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| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
62/688,813 06/22/2018 Maxime Philippe Coffin 7523.1981PV01
CONFIRMATION NO. 6954
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POA ACCEPTANCE LETTER
HAYNES AND BOONE, LLP

IP Section ORI R TR
2323 Victory Avenue 000000 359

05795
Suite 700
Dallas, TX 75219

Date Mailed: 02/12/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/07/2019.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
62/688,813 06/22/2018 Maxime Philippe Coffin 7523.1981PV01
CONFIRMATION NO. 6954
27683

POWER OF ATTORNEY NOTICE
HAYNES AND BOONE, LLP

IP Section O I O R
2323 Victory Avenue 0000007105795349

953
Suite 700
Dallas, TX 75219

Date Mailed: 02/12/2019

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/07/2019.

* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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7523.1981PV01 (2018-1PM-102335 V1 US)

PYO/BA/80 {0717}

Approved for use through 017/31/2018. OMB 0551-6035

U5, Patent and Trademark Office; U.S, DEPARTIMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person s required to respond 1o a collection of information unlfess it displays 2 vidid OMB control numbier

E POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO }

{ hareby revoka all provious powers of attorney given in the application identified in the atteched
statement under 37 CFR 3.73{c).
| hereby appoint:

Practitioners associated with Customer Number: | 27883

OR

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

" Y "
Registration Name egistration

Name Number Number

As attarney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (LISPTO) in connection with
any and all patent applications assigned oply to the undersigned according to the USPTO assigriment records or assignment docurments
attached to this form in accordance with 37 CFR 3.73(c).

Pigase change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(¢) to:

The address associated with Customer Mumber: 27683
OR

[j Firm or individual name

Address

City State Zip

Country

Telephone Email

Assignea name and address: ., | murTon ENERGY SERVIGES, ING.

3000 N, SAM HOUSTON PARKWAY &.

HOUSTON, TEXAS 77032
A copy of this form, togetier with a statement under 37 CFR 3.73(c] {Form PTO/AIA/96 or equivalent) is required to be
filest in each application in which this form is used. The statement under 37 CFR 3.73{c) may be complsted by one of the
practitionars sppointed in tis Srm, and must identify the application in which this Powes of Attorney is to S e,
SIGNATURE of Assignee of Record
The individual whose sgnature and title is sunplied below Is authorized to act on behalf of the assignee,

Signature [ 14 Date fﬁwfé /lf &

NaméClive ".v&:?eﬂezes Telephone
Title Senior Vice President and Chief Patent Counse

This gxtection of Information is requirad by 37 CFR 1.31, 1.32, and 1.33. The information is required to oliain of retain s bensfit by the public, which is to updste
(anid by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by'35 U:S.C. 122 and 37 CFR 111 and 1.34. This
collection is estimated 5o take 18 mi to luding gathering, preparing, and submitting the completad application Sem to the USPTO. Tine will vary
depending upoen the individual case. Any comments on the amount of time you requive to complate this form andfor suggsstions for reducing this burden, should
bea sent to the Chief Information Officer, U.S. Patant and Trademark Offica, 1.5, Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450; DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND T0: Comunissionsr for Patents, P03 Box 1450, Alexendria, VA 228151450,

If you need assistance in completing the farm, call 1-800-FT0-9199 and sefect option 2.
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7523.1981PV01 (2018-1PM-102335 V1 UB)
PTO/AIAGE (08-12)
Approved for use through 01/31/2013. OMB 08515031
LLS. Patent and Trademark Office; L.S, DEPARTMENT OF COMMERCE
Under the Paperwork Radciion Act of 1885, no prrstai are raguired to mssond to a gilantion of informuaion wisus It disalsvs g walid I controf numbses.

STATEMENT UNDER 37 CFR 3.73(a)
Applicant/Patent Qwner; SO et &l

Application No./Patent No.: 62/688,813 Filed/issue Date: 08-22-2018

Titled: Multipie Shunt Pressure Assembly for Gravel Packing

Haburton Energy Servicas, Inc. _ g Gorparation

{Nams of Assignee} {Type of Assignes, .., corporation, parinership, university, govermment agency, stc.)

states that, for the patent application/patent identified above, it s {choose arig of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignes of less than the entire right, title, and interest (check applicsble box)::

|| The extent (by percantage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be subniitiad to account for 100% of the ownership interest.

[j There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submilisd to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirely {(a complste assignment from one of the iointinventors was made).
The other parties, including inventors, who together own the entire right, titte, and interest are:

Additional Statement(s}) by the owner(s} holding the balanica of the interest must be submitiad to account for the entire
right, title, and interest.

4. [j The recipient, via a court proceeding or the like {s.¢., bankruptoy, probate), of an undivided interest in the antiraly (&
compiete transfer of ownership intarest was made). The certified documenit(s) showing the transfer is attached.

