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PROFAC HOLDING vs
HALLIBURTON ENERGY SERVICES

Michael Nikolaou
July 10, 2024

July 10, 2024
7:56 a.m (EDT)

Deposition of DR M CHAEL N KOLAQU,
held renptely via Zoom before Joan
Ferrara, a Registered Merit Reporter,
Federal Certified Realtine Reporter and

Notary Public.
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REMOTE APPEARANCES:
ON BEHALF OF PATENT OWNER:
BAKER BOTTS LLP
2001 Ross Avenue
Suite 900
Dal | as, Texas 75201
BY: JENNI FER CARTER, ESQ
CHAD C. WALTERS, ESQ
ON BEHALF OF PETI Tl ONER:
W NSTON & STRAWN LLP
1901 L Street NW
Washi ngt on, DC 20036
BY: SCOTT BORDER, ESQ
ALSO PRESENT:
JOSE CARRANZA, Renote Monitor
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DR M CHAEL N KOLAQU,
called as a witness, having been
duly sworn by a Notary Public, was
exam ned and testified as follows:

EXAM NATI ON BY

MR CARTER
Q Al right. Good norning,

Dr. N kol aou.

A Good nor ni ng.

Q You are here to testify today
for I PR 2023-01318 for the '082 Patent, is
that correct?

A That is correct.

Q Al right. Have you ever been
deposed before?

A | have.

Q How many tinmes?

A A single-digit nunber, close to
10 perhaps.

Q And have any of those
deposi ti ons been for PTAB proceedi ngs?

A PTAB? Help ne with the term
pl ease.

Q Sure. "PTAB" neans Patent Tri al

and Appeal Board proceedings. So an |IPR
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like this one, is a PTAB proceeding. So if
you' ve testified for any other IPRs or
PGRs.
A Yes, yes.
Q And how many of those have
been -- of your testinonies have been for
| PR proceedi ngs?
A A smal | nunber, again,
single-digit nunber.
Q Al right. And now, I'd like to
go over just sone of the ground rules for
t he deposition.
The conmon goal is a clean
record and just to avoid speaking over one
anot her.
Can we get on the sanme page with
t hat ?
Per fect.
Excel | ent .
And yes and no answers are
preferred, no uh-huhs or noddi ng.
Definitely want -- we need sone verba
responses.
A Agr eed.
Q Al right. And where are you
www.LexitasLegal.com/Premier Lexitas ﬁ%%ﬁ%b%NPE%?BIT 2003
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6
| ocat ed today?
A | am | ocated in Athens, G eece.
Q Ni ce.
| s there anyone there in the
roomw th you today?
A |"'msorry, could you repeat,
pl ease?
Q | s there anyone else in the room
wi th you today?
A In the roon? No.
Q Al right. And then how did you
prepare for this deposition?
A | |1 ooked at a nunber of
docunents related to ny previous
declaration with regard to this patent, and
| had sonme conversations with the attorneys
wi th whom ' m col | aborati ng.
Q And whi ch attorneys did you have
conversations with in preparation for this
deposi tion?
A M. Border, Scott Border, who is
in this session today, and Matt Hopki ns,
and to a |l esser extent, Steven Laxton.
Q And when did you have these
conversati ons?
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7
A Yest er day.
Q Any ot her times?
A That | spent preparing on this?
Q Yes, sir.
A Yes. | went over related
docunents on ny own before having a session
with these attorneys so | can be better
prepared and take better advantage of their
time.
Q But ot her than the session
preparing with your attorneys yesterday,
did you have any ot her preparation sessions
for this particular |IPR?
A Not with anybody el se.
Q And do you have any copies of
t he papers and the exhibits with you?
A Not on ny screen right now |
have copies of a nunber of things in ny
conputer, but everything is closed.
Q kay. And do you plan to use
those at any tine during this deposition?
A No, which is why | requested to
have a clean copy of the exhibits so it can
be the same denom nat or.
Q Got it | can do that for you.
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Actually, the first
deposition -- or the first exhibit that
we'd like to talk about is Exhibit 1004,
your CV
(Exhi bit 1004, CurriculumVitae
for Mchael N kol aou; 23 pages, was
referenced.)
BY M5. CARTER
Q |"ve got it in the chat box now.
Pl ease | et me know when you're able to open
it up.
A | don't see it in the chat box
yet.
Q Ckay. It's still kind of
| oadi ng.
A Is it alarge file -- oh, yeah
Ckay. | got it.
PTAB-IP -- et cetera, right?
Ckay. So let ne download it.
Just one second to downl oad it
and. ..
It's downl oadi ng now and
believe it's there, so Il et ne open the PDF.
Ckay. | have that file open
NOW.
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Q Al right. And this
Exhi bit 1004, this is your curricul um
vitae, is that correct?

A Correct.

Q And let's talk a little bit
about your professional experience.

A Yes.

Q Under your professional
experience, you identify sone industry
experience as a process and conputer
specialist for Union Pacific Resources, is
that correct?

A That is correct.

Q What were your roles and
responsibilities while you were at Union
Paci fi c Resources?

A | was working with people in
that natural gas plant in Bryan, Texas,
whi ch was run by Uni on Pacific Resources.

And specifically. | was
provi di ng expertise on design and operation
i ssues related to automati ng sone of these
tasks, for exanple, how to design a new
pi ece of equi pnment that woul d be needed to

pass fluids fromone unit to another in the

9
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pl ant or how to prepare a unit for

i nstallation of an advanced control system

So that was ny role, and it
was -- on a daily basis that was ny job for
t hat sumrer, because the academ c position
typically involves a full-tine enpl oynent
by the university, which was Texas A&M at
the tine.

And t hat engagenent during the
sumer of '91 was with the conpany so | can
i mprove ny experience, |learn nore things
about how t hings get done in practice, and
al so, contribute nmy expertise to that
pl ant .

Q And the natural gas plant, what
type of equipnent did the national gas
pl ant include?

A It's typical equipnent that you
see in processing plants, plants that
process chem cals, natural gas in this case
In particul ar.

So do | have sone tinme to
explain very briefly how this whole thing
wor ks?

Q Just --
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A Very briefly.
Q -- just the basic equipnent with
the --
A O course, yes. So -- let ne

explain very briefly.

So natural gas cones fromwells
that people drill into rock formations.
And when that natural gas cones out of the
ground, it's not clean for transportation
and use.

So the first thing that you do
to natural gas once you have it ready in
the surface of the earth out of the ground
Is to clean it up and make it ready for
transportation and use. That's what a
nat ural gas plant does.

That cl eanup invol ves renoving
acids, such as hydrogen sul fide or carbon
di oxide. It involves renoving noisture
because that would -- both of these things,
acids and noi sture, would create problens
downst r eam

Aci ds woul d create corrosion
probl ens to various pieces of equipnent,

i ncludi ng transportation |ines.
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Moi sture woul d create probl ens

i n downstream operations. For exanple, the
next step for natural gas would be what is
known as cryogenic distillation, whichis a
separation process by which the conponents
of natural gas are separated.

The mai n conponent is nethane.
That's what you get when you have a line in
your house, let's say, that provides
natural gas. |It's nostly nethane.

And t he ot her conponents are
ot her hydrogen carbons, such as et hane,
propane, butane, other |iquid hydrocarbons.

So fromthere, there may be
ot her separation steps that may be done in
the sane plant or, nost of the tinme, in
ot her plants, depends on the situation.

So that, in sumary, is what a
natural gas plant does. It treats the gas
so that it can be clean for transportation
and use.

Q And the natural gas plant, it
gets natural gas from producing wells, is
t hat correct?

A It gets natural gas from
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producing wells, yes. 1It's not clean gas.

It's gas as it gets out of the ground, yes.
Q Where was the natural gas

| ocated with respect to the producing

wel | s?

A You nean the source for this
pl ant ?

Q Yes.

A | don't renmenber. To be honest
with you, | don't renmenber what were the

exact sources of natural gas were at the
tinme.

And it wasn't just a single
source. There were a nunmber of sources
that woul d feed natural gas to the plant.

Typically, that is done over
short distances, and the |ines are sturdy
enough to withstand the natural gas being
transported through these lines so it can
be cleaned up at that plant and then
transported further or |ong distances in
use, for exanple, to be transported to the
nort heast or thousands of mles.

Q And have you had any ot her oi

and gas industry experience other than your
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role at Union Pacific?

A Oh, yeah, yes. It was through a
nunber of engagenents, which I list in ny
resumne.

So one such engagenent was
t hrough Noble -- it was called "Noble
Drilling" at the tine. So | participated
In a project which devel oped an autonati on
system for horizontal drilling.

My role was to design the
al gorithns that would provide this kind of
capability for the system that is, to
automatically adjust the drilling operation
so that horizontal drilling can be done
snoot hl y.

It was quite a successfu
project, actually, because after that,
there was a small conpany put together by
the principals of that project, which was
eventual | y bought by Schlunberger. So if
you go to SLB.comthese days, | believe
they still have that project called
"Slider," and that describes roughly what
the technology is and what it does.

At the sane -- during the sane
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period actually, | had additional

interactions with the people at -- excuse
me for a mnute. 1|s there an echo or can
you hear nme okay?

Q | can hear you okay. |'m not
heari ng any echo.

MR. WALTERS:. |'m hearing

sonet hing as wel |.

THE WTNESS: Ckay. |If that is
not bot hering anyone, ['ll continue

t hen.

| hear that | should continue.

A So | was saying that | had
additional interactions with people at
Noble Drilling at actual websites providing
expertise usually for automation-rel ated
i ssues on howto drill a well -- well,
excuse the pun -- |ike how to adjust the
wei ght on the bit at the bottom of the
drill string that drills to the well or how
to design the optinmal path or howto follow
the optimal path and other things |ike
t hat .

This col | aboration with Nobl e

Drilling was in early 2000, | believe
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2002- 3, around that tinme, and years |ater
| also had additional involvenment with
this -- well, the principals of the Slider
conpany for designing inprovenents on the
system generation 2 type of inprovenents,
and so forth.

There have been ot her
I nteractions through consulting projects
that | did with other conpani es over the
years, and | list those in nmy resunmé. |If
you' d like nme to expand on any one of
those, |'d be happy to do that.

Q And with all the experience
that -- the industry experience you
referenced, has any of that industry
experi ence brought you to spending tine at
a well site?

