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Larson - cross
(Case call ed)
THE COURT: W have sone questions for M. Larson?
MR, ELLI NGBURG  Yes, your Honor.
THE COURT: Al right. Resune.
STEVEN LARSQON, resuned.
CROSS EXAM NATI ON (conti nued)
BY MR ELLI NGBURG
Q |'ve been told by everybody around ne that | need to talk

louder. So I'mgoing to make an effort this norning to talk
| ouder and talk at a pace which is reasonable. Hopefully it
won't be as disruptive as the bl asting next door.

| believe yesterday you testified that the Lower
Cl ai borne Aquifer hydrologic unit is part of the Mddle
C ai borne hydrologic unit; is that correct?
A.  Yeah, they're a group sort of together. One would be kind
of, in ny view, sort of a subunit of the other.
Q Well, but I'masking specifically, you testified that's al
the Mddle C aiborne; it includes the Lower C aiborne
hydr ogeol ogic unit as defined by the USGS. |Is that correct?
A. At least as it was characterized in that table, yeah.
Q Okay. Are you famliar with the nonenclature the USGS uses
when it nanes hydrogeol ogi c aqui fer and confining units?
A.  Yes, generally.

Q Now -- generally?

Alpha Reporting Corporation




© 0 N o o A 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 23, 2019

725
Larson - cross

A.  Yeah, | nmean, |'ve read through documents that describe it.
Q Okay. How does the USGS distinguish between

hydr ogeol ogi cal units within its reports on a scientific basis?
A.  The principal basis for distinguishing these units is on
the basis of perneability. That is to say that the nore
permeabl e units are characterized as aquifers, and the | ess
perneabl e units woul d be characterized as confining units.

Q Okay. So in the USGS scientific nonenclature, would the
hydr ogeol ogi ¢ unit above an aqui fer hydrogeol ogic unit be the
hydr ogeol ogi ¢ confining -- of the confining hydrogeol ogic unit?
Is that the way they do it?

A.  Not exactly.

Q Okay. So the USGS doesn't -- when it maps things for its
scientific purposes in conplex data, it doesn't show confining
hydr ogeol ogic units -- big word -- as resting above what it
defines as a separate aquifer hydrogeologic unit? You're
saying they don't do it that way?

A Well, no. Wat they're trying to do is identify, based
primarily on perneability characteristics, where the aquifers
are and where the confining units are. It may be that in sone
cases that an aquifer m ght overlie another aquifer, for
exanpl e.

Q Okay. But if they characterize them as separate and
distinct, is that shown in the USGS scientific reports?

A. | think they try to define these units so that they can
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create a framework for understandi ng how t he groundwater fl ow
is going to occur and how one area is going to interact wth
anot her area.

Q I'msorry. M question is intended to be sinple. 1Is the

USGS, when it noves fromthe geology to the hydrogeol ogy -- you

know what |'mtal king about? Wen it puts the geology -- let's
put this table up. Let's put up Spruill 21. |It's not a table;
it's -- there you go.

Now, has the USGS di stinguished on this table, which
has been testified to in sone detail by many, did they
di sti ngui sh bet ween geol ogi cal units and hydrogeol ogi cal units?
A. Yes. They defined the hydrogeol ogical units in the --
let's call it the right-hand colum of this diagram and then
t hey show in the | eft-hand col um how those units correl ate
w t h geol ogi cal -- various geol ogical nanes and units that have
been defined in other reports and docunents.
Q Right. And the USGS does that consistently, don't they?
They use the sane nonencl ature, so that you can tell what
you're |l ooking at fromone report to another?
A Well, | think they're doing it to try to be sure people
understand that the way they're defining the hydrogeol ogic
units, people can see what geol ogi c nanes or formations they
m ght correlate with from ot her reports.
Q Now, looking at this report, it was your testinony

yesterday that the Meridian Sand nenber in M ssissippi, and the
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Zil pha Cday and the Wnona Clay and the Tall ahatta Fornati on
and the Sparta Sand, are all part of what the USGS defines as
t he Menphis -- or the Mddle C ai borne hydrogeol ogic unit; is
that correct?

A. They correlate with certain portions of Mddle C aiborne
hydr ogeol ogi ¢ unit.

Q No, but you have equated -- yesterday, you' ve included the
Lower O ai borne Aquifer hydrogeologic unit wthin your

definition of the Mddle d ai borne hydrogeol ogical unit, did

you not ?
A. | don't know that | equated themdirectly. | think what --
t he point was that within the groundwater system those -- they

identified areas within that M ddl e C ai borne Aquifer

hydr ogeol ogi ¢ unit where the conditions have changed to a nore
fine-grain condition, and identified a confining unit; and then
t hey have given a nane to the areas under that as the Lower

d ai borne Aquifer.

Q | believe counsel actually put up a slide, and he

hi ghlighted the entire area on this chart of the Menphis Sand
Wi thin Tennessee, and then extended it across into the

M ssissippi. And you said that was all the Mddle C ai borne
hydr ogeol ogic unit, did you not?

A. On that chart, yes.

Q GCay. Now, in fact, the USGS consistently recognizes the

Lower C ai borne Aquifer and confining unit as a separate
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hydr ogeol ogi cal unit, does it not?

A. In the nore recent work by Cark & Hart in 2009, they've
di stinguished a unit that occurs bel ow the Lower C ai borne
Confining Unit as an aquifer unit for the purposes of

assenbling their nodel.

Q Is that the first time that was done, to your know edge?
A I'mnot sure if it was the first tinme or not.
Q But you just -- you referred to "nore recent.” Do you have

any idea as to whether the USGS has been doing that for years?
A. Well, as you go back in tinme, the nanes of the different
units or the different formations change, and dependi ng on
where you are, as illustrated on this table.

MR, ELLINGBURG Let's look at it. Wuld you pull up
Spruill 19, please, Slide 19.
Q Now, this is not exactly what you | ooked at, because this
conmes fromArthur & Taylor in 1990, and it's bl own up so that
it does not show as nuch of the -- of what's below the Lower
C ai borne Confining Unit, which is the Wlcox; is that correct?
A.  Yes.
Q Now, when you |look at that map, which is a section in
M ssi ssi ppi, do you see a connection shown in that map, a
hydr ol ogi ¢ connecti on shown directly in that nmap w t hout any
interference between what the paper the USGS refers to as the
Lower C ai borne Aquifer?

A. You don't in this vertical profile.
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Q Cay. And that's -- so you're suggesting that in
M ssissippi, this isn't what it | ooks |ike?
A. No, that's not what |'m suggesting. |'m suggesting this is

a vertical profile.

Q Okay. But I'mjust now asking about within the state of
M ssi ssi ppi, does this represent what the USGS actually
reports, as distinguished fromincluded in the Lower C ai borne
Aqui fer within the Mddle C ai borne hydrogeol ogic unit as an
aquifer -- which is different fromwhat you said yesterday,
isn't it?

A. No. This represents a cross-sectional profile, and then
when you | ook at the | ongitudinal profile, going north and
south, you can see how the different units are interconnected.
Q Okay. Does the Lower d ai borne confining hydrogeol ogi ca
unit and the Lower O ai borne Aquifer hydrogeol ogical unit, as
shown in this particular illustration, does it exist in
Tennessee?

A. Does it exist in Tennessee?

Q If we |ooked at that sane type of east/west contour
subsurface, would we see the sane thing in Tennessee?

A. No. M understanding is that the transition zone tends to
be south of the M ssissippi/ Tennessee border, where this kind
of characterizati on woul d be appropri at e.

Q No, because in Tennessee there is no Lower C ai borne

Confining Unit, hydrological unit, and no Lower C ai borne
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Aqui fer Unit, is there?

A. M understanding is that it does not extend into Tennessee.
Q Okay. And it disappears in that transition zone; is that
correct?

A. That's where they try to delineate the unit.

Q But do you agree that as distinguished fromyour testinony
yesterday, that within M ssissippi, the USGS does not incl ude
the Lower C ai borne Confining Unit or aquifer unit as

hydrol ogical units within the Mddle C ai borne Aquifer? Do you
agree wth that?

A.  They distinguish these for purposes of assenbling their
nmodel as individual units.

Q Was ny question wong? | nean, do they or do they not

di sti ngui sh between the Lower d ai borne Aquifer and confining
hydrologic unit in Mssissippi and the Mddle C ai borne Aquifer
and confining units in Tennessee? Does the USGS distinguish

bet ween them or does it not?

Ar kansas. But not in Tennessee?

A. It distinguishes the extent of those units.
Q In Mssissippi?

A.  And in other areas.

Q Okay. In Mssissippi, Louisiana, right?

A.  Arkansas.

Q.

A

It does not extend that -- those particul ar distinguished

units do not extend in Tennessee.
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Q They fade out at the facies; is that --
A.  Yes, generally that's where they are.
Q "Pinch out" is the word they use, right?
A. | don't renmenber that particular word, but it would be a
faci es change.
Q So in all the study you've done, you' ve never seen them
referred to as "pinching out,” in the facies change?
A. | don't renenber that nanme. | know what it refers to,
but
Q Oay. You didn't pay that nuch attention to it?
A Well, I did -- what | paid attention to was the -- how the

di fferent hydrogeologic units are arranged relative to one

anot her, and how that woul d i npact groundwater flow or the

i npacts of punping in terns of propagating fromone place to
anot her.

Q Okay. So you |looked at it on a large scale, with regard to
t hese hydrogeol ogi ¢ connections, or these -- what is it --
hydra -- is that what it is? Hydrogeol ogic connections? 1Is
that right? 1Is that the word?

A.  Hydrogeol ogi c or hydraulic interconnections.

Q Oay. So you |looked at it on a large scale for that,

ri ght?

A.  Yeah, and then on a regional scale of these investigations.
Q Ckay. So "regional scale" neaning the M ssissippi

Enbaynent ?
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A Well, | think there's obviously mappi ng and eval uati ng the
curve throughout the M ssissippi Enbaynent; it's not over the
whol e M ssi ssi ppi Enbaynent that a particular characteristic
applies. They've tried to nap out the variations from one
pl ace to anot her.
Q But you have testified that the groundwater at issue is
within the entire M ssissippi Enbaynent, have you not?
A | testified that there's an aquifer that extends over nost
of the M ssissippi Enmbayment that contains groundwater.
Q GCay. So that's -- when you tal k about your definition in
this case as the aquifer, as an interstate resource, you're
tal ki ng about the entire M ssissippi Enbaynent, right?
A. No, I'mtalking about the aquifer, which includes the water
contained within the aquifer.
Q In the entire M ssissippi Embaynent?
A. Wthin the regional area.
Q "Regional area" being the eight states and 90, 000 square
mles, or whatever, of the M ssissippi Embaynent, right?
A. Yes. That's the extent that it enconpasses.
Q That's what your testinony addresses?
A Well, ny testinony of -- that denonstrates, in part, the
interstate nature of the water resource.
Q Okay. Now, talk of transitions here a little bit.

Now, | believe you testified yesterday, based on an

Arthur & Taylor slide, that the transition zone started about
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ten mles south of the Tennessee border: Is that correct?
A. | don't recall if that's what | said. It looks like it was

south of the border.
Q Okay. But didn't counsel ask you to estinmate the
difference of transition zone -- or the distance of the
transition zone by showi ng you an Arthur & Taylor map that had
a hatched mark across it?

MR, FREDERI CK: (bj ection, your Honor. | think that
m scharacteri zes the testinony.

THE COURT: Overrul ed.

You nay answer, if you can.
A. | don't renenber if he asked ne to estimate a di stance, but
it was south of the border.
Q GCkay. You don't have any recollection of how far you said
it was?
A. | don't.
Q Ckay. But did you make that estinate based on that
Art hur & Tayl or map?
A. | considered that Arthur & Taylor map, and then | al so
consi dered other maps as wel .
Q Ckay. Thank you.

Now, |'m going to show you -- well, first I'"'mgoing to
show you Slide 22 fromM. Spruill. D d you use that yesterday
in discussing the transition zones?

A. Yes, | did.
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Q Now, a couple of things about this slide. First, does this
slide show a Lower C ai borne Confining Unit?
A.  Yes, it does.
Q As a hydrogeol ogic unit?
A.  Yes.
Q And the words are a little hard to read, but do you see
where it says "Lower C ai borne/Upper WIcox Aquifer" bel ow that
Lower d ai borne hydrogeol ogic confining unit?
A. Yes, | see that.
Q GCkay. So that would extend up, and the area beneath that
woul d be that Lower Cl aiborne Aquifer unit, would it not, that
area in blue?
A. It extends up into that area, yes.
Q GCkay. Until the facies change, right?
A. Well, you can't really discern that fromthis diagram but
in the nore recent characterizations, it's -- it's extended up
into that area.
Q Okay. Wwll, let's talk about the nore recent -- sone of
the nore recent infornation, because | think you said yesterday
that as the USGS gains nore data, they tweak and nodify their
reports on that data; is that correct?
A. They can, yes.
Q Okay. Wuld you please show Spruill Slide 23.

Now, you've seen this slide before, haven't you?

A. Yes, | have.
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Q Now, is this fromthe -- what we referred to as MERAS
report fromthe United States Ceol ogical Survey?

A. That's ny recollection, yes.

Q VYes. And this is a map created based on the data of the
United States Geol ogical Survey had at the tine the nap was
created, which would be around 2009, 2011; is that correct?
A.  Yes, that's ny understandi ng.

Q \Were does this map show the transition zone?

A. It shows it on the nmap with the sort of wide gray |ine that
goes fromwest to east across -- near the Tennessee/ M ssi ssi ppi
bor der.

Q It actually shows that gray |line on the

M ssi ssi ppi / Tennessee border, doesn't it?

A. In portions, yes.

Q Okay. And then just slightly below. So it's not ten
mles, is it?

A.  Not as shown on here.

Q So you think this is less reliable than Arthur & Taylor in
1998, or nore reliable?

A Well, they're defining their hydrogeol ogic units here for
the purposes of the nodeling, and this is where they've placed
it. | think, when you | ook at other maps within these
docunents, you can see that sort of correlation between how
it's characterized in Arthur & Taylor and howit's

characteri zed here.

Alpha Reporting Corporation




© 0 N o o A 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 23, 2019

736
Larson - cross
Q They're in simlar -- sonmewhat simlar, but this particular
map -- which is the nost recent map we have fromthe USGS,
isn't it?
A. It is anong those, yes.
Q Cay. It shows that transition zone right on the

M ssi ssi ppi / Tennessee border, and not ten mles south; is that
true?
A. It shows the edge of the unit they've defined to be in that
ar ea.
Q  Ckay.
A. O her maps show the anmounts of sand within that unit, and
that extends further to the south and is nore consistent with
what you see in the Arthur & Taylor report.
Q Okay. Let's look at that.

MR, ELLI NGBURG  Wbul d you pl ease put Spruill Slide 24
up.
Q Now, can you tell the Court what this slide shows.
A. This slide depicts the thickness of the Lower C ai borne
Confining Unit, in feet, over the area that they delineated as
the Lower O ai borne Confining Unit.
Q Now, you were tal king about the sand thickness. How far
does this sand thickness, with the Lower d ai borne confining
hydr ogeol ogi c unit, extend into Tennessee?
A Well, first of all, | wasn't tal king about sand thickness;

I was tal king about sand content.
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Q Oay. | stand corrected. | thought this said thickness of
Lower C ai borne Confining Unit.

A.  This nmap does, yes.

Q M question is, how far does it show it extending to the
nort h?

A. It extends to the boundary of what they defined as the
Lower C ai borne Confining Unit, in the red outline.

Q Inthe light red outline within the dark outline of the

M ssi ssi ppi Enbaynent ?

A.  Yes.

Q So that's consistent with what we've just | ooked at in
terns of where the transition zone considers, which is right on
the M ssissippi/ Tennessee border; is that correct?

A. That line corresponds with the gray line that we saw on the

ot her di agram

Q Al right. And this is the nost recent data we have,
right?

A.  Yes.

Q Ckay.

A. As far as | know, yes.

Q Now, this is the confining unit, which would sit on top of
the actual Lower C ai borne Aquifer hydrogeol ogic unit as
defined by the USGS; is that correct?

A. Yes, that's the way they've defined it.

Q Okay. Let's |look at the next slide.
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Coul d you tell the Court what we're | ooking at now?

A. This is a map of the thickness of what they have defined as
t he Lower C ai borne Aquifer hydrogeol ogic unit.

Q Okay. And how far does it extend into Tennessee?

A It -- it goes up to the border between M ssissippi and
Tennessee.

Q You don't see any significant anount of that separate

hydr ogeol ogi cal unit as reported by the USGS i n Tennessee, do
you?

A.  No, not the way they' ve mapped it out here.

Q But yesterday you included that in the Mddle d ai borne
Aqui fer hydrogeol ogic unit, did you not?

A. | did, because when you juxtapose these agai nst one

anot her, you can see how they're interconnected.

Q Okay. But fromthe standpoint -- fromthe scientific
standpoint, as reported by the United States CGeol ogi cal Survey,
W t hout any interpretation on your part, they are separate and
di stinct aquifer hydrogeol ogic units, are they not?

A. They' ve defined these as hydrogeol ogic units and napped

t hem accordi ngly.

Q Was the answer to ny question yes?

A. Well, they've outlined these for the purposes of | ooking at
groundwat er fl ow and construction of their nodel.

Q I'mhaving difficulty understandi ng how ny question is not

cl ear. Has the USGS, based on the scientific data it has
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col l ected and anal yzed for the purposes of creating this nodel,
recogni zed that the Lower C ai borne Aquifer hydrogeol ogic unit
is separate and distinct as a hydrogeologic unit in North

M ssi ssi ppi and extendi ng i nto Arkansas and Loui si ana?

A.  Yes, they've mapped it out in that fashion.

Q And you disagree; it's not separate and distinct, in your
opi ni on?
A Well, | hesitate with the word "separate,"” because you have

to ook at how they're interconnected hydrogeol ogi cal ly.
Q Raght. By the way, how thick is that sand shown in this
unit in North M ssissippi?
A It's nostly in the range of the 100 to 200 foot.
Q Thank you.

MR, ELLI NGBURG. Can we back up two slides. This one.
Q Howthick is the sand shown across the border from

transition zone in the State of Tennessee, according to this

map?

A. It's in the range of zero to 200 feet.

Q Cay. So you're saying the Tennessee --

A Oh, I"'msorry.

Q In Tennessee.

A. Well, there are varying ranges between -- it actually spans
the whole range, fromvery -- thinner on the east to thicker on

the west, up to 1,100 feet.

Q Cay. Imediately north of the border, in the Menphis
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area, and extending up through West Tennessee, does it show a
sand of 601 to 800 feet thick?
A. Yes, it shows a thickness of that range.
Q And do you see any of that in M ssissippi?
A. No. The thickness as you go south goes into the area of
zero to 200 feet.
Q Thank you.

Now, right there, in the Menphis area, that white
area, what does that reflect?
A.  The whitish area represents thicknesses between 800 and
1,100 feet.
Q And do you see any of that south of the transition zone in
M ssi ssi ppi ?
A. Not of the white. It |looks like there's sone areas maybe
in the 200 to 400, but not in the white.
Q Thank you. And nost of it's in the 100 to 200 M ssi ssi ppi;
is that right?
A Well, as you extend further south, it gets thicker, in the
200 to 400 range.
Q Cay. |Is it your testinony -- because you were asked
yest erday about this cone of depression created around Jackson,
M ssissippi. |Is it your testinony that the cone of depression
created around Jackson, M ssissippi is wthdraw ng groundwat er
from Tennessee?

A. It's not ny testinony, no.
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Q Ckay. Wwll, is it withdrawi ng groundwater from Tennessee,
in Jackson?
A. | don't think it would have inpact on groundwater flow in

Tennessee.

Q That's because there is a limt to the area from which

wells can withdraw groundwater; is that a fact?

A. There are limts to cones of depression, yes.

Q GCkay. Now, do you know who M. Kelvin was?

A ' msorry?

Q Scientifically, do you know who M. Kel vin was?

A.  Kelvin?

Q Yes.

A. Are you tal king about the Kelvin tenperature scal e?

Q That's part of what he did, right?

A. That's what | understand.

Q Do you recall that he suggested that froma scientific
standpoi nt, you have to rely on data; that you have to have
sonething that will -- can be reduced to a scientific nethod
of -- by a scientific method to something which is clearly

under st andabl e, repeat abl e?

Al I'm-- I"mnot aware of that, but --

Q GCay. |Is that a fact? | nean, when you | ook at what
you're doing, as a scientist, don't you have to have sonethi ng
whi ch you can quantify?

MR. FREDERI CK: Objection. There was not hi ng about
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Kelvin in the direct.
THE COURT: Well, objection sustained.
Q Okay. I'mnot asking you about Kelvin; |I'm asking you
about you.
A. VWhat was the question again, please?
Q The question is, do scientists, when they're givVving
opi ni ons based on science, utilize established procedures and

met hods and quantify the basis for their opinions?
A. They in sonme cases will make quantifications, yes.
Q Ckay. |If there are material differences in what you're
| ooking at in the groundwater, the |arger groundwater system
don't you need to quantify the local conditions to
appropriately use the information?
A. | don't think you need to quantify it for every concl usion
you're going to reach, if that's your question.
Q Oay. Let's do it this way: Yesterday you nade a
significant point about all the groundwater in the world being
part of -- being part of the hydrol ogical -- |arger
hydr ol ogi cal cycle, right?

MR. FREDERI CK: (bj ection, your Honor. He didn't talk
about water everywhere in the world.

MR, ELLI NGBURG  Ckay, I'Il --

THE COURT: (Objection sustai ned.

MR, ELLI NGBURG Sust ai ned. I'll restate it.
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BY MR ELLI NGBURG
Q D d you say that all of the groundwater found in the
M ssi ssi ppi Enbaynment is part of the hydrol ogical site?
A. | didn't say that. | said that -- when | described the
hydr ogeol ogi cal site, | was describing the general circulation

of water in various environnments.

Q R ght. But you' ve said that in hydrogeol ogy, all that
water is constantly noving, right?

A. The groundwater is noving, yes.

Q Yeah. In sone direction, at sone point in tinme?

A.  Yeah, generally noving from places of recharge to places of
di schar ge.

Q Now, once it's discharged into the river or into a -- an
unconfined aquifer, then as part of a hydrol ogical cycle, it
goes into the atnosphere oftentines, does it not?

A. Sone of it can, yes.

Q | nean, that was one of the issues in your case out in

Mont ana, wasn't it, was whether that water actually was
returned or was it that it went into plants?

A. One of the issues was whet her evapotranspirati on can affect
the anmbunts of water in the stream

Q So when you tal k about this constantly nobving, you're
really tal king about water evaporating and going into the sky,
from cl ouds raining down on the ground, and then either by

surface flow or groundwater flow or evaporation, ultimtely
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endi ng up on sone -- back in that sane cycle, at the begi nning,
ri ght?

A.  As a general concept, yes.

Q Okay. Now, as a general concept -- because | know you
didn't do any cal culations or any analysis of the groundwater
in this M ssissippi/Tennessee area as it related to direction
of flow, either a personal analysis of the volune of water or
anything that related specifically to this case in the Menphis
area; you didn't do any actual studying, analysis, scientific
i nvestigation, did you? You, personally?

A Well, | reviewed the reports that describe the various

i nvestigations to famliarize nyself with what those

i nvesti gati ons have found.

Q But what you didn't do was you didn't, yourself, reach any
concl usi ons about how I ong groundwater would reside within the
State of M ssissippi once it cane into the confined aquifer in
the State of M ssissippi, before it left Mssissippi, did you?
A | didn't attenpt to nake any estimtes of residence tine,
say, going fromthe recharge areas to the place of discharge.
Q Because you didn't think it was inportant?

A Well, | said |l didn't think it was inportant to answering
the question that | was tasked to answer.

Q You didn't think it was inportant to the question that you
created; is that right?

A No. | didn't think it was inportant to the question that
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the nmaster posed, that | was trying to focus on.
Q Wll, the question -- the way you posed it, though, was you

cannot separate the geology fromthe water within the earth
within that geology; is that correct?

A. No. The question was whether or not the aquifer
constituted an interstate water resource.

Q Okay. And so what scientific literature did you use to
det er m ne whet her anyone had classified it scientifically as an
interstate water resource?

A. | looked through the docunents that described the nature
and extent of the resource.

Q Okay. M question, though, is very narrow, it's about what
scientists do.

What did you do? Did you find any scientific report
by the United States CGeol ogical Survey that said, everything in
the M ddl e d ai borne Aquifer hydrogeol ogic unit and the
separate Lower C ai borne Aquifer hydrogeologic unit, and al
eight states, is an interstate water resource? D d you find
anything |like that?

A | didn't find a specific statenent like that. | found
references to the regional nature of the aquifer and to how it
transcends state boundaries and political boundaries.

Q But the travel tinme in which it transcended boundari es or
the travel time within particular states, none of that was

anything that you felt it was inportant to |look at as a
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scientist?

A. It wasn't inportant for nme to quantify that for purposes of
concl udi ng whether it was an interstate water resource or not.
Q Was it inportant for you to estinmate? | nean, did it nake
any difference to you whether that water that entered the
outcrop in M ssissippi wuld take 25, 30,000 years to get to
Arkansas? D d that neke any difference to you?

A. The exact tinme it would take did not, because groundwater
is |l eaving M ssissippi even as we speak. And it's a -- the
fact that the groundwater is noving and the fact that state
boundaries don't interrupt that novenent, that | believe was a
factor in determ ning whether or not it's an interstate water
resource.

Q Your testinony is pretty nmuch all broad generalizations.
So can you make a broad generalization, as an experienced

hydr ogeol ogi st, based on the things that you have read, as to
what the residence tine would be of water entering at the
outcrop in Mssissippi that would follow a flow path in

M ssi ssippi, of howlong it would stay in M ssissippi?

A. Goundwater typically noves at relatively slowrates, so it
woul d be a very long tine.

Q Wat is arelatively slow rate?

A. Say tens of feet per year to hundreds of feet per year.

Q Ckay. So have you determ ned, by | ooking at the specific

hydr ogeol ogi cal conditions in the state of M ssissippi, that it
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woul d nove hundreds of feet in a year under natural conditions?
A. No, that's just ny general expectation. | think I've seen
some references here and there to those ki nds of rates.

Q Well, you were sitting in the courtroomwhen Dr. Spruil

and M. Wley testified that the predevel opnent rate, before

punpi ng, would be about an inch or two a day. |Is that
consi stent -- do you have anything to refute that?
A. Well, the punping -- | didn't understand.

Q No, I'msorry. Before punping, predevel opnent, did you
hear testinony that groundwater entering M ssissippi would be
nmoving -- fromthe outcrops -- would nove at a rate of an inch

or two a day? D d you hear that?

A. | heard that the rates -- actually, the velocity of the
flow -- were on the order of inches per day, according to them
Q Thank you. | appreciate you correcting nme technically just

any tinme you can, because | want this to be clear.

And that "velocity” is a scientific term as
di stinguished fromwhat | said, right?
A, Yes, it is.
Q Cay. Do you have any basis for disagreeing with their
opi nions and statenents that that groundwater naturally flowed
or -- at a velocity of approximately one to two inches a day in
M ssissippi fromthe entry at the outcrop into the confined
area?

A. The range of nunbers that |'ve seen go from say, tens of

Alpha Reporting Corporation




© 0 N o o b~ 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 23, 2019

748
Larson - cross
feet per year to, say, hundreds of feet per year, so --
Q In -- in predevel opnent?
A. Yes. But at least in the -- at the |ower end, inches per

day would be simlar to that.

Q Do you have any idea where those velocities change within
DeSot o County, M ssissippi, under natural conditions?

A Well, the velocities will change from place to place as the
wat er noves through that area.

Q Rght. Rght. Wat |I'msaying, though, is you have this
bi g range, you know, and you confirm-- what was the upper end
of your velocity?

A.  Hundreds of feet per year.

Q Ckay.

A. A few hundred feet per year.

Q Okay. And do you have any idea how that woul d be

di stri buted between the | ower range, across DeSoto County,

M ssissippi, fromeast to west? Do you have any information

t hat you' ve devel oped that woul d address that issue?

A. The only thing | -- I've read, if | recall correctly, was
the density higher on the eastern sides, and as the water noves
in toward the center of the basin and groundwater is discharged
fromthe aquifer, it tends to be | ower.

Q Okay. Now, your definition of an interstate aquifer -- or
an interstate natural resource, right, or an interstate

resource -- that's what you' ve defined, interstate resource?
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A. | nterstate water resource.
Interstate water resource. Ckay.

Whul d you substitute the phrase "interstate aquifer"?
I nean, does your definition address, in all of its aspects, a
scientific basis for stating it's an interstate aquifer?

A. Yes. The Mddle Caiborne Aquifer, it's nmy opinion it's an
interstate water resource.

Q WwWll, |I asked you that -- you said that, but I'mtalKking
about the water in the aquifer. 1Is it your opinion, froma
hydr ol ogi cal standpoint, that the groundwater contained in the
aqui fer systens in North Mssissippi is all interstate water?
A. M opinion notes that the aquifer, which includes the
geologic materials and the water, is an interstate water
resource.

Q Okay. And again, you don't separate the geology fromthe
water, water fromthe geol ogy?

A. No. I'm-- in ny view, the aquifer includes both the water
and the material s.

Q And fromthat standpoint, even though the groundwater in
the aquifer that you' re describing may be flowing at an i nch or
two a day, and may stay within one state for 25,000 years,
makes that water the sane as river water; is that correct?

A. No, that's not correct.

Q That's not correct? Wy not?

A. Because it's groundwater.
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Q Ckay. And groundwater is much nore conplex than river
wat er ?
A.  Well, groundwater and aquifers have their own | evel of

conplexity, and rivers have their levels of conplexity as well.

Q Has the -- is the I anguage used in your definition about
which you testified this is an interstate water -- that the
M ssi ssi ppi Enbaynment, entire Enbaynent, is an interstate water

resource, is that | anguage used anywhere by the USGS
specifically?
MR. FREDERI CK: Asked and answer ed, your Honor.
THE COURT: Overrul ed.
You nay answer it again, but don't go back to it.
MR. ELLI NGBURG  Yes, sir.
A As |I've testified, I'mnot aware of a specific place where
t hose exact words are used. | think, if you look at the
docunents and their characterizations, they recognize the
regi onal nature and how that transcends state boundari es.
Q Okay. So your opinion is based on your inference from
t hose docunents?
A Well, it's based on ny know edge and experience as a
groundwat er hydrol ogist as to what they're referring to and
what their characterization -- characterizations indicate.
Q To you?
A. To ne, yes.

Q Right. And so you are testifying to your inference from
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USGS docunents, is that -- to state your exact opinion in this
case; is that correct?

A. That's ny conclusion fromreading how they characteri zed
it.

Ckay. Have you discussed this with anybody at the USGS?
Yes, | have.

Ckay. Are they testifying or present in this case?

Not that |'m aware of.

o >» O > O

Ckay. Thank you.

Now, do you know how many regi onal groundwater systens
have been identified in the United States?
A. Not off the top of ny head. There's areas scattered
t hroughout the United States where these regional studies were
undertaken. | think that's what you're referring to.

Q Yes. Have you |ooked at all of those regional areas to

decide that they were -- because under your definition, they
would all be interstate -- they would all be -- what was your
phrase? "Interstate resources"?

A. "Interstate water resources"; is that what you're referring
to?

Q Yes. |Is that what you're saying, that all -- every region

in the United States that has been defined by the USGS, all the
states that are covered by that region, the water beneath the
ground is necessarily an interstate resource; is that your

opi ni on?
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A. | didn't give that opinion.
Q WwWell, if they have -- if they underlie -- if a

hydr ogeol ogi ¢ group underlies nultiple states, and there are as
yet undefined in this testinony simlarities in the aquifer
hydr ogeol ogi ¢ groups, then by your definition, all that water
woul d be an interstate natural resource within those states; is
that correct?

A. I f the hydrogeol ogic units spanned nore than one state, and
t hey had characteristics that were conti nuous within those
regions, and if there were no barriers to water novenent across
political boundaries or no barriers to the ability of punping
in one area to affect the conditions in another area, then |
woul d consider theminterstate water resources.

Q Okay. Now, you said "if the characteristics.” Now, what
do you nean by "characteristics"?

A. The physical characteristics of the materials; for exanple,
sands and clays and silts and so on. And the physical
properties of those materials, such as perneability,

transm ssivity, and storage properties.

Q Now, we've already -- we've already testified about this,
but those physical properties varied significantly wthin even
North M ssissippi and West Tennessee, don't they?

A. They varied from place to pl ace.

Q But, | nean, we've just |looked at it this norning. They

vary significantly from North M ssissippi to West Tennessee,
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don't they?

A. There are differences between those areas, yes.

Q But you don't think it's significant?

A Well, they're -- the nature of them in ny view, are not
significant to the determ nati on of whether they're
hydraulically interconnect ed.

Q Okay. So the actual hydrogeol ogi c characteristics under
whi ch the water exists in the ground in rmultiple states is not
rel evant to your determ nation of what constitutes an
interstate natural resource; is that correct?

A. No, that's not correct.

Q Wwll, | thought you said that if they had sand and clay and
simlar material and covered nultiple states, that's good
enough, right?

A. No. | said if the hydrogeol ogic units extended underneath
mul tiple states, and there was a continuity to these
characteristics, and there were no barriers along state
boundari es that woul d prevent novenent from one place to

anot her or prevent the effects of punping, for exanple, to | ead
properly fromone place to another, | would consider an
interstate water resource.

Q Oay. Could you please provide ne with the scientific
definition of "continuity"?

A. Continuity neans there -- there's a conti nuum of the

exi stence of the nmaterials and the nature of those naterials
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fromone place to another.

Q Oay. So there can be a -- if it's -- do you know how a
particular unit is defined as a sand or a clay?

A. They use the grain size of the materials to try to identify
t hat .

Q I'msaying if you | ook at a geol ogical map, which woul d

al so correlate with hydrogeol ogic units, what does it take for
sonething to be classified as a sand?

A. It has to be a coarser grain type of material wthin the
sand ranges.

Q Does it have to be all sand?

A. No, it does not have to be all sand.

Q How nuch sand has to be there for it to be classified as a
sand on the map?

A, Well, they classified the anbunts of sand on the nmaps, so
that doesn't have to be any particular amount. They can
characterize the range in the anmounts of sand to help
characterize the nature of the materi al s.

Q Let's be alittle bit nmore scientific about your continuity

thing here. |If there's predonmnantly sand in a fornation, then
it will be classified generally as sand; is that correct?
A. | would assune so, yes.

