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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS
HOUSTON DIVISION

LUBRIZOL SPECIALTY
PRODUCTS, INC.

x*

VS. %~ CIVIL ACTION NO. 4:15-cv-02915

BAKER HUGHES
INCORPORATED

VIDEOTAPED 30(b)(6) DEPOSITION OF BRIAN DUNN, PhD

UPON RECEIPT OF SIGNATURE, THE ORIGINAL OF THIS
DEPOSITION WILL BE IN THE CUSTODY OF:

Robert J. McAughan, Jr., Esquire
Sutton McAughan Deaver PLLC
Three Riverway, Suite 900
Houston, Texas 77056

Date Edith A. Boggs, CSR
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30(b) (6) DEPOSITION OF BRIAN DUNN, PhD

DEPOSITION AND ANSWERS of BRIAN DUNN, PhD, taken
before Edith A. Boggs, a certified shorthand reporter 1in
Harris County for the State of Texas, taken at the law
offices of Weil, Gotshal & Manges LLP, 700 Louisiana,
Suite 1700, Houston, Texas, on the 9th day of February,
2016, between the hours of 9:00 a.m. and 2:26 p.m.
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APPEARANCES

ATTORNEY FOR PLAINTIFF:

Werl, Gotshal & Manges LLP
767 Fifth Avenue
New York, New York 10153-0119

By: Elizabeth Stotland Weiswasser, Esquire

ATTORNEY FOR DEFENDANT:

Sutton McAughan Deaver PLLC
Three Riverway, Suite 900
Houston, Texas 77056

By: Robert J. McAughan, Jr., Esquire

ALSO PRESENT:

Mr. Anthony Matheny

Ms. Suzanne F. Day

Mr. Chris Lonvick

Mr. Bill Hartley, Videographer

REPORTED BY:

Ms. Edith A. Boggs
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Q. (BY MR. MCAUGHAN) Now, 1f we go on iIn the claim,
the claim requires that as a part of this introduction
step, you produce a treated liquid hydrocarbon where the
viscosity of the treated liquid hydrocarbon is not less
than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer. Do you see
that?

A. Yes, 1 do.

Q. As of the date Lubrizol filed the complaint
alleging this patent was infringed, what evidence did it

have that Baker Hughes introduced a polymer into a

OESQUI ROS 50f6
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1 hydrocarbon such that the viscosity of the treated
liquid hydrocarbon was not less than the viscosity of
the liquid hydrocarbon prior to treatment?

A. The DRA polymers are not capable of reducing the

2

3

4

5 viscosity of the treated liquid hydrocarbon. They

6 simply don"t work that way in a technical -- from a

7  technical perspective.

8 Q. What do you mean by that?

9 A. By that, I mean when you dissolve a polymer iIn a
10 solvent, the viscosity does not decrease. The viscosity
11  can only increase when a polymer is dissolved iIn a

12 solvent.

13 Q. Now, is that true for all polymers --

14 A. Yes.

15 Q. -- and all solvents?

16 A. Yes, 1t is.

17 Q. So, any time you have a polymer dissolving in a

18 solvent, you will have the viscosity of the treated

19 solvent being not less than the viscosity of the solvent
20 prior to treatment; is that correct?

21 A. That i1s correct.

22 Q. Okay. And that"s going to be true of all drag

23 reducing polymers and all hydrocarbons?

24 A. That"s the nature of how the drag reduction

25 works.
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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
Lubrizol Specialty Products, Inc.,
Plaintiff, Civil Action No. 4:15-cv-02915
V.
Baker Hughes Incorporated, JURY
Defendant.

DEFENDANT BAKER HUGHES INCORPORATED’S
NOTICE OF INTENTION TO TAKE ORAL DEPOSITION OF
PLAINTIFF LUBRIZOL SPECIALITY PRODUCT, INC.

Please take notice that Defendant Baker Hughes Incorporated will take a Rule 30(b)(6)
oral/videotaped deposition of one or more officers, directors, managing agents or other persons
who consent to testify on behalf of Plaintiff Lubrizol Specialty Products, Inc. (“LSPI ”) on the
matters identified in Attachment A at 9:00 AM two business days after the service of LSPI’s
answers and objections to Defendant Baker Hughes Incorporated’s First Set of Requests for
Admission to Plaintiff Lubrizol Specialty Products, Inc., or at a mutually agreed date and time, at
a mutually agreed location.

LSPI is requested to designate one of its representatives to answer questions about all of
the matters identified in Attachment A. Under Rule 30(b)(5), LSPI is requested to produce for
examination and copying any documents upon which testimony is based or which were used to
refresh the recollection of LSPI’s designated witnesses. At least one week in advance of the
deposition, LSPI shall provide to counsel of Baker Hughes written designation of the name(s)

and position(s) of the person(s) designated and the subject(s) on which the person(s) will testify.
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SCHEDULE “A”

DEFINITIONS AND INSTRUCTIONS

1. The “factual and evidentiary basis” of or for a particular claim, assertion,
allegation, or contention, means:

(a) Identification of each and every Document (and, where pertinent, the section,

article, or subparagraph thereof) that forms any part of the source of the party’s

information, relating to the alleged facts or legal conclusions referred to by the

interrogatory.

(b)  Identification of each and every Communication that forms any part of the source

of the party’s information relating to the alleged facts or legal conclusions referred to by

the interrogatory.

(©) Stated separately, the acts or omissions to act on the part of any person

(identifying the acts or omissions to act by stating their nature, time, and place and

identifying the persons involved) that form any part of the party’s information relating to

the alleged facts or legal conclusions referred to in the interrogatory; and

(d) Stated separately, separately any other fact that forms the basis of the party’s

information relating to the alleged facts or conclusions referred to in the interrogatory.

2. “Document(s)” refers to the broadest definition of document and electronically
stored information under the Federal Rules, e.g., anything that would be a “writing” or
“recording” pursuant to Rule 1001 of the Federal Rules of Evidence or “document” or

“electronically stored information” pursuant to Rule 34(a) of the Federal Rules of Civil
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Procedure. A draft or a non-identical copy is a separate document within the meaning of this
term.

3. “Communication(s)” refers to any transmittal of information, via any means, in
the form of facts, ideas, inquiries, opinions, or otherwise, and includes any summary of or notes
reflecting such transmittal.

4. All terms in Topic for Examination 1, below, if not otherwise defined in these
Definitions and Instructions, have the meaning given them in LSPI’s Complaint for patent
infringement, Document 1, filed October 5, 2015.

5. All terms in Topic for Examination 2, below, if not otherwise defined in these
Definitions and Instructions, have the meaning given them in Defendant Baker Hughes
Incorporated’s First Set of Requests for Admission to Plaintiff Lubrizol Specialty Products, Inc.

6. LSPI’s counsel is invited to promptly notify Baker Hughes’s counsel of any
difficulties it may have interpreting this Rule 30(b)(6) deposition so as to facilitate just, speedy,
and efficient disposition.

7. In the event LSPI objects to a request, LPSI is requested to respond to that request
to the extent it is not objectionable and specifically identify that portion of the request that is

objectionable.

TOPICS FOR EXAMINATION

1. The factual and evidentiary basis for each contention in LSPI’s Complaint for
patent infringement, Document 1, filed October 5, 2015, specifically including, but not limited to
the following:

a. LSPIleads the industry with innovative advances in DRA technology.
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b. LSPI’s ExtremePower® Flow Improver products are widely used in the industry
in accordance with the claimed methods of U.S. Patent Nos. 8,022,118;
8,426,498; 8,450,249; and 8,450,250.

c. At some point, LSPI’s ExtremePower® Flow Improver products were the only
commercial DRAs offered to customers that achieved the benefits of LSPI’s
patented technology by substantially reducing drag during the pipeline transport
of heavy, asphaltenic crude oils.

d. The Baker Heavy Crude DRA Products are especially made and adapted to be
used in accordance with the claimed methods of the Patents-in-Suit.

e. The Baker Heavy Crude DRA Products are material to practicing the inventions
of the Patents-in-Suit.

f.  Baker Hughes’s Heavy Crude DRA products have no commercially-viable use
other than for treatment of liquid hydrocarbons having an asphaltene content of at
least 3 weight percent and an API gravity of less than about 26 degrees.

g. Samples of the Baker Hughes Heavy Crude DRA Products are especially made
for use in, or are adapted for use in, heavy, asphaltenic crude oils.

h. Baker Hughes has made and continues to make substantial and meaningful
preparations, in the United States and in the Southern District of Texas, to make,
use, import, offer to sell, sell, contribute to others’ use, and/or to induce others to
use the Baker Heavy Crude DRA Products with the intent and purpose of directly
infringing, inducing other to infringe, or contributing to the infringement by

others of one or more of the claims of the Patents-in-Suit.
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i. LSPI is the owner by assignment of each of the Patents-in-Suit and holds all
rights, title, and interest in and to each of the Patents-in-Suit, including the right to
sue and recover for all past, present, and future infringements.

j.  Inthe Spring of 2015, LSPI learned that Baker Hughes would be submitting a bid
in competition with LSPI in response to a request for tender issued by an LSPI
customer for the supply of a heavy crude DRA to be used in the pipeline
transportation of heavy, asphaltenic crude oil.

k. Baker Hughes studied one or more of LSPI’s ExtremePower® Flow Improver
products before completing the development of the Baker Heavy Crude DRA
Products. and used information related to one or more of LSPI’s ExtremePower®
Flow Improver products and/or one or more of the Patents-In-Suit in the
development of one or more of the Baker Heavy Crude DRA Products.

1. Baker Hughes is currently making, using, selling, importing, or offering for sale
the Baker Heavy Crude DRA Products.

m. As part of the U.S. Gulf Coast test, Baker Hughes injected and/or caused to be
injected its FLO ULTIMA 91000 product into a liquid hydrocarbon having an
asphaltene content of at least 3 weight percent and an API gravity of less than 26
degrees.

n. Baker Hughes encourages and provides instructions to potential customers on
how to introduce its FLO ULTIMA 91000 DRA product into a pipeline
containing a liquid hydrocarbon having a high asphaltene content and an API
gravity of less than 23 degrees to produce a treated liquid hydrocarbon without

lowering the viscosity of the mixture, as described in the Patents-in- Suit.
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o. LSPI and/or its predecessors-in-interest have satisfied the statutory requirements
to collect pre-suit damages for infringement of the Patents-in-Suit, including,
without limitation, any applicable provisions of 35 U.S.C. § 287.

p. Baker Hughes intends to imminently make, use, offer for sale, import, and/or sell
the Baker Heavy Crude DRA Products, contribute to potential customers’ use of
the Baker Heavy Crude DRA Products.

2. The factual and evidentiary basis for each and every answer to each and every
request for admission in Defendant Baker Hughes Incorporated’s First Set of Requests for

Admission to Plaintiff Lubrizol Specialty Products, Inc. that is not “ADMITTED.”
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DATED: November 2, 2015

Baker Hughes’ First 30(b)(6) Deposition Notice

Respectfully submitted,

By: _s/Robert J. McAughan, Jr.

Robert J. McAughan, Jr.
Attorney-in-Charge

Tex. Bar No. 00786096

S.D. Tex. No. 16501

Jeffrey A. Andrews

Tex. Bar. No. 24050227

S.D. Tex. No. 608251

Bruce J. Cannon

Tex. Bar No. 24055258

S.D. Tex. No. 675598
SUTTON MCAUGHAN DEAVER PLLC
Three Riverway, Suite 900
Houston, Texas 77056

(713) 800-5700 (Telephone)
(713) 800-5699 (Facsimile)
bmcaughan@smd-iplaw.com
jandrews@smd-iplaw.com
bcannon@smd-iplaw.com

Attorneys for Baker Hughes Incorporated
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CERTIFICATE OF SERVICE

The undersigned certifies that the foregoing document is being served upon counsel for

all parties via email and first class mail on November 2, 2015.

s/ Robert J. McAughan, Jr.
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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
LUBRIZOL SPECIALTY PRODUCTS, INC.,
Plaintiff, Civil Action No. _ 4:15-cv-02915
v. DEMAND FOR JURY TRIAL
BAKER HUGHES INC.,
Defendant.
COMPLAINT

Plaintiff Lubrizol Specialty Products, Inc. (“LSPI”) brings this Complaint against
Defendant Baker Hughes Incorporated (“Baker Hughes”) and alleges as follows:

NATURE OF THE ACTION

This is an action for patent infringement pursuant to 35 U.S.C. § 271, and for declaratory
judgment of patent infringement under 28 U.S.C. § 2201. The patented inventions owned by
LSPI are pioneering advances in the treatment and efficient pipeline transport of heavy,
asphaltenic crude oils. LSPI’s asserted patents disclose and claim novel and innovative methods
for the introduction of certain drag reducing agents (“DRAs”) into heavy, asphaltenic
hydrocarbon streams to achieve a reduction in drag (friction) as the hydrocarbon stream flows
through a pipeline. LSPI’s patented methods are currently used in the United States and abroad
by LSPI’s customers to increase the throughput of heavy, asphaltenic crude oils in pipelines and
to reduce the operating pressures of those pipelines. No other drag reduction method works as
effectively for improving the transportation of heavy, asphaltenic crude oils in pipelines.

Defendant Baker Hughes has made a DRA for heavy crude oils that is especially made,

adapted, and intended for use in accordance with LSPI’s patented methods. Baker Hughes has






previously used, induced a potential customer to use, and/or contributed to a potential customer’s ’
use of a DRA that is especially made, adapted, and/or designed for use in heavy, asphaltenic
cmde oils in a manner that infringes LSPI’s patent claims. Baker Hughes is in the process of
making substantial and meaningful preparations to use, induce others to use, and/or contribute to
others’ use of methods that have infringed and/or will infringe LSPI’s patents. Baker Hughes is
advertising DRAs that are material to practicing, and are especially made and adapted for use in
a manner that infringes, the claims of LSPI’s patents. LSPI stands to suffer enormous and
irreparable harm and prejudice if Baker Hughes’s infringement and meaningful preparation for
infringement are not stopped. LSPI thus brings this action for patent infringement to seek relief
not only for the past infringement of Baker Hughes, but to obtain declaratory relief to protect
itself from imminent future acts of direct and/or indirect infringement by Baker Hughes and the
irreparable harm that LSPI will continue to suffer, to its substantial detriment and prejudice, in

the absence of such relief.

THE PARTIES

1. LSPI is a corporation organized and existing under the laws of the State of Texas,
and maintains its headquarters and principal place of business at One BriarLake Plaza, 2000
West Sam Houston Pkwy South, Suite 320, Houston, TX 77042.

2. LSPI is and has long been a pioneer in the field of DRAs. LSPI’s predecessor
invented the first commercial DRA, revolutionized the industry with the invention and
commercialization of suspension DRAs, and introduced heavy crude DRAs with its invention of
the use of high-molecular weight polymeric DRAs in heavy, asphaltenic crude oils. LSPI is a
respected leader in the field of DRAs for hydrocarbon streams and has continued to lead the

industry with innovative advances in DRA technology.





3. LSPI’s ExtremePower® Flow Improver products are widely used in the industry
in accordance with the claimed methods of U.S. Patent Nos. 8,022,118, 8,426,498, 8,450,249,
and 8,450,250 (collectively “the Patents-in-Suit”). Until the infringement and substantial and
meaningful preparation to infringe alleged herein, LSPI’s ExtremePower® Flow Improver
products were the only commercial DRAs offered to customers that achieved the benefits of
LSPI’s patented technology by substantially reducing drag during the pipeline transport of
heavy, asphaltenic crude oils.

4. Baker Hughes is a Delaware corporation, and maintains its principal place of
business at 2929 Allen Parkway, Suite 2100, Houston, Texas 77019.

5. Baker Hughes makes, uses, imports, offers to sell, and/or sells in the United States
and in this District its FLO ULTIMA 91000 DRA, FLO ULTIMA Heavy Crude DRA, and/or
other heavy crude DRA products (the “Baker Heavy Crude DRA Products”), which as described
herein are especially made and adapted to be used in accordance with the claimed methods of the
Patents-in-Suit, are material to practicing the inventions of the Patents-in-Suit, and have no
substantial non-infringing use.

6. Baker Hughes has made and continues to make substantial and meaningful
preparations, in the United States and in this District, to make, use, import, offer to sell, sell,
contribute to others’ use, and/or to induce others to use the Baker Heavy Crude DRA Products
with the intent and purpose of infringing, inducing others to infringe, and/or contributing to ;he
infringement by others of one or more of the claims of the Patents-in-Suit.

JURISDICTION AND VENUE

7. This is an action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. §§ 1, ef seq., and for a declaratory judgment of patent infringement

arising under the Laws of the United States, 28 U.S.C. § 2201.
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8. This Court has subject matter jurisdiction pursuant to 38 U.S.C. §§ 1331 and
1338.

9. This Court has personal jurisdiction over Baker Hughes because Baker Hughes
conducts business in this District, regularly solicits business from this District, does business
with, and derives value from services provided to, customers in this District, and has committed
or intends imminently to commit acts of patent infringement in this District and cause injuries to
LSPI in this District.

10.  Venue is proper in this District pursuant to 28 U.S.C. §§ 1391(b), (c), and 1400(b)
because Baker Hughes operates in this District, has its principal place of business in this District,
and has made meaningful preparations for infringement within this District.

THE PATENTS-IN-SUIT

11.  On September 20, 2011, the United States Patent and Trademark Office duly and
legally issued United States Patent No. 8,022,118 (“the *118 Patent™), entitled “Drag Reduction
of Asphaltenic Crude Oils” after a full and fair examination. A true and correct copy of the *118
Patent is attached as Exhibit A.

12.  LSPI is the owner by assignment of the ;118 Patent and holds all rights, title, and
interest in and to the *118 Patent, including the right to sue and recover for all past, present, and
future infringements.

13.  On April 23, 2013, the United States Patent and Trademark Office duly and
legally issued United States Patent No. 8,426,498 (“the *498 Patent”), entitled “Drag Reduction
of Asphaltenic Crude Oils” after a full and fair examination. A true and correct copy of the *498

Patent is attached as Exhibit B.





14.  LSPI is the owner by assignment of the 498 Patent and holds all rights, title, and
interest in and to the *498 Patent, including the right to sue and recover for all past, present, and
future infringements.

15. On May 28, 2013, the United States Patent and Trademark Office duly and legally
issued United States Patent No. 8,450,249 (“the ’249 Patent”), entitled “Drag Reduction of
Asphaltenic Crude Oils” after a full and fair examination. A true and correct copy of the *249
Patent is attached as Exhibit C.

16.  LSPI is the owner by assignment of the 249 Patent and holds all rights, title, and
interest in and to the ’249 Patent, including the right to sue and recover for all past, present, and
future infringements.

17.  On May 28, 2013, the United States Patent and Trademark Office duly and legally
issued United States Patent No. 8,450,250 (“the ’250 Patent”), entitled “Drag Reduction of
Asphaltenic Crude Oils” after a full and fair examination. A true and correct copy of the 250
Patent is attached as Exhibit D.

18. LSPI is the owner by assignment of the *250 Patent and holds all rights, title, and
interest in and to the *250 Patent, including the right to sue and recover for all past, present, and
future infringements.

19. The °118 Patent, 498 Patent, *249 Patent, and ’250 Patent are referred to herein
collectively as the “Patents-in-Suit.” Each of the Patents-in-Suit is valid and enforceable.

GENERAL ALLEGATIONS

Baker Hughes’s Knowledge of and Intent to Infringe the Patents-in-Suit

20.  Baker Hughes knows of the Patents-in-Suit; that the Heavy Crude DRA products

are especially made and/or adapted for use in infringing the Patents-in-Suit; and that its actions





will lead to infringement of the Patents-in-Suit. Baker Hughes’s actions are therefore deliberate
and willful.

21. Inthe Spring of 2015, L.SPI learned that Baker Hughes would be submitting a bid
in competition with LSPI in response to a request for tender issued by an LSPI customer for the
supply of a heavy crude DRA to be used in the pipeline transportation of heavy, asphaltenic
crude oil.

22. In a March 19, 2015 telephone conversation between the President of Baker
Hughes’s Downstream Chemical group and the Chief Operating Officer of LSPI, Baker Hughes
acknowledged that it was aware of LSPI’s “heavy oil” DRA patent portfolio. This portfolio
includes the Patents-in-Suit.

23.  Baker Hughes is understood to have reviewed and/or analyzed the Patents-in-Suit
prior to the March 19, 2015 telephone conversation. Further, on information and belief, Baker
Hughes learned of the Patents-in-Suit through its efforts to research and/or monitor patents in the
technology area of the Patents-in-Suit.

24.  Baker Hughes therefore had actual knowledge of the Patents-in-Suit prior to the
filing of this Complaint and by no later than March 19, 2015.

25.  Representatives for Baker Hughes met with representatives for LSPI on
September 9, 2015. At the meeting, LSPI expressed to Baker Hughes LSPI’s concern that Baker
Hughes is infringing and/or will imminently infringe LSPI’s patents relating to the introduction
of DRAs into heavy crude oil, including specifically each of the Patents-in-Suit. More
specifically, LSPI expressed concerns about Baker Hughes’s testing, use, and offering for sale of
the Baker Heavy Crude DRA products, which are believed to be especially made and/or adapted

for use only in accordance with the claims of the Patents-in-Suit.





26.  Further to the parties’ September 9, 2015 meeting and at Baker Hughes’s request,
LSPI sent a letter to Baker Hughes on September 15, 2015. The letter identified each of the
Patents-in-Suit by patent number as well as exemplary claims therefrom.

27.  Baker Hughes therefore had knowledge of each of Patents-in-Suit, specifically,
prior to the filing of this Complaint and by no later than September 15, 2015.

28.  Baker Hughes had knowledge of the published patent application that led to the
"118 patent (i.e., U.S. Patent Publication No. 2008/0149530) by no later than August 25, 2009.
On August 25, 2009 and December 4, 2012, this published patent application was submitted in
Information Disclosure Statements to the U.S. Patent Office during the prosecutions of two
patent applications assigned to Baker Hughes, which issued as U.S. Patent Nos. 8,342,198 and
8,575,082.

29.  Baker Hughes’s Heavy Crude DRA products have no commercially-viable use
other than for treatment of liquid hydrocarbons having an asphaltene content of at least 3 weight
percent and an API gravity of less than about 26 degrees.

30.  On information and belief, Baker Hughes studied one or more of LSPI’s
ExtremePower®™ Flow Improver products before completing the development of the Baker Heavy
Crude DRA Products.

31. On information and belief, Baker Hughes used information related to one or more
of LSPI's ExtremePower® Flow Improver products and/or one or more of the Patents-In-Suit in
the development of one or more of the Baker Heavy Crude DRA Products.

32.  Baker Hughes is currently making, using, selling, importing, and/or offering for
sale the Baker Heavy Crude DRA Products. As discussed further herein, the Baker Heavy Crude

DRA Products are each especially made and/or adapted for use in heavy, asphaltenic crude oils





to achieve drag reduction in accordance with one or more of the claimed methods of the Patents-
in-Suit and are material to practicing one or more of the claimed inventions of the Patents-in-
Suit. The Baker Heavy Crude DRA Products have no substantial non-infringing use(s).

Baker Hughes’s Willful Direct and Indirect Infringement of the Patents-In-Suit

33.  With knowledge of the Patents-in-Suit, Baker Hughes has deliberately and
willfully committed direct, induced, and/or contributory infringement of one or more of the
claimed methods of the Patents-in-Suit.

34.  In 2014, Baker Hughes, in conjunction with another party that Baker Hughes has
identified as “a US Gulf Coast refinery,” used Baker Hughes’s injection equipment to introduce
the Baker Hughes FLO ULTIMA 91000 DRA into a U.S. Gulf Coast pipeline containing heavy,
asphaltenic Canadian crude oil (hereinafter referred to as “the U.S. Gulf Coast test”). Baker
Hughes asserted that the U.S. Gulf Coast test demonstrated “a 44% increase in the flow rate, and
a 62.5% reduction in drag” for the heavy crude oil in the pipeline. A true and correct copy of a
Baker Hughes case history entitled “FLO ULTIMA 91000 DRA Increased Pipeline Flow of
Heavy Canadian Crude Oil Blend by 44%,” which describes this U.S. Gulf Coast Test, is
attached as Exhibit E.

35. A true and correct copy of an article authored by Baker Hughes, entitled
“Enhancing Flow for Canadian Crudes” and published in November 2014, which describes the
U.S. Gulf Coast Test, is attached as Exhibit F. According to Baker Hughes, “its FLO ULTIMA
series of DRAs” contain “a long-chain latex polymer specifically designed to dissolve in high
asphaltene-content crudes with a gravity of less than 23° API and improve the flow of heavy oil

through pipelines.” See Exhibit F at 80.





36.  Baker Hughes’s Form 8-K U.S. Securities and Exchange Commission (“SEC”)
filing, dated January 20, 2015 at p. 18, states: “Recent successful applications have increased
throughput of a heavy Canadian crude oil blend at a Gulf Coast refiner and increased flow of
heavy crude with a pipeline operator in South America.” Baker Hughes’s Form 8-K SEC filing
at p. 18 further describes the “FLO™ ULTIMA heavy crude drag reducing agent” as a-
“specialized drag reducing agent [that] reduces frictional pressure loss and increases throughput
of asphaltenic crudes in pipelines that are restricted by viscosity or operating pressure, giving
pipeline operators the ability to get heavy crude oils to market faster.” A true and correct copy
of Baker Hughes’s Form 8-K U.S. Securities and Exchange Commission filing, dated January
20, 20135, is attached as Exhibit I.

37. On information and belief, Baker Hughes had knowledge of at least one of the
Patents-in-Suit by no later than the time that the U.S. Gulf Coast Test was performed.

38.  On information and belief, Baker Hughes had knowledge of each of the Patents-
in-Suit by no later than the time that the U.S. Gulf Coast Test was performed. At that time,
Baker Hughes also knew that the use of LSPI’s ExtremePower® Flow Improver products was
covered by the Patents-In-Suit. Alternatively, on information and belief, Baker Hughes believed
there was a high probability that the use of LSPI’s ExtremePower® Flow Improver products was
covered by LSPI’s patents, and Baker Hughes took deliberate actions to avoid knowing of that
fact. Baker Hughes therefore was willfully blind as to the infringing nature of its making, using,
selling, and/or offering to sell the Baker Heavy Crude DRA Products.

39.  Baker Hughes’s FLO ULTIMA 91000 product includes a drag reducing polymer.
A true and correct copy of a page from Baker Hughes’s website describing the FLO ULTIMA

91000 DRA is attached as Exhibit G. As stated by Baker Hughes, the FLO ULTIMA 91000





DRA “has a chemistry specifically engineered to improve the flow rate of heavy oil through
pipelines” and includes a “long chain polymer [that] is specifically designed to dissolve in
asphaltenic crudes with an API gravity of less than 23.” See Exhibit G.

40.  On information and belief, as part of the U.S. Gulf Coast test, Baker Hughes
injected and/or caused to be injected its FLO ULTIMA 91000 product into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent and an API gravity of less than 26
degrees.

41.  The injection of the FLO ULTIMA 91000 product suppressed the growth of
turbulent eddies in the heavy crude oil being transported through the U.S. Gulf Coast pipeline
and resulted in a reduction in drag in the pipeline. As Baker Hughes stated, “the polymer
molecules [in the DRA] disrupt the formation of turbulent eddies that form at the contact point
between the oil and the pipe wall” and “[IJower turbulence translates to lower drag and improved
flow of heavy oil through the pipes, with lower pumping requirements.” See Exhibit F at 80.

42.  On information and belief, Baker Hughes has also knowingly induced and/or
contributed to infringement by others of one or more of the claimed methods of the Patents-in-
Suit with intent by, without limitation, supplying at least\ one of the Baker Heavy Crude DRA
Products to one or more potential customers with knowledge that the Baker Heavy Crude DRA
Products would be used to infringe one or more of the methods claimed in the Patents-in-Suit,
arranging for testing of the Baker Heavy Crude DRA Products in a manner that would infringe
one or more of the methods claimed in the Patents-in-Suit, providing equipment to be used to
inject the Baker Heavy Crude DRA Products into a heavy crude oil stream in a pipeline in a
manner that would infringe one or more of the methods claimed in the Patents-in-Suit, providing

advertising that demonstrates how the Baker Heavy Crude DRA Products can be used in an
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infringing manner, and soliciting one or more potential customers to purchase and use the Baker
Heavy Crude DRA Products and/or participate in testing that infringes. For example, without
limitation, Baker Hughes encourages and provides instructions to potential customers on how to
introduce its FLO ULTIMA 91000 DRA product into a pipeline containing a liquid hydrocarbon
having a high asphaltene content and an API gravity of less than 23 degrees to produce a treated
liquid hydrocarbon without lowering the viscosity of the mixture, as described in the Patents-in-
Suit. The result is that the friction loss associated with the turbulent flow through the pipeline is
reduced by suppressing the growth of turbulent eddies.

43.  LSPI and/or its predecessors-in-interest have satisfied the statutory requirements
to collect pre-suit damages for infringement of the Patents-in-Suit, including, without limitation,
any applicable provisions of 35 U.S.C. § 287.

Baker Hughes’s Imminent Direct and Indirect Infringement of the Patents-In-Suit

44.  Despite having knowledge of the Patents-in-Suit, Baker Hughes has made and
continues to make substantial and meaningful preparations to imminently cause future
infringement of one or more methods of the Patents-in-Suit.

45.  Baker Hughes is currently offering to sell its Heavy Crude DRA products and
seeks to benefit through advertisements and/or claims from its sales force that achieve the same
benefits as LSPI’s patented methods and/or LSPI’s ExtremePower® Flow Improver products
when used in an asphaltenic heavy crude oil. Specifically, Baker Hughes advertises its FLO
ULTIMA Heavy Crude line of products for use in accordance with LSPI’s patented methods, in
particular for use in pipelines carrying liquid hydrocarbons having a high asphaltene content and

an API gravity of less than 23 degrees. A true and correct copy of a Baker Hughes
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advertisement for the FLO ULTIMA Heavy Crude products entitled “FLO Ultima Heavy Crude
Drag Reducing Agents” is attached as Exhibit H.

46.  Baker Hughes is improperly seeking to build a customer base in the U.S. for the
Baker Heavy Crude DRA Products with full knowledge that these products are especially
adapted for practicing the claimed methods and have no substantial non-infringing use.

47.  Baker Hughes has offered to provide and/or sell the Baker Heavy Crude DRA
Products to one or more potential customers who operate pipelines carrying liquid hydrocarbons
having an asphaltene content of at least 3 weight percent and an API gravity of less than about 26
degrees, and has made and is continuing to make substantial and meaningful preparations to
continue to sell and/or offer for sale the Baker Heavy Crude DRA Products to customers for the
purpose of practicing methods claimed in the Patents-in-Suit. |

48. By way of example and without limitation, Baker Hughes has offered to arrange
and/or perform testing of the Baker Heavy Crude DRA Products in the U.S. for one or more
potential customers who operate pipelines carrying liquid hydrocarbons having an asphaltene
content of at least 3 weight percent and an API gravity of less than about 26 degrees. In
addition, on information and belief, Baker Hughes has arranged for imminent actual testing of
the Baker Heavy Crude DRA Products on a U.S. pipeline carrying liquid hydrocarbons having an
asphaltene content of at least 3 weight percent and an API gravity of less than about 26 degrees.

49.  On information and belief, Baker Hughes has made substantial and meaningful
preparations to be in a position to quickly supply significant quantities of the Baker Heavy Crude
DRA Products for use in a heavy, highly asphaltenic crude oil stream in the U.S. as soon as it

receives an order from a customer.
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50. Baker Hughes intends to imminently make, use, offer for sale, import, and/or sell
the Baker Heavy Crude DRA Products, contribute to potential customers’ use of the Baker
Heavy Crude DRA Products, and/or encourage, assist, and instruct potential customers to use the
Baker Heavy Crude DRA Products in a manner that Baker Hughes knows will infringe one or
more claims of the Patents-in-Suit.

51. By no later than the telephone conversation between the Chief Operating Officer
of LSPI and the President of Baker Hughes’s Downstream Chemical group on March 19, 2015,
Baker Hughes had or should have had a reasonable apprehension of a lawsuit by LSPI to enforce
the Patents-in-Suit based on Baker Hughes’s choice to continue to advertise and solicit potential
customers to purchase and use its FLO Heavy Crude DRA Products in a manner that Baker
Hughes knows will infringe one or more claims of the Patents-in-Suit.

52.  Despite having kﬁowledge of the Patents-in-Suit and of LSPI’s intent to enforce
the Patents-in-Suit to stop infringement by Baker Hughes, Baker Hughes has refused to change
the course of its actions, as evidenced at least by its continued advertising, promotion, and/or
offering of the Baker Heavy Crude DRA Products for use in heavy, asphaltenic crude oils, as
well as its refusal to cease such activities following the above-mentioned recent meeting and
correspondence between Baker Hughes and LSPI about the Patents-in-Suit.

53.  Baker Hughes has made substantial and meaningful preparations to directly
infringe one or more claims of the Patents-in-Suit, to induce others to infringe one or more
claims of the Patents-in-Suit, and/or to contribute to infringement by others of one or more
claims of the Patents-in-Suit. Baker Hughes has offered to sell and made samples of one or more
of the Baker Heavy Crude DRA Products available to one or more potential customers and/or

intermediate suppliers. These samples are especially made and/or adapted for use in heavy,
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asphaltenic crude oils to achieve drag reduction in accordance with the claimed methods of the
Patents-in-Suit. The samples of the Baker Hughes Heavy Crude DRA Products are material to
practicing the claimed methods and have no substantial non-infringing use.

54.  Baker Hughes’s past and ongoing preparation and readiness to engage in future
acts of direct and indirect infringement is evidenced, by way of example, by its recent attempts to
solicit heavy crude DRA business from one or more potential customers, including its
submission of a bid in competition with LSPI in response to a request for tender issued by an
LSPI customer for the supply of a heavy crude DRA to be used in the pipeline transportation of
heavy, asphaltenic crude oil. Baker Hughes provided this bid with knowledge and intent that its
supplying of heavy crude DRA products would cause infringement when the products are used to
treat a heavy, asphaltenic crude oil abroad that is subsequently imported into the U.S.

55.  As a further part of the ongoing preparation by Baker Hughes to directly infringe,
induce, and/or contribute to infringement by others of the Patents-in-Suit, Baker Hughes has in
the past approached and, on information and belief, has established a practice of continuing to
approach one or more of LSPI’s customers in the U.S. about buying Baker Hughes Heavy Crude
DRA products. On information and belief, Baker Hughes is making preparations to be able to
submit bids in competition with LSPI to supply heavy crude DRAs for use in treating heavy,
asphaltenic crude oils transported through pipelines in the U.S. Through these customer
solicitations, Baker Hughes is seeking to unfairly exploit LSPI’s patented methods claimed in the
Patents-in-Suit and cause direct and/or indirect infringement of one or more claims of such
patents. Absent injunctive relief, Baker Hughes’s imminent future infringement will cause
irreparable harm and substantial prejudice. The irreparable harm to LSPI will include (among

other things) the inability to recoup the value of a substantial investment in the development of a
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pioneering invention, lost sales and revenue from its patented technology, loss of customer
relationships, inability to develop new and existing customer relationships, and harm to LSPI’s

reputation and goodwill — injuries that cannot be redressed through money damages alone.

COUNT 1 — INFRINGEMENT OF U.S. PATENT NO. 8,022,118

56.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

57.  Baker Hughes has and continues to directly infringe, induce others’ infringement
of, and/or contribute to others’ infringement of one or more claims of the *118 Patent, literally or
by equivalence, by making, using, selling, importing, and/or offering to sell the Baker Heavy
Crude DRA Products, providing others with the Baker Heavy Crude DRA Products, and/or
instructing others on how to use the Baker Heavy Crude DRA Products.

58.  Baker Hughes’s infringement of the *118 Patent has been willful and deliberate
since, at least, the time that the U.S. Gulf Coast Test was performed.

59.  Baker Hughes’s infringement of the 118 Patent has caused irreparable harm to
LSPI in its business and property rights. Baker Hughes will continue to cause such harm unless
and until Baker Hughes’s infringing activities are enjoined by this Court.

COUNT 2 —- DECLARATORY JUDGMENT OF
INFRINGEMENT OF U.S. PATENT NO. 8,022,118

60.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.
61. There is a real, immediate, substantial, actual, and justiciable controversy between

LSPI and Baker Hughes concerning Baker Hughes’s impending direct and indirect infringement
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of one or more claims of the *118 Patent. This controversy is amenable to specific relief through
a decree of a conclusive character.

62.  LSPI is entitled to, and hereby requests, a judicial declaration that Baker Hughes
will infringe, has induced the impending infringement of, and/or has contributed to the
impending infringement of one or more claims of the *118 Patent, literally or by equivalence, by
making, using, selling, importing, and/or offering to sell the Baker Heavy Crude DRA Products,
providing others with the Baker Heavy Crude DRA Products, and/or instructing others on how to
use the Baker Heavy Crude DRA Products.

63.  Baker Hughes’s activities have caused and will continue to cause irreparable harm
to LSPI in its business and property rights, for which there is no adequate remedy at law, unless
and until those activities are enjoined by this Court.

COUNT 3 — INFRINGEMENT OF U.S. PATENT NO. 8.426.498

64.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

65.  Baker Hughes has and continues to directly infringe, induce others’ infringement
of, and/or contribute to others’ infringement of one or more claims of the *498 Patent, literally or
by equivalence, by making, using, selling, importing, and/or offering to sell the Baker Heavy
Crude DRA Products, providing others with the Baker Heavy Crude DRA Products, and/or
instructing others on how to use the Baker Heavy Crude DRA Products.

66.  Baker Hughes’s infringement of the 498 Patent has been willful and deliberate
since, at least, the time that the U.S. Gulf Coast Test was performed.

67.  Baker Hughes’s infringement of the *498 Patent has caused irreparable harm to
LSPI in its business and property rights. Baker Hughes will continue to cause such harm unless

and until Baker Hughes’s infringing activities are enjoined by this Court.

16





COUNT 4 - DECLARATORY JUDGMENT OF
INFRINGEMENT OF U.S. PATENT NO. 8,426,498

68.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

69. There is a real, immediate, substantial, actual, and justiciable controversy between
LSPI and Baker Hughes concerning Baker Hughes’s impending direct and indirect infringement
of one or more claims of the *498 Patent. This controversy is amenable to specific relief through
a decree of a conclusive character.

70. LSPI is entitled to, and hereby requests, a judicial declaration that Baker Hughes
will infringe, has induced the impending infringement of, and/or has contributed to the
impending infringement of one or more claims of the *498 Patent, literally or by equivalence, by
making, using, selling, importing, and/or offering to sell the Baker Heavy Crude DRA Products,
providing others with the Baker Heavy Crude DRA Products, and/or instructing others on how to
use the Baker Heavy Crude DRA Products.

71.  Baker Hughes’s activities have caused and will continue to cause irreparable harm
to LSPI in its business and property rights, for which there is no adequate rémedy at law, unless
and until those activities are enjoined by this Court.

COUNT S — INFRINGEMENT OF U.S. PATENT NO. 8,450,249

72. LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

73.  Baker Hughes has and continues to directly infringe, induce others’ infringement
of, and/or contribute to others’ infringement of one or more claims of the *249 Patent, literally or

by equivalence, by making, using, selling, importing, and/or offering to sell the Baker Heavy
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Crude DRA Products, providing others with the Baker Heavy Crude DRA Products, and/or
instructing others on how to use the Baker Heavy Crude DRA Products.

74.  Baker Hughes’s infringement of the 249 Patent has been willful and deliberate
since, at least, the time that the U.S. Gulf Coast Test was performed.

75.  Baker Hughes’s infringement of the *249 Patent has caused irreparable harm to
LSPI in its business and property rights. Baker Hughes will continue to cause such harm unless
and until Baker Hughes’s infringing activities are enjoined by this Court.

COUNT 6 - DECLARATORY JUDGMENT OF
INFRINGEMENT OF U.S. PATENT NO. 8.450,249

76.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

77. There is a real, immediate, substantial, actual, and justiciable controversy between
LSPI and Baker Hughes concerning Baker Hughes’s impending direct and indirect infringement
of one or more claims of the *249 Patent. This controversy is amenable to spéciﬁc relief through
a decree of a conclusive character.

78.  LSPI is entitled to, and hereby requests, a judicial declaration that Baker Hughes
will infringe, has induced the impending infringement of, and/or has contributed to the
impending infringement of one or more claims of the *249 Patent, literally or by equivalence, by
making, using, selling, importing, and/or offering to sell the Baker Heavy Crude DRA Products,
providing others with the Baker Heavy Crude DRA Products, and/or instructing others on how to
use the Baker Heavy Crude DRA Products.

79.  Baker Hughes’s activities have caused and will continue to cause irreparable harm
to LSPI in its business and property rights, for which there is no adequate remedy at law, unless

and until those activities are enjoined by this Court.
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COUNT 7 — INFRINGEMENT OF U.S. PATENT NO. 8,450,250

80.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.

81.  Baker Hughes has and continues to directly infringe, induce others’ infringement
of, and/or contribute to others’ infringement of one or more claims of the 250 Patent, literally or
by equivalence, by making, using, selling, importing, and/or offering to sell the Baker Heavy
Crude DRA Products, providing others with the Baker Heavy Crude DRA Products, and/or
instructing others on how to use the Heavy Crude DRA Products. Baker Hughes also has
induced and contributed to, and continues to induce and contribute to, others’ infringement of
one or more claims of the *250 Patent by providing others with the Baker Heavy Crude DRA
Products and/or instructing others on how to use the Baker Heavy Crude DRA Products in
heavy, asphaltenic crude oils, which are sold in, offered for sale in, used in, and/or imported into
the United States.

82.  Baker Hughes’s infringement of the *250 Patent has been willful and deliberate
since, at least, the time that the U.S. Gulf Coast Test was performed.

83.  Baker Hughes’s infringement of the *250 Patent has caused irreparable harm to
LSPI in its business and property rights. Baker Hughes will continue to cause such harm unless
and until Baker Hughes’s infringing activities are enjoined by this Court.

COUNT 8 — DECLARATORY JUDGMENT OF
INFRINGEMENT OF U.S. PATENT NO. 8.450,250

84.  LSPI reincorporates and realleges all of the above paragraphs as if included
herein.
85. There is a real, immediate, substantial, actual, and justiciable controversy between

LSPI and Baker Hughes concerning Baker Hughes’s impending direct and indirect infringement
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of one or more claims of the *250 Patent. This controversy is amenable to specific relief through
a decree of a conclusive character.

86.  LSPI is entitled to, and hereby requests, a judicial declaration that Baker Hughes
will infringe, has induced the impending infringement of, and/or has contributed to the
impending infringement of one or more claims of the *250 Patent, literally or by equivalence, by
making, using, selling, importing, and/or offering to sell the Baker Heavy Crude DRA Products,
providing others with the Baker Heavy Crude DRA Products, and/or instructing others on how to
use the Baker Heavy Crude DRA Products. Baker Hughes also has induced and contributed to,
continues to induce and contribute to, and/or will induce and contribute to others’ impending
infringement, including (without limitation) under 35 U.S.C. § 271(g), of one or more claims of
the *250 Patent by providing others with the Baker Heavy Crude DRA Products, submitting a bid
to sell the Baker Heavy Crude DRA Products, and/or instructing others on how to use the Baker
Heavy Crude DRA Products in heavy, asphaltenic crude oils, which are sold in, offered for sale
in, used in, and/or imported into the United States.

87.  Baker Hughes’s activities have caused and will continue to cause irreparable harm
to LSPI in its business and property rights, for which there is no adequate remedy at law, unless
and until those activities are enjoined by this Court.

DEMAND FOR JURY TRIAL

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, LSPI respectfully requests a
trial by jury of all issues properly triable by jury.

REQUEST FOR RELIEF

88.  On information and belief, Baker Hughes has caused or will cause, by its
infringing conduct, irreparable harm to LSPI for which there is no adequate remedy at law. As a

result of Baker Hughes’s actions, LSPI has suffered and continues to suffer substantial injury,
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including irreparable harm and damages including loss of sales and profits that LSPI would have
made but for the infringement by Baker Hughes.
WHEREFORE, LSPI respectfully requests the following relief:

(a) A declaration that Baker Hughes will directly infringe, induce others to infringe, and/or
contribute to others’ infringement of each of the Patents-in-Suit when Baker Hughes
uses, makes, sells, offers to sell, and/or imports the Baker Heavy Crude DRA Products,
provides its customers with the Baker Heavy Crude DRA Products, and/or instructs its
customers on how to use the Baker Heavy Crude DRA Products.

(b) A judgment holding Baker Hughes liable for direct, induced, and/or contributory
infringement of each of the Patents-in-Suit;

(c¢) A judgment holding that each of the Patents-in-Suit are valid and enforceable;

(d) A judgment and order requiring Baker Hughes to pay LSPI its damages, costs, expenses,
and pre-judgment and post-judgment interest for Baker Hughes’s direct, contributory,
and/or induced infringement of each of the Patents-in-Suit, including (without limitation)
any lost profit and/or reasonable royalty damages for past infringements and on-going
royalties for the life of each Patent-in-Suit (in the absence of an injunction);

(e) A judgment finding Baker Hughes’s direct, induced, and/or contributory infringement of
each of the Patents-in-Suit willful;

(f) A judgment against Baker Hughes declaring that LSPI is entitled to enhanced damages as
a result of the knowing, deliberate, and willful nature of Baker Hughes’s direct, induced,
and/or contributory infringement of each of the Patents-in-Suit;

() A judgment against Baker Hughes declaring that this is an exceptional case within the

meaning of 35 U.S.C. § 285 as against Baker Hughes and awarding LSPI its reasonable
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attorneys’ fees against Baker Hughes;

(h) A preliminary injunction to prevent irreparable harm to LSPI during the pendency of this
suit by preventing Baker Hughes, and the directors, officers, agents, servants, employees,
and those acting in concert or participation with Baker Hughes from committing acts of
direct infringement, contributing to infringement, or inducing infringement of each of the
Patents-in-Suit;

(i) A permanent injunction preventing Baker Hughes and its directors, officers, agents,
servants, employees, and those acting in concert or participation with Baker Hughes from
committing acts of direct infringement, contributing to infringement, or inducing
infringement of each of the Patents-in-Suit; and

() Any and all such other relief as this Court deems just and proper.
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Dated: October 5, 2015
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Elizabeth Stotland Weiswasser
(pro hac vice pending)
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767 Fifth Avenue
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(212) 310-8000 (phone)
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Aaron Huang (pro hac vice pending)
aaron.huang@weil.com

WEIL, GOTSHAL & MANGES LLP
201 Redwood Shores Pkwy,
Redwood Shores, CA 94065

(650) 802-3000 (phone)

(650) 802-3100 (fax)

Respectfully submitted,
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Julie A. Harris

Texas Bar No. 24094278
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The Lubrizol Corporation
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DRAG REDUCTION OF ASPHALTENIC
CRUDE OILS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to high molecular
weight drag reducers for use in crude oils. In another aspect,
the present invention relates to high molecular weight drag
reducing polymers for use in crude oils having an asphaltene
content of at least about 3 weight percent and an AP] gravity
of less than about 26°.

2. Description of the Prior Art

When fluids are transported by a pipeline, there is typically
a drop in fluid pressure due to friction between the wall of the
pipeline and the fluid. Due to this pressure drop, for a given
pipeline, fluid must be transported with sufficient pressure to
achieve the desired throughput. When higher flow rates are
desired through the pipeline, more pressure must be applied
due to the fact that, as flow rates are increased, the difference
in pressure caused by the pressure drop also increases. How-
ever, design limitations on pipelines limit the amount of pres-
sure that can be employed. The problems associated with
pressure drop are most acute when fluids are transported over
long distances. Such pressure drops can resuit in inefficien-
cies that increase equipment and operation costs.

To alleviate the problems associated with pressure drop,
many in the industry utilize drag reducing additives in the
flowing fluid. When the flow of fluid in a pipeline is turbulent,
high molecular weight polymeric drag reducers can be
employed to enhance the flow. A drag reducer is a composi-
tion capable of substantially reducing friction loss associated
with the turbulent flow of a fluid through a pipeline. The role
of these additives is to suppress the growth of turbulent
eddies, which results in higher flow rate at a constant pumping
pressure. Ultra-high molecular weight polymers areknown to
function well as drag reducers, particularly in hydrocarbon
liquids. In general, drag reduction depends in part upon the
molecular weight of the polymer additive and its ability to
dissolve in the hydrocarbon under turbulent flow. Effective
drag reducing polymers typically have molecular weights in
excess of five million.

Conventional polymeric drag reducers, however, typically
do not perform well in crude oils having a low AP gravity
and/or a high asphaltene content. Accordingly, there is a need
for improved drag reducing agents capable of reducing the
pressure drop associated with the turbulent flow of low API
gravity and/or high-asphaltene crude oils through pipelines.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is pro-
vided a method comprising; introducing a drag reducing
polymer into a liquid hydrocarbon having an asphaltene con-
tent of at least about 3 weight percent and an API gravity of
less than about 26° to thereby produce a treated liquid hydro-
carbon. The drag reducing polymer comprises at least about
10,000 repeating units, and a plurality of the repeating units
comprise a heteroatom.

In another embodiment of the present invention, there is
provided a method comprising: introducing a drag reducing
polymer into a liquid hydrocarbon having an asphaltene con-
tent of at least about 3 weight percent and an API gravity of
less than about 26° to thereby produce a treated liquid hydro-
carbon. The drag reducing polymer includes at least one
repeating unit having at least one heteroatom, and the viscos-
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ity of the treated liquid hydrocarbon is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer.

Inyetanother embodiment of the present invention, there is
provided a method for reducing pressure drop associated with
the turbulent flow of heavy crude oil through a pipeline,
wherein the heavy crude oil has an API gravity of less than
about 26° and an asphaltene content of at least about 5 weight
percent. The method of this embodiment comprises: (a) intro-
ducing a drag reducing polymer into the heavy crude oil,
wherein the drag reducing polymer comprises at least about
25,000 repeating units; and (b) flowing the resulting treated
crude oil through the pipeline, wherein the viscosity of the
treated crude oil is not less than the viscosity of the heavy
crude oil prior to treatment with the drag reducing polymer.

In still another embodiment of the present invention, there
is provided a method comprising: introducing a drag reducing
polymer into a liquid hydrocarbon having an asphaltene con-
tent of at least about 3 weight percent and an API gravity of
less than about 26° to thereby produce a treated liquid hydro-
carbon. The drag reducing polymer comprises at least about
10,000 repeating units and has a solubility parameter of at
least about 17.

In still yet another embodiment of the present invention,
there is provided a method comprising: introducing a drag
reducing polymer into a liquid hydrocarbon having an
asphaltene content of at least about 3 weight percent and an
API gravity ofless than about 26° to thereby produce a treated
liquid hydrocarbon. The drag reducing polymer comprises at
least about 10,000 repeating units and has a solubility param-
eter within at least about 20 percent of the solubility param-
eter of the liquid hydrocarbon.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

A preferred embodiment of the present invention is
described in detail below with reference to the attached draw-
ing figures, wherein:

FIG. 1 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for untreated
San Joaquin Valley Heavy Crude Oil determined in accor-
dance with the procedure described in Example 4;

FIG. 2 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 parts per million
by weight (ppmw) of poly(2-ethylhexyl methacrylate) dis-
solved therein determined in accordance with the procedure
described in Example 4; and

FIG. 3 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 ppmw of a poly
(1-decene) dissolved therein determined in accordance with
the procedure described in Example 4.

DETAILED DESCRIPTION

In accordance with one embodiment of the present inven-
tion, the pressure drop associated with flowing aliquid hydro-
carbon through a conduit, such as a pipeline, can be reduced
by treating the liquid hydrocarbon with a drag reducing poly-
mer having at least one heteroatom. In one embodiment, the
liquid hydrocarbon can be a heavy crude oil.

In one embodiment of the present invention, the liquid
hydrocarbon can comprise asphaltene compounds. As used
herein, “asphaltenes” are defined as the fraction separated
from crude oil or petroleum products upon addition of pen-
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tane, as described below in Example 3. While difficult to
characterize, asphaltenes are generally thought to be high
molecular weight, non-crystalline, polar compounds which
existin crude oil. In one embodiment of the present invention,
the liquid hydrocarbon can comprise asphaltene compounds
in an amount of at least about 3 weight percent, in the range of
from about 4 to about 35 weight percent, or in the range of
from 5 to 25 weight percent.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise heteroatoms. As used herein, the
term “heteroatom” is defined as any atom that is not a carbon
or hydrogen atom. Typically, heteroatoms include, but are not
limited to, sulfur, nitrogen, oxygen, phosphorus, and chlorine
atoms. In one embodiment, the liquid hydrocarbon can com-
prise sulfur in an amount of at least about 1 weight percent, in
the range of from about 1 to about 10 weight percent, in the
range of from about 1.2 to about 9 weight percent, or in the
range of from 1.5 to 8 weight percent. Additionally, the liquid
hydrocarbon can comprise nitrogen in an amount of at least
about 1,300 parts per million by weight (ppmw), at least about
1,400 ppmw, or at least 1,500 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise one or more metal components. In
one embodiment, the liquid hydrocarbon can comprise met-
als in an amount of at least about 1 ppmw, in the range of from
about 1 to about 2,000 ppmw, in the range of from about 50 to
about 1,500 ppmw, or in the range of from 100 to 1,000 ppmw.
Typical metals include, but are not limited to, nickel, vana-
dium, and iron. In one embodiment, the liquid hydrocarbon
can comprise nickel in an amount of at least about 1 ppmw, in
the range of from about 5 to about 500 ppmw, or in the range
of from 10 to 250 ppmw. Additionally, the liquid hydrocarbon
can comprise vanadium in an amount of at least about 1
ppmw, in the range of from about 5 to about 500 ppmw, or in
the range of from 10 to 250 ppmw. Further, the liquid hydro-
carbon can comprise iron in an amount of at least about 1
ppmw, in the range of from about 2 to about 250 ppmw, or in
the range of from 5 to 100 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise a residuum. As used herein, the
term “residuum” is defined as the residual material remaining
in the bottom of a fractionating tower after the distillation of
crude oil as determined by ASTM test method D2892-05. In
one embodiment, the liquid hydrocarbon can comprise at
least about 10 weight percent, at least about 15 weight per-
cent, or in the range of from 20 to 60 weight percent of a
residuum having an initial boiling point of at least about
1,050° F.