A At a well site? Yes, yeah

On a nunber of occasions, for
exanple, with Noble Drilling, we had a
nunber of days spent, fromny end, in a
well in Carthage, Texas, | believe, or
Longview, in that area, in north Texas.

| spent tinme at a well in Bryan

Texas, where we did the testing for Slider

16
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to dril

renmenber

an exper

usual |y

this for

we had t

"Rot us, "

for hori

Q

Pat ent ,
A
Q
A

nunber s

you know, actual wells -- let ne try to

Research Institute of Stavanger, in

St avanger, they test automation practices

was an experinental well in Cklahoma where

devel opnent of better drilling practices

i nvol vements on nmy end that | can recal

off the top of ny head.

testinony for | PR 2023-01319 for the ' 394

17
that well.

| had other involvenent wth,

-- in Norway -- actually, that was

imental well that the |International

for drilling and sonetines they do
producti on purposes.

| also had -- let's see -- there

ests done with a conpany call ed

again testing sone new i deas for

zontal drilling.

So, roughly, those are sone

So recently, you provided

is that correct?
Yes.
And |'d like to share --

To be honest, | don't recall the
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Q Excuse ne?
A -- but | trust you cited -- |
don't recall the exact nunbers, but | trust
that you cited themcorrectly, so we'l]l
nmove on
Q |'"d like to share the transcri pt
of your testinony fromthat deposition
You should get it in the chat box.
THE COURT REPORTER: \What
exhi bit nunber is this?
M5. CARTER  This woul d be
Exhi bit 2002.
(Exhi bit 2002, Deposition
Transcript of Dr. Mchael N kol aou,
dated June 6, 2024; 240 pages, was
referenced.)
A Okay. | opened the file. This
is afile that starts with: "In the matter
of :  Profac Hol ding Corporation v.
Hal | i burton Energy Services," etc., right?
Q Ckay. And this is the
transcript of your testinony for the '394
Patent IPR is that correct?
A Yes.
Q Exhi bit 2002.
www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%1@&1_ 2003
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So I'd like to confirm sone of
your testinmony fromthe '394 | PR
| s that okay?
A Yes.
Q So you testified earlier that
you have never been to a well site where
fracturing operations were occurring, is
t hat correct?
A That is correct, yes.
Q And you also testified earlier
t hat you've never been at a well during
production operations, is that correct as
wel | 2
A Not when actual production was
taking place, that is correct, yes. Not
that | can recall at |east.
Q Al right. Next, I1'd like to go
over your -- sone of the things in your
declaration, and I'mgoing to share
Exhibit 1003 with you in the chat box.
(Exhi bit 1003, Decl aration of
M chael N kol aou, filed October 3,
2023; 184 pages, was referenced.)
A Okay. | opened that file. It's
afile that starts: "In The United States
www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%1'?8” 2003
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Patent and Trademark Office," et cetera, et
cetera?
Q Yes. And this is the
decl aration that you provided for the '082
Patent IPR is that correct?
A Correct.
Q Let's go to paragraph 2 of your
decl arati on.
It lists a -- it provides a |ist
of materials that you used to prepare your
decl ar ati on.
A Yes.
Q Did you rely on anything el se
ot her than these materials when preparing
your decl aration?
A | relied on what | cite there
and ny general know edge of the field of
drilling and production of hydrocarbons
from hydrocarbon wel | s.
Now, everything that was
I nportant for ny declaration is |listed
t here.
Q Now, let's go to paragraph 27.
A 27, that would be on what page?
Q 16 of Exhibit 1003.
www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00%\&%%?8” 2003
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A 16, yes.
Par agraph 27 starting: "As
di scussed above and detailed," et cetera,
correct?

Q And so paragraph 27, the | ast
sentence says: "I believe that | would
gual i fy as understandi ng the know edge and
skill of a POSITA as of Cctober 16, 2007,
and | have a sufficient |evel of know edge,
experience, and expertise to provide an
expert opinion in the field of the '082
Pat ent . "

A Yes.

Q And so you woul d consi der
yourself to be a POSITA for the purposes of
this proceeding as of Cctober 16, 2007, is
t hat correct?

A |"mstating there that |
understand -- | believe | understand what
woul d be the level of a POSITA for that
dat e.

Q Got it.

And what are the specific
experiences by this 2007 date that you fee

that nost qualifies you as a POSI TA?

21

www.LexitasLegal.com/Premier Lexitas

BB RO B ORITRPEX AlBIT 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.

IPR2023-01318, page 22



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou

HALLIBURTON ENERGY SERVICES July 10, 2024
22
A Those have to do with design and
operation practices that are followed to
construct and operate hydrocarbon- produci ng
wel | s.
Q And woul d you say that your
experiences far exceed those of a POSITA
wWith respect to the '082 Patent?
A Per haps, because | have
addi tional expertise through ny research or
consulting activities, for exanple, in
i ssues related to automation or designing a
special fluid, or things |ike that.
Q Al right. Let's go to the
background of the technol ogy section
starting in paragraph 28.
A 28, yes.
Q So in this section in paragraphs
30 through 32, you discuss oil and gas
extraction fromwells including drilling,
is that right?
A Par agraphs 30 through 32, oil
and gas extraction fromwells. That's
section A, correct?
Q Yes.
A Yes, very good.
www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%%?8”_ 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 23



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou
HALLIBURTON ENERGY SERVICES July 10, 2024

23
Q And what happens during the

drilling stage? Wat particul ar equi pnent
Is involved in drilling?

A It's adrilling rig that is
pl aced on the ground.

So there is a rotated so-called
drill string. It's a long tube nade of
sections of inter-threaded pieces about, |
t hi nk, 30-foot |ong each, which has a dril
bit at the bottom

So you rotate that using rel ated
equi pnrent, and that chews -- at the bottom
it chews the rock, and the fragnents, the
so-called cuttings, which is essentially
rock that was chewed by the drill bit,
those cuttings are lifted to the surface by
the drilling nud.

The drilling nud flows through
the drill string. That |ong pipe that |
menti oned of netal that consists of pieces
about 30-foot | ong each threaded to each
other, that pipe of the drill string
carries dilling nmud, and the nud goes down
through the drill string and up through the

annul ar space.
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The annul ar is between the dril

string and the walls of the well.

And nmud actual ly has a nunber of
functions. One is to carry the cuttings to
the top. It helps to lubricate the dril
string. It helps to cool off the dril
string.

Those are sone basic functions
that the drilling nud has.

Al'l of these pieces that |
menti oned are operations on which -- and
the practices that -- on which there is a
| ot of expertise devel oped both through
theory and practice, and it is used in the
field to produce hydrocarbons.

Q And is drilling a part of well
devel opnent ?

A Drilling is -- well, it creates
the well, yeah. It creates a big hole in
the ground -- a long hole in the ground so
t hat hydrocarbons can nove fromthe rock --
fromthe pores of the rock to the well and
then to the surface.

Q And woul d that process of

drilling or creating the well, is that a
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part of well devel opnent?
A Well, you create the well, yes,
t hrough that process.
Q Is drilling a part of well
treat nent ?
A Drilling creates the well. And
when you have created the well, when you
have created that |long hole in the ground,
then you can do other things to it, which
typically are called "well treatnent."”
Q And so well treatnment cones
after drilling the well?
A Wel |, how you do all these
things is a matter of how you coordi nate
your operations, but you nust have a well
to start with, or at least part of a well,
to do well treatnent.
Q Al right. And sois drilling a
part of well treatnent then, or is it
sonmet hi ng that occurs after?
A No. The drilling is what
creates the well.
Q And is drilling a part of well
pr oducti on?
A Drilling -- well, you nean wel |
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production or hydrocarbon production --
producti on of hydrocarbons?

Q Wel | production.

A ' mnot sure that | understand
what the term"well production” neans,
unl ess you nean production of hydrocarbons
through a drilled well?

Q Sure. Well, then | can ask the
question that way.

Is drilling a part of
hydr ocar bon producti on?

A Wel |, wusually, no, unless you do
some nore special techniques, |ike
under - bal anced drilling, which is not with
production in mnd, but it's mainly on how
to nmake sure that we avoid unsafe
situations during drilling of wells.

When hydrocarbons escape from
the rock formation, it may danage your
drilling operation. This is what happened
in the Macondo wel |, for exanple, back in
2010.

There is also a technique that
al l ows hydrocarbons, nostly gases, to go to

the well during the drilling operation, and

26
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this is called under-bal anced drilling.

But the concern there is howto drill the
well well rather than how to optim ze
producti on.

Q Al right. And let's nove on to
par agraph 33.

A Par agr aph 33.

Q In this paragraph, you discuss
conpl eti on.

A Yes.

Q And do you have any experience
with well conpletions?

A Experi ence on the spot, no.
Experi ence on how you may conpl ete the
wel |, mainly how you put additional
equi pnent and how you stinulate the well
and all that, yes, through ny consulting
and research projects, |eading to a nunber
of publications on the subject.

Q What happens during conpl etion?

A You have the well, which is a
big hole in the ground. And as | am
explaining in ny declaration, there are a
nunber of things that you can do once you

have that big hole in the ground.
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33 starts after the well is

drilled, it needs to be cased. That can be
done step by step. You drill part of the
wel |, you case it, you go to the next part
and you case it, and you keep going |ike
that, or it can be in a single shot
dependi ng on the length of the well, the
depth of the well, the configuration of the
well and all of these things.

And there may be additi onal
equi prent that you may add to that well, as
I "' m di scussing further down.

Q And does conpl etion use
different equipnment fromdrilling
equi prnent ?

A Conpl eti on, yeah, it nay use
addi ti onal equipnent. That is correct,
yes.

Q And what typically happens to
the drilling equi pnent once conpletion
activities are started?

A It's a matter of how you
coordi nate, how you use your equi pnent
optimally. So you may drill part of the

well, then case it, and then conti nue
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drilling and continue casing until you

finish, and then you may do ot her things.
| f you count those -- if you
count stinulation, for exanple, as part of
the conpletion and well treatnent, then you
may no | onger need the drilling equipnent
i n place.
It's a matter of coordinating
di fferent pieces of equipnent that do
different things for the well or to the
wel | so that you can have the highest
benefit with a m ni num cost.
Q | s conpletion a part of well
devel opnent ?
A Conpl etion, yes, it is part of
wel | devel opnent.
Q What about well treatnent, is
conpletion a part of well treatnent?
A Coul d you repeat that?
Q Sur e.
| s conpletion a part of well
treat ment ?
A Conpl etion, yes, it's part of
wel | treatment, correct.

Q And is conpletion a part of
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hydr ocar bon producti on?

A Conpl eti on prepares the well for
hydr ocar bon producti on

Q But isn't it part of hydrocarbon
pr oducti on?

A Usual Iy, you do a conpletion so
you can facilitate hydrocarbon production

Now, the two nay alternate,

conpl etion production, then re-conpleting
and resum ng production, and so forth. But
usually, you try not to mx the two.

Q Ckay. And then in paragraphs 35
t hrough 38, you discuss well stinulation,
is that correct?

A Correct, yes, hydraulic
fracturing, yes.

Q What happens during wel |
stinmul ation?

