the Mddle C aiborne Aquifer. And these flow paths,
many of themstart in Mssissippi, go through Tennessee, and
then into other states. The one that | happened to draw starts
In Mssissippi, goes into Tennessee, and then into Arkansas.

But you could start in other places where they m ght
start in Mssissippi, go up into Tennessee, and then come back
down into M ssissippi.

Q Dr. Langseth, how does this inpact your opinion in this
case that the aquifer is an interstate resource?

A  Wll, it's a denonstration of flow across the border that
I's unaffected by the state line, flowin the aquifer, flowin

the Mddle O aiborne Aquifer, across the Mssissippi state |ine
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and other state lines that is unaffected by the presence of

that state line. And so that denonstrates the interstate
character of the aquifer.
Q Thank you.

Dr. Langseth, | want to | ook at some of your particle
tracking work that you nentioned earlier.

M. Taylor, can you please bring up Exhibit D27?

Dr. Langseth, is this a figure fromyour report?
A Yes, it is.
Q Can you please read the caption?

And, M. Taylor, if you could enlarge it for us.
A  "Predevel opnent MSSA Fl ow Pat hways for Water in the
Northern 4 mles of M ssissippi."
Q \What does that nmean?
A Well, what | didis | |ooked at the northern 4 mles of
M ssissippi. Your Honor, | remenber in your menorandum of
deci sion you were interested in flow patterns in the vicinity
of the border, so | |ooked on this diagramat flow patterns for
water where the initiation of the flow pathway is in the
northern 4 mles along the Mssissippi border in the aquifer.
Q And why did you select those -- the northern 4 mles?
A  Oh, sinply toillustrate flow patterns near and in the
vicinity of the M ssissippi-Tennessee border in this aquifer.
Q Can you orient us as to what we're |ooking at here?

A Yeah. Just in terns of where we're at, the
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Tennessee- M ssi ssippi state line is this horizontal dark |ine.

M ssi ssippi, of course, here. Shelby County, southwest corner
of Tennessee, DeSoto County here, northwest corner of
M ssi ssippi, and, as usual, the Mssissippi River, although
it's the state line, the former course of the M ssissipp
River, this black squiggly Iine running down through roughly
the mddle of the map, with then, of course, Arkansas on the
west .
Q Can you explain how you created this figure?
A Yes. Well, first off, this is all, again, fromthe MERAS
model , then using an additional program called nod- PATH, which
does the particle tracking. So nod-PATH just takes the out put
fromthe MERAS nodel and then tracks the water flow paths using
standard mat hematics for how groundwater noves.
And so what | didis that, in the northern 4 mles of
the M ssissippi border for the entire extent of the Mddle
C ai borne Aquifer -- so we see the blue outline, the little
stepped outline, along the eastern side, that is the border of
the Mddle O aiborne Aquifer, the aquifer we're dealing wth.
So everywhere along the northern 4 mles of the State
of Mssissippi, | started a particle and then allowed the
programto nmove those particles through the groundwater system
And these lines, these blue |ines, show their pathways through
the aquifer, through the Mddle O aiborne Aquifer

And we're looking at it in two dimensions. |In three
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di mensi ons these particles also nove up and down. So the

program accounts for the full three-dinmensional novenent, but
we're | ooking just down in plan view, so we're seeing the
motion as it would be mapped if you were |ooking on a map.

Q | want to nake sure the record is clear on this. You

I ndi cated that you selected the starting points for each of
these lines. Did you have any influence on where the |ines
went ?

A No. | selected the starting points, but then the output of
t he MERAS nodel determ nes where they go fromthere.

Q And what are the thick black arrows?

A Oh, | added thick black arrows to show generalized flow
directions, because these thin little blue lines, there's a lot
of them and it's alittle bit harder to track sonetinmes the

I ndi vi dual |ines.

And the thin blue lines also don't have arrows on them
to show which direction they're going. So | added the black
lines with arrows just to indicate the generalized flow
patterns of novenent.

Q Wy did you include this figure in your expert report?

A  Well, it was part of the evidence, | understood, that was
requested in the nmenorandum of decision to |ook at flow
patterns, in particular predevel opnent flow patterns in the
vicinity of the aquifer in the M ssissippi-Tennessee state

bor der .
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Q And how does this analysis inpact your overall opinion that

the aquifer is interstate?
A Well, it confirms that the flowin the aquifer continues
uni npeded, underneath the state, under the
M ssi ssi ppi - Tennessee state [ine as though that state |ine
weren't there. The state |line basically had no effect on these
fl ow patterns.
Q M. Taylor, can you please bring up Exhibit D517

Dr. Langseth, is this a figure fromyour rebutta
report?
A Yes, it is.
Q Can you explain how you created this figure?
A  Wll, the fundanental way that | created it is the same as
In the other one. | took the output of the MERAS nodel and
then | started -- and I'musing this term"particle." It's
just a starting location for tracking the flow of water. But |
started -- | have many nore starting locations than | did in
the prior figure. The locations in the prior figure are also
Included in here, these blue lines, but | also have several
other colors of lines that show other starting |ocations for
particles and then for flow paths.

And | also incorporated the fanous, perhaps |egendary,
yellow triangle of M. Wley's on this map.
Q Tell us about some of those other colors of flow |lines.

A \Well, they're just different |ocations for starting points.
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For exanple, | mentioned the blue lines are the ones fromthe

northern 4 mles of Mssissippi. It turns out there's sone
interaction between the Fort Pillow Aquifer and the Mddle
( ai borne Aquifer, so | also released particles in the Fort
Pillow and some of themin M ssissippi, and sone of themgo up
into the Mddle Caiborne in Mssissippi and then cross the
line. Some of themcross the line in the Fort Pillow and then
go up into the Mddle O aiborne.

So that's another sort of category of flow paths that
are shown on here,
Q You nentioned that you included the yellow triangle. \Were
exactly did you get that triangle fronf
A | got that fromFigure 9 of M. Wley's initial report in
this matter.
Q M. Taylor, could you please bring up Figure 9, which I
believe is P168? And let's |ook at themside by side.

How does the yellow triangle, as M. WIley depicted
it, conmpare to your yellow triangle on your map?
A  Wll, | did nmy best to copy it exactly, to take the -- as
best | could, to take the exact dimensions and |ocation of
M. Wley's yellow triangle and superinpose it on top of the
map that | drew.
Q Do you agree with M. Wley that there is natural or
predevel opment interstate flowin the area of the yellow

triangle?
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A Wll, yes, | do. | certainly agree that there is

predevel opment flow across the border in the area of the yellow
triangle. | just think that the -- there's also predevel opnment
natural flow across the border in other areas. And |

actually -- as | understand M. Wley's testinmony, he thinks
the yellowtriangle mght be alittle bit too small also.

Q What is the significance between the difference -- between
Plaintiff's Exhibit 168 and Defendants' Exhibit 517

A Wll, inawy, there's two issues. One is that the
representation in M. Wley's report of what he calls the
limted area of natural flowis sinply way too snall, that the
area of natural flow across the border is much larger than
represented by that yellow triangle. So that's one area of
signi ficance.

But in another way, it doesn't matter. M. Wley's
shows that there's natural flow across the border. M analysis
shows there's natural flow across the border. In both cases,
that denonstrates the interstate natural predevel opnent flow
across the border from M ssissippi into Tennessee. So from
that sense, there's no significant difference with regard to
arriving at ny opinion.

Q Let's go back to the denonstrative listing your opinions.
M. Taylor, if you could please put that up on the screen.
The third basis |listed here for your opinion is that

"Punpi ng groundwater fromthe aquifer in both Tennessee and
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M ssi ssippi inpacts the groundwater in the other state.”

How di d you reach that concl usion?

A Your Honor, what | did for thisis really simlar for what
| did for the other work in that | did a literature review
based on neasured anal ysis of neasured data, that is, measured
water |level data, to see what could be inferred fromthat

i nformation.

And then | also | ooked at nodeling studies and what
the nodel i ng studies say about the inpacts of punping.

Q Is it possible to tell if punmping froman aquifer in one
state is having an inpact in that sane aquifer across a state
bor der ?

A  Well, this gets to a termwe've heard a lot, the cone of
depression. That is the -- Your Honor, remenber, the cone of
depression is the area around a well in which the
potentionetric head, or water level, is -- has been caused to
be | owered by the action of that well.

So everywhere where that [owering takes place is the
cone of depression. And also, everywhere where that |owering
takes place is an area where there is inpact fromthat punping.

So if you | ook at cones of depression from punping, if
they cross state lines, that's an indication -- that's, |
shoul d say, a direct denonstration that the inpact of that
punpi ng crosses the state |ine.

Q W've heard testinony about cones of depression in the
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Menphi s, Shel by County, DeSoto County area. \What, if anything,

does the existence of cones of depression in the Menphis,
Shel by County, DeSoto area tell you about the interstate
character of the aquifer?
A Wll, the fact that these cones of depression cross the
state line in both directions is an indication of the
continuity of the aquifer underneath the M ssissippi-Tennessee
state line, which is confirmation of the interstate character
of the aquifer
Q You nentioned that one of the things you | ooked at was
literature that measured water |level data. Let's start from an
exhibit fromyour report on that, Exhibit D30, please.

Is this a map that you created, Dr. Langseth?
A No, thisis a map that was created by the USGS. It was a
fairly conprehensive study of water |evels done in 2007, run by
M. Tony Schrader of the USGS. And it was really done under
the MERAS study, the overall MERAS st udy.
Q Could you help us get oriented as to what we're | ooking at
here?
A Yeah. Well, we're looking here at the whole eight-state
region of the -- what | call here the Menphis-Sparta Sand
Aqui fer, but you could also call it the Mddle O aiborne
Aquifer. So, as before, you know, it extends up into Illinois
and Kentucky, Mssouri, Tennessee, M ssissippi, Arkansas,

Loui si ana, Al abama, the sane -- actually, they don't have the
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wat er | evel contours done in Al abama here, so this shows water

| evel s in seven of the eight states for the aquifer.

Q Can you identify any cones of depression in the aquifer on
this map that reach or cross into state |ines?

A | can. And first | should nention that M. Schrader was
kind enough to shade in areas that he identified as cones of
depression, and the way he identified those is if you' ve got a
contour line that closes back on itself, that is, creates
sonething of a circular region, that's an indication you' ve got
a cone of depression.

Now, the actual cones of depression for that punping
are certainly larger than the outernost closed contour, but
within the closed contours, you' ve definitely got a cone of
depression fromthe aggregate punping within that punping
center. And M. Schrader shaded those in gray. You can see --
it's alittle bit faint, but you can see several areas of gray
shaded on this map. And that's where the author of the study,
M. Schrader, identified cones of depression. And there's at
| east three of themthat touch or cross state |ines.

Q Could you take us through each one of those?

A  Wll, if we start down here in Southern M ssissippi, about
by the Arkansas-Louisiana state line, just a little -- just on
the east side of the Mssissippi Rver -- maybe we could
enlarge that area. Alittle bit hard to see, but here we've

got the -- you know, this dark black line running down through
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here, that's the state line, and we can see this shaded cl osed

contour here.

And you notice it's not a perfect circle. This is a
reflection of a variety of wells, several wells, in this area.
If it were an individual well, it would nore likely be closer
toacircle, but it's sort of a punping region.

And we can see that this collective cone of depression
fromall that punping reaches and just barely crosses that
state border into Louisiana. And, like | said, the actual cone
of depression alnost certainly extends further.

Q You nentioned there were two others?

A Yes. |f we go back out, Southern Arkansas, Union County,
maj or punping center down here. |'mnot sure if we -- does
that show -- oh, it is shaded. |It's awfully faint, Your Honor.
But we can see this area where |'m pointing, we can see the
flow arrows going into this punping center. This one, again,
touches and just barely crosses into the state of Louisiana
from Arkansas.

And then the third one is up in the Shel by County
area. Up here (indicating). W'Ill enlarge that one. And,
once again, it's faint on this map, but you can see the
difference between the light color and the dark color.

Well, first off, Mssissippi River, state line here
(i ndi cating) between Tennessee and M ssissippi. Shel by County

I's up here where this cone of depression is indicated.
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Now, | should nention that -- and | said this for down

in Mssissippi too. This set of contours is the collective
I mpact of all the punping in the area, actually including the
punping in Mssissippi in DeSoto County. But where there's a
cl osed contour, then that indicates a regional cone of
depression around a maj or punping center, and certainly Shel by
County is a major punping center

And we can see that this cone of depression crosses
the state line here of Mssissippi and Tennessee, crosses into
M ssissippi. And over here, on the west, we can see it crosses
into Crittenden County, Arkansas. So it crosses into two other
states, both Arkansas and M ssi ssi ppi
Q \Wat do these cones of depression that reach or cross state
lines tell you, if anything, about whether the aquifer is
I nterstate?
A Wen you've got a cone of depression from punping that
crosses a state line, it's confirmation that that aquifer in
whi ch the cone of depression is devel oped itself crosses the
state line. So what we see in particular for our question
here, the cone of depression in -- that's represented in the
Shel by County area crosses the state line into M ssissippi
indicating the continuity of the aquifer between Tennessee and
M ssi ssi ppi .
Q Dr. Langseth, nowlet's |look at sone of the results

produced by different mathematical nodels of the aquifer
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. Taylor, could you please bring up Exhibit D31?
Dr. Langseth, do you recognize this figure?
| do.
What is it?
This is a figure that | put in ny report. |t was produced

by Arthur and Tayl or.

Q
A

What does this figure show?
Ckay. This figure shows drawdowns, which is a little

different than what we've been | ooking at before. The other

maps we' ve been | ooking at show directly potentionetric head.

This map shows the change in potentiometric head caused by

punping. So it's actually a nore direct way to | ook at the

cones of depression.

And, Your Honor, what | nmean by potentionetric head,

let's say the water level is up here. And I'll just call it

100 before punmping. Then you turn on the punp and it drops
down to 90. Well, that 10-foot drop woul d be the drawdown

caused by the punping.

And this figure, these contour lines show |ines of

equal drawdown caused by punping. So it's not the tota

potentionetric head. |It's directly reflecting the inpact of

punpi ng, the change in the water |evel caused by punping.

Q
A

Q

Now, this is not nodeling work that you did; is that right?
No. This is nodeling work done by Arthur and Tayl or.

Let's, again, get oriented so we know what we're | ooking
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at. Can you identify, where is the City of Menphis and the
M ssi ssi ppi River?
A Yes. Well, I"'mhere -- well, the State of Tennessee is up

here, and Mssissippi. So the state |ine between Tennessee and
M ssissippi is on here. Menphis down here in the sout hwest
corner of Tennessee and, of course, DeSoto County in Northwest
M ssi ssi ppi .

Q What does this figure have to do with your opinion in this
case?

A Well, this figure, as | mentioned, this shows nore directly
t he inmpact of punping crossing state |lines and being unaffected
by those state lines, which is a direct indication of the
continuity of the aquifer underneath those state |ines.

And we see that in several -- several |ocations --
wel |, there's several spots where the effects of punping are
seen directly to cross state line, like I say, with no inpact
to the state |ine.

Q Can you give us a few exanpl es?

A Yes. Let's start -- let's go to Union -- southern
Arkansas, Union County again. This down here, yeah, that's a
good -- in this one, we're |looking at just the water |evels.
The cone of depression as it appeared there barely crossed the
state line, but once we're |ooking at the direct inpact of
punpi ng, we can see much nore substantial indication of

crossing the state Iine.
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And one of the things | want you to notice is that the

shape of this contour just doesn't -- is not affected by the
state line. There's no indication of any inpact of the state
| ine, which indicates the continuity of the aquifer underneath
the state |ine.

And then there's another one, another punping center,
around Stuttgart, which is really a big punping center. And we
can see -- well, if we could enlarge that a little bit, if we
can catch a little bit nore to the southeast on that
enl argement. W can see here this punping center, which is a
conpl ex punping center, so it creates sone shapes that aren't
quite as circular. W see the inpact of this punping center
crossing over fromthe State of Arkansas into the State of --
the State of Mssissippi. And, again, a direct inpact, a
direct indication of the continuity of the aquifer underneath
t he Arkansas-M ssissippi state line.

And then the third area is if we go up to Menphis. So
here, just to orient, we see the label. Menphis is actually on
the -- to the west of where Menphis really is. Menphis is
actually over here on the east side of the Mssissippl River,
which is this -- as usual, the dark squiggly line running kind
of through the center.

This dark line here that |'mpointing to, Your Honor,
I's the M ssissippi-Tennessee state line. And we see the

representation of the inpact of punping. This would be 1987
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| mpact of punping. So punping rates were higher back in '87

than they are now But we see the -- these lines as the tota
| mpact of punping and -- in both Shel by County and DeSoto
County. So this reflects DeSoto County punping also, but

in "87 DeSoto County punping was quite a bit lower than it is
now. Shel by County punping was higher than it is now But,
nonet hel ess, we see the inpacts of punping crossing the state
lines as though the state lines sinply weren't there.

So, once again, this shows the continuity of the
aqui fer underneath the state lines, the M ssissippi-Tennessee
state line in particular, but also the Tennessee-Arkansas state
line, as though the state lines sinply weren't there,

Q Dr. Langseth --

THE COURT: | think we'll take a short recess.

MS. ROBERTS:. Thank you, Your Honor.

THE COURT: We'Il have a ten-mnute recess.

(A recess was taken.)

THE CLERK: Al rise. This Honorable Court is called
back to order. You may be seat ed.

THE COURT: You may proceed.

M5. ROBERTS:. Thank you, Your Honor.

I's your m crophone on?

THE WTNESS: | think so. Sound check? Is it
wor ki ng?

Can you hear ne all right, Your Honor?
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THE COURT:  Yes.

THE WTNESS: Ckay.
BY MS. ROBERTS:
Q Dr. Langseth, in your rebuttal report, you discuss an
exanpl e provided by Dr. Spruill in his report about punping in
the Gty of Southaven in Mssissippi. Can you explain that
exanmpl e for Judge Siler?
A  Yes. WlIl, thisis a part of rebuttal. | noticed that in
Dr. Spruill's initial report, he discussed a nunicipal well in
the Gty of Southaven, and he described how the cone of
depression of that well extended out, | believe it was sone
17 mles, and since the Cty of Southaven only extends about
6 mles south into Mssissippi, that's a direct indication of
punping in Mssissippi, the effects of punping in M ssissipp
in the aquifer extending across the M ssissippi-Tennessee
border into Tennessee. So it's just a -- it's evidence that
the effects of punping go both directions across the border.

And this was docunented in Dr. Spruill's report.

Q I'dlike to go back to the denonstrative listing your
opi ni ons.

The fourth basis you have listed for your opinion in
this case is that "In the Tennessee-M ssissippi border region,
groundwater in the aquifer is hydrologically connected to
Interstate surface water."

How di d you reach this conclusion, Dr. Langseth?
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A  Wll, really through two ways. One is the very broad

patterns of flow in the aquifer where, Your Honor, you've heard
before about the big-picture patterns where eventually the
wat er noves up into the Mssissippi River, so that provides one
type of direct connection. And we also know that at the
northern end of the M ssissippi Enbayment where the Mddle
C ai borne outcrops the Mssissippi River is in direct
connection.

But | also |ooked, using ny nodel -- not ny nodel, the
VERAS nodel and ny use of the nodel, to |ook at the details of
those interactions between a local snaller interstate river,
the WIf River, and the aquifer.
Q M. Taylor, could you please bring up Exhibit D20?

Is this the analysis that you're referring to, Dr.
Langset h?
A Yes, it is.
Q Can you explain, what does Exhibit D20 show?
A Ckay. Wll, this is, once again, one of those particle
tracking figures which is prepared using the MERAS nodel and
t he conpani on nod- PATH nodel. And it shows the pathways in the
aqui fer of water that was either in the WIlf River and left the
Wl f River, down into the aquifer and canme back up into the
Wl f River, or was ot herw se connected between the aquifer and
the WIf River

Q Can you orient us on the nap again?
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A Yes. That was sort of a general outline. So if we |ook,

we see the state line here between M ssissippi and Tennessee,
the horizontal line with, of course, Shelby County in the

sout hwest corner of M ssissippi, DeSoto County here in the
nort hwest -- Shel by County in the southwest part of Tennessee,
DeSot o County in the northwest part of M ssissippi.

And then let's focus on the Wlf River. W can see
the Wl f River rises here in Benton County, flows then north --
west for alittle ways, then northward across the
M ssi ssi ppi - Tennessee state line, then flows in Tennessee,
eventual |y enptying into the M ssissippi River.

Q Soif | understand your testinony, the Wlf River
originates in Mssissippi, flows across the border into
Tennessee, and discharges into the M ssissippi River?

A Yeah. So the WIf River itself is clearly an interstate
river starting in Mssissippi, flowng -- and it flows into
Tennessee.

Q \What do the orange lines represent?

A The orange lines represent particle tracks. And in the
mddle, there's a -- the interactions between the river and the
aqui fer are represented in certain of the nodel cells, and so
started a particle or a path line in each of the nodel cells
that represents the Wlf River and then tracked the movenent of
that water through the aquifer.

And we can see -- | added generalized flow direction
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areas as before, and we can see that water crosses the state

line. Water associated with the WIf R ver and associated with
that interconnection with the aquifer crosses the state line --
the M ssissippi-Tennessee state line in a variety of ways.

Q How, if at all, does this analysis inpact your opinion that
the aquifer is interstate?

A It just shows one nore hydrol ogi c connection across state
lines as it relates to interstate rivers and the aquifer.

Q Dr. Langseth, you can sit down.

There were a coupl e of opinions that were expressed by
Steven Larson that | wanted to ask you about.

Do you recall his testinony that water that enters the
aquifer, the Mddle O aiborne Aquifer in Mssissippi, wll
eventual ly | eave M ssi ssippi?

A Yes, | recall that.
Q Do you agree with that testinony?
A (On, absolutely.
Q Do you agree that that's true both under predevel opnent
conditions and today?
A Yes.
Q GCkay. Dr. Langseth, Steven Larson also testified that the
USGS treats the aquifer as a regional resource.
Do you recall that testinony?
A Yes, | do.
Q Do you agree with that testinony?
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A Yes, | do.
Q Dr. Langseth, do you recall hearing testinony from
Dr. Spruill about a report by soneone named Moore?
A Yes, | do.
Q Let's bring up the More report that was referenced.
M. Taylor, could we please see Joint Exhibit 58?

Dr. Langseth, can you please read the title of this
report?

A So "Geology and Hydrol ogy of the Claiborne Goup in Wstern
Tennessee. "
Q Let's go to the next page, please.

Can you see where the author is |isted?
A Yes, it's Gerald More.
Q Didyoureviewthis report as part of your work in this
case?
A Yes. | reviewed it in the district court action and then
reviewed it in this case.
Q What is this report about?
A  Wll, thisis a study to provide a better characterization
of the Caiborne Goup, as it was known at the time, in Wstern
Tennessee. And that's kind of apparent fromthe title.

But it was really an outgrowth of sone interests
starting in the '40s to develop better characterization of the
aqui fer fromwhich Menphis was drawing its water. And there

was a series of studies over the next several years that
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were -- that were notivated by that, designed to provide

further characterization, further analysis of the Menphis-area
wat er supply.
Q I'dliketo start with plate 1 of this report. | believe
you've got it marked as J58A.

Al right. There's a lot here. Can you explain what
it is that we're | ooking at?
A Ckay. First of all, Your Honor, this is -- renenber, |
just -- we looked at a figure that was sonething like this
before fromthat More and Brown 1969 paper. This follows that
sanme general structure where there are sone cross-sections
shown on this figure. And then there's alittle map down on
the lower right-hand corner that shows where those
cross-sections are and which borings are used to define those
Cross-sections.
Q Solet's start with that little map. Maybe we can enl arge
it.

What does this show us?
A Ckay. Wll, first, just orienting, this shows only Wstern
Tennessee in ternms of the specific outline, but the dashed |ine
at the bottomis the Tennessee-M ssissippi border. So
M ssissippi is here south of that line, and then, as before, we
see dots that indicate the specific borings that are used in
this -- in this figure.

Each one has a label on it, and then there are letter
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designations at the end of the dots that are connected by

lines. So, for exanple, we see A, A prime; B down here
starting in Mssissippi, extending on this line, going all the
way up to B prine in Kentucky. So -- then there's a C Cprine
line up here. So each one of these |abeled |ines defines one
of the cross-sections that are on the rest of the figure that
we'll come back to.
Q I want to focus on the BB line and in particular -- if we
coul d go back to that a nonent.
A Yeah, that would be the mddle cross-section.
Q So the BB line and that point --
A Yeah. So this starts in Mssissippi, nmoves up into Shel by
County, through Shel by County, and then continues on up through
st ern Tennessee.
Q And what is Wthers 1?
A Oh, that's just the nane of a boring in Mssissippi down
here at the beginning of this section |ine.
Q Let's go back nowto that full plate, and | want to sel ect
the mddl e portion.

Dr. Langseth, can you explain what this figure shows?
A Wll, the basic structure of this figure, Your Honor, is
like the one we saw before where we can see the ground surface
indicated at the top, and then along the ground surface |ine,
we see each of the wells |abel ed.

And we al so see the section line |abel. Over by the
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| eft-hand side of the figure, you see the letter B, and

underneath the letter B, you see Wthers 1. Well, that's the
same Wthers 1 well we sawin Mssissippi on the location map.
And then it continues on heading north up to B prine,
showi ng, at each boring, the interpretation of what was found
underground at that boring. And then where you can see
comonal ities, then they draw the lines between the different
borings and say, okay, we see -- we see this formation in this
boring; we see it in the next boring. W're going to draw a
line between the two and say that that formation continues
bet ween those two borings. That's basically how the
under ground expl oration is done.
Q Can you explain what's happening at the
M ssi ssi ppi - Tennessee border?
A Yes. It mght be good if maybe we coul d bl ow up maybe the
third or so of this -- so we see here, we're at B, Wthers, and
in Mssissippi. W see here on the upper portion of the
di agram the M ssi ssi ppi - Tennessee state |ine indicated up here
at the top.
So we've got our B location at Wthers, and if you
| ook down, the first labeled formation is called the Sparta
Sand. And this fornmation | abeled the Sparta Sand continues
right across the border from M ssissippi into Tennessee.
It eventually is later called the 500-Foot Sand over

here, but the key issue is that the formation, as identified
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fromthe boring |logs, continues right across the state |ine.

And this is -- this is our aquifer. The Sparta Sand
and the 500- Foot Sand, you know, this overall area, is our
aqui fer. But certainly this upper portion identified as the
Sparta continues right underneath the M ssissippi-Tennessee
state |ine.

Q | want to go back to the text. M. Taylor, could you
pl ease go to page 57 of 58 and enl arge the bottom paragraph?

Dr. Langseth, do you recall M. Ellingburg's reading
of the second sentence of this paragraph during his opening
st at ement ?

A Yes, | do. You're talking about the sentence that begins
"Future devel opnent"?

Q Yes.

A Yes, | recall that during M. Ellingburg s opening

st at ement .

Q He omtted fromthis paragraph the sentence before that.
Coul d you read it, please.

A Yes. The first sentence is, "Thus, groundwater supplies in
both the 500-Foot Sand and the unnamed sand unit wll be
adequate for the predicted rate of nunicipal growh and
econom ¢ devel opment for nany years to come."”

Q Have you reviewed the entire More report, Dr. Langseth?
A Yes, | have.

Q \Wat was his concl usion?
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A Wll, ny conclusion or M. More's concl usion?

Q M. More's conclusion.

A  Wll, what M. More did, he did a few things. He |ooked
at the stratigraphy -- we sawthat earlier -- to further define
the stratigraphy. But one of the other things he did was he

| ooked at the potential for the aquifer to supply increasing
amounts of water.

So he | ooked at substantial increases, up to |ike 2-
and 300 mllion gallons per day, which is substantially nore
than i s being punped now, and he determ ned that he thought the
aqui fer woul d be adequate to supply those |arger anounts of
wat er .

Q Do you recall Dr. Spruill's testinony that this More
report concluded that punping in Menphis was, quote/unquote,
probl ematic?

A | recall that testinmony, yes.

Q Do you agree with Dr. Spruill's testinony?

A Well, | don't think he characterized the More report
properly. M. More does not call this problematic. He says
what he says in that -- what's that blue border, blue shaded
| ine, sentence.

Q And he never stated that this was problenmatic?

A He did not.

Q Dr. Langseth, do you recall that we heard testinmony about

one of these old reports, a 1964 report by Criner and a couple

Alpha Reporting Corporation




© 00 N o O A W DN

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

Proceedings - May 24, 2019

1055
of other authors?

A Yes.
Q Let's bring up the report that was referenced. M. Taylor,
can we please see J22?
Can you please read the title of this report,
Dr. Langseth?
A It's "Hydrology of Aquifer Systens in the Menphis Area,
Tennessee. "
Q Let's go to the next page, and then one nore after that.
Wio was the author of this report?
A Three nen, Criner, Sun, and Nyman.
Q Didyoureviewthis report as part of your work in this
case?
A | did, and also reviewed it as part of the district court
action.
Q Wat is this report about?
A Wll, this is another one of these series of reports that
was happening at this time to provide further information,
further characterization of the aquifer being used for water
supply in the Menphis area.
Q Let's goto plate 1 of this report that we've got narked as
J22A
Dr. Langseth, what are we | ooking at here?
A Ckay. Wll, this is another one of these figures of the

same styling that has sone cross-sections up above and then a
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| ocation map down in the |ower right-hand corner.