Q So that's predom nantly.
Now, that doesn't nean that it's not littered with

other materials that are nmuch | ess perneable, does it?
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A. It does not nean that it does not contain other materials
t hat may be | ess perneabl e.
Q And I think -- you know, I don't know if you testified to

it, but within sand, there's a broad range of materials with
different perneabilities, is there not?

A. There can be variations in perneability anong sands, yes.
Q Oay. And then the -- in terns of transmi ssivity, which
rai sed yesterday, one of the elements of transmissivity is the
t hi ckness of the material, is it not?

A Yes, it is.

Q But that's just one, right?

A. That's one, right.

Q And then also the specific conposition of the material in
that area and how nmuch sand, how nuch clay, how nuch silt, al

t hose things, those affect the transm ssivity and the
permeability, don't they?

A. They can, dependi ng on how people m ght calculate it, based
on the pernmeability and the thickness.

Q Yeah. That's all based on local conditions and | oca

i nformati on you coll ect when you drill wells, isn't it?

A. That's certainly part of it, yes.

Q You haven't done any of that? You haven't done any
particular analysis of this region at issue in this case, have
you?

A. | haven't done any personal well drilling, if that's what
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you're referring to.
Q Well, you haven't even | ooked at all of the information
that's avail able on the variations and the subsurface
condi ti ons, have you?
A. | can't say that |I've |looked at all the information. 1've

certainly | ooked at the information that's contained in the
reports that | revi ewed.

Q Have you studied the information that's available wthin
this particular region?

A. | have studi ed sone, yes.

Q No, have you studied the infornmation necessary to be able
to say that if you drop in the M ssissippi from Tennessee, that
you're going to find the consi stent hydrogeol ogi c

characteristics that you find north of the border?

A. | haven't -- | haven't gone fromwell log to well log to
figure out how those variations occur. |1've relied on the
characterizations that | find in these reports.

Q Okay. You relied on the characterizations that you then
collectively used to infer your opinion, right? You take --
put those characterizations, you've |ooked at all of them and
then you inferred this specific opinion which you're giving in
this case?

A. | looked at that information to understand whether or not
there was sufficient information for ne to draw that

concl usi on.

Alpha Reporting Corporation




© 0 N o o A~ w N P

e e o e
h W N P, O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

757
Larson - cross
Q Gay. In your opinion?
A. I n ny opinion.
Q Because you didn't use a static scientific nethod?
A. | think | clearly used the scientific nethod, in that |I'm

review ng scientific investigations that characterize these
mat eri al s.

Q Okay. Now, using your hydrol ogical connection approach, is
it possible for a single nolecule of water to nove fromthe
ocean to the sky and nove back to the ocean in a very short
period of tine?

A | guess it's possible.

Q Wll, | nean, does that happen?

A I suspect so.

Q You don't know?

A No, | suspect you get evaporation. Sonme of it becones
rainfall and goes right back down agai n.

Q Is there any part -- under your definition, is there any
water in the entire water cycle that is not hydrol ogically

connect ed?

A Well, it's all part of a hydrol ogic system and a hydrol ogic
cycle. So in that sense, there is, | guess, a connection
Q Is there a distinction between direct hydrol ogi ca

connection and indirect hydrol ogi cal connection?
A. | think there is sonewhat of a distinction there, yes.

Q Is that distinction anything ever used in groundwater?
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A | suspect so, yes.
Q You say you suspect so. Is it or is it not?
A.  Yes, | think so.

Ckay. Now let's talk about the hydrol ogi cal connection
bet ween the Sparta Sand in M ssissippi, the Lower  ai borne
Aqui fer hydrologic unit in M ssissippi, and the M ssissippi
Ri ver. Ckay?

Is that a direct hydrol ogi cal connection?
A. No. | recall that -- an indirect connection via
i nterconnections to overlying hydrogeol ogic units and
ultinately to the M ssissippi River.
Q Okay. So that water actually, to get to the M ssissippi
Ri ver, not only has to travel across the state in M ssissippi,
but it also has to push its way up through those confi ning
units that are above it before it can get into the river,

doesn't it?

A.  Through the groundwater, yes. It would have to take that
pat hway.

Q Ckay.

AL O | guess it could take an alternate pathway to get to the
river, when you say if it -- if it discharged into a tributary

that then led into the M ssissippi River.
Q Sure. But it's going to have to push its way up out of
that confined aquifer through those confining hydrogeol ogic

units of whatever characteristic they are locally until --
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until it gets to the surface, right?
A. Except for the tributaries where the outcrop area is at the
surface, or where the streans nay be connected at the surface.
Q Rght. But that's all unconfined groundwater flow
primarily, isn't it, where the streans are and the tributaries
are? That's either surface flow or unconfined groundwater
water flow before it enters into the confining -- confined
aquifer; is that accurate?
A. It would be in the areas where the aquifer is unconfined.
Q That's what |I'm-- okay.

Can you quantify in any way the degree of hydraulic
connection between the aquifer and its overlying confining
uni t?
A.  You can make quantifications of that, yes.
Q | asked if you had.
A,  Can you --
Q Can you do it? Have you done it?
A. | haven't tried to go in there and nmake ny own
cal cul ations, but | have reviewed cal cul ati ons and eval uati ons
by the USGS that have done that.
Q Okay. Yesterday you defined the termcalled | eakance; is
that correct?
A.  Yes.
Q So what is | eakance?

A. Leakance is a termthat reflects the vertical conductivity
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and thickness of typically confining units. And it references
t he ease with which water can nove vertically, typically, from
one place to anot her.

Q Can that concept be used to determ ne the degree of

i nt erconnecti on between separate aquifer hydrogeologic units

that are separated by a hydro -- a confining bed hydrogeol ogi c
unit -- or confining unit?
A. It would characterize the degree of vertical connection

bet ween overlyi ng and underlyi ng hydrogeol ogi c units.

Q Have you determ ned the | eakance for any confining bed in
t he M ssissippi Enbaynent to give your testinmony in this case
that all this water is an interstate natural resource?

A. Have | personally determ ned --

Q Have you | ooked at the docunent -- have you studied the
docunent ati on? Have you nade a determ nation of the | eakance
t hr oughout the M ssissi ppi Enbaynent ?

A. | haven't gone everywhere, but |'ve | ooked at the

reports -- for exanple, the Brahana & Broshears report -- and
I've | ooked at the MERAS report in ternms of their
characterizations of these vertical connections.

Q Ckay. But you haven't made an effort to determ ne how t hat
would -- how that would inpact, if at all, your opinion?

A. Well, the thing that | observed is that these

characteri zations are not zero. They don't say that they're

zero | eakance, say, between one place and another. And that
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i ndicates that there is a connection and that they're part of a
hydr ogeol ogi ¢ system

Q But you haven't |ooked at those connections throughout the
M ssi ssi ppi Enbaynent ?

A. Only in ternms of what |'ve observed in the reports that |
revi ewed.

Q Okay. Wll, what did you observe with regard to the

| eakance i n Kentucky?

A. | don't recall specifically, but those characterizations
are in the report.

Q But you didn't really look at that; they're in the report,

but you didn't look at it, did you?

A Well, | read the reports, so in that sense |'ve | ooked at
it, but
Q That --

A.  And | understood what the ram fications of that would be
wth respect to the conclusions that | was draw ng.

Q \Wihat about Louisiana? D d you | ook at that, |ook at them
in that area, the |eakance?

A. Inreviewing the reports, | |ooked at those
characteristics.

Q And so | ooking at those characteristics, you deci ded that
all of this was sufficiently the sane nmaterial in these systens
to classify all in one interstate natural resource; is that

correct?
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A. No, it's not correct.
Q You didn't take that into account; is that correct?
A. No, that's not correct.
Q Okay. So tell ne how you took it into account.
A.  That when you | ook at the nature of those
characterizations, they illustrate that while there are | ower

perneability environnments in these confining beds, and al t hough
pernmeabilities tend to be lower than the aquifers, that they
are nonet hel ess i nterconnect ed.

Q And to sone unspecified degree; is that what you're sayi ng?
They're interconnected to sone unspecified, undefi ned degree?
A. No, they're defined by the estimates that are contained in
the reports.

Q Ddyou -- did you actually -- have you got anything that
you created that woul d show how you cane to your continuity
concl usion, any specific data that you -- that you can point us
to right now?

A. Yes. | |ooked on the maps and the various reports to

under stand how they were distributed and i nterconnect ed.

Q Ddyou -- soyou're saying they're all sufficiently

uni form you didn't have to worry about | ooking at the details?
A. No. That's not -- | didn't say that they were uniform
said that they --

Q Were continuous?

A. They denonstrated continuity. Anmong other things, they
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denonstrated continuity.

Q GOkay. Are you saying that the flow throughout this area is
continuous within a -- can you define a range? | need to know
what "continuity” nmeans. Tell ne how you scientifically define
continuity.

And | don't want to just hear that there's sand. What
are the hydrogeol ogi cal aspects which you say are so common,
and are uni nterrupted, because when you say "continuity,"
you' re suggesting they're uninterrupted. Wat are the
scientific hydrogeol ogi cal characteristics that are
uninterrupted in the entire M ssissippi Enbaynent w thin what
you have classified as the Mddl e d ai borne Aquifer?

A. Those characteristics would include transm ssive
characteristics. They would include storage characteri stics.
They woul d include the continuity of potentionetric elevations
within this area that would illustrate that there is a
continuity to groundwater flow within the M ssissippi -- or
within the Mddle d ai borne Aquifer.

Q Inthe entire M ssissippi Enbaynent?

A. Well, throughout the area where the aquifer had been

defi ned.

Q Let's break that down just a little bit. Are you saying
the transmi ssivity is the sane, or within a snmall range,

t hroughout the entire M ssissippi Enbaynent ?

A. No, I"'mnot saying that.
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Q Wiy not?
A. Because it's not.
Q Well, doesn't that have sonething to do with continuity?
A.  No.
Q
A

| said that there would be continuity to transm ssivity
characteristics fromone place to anot her.

Q Now, what does that nean?

A.  That neans that you will have sone ability to transmt

wat er from place to place throughout this area.

Q Sone ability?

A.  Yes.

Q \What does that nean?

A. It neans that the water can nove throughout this area from
one place to anot her.

Q It's possible for water to nove from one place to anot her?
A. The water does nove from one place to another throughout
this area.

Q Does the water noving into the recharge in North Tennessee,
from Nort hwest Tennessee, within the M ssissippi Enbaynent,
naturally find its way to M ssissippi, ever? The

groundwater -- we have all these maps. W know where the
outcrop areas are.

You know where the outcrop in West Tennessee is, don't

you?
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A. CQutcrop area is in Wst Tennessee.

Q | nean, have you | ooked at the outcrop areas and the
formations in West Tennessee to the M ssissippi River?

A.  Yes, | have.

Q Cay. Does the water that is being -- comng in to the
outcrop area to recharge the groundwater in Tennessee, in the
northern part of the central part of Wst Tennessee, from south
to east, does that water naturally flowto the state of

M ssi ssi ppi ?

A.  The further you go north, the water would fl ow over toward
Ar kansas.

Q Okay. Can M ssissippi capture that groundwater in
Nor t hwest Tennessee by punpi ng?

A.  Are you tal king about areas --

Q I'msaying that if Mssissippi puts wells in along the

M ssi ssi ppi / Tennessee border, can it capture water, as far as
that water is shown in thick formations, in Northwest Tennessee
on that map?

A. No. The punping will be limted in terms of its effect.

It will spread out, and it will capture water enough to satisfy
the punping, but it will have a limted effect.

Q GCkay. And you don't really know what the effect is,
because we don't know the specific hydrogeol ogi c
characteristics -- the specific characteristics in those areas,

do we, that entire area? W can't just point at a place on
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that map and say it's the sane, can we?
A. Say what's the sane? |'msorry?
Q You can't even look at this map and tell ne what the
transmssivity is, all by looking at this map in the presence
of water and those geologic formations, can you?
A. You can't just look at this map in isolation, no. This is
a map of thickness.
Q Right. And thickness is one factor, right?
A. That's correct.
Q And so that varies all the way through the formation; the
t hi ckness, the conposition -- specific conposition, all the
characteristics that determ ne groundwater, availability, and
natural flow, and actual responsible punping are | ocalized,
aren't they?

(Reporter clarification)
Q | know things vary fromplace to place. Actually, this
pl ace right here, right now, is different than outside the
bui | di ng, okay? The conditions here vary.

But ny question to you is, what can be recovered from
t he groundwat er system at any point in the M ssissipp
Enbaynment, and in the M ddle d ai borne hydrogeol ogical unit in
the M ssissippi Enbaynent, wll depend upon the geol ogy at the
poi nt where soneone is attenpting to recover the water, wll it
not ?

MR FREDERI CK: Your Honor, | don't understand the
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question. |I'mnot sure how the witness could possibly
under st and t hat questi on.

THE COURT: If he understands it, he can answer it.
I'"mnot sure | understand it either.
A. I'mnot sure what you nean by "possible to recover the
water." If you're saying -- well, | don't understand that.
Q Okay. I'Il ask you sonething different. |I'mgoing to go
up there, and I'mgoing to drop a well in that thick sand in

Nor t hwest Tennessee. Can you tell ne right now how nuch wat er
can be recovered fromit?

A. No, | cannot.

Q Gay. |If I give you sone generalized information, and
there are no wells in that area, can you tell me how nmuch water
I can recover w thout other wells?

MR, FREDERI CK: (Obj ection, your Honor. There's no
specific evidence that counsel is referring to. |If he has sone
specific evidence that the witness could respond to, we're
happy to hear what that testinmony would be.

MR, ELLINGBURG Well, | nean, I'Il back up.

THE COURT: All right.

BY MR ELLI NGBURG

Q Let ne ask you -- didn't you testify just a little bit ago
that you had studied the formati ons and the hydrogeol ogic units
identified by the USGS i n West Tennessee?

A. | have, yes.
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Q You studied that, right?

A. | have.

Q Oay. So tell ne: Can you tell ne, if we | ook at a point
on the map in West Tennessee where there are no existing wells,
just by | ooking at the avail abl e hydrogeol ogi ¢ data, whether
I'mgoing to be able to drop a well in ny quarter-section of
the Iand and commercially punp groundwater at a reasonabl e
rate, pricing? Can you do that, w thout any well in that
directi on?

A Well, | can -- based on ny know edge that |'ve gl eaned from
| ooking at this, I would conclude that you can put a well
virtually anywhere in there and get that well to produce water.
As to specifically how nuch you can produce or how it would
affect things woul d depend on the circunstances.

Q It doesn't even -- so you could just drop it anywhere at
any depth, you're saying, and produce water?

A.  Yes, because it's characterized as an aquifer.

Q Okay. So if you dropped it to a depth that ended in a
screen, in a clay lens, would it produce water?

A.  You coul d probably produce sone water, but it would be |ess
than -- certainly |less than you could produce fromthe aquifer.
Q Is that sonething that you' ve done, you recommended to
people they drop wells in the clay | enses to produce water?

A. Have | done that?

Q Have you ever done that?
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A.  No.
Q You're speculating, right?
A.  You were the one that suggested that the well could be
constructed into a clay |ens, not ne.
Q Wll, how do you know if there's a clay |ayer there w thout

doi ng sone test wells, if there's not any wells in that area?
A. Because it -- in |ooking at how the aquifer has been mapped
out, and the thicknesses of it, it indicates that the aquifer
i s capabl e of producing water throughout that area.
Q OCay. Wll, let ne try to get you on to the end.

You di scussed total avail abl e drawdown yest er day,
ri ght?
A.  You asked nme sone questions about it.
Q Ckay. And you purported to answer them is that correct?
A. | answered.

Q Okay. So if you would, just define for ne total avail able

dr awdown.
A Well, I"'mnot sure it has a specific definition, but a
definition that |I'maware of are the anpbunt -- or the

di fference between, say, the potentionetric elevation and the
el evation of the top of the aquifer in question.

Q You can't define -- you can't give a scientific definition
of total avail abl e drawdown?

A Well, it could have varyi ng neani ngs from-- dependi ng on

the circunstances, it could nean that, or it could nean the
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avai | abl e water col um above a punp, for exanple.

Q Okay. So that's not a phrase that's typically used in
evaluating wells and in developing wells; total avail able
drawdown i s not sonething that has sone common neaning in that

area of expertise; is that correct?

A. It has different neani ngs, depending on howit's been
defi ned.
Q Cay. Now, how do you define it? | want you to give ne an

accepted definition that would be accepted by other scientists

and ot her experts in groundwater hydrol ogy.

A. | can think of a couple. One is --
Q The one you use. | want the one you use.
A. The point I"'mmaking is that there isn't a single

definition, because it depends on the circunstance.
Q So you don't ever use that definition?
A. No, that's not -- | -- | use that definition, depending on
the circunstance.
Q \Wiat are the circunstances?
A Well, | can give you two: One is the difference between
the potentiometric elevation of the groundwater and the
el evation of the top of an aquifer.
Anot her one is the difference between potentionetric
el evation and the | ocation of a punping tank.
Q Oay. So let's take a hypothetical confined aquifer. Say

the thickness of 100 feet, okay, and you poke a hole in the
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ground, and you get sone information about it. Now, what would
you -- and you decide to start punping. How would you define

the total avail able drawdown in that well?
A Well, one of the definitions would be the difference
bet ween the potentionetric el evati on observed and the top of --
top of the elevation and the top of the aquifer. That's one.
Q Okay. So let's say that the groundwater, when you poked a
hole in the ground before you put a punp init, rises to
100 feet above the top of the aquifer. Wat is the total
avai |l abl e drawdown in that well?
A. Under the definition of that you just said, that would be
100 feet.
Q Okay. Now, when | start punping, is the total avail able
drawdown going to reduce in the area of the well? WII it be
lowered in the area of the well?
A. The total avail able drawdown is the difference between the
static water level and the top of the aquifer. Wen you punp,
the water level in the well will decline.
Q Oay. And within the area of the cone of depression, wll
t he avail abl e water decline? Because when you poke a hole in
the ground, will it rise to its predevel opnent or prepunped
condi ti on?

Let ne stop. Ckay.

So when you put your well in, that well, to 100 feet

of avail abl e drawdown, and you start punping at a specific
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rate, will it create a cone of depression?

A Yes, it will.

Q Wthin the area of that cone of depression, wll total
avai | abl e drawdown be reduced if you put another well within
t he cone?

A. Yes. The total avail abl e drawdown under that definition

will be |ower, and reduced by the amount of drawdown created by
t he punpi ng.

Q Soif I"'mon ny land, | put a -- drop a well -- let's say
own a half an acre, and | drop a well, and | start punping, ny

cone of depression is going to go outside of ny |and, right,

nmore than |ikely?

A Well, I can't tell fromthat description --
Q Ckay.
A. -- howfar it's going to be.

Q Okay. If I drop a well in ny acre, and | start punping

1,000 gallons a mnute, is it |likely under any set of
circunstances that I'mnot putting a cone of depression out far
beyond ny boundaries of ny land? | am for --

A. You're saying the boundary is one acre?

Q One acre, yes.

A. | suspect it would be larger than one acre.

Q Okay. Now, if we go over to ny neighbor's one acre, and he
deci des he wants to punp 1,000 gallons a m nute, because that

was ny nmaxi mumtotal avail abl e drawdown, can he do it?
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A.  Can he punmp water?
Q Can he punp 1,000 gallons a m nute?
A. | can't tell, fromthe hypothetical that you've given ne,
whet her he can or he can't.
Q Ckay. So you're assumng that -- you can't tell, because
you're assum ng that | can have a cone of depression limted to
my acre?
A. No. That's not why.
Q Ckay. |If I establish a cone of depression that extends out

a mle, can ny nei ghbor punmp the sane anount of water that |'m
now punping within that cone of depression |I've created?

A. It's possible that he can, yes.

Q Ckay. |Is that sonething you see all the tinme?

A. VWhat do you nean, "see all the time"?

Q Let ne put this in specific context. What does it nean
that there is a reduction in total avail able drawdown inside of
a cone of depression?

A. It nmeans that the distance fromthe potentionetric
elevation to the top of the aquifer has been reduced.

Q So there's less total avail abl e drawdown?

A. So there's less total avail abl e drawdown under t hat
definition.

Q Okay. So -- and under your definition, mnmy neighbor, who's
trying to punp fromthe sane aquifer that | am wthin that

cone of depression, cannot produce as nuch water as | am 1is
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that correct?

A. You can't determne that fromthe facts that you' ve given
ne.

Q Okay. Has their total avail able drawdown been reduced?
A. Yes, the total avail able drawdown woul d have been | ess at
that | ocation, yes, if there was drawdown from your punpi ng.
Q So if mne was 1,000 gallons a mnute, and it went to the
top of the aquifer, and that was ny total avail abl e drawdown,
woul d they have 1,000 gallons a mnute if they dropped a well
near the sane | ocation?

AL Only if you had exactly the sane transm ssivity at his

| ocati on versus your | ocation.

Q Oay. So if we had exactly the sane transm ssivity, and
there are --

A.  And, and you're punping | ower potentionetric |evel to the
top of the aquifer at that rate.

Q And they could -- they could punp the sane anmount with --
i nside the cone of depression |'ve created; is that what you're
sayi ng?

A Well, | said that was possible. You didn't give ne enough
information to determ ne whether they could or they couldn't.
Q Oay. Wthin the cone of depression created by Menphis,
did they have reductions in total avail able drawdown t hat

i npact their own wells and their own wellfields?

A. In ternms of total avail able drawdown to the top of the
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aqui fer, yes, it would be reduced.
Q They do. And as it extends into M ssissippi, has it
reduced the anpunt of water that soneone in M ssissippi can
produce froma well in that sanme formation when they drill a
second wel |, because they have | ess total avail abl e drawdown

t han they woul d have had absent the Menphi s punping?

A. Total avail able drawdown woul d be reduced by whatever the
amount of drawdown was in the cone of depression.

Q And that's the anmount of water you can actually get out of
a well, right?

A. No. That reflects the avail able drawdown you have --

Q You'reright. You're right. But it reflects it. So there
is less available water to be punped with -- inside the cone of
depression; is that correct?

A. No. It just neans that you have | ess avail able drawdown to

work with in your well.

Q  Ckay.

THE COURT: | think we'll stop for a short recess.
W' Il have a ten-m nute recess.

(Recess)

THE COURT: Al right. You may continue with your
exam nati on.

MR, ELLI NGBURG  Thank you, your Honor. | only have a
few nore questions, | hope.

MR. FREDERI CK: W join your hope, counsel.
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MR, ELLINGBURG | would think you woul d.
BY MR ELLI NGBURG
Q Based upon the work you' ve done, how far does the cone of
depression created by the MLGW punpi ng in Tennessee extend in

the State of M ssissippi?

A. | haven't tried to evaluate that. | can just see fromthe
maps that they're -- the overl appi ng cones of depression are
shown to extend into M ssissippi, but | never tried to figure

out how far.

Q Have you nade any effort to determ ne what the depth of the
cone of depression is in Mssissippi fromthe punping by the
M.GW wel | s?

A. 1've seen maps that would indicate the conbi ned cones of
depressi on associated with not just ML.GAN but whatever other
wells are there, would indicate declines of 40, 50 feet;
somewhere in that nei ghborhood.

Q Have you obtai ned enough specific information to actually
predi ct what the additional cost of punping would be in

M ssi ssippi, to any reasonabl e degree, as a result of the cone
of depression being created by the wells punping in Tennessee?
A. | haven't tried to nake a specific estimate of it, no.

Q Wthout that, you testified yesterday that it really

woul dn't cost much nore noney to place those wells in

M ssi ssi ppi conpared to what counsel introduced as a denmand for

M ssissippi. But what is the basis for that? | nean, how --
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do you know how nuch it would cost to M ssissippi, or it does
cost to Mssissippi? Do you have any basis for an opinion on

t hat ?

A. Only ny experience and judgnent about the anmobunts of energy
used to lift water.

Q Anything el se?

A No.

Q Gay. Thank you.

Do you still have the transcript fromthe Mntana vs.
Wom ng case up there?

A. | do, yes.

MR, ELLINGBURG May | approach the w tness, your
Honor ?

THE COURT: Yes, you nay.

MR ELLINGBURG | would like to nmark the transcri pt
fromthe Montana vs. Woni ng case, original action 137, as an
exhibit for identification in this hearing, so that when it's
reflected in the record, it will be possible to | ook at the
transcri pt.

THE COURT: All right. Yes?

MR. FREDERI CK:  Your Honor, are you tal king about the
transcript or the Special Master's interimreport which you
referred to yesterday, Counsel?

MR. ELLI NGBURG | apol ogi ze.

MR. FREDERICK: [It's not a transcript.
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MR. ELLINGBURG | appreciate the correction. | would

like to mark the second interimreport of the Special Master in
the original action of the Suprene Court, Nunmber 137, dated
Decenber 29, 2014, as an exhibit for identification.

MR. FREDERI CK: We have no obj ecti on.

THE COURT: Ckay. You nay do that.

MR, FREDERI CK: Counsel, did you give it a nunber?

MR ELLINGBURG | didn't. | just asked if -- we can
give it a nunber, but I'lIl have -- what is our last Plaintiff's
Exhi bit? 209?

THE COURT: Ckay.

MR, ELLI NGBURG Please nark the report as Plaintiff's
Exhi bit 210.

(Plaintiff's Exhibit 211, was marked for
identification.)

MR. FREDERI CK:  Your Honor, | think it should be --
just so the record is clear, we believe that they put the
phot ograph of Dr. Spruill's hand-drawn figure as Plaintiff's
Exhi bit 210, and that this one should be nanmed Nunber 211. So
if the record could reflect that this is Plaintiff's
Exhibit 211, | think it will be clearer as we go forward.

MR, ELLINGBURG | appreciate the help.

MR. FREDERI CK: You're wel cone.

THE COURT: Al right. Thank you for that.

MR, ELLINGBURG Yes. At this time, your Honor,
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M ssi ssi ppi noves to strike the testinmony of this witness, to
the -- to the extent certainly that it covers areas that were
not covered before this trial, and in this report, the
deposition, and al so nove to strike the opinion in its entirety
as |l acking any scientific foundation.

Thank you.

THE COURT: Al right. That notion is denied.

All right. Are you finished with your exam nation?

Are you finished with your examn nation?

MR, ELLI NGBURG Yes, your Honor, |I'mfinished with
cross-exam nation of this witness at this tine.

THE COURT: Ckay.

Redi rect ?

MR. FREDERI CK: Thank you, your Honor.

And t hank you, M. Larson.
REDI RECT EXAM NATI ON
BY MR, FREDERI CK:
Q Do you recall testifying about the fact that the Mddle
Cl ai borne Aqui fer was subdivided into nultiple units for
pur poses of the Clark & Hart nodel ?
A.  Yes, | do.
Q I'mshowng you Table 1 fromdark & Hart. This is
Exhibit J18. Can you identify where these nodel |ayers were
ref erenced?

A. Mddel |ayers are referenced on the right-hand side of the
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table in the nost right-hand col unm.
Q And they're given nunbers?
A.  And they're given nunbers, correct.
Q Can you give us the nunbers for the Mddle C ai borne
Aqui fer, please.
A. They run from5 through 10. 5, 6, 7, 8, 9, 10.
Q Wiy do they subdivide the units for nodeling purposes?
A. To help be able to calculate in one sense verti cal
gradients within particular aquifer units, and to hel p define
subunits as the conditions vary from one place to another
Q And | believe that you testified that in sonme |ayers they
mapped the M ddl e d ai borne Aquifer as stopping at the facies
change, which they place near the M ssissippi/ Tennessee border.
A.  They map the extent of the Lower C ai borne Confining Unit
and the Lower C ai borne Aquifer as extending up into that area.
Q D dthe hydrological unit abruptly stop at the facies
change?
A.  No. The hydrologic unit, the boundary was drawn, and then
the characterization of the unit was di splayed on other naps
t hat they had.
Q Oay. |I'dlike to ask you to | ook at Figure 14H from t hat
sanme publication. And we've got it up on the screen.

What does this figure show?
A. This figure shows the extent of the sand percentage for

Layer 8, which is one portion of the Mddle C aiborne Aquifer
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hydr ogeol ogi ¢ unit.
Q Okay. And did you look at this exhibit or this figure in
formul ati ng your concl usions about the interstate nature of the
M ddl e d ai borne Aquifer?
A.  Yes, | did.
Q D dyou also |ook at Figure 14K, which |I've got up on the
slide?
A.  Yes, | did.
Q And what does that show?
A.  This shows the percentage of sand in what they delineated
as the Lower C ai borne Confining Unit, also Layer 8 in the
hydr ogeol ogi ¢ nodel .
Q So both pictures show Layer 87
A.  They do.
Q Oay. And dark & Hart just depicted them on separate
maps; is that right?
A.  Yes, they did.
Q Now, I'd like to show you all of Layer 8, as Clark & Hart
depicted it, by superinposing the two naps together. \What does
this -- does this accurately superinpose the two naps of
Layer 8 into one an inage?
A. Yes, | believe it does.

MR. FREDERICK: Now, 1'd like to ask that this figure
be entered into the record as defendant's Exhi bit 200, your

Honor .
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THE COURT: All right. Any objection?
MR. ELLI NGBURG  No obj ecti on.
THE COURT: Al right.
(Def endant’'s Exhibit 200 received in evidence)
BY MR FREDERI CK:
Q Is there a sharp change in the sand conposition just south

of the M ssi ssippi/ Tennessee border?

A.  No. The superinposition of the maps shows that the --
there's a high sand content that extends fromnorth of the
Tennessee/ M ssi ssi ppi border for sone distance into

M ssi ssi ppi .

Q Now, approxinmately how far south of the border does the
80 to 100 percent sand content extend?

A. It looks like to be on the order of 25 or 30 ml es.

Q Okay. Does the Cark & Hart report discuss the Lower

d ai borne Aquifer?

A.  Yes, it does.

Q I'dlike to ask you to | ook at your binder, Exhibit J18,
page 11 of 70. W don't have a slide for this, unfortunately,
so | just ask you to go to page 11 of 70.

Counsel -- sure. It's Exhibit J18. And | will ask
you to |l ook at the very bottom of the second right-hand col um,
i f you woul d, please.

Under the topic "Hydrogeologic Units,” M. Larson,

could I ask you to read the | ast sentence of that paragraph,
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pl ease.
A. "As noted in Hart and others (2008), the Lower C ai borne
Confining Unit and the Lower C ai borne Aquifer undergo a facies
transition and nerge into the Mddle C ai borne Aquifer in the
northern part of the nodel area (Figure 1.)"
Q D dthis statenent informyour conclusion that the Lower
C ai borne Aquifer is part of the Mddle O ai borne Aquifer?
A. Yes, that's what it would indicate to ne.
Q Now, let's look at Table 1 fromCark & Hart.

Now, we tal ked about the words "M ddl e C ai borne" and
"Lower Claiborne.”™ Can you identify where they are in this
tabl e, pl ease.
A. If you look in the "Hydrogeologic Units" colum, there's a
"M ddle Caiborne” -- within the Mddle d ai borne Aquifer,
there is a reference to the Lower C ai borne Confining Unit and
the Lower C ai borne Aquifer.

Q And in what colum are they designated by the US Geol ogi cal

Survey?

A. In the "Hydrogeol ogic Units" col um.

Q Oay. Now, using Plate 2 fromArthur & Taylor -- this is
Exhibit J4 -- we've seen this figure before, have we not?

A.  Yes.

Q Could you point out the area of the Mddle C ai borne
Aqui fer that M ssissippi has referred to as the Lower C ai borne

Aqui fer?
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A. It would be the area underneath the Lower d ai borne
Confining Unit, extending beneath that unit fromsouth to
north, up to the area of the transition.
Q Have any other names been given to that area?
A. | think it's also referred to as the Meridian Sand in sone

pl aces.

Q Does the USGS sonetinmes refer to this section as the Lower
d ai borne Aquifer instead of the M ddle Cd ai borne Aquifer?

A.  Can you ask that question again?

Q Sure. Does the USGS sonetines refer to that section as the
Lower C ai borne Aquifer instead of the M ddle d ai borne

Aqui fer?

A.  Yes.

Q GCOkay. Do you know why the USGS sonetines refers to that
section by a different nane?

A, Well, ny conclusion would be they're trying to identify
areas where the aquifer characteristics would be overlain by
materials that will be nore consistent with a confining unit
characteristic, that being the Lower C ai borne Confining Unit.
Q And why woul d USGS need to distinguish between those two
different areas?

A Well, in trying to be descriptive of how groundwater can
flow, they would want to be able to depict how water could fl ow
|aterally between the Lower d ai borne Aquifer and further to

the north, and how it m ght nove vertically between the Lower
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Cl ai borne Aqui fer and the aquifer above the Lower d ai borne
Confining Unit.
Q Soif | refer to the bottom Il ayer, marked as the Lower
d ai borne, as the bottom of the fork, would you agree with ne
in characterizing it that way --
A, Yes.
Q ~-- as atine of a fork?

And if | refer to the -- where it's marked as the
M ddl e C ai borne as the handl e of the fork?
A.  Yes.
Q Now, is the bottompart of the fork, what M ssissippi has
call ed the Lower C ai borne Aquifer, hydrologically connected to
the handl e of the fork, marked here as the M ddl e C ai borne
Aqui fer?
A Yes, it is.
Q Now, why are you saying it's hydrol ogically connected?
A. Because when you | ook at the nature of the transm ssive
characteristics and perneability, there's a continuity between
the area to the north and as it noves underneath the Lower
Cl ai borne Confining Unit to the south.
Q Ckay. Do the hydrogeol ogi cal properties of the sand
deposits of the Mddle d ai borne Aqui fer change as one noves
south of the facies change?
A Well, they will vary fromplace to place throughout that

ar ea.
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Q Does that change affect the ability of water to flowin the
bottom prong of that fork, what's been denom nated the Lower

d ai borne Aquifer?

A Well, the water can still nove from one place to another
within -- fromthe bottom prong into the handle, for exanple.
Q And is that directional -- is it only in one -- does the

water flow in only one direction, or can it flow in opposite

di rections, depending on conditions?

A. Depending on conditions, it can go either way.

Q Okay. Now, I'd like to ask you about your testinony in the
Mont ana v. Wom ng and North Dakota case. Do you recal
testifying on cross-exani nati on about that testinony?

A.  Yes, | do.

Q And that was an original action in the Supreme Court of the
United States?

A, Yes.

Q Can you briefly describe what the di spute was about in that
case?

A, Well, the principal dispute was about water storage and
reservoir operations within Wom ng and how those water uses in
Wom ng change after -- | think it was 1950. And so that was
the principal conponent of that.