A What happens during well
stimulation is the following: The
hydr ocar bons to be produced through a well
come fromthe pores of the rock around the
well. And for these hydrocarbons to be
produced, nanely to reach through the well

the surface, these hydrocarbons nust first
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reach the well.

To reach the well, those
hydr ocar bons have to travel through these
i nt erconnect ed pores of the rock.

The pores of the rock that bears
t he hydrocarbons may not be very well
connected. As a result, the hydrocarbons
may not easily flowto the well and then to
be produced by traveling through the well
to the surface.

This problemis extrene in
unconventional formations, nost notably,

t he fanmnous shale formati ons, where how
easily hydrocarbons flow through shale is
1,000 tinmes nore difficult than

hydr ocar bons flow ng through a brick, for
exanpl e.

So to facilitate that, mainly,
to help hydrocarbons travel fromtheir
pores to the well, people create hydraulic
fractures.

These hydraulic fractures are
what the term says, the hydraulic neans --
it refers to how they are created. But

fractional fractures, they're thin, narrow
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openings in the rock through which the
hydr ocar bons can travel to the well after
| eavi ng, abandoni ng their pores.

The idea is though that from
pores to the fracture, the hydrocarbons
have to travel a very, very snall distance.
And so they spend the tine to travel to the
fracture, and fromthere, they trave
quickly to the well, and fromthere, to the
surf ace.

It's like trying to travel by
car and you can -- you live in a
nei ghbor hood, you go traffic light by
traffic light through a fewtraffic lights
to the freeway, and then you take the
freeway -- which is the fracturing in our
case -- to go perhaps even to an airport,
and fromthere, take a plane and go to your
final destination

So that's a nice analogy to
descri be what happens.

That's the hydraulic fracturing
process. And as | said, it's of paranount
i mportance in horizontal -- in shale wells,

where with horizontal wells, despite

32
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massi ve, extensive hydraulic fracturing,

peopl e can produce | arge anounts of
hydr ocar bons that had historica
i mplications that are well-known and w dely
di scussed.

Q And what equi pnent i s used
during the stimulation?

A The equi pnent -- well, there are
a nunber of steps in stimulation.

So you have the well. You have
toinitiate the fractures, so, essentially,
| ower equi pnment to the well that nmay
initiate the fracture, essentially to what
people call a "gun." And that's what it
is, it shoots bullets to the rock and it
initiates the fracture.

And then you renove that. You
fill the well with fluid, usually water,
pl us additional things that help various --
acconpl i sh various tasks.

So you put the water in. You
pressurize the water. The punps at the top
pressurize the water. The rock wll
initiate fractures where the bullets were

shot first, and those fractures wll
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pr opagat e.

So by doing this judiciously, it
help to create fractures where you want
them and not | et them escape to various
pl aces where you don't want them

And once you are there, nanely,
have your fractures where you want them
then you take that water back and you have
your well ready now for production. So you
have your production equi pnent there and
start producing.

Q Who typically owns the
stimul ati on equi pnent ?

A |"msorry, you typically what?

Q Who typically owns the
stinul ati on equi pnent ?

A The stinmul ati on equi pnment -- oh,
who owns it. That's an issue that | cannot
say 100 percent who the owner is.

But conpanies that offer oi
field services have access to stinulation
equi pnrent so that they can conplete the
j obs for which they are tasked.

So, typically, it's oil field

servi ces conpanies that do the fracturing,
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and they have access to that equipnent.

and all that, it's a financial decision. I
haven't | ooked into that in detail, to be

honest with you.
the stimulation -- the well stinulation,
typically, does that conpany al so perform

t he fl owback operation?

the water used in stinulation and di spose

of

stinmul ati on equi pnment, including the
fl owback equi pnment, is owned by the sane

conpany?

job typically will do the whole job. So
they're not going to do half of the job and

| eave it for sonebody else to finish it.

typically happens. | haven't dealt with an

econom ¢ anal ysis of who exactly owns what

it

35

Whet her they rent it or own it

Q Does the conpany that perforns

A Fl owback, you nean to pick up
in a good way?
Q Yes.

A Yeah, that's quite typical, yes.

Q And so the -- it's typical that

A Well, the conpany that does the

And, again, that's what
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and who nmay rent or |ease equi pnent or do

ot her things. Those are financi al
decisions in which | do not have nuch
experi ence.

But | can tell that an
I ntegrated operation, where you inject the
wat er and then you pick the water back once
your stinulation is conpleted, yeah, that's
typi cal of what a service conpany does.

Q Ckay. And is stimulation a part
of well devel opnment ?

A Yes.

Q s stimulation a part of well
treat ment ?

A Yes.

Q What about hydrocarbon
production, is stinulation a part of
hydr ocar bon production?

A Production happens with a well
that is at the stage where the devel opnent
t hat people intended to reach has reached a
certain stage, which makes the well ready
for production.

Now, wells may be redevel oped.

For exanple, there nmay be refracturing,
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there may be reconpl eti on dependi ng on how
the well fairs over tine. But, typically,
one would say that you do one thing at a
time so that you can maintain sone sanity
and do things well.
Q Al right. And your technol ogy
background secti on does not address
production operations, is that correct?
A My background -- I'msorry, |
| ost sone part of your statenment. Could
you repeat it?
Q Sur e.
The technol ogy background
section, that does not address production
operations, is that correct?
A In ny declaration you nean?
Q Yes.
A | don't recall, but | don't
believe we spent -- | can check really
qui ckly.
Could I have a few seconds to
check?
Q Yes.
A So we do refer to production in
a few places in ny discussion, ny
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decl arati on.
For exanple, in paragraph 33, we
tal k about installing the wellhead in
production tree. But the enphasis is on
wel | stinulation, which is the focus of all
t hi s di scussi on.
Q And why is well stinulation the
focus of your discussion versus production?
A Because that's what the ' 082
Patent is about.
Q And does --
A Let me check one nore tinme,
pl ease, to make sure that --
Q Certainly?
A -- | didn't m sspeak. So...
Yeah. Ckay. |It's fine. Yes,
go ahead, please.
Q Sur e.
And does production use
di fferent equi pnent from stinul ation?
A Stinmulation uses its own
equi pment. Production uses its own
equi prent. That is correct.
Q What typically happens to the
stimul ati on equi pnment once production
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oper ati ons have conmenced?

A Again, that's a resource, a
| ocation issue. So if you no |onger need
that equipnment in a particular well site,
you nove it to another well site, you do
sonething else with it, maybe a near by
wel |, maybe sone ot her |ocation maybe. It
depends on the situation.

Q And - -

A But overall -- I'"msorry, go
ahead, pl ease.

Q No, please. Overall?

A Overall, you have a certain role
for the equi pnent of either treatnent or
stimulation or production. And in each
case, you use the equipnment that is
required so you can acconplish certain
t asks.

Q And who typically owns the
producti on equi pnent ?

A Again, typically, there will be
a |l ease by the operator, the conpany that
has the asset.

And who exactly owns the

equi prent is a financial decision on which
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| haven't spent nuch tine, nanely, is the
equi pnment leased, is it owned, is it
borrowed? Those are things on which
don't have nuch experience, and | don't
believe I was asked to coment on these.
Q Sur e.
Who typically -- does the sane
conpany that provides the production
equi pment to the site al so provide the
stimulation equipnment to the well site?
A Again, that's a financial
decision. Typically, as a natter of

practical division of |abor, there are

prepare and conplete wells, and there are

conpani es -- operating conpanies that own

producti on.

And beyond that, whether these
t echnol ogi es and the equi pnment stay with
ei ther operating or service conpanies,
those are financial decisions. They nay
change over tine. It depends on what is
nore profitable, nore efficient and so

forth.

servi ce conpanies that do certain things to

or lease the well sites so they can do the

40
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So, again, those are financial

decisions. So that are typically handl ed
I n collaboration between the operating and
t he servi ce conpani es.

Q Does the sanme service conpany
t hat provides the production equi pnent,

t hough, usually al so provide the
stinul ati on equi pnent ?

A Again, that's a matter of
agreenent and the |ocation of assets. So |
haven't | ooked into that in detail.

From ny general know edge, that
may even change over tinme. For exanple, a
wel | -known trend is that operating
conmpani es over the years have drifted
towards assigning additional tasks to
service conpanies in the whol e busi ness of
hydr ocar bon production, mainly drilling the
wel | s and produci ng.

So those, again, are issues of
financial nature, not so nmuch of technol ogy
use. So | haven't paid nuch attention to
t hese as those were not the focus of this
di scussi on.

Q | s production a part of well
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devel opnent ?

A Production is an operation where
you actually use the well to produce
hydr ocar bons.

So as you produce, the well my
actual ly change. For exanple, there may be
accunmul ation of debris near the well in the
pores of the rock. This is known as the
"skin effect” and the skin nay have to be
treated so you can get back to good
production rates.

So production and devel opnent of
the well are certainly interrel ated, and
one affects the other. But you try to do
either one or the other to maintain sone
sanity, like | said.

Q Al right. And is production a
part of well treatnent?

A I n production, the well -- Ilike
| said, the well is there. So you would
prefer not to mx the two and treat the
wel | while you' re producing, except in

exoti c cases.

42
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for inproving production. This is for
i mproving the drilling process. That's the
f ocus.

M5. CARTER. Well, Dr. N kol aou
we' ve been goi ng about an hour now.
Wul d you |i ke a break?

THE WTNESS: Sure. That woul d
be great.

M5. CARTER. And | know t hat
this isn't your first deposition and
you know the rules, but --

THE WTNESS: O course.

M5. CARTER  -- just a rem nder
to not discuss the substance of your
testinony with counsel during breaks.

THE W TNESS: Absol utely.

(Recess taken 8:52 a.m)

(Resuned 9:04 a. m)

BY Ms. CARTER
Q Al right. Dr. N kolaou, next,
I"d like to ask you sone general questions
about sone terns and technol ogy rel evant to
the ' 082 Patent.
The first is a well devel opnent

task fluid. Wat is a well devel opnent

43
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task fluid?

A Are you referring to terns | use
in nmy declaration? And should | use
references to ny declaration or shall
repeat verbally how | understand those
terns?

Q However you think best.

Yes, these are terns that you do
use in your declaration. They're terns
that are used in the '082 Patent. And |I'm
just trying to get a general understandi ng
of , you know, what a well devel opnent task
fluid is.

A Yes. So as we nentioned, when
one drills and develops a well, there are
fluids involved that have various
functi ons.

The first one which is classic
during the drilling of the well, if you
count that as part of the devel opnent, is
drilling nmud. That's one fluid.