The interest identifisd in option 1, 2 or 3 above (not option 4) is svidenced by either (choose one of upticns A or B below):

A, An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recordedin
the United Stales Patent and Trademark Office at Reef 046212 , Framg 0005 , oF for which a copy
thereof is attached.

B. D A chain-of title from the inventor(s), of the patent application/patent iderfified above, to the current assignes as folicis:

1. From: To:

The document was recorded in the United States Patent and Trademark Cffice at
Resl , Frame , o for which a copy thereof is attached.
2. From: To:

The document was racorded in the United Statea Patent and Trademark Olfice at

Reel s Frame ; ot for which a copy thereof is atlached.

{Page 1 of 2]
Thig collection of information is required by 87 CFR 3.73(b). The information is requived to obfain of ratain & benefit by the public which is to fils {and by the USPTO 5
procss) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1,11 and 1.14. This collection is sstimated to ke 12 minuies ia somplats, Fkaling
gathering, preparing, and submitiing the completed application form to the USPTO. Time will vary depending upon ths individual cass. Any commaents on the amount
of time you requira to complete this form and/or suggestions for reducing this burden, should be sent T the Chief Informalion Officer, U.8, Patant and Tradsmark
Office, U.8. Departmant of Gommercs, P.O, Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS 7O THIS ADDRESS. RN
TG: Gommissioner for Patsnts, P.O. Box 1450, Alexandria, YA 22313-1450.

If you need assistance in completing the form, call {-800-PT0-9199 and select option 2.

HALLIBURTON EXHIBIT 2005, Page 4
Weatherford U.S., L.P. v. Halliburton Energy Services, Inc., IPR2024-00990



7623.1

{ndder the Pagssowrk Reduction Act of 1985, no persons are raquirad to rassand to a collection of infarmation unlsss it cisplewna valld Ol Lol nuie,

981PV01 (2018-IPM-102335 V1 US)
PTO/AINGG (08-12)
Approved for use through 01/31/2013, OMB 06510031
U.S. Pafent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

3. From:

4. From:

5. From:

8. From:

]

4]

To:
The document was recorded in the Unitad States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Cffice at
Reel , Frame , or for which a copy thereot is attached.

To:
The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:
The document was recorded in the United Statas Patent and Trademark Office at

Reel , Frame , of for which a copy thereof is attached.

Additional documents in the chain of title are listed on a supplemental sheel(s).

As required by 37 CFR 3.73(c){1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a trua copy of the original assignment documeni(s)} must be subrmitied to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. Soe MPEP 2302.08]

The uﬂd{é@ igned /(\;/vhose title is supplied below) is authorized to act on behalf of the assignes.
2 12009
Signature Date
Clive D. Menszes Senfor Vics Prasident and Chief Patant Counsel
Printed or Typed Name Tidle or Registration Numbser
[Page 2 of 2}
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Electronic Acknowledgement Receipt

EFS ID: 35092803
Application Number: 62688813
International Application Number:
Confirmation Number: 6954

Title of Invention:

Multiple Shunt Pressure Assembly for Gravel Packing

First Named Inventor/Applicant Name:

Maxime Philippe Coffin

Customer Number:

27683

Filer:

Harold Borland/Erika Vasquez

Filer Authorized By:

Harold Borland

Attorney Docket Number:

7523.1981PV01

Receipt Date: 07-FEB-2019
Filing Date: 22-JUN-2018
Time Stamp: 18:30:20
Application Type: Provisional
Payment information:
Submitted with Payment no
File Listing:

75231981PV01_EXEPOAANDS

1488466

ATEMENT.pdf yes 3

044d4768e79f02239a048e13ac286e9bb1d|
a4b9c
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
Assignee showing of ownership per 37 CFR 3.73 2 3
Warnings:
Information:
Total Files Size (in bytes): 1488466

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/MAIAGT (08-12)

Approved for use through 11/30/2020. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papeswork Reduction Act of 1995, no persons are requived to respond {c a collection of information unless it displays a valid OMB controt number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

Title of  § MULTIPLE SHUNT PRESSURE ASSEMBLY FOR GRAVEL PACKING

Invention

As the below named inventor, | hereby declare that:

This declaration ) A
is directed fo- l:l The attached application, or

62/688,813

§§§ United States application or PCT international application number
June 22, 2018

filed on

The above-identified application was made or authorized 1o be made by me.

| belisve that | am the criginal invenior ar an original joint inventor of a claimed invention in the application.

{ heraby acknowledge that any willful false statement made in this declaration is pumishable under 18 U.S.C. 1001
by fina or imprisonment of not more than five {5} yaars, or both.