Q And on whose side were you an expert in that case?

A.  On the Montana side.

Q And was Montana the plaintiff in that case?
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A.  Yes.

Q Wiat injury was Montana claimng that Wom ng had caused
it?

A. They were claimng that water that they should be entitled
to -- nore water was being used in Womnm ng than they were
entitled to, and that that water should have cone down to

Mont ana.

Q Okay. And that's because the water flows north in that
particul ar part of the country?

A. Yes. |In the Tongue River, the water flows to the north.
Q ay. So the downstream state is actually Mntana, even
though it is north of Won ng?

A. That's correct.

Q Ckay. Wat were you asked to investigate in the Mntana
case?

A. | was asked to nake estimates of the potential inpact of
coal bed net hane wat er devel opnent on streamflows in the Tongue
Ri ver.

Q So your role was to predict future effects on stream fl ow,
based on coal bed net hane devel opnent ?

A.  Yes, historical -- sone historical and future effects.

Q How did you go about determ ning the effects of coal bed
met hane devel opnent on stream bed fl ow?

A. | reviewed the information and found that the BLM had

constructed a groundwat er nodel to | ook at coal bed net hane,
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wat er devel opment or water production. And so | exan ned that
nodel and decided that | think that would provide the best tool
that | could add at that tinme to nmake an estimate of what the
i npacts m ght be.

Q So the record is clear, what does "BLM stand for?

A. The Bureau of Land Managenent.

Q And do you know in what executive departnent the Bureau of
Land Managenent resides?

A. | believe it's in the Departnent of Interior.

Q Is that the sane departnent that the US Geol ogi cal Survey
exi sts?

A Yes, it is.

Q So the BLMis a sister agent of the USGS?

A.  Yes. Agenci es.

Q Now, when you say you | ooked at a nodel devel oped by the
f ederal agency, BLM why did you use that nodel ?

A WwWll, | felt that the -- they had done a lot of work to
conpil e the nodel and put it together, and to test the nodel
and so on, and that would be the best tool that | could use,
given the task that I was assigned at the tine.

Q Wiat conclusions did you draw in your testinony there?

A. | concluded that there were sone small inpacts that the
nodel predicted on streamflows within the Tongue River --

Q Do you recall --

A -- based on the nmodel and cal cul ati ons.
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Q I'"msorry to interrupt you

Do you recall how you tried to neasure those effects?
A Well, the -- the effects were very snmall, and there really
wasn't an ability, given the variations in streamfl ow and
whatnot, to actually neasure those effects.
Q So was one of the difficulties that you encountered the
| ack of calibration in the Tongue Ri ver base fl ows?
A.  Yes.
Q And was that |ack of calibration a function of the Bureau
of Land Managenent nodel that you used?
A.  Yes.
Q Gven your assignment, was there anything you could have
done to substitute for that |ack of data?
A. No. | nean, historically, the tinme period was passed, and
you can't really go back and recreate infornmation
Q D dthe Special Master rule that you were unqualified as an
expert, or sinply that the data you worked with was
insufficient to prove Montana's case?

MR, ELLINGBURG |'mgoing to object to the form of
t hat question and counsel's characterization. | believe the
Special Master's report is very specific.

THE COURT: The Court can read that w thout him
answering the question. Overrul ed.
A. Could you repeat that?

Q Sure. D dthe Special Master rule that you were
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unqual i fied as an expert, or sinply that the data that you
worked with was insufficient to prove Montana' s case?

A. M understanding is he did not conclude that | was not
qualified as an expert, but that the nodel cal cul ations were
insufficiently reliable to rely on for his purposes, judging
t he case.

Q And what is your opinion of that decision by the Speci al
Mast er ?

A, Well, | recognize that there was uncertainty in the

nodel ing, or in those calculations, that the cal cul ati ons were

rather small. It didn't surprise ne that soneone m ght find
that -- those calculations to be insufficiently reliable, so |
was not -- | was not surprised.

Q How does the technical conplexity of your assignnment in the
Mont ana case conpare to the technical conplexity of your
assignnent in this case?
A. It was much nore conplex in the Montana case.
Q Thank you.
MR. FREDERI CK: No further questions, your Honor.
THE COURT: All right.
Do you have any further questions?
MR, ELLINGBURG. A few only.
THE COURT: Ckay.
MR, ELLI NGBURG Can we have the Slide J18, USGS

MERAS. Could | have that table -- just now the Table 1? It is
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fromJ18, and it's page 15 of 17.

M5. KNOFCZYNSKI : Page what ?

MR. ELLI NGBURG 15 of 17.

MR. BRANSON: This table?
RECROSS EXAM NATI ON
BY MR, ELLI NGBBURG
Q Is this the table that you were just |looking at a few
noments ago, on redirect?
A, Yes, it is.
Q | may be confused, but is the Lower C ai borne Aquifer
hydr ogeol ogi ¢ unit assigned a nodel layer that's all by itself?
A, It's Layer 10. It's not all by itself, because Layer 10
woul d i nclude portions of the Mddle C aiborne Aquifer as well
as the Lower C ai borne Aquifer.
Q Okay. But it does have -- that particular |ayer has a
separate nodel designation with regard to its hydrogeol ogi cal
characteristics, right?
A. That portion of the Mddle C aiborne Aquifer unit and the
Lower C ai borne is represented by Layer 10 in the nodel.
Q Right. But it doesn't -- the rest of the Mddle d ai borne
is actually represented by Layers 5 to 7 and 8 and 9; is that
correct? | nean, this is not all one layer. | was a little
confused when | heard your testinony.
A. The Mddle O aiborne Aquifer is represented by Layers 5
t hrough 10.
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Q That's your opinion?
A. No, that's what they did in the nodel.
Q Okay. The Mddle d aiborne hydrogeologic unit is
represented by Layers 5 through 107
A, Yes.
Q In sone areas. But 10 has been separated out for sone
reason; is that correct? Layer 107
A. In areas where they distinguish the Lower C ai borne Aquifer

unit, that's also part of Layer 10.

Q GCay. And where they had got the Lower C ai borne confining
hydr ogeol ogi cal unit, that's Layers 8 and 9; is that correct?
A. That's correct. O that's part of it, obviously. There's

part of the Mddle O aiborne Aquifer that are al so Layers 8 and

9.
Q Right.
A. But within Layers 8 and 9, | shoul d say.

Q D dyoutalk to any I egal counsel for any of the defendants
in the day yesterday, until this testinmony this norning?

A. No, | did not.

Q Ckay. So you received no help on the slides -- or no --
you didn't provide any assistance with any of these slides you
were going to testify to in any way?

A. No, | did not.

Q Now, the nodel shows different |layers. | believe you were

shown a slide that has been conbi ned by counsel, 14H and 14K;
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is that correct?
A. That sounds right, yes.
Q Do you have that --

MR. FREDERI CK: W gave you a copy of it.

MR, ELLINGBURG Ckay. | can't put it up on the
screen.

MR, FREDERI CK: Wbuld you like us to do that for you,
counsel ?

MR, ELLINGBURG It would be very kind of you.
BY MR ELLI NGBURG
Q Exactly what is shown by this particular conbi ned exhi bit
prepared by defense counsel ?
A. Exactly what's shown? [It's showing a juxtaposition of the
conponents of Layer 8, one of thembeing the area to the south,
whi ch has been di stinguished in the nodeling franmework as the
Lower C ai borne Confining Unit, and the area to the north,

which is a portion of the Mddle C ai borne Aquifer.

Q Al right. |Is there aline drawn on this figure near the
M ssi ssippi border -- it's alittle difficult to see, but it's
kind of a -- sonewhat affected by the conbination. But do you
see that line that runs from-- actually from Arkansas all the

way across, above and bel ow?
A.  Yes, | do.
Q Cay. That's -- would that be essentially where the

transition zone is shown in these studi es?
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A. Yes, | believe so.

Q Okay. Now, the fact that there is to the far -- to the

ri ght-hand side, in M ssissippi, an equival ent sand thickness,
does that nmean that the groundwater behavior in that area is

t he sane as the groundwater behavior north, in Tennessee, bel ow
the transition zone?

A Well, this figure doesn't show sand thi ckness; it shows
sand percent age.

Q Ckay. Sand percentage. Does that tell you anythi ng about
the actual transmssivity within that area, below --

A Not - -

Q ~-- belowthe transition zone?

A Not in and of itself, no.

Q Thank you.

Now - - back between ni crophones -- the Montana case,
your work all related to the parties' conpliance wth an
existing interstate conpact, did it not?

A, Yes, it did.

Q And so you weren't maki ng deci si ons about what was or was
not interstate in nature, were you?

A. | was not making decisions about what the different states
were entitled to, if that's what your question is.

Q Rght. And just to put it in perspective, were you
sponsored, as an expert, information on behalf of your client

as to how nuch groundwat er was involved and how t hat wat er
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contributed or didn't contribute to the flow of the river,
ri ght?

A. No, that's not quite right.

Q You didn't --

MR. FREDERICK: Can | object to the use of the word
"sponsor."

MR, ELLI NGBURG = Ckay.

MR. FREDERI CK: He's an i ndependent expert in the
case.

BY MR ELLI NGBURG
Q Okay, let nme ask you this -- | apol ogi ze.

Did you give an expert opinion with regard to the
anount of water based on a much nore detailed scientific study
in that case?

A. | gave an opinion about the effects or -- both sone

hi storical and potential future effects of the devel opnent of
wat er associ ated wi th coal bed net hane devel opnent in Montana on
stream flows in the Tongue R ver.

Q Right. So that was an expert opinion based on your

i ndependent scientific investigation on the use of the nodel;

is that correct?

A. Yes, | based it on using the BLM nodel.
Q Okay. And that -- those results that you testified to as
an expert were rejected by the Court; is that correct?

A. The Court found that they were not sufficiently reliable
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for himto use them yes.

Q That's all | wanted to know. Thank you.

MR FREDERI CK:  Your Honor, if there are no further
questions, we would ask that M. Larson be permtted to step
down so that Tennessee can call its next wtness.

THE COURT: Al right. Are you finished with your
recross?

MR ELLI NGBURG  Yes, your Honor.

THE COURT: Ckay. You may do that.

MR. FREDERI CK: Thank you.

(Wtness excused)

MR. BRANSON:  Your Honor, Tennessee calls Dr. Brian
Wal dron as its next w tness.

THE COURT: Ckay.

BRI AN WALDRON,
called as a witness by the Defendant State of Tennessee,
having been duly sworn, testified as foll ows:

MR. BRANSON: Thank you, your Honor. We're just
getting our binders distributed.

THE COURT: Ckay.

DI RECT EXAM NATI ON

BY MR. BRANSON.

Q Good norning, Dr. \Waldron.
A Good norning.

Q Could you state your full name for the record.
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A.  Brian Ant hony VWl dron.
Q Are you currently enployed?
A Yes, | am
Q \Were?
A. At the University of Menphis.
Q \What's your title there?
A. | aman associate professor in the departnment of civil
engineering, and | also direct the Center for Applied Earth
Sci ence and Engi neering Research, or what we call CAESER
Q How |l ong have you been at the University of Menphis?
A.  About 20 years.
Q \Wen did you become a professor there?
A. | started ny tenure track in 2007 and received tenure in
August of 1999 -- |'msorry, 2010. Went back in tine.
Q Do you teach courses at the university, Dr. Wl dron?
A | do.
Q Wat courses do you teach?
A.  Undergraduate and graduate courses. Gaduate |evel in
contam nant transport, groundwater hydraulics, groundwater
qual ity control, others.
Q Wat do you cover in groundwater hydraulics?
A. Wat | cover in ny particular class is the construct of
wat er moving t hrough porous nedia, the devel opment of Darcy's
Equation. W |look at flowto wells and the types of -- getting

aqui fer characterization fromthat.
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Q Do you teach groundwater nodeling in any of your courses at

the University of Menphis?

A | do.

Q In what course do you teach that?

A.  Typically, groundwater quality control.

Q How I ong have you been teaching groundwater nodeling at the
uni versity?

A. Little over ten years.

Q Dr. Waldron, can you briefly describe your educationa
background for the Court.

A Yes. | received ny undergraduate in civil engineering at
Menphis State University. That's now called the University of
Menphis; it changed nanes. And that was in 1992.

Then | received ny naster's in civil engineering at
the University of Menphis. And that was in 1994,

And then | went to Colorado State University and
received my doctorate in civil engineering, also specializing
in groundwater, in 1999.
Q You nentioned earlier, Dr. Waldron, the Center for Applied
Earth Sciences in Engineering Research, or CAESER. Can you
descri be what your responsibilities are there.
A. They're twofold. One is to conduct research, and the other
Is to do some director-type operations.

I n conducting research, | conduct nunerical nodeling

of groundwater and contam nant transport. |'ve done that for
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the M ddle d aiborne Aquifer and other aquifers.

| al so do subsurface mapping of geol ogic formations.
And that particular area, it's ny area of Menphis; it's the
confining clay above the Mddle C aiborne Aquifer, but I've
al so done it el sewhere.

And | also do water sanpling and age dating of the
groundwater, primarily of the Mddle C aiborne Aquifer. And |
al so do recharge work to the Mddle O aiborne Aquifer, and
that's east of Shel by County, where | am

And | also do water |evel measurements and water --
water level maps. That's of the Mddle C aiborne Aquifer and
the shal | ow aquifer.

And then we al so do education outreach. So in
education outreach, we really focus on talking to kids about
the water and how to conserve it, and then we also talk to
el ected officials.

As the director, it's ny job to go and bring in
research dollars to the university. And then those dollars pay
for students, graduate students, to get their degrees, or
under graduat e students to engage thensel ves in research.

Q Wile you ve been at the university, Dr. Waldron, have you
personal 'y published any research studies?

A. | have, 20 -- yes. Yeah. A nunber of them

Q How nmany have you published?

A. 1've published about -- roughly 22.
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Q O those 22, how many of the studies you've published have

concerned groundwater hydrol ogy?
A 16 of them
Q Now, you've mentioned the Mddle C aiborne Aquifer in your
testinony already, and you've been sitting in court this week
hearing about that aquifer. How did you first becone famliar
with the Mddle Caiborne Aquifer in particular?
A. | was a |ot younger than | was now. It was when | was an
undergrad student. The G oundwater Institute had just started
at Menphis State, and | was hired on as an enpl oyee. So what |
did was -- | was a digitizer, so | digitized all the
potentionetric maps and thickness maps that were in the USGS
publications into GS.

(Reporter clarification)
A.  And then the graduate students woul d use those in their
research.
Q Have you continued to study the Mddle C aiborne Aquifer in
future years, after you were an undergraduate?
A Yes, | did.
Q And for how | ong have you been studying the Mddle
( ai borne Aquifer?
A, About -- well, nore than 20 years.
Q So Dr. Waldron, of the tinme that you spend on an everyday
basis as a groundwater hydrol ogist, can you just tell ne
roughly what percentage you devote to the Mddle O ai borne
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Aquifer in particular?

A.  Roughly about 50 to 60 percent.

Q And just in your professional life, Dr. Waldron, can you
give Judge Siler just a rough estimte of how nany hours you' ve
spent studying the Mddle O aiborne Aquifer?

A.  About 20,000 hours.

Q Now, in the course of your professional work on this

aqui fer, Dr. Waldron, do you keep up with the academ c
literature on it?

A.  As nuch as | can, yes.

Q And what about USGS studies on this aquifer? Do you keep
up with those as well?

A.  As nuch as | can.

Q Now, Dr. Waldron, you've been retained by the State of
Tennessee as an expert witness, correct?

Yes, Sir.

Are you being conpensated for your work?

Yes, | am

What's your rate?

$275 an hour.

How does that conpensation arrangement work?

> O >» O > O »F

Vell, I'"man enployee at the university, so what happens is
that the university has a contract with the State of Tennessee
Attorney General's Ofice. So I'mnot a party to the contract.

So the university will ask me what time | spend, which
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| give to them then they get the noney fromthe AGs Ofice.

If | want to get paid, | have to do paperwork, internal, and
get approval. So that gets submtted, and then if it's
approved, | get paid for ny normal salary structure.
Q Is your conpensation contingent in any way on the substance
of your opi nions?
A. No, it's not.
Q Is it contingent in any way on the outcone of this case?
A. No, it's not.
MR, BRANSON: Judge Siler, Tennessee offers
Dr. Waldron as an expert in the field of groundwater hydrol ogy.
MR. MOFFETT: No objection, your Honor.
THE COURT: He is found to be an expert.
BY MR BRANSON:
Q Dr. Waldron, did you produce any expert reports in the
course of your work on this case?
A Yes, | did.
Q Wien you set out to create those expert reports, how did
you determne the question that you were trying to answer?
A. | read Judge Siler's opinion
Q And at a high level, what did you base your opinions on
that you expressed in your expert reports?
A.  They're based on ny training and expertise, primarily that
on the Mddle O aiborne Aquifer and in the publications that |

read in ny report.
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Q Dr. Valdron, I1'd like you to turn in your opening report ?23
your binder -- it should be D194, if you can find it.

You found it?
A Found it.

Q Is D194 an accurate copy of the opening expert report that
you prepared in this case?
A Yes, it is.
Q Does that report accurately state your opinions wth
respect to the question that you understood the Special Master
to have posed?
A Yes, it does.
Q I'dlike you to turn, Dr. Waldron, to paragraph 51 in your
openi ng expert report. Just let me know when you're there.
A. |'mthere.
Q Do you see, in the last clause of paragraph 51, there are
two numbers, 221,000 cubic meters per day and 186,000 cubic
meters per day? Do you see that?
A | do.
Q Is there anything you'd like to correct about that?
A.  Yes. The nunbers are transposed. The 221 cubic nmeters per
day is for --

(Reporter interruption)
A.  The nunbers are transposed. The 221 cubic neters per day
Is for 1886, and the 186,000 cubic neters per day is for 2008.
Q And Dr. Waldron, just to be clear, when you just said
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"221," you meant 221,000 right?

A 221,000, yes.
Q And the transposition you just referred to, that was a typo
I n your report?
A Yes, sir.
Q Besides that, is there anything else in this opening expert
report that you no | onger agree with?
A No.
Q Dr. Waldron, |I'd now like you to turn to D195.

Is this the first rebuttal report that you prepared in
this case?
A Yes, sir, it is.
Q And does this accurately state your opinions about the two
openi ng expert reports submtted by Dr. Spruill and M. Wley?
A, Yes, it does.
Q Is there anything in this Exhibit 195 that you no | onger
agree with?
A, No.
Q Finally, let's turn to Exhibit D196 in the binder

Is this a copy of the surrebuttal expert report that
you submtted in this case?
A Yes, it is.
Q Does this accurately state your opinions in response to
Dr. Spruill's rebuttal report?
A

Yes, it does.
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Q Is there anything in this docunent that you no |onger agree

with?

A No.

Q Dr. Waldron, have you ever testified as an expert witness
bef ore?

A No.

Q Solet's turn nowto the -- sone hydrogeol ogy. You've
heard a | ot about the M ssissippi Enbayment this week. Are you
famliar with what that is?

A Yes, sir.

Q Very briefly, what is that?

A.  The M ssissippi Enbaynment is a south-plunging trough or
geol ogic formation that underlies portions of eight states.
It's filled with Cretaceous and younger sedinments that can be
broken out into hydrogeologic units |ike aquifers and confining
units.

Q Wat is an aquifer, in your view?

A. An aquifer is a water-saturated formation that is able to
store and transmt water for its intended use.

Q \Wat about a confining layer: What is that?

A. Aconfining layer is a laterally extensive geol ogic
formation that in our area is conposed -- conprised nostly of
clay, but also can contain silt and fine sands. And it
restricts the vertical novement of water between aquifers.

Q W've heard fromother witnesses this week that the Mddle
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Cl ai borne Aquifer is one of the aquifers within the M ssissipp
Enbayment. | take it you agree with that?
A.  Yes, | do.

Q Let's turn nowto an exhibit. And -- there we go. Putting

up on the screen, | put up, for the record, Joint Exhibit 18.
We' ve discussed this article quite a lot this week.

Do you recognize this, Dr. Wl dron?

A.  Yes, | do.

Q Very briefly, could you identify it for the record.

A Yes. It's a USGS publication by Cark & Hart, 2009, MERAS.

Q I'dliketo turnto Figure 14Gin that article, which is on

page 37 of the exhibit.

What is this depicting, to you?

A. This is depicting four things. The first point is this
outer boundary, it's kind of brownish, and that's the extent of
the M ssissippi Enbaynent.

Then you go -- you see that Dblack boundary, and that's
filled with brownish colors. That black boundary represents
the lateral extent of the Mddle C aiborne Aquifer.

And then the next piece are the brown gradations, and
that represents percentages of sand within the Mddle C ai borne
Aquifer. And this is for Layer 7.

And then the fourth thing are the black dots. And
those are control points that they use to obtain fromlogs

t hose sand percent ages.
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Q Now, on the first two things you said, is the |ateral

extent of the M ssissippi Enbayment the same as the |ateral
extent of the Mddle C aiborne Aquifer on this chart?

A. No, it's not.

Q Wy is there a difference?

A, Well, one, physically, the Mddle O aiborne Aquifer does
not extend to the outer extent of the M ssissippi Enbayment.
But there are other aquifer systems belowit, and as they cone
up to the surface, they will fill in that white gap between the
M ddl e O ai borne and the M ssissippi Enbaynent.

Q You also nentioned the brown shading depicting sand
percentages. In your opinion, what's the significance of those
varyi ng percentages?

A. It shows the heterogeneity of the Mddle C ai borne Aquifer.
Q And according to this map, Dr. Waldron, how many states
does the Mddle C ai borne Aquifer underlie?

A. The Mddle O ai borne Aquifer underlies eight states.

Q And for the record, could you just identify those eight
states, according to this map?

A. Yes. Illinois, Mssouri, Kentucky, Tennessee, Arkansas,

Al abama, M ssissippi, and Loui siana.

Q And in your expert opinion, is this nmap consistent with the
scientific consensus on the geographic extent of the Mddle

( ai borne Aquifer?

A Yes, it is.
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Q Let's turn now to another docunent that, for the record, is

Joint Exhibit 76.

Dr. Wal dron, do you recognize this document?
A Yes, sir, | do.
Q Could you identify it for us?
A | can. This is a report that nyself and many ot her authors
wote in 2011 for the Environmental Protection Agency. It's
cal l ed MERGA5, which is the M ssissippi Enbayment Regi onal
G oundwat er St udy.
Q At a high level, what was this study attenpting to
acconpl i sh?
A.  This study was a phase one of four. At a high level, it
was nmeant to be a conpilation of existing information about a
subregion of the Mddle C aiborne Aquifer, and to address the
I ssue at a high level of the disparity that existed at the
time, things like geology and chem stry, water chemstry.
Because at the state boundaries, it ended; that type of
information didn't cross over. So it was trying to address
that regionality function of it.
Q And you mentioned phase one of four. Did the other phases,
phase two through four, did those ever happen?
A. No, they did not. The study was appropriated through EPA,
and then there was authorization |anguage in WRDA to do the
remaining three. It's still in WRDA, but it's not been

appropri at ed.
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What was your personal role in this study, Dr. Waldron?

Q
A. | was the primary investigator
Q As a primary investigator, what did you actually do?
A | really tried to gather together the troops that worked on
this effort, and that included faculty fromthe University of
Menphis. It included faculty fromthe University of
M ssissippi, and it included faculty from Arkansas State
Uni versity in the conduction of the research of the various
aspects.

And then also we -- for pieces of this, we contracted
with the US Geol ogi cal Survey for their assistance as well.
Q As the primary investigator, does that mean that everything
in this lengthy report reflects your own personal opinion?
A. No, sir, it does not.
Q Let's go to page five of this exhibit, and |'mgoing to put
It on the screen.

This is the forward. Are you famliar with this
forward to the study?
A Yes, sir, | am
Q And the author here is David G Jewett. Do you know who
that is?
A. He's the acting director of the Goundwater and Ecosystens
Restoration Division.
Q Let's focus on the bottom paragraph of this forward, and |

have expanded it on the screen.
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Does this paragraph of the forward accurately describe

your understanding of the purpose of this EPA-funded study?

A Yes, sir, it does.

Q | want to highlight a fewthings on here in yellow And |
want to address first the first thing |I've highlighted.

Do you agree, Dr. Waldron, that this study was
designed to address the problemcreated by disparate nethods
and uncoordinated timng of hydrologic and geol ogic data
col l ection across state lines?

A Yes, | do.

Q And why did you consider that to be an inportant problemto
sol ve?

A. Because back at this tinme, each state, even within the
USGS, had their own offices in each state, and each state had

| i ke TDEC or MDEQ and the one in Arkansas, they were dealing
with data in their own state.

And what happens -- what was happeni ng was everyone
woul d col lect their data, but we got to the state Iine and
stopped. And therefore you see this disparity between the
information that had crossed the state lines. So know ng that
this systemwas a regional system we needed to address that
disparity so we could really ook at it on a regional scale.
Q Dr. Waldron, in your expert opinion, did you think it was
appropriate to look at a regional systemusing data that was

collected in the constraints of political boundaries?
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A No.

Q | want to now focus on the second part that | highlighted.
And did you al so consider it inportant, when you and others
were working on this study, to inprove the understanding of the
groundwat er resources in this aquifer systemwthout the
constraints of political boundaries?
A Yes, we did.
Q And why did you consider that to be inportant?
A Wll, it started out earlier with this thing called MATRAS,
and the idea was we needed to get rid of these political
boundaries to understand what was going on about a system of
aqui fers that were regional in scale.

So, you know, groundwater knows no politica
boundaries. So we didn't need to know the political
boundari es.
Q And you used the acronym " MATRAS" in your answer. |
just -- could you explain what that is, so the record is clear?
A.  MATRAS is the Mssissippi, Arkansas, Tennessee Regi onal
Aqui fer Study. It was a collection of faculty fromUniversity
of Menphis, and it was -- each of the state agencies, |ike
MDEQ TDEC -- | don't renenmber what Arkansas is called -- and
then the USGS offices in each state, and then Shel by County,
and then the Corps of Engineers.

So we're all getting together to try to ook at the

system holistically.
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Q Let's goto Figure 3 in this study, and it's on page 32 of

the exhibit. 1'mgoing to expand Figure 3 on the screen here.
Dr. Waldron, at a high level, what is this figure

depi cting?

A. This figure is depicting a -- it's a cross-section through

a nunber of hydrogeol ogic |ayers within the M ssissippi

Enbayment .

Q Were was this cross-section taken?

A It was -- it's actually on a Figure 2, that's before this
figure.

Q I'll put that up on the screen and expand it.

Using this Figure 2, Dr. Waldron, could you help
orient us about where the cross-section was taken in Figure 3?
A, Yes. There's a -- you'll see the little black box that
says Menphis Area, and there's a dotted line that says
Nort hwest - Sout heast. That's where that cross-section was
t aken.
Q Nowthat we're oriented, let's go back to Figure 3.

And, you know, 1'd like to ask -- you see a |ot of
| ayers here stacked on top of each other, like a cake. In your
opinion, are these layers hydrol ogically connected to each
ot her ?
A Yes, sir.
Q \Wat does it nean, in your expert opinion, for two |ayers

of an aquifer systemto be hydrol ogically connected?
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A. There's an exchange of water between them

Q Wat is the function of the various confining units that we
see on this cross-section?
A I'msorry, could you say that again?
Q Yeah. What is the function of the confining units that we
see on this cross-section?
A. They are laterally extensive, and they restrict the
movenment of water between the aquifers.
Q They restrict the novenent of water --
A.  The vertical novenent; |'msorry.
Q They restrict the vertical nmovement of water. Do the
confining layers restrict the lateral flow of water in this
aqui fer systen?
A. No, sir, they do not.
Q Dr. Waldron, let's now tal k about these |ayers, and | want
to start at the top. |'ve highlighted the very top layer in
bl ue on the screen.

Can you explain to Judge Siler what |'ve highlighted?
A, Yes. This is an unconfined portion of the aquifer system
on the Arkansas side, which is the left side. That's
M ssissippi River alluvium It was deposited by the
M ssissippi River, soit's conprised of a lot of -- mainly with
sand and gravel .

And then on the Tennessee side, that's unsaturated --

|"msorry, unconfined portion of the shallow aquifer, and that
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I's conprised primarily of sand and gravel as well.

You can get water in and out of that. One way to get
water in is through rainfall. So there's no confining |ayer
above any of them so they go in. You can get water for those
for surface water bodies, like |akes and rivers, and then there
can be nmovement of water fromthe |ower units into that.

Water can | eave those systems, one, through punping.
They could leak into surface water systens, |ike rivers and
| akes. And then there could be downward | eakage of water from
those units into the lower units.
Q Let's go to the next unit down, that I've highlighted in
pink now. \Wat is this, Dr. \Waldron?
A. This is a confining unit. It -- it confines the top of the
M ddl e O ai borne Aquifer.
Q Let's go to the next unit down, that |'ve highlighted in
blue. And this is |abeled "Menphis Aquifer (Menphis Sand and
Equi val ents). "

What is this layer that |'ve highlighted?
A. This is the Mddle O aiborne Aquifer.
Q Soif it'sthe Mddle O aiborne Aquifer, why does it say
"Menphis Aquifer" on this chart?
A Well, there's different nam ng conventions, which | know
we've tal ked a | ot about here. |In ny area, in Shel by County,
when we tal k about the geology, we call it the Menphis. If we

tal k about the water side of it, we call it the Mddle Aquifer.
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If | was giving a public talk in M ssissippi, down in
Mssissippi, | would call it Sparta, because it's what they
call it.

Then that's where the equival ents come in, because
when these units cross state |lines, the nanes nmay change, |ust
by how peopl e have nanmed t hem
Q Do these various nam ng conventions, that we spent so nuch
time tal king about this week, affect any of your opinions that
you're going to give in this case?

A. No, sir, they do not.

Q Wiy don't the namng conventions matter, in your view?
A.  Because they're just various names given to pieces or
subunits of the Mddle O aiborne Aquifer, and the Mddle
C ai borne Aquifer crosses nultiple state boundari es.

Q Now, you anticipated ny next question, Dr. \aldron.

A Sorry.

Q Judging fromthis map, does the Mddle C ai borne Aquifer
cross state lines?

A Yes, sir, it does.

Q Wiich ones -- I'msorry.

Wii ch ones does it cross?

A. |If you go northwest to southeast, it's Arkansas, Tennessee,
and M ssi ssi ppi .
Q Now, are those the only state boundaries that the Mddle

C ai borne Aquifer crosses?
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A No. It crosses nore.

Q Wy are those other ones depicted here?

A, Well, again, back to Figure 2, | believe that cross-section
Is only across a certain section of the M ssissippi Enbaynent.
Dependi ng upon where that cross-section is taken, you'll see
the other states cone into play.

Q Now, we've heard a lot this week about confined and
unconfined parts of the aquifer. Do you agree that the Mddle
( ai borne has both confined and unconfined parts?

A Yes, | do.

Q And can you identify the unconfined part of the Mddle

( ai borne Aquifer on this map?

A Well, it just showed up, is what | recall it. It's the

yel low outlined area. So on the Tennessee/ M ssi ssi ppi side,
that is where the blue kind of reexposes itself to the surface.
Q So where | put those vertical blue lines, is that roughly
describing the area of this aquifer that you would call

unconfi ned?

A Yes.

Q And just so the record is clear, what is your understanding
of an unconfined aquifer?

A.  An unconfined aquifer is when you put a well into that
aquifer, the static water level wll rise upin that well to
the water table. [It's not in...

Q What about a confined -- so the part of the aquifer on the
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| eft of this diagram-- what is a confined part of an aquifer?

A. So a confined part is when you put a well into the aquifer,
that static water level will rise up to be above the base of

t hat upper confining layer, so it's under pressure.

Q Dr. VWaldron, is there any geologic barrier inhibiting the
flow of water between the confined and the unconfined parts of
the Mddle O aiborne Aquifer?

A. No, sir, there's not.

Q Is there any such hydrol ogi cal barrier that would inpede
water in that way?

A. No, sir, there's not.

Q Do you consider the confined and the unconfined parts of
the Mddle Caiborne Aquifer to be part of the sane

hydr ogeol ogi ¢ unit?

A Yes, | do.

Q Wy do you say that?

A. Because you start with the Mddle C aiborne Aquifer, and
confinement and unconfinenment is just a condition of the system
I tself.

Q Let's very briefly finish the rest of the layers on this
cross-section. | have now highlighted in pink the next |ayer
down. Can you identify what |'ve highlighted?

A Yes, sir. This is a confining unit that forns the base of
the Mddle O aiborne Aquifer and the top of the Fort Pillow

Aquifer. In my area, that's called the Flour Island.
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Q | want to now highlight the Fort Pillow Aquifer in blue.

Can you describe to Judge Siler what that is?
A, This is a lower aquifer. |It's conprised mainly of sand,
and it is belowthe -- as you can see, the Mddle d ai borne
Aqui fer.
Q And does the Fort Pillow Aquifer cross state |ines,
according to this map?
A It does.
Q Wiich states does it cross?
A.  Arkansas and Tennessee and M ssi ssi ppi
Q Let's nove down to the next layer on this cross-section,
which |'ve highlighted in pink. Wat is this?
A. This is a substantial confining unit. It's conprised
mostly of clay, and forns the base of the Fort Pillow and the
top of the McNairy aquifer.
Q Finally | want to talk about the MNairy Aquifer, which
you' ve nentioned, and |'ve highlighted it in blue.

Can you describe to Judge Siler what that aquifer is.
A Yes. It's a deeper aquifer systemw thin the M ssissipp
Enmbayment. And it -- in certain places it's saline, it's so
deep. But on here, on the outcrop areas, or further north,
you're probably going to start seeing it have fresh water.
Q Does the McNairy Aquifer that I've highlighted cross state
lines on this chart?

A Yes, sir, it does.
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Q Wiich ones does it cross?

A.  Arkansas, Tennessee, and M ssi ssi ppi.
Q Dr. Waldron, 1'd nowlike to turn to another exhibit which
we've heard a | ot about this week, Joint Exhibit 4.

Do you recogni ze this docunent?
A Yes, | do.
Q What is it?
A. This is a USGS publication. It's by Arthur & Taylor, in
1998, and it's of the RASA study, the Regional Aquifer System
Anal ysi s.
Q And I'mgoing to ask you to turn to Plate 2, which I'm
going to highlight on the screen. And | know we've | ooked at
this an awful lot, including today, so |I'mjust going to ask
you sone very brief questions about it.
kay.
Do you recognize this Plate 2?
Yes, sir, | do.
And what is this?

This is a cross-section showi ng the various hydrogeol ogi c

> O > O >

| ayers within the M ssissippi Enbaynent.

