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Wley - direct

(Case call ed)
DAVI D W LEY, resuned.

DI RECT EXAM NATI ON (conti nued)
BY MR, McMJULLAN:
Q M. WIley, can you hear ne okay?
A.  Yes, | can.
Q M. Wley, we were talking a little bit about the work that
you did in your retention for the state of M ssissippi to
exam ne the effects of M.G punping M ssissippi water, and we
talked a little bit about nodeling yesterday. Do you recall --
I'"msure you do -- quite a bit of discussion about nodeling
that you did?
A.  Yes.
Q | believe you testified yesterday concerning the use of a
Brahana nodel that you used and updated for nodeling; is that
correct?
A Yes, | did.
Q Ckay. Let ne ask you a few questions about ot her nodels.

Do you -- in your course of your work, did you have
occasion to | ook at and consider and/or use the MERAS nodel ?
A. Wien we started the project in 2006, the -- that nodel was
not avail able, and we -- the Brahana nodel was the best nodel
avail able at that time, so we used that nodel

Q Okay. And subsequently did you have access to the MERAS
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nmodel in your anal ysis?
A.  Yes.
Q D d you use the MERAS nodel ?
A. Yes. W used it for particle tracking, and we al so used it
as a qui ck check on water budget for diversion about --
di ver si on anal ysi s.
Q Okay. So let ne get this straight: You did the particle
tracking unit using MERAS, but you al so separately did an
exam nation of diversion anounts using the MERAS nodel ?
A.  Yes.
Q And how did you go about carrying out using the MERAS nodel
to verify or cross-check agai nst what you'd al ready done?
AL W just -- we sinply | ooked at the water budget for DeSoto
County to see what -- the predevel opnent, and we picked a year
of 2007 to see what the water budget was for that tinme peri od,
to see what diversion anount woul d be going from Shel by County
to -- or from DeSoto County to Shel by County.
Q After you ran the MERAS nodel to cross-check against the
di versi on anpunts that you cal cul ated usi ng the Brahana nodel
what did you find when you conpared the two results?
A. They were -- for the year 2007, they were actually pretty
close. | would -- | would say, though, when we did use the
MERAS nodel, we used the MERAS nodel as is; that is, with the
punpage that was in it. W didn't change anything.

Q How woul d you characterize -- well, strike that.
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Did the results of the MERAS nodel run on the
di version anal ysis alter your conclusions about the effects of
MLGW punpi ng on M ssi ssi ppi water?

A No, it didn't.

Q As a matter of housekeeping, |I'd |like to take you
t hrough -- you've got the notebooks with a series of exhibits
whi ch we' ve already tal ked about. |If you'd open up your

not ebook, there's a series of exhibits |I believe that you have
a copy of, 157 through 190. Do you have those, P157 through
1907?

There's al so a not ebook up on top of the podi um
A. Yes, |'ve got it.
Q Do you have those in front of you?

All right. |If you need your gl asses, please take a
| ook at those, if you need to. Let's take a | ook at P157
first.

Are you there?
A.  Yes.
Q Al right. P157, could you identify -- there's two pages,
| believe, to that exhibit. Do you see that?
A.  Yes.
Q Al right. There's a Table 1 and a Table 1A. \What is
Tabl e 17
A It's the Menphis Light, Gas & Water Divi sion punpage from

1965 t hrough 2016 for each of the wellfields.
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Q Cay. D d you prepare this docunent, or have it prepared
under your direction and control, during the course of your
anal ysi s?
A.  Yes.
Q Table 1A, behind that, tell us about that docunment, first
of all. |Is that a docunent that you prepared, or had prepared
at your direction or under your control, during the course of
your anal ysi s?
A, Yes.
Q \Wiat is the difference between Table 1 and Table 1A if
any? Just generally.
A. The only thing | see is in a colum that says -- starting
Bat es nunbers.
Q  Ckay.
A. That's the only thing | see different.
Q Do you recall whether this alteration or whether this
Tabl e 1A was to add sone additional source information or not?
A.  Yes.
Q ay. D dthe change from1lA -- from1l to 1A alter any of
your conclusions that you reached in your analysis?
A. No, it did not.
Q Al right. Let's turn to Table -- excuse ne, let's turn to
Plaintiff's Exhibit 158 in your notebook.

Are you with nme?

A. Yes.
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Q Al right. There's a Table 2, and there's also a Table 2A.

Do you see that?

A.  Yes.

Q Table 2, is that sonething you prepared in the course of
your analysis in this case?

A.  Yes.

Q Is 2A sonething you prepared in the course of your analysis
of this case?

A, Yes.

Q And what is the difference, if any, between Table 2 and
Tabl e 2A?

A. Just the labeling of -- the second colum, the colum in
the m ddl e of Table 2 has "Shel by County"; and 2A, the second
colum has "M.GW"

Q Are the entries -- are the nunbers on both of those tables
t he sanme?

A.  Yes.

Q D dnoving fromTable 2 to 2A result in any change in your
concl usions in your analysis?

A No.

Q Let's take a |ook at P159. What is that?

A. Vol une of groundwater taken from M ssissippi due to ML.GW
punpage. It's for the years 1965 t hrough 2016.

Q D d you prepare this docunent in the course of your

anal ysi s?
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A.  Yes.
Q Let's turn to P160, please.

We tal ked a good bit about this docunent yesterday; do

you recal |l ?

A.  Yes, | do.

Q Likewise, is this a docunent you prepared in the course of
your analysis of the issues in this case?

A.  Yes.

Q Let's go to P161

I s that docunment one which you prepared in the course

of your analysis in this case?

A Yes, it is.

Q P162: Likewise, is that a docunent you prepared in the
course of your analysis in the case?

A.  Yes.

Q 163: |Is that a document you prepared in preparation and
conducting of your analysis in this case?

A.  Yes.

MR. HILL: Your Honor, excuse ne. |If the point of
this is just to authenticate the things in the expert report,
we'll stipulate that each of these --

MR. McMJULLAN:. Thank you, your Honor. | understood
there was an objection to authenticity on these docunents, so |
wanted to make sure to clean that up a bit.

MR, HLL: Sorry, the objection is not to authenticity

Alpha Reporting Corporation
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but our other objection's pending --

MR. McMULLAN:  Under st ood.

THE COURT: Any ot her objections?

MR L. BEARMAN: Just -- we're reserving the
obj ections we previously made, your Honor, not to the
aut henticity.

MR, McMULLAN:. Thank you very nmuch. Appreciate that
clarification.

THE COURT:  Sure.
BY MR, McMULLAN:
Q In the course of your analysis of the anobunts of water that
were diverted by MLGW s punping from M ssi ssippi, did you reach
a concl usi on about the total anount or total volune, mllions
of gallons of water, that were diverted over the course of the

period that you |l ooked at? | believe it was 1965 to 2016. D d

you cone up with a nunber?

A, Yes.

Q Wiat was that nunber?

A. | believe it was approximately 411 billion gall ons per day.
Q D dyou say "billion"?

A.  Yes.

MR. McMJULLAN:.  The Court's indul gence, | have one
slide that I would like to have the ability to put up on the
screen. M I T person has just arrived. And we can tal k about

it, but I1'd like to put it up in a fewmnutes, if | get to
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t hat point.
Q But M. Wley, let's turn to Exhibit P189 in your book.

Are you there?
A.  Yes.
Q COkay. What is that exhibit, P189?
A. This is what | spoke of a few m nutes ago regardi ng the
MERAS nodel. It shows -- on the left-hand side, it shows
predevel opnent budget for nodel layers 5 through 10 in the
MERAS nodel, which represent M ddle d ai borne; and then on the
right side, it's the water budget for 2007 for DeSoto County.
Q Is this part of the work that you were describing you did
in follow up using the MERAS nodel ?
A.  Yes.
Q Is this afollowup to confirmthe particle tracking that
you did, or follow up the diversion that you did usi ng MERAS?
A. No, this is not the particle tracking. This is water
budget, to find out how nuch water was flowing from DeSoto to
Shel by County.
Q Does this reflect the testinony you gave a few m nutes ago,
that the MERAS run of the diversion confirnmed the Brahana
conclusions that you -- the Brahana nodel - based concl usi ons

whi ch you reached?

A.  Yes.
Q Tell us alittle nore about that, in detail, about what
we're | ooking at here. There's two different illustrations

Alpha Reporting Corporation
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here; on the left there's one and on the right there's one.
VWhat is -- what is being depicted here, if you would, please?
A. The one on the left, as | said, shows predevel opnent
conditions for water noving through | ayers 5 through 10
hori zontally. And it shows -- I'"ll just read it:
4.3 mllion gallons a day conming into DeSoto from Marshal | ;
2.3 mllion gallons a day comng into DeSoto from Shel by;
2 mllion gallons a day | eaving DeSoto to Arkansas; 3.4 |eaving

DeSoto to Tunica County, M ssissippi; and 2.7 | eaving DeSoto
for Tate County; again, 2.7 mllion gallons a day.
Then that's predevel opnent.

And then on the right side we have, under 2007 punpi ng

condi tions, we have 10.19 mllion gallons a day comng into
DeSoto from Marshall; 1.5 mlIlion gallons a day comng into
DeSoto from Tate; .8 million gallons a day com ng i nto DeSoto
from Tuni ca County; and then 2.9 mllion gallons a day com ng
into DeSoto from Arkansas. 20.3 mllion gallons a day | eaving

DeSot o, from Shel by County.

Q Al right. So under the predevel opnent conditions in
that -- and "predevel opnent” neans before punping by M.GN
ri ght?

A. That -- that's before any punping. R ght.

Q Okay. So does this indicate -- what does this indicate
wth respect to anobunts of water flowng from M ssissippi into

Tennessee, predevel opnent ?
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A Well, it indicates that due to punping that's going on in
2007, primarily fromthe Shel by County area, that there is
20.3 mllion gallons a day | eaving DeSoto County for Shel by
County. And when you |l ook at the net change from
predevel opnent to 2007, you add in the 2.3 that was | eaving
Shel by to get a total of 22.6 mlIlion gallons a day.
Q The water that's noved from M ssi ssippi to Tennessee as a
result of MLGWs punping, is it going to cone back?
A Well, as | said before, this is everyone punping. The
MERAS nodel had -- it did not just have M.GW punpi ng.
Q Understood. So this doesn't attenpt to depict or quantify
t he anmpunt from MLGW but as | understand what you're saying,
this was sonet hi ng you used as a cross-check to confirm your
conclusions with -- using the Brahana and Broshears nodel ?
A. That's right.
Q And your conclusions were, when you conpared the results of
this nodel run to Brahana, were what?
A.  That the punping by MLGWin Shel by County is causing water
from-- diversion of water from DeSoto County. And we
checked -- we did -- we calculated that for nultiple years, but
it confirms that there's water being induced from DeSoto County
i nto Shel by County.
Q | want to follow up on a couple of questions | asked you
yest erday about how the cone of depression m ght be affected by

any decisions that MLGWN m ght make about its punping.
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Let me clarify this: |If MGWpunping were to cease,
woul d that elimnate the cone of depression that reaches into
M ssi ssi ppi ?
A If MLGN-- MLGNwere to cease punping, the cone of
depression that they've caused extending into M ssissippi would
cease.
Q Oay. And if M.GWnoved its wellfields further north about
20 mles, would, in your opinion, the effect of the cone of
depression in M ssissippi be elimnated?
A. | haven't -- | haven't evaluated that. It would certainly
shift.
Q Fair enough.

MR McMULLAN:  One nonent, your Honor. Court's

i ndul gence.

Q One point of clarification. | understand that a few

m nut es ago you nentioned that there was not as nuch -- well,
maybe it was yesterday -- that you began your work initially in

2007; you'd had one group of data as far as punping data is
concerned. |Is that correct? Wen you did your first initial
wor k, you had one set of data to work with, and | ater you
updated it; is that correct?

A.  Yes.

Q \Wiat was the source of information for the additional
punpi ng data that you used in the followup work that you did

|ater? Where did you get it?
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A.  For
Q The additional punping --
A.  For who?
Q The additional punping --
A.  For M.GW?
Q Correct.
A. W got data fromboth the M.GWand the State of Tennessee
Depart ment of Environnental Conservation, | believe it was.

Q GOkay. It was their data?

A.  Yes.

Q And you incorporated that data into your analysis in the
foll owup work that you conducted? You used it?

A.  Yes.

Q Oay. And it's considered in your analysis and concl usi ons
that you' ve reached and the opinions you' ve given here today?
A Wll, we -- in 2017, for the 2017 report, we -- we received
addi ti onal punpage data from MLGWfor a period of time that we
had data fromthe State of Tennessee. So we updated the nodel
with the MLGNdata instead of the State of Tennessee data.

Q And when you updated the nodel with the additional data,
did it change any of your conclusions that you've given?

A No.

Q And opinions you've given here?

A. No, it didn't.
Q

Are all of the opinions you ve given in court to a
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reasonabl e degree of scientific probability?
A.  Yes.

MR. McMULLAN:. | pass the w tness.

THE COURT: All right.

You may Cross-exam ne.

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

I f your Honor doesn't mnd, |'mgoing to nove sone

boxes and get set up here.
THE COURT: Okay.

CROSS EXAM NATI ON

BY MR D. BEARNVAN

Good norning, M. WIey.

Good nor ni ng.

Can you hear ne okay?

Yes.

o >» O > O

My nane is David Bearnan, and | represent the Cty of
Menphis and MLGW You and | have net before; | think started
back in 2006, when you started working on this case. Isn't

t hat about right?

A. That sounds right.

Q Yesterday and this norning you tal ked about your work in
2007 on this case, and in 2014, and currently in 2017. Do you
remenber that?

A Yes.

Q And you issued expert reports in 2007, 2014, and 2017,

Alpha Reporting Corporation
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ri ght?
A. R ght.
Q And the focus of all three of those reports was the sane
aqui fer, right?
A, Yes.
Q And we've heard ternms this norning, and during the trial --
you' ve been here at |east for part of M. Spruill's testinony,
weren't you?
A.  Yes.
Q W've heard the termthe "Menphis Sand Aquifer,"” the
"Sparta Sand Aquifer"”; do you renenber that?
A, Yes.
Q And in fact, in your 2017 report, you referred to the
aqui fer at issue here as the Sparta Sand, right?
A. Wiich report? 1'msorry.
Q Your 2017 report.
A. | believe so. That's right.
Q And in your 2007 report, you referred to that same aquifer
as the Menphis Sand Aquifer, right?
A. R ght.
Q And you've heard the term"Mddl e C ai borne Aquifer" used
at this trial, correct?
A.  Yes.
Q And that's the sane aquifer?

A. The -- the Menphis Sand and the Sparta Sand are part of the

Alpha Reporting Corporation
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M ddl e d ai borne Aquifer.
Q So we're all tal king about the sane aquifer; that's what |
want to make sure.

MR. McMULLAN:  Your Honor, |'ve got an objection.
Thi s goes beyond the scope of ny direct.

THE COURT: |I'mgoing to |let you ask the questi on.

MR. D. BEARMAN. Thank you, your Honor.
Q M. Wley, you renenber when you gave your deposition a
summer ago? Do you renenber that?
A.  Yes.
Q And do you renenber that you were under oath when you gave
t hat deposition?
A.  Yes.
Q And you renenber that | asked you that if you had any
questi ons about the questions | asked you, you didn't
under stand sonething, | wanted you to clarify them correct?
R ght ?
A.  Yes.
Q Ckay. And you knew that your answers were inportant,
correct?
A.  Yes.
Q And in your deposition, when |I asked you, "M. Wley, in
your report you used the term' Sparta Sand,' and you al so used
the term' Sparta Menphis Sand'; | want to make sure we're

tal ki ng about the sanme aquifer. |Is that right?"
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And you said, "Yes, we are."
A. That's right.
Q And then | asked, "I think on one of your diagrans it is
| abel ed the ' M ddle Cd aiborne Aquifer.' That's the sane
aqui fer also, right?"
And you said, "Yes. The mddle -- the Menphis Sparta
Sand is in the Mddle d aiborne Aquifer."
Do you remenber that?
A, Yes.
Q And you read the report by Dr. Langseth, who is the expert
for MLGWand the City of Menphis, right?
A.  Yes.
Q And he used the termin his expert report, the "Mnphis

Sparta Sand Aquifer," or sonetines he abbreviated that as the

"MSSA." Do you renenber that?

A. | recall that, yes.

Q And that's the sanme aquifer we're tal king about here?

A.  Yes.

Q Now, the aquifer that we've just described, for purposes of
this cross-exam nation, I'mgoing to refer to as "the aquifer."

I's that okay?
A.  Fine by ne.
Q Al right. And if either you or ne tal k about sonething
ot her than the aquifer at issue, then we'll identify it. |Is

that fair?
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A. That sounds good.
Q The aquifer underlies eight different states, right?
A. The Mddle d aiborne Aquifer is part of the M ssissipp
Enbayment that underlies eight different states to sone degree,
yeah.
Q I'mtal king about -- the Mddle C aiborne Aquifer underlies
eight different states, right?
A.  Yep, that's what | just said. Yeah.
Q And the geographic extent -- that is, the size of the
aquifer and the fact that it underlies eight states -- is not
di sputed, right?
A. That's right.
Q It actually goes beneath the M ssissippi R ver, right?
A.  Yes.
Q Now, you're famliar with the term"transboundary aquifer,"”
right?
A.  Yes.
Q And a transboundary aquifer is one that exists on two sides
of a boundary line, right?
Yes.
And the boundary line could be a county line, right?
Yes.
And it could be a state |line?

Yes.

o >» O > O 2P

So the Mddle C aiborne Aquifer is a transboundary aqui fer,
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ri ght?
A. Yes, based on that definition.
Q The groundwater wells that are used to punp groundwater
fromthe aquifer in Shelby County are drilled straight down,
right?
A. That's -- to ny know edge, yes.
Q You have no know edge that there are any wells that are
sl ant ed?
A. No, | don't.
There are horizontal wells, though.
Q But not --
A. Not here, that | know of.
Q Okay. And the sane is true of the wells in M ssissippi
They're -- as far as you know, they're not slanting their wells

beneat h Tennessee?

A No.

Q And both Shel by County and -- Tennessee, and DeSoto County,
M ssi ssi ppi, are punping fromthe same aquifer, right?

A. Yes, they are punping fromthe sane aquifer. There nmay be
wells that are punping fromdifferent aquifers there. You' ve
got the Fort Pillow Aquifer, but -- you know, sone well -- nost
of the wells are punping fromthe Menphis Sparta Sand Aquifer.
Q In both counties?

A, Yes.

Q One in Tennessee, one in M ssissippi?
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A.  Yes.
Q Now, you agree that punping in the aquifer in Tennessee can
i npact the groundwater flow of the aquifer, the sanme aquifer --
let ne try that again.

Punping in the aquifer in one state can inpact the

fl ow of groundwater in the aquifer in another state, right?
A. That's right. |'ve shown sone figures, some information in
my direct, that denonstrated that.
Q Right. In fact, the entire basis of your cal cul ati on of
t hose anounts allegedly diverted is based on the theory, on the
assunption that inpact of punping in Tennessee crosses the
state line into M ssissippi, right?
A. R ght.
Q There are no physical barriers in the aquifer that stop the
water in the aquifer in M ssissippi comng up into Tennessee,
ri ght?
A. That's right.
Q And there are no physical barriers in the aquifer that
woul d stop the groundwater from noving from DeSoto County,
M ssi ssi ppi, into Arkansas, right?
A. That's right.

Q And to be clear, ny first question, when | tal k about the

wat er coming up into Tennessee, | want to naeke sure this is
clear, that I'mtal king about there's no physical barrier at
the Tennessee/ M ssissippi |line that would stop the water in
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Wley - cross
M ssissippi in the aquifer fromcomng up i nto Tennessee in the
aquifer, right?
A. Right.
Q M. Taylor, could you pull up Slide -- Exhibit P183.

This is one of the figures, M. Wley, in your exhibit

not ebook that was handed out. Do you recogni ze that?

A.  Yes.

Q That's a figure that you created, correct?

A. That's right.

Q Now, these flow arrows are in blue and green, right?
A, Yes.

And those show the path of groundwater as it would nove
t hrough the aquifer in 2016, according to your cal cul ati ons?
A. That's right.
Q Now, those -- the green flow arrows are the ones that start
in Mssissippi, right?
A.  Yes.
Q And those arrows that you drew end in Shel by County; is
that correct?
A.  Yes.
Q And that pink area on your nmap is the Gty of Menphis,
outline of the Gty of Menphis, right?
A.  Yes.
Q And so the very south end of Menphis would be the state

line, correct?
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Wley - cross 493
A. That's right.
Q And you have | abel ed these green areas, these green arrows,
"Interstate Flow," right, down in the | egend?
A.  Yes.
Q And that's because you show them goi ng from M ssi ssi ppi
into Tennessee, right?
A. That's right.
Q Al right. Now, every single one of your green arrows
shows that the groundwater that you started in M ssissippi,

w thin the aquifer, passes through one of the major cities in

Nort h DeSoto County, right?

A. | don't know.

Q WwWll, look at the map. This is --

A Well, | don't know the nmajor cities.

Q Al right. Let's ook at your map. Those arrows pass

through dive Branch; do you see that?
Yes, now | see it.

And it passes through Horn Lake?
Ckay, | see it.

Sout haven?

| see it.

And Hernando, right? Hernando is down to the south --

> 0 >» O » O >

| see it, yes.
And there are punps within M ssissippi over that entire

area, aren't there?
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A. There are wells in DeSoto County scattered around, that's
ri ght.

Q Punping fromthe aquifer?

A.  Yes.

Q And when you were asked yesterday why the anopunt of
groundwat er noving from M ssi ssi ppi to Tennessee had sl owed
over the past years -- do you remenber that question?

A.  Yes.

Q And it has slowed down, right?

A. That's right.

Q You said because MLGWis punping | ess. Do you renenber

t hat ?

A. | said -- | said that ML -- the cone of -- | don't recall
t he exact question yesterday, but | thought it was related to
t he cone of depression.

Q WIIl you agree that MLGWwas punping | ess --

A.  Yes.

Q =-- than it was?

A. That's right.

Q As a matter of fact, punping in 2016 is less than it was
the 1980s, right?

A.  Yeah.

Q But another reason why the amount of water going from

M ssi ssippi into Tennessee has sl owed down is because DeSot o

County, M ssissippi, is punping nore, right?

496

in
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Wley - cross
A. R ght.
Q And so in these green arrows that you've drawn on this nmap
on page P183, or Exhibit P183, sonme of that water is being
punped by M ssissippi, right?

A.  Yes, because it's in the water budget.

Q Sone of that water has been punped by M ssissippi, correct?

A Yes, it'sin-- like |l said, it's part of the water budget.
Q Now, you have -- you can take that down, M. Taylor. Thank
you.

You previously testified about cone of depression
that's centered in the Menphis area, right?
A. R ght.
Q Now, every well that punps groundwater fromthe aquifer
that we're tal king about creates a cone of depression when it's
punpi ng, right?
A. Right.
Q The cone of depression is one way of visualizing the inpact
of punping, correct?
A.  Yes.
Q Goundwater generally noves from hi gher head to | ower head,
or higher pressure, lower pressure; is that correct?
A. That's right.
Q So that's really how the wells work; by lowering the
pressure, the water kind of cones toward the well, right?

A. That's right.
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Wley - cross
Li ke when you drink a m | kshake with a straw, the m | kshake

cones toward the straw, right?

o > O > O 2P

t he

A

Cones in the straw

Cones in the straw?

I don't know if it creates a cone of depression, though.
Depends on how |l arge and full, right? GCkay?

| wouldn't be -- | wouldn't be ...

Now, the cone of depression exists across the surface of
aquifer, right?

The cone of depression -- in plan view, you can see it

across the surface, right.

Q

In the maps that you | ooked at the other day, yesterday,

pl an view, that neans | ooking from above down, right?

A. That's right.
Q In those nmaps, the cones of depression can be seen across
the surface of the aquifer, right?
A Well, it would be -- you can see it on the nap.

Ri ght .
A. The aquifer's not -- you know, it's not in the diagram or
the -- the -- superinposing the drawdown contours on it.
Q I'mtal king about on the map
A, Yes.
Q And if you have wells that are form ng cones of depression
in arelatively simlar area -- and you tal ked about this
yesterday -- the wells can overlap, or the cones of depression
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can overlap, correct?
A. If the wells are cl ose enough together, yes.
Q Al right. M. Taylor, can you please bring up
Exhi bit P180.

Now, this is Figure 21 fromyour June 17 report. Do
you renenber that?
A.  Yes.
Q And this is what you represent to be the 2016
potentionetric surface of the aquifer in this case, right?
A. That's right.
Q Now --
A Well, let me clarify. That's the potentionmetric surface
for 2016, based on punpage by -- from MLGWwells in DeSoto
County.
Q Raght. And this is -- well, let's -- let's talk about that
for a mnute. Your nodel only includes punping from M.GWin
Shel by County, right?
A. That's right.
And DeSot o County?
Ri ght .

Doesn't include punping from anywhere el se?

> O > O

No.
Now, you know that there is punping in Shel by County ot her
than MLGW right?

A. Right.
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Q And you know that there is punping in Crittenden County,
Arkansas, which is right across the river from Shel by County,
Tennessee, and DeSoto County, M ssissippi, right?
A. Right.
Q That's not in your nodel, though?
A No.
Q And there is also punping fromthe aquifer in Marshal
County, M ssissippi, which is to the east of DeSoto County,
right?
A. That's right.
Q But there's no punping in Marshall County represented in
your nodel ?
A. Right.
Q So when you show a cone of depression such as represented
on Exhibit P180, it's based on inconplete information, right?
A. No, it's based on conplete information with respect to what
we were | ooking -- |ooking to acconplish. W were only | ooking
to find out what the sinulated effects were from ML.GW and
DeSot o County punping. It would not be what you neasure in the
real world. [It's only calculations to find out what the effect
is fromthose two punping entities.
Q So this Exhibit P80 and the other potentionetric maps that
you have drawn, based on your nodel, do not show what is
happening in the real world?

A. No. The real world, it would be bigger. The cone of
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depressi on woul d probably -- would be bigger.
Q And the cone of depression in your maps show t he
conbi nati on of punping of MLGWand in DeSoto County,
M ssi ssippi, right?
A. That's right.
Q So part of this cone of depression in Northern
M ssissippi -- as you say, it extends down -- is due to the
punpi ng wells that exist in DeSoto County, right?
A. That's right.
Q And inthe real world, it would al so show punping from
DeSot o County?
A. I'mnot sure what -- |I'mnot sure what you're asking there,

Dave.

Q The cone of depression doesn't just show the inpact of M.GW
punpi ng on this exhibit, right?

A. Right.

Q It includes the inpact of DeSoto County punping, correct?

A.  Right.

Q And the sane would be true for all of the potentiometric
maps i n your expert report, or that you' ve tal ked about, that
are drawn or created by your nodel ?

A. Rght. And -- yeah, in this 2017 report, that's correct.

Q Now, the cone of depression -- you tal ked about this a
little yesterday -- the cone of depression that you have
used -- that you have nodeled, that's centered in Menphis, has
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Wley - cross
actually been shrinking toward -- over the |ast years, correct?
A. It's been shrinking sonewhat, yes.

Q That neans it's getting smaller?

A Well, what | -- when | say "shrinking sonewhat,” | only
eval uated MLGW and DeSoto County punping. So with the -- if
t he whole world is punping out there, | don't know what the

real world cone of depression looks like and if it's shrunk.
But the analysis that we did, |ooking at MLGWin DeSoto only,
t here has been a shri nking.
Q The aquifer in this case is hydrologically connected to
surface water, correct?

MR. McMJULLAN. Object to the form  Anbi guous.
Q M. WIley, do you understand ny question?
A. Could you ask it again, please.
Q The aquifer in this case is hydrologically connected to
surface water, correct?
A, Yes, it is. It's not directly, but through LEKINS
(phonetic) -- through a nunber of units above the aquifer,
there is connection.
Q And one of the surface water -- one of the surface water
rivers that it's connected to, the aquifer is connected to, is
the WIf River, right?
A. The WIf River -- | get -- is that the one in Menphis?
Q The WIf River starts in M ssissippi, east of DeSoto

County, in Benton County, M ssissippi; do you remenber where
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that is?
A.  Yeah.
Q That's two counties over fromDeSoto County. And it flows
north into Tennessee, and then through Shel by County and
enters -- enpties into the Mssissippi River. Do you renenber
the Wl f R ver now?
A.  Yeah.
Q And that's one of the rivers that the aquifer is connected
to, right?
A. Yeah, the -- it flows through the outcrop of the Menphis
Sparta Sand.
Q In Mssissippi and in Tennessee?
A.  Yes.
Q And the aquifer also discharges ultimately into the
M ssi ssippi River, right?
A, It ultimately discharges into the river or the alluvial
aqui fer.
Q So the M ssissippi R ver would be another surface river
that is hydrologically connected to the aquifer?
A. Wth respect to discharge, yes.
Q Now, the water that we've been tal king about in the
aqui fer, the groundwater that you tal ked about yesterday with
M. McMillan and this norning with M. MMl an, that
groundwater is noving, right?

A. Yes. Very slowy, but it's noving.
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Wley - cross
Q It's always been noving, right?
A. Oh, yes.
Q So there is a constant anmount of water -- there's water

constantly noving and recharging into the aquifer, right?
A, Yes.
Q And there is groundwater constantly dischargi ng out of the
aqui fer, right?
A. That's right.
Q But there is always a volune of water beneath, for exanple,
DeSot o County, right?
A. R ght.
Q In the aquifer?
A. In the aquifer.
Q And you have testified before that the change in the vol une
of water beneath DeSoto County at any given tine has changed
very little since punping began over 100 years ago, right?
A. R ght.
MR, D. BEARMAN. M. Taylor, could you pull up
Exhi bit P168.
Q M. Wley, | believe you tal ked about this figure
yesterday, did you not?
A, Yes.
Q This is Figure 9 fromyour 2017 expert report, correct?
A, Yes.

MR. D. BEARVAN. And it's | abel ed Exhibit P168, your
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Honor .
Q Now, this map shows predevel opnent conditions in the
aqui fer at issue here, correct?
A. That's right.
Q Now, what | want to make sure --

MR. D. BEARMAN:  Your Honor, may | approach?

THE COURT: Yes, you nay.
Q Just want to nake sure we're all on the sane page.

This is the state line, correct?
A.  Yes.
Q And I'"'mpointing to the line that's on the southern edge of
the pink and the northern side of the yellow, correct?
A. Yes, that's the state line.
Q Okay. | just want to nake sure we're all on board with
t hat .

Al right. So part of the aquifer is north of the
state line, right?
A.  Yes.
Q And part of the aquifer is south of the state line, right?
A. R ght.
Q The pink area on your map is an outline of the Gty of
Menphi s, correct?
A, Yes.
Q And we can agree that the western -- on the left side of

the page, the left side of that pink Gty of Menphis area,
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that's the -- roughly the M ssissippi River, correct?
A. That's right.
Q Al right. And west of the M ssissippi R ver, of course,
woul d be Arkansas?
A, Yes.
Q And so part of the aquifer is also in Arkansas?
A.  Yes.
Q Now, the black curved lines on Figure 9 are |ines of equal
pressure, correct?
A. Correct.
Q You tal ked about that yesterday, correct?
A.  Yes. Yes.
Q And so when you look at a map like this, and you draw t he
flow lines, you' re essentially -- as you go fromthe right side

of that figure to the left side of the figure, those flow |ines

are going downhill, correct?
A. Yeah. It's slight -- it's based on high pressure to | ow
pressure.

Q Oay. Now, there are two lines on this figure that are

shaded green. Do you see that?