Q Let's start with the Iocation map.

Do any of the boreholes reflected there extend into
M ssi ssi ppi ?
A  Well, yes. Before | just -- yeah, the answer to that is
yes. But let's just get oriented here. W' ve got the
Tennessee- M ssi ssi ppi border down here along the border. And,
fortunately, on this one, it actually |abels Tennessee and
M ssi ssi ppi .

And, once again, the dots show the various boring
| ocations, and then the connected |ines show where the
cross-sections are done. And |ooking at cross-section |abeled
Ato Aprine, that one starts in Mssissippi at a boring
| abel ed "Walls," which | think is |abeled Four Walls,
M ssi ssippi, and then continues across the border into
Tennessee, and specifically into Shel by County.
Q Al right. Let's go back to the full plate, and | want to
select the top part.

Can you pl ease explain what this shows?
A Yes. So this --

THE W TNESS: Your Honor, can you see this clearly
enough now?

THE COURT: Yes, | can. | have one closer to ne.

THE WTNESS: kay. Ckay. So we -- once again, we

see the individual borings. W see at A the Walls boring, and
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then there's several other borings |abeled here.

We see up on the top M ssissippi-Tennessee state |ine.
It says M ssissippi-Shel by County, but of course we know Shel by
County is in Tennessee.

There's a boring here right along the border that is
kind of shallow, but we have these deeper borings, the one in
M ssi ssippi and then the one further up into Shel by County.

And, once again, the analyst, generally a geol ogi st
who is evaluating these, has identified zones that they
consider to be conparable material, has connected the lines
between the borings in which that material is found. And we
can see what was then called the 500-Foot Sand. The Menphis
Sand nane had not yet been introduced at the tinme that this
work was done. And we can see what's called the 500-Foot Sand
continuing right underneath the M ssissippi-Shel by County Iine.

And what's called the 500-Foot Sand is, of course, our
M ddl e O ai borne Aquifer as we know it today.

Q How does this inpact your opinion in this case?

A Wll, it shows fundamental geol ogical data indicating the
continuity of this aquifer underneath the M ssissippi-Tennessee
state line, and that indicates the interstate character of the
aqui fer.

Q GCkay. Dr. Langseth, we previously introduced your rebutta
report.

M. Taylor, could you please bring it up, Exhibit
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D1937?

Dr. Langseth, | wanted to ask you just a few questions
about it. Can you tell the Court what you did to prepare this
rebuttal report?

A  Well, I -- 1 read the reports prepared by Dr. Spruill and
M. Wley and identified areas of disagreenent, although | also
i dentified sone areas of agreement. And then | wote this
report to docunent some of the -- some of those key areas.

So 1'd have to say | didn't address everything that
they said because | thought much of what was said was not
relevant to the specific question at hand.

Q As to what you identified as relevant, can you provide any
exanpl es of areas of agreenent with your work?

A  Wll, yes. There were really quite a few, and I've got an
extensive section in nmy rebuttal report on this. They -- both
Dr. Spruill and M. Wley, in their rebuttal reports or in
their reports, not -- because | hadn't seen their rebuttal
reports yet -- in their original reports, they agreed that the
aqui fer extends underneath the M ssissippi-Tennessee state |ine
and al so other state |ines.

They agreed that there was predevel opment flow across
the border, both of them They both agreed that there was --
that the inpacts of punping went across state lines in both
directions, from M ssissippi to Tennessee and M ssissippi to

Tennessee.
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And they both acknow edged either -- | can't remenber

I f they acknow edged in their reports, but they certainly did
in their testinony here, that there are interactions between
the aquifer and interstate river, or hydrol ogic connections
between the aquifer and interstate rivers.

So froma technical basis, Dr. Spruill and M. Wley
real |y support the bases for ny opinion.
Q Have you heard any testinony fromM. Wley at this hearing
that is inconsistent with the four bases for your opinion as to
the interstate nature of the aquifer and the water in it that
you' ve testified about today?
A | have not.
Q What about Dr. Spruill? In listening to his testinony
regarding the aquifer at issue, did you hear anything that is
I nconsi stent with the bases of your opinion that the aquifer is
Interstate that you' ve testified about today?
A He made some clains with regard to nanes of aquifers, but
his fundanental technical analysis of this aquifer is
consistent with my opinion.

M5. ROBERTS. Thank you

Your Honor, before | pass the witness, | would like to
mark the denonstrative exhibit that was the bore |og as
Def endant' s Exhibit 201.

THE COURT:  Any objection?

MR ELLINGBURG  Which one do you want to --
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(Exhibit No. D201 was marked for identification.)

M5. ROBERTS. It was a denonstrative, so it was at the
back of your binder.

MR ELLINGBURG (kay. No objection, Your Honor.

THE COURT: Al right. That would be fine.

M5. ROBERTS. Thank you, Your Honor. | pass the
Wi t ness.

THE COURT: Are you finished? Does the State of
Tennessee wish to question this wtness?

MR FREDERI CK: We have no questions for this wtness.

THE COURT: You nay proceed, State of M ssissippi.

MR ELLINGBURG  Thank you, Your Honor.

CROSS- EXAM NATI ON

BY MR ELLI NGBURG
Q Good norning.
A Good norning.
Q | had alittle difficulty following a |lot of that because
It seemed |ike you were weaving in and out between space and
time in terns of the area being discussed and also in terns of
when these various slides or exhibits were shown, and so I'm
going to try to start off with a few concepts. Ckay?

Is it your testinony that before any devel opment,
there was some novenent across the area that now makes up the
M ssi ssi ppi - Tennessee border of groundwater within the entire

M ssi ssi ppi Enbaynent Systenf
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A | did not provide any testinony about the entire

M ssi ssi ppi Enbayment with regard to that question.

And | would al so say that when you said the area of
the M ssissippi - Tennessee state line, everything that | did
testify about with regard to novement across the state |ine was
for the line itself, not an area of the line.

Q Well, | asked the question wong, which nay happen a little
bit, and | appreciate corrections.

Your testinony is that what is now presented on a map
as the area -- or as the state |ine of M ssissippi-Tennessee,
before there was ever any punping, there was sone novement back
and forth across that border of groundwater; is that correct?
A M testinony was about novenent of that groundwater before
there was any punping in the Mddle C aiborne Aquifer. M
testinony was specifically about the Mddle C aiborne Aquifer,
the aquifer at issue in this hearing.

Q GCkay. And the Mddle Caiborne Aquifer that you're talking
about covers all but one of the states in the M ssissipp
Enbaynent; is that correct?

A Wiich -- you'll have to be specific about which state you
think is mssing for ne to answer that question

Q I think you said that it didn't show-- it didn't include
any real water in Alabama. |s that correct?

A Wiat | said was, in the 2008 publication by the USGS where

they did a set of water |evel neasurements that was extensive
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t hroughout the rest of the Mssissippi -- rest of the Mddle

( ai borne Aquifer, which they called the Sparta-Menphis
Aqui fer, they did not show any data in Al abama.
Q They did not show what?
A Data in Al abans.
Q GCkay. So you're not saying that the aquifer doesn't extend
into Al abama?
A That's correct. |'mnot saying that, but | amsaying in
that particular study of nmeasured water-level data, they did
not show any data in Al abama.

Let me clarify that. They didn't show any contour
lines in Alabama. | haven't |ooked at it closely enough to

know i f they had some data and sinply chose not to show the

cont ours.
Q Thank you.
Now, this is your Figure 2.2.1a in your report, is it
not ?
A It appears to be.
Q Now, what is all of the yellow on this map?
A The yellow -- you know, it's the | egend over on the side.
Q Wll, what does it represent?
A Generally the Atlantic Coastal Plain. It's alittle bit

hard to read, but it's the Coastal Low ands Aquifer System and
then there's a ot of text here. But it's basically a set of

coastal aquifers along the Gulf and Atlantic coast.
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Q Now, under your definition, the water in the coastal -- the

Qul f Coastal Aquifer is all interconnected; is that correct?

A Under what definition?

Q Your definition that it crosses state lines and it's

called -- it all contains aquifer formations that are

I nterconnected? Aren't those formations all in sonme way

hydrol ogi cal |y connected? Either they are or they're not? You

can explain, but are they or are they not?

A If you're talking about that entire system shaded in

yellow, there's two things | would say. One is that | have not

studied that entire system but | would be surprised if there

were direct hydrologic connection -- what | would call direct

hydrol ogi ¢ connections through all of them

Q Let's get sone term nology straight before we get too far.
Are all of the hydrol ogical connections that you have

been tal king about in your direct testinony direct hydrol ogical

connections?

A | would characterize themthat way, yes.

Q Ckay. So you characterize a connection fromthe bottom of

the Mddle O aiborne Aquifer that then has to flow up through

multiple confining layers to ultimately cone to a surface or

di scharge point near the surface, your testinony is those are

all direct hydrological connections?

A That -- that is a reasonable way to characterize those

because it's continuous fl ow of water between one area and
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another. There's no evaporation involved. It hasn't

evaporated, gone into the atnosphere, and rained somewhere

el se. It's not an epheneral connection through the broader
hydr ol ogi ¢ cycle.

Q So in your testinony, the only thing that falls into the
category of a direct hydrol ogical connection would be sonething
that went fromthe surface to the atnosphere? |Is that what you
just described?

A No. No. Let's just get a definition in place. There's no
standard definition of "direct hydrol ogical connection.”

The way |'musing the term it neans that the
connection is nediated through water flow ng through whatever
systemwe're tal king about, and it's not nediated by
evaporation of that water going up into the clouds and raining
somewhere. Because if you | ook at that, the entire hydrol ogic
cycle, all the water in the world is interconnected. And
that's true in a very epheneral sense, but it's not very
useful .

You know, there's a wonderful line froma Mary Qiver
poem It's sonething like, "In water that is forever |eaving
and forever returning, we find the eternal."

So it's -- the hydrologic cycle is that way, but |
don't consider that a direct connection.

Q Ckay. But you do consider all connections that take place

in the earth between hydrogeol ogical units, whether they are
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through confining units or whether they are direct in terns of

being part of the same formation, and you consider all those to
be direct hydrol ogi cal connections?

A That's a definition that | just nade for purposes of ny
answering your questions today.

Q Right. But that's your personal definition today?

A That's a definition | just nade to give me the ability to
answer questions -- you're asking ne about direct hydrol ogic

connections, and I'mtelling you about the definition that |'ve
used today when | broadly used the term"direct hydrol ogic
connection.”
Q Ckay. Looking at your map, are there direct hydrol ogical
connections between the Sparta Sand in M ssissippi and the
Sparta Sand in Texas?
A | have not studied the area in Texas enough to be able to
answer that question.
Q Well, you are aware, aren't you, that one of the joint
exhibits issued in this case, thereis -- there are, | believe,
two studies that specifically study the entire western portion
of the Gulf Coastal Plain and specifically what they have
Identified as a Sparta Sand conponent created during a specific
geol ogi cal tine?

You know that, don't you?

MR FREDERI CK:  Objection, Your Honor. Texas is not a

defendant in this case.
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THE COURT: Well, that's true. He can say it's not

very relevant, but you may answer the question.

THE WTNESS: Coul d you please point me to a specific

study you're tal king about?
BY MR ELLI NGBURG
Q Sure. WII you pull up J697?

In your earlier testinony, you specifically carved out
of this map the area of the M ssissippi Enmbaynent; is that
correct?

A That's correct.

Q Now, the Mssissippi Embaynent is just one of the aquifer
systems within the GQulf Coastal Plain, isn't it?

A That's a generally correct characterization

Q Is it generally correct or is it true? Is the M ssissippi
Enbayment just one of the aquifer systems that lies within the
Qul f Coastal Plain?

A If you add the words "aquifer systent after the words

"M ssissippi Enbaynent," that would be a true statement.

Q | did say aquifer system didn't |7

A No, you didn't. You said, Is the Mssissippi Erbaynment one
of the aquifer systems in the Gulf Coastal Plain? But if --
the M ssissippi Enmbaynent Aquifer Systemis one of the aquifer
systens that's represented in that broad yellow band. That's
the general coastal -- general set of Coastal Plain aquifer

syst ens.
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Q So there are multiple aquifer systens within the Gulf

Coastal Plain Aquifer System is that correct?
A | think that's a correct statenent.
Q kay. And they are all, to sone extent, hydrologically

connected, aren't they, directly, according to your definition?

A | don't think so.

Q You don't?

A No.

Q GCkay. So what do you base that on?

A \Well, | base it, in part, on my know edge of how the

M ssi ssi ppi Enbaynent Aquifer System has been defined and

awar eness of a substantial confining zone that's represented by
this white area here between the M ssissippi Enbaynent area and
the coastal systemsouth of that.

Q kay. So you said the connections to the M ssissipp
Enmbaynent and the coastal systemsouth of that don't exist.
There's no hydrol ogi cal connection of any kind between those
two -- those systens; is that correct?

M5. ROBERTS. (bjection, Your Honor. He's constantly
msstating his testimony. |'mtrying to be patient and
respectful, but tine and tine again, he's putting words into
my -- our wtness's nouth.

MR ELLINGBURG (Ckay. And |'mleading, but I'll try
to be alittle less leading wth a witness that | can |ead.

THE COURT: Al right. You may do that.
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MR ELLINGBURG  Thank you.

BY MR ELLI NGBURG

Q Have you ever seen any USGS report that identified the
Sparta Sand as a specific hydrogeol ogic unit that was formed
during a particular time of the formation of the M ssissippi
Enbaynent ?

A | have seen several reports that identify the general
geol ogi ¢ era during which the Sparta Sand and its rel ated
formations were laid down.

Q kay.

A But that's discussed in nunerous reports.

Q Can you find -- I"'mgoing to hand you a copy. | said J68.
It's essentially 69. That's ny problem

Take a monent to | ook at that.

MR. D. BEARVAN. M ke, what nunber is that?

MR ELLINGBURG It is J69.

MR FREDERI CK: Counsel, we had an agreenent that both
si des woul d provi de paper copies of what they intended to use
In the courtroomfor ease and efficiency.

MR ELLINGBURG W certainly said that for direct
exam nation, but | don't know if we've done that --

THE COURT: Hold on. We'll call a short ten-mnute
recess and come back.

MR ELLI NGBURG  Ckay.

(A recess was taken.)
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THE CLERK: Al rise. The Court will be called back

to order.

You may be seat ed.

THE COURT: Have we resolved the dispute about what we
need?

MR ELLINGBURG | believe we have for the monent, and
we'll try to --

THE COURT: (Ckay. You may proceed.
BY MR ELLI NGBURG
Q Dr. Langseth, do you have Exhibit J69 in front of you?
A Yes, | do.
Q Now, that was one of the joint exhibits by the parties. |Is
that one of the things that you | ooked at in preparing to
testify?
A | don't recall that | relied on this in my report. [If |
cited it, | don't specifically recall it off the top of ny
head.
Q Gkay. Well, I'mgoing to ask a few things about it.

Now, this is a United States Geol ogical Survey,
Prof essi onal Paper 1410-B; is that correct?
A That's correct.
Q And it was published in 1996; is that correct?
A Yes. That's the date given on page 3 of 153 of this
document .
Q Andthetitle of it is "Hydrology of the Southeastern
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Coastal Plain Aquifer Systemin Mssissippi, A abama, Ceorgia,

and South Carolina."

A | think you read that correctly.

Q And does that show up -- can you put the map back up?
Ckay. |s this area that's covered by this study

reflected on your nmap?

A The area covered by this study -- | nean, the map is the
whol e United States.

Q Right.

A So thisis astudy inthe United States, so of course it's
on the map.

Q Well, no. M point is, does it appear -- in what you

i dentified as the Coastal Plain on your map and in your report,
Is this study a study that covers that area?

A Let me see if | can reframe this and answer what | think
your question is.

The portion of the -- this study is about a portion of
the overall Coastal Plain aquifer system and the portion of
the overall Coastal Plain aquifer systemthat is covered by
this report is indeed identified on this map of -- that is not
my map. It is the USGS of principal aquifers in the US.

Q Rght. So the USGS study that is part of the regional
studies that the USGS has conducted in this case covers
M ssi ssi ppi, Al abama, CGeorgia, part of Florida, and South

Carolina, correct?
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A That is the geographic scope of this specific study, this

J69 that you put in front of ne.

Q Thank you. If you would turn to page B7.

A B?

Q B.

A Basin "boy," 7?

Q The pages are nunbered with a B. It's also joint

exhi bit page 17 of 153.
A | see. | was looking at the bottomof the page. You're

tal king about the original report page nunbers?

Q Yes.

A Yes. (kay.

Q Have you got the page?

A | do.

Q Now, do you see where it says, "definition of hydrol ogical

f ramewor k" ?

A | see that.

Q Now, and I"'mjust going to read it, and | just want to ask
you if this is the sane definition you' re using in your

t estinony.

"The regional hydrogeol ogi c system or aquifer system
can be described as a body of strata having a w de areal
distribution and containing an extensive set of aquifers in
confining units. The aquifers are hydrologically connected in

varying degrees and in areal extent and can be regionally
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treated as a single-flow system” |s that correct?

A | think you read that correctly.

Q Is that what you have done in this case with regard to the
M ssi ssi ppi  Embaynent ?

A The focus of my work was not on the overall M ssissippi
Enmbaynent. The focus of ny work was the aquifer for this work,
which is the Mddle C aiborne.

Q I'mgoing to learn.

A  So I'mnot -- so the basic answer is no.

Q Gkay. So --

A But that's not -- when | say no, that's not saying | have a

qui bble with this definition for the purposes of the study
that's in front of ne.

Q No. It's the lawer is asking bad questions, so |l
restate it.

Wth regard to the M ssissippi Enbaynment Aquifer
Systemand the C aiborne -- the Mddle d aiborne Aquifer
hydrol ogi cal unit, are you follow ng this same scope in terns
of how you have testified to its interstate connection?

A 1'd say the fundanental answer to that is no. But, again
that does not nmean | disagree with what the USGS has said here
in the context of the study that is in front of ne.

Q Ckay. Wen you were tal king about the sane aquifer, the
phrase you use a lot, that exists wthin the MERAS study area,

are you clarifying it as the same aquifer because it has this
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type of hydrol ogi cal connections that are described in Exhibit

J697?
A If you're talking about the -- the text that you just read,
| certainly did not use that entire description. | used really
a different evaluation nethod.
Q GCkay. So howis yours different than what the USGS does in
a regional aquifer study? Howis your definition different?
A M definition has to do wth the areal extent of an
aquifer. And we're talking about in this matter -- ny
understanding is that this hearing is focusing on an aquifer,
not an aquifer system

And so | was looking at the lateral extent of an
aqui fer and whether or not the |ateral extent of that aquifer
goes underneath state lines and, in particular, the
M ssi ssi ppi - Tennessee state line since this matter is between
the states of M ssissippi and Tennessee. And of course
Menphis, Cty of Menphis, and ML.GW
Q M apol ogi es.

As you use the phrase "aquifer system -- or as you

use the phrase "aquifer," does that include nultiple separate
aqui fer hydrogeologic units wthin the Mddle d ai borne
formation?

A First, | would note that the word "aquifer" isn't a phrase.
| would call it a word, not a phrase.

Q Excuse ne.
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A The word -- you called aquifer a phrase. | think of it as
a word.
Q kay.

A So when | use the word -- so I'magoing to translate your

question into saying when | use the word "aquifer,"” can it

I nclude nul tiple hydrogeologic units. |s that what you're

sayi ng?

Q Wat is the answer to your question?

A The answer is that there can be nmultiple historical nanes
or alternate nanes that are going to apply to different
sections of the aquifer for various reasons, but |I'mlooking at
It as continuity of material that is recognized as aquifer.

Q As a single aquifer?

A Recognized as -- an aquifer is -- we went over that
definition earlier. It's a formation, saturated formation
fromwhi ch you can extract usable quantities of water. And if
you've got that characteristic, an aquifer that continues
underneath the state line, that's what I'mcalling an
Interstate aquifer. That's ny basic test that | was using.

Q | understand that. But is that the way the US Geol ogi cal
Survey has defined what it is doing in its regional aquifer
studi es, such as the MERAS study, which you' ve testified to
extensively, is that the USGS description of what they've done?
A The MERAS study is a study of a regional aquifer system

just like this study is a study of a regional aquifer system
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The MERAS study included nultiple aquifers, various confining

units, and that was a study of the aquifer system

Wthin the study of the aquifer system there's also
I nformation about the specific aquifer in question.
Q Sois it your testinony there are no changes anywhere
wi thin what you have defined as the Mddle C airborne-Sparta
systemin the underlying geol ogy?
A Hardly. That's a ridiculous statement the way you phrased

that question.

Q | nmean --
A | have never testified anything close to what you just
sai d.

Q GCkay. No, but you did testify that if there are
connections of the type you described, they are direct
hydrol ogi cal connections, according to your definition, right?
Do you agree with your definition of the direct
hydr ol ogi cal conditions?
A | told you | developed that definition to try to answer
questions that you were asking ne.
Q Ckay. So let's use your definition again. Look at this
report, J69.
Are there direct hydrol ogical connections between the
Sparta Sand in Mssissippi and Al abama, Georgia, and South
Carolina under your description, under your definition?

A Ckay. Direct connections between the Sparta -- could | get
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t hat question repeated?

Q Yes. Are there direct hydrologic connections between the
Sparta Sand in Mssissippi and the state -- the formations, the
aqui fer formations, within Al abama, Georgia, South Carolina,
and part of Florida?

A To the best of ny know edge, the formation that is called
the Sparta Sand in Mssissippi that | have been dealing with
crops out, that is, it comes to near the surface, nostly in

M ssissippi, extends a little bit into Alabama. So it sinply
does not extend into Georgia. | think you nmentioned -- | can't
renenber all the list of states you mentioned, but it sounded

| i ke you were noving east along the Eastern Seaboard, and to ny
know edge, that sane formation that is identified as an aquifer
formation and locally called the Sparta Sand in M ssissippi and
some ot her places, does not extend into CGeorgia, Florida, and
South Carolina.

Q Okay. Does it extend into Louisiana?

A The nane actually came fromLouisiana. |t was named after
Sparta, Louisiana, where it was first identified.

Q Does it extend into Texas?

A | don't knowif a simlar formation nmay be identified in
Texas, but as part of the aquifer that's -- the aquifer that is
in the Mddle Caiborne Aquifer system-- excuse nme, the

M ssissippi -- strike that. | got mxed up between ny aquifers

and aquifer system
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As the aquifer that's part of the M ssissipp

Enbayment Aquifer System | don't believe it extends into
Texas.

Q Gkay. And you're talking about the M ssissippi Enbayment
that is carved out of the Gulf Coastal Plain, right, for study
pur poses?

A Well, I wouldn't -- you used the word "carved out." Al of
these issues depend on the scale of which you're |ooking at
somet hi ng.

The USGS, on the map that we had before, has
I dentified this broad, big systemof aquifers along the Coasta
Pl ain as having some degree of simlarity and characteristics
that caused themto identify themas a group of aquifer
syst ens.

The M ssissippi Embaynment Aquifer Systemis an
| dentifiable subsystem if you will, as part of that that
exists as this layered set of formations that's been discussed
alot inthe testinony in this hearing within this plunging
syncline that starts up around Illinois and continues down into
the states that have been discussed so nany tines.

And then the southern boundary of it is really defined
by the edge of the freshwater. |It's about 10,000 -- southern
boundary of the study area is defined by where the water
becomes too saline to be usable as fresh water.

Q The southern boundary of the study area that's covered by
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the MERAS study is the boundary where it becomes saline water

and is not freshwater; is that correct? That's what you just
said, isn't it?

A That's -- they picked a value of -- | think it was 10, 000
parts per mllion total dissolved solids, is that boundary.

Q But that is not the end of the hydrol ogical connections
within that system is it?

You' ve tal ked a | ot about hydrol ogi cal connections.
|'"mtrying to get an understandi ng of what you're talking
about. Because the -- the southern part at the bottomof the
MERAS study area, the hydrol ogic connection to the saline
water, is on the end.

A You do know | was starting to answer your question and you
I nterrupted ne.

Q | didn't nean to, and | apol ogize. Counsel from Tennessee
scared ne.

A The water continues to the south. There's some flow in
that systemthat goes south -- there's sone conponent of flow
that continues south in those aquifer units and heads -- heads
towards the Gulf. And so thereis -- | call it hydrologic
continuity across that southern border, but it was small enough
that the authors of the MERAS study determined that that was a
sufficient definition of -- that was an appropriate definition
of their study area, southern boundary of the study area.

Q Thank you. Now I'mgoing to try to make sure | get this
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ri ght, though.

Go back to B7, on page BY7.
A Yeah, I'mstill there,.
Q Ckay. You are? Al right.

It says, "A regional hydrogeol ogical systemor aquifer
system can be described as a body of strata having w de areal
di stribution and containing an extensive set of aquifers and
confining units." |s that correct?
A You read that correctly.
Q Thank you.

Wul d you agree with that statenent?
A | think that's a reasonable definition for a regional --
for what they said. You could use either the term"regional
hydrogeol ogi ¢ systent or "aquifer system" For exanple, you
could apply that definition to the M ssissippi Enbayment
Regi onal Aquifer System
Q Right. Because it has a body of strata which would include
the Sparta Sand in M ssissippi and the Menphis Sand north of
the transition zone, right?
A \Wll, you're using names that are, you know, applied |oca
nanmes. | just want to be clear that when you use those nanes,
| recognize themas local names, but | don't recognize them as
different aquifers. So |'mhappy for you to use those names as
l ong as, in using those different nanes, |'mnot creating the

implication that | view themas separate aquifers.
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Q Do you agree that the United States Geol ogi cal Survey has

i dentified themas separate aquifer hydrogeol ogic units?

A No.

Q You do not? So your testinony is USGS makes no
differentiation between the two, between the Sparta Sand in

M ssi ssi ppi and the Menphis Sand in Tennessee?

A Wth regard to their characterizations as a hydrogeol ogic
unit, and specifically as an aquifer, | believe the USGS
considers themto be a continuous aquifer unit underneath the
state |ine.

Q A single continuous |ine?

A A continuous aquifer underneath the state |ine.

Q GCkay. I'Il agree with you they're hydrologically
connected, but can you tell us if there are any differences
between the Sparta Sand in M ssissippi south of the transition
zone and the Menphis Sand in Tennessee? Are there any

di fferences?

A There are differences everywhere. W're talking about
natural systens. Everywhere you go, there's differences from
one point to the next.

But the issue here is whether there's enough
commonal ity to characterize the material as aquifer and
recogni ze the continuity of that -- these formations as an
aqui fer underneath the state line. But of course there are

differences. There are many, nany, nmany differences.
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Q That's the issue within your definition of aquifer? That's

not a USGS definition, is it?

A | would argue that the USGS would agree with it. |

don't -- I'mnot aware that they' ve ever witten it down.

Q Can you -- have you looked to see if they've ever witten
It down?

A 1've |ooked, and | haven't been able to find where the USGS
has witten down a definition that says "interstate aquifer"
equal s the follow ng.

Q kay. You've never found anything in the USGS |iterature
that directly supports your definition of interstate aquifer,
have you?

A | disagree with that

Q GCkay. So I'msaying a direct statement by the USGS that
this constitutes an interstate aquifer?

A | have seen the termused in USGS reports where it is clear
that it's used in a manner consistent with my definition.

Q (kay.

A And it's also been used in a report that was -- where one
of the | ead authors was the head USGS groundwater scientist
where it was used consistent with ny definition.

Q And who was that?

A I'mtalking about the report that was published by the --
by the subcommttee on groundwater, which |I'ma nenber --

subconm ttee on groundwater of the Advisory Commttee on Water
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Information, and the |ead federal chair of that subcomittee is

W Il iam Cunni ngham of the USGS

Q Is that marked among your references?

A | don't think so.

Q Has it been published as an official USGS docunent?

A It's been published as an official Advisory Conmttee on
Water |nformation document.

Q It's an Advisory Conmittee on Water Information internal
publ i cation?

A \Well, when you call it "internal,” it's internal to the
United States Federal Governnent, | guess.

Q Does the United States Ceol ogi cal Survey have standards --
A But it's publicly available. |'msorry. | interrupted
your question. Excuse ne.

Q Does the United States Geol ogical Survey have standards
that they use that they apply before they will publish
sonething as an official report?

A So now you're back to -- you're not in ACW publications
anynore?

Q |'ve been at the USGS the whole tine. [|'mtrying to find
out how you can testify that the USGS has used your definition
that you are using in this case.

A M. Ellingburg, | believe you're very nuch tw sting the
di scussi on we've just had.

Q I'mtwstingit.
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A Because you were asking me about any reports published. |

specifically was discussing a report that was published under
the aegis of the Advisory Commttee on Water Information by the
subconm ttee on groundwater. W were specifically talking
about that. You knew it was not a USGS report, and sonehow now
you're saying, On, | was talking about USGS reports all the
time. You know that you weren't.

Q I'mjust trying to find out if you can tell us -- if you
can testify that the USGS has adopted your definition in this
case anywhere.