Q And where was this cross-section taken?

A, Well, this is a north/south cross-section, and it's in --
in Plate 1.

Q Al right. Let's turnto Plate 1, and I'mgoing to expand

it on the screen here.
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Can you use this plate to help orient Judge Siler

about where our cross-section in Plate 2 was taken?

A Yes, sir. Onthis you'll see "A" down at the bottom and
that's at the M ssissippi/Louisiana state [ine. So that's
going to be on the left of our cross-section.

And then if you followit up to the north, into
Kentucky, you'll see an A prime, and that's going to be the
right side of our cross-section.

Q So as we nove to the right on our cross-section, we're
going to be heading north to northeast; is that right?

A Yes.

Q Ckay. Let's go back to the cross-section, and |'mgoing to
put it back up on the screen here.

Dr. Waldron, is the Mddle O aiborne Aquifer depicted
on this figure?

A Yes, it is.
Q I'mgoing to try and highlight it in yellow And | know
everyone has seen this before.

Do you think that |'ve accurately highlighted the
M ddl e d ai borne Aquifer?

A Yes, sir.
Q Does the Mddle O aiborne Aquifer cross state boundaries on
this diagranf
A Yes, sir.

Q Wich ones does it cross, according to this particular
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Cross-section?

A.  Mssissippi, Tennessee, and Kentucky.

Q Now, did you hear M. Larson testify earlier about how the

M ddl e C aiborne Aquifer forns a type of a fork shape on this

cross-section, with the handle on the right and the prongs

sticking out to the left?

A Yes, | did.

Q Do you consider that entire fork shape to be part of the

M ddl e C ai borne Aquifer?

A Yes, | do.

Q Nowl'd like to highlight in pink the Lower C aiborne

Confining Unit, which we've heard so nmuch about this week.
Have | accurately highlighted that confining unit in

pi nk?

A Yes, sir, you have.

Q Can you explain what you understand the Lower O ai borne

Confining Unit to be?

A Yes. It's aconfining unit, and to the -- as you nove to

the south, it is a marine clay. And it becomes nore

substantive. It's nuch broader when you get into Southern

M ssi ssi ppi and Southern Al abama and Loui siana. But as you go

north, you'll see that little squiggly, | guess you could cal

it, where it termnates within the mddle of the Mddle

( ai borne Aquifer. W' ve been termng that in the case here as

a facies change. And that's where it transitions froma marine
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clay to a sand.

Q And roughly how far south, in your opinion, does the facies
change occur south of the M ssissippi/Tennessee border?

A. Based on different USGS publications, they show it between
six and ten m|es.

Q And let's focus, Dr. Waldron, on the area above the Lower

C ai borne Confining Unit. So this is the -- on the left part
of the fork, this is the top prong. Do you see that?

A.  Yes, | do.

Q Is there a common nane that you've heard used to describe
this portion of the Mddle C aiborne Aquifer?

A. Yes. In Mssissippi, we call that the Sparta.

Q Do you consider what you just terned the Sparta to be part
of the sane aquifer as the Mddle O aiborne Aquifer?

Yes, sir, | do.

Do you consider thempart of the same hydrogeol ogi cal unit?
Yes, | do.

And why is that?

Because there's no inpeding barrier between the -- at the

> O > O >

faci es change between what you see on the right versus what you
see on the left, to reach -- stop flow between those two
sections.

Q Soif | were to take water that was in what we could cal
the Sparta, which is the top prong of the fork --

A.  Right.
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Q ~-- is there any barrier that would prevent that water from

flow ng naturally north into the part of the Mddle O aiborne
Aqui fer in Tennessee?

A No.

Q Gkay. Let's now talk about the bottom prong of the fork,
which is beneath the Lower C aiborne Confining Unit. Do you
see that?

A Yes, sir, | do.

Q And I know we've again talked an awful [ot about this this
week. Can you identify what that prong of the fork is?

A. That is a part of the Mddle Claiborne Aquifer. [It's given
a different name in Mssissippi; they'Il call it the Meridian
Sand. But it's part of the Mddle O aiborne Aquifer.

Q And we've -- have you heard the term"Lower  aiborne
Aqui fer" used this week?

A Yes, sir, | have.

Q Have you also heard that termas one name for this bottom
prong of the fork?

A Yes, sir, | have.

Q Do you consider the Meridian Sand or the Lower C aiborne
Aquifer to be part of the same hydrogeol ogical unit as the

M ddl e d ai borne Aquifer?

A Yes, sir, | do.

Q Wiy is that?

A Vell, just like at the top, if you go to where the little

Alpha Reporting Corporation




© 00 N o o A W DN P

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

Proceedings - May 23, 2019

824
squiggly is on the pink, where the facies change is, there's no

barrier that's going to keep flow fromgoing north or south at
that location. They're connected.

Q So, Dr. Waldron, if we were to focus just on what

M ssi ssippi has called the Lower O aiborne Aquifer this week,
I's there anything stopping water fromflow ng naturally either
fromthe Lower O aiborne Aquifer to Tennessee, or vice versa?
A. No, sir, there's not.

Q Stepping back a bit, Dr. Waldron, how do you determ ne, as
a scientist, the lateral extent of a given aquifer?

A. \Well, a geologist wll drill a borehole. And fromthe
material that they pull fromthe borehole, they will use that
information in order to describe or correlate -- you know,
maybe by deposition, maybe by sedi nentation, naybe by grain
size, maybe by fossil record or sone other type of biological
flora -- this correlation of geologic units. That's ny

under standing of it.

Q And applying those principles to the Mddle C aiborne

Aqui fer, how many states do you believe fall within the Mddle
Cl aiborne Aquifer's lateral extent?

A. It underlies portions of eight states.

Q Now, Dr. Waldron, are you saying that the Mddle d aiborne
Aquifer is identical in every part of it underneath those eight
states?

A. No, |'mnot.
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Q \What sorts of variations mght there be as you nove from825
one part of the aquifer to another?

A Well, alot of it's been discussed here, but Il

reiterate: You'll have differences in thickness. You'll have

differences in hydraulic conductivity. You wll have
variations in storage. And you will even have variations in
porosity.

Q Do those variations affect your conclusion that the Mddle
C ai borne Aquifer is an eight-state hydrogeol ogi cal unit?

A. No, it does not.

Q Wiy do those variations, that we've heard so very much
about this week, not affect your conclusion?

A. Because for geologic units, heterogeneity is not unconmon.
It's nmore the normthan the rarity.

Q So if you were, as a hydrogeol ogi st, |ooking at a regiona
aquifer like the Mddle d aiborne Aquifer, would you expect
there to be the type of heterogeneity that we've discussed in
this hearing this week?

A Yes, sir, | would.

Q Do any of the hydrol ogical variations that we've di scussed
in the hearing this week in the Mddle O ai borne Aquifer align
with political boundaries?

A, No, sir.

Q Do state boundaries have any effect on the hydrol ogica

properties of the Mddle C aiborne Aquifer?
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A. No, sir, they do not.

Q Is there any physical barrier in the Mddle O aiborne
Aquifer, Dr. Waldron, that would inhibit the flow of water

bet ween the part of the aquifer in Mssissippi and the part of
the aquifer in Tennessee?

A No.

Q Is there any such hydrol ogical barrier?

A. No, sir, there's not.

Q Dr. Waldron, did you hear M. Larson explain yesterday and
today that punping on Tennessee's side of the border in the

M ddl e C ai borne Aquifer can affect groundwater flow on

M ssissippi's side of that same aquifer?

A Yes, | did.

Q Ddyou agree with himon that?

A Yes, | do.

Q \Wat about the converse: Do you agree with M. Larson that
punping on Mssissippi's side of the Mddle O aiborne Aquifer
can affect groundwater flow on Tennessee's side of that same
aqui fer?

A Yes.

Q Now, Dr. Waldron, let's change gears a bit. Have you held
an opinion in this case about whether the Mddl e d aiborne
Aquifer is an interstate aquifer?

A Yes, | have.

Q What is that opinion?
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AL My opinion is that the Mddle Caiborne Aquifer is an

Interstate aquifer

Q Wiy do you say that?

A. Because as an aquifer, its geology crosses state |ines, and
the water within it naturally noves across those state |ines.

Q Now, Dr. Waldron, is the term"interstate" a word that you
of ten hear hydrol ogists use to describe aquifers?

A. No, it's not.

Q In your experience as a hydrologist, is there another word
that you've relied on in comng up with your opinions on this
case?

A. 1've heard nore so the term"transboundary."

Q And in your experience as a trained hydrol ogist, what is a
transboundary aquifer?

A, Very sinply, it is an aquifer or aquifer systens that cross
a political boundary.

Q And under the ordinary hydrological definition of a
transboundary aquifer, do you consider the Mddle C aiborne
Aquifer to be transboundary with respect to the state border
bet ween M ssi ssippi and Tennessee?

MR MOFFETT: Your Honor, | object to that. Leading,
and also | don't believe that was phrased as a hydrogeol ogi cal
definition. So | believe he's msstated what Dr. Waldron said
about transboundary aquifers.

THE COURT: Well, objection overruled. He may answer
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t he questi on.

Q Dr. Waldron, if | may clarify, in your understanding, is
the term"transboundary aquifer" a hydrol ogi cal principle that
you're famliar wth?

A Yes, it is.

Q Is it a hydrogeological principle as well?

A Yes, it is.

Q In applying that principle to Mddl e O aiborne Aquifer,
woul d you consider the Mddle C aiborne Aquifer to be
transboundary with respect to the M ssissippi and Tennessee
state |ine?

A Yes, sir, | do.

Q Now, does it matter to you, Dr. Waldron, for purposes of
whet her the Mddle C aiborne Aquifer is interstate or not, how
much water is flowng across the state |ine?

A. No, sir, it does not.

Q Wiy does that not matter to you?

A. Because if you go and stand at the state line, right then
and there, water is noving across. |It's just the fact that it
actually noves across state line makes it an interstate
aquifer.

Q Dr. Waldron, have you tried, for purposes of your opinion,
to separate out any particular groundwater nolecule within the
M ddl e C ai borne Aquifer to determ ne whether that particular

pi ece of groundwater is interstate or not?
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Q And why did you not try and do that in offering your
opinions in this case?

A Well, innm world, | don't deal with the nolecules. | know

we' ve nentioned that word here, but as groundwater scientists,
we don't |ook at nolecules. That's because at the nol ecul ar
| evel, it's not observable, and you can't -- you can't map it.

So what we as scientists do is we scale up. W go
fromthe nolecular scale and nove it up to the particle scale,
which is the mcroscopic scale. So then you' ve got a water
particle.

Well, so you could ook at groundwater flow at the
particle scale; but if you wanted to do that, you have to use
fluid dynamcs. And in order to do that, you have to know how
the water is nmoving between the sand grains. Well, that neans
you have to nmap every sand grain and every opening.

We're not going to do that, so we scale up. So then
we scale up to the MATRAS scal e, where we | ook at a bl ock of
porous nedia. And it's the |aw of averages. That's what we
do. That's how Darcy's Lawis driven. Darcy's Lawis driven
on a | aw of averages, and therefore we | ook at groundwater that
way.

Q So, Dr. Waldron, in evaluating the question that you
understand Judge Siler to have posed for this hearing, as a

hydr ogeol ogi cal matter, what unit have you focused on?
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A. | had focused on the Mddle C ai borne.

Q Wiy do you believe that that is the unit that we should be
focused on, rather than any particular piece of water?
A, Well, because that's what was in Judge Siler's opinion.
Q But leaving aside Judge Siler's opinion for a second, just
as a hydrol ogical natter, why, as a scientist, have you thought
that it's nost appropriate to focus on the entire aquifer as
opposed to any one particul ar piece of water?
A, \Well, because you treat it all as one -- just one giant
unit. You don't partition out a piece of the aquifer and say,
"I'mgoing to ook at you in isolation."
And that's because if you went and zooned in to a
pi ece of water, the aquifer is acting against that water. So
It daisy-chains out. Water's acting against that; water's
acting against that. Pretty soon you' re at the regional scale.
This is a daisy-chain reaction, so you | ook at the
system as a whol e.
Q Dr. Waldron, you've also heard quite a |ot from M ssi ssi ppi
this week about the rate of speed with which groundwater flows
in the Mddle O aiborne Aquifer. Have you heard all that
testinony?
A Yes, sir, | have.
Q Do you consider the rate of speed of groundwater flow
relevant to your opinion that this is an interstate aquifer?
A No.
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Q And why do you not consider the rate of speed relevant to

your opi ni on?
A. Because the rate of speed is slow It's slow everywhere in
the groundwat er systemwhere we are. And you treat that, you
treat it as a constant -- not a constant, but you treat it
as -- it's very simlar, and it's so slow, you could nove to,
again, the state line; groundwater is noving slowy across the
state line. And at the exact same tine, water is slowy noving
in fromthe outcrop area. And it's just noving everywhere it's
moving, but it's all slow.

So, yeah.
Q Are you famliar, Dr. Waldron, with the concept of
residence time that you' ve heard discussed this week?
A Yes, sir.
Q And does that have any bearing on your opinion that the
Mddl e Caiborne Aquifer is an interstate aquifer?
A No, sir,
Q And why does residence tine not have any bearing on your
opi ni on?
A. Because at any point in time, water is nmoving across the
political boundaries, so it's irrelevant.
Q Dr. Waldron, I'd like to change gears a bit now and ask
you, do you agree with the statenent that's been nade in court
this week that punping in the Menphis area out of the Mddle
( ai borne Aquifer began in 18867
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A Yes, sir, | did.

Q So when | use the term"predevel opment” in ny questions,
wi || you understand me to be referring to the tine period
before 18867?
A Yes, sir, | wll.
Q Have you ever studied predevel opment groundwater flow in
the Mddle O aiborne Aquifer?
A Yes, sir, | have.
Q Have you published your findings anywhere?
A.  Yes, | have.
Q Dr. Waldron, I'd like to turn in your binder to Defense
Exhibit 174. And | put the cover page up on the screen for
ease of reference.

|s this the study that you were just referencing?
Yes, sir, it is.
When was this published?
February of 2015.
And where was this published?
The Journal of Anerican Water Resources Associ ation.
|s that a peer-reviewed journal, Dr. Waldron?

Yes, it is.

O > O >» O >» O P

Did your article go through the peer-review process before
It was published?

A Yes, it did.

Q At a very high level, Dr. Waldron, what was the purpose of
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this article that you published?

A.  One purpose, and that was to devel op predevel opnent
condition of the Mddle Caiborne Aquifer in the Tri-State Area
of Tennessee, M ssissippi, and Arkansas.

Q Howdid you first conme up with the idea to try and create a
predevel opment map of the Mddle Caiborne Aquifer in the
regi on you just described?

A. \Well, one, | work in the area, so it's a very interesting
topic to me, so | have a passion for it. And | was reading
some USGS publications, and they woul d reference -- you know,
publ i cations reference publications, so they referenced an
older one. So I'mlike, "Onh, that's kind of cool."

So | went and read that one. | read those. And then
they woul d reference ol der publications, and pretty soon | was
drilling down for these ol der publications as |I read them and
eventual |y come across these three very ol d USGS publications,
1903 or '4, or 1906, that -- right around 1886, which is
predevel opment, by the USGS. So ..

Q And when did you kind of have that realization, that you
found these old USGS publications that you thought would enabl e
you to create a predevel opment nmap of the aquifer?

A It was around |ate 2006, early 2007.

Q And so when you had this realization, Dr. Waldron, did you
have any idea in your mnd about what you wanted the results to

| ook |ike?
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A. No. Unh-uh.

Q Did you have any expectation about what the ultimte

contour lines you would draw m ght show?

A. No, | did not.

Q Who funded this particular study that's in Defendant's

Exhi bit 1747?

A.  The University of Menphis.

Q Didyou receive any funding for this study from M.GAP

A. No, | did not.

Q Didyou receive any funding fromthe University of Menphis?
l"msorry --

A Yes.

Q That was a bad question, Dr. Waldron. Did you receive any

funding fromthe Cty of Menphis, is what | nmeant to ask.

A. No, | did not.

Q Did anyone at MLGWor Menphis give you any input into your

research as you were conducting it?

A. No, sir, they did not.

Q \Wat about Tennessee: Did any |awers for the State of

Tennessee give you any input into this research as you were

conducting it?

A No, sir.

Q I'dliketoturnto Figure 4 of this article, which is on

page 17 of the exhibit. ['mgoing to highlight it on the

screen here and blow it up.
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For the record, for this denonstrative, the only thing

|'ve changed is |'ve darkened in the M ssissippi/Tennessee
state boundary in black

Do you see that, Dr. \Waldron?
A Yes, | do.
Q Oher than that change, is this Figure 4 that |'ve put up
on the screen, is that the predevel opment water |evel nmap that
you generated as a result of your research?
A Yes, sir, it is.

MR, BRANSON: Judge Siler, | have about 30 to
40 mnutes of questions on this that |'mabout to transition
into. | notice that it's noon, so | wanted to ask how you'd
like to proceed.

THE COURT: Well, we'll call it a recess -- noon
recess. We'Il have court be in recess until 1:15.

MR. BRANSON: Thank you, Judge Siler.

(Luncheon adj ournment . )
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AFTERNOON SESSI ON

1:20 P. M
THE COURT: Al right. You may proceed.
MR BRANSON: Thank you, Judge Siler.
BY MR BRANSON:
Q Welcone back, Dr. Waldron.
A.  Thank you very mnuch.
Q Can we get the slide back up on the screen, please

Dr. WAl dron, before the break, do you recall that we

were discussing Figure 4 fromyour 2015 research paper?
A Yes, | do.
Q And just so the record is clear, again, this is D174 at
exhi bit page 17.

Dr. Waldron, | want to talk about what this map shows.
But before we do that, | want to wal k Judge Siler through how
you made it. So let's start at the beginning.

Wen you're -- generally speaking, when you're trying
to draw a predevel opnent water map like this, what types of
data do you need to get?

A \Well, first you need depth of water. And then you need
ground surface el evations. Once you have that, you need to
actually locate the point, and then you need to nake sure it's
In the correct aquifer.

Q Wien you say "the point," Dr. Waldron, just so we know what

we' re tal king about as we nove forward, where are the points on
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this map that we have up on the screen?

A.  The points are the red dots.

Q Solet's take the things that you said, and let's take them
in order. First you said "depth to water." Can you explain to
Judge Siler what that is in [ayman's terns?

A. Yes. It's the neasurenent from ground surface or a

measur enent point on the well down to where you get to the

wat er el evation.

Q So how did you get the depth to water nmeasurements that you
used to create this predevel opment map of the Mddle d aiborne?
A Well, as | nentioned before, there's really old USGS
docunments, back into the early 1900s, 1904 or '6, somewhere in
there. And these docunents |isted hundreds of wells and their
water levels, and it was wthin those USGS publications that |

extracted out depth of waters.

Q I'dlike to identify those for the record. Could you turn
Dr. Waldron, in your binder to Joint Exhibit 21, J21

A, Yes.

Q Have you found it?

A Yes, sir.

Q Can you identify that document for the record.

A Yes, sir. It's a USGS publication. It's called the

Under ground Water Resources of Mssissippi. It's by

Criner & Johnson, and was published in 1906.
Q Was this one of the three USGS publications that you relied
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on to get your depth to water nmeasurenents fronf

A Yes, it is.
Q Dr. Waldron, could you turn to Joint Exhibit 30 in your
bi nder.

Are you there?
A Yes, sir.
Q And could you identify that document for the record.
A. This is a USGS publication. [It's the hydrology of the
Eastern United States. And it's by Fuller, and it was
publ i shed in 1904.
Q And was this also one of the three USGS publications you
used to get your depth to water neasurenents fronf
A Yes, it is.
Q Finally, Dr. Waldron, could you turn to Joint Exhibit 31
| think it's in your other binder.
A Yes, sir. | seeit.
Q And could you identify that docunent for the record.
A.  This is another USGS publication. |It's the "Underground
wat ers of Tennessee and Kentucky west of Tennessee R ver and of
an adjacent areain Illinois." |It's by denn, and was
publ i shed in 1906.
Q And was this the third of the three old USGS publications
that you nmentioned you used to get your depth to water
measur ements fronf

A Yes, sir.
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Q How many total depth to water neasurements did you gl ean

fromthose three USGS reports that we just identified?

A, About 77 of them

Q And how many of those 77 readings that you got did you end
up investigating any further?

A.  Just 31 of them

Q So what happened to the other 4672

A.  They were outside the area of interest. They were
extending further up into Tennessee or Arkansas or M ssissippi,
outside of the area of interest that | was |ooking at.

Q And what tine periods were the depth to water readi ngs that
you used taken fron?

A Wll, they started in predevel opment, so that was 1886.

And they went so far as 1906.

Q So, Dr. Waldron, you have your 31 depth to water readings
that you decided you wanted to use to build this predevel opnent
map, and | believe one of the other things you mentioned was
figuring out their location. So how did you go about doing

t hat ?

A Wll, that was a pretty long process. | had to get

their -- in the books, they'|ll list it by state and then county
and then city. And then there's some other infornmation
sonetimes provided, and | would use that information to try to
better |ocate where these wells were |ocated.

Q And how many counties were these 31 wells that you were
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I nvestigated | ocated in?

A. N ne of them
Q So how did you go about figuring out where these wells were
| ocated in those nine different counties?
A. That took a while. | had to go visit each county, the
county seats, in order to do that.
Q So you personally went to the county seat for these various
counties that these wells were in?
A.  Each one, or the library, or the engineering departnents,
or the utility department.
Q And what did you do in those counties to help figure out
where these very old wells had been | ocated?
A Wll, soit kind of varies, based on -- you know, which --
where you are. Wen you | ook at these publications, they wll
list, you know, the state; then they'Il list the county; then
they'Il list the city. And then they' Il list information |ike
depth; the depth of the well, depth of the water, maybe ground
surface el evation,

But there's also tables. And those tables will [ist
I nformation about the owner. They'Il list information about
the use of the well, the use of the water, how they got it out,
maybe its quality; things |ike that.

And what | would do is | would, let's say, go to
Fayette County, and |'d have pieces of information fromthis

book, and it may list a person's name. So | would go to the
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county seat, and | would pull up the census record -- or at the

l'ibrary, sometimes they had really old maps, |ike 1850s and
*70s. And on those maps, they would draw the properties. And
they would wite the people's nanes on them So |'d try to
find the person's nane on the property, and | would be like --
"Ah, that's where you are."

QG her times that didn't exist, so | had to use the
census. And back then there was a 1900 census and a 1910
census. And in those it would list the person, so l'd find --
|"d correlate the name in the census to what's in the USGS
publication, and I would | ook up the address.

And sonetines, as | said, in the USGS publication
they woul d give you what it was used for, like [unmber. So
maybe the owner may |ook like -- "Ch, they worked at the
| unber," and that nmatched up, so | would locate it that way.

Qher tines they were rail stops. So | would get
these really old railroad maps, and they woul d go through these
towns, and then | would be able to find old maps of the county
where they showed the original town, and you could see a
railroad spur come off. You know, back then there was steam
| oconotives, so that's where they needed water. So | woul d put
it right there on that spur

QG her times, like in Arkansas, there was a -- there's
awll, so-- onthe map. There's -- on the left-hand side,

there's actually a point that's not shown, it's a -- for a
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city. And that -- | went to the utility and asked about the

well, and they said, well -- they believed it was in the old
bui I ding, the building was really there, they didn't know where
it was. But wal king down the hall they had a blueprint of the
old structure, the old building.

So | took a picture of it and went out, found the old
bui | di ng, worked ny way down to the basement, where it showed
on the blueprint where it was, and sure enough, there's the
room and there's a big concrete pad and -- you know, concrete
hol e.

So |l -- that, tome, was a well. And at least it was
what was on the figure. And, you know, |ike Nunber 2, down on
t he sout heast corner of the map --

Q  Sout hwest ?

A.  Sout hwest corner of the map. That's Helena. So the

engi neering departnment -- that place still existed. So | went
to the engineering firm they told me where that was.

Downt own Menphis, that was where the first well was.
So when we all say 1886, that's where it happened. That was
R C. Gaves. And he owned an ice conmpany, the Bohlen-Huse |ce
Company. And he decided to drill a well. And he drilled one
and hit the Menphis -- or we call it the Menphis Aquifer; in
this case, it's the Mddle d aiborne.

The water was under so nmuch pressure it flowed to the

surface, and on the ground for days. And Menphis has changed a
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| ot since then, fromwhat | have nowto what it was then. So

actually found that one on an old Sanborn map, the old fire
I nsurance maps that exist. Sure enough, found the Bohl en-Huse
| ce Conpany, and then had the roons, and then it had the well
room and then it had the well. So | was able to pinpoint it
t hat way.

There was another one in Shel by County called Kirby.
And in fact there was actually a road in Menphis called Kirby,
and | have friends that live off of it. And | went and visited
the farm So Ms. Kirby answered the phone -- or the door, and
she wal ked me to the field and pointed to the well. [It's not
used anynore, but she pointed to it.

You know, it was stories like that, | guess, you know,
Nunber 13, in Fayette County, | had an idea where it was, just
bet ween two points, which means you have two choices. | didn't
real ly know where it could be, so | was talking to sone folks
In town, and when | was wal king out of the store, the
conveni ence store, this lady, older |lady was sitting on the
bench. She goes, "Hey, | overheard you. M nom she was
friends with this girl, and that girl's nom owned t hat
mercantile store.”

I"'mlike, "Ch, nmy gosh." I'mlike, "Wereis it?"

So she told ne. And | had two choices, and sure
enough, went out there and -- that was the one on the circle.

[t's a concentric circle issue.
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So it was a -- it was a long process of going to each

one of these and trying to find them but it was -- it was

enj oyabl e.

Q Dr. Waldron, how long did this process of manually going
out to all of these locations and investigating where the well
was, how long did that take you?

A. It was probably about a year

Q And can you estinmate for Judge Siler how nmany hours you put
into this?

A. Into this thing, the whole thing, probably about

2,000 hours.

Q And using this process of going out to these county seats,
you estimated the location of the 31 depth to water readings
that you' d taken?

A Yes, | did.

Q GCkay. So you've got your depth of water readings fromthe
USGS; you've got your estinmated |locations. Wat's the next
thing that you do?

A \Well, | need -- all the water levels are kind of apples to
oranges; they're just up with water. So dependi ng upon what

el evation you're at, you know, you've got a different

el evation. So to put themall in the same playing field, |1 had
to get ground surface elevations. And that is what we use for
mean sea | evel

Q And how did you go about estimating the ground surface
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el evation at the 31 points that you were using?

A Wll, when | -- when | was locating the points, | had a
feel for how accurate that was going to be. You know, | went
into Arkansas, and | found actual roons where the well was --
oops, sorry -- where the roomwas; that was pretty accurate.

Qher tines | wasn't quite sure, so | would draw a
circle around the town -- it was smaller then, but around the
town. So that kind of gave me a radius of confidence.

So when | went to get elevations, | got themdifferent
ways. The first, nost accurate, was surveying. So | found the
well in Arkansas. So | went to the post office, and they have
a benchmark sitting out on one of the steps, and that's a
survey benchmark. And | ran a transit fromthere to the
bui | ding and down to where the well was in the basenent.

Q And Dr. Waldron, you did this personally; you personally
set up the equi pment to survey the ground surface?

A.  Yeah. Yes. Unh-uh, yes.

Q \What else did you do?

A Well, | did that also, too. Then -- huh? On.

Q Keep going.

A Sorry.

At nunber 29, which was downtown Menphis, Menphis had
changed a lot. W had a |ot of bayous in Menphis, so we -- the
Gty put themin brick tunnels and paved over them so the |and

surface was changing in downtown Menphis, as there was somne
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fill going on, so | knew | couldn't use current elevations.

So | obtained a quadrangle fromthe US Army Corps of
Engineers. It was 1935, and that was as far back as | could
get on elevations. | believe that that nap was probably --
probably created after the historic floods on the M ssissipp
River of 1927 and 1933. And that had five-foot quadrangl es,
which is very good, so that's what | used for that one.

The ot her type of elevation was LIDAR, which is |ike
nowadays, using lasers fromairplanes to get. And granted,
that's el evations now, so we're |ooking at Shel by County in the
red.

And the places that are there are -- haven't changed.
Li ke Nunber 25 is fire house that's down in Collierville. And
| went -- of course | live real close; I'min Shel by County.

So | drove to Collierville, and there was a firehouse, and it
was right in the town square, and it's still there. So | was
pretty good with those el evations.

So everything else, all the other points -- remenber |
had that |ittle radius of confort of accuracy about these
poi nts?

Q Right.

A Wat | didis | got the USGS National Elevation Dataset.
And those are ten-neter cells of that elevation all across the
United States. And what | didis | took that -- that buffer of

what | felt was accuracy, the spatial accuracy, and took all
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the elevations in that buffer. | didn't just pick one right

where the well is; | took all of them

Sonetines there would be 200 el evations; sonetines it
was over 2,000 elevations. And | woul d average them together,
and | woul d use the average, but | kept the standard deviation,
which is that spread of the values about that average.

And that's the various ways | got elevations.
Q So we have three things. W' ve got depth of water; we've
got your estimated |ocation; and now you' ve got the ground
surface elevation. How do you get fromthose three things to a
map |ike this?
A, \Well, before you plot it, you' ve got to make sure you're in
the right aquifer. So | had to do that check first.
Q And what -- describe for Judge Siler why mght you not have
been in the right aquifer with these depth of water readings?
VWhat ot her aquifers mght have been inplicated?
A, \Well, either the ones above or belowit. | nean, you can
be in the shallow aquifer in Shel by County, the one -- that
bl ue one that was up above, on that cross-section; or you could
go too deep, and you could be in the Fort Pillow Aquifer
Q So how did you check to make sure that your water |eve
readi ngs that you cal cul ated were actually taken fromthe
M ddl e d ai borne Aquifer?
A Wll, there was a little bit of a process, too. CAESER has

probably the biggest geol ogi c database in the area.
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Q Can you remnd Judge Siler what CAESER is again?

A. That's the research center that | direct at the University
of Menphis. The Center -- it's a long name: Center for
Applied Earth Science and Engi neering Research.
Q So what did you do at CAESER to hel p check for whether you
were in the right aquifer?
A.  \Well, using that database, we have a | ot of geophysical
| ogs. Those are probably the better of the types of logs. And
then we have geol ogist logs, and that's primarily -- well,
that's everywhere. Those came fromthe Phillips Coal Conpany.
And they drilled tens of thousands of boreholes all across the
Enbaynent, and those have the geol ogist's | ogs and geophysical .
And then all the drillers' |ogs.

In the USGS publications, there were instances where
t hey woul d descri be what geol ogy they would go through. And
then there were some ancillary factors, like the quality of
water. One even said -- |ike Nunber 4, in Mssissippi, it said
that it -- that the water naxed out of the Menphis water

And then also the -- it would be a high -- a |ot of
flowrate in certain circunstances. That's indicative of the
Menphis Aquifer -- Mddle O aiborne Aquifer.
Q And so did this process |lead you to elimnate any of your
31 water |evel neasurements fromyour data set?
A | did. | renoved four of them

Q Soif nmy math is correct, that left you with 27, right?
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A Yes, sir.

Q So you've got your 27 water |evels that now have been
adjusted to nmean sea level. What did you do with themto get
themon this map?
A. What | didis | plotted those points using GS, the mapping
software, to place themon a map.
Q And that's those little red dots that we see on this map?
A Yes, sir, it is.
Q And so with each one, | see a nunber above the dot, and
then a nunmber in parentheses above that. Can you explain to
Judge Siler what that nmeans for each dot.
A.  Yes, sir. The nunber above, in the parentheses, that's the
nunber | gave to the well.
Q That's just your -- your reference nunber, your --
A. Yeah. It goes 1to 27, so | wasn't real creative.

And then the nunber that's below that is the water
el evation in neters, nmean sea |evel.
Q So you plotted those all on this map, and then of course
the other thing | see are these blue lines. Wat are those?
A. Those are the contour |ines, what we've been calling here
In the case "equipotential |ines."
Q How did you draw those?
A \Wll, these | drew by hand.
Q And why did you decide to draw them by hand, Dr. Wl dron?
A

Vel |, because |'m mapping water levels in the Mddle
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( ai borne Aquifer, and, you know, we mentioned two conditions

of the aquifer. One was it was confined and unconfined. And
the unconfined is that little brown piece on the right, that
hatched -- not hatched, but kind of shaded-in area; that's
where it's unconfined.

And water levels nove differently in the unconfined
than they do confined, so | needed to draw them by hand in
order to honor that type of novenent.

Q Is there nore than one scientifically accepted way of
drawi ng contour lines like this?

A Yes. Yes, there are.

Q \Wat was anot her way, other than hand contouring?

A.  You can use conputer methods to do that.

Q And when you were dealing with an aquifer that is partly
unconfined, woul d you consider it nore common in the field of
groundwat er hydrol ogy to draw contours by hand, or using a
conput er ?

A. | would draw them by hand.

Q GCkay. Now we know how you drew these contour lines. Can
you explain to Judge Siler what that blue number by each bl ue
contour |ine neans.

A Yes. That's the water elevation in meters and nmean sea

| evel. And for that line, that is the head, the water |eve
al ong that path.

Q And now that we've got the contours, what do these contours
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tell you about predevel opnent groundwater flow in the Mddle

( ai borne Aquifer?

A, That the flowis naturally from M ssissippi into Tennessee,
foll owi ng a southeast-to-northwest direction.

Q And | know we've heard this before, but can you just give
us a refresher on how groundwater flows in connection to an
equi potential line like we had on this nap?

A.  Yes. The groundwater will flow perpendicular to those
contours.

Q So l'mgoing to add some green arrows to this nap.

Do the green arrows that |'ve put on the screen
provi de a rough approxi mation of how groundwater was flow ng in
this area of the Mddle C aiborne Aquifer under predevel opment
condi tions?

A Yes, it would -- yes.
Q And as part of your paper, Dr. Waldron, did you conpare the
predevel opment groundwater flow from M ssissippi into Tennessee
that you' ve cal cul ated as conpared to nore recent
post devel opment estimtes of the sane thing?
A Yes, | did.
Q \Were did you get your postdevel opment groundwater flow
figures fronf
A. | used a USGS publication by Schrader, 2008.
Q For the record, that is Joint Exhibit 71
Wiy did you choose Schrader in 2008 for purposes of
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your conparison?

A. Different reasons. One, it was the latest water |evels at
the tine. And two, Schrader actually -- his water |evels
crossed state lines; that was that issue that we had on the EPA
project that was recognized -- there was this disparity in
state lines. But his actually crossed the state lines, so that
was good.