A.  Yes.

Q Those lines start in M ssissippi, correct?

A.  Yes.

Q And they go through Tennessee into Shel by County, right?
A, Yes.
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Q And they ultimately go underneath the M ssissippi River
into Arkansas, right?
A.  Yes.
Q And you have | abel ed those green lines in the | egend
"Interstate Flow," right?
A. | see that, yeah.
Q And you've done that just as you did on the previous
drawi ng we tal ked about, because those fl ow paths cross state
lines, correct?
A. Correct.
Q And this is predevel opnent, w thout any influence of
punpi ng?
A. That's right.
Q Al right. Now, there's a yellowtriangle. Do you see
t hat ?
A.  Yes.
Q And you drew that yellow triangl e based on these
equi potential |lines that you drew, because your opinion is that
groundwat er from anywhere in that yellow triangle in
M ssissippi would ultinmately flow into Tennessee, correct?
A. Yes, under predevel opnment conditions.
Q So even though you've just drawn two green arrows, you
could draw an arrow from anywhere in that yellow triangle,
ri ght?

A. That's right.
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Q And they would go into Tennessee?
A. That's right.
Q And you have | abeled that yellow triangle "Area of Limted
Nat ural Flow from M ssi ssi ppi to Tennessee,"” and then in
parent heses, "Interstate Flow," correct?
A. Yes, that's what it says.
Q | want you to take a | ook at those three blue lines at the
top of the page. Do you see those?
A Yes.
Q Those lines start in Shel by County, Tennessee, correct?
A Correct.
Q And you have |l abeled them"Intrastate Flow," correct?
A That's right.
Q But those lines flow -- actually | eave Tennessee and go
into Arkansas, right?
A Yes.
Q So those would also be interstate flow lines, right?
A. Rght. | believe | |abeled them"Intrastate" because
they -- | was |ooking at only Tennessee, where they started.
That was the | ogic there.
Q Al right. But they're interstate --

Yes.

A
Q ~-- as you've drawn them right?
A Ri ght .

Q

Correct?

Alpha Reporting Corporation




© 0 N o o b~ w N P

e e o e
h W N L, O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 22, 2019

] 509
Wley - cross
A.  Yes.
Q Take a look at that yellow triangle for ne. And you see at
the bottomleft of your figure, you have a scal e about -- about
mles. And based on what I'mlooking at, it |ooks |like roughly

an inch is equal to six mles. Do you see where |I'mtalking

about ?
A.  Yes.
Q If you look at that yellow triangle that you drew,

M. Wley, it appears to ne that that yellow triangl e goes
roughly two and a half mles down into M ssissippi. Do you
agree with that?
A. It | ooks about right.
Q And it stops shy of the Marshall County/DeSoto County
boundary by about two and a half mles, right?
A. Right.
Q And just to be clear, the boundary between DeSoto County --
that woul d be the eastern boundary of DeSoto County -- and the
west ern boundary of Marshall County, is the light gray line
that passes through that little arrow pointing toward the
yellow triangle, correct?
A.  Yes.

MR. D. BEARMAN: Judge, |'m happy to cone and point
that out. | want to nake sure everyone can see it.

THE COURT: | can see it.

MR. D. BEARMAN:. Thank you.
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got a pointer that's

. 510
Wley - cross
You' ve got a pointer, don't you? You' ve

working its way up there.

MR, D. BEARMAN: Well, it's always good to have a
poi nter, Judge. It's ny wireless pointer.
THE COURT: It's a good one.

MR. D. BEARMAN: We can put that down, M. Tayl or.

Thank you.

BY MR D. BEARMAN:

Q Now, part of your work on this case, you actually perforned

particle tracking, correct?

A. Yes.

Q And you tal ked about that earlier in your direct testinony,

correct?

A. Yes.

Q Particle tracking allows a scientist to place a

hypot heti cal water nolecule within a groundwater system and

follow it through as

A. That's right.

Q It's another way
correct?
A. Yes.

Q And you incl uded,

it nmoves through the system right?

of showing the flow path direction,

I think, your particle tracking in your

rebuttal report, correct?

A Is that what it's call ed?

Q Your July 2017 report, Addendum Nunber --
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A. "Addendum " There we go.

MR. D. BEARMAN:. M. Taylor, will you pull up P184.
Q Al right. Now, this is the figure you tal ked about
earlier, correct?
A, Yes.
Q And these red lines that you have on this figure are
particle tracks showi ng fl ow pat hs of groundwater in the
aqui fer we're tal king about here, right?
A. That's right.
Q Al right. And I -- 1 don't know if you said it here, but

you said in your deposition that you started these fl ow paths
or these particle tracks on the DeSoto County/ Marshall County
border, correct?

A. That's right.

Q And that's actually in the outcrop area of the aquifer,
right?

A.  Yes.

Q And your first particle track starts about four mles south
of the Tennessee/ M ssi ssi ppi border, right?

MR D. BEARVAN. ['Il tell you what: M. Tayl or,
could you bl ow up that area close to the border. That | ooks
good. Right there. Can you nove that up?

Q So, M. Wley, we're | ooking now at an enl arged portion of
your particle track figure. Do you see that?

A. Yes.
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Q And that very top red line is about four mles fromthe
Tennessee/ M ssi ssi ppi border, right?
A. |1 don't know. | don't know the scale.
Q Al right. wll --
A | didn't neasure it before you blew it up. | didn't see
what the scal e was.
Q Wll, you renenber in your deposition telling ne that you
started them at about four mles south?
A If -- 1 don't renenber, but |I -- that sounds -- if | said
that, it nust have been accurate, then.
Q Al right. If you look at this enlarged portion, do you
see the Tennessee/ M ssi ssippi state line on this draw ng?
A.  Yes.
Q And that is the horizontal line that goes above the word
" Sout haven, " right?
A Yes.

MR. D. BEARMAN. M. Taylor, could you just highlight
that for a second, that state |line? Just want to nake sure we
all see what we're tal king about. Right.

Q Is that the state line, M. Wley?
A. It appears to be, yeah, appears to be.

MR D. BEARMAN.  All right. You can take that down.
Thank you.

Q Al right. Now, the particle tracks that you started

roughly four, five, and six mles down into M ssissippi
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actually flowed into Tennessee, didn't it?
A.  Yes.
Q Al right. Now, this is predevel opnent, correct?
A. That's right.
Q Al right. So that's -- those are flow paths that are
actually further down in M ssissippi than your yellow triangle,
ri ght?
A. Based on -- you know, it could be a scaling thing, but it's
in the approxi nate sane area. Maybe a little bel ow
Q Now, you didn't include particle tracks north of your red
lines, but you would agree that if you had done the particle
trackings in that area between your top red line and the state
border, those would have al so crossed into Tennessee,
naturally, right?
A. Right.
Q Al right. Now, let's --

MR. D. BEARMAN. W can take that down, M. Tayl or.
Q And | want to focus now on the area around the M ssi ssi ppi
River. Now, these are particle tracks that you started in
M ssissippi and didn't go into Tennessee, right, naturally; is
that correct?
A. Could you ask -- |I'mnot sure what you're asking there,
what you're stating there.

MR. D. BEARVMAN. Let's take down the enlargenent for a

m nut e.
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Wley - cross
Q Look at your -- you see your nap?
A.  Yes.
Q Are you with ne?
A.  Yeah.
And what |I'm now going to do is ask M. Taylor to enl arge

those particle tracks toward the M ssissippi River.

Do you see the area we're enl arging?
A,  Ckay.
Q Al right. So these are the particle tracks that had noved
across M ssissippi. Sone of themwent into Tennessee and cane
back, and others just went into this area. Do you see that?
A.  Yes.
Q Now, do you renenber, at your deposition | asked you how
many of your particle tracks that went toward the M ssi ssi ppi
Ri ver crossed over into Arkansas. Do you renenber | asked you
t hat ?
A. | don't remenber exactly what you asked, but | assune that
you did ask that.
Q And when | asked you that question, your answer was "nore
than half.” Do you renenber that?
A. Not really, but I renmenber -- well, I know they do.
Q You know that nore than half of those particle tracks that
started in M ssissippi cross into Arkansas?
A. | don't knowthat -- if it's half or 25 percent or

75 percent, but | knew -- know they do cross over the river
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t here.
Q Al right. WIlIl, in your deposition, on page 1260, | asked
you, "Whuld you say that nost of themcross into Arkansas?"

And your answer was "nore than half."
A, Ckay. Wll, I'"'mlooking at this again, and it does | ook
li ke nore than hal f.
Q kay.

MR, D. BEARMAN: Thank you, M. Tayl or.

Now, woul d you please, M. Taylor, pull up
Exhi bit P185.
Q Do you recognize this figure, M. WIley?
A.  Yes.
Q Now, what | want to do is just nake sure we're on the sane
page here. There's two illustrations on this figure. This is

fromyour expert report, right?

A, Yes.

Q The figure on the left shows the area of the aquifer that
we're tal king about in this case, right?

A.  Yes, it does.

Q And that figure is one that originally appeared in the
expert report of Dave Langseth, Dr. Dave Langseth, who is the

expert for Menphis M_.GW correct?

A. Yes.
Q And then what Dr. Langseth did on -- and he drew those fl ow
arrows, correct, in that illustration on the left?
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A. | assune he did, yeah.
Q And then what Dr. Langseth did was enlarge a section that's
in that red square, right, and put that section on the right
side of the page?
A. Yes. | renenber that.
Q Al right.

MR D. BEARMAN. M. Taylor, will you enlarge that
section right there. Thank you.
Q Al right. Now, on this particular figure, the very top
arrow, that's a flow arrow, right?
A.  Yes.
Q And this is in the aquifer we're tal king about, correct?
A.  Yes. Yes.
Q That top flow arrow was one that Dr. Langseth drew,
correct?
A. Right.
Q You added the four flow arrows bel ow that, correct?
A. That's right.
Q Al right. And what | want to do is |look at the top flow

arrow that you drew, which is the second fromthe top. Do you

see that?
A.  Yes.
Q Al right. That flowarrow-- and this is -- we're tal king

about groundwater flow in the Menphis Sparta Aquifer, right?

A. R ght.
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Q In the Tennessee/ M ssi ssi ppi border area, correct?

A. That's cl ose, yes.

Q Al right. Do you see the state line, M. WIley?

A Yes.

Q Your flow arrow starts in Marshall County, M ssissippi,
correct?

A Correct.

Q Now, that's further east than your particle tracks start,
correct?

A Ri ght.

Q And that flow arrow that you drew goes i nto Tennessee,
correct?

A Yes.

Q And it's kind of a sweeping notion through Tennessee,

countercl ockwise -- it actually goes back into Arkansas,

right --

A Yes.

Q -- 1 mean back into M ssissippi, excuse ne.
Correct?

A. Oh, yes.

Q Al right. So your flowline starts in Marshall County,
M ssi ssi ppi, goes into Tennessee, and goes back into
Arkansas -- to M ssissippi, correct?

A Yes.

Q And then it crosses from M ssi ssi ppi into Arkansas?
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A.  Right.
Q And then back into M ssissippi?
A.  Yes.
Q And then back into Arkansas?
A.  Yes, it does.
Q And back and forth between M ssissippi and Arkansas a few
nore times, right?
A. R ght.
Q Now, |I want you to take a look at -- do you see where your

arrow started, that we just tal ked about?
A.  Yes.

MR D. BEARVAN. M. Taylor, | would lIike you to draw
aline fromthat point to the beginning of Dr. Langseth's
arrow. Thank you.

Q Do you see the -- that by drawing that line, M. Wl ey,

we' ve created kind of a parall el ogram area?

A | -- I see where the line's alnpst parallel to the state,
yeah.

Q Right.

A. The state line.

Q Rght. [If you had drawn flow arrows starting anywhere in
that area above the red |line and below the state border of the
M ssi ssi ppi, those flow arrows, that natural flow of the
groundwat er and the aquifer, would al so have gone into

Tennessee, correct?
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A. Yeah, if you draw the |ines perpendicular to all those bl ue
potentionmetric surface lines, |looks |like -- wthout doing it,
but it |looks |ike across nost of that area, yes, they -- nost
of the lines would likely go from M ssi ssippi to Tennessee.
There may be -- there may be one or two that m ght not. |
don't know wi thout drawing it.
Q Most of them woul d?
A.  Yeah.
Q Okay. Thank you.

You had tal ked earlier, M. WIey, about your use of

t he conputer nodel that was created by Brahana and Broshears,

correct?
A.  Yes.
Q And that nodel was created in the -- the '70s and maybe

early '80s; is that accurate?
A. Yeabh. It was -- it was -- well, there was data cali brated

to 1980, so ...

Q And it wasn't published until nuch |ater --
A. R ght.
Q ~-- but the nodel was based on, | guess, the technol ogy at

the tinme of the late '70s, early '"80s; is that fair?

Yes.

A
Q The Brahana nodel consists of three |ayers, correct?
A Yes.

Q

And when | say "layers,"” |I'mtal king about |ike a sandw ch;
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hori zontal |ayers. Correct?
A. That's right.
Q The second |l ayer of the -- well, and each of those |ayers
go across the entire span of the nodel ed area, correct?
A. That's right.
Q And the nodeled area in the Brahana nodel includes
M ssi ssippi, right?
A Yes.
Q Tennessee?
A.  Yes.
Q Arkansas?
A.  Yes.
Q And sone other states al so; maybe M ssouri, Kentucky?
A.  Yes.
Q Layer 2 of your nodel, the Brahana nodel, is the aquifer

that we're tal king about here in this case, the Menphis Sparta
M ddl e d ai borne Aquifer, right?

A. Yeah. It's -- | believe he -- | believe he |l abeled it the
Menmphi s Sands in the report.

Q Rght. He labeled it the Menphis Sand in the report, and

in your 2017 report you call it the Sparta, but it's the sane
t hi ng?

A.  Yes.

Q The purpose of the nodel -- and you said this yesterday --
the conputer nodel, is to sinulate real world systems, right?
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A Yes.

Q And so this conputer nodel of groundwater would be show ng
you real world systemthat is underground, correct?

A.  Yes.

Q So in this case, the Brahana nodel that you used is

desi gned to show what's happening in the real world, in the
aqui fer that we're tal king about here in this case, right?
A. Yes, with respect to MLGW and DeSoto County punpage.

Q And we tal ked about this earlier, but in the real world,
there i s punping in Arkansas?

A. Right.

Q Fromthis aquifer?

A.  Yes.

Q And there is punping in M ssissippi outside of DeSoto

Q CQut of this aquifer?

Q And there's punping in Tennessee outside of Shel by County
in this aquifer?

A.  Yes.

Q And there's punping in Shel by County other than punping by
M_.GW correct?

A Yes.

Q But you don't represent any of that in your nodel ?
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A. That's right.
Q So you can't say, as we're sitting here today, whether any
of that would nmake a difference in your opinions, right? You
don't know?
A. No, it wouldn't change -- ny opinions wouldn't change. |
was eval uating what the effects of selected users was. And |
ran the nodel to see what that was.
Q Wthout the influence of any other punping that's been
omtted fromyour nodel, right?
A. R ght.

MR. D. BEARMAN.  Your Honor, may | have a mnute to
consult with ny partners?

THE COURT: Sure. W can take a short recess as well.
W' ll recess for ten m nutes.

MR, D. BEARMAN: Thank you.

(Recess)

THE COURT: M. Bearnan, do you have further
questi ons?

MR D. BEARVAN. | do not. I'Il pass the w tness.

THE COURT: 1Is the State going to ask questions?

MR, HLL: Yes. | haven't spoken nuch, so I'll just
rei ntroduce nyself. I'mDetrich HIIl, and I'll be exam ni ng
M. Wley for this case.

THE COURT: Sur e.
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CROSS EXAM NATI ON

BY MR- HILL:
Good norning, M. WIey.
Good nor ni ng.

Q
A
Q W net before, but I think only at your 2017 deposition.
A | renmenber, yes.

Q

M. Wley, M. Bearnman | think asked if he could just ref

523

er

to the aquifer as "the aquifer,” and you woul d under st and what

he was referring to, correct?

A. Correct.

Q And I'll probably do the same, but | may refer to it as t
"M ddle Claiborne.” Does that nake sense to you?

A.  Yes.

Q You'll understand what I'mreferring to?

A.  Yes.

Now, there was one point fromyour testinony that | wante
to clarify. | believe you testified at one point, when you

were calculating the total diversion, that you had cal cul at ed

di version of 411 billion gallons per day?

A. No. A total of 411. Not per day.

Q Ckay. It seened like a lot.

A. It is. That is a big nunber.

Q Yeah.

A. It's not per day, though. No.

Q That's the total over the -- over 1965 to 20167?

he

d
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A.  Yes.
Q That you cal cul at ed?
A.  Yes.
Q M. WIley, you discussed hydrol ogi cal connections with
surface waters and the aquifer. Do you recall that?
A, Yes.
Q And | think we've heard testinony about the shall ow
aquifer. Do you know what I'mreferring to?
A. Do you nean the surficial aquifer?
Q Yes. And that's the aquifer above the Mddle C ai borne?
A.  Yes.
Q And separated fromit by a confined layer; is that correct?
A. That's right.
Q And the Fort Pillowis the aquifer below the M ddle
d ai bor ne?
A. Separated by a confining |ayer.
Q And separated?
A.  Yes.

The aquifer is connected to both the surficial aquifer and

the Fort Pillow Aquifer, hydrologically connected; is that

correct?

A

Q
A.
Q

The Menphis Sparta Aquifer, is that what --
Yes. Yes.
Yeah, it's -- there's a hydrol ogi c connection, yes.

Because water can travel through the confining |ayers?
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A. That's right.
Q And both of those other two aquifers, the Fort Pillow and

surficial aquifer, those also underlie multiple states,

correct?

A, Well, yeah, the surficial -- there's a surficial aquifer in
nost places, but it's pretty variable. It's nobre -- it's nore
local that -- these are confined aquifers. Surficial aquifers
are -- they're all nore locally controlled than the confined
aqui fers.

Q The Fort Pillow underlies nmultiple states, right?

A. That's right.

Q Now, you recall you testified about the Brahana and

Br oshears nodel that you used, correct?

A. Correct.

Q And when you used that -- | believe you testified that you
found there was a cone of depression centered in Shel by County
and extending into DeSoto County, M ssissippi; is that right?
A. That's right.

Q And that cone of depression also extends into Crittenden
County in Arkansas; is that right?

A | don't -- | didn't talk to that, but there is a -- it
woul d extend out across the river.

Q Rght. I1'masking, does it also extend out across the
river into Crittenden County in Arkansas?

A. Yes.
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Q In other words, the punmping in Tennessee is having sone
effect on the water in Arkansas?
A.  Yes.
Q And the M ssissippi R ver does not prevent that effect from
crossing the river into Arkansas?
A.  No, because the aquifer goes underneat h.
Q And simlarly, it wouldn't affect -- it wouldn't prevent an
effect fromgoing the other way, from Arkansas back into
Tennessee?
A. That's right.
Q Now, | believe you testified that your nodel, based on the
Br ahana nodel, uses one layer to represent the Mddl e C ai borne
Aquifer; is that correct?
A. That's right.
Q And to be clear, the study area of your nodel is snaller
than the entire extent of the Mddle C ai borne, correct?
A Yes. It -- well, to the north, east, and west, if you | ook
at the nodel grid, it covers nost of the Embaynent, the
northern part of the Enbaynent, but not the south.
Q Oay. | put up a slide here, and this is Figure 14 from
the 2001 paper; is that right?
A. That's right.
Q Do you recogni ze this?
A, Yes.
Q

And this is also, for the record, J15 at page 35.
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This is the representation, the extent of the |layer of
the Mddle d aiborne in your nodel, correct?
A. That's right.
Q And that's -- that black line that | think we can

highlight, that's the representati on of the boundaries in your

nodel ?
A.  Yes.
Q Now, have you heard testinony -- | believe you have --

about the facies change that occurs in this area?

A.  Yes.

Q And that occurs south of the M ssissippi/Tennessee border,
correct?

A.  Yes.

Q And would you agree that it's sonething in the range of

10 to 20 mles south of the border?

MR. McMJULLAN:.  Obj ection, your Honor. I'mgoing to
renew ny objection that this cross-exam nation is well in
excess of the scope of ny direct. | think it's inproper.

THE COURT: Well, | understand your objection. [1'l1]

overrule that, and let's conti nue.

BY MR, HILL:

Q I'msorry, so you agree that that was a reasonabl e range?
A. Could you -- what did you ask?

Q \Wiether the facies change is perhaps in the range of 10 to

20 mles south of the state border between M ssissippi and
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Tennessee.

A.  That sounds about right.

Q Now, this nodel's single |layer extends quite a lot further

south than that; is that accurate?

A, Yes.

Q In sone places it mght extend 50 nmles south of the
bor der ?

A.  Yes.

Q But your nodel neverthel ess represents the aquifer as a
single | ayer throughout that entire grid area, correct?
A. That's right.
Q And that goes past the facies change or transition zone
area, north and south, correct?
A.  Yes.

I would add that the aquifer characteristics change as
you go south in the aquifer in the nodel.
Q R ght. But your nodel does not divide this layer into
mul tiple |ayers, correct?
A No. No.
Q At the facies change or at any other point?
A No.
Q M. Wley, do you recall that at your deposition, you and I
di scussed a cal cul ation that you had nade about the amount of
water within the Mddle C ai borne Aquifer that, under

pr edevel opnent conditions, flowed from M ssissippi into other
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states?
A.  Yes.
Q And | believe we had a discussion about -- you had an

84 percent nunber in one of your reports; do you recall that?
A, Yes.

Q And in your deposition, you testified that the way you cane
up with that nunber was you found the volune -- this is in the
MERAS nodel, correct?

A.  Yes.

Q That's the 2009 d ark & Hart nodel ?

A, Yes.

Q And the way you cane up with that nunber is that you

cal cul ated under the nodel the total volune of water | eaving
the State of M ssissippi wthin the aquifer, correct?

A.  Yes.

Q And then you found the total recharge within the State of
M ssissippi to the aquifer?

A.  Yes.

Q And then you divided that first nunber by the second

nunmber, and you cane up with 16 percent; is that right?

A.  Yes.

Q Do you recall the actual total volune in gallons per day?
A. Not -- no.

Q That the 16 percent would be?

A No.
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Q | think we may be able to figure it out fromthe renni nder
of your report. |In the sane report, you also cal cul ated t hat
only 2.6 percent of the total recharge -- that's the sanme
number, correct, the sane total recharge?
A. | don't recall those nunbers, but that -- if that's -- if
that's what you have in the record, | -- I'msure it is.
Wt hout having the infornmation, | just don't know what the
number is.
Q Ckay. Wwll, it mght be helpful to just give you your
report, if that would help you recall this.
A.  kay.
Q And | believe -- you can check this in a mnute in your
report, but | believe --
A.  Ckay.
Q -- your report said that you had cal cul ated t hat
2.6 percent of that sanme total recharge within M ssissipp
crossed the border into Tennessee under predevel opnment
conditions. Does that sound famliar?
A.  Yes.

MR HLL: And I'lIl just cone up, with your Honor's
perm ssi on?

THE COURT: Yes, you nay.

MR HILL: Does your Honor want a copy?

THE COURT: No, |' m okay.

MR HLL: Yes. W're |ooking at pages 6 and 7,
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bott om of page 6 and on to page 7.
BY MR, HILL:
Q And do you see where you calculated that 2.6 percent of the
total recharge flowed from M ssissippi into Tennessee? Should
be at the bottom --
A. I'mon page -- okay, | see it, yes.
Q And that's the sanme total recharge that you calculated with
respect to the 16 percent, correct?
A. Gve ne a mnute, please.
Q And if you want to refer to those 16 percent, that's on the
next page, is the 84 percent on page eight.
A. Yes. | see that.
Q And those two descriptions of the total recharge are the
sanme, correct?
A.  Yes.
Q Now, with the 2.6 percent, you also told us that that
2.6 percent was 6 -- well, less than 6 mllion gallons per day;
is that right?
A.  Yes.
Q And that should allow us to deternm ne what the 16 percent

was, right?

A.  Yes.

Q And the way we would do that -- and I'm going to put ny
math up on the slide here, but 1'd appreciate it if you' d check
it; there's a reason I'ma |lawer, not a scientist -- is that

Alpha Reporting Corporation




© 0 N o o A w N P

e e o o
h W N P, O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 22, 2019

. 532
Wley - cross
if you have roughly 6 mllion gallons per day, being
2.6 percent of the total recharge, that will let us divide 6

by .026 and tell us that the total recharge is about
230 mllion gall ons per day.
And |"'ve got a calculator, if you want to doubl e-check
ny mat h.
A. It looks -- that | ooks reasonable. Based on that snal

di vision, you're going to get a big nunber.

Q And -- does that | ook about right, 230 mllion gallons per
day?
A.  Yes.

Q And 16 percent of that would be roughly 36.9 mllion

gal |l ons per day?

A. That -- about 10 percent of 230 would be 23. So 16 percent
woul d be -- yeah, that |ooks right.
Q And as | recall, you also testified that you believe that

this 16 percent was a reliable estimate of flow under

pr edevel opnent conditions, correct?

A. Correct.

Q So in other words, you thought it was a reliable estimte

t hat under predevel opnent conditions, alnost 37 mllion gallons
of water was flow ng every day from M ssi ssippi into other
states?

A.  Yes.

Q And that's all within this aquifer, the Mddle d ai borne
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Aqui fer, correct?
A.  Yes.
Q Now, just for reference, M. WIley, do you recall which
| ayers of the MERAS npbdel you used to do these cal cul ati ons?
A. | believe it's five -- five through ten.
Q Five through ten?
A. | believe that was.
Q And you believe that | ayers five through ten accurately
descri bed the aquifer that you were interested in, correct?
A. Well, they made up the Mddle C ai borne Aquifer in the
MERAS nodel .

Q Layers five through ten?

A.  Yes.
Q In Mssissippi as well as in Tennessee; is that correct?
A. Yes. There were different -- sonme of the |ayers had

different characteristics. Layers five through seven, |

beli eve, were nore simlar to each other, but then they -- the
| ayers had different characteristics as you got down through
eight, nine and ten.

Q But you believe that all six of those | ayers together
accurately represented the M ddle C ai borne Aquifer in

M ssi ssi ppi ?

A.  Yes.

Q M. Wley, just to clarify a couple of points. You are not

here today to offer any opinion about whether the groundwater
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resource at issue in this case is an interstate resource; is
that correct?

A. That's correct.

Q And you don't have an opinion about an -- what an
interstate resource would be; is that also correct?

A. That's correct.

Q And you don't have any opinion about a test that one coul d
use to determ ne what an interstate resource would be?

A. Could you ask that again?

Q You don't have an opini on about how one would go about
determ ni ng whether a resource is interstate; is that right?
A. Not here today.

Q Are you aware that we're here today because the Speci al
Master ordered a hearing in an opinion in August 20167

A.  Yes.

Q Are you aware that the Special Master described in that
opi nion the reason why he was ordering an evidentiary hearing
in this case?

A. | don't know all the legal stuff, so |I'd have to say ny
answer would not be -- 1'd have to say | don't know, because |
don't know all the legal stuff, so ...

Q And in fact you did not read the Special Mster's opinion
before you wote your reports, correct?

A. That's right.

Q Oay. M. Wley, | think you testified earlier that the
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cone of depression centered in Shel by County and extending into
DeSot o County, M ssissippi, also extends into Crittenden County
in Arkansas, correct?

A.  Yes. You asked ne that -- | think that was the first
question you asked ne.
Q That may well be right. | just wanted to make sure | had
al ready asked it.

Now, in your June 2017 report, you said that the
M ssi ssippi River creates an effective hydrol ogi c boundary t hat
prevents the drawdown cone of depression from noving past the
river into Arkansas. Do you recall that?
A.  Yes.
Q But that was not correct, was it?
A. Well, ariver, like an outcrop, can be in a boundary
condition in a nodel
Q But you just testified that the cone of depression does in
fact nove past the river into Arkansas?
A.  Yes.
Q So that sentence in your report was inaccurate, correct?
A. Wth respect to the -- a cone of depression going into
Ar kansas.
Q Wth respect to this cone of depression going into
Ar kansas?
A, Yes.

Q One other point I'"d like to clarify. M. WIley, you say
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Wley - cross 536
several tinmes in your June report that the M ddle C ai borne
Aqui fer is nade of sandstone. Do you recall that?

A.  Yeah, | -- yes.
Q That's not correct, is it?
A, Well, sand is a stone.
Q It's your viewthat sand is a stone?
A.  Yes.
Q And that sandstone is the sane thing as sand?
A.  Yes, in that context.
Were you here on Monday when Dr. Spruill explained the
di fference between sand and sandstone?
Yes.
Q But you'd disagree with Dr. Spruill on that point?
A No.
Q So there is a difference --
A I was just using that as a -- the term "sandstone" | was
using there was not in the sane reference as what he was
descri bi ng.
Q But the accurate way to describe the substance woul d be
"sand," correct?
A It -- it's accurate the way | described it, which | take it

nmeans the sanme thing to ne, in that report.
Q In your June report, you also described Figure 9 of your
report, which we've seen a nunber of tines today, as the

predevel opnent potentionetric surface under natural
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conditions -- I'msure you' ve seen this report -- as the
predevel opnent potentionetric surface under natural conditions
generated by groundwater -- or generated from groundwater
nodel ing. Do you recall that?

A. This map is not. | may have said that, but this map i s not
from groundwat er nodel i ng.

But do you recall saying that in your report?

Yes. That was not -- that was not intended in the report.
That was i naccurate?

Yes.

Because Figure 9 is not generated by any nodel, right?

No.

o >» O >» O > O

And in fact this potentionetric surface was created by
Criner & Parks in their 1976 paper, correct?

A.  Yes.

Q And | believe that is J24, for reference.

Do you recall that you nmade this sane exact m stake
about whether or not this surface was devel oped from
groundwat er nodeling in your May 2007 report?

I think it was just -- in May 20077
Correct.

Yes.

You nmade the sane m stake?

Il -- it was the -- that sentence was not accurate.

o >» O > O 2P

Ckay. But you had about ten years to fix that sentence,
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correct?
A No. Ten years later, the report was updated, but | --
there was a hiatus in the project, so ...
Q But when you updated the report ten years later, you did

not fix the sentence?

A No.

Q M. Wley, |I think you testified about the calibration of
your nodel . Do you recall that?

AL I -- yes, | testified that the Brahana nodel was

cal i br at ed.

Q And it was calibrated by Brahana and Broshears, correct?
A. Right, for the period of 1980.

Q And the point of calibration is to create an accurate
hydrol ogic tool to answer questi ons about an aquifer?

A. That's -- that's a good way to put it, yeah.

Q And Brahana and Broshears calibrated this data in 1980.
You said that, right?

A Yes.

Q Now, there is nore recent water | evel data about the
aqui fer than 1980, correct?

A Yes.

Q There is probably a lot of data, right?

A. | would assune so, yes.

Q Is it fair to say that calibration with nore recent data

woul d i nprove the nodel ?
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A. Model s are al ways bei ng updated and i nproved where there's
data avail abl e, yes.
Q So recalibration with nmore and nore recent data woul d

i nprove the nodel ?

A. Maybe, maybe not.

Q It could inprove the nodel ?

A.  Coul d.

Q But you did not recalibrate your nodel; is that correct?
A

That's right.
Even though you knew there was -- or you could have easily

f ound out whether there was nore recent water | evel data than

19807
A. Yeah. W wanted to -- we did not want to change what we
had fromour original -- fromthe start of the project. W

wanted to stick with the sane tool.
Q But the answer is no, you did not recalibrate the nodel ?
A No.
Q And earlier you testified that recalibration of the nodel
woul d or could inprove the accuracy of the nodel ?
A It -- it could.
Q OCay. M. Wley, I"'mgoing to put Figure 9 back up on the
screen. And again, for reference, this is both P168 and D112;
both of those exhibits are the sanme figure.