WARNING:

Petitionerfapplicant is cautioned to avoid submitting personatl information in documents filed in a patent application that may
contribute o identity theft. Personal information such as social gecurity numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) Is never requirad by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitling them o the
USPTO. Petitiocner/applicant is advised that the racord of a patent application is available to the public after publication of the
applicaion (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the appiication) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available 1o the public if the application is
referencad in a published application or an issuad patent (ses 37 CFR 1.14). Checks and credit card atthorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Maxime Pming?,ﬁ‘:«QEE‘ib‘;’dﬂ“ﬂm%*m“ Date (Ogptional)
e er-— o
w'——”—dv—m __‘-".- —
Signature{:( ”/wvﬁ/m—-@“‘“ —
‘:’f-&@xnw
[

Note: An application data shest (PTO/SB/14 or equivalent), including naming the entire inventive endity, must accompany this form or must have
been previously fled. Use an additional PTO/AIAQ form for each additional inventar.

This collection of information is required by 38 U.S.C. 115 and 37 CFR 1.83. The information is raquired to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an apglication. Confidentiality is governed by 35 U.S.G. 122 and 37 CFR 1.41 and 1.14. This collection is estimated to take 1 minute to
compiete, including gathering, preparing, and submiiting the completed application form to the USPTO. Time wilf vary depending upon the individual case. Any
commests on the amount of time you reguire to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S.
Patent and Trademark Office, U.5. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TG

TRHIS ADDRESS. SEND TO: Commissioner for Patents, P.O. 8aox 1450, Alexandria, VA 22313-1450.
I you need assistance in completing the fovm, call 1-800-PTO-9199 and selact opfion 2.
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PTOJALAICY {05-12)

Agproved for use through 11/30/2020. O3B 06510032

U. 8. Patent and Trademark Office; U.5. DERPARTMENT OF COMBMERCE

Under the Paperwork Reduction Act of 1995, no persons are required o respond to a coltection of information unless it displays a valid ONB control number;

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN

ﬁPPU{B&ﬁQN DATA SHEET (37 CFR1.79)

Title of | MULTIPLE SHUNT PRESSURE ASSEME?LY FOR GRAVEL PACKING

fvention

As the-below named inventor, Lhesshy declre thgh

D 01 ottt ton.
62/688,813

@ United States spplication or PCT intemational application number
June 22, 2018

filed on

The above-identified application was made or aufhorized fo be made by me.

| balieve that L am the origingt inesntor or an origing! joind invantor of a claimed invention in the applicalion.

| hereby acknowledge that any williul false statement made in this declaration is punishable under 18 LL.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both,

WARNING:

Petitionsr/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank actount numbers, or credit card numbers
(other than a chack or credit card authorization form PTO-2038 submitted for payment purposes} is never requirad by the USPTO
to support a petition or an application. |If this type of parsonal information is ingluded in documents submitied to the USPTQ,
petitioners/applicants should consider redacting such personal information from the documents before submitting them {o the
USPTO. Pefitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application} or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent {see 37 CFR 1.14), Checks and gredit card authorization forms
PTO-2038 submitted for paymant purposes are not retained in the application file and therefore are not publicly availabla,

LEGAL NAME OF INVENTOR

inventor: Thomas JUIGS‘,@ROSELL Data (Opticnal) ; ;@// Eg’@f?:(g

o
S s
Signature: "fé égﬁg ,/‘?

Note: An application data shest (FTG/SB/14 or equivalent), including naming the entire Inventive eniity, must accompany this form or must have
been previously filed. Use an additional PTO/AIAR form for-each additional inventor.

This coflection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is required fo obiain or retain's benefit by the public which is to file {and
by the USPTO to procsss) an applisation. Confidentiality is govemned by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collaction is estimatad lo taka 1 minute to
complete, including gathering, preparing, and submilting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amourt of ime you require to somplets this form andfor suggestians for reducing this burden, should be sent fo the Chief Information Officer, U.S:
Patent and Tradamark Office, U.S. Depaiiment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMRLETED FORMS TO
THIS ADDRESS. S8END TO: Convmissioner for Palsnly, P.O. Box 1458, Alexansdtia, VA 223134380,

I you nead assistanice in completing the forn, call 1-805-PTO-3159 and xiwd opfion 2,
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Electronic Acknowledgement Receipt

EFS ID: 33017729
Application Number: 62688813
International Application Number:
Confirmation Number: 6954

Title of Invention:

Multiple Shunt Pressure Assembly for Gravel Packing

First Named Inventor/Applicant Name:

Maxime Philippe Coffin

Customer Number:

27683

Filer:

Jade O. Laye/Delaunda Lanford

Filer Authorized By:

Jade O. Laye

Attorney Docket Number: 7523.1981PV01
Receipt Date: 27-JUN-2018
Filing Date: 22-JUN-2018
Time Stamp: 11:42:03
Application Type: Provisional
Payment information:
Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
1164906
1 Oath or Declaration filed 7523-1981 PVOC]f_DecIaration. no 2
p e8d667d00130985e586c9433ee62e627734]
ef43e

Warnings:
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Information:

Total Files Size (in bytes): 1164906

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
62/688,813 06/22/2018 280 7523.1981PV01
CONFIRMATION NO. 6954

27683 FILING RECEIPT
HAYNES AND BOONE, LLP
IP Section AR AR AR S R RO
2323 Victory Avenue
Suite 700

Dallas, TX 75219
Date Mailed: 06/27/2018

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Maxime Philippe Coffin, Frisco, TX;

Thomas Jules Frosell, Dallas, TX;
Applicant(s)

Halliburton Energy Services, Inc., Houston, TX;
Power of Attorney:
Mark Tidwell--37456

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 06/25/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 62/688,813

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

Title

Multiple Shunt Pressure Assembly for Gravel Packing

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
page 1 of 3
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.
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This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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MULTIPLE SHUNT PRESSURE ASSEMBLY FOR GRAVEL PACKING

FIELD OF INVENTION

The present disclosure relates to screen assemblies of lower production systems used in wellbore
gravel packing, and more particularly to shunt tube systems utilized in the sand screen

assemblies.

BACKGROUND

In the course of completing an oil and/or gas well, a string of production tubing can be run into
the wellbore. During production of the formation fluid, formation sand may be swept into the
flow path. The formation sand tends to be relatively fine sand that can erode production

components in the flow path.

When formation sand is expected to be encountered, one or more lower production assemblies
may be installed in the production zone between the formation and the production tubing. The
lower production assemblies typically include a perforated base pipe surrounded by a sand
screen to filter fines from the formation fluid. A packer is customarily set above the production
assembly to seal off the annulus in the production zone where formation fluids flow into the
production tubing. The annulus around the sand screen can then be “gravel packed” with a
relatively coarse sand (or gravel) which acts as a filter to reduce the amount of fine formation
sand reaching the screen. The packing sand is pumped down the work string in a slurry of carrier

fluid such as water and/or gel and fills the annulus around the sand screen. In well installations in
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which the screen is suspended in an uncased open bore, the sand or gravel pack may serve to
support the surrounding unconsolidated formation. During the gravel packing process, a
premature loss of the carrier fluid into the formation, known as leak-off, can occur, resulting in
the formation of sand bridges in the annulus about the screening. With a premature loss of
carrier fluid, incomplete packing around the sand screen and reduce the filtering efficiency of the

gravel pack.

One conventional approach to overcoming this packing sand bridging problem has been to
provide each production assembly with a series of shunt tubes that longitudinally extend through
the sand screen section, with opposite ends of each shunt tube projecting outwardly beyond the
active filter portion of the sand screen section. In the assembled sand screen structure, the shunt
tube series are axially joined to one another to form a shunt path extending along the length of
the sand screen assembly. The shunt path operates to permit the inflowing packing sand/gel
slurry to bypass any sand bridges that may be formed and permit the slurry to enter the
screen/casing or screen/open hole annulus beneath a sand bridge, thereby forming the desired

sand pack beneath it.

In instances where production zones are elongated, a plurality of lower completion assemblies
may be deployed end to end to form a lower completion assembly string that may stretch for
hundreds of feet. To ensure that gravel packing slurry is deposited along the entire length of the
lower completion assembly string from its upstream end to the downstream end, particularly in
deep wellbores and deviated wellbores, relatively high pressures must be applied to the carrier

fluid. Thus, each individual lower completion assembly utilized in the overall string is designed
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to withstand the high delivery pressures experienced at the upstream end of the lower completion

assembly string.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and the advantages thereof,
reference is now made to the following brief description, taken in connection with the

accompanying drawings and detailed description:

FIG. 1 is a cut-away view of a wellbore system having a lower completion system disposed

therein.

FIG. 2 is a partial cross-sectional view of a lower completion assembly.

FIG. 3 is a partial side view of an embodiment of a shunt tube assembly deployed on a base pipe

of a lower completion assembly.

FIG. 4A is a cross-sectional view of an embodiment of a shunt tube assembly along line A-A' of

FIG. 2.