A | told you earlier, and I'll say it again, |I'mnot aware
that the USGS, as an organization, has ever published or
witten down a definition of interstate aquifer. But | can say
that it's been used in USGS reports in a manner that's
consistent with my definition,

Q The phrase has been used, is that correct, in USGS reports?
A The phrase "interstate aquifer."

Q It's been used intitles to USGS reports. Have they ever
said this report addresses an interstate aquifer in the text of
It and expl ai ned what they meant by that?

A They -- | have not found anypl ace where they expl ai ned what
they neant by that, but using ny expertise, conbined with ny

di scussions with people who work for the USGS, as | said,
Including their |ead groundwater scientist, other groundwater

scientists around the country, such as state geol ogists, they
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use the termconsistent with ny definition.

THE COURT: We'll take a lunch break at this point.
W'll break until 1:15.

MR. D. BEARMAN. Your Honor, | was only going to ask
I f Your Honor would consider a break for an hour so we can
again try to maximze our tine.

MR, ELLINGBURG We're fine with that.

THE COURT: | need to go ahead with this for the |unch
break, but we will take | onger sessions this afternoon.

MR D. BEARMAN. So --

THE COURT: We will break now until 1:15.

MR D. BEARMAN. Thank you, Your Honor.

(A lunch recess was taken.)

THE CLERK: Al rise. This Honorable Court is called
back to order. Special Master Eugene Siler presiding.

You may be seat ed.

THE COURT: Al right. You nay proceed.

MR ELLINGBURG Thank you, Your Honor.

THE WTNESS: M. Ellingburg, before you proceed, can
| clarify two items fromthis norning's testimny? Wuld you
allow ne to do that?

BY MR ELLI NGBURG
Q Sure.
A One is you asked ne if the report that we were talking

about that was produced by the Advisory Commttee on Water
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Information was an internal report, and | said it was interna

to the federal governnent. That was correct but not conplete.

It's an official publication of the federal
government, and it's not classified, which neans it is a
publicly available docunent, so that's a nore conpl ete answer
to your question
Q Have you included that in your reference naterials?

A No, | don't believe -- | have not.
Q Do you have it with you?
A No.

So the other clarification | wanted to nake is at one
poi nt you asked ne about whether or not |'d seen a definition
of interstate aquifer, and since at some point there was sone
uncertainty about whether you were focusing just on USGS
docunents or not, | wanted to say that | gave the answer in the
context of just USGS. | said the answer was no in the context
of just USGCS because | have seen definitions in other
document s.

Q Gkay. Thank you.
A So |l just wanted to clarify that for the record.
Q Thank you. | appreciate that.

Can you give us, as you sit here today, a reference to
the other publicly available documents you're tal ki ng about ?
A \Well, you can search. It's the Nationw de G oundwat er

Monitoring Network, and it -- and a search -- or National
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G oundwat er Monitoring Network, and a search on that, | think

should lead to the docunent.

Q It contains your definition?

A No. It uses the term"interstate" in a manner that's
consistent with ny definition. There are other documents that
contain the definition consistent -- that are consistent with
my definition but are not USGS documents.

Q | appreciate that.

A Nor are they ACW docunments. They're sinply other sources
i n other documents.

Q | appreciate that.

But just to make sure I'mclear, the report that you
have now referenced that | can find in the groundwater nodeling
part of the USGS docunent, you referred to going to the -- not
groundwat er nodeling -- groundwater monitoring?

A Monitoring is correct.

Q If | search for that, | can find the commttee report that
you tal ked about ?

A | believe you -- | believe you can. | nean, | haven't done
that search for a while, but | believe that would | ead you

t here.

Q But you're not saying that that is the same as your
definition; you're saying it's something el se that supports
your definition?

A |I'msaying that, as a nenber of the conmttee and a
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coaut hor of the docunent, the word was used -- the term

"Interstate aquifer" was used in a manner that was consistent
with ny definition. That's what |'m saying.

Q Okay. Well, let's talk about -- do you have your report
before you in the notebook, the one you testified about on
direct, which is your initial report?

A Yes, | do.

Q Gkay. Could you turn, please, to page 21 of 80? As far as
the big nunbers at the bottom it's actually, | think, 15 of
your report.

A Yes, |I'mhere.

Q Thank you.

The first paragraph starts off and it says, "Based on
the use of the term'interstate aquifer' in scientific
literature.” Now, that's not the conplete sentence. |'m going
to get there. But did | read that correctly?

A So far.
Q Thank you.

And you actually give a citation with regard to
supporting that statenent, do you not?

A | do.

Q And that is a publication by Bittinger and Jones; is that
correct?

A That's correct.

Q Thank you.
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MR ELLINGBURG Your Honor, thisis a --

BY MR ELLI NGBURG
Q I've handed you a copy, it looks like an article dated
April 1972, fromthe Water Resources Bulletin. And it has a
short article "Interstate and International Aquifers" by
Bittinger and Jones.

Is this what you were referring to in your footnote?
A Yes, this is the article.
Q Andis this the primary basis that you' ve cited in your
reports for your use of the phrase "interstate aquifer"?

A Well, interns of an exanple of scientific literature, it's
the exanple that | cited.
Q Okay. This is the scientific literature being cited in
support of that statenent?
A This is an exanple of scientific literature in which the
term"interstate aquifer" is used in a manner consistent with
my definition.

MR ELLINGBURG Ckay. |'d like to mark this as
Exhibit -- Plaintiff's Nunmber 213 for the record.

THE COURT: Al right. Any objection to this?

M5. ROBERTS. No objection, Your Honor.

MR FREDERI CK:  No objection, Your Honor.

THE COURT: That woul d be fine.

(Exhibit No. P213 was marked for identification.)
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BY MR ELLI NGBURG

Q Wthin the body of the report itself, does it actually
define what constitutes an interstate aquifer, or is that
primarily in the title?

A They don't have a statenent that says an interstate aquifer
equals X in this. They have the title and then the first
paragraph where they describe what they're tal king about.

Q Thank you.

Now, going on in that sentence, in addition to
Bittinger and Jones, as an exanple given here as your reference
to the scientific literature, you say "and the comon meaning
of the word "interstate'"; is that correct?

A You read that correctly.

Q And for that, you cite the Arerican Heritage Col |l ege
Dictionary; is that correct?

A That's correct.

Q So at least as to this introduction to what your definition
of an interstate aquifer, at this point it is an interstate
aquifer citing Bittinger and Jones as your scientific source
and the Anerican Heritage College Dictionary as an additional
source; is that correct?

A  Well, I"'mciting Bittinger and Jones for the whol e phrase

"Interstate aquifer,” and I'mciting the dictionary just to
confirmthe conmon | anguage neaning of "interstate."

Q Those are your two sources at this point in your opinion?
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A Those are the two sources that | cited here.

Q Right. So then you go on, and that conplete sentence, "If
some portion of an aquifer is beneath one state and anot her
portion is beneath another state, that aquifer is an interstate
aquifer."

Did | read that correctly?

A | believe you did.

Q So those are your two conponents, the geographic extent of
the aquifer and whether it is transected by two states; is that
correct?

A Well, transected by a state |ine on opposite sides of which
are two different states.

Q You said that so much better than | did. Thank you very
much.

So we have a map that shows the subsurface |ocation
that's been identified as an aquifer, as you define it. And if
there's a state border withinit, it's an interstate aquifer;
I's that correct?

A That is ny definition, yes.

Q And that's your opinion in this case, right? That is your
opinion on the issue, is that this -- the M ssissippi-Tennessee
border intersects the Mddle O aiborne, as you have defined it,
Aquifer, and that makes it an interstate aquifer; is that
correct?

A \What we just tal ked about is the primary criteria by which
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| make ny judgment as to whether or not it refers to an

interstate aquifer, and the Mddle O aiborne Aquifer neets this
definition.
Q And | believe you said in your deposition that that was
really all you needed to reach that opinion?
A That is correct. Everything else |'ve done is supporting
I nformation.
Q Thank you. | understand that.
|"ve put back the map titled "Principal Aquifers of
the United States" that we tal ked about a little bit earlier.
Now, this is part of your report, is it not?
A This figure appeared in ny report, yes.
Q Yes. And | believe that you state in your report that the
M ssi ssi ppi Enbayment, as you have defined it and using the
USGS MERAS nodel, is a conmponent of the Gulf Coastal or the
Coastal Plain. |[Is that correct?
A | don't recall saying that in my report, but it's clear
fromthis figure and the other figure, where | drew the outline
of the M ssissippi Enmbayment Aquifer System that the
M ssi ssi ppi Enbayment Aquifer Systemis contained within the
| arger coastal plain aquifer system
Q Thank you. That's what | was trying to establish earlier
t oday.
The Coastal Plain aquifer systemis the yellow area on

this map; is that correct?
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A That's correct. | just don't recall whether | had a

di scussion of one of those lines in my report or not.
Q Wuld you turn to page 7 of your report, page 13 of 80 in
your report?
A Okay. |I'mthere.
Q |I'mgoing to look at the first sentence in Section 2.2.
Have you found that?
A | seeit, yes.
Q Now, would you read that first sentence to me?
A "The MSSA is one of several aquifers in the M ssissippi
Enbayment Aquifer System a |arge hydrogeol ogi cal system
underlying parts of several states, including Al abama,
Arkansas, Illinois, Kentucky, Louisiana, M ssissippi, Mssouri,
and Tennessee."
Q Thank you.
Now, the MSSA here is the aquifer, as you described it
and we discussed earlier, that extends in Tennessee and
M ssissippi; is that correct?
A | did provide testinony on that, yes.
Q Now, you say it's one of several aquifers in the
M ssi ssi ppi Enbayment Aquifer System
Are there others? Are there other aquifers in the
M ssi ssi ppi Enbayment Aquifer Systenf
A Yes, there are,.

Q Are any of themhydrologically connected to the MSSA, as
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you have described it, using your definition of hydrol ogica

connection and direct hydrol ogi cal connection?
A  Yes, sone of themare.
Q Have you included those within your opinion?
A They're not part of ny opinion with regard to the Mddle
( ai borne or what | call the MSSAin this report.
Q Wiy not?
A | didn't viewthe characteristics of the other aquifers as
being directly relevant in determ ning whether or not the
M ddl e O aiborne was an interstate aquifer.
Q Is what the USGS has identified as the Sparta Sand aquifer
found in all of the states listed in your first paragraph?
A The aquifer formation that happens to be called the Sparta
In some states is found within all of the listed states.
Q Now, you looked at the chart yesterday that was associ ated
with the MERAS report.

Do you recall that?
A | do recall, although it would be good if you were specific
about which chart you're tal ki ng about.
Q Well, I'mtalking -- actually, "chart" is the wong word.
You | ooked at Table 1, | believe, of the MERAS report, which
shows the geologic units and the hydrogeologic units. Do you
recall that? And the nonol ayers
A Yeah. The table you're talking about, just to be sure

we're tal king about the sane thing, | think appears in ny
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report on D192, page 6 of 60. Just to be sure that we're

tal ki ng about the sane thing.
Q Ckay. W are.
In terms of the aquifer formations that have been

I dentified by the USGS survey, does the -- actually, it's
Table 2.2.1 in your report, and it says it's fromd ark, et
al., in 2011, which is -- this is the Mssissippi Enmbaynent
Regi onal Aquifer Study; is that correct?
A That's one of the reports that was published in the
M ssi ssi ppi  Embaynent Regi onal Aquifer Study.
Q Right. And this one shows where the Sparta Sand is found
and where the Menphis Sand is found; is that correct?
A In looking at a chart like this, you have to realize what
thisis. This is a sunmary chart that hel ps someone understand
the different nam ng conventions that have been used in
different areas and to provide sonme general correlation between
those | ocal nam ng conventions and the broader hydrogeol ogic
units that the USGS has identified.

So when you say the Sparta Sand, for exanple, that's
not a separate formation fromthe Menphis Sand. It is a
formation that correlates with the upper portion of what's
cal l ed the Menphis Sand.
Q Well, that's a nice clarification. It correlates with the
top layer of the Menphis Sand; is that correct?

A Correlates in the same -- |"'musing the word "correl ates”
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In the sense that geologists use it in that you can trace it as

bei ng continuous wth.

Q But the Menphis Sand is nuch thicker, is it not?

A The nane "Menphis Sand" was coined to -- as a, if you wll,
shorthand way of describing an area where the sandy fornations
that are generally vertically hydraulically connected don't
have as nuch of a confining |ayer -- consistent confining |ayer
inthe mddle of them if you wll, than other areas where
there is a stronger confining |ayer.

Soit'slike-- it's alabel. It's a nice |label to be
used for those areas where the -- the generally sandy material,
wi thout a broad regional confining layer, although there
certainly are confining units, is thicker.

Q Has the USGS studied what's been referred to as the
transition zone or the facies changes that exist between the
Sparta Sand formation and the Menphis Sand fornation?

A You know, it's been studied for years, including the nost
recent conprehensive study being the one presented as part of
t he MERAS nodel .

Q M only questionis, so that's been an area that's been
studied, facies change in the transition zone?

A (ddly speaking, the stratigraphy in this whole area, the
Menphi s area, the M ssissippi Enbaynment area, has been studied
as part of that broad study. It certainly includes study of

the stratigraphy in the area that's been called this transition
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zone.

Q Do you know if the conditions, environmental earth
conditions, at the time of the formation of the Sparta Sand,
were in fact a specific type of delta at what was the mouth of
the Mssissippi River at the tine?
A | have read the descriptions of the various conditions at
times when different |ayers were deposited, but | can't sit
here and remenber themoff the top of ny head.
Q Wll, the only question | have here is, would the deposits
be the sane in what -- | think it's called a fluidial delta?
A Fluvial delta.
Q Fluvial delta. Thank you.

Are those deposits the same as they are in other areas
during the history of the earth? Are fluidal deltas --
A Fluvial.
Q ~-- yeah, fluvial deltas particularly conplex?
A Mterials that are deposited under different conditions are
normal |y different. These are environnental processes that
have a lot of variability. But despite differences, they
can -- many simlar materials can be identified as aquifer
materials. |'mfocused on aquifer materials.
Q | know But I'mstruggling, and |'mgoing to struggle for
just one nore time to see if | can ask a question which is
sufficiently clear for you to give ne a direct answer. Ckay?
Is that all right with you?
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A |I'mgoing to try.

Q GCkay. As a scientist, isit, in fact, true that when you
| ook back in geological time and you find areas -- and | know
you're not a geol ogist, but you find areas where there was a --
how did you say it?
A Fluvial.
Q ~-- fluvial delta, are those deposits conplex for any
particul ar reason?
A They're not nore conpl ex than anything el se underground.
Most under ground formations have conplexities to them
Q Thank you.

So your testinmony is that the deposits formed during a
fluidial delta, if | didn"t --
A Fluvial delta.
Q ~-- fluvial delta -- thank you -- tine period are no nore
compl ex than the sedimentary materials deposited in the Menphis
Sand area at this time?
A You did not ask ne about conparison between any two
particular types of deposits. You asked nme if they had
complexities, and | said they do. As all natural deposits do.
Q GCkay. So all sedinmentary deposits are conpl ex?
A Pretty nuch everything underground has sone degree of
complexity, but it's conplexity we can figure out in
determ ni ng whether or not they're aquifers or not.

Q Well, does the conplexity of the particular sedinments
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deposited in a | ocal area have any inpact on the ability to
recover water? Just yes or no.

A  Ckay. I'minterpreting your question is you' re asking ne

about very local conditions now, as if you put a well in a
particular location in an area and you're trying to target a
deposit that, let's say, is a fluvial delta.

I ncreased conplexity in terns of finer grain or
coarser grain materials can affect the local conditions and the
ability to achieve a certain yield out of a given well in a
given location. So once you're talking about, okay, do I put
the well here or put the well here, detailed |ocal conplexities
can certainly influence that.

Q And other than sand grain size, what about the presence of
more clay?

A \Well, that's grain size in general. You know, sand grains
aren't the only ones that have grain size. Cay also has grain
size. So grain size absolutely affects that.

Q kay. So local water production capability will depend on
the underlying geology to a large extent; is that correct?

A There's variabilities of that all over the place. Like if
you | ooked at the history of devel opment of the M.GN wel |
fields, they don't get a good well every time they drill.
Sometimes they find materials that are too fine grind and nove
over 100 feet and try again and then get a good well there.

So, yes, there are definitely local variations of that type of
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t hi ng.

Q Thank you.

And one of the things that is fundanental how nuch
wat er can be withdrawn and the inpacts of stress in the system
I's the thickness of the particular formation out of which
you're punping water, isn't it? Isn't transmssivity a
function of perneability and thickness?

A Okay. Wen you're talking about transmssivity, the
theoretical construct is indeed perneability tines thickness.

However, it's rare that you have sufficiently
consi stent permeability and thickness for that to apply
precisely. Transmssivity is really a neasure of how
effectively a given formation can deliver water to a particul ar
well or a particular well as it's screened under a given head
gradi ent .

So you're generally correct. |'mjust saying it's not
quite as precise as saying you just nultiply thickness tines
perneability, though that is the theoretical construct that we
use to mathematically characterize transmssivity.

Q These subsurface formations are nore conplex than that;
they're not typically honmogeneous and isotropic, right?

A Absolutely. Using the MLGWwel | fields, frequently nost of
the wells are developed in the upper portion because that has
coarser sands. You get down near the deeper portions and the

sands get finer and, in fact, you run into clay |ayers of
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varil ous SiI zes.

So there are variations that need to be taken into
account when you're actually developing a particular well or
wel | field.

Q Thank you.

The docunment -- |'mgoing to show you a docunent, just
to kind of close off the discussion of the area, which has been
marked J66. He's going to put it up on the screen. Al |I'm
going to do is ask himto identify it.

Have you studied this docunent as part of devel oping
your opinions in this case?

A | have definitely |ooked at this docunent before. | don't
recall specifically to the extent to which | relied upon it.

Q I'Il ask you again if Sparta Sand extended as far west as
Texas?

A There may very well be a material occult of the Sparta Sand
in Texas. | did not -- for my -- for purposes of this work, |
did not extend ny investigations into Texas.

Q But fromthe standpoint of the US Geol ogical Survey, the
Sparta Sand in Texas is hydrol ogically connected, under your
definitions, to the Sparta Sand in M ssissippi, isn't it?

A | don't know that.

Q You don't know that. You don't have an opinion one way or
t he ot her?

A As regards to anything in Texas, that's correct. | have
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not devel oped an opinion on that.

Q Thank you.

Let's put up that second one. Now, this is a map you

put up earlier, and you testified that you drew the outline of
the area that was covered by the MERAS nodel on this map. |Is
that correct?
A Well, what | testified is | took the brown outline of the
M ssi ssi ppi Enbaynent Aquifer Systemfromthe MERAS nodel and
transferred it onto this map of principal aquifers of the US.
Q Thank you.

And you're not testifying, are you, that that is the
full extent of the M ssissippi Enbaynment Aquifer System are
you? | mean, this is an area you picked out to study, right?
A Thisis -- this is definitely the area of the M ssissippi
Enbayment Regi onal Aquifer Study.

Q For which they prepared a nodel ?

A They did prepare a nodel for this area, yes.

Q But you're not testifying that that dark area is the ful
extent of the M ssissippi Enbayment aquifer System are you,
that area that you've outlined that they studied?

A \Well, that's a good question. | would have to go back and
check the definition. That's definitely the area of the study.
As to whether some area outside of that -- well, we already

tal ked about the southern boundary is the -- is the -- really

defined by the salinity of the water
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Q Inthis study?

A Yeah. As to whether some portion of the western boundary,
particularly towards Texas, m ght be defined by something ot her
than the end of the identified geological formations, that's
sonething | would have to refresh nyself on. But | do know
that around the upper portion, if | could go point --

Q Sure.

A As we look at sort of this portion of the M ssissipp
Enbayment Aquifer System that, | know, is defined by where the
unit's outcrop essentially end and cone to the surface. Wat
|"mrealizing |"mnot 100 percent certain about is the
definition of this portion of the study area. |'d have to
refresh nyself on that.

Q Thank you.

But under your definition, all of the groundwater
found within the Mddle C aiborne Aquifer, as you define it
within that entire study area, is interstate groundwater; is
that correct?

A Al of it is contained within an interstate aquifer.

Q But I'"mjust saying, your opinion is that all of the
groundwater that can be found wth that entire M ssissipp
Enbayment study area is interstate water that is shared by al
of the states over which that formation resides; is that
correct?

A The entire aquifer is a shared resource, and any state can

Alpha Reporting Corporation




© 00 N o O A W DN

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

Proceedings - May 24, 2019

1103
drill down into that resource and extract water fromit.

Q Soif it were possible, a well could be drilled in

nort hwest Louisiana, and if they were technologically able to
recover water from M ssissippi, that would be a resource they
were entitled to recover; is that correct?

A \Well, you're asking me about entitlenent now. |'m
providing technical scientific evaluation. "Entitlenent"
sounds to ne nore like a legal judgnent, which I'mnot here to
make.

Q Wll, okay. Is it your testinobny as a scientist that
you're telling the Court that all of the groundwater in any of
these states within that area, if it's technologically
possible, is a resource available to every other state in that
area?

A  \Well, okay. You're -- | nmean, this is a confusing
question. Are you asking -- so if you've got a well in a given
state --

Q Anywhere.

A kay. You put a well in a given state and you're asking
me, if they punp hard enough, will the water come from anot her
state?

Q If they, under current technology or future technol ogy,
have the ability to recover water fromall of the states in the
M ssi ssi ppi Enbayment, is that a shared resource they're

entitled -- that they have a right to, a claimto?
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A (kay. You've noved into rights and clainms again now. |'m

not here to testify about rights and clainms. That really very
much sounds |ike you' re asking me to issue a |egal opinion, and
l'mnot going to talk about rights and cl ai ns.

|"msaying that the -- you have -- everyone has the
ability, the technical ability, to drill down, straight down in
their state and access water in this interstate aquifer.
Q Is it your testinony that all that water is shared -- a
shared interstate resource for all of the states within that
area?
A \Wen you say "for all the states," it's an interstate
resource available to all the states. |In every state you can
drill down and you can get water fromthat interstate aquifer

Q GCkay. So to the extent they can get it, it's a shared

resource; is that correct? Wll, let ne back up.
A  Wll, I"'mnot sure what --

Q I'Il stop.

A |'ve described ny opinion several tines.

Q I'll stop.

A I'mnot sure what you're trying to get at.

Q I'mtrying to get at what it really means when you say it's
a shared natural resource anong all the states within the

M ssi ssi ppi Enbayment. | was just trying to get an idea if
there's any limtation on that statenent.

Do you place any limtation on your opinion that the
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water within the aquifer, as you have defined it, is a shared

resource in that entire area? Have you placed any limtation
on that?

A Not in the sense that | describe, where, in any state you
can drill down, you can punp that water, and if you punp hard
enough, it's going to have effects in other states.

Q And so the ability to punp it is one of the things that you
have said makes it interstate?

A No. The ability to punp it nakes it an aquifer. The
interstate is the part where the aquifer underlies state
boundari es.

Q Yeah. But you did testify that one of the things that
supported your broad definition was that it could be punped
fromone state to the other, right? 1In your opinion, that
supports your position that it's an interstate resource, right?
Did you or did you not --

A The fact that -- the fact that it inpacts the punping
across state lines supports the delineation of the aquifer
goi ng across state lines.

Q Thank you.

Now, you described punps, and appreciated it, in your

report.

Wul d you go | ook at page 7 of your report, page 13 of
807
A |I'msorry. Tell ne the page again. | was just getting
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t here.
Q Page 7 of your report. It's 13 of 80 of D191
A 7 of --
Q It's your page 7 --
A M page 7.
Q ~-- inyour report. It's also page 13.
A 13. Il'vegot it now I'msorry. Yeah.

Do you see up there where you have bullet points talking
about how punps work?
A Yes, up near the top of the page.
Q Thank you.

Now, the -- the part that I'minterested inis you
say, "The punp inpellers which are placed bel ow the water |evel
in the well casing and push groundwater fromthe aquifer toward
the surface" -- did | read that right?

A Yes.
Q GCkay. Now, you're talking about turbine punps, right?

A That would be the technology that I'mreferring to here,

Q Inmpellers generally means turbine punps, correct?

A Yeah, that's correct.

Q Turbine punps can punp a great deal nmore water than the
traditional punps, can't they?

A Wll, I"'mnot sure what you necessarily mean by

"traditional punps.” But turbine punps were indeed a great
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advance in punping that allowed higher capacity wells than o7
previously available with the ol der nethods.

Q Wien did they cone into use, to your know edge?

A Say that again.

Q Wien did they come into use, to your know edge, turbine
punps?

A | don't remenber. Sonetime post-World War II. Maybe in

the '50s or '60s, but | don't really remenber exactly when that
technol ogy cane into conmon use.

Q They nade it possible to punp a |ot nore water out of the
system is that correct?

A Turbine punps, as | said, were a big advance in punping
technol ogy that allowed higher capacity wells than were really
previously avail abl e.

Q And that punping load is the pressure point that it pulls
water not only up the well bore but fromaround the well toward
the well within the confined formation, doesn't it? That's
your cone of depression?

A Well, | describe it here, and it's not the pressure that

| owers the head in the well. And it does that by punping water
out of the well, and then under natural |aws, the water --
because the head in the well has been |owered, the well is
exposed to the aquifer through the screen, that creates a head
gradi ent, which noves water in the aquifer towards the well.

Q So -- but you're not saying the punping is a natural -- is
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a natural -- or is a natural law, are you? | knowit's an

appl i cation.

A \Well, the inpellers operate according to natural law. You
know, they've been constructed -- they're a nanufactured item
but all punps, mechanical punps, whether you're punping out

groundwat er or surface water, are nachinery.

Q kay. Man, they're created by man, right?
A Yes, but natural |aws are used to design them
Q Natural laws are used for our cars too, aren't they?
A For our cars, yes. Many things.
Q And all the technology in this courtroomand everything
el se?
A Qur mcrophones and everything el se.
Q So you can't get much away fromthe natural |aw, can you?
A It's hard.
Q GCkay. Thank you.
Now, you defined in your report the phrase
"predevel opment”; is that correct?
A | believe | did sonewhere, but | couldn't tell you exactly
wher e.

Q You can | ook at page 5 of your report or page 11 of 80.
A Oh, yes, there it is.
Q And it says, "Time prior to human influence on the aquifer.
Most conmonly tinme before punping began.”
Did I read that right?
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A  Yes.

Q And it -- your paragraph also says that it's generally
consi dered before 1980. And that would be throughout the
United States; is that correct?

A Oh, boy, | don't think so.

Q Well, you said --

A 1980.

Q No, 1870. Thank you.

A The 1870 number is for the entire M ssissippi Enbaynment
Aqui fer System

Q Gkay. And then 1886 is the Menphis area?

A Right. That's the first punping that I'maware of in the
Menphi s area.

Q So before those dates, all of the groundwater found in the
M ssi ssi ppi Embaynent M ddl e C ai borne Aquifer system --

aqui fer, as you defined it, would be under natural conditions?
A | would describe it that way, yes.

Q And | believe you' ve already described it, that punping
changes -- punping stresses aquifers, does it not? Isn't that
a termused regularly by the USGS?

A Wll, not just by the USGS, but hydrol ogists in general,
when you think about the variety of different types of stresses
that can be put on a hydrol ogi cal system and punping is one of
t hem

Q But punping is the primary one that is used to wthdraw
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addi tional groundwater, is it not?
A | would say it's the primary one, yes.
Q Thanks.

Now, this is one of the slides that was used under
direct testimony. And | believe the slightly shaded blue area
Is the area that you were indicating that is covered by your
opinion. Is that correct?

A  Yeah, the blue shaded area is the area that I'msaying is
an interstate aquifer and the aquifer in questionin this
matter.
Q Thank you. Let's go to the next one.
M5. ROBERTS:. Could you speak a little |ouder, please.
MR ELLINGBURG Yes, | will. [I'"msorry.
BY MR ELLI NGBURG
Q | put D18 before you. You testified about this on direct.

This is Dr. Waldron's predevel opment map; is that
correct?

A  Thisis a mp fromthe article prepared by Drs. Wl dron and
Lar son.

Q And have you relied on that map? Yes or no.

A As part of nmy literature review to determ ne what other
scientists have said about what can be inferred about data or
what can be inferred fromdata about whether there's flow
across the state line, | relied onit in that sense. | have

not independently verified it.
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Q Sure. Do you knowif the USGS has docunented this i
predevel opment flow and changed the predevel opnment flow, as
reported in this area, in the reports all the way through

MERAS?

A Well, | wasn't aware that the USGS had actually reported

predevel opment flow, but |'malso not aware of any adoption of
this work by the USGS

Q Has the USGS nodel ed predevel opment flow in the Brahana and
Broshears groundwater nodel and in the MERAS groundwater nodel ?

A In the Brahana and Broshears report, they did not report

predevel opment flow that | recall. Now, if they did and you
can show ne, then I'll stand corrected.
And the same with the MERAS nodel. |'mnot -- |'m not

recalling that in the various MERAS studies that they reported
any predevel opnent flow rates.

Q \What about Arthur and Tayl or?

A Arthur and Taylor had some water budgets in them | don't
recall that any of themwere specifically for predevel opment

fl ow across the M ssissippi-Tennessee state |ine.