And al so he mapped contours or water levels in the
unconfined portion.
Q Sol'mgoing to go nowto Figure 5 fromyour 2015 paper
which again is D174. [1'mgoing to blow up the figure on the
Sscreen.

Is this the figure that contains the contours that
you' ve borrowed from Schrader in 2008?
A, Yes, it does.
Q Wy do these contours |ook different fromthe ones that you
drew for predevel opnent in Figure 47?
A Well, one, this is 2008, so punping's been going on for
over 120 years. So it's -- it has shifted the contours
accordingly. You know.
Q And what do the flow paths |look Iike, according to these
contour lines that you' ve borrowed from Schrader in
post devel opnment ?
A.  This shows that the groundwater noves from M ssissippi into

Tennessee in a southeast/northwest direction.
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Q Again, I'mgoing to add sone green arrows to this figure.

Do those arrows provide a rough approximation of what
groundwat er flow woul d | ook |ike according to the Schrader
cont our s?

A Yes, sir.

Q Now, Dr. Waldron, when you conpared your estimated
predevel opment flow across the border to the postdevel opment
cross-border flow estimted by Schrader, what did you find?
A. | found that on average, the volume of water during
predevel opment, going from M ssissippi into Tennessee, was
higher than it was in 2008.

Q So you're saying -- did | understand you correctly that you
found that the volume of water flowing fromMssissippi into
Tennessee has declined since predevel opnent ?

A. Based upon that average, yes.

Q And -- but we all know, we've tal ked about it at |ength,
that MLGNis punping out of the Mddle O aiborne Aquifer. So
how does your conparison make any sense?

A. Well, | guess different reasons. One, you know, with the
natural flow of water from M ssissippi into Tennessee being
from southeast to northwest, since that tinme, Mssissippi has
put in wells in their nunicipalities right along the border.
So by doing so, they've put in their wells, they're
Intercepting that flow that would have naturally gone into

Tennessee. So that's taking sone of that.
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But, you know, MLGN-- the wells in Shel by County, not

just MLGW still need their water. So they're going to pull it
from somewhere else. So they're going to pull it fromthe
east, in Fayette County; they're going to pull it fromTipton
County, to the north; they're going to pull -- it's going to
pul | water from Arkansas, to the west.

So that's part of it. Another part is |eakage from
t he shal | ow groundwat er system above, down to the Mddle
( ai borne. Back in 1886, when R C. Graves put in that first
well, it was under so much pressure -- renenber, | said it shot
up to the ground surface and fl owed across the ground.

So the water was being -- was pushing up through these
units. Well, since -- over the last 120 years, that water
| evel has dropped. So the gradient has flipped. Now
shal low -- the shal |l ow groundwater systemis noving water
downward into the Mddle O aiborne.

And it wll go through the clay, but, you know, it's
like art class; you go real slowwth your clay. However, the
USGS, and us at CAESER, have identified naturally occurring
breaches in that protective clay |layer over the Mddle
( ai borne Aquifer, and that's allowing water to infiltrate nore
qui ckly through that clay layer. And that's providing
addi tional sources of water to the wells in Shel by County.

Q Dr. Waldron, I"'mgoing to put your predevel opment map back

up on the screen now.
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A Yes, | did.
Q And what sort of error analysis did you perfornf
A Well, | looked at the spatial error: Did | get the point
in the right spot? And then also the elevation error.
Q \Wat was the purpose of doing those error anal yses?
A, \Well, you know, data has inherent error init. And how --
even the process | had, of course, has inherent error init.
So | wanted to account for the error, the plus and m nus of
that error, to know if that shifted the results at all
Q What did you find when you did the anal ysis?
A. The flow was still naturally occurring fromM ssissippi to

Tennessee, in a southeast/northwest direction.

Q Were you surprised, when you ran the analysis, to find out
that the error in either direction didn't really change the
trajectory of the groundwater flow?

A | didn't know what to expect when | did it, actually. |
just -- | didn't know what was going to happen.

Q Did you have -- now that you' ve performed the error

anal ysis, does it nake sense to you as to why the results
didn't change?

A. It does. | nean, especially fromthe spatial side, know ng
where the point is. This is -- when you ook at this, it's
|ike very regional. So, you know, noving a point 1,000 feet on

something as large of a space as this is not going to inpact
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The bigger inpact really was comng fromthe el evation
difference. And | wouldn't say it changed the results, but it
certainly had higher error nunbers.

On the elevation, you know, what | did to get the
errors, | used the worst possible. So remenber when |
mentioned like LIDAR in that red -- in Shel by County, whichis
like |asers, things were great; | didn't have any information
on the accuracy of that. So that was an issue.

El sewhere, where | had el evations fromthe USGS
el evation data set, it has inherent error of 2.4 neters, which
I's about eight feet, something like that. So | could be off by
ei ght feet, plus or mnus.

So what | didis | took that error and applied it to
all the LIDAR points in Shelby County. Just said, "I don't
know what your error is, but I'mgoing to just make you the
worst of that."

Then, where | had the elevations fromthe -- from
USGS, | took the worst. It was either the error of -- the
standard error fromthe elevation map, 2.4 neters, or | went
back to that standard deviation. And if the standard deviation
was nmuch bigger than that, | used that.

So | tried to use the worst possible error to create
t he bi ggest probable shift in what coul d have been happeni ng.

Q Didany of those assuned worst-case errors affect the
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overal |l trajectory of the groundwater flow that you estinated

in a mterial way?

A. No, sir, it did not.

Q Now, Dr. Waldron, does your predevel opnent flow analysis
that's in Defendant's Exhibit 174 support your opinion that the
Mddl e Caiborne Aquifer is an interstate aquifer?

A, Yes, it does.

Q And how so0?

A.  Because it shows that the water is noving across the
political boundary.

Q Based on your analysis, would you agree with the claimthat
only a very small anount of water was flow ng naturally from

M ssi ssippi into Tennessee under natural conditions?

A. No, sir. Based upon the averages that | calculated, it was
more substantial .

Q Dr. Waldron, are you aware of any other studies in the
literature that have al so nmapped predevel opnent water levels in
the Mddle O aiborne Aquifer?

A.  Yes, | have.

Q And ultimately, in terns of your opinion that the Mddle
(l ai borne Aquifer is an interstate aquifer, does it matter to
you which one of those studies is ultimtely adopted for

pur poses of this hearing?

A. No, it does not.

Q And why does it not natter to your ultinate opinion?
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A Well, fromthe basic definition that the water is noving

across the political boundary, all the maps showit.
Q Are you aware of any study of the Mddle O aiborne Aquifer
that has ever shown zero predevel opnent flow from M ssissipp
Into Tennessee?
A No, sir.
Q Al right. Let's put back up on the screen now -- I'm
going to go to Joint Exhibit 24. This is the much di scussed
Criner & Parks 1976 article.

Dr. Waldron, do you recognize this article?
A Yes, | do.
Q Didyoureviewthis while you were working on your 2015
paper ?
A Yes, | did.
Q Let's turnto Figure 4 of this article, which for the
record is on page 23 of the exhibit. The only change |'ve nade
toit is |'ve darkened, in black, towards the bottom the
hori zontal M ssissippi/Tennessee state line. Do you see that?
A.  Yes, | do.
Q Oherwse, is this an accurate representation of
Criner & Parks's Figure 47
A Yes, it is.
Q Dr. Waldron, do you believe that this figure is as accurate
as the one that you produced in your 2015 paper?
A.  No, | do not.
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Q And what are your critiques of this paper -- or of this

particular figure, | should say?
AL O this figure, Criner & Parks, they had four observation
points they used. And that's pretty sparse for devel oping a
map, especially when they're all kind of close together. And
that -- the data for those points were about 40 to 70 years
post -- predevel opnent.
Q So | want to start with the first one, the sparseness of
the control data. Can you explain to Judge Siler why, as a
groundwat er hydrol ogi st, you want nore than four control points
to draw a contour map this big?
A, \Well, the nore points you have, the nore contours you hope
that you woul d be able to draw, and that you woul d hope or try
to have your points enconpass where you're draw ng your
contours. You want to really try to avoid extrapolating too
far away from your control
Q And Dr. Waldron, I'mgoing to |abel the four control points
that Criner & Parks had depi ct ed.

Have | accurately labeled this map?
A.  Yes, sir, you have.
Q Can you explain to Judge Siler what those funny-Iooking
| etters and nunbers are that | put up on the screen?
A.  Yes. The "SH' stands -- these are USGS designations. So
the "SH' is Shel by County. "FA" is Fayette County. And then
the letter is the grid systemthat the USGS used, so U and W
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are just grid nunbers -- letters, sorry.

And then the number is the nunber that they gave that
wel | .
Q Do Criner & Parks have any control points in M ssissipp
that they used to draw these contours?
A.  No, they do not.
Q And in your opinion, what does that do to your assessment
of the accuracy of this map?
A. It's not as reliable.
Q Dr. Waldron, | now want to focus you on the contour bend
towards the south of this map that | discussed with Dr. Spruil
on cross-exanm nation. Do you see the contours that -- how they
bend to become nore vertical as they approach the state
boundary?
A Yes, | do.
Q In your opinion as a groundwater hydrologist, is there any
data on this map that justifies the bend, the vertical bend in
t hose contours?
A.  No. Your contours should be governed by the control points
that you have. There's no control points in that area to
say -- why all of a sudden it takes a kick to the south.
Q Solet's take the kick to the south, as you just put it,
and let's assume that that's accurate for one noment. How
woul d you draw your predevel opnent flow directions based on

Criner & Parks's kick-to-the-south contours?
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A It would be east to west.

Q And so do you understand that to be the basis for why

M ssissippi's experts have said that the groundwater generally
flowed in a westerly direction or -- along the M ssissippi and
Tennessee border?

MR MOFFETT: | object to that. He's asking what our
experts m ght have thought or done. |nproper.

MR, BRANSON:  Your Honor, | didn't ask that.

THE COURT: (Ckay.

MR, BRANSON: | asked what did he understand the
reason to be.

THE COURT: You may ask that questi on.

BY MR, BRANSON

Q So again, I'mnot -- we're not going to try and m nd-read
Dr. Spruill or M. Wley. |I'mjust asking you, listening to
their testinony, is that what you understood the reason to be
for the westerly direction, allegedly, of groundwater flow
under predevel opment conditions?

MR MOFFETT: Your Honor, | also want to -- |'ve been
very patient with the questions, and these have been |eading.
And |'ve tried to be very patient, but I'mgoing to object.
just want the record to -- | need a continuing objection, at
| east on these questions. But for this nonent, |'m objecting
to this particular question based on | eading.

THE COURT: Okay. Don't |ead your witness. Although
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| understand sonetines it saves tine.

BY MR BRANSON:

Q Dr. Waldron, did you understand ny |ast question?

A Yes.

Q Can you answer the question as | asked it?

A Yes, and yes.

Q Ckay. So Dr. Waldron, let's renove, then, the bend in the
contour that we just tal ked about, and let's assune that
Criner & Parks had not bent the contours to be vertical along
the state line. |If they hadn't done that, what would the
direction of groundwater flow have been, as you would estimate
it?

A. It would turn nore toward a southeast-to-northwest
direction.

Q And if it was going northwest, would it -- that natural
trajectory cross the state |ine?

A Yes, sir, it would.

Q Now, Dr. Waldron, are all four of these points that | put
up on the screen, are those all actually wells?

A. No, they're not.

Q \What is an exanple of one that's not a well?

A.  The one downtown Menphis, SHO 124, is not a well. It's
actually a tunnel to -- an underground tunnel that goes into
| i ke a 40-foot cistern pool that -- where the water collects,

and then the Gty would pull water into that pool and punp it
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to the Gty.

Q How do you know that it's a tunnel to a tunnel?

A, Well, one, it's mentioned in Criner & Parks, and it's
rementioned in a little nore detail in Brahana & Broshears.

Q And would you consider a tunnel to a tunnel to a 40-foot
cistern to be an observation well?

A. No, | do not.

Q \What about SHU-2, the well in northern Shel by County? Do
you have an understanding of whether that is an observation
wel | or not?

A It'snot. It's owned by M. Irvin, and it's not a -- he
doesn't have an observation well. | don't think he's a
groundwat er -avi d person, so ..

Q Have you evaluated the screen | ength associated with the
SHU-2 wel | ?

A Yes, sir, | have.

Q Do Criner & Parks say anything about the screen lengths in
their paper?

A. No, sir, they don't.

Q So howdid you figure it out?

A Well, like | nentioned, CAESER has a |ot of infornmation
about the wells in the area. And based upon what we have from
the USGS and from MLGN we have a | ot of those records. So |
went into those records and just |ooked it up, and it's an

80-feet screen.
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Q As a -- and what does an 80-foot screen |ength suggest to

you about the type of well?

A Well, it's very likely, as | mentioned, a production well,
because other wells in the area are also 80 to 100 feet. And
that's typical of a production well.

Q Dr. Waldron, as a groundwater hydrol ogist, do you consi der
it best practice to draw contours based on an inspection tunnel
to a 40-foot cistern?

A It's not the best.

Q And why do you say it's not the best?

A. \Well, one, the point's unreliable, fromthat standpoint;

but O124, the value -- the water level at that time was

40 years postproduction. It was actually projected back in
time as a linear trend. It wasn't a neasurement back in --
none of these measurements are back in the time frame that |
did mne. Mne was 1886 to 1906; this is 1927 to 1970s, or
sonething like that.

Q And can you just explain to Judge Siler -- | know you think
it's obvious, but why would you not think that it's best
practice to create a predevel opment map based on water |eve
measurenments that are taken so far in the future?

A Well, if you want to nmake a predevel opnent nap, you get the
points at the tine of redevel opment. You wouldn't get points
so far into the future and then try to guess what happened back

seven years before. So ..
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Q Dr. Waldron, when reading the Criner & Parks article, did

you have an understandi ng of the purpose of that article?
A, Yes.
Q And what was the purpose of the article, as you read it?
A.  The enphasis of the article was focusing on 1960 to 1975.
Q And in terms of that main purpose of the Criner & Parks
article, do you generally agree that Criner & Parks did
scientifically valid work?
A Yes.
Q Now, Dr. Waldron, have you studied the sources that
Criner & Parks cite in their paper?
A.  Many of them
Q And do any of the ones that you've read support the
specific way that Criner & Parks had drawn their contours on
this predevel opnent map in particular?
A.  Not that | saw, no.
Q Dr. Waldron, let's nowturn on to -- turn to the next
article you mentioned, Brahana & Broshears in 2001.

For the record, this is Joint Exhibit 15.

Do you recognize this article, Dr. \Waldron?
Yes, | do.
Have you reviewed it before?

Yes, Sir.

O > O P

Let's turn to Figure 16, which for the record is on page 38

of the exhibit. And | have al so darkened in the state line in
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Do you recognize this Figure 16?
A Yes, | do.
Q What is this?
A. This is a recreation of Criner & Parks's predevel opnent
condition of the Mddle O aiborne Aquifer in 1886.
Q And do Brahana & Broshears say how they came up with this
map?
A.  Yes. They reference it down at the bottomright-hand
corner, that it cane fromCriner & Parks's Figure 2 that we
just | ooked at.
Q Did Brahana & Broshears nake any changes to the
Criner & Parks figure that we just |ooked at?
A Yes, they did.
Q What changes did they make?
A Well, Parks -- with USGS, he continued doing sonme nore
wor k, and he extended the outcrop region of the Mddle
C ai borne Aquifer, which is on the right, big squiggly lines,
t ook more al ong Shel by County, up toward the north.

By doing that, they w ped out a 290 contour. And on

this figure, they added a fifth control point that's not really

t here.

Q And where is the fifth control point?
A It's right at -- near the state line, between contours 260
and 270.
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Q I'mgoing to put a red box around it.

Have | accurately identified what you're talking

about ?

A Yes, you -- yes, you have.

Q Wy do you say that's not a real control point?

A, Well, so Brahana & Broshears got their map fromCriner &
Parks. So then you go back to Criner & Parks, and they show
all the data points that they use. And you can look in the
table and in the figures that Criner & Parks have, and you can
see that it's not -- that there's nothing there. It's a
snudge.

Q It's a snudge. Ckay.

Let ne put both of the two articles side by side on
the screen. | have Criner & Parks Figure 4, and | have
Brahana & Broshears Figure 16. And | have drawn a red box
around the snudge, as you put it.

A Yes.

Q Do you have any understandi ng of why Brahana & Broshears
woul d have taken that snmudge and [abeled it as a control point
on their predevel opment map?

A. It was a mstake. And in Brahana & Broshears, in the
actual text, they say that there's only four control points.
So it was just an accident or something.

Q Now, do Brahana & Broshears say for what purpose they're

I ncluding a predevel opment figure in their articles?
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A.  Yes. Brahana & Broshears wanted to | ook at how water

| evel s had changed in the Mddle O aiborne Aquifer since
predevel opnent .

Q And did they discuss any nodels in the course of their
article?

A. They did. They used -- they devel oped a nunerical nodel in
order to simulate the water |evel changes in the Mddle

C ai borne Aquifer into the -- | think the 1985ish time frane.

Q Fromreading the article, was your opinion that

Brahana & Broshears were focused in particular on accurately
estimating the predevel opment surface?

A. No. They were nore interested in what had been the changes
in the Mddle O aiborne Aquifer as punping had gotten stronger
since -- post 1960.

Q So other than the change in the outcrop area and the snudge
that we've tal ked about, did Brahana & Broshears make any ot her
changes to the Criner & Parks predevel opment figures?

A, No.

Q So overall, then, do you have an opinion about whether the
Brahana & Broshears figure is as accurate as the predevel opnent
map that you put together in your 2015 paper?

A. It's not as accurate, no.

Q Have Brahana & Broshears done anything, in your view, to
fix the problenms that you identified wth the Criner & Parks

map that you discussed earlier?
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A No.

Q Dr. Waldron, let's nowgo to Defendant's Exhibit 112. |
put it up on the screen. This is the famus yellow triangle
map, at |east the original version, before the enlarged yell ow
triangl e we saw yesterday.

And I'd like you to just explain to Judge Siler, have
you reviewed this figure before?
A.  Yes, | have.
Q Have you evaluated this figure in the course of preparing
your opinions in this case?
A.  Yes, | have.
Q \Were does M. Wley say in his report that he got his data
fromto draw these contours?
A.  Brahana -- Brahana & Broshears report.
Q The same one that we just |ooked at?
A Yes, sir.
Q And to remnd Judge Siler, where did Brahana & Broshears
get their contours fronf?
A, Criner & Parks.
Q So have you reached an opinion about the scientific
validity of the contours that are drawn on this yellow triangle
map?
A. They're not as accurate as what | produced in ny
publ i cati on.
Q And why is that?
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A, \Well, because they didn't -- M. Wley didn't add any extra

control to fix the issues that were inherent wth Criner &
Parks. And then there was this extension of predevel opment
flow lines fromwhat Criner & Parks had, southward and deeper
into Mssissippi, seemngly to the -- past the southern
boundary of DeSoto County.

Q Fromreading M. Wley's report, did you discern any
control data that woul d have justified extending the contours
that far south into M ssissippi?

A, Not fromwhat |'ve read, no.

Q And once you get to the very southern end of this nap,
where the contours are noving in a slightly southeasterly
direction, at that point, what is the nearest control point
that Criner & Parks had?

A, So -- you nean fromthe very southern end?

Q Yeah, I'mtalking about the contours at the southern end of
this map.

A So fromthere up to the -- downtown Menphis, which was

SH 0124. It's about 30 mles.

Q Andif we were to look only at actual wells, as opposed to
a 40-foot cistern, what's the closest well that Criner & Parks
woul d have had to these contours that are going into

M ssi ssippi at the bottonf?

A. Well, the next one in line going north would be, from

Criner & Parks, would be Arlington. And that's alnmost to the
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north of Shel by County.

Q And can you just estimate for Judge Siler, you know, how
many mles are we tal king about, rough estinate?

A I'mgoing to estinmate about 40 mles.

Q And as a groundwater hydrol ogi st drawing contour |ines, do
you consider it to be scientifically valid to draw contour

lines that are, you know, 30 to 40 mles away from your nearest

control ?

A No.

Q Dr. Waldron, I'd nowlike to go to Joint Exhibit 4, which
Is Arthur & Taylor 1998. And | want to focus on Plate 5. |'m

going to expand it on the screen

Do you recogni ze this document?
A.  Yes, | do.
Q Wat is this?
A. This is a USGS publication, Arthur & Taylor, and this is
the predevel opment map of the Mddle C ai borne Aquifer
Q And what -- fromreading Arthur & Taylor's table, what did
you di scern about the purpose of the publication that this
figure appears in?
A. They were interested in know ng how water usage had changed
over the M ssissippi Enbayment since the period of
predevel opment up into the 1980s, | think, going all the way to
1987.
Q Fromreading the paper, did it appear to you to be -- to
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have been Arthur & Taylor's focus to devel op an accurate

predevel opment nap?

A, No. It was not their sole -- sole focus, no.

Q And how do Arthur & Taylor say they came up with these
contour lines that appear on this figure?

A Well, what they did is they took this nodel, and they
didn't turn on any punping, so they didn't activate anything.
And what they did, they allowed recharge to be applied to the
system and then rivers. And just based off the physics of

di scharge to recharge, or recharge to discharge, that's how

t hey devel oped their predevel opnent map.

Q Could you tell fromreading their paper whether

Arthur & Tayl or used any actual observed water |evel data to
generate these contour |ines?

A. No, they didn't. That was not in this figure, no.

Q And in your opinion, Dr. Waldron, what's a better way to
devel op predevel opment contour |ines? Observe data, or use a
conput er nodel ?

A.  (oserve data.

Q And why is that?

A. Well, | mean, the contours come from physical measurenent.
So just like on my map, you produce the red dots. Once you
have red dots and you feel, you know, confident as you can
about those, then you draw your contours in between the red

dot s.
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So, you know, having the actual real data, that's

somet hing that's nmeasurable, and you're in the field taking a
measurenent. So ...
Q Let's focus on the area right along the
M ssi ssi ppi / Tennessee boundary in the Arthur & Taylor Plate 5.
Do you see those contours, Dr. \Waldron?
A Yes, | do.
Q Do you think that these contours that Arthur & Taylor have
drawn al ong the boundary are as accurate as the ones that you
drew in your 2015 predevel opment map?
A. | don't think so, no.
Q Dr. Waldron, let's now go to Defendant's Exhibit 194. This
Is a figure fromyour opening expert report.
Coul d you describe to Judge Siler what this is.
And |'msorry, for the record, this is Figure 12 at
page 27 of the exhibit.
A, Yes. This is depicting the predevel opment conditions as
t hey woul d have been extracted fromthe USGS Brian O ark MERAS
nmodel .
Q How did you generate this figure yourself?
A Wuat | didis -- COark & Hart didn't have a figure for
predevel opment. So | called Brian Clark in Arkansas and asked
himfor the nodel, and got it, and ran that. And ran -- and
off that very first stress period, very first time step, | felt

it was predevelopnent. So | extracted that out and put it in
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G S and mapped it, and that's the contours that you see here,

which are simlar to the other infornation.
Q Have you drawn these red arrows on this map?
A | did.
Q Wiy did you draw those?
A. | wanted to show that based upon Cark & Hart's
predevel opment contours, that water naturally flowed across
political boundaries. It -- if you look at the arrows from
right to left, it goes from M ssissippi into Tennessee,
Tennessee into M ssissippi, Mssissippi into Arkansas, Arkansas
into Mssissippi. So ...
Q And in your opinion, is this map that you generated through
t he MERAS nodel as accurate as the map that you put as Figure 4
I n your 2015 academ c paper?
A. | don't think so, no.
Q Let's do one nore, Dr. Waldron, and that is Reed in 1972.

This, for the record, is Joint Exhibit 67.

Have you reviewed this docunent before, Dr. \Waldron?
A.  Yes, | have.
Q Let's zoomin on Figure 2. Wat is this?
A. This is depicting the predevel opnent conditions of the
M ddl e C ai borne Aquifer.
Q Do you have an opinion about the accuracy of this map, at
| east as it pertains to the M ssissippi/Tennessee boundary?
A. | don't think that it portrays it as accurate as what | had
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In my publication.

Q Wy do you say that?

A Well, for the sane reason that, one, the contour is going
in the wong direction; but two, there's no control provided on
the figure that justifies -- helps nme to justify the position
and orientation of those contours.

Q How does Reed say that he came up with these contours?

A. He doesn't. | triedto look at it. Reed lists like four
references in his publication. And | went through those, and
just like I had done before for -- when | found, you know, ny
stuff, for ny paper, | would drill down probably about two,
three generations of references, |ooking for potential data
that Reed may have used to create this surface. And | couldn't
find anything.

Q And so as a scientist, what's your reaction to a water

| evel map like this, when there -- you can't tell how the

contour lines are drawn?

A | don't trust it as much as | would with one with control
poi nts.
Q Dr. Waldron, we've looked at a ot of maps today. | think

t here have been about six in total. Do all of them in your
view, support your ultimate opinion that this is an interstate
resource?

A.  Yes, they do.

Q Wiy is that?
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A. Because no natter which map you | ook at, each one shows

sone water noving across the political boundary.
Q And just if you could sunmarize, what's the nain
difference, in your view, between the map that you drew in
Figure 4 of your 2015 paper and the other nmaps that we | ooked
at ?
A. | would say the biggest difference is that with ny paper,
Its sole purpose was to build a predevel opnent map. Wth all
these other publications, it was something done toward other
efforts, and looking at future water in the 1940s, '60s, '80s.
Q Thank you, Dr. Waldron. Now l'd like to turn to your
surrebuttal report, which was D196.

Do you remenber that report?
A | do.
Q And in that report, did you respond to any criticisns that
had been made of your predevel opnent map?
A Yes, sir, | did.
Q And leaving aside for a mnute the individual nerits of the
criticisns that Mssissippi offered inits expert reports, how
did you interpret those individual errors in light of the error
anal ysi s that you did?
A.  For the nost part, those, you know, fell within any error
that | was dealing with in nmy report. So they were -- you
know, the error that | had in ny report was so large in sone

places it just superseded any smaller errors that were
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presented in the -- in the surrebuttal

Q And so if you even accepted the nmerits of the criticisns
that were expressed in sone of the other expert reports, in
your opinion, would any of themmaterially change the direction
of predevel opnent groundwater flow?

A.  No, they woul d not.

Q Now, Dr. Waldron, do you recall that one criticismyou
responded to in your surrebuttal report was the claimthat you
| mproperly drew contours through the unconfined part of the

M ddl e d ai borne Aquifer?

A Yes.

Q And how woul d you respond to that criticisn®

A Wll, it's -- if you -- it's okay to draw contours within
the unconfined section, as long as you're aware of what shoul d
be happeni ng.

Q In your opinion, is it common for scientists creating a
water |evel map of the Mddle Caiborne Aquifer to draw
contours in the unconfined part of the aquifer?

A Yes.

Q Have you reviewed ot her exanples in which other scientists
have done that?

A, Yes, | have.

Q Let's walk through a few, and I'd like to turn to a figure
In your surrebuttal report. This is D196 at page 12, Figure 3.

And I'mgoing to ask you just to explain to Judge
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Siler what this figure is.

A, This is a figure fromReed, 1972. And what it's showing is
the gray area is the outcrop of the unconfined portion of the
M ddl e O aiborne Aquifer. And there's different col or boxes.

Q Zoomin on those, Dr. Waldron, to nake it easier

A. Ckay. So there's a red box, and in the red box you can see
that in that gray area, there's a 400 and a 340 contour drawn
in the confined portion of the Mddle C aiborne. You can
follow that up in the blue box, see that there's a 360.

And dependi ng upon how anyone wants to see it, if it's
yel low or green, there is a nuch bigger box, and that
represents -- so Reed was 1972. And, you know, the USGCS, as
they collect data and inprove upon what they' ve had in the
past, and that yellow polygon represents where the USGS now
draws the -- or defines the unconfined portion of the Mddle
( ai borne Aquifer.

So in that particular case, some of those contours in

Reed woul d fall in the unconfined portion of the Mddle

d ai bor ne.

Q Let's do another one. | want to turn to Joint Exhibit 58.
Do you recogni ze this document?

A | do.

Q Is this the More 1965 paper that we heard about earlier in

t he week?

A.  Yes.
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Q | want to go to Plate 5, on page 55 of the exhibit.

Can you describe briefly what this is?
A, Yes. This is the piezonetric surface of the Mddle
( ai borne Aquifer in West Tennessee for the winter of 1960.
Q And I"'mgoing to zoomin here, and |'"mgoing to add a red
shape around a part of this.
What am | highlighting on this screen?
A.  You're highlighting the section of the Mddle { aiborne
Aqui fer that's unconfined.
Q Wiy are we tal king about this? Wat point do you want to
make with this figure?
A Well, this -- this illustrates the fact that other
scientists, your USGS, is drawing water |evel contours in an
unconfined section of the Mddle Caiborne Aquifer, in addition
to outside the red box, the left, the confined portions of the
aqui fer.
Q Can you tell fromthis figure whether More relied on any
control points that were in the unconfined part of the aquifer?
A.  Yes. More actually in this case puts control points on
t he map.
Q And I"'mgoing to highlight or circle inred two of them
Have | accurately circled two of said control points?
A.  Yes, you did. And there's little black dots, and then the
nunber beside it is the water level in feet, nmean sea |evel.

Q Let's now do another figure fromyour surrebuttal report.
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This is Defendant's Exhibit 196, at page 15.

Can you describe to Judge Siler what we're seeing
here.

A Yes. This is, | believe, Parks & Carm chael. And they
mapped water |levels in West Tennessee in the Mddle O aiborne
Aquifer. And this is for the fall of 1983.

The darkened line area to the right, that's the
unconfined section of the Mddle O aiborne Aquifer. And they
show that there are -- or they map water |evel contours and
control, both in the unconfined and confined section of the
M ddl e C ai borne Aquifer.

Q And for what purpose are we show ng this diagranf

A This is the USGS scientist drawing water levels in the
unconfined and confined sections of the Mddle d aiborne
Aqui fer.

Q Let's go to Joint Exhibit 71. This is the Schrader 2008
article that we've discussed in this hearing.

Do you recogni ze this docunent, Dr. Wl dron?

A Yes, | do.

Q I'mgoing to zoomin on part of it. Can you explain to
Judge Siler why we're showng this part of Schrader 20087

A. Yes. It shows that the USGS nmapped water levels in the
unconfined portion of the Mddle C aiborne Aquifer, which is
that gray area, and then they also mapped it in the confined

area as well.

Alpha Reporting Corporation




© 00 N o o A W DN

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

Proceedings - May 23, 2019

Q Finally, Dr. Waldron -- we've only got one nore of these;sig1
promse. It's Joint Exhibit 52.
Can you identify this article for the record?
A, Yes. This is a section of the groundwater analysis by
Ll oyd & Lyke in 1995. It's a USGS publication.
Q I'dlike to turn to page 31 of this exhibit and zoomin on

figure 137.

What does this show?

A.  This is showi ng the mapping of water levels. This tine
we're not tal king about the Mddle Caiborne; this is actually
just an aquifer that's actually below the Mddle O aiborne, the
Wlcox. And it shows that even for that particular aquifer,
they are mapping water |levels in the unconfined section of that
aqui fer.,

Q Thank you, Dr. Wl dron.

We saw in earlier testimony in the week that in
unconfined systens, groundwater m ght not always nove
horizontally. Were you in the courtroomfor that?

A Yes, sir.

Q And woul d you agree with M ssissippi's suggestion that
there may be sone vertical conponent to flow in unconfined
aqui fers?

A | do.

Q Do you think that that phenomenon underm nes the accuracy

of your results as published in your 2015 paper?
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A No.

Q Wiy not?
A, \Well, because you can use the Dupuit Assunption in order to
define where that equipotential line is vertical. And where
that equipotential line is vertical, then the head does not
have vertical novement, and therefore it's the appropriate
head, no natter where you are, up or down.
Q Can you help our court reporter out with "Dupuit"?
A DUPUI-T.
Q And what is the Dupuit Assunption that you just invoked?
A.  The Dupuit Assunption is that if you are one and a half to
two times away froma discharge point, tines the saturated
t hi ckness, that you can assume that you'd have a -- a vertica
equi potential |ine.
Q And is that sonetimes called the Dupuit-Forchhei mer
Assunption?
A.  Yes. And do not ask me to spell "Forchheiner."
Q | won't.

How do the prevailing groundwater flow nodels
available in your field deal wth the Dupuit Assunption?
A.  They -- the Dupuit Assunption is inherent in the concept of
finite different grid cell.
Q And in English, what does that nean for groundwater nodels?
A. Sorry. That -- well, | was about to throwin an equation.

It is that the groundwater L |evel can be assunmed to
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be nore horizontal than vertical. And in MODFLON which is the

USGS nodel which was used in just about everything here, uses a
finite different grid cell, a cube. And that cube puts a dot
in the center of that cell, and that -- what that nmeans is that
up or down within that cell, that head is going to be the same.
Q And when the Dupuit Assunption is valid, is using water

| evel measurenents, in your opinion, is it well accepted to use
t hose measurenents froman unconfined area of an aquifer?

A Yes.

Q Now, did you do any calculations in this case to verify
whet her the Dupuit Assunption was valid for your treatment of

t he unconfined aquifer?

A | did. | considered the streans in the area and | ooked at
my points. And the range is one and a half to two tines
saturated thickness. So | took the worst again and did two
tinmes saturated thickness, and |I'm beyond that distance. So
bei ng beyond that distance, | was able to assume that ny

equi potential lines were vertical.

Q If you assunme that if your equipotential lines are
vertical, in your opinion, do you have to use only observation
wells with short screen lengths to get an accurate water |evel
r eadi ng?

A.  No, because it has to be the sanme along that vertical

di stance.

Q Now, | want to put up on the screen, Dr. Waldron, a diagram
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that Dr. Spruill discussed earlier this week. This is

Plaintiff's Exhibit 202, for the record.

Do you recall seeing this diagram before?
A Yes.
Q \What are your reactions to it?
A. It's a good academc figure. Wat it does is it shows you
the conpilation of what woul d happen in the unconfined section
of an aquifer systemwhere you have at C, which is on the
right-hand side, you have this re -- well, recharge is
occurring across the whole thing, but this recharge aspect to
the system and then that noves down to where you have B, where
it's noving horizontal. And then you have your discharge at
point A where the groundwater goes up to the discharge point.
Q And do you think that -- you see that Dr. Spruill's |abeled
a Y-axis with -- the words "Arbitrary Scale." Do you see that?
A | do.
Q In your opinion, how does this figure conpare to the
reality of the Mddle C aiborne Aquifer?
A. Well, those aspects that are shown on the figure exist in
the Mddle O aiborne Aquifer. But again, froman academc
figure, thisis trying toillustrate everything that could
happen that you woul d witness in the unconfined section. So
you've really got to expand it out.