FIG. 4B is a cross-sectional view of an embodiment of a shunt tube assembly along line B-B' of

FIG. 2.
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FIG. 5 is a method of installing in a wellbore a lower completion assembly having shunt tube

systems with different pressure ratings.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The disclosure may repeat reference numerals and/or letters in the various examples or figures.
This repetition is for the purpose of simplicity and clarity and does not in itself dictate a
relationship between the various embodiments and/or configurations discussed. Further,
spatially relative terms, such as beneath, below, lower, above, upper, uphole, downhole,
upstream, downstream, and the like, may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or feature(s) as illustrated, the upward
direction being toward the top of the corresponding figure and the downward direction being
toward the bottom of the corresponding figure, the uphole direction being toward the surface of
the wellbore, the downhole direction being toward the toe of the wellbore. Unless otherwise
stated, the spatially relative terms are intended to encompass different orientations of the
apparatus in use or operation in addition to the orientation depicted in the figures. For example,
if an apparatus in the figures is turned over, elements described as being “below” or “beneath”
other elements or features would then be oriented “above” the other elements or features. Thus,
the exemplary term “below” can encompass both an orientation of above and below. The
apparatus may be otherwise oriented (rotated 90 degrees or at other orientations) and the

spatially relative descriptors used herein may likewise be interpreted accordingly.
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Moreover, even though a figure may depict a horizontal wellbore or a vertical wellbore, unless
indicated otherwise, it should be understood by those skilled in the art that the apparatus
according to the present disclosure is equally well-suited for use in wellbores having other
orientations including, deviated wellbores, multilateral wellbores, or the like. Likewise, unless
otherwise noted, even though a figure may depict an offshore operation, it should be understood
by those skilled in the art that the apparatus according to the present disclosure is equally well-

suited for use in onshore operations and vice-versa.

Generally, a lower completion assembly made up of at least two sand screen assemblies is
provided, namely a first or upper sand screen assembly and a second or lower sand screen
assembly. Each sand screen assembly includes a shunt system. Each shunt system includes a
transport tube and a packing tube extending from a junction block. Each packing tube includes a
plurality of nozzles spaced apart from the junction block and from each other. In one or more
embodiments, the cross-sectional area of the transport tube in the first sand screen assembly is
less than the cross-sectional area of the transport tube in the second sand screen assembly. In
one or more embodiments, the cross-sectional area of the packing tube in the first sand screen
assembly is less than the cross-sectional area of the packing tube in the second sand screen
assembly. In one or more embodiments, the cross-sectional area of the packing tube nozzles in
the first sand screen assembly is less than the cross-sectional area of the packing tube nozzles in
the second sand screen assembly. In one or more embodiments, the distance between the junction
block and the packing tube nozzles is greater in the first sand screen assembly than the distance
between the junction block and the packing tube nozzles in the second sand screen assembly. In

one or more embodiments, the distance between adjacent packing tube nozzles is greater in the
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first sand screen assembly than the distance between adjacent packing tube nozzles in the second
sand screen assembly. In one or more embodiments, the number of packing tube nozzles in the
first sand screen assembly is less than the number of packing tube nozzles in the second sand

screen assembly.

Turning to Figure 1, shown is an elevation view in partial cross-section of a wellbore production
system 10 utilized to complete wells intended to produce hydrocarbons from wellbore 12
extending through various earth strata in an oil and gas formation 14 located below the earth’s
surface 16. Wellbore 12 may be formed of a single or multiple bores, extending into the
formation 14, and disposed in any orientation, such as the horizontal wellbore 12a illustrated in

Figure 1. Formation 14 includes production zones 18 from which hydrocarbons are produced.

Production system 10 includes a rig or derrick 20. Rig 20 may include a hoisting apparatus 22, a
travel block 24, and a swivel 26 for raising and lowering casing, drill pipe, coiled tubing,
production tubing, other types of pipe or tubing strings or other types of conveyance vehicles
such as wireline, slickline, and the like 30. In Figure 1, conveyance vehicle 30 is a substantially
tubular, axially extending work string or production tubing, formed of a plurality of pipe joints

coupled together end-to-end supporting a completion assembly as described below.

Rig 20 may be located proximate to or spaced apart from wellhead 40, such as in the case of an
offshore arrangement as shown in Figure 1. One or more pressure control devices 42, such as
blowout preventers (BOPs) and other equipment associated with drilling or producing a wellbore

may also be provided at wellhead 40 or elsewhere in the system 10.
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For offshore operations, as shown in Figure 1, rig 20 may be mounted on an oil or gas platform
44, such as the offshore platform as illustrated, semi-submersibles, drill ships, and the like (not
shown). Although system 10 of Figure 1 is illustrated as being a marine-based production
system, system 10 of Figure 1 may be deployed on land. In any event, for marine-based systems,
one or more subsea conduits or risers 46 extend from deck 50 of platform 44 to a subsea
wellhead 40. Tubing string 30 extends down from rig 20, through subsea conduit 46 and BOP

42 into wellbore 12.