Q What about Criner and Parks?

A Ciner and Parks, | don't recall if they actually reported
a flowrate across the state |ine.

Q No, | didn't say a flow rate.

A  Onh. Wat did you ask nme?

Q Are there any potentionetric surface maps that have been
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generated by the USGS that cross the M ssissippi-Tennessee

state line that you have studied?

A Is that the question that |I've been answering? Because |
was answering a different question, if that's what you --

Q I'msure it was ny question. But |I'masking --

A | was answering a question -- | thought you asked ne

whet her the studies had reported flow rates across the

M ssi ssi ppi - Tennessee state |ine.

Q No, | was asking about predevel opnent.

A So all of that series of answers | just gave were related

to whether or not those studies reported flow rates across the

state |ine.

Q Well, thenI'Il withdraw that if that's what the question
was.

A  Yeah, that's the question | was answering.

Q That's fine. This is tough stuff for me, so |I'm--

A Ckay.

Q ~-- I'measy to be m sunderstood.

Did the USGS report any predevel opnent subsurface
potentiometric map -- or did they provide any subsurface
predevel opnent potentionetric maps that they had created with
model s?

A Let's just go through the three primary nodels that |
tal ked about.
Q Ckay.
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A The Arthur and Taylor work, they did present a

predevel opment head map. In fact, that was one of the slides
in ny direct testinony.

Q Right.

A The Brahana and Broshears report did not present a

predevel opment contour map devel oped with their nodel. They
only presented the work of Criner and Parks, unfortunately, not
totally accurately presented, but they included that map. But
that was not generated by the nodel.

And then for the MERAS work, you know, |'mnot --
there's several different reports, and | don't remenber whether
in their reporting they presented a predevel opnent
potentionetric head map. | created one in the nodel, but |
don't renenber whether one was presented in the various MERAS
study reports.

Q So the ones we've | ooked at that are in your report, you
created it?

A The Arthur -- | nentioned that Arthur and Taylor, in their
study, they -- they created and published a predevel opnment
potentionetric head flow map -- or not flow map --

predevel opment potentionetric head contour map, and that was
one of the maps that was in ny direct. They also did a -- no,
that was punping. |'msorry.

For predevel opment, they did present the one that was

inny direct. Brahana and Broshears did not present, in their
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2001 report, a nodel -generated predevel opment potentionetric

head map.

And | can't remenber whether the MERAS study published
a predevel opnment potentiometric contour map in their reports or
not .
Q Gkay. Wth that clarification, have you seen the
predevel opment map that is shown in D18 in any USGS
publ i cation?
A 1'mnot aware of seeing it.
Q kay. Youreliedonit, right?
A | relied onit inthe way | described, as part of ny
literature review to see what people who had studied
predevel opment data, what kind of conclusions they arrived at.
Q But you did say, | think, that you didn't do anything to
confirmits accuracy. |s that correct?
A That's correct. And the sane is true for the Criner and
Parks work. | did not independently verify their work either.
Q You haven't made any effort to confirmthe accuracy of any
of the predevel opment flow maps you've | ooked at; is that
correct?
A I'mtalking about the predevel opment flow maps devel oped
fromdata, the Criner and Parks map and the Wl dron and Larson
map. | have not done independent verification of any one of
t hose.

Q Thank you. Let's go to the next one.
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Now, you testified about this particular slide on

direct; is that accurate?
A | don't think so.

M5. ROBERTS. ['mgoing to object. This was not part

of his direct exam nation.

BY MR ELLI NGBURG

Q Gkay. |'mshowing you Defendant's Exhibit D19. |Is this
a-- a particle tracking map that you created using the MERAS
model and anot her progranf

M5. ROBERTS. Again, Your Honor, I'mgoing to object.
This was not part of his direct exam nation.

THE COURT: Well, that nay be. I'mgoing to let him
ask the question, though. Overrul ed.

THE WTNESS: The answer is, | believe so. |'mjust
doubl e- checki ng.

M5. ROBERTS. Yeah, if you could give him-- this is
not -- he does not have every defendants' exhibit in front of
hi m

MR, ELLINGBURG | know, but it's part of his report,
| believe; it's part of your rebuttal report.

M5. ROBERTS: So direct himto where it is so he can
find it, please.

THE COURT: You can ask himif it was part of his
report. If it was testified and introduced by sone other

wi t ness, he probably doesn't even need to answer unless he --
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MR ELLINGBURG Also, he testified to a nunber

of particle tracking maps.
THE COURT: If he knows about it, he can testify about

M5. ROBERTS. Can we nmake sure he has the right --

MR ELLINGBURG This is an exhibit -- this is in your
rebuttal report, and | believe it's in Exhibit --

THE WTNESS:. | don't think so.

M5. ROBERTS. | don't think so.

THE WTNESS: | think it's in ny original report.

BY MR ELLI NGBURG

Q It is?

A It appears to be. The colors are a little different but,
you know, colors sonetinmes appear different in different --

THE COURT: You may answer it if you know about it, or
I f you prepared it, you nay do that.

THE WTNESS: Yes, | did prepare it. It was part of
my report, part of ny original report.

BY MR ELLI NGBURG
Q Thank you.

Now, is this also a particle tracking map where you
identified the line fromwhich the particles would be tracked
using the information -- using a different conputer program and
t he MERAS nodel ?

A Yes, with one clarification. | identified the |ocation of
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the initiation of the tracks that are shown on here.

Q Yes. That's what | neant to say.
A Yes, | thought that was.
Q And you -- what was the programyou said you used to
performthe particle tracking?
A Md-PATH That's MO-D-P-A-T-H, is the nane of that
program
Q Thank you.
In this particular case, the southernnost [ine you

originated, it looks like right at the Col dwater River; is that

correct?
A  Wll, let's look at the caption on this figure.
Q Yes.

A It says, "Predevel opment MSSA Fl ow Pat hways for Water that
Recharged the MSSA in Mssissippi fromthe Qutcrop Area North
of the Col dwater River."
Q GCay. Soit'salittle bit north of the Col dwater River,
according to the map?
A Well, it's starting fromthe nodel cells inmediately north
of the Coldwater River that are also in the outcrop area.
Q Thank you.

Does that sane nodel that you ran provide you with
travel time?
A You can estimate travel tinme or conpute travel times from

t hat nodel
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Q So when you put that location in for the particle tracking,

I f you had done what you have to do with the conmputer program
it would have not only generated these -- these lines that
underlie your arrows, it would have al so generated travel time
of those particles, would it not?

A It generates the information at |east fromwhich you can
conpute travel time. That can be conputed.

Q | nean, generally, it's information you ask, right, or does
It generate travel time autonatically?

A You know, | don't remenber if it autonmatically generates
travel time or if it generates information fromwhich trave
tinme can be conputed.

Q In any event, you chose not to report travel time in

your -- in your particle tracking maps; is that correct?

A That's correct.

Q And why did you decide travel time shouldn't be reported?
A  Wll, let's go back to ny definition of an interstate
aquifer. It's an aquifer that exists on both sides of a state
line. And then this kind of -- so that has nothing about
travel time in that definition.

And then in the nenorandum of decision fromthe
special master, he was interested in flow patterns in the
vicinity of the border, so |I'mshow ng flow patterns.

Q (kay.

A | was not -- there was nothing in devel oping nmy opinion or
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In what | interpreted fromthe special nmaster's menorandum

where time of travel was significant.
Q Is travel time something that you use as a hydrogeol ogi st
in any of your work?
A Yes, it is.
Q And how do you use it?
A It depends on the question being asked.
Q Gkay. |If someone drops gasoline on the ground and the
question is where that gasoline mght end up and how far it
m ght pollute the water, do you use travel time?
A \Well, for the two questions you just asked, no. But
sonetimes the question also is when will it arrive at a
particular area of concern, and in that question, then | would
conmpute travel tine.
Q Right. Soin this case, you could easily have obtained the
i nformation necessary to tell us howlong it would have taken
the water beneath your point on the map that you selected to
reach the M ssissippi-Tennessee border, right?
A | could have, yes.
Q You just didn't think it was inportant for the Court to
know?
A | didn't think it was an inportant part of ny opinion.
Q Thank you.

Now, you are a hydrogeol ogi st, so you have sone idea

of how fast water flows within the particular type of formation
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that you chose here, which is an outcrop area of the aquifer;
Is that correct?
A | have general know edge of the range of groundwater flow

rates.

Q And how far south of the border is that particle that's
most south in this particular case, the one that starts at the
Col dwater River? And it looks like it's consistent with your

4 mles.

A Wen you say ny 4 mles, what do you nean?

Q I think in your direct testinmony you pointed out that some
of the particles were approxinmately 4 mles fromthe border.

A  Well, this looks a little further than 4 mles to me. Just
using this marker as a scale, | would say it mght be closer to
10 mles, but it's alittle bit -- I'mnot doing anything very
accurate here using the end of this magic marker as a scale.

Q That's fine with ne.

(kay. How long -- assuming the fastest travel tine
through this particular aquifer material, how long would it
take it fromthe time it left that point that you described at
the Coldwater River until it hit -- an estimate, within a
t housand years or so, 100 years or so, before it intersected
the M ssi ssippi - Tennessee border? How long would it take?

A | don't know off the top of ny head what the fastest trave
tineis. And | would need a pen and paper or a calculator to

do that calculation anyway, even if | -- even if | knew what
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the -- what the nunmber of the fastest travel time you nmentioned

was.
Q And you don't know the nunber?

A | don't know, off the top of nmy head, what the fastest
travel time is. That's sonething that would have to be

conput ed.

Q Does the nodel contain the kind of information -- well, it
obvi ously does because the nodel would calculate it, right?

A In order to determne the fastest travel tinme, you would
have to conmpute lots and lots and lots of travel times and
figure out which one -- or not travel time; velocities, fastest
velocity -- you would have to conpute lots and |ots of
velocities and figure out where it was the fastest. So that
woul d be a significant undertaking.

Q kay.

A And |'mnot aware that anyone has done that.

Q O you would have to collect the data fromthe nodel ?

A |I'mtalking about using the nodel. What | described is
you' d have to do those calculations for Iots of places and
figure out where it's noving the fastest. That would be a
massi ve task

Q kay.

A And | don't think anyone has done that. | haven't done it,
and |'ve not heard that anyone el se has done it either

Q Thank you.

Alpha Reporting Corporation




© 00 N o O A W DN

CEE R S EE SR S S e e e e el e T S =
g B W N P O © 0 N O o M W N -k O

Proceedings - May 24, 2019

1122
Wthin your opinion, is it your opinion that you' ve

reached a point that you' ve identified wthin a year to the

M ssi ssi ppi border? Fromnorth of the Col dwater River to the

M ssi ssi ppi border, could that particle travel in a year that

di stance?

A Well, that would be highly unlikely to travel that 10 mles
or soin ayear. In fact, | don't think that woul d happen

Q Gkay. \What about 10 years?

A  Probably not.

Q \Wat about 507?

A Let's see. 50 years, | saidit's about 10 mles, so that
woul d be, what, half -- I"mnot very good at doing arithnetic

in ny head sitting here on the stand.

How many mles in a year would that be? That would be

two-tenths of a mle in ayear, isit? No, that's not right.

Q

You' re the mathemati ci an.
MR, BRANSON:  Your Honor, | thought yesterday we

deci ded we weren't going to ask witnesses to multiply nunbers.

That's just a waste of tine.

MR, ELLINGBURG  Ckay.
THE COURT: If you can do that, even | can't guess.
MR. ELLINGBURG Ckay. |'ll nove off.

BY MR ELLI NGBURG

Q

In any event, what you're showing here is water that |eaves

Marshal | County, Mssissippi; is that correct? In the first
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i ne, the southernnost |ine?

A Many of these locations start in Marshall County.

Q Inthis particular map, do any of themstart in DeSoto
County?

A | don't believe so, because |I'mnot aware that there's --
there may be -- some reports may show a little bit of outcrop
in DeSoto County, but as | understood the outcrop areas in the
VERAS nodel, they were not included in DeSoto County -- there
weren't any outcrop areas in DeSoto County.

Q Primarily in Marshall County east, right?

A Yes. That's where these particle |ocations were started.
That's what it says in the caption, in the outcrop area.

Q \Wat was the reason for selecting the outcrop area, as

di stingui shed fromthe confined aquifer?

A The specific purpose of this map is to show pat hways for
precipitation that falls in Mssissippi, infiltrates into the
outcrop areas north of the Coldwater River. So that's really
what we're | ooking at here, the outcrop areas where
precipitation can enter the aquifer directly. So you've got
rain that falls on the aquifer. Sone of it infiltrates down --
excuse me. Precipitation falls on the ground surface. Sone of
it infiltrates down into the aquifer and in the outcrop areas,
and then this -- these tracks show the pathway that that water
follows for the outcrop areas north of the Coldwater River, as

described in the caption of the figure.
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Q Thank you. Let's go to the next slide.

s this another particle tracking map that you
created?
A It appears to be. Just |let me double-check here.
Q And, again, the lines are lines you drew w thin the mass of
particles that are shown on this nap, correct?
A  This is a figure fromny report, and the dark black Iines
with arrows on themare lines that | drewto indicate
generalized directions. The underlying narrow blue |ines
are -- were generated through the MERAS nodel conbined with the
mod- PATH nodel .
Q Is there any reason you didn't start these particles
further to the west when you drew -- or not -- strike that.

I's there any reason you didn't draw your |ine
reflecting the particle flow further to the west?
A Let me be sure | --

M5. ROBERTS. |'mnot sure what line you' re talking
about .
BY MR ELLI NGBURG
Q That's the only line.
A Are you tal king about this -- well, there's this line and
this line. So are you talking about this line further west or
this line further to the west?
Q Wll, | believe, if you noved the one that's on the east,

further west, you're going to get a different line to the west,
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are you not?
A Well --
Q If -- looking at the particle tracks on here -- |'mjust
| ooking at them-- if you had originated your dark line further
to the west but still within your particle tracking, then that

path you have drawn there would be further to the south,
wouldn't it? That arc would nmove further to the south?
A I'mnot following you. | wll say --

THE COURT: Go up there and use the pointer,
M. Ellingburg, and show himwhat you're tal king about.

MR ELLINGBURG I'Il do it. Thank you very much,
Your Honor. | didn't knowif | should do that.

THE WTNESS: Do you want to use this?

MR ELLINGBURG | certainly do.
BY MR ELLI NGBURG
Q If you followthis particle right here and followit, you
would get alittle lower line across here, wouldn't you? It
may even touch Tennessee, which is a little [ower, isn't it?
A Well, it's hard to follow the individual Iines, but there
certainly are lines within that vicinity that do not go into
Tennessee, yeah.
Q Soif the particle started here, then you woul d have ended
up with a different arc; you wouldn't necessarily have gone to
Tennessee; is that correct?

A It's generally correct that, wherever you start from
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there's a slightly different pathway.

Q And even in this, nmost of the particles here are within the
State of Mssissippi, aren't they?
A You asked ne about nost. | never tried to --

THE COURT: Keep your voices up, both of you, please.
BY MR ELLI NGBURG
Q I'mtaking it that these lines represent particles. |Is
that correct?

A Each line represents the travel path for one initial
| ocat i on.
Q Thank you.

So on this map, nost of these -- nost of this water,
most of these particles, are primarily in Mssissippi, aren't
t hey?

A | have not done a count to allow me to say nost.

Q So you can't look at this and ook at this and tell that
most of it's down here (indicating)?

A That -- if you're asking me about whether nost of the
tracks on this particular diagramdo not enter Tennessee, |
can't -- | can't tell you that |ooking at this.

Q Good enough.

A There's no question that sone don't.

Q Just a few of themmy not make it into Tennessee?

A |I'mnot going to characterize how many because |'ve never

tried to count, but there's no question that some do not.
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Q Thank you. That's good enough.

MR L. BEARMAN. Your Honor, | wonder if we could
per suade --

MR ELLINGBURG |'magetting close to stopping.

MR L. BEARMAN. Good. | vote for that. But can we
persuade M. Ellingburg to let the witness at least finish his
sentence before he | eaps back to the podium and says good.

MR ELLINGBURG Well, M. Ellingburg --

THE COURT: That's a good point, yes.

MR ELLINGBURG | apologize. | didn't nmean to press
you too nuch.

THE COURT: (Ckay.

MR. L. BEARMAN. Thank you, sir.

THE COURT: Yes, as long as you finish your question
and then let the witness answer.

MR, ELLINGBURG Thank you.

| don't believe we need to ask any additi onal
questions at this point.

THE COURT: WII there be any other --

MR. FREDERI CK: Tennessee has no questions.

THE COURT: Al right. Do you have sone?

M5. ROBERTS: Your Honor, | have no redirect.

THE COURT: You nay step down. We'll take a short
recess for ten mnutes, and then we'll conme back in and

proceed.
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(A recess was taken.)

THE CLERK: Al rise. This Honorable Court is called
back to order

You may be seat ed.

THE COURT: Ckay. Now do we have any further evidence
here on behal f of Tennessee or Menphis?

MS. ROBERTS: Your Honor, the City of Menphis and
Menphis Light, Gas & Water Division rests.

THE COURT: Tennessee has already rested?

MR, FREDERI CK:  Yes.

THE COURT: Now, is there any rebuttal testinony?

MR ELLINGBURG  Your Honor, the State of M ssissippi
has no rebuttal testinony.

THE COURT:  You what ?

MR ELLINGBURG No rebuttal testinony.

THE COURT: Wth that, that conpletes our hearing, |
suppose. | think before we had tal ked about allow ng you to --
before | think we had had an agreement that you nay file
post-trial nmotions. Do recall about it, or what do you want to
do?

MR FREDERI CK:  Your Honor, this is David Frederick
for the State. Under the original post-trial briefing
schedul e, we have 90 days to file a brief as of today, close of
heari ng.

MR, ELLI NGBURG  Yes.
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THE COURT:  Ckay.

MR FREDERI CK:  That was established at a time when
the hearing was going to be in January. The State is prepared
to offer to do a shorter briefing schedule if that facilitates
the work of the Court in light of your staffing situation, and
we woul d be prepared to file briefs within 45 or 60 days, which
woul d put the opening briefs in July. | can give the precise
dat es.

| have not consulted with M ssissippi about that, but
| wanted to offer to you, on behalf of the State of Tennessee,
to do that because we appreciate that we're getting to that
time when staff changes occur.

THE COURT: (kay. But what, M ssissippi?

MR ELLINGBURG ~ Your Honor, we would prefer to just
stay with the original agreenment and the original order, which
woul d give us 90 days from today.

THE COURT: 90 days from today?

MR ELLINGBURG Yes, sir.

THE COURT: And, well, we'll just do it that way,
then, if that's the way it was originally.

MR FREDERI CK:  Your Honor, that would put the briefs
due on August the 22nd, which is 90 days from today.

THE COURT:  Yes.

MR, FREDERI CK: And then, under the schedul e set by

Your Honor, there would be joint briefs -- or | should say
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simul taneously briefs, post-trial briefs, filed on that day.

30 days later, there would be reply subm ssions fromthe
parties.

THE COURT: (kay. Are you agreeable to that?

MR ELLI NGBURG  Yes, Your Honor.

THE COURT: And how about for Menphis?

MR FREDERI CK: And we woul d have briefs those days.
W woul d al so have proposed findings of fact for Your Honor.

THE COURT: (kay.

MR D. BEARMAN. That is the understanding of the City
and MLGV al so, Your Honor, 90 days and then -- for briefs and
proposed finding of fact and then 30 days for rebuttal.

THE COURT: Al right. That's fine. If everybody is
agreeable to that, that's the way we'll do it.

| don't know how soon you can get transcripts of this.
Are you aware? | don't know.

MR FREDERI CK: W have a marvel ous reporter, Your
Honor .

THE COURT: Well, you can talk to the reporter about
t hat .

MR FREDERI CK: Ckay. And, Your Honor, just --

THE COURT: Because you'll need that, |'msure.

MR FREDERI CK:  Just so the record is clear, | think
there are page limts in the post-trial briefs that the opening

briefs are limted to 40 pages and the responsive briefs are
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limted to 30 pages. But just to confirmthat the order that

we were operating under for the January hearing would still
apply.

THE COURT: That's still applicable, unless we change
it. And if it's not changed, that's the way we'll proceed.

MR D. BEARMAN.  Your Honor?

THE COURT:  Yes.

MR D. BEARMAN. Would you like the parties to provide

the Court with the transcript, or does your -- does the Court
have one? | just want to make sure that you have what you
need.

THE COURT: When you order, we will have an order
also. We'll have our -- we'll pay for our own transcript.

MR FREDERI CK:  And, Your Honor, |'ve noted that there
are a few corrections to be made, fromwhat |'ve seen from
today's transcripts. W'll get those to the reporter as
pronmptly as possible so we can get a final certified copy.

THE COURT: (kay. M ssissippi can do the sane.

MR ELLINGBURG  Yes, Your Honor.

MR L. BEARMAN. That's it.

MR D. BEARMAN. Thank you for your tine, Your Honor,
and to our court reporters.

THE COURT: I'mglad we got it all the way so then we
don't have to cone back. As nuch as | |ike Nashville, ['Il

don't have to come again for a while.
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Ckay. Anything else? | commend the attorneys for

their work here. And we expedited quite a bit of it, but you
have to put on the testinony in the record.

And what do we do about -- we've got sone exhibits in
t he bankruptcy chanmbers. Do we take those, or are they copies
of what we al ready have?

MR D. BEARMAN. Your Honor, the boxes prior to the --
this hearing, we brought from Menphis copies of the joint
exhi bits and the defendants' exhibits, and we understand that
Your Honor al ready has copies back home.

THE COURT: That's correct.

MR D. BEARMAN. And if it is easier, we are nore than
happy to take those boxes. \Whatever Your Honor has not used,
we can get those back so that you don't have to take them |If
you' d rather take them that's fine, too.

THE COURT: (kay. | don't see any reason to take them
I f they're duplicates of what | already have.

MR D. BEARMAN. They absolutely are.

MR ELLINGBURG The ones narked during the hearing
wi Il be the exception.

THE COURT: The what ?

MR ELLINGBURG There are exhibits that were narked
during the hearing that you woul d need to take.

MR FREDERI CK: My | propose, Counsel, that we also

get those exhibits that were admtted in court during the
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hearing, vet them anongst each other, and then have a set sent

to the judge, to chanbers, so that there's no confusion to the
things that were just handed up to the dias.

MR ELLINGBURG Yes, we can do that.

THE COURT: Good i dea.

s there anything else that we need to take up at this

time?

MR ELLI NGBURG  No, Your Honor.

MR D. BEARMAN:  No, Your Honor.

THE COURT: Now, we'll be in touch with you if we find
a problemthat we can't handle. 1'll let all you know. And if

you have any subsequent problens, we can all have a conference
call, if necessary.

MR FREDERI CK:  Your Honor, in light of -- | think
that we agreed also to do closing arguments after the
post-trial briefs were filed.

THE COURT:  Yes.

MR FREDERI CK:  And under the schedul e we have, we
woul d do the opening briefs the third week of August, the reply
briefs the third week of Septenmber. If you could let us know
what your availability is for a closing argument pronptly
thereafter so that we could get it reserved in our cal endars
and plan accordingly, we would be grateful for that.

THE COURT: Okay. We will take that down and let you

know. If I'mnot going to be around or if you have problens,
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Do you want the closing argunents in person?

VMR. ELLI NGBURG Yes, Your Honor.
MR. FREDERI CK: Yes, Your Honor.
VR. D. BEARMAN: Yes.

THE COURT: Al right. W'IlIl do that.

|f there's nothing else, we'll recess court.

MR. FREDERI CK:  Thank you, Your Honor.

MR ELLI NGBURG Thank you, Your
MR. D. BEARMAN. Thank you, Your

MR. BRANSON: Thank you, Your Honor.

(Hearing concluded at 2:51 p.m)
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REPORTER CERTI FI CATE

STATE OF TENNESSEE
COUNTY OF DAVI DSON

I, JUIE K. LYLE, RPR, RWVR, CRR, Licensed Court Reporter,
in and for the State of Tennessee, hereby certify that |
reported the foregoing transcript by machine shorthand to the
best of ny skills and abilities, and thereafter the sane was
reduced to typewitten form by ne.

| further certify that I am not
related to any of the parties nanmed herein and have no
interest, financial or otherw se, in the outcone of the
pr oceedi ngs.

| further certify that this
transcript is the work product of this court reporting agency
and any unaut hori zed reproduction and/or transfer of it, in
whole or in part, will be in violation of the Tennessee Code
Annot at ed 39-14-104, Theft of Services.

I N WTNESS WHERECF, | have hereunto
set ny hand this 24th day of My, 20109.

Gt /< - Ayl

Julie K. Lyle, RPR RWR CRR

REA STERED PROFESSI ONAL REPORTER
REA STERED MERI T REPORTER

CERTI FI ED REALTI ME REPORTER

TN Li cense #786

Alpha Reporting Corporation




Proceedings - May 24, 2019

300 1054:9

1 1050:4 1051:15
1052:2,3 1055:21
1093:21

1-mile-square 1028:3

10 990:11 1120:14
1122:6,8,11

10,000 1077:22 1078:4
10-foot 1041:17

100 989:24 1041:16
1098:24 1102:11
1120:21

104 1019:6,12,13,15,17
11 1108:21

13 1092:3 1105:23
1106:2,6,7

130 989:24 991:12
1013:25

1410-B 1069:20

15 1087:9

153 1069:23 1071:8
16 990:9,11

168 1035:8

17 1045:12 1071:8
1870 1109:8,9

1886 1109:11

1890 991:5

192 988:14

1964 1054:25

1969 1007:18 1050:10
1972 1015:25 1088:4
1976 1016:8,9

1980 1109:3,7

1987 1043:25

1996 1069:22

1:15 1084:3,11

2,000 1005:18

2,000-foot-deep
1005:21

2,600 1011:31021:10
2- 1054:8

2.2 1092:6

2.2.1 1094:6
2.2.1a 1062:16

2.3 990:17

2001 11141

2006 1021:8 1022:4
2007 1037:15
2008 1061:24

201 1059:23

2011 1094:7

2016 985:18

2017 988:22 994:22
21 1087:8

213 1088:19

22nd 1129:22

230 1017:7

240 1017:7

250 1017:7

260 1017:45

270 1017:6

27th 988:22

28 994:22

280 1017:6

290 10176

2:51 1134:12

4

4 1016:9 1018:7
1030:13,15,20,21
1031:15,20 1034:2
1120:8,9,11,12

40 1130:25
40s 1049:23
45 1129:6

5 1108:21
50 1122:10,11
500 1007:24 1010:19

500-foot 1007:23
1010:17 1052:24
1053:3,20 1057:12,14,
16

50s 1107:8
51 1035:8
57 1053:8
58 1049:6 1053:8

6 1045:13 1094:1
60 1094:1 1129:6
60s 1107:8
69 1068:13

3 1069:23
30 1130:2,12 1131:1

7 1071:6 1092:3
1105:23 1106:2,3,4,5

70,000 1028:4
73 1019:6

8

80 1087:8 1092:3

1105:24 1106:2
1108:21

87 1044:1,5

9

9 1034:13,15

90 992:6 1041:17
1128:23 1129:16,17,22
1130:11

A

abbreviated 986:17

ability 1065:7 1098:1,9
1103:23 1104:6
1105:7,9

abrupt 1012:19

absolutely 1048:17
1098:17 1099:22
1132:18

abundant 992:2

accepted 998:23
1014:5,6

access 1104:7

account 1013:16
1100:3

accounts 1032:2

accuracy 1018:1
1114:15,18

accurate 1013:6
1115:2 1120:15

accurately 1002:14
1113:8

achieve 1098:9

acknowledged
1059:1,2

action 986:21 989:7
1024:25 1025:1
1036:17 1049:16
1055:15

actual 1038:11 1039:9

ACWI 1003:12,15
1082:18 1086:9

Alpha Reporting Corporation




Proceedings - May 24, 2019

add 1066:17

added 997:9,11
1016:10 1028:12
1032:12,17 1047:25

addition 1089:9

additional 989:8
1031:11 1089:20
1110:1 1127:17

address 984:10,13,21
985:15,18 989:4,10,22
993:13 1058:9

addressed 986:5
1015:10,17

addresses 1083:19

adequate 1053:21
1054:11

admitted 1132:25
adopted 1083:9
adoption 1111:6
advance 1107:1,12

Advisory 1003:12
1081:25 1082:6,8
1083:3 1084:25

aegis 1083:3
affect 1098:8
affected 1043:2
affects 1098:17
afternoon 1084:9
aggregate 1038:14

agree 985:2 995:12
1034:23 1035:1
1048:16,18,25 1054:17
1075:16 1079:11
1080:1,13 1081:3

agreeable 1130:4,14

agreed 1058:18,21,22
1133:15

agreement 1058:7,13
1068:17 1128:18
1129:15

agrees 984:18 985:3
ahead 995:15 999:1

1084:8

Alabama 998:20
1037:25 1038:1
1061:23 1062:3,5,7,10,
12 1070:1,24 1075:23
1076:4,9 1092:12

align 1011:22

allowed 1031:21
1107:1,13

allowing 1128:17
alternate 1074:10
American 1089:14,20
amounts 1054:7,11

analysis 1002:20
1014:8 1018:2 1020:11
1023:14 1024:8 1033:1
1035:16 1036:5
1046:14 1048:5 1050:2
1059:18

analyst 1057:8

answering 1065:5
1112:3,4,6,15

answers 1112:10
anymore 1082:19
anyplace 1083:21
apologies 1073:18

apologize 1078:15
1127:10

apparent 1049:21

appeared 1042:22
1091:12

appears 996:16
1062:18 1093:25
1116:13 1124:4

applicable 1131:4
application 1108:2
applications 1020:23

applied 987:8,13
1079:20

apply 1074:10 1079:15
1082:16 1099:11
1131:3

appreciated 1105:21
approach 996:17
approaches 1015:6

approximately
1017:14 1028:15
1120:11

approximations
1023:7

April 1088:4

aquifer 986:2,7,8,9,10,
12,17,19,23 987:15,18,
19,20,23,25 988:3,6,7
989:25 990:20 991:12,
13 992:7,10,11,19
993:6,11,16,18 995:23,
24,25 996:14,22,24,25
997:1,4,5,6,7,15,19
998:1,14,15,24,25
999:1 1000:15,24,25
1001:1,6,11,19,21,23
1002:2,9,21,23,24,25
1003:1,7,17,20,24
1004:6,8,10,13 1005:2,
10 1008:9,13 1010:20,
22 1011:1,5,6,14,16,
19,22 1012:11 1013:3,
17,18,20 1014:9,15,19
1015:4,15 1017:20,24
1019:8,23 1020:11
1021:5,12 1023:15,17,
21,24 1024:9 1025:9,
12,22,25 1026:3,9,10,
12,13,23 1027:13
1028:21 1029:14,22,
24,25 1030:3,20,23
1031:17,19,24 1032:24
1033:2,3 1034:3,4
1035:25 1036:10,11
1037:4,7,9,22,23
1038:2,3 1040:14,17,
22,25 1042:13 1043:4,
151044:10 1045:15,23
1046:2,12,21,22,23
1047:21,24 1048:3,6,8,
13,22 1049:24 1053:2,
4 1054:6,11 1055:7,19
1057:17,20,22 1058:19
1059:4,5,10,14,15,18
1061:14,15,16,17
1062:2,3,6,23 1063:2,
5,20 1066:11,15,17,19,
21,22,24 1067:1,2,11