Al so, during hydraulic
fracturing, which is for stinmulation, which
i s another part that you can consider for

developing a well, you will use a fluid,
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typically water, along with other things

that are needed to create the fractures and
make sure that they stay there when you
renove the water

Those are sone cl assic exanpl es
of fluids used in creating and conpleting a
wel | .

Q So during what specific stages
of the well are well devel opnent task
fluids used?

You mentioned drilling and
conmpletion, stimulation. Are there any
ot her stages in which well devel opnent task
fluids are used?

A Well, there is cenenting. Wen
you put -- when you put the casing, you put
cenment between the casing and the rock.

So to nmake sure that the casing
stays in place, you inject a cenent slurry
to the well, and that serves the purpose --
after it solidifies, it helps the purpose
of making sure that the casing stays there.

Q Al right. And any other stages
in which well devel opnent task fluids are

used?
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A For devel opnent purposes, those
are key fluids used.

Again, the idea with all of
these is that you have to have a way of
delivering -- first of all, creating a
fluid of appropriate properties, be that
drilling nmud or cenent slurry or water for
fracturing. So you prepare the fluid and
you deliver the fluid to the right
| ocati on.

Q Okay. And are devel opnent task
fluids used during production?

A Production is a process that my
use fluids that are usually of different
nature. As the tasks are different, you
have hydrocarbons, oil and gas, flow ng
fromthe well to the surface, so you want
to make sure that this process is done as
efficiently and econom cally as possible.

So use whatever it takes to
acconplish that. Nanely, you create the
fluids and deliver a technol ogy so that,
again, you can develop the right fluid to
the right [ocation so that can acconplish

the task for which the fluid has been
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desi gned.

Q But are well devel opnent task
fluids, are those used during production?

A Wel | devel opnent fluids, for
exanple -- let's be nore specific --
fracturing water wwth all the additives
that it has? No, this is for a particular
task. It's to create fractures.

So when you produce, you have
renoved that water that you used for
fracturing, so you need different fluids of
different nature so that you can deliver
themand let themdo their job for which
t hey have been desi gned.

Q Ckay. Well treatnment fluids,
what is a well treatnent fluid?

A It's a fluid that you use so
that you can acconplish a treatnent of the
wel | .

I f you want to do sonmething to
the well that you just did, then,
typically, as | explained and | gave sone
exanpl es a nonent ago, you may typically
have to use sone fl uids.

Like if you want to put a
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casing, you want to have a cenent slurry,

if you want to create fractures you wl|l
use water. You know, these are sone
classic exanples of fluids that are used to
treat a well in a certain way and conpl ete
It so it can be ready for production.

Q During what stages of the well
are well treatnent fluids typically used?

A Well, that may vary, but
comonl y, you first conplete the well so
you can initiate production. You don't
want to start production w thout having
conpl eted your well, at least to the best
of your understanding for the particul ar
design that you think is going to deliver
good producti on.

Furt her down, as production
proceeds, you nmay have to re-conplete the
well in a nunber of ways dependi ng on
whet her the production has dropped to a
point that the well needs to be
restimul ated, or you nay need to fix
probl ens that may have energed as a result
of say debris collecting near the interface

at the bottomof the well where the
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hydr ocarbons flow to the well, and so
forth.
Q So well treatnent fluids --
A This particular -- I'msorry,
think --
Q |"'msorry, |'mexperiencing sone
del ay.
A Yes. Sorry, ny apol ogies.
Let me try it. One, two, three.
One, two, three. Can you hear me okay?
Q Yes. It seenms to have resol ved
itself.
A One, two, three. GCkay. Are we
In sync?
Q Got it.
A Ckay. (Good.
Q | think we're good.
A Let's try that again. Ckay.
Q So the question was, well
treatnment fluids, so those are typically
used during production?
A Vel | treatnment fluids are used
to treat the well to prepare it for
producti on.
Q But are they typically used
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during production?

A There is no need to treat the
wel | during production. So during
production, you use other fluids that are
rel evant to production.

Q How are well treatnent fluids
different fromwell devel opnent task
fluids?

A Treat ment and devel opnent, |
consider those terns to refer to simlar
things in the sense that you do sonething
to the well which prepares it for
producti on.

So | woul d consider that these
two terns, treatnent and devel opnent, |
woul d consi der those ternms to enconpass
simlar things, being different ternms to
denote a simlar thing basically.

Q Are well treatnent fluids and
wel | devel opnent task fluids the sane?

A Well, like | said, there are
various tasks. And if these two terns
enconpass the sane activities, then the
fluids are the sanme by default.

It's a matter of semanti cs,
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right? It's not that the two are simlar

in nature and all that. They refer to the
sane thing.

Q So well treatnent fluids and
wel | devel opnent task fluids can be the
sanme?

A They can be the sane, | think,
in the context that | descri bed.

So you develop the well, of
course, initially, and you treat the wel
so that you can initiate the good
production, and you may have to repeat sone
of these things to inprove the well or fix
the well if there is a problemand al
t hat .

So those are things that nay
happen over tine.

Q But can you provide an exanple
of an instance to where the well treatnent
fluids and the well devel opnent task fluids
woul d be the sane?

A | f well devel opnent neans
stimulating the well, then well treatnent,
wel | devel opnment refers to stinmulation. So

it's the same process.
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It's not |ike you do different
things with different -- with the sane
flurd. It's that they refer to the sane
t hi ng.
Q So stinmulation fluid can be both

a well treatnment fluid and a well
devel opnent task fluid?

A Well, if these -- if there is
agreenent that these two terns are
referring to the sane thing, devel opnent
and treatnent, then, obviously, it's the
same substance that is used in the sane
t hi ng.

It's a matter of semantics, of
course, nanely, what one understands by
each of these terns.

It is reasonable to ne to assune
t hat devel opnent and treatnent refer to the
sanme t hing.

| should al so point out that
this may not be universal. Sone people my
say devel opnent is early on. Treatnent my
refer to fixing things down the road, |ater
on.

So it's in this context that |
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interpret these terns. But | believe |

expl ained in what context | understand
t hese terns.

Q W is it at the well site who
typically handles the well treatnent
fluids?

A Well, there is a crew, and, you
know, there is a whol e organi zation there,
a nunber of people.

There's a | ot of automation
t hese days, actually. There is typically a
separate room where data col |l ected through
vari ous sensors and various places, either
downhol e or at the surface, those are fed
to the conputer systens.

The conputer systens wll tell
you what is happeni ng, what you nay want to
do next, what the conputer recommends that
wi || happen next and all that.

And there's the typical
hi erarchy that you would find in any
i ndustrial operation. There is a manager.
There are people who actually execute
various tasks that have to be done

manual ly. And there's continuous
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nonitoring either manually or by a
computer, or it's usually a conbination of
bot h.

Q And so just to be clear, when |
refer to these terns, |'"'mreferring to how
they're used in the '082 Patent.

So in the context of well
devel opnent task fluids and well
devel opnent treat fluids, can they be the

sanme thing with respect to the '082 Patent?

A Yes. The '082 Patent is
concerned mainly with the fracturing -- or
stinmulation, rather, of a well, which is an

extrenely inportant operation and very well
descri bed, and the patent describes it also
very well.

Q The next termis recovered well
treatnment fl uids.

What is a recovered well
treatnment fl uid?

A So when you do sonething to the
wel | using certain fluids, the fluids wl|l
want to remain there forever because you
want to make roomfor the -- typically,

for -- you want to nmake room for the
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hydrocarbons to flow through the well.
This is the very reason why you're creating

the well.

drilli

woul d say, Well, once drilling is stopped,
obviously, there's no drilling nmud to speak

of. You renobve the nud.

wat er ,

fractures, and when it's all done, you
renove the water. You have incl uded
proppants, sonething |like sand, for
exanpl e, that keeps the fractures open
after you renove the water so that the
fractures can provide a highway, a freeway
to the hydrocarbon -- for the hydrocarbons

to reach the well and then zoomto the top

typi cal because you don't want to | eave

t hem t here.

t hat ,

be nore specific, as the fluid cones --

whatever fluid you use, as it conmes back to

55

So if we are tal ki ng about, say,

ng nud, for exanple, very quickly,

If there is stimulation, you use

you pressurize it, you initiate the

So recovering the fluids is

And then there may be nore to

nanmely, as you recover -- nanely, to
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the top, what do you do with that fluid?

In drilling, drilling nud, for
exanple, it's expensive, and it's called
"mud," but it's actually hi-tech fluid
containing all kinds of exotic additives
and things that -- nost of it -- many of
those are actually proprietary to, in part,
I nsert properties into the nud.

Now, the nmud carries cuttings,
so you would want to renove these cuttings
and retain the nmud, use it again.

| f you use, say, water to do
fracturing, when that water cones back to
the top, you want to do sonething wth it
to use it again.

You may want to clean it up if
it contains contam nants and it's cheap
enough to renove those contam nants that
were picked up by the water through its
circul ati on downhol e and t hrough the rock.
So you nmay do that.

If not -- if it's not
econom cal, you may want to di spose of that
water in a way that is not environnmentally

t hr eat eni ng.
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And environnental threats may

i nclude contam nation all the way to
creating small earthquakes and things |ike
t hat .

So there is an entire series of
consi derations you want to | ook at when you
use these fluids downhole and you pick them
up back at the top. And the general idea
is you're not free to just do anything you
want with these fluids. There are
constraints, environnmental, econom cal
safety and such constraints, and you want
to do sonething sensible |ike recycling or
cl eaning up and recycling or disposing of
the fluid in an environnental |y known
t hreat eni ng. ..

Q So in the context of your
drilling exanple, what would be the
recovered well treatnent fluid?

A Really, we are drilling nud. 1In
fact, you recover it continuously. There's
a circuit of circulating this nud
t hroughout during the drilling process.

And because the nud -- it actually operates

at a rather high velocity, so high speed,
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so it carries the cuttings to the top, and
you want to renove these and circul ate that
mud back to the well.
So it's a typical reuse of a

fluid that you use in an operation that had
to do with creating the well.

Q So in the context of your
drilling exanple, what would be the
di fference between the well treatnent fluid
and the recovered well treatnent fluid?

A In the case of drilling nud?

Q Yes.

A Drilling nud, when it goes into
the well, it's clean. It doesn't have
cuttings init. 1t may have other things
to, in part, viscosity properties, thernal
stability properties, specific gravity to
make sure you don't |et hydrocarbons
mgrate to the top and blow up and ruin
your whol e day.

And when it comes back to the
top, it contains basically cuttings. There
may be other stuff that the nmud picked up,
but it always contains cuttings. That's
the very purpose of using the -- well, one
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of the very purposes of using the nud, as |

mentioned a little earlier.

So you clean it up. You pass it
t hrough. There are various ways to clean
it up. And then you circulate it back

Q And then in the terns of your
stimul ati on exanple, what would be the well
treatnment fluid versus the recovered well
treatnment fluid?