In another embodiment, the liquid hydrocarbon can com-
prise conradson carbon. As used herein, the term “conradson
carbon” is defined as the measured amount of carbon residue
left after evaporation and pyrolysis of crude cil as determined
by ASTM test method D189-05. In one embodiment, the
liquid hydrocarbon can comprise conradson carbon in an
amount of at least about 1 weight percent, in the range of from
about 2 to about 50 weight percent, in the range of from about
3.5 0 45 weight percent, or in the range of from 5 to 40 weight
percent.

In another embodiment of the present invention, the liquid
hydrocarbon can have a low to intermediate API gravity. As
used herein, the term “API gravity” is defined as the specific
gravity scale developed by the American Petroleum Institute
for measuring the relative density of various petrolenm lig-
uids. API gravity of a liquid hydrocarbon is determined
according to the following formula:

API gravity=(141.5/SG at 60° F.)-131.5
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where SG is the specific gravity of the liquid hydrocarbon at
60° F. Additionally, API gravity can be determined according
to ASTM test method D1298. In one embodiment, the liquid
hydrocarbon can have an API gravity of less than about 26°,
in the range of from about 5° to about 25°, or in the range of
from 5° to 23°,

In another embodiment of the present invention, the liquid
hydrocarbon can be a component of a fluid mixture that
further comprises a non-hydrocarbon fluid and/or a non-lig-
uid phase. In one embodiment, the non-hydrocarbon fluid can
comprise water, and the non-liquid phase can comprise natu-
ral gas. Additionally, when the liquid hydrocarbon is a com-
ponent of a fluid mixture, the liquid hydrocarbon can account
for at least about 50 weight percent, at least about 60 weight
percent, or at least 70 weight percent of the fluid mixture.

In another embodiment of the present invention, the liquid
hydrocarbon can have a solubility parameter sufficient to
allow at least partial dissolution of the above mentioned drag
reducing polymer in the liquid hydrocarbon. The solubility
parameter (8,) of the liquid hydrocarbon can be determined
according to the following equation:

8,~{(AH,-RT)/ V)"

where AH,, is the energy of vaporization, R is the universal
gas constant, T is the temperature in Kelvin, and V is the
molar volume. 3, is given in units of MPa'2. The solubility
parameter for the liquid hydrocarbon is determined in accord
with the above equation and the description found on pages
465-467 of Strausz, O. & Lown, M., The Chemistry of Alberta
Oil Sands, Bitumens and Heavy Oils (Alberta Energy
Research Institute, 2003). In one embodiment, the liquid
hydrocarbon can have a solubility parameter of at least about
17 MPa'2, or in the range of from about 17.1 to about 24
MPa'?, or in the range of from 17.5 to 23 MPa'’2,

As mentioned above, the liquid hydrocarbon can be a
heavy crude oil. Suitable examples of heavy crude oils
include, but are not limited to, Merey heavy crude, Petroznata
heavy crude, Corocoro heavy crude, Albian heavy crude,
Bow River heavy crude, Maya heavy crude, and San Joaquin
Valley heavy crude. Additionally, the liquid hydrocarbon can
be a blend of heavy crude oil with lighter hydrocarbons or
diluents. Suitable examples of blended crude oils include, but
are not limited to, Western Canadian Select and Marlim
Blend.

As mentioned above, the liquid hydrocarbon can be treated
with a drag reducing polymer. In one embodiment of the
present invention, the drag reducing polymer can be in the
form of a latex drag reducer comprising a high molecular
weight polymer dispersed in an aqueous continuous phase.
The latex drag reducer can be prepared via emulsion poly-
merization of a reaction mixture comprising one or more
monomers, a continuous phase, at least one surfactant, and an
initiation system. The continuous phase generally comprises
at Jeast one component selected from the group consisting of
water, polar organic liquids, and mixtures thereof. When
water is the selected constituent of the continuous phase, the
reaction mixture can also comprise a buffer. Additionally, as
described in more detail below, the continuous phase can
optionally comprise a hydrate inhibitor. In another embodi-
ment, the drag reducing polymer can be in the form of a
suspension or solution according to any method known in the
art.
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In one embodiment of the present invention, the drag
reducing polymer can comprise a plurality of repeating units
of'the residues of one or more of the monomers selected from
the group consisting of:

(A
Ry

|
H,C=C—C—O0R,

wherein R, is H or a C1-C10 alkyl radical, and R, is H, a
C1-C30 alky! radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, a C6-C20 substituted or unsubstituted aryl
radical, an aryl-substituted CI1-C10 alkyl radical, a
—(CH2CH20),—R_, or —(CH2CH(CH3)0),—R , radical
wherein x is in the range of from 1 to 50 and R , is H,a C1-C30
alkyl radical, or a C6-C30 alkylaryl radical;

Rj-arene-R, (B)
wherein arene is a phenyl, naphthyl, anthracenyl, or phenan-
threnyl, R; is CH=CH, or CH;—C=CH,, and R, is H, a
C1-C30 alkyl radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, Cl, SO,, OR, or COOR, wherein R is
H, a C1-C30 alkyl radical, a C5-C30 substituted or unsubsti-
tuted cycloalkyl radical, a C6-C20 substituted or unsubsti-
tuted aryl radical, or an aryl-substituted C1-C10 alkyl radical,
and wherein R is H, a C1-C30 alkyl radical, a C5-C30
substituted or unsubstituted cycloalkyl radical, a C6-C20 sub-
stituted or unsubstituted aryl radical, or an aryl-substituted
C1-C10 alky! radical;

©)
H 0
H,C==C—0—C—R;

wherein Ry is H, a C1-C30 alky! radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;

D
. ()}
H,C=C—0——Rg

wherein R is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical,

)

R; Rg

H2C=(|3-—(|3== CH,

wherein R, is H or a C1-C18 alkyl radical, and Ry is H, a
C1-C18 alky! radical, or Cl;

®
o
RyO g ]c OR
— - 10
\c=c
/ 0\
H H
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6
wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

@)
H C—ORp,
O c=c¢
ll/
R;;0—C H

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

(H)
OR 4
R]go
o]

wherein R); and R,, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

@
O

NR;s

(0]

wherein R, 5 is H, a C1-C30 alky! radical, a C6-C20 substi-
tuted or unsubstituted aryl radical, a C5-C30 substituted or
unsubstituted cycloalkyl radical, or heterocyclic radicals;

)

&)

wherein R, is H, a C1-C30 alkyl radical, or a C6-C20 aryl
radical;

L
a @

H3C
CHy;
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-continued
. ™)
HZC\/ '
. ™)
HZC% ’
CH;
©
Ry7
4
Hzc/\n/ SR
0

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

®)

H,C

(o]

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals.

In one embodiment of the present invention, the drag

reducing polymer can comprise repeating units of the resi- 3

dues of C4-C20 alkyl, C6-C20 substituted or unsubstituted
aryl, or aryl-substituted C1-C10 alkyl ester derivatives of
methacrylic acid or acrylic acid. In another embodiment, the
drag reducing polymer can be a copolymer comprising
repeating units of the residues of 2-ethylhexyl methacrylate
and the residues of at least one other monomer. In yet another
embodiment, the drag reducing polymer can be a copolymer
comprising repeating units of the residues of 2-ethylhexyl
methacrylate monomers and butyl acrylate monomers. In still
another embodiment, the drag reducing polymer can be a
homopolymer comprising repeating units of the residues of
2-ethylhexyl methacrylate,

In one embodiment of the present invention, the drag
reducing polymer can comprise the residues of at least one
monomer having a heteroatom. As stated above, the term
“heteroatom” includes any atom that is nota carbon or hydro-
gen atom. Specific examples of heteroatoms include, but are
not limited to, oxygen, nitrogen, sulfur, phosphorous, and/or
chlorine atoms. In one embodiment, the drag reducing poly-
mer can comprise at least about 10 percent, at least about 25
percent, or at least 50 percent of the residues of monomers
having at least one heteroatom. Additionally, the heteroatom
can have a partial charge. As used herein, the term “partial
charge” is defined as an electric charge, either positive or
negative, having a value of less than 1.

The surfactant used in the above-mentioned reaction mix-
ture can include at least one high HL.B anionic or nonionic
surfactant. The term “HLB number” refers to the hydrophile-
lipophile balance of a surfactant in an emulsion. The HLB
number is determined by the methods described by W. C.
Griffin in J. Soc. Cosmet. Chem., 1, 311 (1949) and J. Soc.
Cosmet. Chem., 5,249 (1954), which are incorporated herein
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8

by reference. As used herein, the term “high HLB” shall
denote an HLB number of 7 or more. The HLB number of
surfactants for use with forming the reaction mixture can be at
least about 8, at least about 10, or at least 12.

Exemplary high HLB anionic surfactants include, but are
not limited to, high HLB alky] sulfates, alkyl ether sulfates,
dialkyl sulfosuccinates, alkyl phosphates, alkyl aryl sul-
fonates, and sarcosinates. Suitable examples of commercially
available high HLB anionic surfactants include, but are not
limited to, sodium lauryl sulfate (available as RHODAPON
LSB from Rhodia Incorporated, Cranbury, N.J.), dioctyl
sodium sulfosuccinate (available as AEROSOL OT from
Cytec Industries, Inc., West Paterson, N.J.), 2-ethylhexyl
polyphosphate sodium salt (available from Jarchem Indus-
tries Inc., Newark, N.J.), sodium dodecylbenzene sulfonate
(available as NORFOX 40 from Norman, Fox & Co., Vernon,
Calif.), and sodium lauroylsarcosinic (available as HAMPO-
SYL L-30 from Hampshire Chemical Corp., Lexington,
Mass.).

Exemplary high HLB nonionic surfactants include, but are
not limited to, high HLB sorbitan esters, PEG fatty acid
esters, ethoxylated glycerine esters, ethoxylated fatty amines,
ethoxylated sorbitan esters, block ethylene oxide/propylene
oxide surfactants, alcohol/fatty acid esters, ethoxylated alco-
hols, ethoxylated fatty acids, alkoxylated castor oils, glycer-
ine esters, linear alcohol ethoxylates, and alkyl phenol
ethoxylates. Suitable examples of commercially available
high HLB nonionic surfactants include, but are not limited to,
nonylphenoxy and octylphenoxy poly(ethyleneoxy)ethanols
(available as the IGEPAL CA and CO series, respectively
from Rhodia, Cranbury, N.J.), C8 to C18 ethoxylated primary
alcohols (such as RHODASURF LA-9 from Rhodia Inc.,
Cranbury, N.J.), C11 to C15 secondary-alcohol ethoxylates
(available as the TERGITOL 15-8 series, including 15-S-7,
15-8-9, 15-8-12, from Dow Chemical Company, Midland,
Mich.), polyoxyethylene sorbitan fatty acid esters (available
as the TWEEN series of surfactants from Uniquema, Wilm-
ington, Del.), polyethylene oxide (25) oleyl ether (available
as SIPONIC Y-500-70 from Americal Alcolac Chemical Co.,
Baltimore, Md.), alkylaryl polyether alcohols (available as
the TRITON X series, including X-100, X-165, X-305, and
X-405, from Dow Chemical Company, Midland, Mich.).

In one embodiment, the initiation system for use in the
above-mentioned reaction mixture can be any suitable system
for generating free radicals necessary to facilitate emulsion
polymerization. Possible initiators include, but are not lim-
ited to, persulfates (e.g., ammonium persulfate, sodium per-
sulfate, potassium persulfate), peroxy persulfates, and perox-
ides (e.g., tert-butyl hydroperoxide) used alone or in
combination with one or more reducing components and/or
accelerators. Possible reducing components include, but are
not limited to, bisulfites, metabisulfites, ascorbic acid, ery-
thorbic acid, and sodium formaldehyde sulfoxylate. Possible
accelerators include, but are not limited to, any composition
containing a transition metal having two oxidation states such
as, for example, ferrous sulfate and ferrous ammonium sul-
fate. Alternatively, known thermal and radiation initiation
techniques can be employed to generate the free radicals. In
another embodiment, any polymerization and corresponding
initiation or catalytic methods known by those skilled in the
art may be used in the present invention. For example, when
polymerization is performed by methods such as addition or
condensation polymerization, the polymerization can be ini-
tiated or catalyzed by methods such as cationic, anionic, or
coordination methods.

When water is used to form the above-mentioned reaction
mixture, the water can be purified water such as distilled or
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deionized water. However, the continuous phase of the emul-
sion can also comprise polar organic liquids or aqueous solu-
tions of polar organic liquids, such as those listed below.

As previously noted, the reaction mixture optionally can
include a buffer. The buffer can comprise any known buffer
that is compatible with the initiation system such as, for
example, carbonate, phosphate, and/or borate buffers.

As previously noted, the reaction mixture optionally can
include at least one hydrate inhibitor. The hydrate inhibitor

10

that is maintained at less than about 1,000 ppmw oxygen or
less than about 100 ppmw oxygen. The oxygen-free atmo-
sphere can be maintained by continuously purging the reac-
tion vessel with an inert gas such as nitrogen and/or argon.
The temperature of the system can be kept at a level from the
freezing point of the continuous phase up to about 60° C., in
the range of from about 0 to about 45° C., or in the range of
from 0t0 30° C. The system pressure can be maintained in the
range of from about 5 to about 100 psia, in the range of from
about 10 to about 25 psia, or about atmospheric pressure.

can be a thermodynamic hydrate inhibitor such as, for 10 However, higher pressures up to about 300 psia can be nec-
example, an alcohol and/or a polyol. In one embodiment, the essary to polymerize certain monomers, such as diolefins.
hydrate inhibitor can comprise one or more polyhydric alco- Next, a buffer can be added, if required, followed by addi-
hols and/or one or more ethers of polyhydric alcohols. Suit- tion of the initiation system, either all at once or over time.
able polyhydric alcohols include, but are not limited to, s The polymerization reaction is carried out for a sufficient
monoethylene glycol, diethylene glycol, triethylene glycol, amount of time to achieve at least about 90 percent conversion
monopropylene glycol, and/or dipropylene glycol. Suitable by weight of the monomers. Typically, this time period is in
ethers of polyhydric alcohols include, but are not limited to, the range of from between about 1 to about 10 hours, or in the
ethylene glycol monomethyl ether, diethylene glycol range of from 3 to 5 hours. During polymerization, the reac-
monomethy] ether, propylene glycol monomethyl ether, and 20 tion mixture can be continuously agitated.
dipropylene glycol monomethyl ether. The following table sets forth approximate broad and nar-
Generally, the hydrate inhibitor can be any composition row ranges for the amounts of the ingredients present in the

that when mixed with distilled water at a 1:1 weight ratio reaction mixture.

Ingredient Broad Range Narrow Range

Monomer (wt. % of reaction mixture) 10-60% 30-50%

Water (wt. % of reaction mixture) 20-80% 50-70%

Surfactant (wt. % of reaction mixture) 0.1-10% 0.25-6%

Initiation system

Monomer:Initiator (molar ratio)
Monomer:Reducing Comp. {molar ratio)
Accelerator:Initiator (molar ratio)

Buffer

Optional hydrate inhibitor

5x10%1-2x 1051
1x10%:1-5x10%1 1 x 10%1-2 x 10%1
0.001:1-10:1 0.005:1-1:1

0 to amount necessary to reach pH of
initiation (initiator dependent, typically

between about 6.5-10)
If present, the hydrate inhibitor can
have a hydrate mhibitor-to-water
weight ratio from about 1:10 to about
10:1, about 1:5 to about 5:1, or 2:3 to
3:2.

1x10%:1-5 x 1051

produces a hydrate inhibited liquid mixture having a gas
hydrate formation temperature at 2,000 psia that is lower than
the gas hydrate formation temperature of distilled water at
2,000 psia by an amount in the range of from about 10 to about
150° F., in the range of from about 20 to about 80° F., or in the
range of from 30 to 60° F. For example, monoethylene glycol
qualifies as a hydrate inhibitor because the gas hydrate for-
mation temperature of distilled water at 2,000 psia is about
70° F., while the gas hydrate formation temperature of a 1:1
mixture of distilled water and monoethylene glycol at 2,000
psia is about 28° F. Thus, monoethylene glycol lowers the gas
hydrate formation temperature of distilled water at 2,000 psia
by about 42° F. when added to the distilled water at a 1:1
weight ratio. It should be noted that the gas hydrate formation
temperature of a particular liquid may vary depending on the
compositional make-up of the natural gas used to determine
the gas hydrate formation temperature. Therefore, when gas
hydrate formation temperature is used herein to define what
constitutes a “hydrate inhibitor,” such gas hydrate tempera-
ture is presumed to be determined using a natural gas com-
position containing 92 mole percent methane, 5 mole percent
ethane, and 3 mole percent propane.

In forming the reaction mixture, the monomer, water, the at
least one surfactant, and optionally the hydrate inhibitor, can
be combined under a substantially oxygen-free atmosphere
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The emulsion polymerization reaction yields a latex com-
position comprising a dispersed phase of solid particles and a
liquid continuous phase. The latex can be a stable colloidal
dispersion comprising a dispersed phase of high molecular
weight polymer particles and a continuous phase comprising
water. The colloidal particles can comprise in the range of
from about 10 to about 60 percent by weight of the latex, orin
the range of from 40 to 50 percent by weight of the latex. The
continuous phase can comprise water, the high HLB surfac-
tant, the hydrate inhibitor (if present), and buffer as needed.
Water can be present in the range of from about 20 to about 80
percent by weight of the latex, or in the range of from about 40
to about 60 percent by weight of the latex. The high HLB
surfactant can comprise in the range of from about 0.1 to
about 10 percent by weight of the latex, or in the range of from
0.25 to 6 percent by weight of the latex. As noted in the table
above, the buffer can be present in an amount necessary to
reach the pH required for initiation of the polymerization
reaction and is initiator dependent. Typically, the pH required
to initiate a reaction is in the range of from 6.5 to 10,

When a hydrate inhibitor is employed in the reaction mix-
ture, it can be present in the resulting latex in an amount that
yields a hydrate inhibitor-to-water weight ratio in the range of
from about 1:10 to about 10:1, in the range of from about 1:5
to about 5:1, or in the range of from 2:3 to 3:2. Alternatively,
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all or part of the hydrate inhibitor can be added to the latex
after polymerization to provide the desired amount of hydrate
inhibitor in the continuous phase of the latex.

In one embodiment of the present invention, the drag
reducing polymer of the dispersed phase of the latex can have
a weight average molecular weight (M,,) of at least about
1x10° g/mol, at least about 2x10° g/mol, or at least 5x10°
g/mol. The colloidal particles of drag reducing polymer can
have a mean particle size of less than about 10 microns, less
than about 1,000 nm (1 micron), in the range of from about 10
to about 500 nm, or in the range of from 50 to 250 nm. At least
about 95 percent by weight of the colloidal particles can be
larger than about 10 nm and smaller than about 500 nm. At
least about 95 percent by weight of the particles can be larger
than about 25 nm and smaller than about 250 nm. The con-
tinuous phase can have a pH in the range of from about 4 to
about 10, or in the range of from about 6 to about 8, and
contains few if any multi-valent cations.

In one embodiment of the present invention, the drag
reducing polymer can comprise at least about 10,000, at Jeast
about 25,000, or at least 50,000 repeating units selected from
the residues of the above mentioned monomers. In one
embodiment, the drag reducing polymer can comprise less
than 1 branched unit per each monomer residue repeating
unit. Additionally, the drag reducing polymer can comprise
less than 1 linking group per each monomer residue repeating
unit. Furthermore, the drag reducing polymer can exhibit
little or no branching or crosslinking. Also, the drag reducing
polymer can comprise perfluoroalkyl groups in an amount in
the range of from about 0 to about 1 percent based on the total
number of monomer residue repeating units in the drag reduc-
ing polymer.

As mentioned above, a liquid hydrocarbon can be treated
with the drag reducing polymer in order to reduce drag asso-
ciated with flowing the liquid hydrocarbon through a conduit.
In order for the drag reducing polymer to function as a drag
reducer, the polymer should dissolve or be substantially sol-
vated in the liquid hydrocarbon. Accordingly, in one embodi-
ment of the present invention, the drag reducing polymer can
have a solubility parameter that is within about 20 percent,
about 18 percent, about 15 percent, or 10 percent of the
solubility parameter of the liquid hydrocarbon, as discussed
above.

The solubility parameter of the drag reducing polymer is
determined according to the Van Krevelen method of the
Hansen solubility parameters. This method of determining
solubility parameters can be found on pages 677 and 683-686
of Brandrup et al., Polymer Handbook (4% ed., vol. 2, Wiley-
Interscience, 1999), which is incorporated herein by refer-
ence. According to Brandrup et al., the following general
equation was developed by Hansen and Skaarup to account
for dispersive forces, polar interactions, permanent dipole-
dipole interactions, and hydrogen bonding forces in deter-
mining solubility parameters:

8=(5,2+8,248,7)"2

where 8 is the solubility parameter, 8 ,is the term adjusting for
dispersive forces, 8, is the term adjusting for polar interac-
tions, and 3, is the term adjusting for hydrogen bonding and
permanent dipole-induced dipole. Systems have been devel-
oped to estimate the above terms using a group contribution
method, measuring the contribution to the overall solubility
parameter by the various groups comprising the polymer. The
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following equations are used in determining the solubility
parameter of a polymer according to the Van Krevelen
method:

8,=(ZF>, )21V
8,=(2E, V)"

8,=F 17V

The above equations and an explanation of how they are used
can be found on pages 677 and 683-686 of Brandrup et al. The
values for the variables F and E in the above equations are
given in table 4, page 686 of Brandrup et al., based on the
different residues comprising a polymer. For example, a
methyl group (—CHS,) is given the following values: F ;=420
(32em*?/mol), F,,=0 (J"*cm*?/mol), B, =0 J/mol. Additon-
ally, the values for the variable V in the above equations are
given in Table 3 on page 685 where, for example, a methyl
group (—CH,) is given a value of V=33.5 (cm>/mol). Using
these values, the solubility parameter of a polymer can be
calculated.

In one embodiment of the present invention, the drag
reducing polymer can have a solubility parameter, as deter-
mined according to the above equations, of at least about 17
MPa'’2, in the range of from about 17.1 to about 24 MPa'’2, or
in the range of from 17.5 to 23 MPa'/?. Furthermore, the drag
reducing polymer can have a solubility parameter that is
within about 4 MPa'/?, within about 3 MPa'/?, or within 2.5
MPa'/? of the solubility parameter of the liquid hydrocarbon.

The drag reducing polymer can be added to the lquid
hydrocarbon in an amount sufficient to yield a drag reducing
polymer concentration in the range of from about 0.1 to about
500 ppmw, in the range of from about 0.5 to about 200 ppmw,
in the range of from about 1 to about 100 ppmw, or in the
range of from 2 to 50 ppmw. In one embodiment, at least
about 50 weight percent, at least about 75 weight percent, or
at least 95 weight percent of the solid drag reducing polymer
particles can be dissolved by the liquid hydrocarbon. In
another embodiment, the viscosity of the liquid hydrocarbon
treated with the drag reducing polymer is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer.

The efficacy of the high molecular weight polymer par-
ticles as drag reducers when added directly to a liquid hydro-
carbon is largely dependent upon the temperature of the liquid
hydrocarbon. For example, at lower temperatures, the poly-
mer dissolves at a lower rate in the liquid hydrocarbon, there-
fore, less drag reduction can be achieved. Thus, in one
embodiment of the present invention, the liquid hydrocarbon
can have a temperature at the time of treatment with the drag
reducing polymer of at least about 30° C., or at least 40° C.

The drag reducers employed in the present invention can
provide significant percent drag reduction. For example, the
drag reducers can provide at least about 5 percent drag reduc-
tion, at least about 15 percent drag reduction, or at least 20
percent drag reduction. Percent drag reduction and the man-
ner in which it is calculated are more fully described in
Example 5, below.

EXAMPLES

The following examples are intended to be illustrative of
the present invention in order to teach one of ordinary skill in
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the art to make and use the invention and are not intended to
limit the scope of the invention in any way.

Example 1
Preparation of Polymer A and Polymer B

In this example, two formulations for the materials used in
later examples are detailed. The resulting material in each

procedure is a dispersion of drag reducing polymer in an 10

aqueous carrier.
Preparation of Polymer A

Polymerization was performed in a 185-gallon stainless
steel, jacketed reactor with a mechanical stirrer, thermo-

couple, feed ports, and nitrogen inlets/outlets. The reactor 15

was charged with 440 Ibs of monomer (2-ethylhexyl meth-
acrylate), 558.1 lbs of de-ionized water, 41.4 Ibs of Polystep
B-5 (surfactant, available from Stepan Company of North-
field, I11.), 44 1bs of Tergitol 15-S-7 (surfactant, available from

Dow Chemical Company of Midland, Mich.), 1.86 Ibs of 20

potassium phosphate monobasic (pH buffer), 1.46 lbs of
potassium phosphate dibasic (pH buffer), and 33.2 grams of
ammonium persulfate, (NH,),S,0q (oxidizer).

The mixture was agitated at 110 rpm to emulsify the mono-

mer in the water and surfactant carrier. The mixture was then 25

purged with nitrogen to remove any traces of oxygen in the
reactor and cooled to about 41° F. The agitation was slowed
down to 80 rpm and the polymerization reaction was initiated
by adding into the reactor 4.02 grams of ammonium iron(II)

sutfate, Fe(NH,),(SO,),.6H,0 in a solution of 0.010 M sul- 30

furic acid solution in DI water at a concentration 0 558.3 ppm
atarate of 10 g/min. The solution was injected for 10 hours to
complete the polymerization. The resulting latex was pres-
sured out of the reactor through a 5-micron bag filter and

stored. The solubility parameter of Polymer A was calculated 35

to be 18.04 MPa'/2,
Preparation of Polymer B

Preparation of Polymer B was performed in the same man-
ner as the preparation of Polymer A above, with the following
exception: the monomer charged to the reactor was an 80/20
weight percent blend of 2-ethylhexyl methacrylate and n-bu-
tyl acrylate. The solubility parameter of Polymer B was cal-
culated to be 20.55 MPa'’2.

Example 2 45

LP 100 and LP 300

LP 100 FLOW IMPROVER (LP 100) and LP 300 FLOW
IMPROVER (LP 300) underwent various tests described

40
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below and were compared to the experimental drag reducers
of the present invention, Polymer A and Polymer B, as
described in Example 1. LP 100 and LP 300 are drag reducing
agents comprising polyalphaolefins. Specifically, LP 100
comprises poly(1-decene) and LP 300 comprises a copoly-
mer of poly(1-decene) and poly(1-tetradecene). Both LP 100
and LP 300 are commercially available from ConocoPhillips
Specialty Products Inc. The solubility parameter of the poly-
mer in LP 100 was calculated to be 16.49 MPa'’?, and the
solubility parameter of the polymer in LP 300 was calculated
to be 16.54 MPa'/2.

Example 3

Asphaltene Content and Elasticity Response
(Affinity)

Crude oils ranging in classification from heavy crudes to
light crudes were first tested to determine their respective
concentrations of asphaltene and their API gravities. These
same crude oil samples were also tested to determine their
affinity for drag reducing agents as prepared in Examples 1
and 2. The results are listed in Table 1 below.

Asphaltene concentration was determined using pentane
precipitation and filtration. For each measurement listed in
Table 1, a 40-fold volume of pentane was added to approxi-
mately 16 grams of crude oil sample. The mixtures were
agitated via rolling for an overnight period, and allowed to set
for approximately 24 hours. The mixtures were then filtered
through a 0.8 micrometer filter to retain the asphaltene. The
asphaltenes retained were then weighed, and the weight per-
cent was calculated based upon the original crude oil sample
weight. API gravity was determined in accord with ASTM
test method D1298.

The crude oil’s affinity for drag reducing agents was deter-
mined by assessing each crude oil’s elasticity after being
treated with a drag reducing agent. Four samples of each
variety of crude oil were dosed at room temperature with 5
weight percent of Polymer A, Polymer B, LP 100, and LP 300
respectively. The samples were allowed to roll overnight to
insure full dissolution of the drag reducing agent into the
samples. After rolling, the samples were visually inspected
for their elastic response by inserting a hooked-end spatula
into the sample and pulling the spatula away from the bulk of
the sample. Some samples yielded a high response, meaning
that a highly elastic “string” or “rope” of crude oil could be
pulled from the sample. Conversely, some samples yielded no
response, meaning that the crude oil merely dripped from the
spatula.

TABLE 1

Asphaltene Content. API Gravity, and Elasticity Response

ELASTICITY RESPONSE
ASPHALTENE (AFFINITY)

Crude Oil CONTENT API LP LP
Sample Type Test1  Test2 Gravity 100 300 PolymerA Polymer B
Merey Heavy 16.8 15.5 16.0° None None High High
Petrozuata  Heavy 18.8 18.1 9.1° None None High High
Corocoro Heavy 6.0 6.7 25.1° Nonme None High High
Albian Heavy 11.0 10.6 22.4° None None High High
Bow River ~ Heavy 11.4 10.3 21.8° None None High High
Maya Heavy 14.6 15.4 21.9° Nonme None High High
Western Heavy 11.5 11.9 20.9° None None High High
Canadian

Select
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Asphaltene Content, APT Gravity, and Elasticity Response

ELASTICITY RESPONSE
ASPHALTENE (AFFINITY)

Crude Oil CONTENT API LP LP
Sample Type Test1 Test2 Gravity 100 300 Polymer A Polymer B
San Joaquin Heavy 8.9 8.9 13.0° None None High High
Valley
Marlim Heavy 6.7 6.6  222° High High High High
Blend
West Texas  Intermediate 28 2.8 31.6° High High Moderate Moderate
Sour
West Texas  Light 0.5 o 41.6° High High Moderate Moderate
Intermediate
Basrah Light 4.8 — 31.0° High High Moderate Moderate

The results in Table 1 tend to show that crude oils having a
higher asphaltene content and/or lower API gravity have a
higher affinity for Polymers A and B than for LP 100 and 300.
Evidence of stronger affinity (i.e., increased elasticity) is
generally an indication of a higher potential for performance
as a drag reducing agent.

Example 4
Extensional Rheometry

The extensional viscosity (or extensional behavior) of a
fluid treated with a drag reducing polymer is directly related
to the polymer’s potential for reducing turbulent drag in the
fluid. Ifincreased extensional behavior is observed in the fluid
upon addition of the drag reducing polymer, this is indicative
of increased potential for drag reduction performance. Con-
versely, if no extensional behavior is observed, the potential
for drag reduction performance in that fluid is unlikely. The
extensional behavior of a treated fluid can be determined by
capillary breakup extensional rheometry testing, performed
on a HAAKE CaBER 1, available from Thermo Electron
Corp., Newington, N.-H., U.S.A.

The HAAKE CaBER 1 is operated by placing a small
quantity of sample (less than 0.1 ml) between top and bottom
circular plates using a 16 gauge, 1-inch long syringe needle.
The top plate is rapidly separated upwardly from the bottom
plate at a user-selected strain rate, thereby forming an
unstable fluid filament by imposing an instantaneous level of
extensional strain on the fluid sample. After cessation of
stretching, the fluid at the mid-point of the filament undergoes
an extensional strain rate defined by the extensional proper-
ties of the fluid. A laser micrometer monitors the midpoint
diameter of the gradually thinning fluid filament as a function
of time. The competing effects of surface tension, viscosity,
mass transfer and elasticity can be quantified using model
fitting analysis software.

In this example, three samples were prepared and tested for
extensional rheometry using a HAAKE CaBER 1. The first
sample was untreated (neat) San Juaquin Valley Heavy
(SJVH) crude oil. The second sample was STVH crude con-
taining 500 ppmw of the active polymer found in Polymer A
(poly(2-ethylhexyl methacrylate)) as prepared in Example 1,
and the third sample was STVH crude containing 500 ppmw
of the active polymer found in LP 100 (poly(1-decene)) as
described in example 2. According to the procedure described
above, less than 0.1 ml of each of these three samples was
placed between the two plates of the CaBER 1, and the plates
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were separated quickly while measuring the diameter of the
resultant filament. For each test, the default instrument set-
tings were employed, and a Hencky strain of €=0.70 was used.
Hencky strain is defined as:

e

is the relative extension of the fluid. The diameter of the
resultant filament was measured against time. Each sample in
the above described procedure was tested 10 times to obtain
statistical confidence in the data. The results from these tests
are shown in FIGS. 1 through 3. Additionally, each test was
performed at a room temperature of about 25° C.

In each of FIGS. 1, 2, and 3, the filament diameter was
normalized, such that a filament diameter of d/d, is shown,
where do is the filament diameter at time zero (0 seconds) and
d is the filament diameter at any given time thereafter. The
results from these tests show that the extensional behavior of
the untreated SJVH crude oil and SJVH crude oil containing
500 ppmw the active polymer found in LP 100 (poly(1-
decene)) are very similar (shown in FIGS. 1 and 3, respec-
tively), indicating that LP 100 does not have any noticeable
potential for reducing drag of heavy crude oil in a pipeline.
However, SJVH having 500 ppmw of the active polymer
found in Polymer A (poly(2-ethylhexyl methacrylate)) shows
a significant increase in extensional rheometry, as shown in
FIG. 2. This increase in extensional rheometry indicates an
increased potential for Polymer A to reduce drag of heavy
crude oil in a pipeline.

Example 5
Pipeline Testing

Pipeline field testing was performed with various diameter
pipelines, and various crude oils, comparing the performance
of Polymers A and B, as prepared in Example 1, with LP 100
and LP 300, as described in Example 2. The following three
tests were performed, followed by their respective results in
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tables 2, 3, and 4. For each of the three tests described below,
the percent drag reduction (% DR) was determined by mea-
suring the pressure drop in the segment of pipe being tested
prior to addition of drag reducing agent (AP,,,.) and measur-
ing the pressure drop in the segment of pipe being tested after
addition of drag reducing agent (AP, ,..,). The percent drag
reduction was then determined according to the following
formula:

% DR=((APpgse~AP yeareaV/ APpase)x100%

Test 1

Test 1 was conducted in a 12-inch diameter crude oil pipe-
line carrying West Texas Intermediate (WTT) crude oil. This
crude oil is a light crude, generally having an API gravity of
about 40°. WT1 generally has a viscosity of approximately 4.5
centistokes at pipeline temperatures of 65 to 69° F. The pipe-
linetests in Test 1 were conducted in a 62-mile segment of the
pipeline running from Wichita Falls, Tex., to Bray, Okla. The
nominal flow rate of the pipeline during the field tests was
2,350 barrels/hr, and the nominal flow velocity in the pipeline
was 4.5 ft/s. The following drag reduction performance was
achieved:

TABLE 2
LP 100 v. Polymer A & Polymer B in Light Crude (WTI)
CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 4.7 33.8
LP 100 23.5 67.2
Polymer A 40.4 24.4
Polymer A 80.1 36.3
Polymer B 40.2 31.3
Polymer B 81.0 40.4
Polymer B 150.4 45.7
Test 2

Test 2 was conducted in an 18-inch diameter crude oil
pipeline carrying Albian Heavy Sour (AHS) crude oil blend.
This crude oil blend is a heavy crude oil, generally having an
API gravity of about 22°. AHS generally has a viscosity of
approximately 84 centistokes at a pipeline temperature of 71°
F. The pipeline tests in Test 2 were conducted in a 54-mile
segment of the pipeline running from Cushing, Okla., to
Marland, Okla. The nominal flow velocity in the pipeline was
4.8 ft/s. The nominal calculated Reynolds number for the
pipeline was 7,500. The following drag reduction perfor-
mance was achieved:

TABLE 3

LP 100 v. Polymer B in Heavy Crude (AHS)

CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 41.6 0
Polymer B 25.2 23.1
Polymer B 100.0 42.5
Test 3

Test 3 was conducted in an 8-inch diameter crude oil pipe-
line carrying San Joaquin Valley Heavy (SIVH) crude oil
blend. This crude oil blend is a heavy crude oil, generally
having an API gravity of about 13°. STVH generally has a
viscosity of approximately 100 centistokes at a pipeline tem-
perature of 165° F. The pipeline tests in Test 3 were conducted
in a 14-mile segment of the pipeline running from the Middle-
water pump station to the Junction pump station, both in
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California. The nominal flow rate of the pipeline during Test
3 was 1,300 barrels/hr, and the nominal flow velocity in the
pipeline was 5.6 ft/s. The nominal calculated Reynolds num-
ber for the pipeline was 4,000. The following drag reduction
performance was achieved:

TABLE 4

LP 300 v. Polymer A & Polymer B in Heavy Crude (STVH)

CONCENTRATION DRAG REDUCTION
PRODUCT {ppmw) (%)
LP 300 187.0 0
Polymer A 50.0 285
Polymer A 100.0 39.5
Polymer B 50.0 28.8
Polymer B 100 36.7

Comparing the above three tests, the results listed in Table
2 tend to show that the drag reduction achieved by addition of
LP 100 product in light crude oil yields slightly more favor-
able results than either of the EXP products. However, when
heavy crude oils are used, as shown in Tables 3 and 4, the use
of Polymers A or B results in higher percentages of drag
reduction than either of the LP products.

Numerical Ranges

The present description uses numerical ranges to quantify
certain parameters relating to the invention. It should be
understood that when numerical ranges are provided, such
ranges are to be construed as providing literal support for
claim limitations that only recite the lower value of the range
as well as claims limitation that only recite the upper value of
the range. For example, a disclosed numerical range of 10 to
100 provides literal support for a claim reciting “greater than
10 (with no upper bounds) and a claim reciting “less than
100” (with no lower bounds).

The present description uses specific numerical values to
quantify certain parameters relating to the invention, where
the specific numerical values are not expressly part of a
numerical range. It should be understood that each specific
numerical value provided herein is to be construed as provid-
ing literal support for a broad, intermediate, and narrow
range. The broad range associated with each specific numeri-
cal value is the numerical value plus and minus 60 percent of
the numerical value, rounded to two significant digits. The
intermediate range associated with each specific numerical
value is the numerical value plus and minus 30 percent of the
numerical value, rounded to two significant digits. The nar-
row range associated with each specific numerical value is the
numerical value plus and minus 15 percent of the numerical
value, rounded to two significant digits. For example, if the
specification describes a specific temperature of 62° F., such
a description provides literal support for a broad numerical
range of 25° F. to 99° F. (62° F.+37° F.), an intermediate
numerical range of 43° F. to 81° F. (62° F.#19° F), and a
narrow numerical range of 53° F. to 71° F. (62° F.%9° F.).
These broad, intermediate, and narrow numerical ranges
should be applied not only to the specific values, but should
also be applied to differences between these specific values.
Thus, if the specification describes a first pressure of 110 psia
and a second pressure of 48 psia (a difference of 62 psi), the
broad, intermediate, and narrow ranges for the pressure dif-
ference between these two streams would be 25 to 99 psi, 43
to 81 psi, and 53 to 71 psi, respectively.

DEFINITIONS
As used herein, the terms “comprising,” “comprises,” and
“comprise” are open-ended transition terms used to transition
from a subject recited before the term to one or more elements
recited after the term, where the element or elements listed

-after the transition term are not necessarily the only elements

that make up the subject.
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As used herein, the terms “including,” “includes,” and
“include” have the same open-ended meaning as “compris-
ing,” “comprises,” and “comprise.”

As used herein, the terms “having,” “has,” and “have™ have
the same open-ended meaning as “comprising,” “comprises,”
and “comprise.”

As used herein, the terms “containing,” “contains,” and
“contain” have the same open-ended meaning as “compris-

9 <

9 &

ing,” “comprises,” and “comprise.”
Asused herein, the terms “a,” “an,” “the,” and “said” mean
one or more.

Asused herein, the term “and/or,” when used in a list of two
or more items, means that any one of the listed items can be
employed by itself or any combination of two or more of the
listed items can be employed. For example, if a composition
is described as containing components A, B, and/or C, the
composition can contain A alone; B alone; C alone; A and B
in combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination.

The preferred forms of the invention described above are to
be used as illustration only, and should not be used in a
limiting sense to interpret the scope of the present invention.
Obvious modifications to the exemplary embodiments, set
forth above, could be readily made by those skilled in the art
without departing from the spirit of the present invention.

The inventors hereby state their intent to rely on the Doc-
trine of Equivalents to determine and assess the reasonably
fair scope of the present invention as pertains to any apparatus
not materially departing from but outside the literal scope of
the invention as set forth in the following claims.

What is claimed is:

1. A method comprising:

introducing a drag reducing polymer, into a pipeline, such

that such that the friction loss associated with the turbu-
lent flow through the pipeline is reduced by suppressing
the growth of turbulent eddies, into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent
and an API gravity of less than about 26° to thereby
produce a treated liquid hydrocarbon wherein the vis-
cosity of the treated liquid hydrocarbon is not less than
the viscosity of the liquid hydrocarbon prior to treatment
with the drag reducing polymer;

wherein the drag reducing polymer has a solubility param-

eter within 4 MPa'/? of the solubility parameter of the
liquid hydrocarbon and

the drag reducing polymer is added to the liquid hydrocar-

bon in the range from about 0.1 to about 500 ppmw.

2. The method of claim 1, wherein the solubility parameter
of the drag reducing polymer is at least about 17 MPa'/2,

3. The method of claim 1, wherein the drag reducing poly-
mer comprises at least about 25,000 repeating units.

4. The method of claim 1, wherein the drag reducing poly-
mer has a weight average molecular weight of at least 1x10°
g/mol.

5. The method of claim 1, wherein the drag reducing poly-
mer has a solubility parameter within 2.5 MPa'/? of the liquid
hydrocarbon.

6. The method of claim 1, wherein the solubility parameter
of the liquid hydrocarbon is determined by the following
equation:

8,=[(AHv-RT)/V]*?

where AHv is the energy of vaporization, R is the universal
gas constant, T is the temperature in Kelvin, V is the
molar volume and 8, is the solubility parameter.

—
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7. The method of claim 1, wherein the solubility parameter
of the drag reducing polymer is determined by the following
equation:

8=(8,°+8,2+5,2)'?

where  is the solubility parameter, 3,~=2F ,/V, §,=2F,,/
Vv)llz, 6P:(2F2Pi)”2/v

8. The method of claim 1, wherein a plurality of the repeat-
ing units comprise a heteroatom.

9. The method of claim 8, wherein the heteroatom is
selected from the group consisting of an oxygen atom, a
nitrogen atom, a sulfur atom and/or a phosphorus atom.

10. A method comprising:

introducing a drag reducing polymer having a solubility

parameter of at least about 17 MPa'/?, into a pipeline,
such that such that the friction loss associated with the
turbulent flow through the pipeline is reduced by sup-
pressing the growth of turbulent eddies, into a liquid
hydrocarbon having an asphaltene content of at least 3
weight percent and an API gravity of less than about 26°
to thereby produce a treated liquid hydrocarbon wherein
the viscosity of the treated liquid hydrocarbon is not less
than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer;

wherein the drag reducing polymer has a solubility param-

eter within 4 MPa'”? of the solubility parameter of the
liquid hydrocarbon and the drag reducing polymer com-
prises at least about 25,000 repeating units, and wherein
a plurality of the repeating units comprise a heteroatom,
wherein the heteroatom is selected from the group con-
sisting of an oxygen atom, a nitrogen atom, a sulfur atom
and/or a phosphorus atom and wherein the drag reducing
polymer has a weight average molecular weight of at
least 1x10° g/mol and

the drag reducing polymer is added to the liquid hydrocar-

bon in the range from about 0.1 to about 500 ppmw.
11. A method comprising:
introducing a drag reducing polymer, into a pipeline, such
that such that the friction loss associated with the turbu-
lent flow through the pipeline is reduced by suppressing
the growth of turbulent eddies, into a liquid hydrocar-
bon;
wherein the drag reducing polymer has a solubility param-
eter within 4 MPa'/? of the solubility parameter of the
liquid hydrocarbon having an asphaltene content of at
least 3 weight percent and an API gravity of less than
about 26° to thereby produce a treated liquid hydrocar-
bon wherein the viscosity of the treated liquid hydrocar-
bon is not less than the viscosity of the liquid hydrocar-
bon prior to treatment with the drag reducing polymer;

wherein the solubility parameter of the liquid hydrocarbon
is determined by the following equation:

8,=[(AHv-RTYV]'2
where AHv is the energy of vaporization, R is the universal
gas constant, T is the temperature in Kelvin, V is the
molar volume and d, is the solubility parameter; and
wherein the solubility parameter of the drag reducing poly-
mer is determined by the following equation:
8=(8,7+8,7+5,1)'"
where O is the solubility parameter, 3,~2F,/V, 8,=
(EF,/V)"2, 8,~(ZF,) "V and

the drag reducing polymer is added to the liquid hydrocar-

bon in the range from about 0.1 to about 500 ppmw.

* * * * *
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1
DRAG REDUCTION OF ASPHALTENIC
CRUDE OILS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application which claims
the benefit of and priority to U.S. application Ser. No. 11/615,
539filed Dec. 22, 2006, entitled “Drag Reduction of Asphalt-
enic Crude Oils,” which is hereby incorporated by reference
in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to high molecular
weight drag reducers for use in crude oils.

BACKGROUND

When fluids are transported by a pipeline, there is typically
a drop in fluid pressure due to friction between the wall of the
pipeline and the fluid, Due to this pressure drop, for a given
pipeline, fluid must be transported with sufficient pressure to
achieve the desired throughput. When higher flow rates are
desired through the pipeline, more pressure must be applied
due to the fact that, as flow rates are increased, the difference
in pressure caused by the pressure drop also increases. How-
ever, design limitations on pipelines limit the amount of pres-
sure that can be employed. The problems associated with
pressure drop are most acute when fluids are transported over
long distances. Such pressure drops can result in inefficien-
cies that increase equipment and operation costs.

To alleviate the problems associated with pressure drop,
many in the industry utilize drag reducing additives in the
flowing fluid. When the flow of fluid in a pipeline is turbulent,
high molecular weight polymeric drag reducers can be
employed to enhance the flow. A drag reducer is a composi-
tion capable of substantially reducing friction loss associated
with the turbulent flow of a fluid through a pipeline. The role
of these additives is to suppress the growth of turbulent
eddies, which results in higher flow rate at a constant pumping
pressure. Ultra-high molecular weight polymers are known to
function well as drag reducers, particularly in hydrocarbon
liquids. In general, drag reduction depends in part upon the
molecular weight of the polymer additive and its ability to
dissolve in the hydrocarbon under turbulent flow. Effective
drag reducing polymers typically have molecular weights in
excess of five million.

Conventional polymeric drag reducers, however, typically
do not perform well in crude oils having a low API gravity
and/or a high asphaltene content. Accordingly, there is a need
for improved drag reducing agents capable of reducing the
pressure drop associated with the turbulent flow of low API
gravity and/or high-asphaltene crude oils through pipelines.

SUMMARY OF THE INVENTION

A method of introducing a drag reducing polymer into a
pipeline such that the friction loss associated with the turbu-
lent flow though the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
introduced into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and/or an API gravity of
less than about 26° to thereby produce a treated liquid hydro-
carbon. The treated liquid hydrocarbon does not have a vis-
cosity less than the viscosity of the liquid hydrocarbon prior
to treatment with the drag reducing polymer. Additionally, the
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drag reducing polymer is added to the liquid hydrocarbon in
the range from about 0.1 to about 500 ppmw.

A method of introducing a drag reducing polymer having a
solubility parameter of at least about 17 MPa'*2, into a pipe-
line, such that the friction loss associated with the turbulent
flow through the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
introduced into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and/or an API gravity of
less than about 26° to thereby produce a treated liquid hydro-
carbon. The treated liquid hydrocarbon would have a viscos-
ity less than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer. The drag reducing
polymer would comprise at least about 25,000 repeating
units, and wherein a plurality of the repeating units comprise
a heteroatom, wherein the heteroatom is selected from the
group consisting of an oxygen atom, a nitrogen atom, a sulfur
atom and/or a phosphorus atom and wherein the drag reduc-
ing polymer has a weight average molecular weight of at least
1x10° g/mol. Additionally, the drag reducing polymer is
added to the liquid hydrocarbon in the range from about 0.1 to
about 500 ppmw.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

A preferred embodiment of the present invention is
described in detail below with reference to the attached draw-
ing figures, wherein:

FIG. 1 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for untreated
San Joaquin Valley Heavy Crude Oil determined in accor-
dance with the procedure described in Example 4;

FIG. 2 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 parts per million
by weight (ppmw) of poly(2-ethylhexyl methacrylate) dis-
solved therein determined in accordance with the procedure
described in Example 4; and

FIG. 3 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 ppmw of a poly
(1-decene) dissolved therein determined in accordance with
the procedure described in Example 4.

DETAILED DESCRIPTION

In accordance with one embodiment of the present inven-
tion, the pressure drop associated with flowing a liquid hydro-
carbon through a conduit, such as a pipeline, can be reduced
by treating the liquid hydrocarbon with a drag reducing poly-
mer having at least one heteroatom. In one embodiment, the
liquid hydrocarbon can be a heavy crude oil.

In one embodiment of the present invention, the liquid
hydrocarbon can comprise asphaltene compounds. As used
herein, “asphaltenes” are defined as the fraction separated
from crude oil or petroleum products upon addition of pen-
tane, as described below in Example 3. While difficult to
characterize, asphaltenes are generally thought to be high
molecular weight, non-crystalline, polar compounds which
exist in crude oil. In one embodiment of the present invention,
the liquid hydrocarbon can comprise asphaltene compounds
inan amount of at least about 3 weight percent, in the range of
from about 4 to about 35 weight percent, or in the range of
from 5 to 25 weight percent.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise heteroatoms. As used herein, the
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term “heteroatom” is defined as any atom that is not a carbon
or hydrogen atom. Typically, heteroatoms include, but are not
limited to, sulfur, nitrogen, oxygen, phosphorus, and chlorine
atoms. In one embodiment, the liquid hydrocarbon can com-
prise sulfur in an amount of at least about 1 weight percent, in
the range of from about 1 to about 10 weight percent, in the
range of from about 1.2 to about 9 weight percent, or in the
range of from 1.5 to 8 weight percent. Additionally, the liquid
hydrocarbon can comprise nitrogen in an amount of at least
about 1,300 parts per million by weight (ppmw), at least about
1,400 ppmw, or at least 1,500 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise one or more metal components. In
one embodiment, the liquid hydrocarbon can comprise met-
als inan amount of at least about 1 ppmw, in the range of from
about 1 to about 2,000 ppmw, in the range of from about 50 to
about 1,500 ppmw, or in the range of from 100 to 1,000 ppmw.
Typical metals include, but are not limited to, nickel, vana-
dium, and iron. In one embodiment, the liquid hydrocarbon
can comprise nickel in an amount of at least about 1 ppmw, in
the range of from about 5 to about 500 ppmw, or in the range
of from 10 to 250 ppmw. Additionally, the liquid hydrocarbon
can comprise vanadium in an amount of at least about 1
ppmw, in the range of from about 5 to about 500 ppmw, or in
the range of from 10 to 250 ppmw. Further, the liquid hydro-
carbon can comprise iron in an amount of at least about 1
ppmw, in the range of from about 2 to about 250 ppmw, or in
the range of from 5 to 100 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise a residuum. As used herein, the
term “residuum” is defined as the residual material remaining
in the bottom of a fractionating tower after the distillation of
crude oil as determined by ASTM test method D2892-05. In
one embodiment, the liquid hydrocarbon can comprise at

least about 10 weight percent, at least about 15 weight per- :

cent, or in the range of from 20 to 60 weight percent of a
residuum having an initial boiling point of at least about
1,050° F.

In another embodiment, the liquid hydrocarbon can com-
prise conradson carbon. As used herein, the term “conradson
carbon” is defined as the measured amount of carbon residue
left after evaporation and pyrolysis of crude oil as determined
by ASTM test method D189-05. In one embodiment, the
liquid hydrocarbon can comprise conradson carbon in an
amount of at least about 1 weight percent, in the range of from
about 2 to about 50 weight percent, in the range of from about
3.5 to 45 weight percent, or in the range of from 5 to 40 weight
percent.

In another embodiment of the present invention, the liquid
hydrocarbon can have a low to intermediate API gravity. As
used herein, the term “API gravity” is defined as the specific
gravity scale developed by the American Petroleum Institute
for measuring the relative density of various petroleum lig-
uids. API gravity of a liquid hydrocarbon is determined
according to the following formula:

API gravity=(141.5/SG at 60° F)-131.5

where SG is the specific gravity of the liquid hydrocarbon at
60° F. Additionally, API gravity can be determined according
to ASTM test method D1298. In one embodiment, the liquid
hydrocarbon can have an API gravity of less than about 26°,
in the range of from about 5° to about 25°, or in the range of
from 5° to 23°.

In another embodiment of the present invention, the liquid
hydrocarbon can be a component of a fluid mixture that
further comprises a non-hydrocarbon fluid and/or a non-lig-
uid phase. In one embodiment, the non-hydrocarbon fluid can
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comprise water, and the non-liquid phase can comprise natu-
ral gas. Additionally, when the liquid hydrocarbon is a com-
ponent of a fluid mixture, the liquid hydrocarbon can account
for at least about 50 weight percent, at least about 60 weight
percent, or at least 70 weight percent of the fluid mixture.

In another embodiment of the present invention, the liquid
hydrocarbon can have a solubility parameter sufficient to
allow at least partial dissolution of the above mentioned drag
reducing polymer in the liquid hydrocarbon. The solubility
parameter (3,) of the liquid hydrocarbon can be determined
according to the following equation:

8,=[(AH ~RT)/ V]2

where AH, is the energy of vaporization, R is the universal gas
constant, T is the temperature in Kelvin, and V is the molar
volume. 8, is given in units of MPa"?. The solubility param-
eter for the liquid hydrocarbon is determined in accord with
the above equation and the description found on pages 465-
467 of Strausz, O. & Lown, M., The Chemistry of Alberta Oil
Sands, Bitumens and Heavy Oils (Alberta Energy Research
Institute, 2003). In one embodiment, the liquid hydrocarbon
can have a solubility parameter of at least about 17 MPa'’, or
in the range of from about 17.1 to about 24 MPa'’2, or in the
range of from 17.5 to 23 MPa'’%,

As mentioned above, the liquid hydrocarbon can be a
heavy crude oil. Suitable examples of heavy crude oils
include, but are not limited to, Merey heavy crude, Petrozuata
heavy crude, Corocoro heavy crude, Albian heavy crude,
Bow River heavy crude, Maya heavy crude, and San Joaquin
Valley heavy crude. Additionally, the liquid hydrocarbon can
be a blend of heavy crude oil with lighter hydrocarbons or
diluents. Suitable examples of blended crude oils include, but
are not limited to, Western Canadian Select and Marlim
Blend.