1070:1,18,19 1071:21
1072:6,16,17,23,25
1073:7,9,10,11,13,19,
20,21,23 1074:1,5,11,
12,13,14,17,19,21,24,
251075:2,3,4 1076:4,
13,22,23,25 1077:1,2,
13,15 1078:19 1079:5,
14,16 1080:2,8,9,12,
22,24 1081:1,8,11,15
1083:13,17,19 1085:13
1087:2,14 1088:10,16
1089:3,5,18,19,23
1090:3,4,5,9,16,17,23
1091:2,19,20,21,24
1092:11,16,21,23
1093:10,11,13 1094:4,
8,10 1096:20,21
1101:8,12,15,19
1102:9,16,19,25
1104:7,13 1105:1,9,10,
18 1106:14 1107:23,24
1108:23 1109:10,15,16
1110:9 1118:18
1120:1,18 1123:14,19,
20,22

aquifer's 1013:22

aquifers 993:8 995:22
996:3,8,9,12,16 997:7
998:2 1003:18 1004:2
1005:9 1006:4 1007:22
1059:17 1062:25
1070:21 1071:23,24
1075:1 1076:24
1077:11 1079:7,23,25
1088:5 1091:9
1092:10,20,22 1093:8
1097:24 1101:9
1109:19

aquitards 993:9
arc 1125:7,23

area 997:19,25 998:1
999:15 1001:14,19,20
1006:5 1007:25
1008:5,20 1009:17
1010:23 1011:25
1012:3,7,8 1014:7
1017:17 1018:11,20
1019:20 1021:24
1025:4 1028:3,25
1029:1,6,9 1034:24
1035:2,11,12,13

Alpha Reporting Corporation




Proceedings - May 24, 2019

1036:15,20 1037:1,3
1038:24 1039:4,15,20
1040:3,21 1043:17
1053:3 1055:7,20
1060:19,23 1061:3,6,
10 1063:25 1065:15
1066:8 1067:13
1070:5,7,14 1072:24
1077:23,25 1078:11,24
1091:24 1095:5,20,22,
23,25 1097:17 1098:1,
51100:7 1101:5,13,14,
17,18,20,22,23
1102:12,17,22
1103:12,14 1104:10
1105:2 1109:11,13
1110:5,6,8 1111:3
1117:15,20 1119:13
1120:1 1123:12,13

areal 1012:13,16
1071:22,25 1073:8
1079:6

areas 998:4 999:15
1012:12 1023:18
1026:6 1028:15 1035:4
1038:6,16 1048:1
1058:6,7,8,13 1094:16
1095:8,11 1096:13
1097:3,4 1123:7,9,17,
18,22,24

argue 1081:3
argument 1133:21

arguments 1133:15
1134:2

arithmetic 1122:12

Arkansas 997:21
998:19 1000:7 1019:15
1021:5 1029:17 1031:7
1037:24 1039:12,18
1040:11,12 1042:20
1043:13 1092:13

Arkansas-louisiana
1038:22

Arkansas-
mississippi 1043:16

arrive 1119:12
arrived 1114:13
arriving 1035:21

arrows 1023:5,7
1028:11,12 1032:11,
12,16,18 1039:16
1118:4 1124:8

Arthur 1000:12,13
1005:6 1006:7 1024:16
1025:13 1041:6,24
1111:16,17 1113:1,18

article 1088:3,5,8
1110:18

aspects 1022:2
assessments 991:8

assist 993:22,25
994:24

assisted 994:2,25
assumed 1009:4
assuming 1120:17
Atlantic 1062:22,25
atmosphere 1064:2,7
attorneys 1132:1

August 985:18
1129:22 1133:19

author 1038:17
1049:12 1055:10

authors 1009:4
1024:17 1055:1
1078:22 1081:20

automatically 1118:9,
10

availability 1133:21

aware 1020:10
1021:24 1022:4
1024:9,23,24 1025:24
1026:2,8 1065:17
1081:4 1083:11
1109:12 1111:5,6
1114:9 1121:16 1123:5
1130:16

awareness 1067:12

B

B7 1071:31079:2

back 989:24 1003:13
1005:1 1007:8 1009:17
1011:8 1013:25
1014:13 1021:8
1024:18,24 1027:4
1029:19 1035:22
1038:8 1039:12
1044:1,19 1045:19
1046:22 1051:7,9,18
1053:7 1056:17 1060:3
1061:11 1068:23
1069:1 1070:4 1079:2
1082:18 1084:15
1091:9 1097:3 1101:21
1104:15 1118:17
1127:7,24 1128:3
1131:24 1132:10,14

bacteriological 991:6
bad 1072:14

band 1066:23
bankruptcy 1132:5

barely 1039:8,17
1042:22

barriers 1011:22
base 1067:9,10

based 986:6 987:3
999:23 1003:2,3,6,7
1004:19 1005:16
1008:19 1009:21
1010:7 1019:2,9
1021:17 1036:5
1087:13

bases 1001:16
1002:12,15,17 1004:11
1059:7,9,15

basic 995:9 1001:5
1007:1 1015:1 1017:13
1051:21 1072:9
1074:19

basically 1020:3
1033:6 1052:11
1062:24

basis 1001:18 1004:16
1009:15 1014:14
1035:24 1045:21
1059:6 1088:9

BB 1051:8,11

BEARMAN 1068:15
1084:4,10,12 1127:2,5,
13 1130:10 1131:6,8,
20,21 1132:7,12,18
1133:9 1134:5,10

beds 992:4

began 1014:15
1108:24

begin 984:8

beginning 1022:4,5
1051:17

begins 1053:12
behalf 1128:6 1129:10

beneath 1004:13
1090:3,4 1119:17

Benton 1047:8

big 996:17 1021:8
1043:7 1077:11 1087:9
1107:12

big-picture 1046:3

bigger 1000:16
1009:16,17 1025:18

binder 988:13 994:17
1060:3

bit 998:18,20 1000:3,20
1006:7 1009:20
1015:24 1016:16
1018:6 1023:11
1032:14 1035:6
1038:16,24 1043:8,9
1044:5 1061:8 1062:22
1076:9 1091:10
1117:17 1120:14
1123:6 1132:2

bite 1007:19

Bittinger 1087:22
1088:6 1089:10,19,22

black 1028:11,12
1031:6 1032:11,12,17
1038:25 1124:7

block 1025:17
blow 1000:22 1052:15

blue 997:25 1009:18,
19 1010:10 1017:8,10
1027:9,24 1028:4

Alpha Reporting Corporation




Proceedings - May 24, 2019

1031:17,23 1032:13,16
1033:19 1034:1
1054:20 1110:5,8
1124:9

body 1071:22 1079:6,
17 1089:2

border 993:16 1011:9,
12,13,15,16,19 1012:1
1016:13 1017:17,18,
20,23,24,25 1018:10,
15,19,20 1019:14,20,
21,24 1020:3,7,12,21,
24 1022:23 1023:19,
21,22,23,25 1024:1
1025:7,8,12,20,21,23
1026:4 1027:23
1029:9,23 1030:18,20,
23 1031:16,18 1032:25
1035:2,4,12,16,17,19
1036:12 1039:9
1045:16,17,22 1047:13
1050:21 1052:14,23
1054:20 1056:7,15
1057:5 1058:22
1060:24 1061:12
1078:21 1090:17,22
1118:23 1119:18
1120:5,11,22 1122:3,4

borders 1023:18

bore 1006:4 1021:20
1059:22 1107:16

borehole 1007:6,7
1009:10

boreholes 1007:10
1010:12,13 1056:3

boring 1004:23
1006:10,15 1010:21
1011:3 1012:25
1021:9,10,23 1051:16
1052:5,6,9 1053:1
1056:10,13,25 1057:5

borings 999:24
1009:21 1050:14,23
1052:8,11 1056:25
1057:1,6,11

bottom 1016:15
1050:21 1053:8
1063:19 1071:9
1078:10 1087:9

boundaries 1004:3
1105:11

boundary 1004:6,7,8
1077:21,23,25 1078:1,
5,24 1101:24 1102:2

boxes 1132:7,13
boy 1071:6 1109:5

Brahana 1024:13,20,
23 1025:2,5,91111:8,
10 1113:5,25

BRANSON 985:4
1122:17 1134:11

break 1084:2,3,5,9,11
Breast 1008:12

Breast-works
1008:11,14

Brian 993:2 1021:2

briefing 1128:22
1129:4

briefly 1001:9

briefs 1129:6,7,21,25
1130:1,7,11,24,25
1133:16,19,20

bring 988:12 990:8
994:16 995:16 997:16
999:2 1002:11 1005:1
1006:14 1016:5 1018:3
1026:17 1030:7 1033:8
1034:15 1041:1
1046:13 1049:5 1055:3
1057:25

bringing 1006:10

broad 1001:14 1004:16
1023:17 1026:20
1028:20 1046:1
1066:23 1077:11
1095:12,24 1105:13

broader 987:7,10
1064:3 1094:17

broadly 1065:10

Broshears 1024:13,
20,23 1025:2,6,9
1111:9,10 1113:5,25

brought 1132:8

brown 996:23 997:8,9,
11,22,23 1007:18
1018:16,17 1027:7
1050:10 1101:7

budgets 1111:17
built 999:17
bullet 1106:8
Bulletin 1088:4

C

calculate 1121:8
calculation 1120:25
calculations 1121:19
calculator 1120:24
calendars 1133:22

call 992:23 995:21
998:1 1008:5 1010:15
1021:16 1037:21,22
1041:15 1054:19
1063:12 1068:22
1073:24 1078:20
1082:10 1093:6
1133:13

called 984:2992:19
996:22 1005:21 1006:1
1007:22,23 1012:9
1023:1 1024:13
1031:11 1044:18
1052:21,24 1057:12,
14,16 1062:2 1063:5
1069:1 1074:1 1076:6,
14 1084:14 1093:13
1094:22 1095:25
1096:10 1128:2

calling 1008:4 1074:18
calls 1035:10
capabilities 994:5
capability 1098:18
capacity 1107:1,13

caption 1026:25
1030:10 1117:12
1123:12,25

Carolina 1070:2,25
1075:24 1076:4,16

cars 1108:9,10

carved 1066:7 1077:5,
7

case 985:16 988:10
989:5,22 992:15
993:22 995:14 997:5,6
999:3 1001:4,8
1002:20 1009:22
1010:9,14 1013:13
1015:3 1017:21
1020:17 1022:19
1029:22 1042:9
1045:22 1049:15,17
1055:13 1057:18
1065:18,25 1070:23
1072:3 1082:22
1083:10 1090:20
1100:11 1117:9
1119:15 1120:6

cases 1035:17
casing 1106:14
catch 1043:9
catches 998:17
catching 1019:18

category 1034:9
1064:6

caused 1036:16
1041:11,18,20,22
1077:13

cells 1047:21,22
1117:19

center 998:13 1038:15
1039:13,16 1040:6,7
1043:6,7,10,11,12,22

certified 1131:17
chair 1082:1

chambers 1132:5
1133:2

change 1012:9,18,19
1013:12,17 1041:11,22
1095:21 1131:4

changed 994:8 995:1
1111:2 11315

character 992:7
1012:10 1030:3
1037:4,8 1057:21

Alpha Reporting Corporation




Proceedings - May 24, 2019

characteristic
1029:13 1074:17

characteristics
1005:20 1009:24
1077:12 1093:8

characterization
1019:22 1049:19,23
1050:2 1055:19
1066:13

characterizations
1080:7

characterize 990:20
1005:12,22 1063:18,
19,24 1080:22 1099:19
1126:24

characterized 999:25
1054:18

chart 1093:15,19,20
1094:13,14

check 1044:23
1101:22

chose 1062:13
1118:13 1120:1

circle 1039:3,6

circular 1038:9
1043:12

citation 1087:19
cite 1089:14

cited 1069:16 1088:9,
12,13 1090:1

citing 1089:19,22,23

City 1042:1 1045:6,10,
12 1073:17 1128:7
1130:10

Claiborne 986:10,12,
19 987:10,19 991:11
998:1,24 1000:25
1008:5 1011:1 1023:15
1026:22,23 1027:13
1029:14,25 1031:17,
19,24 1034:4,6,8
1037:22 1046:7
1048:13 1049:9,20
1057:17 1061:14,15,17
1062:2 1063:20
1072:7,17 1073:21

1076:23 1090:22
1091:2 1093:6,10
1102:16 1109:15

claim 1103:25

claims 1059:17
1104:1,2,4

Clairborne-sparta
1075:6

clarification 1085:11
1094:23 1114:6
1116:25

clarify 1062:11
1084:20 1085:20

clarifying 1072:25
Clark 993:2 1021:2
1094:6

classified 1085:4

clay 1005:15 1009:25
1098:14,16 1099:25

clear 985:4,9 986:1
990:3 992:25 998:6
1032:5 1079:21
1081:16 1086:12
1091:17 1096:24
1130:23

CLERK 984:2 1044:18
1069:1 1084:14 1128:2

close 1075:11 1100:7
1127:4 1128:23

close-up 997:18

closed 1038:12,13
1039:1 1040:5

closely 1024:7 1029:6
1062:12

closer 1039:5 1056:23
1120:13

closes 1038:8

closing 1133:15,21
1134:2

clouds 1064:14

coarser 1098:8
1099:24

coast 996:22 1000:14,
15 1062:25

coastal 1062:22,23,25
1063:1,2 1065:20
1066:12,16,21,24
1067:2,14,16 1070:1,
13,18,19 1077:5,11
1091:15,16,21,24

coauthor 1003:19
1087:1

coined 1007:20 1008:3
1095:4

Coldwater 1117:10,
16,17,20 1120:7,20
1122:3 1123:17,24

collect 1005:19
1121:17

collected 989:6
collection 987:6

collective 1039:7
1040:2

College 1089:14,20
color 996:21 1039:22

colors 1033:20,24
1116:13,14

combination 988:8

combined 1083:22
1124:10

commend 1132:1

committee 1003:12
1081:25 1082:6,8
1083:3 1084:25
1086:17,25

common 993:21
1003:3 1007:10
1009:23 1022:11
1089:11,24 1107:9

commonalities
1052:7

commonality 1080:22

commonly 986:10,18
1004:4 1012:9 1024:13
1108:24

companion 1046:20

comparable 992:3
1057:10

compare 1034:18
comparison 1097:18

complete 1085:2,5
1087:15 1090:2

completes 1128:16

complex 1043:11
1096:16 1097:7,9,16,
21 1099:20

complexities
1097:10,20 1098:11

complexity 1097:23,
251098:7

component 1065:21
1078:18 1091:15

components 1090:8

comprehensive
993:5 1000:14 1021:23
1037:15 1095:18

compute 1117:24
1118:7 1119:14
1121:10,12

computed 1028:5
1118:7,12 1121:6

computer 993:10
1025:24 1026:8
1028:6,7 1116:23
1118:2

computes 1028:1
concatenation 986:18
concept 1016:25
concepts 1060:21
concern 1119:13

concluded 1015:7
1054:14 1134:12

conclusion 1001:9
1036:2 1045:25
1053:25 1054:1,2

conclusions 1114:13
conditionally 984:24

conditions 993:16
1015:16 1022:21
1024:4,5 1025:10
1026:1 1029:10

Alpha Reporting Corporation




Proceedings - May 24, 2019

1048:19 1075:17
1096:2,3,6,17 1098:4,8
1109:16

conducted 991:18
1007:17 1015:11
1070:23

conductivity 1012:23

cone 1036:13,14,19
1038:10,13 1039:7,9,
251040:5,8,16,18,20
1042:22 1045:10
1107:18

cones 1036:21,25
1037:2,5 1038:3,6,11,
18 1040:13 1041:13

conference 1022:7,9
1133:12

confined 1107:17
1123:14

confining 1008:10,11,
15 1063:21 1065:1
1067:12 1071:24
1075:1 1079:8 1095:7,
9,12,13

confirm 1021:25
1089:24 1114:15,18
1131:1

confirmation 1037:8
1040:17

confirming 1019:22
1020:5

confirms 1033:3
confusing 1103:15
confusion 1133:2

conjunction 989:18
992:5

connect 1005:25
1010:7,11

connected 1045:23
1046:23 1051:1
1056:11 1057:10
1063:7 1067:5 1071:24
1080:14 1092:25
1095:6 1100:20

connecting 1009:11,
12

connecting-the-dots
1006:1

connection 1046:5,8
1048:7 1063:12,19
1064:3,6,10,12,23
1065:11 1067:17
1072:19 1078:11
1093:2

connections 1059:4
1063:13,15,17,23
1064:24 1065:3,9,13
1067:15 1073:1
1075:14,15,22,25
1076:2 1078:6,8

considered 1013:2
1109:3

considers 1080:9

consistent 1002:19
1005:6 1010:12
1013:10 1059:19
1081:17,21 1083:15
1084:1 1086:5,6
1087:2 1088:16 1095:7
1099:11 1120:7

consistently 989:24
1007:11 1013:23
1014:5,6

constantly 1067:19

constitutes 1081:15
1089:3

construct 1099:9,18
constructed 1108:4
consulted 1129:9
CONT 985:11
contact 1021:3
contacted 1021:2

contained 1091:20
1102:19

context 996:12
1072:22 1085:16

continue 984:8
1012:23

continued 986:22

continues 1011:14
1017:24 1033:3

1051:13 1052:4,10,22
1053:1,5 1056:15
1074:17 1077:19
1078:17,19

continuing 1019:23
1057:15

continuity 986:21
1001:23 1002:2
1013:17,20 1037:7
1040:22 1042:13
1043:4,15 1044:9
1057:20 1074:12
1078:21 1080:23

continuous 989:25
992:11 1012:25
1026:10,13 1063:25
1080:9,11,12 1095:2

contour 1016:25
1017:11,15 1019:2 4,
12,13,15 1025:11
1027:11,12 1028:6,9,
16 1029:5 1038:8,12
1039:2 1040:5 1041:19
1043:2 1062:11
1113:6,21 1114:4

contours 1019:10
1038:1,13 1040:2
1062:14

conventions 1094:15,
17

cooperation 991:18
copied 997:10 1018:5

copies 1068:18
1132:5,8,10

copy 985:17 1018:7
1034:19 1068:12
1088:3 1131:17

corner 998:8 1009:2
1016:22 1027:22
1029:3 1031:2,3
1042:6 1047:4 1050:13
1056:1

correct 1002:7
1061:12,19,23 1062:8
1063:2 1066:9,10,13,
14 1067:2,3,18
1069:20,21,22 1070:25
1072:1 1078:2 1079:8

1083:16 1085:2
1086:16 1087:23,24
1089:12,15,16,21
1090:10,18,24 1091:6,
16,25 1092:1,18
1094:8,12,24 1098:19
1099:16 1100:25
1101:6 1102:18,24
1103:5 1104:15
1106:20,21 1107:11
1108:18 1109:4
1110:7,17 1114:15,16,
201117:111118:14,15
1120:2 1122:25 1124:6
1125:24,25 1126:8
1132:11

corrected 1111:12

corrections 1061:8
1131:15

correctly 1070:3
1072:2 1079:9 1087:16
1089:13 1090:6

correlates 1094:21,23,
25

correlation 1006:1
1094:16

Counsel 1068:17
1078:15 1132:24

count 1126:15,25
counties 1018:18
country 1083:25

county 991:20,23,25
992:2 998:9 1004:7
1008:3 1009:1,9
1016:17,18 1018:17,
18,19 1027:22 1029:4,
6,7 1031:2,3 1037:1,3
1039:12,19,24 1040:4,
7,11,21 1042:6,20
1044:3,4,5,6 1047:3,4,
5,6,8 1051:13 1056:16
1057:3,4,7,15 1122:25
1123:2,4,7,8,9,10

couple 990:24 996:11
1003:3 1017:19
1029:11 1048:10
1054:25

court 984:2,3,6,11,19

Alpha Reporting Corporation




Proceedings - May 24, 2019

985:2,7 986:21 989:7
996:19 999:9 1001:16
1006:22,25 1012:5
1024:25 1044:14,16,
18,20 1045:1 1049:16
1055:14 1056:23
1058:3 1059:24
1060:5,8,11 1066:1
1067:25 1068:22
1069:1,4,8 1084:2,8,
11,14,17 1088:20,23
1103:11 1115:12,23
1116:3,15 1119:20
1122:21 1125:9 1126:5
1127:9,12,14,19,21,23
1128:2,5,9,11,14,16
1129:1,5,13,17,19,23
1130:4,6,9,13,19,22
1131:4,7,9,12,18,22,23
1132:11,16,21,25
1133:5,10,17,24
1134:6,7

courtroom 995:6
1015:19 1068:19
1108:11

cover 994:23

covered 1070:5,7,19
1077:25 1101:5 1110:6

covers 1061:18
1070:14,23

create 1006:12

created 992:25 1005:3
1026:22 1031:9
1033:12,13 1037:13,14
1065:21 1108:7
1112:21 1113:13,17,19
1115:8 1124:3

creates 1038:8
1043:11 1107:23

creating 1079:24

Criner 1015:19 1016:3,
7,9,11 1018:24
1019:25 1023:6
1054:25 1055:11
1111:20,21 1113:7
1114:16,22

criteria 1090:25
Crittenden 1040:11

crops 1076:8

Cross 1004:2 1034:6,7
1036:22 1037:5
1038:4,19 1040:13
1042:16 1112:1

CROSS-
EXAMINATION
1060:13

cross-section 999:1,
6,11,17,22,23 1000:1,
17 1002:7 1007:4
1013:11 1024:18
1051:10 1056:12

cross-sections
999:13 1050:11,14,15
1051:6 1055:25
1056:12

crossed 1023:21
1042:22

crosses 1023:23
1036:24 1039:8,17
1040:8,9,10,11,17,18,
211048:1,3 1063:4

crossing 1042:11,25
1043:13 1044:7

Cunningham 1082:2
current 1103:22
cursor 1012:4 1018:14
curves 1016:20
curvilinear 1029:12
curving 1017:5
customarily 993:19
customary 989:1

cut 999:18 1000:2
cycle 1064:4,16,22

D

D12 995:16

D13 997:16 1004:25
D15 999:2 1011:8
D17 1016:5

D18 1018:31110:15
1114:7

D19 11157

D191 988:12,14 1106:2
D192 988:13 1094:1
D193 994:16 1058:1
D20 1046:13,17
D201 1060:1

D26 1026:17 1027:5
D27 1030:7

D30 1037:12

D31 1041:1

D51 1033:8

dark 998:12 1031:1
1038:25 1039:22
1043:21,23 1101:18
1124:7 1125:4

dashed 1050:20

data 1014:24 1015:8,9,
13,15 1016:1,23
1020:6 1023:6 1036:5,
6 1037:11 1057:19
1062:3,5,9,10,13
1110:22,23 1114:13,22
1121:17

date 988:23 994:22
1069:23

dated 1088:3

dates 1109:14 1129:8
David 1128:21

day 1054:9 1130:1

days 1128:23 1129:6,
16,17,22 1130:2,7,11,
12

deal 1106:22

dealing 1031:19
1076:7

decide 1118:16
decided 1122:18

decision 985:18
1020:20 1021:21
1030:17 1032:22

1118:21

deep 1005:19 1008:1,
13

deeper 1008:4,9
1057:6 1099:24

defendant 1065:25

Defendant's 1059:23
1115:7

defendants' 984:23
1035:8 1115:17 1132:9

define 1002:21
1050:14 1054:4 1089:3
1090:16 1102:16

defined 1003:25
1067:11 1074:21
1075:6 1077:21,23
1090:22 1091:14
1101:25 1102:3,9
1105:1 1108:17
1109:16

defines 1051:5

definition 1002:22
1003:2,5 1063:1,3,4
1064:9,10 1065:4,6,7,9
1067:5 1071:15,19
1072:12 1073:7,8
1074:15 1075:15,16,
18,20,24 1078:23
1079:12,15 1081:1,2,8,
11,17,21 1082:21
1083:9,13,15 1084:1
1085:12 1086:3,5,6,7,
23,24 1087:3 1088:17
1089:17 1090:19
1091:3 1093:1 1101:22
1102:12,15 1105:13
1118:17,20

definitions 1085:17
1100:21

degree 1077:12
1097:22

degrees 1071:25

delineation 998:23
1001:18 1002:6,7
1004:21 1005:3,10
1006:11 1017:24
1018:1 1019:22
1021:11 1105:18