A So the well treatnment fluid is
wat er, plus whatever additives you have.
And you use it so that you can create the
fractures. And then you want to nake sure
that after you renove the fluid, the
fractures stay open.

So when you inject the fluid, it
has additives that give it certain flow
properties. For exanple, to nake sure that
you don't |ose sone of that fluid through
natural fractures or pores or any other
waste to the formation, you want to keep it
pressuri zing the rock.

Now, when you renpve the water
you want sonething to stay behind and keep

the fractures open. That's why you include

www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%?'?&1_ 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 60



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou
HALLIBURTON ENERGY SERVICES July 10, 2024

60
the sand, typically. That's the idea.

It's called "proppant.” So that it can
descri be the act of propping the fracture
open after the water is renoved.
And what you get at the top is

what is left fromthis operation.

Q Can production fluid be
recovered well treatnment fluid?

A Production fluid is the
hydr ocar bons that are produced, and to
facilitate the production of hydrocarbons,
you nmay inject things that prevent gelling,
prevent solidification, prevent hydrate
formation. They -- or inprove the
vi scosity.

| nmean -- excuse ne -- they

i npart properties to the hydrocarbons
solution, essentially, that are benefici al
for production. But that fluid is not
stinmulation fluid, which is of different
nature, it has a different task, it has
different properties, and it is designed to
be injected again, do the job and be picked
up at the top at the end.

Q So the production fluid is
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different fromthe recovered well treatnent
fluid?

A The production fluid is mainly
hydr ocar bons. The treatnent, the
stimulation fluid, is water with additives
m nus the proppants that stay in the rock
after you pick up your water.

Q What conponents does the
production fluid usually have?

A The production fluid has the
hydrocarbons. That's the main thing. And,
of course, along with hydrocarbons, you may
have other things, typically water

There are wells that have, you
know, 90, 95 percent water. They still --
people still make noney with the snal
per cent age of hydrocarbons bei ng produced
in such wells.

And if you have additives to
facilitate production, those will be picked
up at the top.

Q During what stages of the well
are well production fluids typically
present ?

A Well, when it's needed.
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Q Production fluids --

A Okay. So let ne continue.

So you are producing, and if you
assess that you could inprove production,
for exanple, you could inprove the
production rate by -- or you could make it
safer and avoi d having a cl ogged line, or
anything like that, you nay add sonet hi ng
to the fluid at the bottomtypically so
that you can have the right flow and
produce the hydrocarbons fromyour well.

You use those when you think
t hey are needed and beneficial.

Q So previously, you had said that
production fluid is primarily hydrocarbons
and coul d include sone water, but then you
were referring to sone other conponents.

Are those -- are there
addi ti onal conponents included in the
production fluid other than water and
hydr ocar bons?

A Yes. As we expl ai ned, for
exanple, in natural gas production, you may
have aci ds, you may have CO2, you may have

hydrogen sulfite.

www.LexitasLegal.com/Premier Lexitas 8&%@%6@%@&%%‘3” 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 63



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs
HALLIBURTON ENERGY SERVICES

Michael Nikolaou
July 10, 2024

What ever not her earth put down
there is not -- has not been built to
specifications. It has been built by
what ever tinme produced for us, created for
us down there. So you pick up those things
at the top -- you nove themto the top and
you just try to use whatever is worth using
for a certain task

| refer to water that you
menti oned to nake the case that sone --
many, many wells, actually, wll produce an
anmount of water -- that is extrenely
comon -- and in sonme wells may produce
very large anpbunts of water. Because those
are all wells and people can still make
noney because they just are a rudinentary
operation, they produce -- it's not very
costly to just [ift that fluid to the top.
It's only, let's say, 5 percent
hydr ocar bons, 95 percent water, but it can
still make a little bit of noney. So
they' Il do that.

It's a matter -- as |'ve said
several tines, fromthat point on, we know

how to do the engineering, it's a matter of
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cost/ benefit of whether 1'I|l keep producing

and lifting up all that water or whether
['I'l just abandon the operation, do
sonet hi ng el se, nove on.

But it's -- as you pointed out,
and |'ll agree with that, that water, it
comes fromthe rock. It's what the rock
produces. That water flows through the
well in the direction that return water
woul d flow after you conplete a stinulation
pr ocess.

So you injected the -- in
stimulation, in creating fractures, you
I njected water, you did the fracturing,
created the fractures, let the sand stay
back, and then you pick up the water back
naturally so that you can proceed with the
next steps and reach production.

Q So what is the difference
bet ween production fluid and recovered wel |
treatnment fluids?

A |"msorry, you broke up again.
Coul d you repeat?

Q Yes.

What is the difference between
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production fluid and recovered well

treatnment fluids?

A So recovered well treatnent
fluids are fluids that you inject and you
pi ck up, and you do these for a certain
pur pose, as we explained through a nunber
of exanples a few nonents ago

Production fluids are fluids
that nother earth gives us when we | et her
do that by creating a well and let those
fluids nove to the top

Per haps along with sone -- well,
there are issues with secondary production
and -- recovery, rather -- secondary
recovery and tertiary recovery, in which
case you inject water froma well, the
water travels through the rock and pushes
t he hydrocarbons, along perhaps with water,
to be produced at another well at the other
end.

It's nore difficult to do -- or
it's not nuch nore difficult to do for
hori zontal wells. People have been doing
gquite a bit for along tine in vertica

wells. This is a technol ogy under
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devel opnent. It's quite exciting,
actual ly.
Q Al right. | would like to
I ntroduce Exhibit 1005.
(Exhi bit 1005, Pub. No. US
2009/ 0114392 Al, was referenced.)
A 1005. Let nme see if | can open
it.
kay. That's the Tol man patent,
right?
Q That's correct, yes.
So Exhibit 1005 is a patent
application, publication to Tolman, et al.
A Yes.
Q | s that correct?
A That is correct.
Q And can you scroll to Figure 2,
pl ease?
A Figure 1. Figure 2, yes.
Q So Figure 2 illustrates a
configuration for stinulation operations,
is that correct?
A Correct.
Q And you primarily rely on this
configuration illustrated in Figure 2 for
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both of your grounds in your declaration,

is that correct?

A That is correct. |In summary, ny
position is that there is a pretty good
description of how to coordinate
stimulation froma central |ocation, and
t hat nmeans how to prepare, deliver and
recover fluids for that operation for which
sonme additional help may be nmustered from
the other two patents that | nentioned so
that I won't just use hand waving in the
argunents that this was well-known or it
was wel | -understood and everybody knew it
and all that.

| nstead of that, we use two
specific references to be nore specific.

Q And nore specifically, you rely
on Tolman's stinulation fluid storage
system marked as 204 in Figure 2 as part of
your conbination, is that correct?

A That is correct, yes. That's
where the fluid is stored and prepared for
use in the stimulation process.

Q And the stinmulation fluid

storage system that's a piece of

www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%@“8”_ 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 68



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs

Michael Nikolaou

HALLIBURTON ENERGY SERVICES July 10, 2024
68
stinul ation equi pnent, is that fair?
A " msorry, you broke up just for
a nonment. Could you repeat?
Q Sur e.
The stinmulation fluid storage
system it's a piece of stimulation
equi pnent, is that fair?
A Yes.
Q And the stinulation fluid system
stores stinulation fluid?
A Yes, it stores stinulation
fluid.
Q And what type of stimulation
flurd -- what type of fluid is stimulation
fluid in terns of the '082 Patent?
A It's mainly water and sand and
what ot her additives you may use so that
you can have the right properties for flow,
avoi di ng | osses, have an easy operation and
so forth -- easy flowback, for exanple, and
all that.
Q s the stimulation fluid a well
devel opnent task fluid?
A It is indeed a well devel opnent
task fluid, yes.
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Q Is it also a well treatnent

fluid?

A Yes. So to the extent that
treat ment and devel opnent nean the sane
thing, it's a fluid that you use to devel op
or treat the well in a certain way so that
it has the right properties that you want
when you start production

Q Does Tolman's stinulation fluid
storage system store any other type of
fluid than stinulation fluid?

A "1l have to look it up. |
don't believe that they refer to any other
fluid being stored there.

But woul d you give ne a nonent
to check to see how they describe that?

Q Sure. Certainly.

A Thank you.

So this is block 204. So let ne
see the details.

And the reason why |I'm | ooking
it up, by the way, is that this is not
centrally in the operation in the sense
that they accept that it is very well-known

how to prepare a stinulation fluid,
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al though this may well be proprietary

i nformation, but all conpanies doing this
busi ness of stinulation have their own
reci pe so they can prepare stimulation
fluids there for the purpose.

So let nme | ook at what Tol man
says about 204.

Ckay. So there is a
description. Yeah, | can -- | refreshed ny
menory. It's on page 10 of 18 in
Exhi bit 1005.

Towards the bottom Tol man
says -- it's paragraph 0029, and I'IIl just
read it for the record: "To provide a
stimulation treatnment, the JI TP system may
I nclude the stinulation fluid punping
system 202 and stinulation fluid storage
system 204."

204 is the systemwe are | ooking
at right now.

"The stinulation fluid punping
system 202 couples to the stimulation fluid
storage system 204 vi a piping 203, which
may be high pressure still lines or |ow

pressure hoses depending on the specific

70
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application. The stinmulation fluid storage
system 204 is a vessel that holds a
sufficient volune of fluid for the planned
stimulation treatnments. It is noted that
the stinmulation fluid storage system 204
may i nclude tanks | ocated on the surface
pad 102, at pit dug on the surface pad 102,
and/or a pond, |ake, river or water storage
facility located in close proximty to the
surface pad 102."

So Tol man basically says |
somehow nanage to have this fluid stored
and ready for use, and | start fromthere
basi cal |l y.

Q Al right. So the only fluid
that is stored in the stinulation fluid
storage systemis stinmulation fluid,
correct?

A Yeah. Yeah, the term suggests
that. It says, "stinmulation fluid," yes.

Q So you also rely on the
stimulation fluid punping system marked as
202 in Figure 3 -- or Figure 2, excuse ne.

A Figure 2, yeah, let me go there.

Q As part of your conbi nation.

71
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A Sorry, relying on the

stimulation fluid punping systemto deliver
the fluid -- the stinmulation fluid -- is
t hat what you nean?

Q Let ne reask it.

So you also rely on the
stimulation fluid punping system 202 in
Figure 2 as part of your conbination in
your declaration, is that correct?

A Yes, this is part of ny
decl aration explaining that, in the context
of preparing and delivering a fluid
relevant to this operation -- stinulation
that is -- you start with a fluid that you
pi ck up fromsonewhere -- this is 204, the
stinmulation fluid storage system-- and
then you have to deliver that systemto the
right place at the right tine.