A working or service fluid source 52, such as a storage tank or vessel, may supply, via flow lines
64, a working fluid to equipment disposed in wellbore 12, such as subsurface equipment 56.
Working fluid source 52 may supply any fluid utilized in wellbore operations, including without

limitation, gravel packing slurry, acidizing fluid, liquid water, steam or some other type of fluid.

Production system 10 may generally be characterized as having a pipe system 58. For purposes
of this disclosure, pipe system 58 may include casing, risers, tubing, drill strings, completion or
production strings, subs, heads or any other pipes, tubes or equipment that couples or attaches to
the foregoing, such as string 30, conduit 46, and casing. In this regard, pipe system 58 may
include one or more casing strings 60 that may be cemented in wellbore 12, such as the surface,
intermediate and production casings 60 shown in Figure 1. An annulus 62 is formed between the
walls of sets of adjacent tubular components, such as concentric casing strings 60 or the exterior
of tubing string 30 and the inside wall of wellbore 12 or casing string 60, as the case may be.
While wellbore 12 is shown as uncased in the production zone 18 and along the entire depicted
portion of horizontal wellbore 12a, all or a portion of wellbore 12 and/or horizontal wellbore 12a

may be cased as well and the disclosure is not limited in that regard.
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Production fluids and other debris returning to surface 16 from wellbore 12 are directed by a

flow line 64 to storage tanks 54 and/or processing systems 66.

As shown in Figure 1, subsurface equipment 56 is illustrated as completion equipment and
tubing string 30 in fluid communication with the completion equipment 56 is illustrated as
production tubing 30. Although completion equipment 56 can be disposed in a wellbore 12 of
any orientation, for purposes of illustration, completion equipment 56 is shown disposed in a
substantially horizontal portion of wellbore 12 and includes a lower completion assembly 82
having various tools such as a packer 86, a sand screen assembly 88, a sand screen assembly 92,
a sand screen assembly 96 and a packer 98. In embodiments where lower completion assembly
82 is deployed in a cased wellbore, an additional packer, such as packer 86, would be deployed
at the distal end of the lower completion assembly. In the illustrated embodiment, packer 86 is
generally located adjacent the upstream or proximal end of a production zone 18 and packer 98 is
generally located adjacent the downstream or distal end of a production zone 18. Sand screen
assemblies 88, 92 and 96 each include a shunt tube system 97 and are arranged so that the sand
screen assembly having a shunt tube system with the highest operating pressure rating is
upstream and the sand screen assembly having a shunt tube system with the lowest operating
pressure rating is downstream. Thus, for example, in the illustrated embodiment sand screen
assembly 88 includes a shunt tube assembly with a higher operating pressure than the shunt tube

assembly of sand screen 96.

Disposed in wellbore 12 at the lower end of tubing string 30 is an upper completion assembly

104 that includes various tools such as a packer 106, and a fluid flow control module 112.
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Extending uphole from upper completion assembly 104 are one or more lines 116, such as

hydraulic tubing, pressurized fluid tubing and the like which extends to the surface 16.

A cross-sectional view of an embodiment of a lower completion assembly 200 is shown in FIG.
2. Lower completion assembly is generally comprised of a first sand screen assembly 202
interconnected with a second sand screen assembly 204. In some embodiments, lower
completion assembly 200 may be comprised of a plurality of interconnected first sand screen
assemblies 202 at an upper portion of the lower completion assembly 200 and a plurality of
interconnected second sand screen assemblies 204 at a lower portion of the lower completion
assembly 200. Each sand screen assembly includes a base pipe 206 having a series of
perforations 208 disposed therethrough, the base pipe 206 extending between a first end and a
second end. A sand screen or filter media 210 is disposed about a portion of the base pipe 206
and the series of perforations 208 in order to screen incoming fluids from the formation. Each
sand screen assembly also includes a shunt tube assembly 220 disposed outwardly of the filter
media 220. Generally, shunt tube assembly 220 may include one or more retaining rings 222
supporting one or more shunt tubes 224 in the form of a transport tube or a packing tube
disposed along and generally parallel to the base pipe 206. Shunt tubes 224 are tubular members
having a passageway 225 defined therein with a cross-sectional flow area. While shown
disposed outside of and generally parallel to the base pipe 206, other positions and alignment
may be possible. An outer shroud 226 may be disposed about the base pipe 206, one or more
shunt tubes 224, and filter media 210. In an embodiment, the retaining rings 212 are configured
to retain the one or more shunt tubes 224 and/or outer shroud 226 in position relative to the base

pipe 206.
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While the base pipe 206 is illustrated as being perforated in FIG. 2, the base pipe 206 may be
slotted and/or include perforations of any shape so long as the perforations permit fluid
communication of production fluid between an interior throughbore 228 and an exterior 230 of

the screen assembly.