And you discussed this a little bit already. This nap

depi cts the predevel opnment potentionetric surface of the Mddle
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Cl ai borne Aquifer, correct?
A. Correct.
Q And we've discussed that the lines going fromnore or |ess
north to south, those are the contours that represent |ines of
equal potentionetric |evel s?
A. Correct.
Q And water will flow perpendicular to those |ines?
A. That's right.
Q So in other words, if the line were exactly north to south,
the water would flow either exactly east to west or exactly

west to east?

A. That's right, depending on pressure differences.

Q Sure.

Now, | think we already covered this, but | want to
make sure. The contours on your yellow triangle map -- do you
mnd if | refer to this map as "the yellow triangle map"?

A. Everybody has been.

Q The legendary yellow triangl e nmap.
A. | guess | picked the right color. | don't know.
Q Yeah.

The contours on this yellow triangle map were prepared
by Criner & Parks in their 1976 paper, correct?
A. Correct.
Q And | would note that this -- this is the map that you

used, correct?
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A.  Yes.
Q And | would just note for the record that this is al so
Exhi bit P205.
Now, M. WIl ey, when you say that these contours were

prepared by or created by Criner & Parks in 1976, you did not

change any of these contours; is that correct?

A.  No.
Q And | believe you testified earlier -- if we could go back
to the | egendary yellow triangle map -- that this yell ow

triangle showed that only a very small anpbunt of water was
fl ow ng, under natural conditions, from M ssissippi into
Tennessee; is that correct?
A. Yes.
Q And you understand that this yellow triangle is inportant
to M ssissippi's case, because it shows that only a very snall
anount of water was flow ng across the water under natural
condi ti ons?
A. | don't understand your -- what you're asking.
Q Wll, do you understand that M ssissippi's theory of this
case is that only a very small anpunt of water was fl ow ng
across the border under natural conditions, and now nore is
fl om ng across the border?

MR. McMULLAN:. Object to the form

THE COURT: (bj ection sustai ned.

Q M. Wley, you're famliar with how to create esti mted
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wat er | evel maps from observation levels, also called contro
poi nts, correct?

A.  Yes.
Q And the idea is that you can take known water |evels at the
control points and estimate the water |evels in between them
is that fair?
A.  Yes.
Q Andis it also fair to say that the nore control points you
have, the better you can estimate the water |evel contours?
A.  Yes.

MR, McMJULLAN. Object to the form and inproper
hypot heti cal .

THE COURT: Overrul ed.

You nay answer the question.
Q | believe you answered, but the question was the nore
control points you have, the better you can estinmte water
| evel contours?
A.  Yes.
Q And do you recall Dr. Spruill telling us on Monday in a
confined aquifer, if you want to determ ne a direction of
groundwater flow, you need at |east three walls?
A.  Wien was that?

That was on Monday. But --

Q
A. | think I was -- | mght have mssed it, but that's --
Q Is that a fair statenent?
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A.  Yes.

Q And the nore wells you have, the nore accurately you can
determ ne the contours?

A.  Yes.

Q Now, your June 2017 report does not include any discussion
of how Criner & Parks created their predevel opnent
potentiometric nmap; is that accurate?

A.  Yes.

Q But would you agree that the Criner & Parks paper based its
predevel opnent surface on four data points?

A. That's -- yes, | read that in their report.

Q And to your know edge, Criner & Parks do not have any ot her
data on which they base that map?

A I -- 1 don't know if they had any other data. | would
assune they did have other data, because they're not going to
make -- they're going to -- before they nake the map, they're
goi ng to check maybe other types of data, to make sure that
what they produce fits with the hydrogeol ogi ¢ system

Q I'mreally asking whether you know whet her Criner & Parks

had any ot her data.

A | don't -- | don't know, but | -- like |I said, know ng the
USGS, | would assune that they did have other information
that -- to guide themin the -- preparing that map.

Q But you don't know what information that would be?

A.  No.
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Q Now, M. Wley, | think you nmay have already testified that
the one thing you did do, you didn't change any of Criner &
Parks's contours, but you did extend sone of the lines into
M ssissippi; is that correct?
A. That's correct.
Q And if we could ook back at Criner & Parks's map -- and |
made the border a little easier to see on the Criner & Parks
figure -- it looks like their map only goes about four mnles
south of the M ssissippi/ Tennessee border; is that about right?
A. Maybe five. It's hard to say fromthat scale. Between
four and five.
Q Between four and five.

And Brahana and Broshears, who also reference this
map, they didn't draw contours any further than Criner & Parks
did, right?

A No.
Q And for reference here, it is, but you already answered.

Now, conparing that to your yellow triangle nap, your
map extends those lines quite a bit further south; is that fair
to say?

A.  Yes.

Q Maybe at least ten mles, probably 15 mles south of the
border, right?

A.  That sounds about right.

Q At least ten mles, right?
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A.  Yes.

Q Now, you did not have any data that you used to extend
these lines, is that correct?

A No.

Q You didn't have observation wells or contour points?

A. No. What | used was potential -- predevel opnent
potentiometric nmapping information from Arthur & Tayl or.

Q And | believe you testified at your deposition that that
was the 1990 Arthur & Taylor report, is that right?

A.  Yes. Yes.

Q Now, this is the 1990 Arthur & Taylor report as you
reproduced it in your June report; does that | ook correct?
A.  Yes, it does.

Q And for reference, this is P167. And the Arthur & Tayl or
1990 report is Joint Exhibit 3.

And the contours that you woul d have used to extend
your yellow triangle extension |ines would be the contours all
the way in the northwestern corner of M ssissippi, correct?
A. It's the blue contours there, just below the state |line.
Q In that --

A. O Tennessee and M ssi ssi ppi .
Q Correct.

MR HLL: And so |l think it would be hel pful if we

zoomin a little bit. And |I've highlighted the borders here to

nmeke it alittle bit easier to see.
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Q WIIl you agree that this covers about the same territory or
area that your yellow triangle map covers?
A. Pretty hard to tell fromthat.
Q If we -- so | highlighted the borders again, your Figure 9,
to see if -- it really covers about the same area, correct?
A Well, | think the -- well, I"mjust using the river, the
M ssi ssippi River, as ny guide on conparing the two, and I'm
trying to figure out what's what on the river.

It looks like the -- |looks like it needs to be zooned
out a little further.
Q On the Arthur & Taylor nmap?
A Yes, unless I"'m-- unless I'"'minterpreting the shape of the
river w ong.
Q Oay. Wll, so | guess then you would say that these |ines
were sonme of the lines --
A It's pretty close; |I'll give you that.
Q At least the area overlaps a fair anpbunt, correct?
A. That's correct.
Q And the lines, if I could just circle themfor a nonent,
and naybe tilt both of the figures so that the state borders
are parallel.

The lines that I1've circled are roughly the same |ines
that you would have used on the left side to draw your |ines on
the right side; is that --

A. Qur main intent was to -- based on the orientation of the
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Arthur Taylor lines, to apply that orientation on the existing
Criner contour |ines.
Q M. Wley, ny question was just whether those are the |ines
t hat you woul d have used to draw your extensions.
A. No. | -- 1 told you what I did. | used the orientation of
Arthur Taylor's map and his lines and to apply to the Criner --
the existing Criner lines, to extend those.

That's all | did. | just used the orientation

Q Cay. And you didn't have any data to back up your use of
this orientation?
A. That is ny data. The orientation of his predevel opnent map
is nmy data.

Q | guess what I'm-- when | say "data,"” |I'mtal king about

actual observed water | evels.

A. No. Just his -- the orientation of his water |evels.
Q If we could | ook back at the yellow triangle for a nonent.
And I'Il make it a little bigger, so it's easier to see.

Now, again, you testified that this yellowtriangle is
the only place where groundwater is nmoving across the state
border under natural conditions; is that correct?

A. I n our project area.

Q Wthin the project area?

A.  Yes.

Q And the triangle ends on the west side, right where the

260-f oot contour crosses the state border, correct?
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A.  Yes.

Q Wuld you take a |l ook at the 250-foot contour on this nmap,
which is hel pfully | aser-pointed.
A | seeit.
Q M. Wley, that 250-foot contour, where it crosses the
border, is not perpendicular to the state border, is it?
A.  Not quite, no.
Q It's not quite perpendicular?
| just want to confirm
A.  Yes.
Q And it crosses the border at a slight angle, in other
wor ds?
A. Rght. That's right.
Q And because of that angle, water at that |ocation is
flowng slightly north, right?
A. That would be at that angle, yes.
Q In other words -- and that location is on the
M ssi ssi ppi / Tennessee border, correct?
A. That's correct.
Q So there is natural cross-border flow where the 250-f oot
contour crosses the state line, correct?
A. There would be in this case, yes.
Q And this is your yellow triangle nmap, correct?
A. Right.
Q.

Now, if you'd |look at the 230- and 240-foot contours, those
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lines also do not cross the border perfectly perpendicular to
t he border, correct?

A It's pretty close.
Q But not perpendicul ar?
A. They're a little jagged there, but 240 | ooks pretty
per pendi cul ar.
Q Wuldit be --
A To --
Q It mght be helpful if we look at the original Criner &
Par ks map. Your contours should be identical to the Criner &
Par ks contours, correct?
A, Yes.
MR, H LL: And we've blown up the 230- and 240-f oot
contours on the Criner & Parks map, and could we have
per pendi cul ar |ines?
Q So we've drawn lines that are perfectly perpendicular to
the border. | think you would agree, would you not, that

nei t her of those |lines, 230 or 240 --

A. Not on this map, no.
Q And your map shoul d have identical contours, correct?
A.  Yes.
Q You did not change Criner & Parks's contours, correct?
A No. No.
So on your map as well, those two contours, 230 and 240, do

not cross perpendicular to the state border?
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A If -- no. |If these don't, then mne don't, because | used
hi s map.
Q ay. And these don't, correct?
A. Correct.
Q They are slightly angl ed?
A. Very slightly. So there would be a small -- snall
conponent of flow there, going slightly to the nort hwest.
Q You stole ny thunder, M. WI ey.

There is northward cross-border flow at both the
230- and 240-foot contours, correct?
A.  Yes.
Q And so your yellowtriangle -- if we can go back to the
full yellow triangle map -- that yellow triangle actually

should extend all the way to the 230-foot contour, correct?
A. Yes, it would be -- it would -- that -- if -- those
contours not being exactly perpendicular, that |ooks about
right.

Q And they are not exactly perpendicular, correct?

A. That's what | just said.

Q Wwll, I think you said "if,"” and so | just wanted to

confirm They are not exactly --

A. That's what | -- yeah, | just said that.
Q And so -- and so you think this version is about right?
A Yes.

MR. HILL: Those are all the questions | have. Thank
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you.

THE COURT: Al right.

Do you have redirect?

MR. McMULLAN: Yes, your Honor.
REDI RECT EXAM NATI ON
BY MR, McMJULLAN:
Q M. WIley, how are you doi ng?
A.  Good.
Q Ckay. Cood.
A. I'mready to ride ny bike.

I'"'mnot sure -- as your |lawer, |I'mnot sure | can advise

that, given your history.

A. Now you're siding with ny wfe.

Q M. Wley, both M. Bearman and M. D etrich asked you to
use a shorthand version and just refer to "the aquifer”

t hroughout your cross-exam nation. They tal ked about the

aqui fer, and they tal ked about the M ddl e d ai borne Aquifer,
tal ked about the M ssissippi Enbaynent; there's been a | ot of
different terns used to refer to the aquifer in the testinony
in the proceeding so far; would you agree?

A.  Yes.

Q Ckay. W tal ked about the scope of your assignnent and
your firm s assignnent. Wen you were hired, was your scope of
your assignnment to determ ne whether there was a single aquifer

underlying Menphis and North M ssi ssippi ?
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A. No. That was not part of ny assignnent.
Q In your initial exam nation of the literature, which
di scussed concerns about punping in M ssissippi affecting North
M ssissippi, did you find variations in reference to the
Menphi s Sands and the Sparta Aquifer?
A, Yes.
Q In your reports, did you at tines use, for shorthand
yoursel f, a reference to Menphis Sands and Sparta?
A.  Yes.
Q Is that because the scope of your assignnent was not to
di scern whether there was a single aquifer or nore than one
aqui fer?
A. That's right.

Q And there was sone di scussion about the fact that there are

cones of depression in this area -- project area, if you

wll -- that exist in Arkansas, for instance; M. Bearnman asked
you about that. | think there was cones of depression in North
M ssissippi. Do you recall that |ine of questions?

A.  Yes.

Q In your review of the literature, when you began your

assignnent, did any of the literature that was | ooking at the

i ssues of punping in Menphis and the effects in M ssissippi

rai se any concerns about cones of depression, other than the
ones enmanating from MLGW-- or Menphis area, nore clearly, nore

accurately?
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A.  Yes.
Q M question is this: The literature that you | ooked at
initially, the discussions in the literature about the effects
of punping in Menphis in M ssissippi, did those articles
i ndi cate any concerns about cones of depression el sewhere?
A.  Yes, they did.
Q Okay. What were they?
A. They -- well, they -- all the USGS reports that | | ooked
at, they were identified as cone of depression that were being
created and what -- what the effects would be then and in the
future.
Q \Vat cone of depression are we tal king about when you
referred to those articles?
A.  The cone of depression that emanated fromthe Menphis area.
Q Thank you for that clarification

There's been a good bit of discussion with you about
the different maps show ng the predevel opment flow. M. Hill
asked you sone questions about it; M. Bearman, too. Let's go
back to P184. |[|I'mnot sure which slide that is. You can pul
that one up. It's the MERAS slide, the particle tracking
slide. P184? Looks like this.

Just a nonent. Slide 17.

M. WIey?
A, Yes.

Q Al this discussion about predevel opnent flow, all those
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references to flow, would the flow we're tal ki ng about be best
depicted in P184?

A It -- it depicts -- it's a good depiction of a good bit of
the flow that starts at the DeSoto County |ine and extends
across the state of M ssissippi.

Q So all the questions you' ve heard that have been put to you
about sone water flowing into Tennessee, we're tal king about
over the course of a period of tine that's depicted in P184;

we' re tal king about thousands of years. |s that correct?

A. That's correct.

Q And is it correct that your assignnent was to evaluate the

effects?
MR. D. BEARMAN. (bj ection, |eading, your Honor.
MR, McMJULLAN: [|'I11 rephrase.
THE COURT: (Objection sustained. Don't |ead the
W t ness.

Q Do you recall a couple of questions about whet her you'd

exam ned the Court's opinion that related to the scope of this

heari ng?
A.  Yes.
Q Ddyou -- were you ever asked -- strike that.

In the course of your work as a hydrogeol ogi st, have
you ever been asked to examine a definition that's been
described by a judge and then try to infer your opinion from

t hat ?
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A No.
Q ©Ddyou do that -- in this assignnent, did you do that?
A.  No.
Q There were sone questions about the extent to which you nay

have relied upon information devel oped by others, including
USGS. Do you recall sone questions about that?
A.  Yes.
Q In your practice as a hydrogeologist, is it standard
practice in your experience to rely on data information
col l ected by the USGS?
A.  Yes.
Q Wth respect to sone of the questions you were asked about
sone m stakes you m ght have nade and not corrected over the
course of the 13 years that you've been involved in working on
this case, do you recall those questions?
A, Yes.
Q D dthe corrections you nade alter any of the fundanental
opi ni ons that you reached, conclusions you reached in the case?
A No.

MR. McMJULLAN. That's all 1've got.

THE COURT: Al right.

Do you have any further cross-exam nation?

MR. D. BEARMAN: Your Honor, if the Court will indul ge
us a few mnutes so we can talk with cocounsel to determ ne

t hat ?
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THE COURT: Ckay. We'Ill have another short recess of

ten m nutes.

MR. D. BEARMAN: Thank you.

(Recess)

THE COURT: Al right. Do you have sone further
questi ons?

MR, D. BEARMAN. Your Honor, Menphis and M.GW have no
further questions.

THE COURT: Ckay.

MR. HILL: Your Honor, Tennessee has no further
questions either, but we would like to nmark this. [It's a slide
of -- the final slide we showed.

THE COURT: Al right.

MR HLL: Mark it as D199 and offer it into evidence.

THE COURT: Ckay.

I's there any objection?

MR. McMJULLAN: No objecti on.

THE COURT: Gve it to ny court clerk

(Def endant's Exhibit D199 received in evidence)

THE COURT: Al right. Wth that, we'll excuse you, |
suppose, M. Wl ey.

(Wtness excused.)

THE COURT: Do you have anot her w tness for
M ssi ssi ppi ?

MR. ELLI NGBURG Your Honor, with one condition, or
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limtation, plaintiff rests. W had indicated that we may cal

their expert, Dr. Waldron, on -- in our case. And the
defendant is representing that Dr. Waldron will be called in
their case, so we can examne himat that point in tine.
Until --

MR FREDERICK: W can't hear you here.

THE COURT: Speak up, everybody. They've got to hear
you.

MR ELLINGBURG I'll do it again, and I'Il talk
| ouder .

M ssi ssi ppi and the defendant have di scussed the
testimony of Dr. Waldron, who is one of their wtnesses.

THE COURT: Right.

MR ELLINGBURG W had indicated that we m ght cal
himin our case, but we were assured that they would put on his
testimony during the hearing, and so we are not calling him
now. We're resting, subject to conpletion of his testinony.

THE COURT:  Ckay.

MR BRANSON: No objection, your Honor. That is our
arrangement. We will be calling Dr. \aldron.

THE COURT: (kay. That's fine. Al right.

So that conpletes the case for the plaintiff?

MR ELLINGBURG That conpletes the case for the
plaintiff, subject to the testinmony of Dr. Wl dron.

THE COURT: Okay. Al right.
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Wth that, where do we go from here?

MR FREDERI CK:  Your Honor, David Frederick for the
State of Tennessee.

| would like to note for the record that we do not
understand Rule 50, the Rules of Gvil Procedure, to apply in
this proceeding, and therefore we are reserving our nmotion for
judgment on the state of the evidence at this tine. But to the
extent that you perceive there to be a need for us to nake a
Rule 50 notion, please consider it to be nade on the basis of
t he absence of proof, at |least by Mssissippi inits case.

THE COURT: (Okay. Well, that's the way | anticipate
that we would followit, so we can get on with the testinony.
And |'ma Special Master, so it's not likely that | would grant
that notion, but it should be filed, and we'll consider it
filed. [I'Il let you argue at a later tine that issue.

MR FREDERI CK: Yes. Thank you.

THE COURT:  Yes.

MR L. BEARMAN. | just want to join in on that
statement by M. Frederick.

THE COURT: Al right. W'Ill have a subsequent tine
In which we will hear argument on that. Your notion is
preserved.

MR FREDERI CK: Thank you, Judge Siler.

The State of Tennessee would like to call Steven

Larson to the stand.
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THE COURT: Al right.

STEVEN LARSON,

called as a witness by the Defendant State of Tennessee,

havi ng been duly sworn, testified as foll ows:

DI RECT EXAM NATI ON
BY MR FREDERI CK:

Q

for

>

> O > O > O > O

Good morning, M. Larson. Wuld you please state your name
the record.

My nane is Steven P. Larson

M. Larson, where do you work?

| work in Bethesda, Maryland.

For what firn®

The firmof S.S. Papadopul os & Associ ates, |ncorporated.

If | refer to it as SSP&A, wi || you understand that?

I will.

And what is SSP&A?

We're a consulting conpany that provides consulting

services in the environmental area and also in -- with respect

to water resources.

> O > O > O

What is your position there?
|'"'ma vice president.

How | ong have you worked there?
Thirty-nine years.

What is your area of expertise?

"' ma hydrologist, but |I've worked al nost all ny career
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basically in groundwater hydrology. So groundwater hydrol ogy

Is the focal area of ny work.

Q \Where did you work prior to SSP&A?

A. | worked for the Water Resources Division of the United
States Ceol ogi cal Survey.

Q If I refer to that as "USGS," will you understand to what
I'"mreferring?

| will.

How | ong did you work at USGS?

| worked at the USGS for about nine years.

What was your position at USGS?

| was a hydrol ogi st.

And what did that position entail?

> O >» O > O F

Initially it entailed conducting various kinds of water
resource investigations in Mnnesota, Mnnesota office of the
USGS. Later on in ny work there, | was transferred to the
headquarters of the United States Geol ogical Survey in Reston,
Virginia, and conducted research primarily in the devel opnent
of computer sinulation nodels.

Q Could you briefly describe your education, please.

A. | have a bachelor's degree in civil engineering fromthe
Uni versity of Mnnesota | obtained in 1969. And | al so have a
master's degree in civil engineering, also fromthe University
of Mnnesota, that | obtained in 1971,

Q Do you belong to any professional organizations?
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A.  Yes, | do.
Q Wich ones?
A. | belong to the Anerican Institute of Hydrol ogy, and al so

to the National G oundwater Association.

Q Have you witten about groundwater hydrol ogy and nodeling?
A Yes, | have.

Q And why are you here today?

A. I'mhere today to provide a technical answer or response to
the Special Master's question that he posed, that | understood
to be the purpose of this hearing.

Q And what did you understand the purpose of the hearing to
be?

A.  To answer the question of whether or not the Mddle

C ai borne Aquifer was an interstate water resource.

Q Okay. Are you being compensated for your work as an expert
in this case?

A Yes, | am

Q What is your rate of conpensation?

A It's varied fromabout $308 per hour to about $316 per
hour .

Q Does the conpensation you receive depend in any way on the
opi nions you render in this case?

A. |t does not.

Q Does the conpensation you receive depend in any way on the

out come of the case?
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A. It does not.

Q Have you previously given expert testinmony in litigation in
connection with your work at SSP&A?

A.  Yes, | have.

Q How many tines have you testified before a judge or a
Special Master or in arbitration?

A, Over 50 tines.

Q Ckay. Have you previously served as a hydrol ogi cal expert
ininterstate water disputes in the Supreme Court of the United
States?

A.  Yes, | have.

Q In what cases?

A. |'ve been an expert in the case between Col orado and Kansas
on the Arkansas River. |'ve been an expert in the case between
Kansas and Nebraska that included Colorado on the Republican
River. | was involved in the case between Nebraska and Womn ng
associated with the Platte River. |'ve been involved in the
case between Montana and Wonm ng on the Yellowstone River. And
|'"ve al so been involved in the case between North Carolina and
South Carolina on the Catawba River.

Q Did each of those cases involve either an equitable
apportionnent or a claimfor a breach of an interstate conpact?
A.  Yes, they did.

Q Didyou testify about groundwater in any of those cases?

A Yes, | did.
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Q In how many of thenf

A. Three, and to sone extent four.

Q Could you briefly describe your testinmony in each of those
cases.

A.  In the case of Kansas vs. Col orado, or Kansas and Col orado,
associated with the Arkansas River, one of the issues was the

I mpact of groundwater devel opnent fromthe aquifer -- aquifers
al ong the Arkansas River and the inpact of that devel opnent on
streamflows. So ny work involved both the nodeling of those

I mpacts and al so the evaluations of streamflow conditions.

In the case between Kansas and Nebraska associ ated
with the Republican River, ny work involved the devel opnent,
along with experts fromthe other states, of a groundwater
model . The purpose of the groundwater nodel was to provide a
way to estimate how the inpacts of punping fromthe QOgallal a
Aqui fer inpacted streamflows in the Republican R ver, because
the streamflows were regul ated by the conpact.

In the case of Nebraska versus Womng, initially I
did alittle bit of work on some -- on some groundwat er
model ing issues. Utimtely the work that | reported on dealt
with eval uations of streamflow conditions along the river

In the case of Mntana versus Womng, | was asked to
devel op estimates of the potential inpacts of water production
associ ated with coal bed nethane devel opnent on streamflows in

the Tongue River, which is a tributary to the Yell owstone
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Ri ver.

Q Have you previously served as a hydrol ogi cal expert in any
nonoriginal jurisdiction cases involving the effects of
groundwat er use?
A Yes.
Q Can you give us sonme exanpl es?
A. \Well, one that cones to mindis inthe -- what's called the
Hueco Bol son -- Bolson, B-OL-SSON It's like a basin

And this is a groundwater area that extended from
Texas into New Mexico. And | was asked as part of that matter
to evaluate the inpacts of future groundwater devel opment -- or
the availability, | should say, of water to neet certain
demands in the State of Texas. The Cty of El Paso was asking
for permts fromthe State of New Mexico to devel op groundwat er
into Mexico, and | was asked to eval uate the inpacts of
potential devel opnent w thin Texas.
Q Thank you. Can | ask you to turn to Exhibit D154 in your
bi nder, pl ease.

I's this the nost up-to-date copy of your curricul um
vitae?
A Yes, it is.

MR FREDERI CK:  Your Honor, we offer M. Larson as an
expert in the field of groundwater hydrol ogy.

THE COURT: Is there any objection to that?

MR ELLI NGBURG  No, your Honor.
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THE COURT: Al right. He is so identified and may

testify as such.
MR FREDERI CK:  Thank you, your Honor.

BY MR FREDERI CK:
Q M. Larson, have you prepared a report in this case?
A Yes, | have.
Q Could you turn to Exhibit D197 in your binder

s that an accurate copy of your expert report?
Yes, it is.
What date was it submtted?
June 30, 2017.

VWhat was your process in putting that report together?

> O > O >

Well, the first step was to make sure | understood what the
focus of ny inquiry was, and that was to read over the report
of the Special Master in which he posed a question that |
understood to be the subject of this hearing. And
under standi ng that question, | then undertook to begin
review ng various docunents and reports that woul d bear on
answering the question of whether the Mddle O aiborne Aquifer
was an interstate water resource.

| also evaluated -- or collected or evaluated -- and
eval uated certain data that was available fromthe US
CGeol ogi cal Survey. And then, basically relying on that
Information and ny experience and expertise, | prepared the

report.
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Di d anyone assist you in preparing the report?
Yes.
Wiat will -- who was that?

Al ex Spili ot opoul os.
Ckay. And what role did he perfornf

He assisted ne in gathering up information, reports, and

> O > O > O

docunents. He also assisted ne in terns of reviewing ny drafts
of the report, to help ne edit and eval uate ny report.
Q \Wat did you rely on in devel opi ng your expert report,
other than the nmaterials you cited?
A Vell, | relied on nmy -- ny training as an engi neer
speci alizing in hydrol ogy and ny many years' experience worKking
in the field of hydrol ogy.
Q Are all of the sources that you relied on in devel opi ng
your report listed in your report?
A Yes, they are.
Q Is there anything in your report that you no | onger believe
to be true?
A No.
Q Have you prepared any other reports in this case?
A Yes, | have.
Q Could you turn to Exhibit D198, please.
What is that?
This is a rebuttal report that | prepared.

Wien was that submtted?

O
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A July 31, 2017.

Q What was your process in putting that together?

A Well, the first step was to review the expert reports that
had been prepared by experts for the State of M ssissippi.
Having -- and after conpleting -- review ng those reports, |
then went back to sone of the documents and reports that | had
previously exam ned and | ooked at other docunents, and al so

| ooked at other data that was available to ne fromthe

US Ceol ogi cal Survey.

Di d anyone assist you in preparing the rebuttal report?
Yes.

Who?

Al ex Spiliotopoulos, Dr. Spiliotopoul os.

How di d he assist you?

> O > O > O

In the same fashion -- he assisted me in this report in the
same fashion that he did in the earlier report, helping me
gather and collect docunments and information and gather data
and helping me edit and review the draft of the report.

Q Are all of the sources that you listed in devel oping your
rebuttal report listed in that report?

A Yes, they are.

Q Is there anything in your rebuttal report that you no

| onger believe to be true?

A No.

Q Now, M. Larson, I'd like to talk about the background on
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aquifers. | believe that you refer to this aquifer as the

M ddl e C ai borne Aquifer; is that correct?

A Yes.

Q Wiy do you call it the Mddle d ai borne Aquifer?

A Well, inreviewng the various reports, one of the nost
recent reports by the US Geol ogical Survey in the devel opnent
of the M ssissippi Enbaynent Regional Aquifer System nodel

| ooked to me to be the nost recent characterization of the
hydrogeol ogy of this area, so | followed the term nol ogy that
t hey devel oped in that report.

Q And remnd us: Wiat is the US Ceol ogi cal Survey?

A, US CGeological Survey is the federal agency that -- anong
their other tasks, one of their tasks is to nonitor and

eval uate the water resources of the United States. They're a
very key agency in collecting water resources data and
conducting water resource investigations.

Q \Wat is groundwater?

A. Goundwater is the water that occurs beneath the |and
surface in the zone that's fully saturated with water. So
bel ow the | and surface, you'll eventually encounter a zone
where the rock or the sedinents are conpletely saturated.
That's the groundwater zone.

Q Is there a nanme for that zone that is saturated?

A Wll, if it's sufficiently perneable, it can be called

aqui fer.
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Q Ckay. What is an aquifer?

A. The sort of technical definition of an aquifer is it's a
formation or a group of formations that are sufficiently
perneabl e that they can provide usable quantities of water to
wel |'s.
Q GCkay. I'dlike to ask you to turnto Figure 1 fromyour
opening report. This is Exhibit D197, and PDF page ten. It's
up on the screen.

What is that a figure of?
A. This is a diagram| obtained fromthe US Geol ogi cal Survey
websi te.
Q Could you briefly explain to Judge Siler how water flows
through an aquifer and how that relates to the water cycle.
A.  Yes. The water cycle, or it's sonetines referred to as the
hydrol ogic cycle, is one which exhibits all the different
facets of how water circulates within the environment. That
I's, evaporation fromlakes and streans and rivers goes into the
atmosphere. It then falls back to earth via precipitation and
I ce and snow. Sone of that water infiltrates into the ground,
and some of that infiltration will reach groundwater, the
saturated zone. And once it reaches the groundwater, it wll
begin to nove fromplaces to what we call recharge, where the
groundwat er originates, toward places of discharge, where the
groundwater will |eave the subsurface.

Q Wien water infiltrates into the ground, does it always
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remain in a single aquifer?

A No. It wll nove through the subsurface, and it can go
fromone aquifer to another, for exanple, or fromone aquifer
through a confining unit into another aquifer.

Q Is there a name given when there are multiple aquifers?
It's often referred to as an aquifer system

Are there other terns that are used?

> O >

O hydrogeol ogi ¢ system
So if | use "hydrologic systent or "aquifer systent
I nt erchangeabl y, do you understand themto nean the sane thing?
A Yes.
Q Now, | show you what has been nmarked Exhibit J4.
What is that?
A. This is areport fromthe US CGeol ogical Survey, by Arthur &
Taylor, in 1998. |It's the cover page of that report.
Q Let's turnto Plate 2, which is J4 at PDF page 61 fromthat
paper. And |'mgoing to put it up on -- it's up on the screen.
Can you tell us what this is, please.
A. Yes. This is a subsurface profile illustrating the
different hydrogeologic units that conprise the M ssissippi
Enmbaynent Aquifer System The profile begins in the northern
areas, north of Kentucky, and extends down through Tennessee
and into Mssissippi. So basically running froma
northeasterly to southwesterly direction is the alignnent of

it, and then we're kind of |ooking at what the subsurface |ooks
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like fromthe side.

Q Does this figure depict an aquifer systenf

A. It does.

Q So can you explain again what an aquifer systemis, perhaps
using this figure.

A, Yes. An aquifer systemis basically the collection of

hydr ogeol ogi ¢ units that are interconnected in sone fashion to
one another and to nake -- they can be also interconnected to
surface streanms. And so you'll have these different |ayers,
somewhat |ike layers of a cake, that conprise different
hydrogeol ogic units. And collectively, they are the

hydr ogeol ogi ¢ system

Q Wat is a hydrogeol ogical unit?