So this delivery, as described
in Figure 2, starts with the stinulation
fluird punping system and there are val ves
shown further down in various pipes and so
forth so that the fluid can be delivered to
the right [ocation on a tinely basis.

Q And at what pressures would the
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stinmulation fluid punping system punp
stimulation fluid downhol e?

A Usual Iy high. How high I
deliver it, it depends on the kind of rock
and how hard you need to push the rock to
fracture it.

It's typically thousands of PSI

Q So anywhere from 10 to 15, 000
PSI sounds about right?

A What was the nunber again?

Q Anywhere from 10 to 15,000 PSI
sounds about right?

A On order of magnitude, yes. And
| don't renenber specific nunbers, to be
honest with you. And like | said, those
depend on the kind of rock you have.

But down there, to open up the

18
19
20
21
22
23

rock, you definitely need, let's say, a few

t housand PSI at | east.

again, | don't remenber specifics, but it

doesn't | ook unrealistic, let me say that

So 10 to 15,000, | don't --

I n honesty.
Q And the pressure that the

stimulation fluid punping system punps
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stimulation fluid downhol e, would that be

| ower or higher than the pressures at which
production additives woul d be punped
downhol e?

A Production additives have to be
added downhole. They have to wthstand
basically the hydraulic head pressure and
what ever friction the production fluids
experience as they nove up.

So the pressure at which these
addi ti ves woul d be added woul d be sonewhat
lower. And | believe that is a fair
statenent to say, that these -- the
pressure of these additives would be
somewhat | ower .

Q How nmuch | ower ?

A Well, it depends on the shape of
the well, the depth of the well, the width
of the well, the kind of the fluids that
you have. |It's a nunber of factors that
basically determ ne how nuch pressure you
need to provide to that fluid that you
inject at the bottomso it can nove with
the remaining fluids to the top.

Here, we don't try to fracture a

www.LexitasLegal.com/Premier Lexitas 8&%@%6@%@&%&?‘3” 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 75



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs
HALLIBURTON ENERGY SERVICES

Michael Nikolaou
July 10, 2024

rock. So when you try to fracture a rock
typically, you have to withstand the
strength of the rock, which is why
hydraul ic fracturing typically works at

hi gher pressures.

Q At what rates would the
stimulation fluid punping system punp
stinmulation fluids downhol e?

A That varies because -- there is
a nice curve, actually, that shows that you
start injecting the fluid and then, you
know, there is flow rate because the well
absorbs -- not absorbs -- receives the
fluid.

So you start punping and the
well receives a lot of fluid. And you
reach a point where you have filled up the
wel | and now you start pushing so you can
start breaking the rock. And you need to
push a | ot.

And once you initiate the
breakup of the rock, you initiate the
fracture, then you can start punping a bit
nore. And you keep going until you have

punped enough to open up the rock enough

75
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and then you stop the punp.

And those are very
wel | -prescribed parts of the curve that is
taught in standard courses for hydraulic
fracturing, how to infer properties of the
rock and how to design the process and al
t hat .

Q Typi cal ly, though, what are
stimulation fluid punping rates?

A | don't renenber off the top of
ny head. But like | said, the rate is
initially high because you fill up the
wel | .

Then you start pressurizing so
you can break the rock. In that part,
there's not nuch fluid flowng. [It's just
t he pressure that increases.

Then eventual |y, the pressure
I ncreases so nuch that it starts breaking
the rock, then flow starts again through
the fractures that you are initiating.
It's a small flow, but nevertheless, it's a
flow that you can nonitor and neasure.

And you keep with that until you

have your fractures to the length -- at the
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| ength that you want. And then you stop,

you stop the punps, you retrieve the water
and you nove on.

Q Wul d a rate on the order of
barrels per m nute sound about right for
the rate at which stinmulation fluids are
typically punped downhol e?

A Frankly, | don't renenber
specific nunbers. So | don't have a
speci fic nunber off the top of ny head.

Q Now, you also rely on flowback
mani f ol ds as part of your conbination in
your declaration, is that correct?

A Well, which part in ny
decl aration are you referring to?

O in that figure, if you can
just guide ne a little bit to make sure
didn't mss anything --

Q Certainly.

So the fl owback manifolds in
Figure 2 of Tolman are | abel ed as 230A
t hrough C.

A Oh, yes. kay. Yes.

Q So you rely on those fl owback

mani f ol ds as part of your conbination in
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your declaration, correct?

A

Tolman is nore general. They say, |
deliver the fluids, and then after that,
after |
the fl owback lines and then | can deliver
these fluids anywhere it nakes sense. |

can pick themup, clean them up, dispose of

t hem

the 236, 234 and 238 lines do in -- they
have a discussion in the text, and we have

part of the discussion in nmy declaration.

Q

referencing is paragraph 28 of Tol man.

page 10.

A
right?

Q
A

Q

sentence of paragraph 28, it says: These

flowines may be coupled to flowback pits,

78

In fact, indeed. And, in fact,

have delivered the fluids, | have

They have a di scussi on on what

| believe what you're

| f you could go there on

Stay on Tol man, paragraph 28,
Not ny decl aration

Yes, sir.

Ckay. Very good.

So paragraph 28, yes, I'mthere.

And i n the second-to-I| ast

www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00?\?&%@&1_ 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 79



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou
HALLIBURTON ENERGY SERVICES July 10, 2024

79
flow test units, sales |lines, tankage,

oi | / gas/ wat er separating and processing
units and/or other simlar devices.

|s that correct?

Yes.

Q These fl owback pits, flow test
unit, sales |lines, tankage, oil/gas/water
separati ng and processing units and/ or
other sim | ar devices, those are not
| ocated in the sane |ocation as the
stimulation fluid storage systemthat we
di scussed earlier, is it?

Excuse ne?

A Wi ch ones agai n?

Ckay. Sorry. \Wiich ones are
not | ocated in the sane | ocation?

Q Any one of those structures in
par agraph 28 that we just discussed, are
any one of those structures |ocated in the
sanme place as the stinulation fluid storage
syst enf?

A Wl |, paragraph 28 refers to
hydr ocar bon production through piping. So
t he fl owback manifolds are used to channel

production to the right place.
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And further down, as you

correctly pointed out, the flowback

mani fol ds nay be coupl ed one or nore

fl owines, which may be coupled to fl owback
pits, flowtest units, sales |ines,

t ankage, oil/gas/water separating and
processing units and other simlar devices.

So dependi ng on what you want to
do with the flowback fluid, you can use it
in -- use the flowback capability in the
correspondi ng way.

Q Ri ght. But any one of these
structures nentioned, the flowback pits,
flow test units, sales |lines, tankage,
oi | / gas/ wat er separating and processing
units, or any other simlar devices, those
are not located in the same | ocation as the
stimulation fluid storage system of
Figure 2, is it?

A No. They may be near it.

They tal k about fl owback pits,
for exanple, or flowtest units. Sales
lines wll be perhaps anywhere. Tankage
may be anywhere.

O |/ gas/ wat er separating and
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processing units may be very close. |

nmean, once the hydrocarbons cone out, first
thing you do is separate those into oil
gas and water.

So those are placed wherever it
makes sense. Sone are very near the
production line, sone may be further out.
M5. CARTER. So we are getting

t owards anot her hour. Wuld you |ike

to take anot her 10-m nute break,
Dr. Ni kol aou?
THE WTNESS: That woul d be
great. Thank you so much.
So conme back in 10 m nutes?
(Recess taken 9:54 a.m)
(Resuned 10:05 a.m)
BY Ms. CARTER
Q Dr .

t hrough Means,

Ni kol aou, next, let's go

Exhi bit 1006. [|'Ill post

that into the chat.

(Exhibit 1006, Pub. No. US
2005/ 0166961 A1, was referenced.)
BY M5. CARTER:

Q Let nme know when you have it

open.
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A It's downl oadi ng.
1005. Let ne open it.
Apol ogi es for the delay. It's
not being -- hold on, let ne see if there
Is a corruption --
Q No probl em
A Let nme close the other files in
case sonething is holding ne back
kay. Cot it.
Q G eat.
Al right. So Exhibit 1006,
that is patent application publication to
Means, is that correct?
A Correct.
Q Let's head down to Figure 3 of
Means.
A Fi gure 3 of Means.
Figure 3, yes, |I'mthere.
Q And Figure 3 illustrates a well
site additive injection systemfor a
producing well, is that correct?
A That's correct, yes.
Q And you conbi ne this equi pnent
illustrated in Figure 3 with sone of the
equi prent in Tolman for both of your
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grounds in your declaration, is that
correct?
A That is correct.
Qur idea is that this figure in
Means shows the capability to deliver
fluids when you want them and where you
want them using renote control and
aut omati on technol ogi es.
So this is the piece that we are
selecting from Means to conbine with
Tol man, which is the basic reference.
Q And all of the additive
i njection system equi pnment illustrated in
Figure 3 is production equipnent, is that
correct?
A Yes, this is the site of
production. There is a well in production,
that's correct, yes.
Q Now, let's go to paragraph 5 on
page 7 of Exhibit 1006.
Let nme know when you get there.
A Paragraph 5 in Means, right?
Q Yes.
A kay. |'mthere.
Q Al right. In this paragraph 5
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of Means, Means introduces a variety of
additives, is that correct?
A Yes.
Q Those additives are offered to
control, anmong other things, corrosion,
scal e, paraffin, enulsion, hydrates,
hydrogen sul fi de, asphal tenes and the
formati on of other harnful chemcals, is
t hat correct?
A That is correct, yes.
Q And Means descri bes that these
additives are used in production, is that
correct?
A Yeah, they're used to facilitate
production, indeed.
Q The additives are added to the
production fluid in the well, is that
correct?
A Correct, they're added to the
pl ace where you want themat the tine that
you want it, and in this case, the place
where you want themis the production
fluid, and that's where you inject them
| ndeed, that is correct.
Q So these additives used in
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production would not be used in stinulation
operations, is that correct?

A This is a general statenment. So
| would answer this as follows: |If those
addi tives do not provide an advantage or
facilitate in general the stimulation
operation, no, they would not be used.

If it happened to provide a
benefit, they m ght be used. |In general,
there are typically different challenges in
production and in stimulation.

So what you may use to -- and
the fluid that you inject in production
will likely not coincide wth additives
that you use in stimulation, although there
may be sonet hing that may be unconmon, for
exanpl e, viscosity adjustnents or sonething
i ke that.

But it's a first statenent
that -- to say that did those coincide?

No, they do not coincide conpletely.

Q At what rates would these
addi tives in Means be punped downhol e?

A It's on an as-needed basis.

Q And roughly on an as-needed

85
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basis, what would the rates be added into

the well?