As mentioned above, the liquid hydrocarbon can be treated
with a drag reducing polymer. In one embodiment of the
present invention, the drag reducing polymer can be in the
form of a latex drag reducer comprising a high molecular
weight polymer dispersed in an aqueous continuous phase.
The latex drag reducer can be prepared via emulsion poly-
merization of a reaction mixture comprising one or more
monomers, a continuous phase, at least one surfactant, and an
initiation system. The continuous phase generally comprises
at least one component selected from the group consisting of
water, polar organic liquids, and mixtures thereof. When
water is the selected constituent of the continuous phase, the
reaction mixture can also comprise a buffer. Additionally, as
described in more detail below, the continuous phase can
optionally comprise a hydrate inhibitor. In another embodi-
ment, the drag reducing polymer can be in the form of a
suspension or solution according to any method known in the
art.
In one embodiment of the present invention, the drag
reducing polymer can comprise a plurality of repeating units
of the residues of one or more of the monomers selected from
the group consisting of:

A
Ry

I
H,C=C—C—0R;

wherein R, is H or a C1-C10 alky] radical, and R, is H, a
C1-C30 alkyl radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, a C6-C20 substituted or unsubstituted aryl
radical, an aryl-substituted C1-C10 alkyl radical, a
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—(CH2CH20),—R ; or —(CH2CH(CH3)0),—R , radical
whereinx is in therange of from 1 to 50 and R , is H,a C1-C30
alkyl radical, or a C6-C30 alkylary! radical;

Rj-arene-R, (B)

wherein arene is a phenyl, naphthyl, anthracenyl, or phenan-
threnyl, R, is CH=—=CH, or CH;—C=CH,, and R, is H, a
C1-C30 alkyl radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, C1, SO, ORg, or COOR, wherein R is
H, a C1-C30 alkyl radical, a C5-C30 substituted or unsubsti-
tuted cycloalkyl radical, a C6-C20 substituted or unsubsti-
tuted aryl radical, or an aryl-substitated C1-C10 alky! radical,
and wherein R is H, a C1-C30 alkyl radical, a C5-C30
substituted or unsubstituted cycloalkyl radical, a C6-C20 sub-
stituted or unsubstituted aryl radical, or an aryl-substituted
C1-C10 alky! radical;

C
- o ©
H,C=C—0—C—Rs
wherein R; is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;
D
- D)
H,C==C—0—Rq
wherein R is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;
()]
R; Rg
|
H,C=C—C=CH;

wherein R, is H or a C1-C18 alkyl radical, and R, is H, a
C1-C18 alky! radical, or Cl;

(e} o] ®
RgO-——g C—OR o
C=C
H H

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalky! radical, or
heterocyclic radicals;

@)
0
H ! OR
- 12
o\
c=C

I\

R;;0—C H

6
wherein R, and R,, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

OR 4
Rp30

wherein R, and R,, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

15

20
@
O
25 / NR;s
0
30 wherein R, 5 is H, a C1-C30 alkyl radical, a C6-C20 substi-
tuted or unsubstituted aryl radical, a C5-C30 substituted or
unsubstituted cycloalkyl radical, or heterocyclic radicals;
35
0]
Cl
CHy;
H
40 - ®)
/ 2
N Ris
45 l ) Ri¢ or H,C
F
N
5o wherein R, 4 is H, a C1-C30 alkyl radical, or a C6-C20 aryl

radical;

@

Cl
55
HC
CHy;
. ™
60 HZCM ’
™)
N;
H,C &
65
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~continued

Ry
¥
Hzc/\n/ SRig
[e]

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

)

@)

HyC

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals.

In one embodiment of the present invention, the drag
reducing polymer can comprise repeating units of the resi-
dues of C4-C20 alkyl, C6-C20 substituted or unsubstituted
aryl, or aryl-substituted C1-C10 alkyl ester derivatives of
methacrylic acid or acrylic acid. In another embodiment, the
drag reducing polymer can be a copolymer comprising
repeating units of the residues of 2-ethylhexyl methacrylate
and the residues of at least one other monomer. In yet another
embodiment, the drag reducing polymer can be a copolymer
comprising repeating units of the residues of 2-ethylhexyl
methacrylate monomers and butyl acrylate monomers. In still
another embodiment, the drag reducing polymer can be a
homopolymer comprising repeating units of the residues of
2-ethylhexyl methacrylate.

In one embodiment of the present invention, the drag
reducing polymer can comprise the residues of at least one
monomer having a heteroatom. As stated above, the term
“heteroatom” includes any atom that is not a carbon or hydro-
gen atom. Specific examples of heteroatoms include, but are
not limited to, oxygen, nitrogen, sulfur, phosphorous, and/or
chlorine atoms. In one embodiment, the drag reducing poly-
mer can comprise at least about 10 percent, at least about 25
percent, or at least 50 percent of the residues of monomers
having at least one heteroatom. Additionally, the heteroatom
can have a partial charge. As used herein, the term “partial
charge” is defined as an electric charge, either positive or
negative, having a value of less than 1.

The surfactant used in the above-mentioned reaction mix-
ture can include at least one high HLB anionic or nonionic
surfactant. The term “HLB number” refers to the hydrophile-
lipophile balance of a surfactant in an emulsion. The HLB
number is determined by the methods described by W. C.
Griffin in J. Soc. Cosmet. Chem., 1,311 (1949) and J. Soc.
Cosmet. Chem., 5,249 (1954), which are incorporated herein
by reference. As used herein, the term “high HLB” shall
denote an HLB number of 7 or more. The HL.B number of
surfactants for use with forming the reaction mixture can be at
least about 8, at least about 10, or at least 12.

Exemplary high HLB anionic surfactants include, but are
not limited to, high HLB alky! sulfates, alky! ether sulfates,
dialkyl sulfosuccinates, alkyl phosphates, alkyl aryl sul-
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fonates, and sarcosinates. Suitable examples of commercially
available high HLB anionic surfactants include, but are not
limited to, sodium lauryl sulfate (available as RHODAPON
LSB from Rhodia Incorporated, Cranbury, N.J.), dioctyl
sodium sulfosuccinate (available as AEROSOL OT from
Cytec Industries, Inc., West Paterson, N.J.), 2-ethylhexyl
polyphosphate sodium salt (available from Jarchem Indus-
tries Inc., Newark, N.J.), sodium dodecylbenzene sulfonate
(available as NORFOX 40 from Norman, Fox & Co., Vernon,
Calif.), and sodium lavroylsarcosinic (available as HAMPO-
SYL L-30 from Hampshire Chemical Corp., Lexington,
Mass.).

Exemplary high HLB nonionic surfactants include, but are
not limited to, high HLB sorbitan esters, PEG fatty acid
esters, ethoxylated glycerine esters, ethoxylated fatty amines,
ethoxylated sorbitan esters, block ethylene oxide/propylene
oxide surfactants, alcohol/fatty acid esters, ethoxylated alco-
hols, ethoxylated fatty acids, alkoxylated castor oils, glycer-
ine esters, linear alcohol ethoxylates, and alkyl phenol
ethoxylates. Suitable examples of commercially available
high HL.B nonionic surfactants include, but are not limited to,
nonylphenoxy and octylphenoxy poly(ethyleneoxy) ethanols
(available as the IGEPAL CA and CO series, respectively
from Rhodia, Cranbury, N.J.), C8 to C18 ethoxylated primary
alcohols (such as RHODASURF LA-9 from Rhodia Inc.,
Cranbury, N.J.), C11 to C15 secondary-alcohol ethoxylates
(available as the TERGITOL 15-S series, including 15-S-7,
15-S-9,15-S-12, from Dow Chemical Company, Midland,
Mich.), polyoxyethylene sorbitan fatty acid esters (available
as the TWEEN series of surfactants from Uniquema, Wilm-
ington, Del.), polyethylene oxide (25) oleyl ether (available
as SIPONIC Y-500-70 from Americal Alcolac Chemical Co.,
Baltimore, Md.), alkylaryl polyether alcohols (available as
the TRITON X series, including X-100, X-165, X-305, and
X-405, from Dow Chemical Company, Midland, Mich.).

In one embodiment, the initiation system for use in the
above-mentioned reaction mixture can be any suitable system
for generating free radicals necessary to facilitate emulsion
polymerization. Possible initiators include, but are not lim-
ited to, persulfates (e.g., ammonium persulfate, sodium per-
sulfate, potassium persulfate), peroxy persulfates, and perox-
ides (e.g., tert-butyl hydroperoxide) used alone or in
combination with one or more reducing components and/or
accelerators. Possible reducing components include, but are
not limited to, bisulfites, metabisulfites, ascorbic acid, ery-
thorbic acid, and sodium formaldehyde sulfoxylate. Possible
accelerators include, but are not limited to, any composition
containing a transition metal having two oxidation states such
as, for example, ferrous sulfate and ferrous ammonium sul-
fate. Alternatively, known thermal and radiation initiation
techniques can be employed to generate the free radicals. In
another embodiment, any polymerization and corresponding
initiation or catalytic methods known by those skilled in the
art may be used in the present invention. For example, when
polymerization is performed by methods such as addition or
condensation polymerization, the polymerization can be ini-
tiated or catalyzed by methods such as cationic, anionic, or
coordination methods.

When water is used to form the above-mentioned reaction
mixture, the water can be purified water such as distilled or
deionized water. However, the continuous phase of the emul-
sion can also comprise polar organic liquids or aqueous solu-
tions of polar organic liquids, such as those listed below.

As previously noted, the reaction mixture optionally can
include a buffer. The buffer can comprise any known buffer
that is compatible with the initiation system such as, for
example, carbonate, phosphate, and/or borate buffers.
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As previously noted, the reaction mixture optionally can
include at least one hydrate inhibitor. The hydrate inhibitor
can be a thermodynamic hydrate inhibitor such as, for
example, an alcohol and/or a polyol. In one embodiment, the
hydrate inhibitor can comprise one or more polyhydric alco-
hols and/or one or more ethers of polyhydric alcohols. Suit-
able polyhydric alcohols include, but are not limited to,
monoethylene glycol, diethylene glycol, triethylene glycol,
monopropylene glycol, and/or dipropylene glycol. Suitable
ethers of polyhydric alcohols include, but are not limited to,
ethylene glycol monomethyl ether, diethylene glycol
monomethyl ether, propylene glycol monomethy! ether, and
dipropylene glycol monomethyl ether.

Generally, the hydrate inhibitor can be any composition
that when mixed with distilled water at a 1:1 weight ratio
produces a hydrate inhibited liquid mixture having a gas
hydrate formation temperature at 2,000 psia that is lower than
the gas hydrate formation temperature of distilled water at
2,000 psia by anamount in the range of from about 10 to about
150° F., in the range of from about 20 to about 80° F., or in the
range of from 30 to 60° F. For example, monoethylene glycol
qualifies as a hydrate inhibitor because the gas hydrate for-
mation temperature of distilled water at 2,000 psia is about
70° F., while the gas hydrate formation temperature of a 1:1
mixture of distilled water and monoethylene glycol at 2,000
psiais about 28° F. Thus, monoethylene glycol lowers the gas
hydrate formation temperature of distilled water at 2,000 psia
by about 42° F. when added to the distilled water at a 1:1
weight ratio. It should be noted that the gas hydrate formation
temperature of a particular liquid may vary depending on the
compositional make-up of the natural gas used to determine
the gas hydrate formation temperature. Therefore, when gas
hydrate formation temperature is used herein to define what
constitutes a “hydrate inhibitor,” such gas hydrate tempera-
ture is presumed to be determined using a natural gas com-
position containing 92 mole percent methane, 5 mole percent
ethane, and 3 mole percent propane.

In forming the reaction mixture, the monomer, water, the at
least one surfactant, and optionally the hydrate inhibitor, can
be combined under a substantially oxygen-free atmosphere
that is maintained at less than about 1,000 ppmw oxygen or
less than about 100 ppmw oxygen. The oxygen-free atmo-
sphere can be maintained by continuously purging the reac-
tion vessel with an inert gas such as nitrogen and/or argon.
The temperature of the system can be kept at a level from the
freezing point of the continuous phase up to about 60° C., in
the range of from about 0 to about 45° C., or in the range of
from 0to 30° C. The system pressure can be maintained in the
range of from about 5 to about 100 psia, in the range of from
about 10 to about 25 psia, or about atmospheric pressure.
However, higher pressures up to about 300 psia can be nec-
essary to polymerize certain monomers, such as diolefins.

Next, a buffer can be added, if required, followed by addi-
tion of the initiation system, either all at once or over time.
The polymerization reaction is carried out for a sufficient
amount of time to achieve at least about 90 percent conversion
by weight of the monomers. Typically, this time period is in
the range of from between about 1 to about 10 hours, or in the
range of from 3 to 5 hours. During polymerization, the reac-
tion mixture can be continuously agitated.

The following table sets forth approximate broad and nar-
row ranges for the amounts of the ingredients present in the
reaction mixture.
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Broad Range Narrow Range
Ingredient
Monomer (wt. % of reaction 10-60% 30-50%
mixture)
Water (wt. % of reaction 20-80% 50-70%
mixture)
Surfactant (wt. % of reaction 0.1-10% 0.25-6%
mixture)

Initiation system

Monomer:Initiator (molar 1x10%1-5x10%1  Sx10%:1-2x 1051

ratio)

Monomer:Reducing Comp. 1x10*1-5x 1051 1x10%1-2x10%1
{molar ratio)

Accelerator:Initiator 0.001:1-10:1 0.005:1-1:1
(molar ratio)

Buffer 0 to amount necessary to reach pH of

initiation (initiator dependent, typically
between about 6.5-10)

If present, the hydrate inhibitor can
have a hydrate inhibitor-to-water
weight ratio from about 1:10 to about
10:1, about 1:5 to about 5:1, or 2:3 to 3:2.

Optional hydrate inhibitor

The emulsion polymerization reaction yields a latex com-
position comprising a dispersed phase of solid particles and a
liquid continuous phase. The latex can be a stable colloidal
dispersion comprising a dispersed phase of high molecular
weight polymer particles and a continuous phase comprising
water. The colloidal particles can comprise in the range of
from about 10 to about 60 percent by weight of the latex, orin
the range of from 40 to 50 percent by weight of the latex. The
continuous phase can comprise water, the high HLB surfac-
tant, the hydrate inhibitor (if present), and buffer as needed.
Water can be present in the range of from about 20 to about 80
percent by weight ofthe latex, or in the range of from about 40
to about 60 percent by weight of the latex. The high HLB
surfactant can comprise in the range of from about 0.1 to
about 10 percent by weight of the latex, or in the range of from
0.25 to 6 percent by weight of the latex. As noted in the table
above, the buffer can be present in an amount necessary to
reach the pH required for initiation of the polymerization
reaction and is initiator dependent. Typically, the pH required
to initiate a reaction is in the range of from 6.5 to 10.

When a hydrate inhibitor is employed in the reaction mix-
ture, it can be present in the resulting latex in an amount that
yields a hydrate inhibitor-to-water weight ratio in the range of
from about 1:10 to about 10:1, in the range of from about 1:5
to about 5:1, or in the range of from 2:3 to 3:2. Alternatively,
all or part of the hydrate inhibitor can be added to the latex
after polymerization to provide the desired amount of hydrate
inhibitor in the continuous phase of the latex.

In one embodiment of the present invention, the drag
reducing polymer of the dispersed phase of the latex can have
a weight average molecular weight (M,,) of at least about
1x10° g/mol, at least about 2x10° g/mol, or at least 5x10°
g/mol. The colloidal particles of drag reducing polymer can
have a mean particle size of less than about 10 microns, less
than about 1,000 nm (1 micron), in the range of from about 10
to about 500 nm, or in the range of from 50 to 250 nm. At least
about 95 percent by weight of the colloidal particles can be
larger than about 10 nm and smaller than about 500 nm. At
least about 95 percent by weight of the particles can be larger
than about 25 nm and smaller than about 250 nm. The con-
tinuous phase can have a pH in the range of from about 4 to
about 10, or in the range of from about 6 to about 8, and
contains few if any multi-valent cations.
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In one embodiment of the present invention, the drag
reducing polymer can comprise at least about 10,000, at least
about 25,000, or at least 50,000 repeating units selected from
the residues of the above mentioned monomers. In one
embodiment, the drag reducing polymer can comprise less
than 1 branched unit per each monomer residue repeating
unit. Additionally, the drag reducing polymer can comprise
less than 1 linking group per each monomer residue repeating
unit. Furthermore, the drag reducing polymer can exhibit
little or no branching or crosslinking. Also, the drag reducing
polymer can comprise perflucroalkyl groups in an amount in
the range of from about 0 to about 1 percent based on the total
number of monomer residue repeating units in the drag reduc-
ing polymer.

As mentioned above, a liquid hydrocarbon can be treated
with the drag reducing polymer in order to reduce drag asso-
ciated with flowing the liquid hydrocarbon through a conduit.
In order for the drag reducing polymer to function as a drag
reducer, the polymer should dissolve or be substantially sol-
vated in the liquid hydrocarbon. Accordingly, in one embodi-
ment of the present invention, the drag reducing polymer can
have a solubility parameter that is within about 20 percent,
about 18 percent, about 15 percent, or 10 percent of the
solubility parameter of the liquid hydrocarbon, as discussed
above.

The solubility parameter of the drag reducing polymer is
determined according to the Van Krevelen method of the
Hansen solubility parameters. This method of determining
solubility parameters can be found on pages 677 and 683-686
of Brandrup et al., Polymer Handbook (4" ed., val. 2, Wiley-
Interscience, 1999), which is incorporated herein by refer-
ence. According to Brandrup et al., the following general
equation was developed by Hansen and Skaarup to account
for dispersive forces, polar interactions, permanent dipole-
dipole interactions, and hydrogen bonding forces in deter-
mining solubility parameters:

0=(8,748,%+8,2)\

where 3 is the solubility parameter, 3 ;s the term adjusting for
dispersive forces, d,, is the term adjusting for polar interac-
tions, and §,, is the term adjusting for hydrogen bonding and
permanent dipole-induced dipole. Systems have been devel-
oped to estimate the above terms using a group contribution
method, measuring the contribution to the overall solubility
parameter by the various groups comprising the polymer. The
following equations are used in determining the solubility
parameter of a polymer according to the Van Krevelen
method:

6p=(2F2pi)"2/V
8,=CE,/V) v

8,=3F,/V

The above equations and an explanation of how they are
used can be found on pages 677 and 683-686 of Brandrup et
al. The values for the variables F and E in the above equations
are given in table 4, page 686 of Brandrup et al., based on the
different residues comprising a polymer. For example, a
methyl group (—CH,) is given the following values: F ;,=420
(1¥*em*?/mol), F,,=0 (I"*cm*?/mol), E,,=0 J/mol. Addi-
tionally, the values for the variable V in the above equations
are given in Table 3 on page 6385 where, for example, a methyl
group (—CHj) is given a value of V=33.5 (cm®/mol). Using
these values, the solubility parameter of a polymer can be
calculated.
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In one embodiment of the present invention, the drag
reducing polymer can have a solubility parameter, as deter-
mined according to the above equations, of at least about 17
MPa'*2, in the range of from about 17.1 to about 24 MPa'/?, or
in the range of from 17.5 to 23 MPa'/2, Furthermore, the drag
reducing polymer can have a solubility parameter that is
within about 4 MPa'/2, within about 3 MPa/2, or within 2.5
MPa'”2 of the solubility parameter of the liquid hydrocarbon.

The drag reducing polymer can be added to the liquid
hydrocarbon in an amount sufficient to yield a drag reducing
polymer concentration in the range of from about 0.1 to about
500 ppmw, in the range of from about 0.5 to about 200 ppmw,
in the range of from about 1 to about 100 ppmw, or in the
range of from 2 to 50 ppmw. In one embodiment, at least
about 50 weight percent, at least about 75 weight percent, or
at least 95 weight percent of the solid drag reducing polymer
particles can be dissolved by the liquid hydrocarbon. In
another embodiment, the viscosity of the liquid hydrocarbon
treated with the drag reducing polymer is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer.

The efficacy of the high molecular weight polymer par-
ticles as drag reducers when added directly to a liquid hydro-
carbon is largely dependent upon the temperature of the liquid
hydrocarbon. For example, at lower temperatures, the poly-
mer dissolves at a lower rate in the liquid hydrocarbon, there-
fore, less drag reduction can be achieved. Thus, in one
embodiment of the present invention, the liquid hydrocarbon
can have a temperature at the time of treatment with the drag
reducing polymer of at least about 30° C., or at least 40° C.

The drag reducers employed in the present invention can
provide significant percent drag reduction. For example, the
drag reducers can provide at least about 5 percent drag reduc-
tion, at least about 15 percent drag reduction, or at least 20
percent drag reduction. Percent drag reduction and the man-
ner in which it is calculated are more fully described in
Example 5, below.

EXAMPLES

The following examples are intended to be illustrative of
the present invention in order to teach one of ordinary skill in
the art to make and use the invention and are not intended to
limit the scope of the invention in any way.

Example 1
Preparation of Polymer A and Polymer B

In this example, two formulations for the materials used in
later examples are detailed. The resulting material in each
procedure is a dispersion of drag reducing polymer in an
aqueous carrier.

Preparation of Polymer A

Polymerization was performed in a 185-gallon stainless
steel, jacketed reactor with a mechanical stirrer, thermo-
couple, feed ports, and nitrogen inlets/outlets. The reactor
was charged with 440 Ibs of monomer (2-ethylhexyl meth-
acrylate), 558.1 Ibs of de-ionized water, 41.4 1bs of Polystep
B-5 (surfactant, available from Stepan Company of North-
field, 111.), 44 1bs of Tergitol 15-S-7 (surfactant, available from
Dow Chemical Company of Midland, Mich.), 1.86 Ibs of
potassium phosphate monobasic (pH buffer), 1.46 Ibs of
potassium phosphate dibasic (pH buffer), and 33.2 grams of
ammonium persulfate, (NH,),S,05 (oxidizer).

The mixture was agitated at 110 rpm to emulsify the mono-
mer in the water and surfactant carrier. The mixture was then
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purged with nitrogen to remove any traces of oxygen in the
reactor and cooled to about 41° F. The agitation was slowed
down to 80 rpm and the polymerization reaction was initiated
by adding into the reactor 4.02 grams of ammonium iron(1])
sulfate, Fe(NH,),(SO,),.6H,0 in a solution of 0.010 M sul-
furic acid solution in DI water at a concentration 0f 558.3 ppm
atarate of 10 g/min. The solution was injected for 10 hours to
complete the polymerization. The resulting latex was pres-
sured out of the reactor through a 5-micron bag filter and
stored. The solubility parameter of Polymer A was calculated
to be 18.04 MPa'2,
Preparation of Polymer B

Preparation of Polymer B was performed in the same man-
ner as the preparation of Polymer A above, with the following
exception: the monomer charged to the reactor was an 80/20
weight percent blend of 2-ethylhexyl methacrylate and n-bu-
tyl acrylate. The solubility parameter of Polymer B was cal-
culated to be 20.55 MPa'/2,

Example 2
LP 100 and LP 300

LP 100 FLOW IMPROVER (LP 100) and LP 300 FLOW
IMPROVER (LP 300) underwent various tests described
below and were compared to the experimental drag reducers
of the present invention, Polymer A and Polymer B, as
described in Example 1. LP 100 and LP 300 are drag reducing
agents comprising polyalphaolefins. Specifically, LP 100
comprises poly(1-decene) and LP 300 comprises a copoly-
mer of poly(1-decene) and poly(1-tetradecene). Both LP 100
and LP 300 are commercially available from ConocoPhillips
Specialty Products Inc. The solubility parameter of the poly-
mer in LP 100 was calculated to be 16.49 MPa'’?, and the
solubility parameter of the polymer in LP 300 was calculated
to be 16.54 MPa'/?,
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Example 3

Asphaltene Content and Elasticity Response
(Affinity)

Crude oils ranging in classification from heavy crudes to
light crudes were first tested to determine their respective
concentrations of asphaltene and their API gravities. These
same crude oil samples were also tested to determine their
affinity for drag reducing agents as prepared in Examples 1
and 2. The results are listed in Table 1 below.

Asphaltene concentration was determined using pentane
precipitation and filtration. For each measurement listed in
Table 1, a 40-fold volume of pentane was added to approxi-
mately 16 grams of crude oil sample. The mixtures were
agitated via rolling for an overnight period, and allowed to set
for approximately 24 hours. The mixtures were then filtered
through a 0.8 micrometer filter to retain the asphaltene. The
asphaltenes retained were then weighed, and the weight per-
cent was calculated based upon the original crude oil sample
weight. API gravity was determined in accord with ASTM
test method D1298.

The crude oil’s affinity for drag reducing agents was deter-
mined by assessing each crude oil’s elasticity after being
treated with a drag reducing agent. Four samples of each
variety of crude oil were dosed at room temperature with 5
weight percent of Polymer A, Polymer B, LP 100, and LP 300
respectively. The samples were allowed to roll overnight to
insure full dissolution of the drag reducing agent into the
samples. After rolling, the samples were visually inspected
for their elastic response by inserting a hooked-end spatula
into the sample and pulling the spatula away from the bulk of
the sample. Some samples yielded a high response, meaning
that a highly elastic “string” or “rope” of crude oil could be
pulled from the sample. Conversely, some samples yielded no
response, meaning that the crude oil merely dripped from the
spatula.

TABLE 1

Asphaltene Content, API Gravity, and Elasticity Response

ELASTICITY RESPONSE

ASPHALTENE (AFFINITY)
Crude Oil CONTENT API LP Lp Polymer  Polymer
Sample Type Test1  Test2 Gravity 100 300 A B
Merey Heavy 16.8 15.5 16.0° None None High High
Petrozuata  Heavy 18.8 18.1 9.1° None None High High
Corocoro Heavy 6.0 6.7 25.1° None Nome High High
Albian Heavy 11.0 10.6 22.4° Nome None High High
Bow River  Heavy 11.4 10.3 21.8° None Nomne High High
Maya Heavy 14.6 154 21.9° None None High High
Western Heavy 11.5 11.9 20.9° None None High High
Canadian
Select
San Joaquin Heavy 8.9 8.9 13.0° None None High High
Valley
Marlim Heavy 6.7 6.6 22.2° High High High High
Blend
West Texas  Intermediate 2.8 2.8 31.6° High High Moderate Moderate
Sour
West Texas  Light 0.5 — 41.6° High High Moderate Moderate
Intermediate
Basrah Light 4.8 — 31.0° High High Moderate Moderate
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The results in Table 1 tend to show that crude oils having a
higher asphaltene content and/or lower API gravity have a
higher affinity for Polymers A and B than for LP 100 and 300.
Evidence of stronger affinity (i.e., increased elasticity) is
generally an indication of a higher potential for performance 5
as a drag reducing agent.

Example 4
Extensional Rheometry 10

The extensional viscosity (or extensional behavior) of a
fluid treated with a drag reducing polymer is directly related
to the polymer’s potential for reducing turbulent drag in the
fluid. Ifincreased extensional behavior is observed in the fluid 15
upon addition of the drag reducing polymer, this is indicative
of increased potential for drag reduction performance. Con-
versely, if no extensional behavior is observed, the potential
for drag reduction performance in that fluid is unlikely. The
extensional behavior of a treated fluid can be determined by 20
capillary breakup extensional rheometry testing, performed
on a HAAKE CaBER 1, available from Thermo Electron
Corp., Newington, N.H., U.S.A.

The HAAKE CaBER 1 is operated by placing a small
quantity of sample (less than 0.1 ml) between top and bottom 25
circular plates using a 16 gauge, 1-inch long syringe needle.
The top plate is rapidly separated upwardly from the bottom
plate at a user-selected strain rate, thereby forming an
unstable fluid filament by imposing an instantaneous level of
extensional strain on the fluid sample. After cessation of 30
stretching, the fluid at the mid-point of the filament undergoes
an extensional strain rate defined by the extensional proper-
ties of the fluid. A laser micrometer monitors the midpoint
diameter of the gradually thinning fluid filament as a function
of time. The competing effects of surface tension, viscosity,
mass transfer and elasticity can be quantified using model
fitting analysis software.

In this example, three samples were prepared and tested for
extensional rheometry using a HAAKE CaBER 1. The first
sample was untreated (neat) San Juaquin Valley Heavy 40
(SJVH) crude oil. The second sample was SJVH crude con-
taining 500 ppmw of the active polymer found in Polymer A
(poly(2-ethylhexyl methacrylate)) as prepared in Example 1,
and the third sample was SJVH crude containing 500 ppmw
of the active polymer found in LP 100 (poly(1-decene)) as 45
described in example 2. According to the procedure described
above, less than 0.1 ml of each of these three samples was
placed between the two plates of the CaBER 1, and the plates
were separated quickly while measuring the diameter of the
resultant filament. For each test, the default instrument set- 50
tings were employed, and a Hencky strain of e=0.70 was used.
Hencky strain is defined as:

35

55

60

S

is the relative extension of the fluid. The diameter of the 6s
resultant filament was measured against time. Each sample in
the above described procedure was tested 10 times to obtain

16
statistical confidence in the data. The results from these tests
are shown in FIGS. 1 through 3. Additionally, each test was
performed at a room temperature of about 25° C.

In each of FIGS. 1, 2, and 3, the filament diameter was
normalized, such that a filament diameter of d/d,, is shown,
where d,, is the filament diameter at time zero (0 seconds) and
d is the filament diameter at any given time thereafter. The
results from these tests show that the extensional behavior of
the untreated SIVH crude oil and SJVH crude oil containing
500 ppmw the active polymer found in LP 100 (poly(1-
decene)) are very similar (shown in FIGS. 1 and 3, respec-
tively), indicating that LP 100 does not have any noticeable
potential for reducing drag of heavy crude oil in a pipeline.
However, STVH having 500 ppmw of the active polymer
found in Polymer A (poly(2-ethylhexyl methacrylate)) shows
a significant increase in extensional rheometry, as shown in
FIG. 2. This increase in extensional rheometry indicates an
increased potential for Polymer A to reduce drag of heavy
crude oil in a pipeline.

Example 5
Pipeline Testing

Pipeline field testing was performed with various diameter
pipelines, and various crude oils, comparing the performance
of Polymers A and B, as prepared in Example 1, with LP 100
and LP 300, as described in Example 2. The following three
tests were performed, followed by their respective results in
tables 2, 3, and 4. For each of the three tests described below,
the percent drag reduction (% DR) was determined by mea-
suring the pressure drop in the segment of pipe being tested
prior to addition of drag reducing agent (AP, ,_.) and measur-
ing the pressure drop in the segment of pipe being tested after
addition of drag reducing agent (AP,,.,...,). The percent drag
reduction was then determined according to the following
formula:

% DR=(APyase=AP reaied)/ APy ase)x100%

Test 1

Test 1 was conducted in a 12-inch diameter crude oil pipe-
line carrying West Texas Intermediate (WT1) crude oil. This
crude oil is a light crude, generally having an API gravity of
about 40°. WTI generally has a viscosity of approximately 4.5
centistokes at pipeline temperatures of 65 to 69° F. The pipe-
line tests in Test 1 were conducted in a 62-mile segment ofthe
pipeline running from Wichita Falls, Tex., to Bray, Okla. The
nominal flow rate of the pipeline during the field tests was
2,350 barrels/hr, and the nominal flow velocity in the pipeline
was 4.5 ft/s. The following drag reduction performance was
achieved:

TABLE 2

LP 100 v. Polymer A & Polymer B in Light Crude (WTI)

CONCENTRATION DRAG REDUCTION

PRODUCT (ppmw) (%)
LP 100 4.7 33.8
LP 100 23.5 67.2
Polymer A 40.4 244
Polymer A 80.1 36.3
Polymer B 40.2 31.3
Polymer B 81.0 40.4
Polymer B 150.4 45.7
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Test2

Test 2 was conducted in an 18-inch diameter crude oil
pipeline carrying Albian Heavy Sour (AHS) crude oil blend.
This crude oil blend is a heavy crude oil, generally having an
API gravity of about 22°. AHS generally has a viscosity of
approximately 84 centistokes at a pipeline temperature of 71°
F. The pipeline tests in Test 2 were conducted in a 54-mile
segment of the pipeline running from Cushing, Okla., to
Marland, Okla. The nominal flow velocity in the pipeline was
4.8 ft/s. The nominal calculated Reynolds number for the
pipeline was 7,500. The following drag reduction perfor-
mance was achieved:

TABLE 3

LP 100 v. Polymer B in Heavy Crude (AHS)

CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 41.6 0
Polymer B 25.2 23.1
Polymer B 100.0 42.5
Test3

Test 3 was conducted in an 8-inch diameter crude oil pipe-
line carrying San Joaquin Valley Heavy (SJVH) crude oil
blend. This crude oil blend is a heavy crude oil, generally
having an API gravity of about 13°. SIVH generally has a
viscosity of approximately 100 centistokes at a pipeline tem-
perature of 165° F. The pipeline tests in Test 3 were conducted
in a 14-mile segment of the pipeline running from the Middle-
water pump station to the Junction pump station, both in
California. The nominal flow rate of the pipeline during Test
3 was 1,300 barrels/hr, and the nominal flow velocity in the
pipeline was 5.6 ft/s. The nominal calculated Reynolds num-
ber for the pipeline was 4,000. The following drag reduction
performance was achieved:

TABLE 4
LP 300 v. Polymer A & Polymer B in Heavy Crude (SJVH)
CONCENTRATION

PRODUCT (ppmw) DRAG REDUCTION (%)
LP 300 187.0 ]

Polymer A 50.0 28.5

Polymer A 100.0 39.5

Polymer B 50.0 28.8

Polymer B 100 36.7

Comparing the above three tests, the results listed in Table
2 tend to show that the drag reduction achieved by addition of
LP 100 product in light crude oil yields slightly more favor-
able results than either of the EXP products. However, when
heavy crude oils are used, as shown in Tables 3 and 4, the use
of Polymers A or B results in higher percentages of drag
reduction than either of the LP products.
Numerical Ranges

The present description uses numerical ranges to quantify
certain parameters relating to the invention. It should be
understood that when numerical ranges are provided, such
ranges are to be construed as providing literal support for
claim limitations that only recite the lower value of the range
as well as claims limitation that only recite the upper value of
the range. For example, a disclosed numerical range of 10 to
100 provides literal support for a claim reciting “greater than
10” (with no upper bounds) and a claim reciting “less than
100” (with no lower bounds).
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The present description uses specific numerical values to
quantify certain parameters relating to the invention, where
the specific numerical values are not expressly part of a
numerical range. It should be understood that each specific
numerical value provided herein is to be construed as provid-
ing literal support for a broad, intermediate, and narrow
range. The broad range associated with each specific numeri-
cal value is the numerical value plus and minus 60 percent of
the numerical value, rounded to two significant digits. The
intermediate range associated with each specific numerical
value is the numerical value plus and minus 30 percent of the
numerical value, rounded to two significant digits. The nar-
row range associated with each specific numerical valueis the
numerical value plus and minus 15 percent of the numerical
value, rounded to two significant digits. For example, if the
specification describes a specific temperature of 62° F., such
a description provides literal support for a broad numerical
range of 25° F. to 99° F. (62° F.+/-37° F.), an intermediate
numerical range of 43° F. to 81° F. (62° F.+/-19° F.), and a
narrow numerical range of 53° F. to 71° F. (62° F.+/-9° F.).
These broad, intermediate, and narrow numerical ranges
should be applied not only to the specific values, but should
also be applied to differences between these specific values.
Thus, if the specification describes a first pressure of 110 psia
and a second pressure of 48 psia (a difference of 62 psi), the
broad, intermediate, and narrow ranges for the pressure dif-
ference between these two streams would be 25 to 99 psi, 43
to 81 psi, and 53 to 71 psi, respectively.

DEFINITIONS
As used herein, the terms “comprising,” “comprises,” and
“comprise” are open-ended transition terms used to transition
from a subject recited before the term to one or more elements
recited after the term, where the element or elements listed
after the transition term are not necessarily the only elements
that make up the subject.

As used herein, the terms “including,” “includes,” and
“include” have the same open-ended meaning as “compris-
ing,” “comprises,” and “comprise.”

As used herein, the terms “having,” “has,” and “have” have
the same open-ended meaning as “comprising,” “comprises,”
and “comprise.”

As used herein, the terms “containing,” “contains,” and
“contain” have the same open-ended meaning as “compris-
ing,” “comprises,” and “comprise.”

As used herein, the terms “a,” “an,” “the,” and “said” mean
one or more,

As used herein, the term “and/or,” when used in a list of two
or more items, means that any one of the listed items can be
employed by itself or any combination of two or more of the
listed items can be employed. For example, if a composition
is described as containing components A, B, and/or C, the
composition can contain A alone; B alone; C alone; A and B
in combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination.

The preferred forms of the invention described above are to
be used as illustration only, and should not be used in a
limiting sense to interpret the scope of the present invention.
Obvious modifications to the exemplary embodiments, set
forth above, could be readily made by those skilled in the art
without departing from the spirit of the present invention.

The inventors hereby state their intent to rely on the Doc-
trine of Equivalents to determine and assess the reasonably
fair scope of the present invention as pertains to any apparatus
not materially departing from but outside the literal scope of
the invention as set forth in the following claims.

&





US 8,426,498 B2
19 20

wherein a plurality of the repeating units comprise a het-
eroatom and the heteroatom is selected from the group
consisting of an oxygen atom, a nitrogen atom, a sulfur
atom and/or a phosphorus atom.

4. The method of claim 1, wherein the drag reducing poly-
mer has a weight average molecular weight of at least 1x10°
g/mol.

5. A method comprising:

introducing a drag reducing polymer such that the friction
10 loss associated with the turbulent flow through the pipe-

line is reduced by suppressing the growth of turbulent
eddies, into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and/or an API gravity
of less than about 26° to thereby produce a treated liquid
15 hydrocarbon wherein the viscosity of the treated liquid
hydrocarbon is not less than the viscosity of the liquid
hydrocarbon prior to treatment with the drag reducing

What is claimed is:

1. A method comprising:

introducing a drag reducing polymer, into a pipeline, such
that the friction loss associated with the turbulent flow
through the pipeline is reduced by suppressing the 35
growth of turbulent eddies, into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent
and/or an API gravity of less than about 26° to thereby
produce a treated liquid hydrocarbon wherein the vis-
cosity of the treated liquid hydrocarbon is not less than
the viscosity of the liquid hydrocarbon prior to treatment
with the drag reducing polymer; and

wherein a plurality of the repeating units comprise a het-
eroatom.

2. The method of claim 1, wherein the drag reducing poly-

mer comprises at least about 25,000 repeating units.
3. A method comprising;

: . . . o lymer;
introducing a drag reducing polymer, into a pipeline, such polymer; . .
that the friction loss associated with the turbulent flow wherein the drag red}]cmg 'polymer comprises at 'least
20 about 25,000 repeating units, and wherein a plurality of

through the pipeline is reduced by suppressing the
growth of turbulent eddies, into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent
and an API gravity of less than about 26° to thereby
produce a treated liquid hydrocarbon wherein the vis-
cosity of the treated liquid hydrocarbon is not less than
the viscosity of the liquid hydrocarbon prior to treatment
with the drag reducing polymer;

25

the repeating units comprise a heteroatom, wherein the
heteroatom is selected from the group consisting of an
oXygen atom, a nitrogen atom, a sulfur atom and/or a
phosphorus atom and wherein the drag reducing poly-
mer has a weight average molecular weight of at least
1x106 g/mol.
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A method of introducing a drag reducing polymer into a
pipeline such that the friction loss associated with the turbu-
lent flow though the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
introduced into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and an API gravity of less
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treatment with the drag reducing polymer. Additionally, the
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the range from about 0.1 to about 500 ppmw.

5 Claims, 3 Drawing Sheets






US 8,450,249 B2

Sheet 1 of 3

May 28, 2013

U.S. Patent

00L

1059

009

0SS

00S

0S¥y

0ot

L

19014

(s) suny
0S¢

0oe

0G¢

00¢

0st

0ol

0§

#"‘”{‘/

| go1L1sa] -

| YOI Iso] -

| a6lsa)

i y6isal
2 R —
V8 1597 —m
SV Y ip—
V1581 —
g9 159w
RN —
2 [op Y jp—
R S —
g¥ 1sa]
Vb 1S9
acise]
VE 1891
g2 189
A T —
= —

| Vviisel—

As|1ep uinbeop ueg pejeasun soy ejiyoid Joj0WwEI] juswej4 dmjessg Aiejide) pazijewson

O @pna) Anesy

00

L0

(4

T €0

Vo

G0

90

o'l

(%p/p) 130Ul JUBWIE|l POZI[EULION





US 8,450,249 B2

Sheet 2 of 3

May 28, 2013

U.S. Patent

T Y-
VOL 1S9 e
g6 1591
V6 153
891591 —
V8 58y ——
g7 1891 -~
WL 1S3 | oo
g93sa—
Vg iso] —
8 Jsal ——
PR —
8y 1591
oy 159
ge 1591
VE 1sa]
82 1591 ——
oy —
ViiseL—

(a3e110Ey10W [AXaYylAYIa-Z)Alod Jo “wdd 005 yIm pajeasy |10
apni9 Aaeay Asjjep uinbeop ueg 1oj ajiyoad J9)2welq Juswe4 dnyesig Aiejiden pazijewiop

(°p/p) 1930WRIQ JUBWE|L POZI[EULION





US 8,450,249 B2

Sheet 3 of 3

May 28, 2013

U.S. Patent

(8072

¢ Ol

(s)swyp
099 009 08s 008 81574 oov 0151 00¢ 0s¢ Q0¢ 0gi 00l 0S

00

801 1881 -

g8159] ——
R —
g/ 1581 ——
V. }so] —
g9 1s9] —-
V959 —
ggise] —
VG 1sel —
gy i1soy
Vi 1sel
g¢ 159}
Vg 1S91
g2 1S9

"‘ P adad

Lo

20

€0

- v'o

s SR NN

S0

-+ 90

(auadsp-L)Ljod jo Mwdd gpg yum pejeas] 10
apnig Aaeay AsjjeA uinbeor ueg 10} o]1Jold JojoWelq JusWe|ly dmyjeaug Asejpden paziyjeunon

(O

(°p/p) 4o13WEIQ JUBWE]I4 PaZI|eWION





US 8,450,249 B2

1
DRAG REDUCTION OF ASPHALTENIC
CRUDE OILS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application which claims
the benefit of and priority to U.S. Provisional Application Ser.
No. 11/615,539 filed Dec. 22, 2006, entitled “Drag Reduction
of Asphaltenic Crude Oils,” which is hereby incorporated by
reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to high molecular
weight drag reducers for use in crude oils.

BACKGROUND

When fluids are transported by a pipeline, there is typically
a drop in fluid pressure due to friction between the wall of the
pipeline and the fluid. Due to this pressure drop, for a given
pipeline, fluid must be transported with sufficient pressure to
achieve the desired throughput. When higher flow rates are
desired through the pipeline, more pressure must be applied
due to the fact that, as flow rates are increased, the difference
in pressure caused by the pressure drop also increases. How-
ever, design limitations on pipelines limit the amount of pres-
sure that can be employed. The problems associated with
pressure drop are most acute when fluids are transported over
long distances. Such pressure drops can result in inefficien-
cies that increase equipment and operation costs.

To alleviate the problems associated with pressure drop,
many in the industry utilize drag reducing additives in the
flowing fluid. When the flow of fluid in a pipeline is turbulent,
high molecular weight polymeric drag reducers can be
employed to enhance the flow. A drag reducer is a composi-
tion capable of substantially reducing friction loss associated
with the turbulent flow of a fluid through a pipeline. The role
of these additives is to suppress the growth of turbulent
eddies, which results in higher flow rate at a constant pumping
pressure. Ultra-high molecular weight polymers are known to
function well as drag reducers, particularly in hydrocarbon
liquids. In general, drag reduction depends in part upon the
molecular weight of the polymer additive and its ability to
dissolve in the hydrocarbon under turbulent flow. Effective
drag reducing polymers typically have molecular weights in
excess of five million.

Conventional polymeric drag reducers, however, typically
do not perform well in crude oils having a low AP gravity
and/or a high asphaltene content. Accordingly, there is a need
for improved drag reducing agents capable of reducing the
pressure drop associated with the turbulent flow of low API
gravity and/or high-asphaltene crude oils through pipelines.

SUMMARY OF THE INVENTION

A method of introducing a drag reducing polymer into a
pipeline such that the friction loss associated with the turbu-
lent flow though the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
introduced into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and an API gravity of less
than about 26° to thereby produce a treated liquid hydrocar-
bon. The treated liquid hydrocarbon does not have a viscosity
less than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer. Additionally, the
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drag reducing polymer is added to the liquid hydrocarbon in
the range from about 0.1 to about 500 ppmw.

A method of introducing a drag reducing polymer having a
solubility parameter of at least about 17 MPa'”?, into a pipe-
line, such that the friction loss associated with the turbulent
flow through the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
introduced into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and an API gravity of less
than about 26° to thereby produce a treated liquid hydrocar-
bon. The treated liquid hydrocarbon would have a viscosity
less than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer. The drag reducing
polymer would comprise at least about 25,000 repeating
units, and wherein a plurality of the repeating units comprise
a heteroatom, wherein the heteroatom is selected from the
group consisting of an oxygen atom, a nitrogen atom, a sulfur
atom and/or a phosphorus atom and wherein the drag reduc-
ing polymer has a weight average molecular weight of at least
1x10° g/mol. Additionally, the drag reducing polymer is
added to the liquid hydrocarbon in the range from about 0.1 to
about 500 ppmw.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

A preferred embodiment of the present invention is
described in detail below with reference to the attached draw-
ing figures, wherein:

FIG. 1 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for untreated
San Joaquin Valley Heavy Crude Oil determined in accor-
dance with the procedure described in Example 4;

FIG. 2 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 parts per million
by weight (ppmw) of poly(2-ethylhexyl methacrylate) dis-
solved therein determined in accordance with the procedure
described in Example 4; and

FIG. 3 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 ppmw of a poly
(1-decene) dissolved therein determined in accordance with
the procedure described in Example 4.

DETAILED DESCRIPTION

In accordance with one embodiment of the present inven-
tion, the pressure drop associated with flowing a liquid hydro-
carbon through a conduit, such as a pipeline, can be reduced
by treating the liquid hydrocarbon with a drag reducing poly-
mer having at least one heteroatom. In one embodiment, the
liquid hydrocarbon can be a heavy crude oil.

In one embodiment of the present invention, the liquid
hydrocarbon can comprise asphaltene compounds. As vsed
herein, “asphaltenes™ are defined as the fraction separated
from crude oil or petroleum products upon addition of pen-
tane, as described below in Example 3. While difficult to
characterize, asphaltenes are generally thought to be high
molecular weight, non-crystalline, polar compounds which
existincrude oil. In one embodiment of the present invention,
the liquid hydrocarbon can comprise asphaltene compounds
inan amount of at least about 3 weight percent, in the range of
from about 4 to about 35 weight percent, or in the range of
from 5 to 25 weight percent.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise heteroatoms. As used herein, the
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term “heteroatom” is defined as any atom that is not a carbon
or hydrogen atom. Typically, heteroatoms include, but are not
limited to, sulfur, nitrogen, oxygen, phosphorus, and chlorine
atoms. In one embodiment, the liquid hydrocarbon can com-
prise sulfur in an amount of at least about 1 weight percent, in
the range of from about 1 to about 10 weight percent, in the
range of from about 1.2 to about 9 weight percent, or in the
range of from 1.5 to 8 weight percent. Additionally, the liquid
hydrocarbon can comprise nitrogen in an amount of at least
about 1,300 parts per million by weight (ppmw), at least about
1,400 ppmw, or at least 1,500 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise one or more metal components. In
one embodiment, the liquid hydrocarbon can comprise met-
als in an amount of at least about 1 ppmw, in the range of from
about 1 to about 2,000 ppmw, in the range of from about 50 to
about 1,500 ppmw, or in the range of from 100 to 1,000 ppmw.
Typical metals include, but are not limited to, nickel, vana-
dium, and iron. In one embodiment, the liquid hydrocarbon
can comprise nickel in an amount of at least about 1 ppmw, in
the range of from about 5 to about 500 ppmw, or in the range
of from 10 to250 ppmw. Additionally, the liquid hydrocarbon
can comprise vanadium in an amount of at least about 1
ppmw, in the range of from about 5 to about 500 ppmw, or in
the range of from 10 to 250 ppmw. Further, the liquid hydro-
carbon can comprise iron in an amount of at least about 1
ppmw, in the range of from about 2 to about 250 ppmw, or in
the range of from 5 to 100 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise a residuum. As used herein, the
term “residuum” is defined as the residual material remaining
in the bottom of a fractionating tower after the distillation of
crude oil as determined by ASTM test method D2892-05. In
one embodiment, the liquid hydrocarbon can comprise at
least about 10 weight percent, at least about 15 weight per-
cent, or in the range of from 20 to 60 weight percent of a
residuum having an initial boiling point of at least about
1,050° F.

In another embodiment, the liquid hydrocarbon can com-
prise conradson carbon. As used herein, the term “conradson
carbon” is defined as the measured amount of carbon residue
left after evaporation and pyrolysis of crude oil as determined
by ASTM test method D189-05. In one embodiment, the
liquid hydrocarbon can comprise conradson carbon in an
amount of at Jeast about 1 weight percent, in the range of from
about 2 to about 50 weight percent, in the range of from about
3.5to0 45 weight percent, or in therange of from 5 to 40 weight
percent.

In another embodiment of the present invention, the liquid
hydrocarbon can have a low to intermediate API gravity. As
used herein, the term “API gravity” is defined as the specific
gravity scale developed by the American Petroleum Institute
for measuring the relative density of various petroleum lig-
uids. API gravity of a liquid hydrocarbon is determined
according to the following formula:

API gravity=(141.5/5G at 60° F.)~131.5

where SG is the specific gravity of the liquid hydrocarbon at
60° F. Additionally, AP] gravity can be determined according
to ASTM test method D1298. In one embodiment, the liquid
hydrocarbon can have an API gravity of less than about 26°,
in the range of from about 5° to about 25°, or in the range of
from 5° to 23°.

In another embodiment of the present invention, the liquid
hydrocarbon can be a component of a fluid mixture that
further comprises a non-hydrocarbon fluid and/or a non-lig-
uid phase. In one embodiment, the non-hydrocarbon fluid can
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comprise water, and the non-liquid phase can comprise natu-
ral gas. Additionally, when the liquid hydrocarbon is a com-
ponent of a fluid mixture, the liquid hydrocarbon can account
for at least about 50 weight percent, at least about 60 weight
percent, or at least 70 weight percent of the fluid mixture.

In another embodiment of the present invention, the liquid
hydrocarbon can have a solubility parameter sufficient to
allow at least partial dissolution of the above mentioned drag
reducing polymer in the liquid hydrocarbon. The solubility
parameter (3,) of the liquid hydrocarbon can be determined
according to the following equation:

d,~{(AH ~RTY V]'?

where AH, is the energy of vaporization, R is the universal gas
constant, T is the temperature in Kelvin, and V is the molar
volume. 8, is given in units of MPa'/2. The solubility param-
eter for the liquid hydrocarbon is determined in accord with
the above equation and the description found on pages 465-
467 of Strausz, O. & Lown, M., The Chemistry of Alberta Oil
Sands, Bitumens and Heavy Oils (Alberta Energy Research
Institute, 2003). In one embodiment, the liquid hydrocarbon
can have a solubility parameter of at least about 17 MPa'/, or
in the range of from about 17.1 to about 24 MPa'’2, or in the
range of from 17.5 to 23 MPa'’2,

As mentioned above, the liquid hydrocarbon can be a
heavy crude oil. Suitable examples of heavy crude oils
include, but are not limited to, Merey heavy crude, Petrozuata
heavy crude, Corocoro heavy crude, Albian heavy crude,
Bow River heavy crude, Maya heavy crude, and San Joaquin
Valley heavy crude. Additionally, the liquid hydrocarbon can
be a blend of heavy crude oil with lighter hydrocarbons or
diluents. Suitable examples of blended crude oils include, but
are not limited to, Western Canadian Select and Marlim
Blend.

As mentioned above, the liquid hydrocarbon can be treated
with a drag reducing polymer. In one embodiment of the
present invention, the drag reducing polymer can be in the
form of a latex drag reducer comprising a high molecular
weight polymer dispersed in an aqueous continuous phase.
The latex drag reducer can be prepared via emulsion poly-
merization of a reaction mixture comprising one or more
monomers, a continuous phase, at least one surfactant, and an
initiation system. The continuous phase generally comprises
at least one component selected from the group consisting of
water, polar organic liquids, and mixtures thereof. When
water is the selected constituent of the continuous phase, the
reaction mixture can also comprise a buffer. Additionally, as
described in more detail below, the continuous phase can
optionally comprise a hydrate inhibitor. In another embodi-
ment, the drag reducing polymer can be in the form of a
suspension or solution according to any method known in the
art.

In one embodiment of the present invention, the drag
reducing polymer can comprise a plurality of repeating units
of the residues of one or more of the monomers selected from
the group consisting of;

A
R, A)

|
H,C===C~—C~—O0R,

wherein R, is H or a C1-C10 alkyl radical, and R, is H, a
C1-C30 alkyl radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, a C6-C20 substituted or unsubstituted aryl
radical, an aryl-substitited C1-C10 alkyl radical, a
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—(CH2CH20),—R , or —(CH2CH(CH3)0),—R , radical
whereinx is in therange of from 1 to 50 and R ,is H,a C1-C30
alkyl radical, or a C6-C30 alkylaryl radical;

Rj-arene-R, (B)

wherein arene is a phenyl, naphthyl, anthracenyl, or phenan-
threnyl, R, is CH—=CH, or CH,—C=CH,, and R, is H, a
C1-C30 alkyl radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, Cl, SO;, OR,, or COOR, wherein R is
H, a C1-C30 alkyl radical, a C5-C30 substituted or unsubsti-
tuted cycloalkyl radical, a C6-C20 substituted or unsubsti-
tuted aryl radical, or an aryl-substituted C1-C10 alkyl radical,
and wherein Rc is H, a C1-C30 alkyl radical, a C5-C30
substituted or unsubstituted cycloalkyl radical, a C6-C20 sub-
stituted or unsubstituted aryl radical, or an aryl-substituted
C1-C10 alky! radical;

©
H;C=C—0—C—Rs

wherein R, is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical,

D)
H

H,C=C—0—R¢

wherein R is H, a C1-C30 alky]! radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;

E)

R; Rg

|
H,C==C—C==CH,

wherein R, is H or a C1-C18 alkyl radical, and R; is H, a
C1-C18 alky! radical, or ClI;

®

i
ReO—C C——O0Ryo
c=C
/
H H

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

©)

H C—OR;
\ /
Ot=c¢
I\
R;0—C H

6
wherein R;; and R,, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

H

ORy4

wherein R 5 and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical; or
heterocyclic radicals;
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30 wherein R, is H, a C1-C30 alkyl radical, a C6-C20 substi-
tuted or unsubstituted aryl radical, a C5-C30 substituted or
unsubstituted cycloalkyl radical, or heterocyclic radicals;
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-continued

Ry~
!
~N
HZC/\[r Ry
0

wherein R, and R4 are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

©)

®)

H,C

wherein R, and R,, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals.