Alpha Reporting Corporation




Proceedings - May 24, 2019

delineations 1004:17,
18

deliver 1099:13

delta 1096:4,10,11,12
1097:7,13,14,15
1098:6

deltas 1096:14,16

demonstrate 1001:23
1002:1

demonstrates 1030:2
1035:18

demonstration
998:25 1029:23
1036:23

demonstrative
1002:11 1006:14,17
1014:13 1035:22
1045:19 1059:22
1060:2

depend 1077:8
1098:18

depends 1119:7
depicted 1034:17
depiction 999:23
deposit 1098:6

deposited 1096:7,17
1097:16 1098:1

deposition 984:14,15
1091:4

deposits 1096:9,13
1097:7,12,19,20,21

depression 1036:14,
15,19,21,25 1037:2,5
1038:3,7,10,11,14,18
1039:7,10,25 1040:6,8,
13,16,18,20 1041:13
1042:22 1045:11
1107:18

depths 992:3

describe 1013:22
1089:7 1105:4 1107:19
1109:17

describing 1095:5
description 993:8

999:10 1013:6 1073:4
1074:23 1075:24

descriptions 1096:6
design 1108:8
designated 984:16

designations 984:14,
16 1051:1

designed 1050:1

Desoto 991:22,25
992:2 998:8 1016:18
1018:18 1027:22
1029:3,7 1031:3
1037:1,3 1040:4
1042:6 1044:3,4,5
1047:4,6 1123:3,7,8,9

detail 1004:22 1007:2,
8,13 1023:19

detailed 1098:11
details 1002:9 1046:10

determination 986:4
1004:15 1015:3

determine 1110:21
1121:9

determined 1005:10
1054:10 1078:22

determines 1032:10

determining 1093:9
1097:24

develop 987:6
1021:14,18 1049:23

developed 987:3
992:3,18,22 1003:15
1011:4 1021:7
1024:12,16,17 1025:18
1040:18 1075:18
1099:23 1101:1 1113:6
1114:21

developer 993:3
1021:2

developing 1100:3,10
1118:25

development 1022:3,
10 1053:13,22 1060:22
1098:21

diagram 1007:2,3
1009:2,16,17 1028:9
1030:18 1052:18
1126:19

diagrams 1011:4
dias 1133:3

dictionary 1003:5
1089:15,20,23

difference 1035:7,20
1039:22

differences 1080:14,
17,18,19,25 1096:19

differentiation 1080:5
difficulty 1060:17
dimensional 1023:3,4

dimensions 1031:25
1032:1 1034:20

direct 984:8,22 985:11
990:3 998:24 1036:23
1041:12 1042:12,23
1043:14,15 1045:13
1046:5,7 1063:12,16,
231064:6,10,23
1065:1,3,8,10,12
1068:20 1075:14,16,
22,25 1076:2 1081:14
1087:6 1093:2 1096:24
1110:5,15 1113:3,22,
251115:2,5,11,21
1120:10

direct-drilled 1010:21

direction 993:24
994:6,7 1019:9 1029:8
1032:17 1047:25

directions 1017:10
1027:3 1028:13,18
1032:13 1037:6
1045:17 1058:24
1124:9

directly 1018:5
1041:10,21 1042:10,16
1067:5 1081:11 1093:9
1123:19

disagree 1072:21
1081:13

disagreement 1058:6

disappear 1012:16
discharge 1063:22
discharges 1047:14

discontinuous
1012:16

discovered 1008:21
discovery 1005:8

discuss 1022:13
1045:4

discussed 992:1
1003:17 1008:9
1015:18 1045:9
1060:19 1068:11
1077:17,20 1092:17

discussing 1029:1
1083:2

discussion 991:22
1082:24 1092:2 1100:7

discussions 1083:23
displays 1007:12
dispute 1069:4
dissolved 1078:5
distance 11225

distinguished
1123:14

distributed 996:6

distribution 1071:23
1079:7

districized 1021:15
1025:17

district 986:21 989:7
1024:25 1049:16
1055:14

Division 1128:8

document 1058:8
1069:24 1082:5,7
1085:5 1086:2,14
1087:1 1100:6,10,12

documented 1045:18
1111:1

documents 1085:15,
18,23 1086:5,7,9,10

Alpha Reporting Corporation




Proceedings - May 24, 2019

dots 1005:25 1009:5,
11,12,13,15 1010:7,11
1050:23 1051:1
1056:10

double-check 1124:4

double-checking
1115:15

draw 1017:9 1028:6
1029:16 1052:7,9
1124:14

drawdown 1041:17,20
drawdowns 1041:8

drawing 1017:2
1049:24

drawn 1019:4 1027:25
1028:10 1125:6

drew 1017:10,19
1019:2 1027:25
1034:22 1091:18
1101:4 1124:5,8,13

drill 1005:11 1098:22
1103:1 1104:6,13
1105:5

drilled 1103:2

driller's 1007:23
1010:18

drillers 1010:18

drilling 1005:18
1006:4

driven 999:14

drop 1041:17

drops 1041:16 1119:8
Drs 1110:18

due 1129:22
duplicates 1132:17

E

earlier 1004:19 1005:6
1007:20 1014:1
1026:20 1027:9 1030:6
1054:4 1066:7 1074:15
1083:11 1091:10,22
1092:17 1101:4

earliest 991:8
early 991:8

earth 1000:2 1064:25
1096:2,14

ease 1068:19
easier 1132:12
easily 1119:15

east 1013:7 1038:23
1043:20 1076:12
1123:10 1124:24

east-west 1013:5

eastern 1031:18
1076:12

easy 1019:51112:18
economic 1053:22
edge 998:5 1077:22
effect 1033:6

effectively 997:18
1099:13

effects 1042:15
1045:14,17 1105:6

efficiency 1068:19

effort 993:1 1021:18
1026:2 1114:18

efforts 1026:12

eight-state 1014:7
1037:20

elaborate 987:1
electronic 1005:17

Ellingburg 984:18
985:3 990:10,13
1059:25 1060:4,12,14
1066:5 1067:23
1068:1,2,16,20,24
1069:6,9 1082:23
1084:7,18,19,22
1088:1,2,18 1089:1
1110:13,14 1115:6,19
1116:1,6,11,19
1122:20,22,23 1124:19
1125:10,11,14,15
1126:6 1127:4,6,8,10,
16 1128:12,15,25
1129:14,18 1130:5

1131:19 1132:19,22
1133:4,8 1134:3,9

Ellingburg's 1053:9,
15

Embayment 992:19
993:6 996:14,16,24
997:5,7,19 998:3,4,13
1010:24 1011:6
1021:24 1024:12
1025:15,19 1027:8
1046:6 1060:25
1061:2,19 1066:8,11,
15,18,20,22 1067:11,
13,16 1068:6 1072:4,6,
16 1077:2,4,15
1079:15 1091:14,19,20
1092:11,21,23 1094:7,
10 1095:23 1101:8,12,
15,19 1102:9,22
1103:24 1104:23
1109:9,15

emptying 1047:11

end 1012:18 1019:15
1046:6 1051:1 1078:6,
12 1102:4,10 1119:9
1120:15

ended 1125:22
ends 1019:3

enlarge 1028:22
1030:11 1038:24
1039:20 1043:8
1050:16 1053:8

enlargement 1043:10
enter 1123:191126:19
enters 1048:12

entire 993:5,11
1025:15,18 1026:23
1028:3,20 1031:16
1053:23 1060:24
1061:1 1063:9,11
1064:15 1065:19
1073:4 1102:17,21,25
1105:2 1109:9

entitled 1103:5,25
entitlement 1103:6,7

environmental
1096:2,18

ephemeral 1064:3,17

equal 1017:11027:10
1041:20

equals 1081:9 1089:6
era 1068:8

essentially 1011:4
1028:8 1068:13
1102:10

establish 1091:22
established 1129:2

estimate 1117:24
1120:20

eternal 1064:21
Eugene 984:3 1084:15

evaluate 985:15
993:14,18 1022:22

evaluated 989:10
1006:11 1023:20,22,23

evaluating 991:4
1022:6 1057:9

evaluation 1013:17
1016:3 1073:5 1103:7

evaluations 989:3
992:16,24 1015:11
1022:14 1025:1

evaporated 1064:2

evaporation 1064:1,
14

event 1118:13 1122:24

eventually 1046:3
1047:11 1048:14
1052:24

evidence 984:23,25
986:3 989:12 1001:22,
251002:6 1032:21
1045:16 1128:5

evidentiary 984:13

exact 1012:18 1013:10
1034:20

examination 984:8,22
985:11 1068:21
1115:5,11

Alpha Reporting Corporation




Proceedings -

May 24, 2019

examples 990:24
1042:18 1058:13

exception 1132:20

excuse 1073:25
1076:23 1082:14
1123:21

exhaustive 1018:25

exhibit 984:23 985:1
994:16 995:16 997:16
998:21 999:2 1004:25
1011:8 1016:5 1018:3
1026:17 1027:4,5
1030:7 1033:8 1035:8
1037:12 1041:1
1046:13,17 1049:6
1057:25 1059:22,23
1060:1 1069:10 1071:8
1073:1 1088:19,24
1115:7,17 1116:6,7

exhibits 988:12
1060:20 1065:18
1069:12 1132:4,9,22,
25

exist 1006:5 1067:16
1095:15

existence 1037:2

exists 996:14 1001:19,
201072:24 1077:17
1118:18

expanded 1011:3
expect 1022:15
expedited 1132:2

expert 988:9,15 995:17
996:10 998:22 1000:10
1002:17 1032:20

expertise 1083:22
experts 1005:14

explain 986:15 987:22
999:7 1006:19
1009:19,20 1011:11
1022:18 1027:5 1031:9
1033:12 1045:6
1046:17 1050:6
1051:20 1052:13
1056:19 1063:8

explained 1083:20,21

exploration 987:5
1052:12

explorations 987:2,4
exposed 1107:23
expressed 1048:10

extend 1014:1,10
1056:3 1062:6
1076:10,15,17,20
1100:18

extended 991:11
1014:3 1045:11
1100:14

extending 1001:1
1005:2,5,7 1007:6
1045:15 1051:3

extends 998:19
1002:25 1004:6,13
1037:23 1039:10
1045:12 1058:19
1076:9 1077:2 1092:17

extension 992:4

extensive 1012:14,16
1018:21 1058:15
1061:25 1071:23
1079:7

extensively 1015:19
1074:23

extent 993:9 1001:19
1005:10 1010:25
1011:5,6 1013:22
1031:16 1067:4
1071:25 1073:8,12,13
1090:8 1098:19
1100:13 1101:12,19
1104:14

extract 1074:16 1103:1
eye 1009:13

=

facies 1012:8,9,18
1013:12,16 1095:15,21

facilitates 1129:4

fact 984:23 998:25
1001:21 1006:6
1008:20 1020:6 1037:5

1096:4 1097:2 1099:25
1105:17 1113:2 1122:7
1130:8,12

faint 1016:14,16,19
1038:16 1039:14,21

fairly 1007:10 1026:24
1037:15

falls 1064:5 1123:16,
20,21

familiar 1005:15
1006:16

famous 1033:22
fast 1119:25

fastest 1120:17,23
1121:1,4,9,11,13,20

federal 1082:1,11
1085:2,3

feet 1005:18 1007:24
1010:19 1017:2
1027:14,15 1098:24

fewer 1025:17
field 993:19 1100:4
fields 1098:22 1099:22

figure 995:17 996:3
997:17 1000:10,18
1001:3 1004:20
1005:25 1006:12
1014:7 1016:6,7,9,13
1018:4,7,10 1026:18,
19 1027:17 1028:11
1030:8 1031:9 1032:20
1033:9,12,18 1034:13,
151041:2,5,7,8,19
1042:8,10 1050:9,12,
24 1051:6,20,21
1052:1 1062:16
1091:12,18 1097:23
1117:12 1121:11,13,20
1123:25 1124:7

figures 988:16,20
995:15 1046:19
1055:24

file 1128:18,23 1129:6
filed 1130:1 1133:16
final 1002:8 1131:17

find 989:9 991:3,8
1009:24 1064:21
1068:12 1081:7
1082:20 1083:8
1086:13,17 1097:3,4
1098:23 1115:22
1133:10

finding 1130:12
findings 1130:8

fine 984:19 1060:5
1084:7 1088:23
1098:23 1112:16
1120:16 1130:13
1132:15

finer 1098:7 1099:25
finish 1127:6,14
finished 1060:8
flexible 1134:1

Florida 1070:24
1076:5,15

Flour 1008:10,16

flow 993:15 1001:24
1002:1 1011:18 1013:1
1017:11,13,16,18,19,
23,25 1019:9,13,19,21
1020:2,3,6,11,20,23
1022:22 1023:5,6,12,
14,17,18,20,22,24
1024:1,8 1025:6,8,11,
19,22 1026:3,6,16,21
1027:3 1028:13,18,20
1029:8,12,14,23,24
1030:12,17,18,19,22
1031:13 1032:12,18,
22,23 1033:3,7,16,21,
24.1034:9,24 1035:2,4,
11,12,16,17,18
1039:16 1046:2
1047:25 1058:21
1063:20,25 1078:17,18
1110:23 1111:2,6,8,11,
15,19,22,23 1112:7,11
1113:20 1114:19,21
1117:14 1118:22,23
1120:3 1124:15

flowed 1014:16 1015:4

flowing 1014:19,21
1019:7 1047:16

Alpha Reporting Corporation




Proceedings - May 24, 2019

1064:12

flows 1017:14 1047:8,
10,13,16 1119:25

fluidal 1096:14

fluidial 1096:10
1097:13

fluvial 1096:11,12,15,
16 1097:6,7,14,15
1098:6

focus 1000:20 1011:9
1047:7 1051:8 1072:5,
6

focused 1096:21

focusing 1028:25
1073:10 1085:14

follow 990:21 1009:13
1023:12 1028:13
1125:16,19

footnote 1088:7
forever 1064:20,21
form 1009:15

formation 988:8
999:21 1008:21
1010:12 1052:8,10,21,
22,25 1065:2 1068:5
1073:22 1074:15
1076:6,13,14,21
1093:13 1094:20,21
1095:16 1096:3
1099:5,13 1102:23
1107:17 1119:25

formations 1007:5
1010:10 1063:5,6
1068:9 1076:3,4
1077:17 1080:23
1094:4 1095:5 1097:10
1099:20 1102:4

formed 1068:4
1097:12

fort 1008:2,8,12,13,14
1034:3,4,7

fortifications 1008:14
fortunately 1056:8

found 992:10 1007:24
1014:8 1015:14,17

1020:6 1052:5 1057:11
1081:10 1083:21
1092:7 1093:12,14
1094:11,12 1102:16,21
1109:14

foundation 1001:7
fourth 1045:21
fracture 1019:10
framework 1071:16

Frederick 1060:10
1065:24 1068:17
1088:22 1127:20
1128:10,21 1129:2,21,
24 1130:7,17,21,23
1131:14 1132:24
1133:14,18 1134:4,8

free 1006:20

frequently 987:3
1099:22

fresh 1077:24

freshwater 1077:22
1078:2

front 988:13 1069:10
1071:2 1072:13,22
1115:17

full 1032:2 1051:18
1056:17 1101:12,18

fuIIy 985:25 1023:9,12
function 1099:7

fundamental 1033:13
1057:19 1059:18
1072:20 1099:3

future 1053:13
1103:22

G

gallons 1054:9

Gas 1128:8
gasoline 1119:8,9
gathered 1014:4
gave 1085:151112:10
general 1004:5

1017:10 1025:3
1028:18 1047:1
1050:11 1066:24
1068:7 1094:16
1098:15 1109:21
1120:3

generalized 1000:1
1013:11 1027:3
1028:13 1032:12,18
1047:25 1124:9

generally 1057:8
1062:22 1066:13,14
1095:6,11 1099:16
1106:20 1109:2 1118:8
1125:25

generate 1118:9

generated 1027:12
1112:11113:91118:3,
41124:10

generates 1118:6,10,
11

generically 1022:25

geographic 1010:25
1013:22 1071:1 1090:8

geologic 1021:12
1068:8 1093:22

geological 993:1
1057:19 1065:22
1069:19 1074:20
1080:1 1082:12,15
1097:3 1100:19 1102:4

geologist 1012:10
1057:8 1097:4

geologists 987:5
1009:22 1083:25
1095:1

geology 1049:9
1075:7 1098:19

geophysical 1005:22
1009:22 1010:2

Georgia 1070:1,24
1075:23 1076:4,10,15

Gerald 1049:13

give 995:91042:18
1065:7 1085:22
1087:19 1096:24

1115:16 1129:7,16
glad 1131:23

good 984:7 985:13,14
1000:20 1016:14
1042:21 1052:15
1060:15,16 1093:18
1098:22,24 1101:21
1122:12 1126:21
1127:1,5,7,9 1133:5

government 1082:11
1085:2,4

gradient 993:24 994:4,
25 1099:15 1107:24

graduate 1021:4

grain 1005:14,16
1098:7,8,13,15,16,17

grains 1098:15
grateful 1133:23
gray 1038:15,16
great 1106:22,25
greater 1025:3
grids 1028:3
grind 1098:23

ground 995:15 999:12,
18,24 1005:11 1007:24
1011:18 1051:22,23
1119:8 1123:21

groundwater 988:4
1001:11 1003:14,16
1014:15,19,20,22
1015:1,4 1017:11,13
1019:9 1031:14,22
1035:25 1036:1
1045:23 1053:19
1060:24 1061:12,13
1081:20,24,25 1083:4,
24 1085:24 1086:1,13,
15 1102:15,17,21
1103:11 1106:14
1108:6 1109:14 1110:1
1111:9 1120:3

group 1049:9,20
1077:13

growth 1053:21
guess 990:8 1009:3

Alpha Reporting Corporation




Proceedings - May 24, 2019

1082:11 1122:21

Gulf 996:22 1000:14,15
1062:25 1063:2
1065:20 1066:12,16,21
1067:1 1077:5 1078:20
1091:15

H

half 1122:12

hand 990:4 1058:11
1068:12

handed 1088:3 1133:3
handle 1133:11

happen 1011:15
1061:7 1122:7

happened 1029:16

happening 1052:13
1055:18

happy 1079:23
1132:13

hard 1038:24 1062:23
1103:20 1105:5
1108:15 1125:19

harder 1032:14

head 1014:24,25
1015:1,8 1016:23
1017:1,14 1019:13,15
1026:21 1027:10,15
1028:2,5,15 1036:16
1041:10,11,14,21
1069:17 1081:20
1096:8 1099:14
1107:20,22,23 1113:2,
13,20,21 1114:2
1120:23 1121:4
1122:13

heading 1019:18
1052:4

heads 1078:19
hear 1044:25 1059:14

heard 986:13 987:12
992:20 993:7 995:9
999:11 1000:13
1005:14 1008:8 1009:7
1012:8 1015:21,24

1016:8,25 1017:12
1018:5,21 1028:8
1036:13,25 1046:2
1054:24 1059:8
1121:24

hearing 984:13 985:20
987:12 1008:10
1024:11 1049:2 1059:8
1061:16 1073:10
1077:18 1128:16,24
1129:3 1131:2 1132:8,
19,23 1133:1 1134:12

helped 1001:23
1010:25

helpful 1006:13
helps 1002:1 1094:14
Heritage 1089:14,20

higher 1014:25
1017:6,14 1019:6,7
1028:15 1044:1,6
1107:1,13

highlight 1016:14

highlighted 991:24
1009:18,19

highly 1021:15
1025:16 1122:6

highway 999:16
highways 999:14
hired 994:4

historical 987:6
990:19 1007:21
1010:17 1019:1 1074:9

historically 1013:25

history 1096:14
1098:21

hit 1120:20
Hold 1068:22

hole 1005:18,21
1008:2,13 1010:3,4

holes 1005:11 1006:4
1009:6 1010:8

home 1132:10

homogeneous
1099:21

Honor 984:7,10,12,20
985:4 988:18 989:5,23
991:2 993:7 996:17
997:18 999:6 1000:19
1004:4 1005:13
1006:20 1012:4
1015:17 1016:7,25
1017:12 1020:19
1022:2 1024:24
1030:16 1036:3,14
1039:14 1041:14
1043:23 1044:15,21,25
1046:2 1050:8 1051:21
1056:21 1059:21
1060:4,6,12 1065:24
1067:19 1084:4,5,12,
18 1088:1,21,22
1115:10 1122:17
1125:12 1127:2,22
1128:7,12,21 1129:14,
21,25 1130:5,8,11,18,
211131:6,14,19,21
1132:7,10,13 1133:8,9,
14 1134:3,4,8,9,10,11

Honorable 984:2
1044:18 1084:14
1128:2

horizontal 1021:11
1031:1 1047:3

horizontally 1021:16
hour 1084:5
housekeeping 984:9
human 1108:23
hydraulically 1095:6

hydrogeologic 987:7
1068:4 1071:21
1073:21 1074:6
1079:14 1080:2,7
1093:22 1094:17

hydrogeological
1064:25 1079:5
1092:11

hydrogeologist
1119:3,24

hydrogeologists
1016:12 1024:17,21

hydrogeology 995:10

hydrologic 1048:7
1059:4 1063:12,13
1064:4,15,22 1065:8,
10 1076:2 1078:11,20

hydrological 1063:15,
16,23 1064:6,10
1065:3,12 1067:17
1071:15 1072:18
1073:1 1075:15,17,22
1078:6,8 1093:1,2
1109:23

hydrologically
1045:23 1063:7 1067:4
1071:24 1080:13
1092:25 1100:20

hydrologists 1109:21

hydrology 993:20
1049:9 1055:7 1069:25

idea 1104:23 1119:24
11335

identifiable 1077:16

identification 1060:1
1088:24

identified 985:19
986:5 989:8,12,14,19
995:24 1007:5 1012:13
1038:6,7,18 1052:25
1053:4 1057:9 1058:6,
7,12 1065:21 1068:3
1070:13,20 1076:13,
19,21 1077:11 1080:2
1090:16 1093:11
1094:5,18 1096:20
1102:4 1116:22,25
1122:2

identifies 989:25
1009:23

identify 989:2 1010:3,
251011:51018:9
1026:18 1038:3 1042:1
1068:7 1077:13 1100:9

Il 1107:7

lllinois 998:18 1037:23
1077:19 1092:13

Alpha Reporting Corporation




Proceedings - May 24, 2019

illustrate 1020:23
1024:2 1028:20
1030:22

imagine 1000:2
immediately 1117:19

impact 1013:12,19
1021:20 1029:21
1033:1 1036:11,20,23
1040:3 1041:21
1042:11,16,23 1043:3,
12,14,25 1044:1,3
1048:5 1057:18 1098:1

impacts 1002:4
1036:1,9 1044:7
1058:23 1099:4
1105:17

impedes 1011:18
impediment 1017:23

impellers 1106:13,20
1108:3

implication 1079:25

important 995:24
1119:20,22

include 988:3 996:9
998:21 1015:25
1032:20 1061:22
1073:20 1074:6
1079:17

included 1021:9
1033:19 1034:11
1075:1 1085:7 1093:4
1113:8 1123:8

includes 988:6
1021:16 1095:24

including 988:7
1001:11 1014:10
1040:3 1083:24
1092:12 1095:17

inconsistent 1059:9,
15

incorporated 1033:22
Increased 1098:7
increases 1054:8

increasing 1054:6

independent 1114:23

independently
1110:25 1114:17

indicating 996:23
1000:21 1012:3
1039:20,24 1040:22
1057:19 1110:6
1126:17

indication 1036:22
1037:6 1038:9
1042:12,24 1043:3,15
1045:13

individual 1032:15
1039:5 1056:25
1125:19

individually 984:22

inferred 1036:6
1110:22,23

infiltrates 1123:16,20,
22

influence 1024:6
1032:7 1098:12
1108:23

information 999:24
1003:12 1005:23,24
1014:51017:22 1019:1
1020:20 1036:7
1055:18 1075:4
1082:1,7,8 1083:3
1085:1 1091:7 1116:23
1118:6,8,11 1119:16
1121:7

inherent 988:5
1014:21

initial 988:15 994:21
1034:13 1045:9 1087:6
1126:9

initially 1021:9

initiation 1030:19
1117:1

inset 1028:22,25
integrated 987:9
integrative 987:11
intended 1068:18

interaction 1034:3

interactions 1002:9
1046:11 1047:20
1059:3

interconnected
1063:2,6 1064:16

interconnection
1048:3

interested 986:2
1030:17 1106:12
1118:22

interesting 1007:18
interests 1049:22
interim 1022:5,8

internal 1082:8,10
1085:1

international 1004:7
1088:5

interpretation 1052:5
interpreted 1119:1

interpreting 1009:23
1098:3

interrupted 1078:14
1082:13

intersected 1120:21
intersects 1090:22

interstate 986:2
987:24,25 988:1,2
990:20 991:13 992:7
996:8 998:25 999:14
1001:6,12,13,21
1002:9,21,24 1003:1,4,
6,17,20,24 1004:2,9
1029:22 1030:2 1033:2
1034:24 1035:18
1037:3,8 1040:15
1045:24 1046:11
1047:15 1048:6,8
1057:21 1059:4,5,10,
16 1072:19 1074:19
1081:8,11,15 1083:13,
17,19 1085:13 1086:4
1087:2,14 1088:5,10,
16 1089:3,5,18,23,24
1090:4,17,23 1091:2
1093:10 1102:17,19,22
1104:7,9,11,13 1105:8,
10,151110:9 1118:17

interstate' 1089:12

introduced 1057:13,
231115:24

introduction 1089:17

investigations 987:14
1100:18

investigators 987:13
involve 993:4
involved 1064:1
island 1008:10,16
isotropic 1099:21

issue 984:12,20 986:8,
23 987:23 997:4,6,15
998:16 1000:24,25
1001:11 1015:10
1052:25 1059:14
1061:16 1080:21
1081:1 1090:21 1104:3

issued 988:18,22
994:9 1065:18

issues 986:5 1035:9
1077:8

item 1108:4
items 1084:20

J22 1055:4
J22a 1055:22
J58a 1050:5
J66 1100:8
J68 1068:12

J69 1066:6 1068:16
1069:10 1071:2 1073:2
1075:21

jagged 1012:17

January 1129:3
1131:2

John 994:1,25

joint 1049:6 1065:17
1069:12 1071:7
1129:25 1132:8

Alpha Reporting Corporation




Proceedings - May 24, 2019

Jones 1087:22 1088:6
1089:10,19,22

judge 1015:14 1020:17
1022:18 1045:7 1133:2

judgment 1091:1
1103:8

July 994:22 1129:7
June 988:22

K

Kentucky 991:12
998:18 1000:6 1014:1
1037:24 1051:4
1092:13

Kentucky-tennessee-
mississippi 1000:4
key 1052:25 1058:8
keyboard 994:3

keys 994:2

kind 996:20 998:13
999:7 1000:3 1004:6
1011:4 1016:14,19,20
1019:14 1028:13
1029:12 1038:6
1043:21 1049:21
1057:6 1067:17 1100:7
1114:13 1118:19
1121:7 1134:1

kinds 1007:11

knew 994:4 1010:18
1083:5 1120:25

knife 999:12,18
knowing 1022:10

knowledge 1067:10
1076:6,13 1107:3,5
1120:3

Kondziolka 994:1,25

label 1009:6 1017:4,5
1043:18 1050:25
1051:25 1095:10

labeled 997:22
1000:25 1007:7 1009:3
1010:17 1017:2
1051:5,24 1052:21,22
1056:12,14 1057:1

labeling 1009:8
labels 1010:9 1056:8
laid 1068:9

Langseth 984:8
985:13 987:22 988:9,
13 990:15 991:16
992:9 993:23 994:17
995:6,17 997:17
998:21 999:4 1006:16
1007:15 1008:22
1013:21 1018:4
1022:17 1026:18
1027:5 1028:23
1029:21 1030:5,8
1033:9 1037:13
1040:24 1041:2
1044:13 1045:4,25
1046:15 1048:9,21
1049:2,7 1051:20
1053:9,23 1054:24
1055:6,23 1057:23
1058:2 1069:10