A | can't recall off the top of ny
head what these ranges would be. But, in
general, those rates would vary with the
production rate, the kind of fluids you
have in production, the kind of well you
have, the geonetry, the opening of the
well, the depth of the well. There are
many, many, many factors that you take into
account .

So those rates -- excuse nme --

Q Bl ess you.

A -- those rates would vary. And
like | said, | don't have a conplete -- a
specific nunber off the top of ny head at
this tine.

Q Wul d the rate be | ower or
hi gher than an injection rate for a well
treatnment fluid?

A Again, the well treatnent fluid
is punped at different rates. Wat | can
say -- during the various stages of the
stinmul ati on process.

What | can say is that the
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stimulation fluid will fill up the whole
wel | pretty much, the space that's
avai l abl e then, so that eventually the
fluid, the water -- that is, the fracturing
water -- would be pressurized enough to
open up the rock, create fractures and then
| eave the fractures behind when it's
renoved.

The additives added to
production fluids, oil and gas, that is,
obvi ously, they want to fill up the whol e
wel |, because there is production fluids.
So it would be -- though the additives
woul d be part of the production.

At what rate those would be
added, it depends on a nunber of things
that | already nentioned, the kinds of
production fluids, the geonetry of the
wel |, the depth, many things.

Q So based on your expl anati on,
would it be fair to say that the rates at
whi ch Means' additive injection system
punps additives downhol e woul d be nuch
hi gher than the rates used to punp a well

treatnent fluid downhol e?
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A Well, | would say that the
amount of fluid that you find in
stinmulation, the stinulation water that you
find -- the stimulation fluid that you find
in the well, is larger than the anount of
flurd that you inject in a well during
production as an additive for the sinple
reason, like |I said, that the production
operation involves fluids that need to nove
up the well to be produced, oil and gas
that is.

So certainly, there would be
| ess anmount of injected fluids inside the
wel | .

Now, at what rate those would be
I njected, those are not -- | would have to
check this again. Because in stinmulation,
the rate is not constant. It varies based
on what the pressure is, at what stage of
t he operation you are, and so forth.

And sim |l ar considerations have
to be | ooked at for the production
i njection fluids, how nuch you need, how
much you're allowed to inject, and so

forth.
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Q Wul d a rate of quarts per day

for Means' additive injection system sound
about right?

A | -- 1 don't renenber these
nunbers, to be honest with you, off the top
of ny head at all.

Q Simlarly, with pressures, at
what pressures would Means' additive
i njection system punp the additives
downhol e?

A The pressure downhol e woul d have
to be enough so that when you add those
additives, they can travel to the top al ong
w th the production fl uids.

Q And woul d that pressure be | ower
or higher than the pressure you used to
inject a well treatnent fluid downhol e?

A Typically, lower. Typically,
| ower .

The stinmulation fluid needs to
reach hi gher pressures because it has to
overcone the strength of the rock so that
it can break the rock. So stinmulation wll
reach hi gher pressures, yeah.

Q Wuld a rate of 10 to 1500 PSI

www.LexitasLegal.com/Premier Lexitas 8&%@%6%0[00%\&%@'?&1_ 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.
IPR2023-01318, page 90



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou

HALLIBURTON ENERGY SERVICES July 10, 2024
90
for Means' additive injection systemfor
i njecting additives downhol e surprise you?
MR. BORDER: (Objection. Form
Qut si de the scope.
A So | need a lot nore information
to answer that.
| can say -- again, | can state
that the pressure would be -- would have to
be hi gh enough to nmake sure that the
addi tive does flow along with production
and doesn't get stuck there.
Q Sol'd like to turn back to your
decl aration, Exhibit 1003.
Do you still have access to
t hat ?
A | do. Let nme open it again.
Yes, yes, ma'am Let ne open it again,
1003. G ve ne just one second to open it.
Ckay. So | have that file open
We can continue when you're
r eady.
Q Can you go to paragraph 72 of
your decl aration, please.
A 72.
Ckay. |I'mthere.
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Q Right. So in paragraph 72, you
state that a POSI TA m ght have recogni zed
that Means' additive system would increase
cost, but that cost nay be mtigated based
on the inproved well efficiency attained by
fine tuning the mxture of additives.
A Par agraph 72 reads al nost |ike
It, but it's slightly different.
Are we | ooking at the sane
t hi ng?
Q Let's see.
A It's on page 50 of 184, right,
Exhi bit 1003, correct?
Q Yes. In Exhibit 1003,
par agraph 72 of your decl arati on.
A Yeah. And it starts: "A POSITA
woul d have al so recogni zed t hat using
Means' cl osed | ooped additive systemin
pl ace of Tolman's system woul d have been a
design choice."
And then next sentence: "A
POSI TA woul d have wei ghed” -- bl ah, bl ah,
bl ah.
| s that where you read?
Q Yes, sSir
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And let's focus on the third

sentence here, that says: "Such a person
m ght have recogni zed that Means' additive
system woul d i ncrease cost, but that cost
may be mitigated based on the inproved well
efficiency attained by fine-tuning the
m xture of additives."

A Correct.

Q What specific costs would be
I ncreased here?

A It's the cost of the materials
and the operation.

So you have to have a neans --
no pun intended here again -- to -- a way
to deliver the fluid, you have to have the
fluid itself, and you have to do this
operati on over tine.

So all that would have a certain
cost. People actually do it extensively
because the benefit is usually higher and
It makes sense to do that.

Q How much noney woul d be saved by
usi ng Means' additive injection system or
substituting that --

MR. BORDER  (bjection. Form
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BY Ms. CARTER
Q Let me rephrase.
So how nmuch woul d the cost
i ncrease or decrease based on use of Means
additive injection systemin your proposed
conbi nati on?
MR. BORDER:  (bjection. Form
A First of all, in our proposed
conmbi nati on, the way we use Means is to
expl ain that a technology is known so that
sonmeone can deliver fluids in the well --
into the well at the place and at the tine
and followng a profile that is desired and
makes sense for the designer and operator
on the system
Now, for a particul ar operation,
how nmuch the cost increases and what is the
benefit and all that, that varies wildly
dependi ng on what you're produci ng, what
you are injecting, what exactly you are
doing and all that.
So | cannot possibly give a
fi xed nunber or even a range -- a narrow
range for a nunber.

Q And in terns of the efficiencies
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that you're discussing in this paragraph,

how specifically would the efficiency be
| nproved by fine-tuning the m xture of
additives?

A So these additives help mtigate
all these problenms -- | think you read
those already in a certain passage, either
Iin this patent or a previous one.

There nay be issues with very
hi gh viscosity, with corrosion, a whole
bunch of things that could go wrong.

Peopl e have devel oped good
reci pes to add those additives, which is
why the term"additive" is currently wdely
used. It's a standard term

Those additives can add and
i mpart properties that are beneficial for
mai nt ai ni ng production, increasing
production, making production safer,

i nproving the lifetinme of equi pnent,
preventing corrosion in the equi pnent, a
whol e bunch of things, like I said, which
I s what everybody al so di scusses in the
three patents that we use in ny

decl arati on.
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Q Ckay. So the next exhibit 1'd
like to tal k about is Exhibit 1007, which
|'"'mgoing to add to the chat.

(Exhibit 1007, Patent No. US

6, 236, 894 Bl, was referenced.)

A Al right. Let ne pick it up.

| "' mopening up that file right
NOW.

So this is the patent with
i nventor Richard F. Stoisits, but for al
i ntents and purposes, we'd be calling this
the "Crawford patent” in ny declaration and
di scussi ons.

Q That's correct.

Then Crawford, Exhibit 1007, is
entitled "Petrol eum Production Qptim zati on
Utilizing Adaptive Network and CGenetic
Al gorithm Techniques.” |s that correct?

A That is correct.

Q So Crawford is directed to
production operations, is that correct?

A That is correct.

Q Crawford is directed to later
stage production operations, is that fair?

A Producti on operations in

95

www.LexitasLegal.com/Premier Lexitas

BB RO B ORITRPEXEMBIT 2003

Profrac Holding Corporation and U.S. Well Services, LLC v. Halliburton Energy Services, Inc.

IPR2023-01318, page 96



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROFAC HOLDING vs Michael Nikolaou
HALLIBURTON ENERGY SERVICES July 10, 2024

96
general .

"Later," what do you nean, |ater
inthe life of the well?

Q Yes. So later life of the
well -- for exanple, can you go to
paragraph 1 -- or colum 1, |ine 267

A Let me go there. Gve ne just
one second, please. So it's colum 1,

i ne 26.
Yes, pl ease.

Q Al right. So colum 1, line 26
of Crawmford states that: "Wile the
primary production phase of operation may
be effected in a relatively strai ghtforward
manner, later |life operation of the
production field requires inportant
deci sions for optinmm producti on and
econom c return.”

A | ndeed. This is very nmuch in
line with what we di scussed. And |
mentioned that there is an original --
initial, rather, phase of production and
then things happen to the well, to the
equi prent. You may need to do sonmething to

the well, sonething to the equi pnent.
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Thi ngs can be addressed because -- a

restimulating or a re-conpleting the well,
doing all kinds of things like that.

Q And Crawford is specifically
addressing | ater stage of production
operations, is that correct?

A Wel |, he says that the primary
producti on phase operation nay be effective
in arelatively straightforward manner
That says it's not likely that you
i medi ately woul d have a dire need to
i mpl enent very sophisticated nethods early
on.

But the later |ife operations of
t he production field would al nost certainly
requi re inmportant decisions for optinum
producti on and econom c return.

Q But the optim zation techni ques
that are applied in Crawford, those are
addressing | ater stage production issues,
Is that fair?

A Well, you can do it at any stage
of the production. It's only that early
on, there isn't nuch to do. You cannot

optim ze nmuch earlier on.
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It's a fixed system You design
it inacertain way. |It's going to run for
sone tinme in the way that you antici pated.
So even if you try to optimze it, it's not
likely that there would be nmuch benefit
expect ed.

But according to this author,
there would be a lot nore benefit to expect
if you are at |later stages, in which case
you woul d al nost certainly have to nake
deci sions that would inprove your
producti on.

For exanple, they say, this is
a -- she talks further down on line 33 --
or 34. "Processes may include
wat er fl oodi ng of the field."

W nentioned that in our
di scussi on about an hour or so ago, nanely,
after your primary production, when the
wel | does not have enough pressure to push
enough hydrocarbons out, nanely, to the
well and to the top, you may have to push
t hose hydrocarbons doing what we'll call
"wat er f| oodi ng. "

So you push these hydrocarbons
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by injecting water fromone well|l or one set

of wells and picking up hydrocarbons from
anot her set of wells.