A.  Hydrogeologic units are usually -- are principally defined
based on perneability characteristics. The nore perneable
characteristics, formations or groups of formations that have
more pernmeabl e characteristics, are aquifers, are characterized
as aquifers. Those formations or groups of formations that
have | ower permeability characteristics can be defined as
confinenent units, to indicate their sort of |ess perneable
characteristic.

Q And can you describe briefly how hydrogeologic units are
positioned in an aquifer, or how an aquifer is positioned in a
hydr ogeol ogi ¢ unit.

A. The aquifers will represent -- or the aquifer --
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hydrogeol ogic units that are aquifers will represent nore

extensive areas of the perneable materials. They can be
overlain, and they will have a geographi c extent over some
region. They can be overlain by other aquifers or other
hydrogeol ogic units that are characterized as aquifers, or they
can be overlain or underlain by |ess permeable hydrogeol ogic
units that have been characterized as confining units.
Q Now, a few mnutes ago you described it as |ike |ayers.
Can you describe -- explain what you nean by a "l ayer."
A. A layer would be the geographic extent and delineation of a
particul ar hydrogeologic unit. Like, for exanple, here, the
M ddl e O aiborne Aquifer. It would depict -- or that would be
one of the layers, if you wll, of the aquifer system

If there are other hydrogeol ogic units that have been
identified and their areal extent has been delineated, they
woul d al so be then represented, depending on where they --
where they were, let's say, physically relative to one anot her
in the aquifer system
Are the geologic materials within a | ayer honobgeneous?
No. They will vary fromone place to another
Now, let's look at this figure. Is this figure to scale?
No, it's not.

Howis it not to scal e?

> O > O > O

The vertical scale has been greatly exaggerated, as it says

on the bottomof the chart. And the reason for that is to
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allow us to be able to see and visualize the various

hydr ogeol ogi ¢ units nmuch better.

Q Gkay. |Is the Mddle O aiborne Aquifer depicted on this

pi cture?

A Yes, it is.

Q Is it the area that's been highlighted in yell ow?

A Yes.

Q Gkay. |Is the Mddle O aiborne Aquifer a hydrogeol ogic unit
within the M ssissippi Embaynent ?

A Yes, it is.

Q Do you see the pink highlighted | ayers |abeled "Confining
Units"?

A Yes.

Q Can you explain briefly what a confining unit is.

A, As | nmentioned earlier, in |ooking at hydrogeol ogic units,
those units that are | ess perneable, and therefore water noves
through themless easily than it wll nove through an aquifer,
so they represent lower perneability materials, and the extent
of those on perneability of materials would -- or can be
delineated as a confining unit froma -- in terns of the

hydr ogeol ogi ¢ unit perspective.

Q Are there any other names for these |ayers, other than

"confining units," which you just used?
A, Sonetines they're referred to as "confining beds."

Sonmetimes you may hear the term "aquitard" instead of
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It's nmeant to illustrate the | ess pernmeable characteristic of
the confining units.

Q Are the ternms synononous?

A Yes.

Q Is water able to flow through these confining | ayers?

A Yes.

Q Now, can you describe how that happens.

A. Well, the confining units, as | said, are -- tend to be
areas of less pernmeability. Wien the groundwater is flow ng
through the aquifers, in order to, say, nove fromone aquifer
to anot her, however -- where it may be separated by a confining

unit, it would have to nove generally vertically and pass
through the confining unit. And because of the perneability,
it's alittle nore difficult for water to nove through these
confining units.

Q Now, I'dlike to turnto water flow patterns in different
kinds of aquifers. W have a denonstrative here. Do you
recogni ze this denonstrative?

Yes, | do.

How was it prepared?

It was prepared under ny direction

Does this denonstrative show confining units?

It does.

How does it show t henf

o > O > O P
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A. It shows one confining unit at the top of what we've

Identified as a confined aquifer, and it shows anot her
confining unit beneath the aquifer, establishing a -- the upper
and | ower boundaries of the confined aquifer.

Q So the confined aquifer is between the two confining units?
A Yes.

Q Now, can you explain to Judge Siler what a confined aquifer
I S.

A. A confined aquifer is one in which the potentionetric

| evel -- you may hear it referred to as "potentionetric head";
you may hear it referred to as "groundwater level." But it's
basically the potentionmetric |level of water within the aquifer,
woul d -- that potentionetric level would rise to an el evation
that's above the bottomof the overlying confining layer. In
that respect, it's confined.

Q Sojust so that we're clear, is there a confining unit

| ocated above or on the sides of a confined aquifer?

A. Confining units are |located above the aquifer.

Q Okay. |Is there a nane for the level -- but not on the

si des?

A. Not on the sides.

Q kay. |Is there a nane for the level to which water wl|
reside -- will rise inside a properly drilled well in a
confined aquifer?

A Yes. It's often referred to as the potentionetric |evel,
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or potentiometric elevation, or it could sinply be referred to

as the water level in the well.

Q \What factors contribute to the potentionetric level in a
wel | ?

A. There are two factors. One is the elevation of the point
at which the pressure in the confined aquifer is being
measured, and the other is the pressure in the confined aquifer
at that position.

Q Ckay. Now, | see there's depicted on this figure a well
screen. Wat is a well screen?

A Awell screenis a-- represents opening -- the well is
basically a pipe that's going into the ground, and at the end
of that pipe there will be openings that will allow the water
in the aquifer to enter the pipe. A well screenis a--is a
specifically designed mechanismfor allowing -- for creating
t hose openings and allowing the water to come in and out of the
pi pe.

Q This figure also has words called "water table." Can you
describe what a water table is.

A. The water table is the point beneath the ground surface
where you first encounter fully saturated conditions. It's
basically -- at the top of that water table, the water is at
at mospheric pressure, or roughly atnospheric pressure, and
that's basically the level that the water surface exists in

the -- unconfined aquifer.
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Q Inthis figure, what is the green area bel ow the blue |ine

| abel ed "Water Table"?

A.  That tends to represent an unconfined aquifer that does not
have a confining unit above it, that would serve to create a
confined aquifer.

Q What is an unconfined aquifer?

A, An unconfined aquifer is an aquifer that contains the water
table. So the water table would exist in an unconfined
aquifer, and that's why we call it unconfined -- well, call it
unconfined because there is no confining |layer that woul d neet
the definition of a confined aquifer; but it has the water
table as the upper surface of the aquifer.

Q And what happens if you drill a well into an unconfined
aqui fer?

A. The water level will rise to a certain level, oftentimes or
most of the tinme near the water table.

Q Now, using this figure, how does one determ ne the head or
potentionetric level of a well?

A. The way it's determned is you first neasure the depth to
the water surface that would be in the well. So you -- you
measure fromthe top of the well down to the water surface that
isinthe well. And then you take that value, and along with
the el evation, the topographic elevation, if you will, of the
top of the well, you conpute the potentionetric el evation,

which is the potentionetric |evel associated with that water
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| evel in the well.

Q And I'd like to show you a denonstrative -- this will be
Slide 5.

Do you recogni ze this denonstrative?

A Yes, | do.
Q And what is it?
A, Thisis a-- | prepared this to illustrate how data from

wells, in terms of the potentionetric elevation nmeasured in
those wells, is used to construct a potentionmetric contour nap
and to infer the general directions of groundwater flow from
t hat contour map.

Q Howis it prepared?

A. It was prepared under ny direction.

Q Ckay. what does it show, generally?

A. It shows the steps that we undertake to -- typical steps
that we undertake to -- how we go about constructing the
potentionetric contour maps, and exam ning general path |ines
of groundwater flow.

Q Let's start with Step 1. What does Step 1 depict?

A, Step 1 depicts the locations with the little crosses on
them where we have a well where there's a measurement of the
potentionetric el evation.

Q And what's the difference between the head of a well

| abel ed 2,480 feet and the head at 2,750 feet?

A.  The nunbers represent the potentionmetric el evation neasured
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in that particular well, calculated in the fashion that |

described earlier.

Q Sothisis --

A And --

Q Just so the record is clear, the 2,750 is the nunber of
feet above sea |evel ?

A. Right. These are elevations relative to a datum
Typically the datumis sea |evel

Q GCkay. What does Step 2 depict.

A. Step 2 depicts a generalized way that we woul d interpolate
bet ween these | ocations where we actual ly have nmeasurenents, to
estimate approxi mately where a specific value of the
potentionetric el evation woul d exist between each of the two
poi nts.

Q What do the red nunbers represent?

A.  The red nunbers are |abeling |ocations between two points
where particular elevations are estimated to occur. For
exanpl e, as between the center point at 2,440 and the point
near the right-hand -- lower right-hand area at 2,230, along
that |ine we woul d estinmate approxi mately where an el evation of
2,400 woul d occur and where an el evation of 2,300 would occur.
And we would do that for the other |ines connecting these
points as well.

Q Ckay. What does Step 3 show?

A In Step 3, we would interconnect the line -- via the |ine,
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| ocations where the potentionetric elevation has the same

value. So the contour line would represent a line along which
potentionetric elevation is the sane. Mich |ike a topographic
contour on a topographic map.
Q Is there a nane for those |ines?
A Well, they're referred to as "contour lines," but they
could be called "potentionmetric contour lines" as well.
Q \What does Step 4 represent?
A In Step 4, we're trying to illustrate how we woul d use the
information fromthe potentionetric contour nmap to infer
directions and pat hways of groundwater novenent.
Q Sothe -- I'msorry. | didn't mean to cut you off.

So what do the blue I[ines show?
A.  The blue lines are constructed -- are perpendicular to the
red lines. The red lines are the potentionetric elevation
contours. And we construct |ines perpendicular to those
contours to illustrate the average direction of groundwater
flow, going from higher potential to | ower potenti al
Q And when you say "average direction,"”
t hat ?

what do you nean by

A Well, if you actually ook at individual nolecules of water
as they go through the subsurface, they will w ggle back and
forth and go around sand grains or whatever. But there will be
a general tendency to mgrate in a certain -- or to nove in a

certain direction, and that's what these |ines woul d represent.
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Q Now, | want to return back to the water cycle illustration.

This is D197, Figure 1, at PDF page 10.

Is this flowwthin the aquifer occasional, or does
t hat al ways happen?
A.  This always happens. It's 24/7. The water is recharged
into the ground, and it begins a journey toward places of
di schar ge.
Q And can you remnd us where the water that's flow ng
t hrough the aquifer cones fron?
A It comes frominfiltration at the land surface, either from
rainfall falling on the ground, or fromsnow nelt, or from
seepage out of streans or other surface water bodies. That
infiltration goes into the ground, and some of that
infiltration will reach the groundwater environment.
Q Can you give us sonme exanples of infiltration, and is the
word "recharge" associated also with infiltration?
A. The portion of the infiltration that reaches the
groundwater we would refer to as recharge.
Q Ckay. So can you give us some exanples of this recharge
effect?
A. Recharge is where, like | said, the infiltration and
precipitation and other forns of surface reach the groundwater,
and then they begin nmoving through the groundwater environment
toward places of discharge.

Q Can you explain how discharge works froman aquifer?
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A. Discharge is basically the emergence of the groundwater

i nto other bodies of water, say, on the land surface that could
be seepage into a lowlying area. It could be seepage -- or
seepage and flow to a spring, for exanple; that's the energence
of groundwater on the surface. |t could be seepage into a
wat er body, such as a lake or river, or it could ultimately go
to the ocean and di scharge into the ocean.

Q Gkay. \Wen do discharge and recharge occur?

A.  They occur all the tine.

Q Now, what happens to the water in the aquifer if the rate
of recharge and di scharge are roughly the sane?

A. Wen the rate of recharge and the rate of discharge are
roughly in balance, if you | ook at the potentiometric levels in
the area where that condition exists, you wll find that the
potentionetric levels, elevations wll remain relatively
stable, indicating that there's a bal ance between recharge and
di schar ge.

Q Does the particular water within an aquifer change?

A, Yes. The water is noving through that zone, but the
potentionetric levels remain relatively stable.

Q And what happens if the rate of recharge and di scharge are
different?

A. |If there's either an increase or a decrease in either one
of those, the response will be that the potentionetric levels

woul d change. They will either go up or down, depending on
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whet her the recharge was higher than the discharge or vice

ver sa.

Q Now, I"'mshowing you a figure fromJ40. This is at PDF
page 35. \What does this depict?

A.  This depicts the effects of using wells to punp water on
either a confined aquifer or a confined aquifer.

Q Now, let's discuss the figure on the right. What does that
represent ?

A. This is depicting the conditions associated with punping
wat er out of a well where the well is conpleted in a confined
aqui fer.

Q \Wat happens when punping begins at a particular |ocation?
A.  \Wen the punping froma well begins, what happens is that
the water level in the well will drop, so the potentionetric

| evel will drop. That will cause water to nove toward the well
fromthe area around the well to that point where the ground --
where the potentionetric level in the well has been | owered.

Q Can you explain where the original potentionmetric head can
be seen on this figure?

A. Yes. |If you look at the -- toward the top of the face of
this block, and there's a horizontal dashed |ine that goes
across, that's to illustrate where the initial potentionetric

| evel was before the well started punping.

Q Can you explain where a decline in potentionmetric head can

be seen on this figure?
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A.  You can see that there's a curved |ine beginning at each

side of the face of this, and it curves toward the center and
downward into the well. And so it -- that represents the
potentionetric |evels associated with the area around the well
when the well is being punped.

Q Ckay. Now, that line | think that you were referring to is
called "drawdown."” Is that the termconmonly used to describe
t hi s phenonenon?

A. Yes. "Drawdown" is the termthat we use to reflect the
difference between the potentiometric |level that existed when
the well was not punped to the potentionetric |evel that woul d
exi st when the well is being punped.

Q Does the confined aquifer remain fully saturated when
drawdown occurs?

A, Yes.

Q Now, how does that happen?

A. Because the water |evel has not been drawn down bel ow the
top of the aquifer, and so the aquifer itself still contains --
is fully saturated with water. And the water begins to nove
toward the well.

Q Now, what do the arrows in the confined aquifer at the base
of the figure represent?

A. Those arrows are intended to depict how the water would
move toward the well when the well is punped and the water

| evel in the well has been |owered by the punping.
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Q Wy does the water flow toward the well?

A, The well -- the water level in the well, it becones the

| owest point in terms of potentionetric elevation in the
surrounding area, the area surrounding the well, and the water
renoved fromthe areas of higher potential to areas of | ower
potential, so it begins to nove forward into the well, and then
it"s withdrawn.

Q And what happens to the potentionetric head as you nove
away fromthe punp?

A.  The amount of drawdown in the potentionetric |eve
decreases generally within a radial pattern around the well, so
as you get further and further away, the amount of drawdown
associated with the punmping is less and | ess.

Q Is there a nane for that drawdown pattern?

A.  The overall extent of drawdown inpacts is sometinmes
referred to as the cone of depression.

Q Can you explain what that |ooks Iike in three dinmensions.
A.  Three dinensions kind of |ooks |ike an upside-down cone, or
| heard one description of a funnel, which is characterizing it
as somewhat circular in nature. Because it's sort of radially
around the well, so it looks like sort of an upside-down code.
Q \What affects the shape of the cone of depression?

A.  The hydraulic properties of the aquifer. For exanple, its
perneability characteristics or its storage characteristics --

"storage coefficients", we call them-- as well as the punping
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rate fromthe well.

Q And what about the location of the well? Does that affect
the cone of depression?

A Yes, that will be the center part of the cone of
depressi on.

Q Is there any way to avoid having a cone of depression when
punpi ng?

A No. In order to utilize the resource and punp groundwater,
you have to punmp it out of the ground, and you essentially have
to create a cone of depression.

Q Is a cone of depression inherently bad for an aquifer?

A, No. | nean, that's how you get the water out of the
ground.

Q Wat year did punping begin in the Mddle daiborne

Aqui fer?

A. In the Menphis area, you're referring to?

Q Yes.

A.  In about 1886.

Q Okay. And how does one refer to the period before punping?
A. Before punping, it would be referred to as a period before

devel opment, or predevel opment.

MR FREDERI CK:  Your Honor, |'mjust about to go into
his opinions. Wuld you like me to go into his -- in
I ntroducing his opinions in the case at this tine?

THE COURT: (kay. Well, we can break for lunch, if
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you want ed.

MR FREDERI CK: |'m happy to keep going. | just
wanted to go to your schedul e.

THE COURT: (kay.

MR FREDERI CK: How about if I just introduce what the
opinions are, take ten or so mnutes to do that, and then we
have a --

THE COURT: I'mfine then.

BY MR FREDERI CK:

Q M. Larson, would you briefly explain why you're here

t oday?

A, I'mhere today to address the question that the Speci al

Master raised, that | understood to be the purpose of this

hearing, to determ ne whether or not the Mddle C aiborne

Aquifer is aregional -- or is an interstate water resource.

Q \Wat do you consider an interstate aquifer or interstate

wat er resource to bhe?

A Well, first of all, it would be a single hydrogeol ogic unit

that exists over multiple states and across state boundari es.

And it would also -- also -- it would al so be something that

could -- another factor, | guess, would be one that it is

I nterconnected to other interstate resources, such as other

Interstate aquifers or streams and ot her surface water bodies.
It would also -- it would al so be one where

groundwater is nmoving through it; the groundwater is not
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static, and it's mgrating to places of recharge and di scharge,

and it's not going to stay in one place.

Q Now, you began that explanation by tal king about -- I think
you used the words "single hydrogeol ogic unit." Does the
single unit also have to be continuous, in your opinion?

A. Yes. It would be a single continuous unit that would
extend over nmultiple states.

Q Gkay. How does your -- does your definition of an
Interstate aquifer include both the water and the geol ogi cal
mat eri al ?

A Yes, it would include both of those, because together, the
geologic nmaterials and the water are what make an aquifer.
Ckay. |f you took the water out, what would you have?

You woul d just have a geol ogy of the geologic materials.
Ckay.

You woul d not have an aquifer.

O » O > O

Have you used your definition of "interstate aquifer" in

ot her disputes?

A. Not formally. But obviously I've been involved in other

di sputes where interstate resources were the subject of those
di sput es.

Q Applying the understanding that you just gave us of an

I nterstate aquifer, have you devel oped an opi ni on about whet her
the Mddle Caiborne Aquifer is an interstate aquifer?

A.  Yes, | have.
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Q Wat is that opinion?

A. In ny opinion, the Mddle Caiborne Aquifer is an
interstate water resource.

Q \What are the bases of that opinion?

A Well, the first one, as | said, is it is a single
continuous hydrogeol ogic unit that spans nmultiple states; in
this case, eight states.

Q Okay. Does this accurately reflect the first basis for
your opi ni on?

A Yes, it does.

Q And what was the next basis?

A. That the -- this hydrogeologic unit is interconnected --
hydr ogeol ogi cal |y interconnected to other resources, both
aquifers and to surface water bodies which are also interstate
In nature.

Q Okay. Does this accurately reflect the second basis of
your opi nion?

A, Yes, it does.

Q \Wat was the next basis of your opinion?

A. That the -- that the water is not static; that it's noving
fromplaces of recharge to discharge. So it's not going to
permanently stay in one place.

Q And does that opinion change whether it's predevel opnent or
post devel opnment ?

A No.
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Q Wiy is that?

A. Because the issue is whether the -- the groundwater within
the aquifer is interconnected, and that interconnection wll
allow water to nove either under natural conditions or under
punpi ng conditions through the aquifer
Q And are there any other bases for your opinion that the
Mddle Claiborne is an interstate aquifer?
A Well, the other basis that | have is that when you | ook at
the work that the US Ceol ogi cal Survey has done collectively,
in ny opinion, they recognize the regional nature of the Mddle
Cl ai borne Aquifer and the need to understand and eval uate that
aqui fer on a regional basis that would extend across state
boundaries or other political boundaries.
Q And does this accurately reflect the fourth basis for your
opi ni on?
A Yes, sir, it does.

MR FREDERI CK:  Your Honor, |'mabout to go into a
| ong segnent about the single hydrogeol ogical unit. My I
suggest that this would be a good tine to break before we nove
into that section

THE COURT: (Okay. Court will be in recess to 1:30.

(Luncheon adj our nnent)
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AFTERNOON SESS| ON

1:32 P.M

THE COURT: Al right, M. Frederick

MR ELLINGBURG  Your Honor, before we commence, if |
could, I'd like to introduce Don Kilgore, who's here on behal f
of the Attorney General's Ofice of the State of M ssissippi

THE COURT: Al right. dad to have you.

You nmay proceed.

MR FREDERI CK:  Thank you, Judge Siler.

And wel come back fromlunch, M. Larson.

BY MR FREDERI CK:

Q \Wen we left off for lunch, you had just gone through the
four bases for your opinion, and you'd gotten through all four
in introducing them So what |'d like to do nowis take the
first one in order and go through themin nore detail.

You testified that one of the bases of your opinions
was that the Mddle Caiborne is a continuous hydrogeol ogi cal
unit that extends beneath eight states. Can you explain what
you nean by that.

A \Well, it has continuity over these areas in terms of its
character and physical properties. It has continuity over the
area in terms of the ability of groundwater to nove, as

Il lustrated by potentionetric contours; there's a continuity to
t hose.

And that when you | ook at the effects of groundwater
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devel opment, that you can see the continuity and the effects of

those in terns of propagating fromone area to another within
the aquifer.

Q So before we get too far into your analysis, I'd like to
briefly discuss some nonenclature. Let's put Exhibit J18 --
this is the dark & Hart 2009. And can you tell us what this
Y

A. This is the cover page of the report by Clark & Hart of the
USGS in 2009, documenting their devel opnment of the groundwater
fl ow nmodel called MERAS

Q And did you rely on this in fornulating your expert
opi ni on?

A. Yes. This is one of the documents that | reviewed.

Q Solet's turnto Table 1, which is at PDF page 15 of this
docunent. Can you tell us what this is.

A. Yes. This is a table that shows the correlation between
hydrogeol ogi ¢ units and nodel |ayers that have been identified
for use in this report and how that correlates with other nanes
that these various hydrogeologic units nmay be referred to.

Q GCkay. And what is the colum second fromthe right
entitled?

A.  That colum is the hydrogeologic -- identifies the

hydr ogeol ogi ¢ units.

Q Can you rem nd us again what a hydrogeologic unit is?

A.  Hydrogeologic units are distinguished nainly on the basis
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of the perneability characteristics; that is, the nore

perneabl e units, hydrogeol ogic units, would be distinguished as
aqui fers; the | ess pernmeabl e hydrogeol ogic units woul d be
di stingui shed as confining units. O -- confining units.
Q And is this how the USGS classifies hydrogeol ogi cal units?
A.  Yes. Looking at groundwater flow characteristics, they
want to use this kind of a classification.
Q Does the perneability have to be the same throughout the
| ayer ?
A. No, it does not.
Q And why would it be inportant for the USGS to identify
di fferent hydrogeol ogi cal units?
A. Because they're trying to understand the nature of
groundwater flow within the overall systemand how that
groundwater flow mght be affected or nodified by the different
hydrogeol ogic units; that is, aquifers or confining units that
exist wthin the overall system
Q Sothis table lists the aquifers in confining units in the
M ssi ssi ppi Enbaynent Regional Aquifer System is that correct?
A Yes.
Q GCkay. Is the Mddle Caiborne Aquifer identified as a
hydr ogeol ogi ¢ unit?
A Yes, it is.
Q Okay. I'd like to highlight that.

And is that the highlighted area depicted on the table
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now?

A Yes.

Q Gkay. Wy does it say "Lower Caiborne Aquifer" in that
part of the Mddle O aiborne Aquifer hydrogeol ogic unit?

A. \Well, portions of the Mddle C aiborne Aquifer in sone
areas add characteristics that are considered to be nmore of a
confined unit character. And so they are distinguishing that
In areas where that mght exist, they're referring to sort of a
subunit of the aquifer as the Lower C aiborne Aquifer.

Q In your opinion, is the Lower O aiborne Aquifer part of the
same hydrogeol ogi cal unit?

A Yes, | believe it is.

Q GCkay. Wy do you think that?

A. Because there's no barrier to interconnection between the
two units. In other words, they're all -- well, groundwater
can flow fromone unit to the other, laterally, within the
system

Q Now, why does the -- do you know why the USGS sonetimes
refers to this using different names, this section?

A Well, | think they're trying to subdivide the

hydr ogeol ogi cal units into things that they can then use to
assenble into their overall evaluation of groundwater flow,

I ncl udi ng devel opnent of the groundwater nodel.

Q Okay. And what information is contained in the colums

i mediately to the left of the one that we were just |ooking
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at ?

A. In the colums to the left?

Q Yes.

A.  Yeah, these are geologic nanes that are used at various
times and in various places that correlate with the
hydrogeol ogi ¢ units they've identified for purposes of this
report.

Q What regional nanes are included for the Mddle O aiborne
Aqui fer?

A, \Well, you can see that the Menphis Sand and the Sparta Sand
are -- are referred to, at least as regard to portions of the
M ddl e O aiborne Aquifer. There's also the Meridian Sand.

So you can see a nunber of different descriptors,
geol ogi ¢ descriptors, of those units -- those formations that
are part or wwthin the Mddle O aiborne hydrol ogical unit.

Q These are all names for the sanme hydrogeol ogic unit?

A, Yes. They're trying to show the correlation between those
nanes and the hydrogeol ogic unit that they've identified.

Q Are there any other names used for the Mddle O aiborne
Aqui fer?

A Wll, it's sometines referred to the Menphis Sand or the
Menphis Sparta Sand, or sonetimes it's referred to as the

500- Foot Sand.

Q Okay. So when we were hearing testimony earlier in this

hearing about the 500-Foot Sand, that is the same aquifer as
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what we were calling the Mddle O aiborne Aquifer?

A Yes.
Q Gkay. Are you aware of any other aquifers where the nane
varies in different regions?
A.  Yeah. This is not uncommon. Oten when you have |ayered
systens like this, there will be variations in nanes,
especi al |y between the hydrogeol ogic unit characterization and,
say, the geologic formation characterization.
Q I'dlike to turn your attention to Figure 14G of this sane
exhibit. This is J18 at PDF page 37.

What does this show?
A This is a map fromCark & Hart, 2009 report, and it
depi cts sand content within a portion of the Mddle C aiborne
Aqui fer over the area of the M ssissippi Enbaynent Regi onal
Aqui fer System
Q \Wat is the thick brown l[ine, |abeled as "Mdel Area" on
this map, show?
A.  That represents the boundary of the Mddle O aiborne --
M ssi ssi ppi Enbayment Regi onal Aquifer Systemthat they were
I nvestigating -- that they are investigating.
Q And what's the thinner black line inmrediately around the
shadi ng of the nmap?
A.  That represents the extent of the Mddle O aiborne Aquifer
within what's called Layer 7 of the nodel.

Q How does the geographic extent of the Mddle d aiborne
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Aqui fer conpare with the M ssissippi Enbaynent?

A It's slightly smaller than the extent for the M ssissipp
Embayment .

Q \Wat states does the Mddle d ai borne extend beneath?

A, You can see it extends from Kentucky and Illinois and

M ssouri up on the north to Tennessee and Arkansas at the
center and M ssissippi and Arkansas further down, and then at
the very south end, Louisiana and Al abama.

Q Okay. Are there any barriers to water flowin the Mddle
C ai borne that prevent groundwater fromflowing laterally
across the aquifer?

A, No, there are no barriers there.

Q And would you consider it to be an interconnected

hydr ogeol ogi c unit?

A.  Yes, | would consider it to be interconnected.

Q Can you describe the conposition of the geol ogical matrix
of the mddle d aiborne?

A. Yes. It's predomnantly a sandy environment, but it can
have interbedded |ayers of silt or |ess perneable materials.
But the bulk of it is sand or sand and gravel.

Q Gkay. Can you explain what the different colors of brown
represent.

A Onthis map, the different colors of brown represent the
different ambunts as a percentage of the sand content at

different |ocations throughout the area.
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Q M. Larson, how do you tell that the Mddle d aiborne and

the water in it is hydrogeologically continuous?

A. By looking at maps |like this that describe the character of
the materials over the geology -- the geographic area, and the
continuity of those materials.

Q Are the hydrogeol ogical properties of the aquifer inportant
in determning the continuity for your purposes?

A.  Yes, because you need to understand the continuity of

the -- not only the characterization, |ike we see here, of the
amounts of sand, but also the continuity in terms of the
characteristics of pernmeability and the storage factors
associated with the aquifer

Q GCkay. And what about potentionetric surfaces and water

| evel s? Is that factor inportant to determ ning

hydr ogeol ogi cal continuity?

A.  Yes. The mapping of the potentiometric contours
Illustrates continuity of the potentionmetric levels within the
aqui fer, but also is illustrative of the groundwater flow
patterns that exist within the aquifer

Q Are punping effects inportant to determning the

hydr ogeol ogi cal continuity of the aquifer?

A.  Yes. Punping effects are inportant in terns of
dermonstrating the degree to which punping effects spread and
are continuous throughout the aquifer.

Q So let's talk about each of these factors. Are the
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hydrol ogi cal and geol ogi cal properties of the Mddle d aiborne

t he sane throughout the aquifer?

A, No, they're not the sane. They'|Il vary fromplace to

pl ace.

Q And does that -- do those differences affect your
concl usi on about the hydrogeol ogi cal continuity?

A.  No, because they are just reflecting variations in the
property that don't represent barriers to safe flow, or the
effects of punping, for exanple.

Q Is that typical of aquifers?

A, Yes, the aquifers are nore perneable units that are
geogr aphi cal | y di stingui shabl e.

Q GCkay. And can you explain what you mean by
"hydrogeol ogi cal properties that extend"; what does that nean
in the context of a large regional aquifer like this?

A.  That as you go fromplace to place, you have this area,
you'll be able to look at the perneability and characteristics
and the storage characteristics to showthat it is a continuous
unit fromthe standpoint of its character.

Q Do the state lines have any effect on the hydrogeol ogi ca
properties of the Mddle O aiborne Aquifer?

A.  No, as you can see on this particular slide, state
boundaries do not have an influence on these patterns.

Q Wat does this figure denonstrate to you about the

continuity of the geol ogical conposition of the sand?
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A It illustrates their continuity in the -- the occurrence of

the sand within -- at least within this portion of the Mddle
C ai borne Aquifer throughout the area.
Q In the Mssissippi/Tennessee border region, does the
percentage of sand vary?
A Wll, the map illustrates that along that
M ssi ssi ppi / Tennessee border area, that there's a very high
sand content; it's between 81 and 100 percent. And while
there's sone variation, it extends from considerably north --
that |evel of sand percentages extends fromvery north of the
border to significantly south of the border
Q How does this figure informyour opinion about the area of
the aquifer that Mssissippi is calling the Mssissippi Sands
I n Tennessee?
A.  Mssissippi Sands --
Q Sorry, sorry, sorry. Let me start that over

How does this figure informyour opinion about what
M ssi ssi ppi has called the Menphis Sands in Tennessee?
A Well, this illustrates that the Menphis Sands in Tennessee
has a very high sand content and is -- that sand is continuous
going into M ssissippi
Q How does it informyour opinion about what M ssissippi is
calling the Sparta Sand in M ssissippi?
A. This diagramillustrates that that also has a high sand

content, and that sand content extends -- the high sand content
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extends into Tennessee.

Q Does the simlarity in the sand content influence your

j udgnent about the identification of the Mddle O aiborne
Aqui fer as a hydrogeol ogi cal unit?

A.  Yes, that's one of the factors that is -- are used to
define the hydrogeol ogi cal units.

Q Does the sand conposition affect the perneability of the
aqui fer?