So the way that this would nore so look is that Cis

going to be, you know, |ike against this wall; Ais going to be
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against that wall, and Bis going to be in between. This kind

of shows that point Bis few and far between in current, but
it's actually not in these types of aquifer systemns.

Q And in the actual aquifer systemthat we're dealing wth,
where along this X-axis of Dr. Spruill's chart would you put
the control that you actually used?

A. Based upon the formula, it would be at B.

Q Dr. Waldron, in your surrebuttal report, do you recall also
responding to the criticismthat your -- you mght not have had
enough information about all the wells that you used to draw
your control points?

A Yes.

Q For exanple, did you always know for sure all of the
construction information about every well you used?

A. No, | did not.

Q Did you always know, for exanple, whether the wells you
used had been properly routed back in the early 1900s?

A. No, sir, | did not.

Q Soif -- if soneone were to criticize you and clai mthat
the lack of information about those things made your map
unreliable, what woul d you say in response?

A Well, | mean, | had -- that's all | had -- that's the only
data | had at the tinme fromUSGS. There wasn't -- that
Information didn't exist in ny publication. O in the
publications of the USGS.
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Q After reading the water |evel nmeasurements that you took

fromthe USGS, were you confident enough in the nmeasurenents to
use thenf

A Yes.

Q And why was that?

A. \Well, you know, these three publications, they were
produced by the USGS. And the purpose of those publications
was to devel op these water levels. | nean, you | ook back at
some of the tables, and there's hundreds of themlisted.

So, you know, they were -- as USGS, as they do, they
were col l ecting these data and publishing it. So | have no
reason to discount the USGS.

Q Dr. Waldron, are you aware of any study in existence that
maps predevel opnent conditions in the Mddle O aiborne, using
control points that are only taken fromwells fromwhich we
have conpl ete construction information?

A.  No, | do not know.

Q Let's take Criner & Parks as an exanple. |1'mgoing to put
It back up on the screen again. This is Joint Exhibit 24, at
page 23.

Do Criner & Parks give any infornmation about the
construction records of the three wells and a cistern that they
use?

A. No. | nean, they nmention the O 124 being a brick-1ined

tunnel, because that's about it. But no -- not on the others,
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no.

Q Do they give any indication about whether their wells were
properly routed?

A.  No, they do not specify that.

Q Do they specify the height of their well casings?

A.  No, they do not specify that.

Q Do they give any indication in their article about screen

| engt hs of the wells that they used?

A.  No, they do not.

Q Do they give any indication of how they determne the
ground surface elevation for any of their control points?

A. No, they do not discuss it.

Q \Wat about M. Wley? I'mgoing to put the yellowtriangle
map, as we're calling it, back up on the screen. Does he
provi de any information about any construction history of any
wel I's he may or may not have used to generate this map?

A No.

Q What about the other predevel opnent nmaps we've | ooked at,
Reed, and Arthur & Taylor? Is there any such information about
construction history of wells in any of those publications that
you're aware of ?

A. Not that |'ve seen, no.

Q So Dr. Waldron, in your opinion, if we were going to limt
ourselves to wells for which you had conpl ete construction

information, including things |ike routing, would you consider
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it feasible to draw an accurate predevel opnent map of Mddle

d ai bor ne?
A. You're going to be pretty hard pressed to do it.
Q Dr. Waldron, | want to go back now to your Figure 4, and
we' re al nost done.

You said that you used 27 control points, | think, to
draw this map. Did | hear you correctly?
A Yes, sir.
Q So I've counted pretty carefully; | actually only see 26 up
there. Did I mscount?
A.  No, no you didn't m scount.
Q So what am | mssing? Wiere is the 27th one?
A It was used; it's just not on the figure. It's off to the
left, in the county next to St. Francis, | believe.
Q So why didn't you include that 27th control point on this
figure?
A. | was focusing in on the contours.
Q So it was outside the geographic extent of your map?
A Yes.
Q Even though you didn't include it on the map, did you
account for that 27th control point when you were draw ng your
cont ours?
A Yes.
Q And just for the record, can you identify what the m ssing

control point is?
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A. Forrest Gty.
Q Forrest City, Arkansas?
A.  Yeah, Arkansas.

Let's go to the next diagramhere. And this is Defendant's
Exhibit 196, your surrebuttal report, at page 21 of the
exhi bit.

Wiat are we seeing here?

A. Thisis a plot in GS of the control points and the
contours as they were -- as | drew them
Q And was this the -- this was the -- a depiction of the
process you used to generate your contours that appeared in
your 2015 paper?
A. It reflects that kind of process, yes.
Q And do we see the Forrest Gty control point on here?
A Yes. It's there. It's off tothe left. It says -- yep,
there she is. O he.
Q And so what does this diagramtell us about your use of the
Forrest Gty control point?
A | usedit.
Q Dr. Waldron, | don't see on this map for this G S output
the M ssissippi/Tennessee state boundary. Am| mssing it
somewher e?
A, No. No, it's not on there.
Q And why is that not on this figure?

A, \Well, | nean, groundwater knows no political bounds, so
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Wal dron - cross

why -- | didn't put themon there for that reason.
Q Thank you, Dr. Wl dron.

MR. BRANSON: [|'Ill pass the wtness.

THE COURT: Al right. W'Il take a short recess at
this tinme. Ten m nutes.

(Recess)

THE COURT: Al right. Have you finished with your
direct examnation with this w tness?

MR. BRANSON: Yes, your Honor, we passed the w tness.

THE COURT: Ckay.

MR. MOFFETT: Your Honor, good afternoon. Larry
Moffett on behalf of the State of Mssissippi. My it please
t he Court.
CROSS EXAM NATI ON
BY MR, MOFFETT:
Q Dr. Waldron, we've net before. M nane is Larry Mffett.
I'mhere on behalf of the State of Mssissippi. |'ve got a few
questions for you. | don't think we'll be real |ong, but I
want to make sure we cover anything in a reasonably pronpt
manner, and at the sane tinme cover the things we need to cover.

Now, if | ask you a question that you do not
under st and, woul d you please ask ne to rephrase it or repeat
it, please?
A. Yes, sir.

Q Ckay. Thank you.
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Wal dron - cross

Dr. Wal dron, you, as you said, were enployed by the
Uni versity of Menphis, right?
A.  Yes, sir.
Q And you have been working for quite a while at what used to

be called the G oundwater Institute, correct?

Mre li ke the Ronman | eader, not the sal ad.

A. Yes, sir.

Q And alot of tines we refer to that as GN ?
A. Yes, sir.

Q Now we refer to it by another acronynf

A. CAESER

Q CAESER?

A

Q

I got you. | never can spell it right.

But I'mjust going to refer to CAESER instead of the
full name.
A. Yes, sir.
Q And when you were tal king about the work you do at the
uni versity, you said one of the things you do is bring in
research for the university, correct?
A Yes, sir, | do.
Q Now, research for the university includes doing work for
MLGW correct?
A.  Yes, sir, it does.
Q And you certainly don't want to take away any -- take any

positions publicly that woul d be adverse to one of your | argest
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VWal dron - cross
beneficiaries -- benefactors, would you?
A. | -- could you repeat the question?

Q MGWis one of CAESER s | argest benefactors, correct?

A. Rght nowit is, yes.

Q Cay. And you certainly don't want to take any positions
publicly that woul d be adverse to MLGWs interests, would you?
A No.

Q Now, your résung, your CV, is attached to -- well, it's
been marked as Exhibit D155. And | notice that back on

page four of that CV there are a list of grants and contracts.
A Yes, sir.

Q | see, just for exanple, you received in 2019, $250, 000
from MLGWN correct?

A. Yes, sir.

Q And you've got $1 mllion from MGWNVin 2018 for an aquitard
st udy?

A.  Yes, sir, we did.

Q And in 2018, from MLGW you received $436, 000 for sone
mappi ng?

A, Yes.

MR. BRANSON: (Objection, your Honor. He's using just
the pronoun "you," and | want to nmake clear we're not talking
about Dr. Wal dron personally.

BY MR, MOFFETT:

Q | would hope you didn't get it.
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VWal dron - cross
A. No, CAESER did. University -- actually the University of

Menphi s di d.
Q W'Ill clarify. University of Menphis?
A Yes, sir.
Q Yes. And that's what | neant by "you,"” and | think you and
| understood that, you personally.
So continuing on, CAESER in 2018 recei ved $250, 000

from MLGWN correct?

A. Correct.
Q And in 2017, $412,000 from MLGW for sone mappi ng?
A.  Yes, sir.
Q And in 2017, it |looks like $250,000 from M.GAP
A. Yes, sir.
Q To -- 412,000 from ML.GWin 20167
A.  Yes, sir.
Q $250,000 from MGWin 20167
A. Yes, sir.
And 2015, about the tine we filed, | guess, this instant
proceedi ng, you received -- you, CAESER, received about

$250, 000 from MLGW correct?

A.  Yes, sir.

Q And there are sone others. | won't go through all of
those; they're listed on there. But historically, M_.GWhas in
fact been a large contributor to the operations of CAESER, or

formerly GW, correct?
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VWAl dron - cross
A. Yes, sir.
Q And as | understand, just for historical purposes and
contexts, Groundwater Institute was forned back in -- around

what, 1992 or so?

A 1992, yes, sir.

Q GCkay. And that was really a collaborative effort between
Uni versity of Menphis and MLGW correct?

A. Yes, sir.

Q And GN was forned to address concerns about groundwater,

correct?
A Yes.
Q And while you were with GW -- well, | don't know what you

were doing at the specific tinme, but you worked wi th Randy
Gentry in the '90s at GAN, right?

A, In 1999 and then in 2000i sh.

Q And sone of the things that GAN does for MLGWis devel op
wel | head protection plans, correct?

A.  Yes, sir.

Q And by the way, those are naps that delineate zones of

i nfl uence around production wells?

A. Yes, it is, and it includes the mapping of potenti al
cont am nant sources within those zones, and has an education
outreach conponent, yes, sir.

Q And GAN -- now CAESER, | guess -- perforns sone nodeling,

mappi ng of Menphis Sands aquifer for MGAP
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A.  Yes. One of our projects was doi ng some nodeling, nbst
recently.
Q Now, |I don't -- | saw sone reference to GAN assisting M.GW
with the potential placenent of a wellfield. Ws that the --
was it called Charlie Pickle?
A. Yes, or the Pickle plant.
Q That's a great name, the Pickle plant.
A. He was a good guy, but he had a funny | ast nane.
Q He did.

And what ever happened to that? |Is that --
A.  You know, it hasn't been -- | don't know where it is within

ML.GW but we did performa plausible wellhead protection plan
around t hat .

Q Now, | read sonething in the paper about a recent contract
that's been awarded by the City of Menphis about sonething to
CAESER about a $5 million contract. |Is that correct? Has
CAESER received a recent contract from Menphi s?

A. Mre correct would be that the Gty of Menphis, with M.GWV
went to raise these dollars through the Gty Council, but the
contract is not fromthe Gty of Menphis; it's from Menphis
Light, Gas & Water.

Q Go ahead. Excuse me, Brian -- | nmean Dr. Waldron.
A.  \Watever.

Q | may slip through "Brian" --

A.  That's okay.
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VWal dron - cross

Q =-- it's no sign of disrespect.
A. No, sir. That's fine.

Coul d you repeat the part that you wanted to know?
Q Wll, let's break it down. First of all, yes, there is a
contract recently entered with Menphis related -- by CAESER,
correct?

O who's the contract with, let's start it?
A. The contract is between Menphis Light, Gas & Water and the
Uni versity of Menphis, being done through CAESER
Q Al right. Wat is the scope of the contract, or the
proj ect the contract addresses?
A. The scope of the contract is addressing specifically the --
what we call the aquitard, which is the upper confining unit to
the Mddle d aiborne Aquifer. And it's |ooking at the presence
of naturally occurring breaches within the aquitard and the
novement of water between the shall ow groundwater system
t hrough those breaches into M ddle O ai borne Aquifer.
Q Is the concern potential contam nation being drawn as an
aquifer? |Is that part of the concern?
A. That is drawi ng sone concern, yes, Sir.
Q And are you going to be one of the folks working on that?
A. | amworking on that, yes, sir.
Q Now, when did you becone an expert for the State of
Tennessee?

A 2017.
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Wal dron - cross

Q Now, when you became an expert for Tennessee, you knew t he
positions that Tennessee and M_LGW were advocating in this case,
correct?

A Yes, sir.

Q And when you fornul ated the definition we're going to talk
about here shortly, about interstate resource, you knew what
kind of definition and opi nion woul d be a good one for
Tennessee and MLGW s defense of this case, and what kind of
definition would not be so good for them Wuld you agree with
t hat ?

A. No. | -- 1 developed ny definition independent of how
felt people would feel.

Q Al right. But you didn't, at the tinme, even think about
what m ght be good for their defense and what m ght be not so
good for the defense? Are you telling us under oath that that
didn't enter your mnd at all?

A Oh, sure, it entered ny m nd.

Q Now, let's ook at the definition of "interstate resource.”

A. Yes, sir.

Q And | | ooked at your report, and sone of the things |I had
to say -- ask you about woul d be based on your report; sone of
themw || be based on your testinony. But in your report, you

stated it this way, that you had been asked to give your
opi ni ons on whether the groundwater in the Mddle C aiborne

Aquifer -- Mddle Caiborne is an interstate resource, right?
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MR. BRANSON: Your Honor, I'd ask, if we're going to
read fromthe report, that we provide the witness with a copy
and a cite.

Q Dr. Waldron, you have a copy in front of you; it's in the

not ebook.

MR. BRANSON:. M. Mffett, | just ask we clarify which
report we're tal king about. Page cite, things |like that.

MR, MOFFETT: | apol ogi ze.

MR. BRANSON:  Your Honor, I'd also just note

Dr. Waldron's screen appears to be flashing black and white.
I'"'mconcerned it mght be distracting him
| don't know if it is, Dr. Waldron.
A. No, | was about to break into disco, but |I'm doing okay.
| don't know where it is.
Q D. Waldron, if you would, |I'm not sure which exhibit
nunmber it is, but it's your initial report, dated June 30,
2017.
A. | have it.
Q Gay. And would you please turn to page 2.
A.  Yes.
Q At the top, would you read what's provided there in
par agraph five.
A I'mnot in the right spot. Page two is a table of

contents, for ne.
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Q Wwll, it's -- okay.
A. Oh, you nean page two.
Q Two, page two.
A. | was |ooking at page two on the thinganabob. Ckay.
Number five?
Q Yes, sir.
A Okay. Cot it.
"The central question that | have been asked to give

my opinion on is whether the groundwater in the M ddle

Cl ai borne Aquifer is an interstate resource.”

Q So you agree that was your assignnent?

A.  Yes, sir.

Q And what is your definition of an interstate resource?

A It is an aquifer, and that constitutes the geol ogy of the
wat er that crosses a political boundary.

Q That's it?

A That's it. Water flows across the boundary. That's it.
Q That's one thing, so -- it's also -- it's both geographic
in the sense that the aquifer underlies multiple states, and
there's sone hydraulic -- there's sone water that goes across
state lines; those two things?

A. Yes, sir.

Q Ckay. And based upon that, you believe that the Mddle
Cl ai borne Aquifer, as you've described it, is an interstate

resource, correct?
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A Yes, sir.
Q Al right. Now, isn't it true that when you were carrying
out your assignnent, to reach a definition that you present
here today, that you sinply read the Court's order and inferred
a definition of "interstate resource"?
A. | did read Judge Siler's opinion, and based upon what he
had stated, based upon ny understandi ng of what | would
constitute an interstate resource, | cane to ny concl usi on of
what that would be, yes, sir.
Q So just to be clear, you didn't go out and | ook in sone
body of scientific literature for the definition of "interstate
resource"; you didn't do that?
A. | had done sone research on ny paper where | had | ooked at
transboundary or water systens, and the European Uni on has
| ooked into that. And at the tine | didn't see a definition.
They actual |y have one.

But no, it was just the fact of what | stated.
Q Wll, let's be clear: D d you or did you not go to
scientific publications and attenpt to find a definition of the
phrase "interstate resource"?
A. | don't recall if | did.
Q And you said that you |looked -- did a little Iooking, and
you found sonet hi ng about transboundary, correct?
A. That's the nore commpn termthat |I'mused to, yes, sir.

Q Does the word "transboundary" appear anywhere in your --
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the reports, the witten reports you' ve submtted in this

pr oceedi ng?

A. | do not know.

Q Do you know of any occasi on during your deposition where
you used the word "transboundary"?

A. | do not recall

Q Now, you nentioned, when you were tal king about interstate
resource, in the science of hydrogeol ogy, that political
boundari es don't affect hydrogeol ogy of groundwater, correct?
A. Correct.

Q Yet it is your testinony that "transboundary" is a
hydr ol ogy ternf

A. | only knowit as a termthat is used by others to describe
an aquifer systemthat crosses political boundari es.

Q It's descriptive; it's a descriptive word. |It's not a
hydr ol ogy ternf

A. | don't knowif it is or is not. |

Q But hydrologists don't use that word in their discipline,

do t hey?

A Well, you know, I know that the way that "transboundary"
has been used in other -- by others, it does describe the
hydrol ogy as crossing the sane -- the political boundary.

Q So do boundaries matter or not?
A. The boundaries natter that the geology in the water crosses

it, yes.
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Q But the political boundaries do not affect the
hydr ogeol ogy, right?
A. In the way of the governing of -- inposing sone change in
its flow or character of the geol ogy, no.
Q Now -- go ahead.
A. Ch, no, |'m here.
Q Al right. D d you ever in your review of docunents for

this case, or any other occasion, find a USGS publication that
provides a definition of the phrase "interstate resource"?

A. No, sir, | did not.

Q D dyou ever find, in those materials that you' ve revi ewed
for this case or other purposes, a definition of the phrase

"Interstate aquifer"?

A. No, sir, | have not.
Q Now, Dr. Waldron --
A. Yes, sir.
Q ~-- let's now take a | ook at your opinions, or rather the
basi s for your opinions, | assune.

One of those bases is that this -- and if you' ve got
your report there, it's on page two, paragraph -- well,
actually the heading of "Opinion 1." Do you see that?

A.  Yes, sir.
Q Al right. And correct ne if I'"'mreading it wong, but it
says that this is your Opinion 1 on page two, your initial

report, that, quote, "The M ddl e C ai borne Aquifer extends

Alpha Reporting Corporation




© 0 N o o A 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 23, 2019

903
Wal dron - cross

conti nuously underneath Tennessee and M ssi ssi ppi, and
groundwater in the aquifer is not and has never been confi ned
to the borders of M ssissippi or any other state.”

Did | read that correctly?
A.  Yes, sir, you did.
Q Dr. Waldron, you've been studying the M ddle d ai borne for

a long tine, haven't you?

A. Yes, sir, | have.

Q Long, long tine; since the '90s, early '90s, | guess?

A, Yes, sir.

Q And | think you said you wote your naster's thesis on the

M ddl e C ai borne or Menphis Aquifer?

A. M naster's thesis was on a proposed landfill in the
Gal | oway section in the Mddle O ai borne Aquifer, yes, sir.

Q Now, | got to say -- | nay be in the mnority, but I think
there's been a lot of confusion in this case about term nol ogy.
And I'"'mgoing to try -- one of the things | want to do is see
if we can find sone commpbn ground on some things.

A.  Ckay.

Q And let ne see if we can get on the sane page.

Now, do you agree with ne that an aquifer system the
phrase "aquifer system" is a termused to refer to a regional
col l ection of hydrogeol ogic units?

A. Yes, sir.

Q An exanple of that would be -- would be what? Let ne state

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 23, 2019

904
VWal dron - cross
it -- the M ssissippi Enbaynent Regi onal Aquifer System is
that -- is that a description of an aquifer systenf

A.  Yes, sir.

Q Okay. Now, let's take that down a step. Wiat is a

hydr ogeol ogi ¢ unit?

A. That is a finer description of a particular aquifer or
confining unit within that aquifer system

Q Now, hydrogeologic units can either be a confining unit or
an aquifer unit, correct?

A.  Yes, sir.

Q And a hydrogeol ogic aquifer unit can include one or nore
aqui fers, correct?

A.  Yes.

Q Okay. And a hydrogeol ogic confining unit can contain one

or nore confining |ayers, correct?

Soneone i s.

A.  Yes.

Q W're doing good so far.
A.  Ckay.

Q Now --

A

Q

Your testinony has been referring to the Mddle C ai borne
Aqui fer, correct?

A Yes, sir.

Q But when you use that phrase, you are referring to a single

hydr ogeol ogi c unit, correct?
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A. Correct.
Q You're not referring to a single aquifer, but a single
hydr ogeol ogi ¢ unit, correct?
A. Correct.
Q Now, we agree that a hydrogeol ogi cal aquifer unit can
contain nore than one aquifer, correct?
A. Correct.
Q Vat aquifers are included in the Mddle O ai borne Aquifer
uni t?
A. In the Mddle Caiborne Aquifer, they're given different
names in different areas. So as you | ook at that hydrogeol ogi c
unit, the different aquifer names that could exist are the
Menphi s Sand, the Sparta Aquifer, the Meridian West Sand, the
Lower C ai borne Aquifer. Yes.
Q And is it your testinony -- do you agree that the Menphis
Aqui fer itself has been recogni zed as a separate aquifer?
A From - -

MR, BRANSON: Object to the form your Honor.
Separate from what ?

THE COURT: Well --

MR, MOFFETT: As its own.

THE COURT: Overruled. You nay answer the question.
BY MR MOFFETT:
Q It is an aquifer?

A.  The Menphis Aquifer is a nane given to the Mddle C ai borne
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Aqui fer -- as one of the aquifers within the M ddle d ai borne
Aqui fer.
Q That's what I'mtrying to get clarified, okay?
A, Al right.
Q So the Menphis Aquifer is one of the aquifers that is
included in the Mddle d aiborne Aquifer unit?
A. It's one of the nanes given of the aquifer that we call in
Tennessee, global -- regionally, you would call it the Mddle

d ai borne Aquifer.

Q Al right. Let ne -- | ook at your report on page two,
par agr aph --
A  kay.

Q First sentence, it says "There is a scientific consensus
that the ' Menphis Aquifer' and the 'Sparta Aquifer' are parts
of one aquifer, a single hydrological unit referred to as the
M ddl e d ai borne Aquifer."

Did | read that correctly?
A. You read that correctly, yes, sir.
Q So again, the reason we're tal king here, when we use the
termthe "M ddle C ai borne Aquifer Unit," we're tal ki ng about
t he hydrogeol ogic unit, correct?
A. Correct.
Q So this case concerns two separate aquifers that are
|l ocated -- at |east two separate aquifers that are | ocated

within that single hydrogeologic unit; do you agree with that?
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A.  No, | thought we were | ooking at the M ddle C ai borne
Aquifer, the Mddle C ai borne Aquifer.

Q Right.

A.  Hydrogeol ogic unit.

Q And is it your testinony under oath that there is no

di fference between the Menphis Aquifer and the Sparta Aquifer?
A.  Just a nam ng conventi on.

Q It's just a nane change that you go from Tennessee, it's
Menphi s Aqui fer, and when you cross the state border it's the
Sparta Aquifer; is that what you're sayi ng?

A Yes, sir.

Q Well, we were naking progress up until --

A Hhm?

Q W were nmeking sone progress until just a few m nutes ago.
A I think we're going to be going round and round on this

Q W're not going to fight?
A, I'msure we're not.
Q At the risk of making everybody scream 1've got a chart up
here -- back, go back. Ckay.

All right. This is one of these MERAS charts, and
there's a bunch of versions floating around, | know.  But
| ooking at this chart, Dr. Wal dron, would you please -- do you
see the colum "Hydrogeol ogic Units" on the right-hand side?

A. Yes, sir, | do.
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Q Al right. And would you identify each of the aquifer
units that are listed in that hydrogeologic chart. Just the
aqui fer units.
A. The only thing in the chart are the geol ogic nanes. The
aqui fer units are not named; just the hydrogeologic units. You
mean nane those?
Q Just the hydrogeol ogic units.
A. Ch, like all of thenf
Q Yeah, just want to nmake sure. So | can |look at themfor
you.

The M ssissippi Rver Valley Alluvial Aquifer is one.
The Upper C ai borne Aquifer unit is another. The M ddle
Cl ai borne Aquifer quantity is listed. The Lower C ai borne
Aquifer is listed. There's a listing in the mddle, WIcox
Aquifer unit. And there's a listing at the Lower W] cox
Aqui fer unit. Correct?
A. Yes, sir, correct.
Q So within the M ssissippi Embaynent Regi onal Aquifer
System that's an identification of those hydrogeol ogic units
that are aquifer units, correct?
A.  Yes, sir.
Q Al right. Then you also have confined units listed. W
see there Vicksburg-Jackson Confining Unit, and then we have
the Mddle O aiborne Aquifer Confining Unit. W have a Lower

C ai borne Confining Unit. And down at the very bottom there's
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a Mdway Confining Unit, correct?

A.  Yes, sir.

Q So those are the hydrogeologic units that are confining
units within the M ssissippi Embaynent Aquifer System correct?
A. For what's listed here, yes, sir.

Q Yes, sir. That's all.

A, Sorry.
Q Al right. Now, Dr. Waldron, |I'malso not going to bel abor
this, but it may be a relative term but the -- | see here

there is again a Sparta Sand |isted under M ssi ssippi,

Kent ucky, and Loui si ana, Southern Arkansas, right? There's a
geologic unit?

A.  Yes.

Q Geology. And then the Menphis Sand is in Tennessee,

M ssouri, and Northeastern Arkansas, correct?

A. That's what's shown in the figure, yes.

Q Okay. There's been a |lot of talk about a so-called facies
change, where the geol ogy changes in the vicinity of the
Tennessee/ M ssi ssi ppi border. Is it -- it's your opinion, is
it not, that this facies change marks the southern boundary of
t he Menphis Aquifer?

A. No. Because the Mddle d aiborne -- you said "Menphis
Aqui fer"?

Q Yes.

A.  No, because the Menphis Aquifer is part of the Mddle
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Cl ai borne, and the M ddle C ai borne includes the Sparta and the
Meridi an, and therefore extends into M ssissippi.

Q Okay. The Menphis Sand extends into M ssissippi, but then
known as the Sparta; is that what you're sayi ng?

A. Correct. Wll, the Menphis Sand is a | arge body, so the

Menphis -- |ike when you cross that |line, you have the Menphis
Aqui fer and then the Sparta. |It's just a nam ng conventi on.
Q  Ckay.

A. So it cones one body of sand. Then, as you nove further

south in Mssissippi, you wll call it at the top, the Sparta
Aqui fer, and then down below, you'll call it the Lower
d ai bor ne.

Q Cay. By the way, on the chart here, under "M ssissippi,
just going down from youngest to oldest, | suppose, you've got
t he Sparta Sand and the Zilpha Cay, Wnona Sand, and the

Tal | ahatta Formati on, and Meridian Sand, correct?

A. Yes, sir.

Q Is it your testinmony that the Wnona Sand is the sane

aqui fer as the Sparta Sand?

A. The Zilpha -- the Wnona Sand is a sand unit within the
Zil pha day, and that facies -- or that unit actually
penetrates into the mddle of the Mddle C ai borne Aquifer and
subprops or term nates.

Q So it is the sane aquifer as Sparta Sand?

A.  You nean as an aquifer itself? The Wnona Sand actually
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does, fromwhat |I've seen from USGS publicati ons, breaks out
from Zi | pha C ay and exposes itself as sand. So in that
particular case, it acts as 100 geologic units as part of the
M ddl e C ai borne Aquifer.

And if you want to daisy-chain it, then that's --
Q Wll, I"'mjust trying to understand. So even if the Sparta
Sand is separated fromthe Wnona Sand by the Zi |l pha day, and
the Wnona Sand is separated fromthe Meridian Sand nenber by
t he Tall ahatta Formation, the Meridian Sand, the Wnona Sand,
and the Sparta Sand are the sane aquifer; that's your
t esti nony?
A. They are all part of the Mddle d ai borne Aquifer.

Q Hydrogeologic unit?

A.  Yes.
Q I'masking if your testinony is that they are separate
aquifers fromeach other. |Is the Sparta Aquifer separate from

t he W nona?

AL So if you were -- that's where | always get confused

bet ween the nami ng convention and the unit itself. So if |I was
to nodel it, | would put a -- as they do with MERAS, | would
put a layer of grid cells on the Sparta. 1'd do a |ayer of
grid cells for the Zilpha Cay section area, and a | ayer of
cells for the Meridian Sand nenber, because of the property
change.

Q So it's your testinony that the Menphis Aquifer stops at
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t he Tennessee/ M ssi ssippi line, and then we've got the Sparta
Aquifer? Again, I'mjust trying to make sure.
A. | think we've -- we've done this one before.

Q Al right.

A It's the Mddle C aiborne Aquifer.

Q Al right. Al right.
I'"mgoing to show a slide here that's from your

report, | believe. Do you recognize this?

A. Ooh. Yes.

Q Is this -- what is this?

A. This is Figure 1. 1It's showi ng the geography of the area.
MR. BRANSON: Just for the record, could we identify

what exhi bit and what page we're on, so that the rest of us --
THE COURT: It should be identified, whatever that is.
MR, MOFFETT: D174. | apol ogi ze, your Honor, for the

delay on that. This is at D174, page 4 of 21.

Q Dr. Waldron, this is a figure in your predevel opment flow

article, correct?

A Yes, sir, it is.

Q And Figure Nunber 1, correct?

A.  Yes, sir.

Q Al right. Read the description of Figure 1.

A "Map of the Menphis area and surroundi ng regi on, show ng

the estimated outcrop zone for the Menphis Aquifer from

Brahana & Broshears 2001. Transition is approxi mate southern
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extent of Menphis Aquifer in Northern M ssissippi, where the
regional Mddle Claiborne is divided into three or nore
di stinct aquifers separated by regional confining units.” Wth
a citation.
Q So inthis report, or this publication, which you prepared
before you fornul ated your opinions in this case, you recognize
t hat the Menphis Aquifer was a separate and distinct aquifer
that term nated at the southern basin and transition zone,
correct?
A.  Yes.
Q Cay. And then the transition zone you' ve got there, about
how far south would you just estimate that transition zone is
there fromthe Tennessee/ M ssi ssi ppi border?
A.  About tennish mles.
Q Tennish. kay.

So based on what you said here, the Menphis Aquifer
didn't change to the Sparta Sand at the state line; it
changed -- or there was a change that occurred at the
transition zone. This wasn't just a name change, was it,
Dr. W&l dron?
A. According to this, this is -- the way it's stated here is
that the Menphis Aquifer would be given the nane bel ow t he
M ssi ssi ppi state line.
Q well --

A. A nane.
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Q Read the second sentence. "Transition is approximte
sout hern extent of Menphis Aquifer in Northern M ssissippi."
Did | read that correct?
A. Correct.
Q Now, you say there -- and you al so say, "Were the regional

M ddl e C ai borne is divided into three or nore distinct
aqui fers" -- distinct aquifers -- "separated by regi onal
confining units.”

Did | read that correctly?
A. Yes, sir, you read it correctly.
Q Al right. Please identify for us what you are referring
to when you referred to three -- these three or nore distinct
aqui fers. Wat are those?
A. | renmenber one being the Sparta, and | renenber the other
bei ng the Lower Cl ai borne, and I would assune the third is the
Menphi s.
Q D d you say "Menphis"?
A.  Menphi s.
Q Do you nean Meridi an?
A. For the Meridian, is the -- well, the Meridian is the
lower -- the Meridian is the Lower C ai borne Aquifer.
Q Rght. D. Waldron, I'mnot going to go through them but
I think you' ve been in the courtroomwhile the others were
testifying, but if you |l ook at the MERAS maps, | think it's in

2009, they show that transition zone right at that border,
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correct, the Tennessee/ M ssi ssi ppi border, the facies change?
AL It's not -- | don't think it's called the transition in

that. They're calling it the --

Q "Facies change"?

A.  -- northern extent.

Q "Facies change," maybe?

A | believe it's called the northern extent of that

particular unit, the Lower d ai borne.
Q Okay. Let's look at -- hold on just a second.

All right. Let's look at Slide 5, please. Ckay.
This is a map from J36, page 26 of 41.

Do you see that they' ve got a darkened line there
that's called "facies transition"?

A. Ckay, yes.

Q So they've bunped that facies up north now, right?
A. | see that on the figure, yes.
Q Ckay.

MR, MOFFETT: By the way, Don, if you would go back to

Slide 4.

Q |I've heard the Mddle O aiborne -- or rather the -- when we
| ook at these charts, | think -- at least it seens to ne that
froma layman's standpoint, | |ike charts; but charts are

general i zations, right? Typically, right? And when we see
this -- these big pictures, these | ayer cakes, |'ve heard the

phrase "l ayer cake"; you renenber that --
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A.  Yes.
-- description being used?

But really, what's underneath the subsurface is really
pretty nmessy, isn't it?
A. Depends on how you describe it.
Q Well, | just put a chart up here. This is fromJ76,
page 36 of 192. And | think this is fromyour MERGA5S study?
A It is.

MR. MOFFETT: And Don, if you could blow that up just
alittle bit.
Q The point | guess | wanted you to confirmhere, do you see
here this on the right is the Cenozoic stratigraphic units in
M ssissippi. And you put this in -- or you and your cohorts
put this in the MERGAS study, right?
A. Correct.
Q And so as we go down here --

MR. MOFFETT: Don, just scroll down just a little bit,
if you would -- let's go to the EF -- stop. That's good.
Q So when you | ook at these charts, you can have groups or
menbers, but within any geol ogic formati on you can have
submenbers, right?
A. Correct.
Q And so as we go down through here, you'll see -- who -- the
formati on has got a bunch of subnenbers, and then you go down,

Vi cksburg Group has got a bunch of subnmenbers; Jackson G oup's
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got a --

A I'mnot -- well, | hear the words, but |I'mnot follow ng
where you are.

Q | apologize. | hauled off -- got -- put ny foot on the
accelerator a little bit.

The point is that underneath the surface of the earth,
they're not just groups of -- there's not just these big
formations. You bore down into nore detail, correct?

A.  \What happens is that you do have these very | arge groups,
and based upon the depositional environnent nmade out of

exi stence, you formthe various sublayers that could just be
conprised of different | evels of sand; they woul d be given

di fferent nanes.