The filter media 210 may be disposed about the base pipe 206 and can serve to limit and/or
prevent the entry of sand, formation fines, and/or other particulate matter into the base pipe 206.
In an embodiment, the filter media 210 is of the type known as “wire-wrapped,” since it is made
up of a wire closely wrapped helically about a base pipe 206, with a spacing between the wire
wraps being chosen to allow fluid flow through the filter media 210 while keeping particulates
that are greater than a selected size from passing between the wire wraps. While a particular type
of filter media 210 is used in describing the present invention, it should be understood that the
generic term “filter media” as used herein is intended to include and cover all types of similar
structures which are commonly used in gravel pack well completions which permit the flow of
fluids through the filter or screen while limiting and/or blocking the flow of particulates (e.g.
other commercially-available screens, slotted or perforated liners or pipes; sintered-metal
screens; sintered-sized, mesh screens; screened pipes; prepacked screens and/or liners; or

combinations thereof).

The base pipe 206 may generally comprise a pin end 232 and a box end 234 to allow the base
pipe 206 to be coupled to an adjacent base pipe 206. In the illustrated embodiment, base pipe
206a of first sand screen assembly 202 is coupled to base pipe 206b of second sand screen

assembly 204 forming a joint 236. As such, the first sand screen assembly 202 and the second
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sand screen assembly 204 can be joined together end-to-end so that the respective base pipes are
in fluid communication with one another along their throughbores 228. As can be seen in FIG.
2, each base pipe 206 may have a coupling section 238 that extends beyond the shunt tube
assembly 220 of the respective sand screen assemblies. This exposed portion of the base pipe
206 may be used during the coupling process to allow one or more tools to engage the exposed

portion for makeup of the first and second sand screen assemblies 202, 204.

Shunt tubes 224 of adjacent sand screen assemblies may be joined together in fluid
communication by a jumper tube 240. In the illustrated embodiment, shunt tube 224a is
interconnected to shunt tube 224b by jumper tube 240. An additional shroud 242 may be used to
protect jumper tube 240. While the disclosure is not limited to a particular shape for shunt tubes
224 or jumper tubes 240, in some embodiments, shunt tubes 224 may have a non-round cross-
section (as shown in FIGs. 3A and 3B), while jumper tubes 240 may have a round cross-section.
In such case, the end of each jump tube may include an adaptor or coupling 244 to transition
from the non-round cross-section of the shunt tube 224 to the round cross-section of the jumper

tubes 240.

Although the particular shape of the tubes described herein are not a limitation in certain
embodiments, shunt tubes used in shunt tube systems generally have non-round cross-sectional
shapes. These cross-sectional shapes allow for the shunt tubes to be arranged adjacent the
wellbore tubular and provide a desired flow area without requiring an outer diameter that would

otherwise be associated with the use of all round components. The jumper tubes used to couple
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shunt tubes on adjacent wellbore tubular joints are generally round cross-section while the shunt

tubes are non-round in cross-section.

With reference to FIG. 3, a side view of a lower completion assembly 200 is illustrated, with first
sand screen assembly 202 interconnected with second sand screen assembly 204. In the
illustrated embodiment, the filter media 210 and outer shrouds 226, 242 shown in FIG. 2 are
removed to permit better illustration of the shunt tube assemblies. Additionally, the different
types of shunt tubes 224 that comprise a shunt tube assembly 220 are illustrated in more detail.
Specifically, in FIG. 3, base pipe assembly 206a is shown interconnected to base pipe assembly
206b at joint 236. First sand screen assembly 202 has two shunt tube assemblies 302 and 304.
Likewise, second sand screen assembly 204 is illustrated with two shunt tube assemblies 306 and
308. Each shunt tube assembly described herein, including shunt tube assemblies 220 of FIG. 2,
generally include a transport tube 310 and a packing tube 312 extending from a junction block
314 so as to be in fluid communication with one another.

As shown, the shunt tubes 310, 312 may form a branched structure from junction block 314
along the length of a sandscreen assembly 202 with the one or more transport tubes 310 forming
the trunk line and the one or more packing tubes 312 forming the branch lines. In an
embodiment, a plurality of branched structures may extend along the length of the sandscreen
assembly 202. The use of a plurality of branched structures may provide redundancy to the shunt
tubes system in the event that one of the branched structures is damaged, clogged, or otherwise
prevented from operating as intended. Likewise, while junction block 314 is depicted as having
only one inlet and two outlets, the disclosure is not limited to a particular junction block

configuration. The “y-block™ junction block depicted is for illustration purposes only unless
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otherwise stated for a particular configuration. In this regard, in certain configurations, the shunt
tube assembly may only comprise a junction block 314 having one inlet and two outlets as

depicted.