A. Again, the sand itself tends to be in the nore perneable
range of things. So that perneability is what helps to

di stinguish that hydrogeol ogic unit as an aquifer.

Q And is the 81 to 100 percent sand conposition relatively
per meabl e?

A. It should be relatively perneable, yes.

Q Ckay. And what does that say to you about the novenent of
water in that kind of sand conposition?

A.  That the characterization of it as an aquifer that can
conduct water reasonably readily is an appropriate one.

Q D d you consider the continuity of any other

hydr ogeol ogi cal properties of the Mddle C ai borne Aquifer?
A. Well, | considered the -- | [ooked at variations in
hydraulic conductivity and transmssivity, as was described in
here, and then | also | ooked at the continuity of
potentiometric el evations and groundwater flow.

Q How are those properties affected by state boundaries?
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A. The state boundaries don't have an influence on the

continuity of those kinds of characteristics.
Q Let's turn to your second point, that the potentionetric
surfaces and water levels within the Mddle O aiborne continue
across state lines without interruption.

Let's put up Exhibit J7. This is Schrader 2008 --
sorry, J71. So the record is clear, this is Exhibit J71

What is this?
A. This is a potentionetric surface map of the Mddle
Caiborne. It's on -- on here it's called the Sparta Menphis
Aqui fer, over the M ssissippi Enbaynent Regional Aquifer
System and it's potentionetric |evels that are contoured over
t hat region.
Q kay. And what does the map show about those
potentiometric surfaces in the Mddle C aiborne and the
relationship to state boundaries?
A, Well, you can see that there's a continuity across the
state boundaries, and the state boundaries do not disrupt the
patterns of the contours as they -- as you cross the
boundari es.
Q And how does that relate to your conclusion about -- that
the Mddle Oaiborne Aquifer is an interstate aquifer?
A Well, it denonstrates that there is groundwater novenent
going fromareas of recharged places of discharge, and so the

water is noving, and that the state boundaries don't disrupt
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t hat nmovenent.

Q And you can tell that by |ooking at these potentionetric
| i nes?
A. That's correct.
Q Okay. Now let's turn to the point about punping, and how
punping in one area of the Mddle Caiborne affects the water
in the other,

s there punping in the Mddle C aiborne Aquifer?
A.  Yes, there is.
Q And do you know -- what do you understand the angle of the
wells in Tennessee to be?
A. M understanding is that they're vertical wells; that they
go vertically down into the earth.
Q GCkay. And what happens to the potentionmetric surface in
the aquifer around those vertical wells?
A \Well, when the wells are punped, as we've tal ked about
earlier, the potentionetric levels will be drawn down, and
cones of depression will develop around the wells.
Q Now, looking again at this Schrader map, what do the |ight
gray areas on the nmap represent?
A.  They represent the general areas of cones of depression, or
overl apping cones of depression, in different parts of the
aqui fer.
Q So roughly how many different cones of depression do you

see depicted on this nap?
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A. | think they mention about 20, if | remenber correctly,

something like that, some small and some |arger
Q So 20 cones of depression in the Mddle Caiborne is -- are
depicted on this map?
A Yes, | think so.
Q Ckay. Now, can you tell us alittle bit nore about the
geographi c extent and the effect on the potentionetric surface
froma cone of depression around Menphis in the Mddle
d ai bor ne?

Let's expand that. This is the same Schrader 2008
map.

Can you identify -- does the circle represent where
Menphi s is, roughly?
A Yes, it does.
Q Gkay. And then does punping in Mssissippi create a cone
of depression?
A Yes, it does. It creates overlapping cones of depression.
Q Al right. And in this gray area depiction, does the cone
of depression cross state |ines?
A Yes, it does.
Q Wich states does it cross?
A.  As depicted on here, it crosses into Mssissippi, and it
al so crosses to the south, and it also crosses over into
Arkansas to the west.

Q Ckay. And | believe you said that pumping in M ssissipp
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creates a cone of depression. Did | get that right?

A.  Punping in M ssissippi?

Q Yes.

A.  Yeah, punping around any well will create cones of
depressi on.

Q And woul d the cones of depression by punping in M ssissippi
extend into Tennessee?

A Yes, it can.

Q Gkay. And how would that happen?

MR ELLINGBURG |'mgoing to object to himcontinuing
to testify about what can, mght be, could, would. None of
that's --

THE COURT: | understand that's not the case. You can
go further on that. Overruled.

MR ELLINGBURG And | have a continuing objection to
t hat .

THE COURT: You nay.

MR, ELLI NGBURG  Thank you.

A.  Can you repeat the question?
Q Sure. And I'll rephrase it.

Do the cones of depression from M ssissippi punping

extend into Tennessee?
A Yes.
Q GCkay. And do the cones of depression extend across other

state boundaries in the Mddl e O aiborne Aquifer?
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A Yes.

Q Can you show us, using this diagramon the

M ssi ssi ppi / Loui si ana border, does this depict any cones of
depression extending across state boundaries there?

A Yes, it does.

Q Can you explain that further to Judge Siler

A.  Yes. As you can see, there's a cone of depression that's
devel oped in Mssissippi that extends over to and slightly into
Loui siana to the west. And water flow has been altered in that
area toward a cone of depression in M ssissippi

Q Now, let's look at the Arkansas/Louisiana border. Wat is
shown there?

A.  This is another overlapping -- a series of overlapping
cones of depression.

Q And do those cones of depression affect water flow across
state boundaries?

A.  Yes, they do.

Q What do those cross-border cones of depression reveal about
the extent of the Mddle O aiborne Aquifer?

A, Well, they denonstrate to ne that there is continuity in

t hese physical properties that allows these cones of depression
to spread, and to spread beyond state boundari es.

Q M. Larson, were you in the courtroomwhen M ssissippi's
experts testified?

A Yes, | was.
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Q And you heard Mssissippi's experts testify about the o7
facies change in the Mddle O ai borne Aquifer, correct?

A Yes, | did.

Q Didthat feature have any effect on your conclusion that

the Mddle Oaiborne is a single continuous hydrogeol ogi cal

unit extending beneath nultiple states?

A. No, it does not.

Q Wat is a facies change?

A. A facies change is a gradual -- typically a gradual change

in the character of the naterials as you nove fromone place to
another. It wll go from say, a nore coarse-grain type of
material and transition over some distance into a nore fine
grain.
Q Wat is your understanding of the facies change in the
M ddl e d ai borne Aquifer?
A. That there is an area, at least within portions of the
M ddl e O ai borne hydrogeol ogi cal unit, where the character
transitions froma nore coarse-grain type of material to a nore
fine-grain type of material
Q Let's look at Exhibit J4 and page 61, the north/south
cross-section fromArthur & Tayl or depicting the M ssissippi
Enbayment .

I's the highlighted area formng a two-pronged shape
the Mddle C aiborne Aquifer?
A, Yes.
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Q Howis the facies change we've been discussing depicted in

this figure?

A, Well, you can see in between the colums of the forks,
you'll see this gray area extending fromthe left to the right,
with sort of a fuzzy edge on it on the right-hand side.

That's -- that area, general area, is where the facies change
occurs.

Q Now, if I highlight in pink, does that help to show exactly
what you're tal king about?

A. Yes. And if you look at the right-hand side of that pink
area, over to the east, you'll see the jagged |ine indicating
there is a transition froma nore perneable material, Mddle

C ai borne Aquifer material, changing over into a | ess perneabl e
material that's then characterized as a confining unit.

Q And what does the jagged line -- what does that represent?
A | think that -- well, nmy understanding is it represents the
transition, and there's not a sharp boundary where it changes
fromone to the other

Q Does the Mddle daiborne Aquifer extend both north and
south of the facies change?

A Yes, it does.

Q Is the Lower Claiborne Confining Unit in the key the

| ateral flow of groundwater within the Mddle d aiborne

Aqui fer?

A, No.
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Q Can you explain why?

A. Because when you |l ook at the aquifer naterials, the nore
perneable materials, there is continuity to those above and
below the Mddle -- the Lower C aiborne Confining Unit, and
that continuity will allow water to flow one way or the other
above the facies change or below the facies change. And the
effects of punping on one side or the other can be transmtted
across that area fromone place to another.
Q Is there any inpedinent to water flowng in the Mddle
Cl ai borne fromthe top prong above the confining unit and into
the handl e of the -- of what we've got on yellow there?
A. No. They are both aquifer-type materials, and so they flow
more readily back and forth across that area.
Q Can water flowfromthe bottomfork of the Mddle
d ai bor ne?

MR ELLINGBURG (nhject. Chjectionto form He's
calling for speculation with respect to the "can."

THE COURT: Well, | understand that.

MR FREDERI CK:  Your Honor, he's --

THE COURT: | understand.

Go ahead.
BY MR FREDERI CK:
Q Does water flow, in your expert opinion, M. Larson, from
the lower prong of the Mddle Caiborne Aquifer to the larger

portion of the Mddle C aiborne Aquifer?
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A Yes.

Q Does water flow fromthe upper part of the Mddle d aiborne
past the facies change to the |arger section of the Mddle

C ai borne Aquifer?

A Yes.

Q Does water nmove in either direction, depending on
hydr ogeol ogi cal characteristics, in the manner that | just
descri bed?

A. Yes, depending on those characteristics.

Q kay. Now, can a cone of depression -- or does a cone of
depression, caused by punping north of where the confining unit
I's, extend into the aquifer south of the confining unit?

A Yes, it will pronulgate through that area fromone side or
t he ot her.

Q And what about vice versa?

A.  And vice versa.

Q GCkay. |Is the potentionetric level in the Mddle O aiborne
continuous across the facies change?

A Yes, it is.

Q How do you know that?

A. By looking at maps that have been prepared that depict
potentionetric levels within the Mddle C aiborne aquifer.

Q Are there any differences in the physical characteristics
of the Mddle C aiborne on opposite sides of that transition?

A. Well, there are variations throughout the aquifer, but
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basically it tends to be predom nantly sand on one side and

predom nantly sand on the other side.

Q Are the naming variations related to the areas of the
aqui fer north and south of facies change?

Are there namng variations? |s that what you're asking?
Yes.

Yes, there are.

What are they?

> O > O >

Well, typically, to the north, it's referred to, say, as
the Menphis Sand, perhaps, or the Menphis Aquifer, or the

500- Foot Sand. Toward the south, it may be referred to as the
Sparta Sand; that upper portion could be referred to as the
Sparta Sand.

Q Are the Menphis Sand and the Sparta Sand separate aquifers?
A. No, they're all part of the hydrogeologic unit that's been
defined as the Mddle C aiborne Aquifer.

Q Didyou hear Dr. Spruill testify that the Menphis Sand and
the Sparta Sand are separate aquifers within the Mddle

d ai bor ne?

A Yes, | did.

Q And do you agree with that?

A. No, | think they are part of the overall hydrogeol ogic unit
that is the Mddle C aiborne Aquifer.

Q GCkay. And why do you have that concl usion?

A. Because there's a continuity in terms of the materials and
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the ability of water to nove within those areas fromone to the

other, fromone area to the other.

Q Now, if you could assume just for the nmonent that there are
two separate aquifers called the Menphis Sand and the Sparta
Sand within a larger formation, would that change your

anal ysi s?

A.  No, because there's continuity.

Q Ckay. And when you say "continuity," explain exactly what
you nmean by that in terns of water flow

A. It neans that there's not a -- a barrier between where it's
being called one thing and where it's being called another
thing that would prevent water flow fromnoving fromone to the
other, or prevent the effects of punping frombeing transmtted
across the place where the name change is being used, in either
direction; either fromone -- say, south to north or north to
sout h.

Q Now, M. Larson, can you consider for a nonent just the
part of the aquifer that M ssissippi has been referring to as
the Menphis Sand. |n your opinion, is that an interstate

aqui fer?

A Yes, it is.

Q Now, why do you believe that the Menphis Sand, as conceived
by Mssissippi, is an interstate aquifer?

A. Because it covers nultiple states, or it underlies multiple

states.
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Q \What states does what M ssissippi calls the Menphis Sand
lie beneath?
A Well, it would |lie between portions of M ssissippi,

portions of Tennessee, portions of Arkansas.

Q Gkay. Any other states?

A. Probably Kentucky as well.

Q Gkay. M. Larson, can you consider for a nmonment just what
M ssi ssippi has been calling the Sparta Sand: |s that an
Interstate aquifer?

A Yes, | believe it is.

Q And why do you believe what M ssissippi has called the
Sparta Sand an interstate aquifer?

A. Because in the table that we | ooked at earlier, you can see
that there are several states where that term nology is being
used, the Sparta Sand.

Q And what states does what M ssissippi calls the Sparta Sand
l'ie beneath?

A, M recollection was it was M ssissippi, portions of
Arkansas, and Louisiana. | don't remenber if it got down to

Al abama or not .

Q Okay. |Is the area below the Lower O aiborne Confining Unit
sometimes called by different names?

A Yes, it is.

Q \Wat are those names?

A One of themis called -- well, it's referred to as the
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Lower C ai borne Aquifer hydrogeol ogic unit, or subunit, within

the MERAS; but it's also referred to as the Meridian Sand, at
| east in some areas.

Q Okay. |Is the Lower O aiborne Aquifer separate fromthe
M ddl e C ai borne aquifer?

A. No, | don't believe so.

Q What does that tell you about the nature of the Mddle

Cl ai borne Aquifer?

A. That its extent covers -- well, that it's in hydraulic
comuni cation with these other areas that have been given ot her
names.

Q And when you say "hydraulic communication,” what do you
mean by that?

A. | mean that there's no barrier that presents flow from
going fromone to the other, or prevents the effects of punping
frombeing transmtted fromone to the other.

Q How does this relate to your conclusion about the Mddle
State -- or, sorry, about the Mddle C aiborne Aquifer?

A. It relates to that in the fact that this illustrates the
continuity of these aquifers and the actual naterials

t hroughout the M ssissippi Enbaynent Regional Aquifer System
Q Does it support your conclusion that the Mddle C aiborne
Is an interstate aquifer?

A Yes.

Q Let's nove to the second basis of your opinion. Wiat is
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t hat ? o1
A. That the Mddle Caiborne Aquifer is hydraulically and
hydrol ogi cal |y interconnected to other aquifers and ot her

hydr ogeol ogi ¢ units and surface water within the M ssissippi
Enbaynent Regi onal Aquifer System

Q Let's look at J19, which is at PDF page 21, the Cark &

Hart -- well, let's first start with the first one. Let's |ook

at J19.

Can you identify what that is?
A. This is the cover page of a report by Gark and others in
2011. It's another USGS report that | reviewed.
Q GCkay. And let's turnto Figure 6, which is J19 at PDF
page 21. \What does this depict?
A. This is sort of a three-dinensional cutaway of the
subsurface environment and the surface environnent extending to
the north froman area just south of the Louisiana/Arkansas
border. And it's cut away to illustrate the different
hydr ogeol ogic units and the flow patterns under the
predevel opment scenari o.
Q \Wat do the white arrows on this figure depict?
A. They illustrate how the groundwater woul d nove under the
predevel opment condition; that is, prior to any punping, how it
woul d nove fromareas of recharge to areas of discharge.
Q Do those arrows depict movenment through the confining

| ayers?
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A.  Yes, you can see the arrows pointing fromeither side of

t he Enbayment, east side to the right and the west side to the
| eft, migrating wwthin the aquifers for -- or the flowwthin
the aquifers for some distance, and then curving up and
discharging into the central part of the Enbayment through
other aquifers and confining units, ultimately discharging into
the alluvial aquifer in the Mssissippi River.

Q What do the black arrows show?

A. The black arrows are intended to depict recharge areas --
areas where there is recharge to the groundwater system

Q Ckay. What effects can punping in one aquifer have on
water in an adjoining aquifer?

A \Well, the pumping will reduce the potentionetric levels in
the aquifer that's being punmped. That will also alter the flow
patterns between the aquifers. And for exanple, if groundwater
prior to the punping was flow ng upward fromone aquifer -- the
punped aquifer to an overlying aquifer, the punping coul d
reduce those flows into the other aquifer, or even reverse the
flows.

Q Okay. | believe you earlier testified that there were
multiple aquifers in the M ssissippi Enbaynent.

A, Yes.

Q Are there -- other aquifers in the M ssissippi Enmbaynent,
are they also interstate aquifers?

A, Yes.
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Q How do you know that?

A. Well, for exanple, you can | ook on here. You can see that
the alluvial aquifer, which is the lighter-colored area at the
top of the diagram you can see how it goes from Louisiana, an
extension of Louisiana into Mssissippi and up into Arkansas
and portions of Tennessee and Mssouri and on up. So it
underlies multiple states as well.
Q I'mshowi ng you Figure 2. Let's look at Exhibit J19 and
PDF page 16. This is Figure 2 fromthe sane exhibit.

VWhat does this depict?
A, This is a figure fromthe Cark and others 2011 USGS
report, and it illustrates various streans, surface water
features, throughout the M ssissippi Enmbaynment that are
hydrol ogi cal |y connected to the sub -- the regional aquifer
system
Q Can you remnd us what the thick brown line is?
A. That's the extent of the M ssissippi Enbaynment Regi onal
Aqui fer Study.
Q kay. Are the rivers hydrologically interconnected wth
the Mddle O aiborne Aquifer?
A Yes, they are.
Q How do you know that?
A. By looking at the different layers -- or the different
units, and how they're positioned relative to one another and

how they are then related to the surface streans; that is, in

Alpha Reporting Corporation




© 00 N o o A W DN

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

Proceedings - May 22, 2019

618
portions of the area, the surface streans, they go across the

outcrop area of the Mddle O aiborne Aquifer. They will also
fl ow across portions of other aquifers, such as the alluvial
aqui fer, and the Mddle O aiborne Aquifer is hydrologically
connected in this systemto that alluvial aquifer.
Q Is it like what you were showing with the water cycle
denonstrative or figure?
A Yes.
Q Wat rivers in the area around Menphis are interconnected
with the M ssissippi Enbaynent ?
A.  You can see the Wlf River, for exanple, that begins in
M ssi ssippi, over to the right-hand side, and flows generally
westward across this into Tennessee, and then goes over and
eventual |y discharges into the M ssissippi River.

That's -- that's one of them
Q Are there any others?
A, \Well, there are others that go into the outcrop areas, but
not right near that boundary.
Q Okay. But in your view, does that affect the
I nt erconnection between the surface rivers and the aquifer?
A. No. These -- these various rivers wll be interconnected
with various portions of the regional aquifer system including
the Mddl e d aiborne Aquifer.
Q How does the flow pattern of the WIf River affect your

conclusion that the Mddle C aiborne Aquifer is an interstate
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resource?

A, Well, you can see that the WIlf R ver begins in Tennessee
and flows across the M ssissippi/Tennessee -- or border into
Tennessee. So it is an interstate resource, and it is inter --
hydrol ogically interconnected wth the Mddle O aiborne
Aquifer. And that supports -- that in part, anyway, supports
my concl usion.

Q Howis the WIf R ver hydrologically interconnected with
the aquifer?

A, \Well, there are portions of the river where seepage from
the river provides recharge to the Mddle O aiborne Aquifer,
and there are portions where groundwater discharged fromthe
M ddl e O ai borne Aquifer can go into the Wl f River.

Q Howis the Mssissippi River interconnected with the
Enbayment and the M ddle C ai borne Aquifer?

A Well, the Mssissippi River goes down the central portion
of the Enbaynment and is connected, for the nost part, to the
alluvial aquifer. And as we've seen in some of these diagrans
about how the various hydrostatic -- hydrogeologic units are
I nterconnected, there is a hydrologic connection through our
aqui fers, or confining units, into the alluvial aquifer and
subsequently into the Mssissippi River.

Q Are any of those bodies of water directly connected with
the Mddle d aiborne Aquifer?

A Well, sonme, like the Wlf River, for exanple, are.
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Q But again, you described, | believe, just a moment ago, the

different layers; they would be connected through the |ayers.

Is that your --
A Yes.
Q -- understanding? Ckay.

Are any of those rivers interstate, that interconnect
with the Mddle O aiborne Aquifer?
A Wll, the WIf River, as |'ve tal ked about, is a river that
goes from M ssissippi into Tennessee, subsequently into the
M ssi ssippi River, which then is an interstate river as well.
Q M. Larson, have you anal yzed connecti ons between
groundwat er and interstate bodies of surface water in other
original jurisdiction cases in the US Supreme Court?
A Yes, | have.
Q What was the nature of the relief sought in those cases?
A Wll, the -- I'll give you an exanple. In the Republican
Ri ver case, the relief sought was that punping fromthe
Qgal I al a Aquifer was having depletive effects on the stream
flows of the Republican River. And the streamflows of the
Republican River were regul ated by the Republican River Conpact
and divided anong the states. So to the extent that the
punpi ng was affecting those streamflows, that was a factor
that needed to be included in the accounting and the allocation
of the water anong the states.

Q Wen you say "conpact,” do you mean an agreenent between
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the states over howto allocate the water?

A Yes.
Q Let's look at Slide 21

How do those connections to interstate bodies of water
relate to your conclusion about the Mddle C aiborne Aquifer?
A. They -- | believe that the interconnection between the
M ddl e O ai borne Aquifer and these other aquifers that are al so
interstate in nature, or surface water bodies that are
interstate in nature, supports mnmy conclusion that the Mddle
Claiborne is an interstate water resource.
Q Thank you. Let's look at the third one.

What's the next basis of your conclusion that the
M ddl e O ai borne Aquifer, including the water init, is
Interstate? Third one.
A. I'msorry, would you repeat the question?
Q Yes. Tell us what your third -- the third basis of your
concl usi ons.
A.  That there is groundwater novement within the Mddle
( ai borne Aquifer. The water is not static; it's not stored
permanently in one place. And it's noving, and it was noving
I n predevel opnent times, and it's noving today, and that that
movenent takes the water across state boundari es.
Q Just so that we're clear, when you say water is not static,
what do you mean by that?

A, That it's not -- that it's not not noving.
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Ckay. So "static" means "still"?

Q
A Still.
Q Was that also true under predevel opnent conditions?
A Yes.
Q Did you consider any predevel opnent flow nmaps in reaching
t hat concl usi on?
A. 1've looked at a number of nmaps that | -- that | think
illustrate that continuity of flow.
Q Are you aware of any map, or any nodel of predevel oprment
conditions, that shows no flow between M ssissippi into
Tennessee?
A. No, ['"mnot.
Q Okay. Let's look at Exhibit J67. This is Reed, 1972.

Do you recognize this exhibit, M. Larson?
A Yes, this is a USGS report by Reed in 1972. |It's one of
the docunments that | reviewed.
Q Ckay. Let's turn to Figure 2.

Wiat is that?
A. This is a potentionetric surface map of the Sparta Sand and
Menphi s Aquifer, which is equivalent to the Mddle d aiborne.
And associ ated with predevel opnent conditions, so it's
characterized as being in 1886.
Q Can you remnd us what those lines in the map refer to?
A. These lines are lines of equal potentionetric |evel.

Q Are they also called contour |ines?
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A. They're also called contour lines, yes.

Q Gkay. And what do they represent?
A.  They represent places along which the potentionetric
el evation is the sane.
Q Can you rem nd us how groundwater flows in relation to
t hose |ines?
A.  Yes. The groundwater will typically nove at right angles
to those lines, and so the flow direction will be perpendicul ar
to the orientation of the contour |ines.
Q Does this nmap denonstrate water flow ng out of M ssissipp
and into other states?
A Yes, it does.
Q Can you show Judge Siler in what places it shows water
flowng out of Mssissippi and into other states?
A, \Well, you can see, along the M ssissippi/Tennessee border,
there is groundwater flow from M ssissippi into Tennessee al ong
portions of that border. And if you |ook to the -- off on the
| eft-hand side, you can see groundwater flow from M ssissipp
and Tennessee into Arkansas. And if you | ook further down,
you'll see flow between M ssissippi and other |ocations.
Q So | want to focus on the 400 contour line. Can you
explain the direction of the water, using that 400-foot contour
line as an exanpl e.

MR ELLINGBURG |'mgoing to object -- oh, no, go

ahead. Go ahead and | et himanswer.
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A. |If you look at the sort of darker horizontal |ine near the

bottomof that circle, that's the state boundary. |f you then
| ook at the potentiometric |level contours, you can see how
they're situated relative to that. And you can see that
they're tilted sort of in a northeast-to-southwest direction;
for exanple, on the 400, you can see that.

The groundwater flow would be perpendicular to that
contour, which would nmean that the groundwater in that area
woul d be flowi ng toward the northwest, or west northwest,
across the boundary. It would be flowng fromM ssissippi into
Tennessee.

Q GCkay. |Is there any other water that flowed out of

M ssi ssippi across state lines, according to this

predevel opment flow map?

A.  Yes. You can see over on the left-hand side, you can see
the contours. And if you follow the contours, you'll see --
well, if you follow the path line that's perpendicular to those
contours, you will see the path line leading from say,

M ssi ssi ppi into Arkansas.

Q And let's look down -- let's get the map larger.

How about between M ssissippi and Loui si ana?

A.  Yes. You can also see, in areas to the south, you can see
potentionmetric contours going from140 to 120 to 110 in the
central part of that, indicating flow-- westerly flow from

M ssi ssi ppi into Louisiana.
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Q Is that the area near Jackson, M ssissippi?

A. Yeah. It's off to the west of that area.
Q Gkay. And what direction is the water flow ng away from
Jackson?
A.  Generally west, or west southwest.
Q And can you show us that it's crossing the state boundary?
A Well, further to the west, it's crossing the state boundary
as you go fromthe 140 contour off to the west.
Q COkay. Let's look at Exhibit J24.

This is -- well, first, do you recognize this exhibit?
Yes. This is a USGS report by Criner & Parks from 1976.
Did you rely on this report?
It was anmong the reports that | reviewed, yes.

(kay. Let's look at Figure 4. \Wat is Figure 47?

> O > O >

This is a potentiometric surface map of the Menphis Sand.
Agai n, a predevel opnental condition, in 1886.

Q And what does this map show about water flow ng out of

M ssi ssi ppi ?

A. It shows areas where the directions of flow would direct
the water -- or the water would be flow ng from M ssi ssi ppi
into DeSoto County, into Shel by County of Tennessee.

Q And any other states that you can tell fromthis map?

A, And off to the west, it would be flow ng from Tennessee and
M ssi ssi ppi into Arkansas.

Q (Ckay. Let's go back to J4.
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Can you rem nd us what this is

A. Yes. This was the USGS report by Arthur & Taylor in 1998.

Q Let's look at Plate 5, which is at PDF page 64 of J4.
What is that?

A. These are a series of maps of different aquifer units,

and -- illustrating the predevel opment potentionetric contours

in the different hydrogeol ogic units.

Q Well, let's zoomin on the Mddle O ai borne Aquifer

specifically. Wat does this map show about flow direction

under predevel opment conditions?

A Well, it shows that groundwater flow is crossing state

boundaries in different portions of the map.

Q \What does this indicate about water flow ng out of

M ssi ssi ppi ?

A. That there's water flow ng out of Mssissippi into

Tennessee in places, into Arkansas in other places, and into

Loui si ana in other places.

Q Wuld all the water in Mssissippi in predevel opment

conditions stay permanently in M ssissippi?

A No, it's noving. So over tine it will |eave M ssissippi.

Q Ckay. Are there any other cross-border flows that are

noteworthy in this particular picture?

A You can also see flow patterns from Arkansas into

Loui si ana, for exanple.

Q Ckay. And what about between M ssissippi and Arkansas?
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A.  Yes. You can see flow in sone areas going from M ssissipp

Into Arkansas, and other areas where it's going from Arkansas
into M ssissippi.
Q What does this map say to you in formng your conclusion
about water flow in predevel opnent conditions?
A. That the water is not static; it's noving. And that the
patterns of novement are not inpacted by state boundaries.
Q Ckay. Let's look at Exhibit D 174.
Do you recognize this exhibit?
A, Yes. This is a paper witten by Waldron & Larsen in 2015.
Q And are you related to the Larsen who was a coaut hor of
this report?
A. No, I'mnot.
Q Didyourely onthis report in fornulating your opinions in
this case?
A | reviewed it as part of the -- of the docunents that |
reviewed for this case.
Q Okay. Let's look at Figure 4. This is D174, PDF page 17.
What is that?
A. This is a map of the potentionetric -- predevel opment
potentionetric surface in the Menphis and near-surrounding
ar ea.
MR FREDERICK: Can we zoomin on that a little bit?
Q \Wat does this map show about water flow in predevel opment

condi tions?
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A. It shows that -- first of all, that the water is nmoving

fromareas of higher potential to |ow potential, soit's a
motion that -- that nmovenent is not influenced by the state
boundaries, and water is noving across state boundaries.
Q Can you tell fromthis map how significant the amunt of
water is that would be noving across state boundaries in
predevel opment conditions?
A | can't tell fromlooking at the map quantitatively what it
is. | can only tell qualitatively that it -- which direction
it's going and that sort of thing.
Q Gkay. Qualitatively, how would you characterize the
significance of the water novenent between M ssissippi and the
adj oi ning states?
A. W can see there's novenent along -- according to this nap,
movenment al ong the M ssissippi/ Tennessee border, over nost of
that border region -- in fact, all of it, looks like -- from
M ssissippi into Tennessee. And also, at |east estinated, |
woul d see the map from Tennessee and M ssissippi into Arkansas.
Q In your opinion, froma hydrol ogi cal perspective, does
Judge Siler need to deci de between the conpeting predevel opnent
potentionetric surface maps and nodels to decide whether the
aquifer is interstate?

MR ELLINGBURG  Your Honor, |'mgoing to object to
that question. | think the judge decides what the judge

deci des.
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THE COURT: Well, you can nake these suggestions.

understand that we don't have a jury, so |I'll keep out things
that | don't need.

BY MR FREDERI CK:

Q \Well, I'"'masking as a factual natter: Does the state of
the potentiometric map and the conpeting maps informyour view
about whether the aquifer is an interstate aquifer?

A, Not interms of the details. It provides an illustration
of the nmotion of groundwater, and it's not being inpacted by
state boundari es.

Q Soin your view, is it inportant to resolve which map is
the best picture of the predevel opnent flow | evels, flow
directions?

A, Not in ny view, no.

Q GCkay. And why is that?

A. Because it's really the continuity of the flowin ternms of
the ability of water to nove fromone place to another, that
that is not -- there's not a barrier to that along state
boundaries, and that that continuity is denonstrated by these
various nmaps.

Q Do you have an opinion about defining an interstate
resource based on the predevel opment fl ow patterns?

A. No, | don't.

Q Gkay. And do you think that the predevel opnent nmaps that

we discussed represent all groundwater flow patterns?
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A No.

Q You tal ked at sone point about water noving in different
directions. How would you nodel a three-dinensiona
groundwat er flow in predevel opnent conditions?

A Howdifficult is it?

Q well, how would one do it, if one coul d?

A Well, you -- first 1'd want to go back and collect all the
i nformation you coul d about what conditions you -- had been
measured or estimated to exist in those kinds of tine frames.
And you woul d have to try to use that information in the
devel opnent of a nodel of the conditions associated with that
tinme frane.

Q Has Mssissippi attenpted to nodel a three-dinensiona
groundwat er flow nodel for this aquifer?

A.  Not to ny know edge, no.

Q Wuld a nodel be able to dermonstrate predevel opnent
groundwat er flow patterns precisely?

A | don't believe so. | think it would be very difficult.
Q Wiy is that?

A.  Because that tinme period is long gone. And we can't
generate new data, so we have to work only with the existing
data, and that would make it very difficult, | think.

Q Does your definition of "interstate aquifer" depend upon
the specific predevel opnent flow patterns?