But it does not nean that you -- that you necessarily
have to separate theminto individual |ayers. You can treat

them as a single hydrogeol ogic unit.

Q | understand.
A.  Ckay.
Q | guess the point I"'mtrying to nake is that the -- down

under the earth is not sone | ayer cake of just these |arge
| ayers of formation; it's nessy. As | said, it's nessy down

t her e. There's a | ot of --

A. | nmean, all systens are -- geologic systens are
het erogeneous. And the fact that -- you know, we recognize
that. So as we go down through the earth, and we devel op
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t hese, as you call them |ayer cakes, in order to make a better

under st andi ng of them and how these units act as one singul ar

unit, how the water may be noved within it -- granted, they

have heterogeneity -- that they still act as a singular unit.
So, yes, | nean, we'll give it a singular nane in

order to sinplify the actual |ayer cake picture that we -- that

we use in order to define these units.
Q But there is sone reason for creating subnenbers within
t hose --
A. Ceologists like to do it.

MR. MOFFETT: Now, Don if you would, go back to the
chart. The other one. There you go.
Q Dr. Waldron, we tal ked about the Sparta, the Menphis.
We're not going to get back to that conversati on about what --
you know, whether it's one or two or whatever. But the Sparta
Sand, as a geologic formation, would you agree, is thinner than
t he Menphis Sand geol ogic formation, correct?
A. So as you --
Q Not as -- excuse nme, Dr. Waldron, and | interrupted, and
that's rude; but just to clarify, I'mtal king about the
thi ckness of the formation. Let nme clarify that.

In ternms of its thickness, the Sparta Sand is not as
thick as the Menphis Sand?
A. So it depends on who is |abeling the aquifer. So if you're

in -- where you are at that boundary, but if you want to go
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into southern -- the southern part of M ssissippi and be on top
of the Zilpha Cay, then the Sparta Aquifer is -- is thinner;

t hen you woul d conpare past the facies change, which woul d be
the -- different people give it different names; Sparta or the
Menphis Aquifer, or in this case the Mddle C ai borne Aquifer.
Q Oay. Let's look at it in terns of -- at that point that
you had said where the sout hernnost extent of the Menphis Sand,
that's the sout hern boundary of the Menphis Sand at that
transition. South of that point, would you agree that the
Sparta Sand formation is not as thick as the Menphis Sand t hat
exi sts north of that transition?

A.  As you have described it, yes.

Q And again, let's stick with just those two, as |'ve

descri bed. How do those conpare in terns of thickness, in
terms of sone nunbers? Can you give ne sone nunbers?

A Well, | would be specul ati ng sone.

Q Don't speculate. But you know a | ot about this stuff,
based upon your study, you say; so do you have sone approxi mate
conpari son you can provide for us?

A | would it's at least half.

Q Okay. Now, are there any changes in the sand conposition
as you nove fromthe Menphis Aquifer south to the Sparta?

A. There are changes in the sand conposition throughout the
entire system wherever you are.

Q  Ckay.
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A.  So yes.
Q Oay. Al right. How would you conpare the conposition of
the sand in the Menphis Sand north of the transition with the
sand conposition of the Sparta Sand south of the transition?
A. | don't know.
Q Okay. Wwell, internms of -- strike that.

Dr. Waldron, what is transm ssivity?
A. Transmi ssivity is the hydraulic conductivity of a unit
tines its thickness. For a confined aquifer, it's the
thi ckness of the Unit B. For a confined aquifer, it's the
head H.
Q GCay. W're not going to use H when they have letters, but
how about this: 1Is it the perneability tinmes thickness, is
that a layman's --
A.  Thickness of a saturated section, yes.
Q Al right. Now, based on differences in thickness al one,
woul d you agree with ne that the Menphis Sand transmi ssivity is
significantly greater than the Sparta Sand's transm ssivity?
A.  Yes.
Q Now, | want to talk a little bit about the water. | know
it's here. And we can talk about it in terms of the Mddle
Cl ai borne hydrogeol ogic unit, okay? W'Il|l talk about it that
way. That's what |1'mtal king about right now Wbuld you agree
wth me that the water in the Mddle C aiborne Aquifer unit is

not -- | knowthis is obvious but it's not one | arge
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i ndi vi si bl e object, correct?

A. It's not one what?

Q One large object?

A. What isn't one | arge object?

Q Al the water; it's just not a single thing. 1It's
conprised of untold nunmbers of nolecules of water, correct?
A. | don't understand the question. You're saying water is
conprised of itself?

Q No. Wen we talk about water, when you say the water in
the M ddle d ai borne collectively, actually, the water is just
unt ol d nunbers of individual separate nol ecul es | ocated at

di fferent places throughout the aquifer, correct?

A. The water that exists in the Mddle d ai borne Aquifer
exists with -- throughout the Mddle C ai borne Aquifer.

Q But it's made up of individual nolecul es?

AL W're all made up of nol ecul es, sure.

Q The nol ecul es of water can separate from each ot her
They're not --

A. If they do, then they' re not water.

Q The nol ecul es, not the atons.

A Oh.

Q I'mtal king about nol ecules of water. As they flow through
t hat --

A. Are you saying that the water is separating fromitself?

Q No. I"mnot, Dr. Waldron. All I'msaying is that when
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water falls on that outcrop and cones into that aquifer,
that -- all that water is not going to the sanme pl ace.
A. That, | agree wth.

Q That's good. W' re nmaking progress.

So -- and the aquifer is not like a big bathtub of
water, or an inground |lake. [It's not an underground | ake,
right?

A. It is not an underground | ake, no.

Q And each nol ecule of water that is included within the big
descriptor, "water," is located within the pore spaces of
unconsol i dated sedi nentary material, correct?

A. The M ddle C aiborne Aquifer is conprised of the porous
material and the water, and the water resides within the
interstitial pore space of the matrix, yes.

Q I'mnot trying to make you separate out the water fromthe
aquifer. Al I'msaying, in terns of water, that these

nol ecul es of water are |ocated within the pore spaces of

sedi nent ?

A.  Yes. Yes.

Q And the water in the Mddle d ai borne Aqui fer systemis
going to cone into the aquifer fromnmany different places,
correct?

A. Correct.

Q And these nol ecules of water are going to take many

different paths through that aquifer, correct?
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A. Correct.
Q And there could be sonme general flow patterns, but they al
have their own path, correct?
A Well --

MR. BRANSON: Objection. Wat is "they"?

MR, MOFFETT: Ckay. |I'll rephrase.

THE COURT: Yes. Rephrase.
Q The point is that these nolecules of water, as they cone
into the confined portions of the aquifer, they're each going
to have to nake their way through those pore spaces, correct?
A. | don't really look at it that way. | look at it from--
don't really look at nolecules. | |look at just the genera
novenent of water through the porous nedi a.
Q  Ckay.
A So | just look at it that water is going to nove through
the pore space in a particular direction.

Q  Ckay.

>

I -- I don't | ook at individual nolecules.

Ckay. That's fair. But the water is not all the same --
the water is obviously not all at the same depth, correct?

A. Correct.

Q And they -- the water has nmany different fates; would you
agree that?

MR. BRANSON: Objection. | don't understand what

"fates" neans.
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THE COURT: All right. Overruled. You may ask the

questi on.
Q They don't always -- they don't go to the sane place when
t hey -- when they travel ?

A. Wiat's "they"?

Q The water, the nolecules of water that constitute the water

in --

A. | don't deal with nolecules, but if we talk about the
water, the water will go in different |ocations, yes.

Q Al right. Now, is the quality -- | think you mght have
covered this earlier, but the -- there are sone fairly

significant differences throughout the Mddle C ai borne Aquifer
systemin terns of water quality, correct?

A. | didn't cover it, but there are differences in water
quality within the Mddle C ai borne Aquifer.

Q Right. Could you generally describe as nmany patterns of
that as you can descri be?

A. | don't know the -- random

Q | nean, are there areas in the Mddle C ai borne Aquifer
hydrologic unit that are known to be of less quality than

ot hers?

A. |I'msure sonewhere in the aquifer there's going to be a
di fference.

Q You can't provide any infornmation on that?

A Well, like | said it's random So you asked for a pattern.
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And there's not like a trend or big block over here and a big
bl ock over there.

Q Okay. So it could be every -- all over the place?

A. The water quality can vary wherever

Q GCay. Dr. waldron, you've been studying the Menphis Sand a
long tinme, and | think you said since the 1990s. You woul d
agree that the Mddle d aiborne Aquifer unit is extrenely

conpl ex, correct?

A. It has its heterogeneities.

Q As you testified earlier, there are variations in

thi ckness, transmi ssivity, and water quality, etc., throughout
the M ddl e d ai borne?

A. | testified that there were variations in the thickness and
the hydraulic conductivity, and the storage, and in the
porosity.

Q And are there differences in the depths at which you can
find sand that is capable of producing water into a well?

A. Say that again?

Q Are there differences in depths as -- if you were to drill
a hole, a water well, right here in the mddle of this
courtroom and sink a water well, and find water, that doesn't

nmean in the Mddle O ai borne you can nove 100 feet and be
assured of finding water there, correct?
A. In the Mddle d aiborne Aquifer?

Q Yes.
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A. Li ke anywhere, or --

Q Al I'msaying, things change as you go to different

| ocations within the Mddle Cl aiborne in terns of the formation
and the thickness of the sand, presence of clay |ayers, that

ki nd of thing?

A Well, | nmean, there are recogni zed regi onal changes. |
don't think there's any scientific publication that has

pi geonhol ed the M ddl e C ai borne Aquifer to understand every
possi bl e variation that exists on those natters that |

menti oned that give you that fine of a scale. W have to
generalize what is going on in this regional system

Q That's nerely -- all I"'mtrying to say is we know a | ot of
general things, but there's a lot nore specificity that could
be | earned about the M ddle d ai borne Aquifer unit, correct?

A.  Yes.

Q Oay. Now, let's talk about -- just briefly about cones of
depression. Now, you agree with ne, don't you, that a majority
of the groundwat er punped in Shel by County and fromthe Menphis
Sand is punped by MLGWN correct?

A. | agree with that.

Q And would you agree with ne that the punping in Shel by
County is creating a cone of depression that extends into
DeSot o County, M ssissippi?

A. | agree with that.

Q And would you agree with me that the cone of depression
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causes water to be diverted to -- to be diverted toward the
center of a cone?

A Can you go back to the question prior? 1Is that all right?
Q Yeah. Sure.

A. Sure. Can you ask the question again?

Q Let ne get an answer -- | believe | --

A I just wanted clarification. D d you say that M.GW caused

cone of depression, or just punping?

Q I -- well, let's nbve on
A. Ch, | can't do that?
Q If you feel like it needs to be clarified, counsel can do

that for you.
A. Sorry. So what's your question, the new one?
Q WwWll, the new one, | guess, would be the cone of depression
t hat has been created by the Shel by County punpi ng causes water
to be diverted toward the center of the cone, correct?
A. No. There's one cone in the western part of Shel by County,
and then there are other cones as well. And it's not just the
Shel by County punping; there's punping by M ssissippi along the
border, so it's also forcing that gradient into the northwest
direction. As that water noves past those wellfields, it's
still already in the gradient, and it's still noving toward the
cone i n Shel by County.

So it's a nmuch broader cause and effect. |It's not

just one singular --
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Q Ckay.
A.  -- thing.

But the cone of depression caused by Shel by County punping,
you woul d agree, has caused water underlying DeSoto County in
the Mddle Caiborne to flowinto Tennessee for capture by M.GWNV
and ot her punpers. That's just happeni ng, correct?

A. Correct. There is punping that is occurring in Shel by
County that has pulled sonme water that -- across the state |ine
that -- but there is also that natural novenent of water from

M ssi ssi ppi and Tennessee. So that has to be kind of

considered as well, that you have that natural novenment in that

di recti on anyways.

Q
A.

Q

Vell, we'll talk about that | ater. But - -
Ckay.

Regardl ess of what direction the water is flow ng, whether

it's noving fromeast to the west or whether it's noving from

t he

sout heast to the northwest, water that is located in

M ssissippi is being pulled into Tennessee by M.GW punpi ng,

correct?

A

It's being pulled into Shel by County by various punpers,

not just MGW

Q
A

But includi ng ML.GAP
But including MLGW vyes, sir.
Now, woul d you agree with nme that -- strike that.

Dr. Wal dron, when your deposition was given in 2007 --
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and certainly you'll have a opportunity to correct nme if 1've
stated this wong; |I'mjust trying to get sone things clarified

here and tal k about a coupl e things.

You' d said previously that you first | earned of the
exi stence of the cone of depression extending from Menphis into
DeSoto County in 1999, when you were | ooking at sone
potentiometric nmaps, correct?

A. | don't recall

MR. BRANSON: Your Honor, if we're going to be citing
a 2007 deposition, 1'd ask we have a transcript and page cites
and the 1|ike.

MR MOFFETT: Well, we can turn this on page 113.
I've got the deposition. | was just trying to nove things
al ong.

Q Wien did you first learn of the exi stence of the cone of
depressi on extending from Menphis into DeSoto County?

A. | don't recall

Q kay.

THE COURT: He can | ook at the previous transcript.

MR. MOFFETT: Yes, sir.

THE COURT: If it's avail able.

MR  MOFFETT: Yes, sir.

Your Honor, do you want one?

THE COURT: We'll take a short recess while he's

| ooki ng at the deposition. W'II|l take a ten-m nute recess.
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(Recess)

THE COURT: You may continue wth your questions.

MR, MOFFETT: Thank you, your Honor.
BY MR MOFFETT:
Q Dr. Waldron, | handed you a copy of your deposition from
2007, and I'm going to be asking about sone testinony that
appears on page 113. And there, beginning at line 11, this
question was asked: "Do you recall when you first |earned of

t he exi stence of the cone of depression extending into DeSoto
County, M ssi ssippi ?"
"A Since 1999, just |ooking at potentionetric naps and
recalling their shape.™

Does that refresh your recollection?
A. Well, no, it does not refresh ny recollection. But in
reading it, yes, | think it was at that tinme -- because | just
started back in 1999, being away, and | had revisited naps and
recogni zed the cone of depression.
Q And Dr. Waldron, feel free to -- I'"'mgoing to ask you j ust
a few foll owup questions that were addressed here on pages 113
and 114. | just -- if you don't recall, and you certainly can
read your testinony there, but based upon this testinony, it
seens that the maps you were | ooking at were Criner & Parks,
correct?
A. Correct.

Q And the maps included 1960, 1970, and 1975, and then the

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 23, 2019

931
Wal dron - cross

Criner & Parks maps fromthe '80s, correct?

A. Correct.

Q Then it also says that Kingsbury had produced a map for the
USGS in 1995 that showed the sane thing, correct?

A. Correct.

Q Now, Dr. Waldron, Jam e Qutlaw was a graduate student at
the G oundwater Institute at Menphis State, correct? Do you
recall Jame --

A. Yes, | recall him | did not know he was a nmaster's

st udent .

Q And Menphis is now the University of Menphis?

A Yes, it is.

Q And you testified -- and if you want to, refer to page 181
to 182 of your 2007 deposition.

But woul d you agree that Jam e Qutlaw had reported
that -- had prepared a nodel that showed that nuch of the water
entering the Shel by County originated to the southeast in
DeSot o County, correct?

A.  So what was your question again? Sorry.
Q Wwll, Dr. Waldron, just |ook at page 182. You were shown
page -- first of all, let's stop just a m nute.

Dr. Waldron, |I've handed you a docunment that's been
marked as Plaintiff's Exhibit P51 in this case, and it's styl ed
"A groundwater flow analysis of the Menphis Sand Aquifer in the

Menphi s, Tennessee, area. Janes Eddie Qutlaw Jr., 1994."
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Are you famliar with that docunent?
A. | have seen it before, yes.
Q Al right. And it will speak for itself, but do you recall
that GAN used Jamie Qutlaw s nodel to prepare well head
protection plans for M.GA?
A. | do recall that, yes.
Q And the Janmie CQutlaw nodel is reflected in this docunent |
hand you, P51; this is what we're tal ki ng about, correct?
A. I'massunm ng they're one and the sane.

Q You don't have any reason to think there's a different one,

do you?
A. | do not have any reason to think there's a different one,
no.

Q Dr. Waldron, isn't it true that at sone point, Randy Gentry
asked you to help himl ook at the anobunt of water that m ght be
coming from M ssissippi into Tennessee?

A.  Yes, he did.

Q And you all used a fl owdown analysis to get an estinmate of
t he anount ?

A. As best we could. W had a plot of a potentionetric
surface, and then we drew flow |ines perpendicular to the
contours and used Darcy's Law to estimate what that flow may
be, if |I recall correctly.

Q And the results of your analysis was -- | guess the result

was that y'all concluded that w thout quantifying the anount,
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you concluded that there was in fact water flow ng from DeSot o
County into Menphis as a result of punping?

A. | believe that we napped that there was fl ow goi ng across
t he M ssi ssippi/ Tennessee state |ine.

Into --

Into the Mddle d ai borne Aquifer.

From M ssi ssi ppi into Tennessee?

Yes, from M ssi ssi ppi into Tennessee.

O >» O > O

Dr. Waldron, you recall that in 2003, M_.GW asked GWN to
| ook at an alternative water supply source for Menphis?

A. No, | don't.

Q You don't?

If you would -- perhaps |'ve msstated that, but if

you would turn to page 93.

A. In the sane thing?

Q Yes, sir, of that deposition transcript.

A, Ckay. I'mthere.

Q So look at line 7 on page 93.

A.  VWhat now?

Q I'msorry. Wat?

A, \What?

Q Let's start on |line 9.

A 97

Q Part of the question on page 93. It says, "Has GW ever

been asked to | ook at alternative water supply sources for the
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City of Menphis other than the Menphis Sands aqui fer?"
And your response was "Yes."
A. Ckay. Yeah, that was a -- you didn't m sspeak; | got
confused when it was alternative source. That was a
reinjection of water, fromwhat | renenber. It wasn't a -- it

was taking water, treating it, putting it back into the system
t hat you would pull right back out. So you already pulled it
out. You already punped it back. You treated it, put it back
if. And then you punp it back out when you need it, and
there's | ess treatnent costs.

That was -- that particular topic, that was -- of that
nat ur e.
Q Dr. Waldron, | think you testified earlier that the punping
of groundwater fromthe M ddle C aiborne Aquifer unit in
Tennessee can have effects on the hydrol ogic conditions
existing in Mddle C aiborne in M ssissippi, correct?
A.  Near that boundary, yes.
Q Okay. And does pumping fromthe Mddle d aiborne in one
state al ways i npact anot her state?
A. No, it does not. |If you are near the boundary, then it
wll. If you are far fromthem because Mddle C aiborne is so
regionally extensive, you could be further south in the
M ssi ssi ppi, or further north, and not have that i npact.
Q Dr. Waldron, before a water operator installs and begins

punpi ng water froma water well, can a cal cul ati on be done to
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predict the extent and depth of the cone of depression that
woul d be caused by that punping?

A. Could you repeat the question one nore tinme?

Q Before a water well is turned on for operation, can the
operator of that well make a prediction, do a cal cul ati on and
make a prediction, sone reasonable prediction, that punping --
areal extent and the depth of the cone of depression that would

be created by that well punping?

A.  You said before they start drilling?
Q  Yeah.
AL So it's -- you' d have to be based on a nunber of paraneters

that you would have to assune for that particular |ocation.
Based upon the nunber of paraneters, you could put it into an
anal yti cal nodel and determ ne what that drawdown coul d be.

Q Yes. So you nay have to apply sone informati on you have on

hand, which you can do an estimate at |east, correct?

A It's -- if you -- wherever you want to put the well, you
have that infornmation nearby, then you could. |If you don't,
then you're going to need to test -- drill a test well and get

t hat information.

Q Oay. Are there steps that can be taken as part of
wel |l field design to reduce the areal extent or depth of a
wel | 's cone of depression?

A. | don't really deal with wellfield design, so ...

Q Cay. So you don't know anythi ng about well spacing, and

Alpha Reporting Corporation




© 0 N oo o A w N P

L e
N W N B O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

VWl dron - cross 936
i ssues such as that?
A | do understand the concept of well spacing, yes, sir.
Q And what is that concept?
A. In -- are you talking about with regard to drawdown?
Q Yes.
A That well spacing, if you are -- your wells are far apart,
they' Il each create their own cone of depression. As when
wel | s cone cl oser together, those cones of depression wll
cross each other, and you'll see that affect drawdown.
Q Are there steps in -- and if you don't know, just say so.

But are there steps that can be taken as part of the well
operations which will help manage, so to speak, the areal
extent or depth of a cone of depression?

MR. BRANSON: Your Honor, just for the record, I'd
like to renote our rel evance objection to this and preserve it
for the record as applied to this witness. And this is beyond
the scope of the interstate aquifer --

THE COURT: | understand it is. [|'ll approve himto
ask the question.

A. Ckay. Ask it again.
Q I don't think so.
A.  She can read it back.
Q | barely made it through the first tine.
Ckay. Are there steps that can be taken as part of

wel I field operations which can hel p manage or mitigate the
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potential effects of a cone of depression?

A. I'msure there are steps that can be taken to do that. |
think there was a variety of paraneters that you' d have to | ook
at .

Q Have you heard about the concept of punping time, turning a
well on for 12 hours and turning it off for 12 hours? Are you
famliar with that?

A I'mnot famliar with the term but | understand the
concept of turning a well on and off.

Q Okay. And so as you turn the well on, the cone of
depression is created; and it's created, correct? And then as
you turn it, the punp -- the well off, that cone of depression

shrinks, contracts, disappears?

A. Correct. | don't knowif it necessary -- it wll expand
and turn off, it wll start to contract. |If you turn it back
on, it's going to -- sorry about that.

It will catch itself and keep goi ng.

Q Okay. But that's the idea. You punp for 12 hours, the
cone goes out, turn it off, cone cones back in, punp 12 hours,
cone cones out -- like that. Correct?

A. To a degree, in a rough sense.

Q Oay. And Dr. Waldron, you studied Mddle d aiborne a | ot,
the Mddle C aiborne Aquifer unit. And there is, would you
agree, a significant amount of high-quality groundwater in the

M ddl e d ai borne Aquifer unit in Wst Tennessee north of
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Menphi s, correct?

A. | can't speak for all of West Tennessee.

Q How about part of it? |Is there sone good high-quality
water in the Menphis Sand to the north of Tennessee -- north of
Menphi s?

A. | think that what we have -- what we nentioned before, that
in the Mddle C aiborne Aquifer, there's a variation of the
chem stry that can occur. So there are places where you w |
have high quality, yes; and there will be places where you
don't have that high of a quality. So ..

Q But you could go up there and find the good stuff, | guess,
if you wanted to, right?

A.  Yeah, | guess you could |i ke see where it's good al ready,
and hope that it's going to be the sane. But there's no
guarantee that it would be.

Q Okay. Dr. Waldron, | want to talk a little while about
predevel opnent flow. And you presented extensive testinony

t oday about your concl usions that you reached on that. | want
t o under stand, when that process started, about -- and you may
have said this earlier, and | apologize if | mssed it; but
when did you begin investigating the predevel opnent flow issue
which resulted in your preparation of this article that you

di scussed today?

A. It pretty nmuch began around the -- in the 2006, early 2007.

Q Wien you began the study -- or before you began the study,
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were you aware of the fact that the State of M ssissippi had
sued M_GAP
A.  Yes, | was.
Q Andisn't it true that before you began your study, you
were retained by MLGWas a nontestifying consultant?
A. | don't recall
Q Wien you began your study that resulted in the publication
of this article, did you have an understandi ng of the clains
that were being made by M ssi ssi ppi agai nst MLGWin that
litigation?
A. | don't recall the exact clains, but I was obviously aware
of the lawsuit between the State of M ssissippi and M.GW and
the Gty of Menphis. So | know the paraneters, too, have been
required to provide a | ot of docunmentation to it.

MR, MOFFETT: Your Honor, may | speak with ny ...

THE COURT: Yes.

MR, MOFFETT: Thank you, your Honor.

BY MR MOFFETT:

Q Dr. Waldron, | believe -- you also nay not recall, we don't
have to go into details -- but when you gave your deposition in
2007, you -- | believe you said that the study was underway at

that tinme. You hadn't finished it.
A. Correct.
Q | think we heard sone testi nobny about who was hel pi ng you

with that, gathered sone information. Wo all hel ped you

Alpha Reporting Corporation




© 0 N o o A~ 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 23, 2019

Wal dron - cross

collect the data that you've tal ked about here today?

940

A. My nom Hey, great. Suprene Court. That's fantastic.

Q I'msure she's a wonderful | ady.

A.  Thank you. Yes. Sure she is.

Q She hel ped you?

A. She hel ped nme sone, yes, sir.

Q So when you were tal king about all this work you did, sone
of that -- all that work wasn't done by just you?

A. The mgjority of it. M nmomwent with ne to the Kirby farm

she knew where they lived. And she also |iked geneal

only when | went to the Menphis library, she knew --

was in charge of the historic docunents section.
who that was, so she helped ne get into that.
So yes, she --

Q It's okay. I'mjust trying to understand.

So

ogy, SO
her friend

she knew

So was there anybody el se that hel ped you with the

proj ect?
A.  No. Unh-uh.
Q Cay. Al right.

A. No, sir.

Q So when you -- when did you reach your conclusions that are

reflected in the article that has been di scussed today?

A. | don't recall.

Q Do you recall when you submtted the article to the

Anerican Water Associ ation for publication?
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Wll, let nme help you out. That was a terrible
questi on.

So D174, if you want to pull that up. It should be in
your not ebook. D174.

A. Thi s not ebook?

Q Yes. |It's your predevel opnent groundwater article.
A.  Ckay.
Q Oay. See down there in the footnote, it says -- it |ooks

like it was received January 24, 2013. Right?

A. 2013, yeah, is that -- yeah.
Q I'mjust trying to pin down when you m ght have w apped up
the project in -- | realize you m ght have polished it up a

little bit before you submtted it, but I'"'mtrying to get an
under st andi ng of when you first reached the --

A | don't recall.

Q Okay. Dr. Waldron, what are the differences in flow
direction in a confined aquifer versus an unconfined aquifer?
A.  The groundwater flow direction in a confined aquifer system
is nore snooth, and it noves in the direction of |ower

pressure; whereas in the confined system it still noves in the

direction of |ower pressure, but noves toward di scharge points.

Q Now, you say on page four of your article, you said, "In
t he unconfined regions"-- | apologize; 1'll give you tine to
get there.

A Al right.
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Q Onthe left-hand side, first full paragraph:

"I n the unconfined regions of the Menphis Aquifer,
groundwat er gradi ents are expected to be toward the river
systens simlar to what is observed in a shallow aquifers --
aqui fer beneath Shel by County."

Did | read that correctly?

A. Yes, sir. You read it correctly.

Q Now, see there, in support of that, you cite G aham &

Par ks, 1986, and then Honduro in 20077

A.  Yes, sir.

Q Now, does topography affect the flow direction of
groundwater that is in the unconfined portion of the Mddle
d ai bor ne?

A. The water level in an unconfined portion of the -- the
water level in the unconfined portion of the aquifer wll
typically follow the topography. So where the topography is
hi gh, the water |level will be high; where the topography is
low, the water level will be | ow.

Q Are those such conditions present in the confined aquifer?
A. No, they are not.

Q Dr. Waldron, has your predevel opnent flow article and the
conclusions in there, have those been used by the USGS?

A. | don't know if the USGS has used them or not.

Q And counsel went through the Criner & Parks, the

Brahana & Broshears, MERAS, Reed; and basically your opinion on
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that is that you -- in your opinion, they all got it wong and
you're right. Correct?
A. M opinion is that | had data that was nore approxi nate of

t he predevel opnent condition, and therefore ny map shows what
t he predevel opnent condition was, versus in their map, based
upon how they produced their data, it differs definitely from
what mne is.
Q R ght. And you say your map is correct and their naps are
i ncorrect?
A. | would say that ny map is nore correct and their map i s
| ess correct, yes. Not correct.
Q Is there any credence that can be given at all to the
Criner & Parks, Brahana & Broshears, MERAS, and Reed maps?
A. Any credence?
Q Yes. Are you just saying all this -- all these maps are
just junk?
A. Well, they had their maps, except for Criner & ParKks;
theirs was just for Shel by County. The others were nore
regional. And in the regional sense, they do show that basic
trend novenent of -- on a regional scale, from-- toward the
syncline of the M ssissippi Enbaynent, and then it turns
southerly areal toward the goal. That's the typical novenent
of groundwat er.

So they do illustrate that. But at a higher scale on

ny particular figure, at that |ocation, ny depiction of the
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predevel opnent i s nore accurate.

Q That's your opinion, correct?

A. Yes, sir, that is ny opinion.

Q And USGS has been citing and relying on those papers for
years and years, haven't they?

A. To ny know edge, they have cited those papers in subsequent
publ i cati ons, yes, sir.

Q And how nmany tines has USGS cited your predevel opnment flow

map?

A. | am-- | don't know what they have cited.
Q So to your know edge --

A O --

Q To your know edge, they've never cited?

A. You tell nme. | don't know.

MR, MOFFETT: Pull up Slide 8. Can you bl ow that up.
Expand it out a little bit so Dr. Waldron can see what we're
| ooking at here. This is -- he needs to see nore of the page.
Need to see what figure's on there.
Q Dr. Waldron, do you recognize this as Figure 13 from your
predevel opnent nap -- predevel opment groundwater article?
A. Figure 13 is in what docunent?
Q Exhibit D194, which is your publication.
A.  Oh, that publication.

MR. BRANSON:  Your Honor, 194 is Dr. Larson's expert

report. | think that m ght be -- what's taking --
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MR. MOFFETT: Fromthe wong pl ace.
THE COURT: Do we have what this docunent is?
MR. MOFFETT: Yes, sir.
BY MR MOFFETT:
Q Let ne ask you this: This is -- Dr. Waldron, if you would
turn to your -- if you have D174 in front of you.
A 1747

Q D174. That is your --
A Cot it.

Q And if you would turn, please, to page 17 of that docunent.

D174.
A. | amthere.
Q Oay. |Is there a map on there?

A.  Yes, there is.

Q And just in terns of the substance of it, is the map on
page 17 of D174 the sane map that now appears on the screen?
A. Yes, sir, it is.

Q Okay. Dr. Waldron, M. Branson covered this; | just want
to make sure | understand. So how many wells were used to
prepare this nmap?

A. | had 27 control points.

Q And how many of those 27 wells were in the unconfined
portion of the Mddle C ai borne Aquifer units?

A. | would have to count them but -- hang on.

Q It nay be easier if you count the confined, but --
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A.  14ish, 15ish.

Q Al right. Well, let's do it this way: Wuld you --
excluding the wells north of Shel by County and Fayette County,
how many wel |l points do you have in the confined portion of the
Menphi s Aquifer?

A I'msorry. | mssed the first part. Fromwhere to where?
Q Let ne ask you this a different way: How many | ocations do
you have in Shelby County that are in the confined portion of

the Mddle C ai borne Aquifer unit?

A. Fromwhat | can tell on the map -- it's just kind of small,
but -- one, two, three, four -- about four.
Q Cay. And --
A.  You said "Shel by County," right?
Q Yes, sir.
A.  Yes.
Q Yes, sir.
And you had -- how many wells do you have in
M ssi ssippi, in the confined portion of the Mddle C ai borne

Aqui fer unit?

A. In the Mddle C aiborne? Looks |ike two of them

Q And --

A. Because you get below that transition, but | can't renenber
where the depth is of Nunber 5. So in DeSoto County, one.

Q And then there's two in Marshall County, in the -- in the

unconfi ned, correct?
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AL One is in the unconfined. | cannot recall what happens on
Nunber 5, because | only drew the -- yeah. Yeah, that woul d be
it.
Q Okay. But just to be clear, let's look -- let's think
about these wells in Mssissippi. To be clear, those wells do

not exist any longer, right? They did not exist at the tine
you did your study, correct?

A. Correct. They did not exist.

Q So you had to estimate the location of -- |ocations of

t hose wel | s?

A. As best | could, yes, sir.

Q Now, if you would |Iook up at the nmap, in Fayette County

there, why didn't you -- what is a flow line?

A. Flowline is a groundwater flow perpendicular to the -- the
equi potential |ine.
Q And up there in Fayette County -- let ne ask this question:

Wiy didn't you put flow lines on this map?

A.  That was not sonething | considered doing.

Q If youdid put flowlines on this map in Fayette County,
let's | ook down there at Well 87 -- or rather 12. 12.

A.  Yes, sir.

Q Wiat would be the flow directions out around that well?
A. Fromthe contour, it is going to be toward the river and
then toward the west.

Q Cay. But so belowthe river, the flowline's going to
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head to the north, correct?

A. They're going to head to the northwest.

Q Okay. And then just above Location 12, the flow |line noves
to the south, correct?

A.  To the sout hwest.

Q Oay. And then if you go up north of Fayette County,
there's a little -- it looks |like a dip there, where you have
Locations 8 and 16. Wat would the flow lines |ook |ike there,
if you drew t henf

A. They're going to be toward the Hatchie River, or a
tributary of the Hatchie River. It would be -- at 8, there

woul d be west, toward the river. And then when you curve that

around on the other -- the -- com ng around towards 16 and
going up, it will be east toward that tributary.
Q Al right. D. Waldron, | want to nake sure | under stand.

So at Location 8, the flow line just above there, maybe that's
what you're trying to get at. Just that fun line that | ooks
like this little Uright there, which --
A.  \Were 91 is?
Q Yes. Yes. Yes.

Well, what are the flow directions in between that and
the mddle of that U?
A. That's what | just said.
Q Oay. So you've got -- in those areas we' ve | ooked at,

sone flowis going north, sone is going east, some is going
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west, sonme is going south in that Fayette County -- those
Fayette County points we | ooked at?
A.  Yeah, they're going different directions, yes, sir.

MR, FREDERI CK:  Your Honor, while we're waiting, we
were wondering if you m ght consider extending the trial day
today until 5:30, so that we could maxim ze our chances of
finishing the hearing by tonorrow.

THE COURT: W can. Yes.

MR. FREDERI CK:  Thank you.

THE COURT: Ckay.

BY MR MOFFETT:

Q Dr. Waldron, you see on there, just south of DeSoto County,
there's a county called Tate County. Do you see that?

A.  Yes, sir, | do.

Q Now, is it your opinion that water located in the pore
spaces of sand in the Mddle C ai borne underlying Tate County,
that water is interstate water?

A.  Yes, | do.

Q Even if that water has been |located in that area and has
been | ocated within M ssissippi for thousands and t housands of
years, and m ght be | ocated in M ssissippi for another thousand
years, you -- it's your opinion that that water is an
interstate resource?