Langseth's 984:21

language 1003:4
1089:24

large 993:1998:3
1021:15,18 1092:11
1098:19

largely 1009:25 1015:8

larger 996:14,22
1018:8 1035:12
1038:12 1054:11
1091:21

Larson 1015:21
1018:2,23 1020:1
1028:8 1048:11,21
1110:19 1114:22

Larson's 995:7

lateral 1005:9 1073:12,
13

Lauderdale 1008:3
law 1015:11108:1,3,14

laws 1107:21 1108:8,9
lawyer 1072:14

layer 1009:24,25
1010:1 1094:24
1095:7,9,12

layered 1077:17

layers 999:20 1008:15
1009:23 1025:17
1063:21 1096:7
1099:25

lead 993:2 1021:2
1067:24 1081:20
1082:1 1083:24
1086:2,20

leading 1067:23,24
leaps 1127:7
learn 1072:8
learned 999:24
leave 1048:14
leaves 1122:24
leaving 1064:20

left 1018:13 1046:21
1120:19

left-hand 1009:2
1016:20 1052:1

legal 985:24 1103:8
1104:3

legend 1062:20
legendary 1033:22
let all 1133:11

letter 1050:25 1052:1,2

level 1015:9,13,15
1017:3 1027:14,15,16
1028:2 1036:6,16
1037:11 1038:1
1041:15,22 1061:25
1106:13

levels 1019:1,2,3
1037:15 1038:2
1042:21

lies 1066:15

light 997:25 1039:22
1128:8 1129:5 1133:14

limitation 1104:24,25
1105:2

limitations 1022:13,15

limited 1035:11
1130:25 1131:1

limits 1130:24

lines 990:2 991:23
996:8 1001:20,22,24
1013:19,20 1014:10,17
1015:5 1016:10
1017:1,2,6,8,9,10,11,
15,19 1019:2,4
1025:11 1027:9,11,12,
24,25 1028:4,7,9,16
1029:5 1030:1 1031:23
1032:7,13,15,16,18
1033:19,20,24 1034:1
1036:22 1038:4,19
1040:14 1041:19
1042:11,12,13 1044:2,
8,10,12 1047:18,19
1048:8 1051:2,5
1052:7 1056:11
1057:10 1058:20,23
1062:12 1063:4
1073:14 1092:2
1105:18,19 1118:3
1124:5,7,8,9 1125:19,
20 1126:7

list 1003:51076:11

listed 986:3 990:25
994:11 995:3 1035:24
1045:21 1049:12
1093:12,14

listening 1059:13

listing 1014:13
1035:22 1045:19

literature 986:24
989:2,6,8,13,16,19,21,
23 990:3,5,19 992:9
1003:9,21,23 1004:1
1015:7,15 1020:5
1036:4 1037:11
1081:10 1087:15
1088:11,13,15 1089:11
1110:21 1114:12

load 1107:15

local 986:18 987:13
1046:11 1079:20,22

Alpha Reporting Corporation




Proceedings - May 24, 2019

1094:17 1098:1,4,8,11,
18,25

locally 1076:14
located 1007:10

location 1005:23
1007:9,13 1012:19
1013:4,7,8,10 1033:16
1034:20 1052:3,20
1056:1,2 1090:15
1098:5,10 1116:25
1118:1 1126:10

locations 987:3
1005:24 1007:6,7
1009:6,10 1024:1
1028:19 1033:17,18,
20,25 1042:14 1056:11
1123:2,11

log 1006:15 1021:20
1059:22

logs 1004:23 1006:4,
10 1010:21 1011:3
1012:25 1021:9,10,23
1053:1

long 1079:24 1119:16
1120:17,18,22 1127:14

longer 1084:9

looked 1001:22
1002:4,8 1004:19,22
1012:25 1015:10,12
1018:25 1019:25
1020:4 1022:13
1023:6,16,19 1026:20
1030:15,18 1036:8
1037:10 1046:9 1050:9
1054:3,6,8 1062:12
1069:13 1081:5,7
1093:15,21 1098:21
1100:12 1113:16
1114:19

lot 985:24 1000:13
1006:6 1009:25
1021:14 1023:25
1024:1 1032:13
1036:13 1050:6
1060:17 1062:24
1072:24 1077:18
1078:8 1096:19
1107:10

lots 1006:10 1121:10,
12,19

louder 1110:12

Louisiana 998:20
1000:7 1008:20
1037:25 1039:9,17
1076:17,18,19 1092:13
1103:3

low 1012:23

lower 1009:2 1012:13
1015:1 1017:7,14
1019:7 1028:15 1044:5
1050:13 1056:1
1125:17,18

lowered 1036:17
1107:22

lowering 1036:18,19
lowers 1107:20
Lowlands 1062:23
lunch 1084:2,8,13

M

M-E-R-A-S 992:20

M-O-D-P-A-T-H
1117:6

machinery 1108:6

made 992:14 999:18
1022:8 1059:17
1065:4,7 1107:10
1114:18 1131:15

magic 1120:15
main 1002:15

major 996:12 1006:9
1021:13 1039:13
1040:6,7

make 985:9986:11
1004:15 1006:4 1032:5
1078:25 1085:11
1086:12 1091:1 1103:9
1116:5 1126:23
1131:10

makes 1001:21
1060:23 1080:4
1090:23 1105:8,9

making 986:4
man 1108:7

manner 1081:17
1083:14 1086:4 1087:2
1088:16

manufactured 1108:4

map 995:21 996:9,16
997:10,13,20,23 998:6
1000:16 1007:9,13
1008:22 1009:5
1015:20 1016:24
1017:9 1018:8 1019:3,
10 1020:1 1026:22
1029:6 1031:7 1032:4
1033:23 1034:18,22
1037:13,14 1038:4,17
1039:21 1041:11
1046:25 1050:12,16
1052:3 1056:1,2
1061:9 1062:19
1065:12 1066:8
1070:4,6,7,11,13,20,21
1077:10 1090:15
1091:9,25 1101:3,5,9
1110:16,18,20 1112:20
1113:2,6,8,13,20,21
1114:2,4,7,22,23
1115:8 1116:21
1117:18 1119:17
1123:3,15 1124:2,6
1126:12

mapped 1032:4

maps 1019:25 1020:1
1041:10 1111:25
1112:21 1113:22
1114:19,21 1116:2
1118:14

mark 1059:22 1088:18

marked 1050:5
1055:21 1060:1 1082:3
1088:24 1100:8
1132:19,22

marker 1120:13,15

Marshall 1122:25
1123:2,10

marvelous 1130:17
Mary 1064:19

mass 1124:5

massive 1021:9
1121:21

master 984:3 985:17,
19 986:1 987:22
996:15 1084:15
1118:22

master's 1119:1

material 985:24
999:25 1005:12,22
1012:10 1057:10,11
1074:12 1080:22
1095:11 1100:16
1120:18

materials 994:17
1012:23 1085:7
1096:17,20,21 1097:16
1098:8,23

mathematical 993:18
1023:2 1025:24 1026:8
1040:25

mathematically
1099:19

mathematician
1122:16

mathematics 1031:14

matter 994:14 1002:14
1014:18 1015:8
1034:14 1035:15
1073:9,15 1110:10

matters 984:9
maximize 1084:6

meaning 1003:4,6
1012:18 1089:11,24

meaningful 987:4
1013:2

means 1064:11 1085:4
1104:21 1106:20

meant 1083:20,22
1117:2

measure 1099:12

measured 1036:5
1037:11 1062:9

measurements
1061:25

Alpha Reporting Corporation




Proceedings - May 24, 2019

mechanical 1108:5
mediated 1064:12,13
meets 1091:2

member 1081:24
1086:25

memorandum 985:17
986:6 989:11 1020:20
1030:16 1032:22
1118:21 1119:1

Memphis 987:11,19
991:4,5 992:1 998:6,7
1007:20,22,25 1008:5,
6 1010:15 1016:21
1018:19 1019:23
1025:4 1027:17,21
1029:2 1037:1,2
1042:1,5 1043:17,18,
19 1049:24 1054:14
1055:7,20 1057:12
1073:17 1079:18
1080:6,16 1094:12,20,
22,24 1095:3,4,16,23
1097:16 1109:11,13
1128:6,7,8 1130:6
1132:8

Memphis-area 1050:2

Memphis-sparta
986:17 1037:21

men 1055:11

mention 997:9 1013:4
1020:8 1038:5 1040:1

mentioned 1001:9
1003:11 1007:20
1010:14 1016:4,23
1017:8 1018:3,21
1021:20 1024:11
1025:13 1026:20
1027:24 1030:6
1034:1,11 1037:10
1039:11 1042:10
1076:10,11 1113:18
1121:1

MERAS 992:20,23,25
993:4,5,10,12,14
996:25 997:1,12
1004:19 1005:4,8
1006:9 1011:2 1015:11
1020:22 1021:6 1022:1
1023:9 1025:16

1026:16,21,22 1027:2,
12 1031:10,13 1032:10
1033:14 1037:17
1046:10,19 1072:24
1074:22,24 1075:1
1078:1,11,22 1091:15
1093:16,21 1095:19
1101:5,8 1111:4,9,13,
14 1113:10,14 1114:3
1115:8 1116:24 1123:8
1124:10

method 1023:10
1073:5

methods 1005:17,22
1028:7 1107:2

microphone 1044:22
microphones 1108:13

middle 985:24 986:10,
12,19 987:10,19
991:10 998:1,24
1000:25 1008:5 1011:1
1012:24 1018:14
1023:15 1026:22,23
1027:13,19 1029:14,25
1031:7,16,19,24
1034:3,6,8 1037:22
1046:6 1047:20
1048:13 1051:10,19
1057:17 1061:14,15,17
1062:1 1063:20
1072:7,17 1073:21
1075:6 1076:23
1090:22 1091:2
1093:5,10 1095:8
1102:16 1109:15

Mike 1068:15
mile 1028:6 1122:15

miles 1028:4 1030:13,
15,20,21 1031:15,20
1034:2 1045:12,13
1120:8,9,11,12,14
1122:6,11,14

million 1054:9 1078:5
mind 1014:14

mine 994:4

minute 1003:14 1007:2
minutes 1127:24

misnomer 1023:2,12
missing 1061:21

Mississippi 984:18
985:3 988:1 991:11,18,
19,23 992:6,19 993:6
996:13,15,24 997:5,7,
19,21 998:2,4,9,10,11,
12,13,19 1000:3,5,6,18
1001:15 1004:14,21
1009:3 1010:22,24
1011:6,10,12,13,19,25
1014:2,10,16 1015:4
1016:16,18 1018:12
1019:8,11,20 1020:14
1021:23 1024:12
1025:15,18,21,23,25
1026:5,7 1027:8,18,20,
22,23 1029:3,4,15,17,
19,20,25 1030:13,16,
20 1031:2,4,5,16,21
1034:2,5,6 1035:19
1036:1 1037:24
1038:21,23 1039:23,24
1040:2,4,9,10,12,21,23
1042:2,4,5,7 1043:14,
20 1045:6,13,14
1046:4,6,7 1047:2,4,6,
11,13,14,16 1048:13,
14 1050:22 1051:3,12,
16 1052:3,17,23
1056:4,9,13,15 1057:7
1058:24 1060:11,25
1061:2,18 1062:1
1065:13 1066:8,11,14,
18,20,22 1067:11,13,
15 1068:5 1070:1,24
1072:4,5,16 1073:16
1075:23 1076:3,7,9,14,
24 1077:1,4,15
1079:15,18 1080:6,15
1091:14,19,20
1092:10,13,18,21,23
1094:7,10 1095:23
1096:5 1100:21
1101:8,12,14,19
1102:8,21 1103:4,24
1104:23 1109:9,15
1117:15 1122:3,4,25
1123:16 1126:3,13
1128:12 1129:9,13
1131:18

Mississippi-shelby
1057:3,15

Mississippi-

tennessee 990:1
992:12 993:15 1000:21
1001:2 1002:3 1011:23
1013:18 1016:13
1017:17,20 1018:10
1019:24 1020:12
1023:19,25 1025:7,8,
12 1026:4,14 1030:23
1032:24 1033:5 1037:7
1043:24 1044:10
1045:15 1047:10
1048:4 1052:14,18
1053:5 1057:2,20
1058:19 1060:24
1061:4,10 1073:15
1090:21 1111:19
1112:1,8 1119:18
1120:22

Missouri 998:18
1000:7 1037:24
1092:13

misstating 1067:20

misunderstood
1112:18

mix 1010:1
mixed 1076:24

MLGW 1073:17
1098:21 1099:22
1130:11

mod-path 1031:11,12
1046:20 1117:6
1124:11

model 989:14,15
992:14,17,18,23,24,25
993:3,4,5,10,12,14,18
994:3 997:1 1004:19
1015:11 1020:21,22,
23,25 1021:6,14,15,19,
211022:1,3,11,12,13,
16,18,24 1023:9,10
1024:2,7,11,13,14,15,
16,23 1025:2,3,6,9,13,
14,15,16 1026:16,21,
22 1027:2,12,25
1028:1 1031:11,13
1032:10 1033:14
1046:9,10,19,20
1047:21,22 1091:15
1095:19 1101:5,8,16,

Alpha Reporting Corporation




Proceedings - May 24, 2019

17 1111:9,13 1113:6,9,
13 1115:9 1116:24
1117:19,22,25 1121:7,
8,17,18 1123:8
1124:10,11

model-generated
1114:1

modeled 1111:8

modeling 989:13
994:5 1015:10
1020:16,17 1025:1
1026:2 1036:8,9
1041:23,24 1086:13,15

models 1024:9,10,20
1025:24 1026:8
1029:13 1040:25
1112:22,23

modify 1022:20

moment 1007:13
1011:8 1051:9 1068:14
1069:6

monitoring 1003:16
1085:25 1086:1,15,16

monolayers 1093:23
month 994:21
months 988:23

Moore 1007:17 1049:3,
5,13 1050:10 1053:23
1054:3,13,18,19

Moore's 1054:1,2

morning 984:7 985:13,
14 1060:15,16

morning's 1084:20
motion 1032:4
motions 1128:19
motivated 1050:1
mountainous 999:14
mouth 1067:22 1096:4

move 1013:5,7,8,9
1031:22 1032:1
1098:23 1122:22
1125:7

moved 1104:1 1124:24

movement 1012:21
1032:2,19 1047:23
1060:23 1061:5,11,13

moves 1015:2 1021:17
1031:14 1046:4
1051:12 1107:24

moving 1014:19,25
1020:13 1025:25
1076:12 1121:20

MSSA 986:17 990:20
991:10 998:2 1027:2
1030:12 1092:10,16,25
1093:6 1117:14,15

multi- 993:7
multilayered 993:8

multiple 1063:21
1067:1 1073:20
1074:6,9 1075:1

multiply 1099:17
1122:18

multiyear 1021:18

municipal 1045:9
1053:21

N

named 1008:8,11,13
1049:3 1076:18

names 986:9,19,23
987:2,6,7,11,12,13,15
1007:21 1008:18,19
1010:9 1059:17
1074:9,10 1079:20,21,
22,23,24

naming 1094:15,17
narrow 1124:9
Nashville 1131:24

national 1003:15
1085:25

Nationwide 1085:24

natural 1019:9
1022:22 1023:14
1024:3,5 1025:6
1026:1 1034:23
1035:4,11,12,16,17,18
1080:19 1097:20

1104:22 1107:21,25
1108:1,3,8,9,14
1109:16

naturally 1014:16
1015:4 1020:13
1023:23

nature 1014:21
1059:10

necessarily 1106:24
1125:23

needed 1006:23
1091:5

network 1003:16
1011:4 1085:25 1086:1

nice 1010:20 1094:23
1095:10

nonetheless 1044:7
normal 1022:15

north 991:11 998:8,9,
17 1000:22 1012:15,22
1013:9 1017:5 1018:20
1019:14 1027:20
1047:8 1052:4 1079:18
1117:15,17,19 1122:3
1123:17,24

northern 998:20
1024:12 1029:13
1030:13,15,20,21
1031:15,20 1034:2
1046:6

northward 1047:9

northwest 1010:22
1029:4 1031:3 1042:6
1047:5,6 1103:3

note 1073:23
notebook 1087:5
noted 1131:14

notice 1012:17 1039:3
1043:1

noticed 1045:8

number 986:13
1068:15 1088:19
1109:9 1116:1 1121:1,
3

numbered 1071:7

numbers 1027:13
1071:10 1087:9
1122:18

numerical 992:17,22
993:10 1022:16

numerous 1068:11
Nyman 1055:11

O

object 1115:4,10

objection 1059:24
1060:4 1065:24
1067:19 1088:20,21,22

objections 984:16
observing 999:16
obtain 1021:1

obtained 1020:21,25
1119:15

occult 1100:16
occur 1129:12
Oddly 1095:22
offer 1129:4,10
offered 985:1

offering 984:22

official 1082:5,6,17
1085:3

oftentimes 1006:1
older 1107:2
Oliver 1064:19
omitted 1053:17
onerous 1005:19

opening 1053:10,15
1129:7 1130:24
1133:19

operate 1108:3

operating 985:5
1131:2

opinion 987:23,25
990:22 1001:3,5,7,8,

Alpha Reporting Corporation




Proceedings - May 24, 2019

10,13,17,18 1002:12,
13,14,15,17 1004:12
1013:12 1014:14
1029:21 1033:1
1035:21,24 1042:8
1045:21 1048:5
1057:18 1059:7,9,15,
19 1089:25 1090:20,21
1091:5 1093:4,5
1100:23 1101:1
1102:20 1104:3,18,25
1105:14 1110:7
1118:25 1119:22
1122:1

opinions 994:8 995:1
1014:13 1017:21
1035:22 1045:20
1048:10 1100:11

opposite 1090:11
orange 1047:18,19

order 984:3992:16
1011:5 1044:19 1069:2
1084:15 1121:9 1128:3
1129:15 1131:1,12

organization 1083:12

orient 1007:3 1009:1
1030:24 1043:18
1046:25

orientation 997:20

oriented 1037:18
1041:25 1056:6

orienting 1050:19

original 1058:18
1071:10 1116:10,18
1128:22 1129:15

originally 1129:20

originated 1117:10
1125:4

originates 1047:13

outcrop 1102:10
1117:15,20 1120:1
1123:6,7,9,12,13,17,
18,22,24

outcrops 1046:7
outermost 1038:12

outgrowth 1049:22

outline 996:23,24
997:8,9,11 1013:24
1018:17 1027:7,8
1031:17,18 1047:1
1050:20 1091:18
1101:4,7

outlined 989:11 997:8
1101:20

output 1031:12 1032:9
1033:14

overlie 998:15
overlies 1002:23
Overruled 1115:13

overview 995:9

P

p.m. 1134:12
P168 1034:16
P213 1088:24

pages 1071:7 1130:25
1131:1

paper 1050:10 1068:18
1069:20 1120:24

paragraph 1053:8,10,
17 1087:13 1089:7
1093:12 1109:2

parallel 1000:3

Parks 1015:19 1016:3,
7,10,11 1018:25
1019:25 1023:6
1111:20,21 1113:7
1114:17,22

part 984:15 992:22
998:9 1000:16 1003:16
1024:12 1032:21
1045:8 1047:5,6
1049:14 1055:12,14
1056:18 1065:2
1067:10 1070:22,24
1076:5,22 1077:1,16
1078:10 1086:14
1091:11 1093:5
1095:18,24 1100:10
1105:10 1106:12

1110:21 1114:11
1115:4,11,19,20,23
1116:17,18 1119:22

participated 993:2

particle 1023:1,10
1030:5 1031:12,21
1033:15 1046:18
1047:19,22 1115:8
1116:2,21 1117:5
1118:1,14 1120:5
1122:4 1123:11
1124:2,15 1125:3,5,16,
22

particles 1031:22
1032:1 1033:21 1034:4
1116:22 1118:5
1120:11 1124:6,12
1126:2,7,13

parties 984:9,24
1069:12 1130:3 1131:8

parts 1078:51092:12
pass 1059:21 1060:6

path 1029:12 1047:22
1125:6 1126:9

paths 1023:13 1029:14
1031:13 1033:21
1034:9

pathway 1023:2
1030:19 1123:23
1126:1

pathways 1030:12
1031:23 1046:20
1117:14 1123:15

patient 1067:20

patterns 993:15
1001:25 1020:20,24
1022:23 1023:15,17,
20,22,24 1026:20
1028:20 1030:17,18,22
1032:19,23 1033:7
1046:2,3 1118:22,23

pay 1131:13
PDF 990:8,12
peel 999:12 1000:5
peeled 999:18

pen 1120:24

people 993:2 999:17
1015:7 1020:5 1083:23
1114:12

percent 1102:11
perfect 1039:3
perform 1117:5
performs 1022:12,14
period 1097:15

permeability 1012:13
1099:7,9,11,18

perpendicular
1017:15 1028:16

person 994:1 1134:2
personal 1065:6

perspective 1020:4
persuade 1127:3,6

phrase 1072:24
1073:19,20,23,24
1074:1 1083:16,17
1088:10 1089:22
1108:17

phrased 1075:8
physical 1005:20

physically 1005:13
1021:17

pick 1008:19

picked 1028:19 1078:4
1101:13

piece 999:12 1002:6
pieces 1027:6

Pillow 1008:2,8,9,12,
13 1034:3,5,7

pinches 1012:15
1013:5,6,8

place 1036:18,20
1064:9,24 1098:20
1104:25

places 1013:9 1029:18
1076:15 1121:19

plain 1062:22 1065:20
1066:12,16,21,24

Alpha Reporting Corporation




Proceedings - May 24, 2019

1067:2 1070:1,13,18,
19 1077:5,12 1091:16,
21,24

Plaintiff's 1035:8
1088:19

plan 1032:3 1133:23

plate 1050:4 1051:18
1055:21 1056:17

plotted 1019:1,3
plunging 1077:18
podium 1127:7
poem 1064:20

point 998:15 1051:11
1063:22 1066:3
1070:12 1080:20
1084:2 1085:12,13
1089:18,25 1102:6
1107:15 1119:17
1120:19 1122:2
1127:9,18

pointed 1120:10
pointer 1125:9

pointing 997:22
1039:15 1043:23

points 1032:6,9
1033:25 1106:8

pollute 1119:10

portion 1019:18
1029:14 1051:19
1052:17 1053:4
1065:19 1070:17,18
1090:3,4 1094:21
1099:23 1102:2,6,8,12

portions 984:16
1004:14 1099:24

portrayed 1013:11
position 1105:15

post-trial 1128:19,22
1130:1,24 1133:16

post-world 1107:7
potential 996:1 1054:6

potentiometric
1014:23,24 1015:8
1016:23 1017:1

1026:21 1027:3,10,15
1028:2,5 1036:16
1041:10,11,14,21
1111:25 1112:20,21
1113:13,20,21 1114:1,
4

practice 989:1
preceding 988:23

precipitation 1123:16,
19,21

precise 1099:17
1129:7

precisely 1099:12

predevelopment
993:16 1001:24
1015:16 1017:16
1019:19 1020:2,11,13
1022:21 1024:3,5,8
1025:6,10,19,22
1026:1,15 1027:2
1029:9 1030:12
1032:23 1034:24
1035:2,3,18 1048:18
1058:21 1108:18
1110:16 1111:2,6,8,11,
15,18 1112:9,19,21
1113:2,6,12,19,21,24
1114:1,4,7,13,19,21
1117:14

predicted 1053:21
prefer 1129:14
preparation 994:24

prepare 988:9 1058:3
1101:17 1116:17

prepared 988:21,23
989:18 994:14,15,20,
21 995:21 1002:12
1004:18 1046:19
1058:5 1101:16
1110:18 1116:16
1129:3,6

preparing 988:24
1069:13

prepumping 1015:16

presence 1013:16
1030:1 1098:13

present 995:6 1013:2
1113:1,5,24,25

presentation 1022:8

presented 1022:7
1061:9 1095:18
1113:7,8,12,14

presiding 984:4
1084:15

press 1127:10
pressing 994:2
pressure 1107:15,19

pretty 1010:6 1013:6
1097:22

previously 984:24
1006:11 1007:22
1057:23 1107:2,14

primarily 994:25
1089:4 1123:10
1126:13

primary 993:14 994:1
1001:16,18 1024:10
1088:9 1090:25
1109:25 1110:2
1112:23

prime 1051:2,4 1052:4
1056:13

principal 995:22,23,24
996:3,9,16 1070:21
1091:9 1101:9

principles 985:5 995:9
1017:12,13 1028:14

print 1026:24

prior 984:13 989:9
993:16 1014:7 1021:3
1033:18 1108:23
1132:7

problem 1068:13
1133:11

problematic 1054:15,
19,22

problems 991:7
1133:12,25

proceed 984:6,21
1044:20 1060:11
1069:8 1084:17,19

1127:25 1131:5

proceedings 984:1
986:14

process 1006:2
processes 1096:18

produced 1022:5
1040:25 1041:5
1084:25

produces 1025:11
production 1098:18
Professional 1069:20

program 1028:6,7
1031:11,22 1032:2
1115:9 1116:23
1117:4,7 1118:2

project 1003:13

promptly 1131:17
1133:21

properly 1054:19

propose 1008:4
1132:24

proposed 1130:8,12

proposition 990:22
992:11 1014:9

provide 986:21 996:1,
12,13 1010:8 1022:12
1049:19 1050:1
1055:18 1058:12
1061:1 1068:18
1092:19 1094:16
1112:20 1117:22
1131:8

provided 986:1 1045:5

providing 995:25
1103:7

publication 1061:24
1082:9 1085:3 1087:22
1114:8

publications 1013:22
1015:12 1082:18

publicly 1082:13
1085:5,23

publish 1082:16

Alpha Reporting Corporation




Proceedings - May 24, 2019

published 1069:22
1081:23 1082:5,6
1083:1,2,12 1094:9
1113:19 1114:3

pull 1066:6
pulls 1107:15

pump 1041:16 1103:20
1105:5,7,9 1106:13,22
1107:10

pumped 1054:10
1105:13

pumping 993:17
1002:5 1014:15
1021:13 1022:22
1024:6 1025:10
1035:25 1036:9,10,20,
21,24 1038:11,14
1039:6,8,13,16 1040:3,
4,6,7,16 1041:12,16,
18,20,22 1042:11,15,
24 1043:6,7,10,11,12,
251044:1,3,4,5,6,7
1045:5,14,17 1054:14
1058:23 1061:11,14
1099:6 1105:17
1107:1,12,15,20,25
1108:5,24 1109:12,18,
19,23,25 1113:23

pumps 1105:21
1106:9,17,20,22,23,25
1107:6,12 1108:5

purpose 1123:15

purposes 987:17
1002:20 1065:4
1072:12 1077:6
1100:17

push 1106:14

put 985:51005:11
1009:13 1015:23
1035:23 1041:5 1070:4
1071:2 1091:9 1098:4,
10,11 1100:8 1101:3,4
1103:19 1109:23
1110:15 1118:1
1129:7,21 1132:3

putting 1067:21

Q

guantities 1074:16

guestion 985:15,21
987:23 989:22 990:4
993:12 1001:10
1015:18 1040:19
1058:11 1060:9
1061:2,7,21 1065:16
1066:2 1070:16
1074:5,8 1075:4,9
1076:1 1078:13
1082:14 1085:6
1095:20 1096:9,23
1098:3 1101:21
1103:16 1110:9
1112:3,4,5,6,13,15
1115:13 1119:7,9,12,
13 1126:22,25 1127:14

guestioning 984:6

guestions 985:19,22
989:3,11 1024:19
1058:2 1060:10
1065:5,8 1072:14
1075:19 1119:11
1127:18,20

quibble 1072:12
quote 991:21,23

guote/unquote
1054:14

R

rain 1123:20
rained 1064:2
raining 1064:14
ran 1117:22
range 1120:3
rare 1099:10

rate 1053:21 1111:22,
23

rates 1021:13 1044:1
1111:151112:7,11
1120:4

reach 1015:3 1036:2

1038:4 1040:13
1045:25 1091:5
1119:18

reached 1122:2
reaches 1039:8

read 985:18,24 990:18
1000:19 1010:16
1027:1 1030:10 1049:7
1053:18 1055:5 1058:5
1062:23 1070:3
1071:18 1072:2 1073:3
1079:9 1087:16
1089:13 1090:6 1092:9
1096:6 1106:15
1108:25

reading 1022:6 1053:9

real 991:6 999:16,21
1061:23

real-life 999:13
realize 1094:13
realizing 1102:11

reason 1097:8 1123:13
1124:12,14 1132:16

reasonable 1063:24
1079:12

reasons 987:14
996:11 1074:11

rebuttal 994:15,18
995:1,4 1033:9 1045:4,
8 1057:23 1058:4,15,
16,17 1115:20 1116:7
1128:11,13,15 1130:12

recall 1048:12,15,23
1049:2 1053:9,15
1054:13,16,24
1069:15,16 1091:17
1092:1 1093:17,18,23
1100:13 1111:11,18,21
1128:19

recalling 1111:14
recent 990:19 1095:18

recess 1044:14,16,17
1068:23,25 1084:13
1127:24 1128:1 1134:7

Recharged 1117:15

recognize 1041:2
1079:22 1080:23

recognized 991:9,12
992:6 1074:12,14

record 984:15,25
985:10 990:18 991:1
992:25 1016:11 1032:5
1085:20 1088:19
1130:23 1132:3

recover 1098:2
1103:4,5,23

red 1018:16

redirect 1127:22
Reed 1015:25 1020:8
reevaluation 1006:10
refer 987:15 1004:5

reference 1085:7,22
1089:10

referenced 1049:5
1055:3 1086:13

references 990:21
1082:3

referred 1086:14
1095:14

referring 987:18 990:5
1004:25 1012:2 1024:3
1046:14 1088:7
1106:18

refers 1091:1
refine 1006:11 1021:10

reflected 990:5
1002:17 1016:24
1056:3 1070:6

reflecting 1041:21
1124:15

reflection 1039:4
reflects 1044:4

reframe 1070:15
refresh 1102:5,13
refreshed 989:7

regard 1004:16,21
1013:3 1015:12
1035:20 1059:17

Alpha Reporting Corporation




Proceedings - May 24, 2019

1061:2,5 1072:3,16
1080:7 1087:19 1093:5

region 1011:9 1020:4
1022:23 1023:22,24
1026:23 1037:21
1038:9 1039:6 1045:22

regional 992:19
996:24 1026:20
1028:20 1040:5
1048:22 1070:22
1071:21 1073:7
1074:21,24,25 1079:5,
12,13,16 1094:8,10
1095:12 1101:15

regionally 995:24
1071:25

regularly 993:19
1109:20

relate 1017:21
related 1068:8 1112:10
relates 1048:8
relationship 997:4
release 994:22
released 989:9 1034:4

relevant 989:13,15
1058:11,12 1066:2
1093:9

reliability 1021:25

relied 994:11 995:3
1004:17 1005:4 1006:8
1024:15 1069:15
1100:13 1110:20,24
1114:10,11

remember 1008:9
1030:16 1036:14
1050:8 1059:1 1076:11
1096:8 1107:7,8
1113:11,14 1114:3
1118:10

remnants 1012:23
repeated 1076:1
reply 1130:2 1133:19

report 986:5,14,16,20
988:9,15,24 989:20
990:6,9,11,15 991:3,7,

9,15,16,17,20 992:5
994:8,9,12,15,18,22,24
995:1,4,16,18 996:10
998:22 1000:11
1002:18,19 1003:5,18
1008:7,12 1015:23,25
1026:19 1030:8
1032:20 1033:10
1034:13 1035:10
1037:12 1041:5
1045:4,5,9,18 1049:3,
5,8,14,18 1050:4
1053:23 1054:14,18,25
1055:3,5,10,12,16,21
1057:24 1058:4,8,15
1062:16 1068:3
1069:15 1070:13,20
1071:10 1075:21
1081:19,23 1082:17
1083:2,5,19 1084:24
1085:1 1086:12,17
1087:4,6,10 1089:2
1091:11,12,13,17
1092:2,3,4 1093:6,16,
21 1094:1,6 1105:22,
231106:2,6 1108:17,
211111:10 1112:19
1113:5,16 1114:1
1115:19,20,24 1116:7,
10,18 1118:13 1124:7

reported 1111:3,5,14,
211112:7,11 1118:16

reporter 1130:17,19
1131:16

reporters 1131:22
reporting 1113:12

reports 991:2 994:14
1022:6,11 1054:25
1055:17 1058:5,16,17,
18 1059:2 1068:7,11
1081:16 1083:1,6,14,
16,18 1088:10 1094:9
1111:3 1113:11,15
1114:4 1123:6

represent 1026:9
1028:17,18 1047:18,19
1062:21 1126:7

representation
1035:10 1043:25

representations
1021:17

represented 1035:13
1040:20 1047:21
1066:23 1067:12

represents 1047:23
1126:9

reproduction 1016:9
requested 1032:22

research 1014:8
1020:10 1021:4

reserved 1133:22
resides 1102:23
resolved 1069:4

resource 986:3 987:24
988:1 1001:12,13
1029:22 1048:22
1102:25 1103:1,4,13,
24 1104:9,12,15,22
1105:2,15

resources 994:11
995:3 1088:4

respect 992:2
respectful 1067:21
responsive 1130:25

rest 1009:15 1051:6
1062:1

restate 1072:15
rested 1128:9
restrict 1013:1
restriction 1012:20
rests 1128:8

results 1022:8 1023:14
1024:2 1040:24

retread 995:14
returning 1064:21

review 989:2,16,23
992:9 1020:5 1021:9,
23 1036:4 1049:14
1055:12 1110:21
1114:12

reviewed 989:5,6
994:11 995:3 1015:6
1021:10 1049:16,17
1053:23 1055:14

ridiculous 1075:8

right-hand 1050:13
1056:1

rights 1104:1,2,4

rise 984:2 1044:18
1069:1 1084:14 1128:2

rises 1047:8

river 998:11,12 1000:3,
51008:16 1016:19
1018:12 1027:18
1031:4,6 1038:23
1039:23 1042:2
1043:20 1046:4,7,11,
12,21,22,23,24 1047:7,
8,11,12,14,15,16,20,23
1048:2 1059:4 1096:5
1117:10,16,17,20
1120:7,20 1122:3
1123:17,24

rivers 1048:8 1059:5
road 999:17

ROBERTS 984:7,12,
20 985:9,12 990:11,14
997:3 1000:9 1007:14
1012:6 1044:15,21
1045:3 1059:20
1060:2,6 1067:19
1088:21 1110:12
1115:4,10,16,21
1116:5,9 1124:17
1127:22 1128:7

rock 999:15
roughly 1013:6 1031:6

run 994:3 1025:9
1037:15 1099:25

running 1018:13
1027:19 1031:6
1038:25 1043:21

runs 998:12

S

Safford 990:25 991:7

saline 1077:24 1078:1,
11

salinity 1101:25

Alpha Reporting Corporation




Proceedings - May 24, 2019

sample 1028:19
samples 1005:19

sand 986:17 987:11
1005:15 1007:20,22,23
1008:6,8,9 1010:1,15,
17 1037:21 1052:22,24
1053:2,3,20 1057:12,
13,14,16 1065:13,14,
21 1068:4,8 1075:23
1076:3,7,14 1079:18
1080:5,6,15,16
1093:11 1094:11,12,
19,20,22,24 1095:3,4,
16 1096:3 1097:17
1098:13,15 1100:14,
16,20,21