A. No, it does not.

Alpha Reporting Corporation




© 00 N o o A W DN P

CEE 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 22, 2019

631
Q \Wy?

A. Because in ny view, the determning factors, or factors
that | believe support my conclusion, are the continuity of the
materials and the characteristics of the aquifer; the fact that
the aquifer is interconnected to other aquifers and streans
that are also interstate in nature; and that the water novenent
fromone place to another is not -- there's not a barrier along
state boundaries that would prevent that novenent, and there's
not a barrier that would prevent the effects of groundwater
devel opment in one state from propagating into an adjoining
st ate.
Q Ckay. If we were able to nodel predevel opnent flow
patterns wthin the Mddle d aiborne Aquifer accurately, would
you consider Mssissippi's theory to be practical?
A. No, | don't believe so.
Q And why is that?
A. Because | think there's a nunber of issues that would have
to be resolved about the definition of what m ght constitute,
say, an interstate flow path.

For exanple, if the flow path |eads from M ssi ssipp
I nto Arkansas before discharging into the Mssissippi River,
for exanple, does that make it interstate? Does the -- if the
flow path goes into Arkansas and then back into M ssissippi and
then discharges to the river, would that nmake it interstate?

| think there's a nunmber of questions just defining
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what m ght -- what that flow path mght need to be in order to

be characterized as interstate, and then you woul d have the
difficulty of actually trying to quantitatively assess those in
a three-di mensional sense.
Q Is there any water that woul d permanently renain under
M ssi ssi ppi, based on current flow patterns?
A.  No, not -- not in my opinion
Q Gkay. [|'mshow ng you Exhibit J71. We've already | ooked
at this one. This is the Schrader 2008.

Can you rem nd us what that is?
A. This is the potentionetric surface map, prepared by
Schrader, of the conditions in the aquifer in 2007.
Q And what do the arrows represent?
A.  They indicate directions of groundwater novenent within the
aqui fer in various |ocations.
Q Let's zoomin on the area in Northern M ssissippi right
bel ow the 35th parallel. Do you see where that is?

What do the arrows show in that part of the map?
A.  That groundwater is nmoving, say, from-- there's an arrow
that indicates groundwater is noving in a northwesterly
direction across the M ssissippi/ Tennessee border into the cone
of depression, and also fromthe north into that area.

And off to the west, in Crittenden County in Arkansas,
there's mgration nmore in an easterly direction toward the

center of the cone of depression
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Q Gkay. And how does -- how do those arrows show ng the flow

pattern support your overall conclusion?

A Well, they show that the effects of punping can be
transmtted beyond state boundaries, and the state boundaries
| ook |ike barriers to the effects of punping being transmtted
across state lines.

Q Now, you nentioned a fourth factor. Can you tell us what
the fourth basis of your opinion is?

A.  Yes. That the USGS, | believe, has recognized that the

M ddl e O ai borne Aquifer and the -- and other aquifers within
the M ssissippi Embaynent Regional Aquifer System are regional
In scope, and need to be evaluated on a regional scale that
woul d include a scal e enconpassing nore than one state.

Q Wy is that inportant to your analysis?

A. Because | think it denobnstrates that they're effectively
considering the Mssissippi -- or the Mddle O aiborne Aquifer
hydrogeol ogic unit to be an interstate resource.

Q Gkay. And can you remnd us again what role the USGS
serves?

A, \Well, one of their mssions is basically nmonitoring and
eval uating our nation's water resources. And as you can see
fromthese reports, there are a nunber of studies that they've
undertaken to evaluate things on a regional basis.

Q Can you explain what kind of regional analyses the USGS

does?
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A Yeah. Well, one in particular was in the md-70s, when |

was actually still working at the USGS, they started a program
of regional aquifer studies called the RASA program R-A-S-E --
R-A-S-A.  And the purpose of that was to eval uate these aquifer
systens that were large-scale in nature, regional in nature,
fully -- rather than in sort of a pieceneal fashion, say,
within certain political subdivisions, like within certain
states or within a certain counties.
Q Wiy do you believe that is inmportant to the USGS?
A. Because | believe they wanted to provide eval uations and
tools that could be used to assess the regional character of
the systemand how effects could propagate beyond state |ines,
for exanple.
Q Has the USGS anal yzed the M ssissippi Enbaynent as part of
that process?
A Yes, it has.
Q Do you know what publication or publications it has done
so0?
A, Well, there are a nunber of them One of the nore recent
ones we've | ooked at is the reports on the M ssissippi
Enbayment Regi onal Aquifer System
Q Gkay. [I'mshowi ng you slide J4 -- Exhibit J4. Can you
turn to page five and read the second sentence, please.

This is Arthur & Taylor's 1998 publication that was
prepared as part of the RASA, is that right?
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A. The second sentence reads, "In general, the boundaries of

these studies are identified by the hydrol ogic extent of each
system and accordingly transcend the political subdivisions to
whi ch investigations have often been arbitrarily limt --
limted in the past."”
Q GCkay. Dd Athur & Taylor study the Mddle d aiborne
Aqui fer on a regional basis?
A.  Yes, they did.
Q Do other USGS publications indicate a -- an interest in
studying the aquifer on a regional scale?
A.  Yes, there are others.
Q Okay. I'mgoing to show J25. This is the Cushing 1964
study. This is Exhibit J25.

What is this?
A. This is a report on the Mssissippi Enbaynent by Cushing
and others in 1964, a USGS report.
Q Could | ask you to turn to page B5, which is PDF page five.

Can you read the second and third sentences beneath
the heading "Introduction."”
A. "Mst of the water resources investigations in the
Enbaynent have been made in cooperation with state, county, and
muni ci pal agenci es and have been restricted to |ocal areas
where the need for information was urgent -- was nost urgent.
Reports on these studies give valuable information on parts of

t he Enbayment, but they do not treat the subject of water
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resources on a regional basis."

Q Did the Cushing study exam ne the aquifer on a regional
basi s?
A Yes, it did.
Q \What year was their study conducted?
A 1964.
Q I'mshow ng you what's been marked as J71. This is
Schrader's 2008 report on the Mddle O ai borne Aquifer, which
we' ve al ready di scussed.

Does that report indicate what USGS s goal in
undertaking that study was?
A Yes.
Q And what is -- what was the goal, as you understand it?
A.  This was part of the regional aquifer assessnent program
trying to characterize and study the aquifer systemon a
regi onal basis.
Q Now, | want to go to the introduction. This is J71. Do we
have a page nunber?

This is a one-page exhibit, I"'minformed. Could you
read the highlighted passage there, please.
A.  "Regional assessnents of water-level data fromthe aquifer
are inportant to document regional water-|evel conditions and
to develop a broad view of the effects of groundwater
devel opnent and nanagenent on the sustainability and

availability of the region's water supply. This information is
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useful to identify areas of water-level declines, identify

curmul ative areal declines that may cross state boundaries,

eval uate the effectiveness of groundwater managenent strategies
practiced in different states, and identify areas with
substantial data gaps that may preclude effective nmanagenent of
groundwat er resources. "

Q What do you understand, M. Larson, these passages to

I ndi cate about the USGS's view about the interstate nature of
the aquifer?

MR ELLINGBURG  Your Honor, I'mgoing to object to
that. There's no foundation for this. He asked himwhat he
under st ands.

THE COURT: (nj ection sustained.

(Reporter clarification)

THE COURT: Do you want to rephrase your question?

MR FREDERI CK:  Sure.

BY MR FREDERI CK:

Q Inreviewng these reports, you read these passages,
correct?

A Yes.

Q And what -- how did they informyour view about the USCS s
recognition of the aquifer as an interstate resource?

MR ELLINGBURG  Your Honor, | object again. There's
no foundation. | mean, you read them |'ve read them

THE COURT: Well, he's an expert. Once again, |'Il
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overrul e your objection.

You may answer the question.
A.  They indicated to me that the USGS was concerned about
providing information and evaluations on a regional basis that
woul dn't be limted to certain geographic areas, or smaller
geographi c areas, as had happened in the past, and they wanted
to provide a tool and evaluation that was not limted by the
boundari es of sone of those earlier investigations and could
provide a broad regional analysis, including anal yses across
the boundaries that they felt was necessary.
Q And woul d they have eval uated punping in connection wth
t hose anal yses?

MR ELLINGBURG  Your Honor, |'mgoing to object to
what they woul d have done.

THE COURT: Well --

MR FREDERICK: Did they eval uate punping?

THE COURT: I'Il overrule the objection.

Go ahead and ask himthe question.
A Yes.
Q Could you read the first two sentences on this slide,
pl ease, M. Larson, to satisfy those of us in the courtroom who
are doubters.
A.  "The nost w dely used aquifer for industry and public
supply in the M ssissippi Enbaynent in Arkansas, Louisiana,
M ssi ssi ppi, and Tennessee is the Sparta Menphis Aquifer.
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Decades of punping fromthe Sparta Menphis Aquifer have

affected groundwater |evels through the M ssissippi Enbayment."
Q Is the Sparta Menphis the same as the Mddl e d aiborne
Aqui fer?
A Yes.
Q I'mshow ng you what's been marked as Exhibit J15.

Wiat is this?
A, This is a report, a USGS report by Brahana and Broshears in
2001, discussing their evaluation of groundwater flowin the
Menphis -- in the Menphis area.
Q Didyou hear Mssissippi's experts testify that they were
relying on this nodel ?
A Yes.
Q Could you turn to PDF page ten. And |'d ask you to read
the sentence that I've highlighted, please.
A.  "Athough the study focuses on the Menphis area, the
aqui fers and confining units are regional in occurrence and
extend far beyond the Menphis area boundaries.”
Q How long has the USGS recogni zed the Mddle d ai borne
Aquifer as an interstate aquifer?

MR ELLINGBURG |I'mgoing to object to that.

THE COURT: Overrul ed.

You may answer the question.
A, Well, they've recognized the regional nature of it, and

they -- implicitly, I think, the interstate nature of it for
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50 years or nore.

Q Let's look at Exhibit J7. This is the Bell & Nyman 1968
st udy.

Can you tell us what this is?
A. This is a report describing the groundwater conditions in
t he 500- Foot Sand in the Menphis area by Bell & Nyman in 1968.
Q Didthis paper analyze the aquifer at issue in this case?
A Yes, it did.
Q How do you know that?
A.  Because reading the report, and what they're describing,
you cone to understand that the 500-Foot Sand is synononous
with Menphis Sand, or the Mddle Caiborne Aquifer, in the
Menphi s area.
Q How does this report support your conclusion about the
USGS's recognition of the Mddle Caiborne Aquifer as an
Interstate aquifer?
A.  Because it describes the regional nature of it and the
extent of it.
Q Ckay. Let's go back to the denonstrative. Let's just keep
that -- all right.

So that woul d represent your fourth basis of your
concl usion, Dr. Larson?
A Yes.
Q And why do those reports support your conclusion about the

nature of the Mddle C aiborne Aquifer?
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A. Because | believe collectively they recogni ze the regional

nature of the resource, and they recogni ze that those
characteristics transcend state boundaries and are interstate
In nature.
Q Is the USGS authoritative in this area?
A. | believe they are, yes.
Q \Wy?
A Well, first of all, when | worked there for many years,
they had a very conprehensive system a robust systemfor
review and eval uation of the reports that they prepared. And
It was -- it's a peer-reviewtype process. So they took steps
to ensure that their work was -- their work was appropriate and
up to the standards.

And they are really the chief agency within the United
States for -- with a mssion to nonitor and eval uate water
resources, both surface water and groundwater resources within
the United States.
Q M. Larson, I'd like to turn to any opinions that you have
about testimony that you have heard in this hearing. D d you
hear Dr. Spruill's claimthat you should consider the water as
an interstate resource separate fromthe aquifer?
A Yes, | did.
Q \Wat is your opinion about that statenent?
AL My opinion is that you can't separate the water fromthe

geologic materials that the water is in, because it's the
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combi nation of the geologic materials and the water that make

an aquifer. And if you had geologic naterials but no water,

you woul dn't have an aquifer.

Q Okay. So an aquifer cannot exist wthout water?

A. No. The water is an integral part of the definition of an

aqui fer.

Q Wre you in the courtroomearlier, when both of

M ssissippi's experts testified repeatedly about the rate of

groundwat er flow and residence tinme?

A Yes.

Q In your opinion, is the rate of groundwater flow within the

M ddl e O aiborne material to your conclusion that the aquifer

IS interstate?

A. No, it's not.

Q Wiy not?

A. Because it's a fact that the -- inny view, it's a fact

that the water is nmoving, and that recharge and di scharge are

occurring all the tine; even today, as we speak, there's water

di scharging fromthe aquifer -- from M ssissippi, for exanple.
And so in ny view, it's that nmovenment and continuity

of the aquifer that determnes or supports the conclusion that

the resource itself is an interstate resource,.

Q Is water continually flowng out of the State of

M ssissippi within the Mddle C aiborne Aquifer?

A, Yes.
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Q Wy did you consider that fact?

A.  Because that fact is -- shows that there's not a permanent
amount of water that's -- or a permanent store of water, if you
will, that's just residing in Mssissippi and is not noving.

Q Does residence tinme have any effect on your opinion about
the interstate nature of the aquifer?

A. No, it does not.

Q Froma hydrol ogi cal standpoint, does "storage" mean that
there is a certain anount of water that permanently resides
within the aquifer in M ssissippi?

A.  No, it does not.

Q On a general level, what do hydrol ogi sts nean by "storage
characteristics"?

A. \Well, the storage characteristics that we tal k about and
use when we're evaluating aquifers is really a determ nation of
how the potentionmetric levels wll -- or it's a paraneter or
characteristic that will determ ne how potentionetric |evels
wi Il change when the aquifer is punped.

And there will be different characteristics in, say,
confined areas versus unconfined areas, but it doesn't reflect
the overall body of water or anount of water that's in the
aqui fer itself.

So, for exanple, a confined aquifer nmay remain
saturated even though potentionetric |evels have changed.

Q Does the Mddle O aiborne Aquifer have storage
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characteristics?

A Yes, it does.

Q Has the portion of the Mddle O aiborne Aquifer beneath

M ssi ssi ppi al ways contai ned water?

A Yes, it does.

Q Is it the same water?

A, No. It's moving fromplace to place.

Q Is it possible to isolate out the water that would have
remai ned beneath Mssissippi for a very long tine?

A Well, it's possible to ook at how -- generally how fast
things are noving, but it's not possible to follow individual
mol ecul es of water.

Q And what is your conclusion fromthat?

A. My conclusion is that the rate of novement is not -- is not
a determ ner of whether the resource is an interstate resource.
It simply reflects the fact that there's continuity to the
groundwat er system and groundwat er novenent.

Q M. Larson, were you in the courtroomwhen Dr. Spruill
addressed case two, which is defense Exhibit 130 fromhis

openi ng expert report, where he identified what he clained to
be an interstate aquifer with intrastate flow?

A Yes, | was.

Q Let's look at the slide. |Is this that hypothetical ?
A Yes.
Q

Can you briefly describe what you take away fromthis
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hypot heti cal picture?

A, Well, ny understanding was that the hypothetical --

hypot hesi zed that an interstate aquifer, that's an aquifer that
spans nultiple states, but that the flow patterns within each
of these two states, as they're depicted on here, were
perfectly parallel to the boundary between the two states, and
that the water -- all the water would discharge into a river
that transcended the states fromnorth to south.

Q Now, let's assunme for a moment that the flowlines in this
hypot hetical were correct. Wuld you consider a formation
including water in it flowng fromthese directions to be an
interstate resource?

A Yes, | would.

Q \Wy?

A.  There's a couple of reasons that come right out in ny view.
Nunber one, the discharge of the water into the river; the
river would then carry the water, say, fromState Ato State B
and out of State B. The river would be an interstate resource,
and these aquifers would be interconnected to that interstate
resource.

But also, there is no barrier to the connection
between State A and State B, such that if you punped water from
State A, you can affect the conditions in State B, and vice
ver sa.

Q kay.
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A | think that would nake it interstate in nature.

Q In this hypothetical, could either state devel op resources
in the border area without affecting the water in the other
state?

A No.

Q Wiy is that?

A. Because the punmping effects will spread out, and if there's
no conplete barrier to any aquifer between one state and the
other, those effects would propagate across the state |ine.

Q M. Larson, in your view, is this hypothetical an accurate
representation of Mddle Caiborne at issue here, according to
M ssi ssippi's own experts?

A. No, | don't believe so.

Q And why is that?

A. First of all, the -- when you |ook at the |ayout of the
states, the situation that we have in the real world is that on
one side of the river, we have M ssissippi and Tennessee; but
on the other side of the river, we don't have the same states.
W have Arkansas.

The other thing is that when you | ook at the actua
flow patterns, based on sone of the nmaps that we've | ooked at,
there's not flow, equal flow, parallel flow, to -- toward this
river boundary fromboth sides. But there's flow patterns that
go under the river fromone side to the other, which would

actually take it froma state |ike Tennessee or M ssissippi, on
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the right side, into Arkansas, on the left side.

Q Okay. Let's look at Exhibit D112.
What is this figure?
This is a diagramfromone of the reports by M. Wley.
s this the famous yellow triangle map?
Yes, it is.
Ckay. And what is it -- what is this figure show ng?

> O > O >

It's illustrating estinmated groundwater flow pathways from
various portions of the aquifer, and where those pathways woul d
| ead.

Q And where does it show water flow ng from M ssissippi?

A It shows water flow ng fromM ssissippi into Tennessee from
the yellowtriangle area. |t also shows water flow ng from

M ssissippi into Arkansas, over on the |eft-hand side.

Q Does this diagram support your critique of Dr. Spruill's
hypot heti cal ?

A Yes.

Q Gkay. Now, M. Larson, did you hear the claimmade earlier
this week that Menphis and MLGWN's wel [ fields are not properly
designed, and that the resulting cone of depression in the
aquifer is injuring M ssissippi?

A, Yes.

Q What is your opinion of that allegation that Tennessee's
punpi ng i s sonehow depriving Mssissippi of its ability to use
the Mddle O aiborne Aquifer?
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A. Well, ny understanding is that -- that the claimis that

there is -- there is some -- water declines fromthe cone of
depression and propagated into Mssissippi. As far as I'm
aware, water supply users in Mssissippi have been able to

I ncrease their water supply significantly over the |last severa
decades, and I'mnot aware of any difficulties that they're
having in terns of obtaining their water supply.

Q What does the ability to have a higher level or to increase
punping say to you about the availability of water in

M ssi ssi ppi ?

A. That indicates to ne that they're being able to increase
their water supply to meet increasing denmand.

Q Has Mssissippi presented any evidence that you' ve seen
I ndicating that Mssissippi has difficulty increasing its
punpi ng?

A. No, | haven't.

Q M. Larson, have you testified in an equitable
apportionnent action previously?

Yes, | have.

O should | say, have you provided expert anal ysis?

Yes, | have. | have provided analysis in --

In what case?

In the South Carolina/North Carolina natter

And can you describe briefly what that case entail ed.

> O >» O > O »F

It entailed |ooking at surface waters in the Catawba River,
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and the regul ation and use of those surface waters and how

the -- that regulation and use of the water inpacted stream
flow conditions in downstream areas.
Q And what was the central allegation by South Carolina, as
you recal | ?
A.  That North Carolina was taking nore than their share of the
wat er .
Q In that case, did the -- did you consider the conplaint of
South Carolina had showed a real and substantial injury?
A.  Yes, | thought so.
Q Gkay. In your opinion, can M ssissippi show a real and
substantial injury toits ability to use water in the Mddle
( ai borne Aquifer?

MR ELLINGBURG  Your Honor, |'mgoing to object,
because that's not even the issue in this case.

THE COURT: Well, it's not. But you're going to put
it in, and I'll let you put it in.

MR FREDERI CK:  Thank you, your Honor.
Q In your opinion, can M ssissippi show a real and
substantial injury toits ability to use water in the Mddle
( ai borne Aquifer?
A. Not that |'maware of.
Q And why is that?
A. Because it doesn't appear that -- as | said a nonent ago,

that the ability of Mssissippi to continue to develop the
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groundwat er resource wWithin M ssissippi continues to exist;

that they can continue to increase their water use.
Q Did you hear the testinony about supposed increased costs
in raising the water additional feet because of a | owering of
the potentiometric head?
A Yes, | did.
Q Conpared to the damages that M ssissippi is seeking in this
case, how big would any possi bl e damages associated with
I ncreased energy costs to lift the water additional feet be?
MR ELLINGBURG  Your Honor, if | could object. This
wasn't in the report. It wasn't the subject of discovery, and
It wasn't -- this was not within any paranmeter of the issues.
THE COURT: | realize this was not in your direct, but
"1l let you put it in, because | think that M ssissippi raised
it to sone degree by their expert w tness.
MR FREDERI CK:  Thank you.
Q Wuld you like ne to repeat the question?
A.  Yes, please.
Q Conpared to the damages M ssissippi is seeking in this
case, how big would any possible danages associated with
I ncreased energy costs to lift the water additional feet be?
A. | think that they would be nuch smaller than those clai med
damages.
Q D dyou hear M. Wley testify that the anount of water

flow ng fromMssissippi to Tennessee has been decreasing?
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Yes, | did.

And did he suggest an explanation for that decrease?
Yes, he did.

What was his explanation, as you understood it?

> O > O >

Well, as | understood it, he concluded that some of it was
due to reduced punping in the Menphis area, but also increased
punping fromwells in Mssissippi

Q I'mshow ng you what plaintiffs have marked as

Exhi bit P183. Do you recognize this figure?

Yes, | do.

What is it?

This is one of the figures fromM. Wley's report.

VWhat does it purport to show?

> o > O >

It shows groundwater flow paths fromareas on the
right-hand portion of the diagramtoward punping centers within
Tennessee.

Q \Were did you first see this figure?

A VWen | was reviewing M. Wley's reports.

Q Okay. And did you review those reports in connection with
your rebuttal report?

A | did.

Q Okay. Does this map depict any water flowng to wells in
Nort hern M ssi ssi ppi ?

A. No, it does not.

Q In your opinion, is that consistent with M ssissippi's
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theory that pumping in Northern M ssissippi has reduced the

groundwat er flow from M ssissippi to Tennessee by nore than ten
billion gallons per day?
A. No, it does not.
Q \Why?
A. Because that -- the rate of punping -- or the increases in
the rate of punping in the -- fromthe areas in Northern
M ssissippi were up to alnost 20 mllion gallons per day. One
woul d expect some of the flow paths would have to lead into
those wel |l s, because that amount of water was being extracted
fromthe area north of M ssissippi
Q So we've been talking just a bit about M ssissippi's
punping in the Mddle C aiborne Aquifer. In what |evel of
detail did you study the M ssissippi punping?
A Only generally. | reviewed some of the work that M. Wley
had done in conpiling that information
Q Wy did you not undertake a nore significant study of
M ssi ssi ppi  punpi ng?
A. Because that wasn't necessary for nme to determ ne whet her
or not the Mddle Caiborne Agquifer was an interstate water
resource.

THE COURT: | think we'll take a short recess at this
time. Ten mnutes.

MR FREDERI CK:  Thank you

(Recess)
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THE COURT: Al right. You may continue with your

questions.
MR FREDERI CK:  Thank you, Judge Siler.
BY MR FREDERI CK:
Q Wen we broke, M. Larson, we were tal king about punping on
the M ssissippi side of the boundary. Does punping in
M ssi ssi ppi have any rel evance to whether the aquifer is
Interstate?
A. | don't believe the punping itself does, no.
Q Do the effects of the punping show any rel evance to whet her
the aquifer is interstate?
A Wll, the ability of punping to create effects that can
transcend state boundaries does have rel evance, in my view, but
not the amount.
Q Ckay. So is a detailed analysis of the punping vol umes
rel evant to whether the aquifer is interstate?
A. No, | don't believe so.
Q Does the absolute or relative volune of the groundwater
fl ow between M ssissippi and Tennessee have any bearing on
whet her the aquifer is interstate?
A.  Not in ny opinion, no.
Q Wiy is that?
A. Because in ny view, it's the continuity of the naterials
and characteristics and the ability of water to nove one way or

the other across the boundaries that determne -- or that are a
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factor in determning whether it's an interstate resource.

Q Have you |l ooked at the effect of punping in these other
states in the Mddle O aiborne Aquifer?

A.  Yes, |'ve seen references to that in various documents and
reports.

Q GCkay. And in your experience, would a detailed analysis of
punpi ng vol unes be performed for the Mddle Caiborne in an
equi tabl e apportionnent case?

A.  Yes, | believe that those kinds of issues -- or those kinds
of factors could be factors that would be considered in an

equi tabl e apportionnent.

Q In your opinion, how large of an undertaking would it be to
performa detailed study of Mssissippi's punping in the Mddle
d ai borne Aquifer?

A | think it would be a significant effort. USGS has done
sone, but you'd probably have to suppl enent that considerably.
Q And M. Larson, I'd like to shift gears a little bit. Wat
has happened to water levels in the Mddle O aiborne Aquifer in
the Menphis area in recent years?

A. The water levels -- the potentionmetric |evel of water

| evel s over the last, say, 20 or 30 years or so have been
relatively stable, and have even shown increases in nore recent
years.

Q \Wat does that tell you, as a trained hydrol ogi st, about

recharge and discharge within the aquifer?
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A.  That while there was an initial decline, say, prior to the

1970s, that a leveling-off would indicate that there's been
more of a bal ance between recharge and di scharge, allow ng the
potentionetric |levels to becone relatively stable.
Q How do you know that water levels in the Mddle O aiborne
Aquifer in the Menphis area have renained relatively stable?
A. By review ng both hydrographs that were contained in sone
of the reports, and al so review ng data that was available from
the USGS on their water information system
Q I'mshow ng you Exhibit J18. This is the Cark & Hart 2009
report, which we've already discussed.

Can you rem nd us what this report is?
A. This is the report by Cark & Hart in 2009 docunenting
their devel opnent of the groundwater flow nodel of the MERAS.
Q (Ckay. Let's turn to Figure 16, which is joint Exhibit 18
at PDF page 57.

What is this?
A.  These are a series of hydrographs, the ones on the left
bei ng hydrographs in various parts of the alluvial aquifer and
ones on the right in various parts of the Mddle d aiborne
Aqui fer.
Q Now, remnd us again, where is the alluvial aquifer in
relation to the Mddle O aiborne Aquifer?
A. The alluvial aquifer extends along -- basically along the

axis of the Mssissippi River, and it is the uppernost aquifer

Alpha Reporting Corporation




© 00 N o O A W DN

S R SR SR S S e e e T e el T T~ = T
g B W N P O © 0 N O o M W N -k O

Proceedings - May 22, 2019

656
above the Mddle Caiborne and ot her hydrogeol ogic units.

Q And do I understand there to be punping out of the alluvial
aqui fer?

A Yes, there is.

Q And obviously we've been tal king about punmping out of the
M ddl e C ai borne Aquifer?

A Yes.

Q And what does this page purport to show about that
conmparative punping in these | ocations?

A.  \ell, each hydrograph shows two types of infornation; one
results fromcal cul ations using the groundwater nodel, and
that's shown in sort of the red characters or boxes on the
charts. And then there is the blue data that was actually
collected in a well, in particular wells, at the sane

| ocat i ons.

Q Did you consider this figure in reaching your concl usions?
A Yes.

Q Do any of these charts depict a well that you analyzed in

Tennessee?
A, Yes. |If you look at Well Nunber J, in Shelby County.
Q And would this be the well -- or the punping that's at

I ssue in this case?

A. This is a well in the area of punping associated with the
Gty of Menphis.

Q What does this graph denonstrate?
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A It illustrates that during the period, say, fromabout --

well, it starts in 1870, but if you look at the data beginning
I n about 1930, there's a period of water decline extending into
1970s. But after that, the water |evels have stopped declining
and in fact, toward the end of the period of data here, of year
2010, they've actually increased sone.

Q What does that relative stability of the groundwater |evels
mean for aquifer equilibriun®

A It indicates that there's a relative bal ance between
groundwat er recharge and groundwater discharge in the area.

Q So does that nmean that the amount that's being di scharged
Is nore or less in equilibriumwth the amount that's being
rechar ged?

A.  Yeah, they're in a rough bal ance between recharge and

di schar ge.

Q Didyou look at graph K on this same figure?

A Yes, | did.

Q \What does that represent?

A.  That represents information froman area down near Jackson,

M ssi ssi ppi .
Q \Wat does it show?
A Well, it shows that the groundwater-level decline is

beginning in the 1930s and persisted and continued to occur at
the end of the period of record here, in 2010.

And you could see fromthe blue, the trend in the

Alpha Reporting Corporation




© 00 N o o A W DN P

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

Proceedings - May 22, 2019

658
blue, it's continuing to decline out to 2010 at a little

steeper rate than what the nodel was projecting.

Q Do you have an opinion about the cause of that decrease?
A Well, it's in response to groundwater punping. And it
hasn't reached a point where it's begun to stabilize, at |east
at this point in tinme.

Q And this is punping done for the Jackson, M ssissippi,
area; is that right?

A It's punping fromthat particular area, yes.

Q And how does the overall decrease in the water |evels
compare to the figure we just |ooked at for Shel by County,
Tennessee?

A, \Well, the overall decrease goes from naybe an el evation of
200 down to what |ooks |ike about 50, so 150 feet as opposed to
maybe about 75 or 80 feet --

Q kay.

A, -- in the Shel by County area.

Q Did you consider Figure G?

A Yes, | did.

Q And what is that?

A. This is a location in Jefferson County, Arkansas.

Q Do you know approxi nately where Jefferson County, Arkansas,
1 S?

A.  Yeah. Roughly, it -- it's in an area where sone

significant water declines have occurred.
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Q Ckay. If | represented to you that it's centra

Arkansas --

A Yes.

Q GCkay. And what has happened to the water |evels there?
A.  \Well, you can see at or around the year -- or just beyond

the year 1950, that there was a sharp decline in the water

| evel s for a period of decades |eading out into the 1970s or
1980s, and after that, again, the period where persistent
declines are not continuing.

Q And how do the water |evel decreases in Jefferson County,
Arkansas, conpare to the water |levels in Shel by County,
Tennessee?

A. Well, the declines here look to be nore on the order of
200 feet or thereabouts, or 100.

Q Did you consider Figure | in your analysis?

A Yes, | did.

Q And where is that?

A. This is in Union County, Arkansas, down nore near the
border w th Louisiana.

Q Gkay. And what's happening to the water |evels in Union
County, Arkansas?

A.  You can see that there's again a fairly -- a period of
fairly steep decline, beginning in -- before 1950s and
descending out into 1970s, followed by a period of relative --

relatively nore stable groundwater |evels, so potentionetric
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| evel s.

Q And how does the overall decrease in the water levels in
Uni on County, Arkansas, conpare to the water |evels we just
| ooked at for Shel by County, Tennessee?
A. Well, this particular location, as well, looks like it's
more on the order of 200 feet.
Q GCkay. And all of these that we've just |ooked at --
G I, J K--areall fromthe Mddle daiborne Aquifer; is
that correct?
A.  Yes, that's correct.
Q Okay. Now, | want to return to a different picture that
we' ve | ooked at. This is Figure 14B, Exhibit J19 and PDF
page 34 fromthe Cark & Hart study.

Rem nd us again what this shows.
A. This is a map depicting the anount of water |evel or
potentionmetric |evel change between predevel opnent tinmes and
2007.
Q Ckay. And what do the different colors represent, and how
does this depict the relative change in water |evels?
A. The colors represent different ranges of estimated
wat er-level decline, with the darker brown colors
representing -- the darkest brown colors representing the nost
significant -- the largest declines, and the lighter colors
representing |ess declines.