In one embodiment of the present invention, the drag
reducing polymer can comprise repeating units of the resi-
dues of C4-C20 alkyl, C6-C20 substituted or unsubstituted
aryl, or aryl-substituted C1-C10 alkyl ester derivatives of
methacrylic acid or acrylic acid. In another embodiment, the
drag reducing polymer can be a copolymer comprising
repeating units of the residues of 2-ethylhexyl methacrylate
and the residues of at least one other monomer. In yet another
embodiment, the drag reducing polymer can be a copolymer
comprising repeating units of the residues of 2-ethylhexyl
methacrylate monomers and buty] acrylate monomers. In still
another embodiment, the drag reducing polymer can be a
homopolymer comprising repeating units of the residues of
2-ethylhexyl methacrylate.

In one embodiment of the present invention, the drag
reducing polymer can comprise the residues of at least one
monomer having a heteroatom. As stated above, the term
“heteroatom” includes any atom that is nota carbon or hydro-
gen atom. Specific examples of heteroatoms include, but are
not limited to, oxygen, nitrogen, sulfur, phosphorous, and/or
chlorine atoms. In one embodiment, the drag reducing poly-
mer can comprise at least about 10 percent, at least about 25
percent, or at least 50 percent of the residues of monomers
having at least one heteroatom. Additionally, the heteroatom
can have a partial charge. As used herein, the term “partial
charge” is defined as an electric charge, either positive or
negative, having a value of less than 1.

The surfactant used in the above-mentioned reaction mix-
ture can include at least one high HLB anionic or nonionic
surfactant. The term “HLB number” refers to the hydrophile-
lipophile balance of a surfactant in an emulsion. The HLB
number is determined by the methods described by W. C.
Griffin in J. Soc. Cosmet. Chem., 1, 311 (1949) and J. Soc.
Cosmet. Chem., 5,249 (1954), which are incorporated herein
by reference. As used herein, the term “high HLB” shall
denote an HLB number of 7 or more. The HLB number of
surfactants for use with forming the reaction mixture can be at
least about 8, at least about 10, or at least 12.

Exemplary high HLB anionic surfactants include, but are
not limited to, high HLB alkyl sulfates, alkyl ether sulfates,
dialkyl sulfosuccinates, alkyl phosphates, alkyl aryl sul-
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fonates, and sarcosinates. Suitable examples of commercially
available high HLB anionic surfactants include, but are not
limited to, sodium lauryl sulfate (available as RHODAPON
LSB from Rhodia Incorporated, Cranbury, N.J.), dioctyl
sodium sulfosuccinate (available as AEROSOL OT from
Cytec Industries, Inc., West Paterson, N.J.), 2-ethylhexyl
polyphosphate sodium salt (available from Jarchem Indus-
tries Inc., Newark, N.J.), sodium dodecylbenzene sulfonate
(available as NORFOX 40 from Norman, Fox & Co., Vernon,
Calif.), and sodium lauroylsarcosinic (available as HAMPO-
SYL L-30 from Hampshire Chemical Corp., Lexington,
Mass.).

Exemplary high HLB nonionic surfactants include, but are
not limited to, high HLB sorbitan esters, PEG fatty acid
esters, ethoxylated glycerine esters, ethoxylated fatty amines,
ethoxylated sorbitan esters, block ethylene oxide/propylene
oxide surfactants, alcohol/fatty acid esters, ethoxylated alco-
hols, ethoxylated fatty acids, alkoxylated castor oils, glycer-
ine esters, linear alcohol ethoxylates, and alkyl phenol
ethoxylates. Suitable examples of commercially available
high HL.B nonionic surfactants include, but are not limited to,
nonylphenoxy and octylphenoxy poly(ethyleneoxy) ethanols
(available as the IGEPAL CA and CO series, respectively
from Rhodia, Cranbury, N.J.), C8 to C18 ethoxylated primary
alcohols (such as RHODASURF LA-9 from Rhodia Inc.,
Cranbury, N.J.), C11 to C15 secondary-alcohol ethoxylates
(available as the TERGITOL 15-S series, including 15-S-7,
15-8-9,15-8-12, from Dow Chemical Company, Midland,
Mich.), polyoxyethylene sorbitan fatty acid esters (available
as the TWEEN series of surfactants from Uniquema, Wilm-
ington, Del.), polyethylene oxide (25) oleyl ether (available
as SIPONIC Y-500-70 from Americal Alcolac Chemical Co.,
Baltimore, Md.), alkylaryl polyether alcohols (available as
the TRITON X series, including X-100, X-165, X-305, and
X-405, from Dow Chemical Company, Midland, Mich.).

In one embodiment, the initiation system for use in the
above-mentioned reaction mixture can be any suitable system
for generating free radicals necessary to facilitate emulsion
polymerization. Possible initiators include, but are not lim-
ited to, persulfates (e.g., ammonium persulfate, sodium per-
sulfate, potassium persulfate), peroxy persulfates, and perox-
ides (e.g., tert-butyl hydroperoxide) used alone or in
combination with one or more reducing components and/or
accelerators. Possible reducing components include, but are
not limited to, bisulfites, metabisulfites, ascorbic acid, ery-
thorbic acid, and sodium formaldehyde sulfoxylate. Possible
accelerators include, but are not limited to, any composition
containing a transition metal having two oxidation states such
as, for example, ferrous sulfate and ferrous ammonium sul-
fate. Alternatively, known thermal and radiation initiation
techniques can be employed to generate the free radicals. In
another embodiment, any polymerization and corresponding
initiation or catalytic methods known by those skilled in the
art may be used in the present invention. For example, when
polymerization is performed by methods such as addition or
condensation polymerization, the polymerization can be ini-
tiated or catalyzed by methods such as cationic, anionic, or
coordination methods.

When water is used to form the above-mentioned reaction
mixture, the water can be purified water such as distilled or
deionized water. However, the continuous phase of the emul-
sion can also comprise polar organic liquids or aqueous solu-
tions of polar organic liquids, such as those listed below.

As previously noted, the reaction mixture optionally can
include a buffer. The buffer can comprise any known buffer
that is compatible with the initiation system such as, for
example, carbonate, phosphate, and/or borate buffers.
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As previously noted, the reaction mixture optionally can
include at least one hydrate inhibitor. The hydrate inhibitor
can be a thermodynamic hydrate inhibitor such as, for
example, an alcohol and/or a polyol. In one embodiment, the
hydrate inhibitor can comprise one or more polyhydric alco-
hols and/or one or more ethers of polyhydric alcohols. Suit-
able polyhydric alcohols include, but are not limited to,
monoethylene glycol, diethylene glycol, triethylene glycol,
monopropylene glycol, and/or dipropylene glycol. Suitable
ethers of polyhydric alcohols include, but are not limited to,
ethylene glycol monomethyl ether, diethylene glycol
monomethy! ether, propylene glycol monomethyl ether, and
dipropylene glycol monomethy] ether.

Generally, the hydrate inhibitor can be any composition
that when mixed with distilled water at a 1:1 weight ratio
produces a hydrate inhibited liquid mixture having a gas
hydrate formation temperature at 2,000 psia that is lower than
the gas hydrate formation temperature of distilled water at
2,000 psia by an amount in the range of from about 10 to about
150°F., in the range of from about 20 to about 80° F., or in the
range of from 30 to 60° F. For example, monoethylene glycol
qualifies as a hydrate inhibitor because the gas hydrate for-
mation temperature of distilled water at 2,000 psia is about
70° F., while the gas hydrate formation temperature of a 1:1
mixture of distilled water and monoethylene glycol at 2,000
psia is about 28° F. Thus, monoethylene glycol lowers the gas
hydrate formation temperature of distilled water at 2,000 psia
by about 42° F. when added to the distilled water at a 1:1
weight ratio. It should be noted that the gas hydrate formation
temperature of a particular liquid may vary depending on the
compositional make-up of the natural gas used to determine
the gas hydrate formation temperature. Therefore, when gas
hydrate formation temperature is used herein to define what
constitutes a “hydrate inhibitor,” such gas hydrate tempera-
ture is presumed to be determined using a natural gas com-
position containing 92 mole percent methane, 5 mole percent
ethane, and 3 mole percent propane.

In forming the reaction mixture, the monomer, water, the at
least one surfactant, and optionally the hydrate inhibitor, can
be combined under a substantially oxygen-free atmosphere
that is maintained at less than about 1,000 ppmw oxygen or
less than about 100 ppmw oxygen. The oxygen-free atmo-
sphere can be maintained by continuously purging the reac-
tion vessel with an inert gas such as nitrogen and/or argon.
The temperature of the system can be kept at a level from the
freezing point of the continuous phase up to about 60° C., in
the range of from about 0 to about 45° C., or in the range of
from O to 30° C. The system pressure can be maintained in the
range of from about 5 to about 100 psia, in the range of from
about 10 to about 25 psia, or about atmospheric pressure.
However, higher pressures up to about 300 psia can be nec-
essary to polymerize certain monomers, such as diolefins.

Next, a buffer can be added, if required, followed by addi-
tion of the initiation system, either all at once or over time.
The polymerization reaction is carried out for a sufficient
amount of time to achieve at least about 90 percent conversion
by weight of the monomers. Typically, this time period is in
the range of from between about 1 to about 10 hours, or in the
range of from 3 to S hours. During polymerization, the reac-
tion mixture can be continuously agitated.

The following table sets forth approximate broad and nar-
row ranges for the amounts of the ingredients present in the
reaction mixture.
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Ingredient Broad Range Narrow Range
Monomer (wt. % of reaction 10-60% 30-50%
mixture)

Water (wt. % of reaction 20-80% 50-70%
mixture)

Surfactant (wt. % of reaction 0.1-10% 0.25-6%
mixture)

Initiation system

Monomer:Initiator (molar 1x10%1-5x10%1  5x10%1-2x10%1

ratio)

Monomer:Reducing Comp. 1x10%:1-5x 1051 1x 10%1-2 x 1081
(molar ratio)

Accelerator:Initiator (molar 0.001:1-10:1 0.005:1-1:1

ratio)

Buffer 0 to amount necessary to reach pH of

initiation (initiator dependent, typically
between about 6.5-10)

If present, the hydrate inhibitor can
have a hydrate inhibitor-to-water
weight ratio from about 1:10 to about
10:1, about 1:5 to about 5:1, or 2:3 to 3:2.

Optional hydrate inhibitor

The emulsion polymerization reaction yields a latex com-
position comprising a dispersed phase of solid particles and a
liquid continuous phase. The latex can be a stable colloidal
dispersion comprising a dispersed phase of high molecular
weight polymer particles and a continuous phase comprising
water. The colloidal particles can comprise in the range of
from about 10 to about 60 percent by weight of the latex, or in
the range of from 40 to 50 percent by weight of the latex. The
continuous phase can comprise water, the high HLB surfac-
tant, the hydrate inhibitor (if present), and buffer as needed.
Water can be present in the range of from about 20 to about 80
percent by weight of the latex, or in the range of from about 40
to about 60 percent by weight of the latex. The high HLB
surfactant can comprise in the range of from about 0.1 to
about 10 percent by weight of the latex, or in the range of from
0.25 to 6 percent by weight of the latex, As noted in the table
above, the buffer can be present in an amount necessary to
reach the pH required for initiation of the polymerization
reaction and is initiator dependent. Typically, the pH required
to initiate a reaction is in the range of from 6.5 to 10.

When a hydrate inhibitor is employed in the reaction mix-
ture, it can be present in the resulting latex in an amount that
yields ahydrate inhibitor-to-water weight ratio in the range of
from about 1:10 to about 10:1, in the range of from about 1:5
to about 5:1, or in the range of from 2:3 to 3:2. Alternatively,
all or part of the hydrate inhibitor can be added to the latex
after polymerization to provide the desired amount of hydrate
inhibitor in the continuous phase of the latex.

In one embodiment of the present invention, the drag
reducing polymer of the dispersed phase of the latex can have
a weight average molecular weight (M) of at least about
1x10° g/mol, at least about 2x10° g/mol, or at least 5x10°
g/mol. The colloidal particles of drag reducing polymer can
have a mean particle size of less than about 10 microns, less
than about 1,000 nm (1 micron), in the range of from about 10
to about 500 nm, or in the range of from 50 to 250 nm. At least
about 95 percent by weight of the colloidal particles can be
larger than about 10 nm and smaller than about 500 nm. At
least about 95 percent by weight of the particles can be larger
than about 25 nm and smaller than about 250 nm. The con-
tinuous phase can have a pH in the range of from about 4 to
about 10, or in the range of from about 6 to about 8, and
contains few if any multi-valent cations.

In one embodiment of the present invention, the drag
reducing polymer can comprise at least about 10,000, at least
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about 25,000, or at least 50,000 repeating units selected from
the residues of the above mentioned monomers. In one
embodiment, the drag reducing polymer can comprise less
than 1 branched unit per each monomer residue repeating
unit. Additionally, the drag reducing polymer can comprise
less than 1 linking group per each monomer residue repeating
unit. Furthermore, the drag reducing polymer can exhibit
little or no branching or crosslinking. Also, the drag reducing
polymer can comprise perfluoroalkyl groups in an amount in
the range of from about 0 to about 1 percent based on the total
number of monomer residue repeating units in the drag reduc-
ing polymer.

As mentioned above, a liquid hydrocarbon can be treated
with the drag reducing polymer in order to reduce drag asso-
ciated with flowing the liquid hydrocarbon through a conduit.
In order for the drag reducing polymer to function as a drag
reducer, the polymer should dissolve or be substantially sol-
vated in the liquid hydrocarbon. Accordingly, in one embodi-
ment of the present invention, the drag reducing polymer can
have a solubility parameter that is within about 20 percent,
about 18 percent, about 15 percent, or 10 percent of the
solubility parameter of the liquid hydrocarbon, as discussed
above.

The solubility parameter of the drag reducing polymer is
determined according to the Van Krevelen method of the
Hansen solubility parameters. This method of determining
solubility parameters can be found on pages 677 and 683-686
of Brandrup et al., Polymer Handbook (4” ed., vol. 2, Wiley-
Interscience, 1999), which is incorporated herein by refer-
ence. According to Brandrup et al., the following general
equation was developed by Hansen and Skaarup to account
for dispersive forces, polar interactions, permanent dipole-
dipole interactions, and hydrogen bonding forces in deter-
mining solubility parameters:

8=(8,72+8,%+5,)12

where 0 is the solubility parameter, 8 ;is the term adjusting for
dispersive forces, J,, is the term adjusting for polar interac-
tions, and §,, is the term adjusting for hydrogen bonding and
permanent dipole-induced dipole. Systems have been devel-
oped to estimate the above terms using a group contribution
method, measuring the contribution to the overall solubility
parameter by the various groups comprising the polymer. The
following equations are used in determining the solubility
parameter of a polymer according to the Van Krevelen
method:

8,=(EF°,)" v
5=CE,/7)"?

8,=SF,/V

The above equations and an explanation of how they are
used can be found on pages 677 and 683-686 of Brandrup et
al. The values for the variables F and E in the above equations
are given in table 4, page 686 of Brandrup et al., based on the
different residues comprising a polymer. For example, a
methyl group (—CH,) is given the following values: F,,=420
(3¥2 em*?/mol), F,=0 (7" cm**/mol), E,,=0 J/mol. Addi-
tionally, the values for the variable V in the above equations
are given in Table 3 on page 685 where, for example, a methyl
group (—CH,) is given a value of V=33.5 (cm*/mol). Using
these values, the solubility parameter of a polymer can be
calculated.

In one embodiment of the present invention, the drag
reducing polymer can have a solubility parameter, as deter-
mined according to the above equations, of at least about 17
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MPa'’2, in the range of from about 17.1 to about 24 MPa'’2, or
in the range of from 17.5 to 23 MPa'’?. Furthermore, the drag
reducing polymer can have a solubility parameter that is
within about 4 MPa'/2, within about 3 MPa'’, or within 2.5
MPa'”2 of the solubility parameter of the liquid hydrocarbon.,

The drag reducing polymer can be added to the liquid
hydrocarbon in an amount sufficient to yield a drag reducing
polymer concentration in the range of from about 0.1 to about
500 ppmw, in the range of from about 0.5 to about 200 ppmw,
in the range of from about 1 to about 100 ppmw, or in.the
range of from 2 to 50 ppmw. In one embodiment, at least
about 50 weight percent, at least about 75 weight percent, or
at least 95 weight percent of the solid drag reducing polymer
particles can be dissolved by the liquid hydrocarbon. In
another embodiment, the viscosity of the liquid hydrocarbon
treated with the drag reducing polymer is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer.

The efficacy of the high molecular weight polymer par-
ticles as drag reducers when added directly to a liquid hydro-
carbon is largely dependent upon the temperature of the liquid
hydrocarbon. For example, at lower temperatures, the poly-
mer dissolves at a lower rate in the liquid hydrocarbon, there-
fore, less drag reduction can be achieved. Thus, in one
embodiment of the present invention, the liquid hydrocarbon
can have a temperature at the time of treatment with the drag
reducing polymer of at least about 30° C., or at least 40° C.

The drag reducers employed in the present invention can
provide significant percent drag reduction. For example, the
drag reducers can provide at least about 5 percent drag reduc-
tion, at least about 15 percent drag reduction, or at least 20
percent drag reduction. Percent drag reduction and the man-
ner in which it is calculated are more fully described in
Example 5, below.

EXAMPLES

The following examples are intended to be illustrative of
the present invention in order to teach one of ordinary skill in
the art to make and use the invention and are not intended to
limit the scope of the invention in any way.

Example 1
Preparation of Polymer A and Polymer B

In this example, two formulations for the materials used in
later examples are detailed. The resulting material in each
procedure is a dispersion of drag reducing polymer in an
aqueous carrier.

Preparation of Polymer A

Polymerization was performed in a 185-gallon stainless
steel, jacketed reactor with a mechanical stirrer, thermo-
couple, feed ports, and nitrogen inlets/outlets. The reactor
was charged with 440 Ibs of monomer (2-ethylhexyl meth-
acrylate), 558.1 1bs of de-ionized water, 41.4 lbs of Polystep
B-5 (surfactant, available from Stepan Company of North-
field, I11.), 44 Ibs of Tergitol 15-S-7 (surfactant, available from
Dow Chemical Company of Midland, Mich.), 1.86 Ibs of
potassium phosphate monobasic (pH buffer), 1.46 lbs of
potassium phosphate dibasic (pH buffer), and 33.2 grams of
ammonium persulfate, (NH,),S,Oq (oxidizer).

The mixture was agitated at 110 rpm to emulsify the mono-
mer in the water and surfactant carrier. The mixture was then
purged with nitrogen to remove any traces of oxygen in the
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reactor and cooled to about 41° F. The agitation was slowed
down to 80 rpm and the polymerization reaction was initiated
by adding into the reactor 4.02 grams of ammonium iron(II)
sulfate, Fe(NH,),(SO,),.6H,0 in a solution of 0.010 M sul-
furic acid solution in DI water at a concentration of 558.3 ppm
atarate of 10 g/min. The solution was injected for 10 hours to
complete the polymerization. The resulting latex was pres-
sured out of the reactor through & 5-micron bag filter and
stored. The solubility parameter of Polymer A was calculated
to be 18.04 MPa*/2,

Preparation of Polymer B

Preparation of Polymer B was performed in the same man-
ner as the preparation of Polymer A above, with the following
exception: the monomer charged to the reactor was an 80/20
weight percent blend of 2-ethylhexyl methacrylate and n-bu-
tyl acrylate. The solubility parameter of Polymer B was cal-
culated to be 20.55 MPa'/2,

Example 2
LP 100 and LP 300

LP 100 FLOW IMPROVER (LP 100) and LP 300 FLOW
IMPROVER (LP 300) underwent various tests described
below and were compared to the experimental drag reducers
of the present invention, Polymer A and Polymer B, as
described in Example 1. LP 100and LP 300 are drag reducing
agents comprising polyalphaolefins. Specifically, LP 100
comprises poly(1-decene) and LP 300 comprises a copoly-
mer of poly(1-decene) and poly(1-tetradecene). Both LP 100
and LP 300 are commercially available from ConocoPhillips
Specialty Products Inc. The solubility parameter of the poly-
mer in LP 100 was calculated to be 16.49 MPa'", and the
solubility parameter of the polymer in LP 300 was calculated
to be 16.54 MPa'’2,
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Example 3

Asphaltene Content and Elasticity Response
(Affinity)

Crude oils ranging in classification from heavy crudes to
light crudes were first tested to determine their respective
concentrations of asphaltene and their API gravities. These
same crude oil samples were also tested to determine their
affinity for drag reducing agents as prepared in Examples 1
and 2. The results are listed in Table 1 below.

Asphaltene concentration was determined using pentane
precipitation and filtration. For each measurement listed in
Table 1, a 40-fold volume of pentane was added to approxi-
mately 16 grams of crude oil sample. The mixtures were
agitated via rolling for an overnight period, and allowed to set
for approximately 24 hours. The mixtures were then filtered
through a 0.8 micrometer filter to retain the asphaltene. The
asphaltenes retained were then weighed, and the weight per-
cent was calculated based upon the original crude oil sample
weight. API gravity was determined in accord with ASTM
test method D1298.

The crude oil’s affinity for drag reducing agents was deter-
mined by assessing each crude oil’s elasticity after being
treated with a drag reducing agent. Four samples of each
variety of crude oil were dosed at room temperature with 5
weight percent of Polymer A, Polymer B, LP 100, and LP 300
respectively. The samples were allowed to roll overnight to
insure full dissolution of the drag reducing agent into the
samples. After rolling, the samples were visually inspected
for their elastic response by inserting a hooked-end spatula
into the sample and pulling the spatula away from the bulk of
the sample. Some samples yielded a high response, meaning
that a highly elastic “string” or “rope” of crude oil could be
pulled from the sample. Conversely, some samples yielded no
response, meaning that the crude oil merely dripped from the
spatula.

TABLE 1

Asphaltene Content, API Gravity, and Elasticity Response

ELASTICITY RESPONSE

ASPHALTENE (AFFINITY)
Crude Oil CONTENT API LP LP
Sample Type Test1  Test2 Gravity 100 300 PolymerA PolymerB
Merey Heavy 16.8 15.5 16.0° None None High High
Petrozuata ~ Heavy 18.8 18.1 9.1° None None High High
Corocoro Heavy 6.0 6.7 25.1° None None High High
Albian Heavy 11.0 10.6 22.4° None None High High
Bow River  Heavy 114 10.3 21.8° Nome None High High
Maya Heavy 14.6 15.4 21.9° None Nomne High High
Western Heavy 11.5 11.9 20.9° None None High High
Canadian
Select
San Joaquin Heavy 8.9 8.9 13.0° Nome None High High
Valley
Marlim Heavy 6.7 6.6 22.2° High High High High
Blend
West Texas  Intermediate 2.8 2.8 31.6° High High Moderate Moderate
Sour
West Texas  Light 0.5 — 41.6° High High Moderate Moderate
Intermediate
Basrah Light 4.8 — 31.0° High High Moderate Moderate
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The results in Table 1 tend to show that crude oils having a
higher asphaltene content and/or lower API gravity have a
higher affinity for Polymers A and B than for LP 100 and 300.
Evidence of stronger affinity (i.e., increased elasticity) is
generally an indication of a higher potential for performance
as a drag reducing agent.

Example 4
Extensional Rheometry

The extensional viscosity (or extensional behavior) of a
fluid treated with a drag reducing polymer is directly related
to the polymer’s potential for reducing turbulent drag in the
fluid. Ifincreased extensional behavior is observed in the fluid
upon addition of the drag reducing polymer, this is indicative
of increased potential for drag reduction performance. Con-
versely, if no extensional behavior is observed, the potential
for drag reduction performance in that fluid is unlikely. The
extensional behavior of a treated fluid can be determined by
capillary breakup extensional rheometry testing, performed
on a HAAKE CaBER 1, available from Thermo Electron
Corp., Newington, N.H., U.S.A.

The HAAKE CaBER 1 is operated by placing a small
quantity of sample (less than 0.1 ml) between top and bottom
circular plates using a 16 gauge, 1-inch long syringe needle.
The top plate is rapidly separated upwardly from the bottom
plate at a user-selected strain rate, thereby forming an
unstable fluid filament by imposing an instantaneous level of
extensional strain on the fluid sample. After cessation of
stretching, the fluid at the mid-point of the filament undergoes
an extensional strain rate defined by the extensional proper-
ties of the fluid. A laser micrometer monitors the midpoint
diameter of the gradually thinning fluid filament as a function
of time. The competing effects of surface tension, viscosity,
mass transfer and elasticity can be quantified using model
fitting analysis software.

In this example, three samples were prepared and tested for
extensional theometry using a HAAKE CaBER 1. The first
sample was untreated (neat) San Juaquin Valley Heavy
(SJVH) crude oil. The second sample was SJVH crude con-
taining 500 ppmw of the active polymer found in Polymer A
(poly(2-ethylhexyl methacrylate)) as prepared in Example 1,
and the third sample was SJVH crude containing 500 ppmw
of the active polymer found in LP 100 (poly(1-decene)) as
described in example 2. According to the procedure described
above, less than 0.1 ml of each of these three samples was
placed between the two plates of the CaBER 1, and the plates
were separated quickly while measuring the diameter of the
resultant filament. For each test, the default instrument set-
tings were employed, and a Hencky strain of €=0.70 was used.
Hencky strain is defined as:

i)

L
where —

Ly

is the relative extension of the fluid. The diameter of the
resultant filament was measured against time. Each sample in
the above described procedure was tested 10 times to obtain
statistical confidence in the data. The results from these tests
are shown in FIGS. 1 through 3. Additionally, each test was
performed at a room temperature of about 25° C.
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In each of FIGS. 1, 2, and 3, the filament diameter was
normalized, such that a filament diameter of d/d,, is shown,
where d,, is the filament diameter at time zero (0 seconds) and
d is the filament diameter at any given time thereafter, The
results from these tests show that the extensional behavior of
the untreated SJVH crude oil and SJVH crude oil containing
500 ppmw the active polymer found in LP 100 (poly(1-
decene)) are very similar (shown in FIGS. 1 and 3, respec-
tively), indicating that LP 100 does not have any noticeable
potential for reducing drag of heavy crude oil in a pipeline.
However, SIVH having 500 ppmw of the active polymer
found in Polymer A (poly(2-ethylhexyl methacrylate)) shows
a significant increase in extensional theometry, as shown in
FIG. 2. This increase in extensional rheometry indicates an
increased potential for Polymer A to reduce drag of heavy
crude oil in a pipeline.

Example 5
Pipeline Testing

Pipeline field testing was performed with various diameter
pipelines, and various crude oils, comparing the performance
of Polymers A and B, as prepared in Example 1, with LP 100
and LP 300, as described in Example 2. The following three
tests were performed, followed by their respective results in
tables 2, 3, and 4. For each of the three tests described below,
the percent drag reduction (% DR) was determined by mea-
suring the pressure drop in the segment of pipe being tested
prior to addition of drag reducing agent (AP, ) and measur-
ing the pressure drop in the segment of pipe being tested after
addition of drag reducing agent (AP,,,..). The percent drag
reduction was then determined according to the following
formula:

% DR=((AP 5= AP 1o ) AP s ¥ 100%

Test 1

Test 1 was conducted in a 12-inch diameter crude oil pipe-
line carrying West Texas Intermediate (WTI) crude oil. This
crude oil is a light crude, generally having an API gravity of
about 40°. WTI generally has a viscosity of approximately 4.5
centistokes at pipeline temperatures of 65 to 69° F. The pipe-
line tests in Test 1 were conducted in a 62-mile segment ofthe
pipeline running from Wichita Falls, Tex., to Bray, Okla. The
nominal flow rate of the pipeline during the field tests was
2,350 barrels/hr, and the nominal flow velocity in the pipeline
was 4.5 ft/s. The following drag reduction performance was
achieved:

TABLE 2
LP 100 v. Polymer A & Polymer B in Light Crude (WTI)
CONCENTRATION ~ DRAG REDUCTION
PRODUCT (ppmw) %)
LP 100 4.7 338
LP 100 23.5 672
Polymer A 40.4 244
Polymer A 80.1 36.3
Polymer B 40.2 313
Polymer B 81.0 40.4
Polymer B 150.4 45.7
Test 2
Test 2 was conducted in an 18-inch diameter crude oil
pipeline carrying Albian Heavy Sour (AHS) crude oil blend.

This crude oil blend is a heavy crude oil, generally having an
APT gravity of about 22°. AHS generally has a viscosity of





US 8,450,249 B2

17

approximately 84 centistokes at a pipeline temperature of 71°
F. The pipeline tests in Test 2 were conducted in a 54-mile
segment of the pipeline running from Cushing, Okla., to
Marland, Okla. The nominal flow velocity in the pipeline was
4.8 fi/s. The nominal calculated Reynolds number for the
pipeline was 7,500. The following drag reduction perfor-
mance was achieved:

TABLE 3
LP 100 v. Polymer B in Heavy Crude (AHS)
CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 41.6 0
Polymer B 25.2 23.1
Polymer B 100.0 42,5
Test3

Test 3 was conducted in an 8-inch diameter crude oil pipe-
line carrying San Joaquin Valley Heavy (SJVH) crude oil
blend. This crude oil blend is a heavy crude oil, generally
having an API gravity of about 13°. SJVH generally has a
viscosity of approximately 100 centistokes at a pipeline tem-
perature of 165° F. The pipeline tests in Test 3 were conducted
in a 14-mile segment of the pipeline running from the Middle-
water pump station to the Junction pump station, both in
California. The nominal flow rate of the pipeline during Test
3 was 1,300 barrels/hr, and the nominal flow velocity in the
pipeline was 5.6 ft/s. The nominal calculated Reynolds num-
ber for the pipeline was 4,000. The following drag reduction
performance was achieved:

TABLE 4

LP 300 v. Polvmer A & Polymer B in Heavy Crude (SIVH)

CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 300 187.0 0
Polymer A 50.0 28.5
Polymer A 100.0 39.5
Polymer B 50.0 28.8
Polymer B 100 36.7

Comparing the above three tests, the results listed in Table
2 tend to show that the drag reduction achieved by addition of
LP 100 product in light crude oil yields slightly more favor-
able results than either of the EXP products. However, when
heavy crude oils are used, as shown in Tables 3 and 4, the use
of Polymers A or B results in higher percentages of drag
reduction than either of the LP products.

Numerical Ranges

The present description uses numerical ranges to quantify
certain parameters relating to the invention. It should be
understood that when numerical ranges are provided, such
ranges are to be construed as providing literal support for
claim limitations that only recite the lower value of the range
as well as claims limitation that only recite the upper value of
the range. For example, a disclosed numerical range of 10 to
100 provides literal support for a claim reciting “greater than
10” (with no upper bounds) and a claim reciting “less than
100” (with no lower bounds).

The present description uses specific numerical values to
quantify certain parameters relating to the invention, where
the specific numerical values are not expressly part of a
numerical range. It should be understood that each specific
numerical value provided herein is to be construed as provid-
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ing literal support for a broad, intermediate, and narrow
range. The broad range associated with each specific numeri-
cal value is the numerical value plus and minus 60 percent of
the numerical value, rounded to two significant digits. The
intermediate range associated with each specific numerical
value is the numerical value plus and minus 30 percent of the
numerical value, rounded to two significant digits. The nar-
row range associated with each specific numerical value is the
numerical value plus and minus 15 percent of the numerical
value, rounded to two significant digits. For example, if the
specification describes a specific temperature of 62° F., such
a description provides literal support for a broad numerical
range of 25° F. to 99 F. (62° F.+/-37° F.), an intermediate
numerical range of 43° F. to 81° F. (62° F.4+/-19° F.), and a
narrow numerical range of 53° F. to 71° F. (62° F.+/-9° F.).
These broad, intermediate, and narrow numerical ranges
should be applied not only to the specific values, but should
also be applied to differences between these specific values.
Thus, if the specification describes a first pressure of 110 psia
and a second pressure of 48 psia (a difference of 62 psi), the
broad, intermediate, and narrow ranges for the pressure dif-
ference between these two streams would be 25 to 99 psi, 43
to 81 psi, and 53 to 71 psi, respectively.

Definitions

As used herein, the terms “comprising,” “comprises,” and
“comprise” are open-ended transition terms used to transition
from a subject recited before the term to one or more elements
recited after the term, where the element or elements listed
after the transition term are not necessarily the only elements
that make up the subject.

As used herein, the terms “including,” “includes,” and
“include™ have the same open-ended meaning as “compris-
ing,” “comprises,” and “comprise.”

As used herein, the terms “having,” “has,” and “have” have

« ”

the same open-ended meaning as “comprising,” “comprises,”
and “comprise.”
As used herein, the terms “containing,” “contains,” and

“contain” have the same open-ended meaning as “compris-

32 46

ing,” “comprises,” and “comprise”
As used herein, the terms “a,” “an,” “the,” and “said” mean
one or more.

As used herein, the term “and/or,” when used in a list of two
or more items, means that any one of the listed items can be
employed by itself or any combination of two or more of the
listed items can be employed. For example, if a composition
is described as containing components A, B, and/or C, the
composition can contain A alone; B alone; C alone; A and B
in combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination.

The preferred forms of the invention described above are to
be used as illustration only, and should not be used in a
limiting sense to interpret the scope of the present invention,
Obvious modifications to the exemplary embodiments, set
forth above, could be readily made by those skilled in the art
without departing from the spirit of the present invention.

The inventors hereby state their intent to rely on the Doc-
trine of Equivalents to determine and assess the reasonably
fair scope of the present invention as pertains to any apparatus
not materially departing from but outside the literal scope of
the invention as set forth in the following claims.

What is claimed is:

1. A method comprising:

introducing a drag reducing polymer, into a pipeline, such

that the friction loss associated with the turbulent flow
through the pipeline is reduced by suppressing the
growth of turbulent eddies, into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent
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and an API gravity of less than about 26° to thereby
produce a treated liquid hydrocarbon wherein the vis-
cosity of the treated liquid hydrocarbon is not less than
the viscosity of the liquid hydrocarbon prior to treatment
with the drag reducing polymer;

wherein the drag reducing polymer is added to the liquid

hydrocarbon in the range from about 0.1 to about 500
ppmw and

wherein a plurality of the repeating units comprise a het-

eroatom.

2. The method of claim 1, wherein the drag reducing poly-
mer comprises at least about 25,000 repeating units.

3. The method of claim 1, wherein the drag reducing poly-
mer has a weight average molecular weight of at least 1x10°
g/mol.

4. A method comprising;

introducing a drag reducing polymer, into a pipeline, such

that the friction loss associated with the turbulent flow
through the pipeline is reduced by suppressing the
growth of turbulent eddies, into a liquid hydrocarbon
having an asphaltene content of at least 3 weight percent
and an API gravity of less than about 26° to thereby
produce a treated liquid hydrocarbon wherein the vis-
cosity of the treated liquid hydrocarbon is not less than
the viscosity of the liquid hydrocarbon prior to treatment
with the drag reducing polymer;

wherein the drag reducing polymer is added to the liquid

hydrocarbon in the range from about 0.1 to about 500
ppmw and
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wherein a plurality of the repeating units comprise a het-
eroatom
and the heteroatom is selected from the group consisting of an
OXygen atom, a nitrogen atom, a sulfur atom and/or a phos-
phorus atom.
5. A method comprising;
introducing a drag reducing polymer such that the friction
loss associated with the turbulent flow through the pipe-
line is reduced by suppressing the growth of turbulent
eddies, into a liquid hydrocarbon having an asphaltene
content of at least 3 weight percent and an API gravity of
less than about 26° to thereby produce a treated liquid
hydrocarbon wherein the viscosity of the treated liquid
hydrocarbon is not less than the viscosity of the liquid
hydrocarbon prior to treatment with the drag reducing
polymer;
wherein the drag reducing polymer comprises at least
about 25,000 repeating units, and wherein a plurality of
the repeating units comprise a heteroatom, wherein the
heteroatom is selected from the group consisting of an
oxygen atom, a nitrogen atom, a sulfur atom and/or a
phosphorus atom and wherein the drag reducing poly-
mer has a weight average molecular weight of at least
1x10° g/mol; and
the drag reducing polymer is added to the liquid hydrocar-
bon in the range from about 0.1 to about 500 ppmw.

* ¥ ® k¥
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A method of preparing a drag reducing polymer wherein the
drag reducing polymer is able to be injected into a pipeline,
such that the friction loss associated with the turbulent flow
through the pipeline is reduced by suppressing the growth of
turbulent eddies. The drag reducing polymer is injected into a
pipeline of liquid hydrocarbon hydrocarbon having an
asphaltene content of at least 3 weight percent and an API
gravity of less than about 26° to thereby produce a treated
liquid hydrocarbon wherein the viscosity of the treated liquid
hydrocarbon is not less than the viscosity of the liquid hydro-
carbon prior to treatment with the drag reducing polymer. The
drag reducing polymer has a solubility parameter within 4
MPa'’2 of the solubility parameter of the liquid hydrocarbon.
The drag reducing polymer is also added to the liquid hydro-
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1
DRAG REDUCTION OF ASPHALTENIC
CRUDE OILS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application which claims
the benefit of and priority to U.S. application Ser. No. 11/615,
539 filed Dec. 22, 2006, entitled “Drag Reduction of Asphalt-
enic Crude Oils,” which is hereby incorporated by reference
in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to high molecular
weight drag reducers for use in crude oils.

BACKGROUND

When fluids are transported by a pipeline, there is typically
a drop in fluid pressure due to friction between the wall of the
pipeline and the fluid. Due to this pressure drop, for a given
pipeline, fluid must be transported with sufficient pressure to
achieve the desired throughput. When higher flow rates are
desired through the pipeline, more pressure must be applied
due to the fact that, as flow rates are increased, the difference
in pressure caused by the pressure drop also increases. How-
ever, design limitations on pipelines limit the amount of pres-
sure that can be employed. The problems associated with
pressure drop are most acute when fluids are transported over
long distances. Such pressure drops can result in inefficien-
cies that increase equipment and operation costs.

To alleviate the problems associated with pressure drop,
many in the industry utilize drag reducing additives in the
flowing fluid. When the flow of fluid in a pipeline is turbulent,
high molecular weight polymeric drag reducers can be
employed to enhance the flow. A drag reducer is a composi-
tion capable of substantially reducing friction loss associated
with the turbulent flow of a fluid through a pipeline. The role
of these additives is to suppress the growth of turbulent
eddies, which results in higher flow rate at a constant pumping
pressure. Ultra-high molecular weight polymers are known to
function well as drag reducers, particularly in hydrocarbon
liquids. In general, drag reduction depends in part upon the
molecular weight of the polymer additive and its ability to
dissolve in the hydrocarbon under turbulent flow. Effective
drag reducing polymers typically have molecular weights in
excess of five million.

Conventional polymeric drag reducers, however, typically
do not perform well in crude oils having a low API gravity
and/or a high asphaltene content. Accordingly, there is a need
for improved drag reducing agents capable of reducing the
pressure drop associated with the turbulent flow of low API
gravity and/or high-asphaltene crude oils through pipelines.

SUMMARY OF THE INVENTION

A method of preparing a drag reducing polymer wherein
the drag reducing polymer is able to be injected into a pipe-
line, such that the friction loss associated with the turbulent
flow through the pipeline is reduced by suppressing the
growth of turbulent eddies. The drag reducing polymer is
injected into a pipeline of liquid hydrocarbon hydrocarbon
having an asphaltene content of at least 3 weight percent and
an API gravity of less than about 26° to thereby produce a
treated liquid hydrocarbon wherein the viscosity of the
treated liquid hydrocarbon is not less than the viscosity of the
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liquid hydrocarbon prior to treatment with the drag reducing
polymer. The drag reducing polymer has a solubility param-
eter within 4 MPa'/? of the solubility parameter of the liquid
hydrocarbon. The drag reducing polymer is also added to the
liquid hydrocarbon in the range from about 0.1 to about 500
ppmw.

In another embodiment a method of preparing a drag
reducing polymer wherein the drag reducing polymer is able
to be injected into a pipeline, such that the friction loss asso-
ciated with the turbulent flow through the pipeline is reduced
by suppressing the growth of turbulent eddies. The drag
reducing polymer is injected into a pipeline of liquid hydro-
carbon hydrocarbon having an asphaltene content of at least 3
weight percent and an API gravity of less than about 26° to
thereby produce a treated liquid hydrocarbon wherein the
viscosity of the treated liquid hydrocarbon is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer. The drag reducing polymer is also
added to the liquid hydrocarbon in the range from about 0.1 to
about 500 ppmw.

In yet another embodiment a method of preparing a drag
reducing polymer wherein the drag reducing polymer is able
to be injected into a pipeline, such that the friction loss asso-
ciated with the turbulent flow through the pipeline is reduced
by suppressing the growth of turbulent eddies. The drag
reducing polymer is injected into a pipeline of liquid hydro-
carbon hydrocarbon having an asphaltene content of at least 3
weight percent and an API gravity of less than about 26° to
thereby produce a treated liquid hydrocarbon wherein the
viscosity of the treated liquid hydrocarbon is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer. In this embodiment the drag reducing
polymer comprises at least about 25,000 repeating units, and
wherein a plurality of the repeating units comprise a heteroa-
tom, wherein the heteroatom is selected from the group con-
sisting of an oxygen atom, a nitrogen atom, a sulfur atom
and/or a phosphorus atom and wherein the drag reducing
polymer has a weight average molecular weight of at least
1x10° g/mol. The drag reducing polymer is also added to the
liquid hydrocarbon in the range from about 0.1 to about 500
ppmw.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

A preferred embodiment of the present invention is
described in detail below with reference to the attached draw-
ing figures, wherein:

FIG. 1 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for untreated
San Joaquin Valley Heavy Crude Oil determined in accor-
dance with the procedure described in Example 4;

FIG. 2 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 parts per million
by weight (ppmw) of poly(2-ethylhexyl methacrylate) dis-
solved therein determined in accordance with the procedure
described in Example 4; and

FIG. 3 is a normalized filament diameter vs. time plot
depicting the normalized capillary breakup time for San
Joaquin Valley Heavy Crude Oil having 500 ppmw of a poly
(1-decene) dissolved therein determined in accordance with
the procedure described in Example 4.

DETAILED DESCRIPTION

In accordance with one embodiment of the present inven-
tion, the pressure drop associated with flowing a liquid hydro-
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carbon through a conduit, such as a pipeline, can be reduced
by treating the liquid hydrocarbon with a drag reducing poly-
mer having at least one heteroatom. In one embodiment, the
liquid hydrocarbon can be a heavy crude oil.

In one embodiment of the present invention, the liquid
hydrocarbon can comprise asphaltene compounds. As used
herein, “asphaltenes™ are defined as the fraction separated
from crude oil or petroleum products upon addition of pen-
tane, as described below in Example 3. While difficult to
characterize, asphaltenes are generally thought to be high
molecular weight, non-crystalline, polar compounds which
existin crude oil. In one embodiment of the present invention,
the liquid hydrocarbon can comprise asphaltene compounds
in an amount of at least about 3 weight percent, in the range of
from about 4 to about 35 weight percent, or in the range of
from 5 to 25 weight percent.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise heteroatoms. As used herein, the
term “heteroatom” is defined as any atom that is not a carbon
or hydrogen atom. Typically, heteroatoms include, but are not
limited to, sulfur, nitrogen, oxygen, phosphorus, and chlorine
atoms. In one embodiment, the liquid hydrocarbon can com-
prise sulfur in an amount of at least about 1 weight percent, in
the range of from about 1 to about 10 weight percent, in the
range of from about 1.2 to about 9 weight percent, or in the
range of from 1.5 to 8 weight percent. Additionally, the liquid
hydrocarbon can comprise nitrogen in an amount of at least
about 1,300 parts per million by weight (ppmwy), at least about
1,400 ppmw, or at least 1,500 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise one or more metal components. In
one embodiment, the liquid hydrocarbon can comprise met-
als in an amount of at Jeast about 1 ppmw, in the range of from

about 1 to about 2,000 ppmw, in the range of from about 50to :

about 1,500 ppmw, or in the range of from 100 to 1,000 ppmw.
Typical metals include, but are not limited to, nickel, vana-
dium, and iron. In one embodiment, the liquid hydrocarbon
can comprise nickel in an amount of at least about 1 ppmw, in
the range of from about 5 to about 500 ppmw, or in the range
of from 10 to 250 ppmw. Additionally, the liquid hydrocarbon
can comprise vanadium in an amount of at least about 1
ppmw, in the range of from about 5 to about 500 ppmw, or in
the range of from 10 to 250 ppmw. Further, the liquid hydro-
carbon can comprise iron in an amount of at least about 1
ppmw, in the range of from about 2 to about 250 ppmw, or in
the range of from 5 to 100 ppmw.

In another embodiment of the present invention, the liquid
hydrocarbon can comprise a residuum. As used herein, the
term “residuum” is defined as the residual material remaining
in the bottom of a fractionating tower after the distillation of
crude oil as determined by ASTM test method D2892-05. In
one embodiment, the liquid hydrocarbon can comprise at
least about 10 weight percent, at least about 15 weight per-
cent, or in the range of from 20 to 60 weight percent of a
residuum having an initial boiling point of at least about
1,050° F.

In another embodiment, the liquid hydrocarbon can com-
prise conradson carbon. As used herein, the term “conradson
carbon” is defined as the measured amount of carbon residue
left after evaporation and pyrolysis of crude oil as determined
by ASTM test method D189-05. In one embodiment, the
liquid hydrocarbon can comprise conradson carbon in an
amount of at least about 1 weight percent, in the range of from
about 2 to about 50 weight percent, in the range of from about
3.5 to 45 weight percent, or in the range of from 5 to 40 weight
percent.
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In another embodiment of the present invention, the liquid
hydrocarbon can have a low to intermediate API gravity. As
used herein, the term “API gravity” is defined as the specific
gravity scale developed by the American Petroleum Institute
for measuring the relative density of various petroleum lig-
uids. API gravity of a liquid hydrocarbon is determined
according to the following formula:

AP gravity=(141.5/SG at 60° F.)~131.5

where SG is the specific gravity of the liquid hydrocarbon at
60° F. Additionally, API gravity can be determined according
10 ASTM test method D1298. In one embodiment, the liquid
hydrocarbon can have an API gravity of less than about 26°,
in the range of from about 5° to about 25°, or in the range of
from 5° to 23°.

In another embodiment of the present invention, the liquid
hydrocarbon can be a component of a fluid mixture that
further comprises a non-hydrocarbon fluid and/or a non-lig-
uid phase. In one embodiment, the non-hydrocarbon fluid can
comprise water, and the non-liquid phase can comprise natu-
ral gas. Additionally, when the liquid hydrocarbon is a com-
ponent of a fluid mixture, the liquid hydrocarbon can account
for at least about 50 weight percent, at least about 60 weight
percent, or at least 70 weight percent of the fluid mixture.

In another embodiment of the present invention, the liquid
hydrocarbon can have a solubility parameter sufficient to
allow at least partial dissolution of the above mentioned drag
reducing polymer in the liquid hydrocarbon. The solubility
parameter (3,) of the liquid hydrocarbon can be determined
according to the following equation:

8,~{(AH,-RTY V]

where AH, is the energy of vaporization, R is the universal gas
constant, T is the temperature in Kelvin, and V is the molar
volume. 8, is given in units of MPa'2. The solubility param-
eter for the liquid hydrocarbon is determined in accord with
the above equation and the description found on pages 465-
467 of Strausz, O. & Lown, M., The Chemistry of Alberta Oil
Sands, Bitumens and Heavy Oils (Alberta Energy Research
Institute, 2003). In one embodiment, the liquid hydrocarbon
can have a solubility parameter of at least about 17 MPa'/?, or
in the range of from about 17.1 to about 24 MPa'?, or in the
range of from 17.5 to 23 MPa'”2.,

As mentioned above, the liquid hydrocarbon can be a
heavy crude oil. Suitable examples of heavy crude oils
include, but are not limited to, Merey heavy crude, Petrozuata
heavy crude, Corocoro heavy crude, Albian heavy crude,
Bow River heavy crude, Maya heavy crude, and San Joaquin
Valley heavy crude. Additionally, the liquid hydrocarbon can
be a blend of heavy crude oil with lighter hydrocarbons or
diluents. Suitable examples of blended crude oils include, but
are not limited to, Western Canadian Select and Marlim
Blend. .

As mentioned above, the liquid hydrocarbon can be treated
with a drag reducing polymer. In one embodiment of the
present invention, the drag reducing polymer can be in the
form of a latex drag reducer comprising a high molecular
weight polymer dispersed in an aqueous continuous phase.
The latex drag reducer can be prepared via emulsion poly-
merization of a reaction mixture comprising one or more
monomers, a continuous phase, at least one surfactant, and an
initiation system. The continuous phase generally comprises
at least one component selected from the group consisting of
water, polar organic liquids, and mixtures thereof When water
is the selected constituent of the continuous phase, the reac-
tion mixture can also comprise a buffer. Additionally, as
described in more detail below, the continuous phase can
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optionally comprise a hydrate inhibitor. In another embodi-
ment, the drag reducing polymer can be in the form of a
suspension or solution according to any method known in the
art.

In one embodiment of the present invention, the drag
reducing polymer can comprise a plurality of repeating units
of the residues of one or more of the monomers selected from
the group consisting of;

A
R 0 (A)

|l
H,C==C—C—0R,

wherein R, is H or a C1-C10 alkyl radical, and R, is H, a
C1-C30 alky! radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, a C6-C20 substituted or unsubstituted aryl
radical, an aryl-substituted CI1-C10 alkyl radical, a
—(CH2CH20),—R , or —(CH2CH(CH3)O),—R , radical
wherein x is in the range of from 1 to 50 and R, 4isH,aC
1-C30 alkyl radical, or a C6-C30 alkylaryl radical;

Ry-arene-R, ()]

wherein arene is a phenyl, naphthyl, anthracenyl, or phenan-
threnyl, Ry is CH=CH, or CH;—C=CH,, and R, is H, a
C1-C30 alky! radical, a C5-C30 substituted or unsubstituted
cycloalkyl radical, C1, 8O, OR, or COOR, wherein Ry is
H, a C1-C30 alky] radical, a C5-C30 substituted or unsubsti-
tuted cycloalkyl radical, a C6-C20 substituted or unsubsti-
tuted aryl radical, or an aryl-substituted C1-C10 alkyl radical,
and wherein R, is H, a C1-C30 alkyl radical, a C5-C30
substituted or unsubstituted cycloalkyl radical, a C6-C20 sub-
stituted or unsubstituted aryl radical, or an aryl-substituted
C1-C10 alky! radical;

C
H O ©

H,C=C~—0—C—Rs

wherein Ry is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;

)]
H :

H,C==C—0—Rg

wherein Ry is H, a C1-C30 alkyl radical, or a C6-C20 substi-
tuted or unsubstituted aryl radical;

(E)

R; Rg

|
H,C==C—C==CH,

wherein R; is H or a C1-C18 alky! radical, and Rq is H, a
C1-C18 alkyl radical, or CI;
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F
o (F)
R, o——g E—OR
) 9 \C=C/ 10
/N
H H

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

(S)
H\ C~—OR
(o] Y V]
”/C=C\/
R“O'—C H

wherein R;, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

(H)

ORj4
R0

[¢]

wherein R;; and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

@

/ NR;s

O

wherein R, 5 is H, a C1-C30 alkyl radical, a C6-C20 substi-
tuted or unsubstituted ary! radical, a C5-C30 substituted or
unsubstituted cycloalkyl radical, or heterocyclic radicals;

@
Cl
>=CH2;
H
on X)
A 2
[
——Ry;s or Ryg
Z
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wherein R 4 is H, a C1-C30 alkyl radical, or a C6-C20 aryl
radical;

L
al L)
ch~<
CHy;
. ™)
HZC\/ ’
™)
N;
Hzc\'/
CHs
(0)

Ry7

H,C Rys

\
O
an

wherein R, and R, are independently H, a C1-C30 alkyl
radical, a C6-C20 substituted or unsubstituted aryl radical, a
CS5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals;

®

H,C

wherein R, and R, are independently H, a C1-C30 alky]
radical, a C6-C20 substituted or unsubstituted aryl radical, a
C5-C30 substituted or unsubstituted cycloalkyl radical, or
heterocyclic radicals.

In one embodiment of the present invention, the drag
reducing polymer can comprise repeating units of the resi-
dues of C4-C20 alkyl, C6-C20 substituted or unsubstituted
aryl, or aryl-substituted C1-C10 alkyl ester derivatives of
methacrylic acid or acrylic acid. In another embodiment, the
drag reducing polymer can be a copolymer comprising
repeating units of the residues of 2-ethylhexyl methacrylate
and the residues of at least one other monomer. In yet another
embodiment, the drag reducing polymer can be a copolymer
comprising repeating units of the residues of 2-ethylhexyl
methacrylate monomers and butyl acrylate monomers. In still
another embodiment, the drag reducing polymer can be a
homopolymer comprising repeating units of the residues of
2-ethylhexyl methacrylate.

In one embodiment of the present invention, the drag
reducing polymer can comprise the residues of at least one
monomer having a heteroatom. As stated above, the term
“heteroatom” includes any atom that is not a carbon or hydro-
gen atom. Specific examples of heteroatoms include, but are
not limited to, oxygen, nitrogen, sulfur, phosphorous, and/or
chlorine atoms. In one embodiment, the drag reducing poly-
mer can comprise at least about 10 percent, at least about 25
percent, or at least 50 percent of the residues of monomers
having at least one heteroatom. Additionally, the heteroatom
can have a partial charge. As used herein, the term “partial
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charge” is defined as an electric charge, either positive or
negative, having a value of less than 1.