A. Yes. The concept is that, as has been throughout the core

period, is that the Mddle d ai borne Aquifer is reasonably
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extensive, and therefore it crosses the state |ines, and that
the water in that aquifer, irregardless of tine, rest of the
time spent in the system is not a factor because water is
novi ng across the state lines. As sonebody said earlier, right
now, at this very second, water is noving across this
interstate system

Q Okay. What about water that is |ocated in Shel by County,
Tennessee? Are you saying that the water in Shel by County,
Tennessee, is a shared resource, interstate resource avail abl e
for taking by M ssissippi through punping?

A. | believe that the Mddle d ai borne Aquifer, being a
regional extent that it is, is a shared resource by all the

states, and by different uses as well.

Q Dr. Waldron, |1've handed you a docunent, Tennessee statute,
Tennessee Code Section 68-221-702. And I'Ill read it. It says,
quote: "Recognizing that the waters of the State are property

of the State and are held in public trust for the benefit of
its citizens, it is declared that the people of the State are
beneficiaries of this trust and have a right to both an
adequate quantity and quality of drinking water."

Did you, in reaching your conclusion that the water in
Shel by County is a shared interstate resource, take this
statute into consideration?
A. No. | did not know that this existed.

Q Dr. Waldron, | know there's been a good bit of activity up
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in the Shel by County area over the TVA's plan -- | guess former
plan -- to punp water fromthe Menphis Aquifer. Are you
famliar with that?
A | amfamliar with that situation, yes, sir.
Q Just -- we're not going to get into the details of it, but

just for the Court, would you just give a brief general

overvi ew of what that issue is?

A. The issue that has been raised in the papers, and from what
the public have said, and other officials, is that the
Tennessee Valley Authority had placed production wells into the
M ddl e C ai borne Aquifer for the intended use of steamfor
their new cycle plant, and that there was di sagreenent, | guess
you coul d say, by people of the use of the water for that
purpose. And there was sone expressed concern regarding the
potential of |ocal contam nation to the M ddl e C ai borne

Aqui fer at that site.

Q Are you aware of the fact that the State of Tennessee sued
the Tennessee Valley Authority in Chancery Court for the State
of Tennessee, Davidson County? Are you aware of that?

MR. BRANSON:  Your Honor, there's been no foundation
laid for that. | don't think that's true. I'd object to the
questi on.

THE COURT: That objection is sustained. You may
place it in the record later if you wish to.

MR. MOFFETT: Your Honor, I'Il lay a basis for it,
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t hen.

BY MR. MOFFETT:

Q Dr. Waldron, you're not famliar wth this docunent at all?
A. No, sir.

MR, MOFFETT: Ckay. Just -- | will just mark it for
identification, your Honor. But what |I'd |like to do is just --
again, just to note for the record, this is a notice of renoval
that was filed by the Tennessee Valley Authority, and attached
to that notice of renoval is a verified conplaint filed by the
State of Tennessee agai nst Tennessee Valley Authority. And in
paragraph 13 of that verified conplaint that was filed by the
Attorney CGeneral of the State of Tennessee, the State of
Tennessee said, "The CGeneral Assenbly has declared that the
wat ers of Tennessee are the property of the State and are held
in public trust for the use of the people. Tennessee Code,
annot at ed secti on 69-3-102A."

I'd like to have that narked. For purposes of the
question, | wish to see if he was aware of this and if he took
that into consideration in form ng his opinion.

THE COURT: Well, if he says he doesn't know anyt hi ng
about it --

MR. MOFFETT: That's what | -- | just need to have it
mar ked. That's the point.

THE COURT: Ckay.

MR MOFFETT: Your Honor, we'll have this nmarked as

Alpha Reporting Corporation




© 0 N o o b~ w N P

L e
N W N B O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

953
VWAl dron - cross

P212, correct?
THE COURT: Ckay.
MR. BRANSON: No objection.
THE COURT: That will be filed.
(Plaintiff's Exhibit P212, was marked for
identification.)
BY MR MOFFETT:
Q Now, Dr. WAldron |I've seen where fol ks up in Menphis

sonetines refer to the Menphis Sand or the Menphis Aquifer as

"our aquifer." Have you heard it called that?
A. | don't recall.
Q Oay. And that phrase isn't known to you at all, "our

aqui fer"?
A. Doesn't ring a bell.
Q Now, you understand, do you not, Dr. WAl dron, the position
of Tennessee and MLGWin this case is that if M ssissippi has
concerns about or has been damaged by ML.GW s pl an, then
M ssissippi's sole judicial renmedy is an equitable
apporti onnent of the M ddle d ai borne Aquifer; do you
under st and t hat ?

MR. BRANSON: (Obj ecti on.

MR. D. BEARNMAN: Your Honor --

MR. BRANSON:. He's not a |legal expert. He's not here
to tal k about | egal renedies.

MR. D. BEARMAN. For either party, your Honor.
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THE COURT: (bjection sustained.
BY MR MOFFETT:
Q Dr. Waldron, in your view, the fact that -- in your opinion

that the Mddle C aiborne Aquifer is a shared interstate
resource, do you understand that to nean that M ssissippi can
install wells just south of the Tennessee border and punp as it
may pl ease and capture water from Shel by County?
A. My opinion on the matter is that we need to foll ow al ong
with what started with MATRAS back in 2003, where we all got
together -- | won't say as one happy famly, but we were -- we
all got together, the scientists, the different agencies, the
USGS, the Corps of Engineers, and we all got together, and we
said, "What are we going to do to | ook at the systenf? Because
it is regional, what are we going to do to keep it sustainable
for all the various uses and all the various people in these
states to nmake it a viable resource?”

That's nmy -- that would be ny -- ny opinion.
Q That's your personal preference, | suspect. But in terns
of what M ssi ssippi could do, based upon your opinion that this
water is an interstate natural resource, M ssissippi could
install, under your view of what this constitutes could install
100 wells just ten mles -- or ten feet south of the Tennessee
border and punp if it wants to, and Tennessee's only judici al
remedy woul d be equitable apportionnent. Do you under st and

t hat ?
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MR. BRANSON: Your Honor, sane objection as before.
He's not here to tal k about judicial renedies.

THE COURT: (Objection sustained. You nay argue that
| ater.
BY MR, MOFFETT:
Q Dr. Waldron, we're going to tal k about residence tine in
just a little while. Now, you agree, and you clarified on your
direct testinony that you -- your opinion, or rather in
formul ati ng that opinion, you do not -- did not take residence
time into consideration, correct?
A. Correct. | did not take residence tine into consideration
in the fornmulation of the -- of the interstate aquifer --
M ddl e C ai borne Aquifer.
Q So in your view, even if water were to remain in the Mddle
Cl ai borne in M ssissippi under natural conditions for tens of
t housands of years, the water woul d be interstate groundwater
and not intrastate groundwater?
A. No matter how |l ong the groundwater is in the ground, if it
is crossing a political boundary, it is an interstate border
system
Q Okay. Let's break that down, because that's what | want to
tal k about, nol ecul es.
A. Oh, okay. o ahead.
Q Because there is water -- hey, nolecules of water that w |

stay in the State of Mssissippi's water tens of thousands of
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years, correct?
A. Certainly.
Q Al right. So I'mtal king about that discrete nol ecul e of
water. It's your position that that nol ecule of water, even if

it'"s in the State of M ssissippi for thousands of years, is
interstate groundwater, that nol ecule of water?

A. |If there is water that is 10,000 years old and that did
exist within the State of M ssissippi, because that water is
part of the Mddle d aiborne Aquifer, that water is interstate
wat er, yes, sir.

Q Oay. Now, in terms of the -- your decision to not take
resi dence to have any consideration, did you reach that

deci sion to not consider residence tine based upon any type of
publication, scientific or otherw se?

A.  No. It was not -- no.

Q You sinply decided yourself that it was not relevant?

A It's in ny opinion intuitive that you have this aquifer
systemand it crosses political boundaries, and the water is
nmovi ng across it; hence, interstate.

Q Assuning average flow velocity under natural conditions of
one inch per day, would you agree that it would take about 175
years for water, groundwater, in the Mddle C aiborne Aquifer
to travel one mle?

A. | have to run the cal cul ati on.

Q Cay. So the one inch a day can travel 365 inches in one
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year, right? So about 30 feet a year?
A. Well, are you -- is your one inch per day Darcy velocity or

t he regul ar groundwater velocity?

Q I'mtalking about flow, negative flow of velocity, that --
A. (Go ahead. ' msorry.

Q Yeah. And you can just assune ny cal cul ati ons are correct
if you want, just --

A. Based upon a flow velocity, and then sone di stance or tine,

you'l | get some di stance out of that.

Q Well, if it's noving at an average of an inch a day, it
would take -- it would nove 30 feet in a year, approxi mately?
A.  Ckay.

Q Oay? And so you can -- subject to check, it would take

about 175 years for that nolecule of water to travel one mle,
okay?

A, Ckay.

Q Now, punping of course accelerates the flowrate as it
noves into the -- noves toward the well, right?

A.  Yes, sir, it does.

Q Now, let's pull up Slide 9.

So this is -- these are sone flow |lines you put in
here to show what you believe is the flow direction of
groundwater in the Mddle C ai borne as depicted here, correct?
A. They're rough approxi nati ons, yes.

Q So let's pick the southern nost flow line. There's no
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scal e on here. But you have an approximtion of -- see the
southern nost flow line, you do see, see that there would be
some water that enters M ssissippi and fl ows nort hwest over
that track that you ve shown there, right?

A. The one -- the southern one?

Q Yes, sir.

A Yes, sir.

Q Cay. Can you give nme an estinmate of about how many m | es
it would -- that flowline is there that you have drawn in
green there?

A.  An estimate?

Q Yes.

A. Thirty maybe?

Q Oay. And what you're depicting there is groundwater that
entered the outcrop in DeSoto County, M ssissippi, flowed in a
northwesterly direction, and eventually exited the state of

M ssi ssi ppi, correct?

A.  Yes, sir.

Q ay. So based upon that flow path, for a nol ecul e of

wat er entering the outcrop, how long would it take -- again, an
estimate -- for that water to exit Mssissippi if the flow
velocity is one inch a day?

A. 1'd love to have a calculator. [I'mnot that fast with that
kind of stuff.

Q Let's do these -- we agree it saves 176 miles in a year.
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If it takes 176 mles to go one mle, so to go ten nmles you're
t al ki ng about 1,760 mles --

AL 176 mles to go one mle?

Q If it takes 176 years for that nolecule of water to fl ow
one mle --

A. Then 30 tines that.

Q Yeah, you don't have to do that math; 1'I|l break it down
for you.
A. That's easier, but -- convert frominches to feet to m|l es.

Q Wl do tens.

A.  Excellent.

Q So let's say that flowline were only ten mles long. It
woul d take how |l ong? 1,000 --

A. 30 what --

Q No, ten tinmes 176: 1,760 years to go ten niles?

MR. BRANSON: If all we're doing is just multiplying
nunmbers, we'll stipulate to the math out of court. | don't
think we need to ask the witness to multiply nunmbers on the
st and.

THE COURT: You may put that in your argunent | ater.
That's fine.

MR. L. BEARMAN.  Your Honor, | al so suggest that what
we're hearing is argunent, rather -- in the alleged form of
questions, and I -- |'ve heard your Honor's ruling, and I

understand it, on relevance; but | think this goes beyond the
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pal e.

THE COURT: | think you're right. There's no sense in
arguing with this witness. You can do it by math | ater, show
it in your briefs and argunent whether you're --

MR. MOFFETT: Ckay, your Honor.

BY MR, MOFFETT:

Q But let nme nake sure, Dr. Wal dron, we were going to do one
thing. W can have sone di sagreenents about the flow

di rection, but you would agree, would you not, that there is
sonme groundwater in the Mddle C aiborne in DeSoto County that
has been within DeSoto County under natural conditions for

t housands of years?

A.  Yes, sir, | do.

Q GCay. And would you agree that there is sone groundwater
that enters the outcrops in M ssissippi, enters the confined
portions of the Mddle C aiborne in Mssissippi, and never
enters Tennessee under natural conditions; there is sone water
li ke that?

A. Yes, sir, | do agree with that.

MR, MOFFETT: If | nmy have just a nmoment.

That's all | have, your Honor.

THE COURT: Do you have any further questions of this
W t ness?

MR. BRANSON:  Your Honor, | have. M guess is between

five and ten mnutes of redirect, with your perm ssion.
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THE COURT: Ckay. | didn't ask Menphis whet her you
all want to question the wtness separately.
MR L. BEARNAN No, sir.
THE COURT: Ckay. Al right. You may proceed.
MR. BRANSON: Thank you, Judge Siler.
REDI RECT EXAM NATI ON
BY MR. BRANSON:
Q Dr. Waldron, how are you doi ng?
A. 1" m doi ng okay.
Q Do you recall M. Mffett's questions about the funding
t hat CAESER receives from M.GW?
A.  Yes, sir, | do.
Q CQutside of the context of depositions or formal litigation

process, has anybody at M.GW ever discussed your 2015 paper or
Def endant's Exhibit 174 with you?

A No.

Q Do you renenber when you first submtted your 2015 research
paper into the peer-review process at the Journal of the

Anmeri can Water Resources Associ ation?

A Yes. It was 2013, January.

Q And at that tinme, in 2013, were you aware of any litigation

that was still pendi ng between ML.GW and M ssissippi at that
tinme?

A. No, | was not aware of any litigation.

Q Wre you anare of any litigation still pending at that tine
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bet ween Tennessee and M ssi ssi ppi concerning the Mddle
Cl ai borne Aquifer?
A. No, | wasn't aware. | actually thought | couldn't publish

when it was 2007, because | didn't understand the system so |
t hought that | couldn't at all. And it wasn't until it cane
down fromthe Suprene Court that it was dism ssed w t hout
prejudice that | felt that | could conplete the study and
actually publish it.

Q And so when you felt you could publish it, it was because
you thought that the litigation that M. Mffett referred to
was over ?

A. Yeah. | mean, | thought | wasn't allowed to say anything.
Q Dr. Waldron, in your experience, when MGV funds a
scientific project that you do, what type of expectations had
t hey conveyed to you for how you should conport yourself as a
scientist?

A.  To be professional and unbi ased and et hical.

Q And given your experience with MLGWN what type of reaction
woul d you expect themto have if they found out that you had
slanted sonme scientific project you were doing to achi eve sone
political objective?

A. | would lose ny credibility and probably never get a

proj ect again.

Q MNow, do you recall M. Mffett's question -- and |I'mj ust

goi ng to paraphrase -- about whether you would ever be willing
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to, you know, say sonething publicly that m ght be averse to
MLGW? Do you renenber that question?

A.  Yes, | do.

Q I just want to nake sure the record is clear. Wuld you be
willing, as a scientist, to perhaps sonetinmes take a public

position that m ght be adverse to M.GA?

A. Yes. | may have not heard -- well, | guess | should have
said that, but yes, | would not do that. Sorry.
Q | don't understand. |'mnot sure --

A. Can you say it one nore tine?

Q Wuld you be willing, Dr. Waldron, on occasion to take a
public position that m ght be adverse to M.GA?

A.  Yes.

Q And is adversity to ML.GWsonething that you generally | et
gui de you when you' re doing your scientific work?

A.  Adversity? No.

Q Now, Dr. Waldron, we've talked a | ot about nam ng
conventions of these various things in the M ssissippi
Enbaynent this week. Do you renenber that?

A Oh, | renenber.

Q Do you recall your testinony in response to M. Mffett
about the, quote/unquote, "three or nore distinct aquifers”
line in the caption to Figure 1 of your 2015 paper?

A. Yes, sir, | do.

Q In what sense were you using the word "aquifer” when you
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said that?

A. It was a subunit to the Mddle d ai borne Aquifer, subunits.
Q And so for purposes of your opinion in this case, do you
think it natters whether we call this whole thing the Mddle
Cl ai borne Aquifer unit or whether we say that one part is the
Sparta and one part is the Menphis?

A.  No, we've been going over that so much, and -- you know,
there's so much confusion with the nam ng conventions. But
when you | ook at it fromthe M ddle Cd ai borne Aquifer

hydrol ogi c system as one system and it doesn't -- doesn't
matter that it's given different nanes.

Q Thank you, Dr. Wal dron.

MR. BRANSON: |'Ill pass the w tness.

THE COURT: Ckay. Any further questions?

MR, MOFFETT: No, your Honor. Thank you.

THE COURT: You can step down.

(Wtness excused)

MR. FREDERI CK: Your Honor, the state rests. And M.GW
has a witness, and we'd like to get his credentials on and get
that ball rolling, if that's okay, in our remaining tine this
afternoon. It won't take but a few mnutes to get his
testinony started.

THE COURT: Ckay. | said you could have to 5: 30,

SO ...
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DAVI D E. LANGSETH,
called as a wwtness by the Defendant Cty of Menphis,
Tennessee, and Menphis Light, Gas & Water D vi sion,
havi ng been duly sworn, testified as foll ows:

MS. ROBERTS: Your Honor, |I'mKristine Roberts, on
behal f of the Cty of Menphis, Tennessee, and Menphis Light,
Gas & Water Division. W call Dr. David Langseth to the stand.

THE COURT: All right.

DI RECT EXAM NATI ON

BY MS. ROBERTS:

Q WIIl you please state your full nane for the record?

A. David Eugene Langseth.

Q Dr. Langseth, are you here to testify to your opinions in
this case?

A.  Yes, | am

Q Before getting to your opinions, | would like to ask you
briefly about your background.

MS. ROBERTS: M. Taylor, are you ready to proceed?

MR, TAYLOR Al nost.

MS. ROBERTS: Wen you're ready, will you please bring
up Exhibit D1.

And, your Honor, we provided a notebook to everyone.

You could either follow along in the exhibit binder -- they're
noted by the exhibit nunber -- and we'll also put them on the
screen.
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THE COURT: Al right.
BY M5. ROBERTS:
Q Wile M. Taylor is getting set up, would you pl ease
explain, where did you obtain your university degrees?
A. | obtained ny bachelor's degree in civil engineering and

mat hematics at the University of M nnesot a.

Q And what year was that?

A. | received both degrees in 1977.

Q D d you conplete any undergraduate course work relating to
t he study of groundwater resources?

A.  Yes, | did.

Q Wuld you please tell Judge Siler about your undergraduate
work relating to groundwater.

A.  Yes, your Honor, there are two courses. One was a general
wat er resources course, included groundwater as part of it.
The other was a series of courses in what was call ed

geot echni cal engi neering, that included a very heavy conponent
of the flow of water through granular naterials, which is
effectively groundwater fl ow.

Q D d your undergraduate studies include any work in

mat hemati cal or conputer nodeling of groundwater?

A Well, it certainly did in mathemati cal nodeling, because
that's how we understand groundwater flow. It's really all

mat hemati cs of groundwater fl ow.

Wth regard to conputer nodeling, conputer nethods
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were quite new at the tine, and so they got touched upon. But
that wasn't really covered very nmuch, especially at the

under graduat e | evel .

Q Wuuld you pl ease explain, what is nmathemati cal or conputer
nodel i ng?

A Well, first off, mathemati cal nodeling is basically how we
characterize groundwater flow. Like the word "Darcy's Law' had
been nmenti oned, your Honor; you've heard that. That's an
equation that descri bes water novenent in the subsurface of
granular materials. And there are other equations, the
continuity equation, that we use, and that's how we under st and
and how we characterize groundwater novenent. So that's

mat hemat i cal nodel i ng.

Now, when you're tal king about computer nodeling, and
we | ook at | arge natural systens, they're too conplicated to
sol ve those equations by hand. So we can use conputers,

t hrough nmet hods commonly call ed nunerical nethods, to break
down a large area into snmall pieces. And we use the sane

mat hemati cs, and use it over those snall pieces, doing hundreds
of thousands -- in sonme cases mllions -- of calculations in
order to solve those sane fundanental equations over a |arge
area. And that's what we call nunerical or conputer nodeling.
Q Were you enpl oyed while you were an under graduate student
at the University of M nnesota?

A Yes, | was. | essentially worked all the way through to
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pay nmy way through school .
Q \Were were you enpl oyed?
A. A hydrol ogic engineering firmcalled Barr Engi neering.
Q VWat type of work did you do at Barr Engi neering?
A. A large part of ny work was hydrol ogic nonitoring; for
exanpl e, neasuring water levels in wells, as that is
groundwater nonitoring levels. | also did surface water
nmoni t ori ng. | installed groundwater nonitoring wells; for
exanple, | think it was in 1971, when | installed ny first
groundwat er nonitoring well, working for Barr Engi neering.

| also did water quality studies. | did |and
surveyi ng and construction resident engineering work, where |
was -- for exanple, | was the resident engineer for
reconstruction of the damin Northern Wsconsin. But the bulk
of my work through the years was this hydrol ogi ¢ nonitoring,
goi ng around and neasuring water |evels and groundwater
nmonitoring wells and neasuring | ake levels in | akes and also in
rivers.
Q Do you have any postgraduate degrees?
A. Yes. | got ny naster's and doctorate fromthe
Massachusetts Institute of Technol ogy, known as MT for short.
Q D d your postgraduate work at M T include any coursework in
hydr ogeol ogy or related to groundwater?
A. Yes. It did. | took two courses in hydrol ogy, both of

whi ch address groundwater as part of that coursework. And |

Alpha Reporting Corporation




© 0 N o o A w N P

e e o e
h W N P, O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

) 969
Langseth - direct
al so took a course that is focused in groundwater hydrol ogy.
And then | took another -- well, those were the ones that were

really on hydrol ogy and groundwat er.

Q D d any of your postgraduate work at MT relate to conputer
or mat hemati cal nodeling?

A. Yes, | took -- on that area, | took a course that was

f ocused on nunerical nethods for solving environmental

probl ems, which included of course groundwater, solving

equati ons of groundwater fl ow

In fact, | renmenber having to wite finite difference
and finite el enent code, you know, using conputer code to solve
t he equati ons and groundwater flow in that course.

Q Since you graduated from M T, what has been your area of

pr of essi onal focus or expertise?

A. 1've done a lot of different things, but the core focus has
really continued to be groundwater and surface water hydrol ogy
and hydraulics.

Now, |'ve al so done environnental quality work. |'ve
done environnental transport and chenmicals in the environnent.
I've dealt with hazardous waste site renedi ation, risk
assessnents, health risk assessnents, environnental managenent,
environnental inpact studies, but ny personal expertise running
through all of this has really been the groundwater and surface
wat er hydrol ogy and hydraulics has been nmy core experti se.

Q Can you explain those two terns you just used, "hydrol ogy"

Alpha Reporting Corporation




© 0 N o o b~ w N P

e e o e
h W N P, O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

. 970
Langseth - direct

and "hydraulics"?
A. Oh, sure. Hydrology is kind of the overall novenent of
wat er -- novenent and occurrence of water in an; environnent.
Your Honor, you heard M. Larson review the hydrol ogic
cycle; that's really -- hydrology is the study of that
hydr ol ogi c cycle and hydraulics is when you get into the
detai |l ed physics of, you know, the equations of just how water
noves t hrough the environnent, how fast it m ght nove, how
much -- how nmuch m ght be flowing. That would be nore of the
hydraulics end of it.
Q Can you give us an overview of your work as it has rel ated
t o groundwat er hydrol ogy and hydraulics, starting with your
first job after MT.
A. Sure. Your Honor, | worked for a conpany called Metcalf &
Eddy initially, after MT, and there | started doing nostly
surface water work, but it soon becane clear that they needed
greater groundwater expertise, and they actually asked ne to
devel op the conpany's groundwater nodeling expertise. So | got
t he nodel s set up, used them on several projects and actually
even nodified them and did sone, you know, coding, witing
conputer code, to nmake the nodels better for the purposes we
needed themfor at the -- at Metcalf & Eddy.
Q \VWhat was your next job after you left that conpany?
A.  Your Honor, | next went to a conpany call ed

Arthur D. Little.
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Q And what did you do there?

A Well, I -- once again, | did a wde variety of work, but
t hi nki ng about ny groundwater work, | did a fair bit of
groundwat er nodeling in addition to other groundwater-type
pr oj ects.

A few that conme to mnd, that | think would illustrate
the kind of work |I did, there was one where we were | ooking at
arefinery in Montreal Island, and there was concern that the
benzene in the groundwater there was getting into the
St. Lawrence River. And so developed a nunerical nodel of the
groundwater flow on this quite large refinery site, and then
estimated the groundwater flow into the St. Lawence River, and
t hen al so esti mated how nuch benzene was going into the river
wi th the groundwater.

And then there was another project in Kingston,

New Hanpshire, where we devel oped a groundwater nodel again, a
numeri cal nodel for the purpose of designing a wellfield to --
and extract a set of wells in order to punp contam nated
groundwat er out of the ground so it could be treated.

And then at one point the Easton Christensen Conpany,
whi ch was an oilfield drilling conpany, and they devel oped a
met hod for horizontal drilling in the oilfields. They wanted
to bring that into the water business. And so they came to ne,
and | devel oped nodels to assess how those horizontal wells

woul d perform when they were used to punp water instead of oil.

Alpha Reporting Corporation




© 0 N o o A w N P

e e o e
A W N L O

15
16
17
18
19
20
21
22
23
24

25

Proceedings - May 23, 2019

972
Langseth - direct

That was part of -- and | did sone of the pioneering
work to assess how those horizontal wells woul d behave. And
t hen al so when the Arny hired us to do a najor punp test --
hori zontal wells had never been used to assess aquifer
properties.

Your Honor, you've heard about transm ssivity and
perneability; we |earn about those things through predom nantly
sonething that are called punp tests, which are nornmally done
with vertical wells; but the Arny wanted to try doing it with
hori zontal wells.

So | developed a nethod to -- to estinate the
transm ssivity and perneability and storage properties of the
aqui fer using a punp test with horizontal wells, and then that
wor k subsequently forned the basis of a peer-revi ewed paper
about those nethods.

Then the final thing I'll nention is a project that I
did for the State of M ssissippi, where | devel oped a nunerica
nodel of the M ddle d ai borne Aquifer in Southern M ssissippi
down near Hattiesburg. It was actually centered around the
Ri chton salt done, and that was related to a proposal at the
time to dispose of or store high |levels nuclear waste in that
Ri chton salt done. But those are sonme exanples of ny
groundwater work at Arthur D. Little.

Q Howlong did you work at that conpany?

A. That was twel ve years.
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Q \Wiat was your next job after you left that conpany?

A. | then went to a conpany cal |l ed Exponent.

Q Can you tell the Court about your work at Exponent rel ated
t o groundwat er hydr ol ogy?

A. Yeah. | continued to do a nunber of projects that have
been i nvol ved on water hydrol ogy, though |I did | ess of the
nunerical nodeling while | was there, but it was still nore the
Darcy's Law kind of calculations that | would do related to
projects where | was dealing with groundwater issues.

Q And what did you do after you | eft Exponent?

A Well, that was kind of interesting. | was sitting at ny
desk one day at Exponent, | got a call wondering if | wanted to
apply for a faculty position at Northeastern University. And

I -- it's not sonething |I'd thought about before, but | decided
to doit, and | applied, and |I got the job. So then I joined
the faculty at Northeastern University in the civil engineering
departnent -- or civil and environnental engineering, | think
it was call ed.

Q Wiat did you teach at Northeastern?

A. At Northeastern, your Honor, | taught the graduate | evel
groundwat er hydrol ogy and groundwater quality courses, and
graduate | evel surface water hydrol ogy and water quality
courses. | also taught undergraduate hydraulic engineering,
and | taught a graduate-level course in general environnmenta

managenent .
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Q \Wiat were your research areas at Northeastern?

A. The primary research area for the first couple of years was
a detail ed study of groundwater surface water interactions.

You may renenber a chart that | think Dr. Spruill put up,

| ooki ng at nested piezoneters and getting -- evaluating those
curve flow lines near rivers. So it was a detail ed study of

t hose kind of flow patterns near a -- near a stream

Q Were did you work after you left Northeastern University?
A. I then joined Gradient, where |I work now.

Q Wat is Gadient?

A. W are a science environnental and risk sciences consulting
firm

Q Wiat is your job position there?

A. I'ma principal.

Q \Wat types of projects do you work on at Gradi ent?

A. Well, over the -- | guess it's 15 or 16 years |'ve been
there, it's been quite a variety of projects, but nany of them
have i nvol ved groundwat er and surface water hydrol ogy, and then
al so the contam nant fate transport issues.

Q Do you belong to any professional associations or

organi zati ons?

A. Yes, there's two primary ones | belong to. One is the
Anerican Society of Civil Engineers, and in particular | belong
to a subgroup called the Environnental Water Resources

Institute. That's the group that within the civil engineering
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organi zation that focuses on water resources natters.

And then | also belong to the National G oundwater
Associ ati on.

Q \VWat do you do as a nenber of the National G oundwater
Associ ati on?

A Well, afewthings. One is | attend their conferences.

But ny key sort of activity within the organization is that
I've been their representative on a body called the advisory --
Federal Advisory Conmttee on Water Information, and that's a
federal advisory commttee that advises all of the different

f ederal agencies that deal with water information, such as US
Geol ogi cal Survey, the Bureau of Reclamation, the Forest

Servi ce, NOAA, EPA.

So we provide sort of advice regarding water -- water
information, including things |ike groundwater |evels. And
then in particular I'ma nenber of what's called the
Subcomm ttee on G oundwater that's been established under the
overall Advisory Committee on Water Information
Q Have you ever served as an expert or given expert testinony
in any cases invol ving groundwat er?

A.  Yes, | have.

Q About how many tines?

A. | counted, and it's somewhere in the nei ghborhood of
20 ti nes.

Q Can you give Judge Siler sone exanpl es?
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A, \Well, one very recent exanple is | testified on a natter in
Long Island, where as part of ny work that we devel oped quite a
| arge conpl ex groundwater nodel, |ike a 12- or 13-1ayer-deep
nodel, six to eight mles in length and about three mles w de.
And very conpl ex representati on of the hydrology in that area.
Q Oher than this case, have you ever served as a groundwater
expert in an interstate dispute pending before the United

St ates Suprene Court?

A. Yes, | have.

Q And when was that?

A. That was, your Honor, for original action nunber 142, which
was Fl orida agai nst Georgia. And |I worked on behalf of Florida
in that matter.

Q Dr. Langseth, what work did you do in Florida vs. Georgia?
A. | had two roles, your Honor, in that. | was the overall

| ead for the hydrology team for Florida, and then ny personal
role -- and in the hydrology team we did sone very

sophi sticated surface water nodeling of the flows in that river
system And then we al so evaluated the inpacts of punping
groundwater on the flows in those interstate rivers.

And that was ny personal role that | provided
testinony on, was the evaluation of the inpacts of punping on
stream flow, that is, when you punp water, you reduce the
amount of water that's in the stream And | did the detail ed

evaluation and testinony on that -- on that matter.
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Q Dr. Langseth, have you previously served as an expert
W t ness regarding the aquifer issue in this case?
A.  Yes, | have.
Q And when was that?
A. That was back around two thousand -- in the period 2006 to

maybe 2008, in an action in District Court. Again, M ssissippi
suing City of Menphis and MLGW | think. The State of
Tennessee was not involved at that tine.

Q How did you go about analyzing the aquifer at issue in the
District Court litigation?

MR, ELLINGBURG Could I -- I"mgoing to object to the
testinony about the District Court litigation, to the extent it
exceeds the scope of what he has defined as his role in this
case in his reports and his deposition testinony.

MS. ROBERTS: Your Honor, |'m sinply asking hi mwhat
work did he do in that case.

THE COURT: Sure. You nmay. |I'll overrule the
obj ecti on.

A, I'msorry, what's the current question, then?

Q Wiat work did you do regarding the aquifer at issue in that
earlier case?

A OCh. Wll, | started, as | always do, with a literature
revi ew of the aquifer; and then, based on the questions that
needed to be answered for that particular -- for that

particular matter, then | did various eval uati ons, sone just
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based on the literature, and then | al so used a nunerical nodel
to answer certain other questions that needed to be addressed
in that matter.
Q Are you being conpensated for your work in this case?
A Well, Gadient is being conpensated, and |I'm an enpl oyee of
G adi ent.
Q Are you aware of the rate at which Gradient is being billed
for your services?
A. | believe Gradient bills for ny tinme at $355 an hour.
Q |Is your conpensation or the conpensation paid to G adi ent
in any way related to your opinions or the outcone of this
mat ter ?
A. No, it's not.

MS. ROBERTS: Your Honor, we tender Dr. Langseth as an
expert in the field of groundwater technol ogy.

MR. ELLI NGBURG  No obj ecti on.

THE COURT: So qualified. He nmay testify as an expert
in that field.

MS. ROBERTS: Your Honor, I'mnoting that it's
al nost 5:30. This probably would be a good stopping point for
t he day.

MR FREDERI CK:  Your Honor --

THE COURT: You may step down, then.

(Wtness stood down)

MR. FREDERI CK: Thank you, your Honor.
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I'd like to propose that the current time cl ock,

M ssi ssi ppi has used 14 hours and 58 m nutes and the defendants
have used 9 hours and 35 mnutes. And |I'd like to nake a
nodest proposal, if | could: That we start tonorrow at

8:30 a.m; that each side has three and a half hours of trial
time, and that we conmt to stop and end the hearing tonorrow
af t er noon.

THE COURT: 1'Il have to see what the parties want to
say about it.

MR. L. BEARMAN.  Your Honor, we agree, if the Court
pl ease.

THE COURT: Sir?

MR L. BEARVAN. | said we agree with the proposal and
strongly urge it.

MR, ELLI NGBURG M ssissippi objects to that, because
at the present tine, we don't really know exactly what's goi ng
to be said on what we covered on cross. That doesn't nean
we'll using the renmaining available tinme if we don't need to,
but there was a | ot of negotiation that went into limting this

hearing to 20 hours each

THE COURT: Ckay. |I'Ill overrule the suggesti on.
We'll start at 9:00 tonorrow, and we'll go the best we
can. And if we have to, we'll be back Tuesday.

I have sonething |I'm supposed to do, too. That's what

we originally started in our schedule, and we'll do it -- if we
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get through tonorrow by 5:00, we'll doit. And if it takes
another 20 mnutes, we'll stay 20, but we won't stay another
several hours.
So | understand the problens that you have. It's just

the way it goes.

MR. FREDERI CK: Thank you for your consideration, your
Honor .

THE COURT: Anything else for ne to take up?

This Court will be in recess until 9:00 tonorrow
nor ni ng.

(Adj ourned to Friday, May 24, 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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