Q \What are the areas of greatest drawdown?
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A. Well, you can see the area, very dark brown, with an area

centered in Southern Arkansas, and another area near that in
Loui si ana, where they have the darkest brown color. Those are
probably the area -- or those as depicted on here are the

most -- the largest -- areas of the largest decline.

And then north of that, also in Arkansas, is another
area of relatively larger declines, although not as severe as
the ones to the south.

And then there's al so declines over in the area of
Jackson, Mssissippi, and to a | esser degree, up in the area of
Menphi s.

Q And how does this map reflect the information on the graph
that we just |ooked at?

A.  These hydrographs, at |east nost of them are taken from--
at least the ones in the Mddle Caiborne are taken from areas
within or near these significant areas of water-|evel decline.
Q \Wat does this diagram show you about punping in adjoining
states?

A. Well, what you can see is that the effects of punping in
adj oining states extends across the state boundaries, and
overlap across the state boundaries fromone state to anot her.
Q Can you be nore specific in describing the effects of
cross-border punping?

A. It's actually the cross-border inpacts, but --

Q Thank you.
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A. |If you look down at the area that spans the border between

Loui si ana and Arkansas, you can see how the inpacts have

coal esced across a boundary. |If you look at the area to the
north of that, you can see areas in Arkansas that have expanded
or have propagated out across the Mssissippi -- underneath the
M ssissippi River into Mssissippi, although there's also sone
areas of punmping in Mssissippi in that same area.

Simlarly, down around Jackson, you can see how the
punpi ng has spread out there, reaching out to the M ssissippi
River and slightly into Louisiana.

Q And in terns of the color depicted for the water-|eve
drawdowns, how does Shel by County, Tennessee conpare to those
other three darker areas in Central Arkansas, the
Arkansas/ Loui si ana border, and the Jackson, M ssissippi area?
A, Well, you can see the color shading is lighter in the area
of Menphis, indicating that the amount of decline in the
Menphis area is | ess than those other areas that you nentioned.
Q Wuld the punmping in these various areas typically be
considered in an equitable apportionnent action, in your

prof essi onal experience?

A, In ny experience, the amounts of punping and the inpacts of
t hose punping woul d be things that woul d be considered in that
kind of an action.

Q Is the volume of punping by different states inportant to

determ ning whether the aquifer is interstate?
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A. No, | don't believe so.

Q Wiy is that?

A. Because it's really the ability of punping in one state,
for exanple, to inpact other states, and the continuity of the
aquifer and its characteristics that give it the -- in ny view,
determne whether it's an interstate resource. The volume of
the punping is not a specific factor.

Q M. Larson, I'd like you to take a ook at Figure 4 from
the same report.

What is this figure show ng?

A.  This figure shows -- or characterizes |and use patterns
within the M ssissippi Enbayment Regional Aquifer Area.

Q And when you say "land use," what does that nean, in lay
terns?

A Well, it kind of characterizes what's going on at the
surface of the land; whether it's a popul ated area. For
exanpl e, urban -- urban characterization would indicate that
it's a popul ated area, and the degree of color woul d indicate
the density in the popul ation.

Simlarly, for exanple, the yellow area would indicate
areas where there are cultivated crops over -- over the area of
t he Enbayment.

MR ELLINGBURG ~ Your Honor, can | just have a -- can
M ssi ssi ppi have a continuing objection to these questions that

are outside the scope of anything that we're talking about?
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THE COURT: Al right. That's overruled.

You nmay conti nue.
MR FREDERI CK:  Thank you, your Honor.
BY MR FREDERI CK:

Q What does the land use in the urban red tell you about the

areas of urban use in the Mddle -- in the area affected by the
M ddl e d ai borne Aquifer?
A Well, it indicates that the [argest and nost popul ous areas

woul d be around the Gty of Menphis, and the other areas woul d
be relatively smaller.
Q Didyou look at all of the different uses throughout the
M ssi ssi ppi area?
A. Not in detail, but I'maware of them
Q And why did you not |look at themin detail?
A. Because it wasn't necessary for ne to know the details in
order to determne whether or not the aquifer was an interstate
wat er resource.
Q Thank you, M. Larson.

MR FREDERICK: We'll pass the witness.

THE COURT: Al right.

You' re going next, for M ssissippi?

MR ELLI NGBURG  Yes, your Honor.

THE COURT: O Menphis first?

MR ELLINGBURG | don't know, Menphis and --

MR. D. BEARVAN. W have no cross.
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THE COURT: GCkay. All right. You may proceed for

M ssi ssi ppi .

CROSS EXAM NATI ON

BY MR ELLI NGBURG

Q Good afternoon, M. Larson.

A. Good afternoon.

Q I'dlike to hit afewlittle fundanental things; details,
if you wll.

You're a civil engineer, right?

A. By education, yes.

Q Are you a professional engineer?

A.  No, I'"'mnot a professional engineer.

Q Have you ever been a professional engineer?

A No, |'ve never been a professional engineer.

Q Do you have to take a test to be a professional engi neer?

A.  You do.

Q Okay. Wich would show your qualifications in that area.
It shows that you are a certified professional

hydr ol ogi st . By whom have you been certified?

A By the Anmerican Institute of Hydrol ogy.

Q Does that require a test?

A It does in sone circunstances. In ny case, | was granted
certification based on ny experience and research in the area
of hydrol ogy and groundwat er hydrol ogy.

Q Thank you.
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Now, has your experience primarily been in the area of

nodel i ng?
A. | would characterize it nore in the area of hydrol ogy, and
speci fically groundwater hydrology. Modeling -- | have

experience in nodeling, and that's certainly one conponent of
my wor K.
Q Thank you.

Now, you testified to this, but I'd like alittle nore
detail. You isolated out a statenent in Judge Siler's
menor andum deci sion, said the threshold issue in this matter is
whet her the aquifer is an interstate resource. Right?
A.  Yes.
Q And so you've focused everything on that one statenent,
ri ght?
A.  Yes. That was ny understandi ng of what the purpose of this
hearing was, so | focused on that.

Q D dyou read the rest of his nmenorandunf

A. | read through it, yes.

Q | nean, did you read the order that actually set the
heari ng?

A. | read the one from 2016, and | don't know if that's the

one you're tal king about or not.
Q No. You read the nmenorandum opi ni on, which you signed to
page 36 on, right?

A. That sounds right, yeah.
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Q D dyou read an order of that -- of the sanme date as the
menor andum opi ni on?
A. | don't recall whether | did or not.
Q Al right. Wo provided you with the menorandum opi ni on?

A. It was provided ne by the Kellogg firm
Q D d you receive any instructions as to how you woul d use

t hat menor andum opi ni on fromthe Kellogg firnf

A. No, | wouldn't say | was -- | didn't receive instructions.
What -- well, they sent ne the nenorandum and | | ooked at it.
MR. FREDERI CK:  Your Honor, 1'd like to just | odge an

objection. To the extent counsel intends to get into
attorney-client privilege or expert privilege, we would object,
and | would ask himnot to venture into specific questions that
we asked our expert to do.

THE COURT: | don't see whether -- whether he read ny
order or not. Nobody else nmuch read it.

| don't see the purpose if either party sent that.
But you may ask him other questions, but | don't think it's
very relevant as to what he read they were.

MR, ELLI NGBURG Wl |, thank you.
BY MR, ELLI NGBURG
Q M question is, how did you use the order to define this
parti cul ar question which you said you were providing an
opi ni on on?

A Well, | used what | read to try to understand what the
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scope of this hearing was going to be about. And ny
under st andi ng of that was that the threshold issue, or the

i ssue of this hearing, was to detern ne whether or not the
aqui fer was an interstate resource. So then |I focused ny work
on trying to address that question froma technical

per specti ve.

Q D d you receive any assistance in determ ning that woul d be
t he i ssue on which you would offer an opinion?

A I -- 1 don't know what you nean by that. | nean, | read

t he order, and | understood that to be ny charge.

Q I'mtrying to find out whether you decided fromreading the
order that this was the issue, or whether soneone assisted you
in deciding it.

A. | decided that that was the issue as | saw it, based on
readi ng the order.

Q Oay. So you interpreted the order personally?

A. | interpreted what | read to indicate that that would be

t he subject of this hearing.

Q Cay. Wat is your |egal background?

A I'mnot a | awer.

Q Have you ever read the Court's order before and deci ded
that you would identify the specific issue that was to be
addressed before the Court?

A. Yes. As | renenber, in sone of the Kansas/ Col orado case,

there were -- | don't know, orders or determ nations by the
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Speci al Master as to what the scope of certain portions of the
hearings -- or, I'msorry, certain portions of the case would
be about, and we used that as a focal point.

Q And so did those contain specific instructions?

A Well, they would -- they would outline what the scope of
the inquiry would be in a particular portion of the case.

Q The only reason I'mgetting into this is because the --
about two -- a sentence or two after this statenent in the
order, it specifically refers to both the groundwater and the
aquifer. And then in the order, it refers to the water in

di spute. Have you ever focused on those two parts of either of

t hose docunents?

A. | don't -- | couldn't hear what you said on the second
t hi ng about --
Q | said the water at issue or in dispute: Have you ever

focused on either of those two docunents or those two parts of

t he docunents?

A. | renmenber reading that kind of inforrmation, yes.

Q Cay. Now, do you have a specific citation you can give us
to a United States Geol ogical Survey report that defines
specifically what constitutes an interstate aquifer?

A. I'mnot aware of a specific definition. Al | knowis from
readi ng the reports about what the focal point of sone of their
work was. And the word "interstate"” does appear in sone

reports, but I don't -- I'mnot aware of a specific definition
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that says, "This is what an interstate water resource is."”
Q D d you ever | ook for one?
A. Pardon?
Q D d you ever | ook for one?
A. 1've read through these reports.
No, |I'm asking you if you' ve ever | ooked for a definition

recogni zed either by the USGS or by the Court, or by anyone
el se, of interstate resource with regard to an aquifer? Have
you ever seen any of that?

A. | didn't look for it specifically. | just understood --
applied the common definition of "interstate” to water

resources, and that's the basis for ny determni nation.

Q Is that a scientific definition, interstate resource?
A Well, | think the word "interstate” is -- in ny view,
there's a common definition. It neans it's sonething that

transcends or occupies nore than one state. And | just applied
that adjective to water resources, and that's how | approached
my probl em
Q That really wasn't ny question. M question was, is there
a scientific basis for you defining "interstate aquifer"? Do
you have actual science that you use, other than the two things
you' ve nenti oned?

You' ve testified about 90 tines now -- | think that
may be an exaggeration; a little hyperbole -- that the basis is

that there is sand, which has simlar qualities under nultiple
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states. R ght? That's -- those are the two things. They
underlie nmultiple states, and -- | forget exactly the phrase

you used; you used it over and over.

What was the phrase you used to descri be the geol ogy
of sand?
A. VWhat was the phrase | used to describe the geol ogy of sand?
Q Yes, as you tal ked about --
A. I'mnot sure what you're referring to.
Q Wll, didn't you say that there was continuity, right? You
said there was continuity in the materials wthin the aquifers
within the multiple states that crossed borders; did you say
t hat ?
A. | said there was continuity in the aquifer itself, and in
the characteristics of the aquifer, and in the physical
properties of the aquifer.
Q So how nmuch i ndependent study did you do to | ook at the
actual physical properties of the aquifer systemthroughout the
M ssi ssi ppi Enbayment ?
A. | reviewed various USGS reports which had characterizations
of those properties, and that was the basis for ny review of
those properties.
Q Has the United States Geol ogi cal Survey ever made the
statenent that all of the sands or aquifer materials or
aquitard nmaterials within these eight states are sufficiently

simlar that you can just nove fromone state to the other
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W t hout expecting any actual inpact?

A. I'mnot sure | understand your questi on.

Q Okay. You used the MERAS report, right?

A.  That was one of them yes.

Q Cay. That's your primary basis for saying that it's an
interstate aquifer, isn't it?

A Wll, that's one -- a report that illustrates the extent
and the nature of the aquifer, but there are others as well.
Q Do you acknow edge that there are substantial |oca
variations within the aquifer units throughout the MERAS node
A. | would acknow edge that there are variations in aquifer
units, as a general matter.

Q | didn't ask that. | asked substantial variations in |oc
condi tions throughout the MERAS nodel area. Wuld you

acknow edge that?

A | -- 1 can't, because | don't know what you're neani ng by
"substantial ."

Q Wll, are there places in the MERAS nodel where you may
have the aquifer, but you may not be able to produce usable
quantities of water?

A.  \Were you have an aquifer but you're not able to produce
usabl e quantities of water?

Q Yes.

A, Well, that would not neet the definition of an aquifer.

Q Okay. Are there places where the quality of water is not

672
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as good as it is in others?

A.  There are.

Q Oay. And can you tell us where the best quality water is
and where the worst quality water is, within the MERAS nodel ?
In general terms, you can, yes.

Ckay. So have you identified those areas?

| haven't tried to map them out, no.

You didn't | ook at anyt hing?

| didn't try to nap them out, no.

Ckay. Well, can you give any detail on that?

> 0 » © >» O >

Well, ny understanding is throughout nost of the area, the
water quality is quite good. Wwen you get deeper into the --

sone of the hydrogeologic units, you get into areas of saline

wat er .

Q Is it -- do you know what transm ssivity is?

A. Transm ssivity?

Q Yes, sir.

A.  Yes, | do.

Q Ckay. Is the transmissivity in the Sparta Sand in

M ssissippi the sane as it is in the Menphis Sand that's

primarily in Tennessee?

A. The transm ssivity wll vary from one point to another.
Q No --
A. | don't know, w thout you specifying exactly where you're

tal ki ng about, whether it is or it isn't.
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Q Oay. Were -- where it changes to the Sparta Sand from
t he Menmphis Sand, in terns of the way those two -- those are
two separate aquifer units, aren't they?

A. There are aquifer names used in M ssissippi area and there
are aquifer nanes used in the Menphis area, and there are
conbi nati ons of those nanes that are used.

Q So it's your testinony under oath that there's no
difference in the Sparta Sand in M ssissippi and the Menphis
Sand in Tennessee; is that correct?

A | didn't testify to that, no.

Q Well, it sounded like you were. M/ question to you was,
are there material differences in those two aquifer units
wthin the two states?

A. | think | testified that they're not honbgeneous, and so
there are variations. And | don't know what you nean by the
word "material."

Q Wll, what about transmssivity? |Is there a materi al
difference in the transmissivity of the Sparta Sand in

M ssi ssi ppi and the Menphis Sand in Tennessee? That's a
strai ghtforward questi on.

A. Repeat that?

Q Are there material differences in the transmssivity of the
Sparta Sand in M ssissippi, south of the border, and the
Menphi s Sand in Tennessee?

A Well, | don't know what you're defining as "material."
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There are differences in the transmi ssivity.
Q Ckay. Wat would you define as nmaterial ?
A Well, it would have to be -- have some material effect on

some thing that you're trying to cal cul ate.

Q Ckay. Have you done any cal culations of anything in this
case?

A.  Yes, | have.

Q And so what cal cul ati ons have you done?

A. | have -- |'ve | ooked at groundwater |levels. |'ve | ooked

at how t hey' ve changed over tinme and how they trended over

tinme.
Q | haven't asked what you | ooked at. |I'm sure you've | ooked
at a lot. But you're here as a scientist, supposedly providing

expert testinony. So | would |like to know what cal cul ati ons of
any kind you've actually done.

A. 1've | ooked at groundwater flow rates. |'ve |ooked at --
as | said, calculations of trends in water |evels.

Q Oay. I'msorry, we have a comruni cation issue here. [|I'm
not aski ng what you | ooked at. |I'masking if you' ve done any
calculations at all of any characteristics of groundwater
applicable to this case.

A And I'mtrying to explain to you that I have done sone

cal cul ati ons.

Q Ckay. Wat cal cul ati ons have you perforned?

A. |1've | ooked at how the groundwater |evels have changed.
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I've | ooked at how those groundwater |evels have trended during
certain periods to understand how t hose groundwater | evel

trends are indicated in the data that's been coll ect ed.

Q | think you've said -- and | know you've told ne in your
deposition -- that you didn't consider groundwater flow paths
to have any rel evance -- any inportance with regard to your

opinion; is that correct?

A. | don't remenber exactly what | said. | don't -- well,
whatever. M conclusion is that the specific groundwater fl ow
pat hs know that the continuity of the aquifer system and
groundwater flow within it.

Q Wiat do you nean by "continuity"?

A. That the state boundaries and other political boundaries do
not influence, for exanple, potentionetric elevation contours
and the groundwater flow patterns.

And you base that on regional studies, right?

Yes.

You don't base that on any | ocal studies?

> O > O

Well, it depends on what you call "local.” | nean, | --
Well, there's an area that's been defined by the USGS for
decades called "the Menphis area."” Okay?

A.  Yep.

Q Are there differences, even within the Menphis area, from
what you would find anywhere else in the Mddle -- in the

M ssi ssi ppi Enbaynent Regi onal Aquifer Systenf
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A. Are there differences in what, you said?
Q Are there differences in the -- in the groundwater
availability and -- well, within the Menphis area? Are there

differences within the Menphis area with regard to the

avai lability of groundwater?

A. There are differences in the characteristics in the Menphis
ar ea.

Q CGo ahead.

A. In the characteristics of the aquifer.

Q And so what are those differences?

A. There are variations in transmssivity. There are
variations in perneability.

Q Have you plotted or charted any of that, even for a | ocal
area?

A. 1've | ooked at reports that characterized that, and that's
how | understand that.

Q Cay. So you're telling us what your version is of the
reports that you' ve reviewed, right? That's today that you're
doi ng?

A. 1've reviewed a nunber of reports, and that -- and those
reports, along wth nmy experience and education, are what |
base nmy concl usi ons on.

Q Okay. But you really don't know if there's any difference
in the Sparta Sand within M ssissippi, as a known formati on

and the Menphis Sand in Wst Tennessee? You can't tell us what

Alpha Reporting Corporation




© 0 N o o A w N P

e e o o
h W N L O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 22, 2019

678
Larson - cross
t hose differences are?
A. Well, | can tell you that there are differences, based on
what |'ve read. There are differences in thickness. There are
differences in perneability. There are differences in -- or in

transm ssivity. And |I'm aware of those.

Q Do any of those things make any difference with regard to
how nmuch groundwater can be produced fromthat particul ar
formati on?

A.  They could have influences on the anount of groundwater
that you can produce in a particular |ocation, yes.

Q Now, could they have influences on the flow direction of a
particul ar | ocation?

A.  They can.

Q Okay. Could they have -- make differences in the anmount of
water within storage in any particular |ocation?

A.  They can.

Q D dyou |look at any of that?

A.  Yes, | have.

Q Oay. So tell ne what the difference is in storage in the
Sparta Sand and Menphi s.

A. They're -- if you're tal king about the water -- storage
coefficients, there are variations in the storage coefficients
characterized in the reports.

Q Ckay. But can you -- can you tell us what any of them are?

A.  Not specifically, no.
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Q No? That's not inportant to you?
A Well, it's not inportant to the conclusion that |I reached

about whether or not this is an interstate water resource.
Q Let's talk about that just a little bit.

Now, ot her than you, can we | ook anywhere where we can
find the definition and the factors that you have used that has
been recogni zed either by scientists or by a court? Has your
definition, and your factors for your definition, to your
know edge, ever been used by scientists, as you stated it --
not kind of generally alike, maybe inferred, naybe sonewhere --
has it ever been used by another scientist that you know of ?

A. I'mnot aware of a specific definition, no.

Q GOkay. O your definition. You're not aware of anyone el se
usi ng your definition. |Is that correct?

A. I'mnot aware of ever seeing a definition related to that.
I'"mjust applying the common definition of the word
"interstate,” and that's what |'musing to draw nmy concl usi ons.
Q Okay. But in terms of other scientists, because this is
scientific testinony, can you point ne to any other scientists
or any other scientific literature that supports your

specific -- that uses your specific definition?

A. | know Dr. Langseth in this case. 1've read his report,
and his approach seens to be consistent with m ne.

Q Okay. So one of the other experts for the defendants and

you have agreed, right?
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A.  Yes.
Q Ckay. Beyond that universe of the experts for the
def endants, have you -- do you know of anyone that has
utilized, adopted, or applied your definition outside of this
case?
A, I'"'mnot aware of a place where that specific definition has
been gi ven.
Q So you kind of -- you made it up from whol e cloth?
A. No. The answer to that is no. | made that determ nation

from | ooking at the words.
Q Oay. Do you believe that the judge in this case, and the
Suprene Court in this case, can't ook at those sane words? Do
you think they're sonehow i npaired so that they can't | ook at
t hose words?
MR, FREDERI CK:  Your Honor, 1'd like to object to
this.
THE COURT: Well, objection sustained.
MR, ELLI NGBURG = Ckay.
THE COURT: We of course will nake the final decision.
MR ELLI NGBURG  Ckay.
BY MR, ELLI NGBURG
Q Now, one of the conponents of your definition is that it is
possi ble to punp groundwater from one state into the next; is
that correct?

A. Well, it's possible that it's also being observed in the
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data and information that |'ve revi ewed.

Q Okay. Now, this issue has cone up in a couple places, but
do you -- is it your opinion punping is a condition found in
nature? 1s it a natural condition?

A. Punping fromwells is not a natural condition.

Q GCay. And what you do when you put punps in the ground --
and | think you' ve tal ked about it -- is you lower -- in that
confined aquifer, you lower the pressure in the area of

i nfl uence or cone of depression of that punp; is that correct?
A Well, as |I've testified, you |lower the water |evel, which
is the potentionetric level in the well, and that causes water
to flow toward the well.

Q It draws it toward the well ?

A.  Yes.

Q Okay. And if that punping weren't taking place, that water
woul dn't be drawn toward the well in that particul ar cone of
depression in that particular way; is that correct?

A It wouldn't go to that point; it would go somewhere el se.
Q Right. Now, within the cone of depression -- because you
expl ai ned the concept, or you touched on it earlier, that took
me a long tinme to understand. But within the cone of
depression, the pore spaces in the earth and confined aquifer
stay saturated, right?

A. Yes, in a confined aquifer.

Q Okay. But there's not as nuch water within that cone of
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depression as there was before the punping, is there?
A. The water has been -- when you punp, the water deconpresses
involuntarily. 1It's atiny bit different.
Q Rght. | saw sonething in the -- in sonme earth science
thing that said that if water were truly inconpressible, al
t he oceans would be 90 neters high, or sonething |like that.
Whi ch gave ne the idea that you could conpress it alittle,
right?
A, It's slightly conpressible.
Q But it also wll press those pore spaces open a little
further, so you can store -- at full pressure, you ve got nore
water in each pore space, right?
A. The aquifer skeletons are elastic, and they can expand and
contract slightly as well.
Q Thank you.

And so within the cone of depression, there is in fact
|l ess water; is that right?
A. Wthin the cone of depression, water has been taken out
of -- excuse ne, the storage -- you can cal cul ate the storage
depl eti on based on the conpressibility of the water and the
aqui fer skel eton
Q And soneone who sinks a well within the confines of the
cone of depression can't recover as nuch water as they could
have with the cone not there, can they?

A. I'mnot quite sure | follow your hypothetical earlier
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Q It was not a hypothetical. Total avail able drawdown, and
what that neans is there was not as nuch water as there was

bef ore the cone was created within the cone of depressi on which
can be recovered by punping, is there?

A I'mnot quite sure what you nean by "not as much water."
Q Well, we just tal ked about the fact that sone of the water
has been rel eased out of the pore spaces. Right?

A. There's been sone deconpression and sone shrinkage of the

skel et on.

Q  Ckay.

A. Inside a cone of depression and a confined aquifer.

Q Right. And whether someone can still sink a well in

M ssi ssi ppi and get groundwater doesn't nean there's still as

much water in M ssissippi as there was before the cone of
depression in this case was fornmed, does it?

A. The water is changing all the tine as it noves.

Q You've said that. But in terns of total avail able
drawdown, it has been reduced in M ssissippi, hasn't it?

A. Pot enti onetric | evel would have been reduced around the

punpi ng wel | .
Q Okay. Can you recover as nmuch water -- because you said
earlier -- can you recover as nmuch water within the cone of

depression within M ssissippi as could have been recovered by
wells before the formation of the cone of depression?

A, Well, the overall potentionetric |Ievel would be | ower, so
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you woul d have to lift the water sonewhat hi gher.

Q But there's not as nmuch water to produce the maxi mnumyield,

isit?

A, Well, you can still produce water. |It's only a natter
of -- you have to lift it sonewhat higher.

Q Well, unless you need nore, right?

A.  Unl ess you need nore than what?
Q Wat I'msaying is that if you need to use that groundwater
resource within the State of M ssissippi, you cannot produce as
much water as you could if the cone of depression were not
there; is that true?
A | don't knowif it's true, in the abstract.
Q Oay. I'mtalking about in reality, within the confines of
the cone of depression. Wat does "total avail able drawdown"
mean?
A Well, it can nean a nunber of things. But one of the
things it can nean is if you draw the water level fromits
potentiometric level all the way down to the top of the
aqui fer, that may be a total avail able drawdown, or maybe
consi dered a total avail abl e drawdown.
Q Okay. And does that get reduced if you do that in one area
in the surrounding area within the cone? Does the total anount
that can be punped out of the aquifer -- is it |ess?

You don't understand ny question?

A. | don't understand the question.
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Q Cay. That's fine.
But you do understand the concept of total avail able
dr awdown?
A. | know there are characterizations of total avail able
dr awdown.
Q Gkay. Now, how nuch have you studi ed geology in your area
of groundwat er hydrogeol ogy?
A Well, nost of ny studies of geology are through the reading

of books and reports characterizing geologic conditions in

different areas. |In a nunber of different areas.
Q I just want to know for sure -- I'mgoing to ask a couple
of questions, then I'll nove on to sonething el se.

But is it your testinony that the cone of depression
in the Menphis area is drawi ng water from Kentucky -- it was
drawi ng water from Kentucky; is that your testinony?

A. That's not ny testinony, no.

Q Wy not? | nmean, if it's all one big aquifer, why isn't
your punping in Menphis drawi ng water out of -- or reducing the
avai l abl e water in Kentucky?

A. Because the cones of depression have limts.

Q Okay. Now, an illustration was put up by Tennessee's
counsel which was taken fromDr. Spruill's report. And you
were asked the question if it was possible to nove the punping
further away and avoid the cone of depression overl apping,

right? And you said it wasn't possible.
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MR. FREDERI CK: (Obj ection, your Honor. | don't think

t hat question was asked, and | don't think M. Larson gave that
t esti nony.

MR ELLINGBURG Ch, okay.

THE COURT: | don't know what you asked, but you can
ask it.

MR ELLINGBURG I'll ask a different one.
BY MR ELLI NGBURG
Q Were you asked a question about Dr. Spruill's hypothetical
in his report?
A I was, yes.
Q And were you asked a question about what the inpact woul d
be of placing wells in different areas of that hypotheti cal
aqui fer on whether that water would be drawn off state |ines?
A. | was asked, as | renenber it, whether punping near the
state line could affect conditions across the state boundary.
Q Were you asked whether noving it away fromthe state |line
woul d elim nate the cone of depression?
A.  Not that | renenber.
Q Cay. So but again, we're tal king about the hypotheti cal
It could affect it, right? Mving the punping |ocation of
punpi ng could affect?
A.  Yeah, there was no barrier to that inpact being transmtted
across the state boundary.

Q | was interested in that. Let's talk about the barrier a
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little bit.

Now, you conpl etely honpbgeni ze t he geol ogy and the
water, right? You say it's all the sanme? That you can't
separate the water fromthe geol ogy and the aquifer, as you
define it, which includes the entire M ssissippi Enmbayment.
That's your position, right?

A. No. Wat I'msaying is that geology without water in it is
not an aqui fer.

Q Ckay. But when you say the entire M ssissippi Embaynent is
one aquifer -- that's your testinmony, isn't it?

A. No, it's not ny testinony.

Q GCay. Wat is your testinony?

A. That there are nmultiple hydrogeologic units within the

M ssi ssi ppi Enbaynent. Sonme of those units are aquifers; sone
of those units are characterized as confining units. And

they' re juxtaposed agai nst one another in certain patterns that
are illustrated in sonme of the reports.

Q Okay. Is the water in that entire eight-state area all

avai l able for all producers in all eight states?

A. I'mnot sure | understand that question about -- what do
you nean by "avail able" -- available to users wthin those
areas?

Q Wth all eight states from-- all of the water in the

M ssi ssi ppi Enbaynent, is that aquifer system is all of that

wat er available to users in every state, just -- just by
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putting the well down and punping it?

A. By putting wells in, you can devel op groundwat er resources
at different places throughout the area.

Q D d local variations nake any difference?

A, Well, local variations can affect transm ssivity conditions
and affect groundwater flow to sone degree.

Q Is it reasonable to take a regional nodel and make

det erm nati ons about | ocal conditions w thout using the | ocal
information with regard to the actual groundwater conditions in
the | ocal area?

A. | don't know. It depends on what you're trying to do.

Q Wll, is it reasonable to deternm ne the inpacts of | ocal
punpi ng by | ooking at a regional nodel?

A.  You can make estinates with the regi onal nodel.

Q Al right. You ve done that, haven't you?

A. |1've made estimates wth vari ous nodel s, yes.

Q | nean, but you actually nade an estimate of the anount of
wat er that was being taken from one state, under a conpact, out
of a river, and you used a regional npdel to estimate it,
didn't you?

A. Inthe -- in a couple of different cases. But in the
Kansas and Nebraska case, we developed a nodel. It's a

regi onal groundwater nodel, but it's also interconnected to
streans, and that nodel is used to estimate effects on stream

flows.
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Q WwWll, you also did that in Wonm ng vs. -- in Mntana vs.
Wom ng, didn't you?
A.  Yes, but that was related to coal bed net hane water
devel opnent .
Q |I'"mnot asking about the details. |[|I'm asking you, what --
did you use a regional nodel to give opinions in the United
States Suprene Court case as to the inpact of |ocal punping in
an area around a river? D d you do that?
A No.
Q You didn't? Okay.

Do you recall the Special Master's report that was
i ssued on Decenber 29, 2014, in Mntana vs. Woni ng?
Yes, | think I'"ve seen that report.
You've seen it. You testified in that case, didn't you?
Excuse ne?
You testified in that case, didn't you?
| did.

And you gave opinions in that case, didn't you?

> o0 >» ©O » O >

I did.

Ckay. And what did the Special Mster conclude with regard
to your opinions?

A.  He concluded that the estimated flows -- or as | understood
it, anyway, the estimated -- well, first of all, | was
assessing the i npacts of coal bed net hane devel opnent t hroughout

the regional area in Wonm ng and the potential inpacts of that
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on the streamflows in the Tongue River. And |I think he
concluded that the estimates were relatively small, and there
was uncertainty about them and therefore he did not utilize
those in his -- in his determ nation.

Q D dhe actually explain in his report that he found your
testinony to be insufficiently reliable for himto rely on?
A. | recall sonmething like that. | think it related to issues

about potential effects of anount of aspirations along the
streans.

Q Yes. But actually, one of the things he specifically says,
I believe, when he's explaining why your report -- your
testinony is not sufficiently reliable to be utilized in his
deci sion, was that you used a regional groundwater nodel to
proj ect --

THE COURT: | think he's raising an issue.

MR. FREDERI CK: Obj ection, your Honor. |If he's got a
transcript to show us, or if he's got an opinion to show us,
maybe he coul d produce this, rather than provide a
characteri zati on of what a Special Master in another original
action is said to have held.

THE COURT: Ckay. |If you want himto see that, share

MR. ELLI NGBURG I think that's reasonabl e.
Here you go.

THE COURT: Do you need tine to | ook this over?
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MR, ELLINGBURG |'mgoing to point to specific pages
and specific | anguage fromthe Special Master's report.