The surfactant used in the above-mentioned reaction mix-
ture can include at least one high HLB anionic or nonionic
surfactant. The term “HLB number” refers to the hydrophile-
lipophile balance of a surfactant in an emulsion. The HLB
number is determined by the methods described by W. C.
Griffin in J. Soc. Cosmet. Chem., 1, 311 (1949) and J. Soc.
Cosmet, Chem., 5,249 (1954), which are incorporated herein
by reference. As used herein, the term “high HLB” shall
denote an HLB number of 7 or more. The HLB number of
surfactants for use with forming the reaction mixture can be at
least about 8, at least about 10, or at least 12.

Exemplary high HLB anionic surfactants include, but are
not limited to, high HLB alkyl sulfates, alkyl ether sulfates,
dialkyl sulfosuccinates, alkyl phosphates, alkyl aryl sul-
fonates, and sarcosinates. Suitable examples of commercially
available high HLB anionic surfactants include, but are not
limited to, sodium lauryl sulfate (available as RHODAPON
LSB from Rhodia Incorporated, Cranbury, N.J.), dioctyl
sodium sulfosuccinate (available as AEROSOL OT from
Cytec Industries, Inc., West Paterson, N.J.), 2-ethylhexyl
polyphosphate sodium salt (available from Jarchem Indus-
tries Inc., Newark, N.J.), sodium dodecylbenzene sulfonate
(available as NORFOX 40 from Norman, Fox & Co., Vernon,
Calif.), and sodium lauroylsarcosinic (available as HAMPO-
SYL L-30 from Hampshire Chemical Corp., Lexington,
Mass.).

Exemplary high HL.B nonionic surfactants include, but are
not limited to, high HLB sorbitan esters, PEG fatty acid
esters, ethoxylated glycerine esters, ethoxylated fatty amines,
ethoxylated sorbitan esters, block ethylene oxide/propylene
oxide surfactants, alcohol/fatty acid esters, ethoxylated alco-
hols, ethoxylated fatty acids, alkoxylated castor oils, glycer-
ine esters, linear alcohol ethoxylates, and alkyl phenol
ethoxylates. Suitable examples of commercially available
high HLB nonionic surfactants include, but are not limited to,
nonylphenoxy and octylphenoxy poly(ethyleneoxy)ethanols
(available as the IGEPAL CA and CO series, respectively
from Rhodia, Cranbury, N.J.), C8 to C18 ethoxylated primary
alcohols (such as RHODASURF LA-9 from Rhodia Inc.,
Cranbury, N.J.), C11 to C15 secondary-alcohol ethoxylates
(available as the TERGITOL 15-S series, including 15-S-7,
15-8-9, 15-8-12, from Dow Chemical Company, Midland,
Mich.), polyoxyethylene sorbitan fatty acid esters (available
as the TWEEN series of surfactants from Uniquema, Wilm-
ington, Del.), polyethylene oxide (25) oleyl ether (available
as SIPONIC Y-500-70 from Americal Alcolac Chemical Co.,
Baltimore, Md.), alkylaryl polyether alcohols (available as
the TRITON X series, including X-100, X-165, X-305, and
X-405, from Dow Chemical Company, Midland, Mich.).

In one embodiment, the initiation system for use in the
above-mentioned reaction mixture can be any suitable system
for generating free radicals necessary to facilitate emulsion
polymerization. Possible initiators include, but are not lim-
ited to, persulfates (e.g., ammonium persulfate, sodium per-
sulfate, potassium persulfate), peroxy persulfates, and perox-
ides (e.g., tert-butyl hydroperoxide) used alone or in
combination with one or more reducing components and/or
accelerators. Possible reducing components include, but are
not limited to, bisulfites, metabisulfites, ascorbic acid, ery-
thorbic acid, and sodium formaldehyde sulfoxylate. Possible
accelerators include, but are not limited to, any composition
containing a transition metal having two oxidation states such
as, for example, ferrous sulfate and ferrous ammonium sul-
fate. Alternatively, known thermal and radiation initiation
techniques can be employed to generate the free radicals. In
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another embodiment, any polymerization and corresponding
initiation or catalytic methods known by those skilled in the
art may be used in the present invention. For example, when
polymerization is performed by methods such as addition or
condensation polymerization, the polymerization can be ini-
tiated or catalyzed by methods such as cationic, anionic, or
coordination methods.

When water is used to form the above-mentioned reaction
mixture, the water can be purified water such as distilled or
deionized water. However, the continuous phase of the emul-
sion can also comprise polar organic liquids or aqueous solu-
tions of polar organic liquids, such as those listed below.

As previously noted, the reaction mixture optionally can
include a buffer. The buffer can comprise any known buffer
that is compatible with the initiation system such as, for
example, carbonate, phosphate, and/or borate buffers.

As previously noted, the reaction mixture optionally can
include at least one hydrate inhibitor. The hydrate inhibitor
can be a thermodynamic hydrate inhibitor such as, for
example, an alcohol and/or a polyol. In one embodiment, the
hydrate inhibitor can comprise one or more polyhydric alco-
hols and/or one or more ethers of polyhydric alcohols. Suit-
able polyhydric alcohols include, but are not limited to,
monoethylene glycol, diethylene glycol, triethylene glycol,
monopropylene glycol, and/or dipropylene glycol. Suitable
ethers of polyhydric alcohols include, but are not limited to,
ethylene glycol monomethyl ether, diethylene glycol
monomethyl ether, propylene glycol monomethyl ether, and
dipropylene glycol monomethyl ether.

Generally, the hydrate inhibitor can be any composition
that when mixed with distilled water at a 1:1 weight ratio
produces a hydrate inhibited liquid mixture having a gas
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hydrate formation temperature is used herein to define what
constitutes a “hydrate inhibitor,” such gas hydrate tempera-
ture is presumed to be determined using a natural gas com-
position containing 92 mole percent methane, 5 mole percent
ethane, and 3 mole percent propane.

In forming the reaction mixture, the monomer, water, the at
least one surfactant, and optionally the hydrate inhibitor, can
be combined under a substantially oxygen-free atmosphere
that is maintained at less than about 1,000 ppmw oxygen or
less than about 100 ppmw oxygen. The oxygen-free atmo-
sphere can be maintained by continuously purging the reac-
tion vessel with an inert gas such as nitrogen and/or argon.
The temperature of the system can be kept at a level from the
freezing point of the continuous phase up to about 60° C., in
the range of from about 0 to about 45° C., or in the range of
from 0 to 30° C. The system pressure can be maintained in the
range of from about 5 to about 100 psia, in the range of from
about 10 to about 25 psia, or about atmospheric pressure.
However, higher pressures up to about 300 psia can be nec-
essary to polymerize certain monomers, such as diolefins.

Next, a buffer can be added, if required, followed by addi-
tion of the initiation system, either all at once or over time.
The polymerization reaction is carried out for a sufficient
amount of timeto achieve at least about 90 percent conversion
by weight of the monomers. Typically, this time period is in
the range of from between about 1 to about 10 hours, or in the
range of from 3 to 5 hours. During polymerization, the reac-
tion mixture can be continuously agitated.

The following table sets forth approximate broad and nar-
row ranges for the amounts of the ingredients present in the
reaction mixture.

Ingredient Broad Range Narrow Range

Monomer (wt. % of reaction mixture) 10-60% 30-50%

Water (wt. % of reaction mixture) 20-80% 50-70%
0.1-10% 0.25-6%

N Surfactant (wt. % of reaction mixture)

Initiation system

Monomer:[nitiator (molar ratio)
Monomer:Reducing Comp. (molar ratio)
Accelerator:Initiator (molar ratio)

Buffer

Optional hydrate inhibitor

5x10%1-2 x 10%1
1x10%1-5x 10%1 1 x 10%:1-2 x 1051
0.001:1-10:1 0.005:1-1:1
0 to amount necessary to reach pH of
initiation (initiator dependent, typically
between about 6.5-10)

If present, the hydrate inhibitor can
have a hydrate inhibitor-to-water
weight ratio from about 1:10 to about
10:1, about 1:5 to about 5:1, or 2:3 to 3:2.

1x10%1-5 x 1051

hydrate formation temperature at 2,000 psia that is lower than
the gas hydrate formation temperature of distilled water at
2,000 psia by an amountin the range of from about 10 to about
150°F., in the range of from about 20 to about 80° F., or in the
range of from 30 to 60° F. For example, monoethylene glycol
qualifies as a hydrate inhibitor because the gas hydrate for-
mation temperature of distilled water at 2,000 psia is about
70° F., while the gas hydrate formation temperature of a 1:1
mixture of distilled water and monoethylene glycol at 2,000
psiais about 28° F. Thus, monoethylene glycol lowers the gas
hydrate formation temperature of distilled water at 2,000 psia
by about 42° F. when added to the distilled water at a 1:1
weight ratio. It should be noted that the gas hydrate formation
temperature of a particular liquid may vary depending on the
compositional make-up of the natural gas used to determine
the gas hydrate formation temperature. Therefore, when gas
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The emulsion polymerization reaction yields a latex com-
position comprising a dispersed phase of solid particles and a
liquid continuous phase. The latex can be a stable colloidal
dispersion comprising a dispersed phase of high molecular
weight polymer particles and a continuous phase comprising
water. The colloidal particles can comprise in the range of
from about 10 to about 60 percent by weight of the latex, orin
the range of from 40 to 50 percent by weight of the latex. The
continuous phase can comprise water, the high HLB surfac-
tant, the hydrate inhibitor (if present), and buffer as needed.
Water can be present in the range of from about 20 to about 80
percent by weight of the latex, or in the range of from about 40
to about 60 percent by weight of the latex. The high HLB
surfactant can comprise in the range of from about 0.1 to
about 10 percent by weight of the latex, or in the range of from
0.25 to 6 percent by weight of the latex. As noted in the table
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above, the buffer can be present in an amount necessary to
reach the pH required for initiation of the polymerization
reaction and is initiator dependent. Typically, the pH required
to initiate a reaction is in the range of from 6.5 to 10.

When a hydrate inhibitor is employed in the reaction mix-
ture, it can be present in the resulting latex in an amount that
yields ahydrate inhibitor-to-water weight ratio in the range of
from about 1:10 to about 10:1, in the range of from about 1:5
to about 5:1, or in the range of from 2:3 to 3:2. Alternatively,
all or part of the hydrate inhibitor can be added to the latex
after polymerization to provide the desired amount of hydrate
inhibitor in the continuous phase of the latex.

In one embodiment of the present invention, the drag
reducing polymer of the dispersed phase of the latex can have
a weight average molecular weight (M,) of at least about
1x10° g/mol, at least about 2x10° g/mol, or at least 5x10°
g/mol. The colloidal particles of drag reducing polymer can
have a mean particle size of less than about 10 microns, less
than about 1,000 nm (1 micron), in the range of from about 10
to about 500 nm, or in the range of from 50 to 250 nm. At least
about 95 percent by weight of the colloidal particles can be
larger than about 10 nm and smaller than about 500 nm. At
least about 95 percent by weight of the particles can be larger
than about 25 nm and smaller than about 250 nm. The con-
tinuous phase can have a pH in the range of from about 4 to
about 10, or in the range of from about 6 to about 8, and
contains few if any multi-valent cations.

In one embodiment of the present invention, the drag
reducing polymer can comprise at least about 10,000, at least
about 25,000, or at least 50,000 repeating units selected from
the residues of the above mentioned monomers. In one
embodiment, the drag reducing polymer can comprise less
than 1 branched unit per each monomer residue repeating
unit. Additionally, the drag reducing polymer can comprise
less than 1 linking group per each monomer residue repeating
unit. Furthermore, the drag reducing polymer can exhibit
little or no branching or crosslinking. Also, the drag reducing
polymer can comprise perfluoroalkyl groups in an amount in
the range of from about 0 to about 1 percent based on the total
number of monomer residue repeating units in the drag reduc-
ing polymer.

As mentioned above, a liquid hydrocarbon can be treated
with the drag reducing polymer in order to reduce drag asso-
ciated with flowing the liquid hydrocarbon through a conduit.
In order for the drag reducing polymer to function as a drag
reducer, the polymer should dissolve or be substantially sol-
vated in the liquid hydrocarbon. Accordingly, in one embodi-
ment of the present invention, the drag reducing polymer can
have a solubility parameter that is within about 20 percent,
about 18 percent, about 15 percent, or 10 percent of the
solubility parameter of the liquid hydrocarbon, as discussed
above.

The solubility parameter of the drag reducing polymer is
determined according to the Van Krevelen method of the
Hansen solubility parameters. This method of determining
solubility parameters can be found on pages 677 and 683-686
of Brandrup et al., Polymer Handbook (4" ed., vol. 2, Wiley-
Interscience, 1999), which is incorporated herein by refer-
ence. According to Brandrup et al., the following general
equation was developed by Hansen and Skaarup to account
for dispersive forces, polar interactions, permanent dipole-
dipole interactions, and hydrogen bonding forces in deter-
mining solubility parameters:

8=(0,748,7+8;%)"2

where 3 is the solubility parameter, 3 ,is the term adjusting for
dispersive forces, §, is the term adjusting for polar interac-
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tions, and §,, is the term adjusting for hydrogen bonding and
permanent dipole-induced dipole. Systems have been devel-
oped to estimate the above terms using a group contribution
method, measuring the contribution to the overall solubility
parameter by the various groups comprising the polymer. The
following equations are used in determining the solubility
parameter of a polymer according to the Van Krevelen
method:

8,=(SF2, )\ 27
8,=(2E,,/7)"?

8,=ZF./V

The above equations and an explanation of how they are
used can be found on pages 677 and 683-686 of Brandrup et
al. The values for the variables F and E in the above equations
are given in table 4, page 686 of Brandrup et al., based on the
different residues comprising a polymer. For example, a
methyl group (—CH,) is given the following values: F ;=420
(Y2cm*?/mol), F,,=0 (J**cm*?/mol), E,~0 J/mol. Addi-
tionally, the values for the variable V in the above equations
are given in Table 3 on page 685 where, for example, a methyl
group (—CH,) is given a value of V=33.5 (cm*/motl). Using
these values, the solubility parameter of a polymer can be
calculated.

In one embodiment of the present invention, the drag
reducing polymer can have a solubility parameter, as deter-
mined according to the above equations, of at least about 17
MPa'*, in the range of from about 17.1 to about 24 MPa'?, or
in the range of from 17.5 to 23 MPa'/?, Furthermore, the drag
reducing polymer can have a solubility parameter that is
within about 4 MPa'’?, within about 3 MPa'?, or within 2.5
MPa'’? of the solubility parameter of the liquid hydrocarbon.

The drag reducing polymer can be added to the liquid
hydrocarbon in an amount sufficient to yield a drag reducing
polymer concentration in the range of from about 0.1 to about
500 ppmw, in the range of from about 0.5 to about 200 ppmw,
in the range of from about 1 to about 100 ppmw, or in the
range of from 2 to 50 ppmw. In one embodiment, at least
about 50 weight percent, at least about 75 weight percent, or
at least 95 weight percent of the solid drag reducing polymer
particles can be dissolved by the liquid hydrocarbon. In
another embodiment, the viscosity of the liquid hydrocarbon
treated with the drag reducing polymer is not less than the
viscosity of the liquid hydrocarbon prior to treatment with the
drag reducing polymer,

The efficacy of the high molecular weight polymer par-
ticles as drag reducers when added directly to a liquid hydro-
carbon is largely dependent upon the temperature of the liquid
hydrocarbon. For example, at lower temperatures, the poly-
mer dissolves at a lower rate in the liquid hydrocarbon, there-
fore, less drag reduction can be achieved. Thus, in one
embodiment of the present invention, the liquid hydrocarbon
can have a temperature at the time of treatment with the drag
reducing polymer of at least about 30° C., or at least 40° C.

The drag reducers employed in the present invention can
provide significant percent drag reduction. For example, the
drag reducers can provide at least about 5 percent drag reduc-
tion, at least about 15 percent drag reduction, or at least 20
percent drag reduction. Percent drag reduction and the man-
ner in which it is calculated are more fully described in
Example 5, below.

EXAMPLES

The following examples are intended to be illustrative of
the present invention in order to teach one of ordinary skill in
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the art to make and use the invention and are not intended to
limit the scope of the invention in any way.

Example 1
Preparation of Polymer A and Polymer B

In this example, two formulations for the materials used in
later examples are detailed. The resulting material in each
procedure is a dispersion of drag reducing polymer in an
aqueous carrier.

Preparation of Polymer A

Polymerization was performed in a 185-gallon stainless
steel, jacketed reactor with a mechanical stirrer, thermo-
couple, feed ports, and nitrogen inlets/outlets. The reactor
was charged with 440 1bs of monomer (2-ethylhexyl meth-
acrylate), 558.1 Ibs of de-ionized water, 41.4 Ibs of Polystep
B-5 (surfactant, available from Stepan Company of North-
field, 111.), 44 1bs of Tergitol 15-S-7 (surfactant, available from

Dow Chemical Company of Midland, Mich.), 1.86 Ibs of 20

potassium phosphate monobasic (pH buffer), 1.46 Ibs of
potassium phosphate dibasic (pH buffer), and 33.2 grams of
ammonium persulfate, (NH,),S,0, (oxidizer).

The mixture was agitated at 110 rpm to emulsify the mono-
mer in the water and surfactant carrier. The mixture was then
purged with nitrogen to remove any traces of oxygen in the
reactor and cooled to about 41° F. The agitation was slowed
down to 80 rpm and the polymerization reaction was initiated
by adding into the reactor 4.02 grams of ammonium iron(Il)
sulfate, Fe(NH,),(SO,),.6H,0 in a solution of 0.010 M sul-
furic acid solution in DI water at a concentration 0f 558.3 ppm
at arate of 10 g/min. The solution was injected for 10 hours to
complete the polymerization. The resulting latex was pres-
sured out of the reactor through a 5-micron bag filter and
stored. The solubility parameter of Polymer A was calculated
to be 18.04 MPa'’2.

Preparation of Polymer B

Preparation of Polymer B was performed in the same man-
ner as the preparation of Polymer A above, with the following
exception: the monomer charged to the reactor was an 80/20
weight percent blend of 2-ethylhexyl methacrylate and n-bu-
tyl acrylate. The solubility parameter of Polymer B was cal-
culated to be 20.55 MPa'’?,

Example 2
LP 100 and LP 300

LP 100 FLOW IMPROVER (LP 100) and LP 300 FLOW
IMPROVER (LP 300) underwent various tests described
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below and were compared to the experimental drag reducers
of the present invention, Polymer A and Polymer B, as
describedin Example 1. LP 100 and LP 300 are drag reducing
agents comprising polyalphaolefins. Specifically, LP 100
comprises poly(1-decene) and LP 300 comprises a copoly-
mer of poly(1-decene) and poly(1-tetradecene). Both LP 100
and LP 300 are commercially available from ConocoPhillips
Specialty Products Inc. The solubility parameter of the poly-
mer in LP 100 was calculated to be 16.49 MPa'/?, and the
solubility parameter of the polymer in LP 300 was calculated
to be 16.54 MPa'2,

Example 3

Asphaltene Content and Elasticity Response
(Affinity)

Crude oils ranging in classification from heavy crudes to
light crudes were first tested to determine their respective
concentrations of asphaltene and their API gravities. These
same crude oil samples were also tested to determine their
affinity for drag reducing agents as prepared in Examples 1
and 2. The results are listed in Table 1 below.

Asphaltene concentration was determined using pentane
precipitation and filtration. For each measurement listed in
Table 1, a 40-fold volume of pentane was added to approxi-
mately 16 grams of crude oil sample. The mixtures were
agitated via rolling for an overnight period, and allowed to set
for approximately 24 hours. The mixtures were then filtered
through a 0.8 micrometer filter to retain the asphaltene. The
asphaltenes retained were then weighed, and the weight per-
cent was calculated based upon the original crude oil sample
weight. API gravity was determined in accord with ASTM
test method D1298.

The crude oil’s affinity for drag reducing agents was deter-
mined by assessing each crude oil’s elasticity after being
tfreated with a drag reducing agent. Four samples of each
variety of crude oil were dosed at room temperature with 5
weight percent of Polymer A, Polymer B, LP 100, and LP 300
respectively. The samples were allowed to roll overnight to
insure full dissolution of the drag reducing agent into the
samples. After rolling, the samples were visually inspected
for their elastic response by inserting a hooked-end spatula
into the sample and pulling the spatula away from the bulk of
the sample. Some samples yielded a high response, meaning
that a highly elastic “string” or “rope” of crude oil could be
pulled from the sample. Conversely, some samples yielded no
response, meaning that the crude oil merely dripped from the
spatula.

TABLE 1

Asphaltene Content, API Gravity, and Elasticity Response

ELASTICITY RESPONSE
ASPHALTENE (AFFINITY)

Crude Oil CONTENT APl LP Lp Polymer  Polymer
Sample Type Test1 Test2 Gravity 100 300 A B
Merey Heavy 16.8 15.5 16.0° None None High High
Petrozuata ~ Heavy 18.8 18.1 9.1° None Nomne High High
Corocoro Heavy 6.0 6.7 25.1° Nome None High High
Albian Heavy 11.0 10.6 22.4° None None High High
Bow River  Heavy 114 10.3 21.8° None None High High
Maya Heavy 14.6 15.4 21.9° None None High High
Western Heavy 11.5 11.9 20.9° None None High High

Canadian
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Asphaltene Content, API Gravity, and Elasticity Response

ELASTICITY RESPONSE
ASPHALTENE (AFFINITY)

Crude Oil CONTENT API LP LP  Polymer Polymer
Sample Type Test1  Test2 Gravity 100 300 A B
Select
San Joaquin Heavy 8.9 8.9 13.0° None None High High
Valley
Marlim Heavy 6.7 6.6  222° High High High High
Blend
West Texas  Intermediate 2.8 2.8 31.6° High High Moderate Moderate
Sour
West Texas  Light 0.5 — 41.6° High High Moderate Moderate
Intermediate
Basrah Light 4.8 — 31.0° High High Moderate Moderate

The results in Table 1 tend to show that crude oils having a
higher asphaltene content and/or lower AP gravity have a
higher affinity for Polymers A and B than for LP 100 and 300.
Evidence of stronger affinity (i.e., increased elasticity) is
generally an indication of a higher potential for performance
as a drag reducing agent.

Example 4
Extensional Rheometry

The extensional viscosity (or extensional behavior) of a
fluid treated with a drag reducing polymer is directly related
to the polymer’s potential for reducing turbulent drag in the
fluid. If increased extensional behavior is observed in the fluid
upon addition of the drag reducing polymer, this is indicative
of increased potential for drag reduction performance. Con-
versely, if no extensional behavior is observed, the potential
for drag reduction performance in that fluid is unlikely. The
extensional behavior of a treated fluid can be determined by
capillary breakup extensional rheometry testing, performed
on a HAAKE CaBER 1, available from Thermo Electron
Corp., Newington, N.H., U.S.A.

The HAAKE CaBER 1 is operated by placing a small
quantity of sample (less than 0.1 ml) between top and bottom
circular plates using a 16 gauge, 1-inch long syringe needle.
The top plate is rapidly separated upwardly from the bottom
plate at a user-selected strain rate, thereby forming an
unstable fluid filament by imposing an instantaneous level of
extensional strain on the fluid sample. After cessation of
stretching, the fluid at the mid-point of the filament undergoes
an extensional strain rate defined by the extensional proper-
ties of the fluid. A laser micrometer monitors the midpoint
diameter of the gradually thinning fiuid filament as a function
of time. The competing effects of surface tension, viscosity,
mass transfer and elasticity can be quantified using model
fitting analysis software.

In this example, three samples were prepared and tested for
extensional rheometry using a HAAKE CaBER 1. The first
sample was untreated (neat) San Juaquin Valley Heavy
(SIVH) crude oil. The second sample was SJVH crude con-
taining 500 ppmw of the active polymer found in Polymer A
(poly(2-ethylhexyl methacrylate)) as prepared in Example 1,
and the third sample was SJVH crude containing 500 ppmw
of the active polymer found in LP 100 (poly(1-decene)) as
described in example 2. According to the procedure described
above, less than 0.1 ml of each of these three samples was
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placed between the two plates of the CaBER 1, and the plates
were separated quickly while measuring the diameter of the
resultant filament. For each test, the default instrument set-
tings were employed, and a Hencky strain of e=0.70 was used.
Hencky strain is defined as:

e= ln(é) where i

is the relative extension of the fluid. The diameter of the
resultant filament was measured against time. Each sample in
the above described procedure was tested 10 times to obtain
statistical confidence in the data. The results from these tests
are shown in FIGS. 1 through 3. Additionally, each test was
performed at a room temperature of about 25° C.

In each of FIGS. 1, 2, and 3, the filament diameter was
normalized, such that a filament diameter of d/d,, is shown,
where d,, is the filament diameter at time zero (0 seconds) and
d is the filament diameter at any given time thereafter. The
results from these tests show that the extensional behavior of
the untreated STVH crude oil and SJVH crude oil containing
500 ppmw the active polymer found in LP 100 (poly(l-
decene)) are very similar (shown in FIGS. 1 and 3, respec-
tively), indicating that LP 100 does not have any noticeable
potential for reducing drag of heavy crude oil in a pipeline.
However, SJVH having 500 ppmw of the active polymer
found in Polymer A (poly(2-ethylhexyl methacrylate)) shows
a significant increase in extensional rheometry, as shown in
FIG. 2. This increase in extensional rheometry indicates an
increased potential for Polymer A to reduce drag of heavy
crude oil in a pipeline.

Example 5
Pipeline Testing

Pipeline field testing was performed with various diameter
pipelines, and various crude oils, comparing the performance
of Polymers A and B, as prepared in Example 1, with LP 100
and LP 300, as described in Example 2. The following three
tests were performed, followed by their respective results in
tables 2, 3, and 4. For each of the three tests described below,
the percent drag reduction (% DR) was determined by mea-
suring the pressure drop in the segment of pipe being tested
prior to addition of drag reducing agent (AP,,,,) | and mea-
suring the pressure drop in the segment of pipe being tested
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after addition of drag reducing agent (AP,,.,,..,). The percent
drag reduction was then determined according to the follow-
ing formula:

% DR=((AP 50~

Test 1

Test 1 was conducted in a 12-inch diameter crude oil pipe-
line carrying West Texas Intermediate (WTI) crude oil. This
crude oil is a light crude, generally having an API gravity of
about 40°. WTI generally has a viscosity of approximately 4.5
centistokes at pipeline temperatures of 65 to 69° F. The pipe-
line tests in Test 1 were conducted in a 62-mile segment of the
pipeline running from Wichita Falls, Tex., to Bray, Okla. The
nominal flow rate of the pipeline during the field tests was
2,350 barrels/hr, and the nominal flow velocity in the pipeline
was 4.5 fi/s. The following drag reduction performance was
achieved:

treated)! BP pase)x100%

TABLE 2

LP 100 v. Polymer A & Polymer B in Light Crude (WTT)

CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 4.7 33.8
LP 100 23.5 67.2
Polymer A 40.4 244
Polymer A 80.1 36.3
Polymer B 40.2 313
Polymer B 81.0 40.4
Polymer B 150.4 45.7
Test2

Test 2 was conducted in an 18-inch diameter crude oil
pipeline carrying Albian Heavy Sour (AHS) crude oil blend.
This crude oil blend is a heavy crude oil, generally having an
API gravity of about 22°, AHS generally has a viscosity of
approximately 84 centistokes at a pipeline temperature of 71°
F. The pipeline tests in Test 2 were conducted in a 54-mile
segment of the pipeline running from Cushing, Okla., to
Marland, Okla. The nominal flow velocity in the pipeline was
4.8 ft/s. The nominal calculated Reynolds number for the
pipeline was 7,500. The following drag reduction perfor-
mance was achieved:

TABLE 3

LP 100 v. Polymer B in Heavy Crude (AHS)

CONCENTRATION DRAG REDUCTION
PRODUCT (ppmw) (%)
LP 100 41.6 0
Polymer B 25.2 23.1
Polymer B 100.0 42.5
Test 3

Test 3 was conducted in an 8-inch diameter crude oil pipe-
line carrying San Joaquin Valley Heavy (SJVH) crude oil
blend. This crude oil blend is a heavy crude oil, generally
having an API gravity of about 13°. SIVH generally has a
viscosity of approximately 100 centistokes at a pipeline tem-
perature of 165° F. The pipeline tests in Test 3 were conducted
ina 14-mile segment of the pipeline running from the Middle-
water pump station to the Junction pump station, both in
California. The nominal flow rate of the pipeline during Test
3 was 1,300 barrels/hr, and the nominal flow velocity in the
pipeline was 5.6 ft/s. The nominal calculated Reynolds num-
ber for the pipeline was 4,000. The following drag reduction
performance was achieved:
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TABLE 4
LP 300 v. Polymer A & Polymer B in Heavy Crude (STVH)
CONCENTRATION DRAG REDUCTION

PRODUCT (ppmw) (%)
LP 300 187.0 0

Polymer A 50.0 285
Polymer A 100.0 39.5
Polymer B 50.0 28.8
Polymer B 100 36.7

Comparing the above three tests, the results listed in Table
2 tend to show that the drag reduction achieved by addition of
LP 100 product in light crude oil yields slightly more favor-
able results than either of the EXP products. However, when
heavy crude oils are used, as shown in Tables 3 and 4, the use
of Polymers A or B results in higher percentages of drag
reduction than either of the LP products.

Numerical Ranges

The present description uses numerical ranges to quantify
certain parameters relating to the invention. It should be
understood that when numerical ranges are provided, such
ranges are to be construed as providing literal support for
claim limitations that only recite the lower value of the range
as well as claims limitation that only recite the upper value of
the range. For example, a disclosed numerical range of 10 to
100 provides literal support for a claim reciting “greater than
10” (with no upper bounds) and a claim reciting “less than
100” (with no lower bounds).

The present description uses specific numerical values to
quantify certain parameters relating to the invention, where
the specific numerical values are not expressly part of a
numerical range. It should be understood that each specific
numerical value provided herein is to be construed as provid-
ing literal support for a broad, intermediate, and narrow
range. The broad range associated with each specific numeri-
cal value is the numerical value plus and minus 60 percent of
the numerical value, rounded to two significant digits. The
intermediate range associated with each specific numerical
value is the numerical value plus and minus 30 percent of the
numerical value, rounded to two significant digits. The nar-
row range associated with each specific numerical valueis the
numerical value plus and minus 15 percent of the numerical
value, rounded to two significant digits. For example, if the
specification describes a specific temperature of 62° F., such
a description provides literal support for a broad numerical
range of 25° F. to 99° F. (62° F.+/-37° F.), an intermediate
numerical range of 43° F. to 81° F. (62° F.+/-19° F.), and a
narrow numerical range of 53° F. to 71° F. (62° F.+/-9° F.).
These broad, intermediate, and narrow numerical ranges
should be applied not only to the specific values, but should
also be applied to differences between these specific values.
Thus, if the specification describes a first pressure of 110 psia
and a second pressure of 48 psia (a difference of 62 psi), the
broad, intermediate, and narrow ranges for the pressure dif-
ference between these two streams would be 25 to 99 psi, 43
to 81 psi, and 53 to 71 psi, respectively.

Definitions

As used herein, the terms “comprising,” “comprises,” and
“comprise” are open-ended transition terms used to transition
from a subject recited before the term to one or more elements
recited after the term, where the element or elements listed
after the transition term are not necessarily the only elements
that make up the subject.

As used herein, the terms “including,” “includes,” and
“include” have the same open-ended meaning as “compris-

ing,” “comprises,” and “comprise.”
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As used herein, the terms “having,” “has,” and “have” have
the same open-ended meaning as “comprising,” “comprises,”
and “comprise.”

As used herein, the terms “containing,” “contains,” and
“contain” have the same open-ended meaning as “compris-
ing,” “comprises,” and “comprise.”

Asused herein, the terms “a,” “an,” “the,” and “said” mean
one or more.

Asused herein, the term “and/or,” when used in a list of two
or more items, means that any one of the listed items can be
employed by itself or any combination of two or more of the
listed items can be employed. For example, if a composition
is described as containing components A, B, and/or C, the
composition can contain A alone; B alone; C alone; A and B
in combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination.

The preferred forms of the invention described above are to
be used as illustration only, and should not be used in a
limiting sense to interpret the scope of the present invention.
Obvious modifications to the exemplary embodiments, set
forth above, could be readily made by those skilled in the art
without departing from the spirit of the present invention.

The inventors hereby state their intent to rely on the Doc-
trine of Equivalents to determine and assess the reasonably
fair scope of the present invention as pertains to any apparatus
not materially departing from but outside the literal scope of
the invention as set forth in the following claims.

What is claimed is:
1. A method of preparing a drag reducing polymer com-
prising:
preparing the drag reducing polymer with a solubility
parameter within 4 MPa'’ of the solubility parameter of
a liquid hydrocarbon;

wherein the drag reducing polymer is able to be injected
into a pipeline, such that the friction loss associated with
the turbulent flow through the pipeline is reduced by
suppressing the growth of turbulent eddies, into the liq-
uid hydrocarbon having an asphaltene content of at least
3 weight percent and an API gravity of less than about
26° to thereby produce a treated liquid hydrocarbon
wherein the viscosity of the treated liquid hydrocarbon
is not less than the viscosity of the liquid hydrocarbon
prior to treatment with the drag reducing polymer;

the drag reducing polymer is added to the liquid hydrocar-

bon in the range from about 0.1 to about 500 ppmw; and

a plurality of the repeating units comprise a heteroatom.

2. The method of claim 1, wherein the solubility parameter
of the drag reducing polymer is at least about 17 MPa'2,

3. The method of claim 1, wherein the drag reducing poly-
mer comprises at least about 25,000 repeating units.

4. The method of claim 1, wherein the drag reducing poly-
mer has a weight average molecular weight of at least 1x10°
g/mol.

5. The method of claim 1, wherein the drag reducing poly-
mer has a solubility parameter within 2.5 MPa'/? of the liquid
hydrocarbon.
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6. The method of claim 1, wherein the solubility parameter
of the liquid hydrocarbon is determined by the following
equation:

8,=[(AHV-RTYV]*?
where AHv is the energy of vaporization, R is the universal
gas constant, T is the temperature in Kelvin, V is the
molar volume and 8, is the solubility parameter.

7. The method of claim 1, wherein the solubility parameter
of the drag reducing polymer is determined by the following
equation:

3(8,7+8,7+8,)'?

where 8 is the solubility parameter, 3,~2F ,/V, 8,=QF,,/
V)1/2’ 6p:(2F2pi)U2N

8. A method of preparing a drag reducing polymer com-

prising:

preparing the drag reducing polymer with a solubility
parameter within 4 MPa'’* of the solubility parameter of
a liquid hydrocarbon;

wherein the drag reducing polymer is able to be injected
into a pipeline, such that the friction loss associated with
the turbulent flow through the pipeline is reduced by
suppressing the growth of turbulent eddies, into the lig-
uid hydrocarbon having an asphaltene content of at least
3 weight percent and an API gravity of less than about
26° to thereby produce a treated liquid hydrocarbon
wherein the viscosity of the treated liquid hydrocarbon
is not less than the viscosity of the liquid hydrocarbon
prior to treatment with the drag reducing polymer; and

the drag reducing polymer is added to the liquid hydrocar-
bon in the range from about 0.1 to about 500 ppmw; and

a plurality of repeating units comprise a heteroatom
wherein the heteroatom is selected from the group con-
sisting of an oxygen atom, a nitrogen atom, a sulfur atom
and/or a phosphorus atom.

9. A method of preparing a drag reducing polymer com-

prising:

preparing the drag reducing polymer with a weight average
molecular weight of at least 1x10° g/mol;

wherein the drag reducing polymer is able to be injected
into a pipeline, such that the friction loss associated with
the turbulent flow through the pipeline is reduced by
suppressing the growth of turbulent eddies, into a liquid
hydrocarbon having an asphaltene content of at least 3
weight percent and an API gravity of less than about 26°
to thereby produce a treated liquid hydrocarbon wherein
the viscosity of the treated liquid hydrocarbon is not less
than the viscosity of the liquid hydrocarbon prior to
treatment with the drag reducing polymer;

wherein the drag reducing polymer comprises at least
about 25,000 repeating units, and wherein a plurality of
the repeating units comprise a heteroatom, wherein the
heteroatom is selected from the group consisting of an
oxygen atom, a nitrogen atom, a sulfur atom and/or a
phosphorus atom; and

the drag reducing polymer is added to the liquid hydrocar-
bon in the range from about 0.1 to about 500 ppmw.
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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS
HOUSTON DIVISION

LUBRIZOL SPECIALTY PRODUCTS, INC,,

Plaintiff,
Civil Action No. 4:15-cv-02915

v.
DEMAND FOR JURY TRIAL

BAKER HUGHES INCORPORATED,

Defendant.

PLAINTIFF LUBRIZOL SPECIALTY PRODUCTS, INC.’S
RESPONSES AND OBJECTIONS TO DEFENDANT BAKER HUGHES
INCORPORATED’S FIRST SET OF REQUESTS FOR ADMISSION (NOS. 1-3)

Pursuant to Rules 26 and 36 of the Federal Rules of Civil Procedure, Plaintiff Lubrizol
Specialty Products, Inc. (“LSPI”) objects and responds to Defendant Baker Hughes Incorporated’s
(“Baker Hughes”) the First Set of Requests for Admissions to Plaintiff Lubrizol Specialty
Products, Inc. (Nos. 1-3) as follows.

GENERAL OBJECTIONS

1. LSPI objects to each and every one of Baker Hughes’s requests for admissions on
the grounds that it is unduly burdensome, untimely, and premature and violate the parties’ agreed
proposed Scheduling Order to the extent that it seeks expert testimony and opinion and
information that is the subject matter of expert discovery, the schedule for which is set forth
separately in the parties’ agreed proposed Scheduling Order.

2. LSPI objects to each and every one of Baker Hughes’s requests for admission to
the extent it seeks information protected by the attorney-client privilege, the work product

doctrine, or any other applicable privilege or immunity from production. Inadvertent disclosure
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of such information shall not constitute the waiver of any applicable privilege, doctrine,
immunity, or objection, and nothing contained in LSPI’s responses is intended to be, or in any
way shall be deemed, a waiver of any such applicable privilege, doctrine, or immunity.

3. LSPI objects to each and every request for admission, definition, and instruction
to the extent it seeks information that is trade secret and/or confidential or proprietary business
information of LSPI. To the extent that LSPI agrees to provide such information, it will only do
s0, if any and at all, subject to the District’s form Protective Order, see P.R. 2-2, and/or any
Protective Order entered by the Court.

4. LSPI objects to each and every request for admission, definition, and instruction,
including without limitation Definition and Instruction Nos. 3-4, to the extent that it seeks to
impose any burdens inconsistent with or in addition to LSPI’s obligations under the applicable
rules, including the Federal Rules of Civil Procedure, the Local Rules for the United States
District Court for the Southern District of Texas, the Rules of Practice for Patent Cases in the
Southern District of Texas, and Honorable Nancy F. Atlas Court Procedures and Forms, and
under any applicable order of the Court in the above-captioned matter, including the Order for
Scheduling Conference, Scope of Permissible Discovery and Directive to Confer (D.I. 20) and
any Scheduling Order, Protective Order, or ESI Discovery Order entered by the Court.

5. LSPI objects to each and every request for admission, definition, and instruction
to the extent it is vague, ambiguous, overly broad, or unduly burdensome.

6. LSPI objects to each and every request for admission, definition, and instruction
to the extent that it requires LSPI to draw or render a legal conclusion.

7. LSPI objects to each and every request for admission, definition, and instruction

to the extent it seeks information that is not relevant to any claim or defense in this matter, is not





proportional to the needs of the case, and/or is not reasonably calculated to lead to the discovery
of admissible evidence. LSPI’s response to a request for admission request does not constitute
admissions that any acts or events described are relevant or appropriately subject to further
discovery in this action.

8. LSPI objects to Baker Hughes’s requests for admission as overly broad, unduly
burdensome, not relevant to any claim or defense in this action, not proportional to the nedds of
the case, and not reasonably calculated to lead to the discovery of admissible evidence to the
extent they seek information that is beyond the temporal scope of permitted discovery in this
case and to the extent that it is not limited in time.

9.  LSPI objects to Baker Hughes’s requests for admission as overbroad and unduly
burdensome to the extent they exceed the geographic scope of permitted discovery in the case.

10.  LSPI objects to each and every definition, instruction, and request for admission
request to the extent it is compound and consists of multiple subparts that properly should be
counted as separate requests for admission under Rule 36 of the Federal Rules of Civil Procedure
and the Court’s Scheduling Order.

11.  Each and every General Objection shall be deemed to be incorporated in full into the
specific response set forth below. Any specific objections to the requests for admission are made
in addition to the General Objections, not as a replacement for them.

12. Discovery is ongoing in this action. LSPI therefore objects and responds to these
requests for admission based upon information in its possession at the time of preparation of this
response. LSPI reserves the right to amend, supplement, and/or correct its objections or
responses as additional information becomes available to LSPI in the course of its ongoing

discovery and investigation.





Subject to and without waiving the above General Objections, LSPI objects and responds
to Defendant’s requests for admission as follows:
PONSES AND SPECIFIC OBJECTIONS

REQUEST FOR ADMISSION NO. 1:

1. Prior to December 22, 2005, it was known in the field of liquid
hydrocarbon transport to prepare a drag reducing polymer that was able to be injected into
a pipeline, such that the friction loss associated with the turbulent flow through the
pipeline is reduced by suppressing the growth of turbulent eddies where:

1.1.  the solubility parameter of the drag reducing polymer was at least about
17 MPa'?;

1.2, the drag reducing polymer comprised at least about 25,000 repeating units;
1.2.1. a plurality of repeating units comprised a heteroatom and
1.2.2. wherein the heteroatom is was from the group consisting of an
oxygen atom, a nitrogen atom, a sulfur atom and/or a phosphorus atom;

and

1.3.  the drag reducing polymer had a weight average molecular weight of at
least 1x10° g/mol.

RESPONSE TO REQUEST FOR ADMISSION NO. 1:

In addition to its General Objections, LSPI objects to this request on the grounds that it is
unduly burdensome, untimely, premature, and violates the parties’ agreed proposed Scheduling
Order, because it seeks expert testimony and opinion and information that is the subject matter of
expert discovery, the schedule for which is set forth separately in the parties’ agreed proposed
Scheduling Order. LSPI objects to this request to the extent that it calls for a legal conclusion,
including without limitation legal conclusions with regard to patent validity, such as what “was
known in the field.” LSPI objects to this request on the grounds that it is vague, ambiguous,
incomprehensible, overly broad, not relevant to any claim or defense, and not reasonably

calculated to lead to the discovery of admissible evidence, because the request does not specify a





subject, i.e., by whom information “was known.” LSPI objects that this request on the grounds
that it is vague, ambiguous, incomprehensible, overly broad, not relevant to any claim or
defense, and not reasonably calculated to lead to the discovery of admissible evidence as to its
use of the term “the field of liquid hydrocarbon transport,” which term and use thereof is vague,
ambiguous, and incomprehensible. LSPI objects to this request on the grounds that it is vague
and incomprehensible, due to its use of multiple numbered sub-parts. LSPI objects to this
request on the grounds that it seeks information that is not relevant to any party’s claim or
defense and that is not proportional to the needs of the case.

Subject to and without waiving its General and Specific Objections, and to the extent that
the request can be reasonably understood, LSPI responds as follows: Denied.

REQUEST FOR ADMISSION NO. 2:

2. Prior to December 22, 2005, it was known in the field of liquid
hydrocarbon transport to prepare a drag reducing polymer that was able to be injected into
a pipeline, such that the friction loss associated with the turbulent flow through the
pipeline is reduced by suppressing the growth of turbulent eddies where:

2.1.  the liquid hydrocarbon had an asphaltene content of at least 3 weight percent;

2.2.  liquid hydrocarbon had an API gravity of less than about 26 degrees;

2.3, Wherein the drag reducing polymer has a solubility parameter within 4 MPal/2
of the solubility parameter of the liquid hydrocarbon.

RESPONSE TO REQUEST FOR ADMISSION NO. 2:

In addition to its General Objections, LSPI objects to this request on the grounds that it is
unduly burdensome, untimely, premature, and violates the parties’ agreed proposed Scheduling
Order, because it seeks expert testimony and opinion and information that is the subject matter of
expert discovery, the schedule for which is set forth separately in the parties’ agreed proposed

Scheduling Order. LSPI objects to this request to the extent that it calls for a legal conclusion,





including without limitation legal conclusions with regard to patent validity, such as what “was
known in the field.” LSPI objects to this request on the grounds that it is vague, ambiguous,
incomprehensible, overly broad, not relevant to any claim or defense, and not reasonably
calculated to lead to the discovery of admissible evidence, because the request does not specify a
subject, i.e., by whom information “was known.” LSPI objects that this request on the grounds
that it is vague, ambiguous, incomprehensible, overly broad, not relevant to any claim or
defense, and not reasonably calculated to lead to the discovery of admissible evidence as to its
use of the term “the field of liquid hydrocarbon transport,” which term and use thereof is vague,
ambiguous, and incomprehensible. LSPI objects to this request on the grounds that it is vague
and incomprehensible, due to its use of multiple numbered sub-parts. LSPI objects to this
request on the grounds that it seeks information that is not relevant to any party’s claim or
defense and that is not proportional to the needs of the case.

Subject to and without waiving its General and Specific Objections, and to the extent that
the terms used in the request can be reasonably understood, LSPI responds as follows: Denied.

REQUEST FOR ADMISSION NO. 3:

3. Prior to December 22, 2005, Ray L. Johnson, an inventor on the Patents-in-
Suit, was aware of the CDR 102M Flow Improver commercial polymeric drag reducer
solution.

RESPONSE TO REQUEST FOR ADMISSION NO. 3:

In addition to its General Objections, LSPI objects to this request to the extent that it is
ambiguous to the extent that intends to refer to inventor “Ray L, Johnston.” LSPI objects that
this request on the grounds that it is vague, ambiguous, overly broad; not relevant to any claim or
defense, not proportional to the needs of the case, and not reasonably calculated to lead to the

discovery of admissible evidence as to its use of the term “the CDR 102M Flow Improver





commercial polymeric drag reducer solution,” which term and use thereof are vague and
ambiguous. LSPI objects to this request on the grounds that it seeks information that is not
relevant to any party’s claim or defense and that is not proportional to the needs of the case.
Subject to and without waiving its General and Specific Objections, and to the extent that
the request can be reasonably understood, LSPI responds as follows: Based on LSPI’s
investigation to date, prior to December 22, 2005, Ray L. Johnston was aware of a commercial
composition known as CDR Flow Improver 102M that included a drag reduction polymer.
Except as stated in the foregoing, the request is denied. Discovery and LSPI’s investigation in
this case are on-going, and LSPI reserves the right to modify, amend, and/or supplement this

response as appropriate.





Dated: December 10, 2015

OF COUNSEL:

Elizabeth Stotland Weiswasser

(pro hac vice)
elizabeth.weiswasser@weil.com
Claire K. Comfort (pro hac vice)
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New York, NY 10153

(212) 310-8000
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(650) 802-3000
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/s/ Douglas W. McClellan
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CERTIFICATE OF SERVICE

I, Sean Mills, hereby certify that on December 10, 2015, a copy of PLAINTIFF
LUBRIZOL SPECIALTY PRODUCTS, INC.’S RESPONSES AND OBJECTIONS TO
DEFENDANT BAKER HUGHES INCORPORATED’S FIRST SET OF REQUESTS FOR
ADMISSION (NOS. 1-3) was served on Defendant’s counsel via e-mail at the following

addresses:

Robert J. McAughan, Jr.
Jeffrey A. Andrews

Bruce J. Cannon

SUTTON MCAUGHAN DEAVER PLLC
Three Riverway, Suite 900
Houston, Texas 77056

(713) 800-5700 (Telephone)
(713) 800-5699 (Facsimile)
bmcaughan@smd-iplaw.com
jandrews@smd-iplaw.com
bcannon@smd-iplaw.com

[s/Sean M. Mills
Sean M. Mills
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FLO ULTIMA 91000 DRA Increased Pipeline Flow

of Heavy Canadian Crude Qil Blend by 44%

Location: US Gulf Coast
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Increasing Dosage

A US Gulf Coast refinery wanted to increase
the amount of heavy Canadian crude in their
feedstock. However, drag in the pipeline and
the viscous nature of the crude created a
significant decrease in the flow rate compared
to lighter crude movements, limiting the
ability to increase heavy crude throughput.
This decreased the refinery’s profitability, as
they were unable to process higher volumes
of the economically favorable heavy Canadian
crude slate.

The customer approached Baker Hughes
seeking a solution to help increase their heavy
Canadian crude throughput and reduce drag
in the pipeline. Baker Hughes recommended
FLO™ ULTIMA 91000 drag reducing agent
(DRA), a chemistry specifically engineered to
improve the flow rate of heavy oil through
pipelines. This product is unique in that the
long chain polymer is specifically designed

to dissolve in asphaltenic crudes with an API
gravity of less than 23, providing an advantage

FLO is a trademark of Baker Hughes Incorporated.

Disclaimer of Liability: Tnis information is provided for general information purposes anly and s believed to be accurate as of the date hereof; however, Baker Hughes Incorporated and its affliates ¢o nct make any warranties o representat onsola y kind regarding
implied uananhesn reprasentaticns to the fullest extent permissible by law, including those of merchantagility, fitness for a particular purpose or use, title, non-infringement, accuracy, corractness of <

the infermation and disclaim all express

information provided herein. All information is furnishad “as is” and without any license to distribute. The user agreas to assume all liabilities related to the use of or reliance on such information. BAKER HUGHES INCORPORATED AND ITS AFFILIATI TES SHALL NOT BE

over conventional, competitive DRAs that are
only effective in lighter crude slates.

The refinery agreed to trial the new heavy oil

DRA using Baker Hughes injection equipment
in the transfer pipeline to the refinery.

FLO ULTIMA 91000 DRA was injected into the
pipeline at different dosage rates to optimize

the flow rate of the pipeline. Results from the
trial showed a 44% increase in the flow rate,

and a 62.5% reduction in drag.

As a result, the refinery was able to transport
the heavy Canadian crude much more
efficiently, increasing the amount of crude
they could process. And in turn, they were
able to increase their profitability through a
much faster speed to market using the

FLO ULTIMA 91000 DRA.

This case history is presented for
illustration purposes only, as results may
vary between applications.

LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, PUNITIVE, EXEMPLARY OR CONSEQUENTIAL DAMAGES FROM ANY CAUSE WHATSOEVER INCLUDING BUT NOT LIMITED TC ITS NEGLIGENCE.
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Results

= Increased heavy crude throughput
in pipeline by 44%

= Reduced drag in pipeline by 62.5%

Challenges

= Multiple crude feedstocks were
being transferred through a
6.9 mile pipeline into the refinery

= Refinery desired a larger proportion
of heavy oil in their crude slate,
but was limited by the reduced
flow capability of heavy oil in the
fungible system

= Refinery was forced to process a
lighter, more costly crude slate,
creating a lost profit opportunity

Baker Hughes solution

= FLO ULTIMA 91000 DRA designed
specifically for heavy oil transport

moleteness of the

HUGHES
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OVERVIEW

FLO ULTIMA Heavy Crude Drag Reducing Agents

Efficiently increase crude throughput and reduce pipeline drag

Heavy asphaltenic crudes are difficult to
transport via pipeline. Operators often use
large amounts of diluent or heat to reduce
viscosity and enable transportation. But, it
also adds frictional pressure which decreases
overall transmission efficiency. Because of
the high volume of diluents required, this
method often reduces the total volume of
crude being transported.

Baker Hughes FLO™ ULTIMA heavy crude

drag reducing agents (DRA) reduce frictional
pressure loss and increase throughput of
asphaltenic crudes that are restricted by
viscosity or operating pressure. FLO ULTIMA
DRAs increase the flow rate in pipelines

by more than 25%, transporting heavy crude
to market faster than conventional DRAs, while
also improving your bottom line.

The specific polymer design allows high drag
reduction delivery in heavy crudes with less
heat and diluents, reducing HSE risks and
concerns. The active latex polymer agent
dissolves in asphaltenic crudes with <23° AP
gravity to maintain a high performance level in

FLO is a trademark of Baker Hughes Incorperated.

Disclaimer of Liability: Tnis information is previded for general information purposes only and is telieved to be accurate as of the date hereof; however, Baker Hughes Incorporated and its
and implied wananueso representaticns to the fullest extent permissible by law, including those of merchantability, fitness for a particular pur
“asis” and without any license to distribute. The user agreas to assume all liabilities related to the use of or reliance o nsuch information. BAKER HUGHES INCORPORATED AND ITS AFFILIATES SHALL NOT BE

the information and disclaim all ex;
informaticn provided herein, All information is furnisne

pipelines. FLO ULTIMA heavy crude DRAs

do not coat the walls of the pipeline or
adversely affect the crude oil. These specialized
drag reducing agents help to reduce pressure
in the pipelines, which enables operators

to bypass pump stations and effectively
optimize power usage to lower overall

OPEX and increase the pipeline’s efficiency
and throughput.

Baker Hughes hydraulics professionals

will calculate the precise amount of

FLO ULTIMA heavy crude DRA required

to increase your pipeline’s throughput.

The high molecular weight polymer can
degrade to fragments of significantly lower
molecular weight after passing through
mainline pumps or other regions of high
shear, but is stable and will not degrade
during normal heavy crude pipeline flow.

Contact your Baker Hughes representative
or visit bakerhughes.com/FLO to learn

how our FLO ULTIMA heavy crude DRA

can help enhance your pipeline’s throughput
and reduce OPEX.

LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, PU: \ITWE EXEMPLARY OR CONSEQUENTIAL DAMAGES FROM ANY CAUSE WHATSOEVER INCLUDING BUT NOT LIMITED T ITS NEGLIGENCE.
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ffiliates do not make any warranties or representations of any kind regarding
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Applications
m Pipeline transportation of
asphaltenic crude ol

Features and Benefits
= Latex-based drag reducing agent
— Dissolves in asphaltenic crude

= Higher achievable drag reduction
in asphaltenic crude
— Increases pipeline flow rate
by more than 25%
— Enhances asphaltenic crude
throughput
— Improves speed to market
for heavy crudes
— Reduces pipeline pressures
— Enables shutdown of
intermediate pump stations
= Non-flammable product, simple
storage, and cleanup
— Lowers HSE risk
— Reduces OPEX and nitrogen-
pressurized storage requirements
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Enhancing flow for Canadian crudes

New DRA improves the movement of heavy oil through pipelines.

Lacy Rosson, Boker Hughes

he growing global demand for oil and gas and the cor-

responding drop in new sources of light, sweet crude
from conventional reservoirs has operators ramping up
their E&P efforts for heavier and harder-to-extract crude
stocks. While technological gains have allowed operators
to produce heavier crudes and refiners to profitably
process them, problems persist in getting them from
the field to the refinery.