It's unlikely -- it's very
unlikely you would do that imedi ately when
you have the early stages of production,
early enough that the well has enough
pressure, it produces enough hydrocarbons
and then once the pressure, let's say, is
low -- too |ow or when the skin effect that
we referred to, nainly the increase in
resistence to flow near the well, is high,
then you may have to do sonething to fix
t hat .

So the benefit of doing this
exerci se woul d be nuch higher. That's what
this whole exercise is about in this
pat ent .

Q The optim zation techni ques
di sclosed in Crawford, those would not
apply to stinulation operations, is that
correct?

A No, no, no. He's talking about
optim zation in general. So he's using

al gorithns that have fairly universa
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applicability.

The idea is, | define an
obj ective function that | want to nmaxim ze.
| then have some variables that affect the
val ue of that objective function. And I
know -- | have a nodel that tells ne how
t hese vari abl es, whose val ues ny
optimzation will select, so | have a way,
via a nodel to predict how sel ection of
certain values where these vari abl es
affects ny objective function.

How | eventual |y sel ect opti nal
val ues for these decision variables can be
done in a nunber of ways.

| think, if | recal
correctly -- | can do a quick search, if we
have tine -- they tal k about neural
net wor ks, they tal k about genetic
al gorithns, they talk about general
optim zati on nethods, classical
optim zation nethods that they can use
her e.

So it's a general application
of -- rather, it's a specific application

of general nethods to this particul ar
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cont ext .

And the reason we brought this
reference to our discussion is that it
explains that if you want to optim ze,
rat her than saying and usi ng hand-wavi ng
argunents, well, people now how to do that,
there are lots of ways to do that, we
pi cked sonet hing specific that says, you
know, here is an exanple, here is how
sonebody does that.

Q Got it.

And Crawford -- so Crawford's
optim zation nethods are about optim zing
production fluid, is that correct?

A It's about -- his main concern
I s about optim zing production. And | can
qui ckly read the abstract, whether he has
any secondary concerns. But yes, that's
what | recall.

So it's about petrol eum
production optimzation. And let ne go
t hrough the abstract really quickly to see
If there are any secondary things that he
optim zes.

Yeah, so he's concerned mainly
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with production. That's his nmain concern.

Q Does Crawford disclose well
devel opnment task fl uids?

A Wl | devel opnment -- 1'I1 have to
check again to see what are the decision
vari abl es that he considers.

So do | have sonme tinme to do a
qui ck check to see what decision variabl es
he is using in his optimzation?

Q | can just nove on to the next
guesti on.

A kay.

Q Does Crawford -- just from your
general know edge and use of Crawford based
on the declaration, |I'm asking, does
Crawf ord disclose well devel opnent task
fluids?

A Agai n, whether his optimzation
I ncl udes that, nanely, for exanple,
refracturing a well, or his optim zation
may i nclude re-conpleting using it for
production tubi ng or whatever el se may be
I nvol ved.

That, in principal, could be

part of his optim zation. He |leaves it
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very general in the sense that he's mainly
concerned about how to do the optim zation
and he | eaves the approach of genetic
al gorithnms and neural networks and the
nunber of algorithnms that he considers good
and useful for the purpose.
The particul ar application of
t hose can be anything related to the oil
field.
Q Now, let's discuss Figure 1 of
Cr awf or d.
| f you could scroll to that and
| et me know when you get there?
A Yes, |I'mthere.
Q Figure 1 is a schematic of a
production field, is that correct?
A Yes. And | believe we have a
conparable figure in ny declaration or a
simlar figure in ny declaration. |[|s that
correct?
Q Yes, we do.
A Ckay. Very good.
kay. o on, please.
Q Al right. And you can conbine
sonme of the equipnent illustrated in
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Figure 1 of Crawford with equi pnment from
Tol man and Means for your conbi nati on under
both of your grounds, is that fair?

A Well, the idea, again, is that
I f conmbination of Tol man and Means i nvol ves
optim zing a decision for actually doing
stimul ati on using vari ous options,
technol ogy exists to do this kind of
optim zation.

And, in fact, such technology is
used in the oil field. Here is an exanple
of how this technol ogy can be used, the
optim zation technol ogy.

Q And the equipnent illustrated in
Figure 1 is production equipnent, is that
correct?

A Yes, it's -- yes, indeed, it's
producti on.

Q And the equipnent illustrated in
Figure 1 flows production fluid, is that
correct?

A As shown there, yes. Those are
the |ines by which production fluids would
go to collection sites, the DS sites there,

and fromthere, the manifolds would go to
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the central processing facility and from
t here, out.
Yes, indeed.
Q Next, I'd like to go to the | ast
reference, Lehman, Exhibit 1008.
"1l stick that in the chat for
you.
(Exhibit 1008, Pub. No. US
2004/ 0050550 A1, was referenced.)
A "1l downl oad that.
And that was Exhibit 1008, you
said, right?
Q Yes.
A To Lehman. Yeah, | et ne open
it.
Ckay. Very good. "Re-Use
Recovered Treating Fluid," that's what
you're referring to, right? That's the
pat ent .
Q Yes.
Do you have it open?
Yes.
G eat .
So Exhibit 1008 to Lehman is
entitl ed Reuse of Recovered Treating Fluid,
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is that correct?
A Yes.
Q Let's go to Figure 1 of Lehman
Just |l et me know when you have
Figure 1 in front of you.
A Yes, | can go there.
| have Figure 1 in front of ne,
yes. It's one that says, "First Fracturing
Fluid," "Fracturing Fluid Residual," et
cetera.
Q Yes. So Figure 1 is a picture
of -- or a diagramof fracturing fluid
going into the well and fracturing fluid
residual comng out of the well, is that
correct?
A Correct, yes.
Q And this figure is
representative of what is disclosed in
Lehman, which is limted to well treatnent
operations, is that fair?
A That is indeed fair. |In fact,
in well treatnment operations, they | ook at
the very specific part, which is how to
recover, clean out the fracture fluid and
reuse it and all that.
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production operations, is that also fair?

you do when you prepare the well for

production, nanely, when you fracture it.

107
Q Lehman is not related to

A | ndeed. This is sonething that

So it's before production.

MS. CARTER. Dr. Ni kolaou, I'm
neari ng towards the edge of ny
questions. Wuld you like to take a
qui ck break and then reconvene for the
| ast bit?

THE WTNESS: That woul d be
great.

Come back in 10 m nutes?

M5. CARTER  That worKks.

THE WTNESS: Ckay. I1'Ill be
back in 10 m nutes.

(Recess taken 10:42 a.m)

(Resuned 10:53 a.m)

M5. CARTER So | actually have
no further questions and wll pass the
Wi t ness.

THE WTNESS: You can't be
hear d.

MS5. CARTER: You can't hear ne?
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THE WTNESS: No. Let ne see.
Can you hear ne?
M5. CARTER: | can hear you,
yes.
THE WTNESS: Let ne try again.
Can you say sonet hi ng now,
pl ease?
M5. CARTER  Yes. Hello?
THE WTNESS: Ckay. | can hear
you now.
M5. CARTER G eat.
| actually have no further
guestions and will pass the w tness.
(Conti nued on next page to
I ncl ude signature and jurat.)
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MR, BORDER: And | have no
guesti ons.

(Time noted 10:54 a. m)

* * %

DR. M CHAEL NI KOLACQU

Subscri bed and sworn to
before nme this day

of , 20

NOTARY PUBLI C
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---------------- | NDE X =-------cmmmaa-
W TNESS EXAM NATI ON BY PAGE
DR. M CHAEL NI KOLACU
MR, CARTER 4
------ EXH BI TS REFERENCED - - - - - -
EXH BI T 1004 CurriculumVitae for 8
M chael Ni kol aou; 23
pages
EXH BI T 2002 Deposition transcript of 18
Dr. M chael N kol aou,
dated June 6, 2024; 240
pages
EXH BI T 1003 Decl arati on of M chael 19
Ni kol aou, filed Cctober
3, 2023; 184 pages
EXH BI T 1005 Pub. No. US 2009/0114392 66
Al
EXH BI' T 1006 Pub. No. US 2005/0166961 81
Al
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---------------- I NDE X -----------------
(Exhi bits Referenced, Continued)
EXH BI T 1007 Patent No. US 6, 236, 894 95
Bl
EXH BI' T 1008 Pub. No. US 2004/ 0050550 105
Al
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REPORTER CERTI FI CATE

I, JOAN FERRARA, do hereby certify:

That said deposition was taken at the
time and place herein nanmed; and that the
transcript is a true record of the testinony
as reported by ne, a disinterested person,
and was thereafter transcri bed.

| further certify that | am not
interested in the outcone of the said
action, nor connected with, nor related to
any of the parties in said action, nor to
their respective counsel.

I N WTNESS WHEREOF, | have hereunto

set nmy hand this 19th day of July, 2024.

{;::;.-ﬁ"??-'f-’ﬂ_.- -:':;lﬂ-" g = .
JOAN FERRARA, RMR, CFRR
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DEPCSI TI ON ERRATA SHEET

Case Capti on:
PROFAC HOLDI NG CORPORATI ON

VS.
HALLI BURTON ENERGY SERVI CES

DECLARATI ON UNDER PENALTY OF PERJURY

| declare under penalty of perjury
that | have read the entire transcript
of nmy deposition taken in the captioned
matter or the sanme has been read to ne,
and the same is true and accurate, save
and except for changes and/or corrections,
i f any, as indicated by ne on the
DEPOSI TI ON ERRATA SHEET hereof, wth the
understanding that | offer these changes

as if still under oath.

S| GNATURE DATE:

DR. M CHAEL NI KOLAQU

Subscri bed and sworn to on the _ day of
, 20 __ before ne,

Not ary Publi c,
in and for the State of
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DEPCSI TI ON ERRATA SHEET

Page No.  Line No.
t o:

Reason for

change:

____Change

Page No.  Line No.___ Change
to:

Reason for

change:

Page No.  Line No. _ Change
to:

Reason for

change:

Page No.  Line No.___ Change
to:

Reason for

change:

Page No.  Line No.___ Change
t o:

Reason for

change:

Page No. ~ Line No.___ Change
t o:

Reason for

change:

Page No. ~ Line No. _ Change
to:

Reason for

change:

S| GNATURE: DATE: __
DR. M CHAEL NI KOLACU
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DEPCSI TI ON ERRATA SHEET

Page No.  Line No.
t o:

Reason for

change:

____Change

Page No.  Line No.___ Change
to:

Reason for

change:

Page No.  Line No. _ Change
to:

Reason for

change:

Page No.  Line No.___ Change
to:

Reason for

change:

Page No.  Line No.___ Change
t o:

Reason for

change:

Page No. ~ Line No.___ Change
t o:

Reason for

change:

Page No. ~ Line No. _ Change
to:

Reason for

change:

S| GNATURE: DATE: __
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