THE COURT: |If you need tinme to |look it over

MR, FREDERICK: Did the witness get a copy?

MR, ELLINGBURG |I'IIl give hima copy.

THE COURT: We'Il take a short recess, and then cone
back in ten m nutes.

(Recess)

THE COURT: You may proceed, if your witness has had a
chance to | ook at whatever you're tal ki ng about.
BY MR ELLI NGBURG
Q Have you had a chance to look at it?
A. 1've |l ooked at it sone, yes.

Q Do you recall this testinmony and this ruling by the Special

Mast er ?
A. | recall the ruling and what he said about it, yes.
Q Gay. | nean, and he found sone specific faults with your

use of the regional nodel in that case, didn't he?

A. W used a nodel devel oped by the BLM and | think what he
found was the -- well, the inpacts were -- that we were
estimating with the nodel, which was devel oped to | ook at
coal bed nethane, the inpacts on the streamwere relatively
small, and they were probably within the uncertainty of the
nodel . And that's what he found.

Q They were relatively small conpared to what you testified
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to, right?
| said they were relatively small inpacts conpared to
the inpacts that you testified to, based on the nodel; is that
correct?

A. No, that's not correct.
Q That's not correct? Ckay.

Did he criticize your use of that nodel ?
A. He indicated that he didn't believe the nodel was
sufficiently reliable to estinate those inpacts.
Q GCay. And why did he reach that conclusion? | think one
of the things was it covered 8,000 square mles, right?

A. That wasn't nmy understandi ng.

Q Wuuld you pl ease | ook at page 212.
A 212?
Q Yes. 212.

Do you see, about the m ddl e of the page, where it
says "M . Larson chose"? Do you see that? On 212.
A.  Yes.
Q Cay. It says, M. Larson chose the BLM nodel because
quote, "a lot of effort went into the devel opnent of that

nodel " (i ncluding detail ed mappi ng and el evati ons), and BLM was

a disinterested party giving the nodel sone -- quote, "sone
credibility."”
Is that -- is that what the judge reported in his

recommendati on?
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A | think that's what | said.

Q Cay. So he was quoting you, and it was one of the reasons
he didn't accept the nodel, wasn't it? Wy would he say this
if he weren't finding fault with that elenent -- that |evel of
an - -

MR, FREDERI CK: (Objection. Calls for speculation from
a Speci al Master.

THE COURT: (Objection sustained. W can't decide why
t he Speci al Master deci ded.

BY MR ELLI NGBURG
Q "He also believed" -- he's now tal ki ng about you, the
Speci al Master, right?

He says, He also believed that the nodel had the quote
"appropriate structural features," closed quote, needed to nake
reasonabl e cal cul ations. Right?

A. He's tal king about ne.

Q Yes. D dyou give that testinony?

A.  Yeah.

Q Cay. And the Special Mster also then started talking
about the nodel, and he said that it covered 8,000 square
mles. R ght?

A.  Yes.

Q And that the nodel itself recorded that it had limtations
that -- in the available data. |Is that correct?

It's at the bottom of the page.
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Yes.
Ckay. D d you |look at the limtations on the MERAS nodel ?

I'"ve reviewed sone of the calibration i nformati on.

o > O >

No. Did you read, in the MERAS report that you have
testified to extensively, the limtations the USGS reported for
t hat nodel ?

A. 1l've read the report, so ..

Q Do you recall any of the limtations?

A. Well, ny recollection was that they characterize it as a
regi onal nodel, and therefore it may not be appropriate to | ook
at very localized conditions.

Q Cay. The regional nodel; that was the one in the Mntana
case the judge said covered | think -- what do we say -- what
did | say, 8,000 mles, square m | es?

A.  Yes.

Q Cay. How many square m | es does the MERAS nodel cover?
A.  Sone -- sonmehow the nunber 70,000 sticks in ny m nd, but I
don't renenber exactly.

Q 70,000 square mles. R ght. And it uses a nodel grid of
one mle squares for that entire 70,000 mles, right?

A. Yes, the grid spacing is one mle.

Q And there -- | don't want to misstate this. If you

would -- I'lIl need to let you see this -- this is Joint

Exhibit 18, and you've testified to it a great deal on direct.

It's in your notebook, | believe.
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Yes, | can see you've got a couple right there. Thank
you. Could you | ook at page 56 of Joint Exhibit 18.
A,  Ckay.
Q At the top, do you see where it says "Limtation of
anal ysi s"?
A. Yes, | see that.
Q And beginning with the second sentence -- I'mgoing to read
it, and you tell ne if |I've msrepresented it. It says: "The

accuracy of groundwater nodel is limted by sinplification of
conplexities wiwthin the flow system conceptual nodel, space
and tine, discretization.”™ Wat does "discreditization"” nean?
What does that word nean?
A Time discretization?
Q No. It says tine "discretization.” Wat does that nean?
A. Tinme discretization. That's what you' re asking ne?
Q Yes. Wiat does it nean?
A It nmeans that the nodel solves differential equations
nunerically, and in nunerical schenes, the tine is divided into
segnents. And the size of those segnents are time
di screditizations; that's how they calculate -- they calcul ate
fromone tinme to the next in discrete segnents.
Q Thank you.

So it's -- "The nodel is |limted by sinplification of
conplexities within the fl ow system space and tine

di screti zation effects, and assunptions nmade in the formul ation
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of the governing fl ow equation."”

Did | read that correctly?
A.  Yes. You did.
Q And then further down -- and |I'mjust picking out sone
hi ghl i ghts, but further down on that sanme columm, to I'd say
the bottomfifth or so -- this is a |long paragraph -- it starts
with "Areas of sparse geophysical information."”

Did you see that?

A. Are you in the next paragraph, or the sane?

Q I'min the next paragraph, alnost all the way at the bottom
of the page. "Areas of sparse geophysical" --

A. Yes, |I've got it.

Q Ckay.

"Spar se geophysical information nay affect node
results through assunptions in the altitude and thickness of
t hese geohydrol ogical units and the | ack of definition of
structural controls that nay affect groundwater novenent."

Now, this is tal king about throughout the entire MERAS
nodel , right?
A. They're tal king about areas of sparse geophysica
i nf or mati on.
Q Raght. But I'msaying this is -- this is relating to this
particul ar regi onal nodel, right?
A. It's tal king about the MERAS nodel, yes.

Q Raght. And sothis is a warning of limtations. And I
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think in the next -- the top of the next paragraph, the columm
is probably the part that's nost inportant -- it says, "The
goal of the MERAS nodel is to devel op a nodel capabl e of
sui tabl e accuracy at regional scales.

"The intent was not to reproduce individual |ocal
scal e details, which are typically not possible, given the
uniformscale size of a mle -- one mle squared. Although the

MERAS nodel may not represent each |ocation detail, it is
rel evant for a better understanding of the regional flow
systens. "

So you've given a |lot of opinions about the fl ow paths
shown by the MERAS nodel, right?
A.  The fl ow paths shown by the MERAS nodel ?
Q The arrows on the maps shown fromone state to another are
generated by that nodel ?
A. The general patterns, yeah, the regional patterns, right.
Q Now, this -- this is a warning that you're to be carefu
about that; is that right?
A. Yes, that's sonething that you woul d consider wth any
nodel .
Q Oay. And in this case, we have a |local or -- nodel, which
had been worked on for years by the USGS, do we not, the
Br ahana Broshears nodel ?
A.  You have a different nodel applied that -- back in the

1980s, and its resolution is a lot different than the npdel s we
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have now.

Q Ckay. But you're saying that the Brahana npdel was never
changed fromthe tine of the 1980s; there were no changes to
that. |Is that your testinony?

A. I'mnot aware that there was any changes in the nodel.

Q Okay. It was published, | think, in -- what, '98 or '99,
or 20017

A. That's when the report was published, but | think the work
was done in the 1980s.

Q Rght. But you don't know if there was anything that was
changed between the time of the initial work and then?

A. In 20017

Q Do you know if there was any changes?

A. Not that |I'm aware of, no.

Q Okay. You say not that you're aware of, but does that nean
you don't know if there were or were not?

A. | don't -- | don't know whether there were or were not.
I''m not aware of any changes, and what |'ve | ooked at, the
nmodel structure that people have used, it appears to nme to be
t he nodel that was constructed in the 1980s.

Q Ckay. But that was a -- that's a |ocal nopdel for the
Menphi s area, based on Menphis data; is that correct?

A I --

Q The Brahana and Broshears nodel ?

A I wouldn't characterize that. That nodel extends from
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south of the M ssissippi border up alnpst to the extent of the

Enbaynent .

Q The MERAS nodel does?

A. No, the --

Q The Brahana nodel ?

A.  Yes.

Q Al the way to the top of the M ssissippi Enbaynent?
A. Al npst, yes.

Ckay. Now, do you now recall that the Special Master in
the Montana case found your testinony unreliable because you
used a regional nodel, where the |ocal nodel should have been
used; at least, that was one of his bases?

MR. FREDERI CK:  Your Honor, could |I just ask for a
page reference to this 200-and-sone-page Special Mster report?

THE COURT: You nmay cite the page.

MR ELLINGBURG | thought 1'd given it to you

If you begin reading -- because on page 211, there is
an anal ysis of the evidence and expert testinony. And to
your -- in your defense, it points out that groundwater is
really difficult to conpletely anal yze, because it's underneath
the ground, and you can't see it, right?

And he starts off, he says, This case denonstrates --
As this case denonstrates, determ ning whether groundwater
punping interferes with the continued enjoynent of surface

rights is often difficult."”
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And so he tal ks about that, and then he starts talking
about -- he says, "Mntana's" --

A. Could | ask you where you're reading fronf
Q I'mreading frompage 211.

Do you see where it says, "Analysis of the evidence

and expert testinony"?

A.  Yes, | do.

Q Cay. And it says, "Montana's principal groundwater
expert, M. Steven Larson" -- that's you, right?

A Yes, it's ne.

Q Al right.

"Used the MODFLOW groundwat er nodel devel oped for a
BLM study of the CBM groundwater production in the Powder River
Basin to estinmate the inpact.” R ght?

A.  Yes.

Q Cay. And then | read you already what he starts off with
in terms of your description of the nodel and your basis for
relying on it. And one of themis appropriate structural

f eat ures.

Now, you've used this phrase "continuity" to support
your position that the groundwater at issue in this case is all
the water in the M ssissippi Enbaynent; is that correct?

A. No. I'mtrying to answer the question of whether or not
the aquifer is an interstate water resource.

Q Okay. Are you separating the water in the aquifer fromthe
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aqui fer, or are you just saying that because the geol ogy
underlies nultiple states, the water is necessarily interstate?
A. No, I'mlooking at the extent of this aquifer, which, by
definition, is the geology and the water.

Q Ckay. Now, you were shown sone of the USGS maps, toward
the end of your testinony, that showed cones of depression,
right?

A, Yes.

Q Now, is it your testinony that the cone of depression in
South Central M ssissippi or Sout hwest M ssissippi is actually
capturing groundwater fromthe Menphis area?

A. No, it's not ny testinony.

Q Cay. It can't, can it?

A. Well, as scientists, we often don't say "can't," but it's
not |ikely.

Q Gkay. Nothing that you know about groundwater hydrol ogy
woul d suggest that that punping that was enphasi zed in that

| ower part of Mssissippi is -- would have an inpact on the

| ocal condition in this case?

A. Not on the condition on the aquifer. The only thing | can
think of is if there was sone connection through the surface
wat er system

Q Now, before | go to that, the -- what about the punping in
Loui si ana and Arkansas that is near the border of Louisiana and

Arkansas? |s that |arge cone of depression, in your opinion,
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w t hdrawi ng groundwat er from Nort hwest M ssi ssippi?

A. My opinion is that those cones of depression have spread
across state lines fromboth directions and have coal esced.

Q But in Arkansas and Loui si ana?

A, Yes.

Q But you're not giving the testinony that those cones of
depression are w thdraw ng groundwat er out of Northwest

M ssi ssi ppi, next to Menphis, are you?

A. No, I'mnot giving that opinion.

Q Ckay. Because it isn't, is it?

A. Not that I'm aware of.

Q Oay. Now, the surface water and groundwater connection, |
bel i eve you' ve testified that there is a hydrol ogi c connecti on
bet ween the M ssissippi R ver and the Sparta Sand and Menphi s
Sand; is that correct?

A. Yes. To the regional aquifer systemand the intervening

| ayers.

Q So did you ever performany calculations with regard to the
travel time of that groundwater fromthe outcrop until the
point that it was discharged into the M ssissippi R ver?

A. The travel tinme fromthe outcrop to the river? No, | did
not .

Q Okay. Do you have any estimate of how | ong that woul d be?
A. No, | don't.

Q Oay. You didn't look at it at all, did you?
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A | didn't try to estinmate travel times, no.
Q GCkay. D dyou attenpt to determ ne the residence tine,
which | believe is sonewhat rel ated, of a groundwater nolecul e,
as it's been described, entering the outcrop of the Sparta Sand
or Menphis Sand in Mssissippi, within the state of
M ssi ssi ppi ?
A. | amnot sure howthat's different fromthe question you
just asked ne, in terns of the travel tine.
Q M either. But so -- so residence tine would be the
equi val ent of travel tinme?
A Well, it certainly can be, yes.
Q R ght. Now you do --
A. But you're tal king about a specific tinme, residence tineg,
fromwhere it went in the outcrop area into the river?
Q Yes. Yes.

You do environnmental work, right?
A.  Yes, | do.
Q And in the case of environnental work, do you cal cul ate
travel times in terns of pollutants, in the point that they
were, | guess, spilled on the ground or -- you know, poured on
the ground, to a -- another water resource?
A. At tines, yes.
Q | nean, is that part of trying to renediate it and control
it?

A. It can be part of that.
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Q &ay. So it's not -- you know how to calculate travel tine
and residence tine, right?

A Well, I"'mgoing to put it this way: | know how to nake
estimates of travel tine.

Q Cay. That's good. But you didn't do it in this case
because you didn't think it was inportant?

A | didn't think it was necessary for ne to draw the
conclusions that | drew about the interstate water resource.

Q D d you nake any effort to determ ne the relative storage
capabilities of the aquifer within M ssissippi and Tennessee
across the board, stored -- in the storage capacity? How nuch
groundwat er coul d the aquifer hol d?

A. No, | haven't tried to figure that out.

Q Ckay. Because you didn't consider it inportant?

A. No, | did not. At least to the question that | was
addressing. It may be inmportant in other situations, but

Q Now, the question you were addressing was the question that
you took out of the order and interpreted as you interpreted
it; is that correct?

A. Yeah, it was a question, as | understood it, as to whether
or not this was an inter -- the Mddle C ai borne Aquifer was an
interstate water resource.

Q Okay. Now, do you -- a lot of your opinions are stated in
ei ther absolute or very broad terns. So when you say as an

expert that the groundwater that cane in at the outcrop in
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M ssi ssi ppi and was novi ng across M ssi ssi ppi woul d not be
there permanently, did you put any kind of range on what you
meant by "permanently"? You just neant it would never | eave,
right?
A. M/ conclusion was that it would | eave.
Q Right. So that it would not be there permanently?
A Correct.
Q But you nade no effort to determine how long it m ght
resi de there?
A No, | did not.
Q Okay. And based on what you know from - -
A. Well, naybe | should rephrase that.

| didn't try to make a travel tine calculation from
the outcrop to the point of discharge. I nmean, | recognize
that even as we sit here today there's water discharging --
Q Ri ght.
A. -- fromthe M ssissippi into other areas.
Q R ght. The groundwater is punped out of the cone of
depression that's been taken out of storage, right?
A Wll, not -- if you ook at the recent water |evel trends
in the area of Menphis, they've been relatively stable. So
within those areas, where the water | evel has been rel atively
stabl e, the storage hasn't changed.
Q Do you know where the recharge is conmng fron? Can you

state an expert opinion as to where the recharge comng into
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t he Menphis Sand and Sparta Sand is conming fron? Is it all
com ng fromthe outcrop?
A. Coming fromthe outcrop. It can also cone from ot her
underlying and overlying aquifers.
Q Do you know where it's comng from wthin that |arger
uni ver se?
A. | haven't tried to see a detail where it's com ng from
I've only observed that the water |evel declines in that --
those areas have been relatively stable over the | ast nunber of
years.
Q Now, you also gave a lot of testinony in terms of --
certain things could take place. R ght?
A. To sone degree, yes.
Q Okay. But you -- those statenents aren't intended to be
opi ni ons, are they, when you say sonething could take place?
MR, FREDERI CK: (Obj ection, your Honor. | think his
testinony speaks for itself. And if |I was asked to redo his
questions, which I did upon his first objection, | was quite
happy to rephrase themto satisfy M. ElIlingburg.
THE COURT: 1'Il overrule the objection if the w tness
can understand the question.
MR, ELLINGBURG | need to try to do better with the
questi ons, based on that, your Honor.
Q Have you designed any wellfields?

A, At tines, yes.
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Q Gay. |Is that an area that you clai mexpertise in?
A. |1've designed wells and punping systenms in ny tine.

Q Have you done any real study of the wellfields in this
particular case with the kind of detail you would need to make
any recommendations as to those wellfields?

A. No, | haven't studied at that |evel of detail.

Q So when you nade comments about the wellfields, they aren't
based on the study -- they aren't based on any studi es that
you' ve nmade, any study you' ve nmade in this particular case; is
that correct?

A. They're not based on a particular study that | m ght have
done, no.

Q Okay. Now, does the USGS actually play any role in
groundwat er managenent within specific states?

A. I'mnot aware of -- that they are involved in groundwater
managenment. They nmay be, but |I'm not aware.

Q They provide scientific data to the various cities and
states that are using groundwater; is that correct?

A. They -- that's generally what their mssion is, certainly.
The only caveat was | was involved in sone -- or |I'maware that
the USGS was involved in sone projects while | was at the USGS
where they were sonewhat acting as a consultant to a nuni ci pal
entity.

Q But ultimately they don't have the authority to make a

groundwat er nmanagenent decision within the states, do they?
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A Well, I"'mnot aware that they do groundwater nanagenent.
Q Is that sonething typically handl ed by each separate state,
based on your experience?
A. It could be states, it could be municipalities, it could be
wat er purveyors.
Q To the extent that Tennessee is -- the Cty of Menphis and

Shel by County are punping water that is, at the tine the

punpi ng takes place, is known to be coming fromthe State of

M ssi ssi ppi, how can M ssi ssi ppi regul ate that punping, that
you know of ?

A. Could you repeat the first part of that?

Q How can M ssissippi regulate punping that is taking pl ace
in the State of Tennessee, in Shel by County or by the Gty of
Menmphis, if that punping is withdrawi ng groundwater fromwthin
the State of M ssissippi?

MR. FREDERI CK:  Your Honor, | have an objection,
because he used the word "regul ates,” which is a |l egal term of
art. M. Larson is a trained hydrologist. He's not a | awer.

THE COURT: 1'Il sustain the objection on that.

MR. ELLI NGBURG  Thank you.

Q Is the word "interstate" a scientific termof art?

A | wouldn't call it a scientific termof art. I would call
it just a -- it's a word that has a neani ng.

Q It's an observation anybody can nake?

A. Excuse ne?
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Q It's an observation anyone could nake; is that correct?
A Well, "interstate" has a conmobn neani ng.

Q R ght. And you' re applying the conmbon neani ng, and anyone
could do that, right?
A. I'mapplying the commbn neaning of "interstate" to the term
"wat er resources.”
Q Rght. And that's

Have you done any cal cul ati ons of groundwater velocity
within either the State of M ssissippi or the Southwest area or
West Tennessee, to give your opinion?
A.  Not for purposes of this particular case, no.
Q Have you eval uated the anount of groundwater that can be
w thdrawn fromthe avail able aquifer systemwthin -- wthin

West Tennessee? Have you done an eval uation of that?

A.  No, | have not.

Q Because it's not inportant to you?

A. Excuse ne?

Q It's not relevant to your opinion, right?

A.  How nmuch water can be devel oped?

Q Right.

A. Yeah, no, | don't think that's relevant to the concl usion

as to whether this is an interstate water resource.
Q And what do you base that on?
A Because | believe that the determ nati on of whether this is

an interstate water resource is determ ned by the continuity of
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the aquifer and its characteristics, the connection between
that aquifer and other aquifers and surface waters that m ght
be interstate in and of thenselves, and also on the ability of
punping in one area to affect another area that could go across
state boundari es.

Q Can you provide us with any netric of any kind, other than
sand, as to what you nean by "continuity"?

A, Well, "continuity" just neans that within an area, the
entity -- which in this case is the Mddle d ai borne Aquifer --
exi sts, and that it has physical properties that allow

communi cati on hydraulically throughout that area.

Q \Vat are those specific physical properties wthin DeSoto
County, M ssissippi, that you have identified?

A. Properties of perneability, properties of transm ssivity,
storage characteristics.

Q Are those properties, based in -- what you have studi ed,
uni form t hroughout DeSot o County, M ssissippi?

A. No, they're not uniform

Q And | believe that this whole system would be -- DeSoto
County, M ssissippi, and Shel by County, Tennessee, is conplex;
is that fair?

A. There are conplexities.

Q Okay. And what kind of conplexities?

A. Well, there are variations in the anmounts of sand, for

exanpl e, that you mght find in one area versus another. There
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are areas where the materials becone finer grain and becone
confining units.
Q Thank you.
Those things affect all of the properties that
determ ne groundwater flow and direction and storativity, don't

t hey, those variations?

They can have i npacts.
They can have inpact -- they determn ne inpact?
Well, that's not the only thing that determ nes those.

There's nore, right? There are other factors?

> 0 >» O >

Well, there are places where the water is recharged and

pl aces where the water is discharged. Those also play a role

in that.

Q And those are all local conditions?

A.  Not necessarily. | nmean, the Mssissippi River is a |large
river.

Q Thank you.

MR, ELLI NGBURG  Wbuld you put the slide up, the first
sli de.
Q Okay. Now, you used this chart during your direct
exam nation; is that correct?
A. | don't renenber if we used this one or another one.

MR. FREDERI CK:  Your Honor, | don't think we used this
one.

MR, ELLI NGBURG  Okay. So you used Arthur & Taylor in
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1990; | wused another Arthur & Tayl or.
MR, FREDERI CK: W didn't use this one.
MR, ELLI NGBURG = Ckay.
BY MR ELLI NGBURG
Q Wll, isthis simlar? |Is there sone continuity between

this chart and the chart you | ooked at earlier?

A. The one that we used was show ng generalized fl ow patterns,
as | renenber, in the predevel opnent condition.

Q Ckay. Is this a very, very high-1level generalization?

A. A very, very high-level what?

Q GCeneralization.

A. Yes, this is a generalization of a profile through the

M ssi ssi ppi  Enbaynent.

Q Because it doesn't show any -- any separate aquifers within
the M ddle O ai borne Aquifer group, does it?

A. It shows the Mddle C aiborne Aquifer, and it shows the
Upper d ai borne Aquifer.

Q Does it show a Lower --

A. And a Lower C aiborne Aquifer. |'msorry.

Q | thought you said there wasn't a separate Lower C ai borne
Aqui fer.

A | didn't say that. There's a Lower C ai borne hydrogeol ogic

unit that was defined as part of MERAS.
Q But this says "Lower d aiborne Aquifer." R ght?

A. That's what it says, yes.
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Q Is that a separate aquifer fromthe M ddl e d ai borne
Aqui fer?
A It's been identified as a -- at |east a subhydrogeol ogic
unit within the Mddle C ai borne hydrogeol ogic unit.
Q Do you know if a Lower C ai borne Aquifer exists in the
State of Tennessee?
A. Not to ny understanding. In ternms of where it was
characterized, it was further south.
Q Thank you.
MR ELLINGBURG Well, I'd like to pull up another

chart. MERAS, the next slide, if you woul d.

Now, this -- was this the slide you | ooked at on direct?

No.
It was not?

Not this particular one, no.

o >» O > O

Ckay. Does it contain the same hydrogeol ogic units as the
one you di scussed?

A.  Yes, it does.

Q Now, over in the "Hydrogeologic Unit" columm, there seens
to be sone separati on between the Lower d ai borne Aquifer or --
exactly where it exists. |Is that what that indicates, the
little area where it's all hatched off? What does that show?
A. That indicates to ne that there is a transition from what
they're calling the Mddle C aiborne Aquifer to what they're

calling the Lower Cl aiborne Aquifer within that overall
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hydr ogeol ogi ¢ unit.

Q | believe counsel highlighted everything that's -- Sparta,
Li sbon, and then over, and then canme back and canme under where
it says Meridian Sand nenber here. Does this indicate that all
of that is continuous as the Mddle C aiborne? Froml ooking at
this particular chart, as a hydrogeol ogical unit?

A. M understanding is that there's a continuity to those
connections between the M ddl e d ai borne Aquifer and the Lower
d ai borne Aquifer.

Q "Continuity" nmeans that they have sonewhat simlar sands;

is that right?

A. Well, there's not a barrier that separates one fromthe
ot her.
Q Oay. |It's the barrier thing. Because from your

description, "barrier"” has to be a geol ogical feature or
sonething that's been installed that just cuts off any
potential flow, is that correct?

A Well, in order for themto be somehow separated, there
woul d have to be a barrier between them

Q Does groundwater flow fromthe area of higher pressure to
| ower pressure?

A. A higher potentionetric level to | ower potentionetric

l evel .

Q Thank you very nuch. | always appreciate that.

So does the pressure drive the direction and the fl ow
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of the water within the confined aquifer unit?
A. The potentionetric level wll determ ne the flow of the
water, which is a conbi nation of pressure and el evati on.
Q Okay. So if the natural pressure pushes that water in a
specific direction, then until sonebody introduces the well,
that water will follow that path, will it not?
A Well, the water will nove from hi gher potentionetric |levels
to | ower potentionmetric |evels.
Q So that will determine direction, will it not?
A Well, it isn't just two points. It has to be nore than two
points to figure out which direction it's going.
Q Rght. But if you' ve got nore than two points, and you' ve

got the potentionetric pressures, you can determ ne the
direction of the natural flow is that correct?
A. |If you have nore than two potentionetric levels -- nore
than two potentionetric |levels, you can estinate the directions
of groundwat er novenent.
Q And groundwater hydrol ogists do that all the tine, don't
t hey?
A. Yes, that's part of the work that we do.
Q Now, you've given sone testinmony which is a little, seens
tonme -- |1 can't conpletely -- excuse ne. | strike that
questi on.

I can't conpletely synthesize sone testinony about the

USGS work. | nean, do you believe the USGS does high-quality
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wor k?

A.  Yes, | do.

Q And do they have very rigorous guidelines in place that are
required to be net before they will publish naterial?

A. They did when |I worked there.

Q GCkay. Good enough. Do you think they've | owered those

st andar ds?

A. | do not.

Q Thank you.

Do you believe that the work that was -- has been
perfornmed in the Menphis area, in that |ocal area, by the USGS,
has been high-quality work?

A | -- 1 believe that the reports that they've issued would
nmeet their standards for release, and obviously the work over
time inproves as nore and nore i nformati on beconmes avail abl e.
Q That was another thing | wanted to touch on. | nean, the
USGS has been collecting groundwater data in the Menphis area

for a very, very long tine, isn't that right?

A. They have, yes.

Q | think going back at |least to the early 1900s?

A.  Yeah, | don't renenber what the first data points are.

Q And is their process to build on their prior studies?

A. Cenerally speaking, |I think that's true.

Q Unless they find sone error, and they'll correct it, right?
A

That woul d be ny under st andi ng.
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Q Have you identified any -- any errors in the Brahana and
Broshears nodel that were correct on the MERAS, or is the MERAS
nodel just an expanded version of the regional, and covers nore
| ayers?

A No, | think it's alittle nore nuanced than that. | think
t he Brahana nodel, back at the tinme that was done, nodeling in
general was limted by conputer capacity, and so certain
assunptions and sinplifications are nade in order to
accommodat e t hat.

More recently, in the MERAS nodel, now we're in a
different era of conputing power, and sone of those assunptions
are -- sonme of the issues don't have to be made.

Q Have you identified specific assunptions and
sinplifications that have been renoved fromthe MERAS nodel ?

A.  Yes.

Q GCay. And what are they?

A Well, the one that sticks in ny mnd is that the

comruni cati on between the |layers in the nodel, there were three
| ayers. The way they defined the interconnection between those
| ayers was to a paraneter called LEKINS. And LEKINS is sort of
an idealization that tries to represent the ability of water
renmoved vertically, but it doesn't represent the actual | ayer
that the water is noving through.

Simlarly, there are assunptions about the surficial

aqui fer and the shall ow aquifer; they inposed what we call a
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constant head condition throughout that area and di d not
actual ly sinul ate novenent of groundwater wi thin those

aqui fers. Those have now been inproved in the MERAS nodel .
Q Could you tell ne what the constant head boundary was in
t he Brahana nodel ?

A. The outernost |layer in the nodel was set at a constant
head.

Q Can you tell ne what it was?

A Well, it varied fromplace to place. It wasn't just one
nunber .
Q Ckay.

THE COURT: | think we'll stop for the evening at this
time, and we'll resune tonorrow at 9:00 a. m

How are we doi ng on our schedule to get through with
t he defense case? Can you all give nme an idea?

MR. FREDERI CK: Well, your Honor, we've got two nore
W tnesses to present, and then we will rest. Once M. Larson
is done, we have two nore w tnesses.

MR, ELLINGBURG And | will attenpt to be brief.

THE COURT: |Is there a chance we'll get through by

Friday --

MR, ELLINGBURG It depends on how |l ong they're on
direct.

MR FREDERI CK: well --

MR, ELLI NGBURG And how | ong | cross.
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MR. FREDERI CK: How nuch nore cross do you have for
M. Larson?
MR. ELLI NGBURG | believe, once |'ve conferred with

cocounsel, there won't be a great deal.

MR. FREDERI CK: So, your Honor, our expectation is
that very early tonorrow, as soon as the cross is finished, we
woul d present Dr. Brian Wal dron, and that our expectation is
that Dr. WAl dron could be conpleted tonorrow, and that we woul d
t hen have David Langseth, that MLGWwoul d be presenting, and
his presentati on would either start at sonme point tonorrow or
first thing Friday norning.

THE COURT: Ckay. Does that nmake you think you m ght
get through Friday, or does that nake you think you m ght not
get through?

MR ELLINGBURG It's certainly a possibility.

THE COURT: All right.

MR, ELLINGBURG |'ve been | earning how to answer
questi ons.

THE COURT: Ckay. Very good. Just trying to see
how -- where we are on our schedule. [|If we have things next
week we have to postpone, we'd have to do so, and so forth.

MR. FREDERI CK: Thank you, your Honor.

THE COURT: We'Il recess until 9:00 tonorrow norning.

(Adj ourned to Thursday, May 23, 2019, at 9:00 a.m)
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STATE OF TENNESSEE

COURT REPORTER S CERTI FI CATE

I, PATRICIA A. N LSEN, Licensed
Reporter for the State of Tennessee, CERTIFY:

1. The foregoi ng deposition was
t aken before ne at the tine and place stated in the foregoing
styl ed cause with the appearances as noted,;

2. Being a Court Reporter, | then
reported the deposition in Stenotype to the best of ny skil
and ability, and the foregoi ng pages contain a full, true and

correct transcript of nmy said Stenotype notes then and there
t aken;

3. I amnot in the enploy of and am
not related to any of the parties or their counsel, and | have
no interest in the matter invol ved.

W TNESS MY SI GNATURE, this,
the_  day of , 2019.

Ny

PATRICIA A NILSEN, RVMR, CRR, CRC
TN Li censed Court Reporter
LCR Nunber: 717
Expiration: 6/30/2020
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