Heavy crudes are notoriously difficult to transport via
pipeline due to their low API gravity (<20°) and high
inherent viscosities (upward of 10 cu. cp at surface tem-
perature and pressure). Solutions to this problem have
included the addition of large amounts of diluent or heat
to reduce the crude's viscosity and enable transportation.
However, these solutions are economically prohibitive in
many cases since the volume of diluent or heat genera-
tion required is quite high to sufficiently lower the viscos-
ity and overcome frictional pressure in a pipeline. As a
result, overall transmission efficiency is diminished, as is
the total volume of heavy crude transported via pipeline.

Reducing drag
Drag reducing agents (DRAs) are chemical alternatives
that have been used in production and
pipeline applications over the past two

Conventional DRA technology is not a flow-boosting
solution for all crude types, particularly for those that
contain precipitated asphaltenes. Canadian crudes are
characterized as being asphaltenic, which lowers the drag
reduction efficiency of many DRA polymers.

This limitation prompted Baker Hughes to develop
its FLO ULTIMA series of DRAs, which comprise a long-
chain latex polymer specifically designed to dissolve in
high asphaltene-content crudes with a gravity of less
than 23°APT and improve the flow of heavy oil through
pipelines.

The specific polymer design delivers high drag reduc-
tion in heavy crudes with less heat and lower diluent vol-
umes, reducing corresponding HSE risks and treatment
costs. The heavy crude DRA has been shown to reliably
reduce frictional pressure in crudes that are restricted
by viscosity or operating pressure and increase the flow
rate in pipelines by more than 50%. Hydraulic engineer-
ing professionals routinely work with pipeline operators
to calculate the precise amount of heavy crude DRA
required to increase a given pipeline’s throughput.

These specialized DRAs reduce pressure in the
pipelines without coating the inner walls or adversely
affecting the composition of the crude oil. This
serves to enable operators to bypass pump stations

decades. DRAs are high molecular- 0% [ 7% T
weight polymers that are added to the 3 % = 50%
Pipeline at a continuous dosage of just o 0% I e
a few ppm and act to interrupt the fric- § 35%- -50% 3R
tional pressure drop, or drag, gener- S 30%- % é
ated when the flowing crude comes - == . S
into contact with the pipe wall. E 0% ©
While research continues into under- | 2 2%+ ST =t
standing the precise mechanism of = % Drag 2% S
drag reduction, it’s understood that the 0%~ s
polymer molecules disrupt the forma- 5%
tion of turbulent eddies that form at o% / 0%
the contact point between the oil and Increasing Dosage

the pipe wall. Lower turbulence trans- : — —t -
FIGURE 1. Even af a low dosage, the heavy crude DRA dramatically boosted the flow
rate of Canadian crude Info the refinery, with a coresponding reduction in drag In the

pipeline. (Source: Baker Hughes)

lates to lower drag and improved flow
of heavy oil through the pipes, with
lower pumping requirements.

10

November 2014 | EPmag.com
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and effectively optimize power usage to lower overall
opex while increasing the pipeline’s efficiency and
throughput.

Boosting throughput

A U.S. Gulf Coast refiner required a drag reduction solu-
tion that would allow multiple crude feedstocks to be
transferred through a 6.9-mile (11.1-km) pipeline deliver-
ing into the refinery. The refiner had made equipment
upgrades to process a larger proportion of heavy oil and,
therefore, wanted to increase the amount of heavy asphal-
tenic Canadian crude in its feedstock.

However, the viscous nature of the crude coupled with
the drag generated in the pipeline caused a significant
drop in flow rate compared to lighter crude oils. This
resulted in decreased throughput of the economically
favorable heavy Canadian crude slate and a correspon-
ding drop in profitability.

The refiner approached Baker Hughes to help increase
its Canadian crude throughput using the new technology.

The refinery agreed to trial the new heavy oil DRA using
Baker Hughes injection equipment in the transfer
pipeline to the refinery.

The heavy crude DRA was injected into the pipeline
at different dosage rates to optimize the flow rate of the
pipeline (Figure 1). Results from the trial showed a 44%
increase in the flow rate and a 62.5% reduction in drag.

As a result, the refinery was able to transport the heavy
Canadian crude much more efficiently, increasing the
amount of crude it could process. And, in turn, it was
able to increase its profitability through a much faster
speed to market using the new DRA solution.

Growing need

Boosted flow efficiency provided by the FLO ULTIMA
heavy oil DRA is not limited to pipelines in and around
refineries but is possible to use in the entire pipeline net-
work between Canada’s oil sands and the U.S. Gulf Coast.
Much of this infrastructure has been in operation for
many years or even decades and as a result has been

PLANET |
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pressure de-rated. The heavy oil DRA allows the pipelines
to pump the same amount of crude at lower pressures,
thus extending the working life of these assets.

At the same time, pipeline operators are increasing
their capacity to keep up with the growing volumes of
heavy oil being imported to the U.S. from Canada. For
the week ending Sept. 5, 2014, oil imports from Canada
to the U.S. Midwest climbed to 2.21 MMbbl/d, according
to the U.S. Energy Information Administration (EIA).
This marked the largest crude shipment to the Midwest
from Canada since the EJA began reporting weekly data.

The January 2014 startup of TransCanada’s Gulf
Coast Pipeline Project, originally the southern leg of
the delayed Keystone XL pipeline extending from
Oklahoma through Texas, promises easier access to
heavy Canadian crudes for Gulf Coast refiners, Cana- The viscosity of Alberia’s heavy oll causes lssues in fransportation.
dian crude imports into the Gulf Coast hit an all-time
high of nearly 6.2 MMbbl in June 2012, according to the ~ important contribution to an operator’s strategy to get
EIA. As more of this heavy crude enters the U.S., tech- crude to refineries across the continent as efficiently,
nologies such as the new heavy oil DRA will be a vitally safely and cost-effectively as possible. EP
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Analysis of Field Sample B (Flowchem), Field Sample C (Baker Hughes), Field Sample D (Flowchem),
ExtremePower™, EP™ 1000 and EP™ 1500

Summary

Three field samples, Field Sample B (Flowchem), Field Sample C (Baker Hughes), and Field Sample D
(second Flowchem sample) were analyzed and compared to retain samples of LSPI's ExtremePower®,
EP™ 1000, and EP™ 1500. Qualitatively, the three field samples closely resembled ExtremePower®
products, with the only observable difference being their distinctive smell. Percent polymer testing
revealed Field Sample B and Field Sample D were very similar to the ExtremePower® products,
approximately 41%, while Field Sample C was approximately five polymer percent lower indicating a
lower percent active content.

Pyrolysis GC/MS analysis indicated the polymer composition of all three field samples was a
homopolymer of 2-ethylhexyl methacrylate. The same analysis technique revealed the correct 2-
ethylhexyl methacrylate/ n-butyl acrylate copolymer for the ExtemePower® and EP™ 1000 samples and
the 2-ethylhexyl methacrylate/ styrene copolymer for the EP™ 1500 sample. This analysis method also
indicated the presence bis-2-ethylhexyl adipate (DOA) in the EP™ 1000 sample and a much higher level
of 2-ethylhexanol in Field sample C compared to the other samples. The surfactant, sodium dodecyl
sulfate, was also detected in Field sample C and EP™ 1500 when run without dilution.

Non-pyrolysis GC/MS results of the non-polymer, non-volatile components, confirmed the presence of
the surfactant, sodium dodecyl sulfate, in EP™ 1500 and Field Sample C, and also indicated the presence
of bis-2-ethylhexyl maleate in Field samples B and D. This compound is expected to have the same
effect as DOA in EP™ 1000. None of the samples show any evidence of additional surfactants. Resuits
from other tests including FT-IR, DSC and inherent viscosity have also been included.

Qualitative Observations

Field Sample B, Field Sample C, and Field Sample D looked very similar to each other, and to the three
ExtremePower® products. All samples were opaque white, low viscosity, homogeneous liquids. Field
Sample B and Field Sample D had a “fresh” smell of a highly converted latex, while Field Sample D had a
moderately strong odor resembling a C8 alcohol. ExtremePower® and EP™ 1000 samples had a slight
odor of n-butyl acrylate, while EP™ 1500 had a very slight odor of styrene.

Percent Polymer analysis

Polymer was isolated from all six samples by precipitation of each into methanol. The isolated polymer
was washed several times with additional methanol and water prior to drying under vacuum. Table 1
below shows that Field Samples B and D both had 41% polymer in their formulations which is very close
to the three ExtremePower® products, while Field Sample C had 36% polymer, indicating the
formulation of Field Sample C had an approximately five percent lower active content.
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Table 1. Percent polymer results of three field samples and three ExtremePower® products.

Sample % Polymer
Field Sample B 41%
Field Sample C 36%
Field Sample D 41%
ExtremePower® 41%
EP™ 1000 42%
EP™ 1500 42%

Solids Analysis

A solids analysis was performed to measure the amount of non-volatile material, typically a combination
of polymer, surfactant, and potentially film inhibitors like DOA. Approximately 0.1 g of each sample was
added to aluminum weighing pans and placed in a vacuum oven overnight to obtain percent solids. The
results in Table 2 below shows percent solids results in a range from 38% to 48%. Combining this data
with the percent polymer results shows that the percent solids were about 1-3% higher than the
corresponding percent polymer for each sample. The one exception was EP™ 1000 sample where the
percent solids result was 6% higher. This higher value can be explained by the presence of the high
boiling point compound DOA in the EP™ 1000 formulation. The similar ranges between the percent
solids and percent polymer values for each sample suggests that the percent surfactant to percent
polymer ratios for each of the formulations is similar, and that DOA or compounds less volatile than DOA
are not present in any of the field samples.

Table 2. Percent solids results of three field samples and three ExtremePower® products.

Sample % Solids
Field Sample B 44%
Field Sample C 38%
Field Sample D 44%
ExtremePower® 45%
EP™ 1000 48%
EP™ 1500 43%

Pyrolysis GC/MS

The six samples were analyzed by pyrolysis GC/MS to determine the polymer composition. The data is
shown in Appendix A. The three field samples and the three ExtremePower® samples were submitted
for testing without any modifications. Each sample was diluted in chloroform prior to running with the
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exception of Field Sample C, which was run neat. EP™ 1500 was run both neat and with dilution for
comparison. All six samples showed the presence of 2-ethylhexyl methacrylate in the polymer structure
as evidenced by peaks corresponding to 2-ethylhexyl methacrylate, 3-methylene pentane and in some
cases 2-ethylhexanal. These are all compounds expected from the pyrolysis of a polymer containing 2-
ethylhexyl methacrylate. The results also indicated the presence of n-butyl acrylate in the
ExtremePower® and EP™ 1000 samples, and styrene in the EP™ 1500 sample. The presence of n-butyl
acrylate, styrene or any other comonomer was not detected in any of the field samples, suggesting each
was a homopolymer of 2-ethtylhexyl methacrylate.

Field Sample C, which was run without dilution, had peaks corresponding to decene and dodecene, likely
from the decomposition of the anionic surfactant, sodium dodecyl sulfate, a common in emulsion
polymerizations including ExtremePower® formulations. These peaks were not detected in the diluted
sample analysis most likely due to their low concentrations in the formulations. In order to confirm that
the decene and dodecene peaks were from a surfactant, EP™ 1500 also run at full strength and the
same decene and dodecene peaks observed in Field Sample C were detected in the EP™ 1500 sample.

GC/MS

The non-polymer, non-volatile components of Field Sample B, Field Sample C, Field Sample D, and EP™
1500 were also submitted for normal GC/MS analysis. These components were collected by evaporating
off the methanol used from the initial precipitation of the polymer. Both Field Sample C and EP™ 1500
had peaks corresponding to 2-ethylhexyl methacrylate and dodecene, most likely from residual
monomer and surfactant, respectively. Field Sample C also had a peak corresponding to 2-ethylhexanol.
This is in line with the strong C8 alcohol odor of this sample. Both samples also had several peaks
corresponding to chloro- or bromo- alkanes. It is thought at this point that these are artifacts of the
testing procedure and not present in the product formulations.

The results of the non-volatile, non-polymer components of Field Sample B and D only showed a single
peak above the noise level which corresponded to bis-2-ethyhexyl fumarate. It is currently being
investigated if this peak could also correspond to the cis isomer of this compound, bis-2-ethylhexyl
maleate, which is a known softening agent for acrylic polymers and similar to DOA. In addition, further
analysis is being conducted to determine surfactant identification of Field Sample B and D. This includes
either attempting to identify peaks in the noise level region or by running an additional pyrolysis GC/MS
sample at full concentration.

FT-IR Analysis

Isolated polymer samples of ExtremePower® and Field Sample B were submitted for FT-IR analysis. The
spectra are included in Appendix B. The absorption in the range of 1100 - 1300 cm™ for Field Sample B
shows a doublet of a doublet. This pattern is characteristic of a pure methacrylate based backbone. The
pattern in this range for sample ExtremePower® is a doublet of a singlet indicating the methacrylate
monomers present along the backbone are broken up by an acrylate comonomer, in this case n-butyl
acrylate. Additional samples were not submitted as the pyrolysis GC/MS technique for polymer
composition was sufficient.

DSC analysis
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DSC analysis was run on Field Sample B, Field Sample C and ExtremePower® to examine the carrier fluid.
The melting point for ExtremePower® was approximately -23°C while the melting point of both Field
Sample B and Field Sample C was 0°C indicating the two field samples were not freeze protected. DSC
analysis has not been run on Field Sample D, but no sign of a low volatility freeze protecting agent like
ethylene glycol was found in the workup of the methanol used for precipitation of the polymer.

Inherent Viscosity

Inherent viscosity (IV) measurements were run in order to compare the three field samples to the
ExtremePower® products. Since the exact percent polymer result was not known for the field samples,
IV solutions were made using the precipitated and dried polymer for each of six samples tested. As
shown in Table 3 below, the field samples ranged from approximately 15 to 18 dL/g. SincethelVis
dependent on polymer composition, the direct comparison with the ExtremePower® results cannot be
made. LSPlis familiar, however, with 2-ethylhexyl methacrylate homopolymers and 15-17 dL/g results
are in line with what would be expected for a good homopolymerization reaction. The ExtremePower®,
EP™ 1000 and EP® 1500 results are also in line with expected results for each of those products.

Table 3. Inherent Viscosity measurements of three field samples and ExtremePower® products.

Sample IV (dL/g)
Field Sample B 14.8
Field Sample C 16.9
Field Sample D 15.6

ExtremePower® 14
EP™ 1000 14
EP™ 1500 17.1
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Appendix A: GC/MS Results
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EP 1000

For Heavier Crude Ol

Background

EP™ 1000 Flow Improver is a part of the Lubrizol Specialty
Products, Inc. (LSPI) range of innovative and
technologically superior Flow Improver solutions. This
innovative and pioneering product provides the answer for
flow improvement in heavy crude petroleum pipeline
applications.

Historically, heavy crude oil has been a challenge for
existing commercially available drag reducing agents
(DRA). As crude oil gravities fall below ~23 °API, existing
DRAs become ineffective. LSPI developed a new class of
DRAs to address this need. EP™ 1000 Flow Improver is
proven to increase deliveries of produced heavy crude oil
to market.

Characteristics

EP™ 1000 Flow Improver is an aqueous dispersion. lts
robust characteristics make it a high-performing drag
reducer for many heavy crude oil pipeline applications.

This innovative product can provide greater than 50%
drag reduction, allowing companies to strategically
reduce pipeline operating costs, increase throughput,

Benefits v

Great performance;

. Greater than 50% drag reduc’aon ,
. lncreases flow rates wha!e mamtaanmg current

-, Supenor technology ..
_* Improves pxpelme capacnty wsthout cap:tal
__ investment. -
Reduces mtemal corrosion rate by up to 40%.
» Reduces crude heat loss.

decrease pressure or shut down intermediate pump
stations.

The successful application of EP™ 1000 Flow Improver
requires transition or turbulent flow regime in a portion of
the pipeline system, heavy crude oil/DRA polymer affinity,
and a suitable pipeline system configuration.

The polymer technology developed by LSPI allows
greater amounts of active polymer to be deployed in a
fixed amount of product. The polymer of choice shows
excellent hydrocarbon affinity and is able to attain
elevated levels of drag reduction under varied operating
scenarios. It also has the strength to effectively endure
shear forces. EP™ 1000 Flow Improver dissolves into
flowing product without coating pipeline walls and
increases throughput while reducing internal corrosion
rates.

Handling

EP™ 1000 Flow Improver is easy to handle, store and
clean up. It is nonflammable, flows easily, and does not
require nitrogen pressurized storage tanks.

See back page for product properties.

West Toxas Sour § High. - Modgrate 316
Basrah': . | High Moderate. f3¥:]
Corocoro . - | Nome . High 25.1
- Binisn. | Nane High 224
MartimBlend. | High " High )
Maya © iHeme . High 213
BowRliver None. High 218
Apiay Moderaly Moderaie 218
WCS (Western ™ § None . | High 0.8
Canadian-Sslect) .

Castia .~ {Nome High 18.0
Mersy . - None - High 1.8
SdVH {San Nonee High 139
Joagquin Valley

Heavy}

Petrozuata None' High @1

Laboratory crude oil/DRA polymer interaction
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EP"1000

Product Properties

Designed for use on Heavy petroleum crude oil

Flow Improver type Dispersion
Carrier/Solvent Water and glycol mixture

Maximum drag reduction Greater than 50%
Typical concentration 510 100 ppm

Color White
Density 8.51 Ibs/gal (1.03 g/cm®)
Clash Point > 200°F (93.3°C)
iSCOSity 11 _1 N "N Wt H o 3
Freezing Point -99:5 :F("_%Eé ) s-1 (Non-Newtonian) @ 77°F/25°C
\B/gmg? PPngure 222°F (1 06’0)
P 0.46 psia (24 mm Hg) @ 77°F/25°C

Operating range -9°F to 140°F (-23°C to 60°C)

Product stability Stable dispersion

No agitation required
Pressure No nitrogen or pressurized vessels required
Heating Climate control environment available

Pumps Various designs available for different injection range and environments
Range 5 to 2,500 gal/day (20 to 9,500 L/day)

Flow meter Mass (Coriolis)

Automation Available

country specific Safe

Safety & Health Nonflammable. Low toxicity. Conventional protection equipment
{per U.S. OSHA)

Environmental Not classified as hazardous waste
(per U.S. EPA)

©2014 Lubrizol Specialty Products, Inc. All rights reserved. | www.LubrizolSpecialtyProducts.com

The data presented is based on test results and experiences that Lubnizol Specialty Preducts, Inc. {LSP!) believes reliable and are supplied for information purposes only. |
LSP1 disclaims any liability, damage or injury that results from the use of the data and nothing contained herein shall constitute a guarantee. warrarty or representation
th d ny specific purpose. evenif that purpase is known to LSPL

LSPI_DRA_0008911
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Conoco
CDR°102

Flow Improver

Headquarters and Domestic Safes Office
Conoco Specialty Products lnc,

5 Greenway Plaza East

Suite 3034

P.0. Box 2197

Houston, TX 77252

(713) 965-1767 .

TELEX 775342,

TWX 910-88(-2557

International Sles Offices
Europe, Middle East, Africa
Conoco Specialty Products
A Division of SECA N.V.
8. Boulevard du Regent
Box No. §

1000 Brussels, Belgium
(32-2)-513-1944, $13-1943
TELEX 65851 SPEPRO

Pacific and Far East

Conoco Specialty Products Inc.

c/o Du Pont Far East, inc.

Box 1718 MCC

Makati Metro Manila, The Philippines

(63-2-818-9911
TELEX DUPHIL PN 63727

Latin America

Conoco Specialty Products Inc.
5 Greenway Plaza East

Suite 3034

£.0. Box 2197

Houston, TX 77252

(713) 965-1767

TELEX 775347

TWX 910-881-2557

Technical Sales Labaratory
Conoco Speciatty Products Inc.
1000 South Pine

£.0. Box 1267

Ponca City. OK 74603

(403) 767-3682

TELEX 147171

(conoco)

Conoco Specialty Products Inc.






‘Conoco

CDR"102

Flow Improver

General Information:

Conoco’s CDR® 102 Flow Improver is a second-generation, high-performance product used in pipe-
fines to reduce turbulence and improve-the flow characteristics of crude oil or hydrocarbon products.
CDR is a solution of high molecular-weight hydrocarbon polymer in a hydrocarbon solvent, and is
cffective at low concentrations (see Figure /), Actual performance will depend on the hydraulic
characteristics of the pipeline drid the physical ‘properties of the liquid. '

CDR 102 is injected directly into'the flowing product on the output side of the pipeline booster
pump. It can be used to decrease energy loss due to turbulence and increase product throughput at
constant pressure or, conversely, allow throughput to réinain constant at reduced pressure.

Application:

Physical expansion is often thé‘ ;ireferrcd solution to pipeline transportation problems. However,
there are many cases where CDR offers pipeline operators a practical 2nd more cost-ffective alterna-
tive to physical expansion. .

1. CDR can help alleviate bottlenecks in one or more pipeline segments.

2. CDR can be used in situations where increased throughput is desired, but physical expansion can-
not be economically justified.

3. CDR can be used in areas where physical expansion is difficult to accomplish due to geographic
or environmental problems. Examples are undersea pipelines, and pipelines in jungle or arctic
regions.

4, CDR Flow Improver can be used to immediately increase pipeline product throughput in situa-
tions where physical expansion cannot be accomplished within the desired time frames.

5. CDR can be used to overcome temporary or short-term flow problems, such as the 2-3 year peak
production periods of certain oil fields or applications where extra capacity requirements are
seasonal or sporadic.

6. CDR Flow Improver can be used as an alternative to appropriation of capital equipment funds.

7. In some cases, the use of CDR will allow construction of downsized, less-expensive pipeline
systems to satisfy specified throughput requirements.

8. CDR can be used in product lines to handle seasonal and other variable market demands.
Products in which CDR has been used successfully are gasoline, diesel, LPG, and NGL.

Performance:

CDR works in the flowing liquid by reducing turbulence. By reducing the amount of energy normally
lost to turbulent flow, CDR effectively increases pumping efficiency. The increased efficiency is
measured as increased flow and decreased pressure drop at constant pumping power or, conversely,
by reduced pressure at constant flow, Drag reduction is defined in Formula { as the difference in
pressure drop along a segmerit of pipeline between pumping untreated fluid and pumping {luid con-
taining CDR at a constant flow rate.

Formula 1

% Drag Reduction = F’:rusure :Drop. untreated—Pressure Drop with CDR X 100

Pressure Drop, untreated

Flow increase may then be calculated using Formula 2 (this assumes a relatively constant pump
efficiency).

Formula 2

]
_ %Drag Reduction
100

% Flow Increase =
' 1






Figure 1 Figure 2

Effect of CDR 102 Flow Improver Effect of CDR 102 Flow Improver
* Concentration on Flow Improvement Concentration On Flow Improvement
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CDR has been tested in pipelines ranging from 3/8 inch (0.95 cm) diameter test loops to the very
largest crude oil pipelines. These tests have proven the trouble-{ree performance of CDR in pipefines
and have defined the parameters which affect the performance of CDR. :

Concentration. The impact of CDR® 102 Flow Improver concentration on flow increase is presented
in Figures | and 2 at a constant pipeline velocity of 8.0.ft/sec (2.44 m/sec) for crude oils and petro-
leumn products such as gasoline, diesel, and LPG. Drag reduction (or {low increase at constant pres-
sure) increases with the polymer concentration. ’ '

Fluid Velocity. The effectiveness of CDR increases with increasing fluid velocity. This is because
CDR reduces the amount of energy lost to turbulence. As fluid velocity increases, turbulence
increases, and the effectiveness of CDR increases.

Fluid Viscosity. Also indicated in Figures / and 2 is the dependence of CDR performance on fluid
viscasity. CDR is more effective in low viscasity light crudes and petroleum products than in high vis-
cosity or “heavy™ crudes. At a-constant velocity, the flow of a light crude'is more turbulent than that
of a heavy crude, and reduction of turbulence by CDR is more pronounced. However, CDR has
been found to be commercially effective in crude gravities as low as 23° APL

Pipeline Diameter. The data in Figures I and 2 should be applicable to pipelines 8 inches (20.3 cm) in
diameter and larger. In lines smaller than 8 inches (20.3 mm) in diameter, the drag reduction perfor-
mance of CDR tends to increase with decreasing diameter. Thus, smaller lines and laboratory loops
may show higher drag reductions for given CDR concentrations than are indicated in the Figures.

Mechanical Shear. No degradation of CDR is observed-during normal pipeline flow. However, when
the treated liquid passes through regions of high shear, such as centrifugal pipeline booster pumps,
the drag-reducing properties of the polymer are greatly diminished.

Because CDR works by reducing turbulence in the flowing liquid, it must be added continuously. (it
does not coat the pipeline wall.) Drag reduction begins as soon as injection of CDR begins and
increases in magnitude until all liquid in the pipeline segment being treated contains CDR. At that
point, drag reduction will remain constant at constant CDR injection rates. When injection of CDR
is stopped. drag reduction immediately declines as untreated liquid displaces treated material in the
pipcline. Drag reduction continues to decline until all treated liquid has left the pipeline, at which
point the original flow condition of the line is reestablished.

Downstream Effects:

Crude Oil

The effect of CDR on crude oil pipelines has been extensively tested in.the laboratory as well as in
full-scale refinery tests as has the effect of residual CDR in the crude oil on refinery processes. CDR
presents no handling or processing problems in either case.

Petroleum Products .
Extensive testing has been conducted to show that CDR does not affect the results of fuel specifica-
tion tests for gasoline, diesel, and LPG fuels. Also, automobile road tésts and laboratory engine tests

have been performed for both gasoline and diesel fuel. CDR has no detrimental effect upon the life or
performance of engines. '






Properties:

CDR is a very thick, viscous, non-Newtonian, liquid (apparent viscosity decreases as shear rate
increases). Some important physical properties are presented in Table 1. Although CDR is very

viscous, transfer or injection can be readily accomplished using the appropriate equipment.

Table 1
Typical Properties of
CDR 102 Flow Improver
Flash Point, °F (°C) >142 >(61.1)
Density, Lb./U.S. Gal. (Kg/Liter) 6.8 0.814)
Ash, total, wt, % 0.19

Injection: : St

Injection of CDR into a pipeline is a straightforward mechanical process. Suitable injection pumps
are available “off-the-shel™ in a wide range of capacities. These should be used with a standard varia-
ble sgecd drive and an accurate flow indicator for close control of injection rates.,

Additional information and assistance in the design and procurement of injection equipment can be
provided, when appropriate, on request.

Technical Assistance:

Conoca personnel are experienced in analyzing specific applications and advising the feasibility of
CDR 102 Flow Improver on a cost/performance basis. They can also assist in all phases of product
evaluation and testing, from laboratory screening to full-scale injection tests,

Availability:

CDR is available from the Conoco Specialty Products Inc. production facility at Lake Charles,
Louisiana. Transportation is offered by rail tank car, tank truck or pressurized bulk containers
(45 psi) in sizes ranging from 700 to 5,000 gallons. Both bulk containers are IMCO and IATA
approved for air and sea transportation. : .

Inquiries:

All inquiries should be directed to the Vice President of Marketing, Conoco Speciaity Products Inc.,
Houston, Texas, or to the nearest international sales office. Inquiries will be held in strict confidence.

Storage and Handling:

Specific storage and handting information as well as Material Safety Data Sheets for CDR are avail-
able on request, CDR is classified as a combustible fiquid; its flash point is above 142°F, 1t should be
kept away from heat or open flame. It can cause skin and eye irritation, so care should be taken to
avoid contact with eyes or the skin. . ’

Spills can be cleaned up by treatment with an all;purposc grease.and oil absorbant followed by
mechanical coliection of the CDR-absorbant mass and disposal at an EPA-approved waste disposal
site. Detailed spill clean-up procedures are available on request.

Please refer to the Conoco Speciaity Products Ine. Maicrial Safety Data Sheet for specific, complete
information regarding this product.

(conoco)

Condco Specialty Products Inc.

. Conoco and CDR are registered irademarks of Conoco Inc. .
The data are based on tests and experience which Conoco believes reliable and are supplicd for informational purpases only.
Conoco disclaims any labitity for damage or injury which results from the use of the above data and aothing contained therein
shall constitute a guaranice, warranty, of representation (including freedom {rom patent Tiabikly) by Conoco with respect 1o the
data. the product described, or their use for any specific purpose, even if that purpose is known to Conoco, For detailed infosma-
tion regarding this product, pleasc refer to the respective Conoco Specialty Products Inc. Material Safety Data Sheet.

2-40714
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PRODUCT DATASHEET

LEP 300

Background

LE 300 Flow Improver is part of ConocoPhillips Specialty
Products’ (CSPI) range of innovative and technologically
superior Flow Improver Solutions. As part of the portfolio,
LR 300 Flow Improver has been designed specifically
for heavier types of crude.

Characteristics

LR 300 Flow Improver is an aqueous suspension product
with a greater affinity for heavier crudes. Like our other
LE Flow Improvers, it can provide more than 80% drag
reduction depending on pipeline or crude conditions.

Benefits

Great performance
® Designed specifically to increase
performance in heavier crudes
® Great heat stability in tropical
and desert environments

LE 300 Flow Improver allows companies to strategically
reduce pipeline operating costs, increase throughput,
decrease pressure, or shut down intermediate
pump stations.

LR 300 Flow Improver offers the same great polymer

technology as other LR Flow Improvers. It dissolves into
flowing product without coating pipeline walls. It increases
throughput while reducing internal corrosion rates.
It allows greater amounts of active polymer to be deployed
in a fixed amount of product while improving dissolufion
dynamics. The polymer of choice offers excellent
hydrocarbon affinity, and is able to attain elevated levels
of drag reduction under varied operating scenarios.
It also has the strength to effectively endure shear forces,
but will shear degrade in places where abnormally
high shear forces are exerted, eliminating concerns to
downstream processes.

Handling

LR 300 Flow Improver is easy to handle, store and
clean up. It is environmentally friendly and
non-flammable. It flows easily and does not require
nitrogen pressurized storage tanks.

See back page for product properties

® High achievable drag reduction
of more than 80% depending on
pipeline or crude conditions 100
® Increases flow rates while maintaining 901
current pipeline pressures 801
® Maintains flow while reducing g ::_'
pipeline pressures g )
® Allows shutting down of 2 5l
intermediate pump stations § 30
® 20
Superior technology 10
® Improves pipeline capacity 0
without capital investment
® Less polymer required to

Performance Graph

—— %DR for Light Crude

——— %DR for Heavy Crude
Typical performance region

20 40 60 80 100

Parts Per Million

achieve a given performance
® Lower injection rates than
traditional drag reducers
Faster dissolution rates than
traditional drag reducers
Reduces potential internal
corrosion rate by up to 40%
Reduces temperature loss

The performance curve shows the performance range in which LB 300
Flow Improver operates, depending on pipeline and crude conditions.

Contact us at www.LiquidPower.com

The LiquidPower logo and all products denoted with ™ or ®,
are trademarks of ConocoPhillips or its subsidiaries.





LP 300

PRODUCT PROPERTIES

FLOW IMPROVERS

GENERAL

Designed for use on Heavy Petroluem Crude Oil
Flow Improver type Suspension
Carrier/Solvent Water

PERFORMANCE

Maximum drag reduction More than 80 % depending on pipeline / crude conditions
Typical concentration 5 to 50 ppm

TYPICAL PERFORMANCE

Color Blue

Density 8.0 Ibs/gal (0.96 g/cm3)

Flash Point Not applicable

Viscosity 350 cP @ 511s' (Non-Newtonian)
Freezing Point 32°F (0°C)

Boiling Point 212°F (100°C)

Vapor Pressure 0.95 1b/in2 (24 mm Hg @ 25°C)

Operating range 32°F to 120°F (0°C to 48.9°C)

Product stability Stable suspension

Intermittent agitation recommended
Pressure No nitrogen or pressurized vessels required
Heating Climate control environment available

INJECTION EQUIPMENT

Pumps Various designs available for different injection range and environments
Range 5 to 2,500 gal/day (20 to 9,500 L/day)

Flow meter Mass (Coriolis)

Automation Available

SAFETY AND ENVIRONMENTAL (See Material Safety Data Sheet)

Safety Non-hazardous, non-flammable

Health Low toxicity. Conventional protection equipment

Environmental Very low aquatic toxicity
The data presented is based on test results and experiences that ConocoPhillips belicves reliable and are supplied for information purposes only. ConacoPhillips disclaims
any liability, damage or injury ﬂg}t’rgsults_&om the use of the data and nor.I-unda contained herein shall constitute a guarantee, warranty or representation (inclu freedom
from patent liability) by C hillips with respect to the data, the products described or their use for any specific purpose, even if that purpose is known to ConocoPhillips,
North America Europe, Middle East, Africa Russia and CIS
Latin America and Asia Pacific Gasheka str., 7
R.O. Box 2197 Romeinsesteenweg 468 Ducat Place I, Office #400
Houston B-1853 Strombeek Bever 123056, Moscow, Russia
TX 77252-2197 USA Brussels Tel: +7.095.785.2859
Tel: +1.832.486.2834 Belgium Fax: +7.095.785.2803

+1.800.897.2774 (USA Toll Free) Tel: +32.2.263.0520

Fax: +1.832.486.2881 Fax: +32.2.267.5176

Conocc;i’/hillips






LiquicPower

FLOW IMPROVERS

PRODUCT DATASHEET

LP 400

Background

LR 400 Flow Improver is part of ConocoPhillips Specialty
Products’ (CSPI) range of innovative and technologically
superior Flow Improver Solutions. As part of the portfolio,
LR 400 Flow Improver has been designed specifically
for heavier types of crude.

Characteristics

LR 400 Flow Improver is an aqueous suspension product
with a greater affinity for heavier crudes. Like our other
LR Flow Improvers, it can provide more than 80% drag
reduction depending on pipeline or crude conditions.

Benefits

Great performance

LE 400 Flow Improver allows companies to strategically
reduce pipeline operating costs, increase throughput,
decrease pressure, or shut down intermediate
pump stations.

LR 400 Flow Improver offers the same great polymer
technology as other LR Flow Improvers. It dissolves into
flowing product without coating pipeline walls. It increases
throughput while reducing internal corrosion rates.
It allows greater amounts of active polymer to be deployed
in a fixed amount of product while improving dissolution
dynamics. The polymer of choice offers excellent
hydrocarbon affinity, and is able to attain elevated levels
of drag reduction under varied operating scenarios.
It also has the strength to effectively endure shear forces,
but will shear degrade in places where abnormally
high shear forces are exerted, eliminating concerns to
downstream processes.

Handling

LR 400 Flow Improver is easy to handle, store and
clean up. It is environmentally friendly and non-flammable.
It flows easily and does not require nitrogen pressurized
storage tanks.

® Designed specifically to increase
performance in heavier crudes See back page for product properties
® Great heat stability in tropical
and desert environments
® High achievable drag reduction Performance Graph
of more than 80% depending on 100
pipeline or crude conditions 901
® Increases flow rates while maintaining sl
current pipeline pressures 5 ::_
® Maintains flow while reducing .
pipeline pressures § 401
® Allows shutting down of £ 30 —— %D for Light Crude
intermediate pump stations < 20 = ADIor Heawy Eyiida
10. Typical performance region
Superior technology 0 - - - '
® Improves pipeline capacity : 40 » o0 60 el
without capital investment Parts Per Million
® Less polymer required to
achieve a given performance The performance curve shows the performance range in which LP 400
® Lower injection rates than Flow Improver operates, depending on pipeline and crude conditions.
traditional drag reducers NOTE: A lab analyses can be conducted to determine if LP. 400 Flow
® Faster dissolution rates than Improver is the product of choice for performance in a given oil.
traditional drag reducers
® Reduces potential internal Contact us at www.LiquidPower.com
corrosion rate by up to 409 . )
° The LiquidPower logo and all products denoted with ™ or @,

Reduces temperature loss are trademarks of ConocoPhillips or its subsidiaries.

O





- LP 400

PRODUCT PROPERTIES
Designed for use on Heavy Petroluem Crude Oil
Flow Improver type Suspension
Carrier/Solvent Water
PERFORMANCE
Maximum drag reduction More than 80 % depending on pipeline / crude conditions
Typical concentration 5 to 50 ppm

TYPICAL PERFORMANCE

Color Blue

Density 8.0 Ibs/gal (0.96 g/cm3)

Flash Point Not applicable

Viscosity 450 cP @ 511s" (Non-Newtonian)
Freezing Point 32°F (0°C)

Boiling Point 212°F (100°C)

Vapor Pressure 0.95 1b/in2 (24 mm Hg @ 25°C)

Operating range 32°F to 120°F (0°C to 48.9°C)
Product stability Stable suspension

Intermittent agitation recommended
Pressure No nitrogen or pressurized vessels required
Heating Climate control environment available

INJECTION EQUIPMENT

Pumps Various designs available for different injection range and environments
Range 5 t0 2,500 gal/day (20 to 9,500 L/day)

Flow meter Mass (Coriolis)

Automation Available

SAFETY AND ENVIRONMENTAL (See Material Safety Data Sheet)

Safety Non-hazardous, non-flammable
Health Low toxicity. Conventional protection equipment
Environmental Very low aquatic toxicity
The data presented is based on test results and experiences that ConocoPhillips believes reliable and are supplied for informati purposes only. ConocoPhillips disclaims

any liability, damage or injury that results from the use of the data and nothing contained herein shall constitute a guarantee, warranty or representation (including freedom
from patent liability) by ConocoPhillips with respect to the data, the products described or their use for any specific purpose, even if that purpose is known to ConocoPhillips.

North America Europe, Middle East, Africa Russia and CIS

Latin America and Asia Pacific Gasheka str., 7

F.O. Box 2197 Romeinsesteenweg 468 Ducat Place Il, Office #400

Houston B-1853 Strombeek Bever 123056, Moscow, Russia

TX 77252-2197, USA Brussels Tel: +7.095.785.2859

Tel: +1.832.486.2834 Belgium Fax: +7.095.785.2803
+1.800.897.2774 (USA Toll Free) Tel: +32.2.263.0520

Fax: +1.832.486.2881 Fax: +32.2.267.5176

Conocc;P/hillips
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 1                         PROCEEDINGS

 2                   (Exhibits 1-7 marked.)

 3               THE VIDEOGRAPHER:  Today is February 9th,

 4   year 2016.  We'll go on the record.  9:00 a.m.

 5               We're here for the deposition -- oral

 6   deposition Rule 30(b)(6), United States District Court,

 7   Southern District of Texas, Houston Division, Cause

 8   No. 4:15-cv-02915.

 9               Can the lawyers introduce themselves and who

10   they represent.

11               MR. MCAUGHAN:  Sure.  Bob McAughan for Baker

12   Hughes, Incorporated, the defendant.

13               With me is Chris Lonvick, a clerk at our

14   firm, and Anthony Matheny from Baker Hughes,

15   Incorporated.

16               MS. WEISWASSER:  I'm Elizabeth Weiswasser at

17   Weil, Gotshal & Manges' New York City office.  I am here

18   representing the plaintiff, Lubrizol Specialty Products,

19   Inc.

20               MS. DAY:  And I'm Suzanne Day.  I am chief

21   legal officer for the Lubrizol Corporation.  I'm here on

22   behalf of plaintiff, LSPI.

23                       BRIAN DUNN, PhD

24   was called as a witness and, being first duly sworn by

25   the notary, testified as follows:
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 1                         EXAMINATION

 2      Q.  (BY MR. MCAUGHAN)  I placed before you what has

 3   been previously marked as Deposition Exhibit No. 1.

 4   It's a copy of Baker Hughes, Incorporated's notice of

 5   intention to take oral deposition of Lubrizol.  Have you

 6   seen that document before?

 7      A.  I have.

 8      Q.  And do you understand that that document

 9   identifies a number of topics on which the deposition

10   today is to be conducted?

11      A.  I do.

12      Q.  And have you agreed to serve as Lubrizol's

13   designated representative witness in connection with

14   those topics?

15      A.  I have.

16      Q.  In general, what did you do to prepare to testify

17   with respect to the topics in Exhibit 1?

18               MS. WEISWASSER:  I'd just make an objection

19   for the record.  I would object to the extent that

20   you're asking for any privileged communications going to

21   the witness' discussions with his lawyer.

22               You can go ahead and answer.

23      A.  I met with counsel.  I met with Liz yesterday,

24   the majority of the day.  I met with Liz by telephone

25   and Doug McClellan in person in December.  I reviewed
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 1   the complaint, as well as the notice, as -- as well as

 2   other materials in -- in this case, the request for

 3   admissions, the interrogatories.

 4      Q.  (BY MR. MCAUGHAN)  Okay.  Did you talk to any

 5   individuals within the technical staff of Lubrizol?

 6      A.  No.

 7      Q.  So, other than the lawyers, were there any other

 8   employees of Lubrizol you talked to for preparation?

 9      A.  During part of the preparation yesterday,

10   Dr. Ken Smith was on the phone.

11      Q.  And what is Dr. Ken Smith's position within

12   Lubrizol?

13      A.  Dr. Ken Smith is a senior principal scientist

14   within Lubrizol Specialty Products.

15      Q.  Okay.  Was there anybody else that you talked to

16   other than the lawyers and -- and Ken Smith?

17      A.  There was not.

18      Q.  Now, you mentioned that you reviewed some

19   materials, and I'll note for the record, you brought

20   some materials with you today, correct?

21      A.  Yes.

22      Q.  Are there any materials other than those you

23   brought with you today that you reviewed in connection

24   with your preparation for the deposition?

25      A.  No.
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 1      Q.  Now, you mentioned that you reviewed the

 2   complaint in this action?

 3      A.  Yes.

 4      Q.  If you could turn in the stack in front of you to

 5   Exhibit 2, which is a copy of the complaint.  And you've

 6   reviewed the complaint, correct?

 7      A.  I have.

 8      Q.  If you look in the complaint at approximately

 9   paragraph 56 through 59, Lubrizol has made allegations

10   that Baker Hughes has infringed U.S. Patent No.

11   8,022,118.  Do you see that?

12      A.  Yes.

13      Q.  And I'm going to refer to that patent as the '118

14   patent.  Is that acceptable to you?

15      A.  It is.

16      Q.  Okay.  At the time Lubrizol filed this complaint,

17   what evidence did it have that Baker Hughes directly

18   infringed the '118 patent?

19      A.  The evidence that we had was -- was the

20   marketing -- a lot of the marketing materials that had

21   been published that were found on the Baker Hughes

22   website.  There's -- there's copies inside the -- the

23   complaint as exhibits.  So, it was the technical content

24   of those marketing materials primarily.

25      Q.  Okay.  Now, you say it was the technical content
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 1   of those marketing materials primarily.  What other

 2   evidence did Lubrizol have that it believed supported an

 3   allegation that the '118 patent was infringed?

 4      A.  The other evidence was that a sample of the --

 5   the Baker Hughes DRA product was examined for its

 6   chemical properties and found to contain one of the

 7   polymers that is as an example in our '118 patent.

 8      Q.  Okay.  You indicated -- other than the marketing

 9   materials and the sampling analysis, is there any other

10   evidence that Lubrizol had when it filed the complaint

11   that it believed supported its allegation that the '118

12   patent was infringed?

13               MS. WEISWASSER:  Let me just say to the

14   witness, you should feel free to take the time that you

15   need to look through the complaint, and there's no rush

16   to answer the question.  If you want to refer to that,

17   that's fine.

18      A.  I would say the other evidence would be that

19   Baker Hughes was participating in a -- in a tender for

20   one of L -- for a pipeline customer that was currently

21   being served by LSPI and that they had taken product to

22   a field trial.

23      Q.  Okay.  What customer was that?

24      A.  The -- the customer was Equipetrol in Columbia.

25      Q.  Okay.  Any other evidence?
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 1      A.  The other -- the other evidence would be Baker's

 2   appearance at a technical industry meeting in Canada in

 3   late 2014, where their representatives were offering to

 4   sell the FLO ULTIMA 91000 product for use in heavy crude

 5   oil.

 6      Q.  Okay.  Other than what you've identified, is

 7   there any other evidence that Lubrizol contends

 8   supported its position of infringement of the '118

 9   patent as of the filing date?

10      A.  No.

11      Q.  Now, you mentioned that there was a testing of a

12   sample.  What -- where was the sample obtained?

13      A.  The sample was obtained from the field trial in

14   Colombia.

15      Q.  Okay.  Do you know who in Colombia provided the

16   sample to Lubrizol?

17      A.  It was our -- our distributor in Colombia, Del

18   Rio.

19      Q.  Okay.  Del Rio is the name of the distributor?

20      A.  Yes.

21      Q.  And, in general, the sample was in what form?

22   Was it in a flask?  Was it a vial?  What -- what was the

23   nature of the sample?

24      A.  My recollection is that it was in a -- in a glass

25   bottle, about 4 ounces, approximately.
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 1      Q.  Okay.  And do you know approximately when Del Rio

 2   provided Lubrizol with this sample?

 3      A.  It was in the -- in the late spring of 2015, as I

 4   recall.

 5      Q.  Do you know the name of the individual at Del Rio

 6   that provided the sample to Lubrizol?

 7      A.  Ricardo Perez.

 8      Q.  Do you know how he obtained the sample?

 9      A.  I do not.

10      Q.  Did anybody at Lubrizol try to determine how that

11   sample was obtained?

12      A.  Not that I'm aware of.

13      Q.  Okay.  Who did Mr. Perez provide the sample to at

14   Lubrizol?

15      A.  He provided it to me.

16      Q.  He provided it to you.  So, you were in the --

17   you were in the -- where were you at the time?

18      A.  I was in our research center in Ponca City,

19   Oklahoma.

20      Q.  Was Mr. Perez asked to obtain a sample of the

21   Baker Hughes product?

22      A.  No.

23      Q.  He did this on his own?

24      A.  Yes.

25      Q.  Okay.  When he provided you the sample, did you
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 1   ask him where he got it?

 2      A.  I did not ask him where he got it, no.

 3      Q.  Did you ask him whether it was obtained in

 4   violation of any confidentiality agreements or

 5   contracts?

 6      A.  I did not ask him, no.

 7      Q.  So, he just gave you the sample, no questions

 8   asked on your end?

 9      A.  He did.

10      Q.  And what did he tell you when he obtained the

11   sample?

12      A.  He said this was a sample of the Baker Hughes

13   product they were -- that was undergoing a field trial

14   in Colombia.

15      Q.  Was he paid for obtaining the sample?

16      A.  No, he was not.

17      Q.  Okay.  After the sample was obtained, what did

18   you do with it?

19      A.  I asked one of the scientists in my group to

20   arrange for an analysis to determine what the chemical

21   composition of the polymer was.

22      Q.  And who was that scientist?

23      A.  His name is Mike Olechnowicz.  I can spell that

24   if you'd like.

25      Q.  Please.
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 1      A.  O L E C H N O W I C Z.

 2      Q.  And where is -- is that scientist, Mike, located?

 3      A.  He's located at our research city in Ponca City,

 4   Oklahoma.

 5      Q.  And he's a Lubrizol employee?

 6      A.  He is.

 7      Q.  And what's his position there?

 8      A.  He is a senior scientist in the R&D group of

 9   Lubrizol Specialty Products.

10      Q.  Why was it that Mr. Perez gave the sample to you

11   as opposed to someone else at Lubrizol?

12      A.  I'm the director of technology for Lubrizol

13   Specialty Products.  So, my responsibility is to

14   understand the technology of the drag reducing agents.

15      Q.  Can you explain generally the circumstances that

16   led to him giving you the sample.  Did he call you up

17   and say, "Hey, I've got a sample.  Can I come meet you?"

18   Or did he just drop in and happen to have it?

19      A.  I believe he called me to let me know that he

20   had -- he had acquired a sample, and I asked him to send

21   it to me so that we could analyze it and look for

22   potential infringement.

23      Q.  Now, he didn't send it to you, he flew up and

24   gave it to you in person, correct?

25      A.  No.  He mailed it to me.
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 1      Q.  Was it by FedEx?  Do you know how you got it?

 2      A.  I don't.  I would have to look at the -- I'm not

 3   sure who the carrier was.  I believe it was FedEx.

 4      Q.  Okay.  Do you know if there are any tracking

 5   records that would show when that was sent?

 6      A.  I -- I don't know.  I -- I presume there are but

 7   I don't know.

 8      Q.  So, when you obtained the sample and provided it

 9   to the scientist, Mike, what -- what exactly did you ask

10   him to do?

11      A.  I asked him to ascertain the chemical identity of

12   the polymer within that sample.

13      Q.  Okay.  Other than identifying the polymer

14   identity, were there any other tests you asked him to

15   perform?

16      A.  No.

17      Q.  Did you ask him to look at the viscosity of the

18   sample?

19      A.  Not specifically, no.

20      Q.  Did you ask him to look at the solubility

21   characteristics of the sample?

22      A.  No.

23      Q.  Okay.  Now, do you know if the sample that was

24   provided to you, was it a -- a polymer exclusively or

25   was it a polymer combined with other components to form
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 1   a drag reducing agent?

 2      A.  It -- it appeared to be a full formulation of a

 3   drag reducing product.

 4      Q.  And when you say a full formulation of a drag

 5   reducing product, what do you mean by that?

 6      A.  So, by that, I mean it has a polymeric active

 7   ingredient, as well as a carrier fluid of some sort and

 8   additional ingredients that will help stabilize the

 9   formulation or that are residual from the manufacturing

10   process.

11      Q.  And the lab scientist, Mike, did he perform the

12   analysis you requested?

13      A.  He sent the sample to the central analytical

14   sciences facility in Wickliffe, Ohio of Lubrizol, and

15   there an expert in -- in chemical analysis performed the

16   analysis.

17      Q.  Okay.  Do you know who actually performed the

18   analysis?

19      A.  I don't know who the analyst was.

20      Q.  Were you copied on any transition from the lab

21   scientist, Mike, to the analytical group which would

22   indicate what he was asking them to do?

23      A.  I was not, no.

24      Q.  Okay.  So, how do you know that he sent it to

25   that group?

0017

 1      A.  Mike told me he sent it to that group.

 2      Q.  Okay.

 3      A.  And then Mike issued a report with the

 4   conclusions of that group.

 5      Q.  Okay.  When you indicated Mike sent you a report,

 6   what -- what was the nature of that report?

 7      A.  It included the -- the results of the chemical

 8   analysis.

 9      Q.  Okay.  And did it include an analysis of any

10   patents or was it simply a technical report?

11      A.  No, it was just an analysis of the -- of the --

12   chemical analysis of the active ingredient in that

13   product.

14      Q.  Okay.  Now, did Mike prepare a report in addition

15   to the report prepared by the analytical group or was

16   there just one report?

17      A.  Mike prepared a report.  The analytical group

18   provided just the data.

19      Q.  And did you get a -- have you seen the raw data?

20      A.  I have not.  Only -- only Mike's report.

21      Q.  And was Mike's report a paper report, an

22   electronic report?

23      A.  It was electronic.

24      Q.  And do you know approximately how long it was?

25      A.  It was approximately three pages.
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 1      Q.  And do you recall what was stated in those three

 2   pages?

 3      A.  Not -- not word for word.  I mean, I recall

 4   the -- the results of the analysis.

 5      Q.  And what -- what do you recall the results being?

 6      A.  The results being that the -- that the polymer in

 7   Baker Hughes' product was a -- what's known as a

 8   homopolymer of 2-EHMA or ethylhexyl methacrylate.

 9      Q.  And was there any other technical information in

10   the report?

11      A.  There was.  There was some additional information

12   about some of the -- one other component that was

13   observed.

14      Q.  And what was that?

15      A.  It was 2-Ethylhexanol.

16      Q.  Okay.  Anything else?

17      A.  Not as -- not that I can recall as regards to the

18   Baker Hughes product.

19      Q.  So, this analysis of the Baker Hughes product was

20   done at your direction as a technical analysis of the

21   sample, correct?

22      A.  It was done to determine whether or not the -- we

23   felt the product would infringe our patents.

24      Q.  But you were doing a technical analysis to

25   determine what type of polymer was in the product,
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 1   correct?

 2      A.  Yes, we were looking for what type of polymer was

 3   in the product.

 4      Q.  Okay.  Now, after that report was generated, was

 5   there any further testing of the Baker Hughes sample?

 6      A.  No.

 7      Q.  Okay.  Was the sample completely used up in that

 8   analysis?

 9      A.  I don't recall.

10      Q.  Do you know if the totality of that sample was

11   provided to the analytical group within Lubrizol?

12      A.  It was.

13      Q.  And you just don't know whether they have any

14   residual sample there?

15      A.  I'm sorry, I misspoke.  The -- by -- I

16   misinterpreted your question.  I'm sorry.

17          No, the totality of the sample was not provided.

18   The -- the -- a sample that represents the complete

19   sample was provided.  That's what I meant.

20      Q.  Okay.  What -- what do you mean by that?

21      A.  By that, we did not -- we -- there was no

22   separation or anything done to the sample prior to

23   providing it to the analyst.

24      Q.  So, you got a 4 -- approximately a 4-ounce sample

25   from Mr. Perez, and that 4-ounce sample, was only a
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 1   portion of that provided to the --

 2      A.  Only a portion was provided.

 3      Q.  Okay.  About how much was provided?

 4      A.  I -- I don't know.  I'm --

 5      Q.  And the remainder of that sample is -- is where?

 6      A.  It will be in our -- in our technology group in

 7   Ponca City, Oklahoma, if any remains.

 8      Q.  Other than yourself and the laboratory scientist,

 9   Mike, was anybody else involved in the testing or

10   analysis of the Baker Hughes sample in Oklahoma?

11      A.  Stuart Milligan, another one of my scientists.

12      Q.  Okay.  And what role did he play?

13      A.  He was an advisor on which -- which tests would

14   be most appropriate.

15      Q.  Okay.  And do you recall what tests he suggested

16   be -- be conducted?

17      A.  He suggested the GC-mass spec, gas

18   chromatography-mass spectrometry test.

19      Q.  Any others?

20      A.  Not that I can recall.

21      Q.  Okay.  And other than the analytical group within

22   Lubrizol, was there anybody else outside of the Oklahoma

23   facility involved in the analysis of the Baker Hughes

24   sample?

25      A.  No.
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 1      Q.  Now, the testing that you identified was to

 2   identify the polymer in the Baker Hughes sample.  Have

 3   there been any further tests done on that sample?

 4      A.  I believe there was a test to determine its

 5   freezing point.