Sand-sparta 987:19
sands 1099:24,25

sandy 1009:25
1010:20 1095:5,11

saturated 1074:15

scale 996:12 997:24
1000:1 1077:8
1120:13,15

scared 1078:16

schedule 1128:23
1129:4,24 1133:18

Schrader 1037:16
1038:5,15,18

scientific 986:24
989:16,19,21,23
990:19 992:9 1003:6,
21,23 1004:1 1013:21
1014:9 1015:15
1020:11 1087:14
1088:11,13,15
1089:11,19 1103:7

scientist 1081:20
1083:24 1097:2
1103:10

scientists 1083:25
1110:22

scope 1071:11072:18

screen 996:18
1006:12,21 1008:23
1035:23 1100:8
1107:23

screened 1099:14
sea 1017:31027:14,16
Seaboard 1076:12

search 1085:24,25
1086:1,17,20

seated 984:51044:19
1069:3 1084:16 1128:4

section 990:16 991:24
1000:8 1008:4 1009:9,
15 1013:7 1051:17,25
1058:15 1092:6

sections 1074:11

sedimentary 1097:16,
21

sediments 1097:25

select 1030:21
1051:18 1056:18

selected 992:18
1032:6,9 1119:17

selecting 1123:13

sense 1035:20
1064:17 1095:1 1105:4
1110:24

sentence 990:16,18
1053:10,12,17,19
1054:21 1087:15
1089:9 1090:2 1092:6,
911277

separate 1073:20
1079:25 1080:2
1094:20

September 1133:20

series 1049:25
1055:17 1112:10

sessions 1084:9

set 1040:2 1061:25
1062:24 1066:24
1071:23 1077:17
1079:7 1129:24 1133:1

SH 1009:8
SH:U-12 1009:7,14
shade 1038:6
shaded 997:25

1010:10 1038:15,17
1039:1,14 1054:20
1063:9 1110:5,8

shallow 1057:6
shape 1043:2
shapes 1043:11

shared 1102:22,25
1103:24 1104:8,9,14,
22 1105:1

Shelby 1009:1,9
1016:17 1018:17,19
1029:6 1031:2 1037:1,
31039:19,24 1040:6,
21 1044:3,6 1047:3,5
1051:12,13 1056:16
1057:3,7

short 1044:14 1068:22
1088:5 1127:23

shorter 1129:4
shorthand 1095:5

show 996:3,13,15
1008:25 1009:5
1017:19 1020:3,12
1025:11,25 1026:12
1028:12 1029:8
1031:23 1032:12,17
1033:20 1039:14
1041:7,10,19 1046:17
1050:18 1056:10,11
1061:22 1062:3,4,10,
11,13 1070:4 1100:6
1111:12 1123:6,15,23
1125:10

showed 1014:1

showing 990:15
1002:12 1020:9 1052:5
1115:7 1118:23
1122:24

shown 1019:10 1026:7
1027:5 1034:10
1050:12 1060:20
1114:7 1117:1 1124:6

shows 996:5,6,7
998:23 1001:6 1007:9
1017:24 1019:21
1020:9 1025:6,8,19,22
1026:3 1029:11
1035:16,17 1038:1

1041:8,11 1042:10
1044:9 1046:20 1048:7
1050:13,19 1051:20
1056:19 1057:19
1090:15 1093:22
1094:11

side 999:16 1000:4
1007:19 1008:23
1011:25 1016:20,21
1031:18 1034:16
1038:23 1043:20
1052:1 1062:20

sides 1068:18 1090:11
1118:18

signals 1010:2

significance 1035:7,
14

significant 995:25
996:1 1035:20 1119:2
1121:14

Siler 984:3 996:15
1015:14 1020:17
1022:18 1045:7
1084:15

silt 1005:15 1010:1

similar 992:2 1005:24
1010:6 1025:16 1036:3
1076:21 1096:20

similarity 1077:12

simple 1001:18,21
1002:22

simply 987:17 1030:22
1035:11 1044:8,12
1062:13 1076:9 1086:9

simulates 997:2

simultaneously
1130:1

single 1074:13
1080:11

single-flow 1072:1
sir 1127:13 1129:18

Sit 1048:9 1085:22
1096:7

sitting 1122:13

Alpha Reporting Corporation




Proceedings - May 24, 2019

situation 1129:5

size 1005:14,16
1098:13,15,16,17

Sizes 1025:17 1100:1
slice 999:12
slide 1115:1 1124:1

slides 1060:20 1110:4
1113:2

slightly 11105 1126:1

small 1026:24 1035:6,
11 1078:21

smaller 997:24
1046:11

solid 1013:10
solids 1078:5

sort 987:10 994:2
1006:7 1034:9 1039:6
1047:1 1102:8

Sound 1044:23
sounded 1076:11
sounds 1103:8 1104:3

source 1000:10
1007:16 1016:2,6
1018:4 1089:19,21

sources 1086:9
1089:25 1090:1

south 991:11 1012:12,
17,20 1013:9 1017:5
1018:19 1027:23
1045:13 1050:22
1067:14,16 1070:2,24
1075:23 1076:4,16
1078:17,18,19 1080:15
1120:5,6 1125:6,7

Southaven 1045:6,10,
12

southeast 996:21
1043:9

Southeastern
1069:25

southern 1038:21
1039:12 1042:19
1077:21,22,25
1078:10,21,24 1101:24

southernmost 1117:9
1123:1

southward 992:4

southwest 998:8
1010:22 1016:22
1027:22 1029:1,3
1031:2 1042:5 1047:4,
5

space 1060:18

Sparta 987:11 1008:20
1052:21,22 1053:2,5
1065:13,14,21 1068:4,
8 1075:23,25 1076:3,7,
14,19 1079:18 1080:5,
15 1093:11,13
1094:11,19 1095:16
1096:3 1100:14,16,20,
21

Sparta-memphis
1062:2

speak 1110:12
speaking 1095:22

special 984:3 985:17,
19 986:1 987:22
996:15 1084:15
1118:22 1119:1

specific 1050:20,23
1058:11 1061:20
1065:21 1066:3 1068:4
1071:1 1075:4 1093:18
1096:4 1123:15

specifically 996:23
1014:23 1056:16
1061:15 1065:19,20
1066:7 1069:16 1080:8
1083:2,4 1100:13
1111:18

spots 1042:15

Spruill 1024:14 1045:5
1049:3 1058:5,16
1059:6,13

Spruill's 1045:9,18
1054:13,17

square 1028:4,5

squiggly 998:12
1018:12 1027:19
1031:6 1043:21

staff 993:24 994:25
1129:12

staffing 1129:5

stand 1111:12 1122:13

standard 1031:14
1064:10

standards 1082:12,15
standing 1000:6
standpoint 1100:19
stands 1009:9

start 1010:19 1015:12
1016:3 1019:12
1029:15,18,19 1037:11
1038:21 1042:19
1050:4,16 1056:2
1060:21 1123:2,3
1124:12 1125:25

started 991:5 1021:8
1031:21 1033:15,17
1047:22 1123:11
1125:22

starting 998:17
1008:22 1028:18
1032:6,9 1033:16,17,
20,25 1047:16 1049:23
1051:3 1078:13
1117:19

starts 990:17 1029:16
1051:12 1056:13
1077:19 1087:13
1120:6

state 984:14 990:1,2
991:19,21 992:6,12
996:8 1000:21,23
1001:2,9,16,20,24
1002:1,2,3,5,14,23,25
1004:2,7,9 1011:23
1012:1 1013:18,19,20
1014:10,17 1015:5
1017:20 1018:17
1019:8,20,24 1023:18
1025:7 1026:11,13,14
1027:20 1029:24,25
1030:1,2 1031:1,5,20
1032:24 1033:4,5,6
1036:1,11,22,24
1037:6,8 1038:4,19,22
1039:1,9,17,23 1040:9,

13,17,19,21 1042:3,4,
11,12,13,16,17,23,25
1043:3,5,13,14,16,24
1044:7,8,10,11,12
1047:2,10 1048:1,3,4,7
1052:18 1053:1,6
1057:2,21 1058:19,20,
231060:8,11 1061:4,5,
10,20 1063:4 1073:14,
15 1074:18 1076:3
1080:10,12,24 1083:25
1090:3,4,11,17
1091:13 1102:25
1103:13,17,19,21
1104:7,12 1105:4,10,
14,18,19 1110:24
1111:19,22 1112:2,8,
121118:18 1126:3
1128:12,22 1129:3,10

stated 1054:22

statement 986:1
990:21 1053:11,16
1066:18 1067:3 1075:8
1079:11 1081:14
1087:20 1088:14
1089:5 1104:24

states 988:2 993:9
995:22 996:4,6 997:21
998:15 1004:14,17
1005:3,5,7 1013:24
1014:4 1029:16 1038:2
1040:12 1061:18
1069:19 1070:8,10
1073:16 1076:11
1077:20 1080:1
1082:11,12,15 1090:9,
12 1091:10 1092:12
1093:12,14 1102:23
1103:12,23 1104:9,11,
12,22 1105:6 1109:4

statistics 1022:12,14
stay 1129:15

steep 999:15

step 1127:23
stepped 1031:18
Steve 995:6

Steven 1048:11,21

Stevenson 991:15
992:1

Alpha Reporting Corporation




Proceedings - May 24, 2019

stop 1104:17,19
stopping 1127:4
story 1023:8

straight 1063:14
1104:6

strata 1071:22 1079:6,
17

stratigraphy 1054:4,5
1095:22,25

stress 1099:4
stresses 1109:19,22
strike 1076:24 1124:13
strong 1002:5
stronger 1095:9

structure 1007:11
1050:11 1051:21

struggle 1096:22
struggling 1096:22

student 994:4,5
1021:4

studied 1020:6
1063:11 1065:15
1095:14,17,21,23
1100:10 1101:20
1112:2 1114:12

studies 987:9 989:14,
15 1007:21 1009:22
1010:2 1015:8,9,10,17,
18,23 1025:1 1036:8,9
1049:25 1065:19
1070:23 1074:22
1111:14 1112:7,11

study 992:19,21,22
997:1,12 1000:14
1005:4,8 1006:8,9
1007:17,18,19 1008:1,
17,19 1010:14 1011:2
1015:19,20,22,24
1016:8,9 1018:5,7,24
1020:8 1021:8,13
1037:15,17 1038:17
1049:19 1062:9
1065:19 1066:4
1070:5,7,10,14,17,22
1071:1 1072:12,22,24
1073:7 1074:22,24,25

1075:1,2,3 1077:5,23,
251078:1,11,22,24
1094:8,10 1095:18,24
1101:13,15,22 1102:1,
12,17,22 1113:15,19
1114:3

stuff 1112:16
Stuttgart 1043:7
styling 1055:25

subcommittee
1003:14 1081:24,25
1082:1 1083:4

subject 996:25

submissions 1130:2
submitted 984:13,24
subsequent 1133:12

substantial 1042:24
1054:8 1067:12

substantially 1054:9

subsurface 987:2
1090:15 1099:20
1112:19,20

subsystem 1077:16
sufficient 1078:23

sufficiently 1012:19
1096:24 1099:10

summary 985:23,25
1002:15 1094:14

Sun 1055:11
superimpose 1034:21
supervising 1021:4

supplies 991:17,22
992:2 996:1 1053:19

supply 991:4 992:1
996:2 1050:3 1054:6,
11 1055:20

support 990:21 992:10
1014:9 1059:7 1088:14

supported 1105:13

supporting 988:16
992:16 1017:22
1087:20 1091:6

supports 1017:25
1081:11 1086:23
1105:15,18

suppose 1128:17
Supreme 984:3

surface 991:6 1002:10
1007:25 1027:3
1045:24 1051:22,23
1063:21,22 1064:7
1076:8 1102:10
1106:15 1108:6
1111:25 1123:21

surprised 1063:11

survey 993:1 1069:19
1074:21 1080:1
1082:12,15 1094:5
1100:19

switched 991:6
syncline 1077:19

system 993:6,8,11
996:22,24,25 997:1,5,
7,19 998:14,24
1000:15 1009:8 1011:7
1021:18 1023:3
1025:16 1027:8
1031:22 1060:25
1062:23 1063:9,11
1064:13 1066:17,19,22
1067:2,11,14,16
1070:1,18,19 1071:21
1072:1,17 1073:11,19
1074:24,25 1075:2,3,7
1076:23,25 1077:2,11,
151078:7,18 1079:5,6,
14,16 1091:19,20,21,
241092:11,21,23
1099:4 1101:8,12,19
1102:9 1107:11
1109:10,15,23

systems 996:14
1055:7 1066:12,15,21,
23,25 1067:1,18
1077:14 1080:19

T

table 1093:21,24
1094:6

tables 988:19
tabs 988:14

takes 1031:12
1036:18,20

taking 1126:7

talk 988:3 1001:8
1087:4 1104:4 1130:19

talked 1028:14 1078:8
1086:18 1090:25
1091:10 1101:24
1112:24 1128:17

talking 991:24 992:7
1009:8 1011:16 1026:3
1053:12 1061:17
1063:9,16 1064:13
1066:4 1071:10
1072:23 1073:3,9
1077:4 1078:9 1080:18
1081:23 1083:4,6
1084:24 1085:23
1089:7 1093:19,20,24,
251094:2 1098:10
1099:8 1106:8,17
1114:21 1121:18
1124:17,21,22 1125:10

target 1098:5
task 1121:21

Taylor 988:12 990:8
991:14 994:16 995:16
997:15 999:2 1000:12,
13 1002:11 1005:1,7
1006:7,14 1014:14
1016:5 1018:3 1024:17
1025:13 1026:16
1028:22 1030:7,11
1033:8 1034:15
1035:23 1041:1,6,24
1046:13 1049:6 1053:7
1055:3 1057:25
1111:16,17 1113:1,18

technical 1003:21,23
1004:1 1059:6,18
1103:7 1104:6

technique 1023:1

technologically
1103:3,12

technology 1103:22
1106:18 1107:9,13

Alpha Reporting Corporation




Proceedings - May 24, 2019

1108:11

telling 1065:9 1103:11
tells 1027:14

ten 1127:24

ten-minute 1044:16
1068:22

Tennessee 985:4
988:2 997:21 998:7,8,
19 1000:6,18 1001:15
1004:14,22 1008:2
1009:3,4 1010:22
1011:9,12,13,20
1012:24 1014:2,11,16
1015:5 1016:16,22
1019:8,16,18,20
1020:14 1025:21,23
1026:1,5,6 1027:20,22
1029:2,3,15,17,19
1031:3 1035:19,25
1037:24 1039:24
1040:9,22 1042:3,4,6
1045:16 1047:2,5,10,
14,17 1049:10,21
1050:20 1051:14
1052:23 1055:8
1056:8,16 1057:4
1058:24,25 1060:9
1073:16 1078:15
1080:6,16 1092:14,17
1125:18,21,24
1126:19,23 1127:20
1128:6,9 1129:10

Tennessee-arkansas
1044:11

Tennessee-kentucky
990:2 1000:23

Tennessee-

mississippi 1012:1
1026:10 1029:9 1031:1
1045:22 1050:21
1056:7

term 986:12,14,20
987:18 992:20 1003:7,
17,20,24 1004:4,5
1007:23 1012:8,10
1033:15 1036:13
1064:11 1065:10
1079:13 1081:16
1084:1 1086:4 1087:1,
14 1088:16 1109:20

terminology 986:12
1063:14

terms 986:13 1004:2
1005:16 1008:10
1011:16 1024:15
1030:25 1050:20
1060:19 1065:1
1072:18 1088:11
1094:4 1098:7

test 1005:19 1008:1
1009:6 1074:19

testified 1020:16
1022:17 1048:21
1059:11,16 1072:19
1074:22 1075:11
1087:51101:4,7
1110:15 1115:1,24
1116:1

testify 1005:14 1028:9
1061:5 1069:14
1075:13 1082:21
1083:9 1104:2 1105:12
1116:3

testifying 1101:11,18

testimony 984:14,17
987:17 995:7,12
1015:22 1018:6,21
1035:5 1036:25
1047:12 1048:12,16,
23,25 1049:2 1054:13,
16,17,24 1059:3,8,13
1060:22 1061:1,9,13,
15 1063:16,22 1064:5
1066:7 1067:20
1071:20 1075:5
1077:18 1080:4
1084:20 1092:19
1097:12 1103:10
1104:8 1110:51113:3
1120:10 1128:11,13,15
1132:3

Texas 1065:14,15,24
1076:20,22 1077:3
1100:15,17,18,20,25
1102:3

text 988:19 1053:7
1062:24 1073:3
1083:19

theoretical 1099:9,18

thick 1032:11,12
thicker 1095:3,13

thickness 1099:5,7,9,
11,17

thin 1032:13,16

thing 992:24 1002:8
1004:9 1010:5 1020:9
1064:5 1093:25 1094:2
1099:1

things 987:4 996:5
1003:3,13,15 1007:1
1008:19 1011:15
1023:16 1029:11
1037:10 1043:1
1054:3,5 1063:10
1069:13,18 1099:3
1105:7,12 1108:10
1133:3

thinking 985:23
thinks 1035:5

thought 985:7 986:4
989:10,14 992:17
1054:10 1058:10
1112:6 1117:3 1122:17

thousand 1120:21

three-dimensional
1023:3,10,12 1032:2

threshold 1014:18

time 987:51004:12
1006:24 1014:3
1024:21 1025:2
1049:20 1055:18
1057:13 1060:19
1065:22 1067:21
1068:5 1082:20 1083:7
1084:6 1096:3,5,23
1097:3,15,17 1098:22
1108:23,24 1117:23,24
1118:4,7,9,11,12,13,
16,20 1119:2,3,10,14
1120:17,19,24 1121:1,
5,9,11 1122:19 1129:2,
12 1131:21 1133:7

times 999:7 1015:20
1016:8 1024:18
1077:20 1096:7
1099:9,17 1104:18
1117:24 1121:10

title 1049:7,21 1055:5
1069:25 1089:4,6

titled 1091:9
titles 1083:18

today 987:17 1048:19
1057:17 1059:11,16
1065:5,6,10 1085:22
1091:23 1128:23
1129:16,17,22

today's 1131:16
told 1075:18 1083:11
Tony 1037:16

top 997:9 1007:7
1016:10 1034:21
1051:23 1052:19
1056:18 1057:2
1069:16 1094:24
1096:8 1106:10
1120:23 1121:4

topic 989:4

total 1004:16 1041:20
1044:2 1078:5

totally 1113:8

touch 1038:19 1125:18
1133:10

touches 1039:17
tough 1112:16
trace 1095:1

track 1023:2 1032:14

tracked 1047:23
1116:22

tracking 1022:9
1023:1,10 1030:6
1031:12 1033:16
1046:19 1115:8
1116:2,21 11175
1118:1,14 1124:2
11255

tracks 1031:13
1047:19 1117:1
1123:23 1125:3
1126:19

traditional 1106:23,25

transboundary

Alpha Reporting Corporation




Proceedings - May 24, 2019

1004:5,8

transcript 984:1
1131:9,13

transcripts 1130:15
1131:16

transected 1090:9,11
transferred 1101:9

transition 1079:19
1080:15 1095:15,21,25

translate 1074:4

transmissivity
1099:6,8,12,19

travel 1117:23,24
1118:4,7,9,11,13,16,20
1119:2,3,10,14
1120:17,23 1121:1,5,9,
10,11 1122:4,6 1126:9

treated 1072:1
treats 1048:22

triangle 1033:23
1034:11,12,17,18,21,
251035:3,6,13

true 1048:18 1064:17
1066:1,14,18 1097:2
1114:16

turbine 1106:17,20,22,
25 1107:5,12

turn 1041:16 1071:3
1087:8 1092:3

turns 1034:2
twisting 1082:23,25

two-dimensional
1023:7

two-tenths 1122:15

type 989:11018:24
1022:16 1046:5 1073:1
1075:14 1096:4
1098:25 1119:25

types 986:3 989:11
1097:19 1109:22

typically 1007:24
1099:21

U

ultimately 1063:21

unaffected 1029:24
1030:1 1042:11

uncertainty 1085:14

underground 1005:9,
251021:12 1052:6,12
1097:9,10,22

underlie 996:7 1118:4

underlies 1014:6
1105:10

underlying 997:10
1013:23 1075:7
1092:12 1098:19
1124:9

underneath 989:25
990:1 1001:1,23
1002:2,25 1004:6
1005:2 1011:14
1013:18,20 1019:23
1026:13 1033:4 1037:7
1042:13 1043:4,15
1044:10 1052:2 1053:5
1057:15,20 1058:19
1073:14 1074:18
1080:9,12,24

understand 985:25
987:18 1035:5 1047:12
1074:20 1091:8
1094:14 1132:9

understanding
985:21 986:6,7 1006:3
1018:22 1021:6 1025:5
1073:10 1078:9
1130:10

understood 1014:1
1032:21 1123:7

undertaking 1121:14

undoubtedly 992:3
999:13

unfortunate 1023:1
unimpeded 1033:4

Union 1039:12
1042:19,20

unit 987:7 1008:10,11
1010:20 1012:13
1053:20 1068:4
1072:18 1080:8,9

unit's 1102:10

United 995:22 996:4,6
1069:19 1070:8,10
1080:1 1082:11,12,15
1091:10 1109:4

units 1021:12 1064:25
1065:1 1071:24
1073:21 1074:6 1075:2
1078:19 1079:8 1080:2
1093:22 1094:18
1095:13

unnamed 1053:20

upper 1052:17 1053:4
1094:21 1099:23
1102:6

usable 1074:16
1077:24

USGS 987:8 989:18
991:18 992:6,18
993:12,18 995:21
997:11,12,13,14
998:23 1004:18 1005:4
1007:17 1013:21
1016:12 1020:10,22,25
1021:6 1024:7,9,17,22
1026:16 1027:2
1037:14,16 1048:22
1061:24 1068:3
1070:21,22,23 1072:21
1073:6 1074:23
1077:10 1080:4,8
1081:2,3,7,10,14,16,20
1082:2,5,20,21 1083:5,
6,9,12,14,16,18,23
1085:14,16,17 1086:7,
14 1091:15 1093:11
1094:5,18 1095:14
1109:20,21 1111:1,5,7,
8 1112:1,19 11147

usual 1031:4 1043:21

\Y

values 1019:6,7
1028:2

variabilities 1098:20
variability 1096:19

variations 1014:24
1098:25 1100:2

variety 989:17 1020:22
1039:4 1048:4 1109:22

varying 1071:25
velocities 1121:11,13
velocity 1121:12
verification 1114:23
verified 1110:25
verify 1114:17
versus 1023:4

vertical 1012:21
1013:1,10 1021:11

vertically 1021:15
1095:6

vet 1133:1

vicinity 993:15
1004:24 1020:21
1030:17,23 1032:24
1118:23 1125:20

view 990:4 1032:3
1079:25 1093:8

voices 1126:5
volume 988:19
volumes 988:18
vote 11275

w

Waldron 1009:7
1015:21 1018:2,6,23
1020:1 1110:18
1114:22

Waldron's 1110:16
wall 1013:10

walls 999:15 1056:14,
25

wanted 984:9,12,14,21
985:9 989:12 1022:22
1048:11 1058:2

Alpha Reporting Corporation




Proceedings - May 24, 2019

1085:11,15,20 1129:10
War 1107:7

waste 1122:19
watching 1010:20

water 988:6,7 991:4,6,
7,17,22 992:1,3 995:25
996:2 1003:12 1011:19
1012:21 1013:1
1014:25 1015:9,13,15
1017:13 1019:1,2,6,17
1020:13 1021:17
1023:3,13,23,25
1024:1 1025:25
1027:15 1028:2
1030:12,19 1031:13
1033:16 1036:6,16
1037:11,15 1038:1
1041:15,22 1042:21
1045:24 1046:4,21
1047:24 1048:1,2,12
1049:24 1050:3
1054:7,12 1055:19
1059:10 1061:23,25
1063:1,25 1064:12,14,
16,20 1074:16
1077:23,24 1078:1,12,
17 1081:25 1082:7,8
1083:3 1084:25 1088:4
1098:2,18 1099:4,6,13
1101:25 1102:22
1103:1,4,20,23 1104:7,
8,13 1105:1,5 1106:13,
22 1107:10,16,20,21,
24 1108:6 1111:17
1117:14 1119:10,17,25
1122:24 1123:23
1126:12 1128:8

water-bearing 992:4
water-level 1062:9
waters 1002:10

ways 989:10 1005:13
1014:20 1026:7 1046:1
1047:9 1048:4

weaving 1060:18
website 997:11,14
week 1133:19,20
well-accepted 1005:3

wells 991:5 1039:4
1051:24 1099:23
1107:1,13

west 1013:7 1016:20,
21 1026:6 1031:8
1040:10 1043:19
1047:9 1100:14
1124:13,15,22,23,25
11255

western 1049:9,20
1050:19 1051:14
1065:19 1102:2

white 1011:25 1067:13

wide 989:17 1071:22
1079:6

Wiley 1024:14
1034:17,23 1058:6,16
1059:6,8

Wiley's 1024:15
1033:23 1034:13,21
1035:5,10,15

William 1082:2

withdraw 1109:25
1112:13

withdrawn 1099:4

Withers 1051:15
1052:2,3,16,20

witness's 1067:22

witnesses 985:6
1122:18

Wolf 1046:12,21,22,23,
24 1047:7,8,12,15,23
1048:2

wonderful 1064:19

word 988:5,6 1003:4,7
1073:23,24 1074:1,2,4,
51077:7 1087:1
1089:12 1093:20
1094:25

words 999:8 1016:15
1027:15 1066:17
1067:21

work 986:22 988:25
989:1,9 992:15 993:22
994:6 997:12 1000:12
1003:8,10,11,18

1004:23 1005:6
1006:3,6,8 1010:25
1020:16,18 1021:14,20
1022:4,5,19 1026:15
1030:6 1036:4
1041:23,24 1049:14
1055:12 1057:14
1058:13 1072:5,6
1083:23 1100:17
1106:9 1111:7 1113:1,
7,10 1114:17 1119:4
1129:5 1132:2

worked 993:24

working 1016:12
1024:21,25 1044:24

world 1064:16

written 1081:4,5,8
1083:13

wrong 1061:7 1093:20
wrote 1058:7

Y

year 1122:2,4,7,14,15

years 989:24 991:12
992:6 1013:25 1014:4
1049:25 1053:22
1095:17 1120:21
1122:8,11

yellow 996:21 1000:15
1033:23 1034:11,17,
18,21,24 1035:2,6,13
1062:19,20 1063:10
1066:23 1091:24

yesterday 1009:7
1015:22 1018:6,22
1093:15 1122:17

yield 1098:9

z

zone 1067:12 1079:19
1080:16 1095:15,21
1096:1

zones 1057:9
zoom 1018:8 1026:25

Alpha Reporting Corporation