 6      Q.  Any others?

 7      A.  Not that I can recall.

 8      Q.  And who did the test on the freezing point?

 9      A.  Mike.

10      Q.  Okay.  And was that done in Oklahoma?

11      A.  It was.

12      Q.  And did he prepare a report as a result of that

13   test?

14      A.  He prepared one report with the contents of a --

15   of the tests from the -- the GC-mass spec results as

16   well as the freezing point results.

17      Q.  And other than Mike and Mr. Milligan, was there

18   anybody else in Oklahoma involved in the -- the freezing

19   point test?

20      A.  No.

21      Q.  After you obtained the report from Mike with the

22   analysis, what did you do with it?

23      A.  With the report?

24      Q.  Yes.

25      A.  I read the report.  I forwarded it to our
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 1   attorneys.

 2      Q.  And do you know approximately what -- the date

 3   that that occurred?

 4      A.  It was approximately mid-summer, June or July of

 5   2015.

 6      Q.  Do you know approximately how long it took from

 7   the time Lubrizol obtained the sample of the BHI

 8   formulation to when you received the report from Mike?

 9      A.  Several weeks.

10      Q.  Now, did you receive any information from

11   Mr. Perez about the field test that you believe Baker

12   Hughes was conducting other than the sample?  Did he

13   provide you any -- any written documents or information?

14      A.  He -- he provided the drag reduction results of

15   the field trial.

16      Q.  And what form were those in?

17      A.  Those were in the form of a chart.

18      Q.  And he provided that chart to you?

19      A.  He -- he provided that chart to -- I believe it

20   was Yung Lee in our Houston office.

21      Q.  Can you describe the circumstances under which

22   Mr. Perez gave Mr. Lee that report?

23      A.  I -- I can't.  I --

24      Q.  Did you get a copy of that report?

25      A.  I've seen a copy of the chart.
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 1      Q.  Okay.  And what did it -- what did it look like?

 2      A.  It was the typical drag reduction chart that

 3   showed the drag reduction as a function of the

 4   concentration of DRA into the -- into the heavy crude

 5   oil.

 6      Q.  And did it have Baker Hughes' name on it in any

 7   way?

 8      A.  I believe it did.

 9      Q.  Okay.  Did it have any markings of

10   confidentiality, indicating that it was a confidential

11   document of Baker Hughes?

12      A.  It did not.

13      Q.  Did -- did you -- so, you have a physical copy of

14   the report -- I mean, of the chart?

15      A.  I -- I -- yes, I had one.

16      Q.  And do you know how Mr. Perez obtained that

17   chart?

18      A.  No, I don't.

19      Q.  Do you know if he -- if he was ever asked if he

20   obtained that in violation of confidentiality

21   agreements?

22      A.  I don't know if he was ever asked.

23      Q.  Okay.  Did he ever tell you how he got it?

24      A.  He did not tell me how he got it.

25      Q.  Do you know why he would have provided that
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 1   report to Mr. Lee?

 2      A.  He would have provided that report to Dr. Lee

 3   in -- I guess in support of our infringement

 4   investigation and to see how that -- that particular

 5   formulation functioned in the heavy crude oil.

 6      Q.  Now, was the chart provided to Mr. Lee before or

 7   after you obtained the sample of the Baker Hughes

 8   product?

 9      A.  I believe it was before.

10      Q.  And do you know about how long before the sample

11   was provided the chart was given?

12      A.  I would -- likely several months, I believe.

13      Q.  Was Mr. Perez asked to obtain that chart?

14      A.  Not that I'm aware of.

15      Q.  Okay.  What kind of interaction did Mr. Lee have

16   with Mr. Perez?  Did he talk to him on a regular basis?

17      A.  I would say intermittently.  I mean, Ricardo

18   Perez is the -- you know, is one of our contacts down in

19   Del Rio and one of our business partners, so --

20      Q.  And what kind of contacts did you have with

21   Mr. Perez before he provided you with the sample?

22      A.  I would say in -- in -- in the general business

23   category in terms of our -- of our existing business

24   down in Colombia, for which Mr. Perez was a -- was a

25   business partner.  We provided, you know, customer
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 1   support and technical information to Mr. Perez on LSPI's

 2   products.

 3      Q.  Now, in connection with the Baker Hughes field

 4   test in Colombia, you -- you received a sample of the

 5   Baker Hughes formulation, correct?

 6      A.  Correct.

 7      Q.  You received this chart reflecting drag reduction

 8   results?

 9      A.  Yes.

10      Q.  Was there any other information or material that

11   Lubrizol received concerning that field test?

12               MS. WEISWASSER:  I'm going to just put an

13   objection on the record that this is outside the scope

14   of the 30(b)(6) notice.  So, I'm not going to preclude

15   Dr. Dunn from testifying on it, but he would be

16   testifying, at this point, within his personal

17   knowledge.

18      A.  Not -- not that I'm aware.

19      Q.  (BY MR. MCAUGHAN)  Do you know if Lubrizol ever

20   received any information concerning the nature of -- of

21   the crude oil that may have been involved in the Baker

22   Hughes Colombian field test?

23               MS. WEISWASSER:  I'm going to put the same

24   objection on the record.

25               Go ahead.  You can answer.
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 1      A.  I would say that -- that Lubrizol Specialty

 2   Products knows about the crude oils, knows the -- the

 3   parameters of the -- of the crude oils that flow in the

 4   pipelines in Colombia.  So, we likely have that

 5   information and may have been provided with the name of

 6   the crude oil.

 7      Q.  (BY MR. MCAUGHAN)  You say "may have," do you

 8   know one way or the other?

 9      A.  I -- I don't recall if we were told the specific

10   crude oil that was -- that was done in the field trial.

11      Q.  Okay.  Now, we've been talking about the evidence

12   that Lubrizol believed it had that the '118 patent was

13   infringed, and in the stack in front of you is Exhibit

14   3, is a copy of the '118 patent.

15          Do you understand that for someone to infringe a

16   patent claim, they have to practice the invention of at

17   least one claim in -- in the patent?

18      A.  Yes, I understand that.

19      Q.  Do you know what claim Lubrizol believed Baker

20   Hughes has infringed of the '118 patent as of the filing

21   date of the complaint?

22      A.  Certainly claim 1.

23      Q.  Okay.  Are there any others?

24      A.  I would say that all of the claims were

25   infringed.
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 1      Q.  Okay.  Now, if we look at claim 1, claim 1 is

 2   directed to a method comprising, and then there are a

 3   number of steps set out.  Do you see that?

 4      A.  Yes.

 5      Q.  And the first step is introducing a drag reducing

 6   polymer into a pipeline.  As -- as of the filing date of

 7   this complaint, what evidence did Lubrizol have that

 8   Baker Hughes introduced a drag reducing polymer into a

 9   pipeline, as required by this claim?

10      A.  They participated in the field trial in Colombia.

11      Q.  Okay.

12      A.  And --

13      Q.  Do you know who Lubrizol had evidence actually

14   injected a polymer into the pipeline?

15      A.  Could you -- could you state that again?

16      Q.  Sure.  The evidence that Lubrizol believed it

17   had, who did it show actually introduced the polymer

18   into a pipeline?

19      A.  I don't know the name of an individual.

20      Q.  And what evidence was it?  What -- did they have

21   a report?  Was this the report from Mike or was there

22   some other information that reflected Lubrizol's belief

23   that Baker Hughes was injecting polymer into pipelines

24   in Colombia?

25      A.  The other evidence resides in the marketing
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 1   materials, where there's a -- there's a statement that

 2   Baker Hughes can provide expertise in -- in injecting

 3   the -- in -- in using the DRA.

 4      Q.  Now, if we look at the claim, the claim indicates

 5   that you have to have a drag reducing polymer introduced

 6   into a pipeline, and it talks about into a liquid

 7   hydrocarbon having an asphaltene content of at least 3

 8   percent -- 3 weight percent and an AP (sic) gravity of

 9   less than about 26 degrees.  Do you see that?

10      A.  Yes.

11      Q.  As of the filing date of the complaint, what

12   evidence did Lubrizol have that Baker Hughes introduced

13   a polymer into a pipeline containing such a hydrocarbon?

14      A.  The evidence is the field trial in Colombia and

15   all of the marketing material that Baker Hughes

16   published that specifically talks about introducing the

17   product into an asphaltenic crude oil.

18      Q.  As of the date that Baker -- that Lubrizol filed

19   the complaint, other than the reference to the word

20   "asphaltenic" in some materials, did it have any

21   evidence that the hydrocarbon involved in the Colombian

22   field test had an asphaltene content of at least 3

23   weight percent?

24      A.  The other -- other evidence would be LSPI's

25   knowledge of the chemical composition of the crude oils
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 1   in Colombia.

 2      Q.  And what particular crude in Colombia was --

 3   does -- does -- does Lubrizol believe was involved in

 4   the Baker Hughes field test?

 5      A.  I don't recall the exact name of the crude oil

 6   but it was one that Del Rio treats with Lubrizol

 7   Specialty Products ExtremePower line products.

 8      Q.  Now -- so, are you aware of any specific

 9   documented evidence that Lubrizol had when it filed the

10   complaint that the crude involved in the Baker Hughes

11   Colombian field test had an asphaltene content of at

12   least 3 weight percent?

13               MS. WEISWASSER:  You've asked the question.

14   Are you asking him for anything else then?

15               MR. MCAUGHAN:  (Indicated by nodding his

16   head affirmatively.)

17               MS. WEISWASSER:  Okay.

18      A.  I mean, LSPI has -- has knowledge of the chemical

19   content of the crude oils in Colombia.

20      Q.  (BY MR. MCAUGHAN)  Okay.

21      A.  So -- and we -- we know -- we have knowledge of

22   what -- of how much asphaltenes are in there, and so --

23      Q.  Is it Lubrizol's position that all the crude

24   flowing in Colombia has asphaltene content of at least 3

25   weight percent?
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 1      A.  No.

 2      Q.  Okay.  So, only certain hydrocarbons flowing in

 3   Colombian pipelines have asphaltene contents of at least

 4   3 weight percent, correct?

 5      A.  Correct.  They're -- they're only a subset of

 6   crude oils.

 7      Q.  So, what evidence did Lubrizol have as of the

 8   filing date of the complaint that Baker Hughes was

 9   introducing polymer into a pipeline with hydrocarbons

10   meeting the asphaltene content limitation in the claims

11   of the '118 patent?

12               MS. WEISWASSER:  I -- you've asked it, and

13   he's answered it.

14               You can certainly provide more information.

15               But to the extent that you're asking the

16   same question you did, I would put an objection on the

17   record.

18      A.  I mean, our evidence was the -- was the drag

19   reduction performance in that -- in that field trial.

20      Q.  (BY MR. MCAUGHAN)  Did that drag reduction

21   performance chart indicate which particular Colombian

22   crude was involved in the test?

23      A.  I don't recall the -- the -- the -- whether or

24   not it was stated on the chart.

25      Q.  What information in that chart do you believe
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 1   indicated to Lubrizol that the hydrocarbon in the

 2   pipeline had at least 3 weight percent asphaltene?

 3      A.  I -- I would say the only -- the -- the marketing

 4   materials that Baker Hughes produced specifically talks

 5   about using that -- that formulation in a crude oil

 6   with a -- in an asphaltenic crude oil.  So, I -- so --

 7   and that -- and that that particular product was

 8   specially formulated for -- specially designed for

 9   asphaltenic crude oil.  So, that --

10      Q.  But is Lubrizol aware of anything in the

11   marketing materials that specifically references this

12   threshold limitation in the claim of at least 3 weight

13   percent asphaltene?

14               MS. WEISWASSER:  Objection to

15   characterization of the claim and to the extent that

16   calls for a legal conclusion.

17               You can certainly answer the question.

18      A.  The marketing material refers to asphaltenic.  It

19   does -- the marketing material does not talk about a

20   specific number.

21      Q.  (BY MR. MCAUGHAN)  So, is it Lubrizol's

22   contention that any time a document refers to

23   asphaltenic crude, it's referring to crude having an

24   asphaltene content of at least 3 weight percent?

25               MS. WEISWASSER:  Object to the form of the
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 1   question.  It's also a vague question.

 2               You can answer it.

 3      A.  I would say in order to be called an asphaltenic

 4   crude, it would have to have a -- a reasonable amount of

 5   asphaltene content, which would be greater than 3 weight

 6   percent.

 7      Q.  (BY MR. MCAUGHAN)  Okay.  Now, looking at claim 1

 8   of the '118 patent, it also indicates that the

 9   hydrocarbon into which the polymer is introduced has an

10   API gravity of less than about 26 degrees.  Do you see

11   that?

12      A.  Yes.

13      Q.  As of the date this complaint was filed, what

14   evidence, if any, did Lubrizol have that Baker Hughes

15   injected a polymer into a pipeline having crude meeting

16   that API gravity limitation?

17      A.  I would say it's the same evidence that we --

18   that we talked about previously on the asphaltene

19   content.

20      Q.  Which is the marketing material and --

21      A.  The marketing material.

22      Q.  -- Lubrizol's knowledge of Colombian crudes?

23      A.  Yes.

24      Q.  Now, if Lubrizol went to the point of getting the

25   DRA reduction chart from the Baker Hughes test and a
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 1   sample of the Baker Hughes formulation, why didn't it

 2   ask for a sample of the hydrocarbon involved in the

 3   test?

 4               MS. WEISWASSER:  Object as an argumentative

 5   question and as vague.

 6               You can answer.

 7      A.  L -- LSPI has knowledge of the Colombian crudes

 8   from previous work that we've done in country.

 9      Q.  (BY MR. MCAUGHAN)  And did LSPI ask what

10   particular Colombian crude was involved in the Baker

11   Hughes field test?

12      A.  I'm sure we did.

13      Q.  Who would have asked that question?

14               MS. WEISWASSER:  I'm just going to object,

15   outside the scope.

16               You can answer within your personal

17   knowledge.

18               THE WITNESS:  Yeah.

19      A.  I guess I don't have a specific person but it

20   would -- it would be a typical question we would ask.

21      Q.  (BY MR. MCAUGHAN)  Okay.  And who would have been

22   asked that question?

23      A.  It would have been Ricardo.

24      Q.  Okay.  And to your knowledge, did Ricardo provide

25   any information about the API gravity characteristics of
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 1   the hydrocarbon involved in the Baker Hughes Colombian

 2   field test?

 3      A.  He likely would have -- he likely would have

 4   provided the name of the crude only.

 5      Q.  And --

 6      A.  And from previous knowledge, we would know what

 7   the API gravity was.

 8      Q.  So, as of the filing date of the complaint, what

 9   crude did Lubrizol believe the Baker Hughes field test

10   was performed on?

11               MS. WEISWASSER:  Object as asked and

12   answered.

13               You can answer it.

14      A.  I don't recall the exact crude.

15      Q.  (BY MR. MCAUGHAN)  So, as I understand it, the

16   only evidence that Lubrizol had, as of the date it filed

17   the complaint, for the contention that Baker Hughes

18   introduced a drag reducing polymer into a hydrocarbon

19   having an asphaltene content of at least 3 weight

20   percent and an API gravity of less than about 26 percent

21   were the marketing materials that Baker Hughes issued

22   and Lubrizol's understanding of Colombian crudes?

23               MS. WEISWASSER:  His testimony speaks for

24   itself.

25               You can go ahead and answer the question.
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 1      A.  I would say the marketing materials and the --

 2   the -- the knowledge of the crude oils for which Baker's

 3   product was -- Baker's product -- the marketing

 4   materials that describe Baker's product says it was

 5   designed to treat was the -- was our evidence.

 6      Q.  (BY MR. MCAUGHAN)  Okay.  But Lubrizol had no

 7   evidence as to what specific Colombian crude was used in

 8   the Baker Hughes field test, correct?

 9               MS. WEISWASSER:  His testimony speaks for

10   itself.

11               You can answer the question.

12      A.  As I said before, I don't -- I don't recall

13   whether or not the exact name of the crude oil was

14   transmitted to us.

15      Q.  (BY MR. MCAUGHAN)  Now, if we go on in the claim,

16   the claim requires that as a part of this introduction

17   step, you produce a treated liquid hydrocarbon where the

18   viscosity of the treated liquid hydrocarbon is not less

19   than the viscosity of the liquid hydrocarbon prior to

20   treatment with the drag reducing polymer.  Do you see

21   that?

22      A.  Yes, I do.

23      Q.  As of the date Lubrizol filed the complaint

24   alleging this patent was infringed, what evidence did it

25   have that Baker Hughes introduced a polymer into a
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 1   hydrocarbon such that the viscosity of the treated

 2   liquid hydrocarbon was not less than the viscosity of

 3   the liquid hydrocarbon prior to treatment?

 4      A.  The DRA polymers are not capable of reducing the

 5   viscosity of the treated liquid hydrocarbon.  They

 6   simply don't work that way in a technical -- from a

 7   technical perspective.

 8      Q.  What do you mean by that?

 9      A.  By that, I mean when you dissolve a polymer in a

10   solvent, the viscosity does not decrease.  The viscosity

11   can only increase when a polymer is dissolved in a

12   solvent.

13      Q.  Now, is that true for all polymers --

14      A.  Yes.

15      Q.  -- and all solvents?

16      A.  Yes, it is.

17      Q.  So, any time you have a polymer dissolving in a

18   solvent, you will have the viscosity of the treated

19   solvent being not less than the viscosity of the solvent

20   prior to treatment; is that correct?

21      A.  That is correct.

22      Q.  Okay.  And that's going to be true of all drag

23   reducing polymers and all hydrocarbons?

24      A.  That's the nature of how the drag reduction

25   works.
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 1      Q.  Okay.

 2               MS. WEISWASSER:  I would object to that

 3   prior question as calling for expert testimony.

 4      Q.  (BY MR. MCAUGHAN)  Now, going on in the claim,

 5   there's also an indication that the polymer that's

 6   introduced into the pipeline must have a solubility

 7   parameter within 4 -- and how would you say that -- that

 8   designated term?

 9      A.  We call that megapascals to the one half power.

10      Q.  Okay.  I'll use your term.  So, let -- let me

11   rephrase the question.

12          If I look at the claim, the claim also requires

13   that the polymer that's introduced into the pipeline

14   have a solubility parameter within 4 megapascals to the

15   one half power of the solubility parameter of the liquid

16   hydrocarbon.  Do you see that?

17      A.  Yes.

18      Q.  As of the date this complaint was filed, what

19   evidence did Lubrizol have that that limitation was met

20   by Baker Hughes?

21      A.  The evidence is that the solubility parameter of

22   the polymer in the Baker Hughes formulation was -- can

23   be calculated and -- as well as the solubility parameter

24   of the crude oil could be determined.

25      Q.  Now, Lubrizol didn't know the specific
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 1   hydrocarbon involved in the Baker Hughes test, correct,

 2   the Colombian test?

 3      A.  I -- as I said before, I can't recall whether or

 4   not the exact name of the crude oil was transmitted to

 5   us.

 6      Q.  Before it filed the complaint, did Lubrizol

 7   calculate the solubility parameter of the hydrocarbon it

 8   believed was involved in the Baker Hughes Colombian

 9   test?

10      A.  Not during the investigation.  We did not

11   calculate the solubility parameter during the

12   investigation.

13      Q.  When you say not during the investigation, why do

14   you limit it to that period?

15      A.  In previous work, the solubility parameters have

16   been determined.

17      Q.  For Colombian crudes?

18      A.  I'm trying to remember.

19               MS. WEISWASSER:  So, this is outside the

20   scope of the 30(b)(6).

21               It's fine for you to answer within your

22   personal knowledge.

23               MR. MCAUGHAN:  I'm not sure we agree with

24   that but --

25               MS. WEISWASSER:  That's okay, I'm just
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 1   putting my objections on the record.

 2      A.  I don't recall if we've determined the solubility

 3   parameter of any of the Colombian crude oils.

 4      Q.  (BY MR. MCAUGHAN)  Now, prior to filing the

 5   complaint, did Lubrizol determine the solubility

 6   parameter of the polymer that it believed was found in

 7   the Baker Hughes formulation?

 8      A.  Yes.

 9      Q.  Who did that analysis?

10      A.  That analysis is actually in the patent.  The --

11   the exact polymer that was in the Baker Hughes

12   formulation is identical to the polymer listed as

13   polymer A in example 1, and the solubility parameter for

14   that particular polymer is listed in the patent as 18.04

15   megapascals to the one half power.

16      Q.  Okay.  And where are you finding that in the

17   patent?

18      A.  Column 13, line 36.

19      Q.  So, Lubrizol's position is that the polymer in

20   the Baker Hughes formulation is the same as polymer A in

21   example 1 of the '118 patent; is that correct?

22      A.  Yes.

23      Q.  Okay.  What evidence -- presuming that Lubrizol

24   believed that the solubility parameter of the Baker

25   Hughes polymer was 18.04, what evidence did Lubrizol
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 1   have before it filed the complaint that that was within

 2   4 megapascals to the one half power of the solubility

 3   parameter of the hydrocarbon involved in the Colombian

 4   test?

 5      A.  In LSPI's work, we examined the solubility

 6   parameter of heavy crude oils.  So, we know they are

 7   within a certain range, as well as some of the reference

 8   materials that are cited in the patent talk about

 9   solubility parameters of heavy crude oil -- heavy

10   asphaltenic crude oils to be within a certain range, and

11   we know those are within 4 megapascals to the one half

12   power of the solubility parameter of the E -- of the

13   polymer listed as -- as polymer A in example 1.

14      Q.  So, is it Lubrizol's position that all heavy

15   crudes have solubility parameters somewhere between 14

16   and 22 megapascals to the one half power?

17      A.  No, not all heavy crudes do.

18      Q.  Okay.

19      A.  Only heavy crudes with an asphaltene content --

20   reasonable asphaltene content and a -- and since you

21   called it heavy, that typically -- that implies a low --

22   a lower API gravity.

23      Q.  Okay.  So, Lubrizol believes that all heavy

24   asphaltenic crudes would have solubility parameters

25   somewhere in the range of 14 to 22 megapascals to the
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 1   one half power; is that correct?

 2      A.  That is correct.

 3      Q.  Now, the solubility parameter of the

 4   hydrocarbon -- I believe you indicated that Lubrizol's

 5   position is that all of the claims of the '118 patent

 6   were -- were infringed, correct?

 7      A.  Yes.

 8      Q.  And if we look at claim 6, it talks about

 9   calculating the solubility parameter of the liquid

10   hydrocarbon according to a specific following equation.

11   Do you see that?

12      A.  I do.

13      Q.  At what temperature does Lubrizol -- or did

14   Lubrizol determine the solubility parameter for the

15   heavy crudes we've been discussing?

16      A.  The solubility parameter is calculated at a

17   temperature of 25 degrees C or 298 degrees Calvin.

18   That's the standard temperature for which these

19   calculations are typically done.

20      Q.  So, the calculation is done at a standard

21   temperature as opposed to the temperature at which the

22   polymer is introduced into the pipeline; is that --

23      A.  That's -- that's the accepted methodology of

24   calculating the solubility parameter, and that's the --

25   that's the methodology that we used.
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 1      Q.  Now, if we look at claim 1, it also indicates

 2   that the drag reducing polymer is added to the liquid

 3   hydrocarbon in a range from about 0.1 to about 500 PPMW.

 4   Do you see that?

 5      A.  Yes, I do.

 6      Q.  As of the filing date of the complaint, what

 7   evidence did Lubrizol have that Baker Hughes had

 8   injected a hydrocarbon in the Colombian test in

 9   accordance with that limitation?

10      A.  The chart that was transmitted to us had the

11   dosage of the -- of the Baker Hughes DRA.

12      Q.  And do you recall what dosages were indicated on

13   that chart?

14      A.  The -- I recall the range.  The range was between

15   0 -- was between about 0 and 100 PPM on the chart axis.

16   So, the data points were within there.  So --

17      Q.  Okay.  And was that PPM on the chart PPM weight

18   or PPM volume?

19      A.  It was probably PPM volume.

20      Q.  And why do you say that?

21      A.  That -- in our experience, that's how DRA is --

22   is sometimes dosed, but at these levels, there's not

23   much difference in the numerical numbers -- in the

24   numerical values.

25      Q.  Why do you say that?
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 1      A.  The densities are close enough to 1 that -- that

 2   the differences are small between the PPM volume and the

 3   PPM weight.

 4      Q.  Now, you referred to the PPM volume addition

 5   of -- of the DRA.  Was that the -- did the chart that

 6   you had reflect the addition of the full formulation of

 7   a DRA or was it referring only to the addition of the

 8   polymer?

 9      A.  It was the addition of the full formulation.

10      Q.  Okay.  Now, looking at the claim, the claim

11   indicates that it requires the introduction of a drag

12   reducing polymer into a pipeline such that the friction

13   loss associated with the turbulent flow through the

14   pipeline is reduced.  Do you see that?

15      A.  Yes.

16      Q.  As of the filing date of this complaint, what

17   evidence did Lubrizol have that the Baker Hughes polymer

18   was injected into a pipeline that was subject to

19   turbulent flow?

20      A.  The only reason anybody would ever inject a DRA

21   into a pipeline would be to suppress the turbulence.

22   That's its method of action.

23      Q.  So, you're not aware of any documents within

24   Lubrizol that talk about the beneficial use of DRAs in

25   pipelines subject to transitional flow?
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 1               MS. WEISWASSER:  Object, outside the scope.

 2               You can answer within your personal

 3   knowledge.

 4               Object as very vague and broad.

 5               But you can feel free to answer.

 6      A.  Transition flow is -- is a -- between laminar

 7   flow and turbulent flow, and DRAs do have an effect in

 8   the transitional region.

 9      Q.  (BY MR. MCAUGHAN)  So, what evidence did Lubrizol

10   have that in the Colombian field test the Baker Hughes

11   formulation was injected into a pipeline subject to

12   turbulent flow as opposed to nonturbulent flow?

13      A.  The drag reduction that was achieved and that was

14   transmitted in the chart was more typical of drag

15   reduction in turbulent flow than drag reduction in

16   transition flow.

17      Q.  What do you mean by that?

18      A.  By that I mean the magnitude was high enough that

19   it would be more indicative of performance in turbulent

20   flow.

21      Q.  Do you recall what that reduction percentage was

22   that Lubrizol believed indicated it was a reduction in

23   turbulent flow?

24      A.  It was around 40 percent.

25      Q.  And is -- is 40 percent reduction something that
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 1   Lubrizol believes is evidence that you're reducing

 2   turbulent -- you're -- you're applying the DRA to

 3   turbulent flow?

 4      A.  Yes.

 5      Q.  Is 40 percent the threshold number or is -- or is

 6   there another number?

 7      A.  There's not a threshold number.  In order to

 8   achieve a 40 percent drag reduction, you have to have

 9   enough frictional pressure drop such that you can

10   actually suppress that pressure drop, and you can only

11   get that kind of -- those kind of pressure drop

12   reductions in -- in turbulent flow.

13      Q.  Now, if we go back to the complaint, which is

14   Exhibit 2 --

15               MS. WEISWASSER:  Can we take a --

16      Q.  (BY MR. MCAUGHAN)  -- in paragraph 57 --

17               MS. WEISWASSER:  Can we take a break at a

18   good time for you?

19               MR. MCAUGHAN:  Sure.  I'll tell you what,

20   it's -- it's -- we've been going about an hour.  We can

21   take a break right now.

22               MS. WEISWASSER:  That would be great.  Thank

23   you.

24               THE VIDEOGRAPHER:  Off the record.  10:00

25   a.m.
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 1               (Short recess.)

 2               THE VIDEOGRAPHER:  Going back on the record.

 3   10:35 a.m.

 4               MR. MCAUGHAN:  Great.

 5      Q.  (BY MR. MCAUGHAN)  We took approximately a

 6   30-minute break.  Over that break, did you have any

 7   discussions with your attorney concerning the substance

 8   of your testimony?

 9               MS. WEISWASSER:  Let me -- let me just make

10   a statement.  First of all, I'm going to object to the

11   substance of the testimony in -- or the -- object --

12   start over.

13               I'm going to object to the extent you're

14   asking for privileged communication between counsel and

15   the witness.

16               But I did want to just make a preliminary

17   statement that we did take the opportunity to make a

18   phone call that Dr. Dunn will talk about in his capacity

19   as representing LSPI in the -- so that he could refresh

20   himself.  And he can walk through that and walk through

21   some other areas in which he's had an opportunity on

22   behalf of -- as being a witness for LSPI, to refresh

23   himself.

24               I also just wanted to make a clarifying

25   statement for the record.  Counsel, you -- you've
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 1   referred to Lubrizol frequently in your questions.  I

 2   assume we all agree you're referring to LSPI.  And I

 3   just want to make that clear for the record.

 4               MR. MCAUGHAN:  Yes, I am.

 5      Q.  (BY MR. MCAUGHAN)  I'm looking for a yes or no

 6   answer.  Over the break, did you have any discussions

 7   with your attorney about the substance of your

 8   testimony, not answer more slowly or pause but the

 9   substantive nature of your testimony?

10               MS. WEISWASSER:  You can answer yes or no.

11      A.  Yes.

12      Q.  (BY MR. MCAUGHAN)  And as a result of that

13   discussion, did you reach out, call somebody else, did

14   you talk to anybody else?

15      A.  We did.

16      Q.  Okay.  Who did you talk to other than your

17   attorney?

18      A.  We talked to Todd Stautzenberger.

19      Q.  Okay.  Can you spell that last name and let me

20   know who he is?

21      A.  It's spelled S T A U T Z E N B E R G E R.

22      Q.  Okay.  And who is Mr. Stautzenberger?

23      A.  He's one of LSPI's sales directors.

24      Q.  And where is he located?

25      A.  He's located in Houston.
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 1      Q.  Okay.  Did you talk to anybody else?

 2      A.  No.

 3      Q.  Okay.  Can you describe the nature of your call

 4   with Mr. Stautzenberger?

 5      A.  Sure.  We called him to get the name of the

 6   Colombian crude oil that was used during the field

 7   trial.

 8      Q.  Okay.  And --

 9      A.  And he let us know that that was the Castillo

10   blend.

11      Q.  And do you know why -- why did you call

12   Mr. Stautzenberger for that information?

13      A.  He's our representative -- our sales

14   representative that covers the Colombian region.

15      Q.  And why was it that he would have known what oil

16   was -- what crude was used in the Baker Hughes field

17   test?

18      A.  He was provided that information by Ricardo

19   Perez.

20      Q.  Okay.  Okay.

21      A.  At the same time, he told us that the API gravity

22   for that particular blend was 18 to 18.5.

23      Q.  Did he give you any information on the asphaltene

24   content of the hydrocarbon?

25      A.  He did not give us any information on the
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 1   asphaltene content, although we know from -- from

 2   previous knowledge that that is -- that is an

 3   asphaltenic heavy crude oil.

 4      Q.  Okay.  Was Mr. Stautzenberger involved in the

 5   Colombian field test in any way?

 6      A.  Not -- not personally.

 7      Q.  Okay.  What do you mean by that?

 8      A.  I mean that he was not down there, you know,

 9   running the injection equipment or he wasn't -- he was

10   involved in our performance of the field test, in our

11   comparative performance.

12      Q.  What do you mean by "our performance of the field

13   test"?

14      A.  So, he -- Todd is in charge of -- of making sure

15   that Del Rio has our products to inject and -- and we've

16   injected our products into Castillo blend previously.

17   So, we understand how our products work.

18      Q.  So, when you say "our part of the test," did the

19   field test involve tests of other than the Baker Hughes

20   formulation?

21      A.  There was a comparison made between the Baker

22   Hughes performance and LSPI performance.

23      Q.  Do you know if there were any other formulations

24   involved in the test?

25      A.  I believe there was a test from another US
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 1   company, US Flowchem.

 2      Q.  Okay.  Now, as a result of that field test, LSPI

 3   got samples of the Baker Hughes formulation, correct?

 4      A.  Yes.

 5      Q.  Do you know if Baker Hughes was given a sample of

 6   the LSPI formulation?

 7      A.  I don't know.

 8      Q.  Do you believe it would have been appropriate for

 9   Baker Hughes to have obtained a sample of the LSPI

10   formulation?

11               MS. WEISWASSER:  Object to the question.

12      A.  If the -- if the intent were to investigate for

13   patent infringement, yes.

14      Q.  (BY MR. MCAUGHAN)  Okay.  So -- so, LSPI would

15   have had no issues if Baker Hughes got a sample of the

16   LSPI formulation as a result of the Colombian field

17   test?

18               MS. WEISWASSER:  I -- I object to that

19   question as outside the scope and as calling for legal

20   conclusions and as vague and ambiguous.

21               If you, in your personal capacity, can

22   answer that, that's fine.

23      A.  If there were a question about -- about potential

24   patent infringement, then I -- I think it would be

25   appropriate.

0051

 1      Q.  (BY MR. MCAUGHAN)  Okay.  So, again -- and we

 2   understand this is in your personal capacity --

 3   personally, you would have had no issues if Baker Hughes

 4   obtained a sample of the LSPI formulation as part of the

 5   Colombian field test?

 6      A.  Provided it was only for potential patent

 7   infringement.

 8      Q.  Okay.  Did LSPI get a sample of the Flowchem

 9   formulation as part of those field tests?

10               MS. WEISWASSER:  Object as -- object as

11   outside the scope of this deposition and --

12               And I guess you can answer that if it's

13   within your personal knowledge.

14               I guess I have some concerns under the

15   protective order here in terms of what the gentleman in

16   his business capacity can hear.  Do you want to persist

17   in the Flowchem?

18               MR. MCAUGHAN:  I just want an answer to this

19   question.

20      Q.  (BY MR. MCAUGHAN)  You said there was no problem

21   with everybody getting samples of everybody's products.

22   So, I would assume it wouldn't be --

23      A.  That's not what I said.

24               MS. WEISWASSER:  His testimony speaks for

25   itself.  You don't have to characterize it.
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 1      Q.  (BY MR. MCAUGHAN)  Can you answer the question?

 2               MS. WEISWASSER:  Why don't we repeat the

 3   question, let me hear it again.

 4               MR. MCAUGHAN:  I'll rephrase it.

 5               MS. WEISWASSER:  Sure.

 6      Q.  (BY MR. MCAUGHAN)  As part of the Colombian field

 7   test, did LSPI get a sample of the Flowchem formulation?

 8               MS. WEISWASSER:  You can answer that yes or

 9   no.

10      A.  LSPI examined a sample of the -- of US Flowchem

11   formulation for patent infringement purposes.

12      Q.  (BY MR. MCAUGHAN)  Okay.  Now, looking at Exhibit

13   2, which is the complaint, if you go down in paragraph

14   59, which is on Page 15, you see it states, "Baker

15   Hughes' infringement of the '118 patent has caused

16   irreparable harm to LSPI in its business and property

17   rights."  Do you see that?

18      A.  Yes, I do.

19      Q.  As of the filing date of the complaint, what

20   evidence did LSPI have for that position?

21      A.  The evidence is that LSPI has obtained US patents

22   on its intellectual property, and violation by Baker

23   Hughes -- or infringement by Baker Hughes would cause

24   basically theft of that intellectual property.

25      Q.  Does LSPI have any evidence that it was harmed in
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 1   any way by Baker Hughes' participation in the Colombian

 2   field test?

 3      A.  I would say any theft of intellectual property is

 4   harm, and that LSPI has important intellectual property

 5   in the form of US patents that protect our inventions.

 6      Q.  Specifically referring to the Colombian field

 7   test, do you know was the purpose of that test to

 8   qualify various DRAs for use in the Colombian pipeline?

 9      A.  The purpose of the test was to -- for a bid

10   package from Equipetrol for potential business.

11      Q.  And Equipetrol was looking at three potential

12   suppliers of a DRA; Baker Hughes, LSPI and Flowchem,

13   correct?

14      A.  Yes.  That is correct.

15      Q.  And as a result of the field test, do you know if

16   Equipetrol qualified any of those suppliers as suppliers

17   of DRA product?

18      A.  I've -- I've not seen any internal Equipetrol

19   communications, so, I can't answer.

20      Q.  Have you heard whether various suppliers are

21   qualified or not qualified as a result of those tests?

22      A.  I -- I have not heard one way or the other.

23      Q.  Do you have any information whether LSPI was

24   deemed to be a qualified supplier as a result of the

25   Colombian field test?
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 1      A.  I assume that since LSPI is the incumbent and

 2   we've been providing our patented formulation to

 3   Equipetrol for use in their pipelines, that we will stay

 4   qualified.  We've been qualified since 2008.  So, I

 5   assume we'll stay qualified.

 6      Q.  Do you know if BHI was ever -- or Baker Hughes

 7   was ever qualified as a supplier for the Colombian

 8   pipeline?

 9      A.  I don't know if Baker Hughes was qualified or

10   not.

11      Q.  Have you heard that Baker Hughes was not

12   qualified as a supplier?

13      A.  I have heard through -- through inadvertent

14   dissemination of proprietary LSPI information that Baker

15   Hughes was disqualified.

16      Q.  So, what do you mean by that?

17      A.  By that, I mean Equipetrol inadvertently sent a

18   presentation containing confidential and proprietary

19   pricing information to a distributor in Colombia that

20   distributes Baker Hughes products.

21      Q.  And who was that?

22      A.  This is in the -- in the letter that -- letter

23   from Suzanne explaining that -- that there was this

24   inadvertent disclosure of confidential information.

25      Q.  Okay.  We'll make a copy of that letter over the
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 1   break but what about the activities associated with that

 2   letter informed LSPI that Baker Hughes was not qualified

 3   as a supplier of DRA for the Colombian pipeline?

 4      A.  The letter simply states the fact that the

 5   inadvertent disclosure had occurred.

 6      Q.  Right.  But you indicated that as a result of

 7   that --

 8      A.  And we have heard that as a result, Equipetrol

 9   has disqualified them because they were potentially in

10   possession of that confidential information.

11      Q.  So, if I understand it, LSPI informed Equipetrol

12   that they had -- that Baker Hughes had gotten some LSPI

13   proprietary information and, as a result of that,

14   Equipetrol disqualified Baker Hughes; is that correct?

15      A.  That's my understanding.

16      Q.  When is it your understanding that Baker Hughes

17   was disqualified as a supplier for the Colombian

18   pipeline?

19      A.  My recollection is it occurred shortly after the

20   disclosure was made -- was noticed.

21      Q.  And when was that?

22      A.  That was in the -- in the summer of 2015, I

23   believe.

24      Q.  Okay.  So, at the time LSPI filed its complaint

25   in this action, it had received information that Baker
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 1   Hughes was disqualified as a supplier for the Colombian

 2   pipeline, correct?

 3      A.  At the -- at the time that LSPI filed its action,

 4   we were still aware of the potential patent infringement

 5   from Baker Hughes but I believe we knew that Baker

 6   Hughes had been disqualified from the Colombian

 7   business.

 8      Q.  Okay.  And I -- just so it's clear, because my

 9   question, and I think your answer, addressed a couple of

10   points, it's true that at the time the complaint was

11   filed by LSPI, it knew that Baker Hughes was

12   disqualified as a supplier for the Colombian pipeline,

13   correct?

14               MS. WEISWASSER:  I'm going to object to this

15   as outside the scope of this 30(b)(6).

16               To the extent that you have knowledge within

17   your personal capacity, you can answer the question.

18      A.  We knew that Baker Hughes had been disqualified

19   from that -- from that particular piece of the business.

20      Q.  (BY MR. MCAUGHAN)  And by "that piece of the

21   business," you mean the Colombian pipeline?

22      A.  Yes.

23      Q.  Okay.

24      A.  But we also know that Baker Hughes markets in the

25   US and Canada and has produced the marketing materials
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 1   offering for sale their -- their product.

 2      Q.  Now, when you say there's evidence -- LSPI has

 3   alleged in the complaint that Baker Hughes has, in fact,

 4   offered for sale its -- its DRA formulation, correct?

 5      A.  Yes.

 6      Q.  What specific evidence does LSPI have that Baker

 7   Hughes offered to sell its formulation?

 8               MS. WEISWASSER:  I'm just going to state for

 9   the record that the witness would like the opportunity

10   to have the complaint and the exhibits in front of him.

11   We asked for that at the beginning, and so, to the

12   extent we can just -- if there are going to be questions

13   here, it's not a memory test.  He can take the time he

14   needs to --

15               MR. MCAUGHAN:  Yeah, that's fine.

16               MS. WEISWASSER:  -- explain what the

17   evidence --

18               MR. MCAUGHAN:  I think counsel put in front

19   of the witness a prebound spiral plastic covered version

20   of the complaint with the exhibits, and it's fine if he

21   wants to --

22               MS. WEISWASSER:  And I'm happy to make a

23   production of that, if you'd like.

24               MR. MCAUGHAN:  Yeah, we would probably like

25   that at the end of the deposition.
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 1               MS. WEISWASSER:  It's no problem.

 2      A.  Well, the marketing material that was -- that

 3   Baker Hughes has produced talks about using a -- a

 4   specially designed DRA for heavy crude oil -- heavy

 5   asphaltenic crude oil.

 6          In addition, they've provided in their marketing

 7   materials a case study in which Baker Hughes injected

 8   their products at a US Gulf Coast refinery into an

 9   asphaltenic Canadian crude oil for purposes of drag

10   reduction.

11      Q.  (BY MR. MCAUGHAN)  Okay.  Now, the marketing

12   material that you identified was attached as exhibits to

13   the complaint filed by LPSI, correct -- or LSPI,

14   correct?

15      A.  Yes.

16      Q.  Can you identify what exhibit you're referring

17   to?

18      A.  I'm referring to Exhibit E titled FLO ULTIMA

19   91000 DRA Increased Pipeline Flow of Heavy Canadian

20   Crude Oil Blend By 44 Percent.

21      Q.  Okay.

22      A.  And in it, it -- it says that, "FLO ULTIMA 91000

23   DRA designed specifically for heavy oil transport."

24      Q.  Now, what evidence in this document attached as

25   Exhibit E to the complaint does LSPI believe is evidence
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 1   that this product was, in fact, being offered for sale

 2   by Baker Hughes?

 3               MS. WEISWASSER:  And I'm going to say to the

 4   witness, you -- you can take the time that you need,

 5   given that you are being asked for information that's in

 6   and attached to our complaint, take the time that you

 7   need to walk counsel through whatever information you

 8   want to provide, but you are not rushed here.

 9               (Exhibit 8 marked.)

10      Q.  (BY MR. MCAUGHAN)  And for the record, let me

11   hand you what's been marked as Exhibit 8.  It's a copy

12   of a document entitled FLO ULTIMA 91000 DRA Increased

13   Pipeline Flow.  It was in the complaint as Document 1-5,

14   and ask if that's the document that you're referring to

15   in your earlier testimony?

16      A.  This, as well as the others.

17      Q.  Okay.  Well, let's focus on this one as Exhibit

18   8.  What within Exhibit 8 does LSPI contend is evidence

19   that the Baker Hughes formulation was actually offered

20   for sale?

21      A.  Where it's stated that Baker Hughes recommended

22   FLO ULTIMA 91000 drag reducing agent.

23      Q.  Okay.  Anything else?

24      A.  There's some additional material in some of the

25   other marketing materials.
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 1      Q.  Okay.  What other marketing materials?

 2      A.  Exhibit H titled FLO ULTIMA Heavy Crude Drag

 3   Reducing Agents.

 4                   (Exhibit 9 marked.)

 5      Q.  (BY MR. MCAUGHAN)  All right.  Let me hand you

 6   what I'm going to mark as Exhibit 9 and ask if this is

 7   the document you're referring to?

 8      A.  It is.

 9      Q.  Okay.  And what within Exhibit 9 does LSPI

10   believe is evidence that Baker Hughes was, in fact,

11   offering its formulation for sale?

12      A.  To where the exhibit instructs the reader to,

13   "Contact your Baker Hughes representative or visit

14   bakerhughes.com/FLO to learn how our FLO ULTIMA heavy

15   crude DRA can help enhance your pipeline's throughput

16   and reduce OPEX."

17      Q.  Okay.  Anything else?

18      A.  This particular exhibit also mentions that it's

19   specifically designed for the pipeline transportation of

20   asphaltenic crude oil and that the specific polymer

21   allows for high drag reduction in heavy crudes --

22      Q.  Okay.

23      A.  -- which dissolves in asphaltenic crudes with

24   less than 23 degrees API gravity.

25      Q.  All right.  Anything else?
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 1      A.  It specifically mentions that these specialized

 2   drag reducing agents help to reduce pressure in the

 3   pipeline.

 4      Q.  Okay.  Now, other than what you identified, is

 5   there anything else that LSPI believes shows that Baker

 6   Hughes has, in fact, offered its formulation for sale?

 7      A.  Yes.  In the -- the case study, which is Exhibit

 8   F titled Enhancing Flow For Canadian Crudes.

 9                   (Exhibit 10 marked.)

10      Q.  (BY MR. MCAUGHAN)  All right.  Let me hand you

11   what I've marked as Exhibit 10 and ask if that's the

12   document you're referring to?

13               MS. WEISWASSER:  Thank you.

14      A.  Yes, it is.

15      Q.  (BY MR. MCAUGHAN)  And what within that document

16   does LSPI believe shows that Baker Hughes is actually

17   offering its formulation for sale?

18               MS. WEISWASSER:  Again, the witness should

19   feel free to take the amount of time that you need on

20   this to read it and provide your testimony.

21      A.  In particular, the statement that, "The refinery

22   agreed to trial the new heavy oil DRA using Baker Hughes

23   injection equipment in the transfer pipeline to the

24   refinery."  And that, in fact, "The heavy crude DRA was

25   injected into the pipeline at different dosage rates to
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 1   optimize the flow rate of the pipeline."

 2      Q.  And what about that is evidence that Baker Hughes

 3   was offering it for sale as opposed to doing

 4   experimental testing?

 5               MS. WEISWASSER:  Object to the question as

 6   potentially calling for a legal conclusion.

 7               You're certainly free to answer that within

 8   your personal knowledge.

 9      A.  I would say the section on describing the growing

10   need for a heavy oil DRA is an indication that it was

11   not simply an experimental trial, that it was a

12   commercial application.

13      Q.  (BY MR. MCAUGHAN)  And what about that section

14   indicates it was a commercial application?

15      A.  Really the -- the whole section.  It appears to

16   be an effort to get a customer to buy Baker Hughes' DRA

17   and that it was not simply an experiment.

18      Q.  Okay.  All right.  Now, looking at the complaint

19   again, in paragraph 57, it alleges that Baker Hughes has

20   and continues to directly infringe by making, using,

21   selling, importing and/or offering to sell the Baker

22   Hughes formulation.  What is the basis for LSPI's

23   allegation that the making of the Baker Hughes

24   formulation infringes the '118 patent?

25      A.  Well, the marketing material specific -- says
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 1   specifically that this product was designed for

 2   asphaltenic crude oils, which are very similar to the

 3   claims in the LSPI patents, very similar to the language

 4   in the LSPI patents.

 5          In addition, the structure of the -- of the

 6   active polymeric ingredient in the Baker Hughes

 7   formulation was identical to example -- polymer A in

 8   example 1 of LSPI's '118 patent.

 9      Q.  Okay.  Now, you understand we've been -- we've

10   been talking about the '118 patent, correct?

11      A.  Correct.

12      Q.  And all of the claims of the '118 patent are

13   directed to a method of introducing a polymer into a

14   pipeline, correct?

15      A.  That is correct.

16      Q.  On what grounds then does LSPI contend that the

17   mere making of that product results in direct

18   infringement of the '118 patent?

19               MS. WEISWASSER:  I'm going to object to this

20   question as calling for a legal conclusion and lawyer

21   testimony.  We have no problem with the witness

22   providing LSPI's views on the evidence in support of the

23   allegations.

24               To the extent you can answer this, fine.

25               But I do object to the extent you're asking
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 1   for legal testimony here in terms of what the Patent Act

 2   requires and whatnot.

 3               You -- you can answer the question, though.

 4      A.  There doesn't appear to be a -- a substantial

 5   noninfringing use of this particular product.  All of

 6   the marketing materials talk about it being specifically

 7   designed to treat asphaltenic crude oil -- heavy

 8   asphaltenic crude oil and the method of the patents

 9   claims the treatment of heavy asphaltenic crude oil.

10      Q.  (BY MR. MCAUGHAN)  What evidence does LSPI have

11   that the Baker Hughes formulation wouldn't work with

12   hydrocarbons having an API gravity of 28, for example?

13      A.  Could you define "work"?

14      Q.  Sure.  The claims simply refer to the

15   introduction of a polymer into a hydrocarbon, and the

16   claims require that hydrocarbon to have an API of less

17   than 26, correct?

18      A.  Correct.

19      Q.  What -- and you indicated in your testimony that

20   LSPI's position is there's no substantial noninfringing

21   use?

22      A.  That's correct.

23      Q.  And under the claims, use of the polymer in a

24   hydrocarbon of API 28 would be outside the limitations

25   of the claim, correct?
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 1      A.  Yes.

 2      Q.  What evidence does LSPI have that there would be

 3   no beneficial use of the Baker Hughes formulation in a

 4   hydrocarbon with an API gravity of 28?

 5      A.  It's LSPI's understanding of the crude oil

 6   composition that crude oils of API gravity of 28 and

 7   higher are better treated with a different style of drag

 8   reducer.  There's a more effective product that's

 9   capable of drag reducing those types of crude oils,

10   those types of lighter, nonasphaltenic crude oils.

11   Those products tend to be more effective at lower

12   dosages and typically cost less.

13      Q.  I want to make sure I understand your answer.

14   What evidence, if any, does LSPI have that the Baker

15   Hughes formulation would not reduce drag in hydrocarbons

16   with an API gravity of 28?

17               MS. WEISWASSER:  I'm going to object to that

18   question as pretty nonsensical.

19               But you can feel free to answer it, if you

20   can.

21      A.  I would -- I would say that LSPI's general

22   knowledge about how the drag reducing agents are

23   effective in the way that they treat the crude oil and

24   their molecular interactions are such that there would

25   be a much more effective drag reducing agent that would
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 1   be the preferred methodology of drag reducing that light

 2   crude oil.

 3      Q.  (BY MR. MCAUGHAN)  Isn't it true that even though

 4   you may contend there's a preferred method, that, in

 5   fact, the Baker Hughes formulation would serve to reduce

 6   drag in hydrocarbons having an API gravity of 28 or

 7   more?

 8      A.  I mean, I would say it would not make a lot of

 9   commercial sense to use this kind of formulation to drag

10   reduce those kind of crude oils.

11      Q.  My question was concerning performance.  Isn't it

12   correct that the Baker Hughes formulation would serve to

13   reduce drag in hydrocarbons having an API gravity of 28

14   degrees or more?

15               MS. WEISWASSER:  I object to the extent that

16   this calls for expert testimony.

17               You can answer this, if you can.

18      A.  The drag reducer that contains the ultra high

19   molecular weight polymer of 2 ethylhexyl methacrylate

20   will drag reduce hydrocarbons that are 28 degrees.

21      Q.  (BY MR. MCAUGHAN)  Okay.  Now, you indicate in

22   your answer that you felt like even though that

23   formulation would reduce drag, it was not commercially

24   viable.  What did you mean by that?

25      A.  By that, I mean there are other formulations of
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 1   drag reducing agents that are more effective in light

 2   crude oils.

 3      Q.  And what did you mean when you said you felt

 4   those would be more commercially viable?

 5      A.  By that, I mean they are more effective at lower

 6   dose for lower cost.

 7      Q.  Now, going back to Exhibit 2, which is the

 8   complaint, paragraph 57, LSPI alleges that Baker Hughes

 9   has directly infringed the '118 patent by selling the

10   Baker Hughes formulation.  What evidence does LSPI have

11   that Baker Hughes has, in fact, actually sold its

12   formulation to anyone?

13      A.  I would go back to its marketing materials and

14   say that Baker Hughes has -- has injected it into a Gulf

15   Coast refinery pipeline.

16      Q.  Okay.  And what about the marketing materials'

17   statement that Baker Hughes has injected the material

18   into a Gulf Coast pipeline does LSPI contend is evidence

19   that that product has actually been -- that that

20   formulation has actually been sold?

21      A.  The -- the marketing material doesn't appear to

22   be experimental in nature.  It doesn't appear to be just

23   a technical study.  It appears to be a real life case

24   study that was performed.

25      Q.  And what about the fact that you believe it was a
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 1   real life case study suggests that it was, in fact, sold

 2   and not simply provided for analytical purposes?

 3      A.  I would say the fact that this case study

 4   resulted in a -- in a mention in the Baker Hughes annual

 5   report indicated that it was a business that they were

 6   interested in getting into.

 7      Q.  Okay.  Now, looking at paragraph 57, it refers to

 8   alleged direct infringement by Baker Hughes importing

 9   the DRA formulation.  What evidence does LSPI have that

10   Baker Hughes ever imported the formulation?

11      A.  I would say that the -- any -- any crude oil that

12   was treated with the Baker Hughes product could be

13   imported into the United States.

14      Q.  What evidence does LSPI have that any crude oil

15   treated with the Baker Hughes formulation has been

16   imported into the United States?

17      A.  I would say it's clear from the -- from the

18   marketing materials that -- that Baker Hughes intended

19   this to treat crude oils available in Canada and that

20   the marketing materials talk about moving crude oil from

21   Canada to the United States.

22      Q.  Where do you see a reference to moving --

23   that crude oil has, in fact, been moved from Canada to

24   the United States that was treated with the Baker Hughes

25   formulation?
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 1      A.  In the -- in the final section of the -- of the

 2   case study, it talks about heavy oil being imported into

 3   the United States from Canada and -- but -- so, I assume

 4   they meant to treat that crude oil and bring it into the

 5   United States.

 6      Q.  The test you're referring to is what we marked as

 7   Exhibit 10, correct?

 8      A.  Yes.

 9      Q.  And that's referring to a test that was done on a

10   Gulf Coast pipeline, correct?

11      A.  That is correct.

12      Q.  And it states that pipeline is from Oklahoma

13   through Texas, correct?

14      A.  Could you point out where that was -- that was

15   stated?

16      Q.  Sure.  I believe you referenced the last

17   paragraph of the article.  Do you see in the very last

18   paragraph, it refers to, "TransCanada's Gulf Coast

19   Pipeline project, originally the southern leg of the

20   delayed Keystone XL pipeline extending from Oklahoma

21   through Texas"?

22      A.  That is referring to the Keystone XL pipeline.

23      Q.  And within this document, can you identify

24   anything that suggests that crude treated with the Baker

25   Hughes formulation was actually imported into the United
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 1   States?

 2      A.  Well, the document certainly talks about heavy

 3   oil being imported to the US from Canada.

 4      Q.  Where do you see that?

 5      A.  On the final paragraph.

 6      Q.  Okay.  But it doesn't indicate that any of that

 7   crude was treated with the Baker Hughes formulation,

 8   correct?

 9      A.  It does not state that explicitly but it --

10      Q.  Right.

11      A.  -- certainly talks about the importation of heavy

12   crude oil.

13      Q.  Now, in paragraph 57, in addition to alleging

14   Baker Hughes' direct infringement, it alleges that Baker

15   Hughes continues to contribute to others' infringement

16   of one or more claims of the '118 patent.  Do you see

17   that?

18      A.  Yes.

19      Q.  On what evidentiary basis does LSPI contend Baker

20   Hughes contributes to the infringement of others?

21      A.  Well, in the -- in the marketing material

22   designated --

23               THE WITNESS:  May I look at this?

24               MS. WEISWASSER:  Of course.

25      A.  -- I guess it was designated Exhibit 9, it asks
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 1   to, "Contact your Baker Hughes representative or visit

 2   bakerhughes.com/FLO to learn about how our FLO ULTIMA

 3   heavy crude DRA can help enhance your pipeline's

 4   throughput."

 5      Q.  Now, you understand, or do you, that for

 6   contributory infringement, the alleged infringer has to

 7   intend that their acts result in infringement of the

 8   patent?

 9               MS. WEISWASSER:  Object to the extent you're

10   asking him for legal testimony here.

11               You can answer the question.

12      A.  As a layperson, that's my understanding.

13      Q.  (BY MR. MCAUGHAN)  Does LSPI have any evidence

14   that Baker Hughes, in fact, intended its actions to

15   result in infringement of the LSPI '118 patent?

16               MS. WEISWASSER:  Again, this is not a memory

17   test.  You can feel free to use the complaint and to

18   refresh your recollection.

19      A.  I would say that -- that Baker Hughes has offered

20   and has arranged for injection of the -- the heavy crude

21   DRA product into asphaltenic crude oil in the United

22   States.

23      Q.  (BY MR. MCAUGHAN)  Does LSPI have any evidence

24   that Baker Hughes knew that the solubility parameters of

25   its formulation were within 4 megapascals to the one
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 1   half power of the solubility parameters of any

 2   hydrocarbon its formulation has been injected into?

 3               MS. WEISWASSER:  Object to the form of the

 4   question.

 5      A.  I would say that the '118 patent contains a

 6   table, table 1, I believe, which lists some of the crude

 7   oil parameters, including those of Western Canadian

 8   Select.  And the context of the -- the content of the

 9   patent also contains a reference to The Chemistry of the

10   Alberta Oil Sands, Bitumens and Heavy Oils.

11      Q.  (BY MR. MCAUGHAN)  Okay.  Where do you see that?

12      A.  That's in column 4, number 32, 31 and 32.

13          And within -- within that reference is -- are the

14   solubility parameters of -- of heavy oils, in particular

15   heavy oils from Canada, and that the range is called out

16   in the patent.  So, any -- any treating of a -- of a

17   heavy Canadian crude oil would -- would be assumed to be

18   an infringing use.

19      Q.  Okay.  Where do you see in any of the information

20   that you provided an indication of the solubility

21   parameter of heavy Canadian crude oil?  Is that in table

22   1 in anywhere -- any location?

23      A.  It's in the -- it's in the -- table 1 contains

24   the gravity, and the reference -- the Strausz and Lown

25   reference that I mentioned before contains the

0073

 1   solubility parameters.  And they're also called -- the

 2   solubility parameters are also called out in the patent

 3   itself.

 4      Q.  Okay.  Where do you see any teaching in this

 5   patent that the solubility parameter -- as to the

 6   solubility parameters of Western Canadian Select crude?

 7      A.  That -- that citation Strausz and Lown talks

 8   about the solubility parameters of -- of the Canadian

 9   crude oils.

10      Q.  Now, earlier you talked about the Colombian test

11   in the Castillo blend.  Do you recall that?

12      A.  Yes.

13      Q.  Does LSPI have any evidence that Baker Hughes was

14   aware of the solubility parameter of Castillo blend

15   crude?

16      A.  I would say that the solubility parameter of the

17   Castillo blend crude would be similar to the solubility

18   parameter of the heavy Canadian crude oils due to their

19   similarity in molecular structure and components.

20      Q.  Okay.  What evidence does LSPI have that that's

21   the case?

22      A.  We -- we know from previous work that these crude

23   oils are heavy asphaltenic crude oils and, as such, have

24   a solubility parameter that is very similar to the

25   Canadian crude oils, which are also heavy asphaltenic
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 1   crude oils.

 2      Q.  Now, I want to go back to this issue of

 3   contributory infringement.  And your earlier testimony

 4   was that you -- that LSPI's position is the Baker Hughes

 5   formulation has no substantial noninfringing use,

 6   correct?

 7      A.  That is correct.

 8      Q.  Isn't it true that the Baker Hughes formulation

 9   will reduce drag in hydrocarbons having an asphaltene

10   content of less than 3 percent?

11               MS. WEISWASSER:  Same objection.  This calls

12   for expert testimony.

13               You can answer it to the extent it's within

14   your knowledge, your personal knowledge.

15      A.  I would say that -- that while the products in

16   question may drag reduce other hydrocarbons, all the

17   material -- all the marketing materials claim that they

18   are specifically designed to drag reduce asphaltenic

19   crude oils.

20      Q.  (BY MR. MCAUGHAN)  But they will, in fact, reduce

21   drag in hydrocarbons having an asphaltenic content of

22   less than 3 weight percent, correct?

23               MS. WEISWASSER:  Same objection as before.

24      A.  They -- they -- they may but they weren't

25   designed for that.
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 1      Q.  (BY MR. MCAUGHAN)  They may, in fact, they --

 2   they will reduce drag, correct?

 3               MS. WEISWASSER:  Same objection.

 4      A.  From our experience and from our research into

 5   the poly 2-EHMA, we know that ultra high molecular

 6   weight polymer of 2-EHMA will, in fact, drag reduce many

 7   types of hydrocarbon.

 8      Q.  (BY MR. MCAUGHAN)  Right.  When you say your

 9   experience, this is experience that LSPI has with

10   respect to its own DRA product?

11      A.  This is with respect to the -- the formulations

12   described in the patents.

13      Q.  Right.  And those correspond to the LSPI Extreme

14   polymer product; is that correct?  ExtremePower?

15      A.  I would -- one of the polymers as described in

16   the '118 patent is -- is contained in the -- the product

17   known as ExtremePower.

18      Q.  Right.  And the LSPI Extreme polymer product, you

19   know through testing, does reduce drag in hydrocarbons

20   with an asphaltene content of less than 3 percent,

21   correct?

22      A.  It -- it does reduce drag but it's not very good

23   at it.

24      Q.  And, in fact, that polymer does reduce drag in

25   hydrocarbons having an API gravity of over 26 degrees,
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 1   correct?

 2      A.  As I said before, it will drag reduce those types

 3   of hydrocarbons but it's not very good at it.  There

 4   are -- there are better drag reducers with light crude

 5   oils.

 6      Q.  And when you say "better," that's because, in

 7   your view, those are more cost -- cost preferred?

 8      A.  More -- no.  More -- they're more effective at

 9   lower dosages as well.  That's -- from a technical point

10   of view, that's what I would call better.

11      Q.  But there's no doubt that LSPI has evidence that

12   the polymer it believes is in Baker Hughes' formulation

13   will reduce drag in hydrocarbons having an API gravity

14   of over 26 degrees, correct?

15               MS. WEISWASSER:  So, you're asking about

16   LSPI.  I think this is outside the scope.

17               If you have personal knowledge of that,

18   that's fine.

19               But I object to testifying on behalf of

20   LSPI, as to what LSPI has evidence of.

21               But you can answer.

22               MR. MCAUGHAN:  I'll rephrase it.

23      Q.  (BY MR. MCAUGHAN)  And I'll ask you personally

24   know that LSPI has evidence that the polymer it believes

25   in -- is in the Baker Hughes formulation will reduce
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 1   drag in hydrocarbons having an API gravity of over 26

 2   degrees, correct?

 3      A.  As stated previously, it will reduce the drag,

 4   just not the preferred or the best one out there.

 5      Q.  Now, I'd like for you to look in the stack of

 6   materials in front of you at what's been previously

 7   marked as Exhibit 4.  It's a copy of US Patent No.

 8   8,426,498 that I'm going to refer to as the '498 patent.

 9   Have you seen that document before?

10      A.  I have.

11      Q.  And you understand that LSPI has alleged in its

12   complaint that Baker Hughes has infringed this patent,

13   correct?

14      A.  Yes, I'm aware of that.

15      Q.  What evidence, at the time of the filing of the

16   complaint, did LSPI have that Baker Hughes has infringed

17   the '498 patent?

18      A.  It would be the same evidence as previously, the

19   marketing materials that Baker Hughes has -- has

20   discussed, the Gulf Coast refinery test in which Baker

21   Hughes injected a product and -- and the -- the

22   description that -- that the Baker Hughes product is

23   specifically designed to treat heavy asphaltenic crude

24   oil.

25      Q.  If we look at the '498 patent, you'll see in
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 1   column 19 is where the claims begin.  Do you see that?

 2      A.  Uh-huh.  Yes, I do.

 3      Q.  Which claims does LSPI believe it has evidence

 4   that Baker Hughes has infringed?

 5      A.  I would say all of the claims.

 6      Q.  Okay.  If we look at claim 1, it refers to a

 7   method of introducing a drag reducing polymer into a

 8   pipeline.  Do you see that?

 9      A.  Yes.

10      Q.  And it refers to the fact -- at the very end, it

11   states, quote, "wherein a plurality of the repeating

12   units comprise a heteroatom."  Do you see that?

13      A.  Yes.

14      Q.  What evidence does LSPI have that that aspect of

15   claim 1 has been met by Baker Hughes?

16      A.  The Baker Hughes product contains a polymer of

17   2-EHMA, which contains a heteroatom in the monomer,

18   therefore, a plurality of the repeating units contain a

19   heteroatom, specifically oxygen.

20      Q.  Okay.  And what evidence does LSPI have that

21   that's the case?

22      A.  That -- LSPI has evidence of the monomer that was

23   used to make that polymer --

24      Q.  Is that the --

25      A.  -- from the analysis of the sample.
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 1      Q.  That's the report that -- that --

 2      A.  Yes.

 3      Q.  -- Mike prepared that you referred to before?

 4      A.  Yes, I am.

 5      Q.  Let me ask if you can look at what's been

 6   previously marked as Exhibit 5.  I believe it's a copy

 7   of US Patent No. 8,450,249.  And, again, in the

 8   complaint, it was alleged that Baker Hughes has

 9   infringed this patent.  What evidence does LSPI have

10   that Baker Hughes has infringed this patent?

11      A.  I would say the same evidence as previously

12   discussed, the marketing materials, the Gulf Coast tests

13   where they -- Baker injected the product in heavy crude

14   oil.

15      Q.  Anything else?

16      A.  And, of course, the -- the identical nature of

17   the -- of the polymer in the Baker Hughes product to the

18   polymer described in -- described as polymer A in

19   example 1 of this patent.

20      Q.  Okay.  Let me ask then finally if you can turn to

21   what's previously marked as Exhibit 6, which is a copy

22   of US Patent No. 8,450,250, which I'll refer to as the

23   '250 patent.  Again, this is a patent that is alleged by

24   LSPI in its complaint that Baker Hughes has infringed.

25   What evidence does LSPI have that the '250 patent has
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 1   been infringed?

 2      A.  It would be the same evidence as previously

 3   discussed, the Baker Hughes marketing material, the

 4   Gulf -- the US Gulf Coast test that Baker performed and

 5   the -- the fact that the polymer in the Baker Hughes

 6   product is identical to polymer A in example 1 of this

 7   patent.

 8      Q.  Now, what claims of the '250 patent does LSPI

 9   believe it has evidence that Baker Hughes has infringed?

10      A.  I would say all of the claims.

11      Q.  Now, if we look, for example, at claim 3 of the

12   '250 patent, it states that, "The drag reducing polymer

13   comprises at least about 25,000 repeating units."  Do

14   you see that?

15      A.  Yes, I do.

16      Q.  What evidence does LSPI have that Baker Hughes'

17   formulation meets that limitation?

18      A.  The -- the fact the Baker -- the Baker Hughes

19   product is capable of reducing drag indicates it had a

20   high molecular weight, with at least 25,000 molecular

21   weight units.

22      Q.  Explain why you believe that if a -- a DRA has a

23   high molecular weight and is capable of reducing drag,

24   it will have at least 25,000 repeating units?

25      A.  25,000 repeating units for the polymer of 2-EHMA
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 1   corresponds to a molecular weight of approximately 5

 2   million, and the drag reduction phenomena does not

 3   become apparent in these types of crude oils until the

 4   molecular weight reaches 5 million and greater.

 5          In addition, we know from the -- the marketing

 6   materials that the drag reduction was operation --

 7   operational in that heavy Canadian crude oil, and in our

 8   experience using LSPI's products that have a similar

 9   chemical composition, that those types of molecular

10   weights are required for drag reduction.

11      Q.  Now, when you state that molecular weights of 5

12   million are required for drag reduction in these

13   hydrocarbons, what hydrocarbons are you referring to?

14      A.  I'm referring to the heavy asphaltenic crude

15   oils.

16      Q.  Is that also true for drag reduction in lighter

17   crudes?

18      A.  In general.

19      Q.  Why do you say that?

20      A.  The -- all polymers must be ultra high molecular

21   weight to be -- to function as a drag reducer.

22      Q.  In any hydrocarbon?

23      A.  In any liquid.

24      Q.  Okay.  Now, the '250 patent is directed to a

25   method of preparing a drag reducing polymer, correct?
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 1      A.  Yes.

 2      Q.  And not specifically to the introduction of a

 3   polymer into a pipeline, correct?

 4      A.  That is correct.

 5      Q.  And this method of preparation in the claim

 6   includes a step, towards the end, where the drag --

 7   quote, "The drag reducing polymer is added to the liquid

 8   hydrocarbon in a range from about .1 to about 500 PPMW."

 9   Do you see that?

10      A.  Yes, I do.

11      Q.  What evidence does LSPI have that, in the course

12   of preparing a drag reducing polymer, Baker Hughes

13   actually added a polymer to a liquid hydrocarbon in the

14   range recited in the claim?

15      A.  I would -- I would say that the -- the marketing

16   material make it clear that the Baker Hughes formulation

17   is intended to be dosed into a -- into a heavy

18   asphaltenic crude oil, and these -- these ranges are

19   consistent with the typical application of DRAs to these

20   types of crude oils.

21      Q.  Is it LSPI's position that you actually have to

22   add the polymer to a liquid hydrocarbon as part of its

23   preparation to violate the '250 patent or are you simply

24   saying as long as you intend to do that somewhere down

25   the line, you meet this limitation?
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 1      A.  I would say as long as -- you know, it's our

 2   position that if -- if the intention is to add that drag

 3   reducing polymer under -- under those dosage conditions,

 4   that it would -- that it would infringe the patent.

 5      Q.  What specific acts does LSPI contend Baker Hughes

 6   engaged in that constitute within this claim the

 7   preparation of the drag reducing polymer with the

 8   solubility parameter within 4 megapascals to the one

 9   half power of the solubility parameter of a liquid

10   hydrocarbon?

11      A.  As -- as mentioned previously, the solubility

12   parameter for the polymer in the -- in the Baker Hughes

13   product, specifically the polymer of 2-EHMA has a

14   solubility parameter of 18.04 as called out -- let me

15   see if it's in this patent or the other ones.  As

16   mentioned in this patent in column 13, polymer A in

17   example 1 has a solubility parameter of 18.04, along

18   with heavy crude oils having solubility parameters as

19   listed in column 4 in the -- the Strausz and Lown

20   citation.

21      Q.  So, is it LSPI's position that any making of a

22   polymer with 2-EHMA is evidence of the making of a

23   polymer with a solubility parameter within 4 megapascals

24   to the one half power of the solubility parameter of a

25   liquid hydrocarbon?
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 1               MS. WEISWASSER:  You're referring to claim

 2   1, right, within the scope of this claim?

 3               MR. MCAUGHAN:  (Indicated by nodding his

 4   head affirmatively.)

 5      A.  The claim specifically -- specifically refers to

 6   a liquid hydrocarbon that has at least 3 weight percent

 7   asphaltene content and an API gravity of less than about

 8   26.  So, in this -- in this particular claim, if the

 9   liquid hydrocarbon is an asphaltenic heavy crude that

10   meets those conditions, yes, the -- any polymer of

11   2-EHMA would be within 4 units.

12      Q.  (BY MR. MCAUGHAN)  Okay.  Let me ask if you can

13   look in the complaint --

14               MS. WEISWASSER:  How long have we been on

15   the record for?

16               MR. MCAUGHAN:  We've been on for about an

17   hour.  If you need another break, just let me know.

18               MS. WEISWASSER:  Yeah, it would be good to

19   take one soon, at a natural breaking point for you.

20               MR. MCAUGHAN:  Okay.  That's -- that's fine.

21   I think we're at a good point now.

22               MS. WEISWASSER:  Okay.  Great.

23               THE VIDEOGRAPHER:  Off the record.  11:38.

24               (Lunch recess.)

25               (Exhibits 11-15 marked.)
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 1               THE VIDEOGRAPHER:  We're going back on the

 2   record.  1:22 p.m.

 3      Q.  (BY MR. MCAUGHAN)  All right.  Over the lunch

 4   break, there were some documents that were produced, and

 5   I have marked all but one of those as Exhibits 11, 12,

 6   13, 14 and 15.  And I'd like to just ask if you can

 7   identify each of those documents by -- first identify

 8   the exhibit number and then if you can testify as to

 9   what the exhibit reflects.

10      A.  Exhibit No. 11 reflects the -- the chart that was

11   discussed earlier in the day relating the drag reduction

12   performance of the Baker Hughes product to the drag

13   reduction performance of the LSPI product during the

14   Colombian field trial.

15      Q.  Okay.  And before we move on to the next exhibit,

16   this is the chart that you indicated -- that you

17   referred to earlier in your testimony?

18      A.  Yes.

19      Q.  And do you understand what's reflected in this

20   chart?

21      A.  I do.

22      Q.  So, for example, there's a -- a blue line and

23   there's an orangish line, do you know what those refer

24   to?

25      A.  Yes, the blue line refers to the drag reduction
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 1   performance of LSPI EXP-125 product, and the red line

 2   refers to the -- LSPI's -- let me see that.  I'm sorry.

 3   The red line refers to the -- the Baker product

 4   performance.

 5      Q.  Okay.  And do you know that from looking at the

 6   chart or were you told this by someone who provided you

 7   with the chart?

 8      A.  I'm looking at it, referring to the legend.

 9      Q.  Okay.  Now, if we look at the legend, at the

10   bottom, it shows the blue line is Curva Para El EXP-125

11   Vasconia, correct?

12      A.  Yes.

13      Q.  And that's what you understand to be the LSPI

14   EXP-125 product?

15      A.  Yes.  That's -- that's correct.

16      Q.  Now, under that legend, there's a green box

17   labeled EXP-125 VS P2.  Do you see that?

18      A.  Yes.

19      Q.  Do you know what that VS P2 is referring to?

20      A.  That refers to the data point that's up near the

21   blue line.

22      Q.  Do you --

23      A.  It indicates the -- the drag reduction

24   performance at 42 parts per million.

25      Q.  Okay.  And do you know is there any significance
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 1   about the VS P2 designation?

 2      A.  I don't -- I don't know if there's significance

 3   or not.

 4      Q.  Okay.  Underneath that, we see EXP118.  Do you

 5   know what that's referring to?

 6      A.  That refers to LSPI's ExtremePower product.

 7      Q.  Okay.  Is that the ExtremePower 125 or is there a

 8   128 -- 118 product as well?

 9      A.  No, there's a different product called --

10   that's -- that's referred to in this chart as 118.

11      Q.  Okay.  So, if we look at these lines, do these

12   lines reflect the LSPI 125 and the BHI product or do

13   they reflect the LSPI 125 and 118 products?

14      A.  Well, that -- the line refers -- the blue line

15   refers to the 125 product.

16      Q.  Okay.  Do you know who generated this chart?

17      A.  This is from the field trial in Colombia.

18   Ricardo Perez generated this chart.

19      Q.  Okay.  So -- and Ricardo Perez is the LSPI

20   distributor in Colombia?

21      A.  Yes, he is.

22      Q.  Is he actually employed by LSPI?

23      A.  No, he's not.

24      Q.  Who is he employed by?

25      A.  He's employed by Del Rio.
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 1      Q.  Okay.  All right.  And so, Del Rio is the one

 2   that deals directly with the customer there?

 3      A.  Yes.

 4      Q.  And who is the customer?

 5      A.  The customer is Equipetrol.

 6      Q.  Okay.  Now, if we can look at Exhibit 12, can you

 7   identify what's shown in that picture?

 8      A.  This is a photograph of a container of DRA

 9   product that was at the field test site in Colombia.

10      Q.  And this is the Flowchem product?

11      A.  It is.

12      Q.  Did you ever visit that site?

13      A.  I have not.

14      Q.  Okay.  Do you know when you received these

15   pictures?

16      A.  We received the pictures in the late spring,

17   early summer of 2015.

18      Q.  And do you know who took these pictures?

19      A.  I do not know who took the pictures.

20      Q.  Was it an LSPI employee?

21      A.  As I said, I don't know who -- I don't know who

22   took them.

23      Q.  Okay.  Did LSPI have employees on site at the

24   Colombian field test?

25      A.  No.
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 1      Q.  Do you know if Del Rio had employees on site

 2   during the field test?

 3      A.  That would be the common -- that's a common --

 4   that's a site that Del Rio supports, one of our sites

 5   that Del Rio supports.  So, I assume they had employees

 6   there.

 7      Q.  Did you know if the -- your customer was aware

 8   that your distributor obtained samples of the Baker

 9   Hughes formulation?

10      A.  I don't know.

11      Q.  Do you know if your customer was aware that LSPI

12   obtained samples of the Flowchem formulation?

13      A.  I don't know if our customer was aware or not.

14      Q.  Okay.  Do you know if LSPI knows that they had

15   the permission of the customer to have -- the customer

16   gave permission to have samples of the BHI product -- or

17   the BHI formulation given to Del Rio?

18      A.  I -- I don't know.

19      Q.  Okay.  Let me ask you to look at Exhibit 13.

20   What's shown there?

21      A.  It's another photograph of the container of the

22   Flowchem product.

23      Q.  Okay.  And Exhibit 14?

24      A.  Exhibit 14 is a photograph of the -- of some

25   containers at the field site.
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 1      Q.  Can you identify whether those are Flowchem,

 2   Baker Hughes or LSPI product?

 3      A.  Not from this photograph.

 4      Q.  Okay.  And then if you can identify what's shown

 5   in Exhibit 15.

 6      A.  Exhibit 15 is a photograph of the outside of

 7   the -- of the label on one of the containers at the --

 8   at the Colombian field trial depicting FLO ULTIMA 91000

 9   Pipeline Flow Improver.

10      Q.  Okay.

11               MR. MCAUGHAN:  Now, I'll note for the record

12   that Mr. Matheny has left the deposition room.

13               (Exhibit 16 marked.)

14      Q.  (BY MR. MCAUGHAN)  I'm going to put in front of

15   you the final document that was produced, and I'm going

16   to mark it as Exhibit 16.  It's a document bearing

17   production numbers LSPI DRA 8999 through 9009.  It's

18   marked Highly Confidential Information, and ask if you

19   can identify that document?

20               MS. WEISWASSER:  It's 9009.

21               MR. MCAUGHAN:  Okay.

22               MS. WEISWASSER:  Two zeros.

23      A.  This is the report that Mike Olechnowicz prepared

24   on the analysis of the field samples from the Colombian

25   field trial.
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 1      Q.  (BY MR. MCAUGHAN)  Okay.  And do you know when

 2   that was provided to you?  The report is undated.

 3      A.  It was provided to me in the late spring, early

 4   summer of 2015.

 5      Q.  Do you know where the data is that was used to

 6   generate this report?

 7      A.  The -- the raw data?

 8      Q.  Yes.

 9      A.  Some of the raw data will -- will be in the LSPI

10   notebooks.  Some of the raw data will likely be on the

11   computers in -- at the Wickliffe central analysis

12   facility.

13      Q.  Okay.  Do you know who at Wickliffe would have

14   been involved in this analysis?

15      A.  I do not know.

16      Q.  Okay.  Would Mike be the right person to talk to

17   about that?

18      A.  Mike would know who --

19      Q.  Okay.

20      A.  -- who did the analysis.

21      Q.  And this is the report you referred to in your

22   deposition testimony this morning as the report based on

23   the analysis of the Baker Hughes formulation, correct?

24      A.  Correct.

25      Q.  Now, I'd like to ask if we can turn to the
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 1   deposition notice, which is Exhibit 1, and, in

 2   particular, I'd like to direct your attention to topic 2

 3   of that notice.

 4                   (Exhibit 17 marked.)

 5      Q.  (BY MR. MCAUGHAN)  And I guess before I do that,

 6   there was one exhibit I didn't mention I'm going to hand

 7   to you, which is marked as Exhibit 17.  It's a two-sided

 8   document bearing production numbers LSPI DRA 0008910

 9   through 8911.  I'd ask if you can identify this

10   document?

11      A.  This is the product datasheet for EP 1000 Flow

12   Improver sold by LSPI.

13      Q.  Now, if I look at the datasheet on the back page,

14   there's something called product properties.  Do you see

15   that?

16      A.  Yes.

17      Q.  And it states, "Designed for use on," and then it

18   states, "heavy petroleum crude oil."  Do you see that?

19      A.  Yes.

20      Q.  What is that referring to?

21      A.  That is referring to the fact that this product

22   is designed to be used in heavy petroleum crude oil.

23      Q.  Now, it doesn't indicate here what API gravities

24   correspond to heavy petroleum crude oil, correct?

25      A.  The chart on the front lists the gravities for
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 1   which this product is intended.

 2      Q.  Okay.

 3      A.  You can see that at the chart on the front, it

 4   lists the gravities between 25.1 and 9.1 --

 5      Q.  Actually, the chart on the front lists gravities

 6   from 41.6 to 9.1.

 7      A.  So, I wasn't quite finished with that statement.

 8   On the chart, 25.1 to 9.1 lists those -- those crude

 9   oils which have a high affinity and a high compatibility

10   towards ExtremePower.  The crude oils between 41.6 and

11   31 have a high affinity towards the LiquidPower series

12   of -- of products.

13      Q.  Right.  And the API gravities of 41 to 31 showing

14   moderate capability with the EP 1000, correct?

15      A.  That's correct.

16      Q.  So, looking at the second page of the document,

17   what is it that the reference to heavy petroleum crude

18   oil refers to?

19      A.  As -- as it says on the front, it's referred to

20   as -- as when -- when the crude oils' gravities fall --

21   fall into the heavy range.

22      Q.  Okay.  And what would you deem to be the heavy

23   range?

24      A.  I would deem, according to the chart, 25.1 and

25   below.
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 1      Q.  Okay.  Now, is there any reference in Exhibit 17

 2   to asphaltene content?

 3      A.  There is not any reference to the -- in -- in

 4   this particular document.

 5      Q.  Okay.

 6      A.  But we know -- we know from testing that we've

 7   done of these particular crude oils that all of the

 8   heavy -- all of the crude oils listed with a high

 9   compatibility to ExtremePower Flow Improver have an

10   asphaltene content greater than 3 weight percent.

11      Q.  Okay.  All right.  I'd like to again go back to

12   topic 2 in the deposition notice, which concerns the

13   factual and evidentiary basis for the denials of the

14   request for admissions served on LSPI.  Do you see that?

15      A.  Yes.

16      Q.  And are you prepared to testify with respect to

17   that topic today?

18      A.  I am.

19      Q.  All right.  I'd like to see if you can get

20   Exhibit 7 in front of you, which is a copy of LSPI's

21   responses to Baker Hughes' requests for admissions

22   number 1 through 3.

23          And in particular, I'd like you turn to Page 5 of

24   that document where request for admission number 2 is

25   set out.  Now, that admission asked LPSI to admit that,
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 1   "Prior to December 22nd, 2005, it was known in the field

 2   of liquid hydrocarbon transport to prepare a drag

 3   reducing polymer that was able to be injected into a

 4   pipeline, such that the friction loss associated with

 5   the turbulent flow through the pipeline is reduced by

 6   suppressing the growth of turbulent eddies," and then it

 7   goes on, "where the liquid hydrocarbon had an asphaltene

 8   content of at least 3 weight percent, the liquid

 9   hydrocarbon had an API gravity of less than about 26

10   degrees and wherein the drag reducing polymer had a

11   solubility parameter within 4 megapascals to the one

12   half of the solubility parameter of the liquid

13   hydrocarbon."  Do you see that?

14      A.  I do see that.

15      Q.  And you understand that LSPI denied that request

16   for admission?

17      A.  I do understand it was denied.

18      Q.  What was the evidentiary basis for that denial?

19      A.  The basis for that denial was that the -- the

20   term "field of liquid hydrocarbon transport" was vague

21   and does not adequately describe the liquid hydrocarbon.

22   So, it's -- it's unknown exactly what was meant by that

23   term.

24          There's also the statement that it was known in

25   the field, and that statement was vague, did not
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 1   describe who it was known by.

 2      Q.  Anything else?

 3      A.  And -- no.

 4      Q.  Okay.  It is correct, isn't it, that prior to

 5   December, 2005, people had injected drag reducing

 6   polymers into pipelines to reduce the friction loss

 7   associated with the turbulent flow through the pipeline,

 8   correct?

 9               MS. WEISWASSER:  Objection to vague and

10   undefined terms.

11      A.  I don't know exactly for which liquid hydrocarbon

12   you're referring.

13      Q.  (BY MR. MCAUGHAN)  Okay.  Well, isn't it true

14   that prior to 2005, heavy polymer drag reducing agents

15   were introduced into pipelines caring hydrocarbons with

16   API gravities of less than 26 degrees to reduce

17   turbulent -- the production of eddies resulting from

18   turbulent flow?

19               MS. WEISWASSER:  Objection to vague and

20   undefined terms.

21               You can answer.

22      A.  If you are referring to heavy asphaltenic crude

23   oils being a liquid hydrocarbon, then no, it was not

24   known prior to this date that drag reducers could

25   suppress the turbulence in these -- in these types of
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 1   heavy crude oils.

 2      Q.  (BY MR. MCAUGHAN)  Are you familiar with the

 3   product offered by Conoco known as the CDR 102 Flow

 4   Improver?

 5      A.  I am familiar -- I am aware of that product that

 6   was offered in the past.

 7      Q.  And isn't it correct that that product was

 8   specifically offered for use with hydrocarbons with API

 9   gravities below 26 degrees?

10               MS. WEISWASSER:  Objection to vague and

11   undefined terms.

12               Go ahead.

13      A.  And the term -- if liquid crude oil refers to the

14   heavy asphaltenic crude oil, that product was not

15   offered for sale to treat heavy asphaltenic crude oil.

16      Q.  (BY MR. MCAUGHAN)  My question was isn't it true

17   that the CDR 102 product was specifically promoted for

18   use with liquid hydrocarbons having API gravities below

19   26 degrees?

20               MS. WEISWASSER:  Same objection.

21      A.  Again, the -- the liquid hydrocarbons that are

22   described in -- in our patents are specific to the heavy

23   asphaltenic crude oil, and CDR 102M was not designed to

24   treat the heavy asphaltenic crude oils.

25                   (Exhibit 18 marked.)
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 1      Q.  (BY MR. MCAUGHAN)  Let me put in front of you

 2   what's been marked as Exhibit 18.  It's a copy of a

 3   brochure entitled Conoco CDR 102 Flow Improver, and I'd

 4   ask have you seen this document before?

 5               MS. WEISWASSER:  I'm going to object as

 6   outside the scope of the notice to -- the 30(b)(6)

 7   notice to LSPI.  It's fine for the witness to testify in

 8   his personal capacity.

 9      A.  I have not seen this document before.

10      Q.  (BY MR. MCAUGHAN)  Okay.  But you know about the

11   CDR 102 product?

12      A.  I do.

13      Q.  Okay.  Do you know that Conoco had done tests

14   that showed the CDR 102 product as being commercially

15   effective in crude gravities as low as 23 degrees API?

16               MS. WEISWASSER:  Same objection as before,

17   also vague and ambiguous and assumes facts not in

18   evidence.

19               It's okay.

20      A.  And this -- this product was designed for

21   traditional crude oil.  It was not designed for

22   asphaltenic crude oil.

23      Q.  (BY MR. MCAUGHAN)  Okay.  Just so I understand,

24   you don't dispute that this product was designed and, in

25   fact, was proven to be commercially viable in
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 1   hydrocarbons with APIs of less than 26 degrees, correct?

 2               MS. WEISWASSER:  Same objection.

 3      A.  Again, this -- this -- this -- the CDR 102 was --

 4   was designed for traditional crude oils with very --

 5   very low asphaltenic content.

 6      Q.  (BY MR. MCAUGHAN)  Okay.  Do you see anything in

 7   Exhibit 18 that suggests that this is not appropriate

 8   for hydrocarbons with asphaltene content?

 9               MS. WEISWASSER:  Same objections as before.

10      A.  Well, we know from the chemistry of the CDR 102

11   that it -- that it -- it shows no affinity for, no --

12   nor no performance in heavy asphaltenic crude oils.

13      Q.  (BY MR. MCAUGHAN)  Okay.  Let me ask if you can

14   turn in the document to the third page.  It's the page

15   with the graphs up at the top.  And do you see four

16   paragraphs down, there's a paragraph that begins, "Fluid

17   viscosity"?

18      A.  Yes.

19      Q.  And do you see the last sentence there, it says,

20   "CDR has been found to be commercially effective in

21   crude gravities as low as 23 degrees API," do you see

22   that?

23      A.  I do see that.

24      Q.  Okay.  Do you see anything there that suggests

25   that that is only referring to nonasphaltene containing
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 1   heavy crudes?

 2               MS. WEISWASSER:  Same objection.

 3      A.  Well, as I stated before, we know from the

 4   chemistry that this particular product is not effective

 5   in the asphaltenic crude oils.

 6      Q.  (BY MR. MCAUGHAN)  Now, are you familiar with

 7   products that were offered by Conoco Phillips known as

 8   the LP 400 and the LP 300 products?

 9      A.  Yes.

10      Q.  And those were the LiquidPower 400 and

11   LiquidPower 300 products?

12               MS. WEISWASSER:  Object, outside the scope

13   of the 30(b)(6).

14               You can answer if you know in your personal

15   capacity.

16      A.  Yes, I'm aware of those products.

17      Q.  (BY MR. MCAUGHAN)  And those products were

18   offered commercially prior to December 22nd, 2005,

19   correct?

20               MS. WEISWASSER:  Same objection as before.

21   I'm going to have a standing objection to this line of

22   questioning on that ground.

23               MR. MCAUGHAN:  Okay.

24      A.  I -- I think they were offered prior to that

25   date.  I'd have to go back and check my records.
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 1      Q.  (BY MR. MCAUGHAN)  And those products, when they

 2   were offered, were offered to be introduced into a

 3   pipeline transporting liquid hydrocarbon, correct?

 4      A.  Those products were designed for -- LP 300 in

 5   particular was designed for a medium crude oil.

 6      Q.  Isn't it true that the LP 400 and the LP 300

 7   products were offered with the intention that they be

 8   introduced into a pipeline carrying liquid hydrocarbon?

 9               MS. WEISWASSER:  Same objection.

10      A.  So, if by liquid hydrocarbon you mean a heavy

11   asphaltenic crude oil, then no, they were not intended

12   to be used in heavy asphaltenic crude oil.

13      Q.  (BY MR. MCAUGHAN)  But they were specifically

14   offered for use with heavy crude oil, correct?

15               MS. WEISWASSER:  Same objection, assumes

16   facts not in evidence.  That will be standing.

17               Go ahead.

18      A.  They were designed for intermediate gravities,

19   gravities slightly higher than light but not in -- not

20   in what is known as the heavy asphaltenic crude oils.

21      Q.  (BY MR. MCAUGHAN)  But they were particularly

22   promoted for use in, quote, "heavy crude oil," closed

23   quote, correct?

24               MS. WEISWASSER:  Same objection.

25      A.  They're -- as I said, they're not really
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 1   effective -- they're not effective at all in the heavy

 2   asphaltenic crude oils that are -- that are the -- the

 3   subject matter of our -- of LSPI's patents.

 4                   (Exhibit 19 marked.)

 5      Q.  (BY MR. MCAUGHAN)  Let me place in front of you

 6   what I'm going to mark as Exhibit 19.  It's a copy of a

 7   datasheet for the LP 300.  Have you seen that datasheet

 8   before?

 9               MS. WEISWASSER:  I'm just going to make sure

10   the record is clear.  Until I say otherwise, I'm going

11   to object as outside the scope of the 30(b)(6)

12   deposition.  I have no problem with the witness

13   testifying in his personal capacity to the extent he

14   knows but this is not on behalf of LSPI.

15      A.  I've not seen this -- this exact revision of the

16   product datasheet.

17      Q.  (BY MR. MCAUGHAN)  Now, the LP 300 datasheet, on

18   the second page, has a list of product properties,

19   correct?

20      A.  It does.

21      Q.  And that list is set out in the same manner as

22   the product properties are set out on the datasheet for

23   the EP 1000, correct?

24      A.  It is.

25      Q.  And both datasheets indicate that the -- that the
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 1   products, the LP 300 and the EP 1000, are designed for

 2   use on, quote, "heavy petroleum crude oil," closed

 3   quote, correct?

 4      A.  While -- while it does say that, the chart on

 5   Exhibit 17 also shows that the LiquidPower series of

 6   Flow Improvers have an affinity only for the -- the --

 7   the crude oils of 31 degrees and above, whereas the

 8   ExtremePower Flow Improvers have the affinity for the

 9   gravities of 21.5 and below.

10      Q.  Where are you seeing that?

11      A.  The chart on Exhibit 17.

12      Q.  Okay.  The chart on Exhibit 17 --

13      A.  Exhibit 17.

14      Q.  Okay.

15      A.  Which lists the LiquidPower series of Flow

16   Improvers and their compatibility with crude oils of

17   various gravities.

18                   (Exhibit 20 marked.)

19      Q.  (BY MR. MCAUGHAN)  Let me put in front of you

20   what I'm going to mark as Exhibit 20.  It's a copy of a

21   product datasheet for the LiquidPower 400 product, and

22   ask if you've seen that document before?

23               MS. WEISWASSER:  Standing objection stands.

24      A.  I have not seen this datasheet before.

25      Q.  (BY MR. MCAUGHAN)  Okay.  And, again, the second
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 1   page of this datasheet sets out the product properties

 2   in a manner similar to the way the product properties

 3   are set out for the EP 1000 product, correct?

 4      A.  That is correct.

 5      Q.  And, again, it shows that the LP 400 product is

 6   designed for use on, quote, "heavy petroleum crude oil,"

 7   closed quote, correct?

 8      A.  That's what it says, yes, but, again, the LP

 9   series of products are not designed for the heavy

10   asphaltenic crude oils, the same products that our

11   ExtremePower series of products are designed for and for

12   which the patents were obtained.

13      Q.  Now, with respect to the LP 300 -- I'd like to go

14   back to Exhibit 7 and the request for admission number

15   2.  The -- 2.3 refers to the drag reducing polymer

16   having a solubility parameter within 4 megapascals to

17   the one half power of the solubility parameter of the

18   liquid hydrocarbon.  Do you see that?

19      A.  Yes, I see where it says that.

20      Q.  And I believe you testified earlier that liquid

21   hydrocarbons with API gravities of less than 26 and

22   asphaltene contents of at least 3 have solubility

23   parameters somewhere between the 16 to 22 megapascals to

24   the one half power, correct?

25               MS. WEISWASSER:  Objection to the extent

0105

 1   it's characterizing prior testimony.

 2               You can answer.

 3      A.  The crude oils are -- the heavy asphaltenic crude

 4   oils are certainly in that range.

 5      Q.  (BY MR. MCAUGHAN)  Isn't it true that the

 6   solubility parameter of the LP 300 product was within 4

 7   megapascals to the one half power of the solubility

 8   parameter of liquid hydrocarbons in that range?

 9               MS. WEISWASSER:  Same standing objection.

10               Go ahead.

11      A.  The solubility parameter of -- of LP 300 will not

12   be within 4 units or megapascals of the one half of the

13   solubility parameter of the heavy asphaltenic crude oil.

14      Q.  (BY MR. MCAUGHAN)  Do you know what the

15   solubility parameter was of the -- is of the LP 300?

16      A.  I do.  It's listed in our patents.

17      Q.  And isn't it just under 17 megapascals to the one

18   half power?

19               MS. WEISWASSER:  Same objection as before.

20      A.  Yeah, the '118 lists the solubility parameter of

21   the LP 300 polymer as 16.54.

22      Q.  (BY MR. MCAUGHAN)  And that's within the range of

23   the solubility parameters that you've indicated

24   corresponded to heavy crudes with API gravities less

25   than 26 degrees and asphaltene contents of at least 3

0106

 1   weight percent, correct?

 2      A.  Again, the -- the solubility parameters of those

 3   crude oils as listed in the reference -- I have it -- I

 4   have it here.  It's actually listed in the patent.  I'm

 5   sorry -- listed in the patent -- in the '118 patent, the

 6   Strausz and Lown puts -- puts the heavy crude oils in

 7   the 17 and a half to 23 weight percent -- 20 -- at the

 8   23 megapascals to the one half.

 9      Q.  Where are you seeing that?

10      A.  At column 4, line 36, and then the included --

11   the included reference lists the solubility parameters

12   of the heavy crude oils.

13      Q.  And at the lower end of that range, the 17

14   megapascals to the one half, the LP 300 solubility

15   parameter is, in fact, within 4 megapascals to the one

16   half power of the solubility parameters of those

17   hydrocarbons with asphaltene contents of at least 3

18   weight percent and an API gravity of less than 26

19   percent, correct?

20               MS. WEISWASSER:  Same objection, and object

21   to the form.

22               Go ahead.

23      A.  Again, the -- the -- the polymer in -- in -- that

24   we're talking about in LP 300 shows no -- absolutely no

25   affinity to those heavy asphaltenic crude oils as -- as
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 1   are listed on the front of the datasheet for EP 1000,

 2   and it also lists no affinity in the -- in the patent.

 3      Q.  (BY MR. MCAUGHAN)  Let's make sure.  If we look

 4   at the patent -- '118 patent in table 1 at column 15, do

 5   you see it?  And that charts shows the affinity of

 6   various drag reducing agents to various crudes, correct?

 7      A.  Yes.

 8      Q.  And if we look, for example, at the Marlim blend,

 9   it's identified in the chart as a heavy crude, correct?

10      A.  It is.

11      Q.  And that would indicate that it has an API

12   gravity of less than 26 degrees, correct?

13      A.  It is.

14      Q.  And it specifically indicates that the Marlim

15   blend has an asphaltene content in excess of 3 percent

16   weight, correct?

17      A.  Yes.

18      Q.  And that chart specifically shows that the LP 300

19   has a high affinity for that heavy asphaltenic crude,

20   correct?

21      A.  It shows it -- that chart shows that it has a

22   high affinity for both types of drag reducers.

23      Q.  Right.  And, in fact, it shows that the LP 300

24   has a high affinity for that heavy asphaltenic crude,

25   correct?
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 1      A.  As well as the high affinity to the other -- to

 2   the other drag reducers.

 3      Q.  Do you know that the LP 300 product was, in fact,

 4   used in asphaltenic heavy crudes before December, 2005?

 5               MS. WEISWASSER:  Same objection.

 6      A.  Personally, I don't know that it was used in a --

 7   in a heavy crude prior to 2000 --

 8      Q.  (BY MR. MCAUGHAN)  Okay.

 9      A.  -- prior to December, 2005.

10      Q.  So, you're not -- you're not aware of instances

11   where the LP 300 was, in fact, introduced into a

12   pipeline having crude with an API gravity of less than

13   26 degrees and an asphaltene content of at least 3

14   percent?

15      A.  I'm -- I'm not aware of one.

16      Q.  Okay.  Are you aware of instances where the CDR

17   102 product was introduced into a pipeline carrying

18   heavy asphaltenic crude?

19      A.  I'm not aware of any application in which CDR 102

20   could have been used in place of ExtremePower.

21      Q.  I'd like to look at Exhibit 7, which is the

22   request for admission, and look at request for admission

23   number 4 -- number 1 on Page 4.  And there there's a

24   request for admission number 1 that sets out very --

25   various characteristics, and that was denied by LSPI,
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 1   correct?

 2      A.  That is correct.

 3      Q.  What is the evidentiary basis that LSPI had for

 4   the denial of request for admission number 1?

 5      A.  It's the same as the previous denial.  There's no

 6   definition of -- of who the information was known by and

 7   that the field of liquid hydrocarbon transport is vague.

 8      Q.  I'd like to look at --

 9               MS. WEISWASSER:  Did you -- I just want to

10   make sure you finished.  It sounded like counsel could

11   have cut you off.

12               THE WITNESS:  I'm okay.

13               MS. WEISWASSER:  Okay.

14      Q.  (BY MR. MCAUGHAN)  I'd like to focus on the

15   characteristic identified in 1.1, which refers to the

16   solubility parameter of the drag reducing polymer being

17   at least about 17 megapascals to the one half power.  Do

18   you know what the solubility parameter was of the CDR

19   102 product?

20      A.  Yes, the solubility parameter of the CDR 102

21   product is the same as the solubility parameter of the

22   LP 100 product because they're the same polymer.

23      Q.  So, that's approximately 16.54?  Say that one

24   more time.  The solubility of the CDR 102 is the same

25   solubility as -- as what product?
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 1      A.  As -- as the LP 100 product.

 2      Q.  The LP 100 product.

 3      A.  Yes.

 4      Q.  Okay.

 5      A.  Because it's the same polymer.

 6      Q.  Okay.

 7      A.  The patent lists that solubility parameter of

 8   16.49.

 9      Q.  Okay.  And do you know what the solubility

10   parameter was for the LP 300 product?

11      A.  The patent lists that solubility parameter at

12   16.54.

13      Q.  And do you know what the solubility parameter was

14   of the LP 400 product?

15               MS. WEISWASSER:  Same objection.

16      A.  Not off the top of my head.  I'd have to look it

17   up.

18      Q.  (BY MR. MCAUGHAN)  Do you know if it would have

19   been greater or less than 16.5?

20      A.  It would have been in the same -- in the same

21   general neighborhood.  It's still a poly ethyl olefin.

22      Q.  Now, if we look at request for admission 1,

23   characteristic 1.2, it talks about the drag reducing

24   polymer comprising at least about 25,000 repeating

25   units.  Do you know how many repeating units were in the
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 1   polymer of the CDR 102 product?

 2               MS. WEISWASSER:  Same objection.

 3      A.  The molecular weight of that polymer was -- was

 4   high enough such that there were at least 25,000

 5   repeating units.  I don't know exactly how many.

 6      Q.  (BY MR. MCAUGHAN)  Do you know if the LP 300

 7   polymer had at least about 25,000 repeating units?

 8               MS. WEISWASSER:  Same objection.

 9      A.  The molecular weight of the LP 300 product would

10   suggest that it has more than 25,000 repeating units.

11               MR. MCAUGHAN:  And I'll note for the record

12   that Mr. Matheny has reentered the room.

13      Q.  (BY MR. MCAUGHAN)  Do you know that the LP 400

14   polymer had at least about 25,000 repeating units?

15               MS. WEISWASSER:  Same objection.

16      A.  And the answer would be the same.  I think the

17   molecular weight of the LP 400 suggests that it has more

18   than 25,000 repeating units.

19      Q.  (BY MR. MCAUGHAN)  And do you know what the

20   approximate molecular weight was of the CDR 102 polymer?

21               MS. WEISWASSER:  Same objection.

22      A.  Not off the top of my head.

23      Q.  (BY MR. MCAUGHAN)  Do you know that the molecular

24   weight of the CDR 102 polymer was at least 1 million

25   grams per mole?
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 1               MS. WEISWASSER:  Same objection.

 2      A.  I would say that all drag reducing polymers have

 3   a molecular weight greater than 1 million grams per

 4   mole.

 5      Q.  (BY MR. MCAUGHAN)  Okay.  So, it would also be

 6   true that the average molecular weight of the polymer

 7   for the LP 300 and LP 400 polymers was above 1 million

 8   grams per mole, correct?

 9               MS. WEISWASSER:  Same objection, also

10   assumes facts not in evidence.

11               Go ahead.

12      A.  Yes, I would -- I would say that the -- the

13   average molecular weight was at least a million.

14      Q.  (BY MR. MCAUGHAN)  Okay.  So, it's a

15   characteristic of all drag reducing polymers that they

16   have weight average molecular weights of at least a

17   million grams per mole and at least 25,000 repeating

18   units, correct?

19               MS. WEISWASSER:  Same objection.

20      A.  While -- while that molecular weight requirement

21   is true, that doesn't mean that those particular

22   polymers have any affinity for the heavy asphaltenic

23   crude oil that our patents describe.

24      Q.  (BY MR. MCAUGHAN)  Now I'd like to ask about the

25   characteristic in 1.2.1, which refers to the polymer
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 1   having a plurality of repeating units comprising a

 2   heteroatom.  Do you know if the polymer in the CDR 102

 3   product had a plurality of repeating units comprising a

 4   heteroatom?

 5               MS. WEISWASSER:  Same objection.

 6      A.  It did not.

 7      Q.  (BY MR. MCAUGHAN)  Okay.  And why do you say

 8   that?

 9      A.  CDR 102 was -- was a poly ethyl olefin based drag

10   reducer, so, it only contained carbon and hydrogen in

11   its drag reducing polymer.

12      Q.  Do you know if the polymer in the LP 300 drag

13   reducing polymer had a plurality of repeating units

14   comprising a heteroatom?

15      A.  It did not.

16      Q.  Why not?

17      A.  Again, that's a poly ethyl olefin based drag

18   reducer that does not have heteroatoms.

19      Q.  And, finally, do you know whether the polymer in

20   the LP 400 product had a plurality of repeating units

21   comprising a heteroatom?

22               MS. WEISWASSER:  Same objection.

23      A.  Same answer, it did not.  It -- it consisted of a

24   poly ethyl olefin drag reducer.

25      Q.  (BY MR. MCAUGHAN)  Are you aware of any drag
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 1   reducing agents offered before December, 2005 that

 2   included a plurality of repeating units comprising a

 3   heteroatom?

 4               MS. WEISWASSER:  Same objection.

 5      A.  Not -- not that would be intended for use in

 6   heavy asphaltenic crude oil.

 7      Q.  (BY MR. MCAUGHAN)  Are you aware of any such drag

 8   reducing agents intended for use in other types of

 9   hydrocarbons?

10               MS. WEISWASSER:  Same objection.

11      A.  No.

12               MR. MCAUGHAN:  Okay.  If we could take a

13   quick break.

14               MS. WEISWASSER:  Sure.  No problem.

15               MR. MCAUGHAN:  Maybe just 10 or 15 minutes

16   this time.

17               MS. WEISWASSER:  Yeah.  No worries.

18               THE VIDEOGRAPHER:  Off the record.  2:03

19   p.m.

20               (Short recess.)

21               THE VIDEOGRAPHER:  Going back on the record.

22   2:24 p.m.

23      Q.  (BY MR. MCAUGHAN)  I just want to clarify one

24   point.  Earlier, I believe you indicated that LPSI

25   believed that Baker Hughes violated the claims in the
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 1   patents that required a heteroatom in the polymer.  What

 2   evidentiary basis does LS -- LPSI have that the Baker

 3   Hughes product includes a heteroatom?

 4               MS. WEISWASSER:  Objection.  You mean LSPI,

 5   right?

 6               MR. MCAUGHAN:  Yes.

 7               MS. WEISWASSER:  Okay.

 8               MR. MCAUGHAN:  In fact, I'll rephrase it.

 9               MS. WEISWASSER:  Thank you.

10      Q.  (BY MR. MCAUGHAN)  What evidentiary basis does

11   LSPI have that the Baker Hughes formulation includes a

12   heteroatom in the polymer?

13      A.  The analysis report shows that the polymer in the

14   Baker Hughes product is poly 2-EHMA, and that polymer

15   contains oxygen as a heteroatom.

16      Q.  Okay.

17      A.  That polymer is also the exact same polymer

18   that's listed in our patent under example 1, polymer A.

19      Q.  Okay.  So, poly 2-EHMA is a polymer with a

20   heteroatom, correct?

21      A.  Yes.

22               MR. MCAUGHAN:  There were a couple of

23   documents produced after lunch today, including one,

24   Exhibit 16, that's marked confidential, which was fairly

25   technical.  We've had an opportunity to review that
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 1   today but not with our technical advisors.  I'm going to

 2   go ahead and end the deposition today, subject to a

 3   later request that we may need to follow up on some

 4   questions associated with that document.  I understand

 5   you may oppose that but I'm just putting the position

 6   out on the record.

 7               MS. WEISWASSER:  I -- I have no problem with

 8   that.

 9               Suzanne, is that okay with you?

10               MS. DAY:  That's fine.

11               MR. MCAUGHAN:  Great.  All right.  No

12   further questions today.

13               MS. WEISWASSER:  I have no further

14   questions.

15               THE VIDEOGRAPHER:  Off the record.  2:26

16   p.m.

17               (Whereupon at 2:26 p.m. the

18               deposition was adjourned.)
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 1          I, BRIAN DUNN, PhD, have read the foregoing

     deposition and hereby affix my signature that same is

 2   true and correct, except as noted above.

 3                   ___________________________

                     BRIAN DUNN, PhD

 4

     THE STATE OF ________________

 5   COUNTY OF ___________________

 6   Before me, _________________, on this day personally

     appeared BRIAN DUNN, PhD, known to me (or proved to me

 7   under oath or through ______________) (description of

     identity card or other document) to be the person whose

 8   name is subscribed to the foregoing instrument and

     acknowledged to me that they executed the same for the

 9   purposes and consideration therein expressed.

10   Given under my hand and seal of office this ______ day

     of ___________, _________.

11
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 2
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 3   and notary public in and for the State of Texas, certify
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     counsel for, nor related to or employed by, any of the
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     and, further, that I am not a relative or employee of

 7   any counsel employed by the parties hereto, or

     financially interested in the action.

 8

            SUBSCRIBED AND SWORN TO under my hand and seal of

 9   office on this the 10th day of February, 2016.
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