Each packing tube 312 includes one or more nozzles 316. Each nozzle 316 is spaced apart from
its respective junction block 314 a distance D1. Likewise, each nozzle 316 along a packing tube
312 may be spaced apart from adjacent nozzles a distance D2. The spacing D2 between nozzles
216 along a particular packing tube 312 may be the same or different. Likewise, the spacing D2
between nozzles 216 of shunt tube assemblies of the same sand screen assembly may be the

same or different.

Also shown in FIG. 3 is a jumper tube 240a interconnecting shunt tube assembly 302 with a
shunt tube assembly 306 and a jumper tube 240b interconnecting shunt tube assembly 204 with
shunt tube assembly 308. A coupling 244a is provided at distal end of transport tube 310a to
facilitate attachment of jumper tube 240a, while a coupling 244b is provided at distal end of
transport tube 310b to facilitate attachment of jumper tube 240b. In particular, jumper tube 240a
interconnects junction block 314¢ with coupling 244a at the distal end of transport tube 310a,
thereby allowing fluid communication between upper or high pressure shunt tube assembly 302
and lower or low pressure shunt tube assembly 306. Likewise, jumper tube 240b interconnects
junction block 314d with coupling 244b at the distal end of transport tube 310b, spanning joint

236 between the first sand screen assembly 202 and the second sand screen assembly 204.

4840-3891-6715_1 Page 13 of 42

HALLIBURTON EXHIBIT 2005, Page 27
Weatherford U.S., L.P. v. Halliburton Energy Services, Inc., IPR2024-00990



10

15

20

7523.1981PV01 (2018-1PM-102335 V1 US)

FIG. 4A illustrates a cross-sectional area A-A of first sand screen assembly 202 and shunt tubes
224a of FIG. 2 and FIG. 4B illustrates a cross-sectional area B-B of second sand screen assembly
204 and shunt tubes 224b of FIG. 2. As generally shown, the one or more shunt tubes 224
generally comprise tubular members disposed outside of and generally parallel to the base pipe
224. While described as tubular members (e.g., having substantially rectangular cross-sections),
the one or more shunt tubes 224 may have shapes other cross-sectional shapes, such as round,
elliptical, kidney shaped, and/or trapezoidal in shape. The retaining rings 222 may retain the
shunt tubes 224 in position relative to the base pipe 206. The one or more shunt tubes 224 may
be eccentrically aligned with respect to the base pipe 206 as best seen in FIG. 2. In each of FIGS.
4A and 4B, four shunt tubes 224 are arranged to one side of the base pipe 206. While illustrated
in FIGS. 2 and 4 as having an eccentric alignment, other alignments of the one or more shunt

tubes about the base pipe 206 may also be possible.

In FIG. 4A, first sand screen assembly 202 is illustrated as having two shunt tube assemblies
220, each comprising a transport tube 410 and a packing tube 412. Each transport tube 410 has a
cross-sectional flow area Al bounded by a wall 414 of thickness T1. Likewise, each packing
tube 412 has a cross-sectional flow area B1 bounded by a wall 416 of thickness T2. Each
packing tube further includes one or more nozzles 418 through which fluids may flow to
facilitate gravel packing. In some embodiments, nozzle 418 may be in the form of a perforation
or opening in wall 416 or a short tube with a taper or constriction. Nozzle 418 is characterized

by a cross-sectional flow area C1.

4840-3891-6715_1 Page 14 of 42

HALLIBURTON EXHIBIT 2005, Page 28
Weatherford U.S., L.P. v. Halliburton Energy Services, Inc., IPR2024-00990



10

15

20

7523.1981PV01 (2018-1PM-102335 V1 US)

Similarly, in FIG. 4B, second sand screen assembly 204 is illustrated as having two shunt tube
assemblies 220, each comprising a transport tube 420 and a packing tube 422. Each transport
tube 420 has a cross-sectional flow area A2 bounded by a wall 422 of thickness T3. Likewise,
each packing tube 422 has a cross-sectional flow area B2 bounded by a wall 424 of thickness T4.
Each packing tube further includes one or more nozzles 4426 through which fluids may flow to
facilitate gravel packing. In some embodiments, nozzle 426 may be in the form of a perforation
or opening in wall 424 or a short tube with a taper or constriction. Nozzle 426 is characterized

by a cross-sectional flow area C2.

In one or more embodiments, the cross-sectional flow area Al of the transport tube 410 of first
sand screen assembly 202 is less than the cross-sectional flow area A2 of the transport tube 420
of the second sand screen assembly 204. In other words, the downstream sand screen assembly
transport tube which is closest to the distal end of the production zone, has a larger cross-
sectional flow area than the upstream sand screen assembly transport tube closest to the proximal

end of the production zone.

In one or more embodiments, the cross-sectional flow area B1 of the packing tube 412 of first
sand screen assembly 202 is less than the cross-sectional flow area B2 of the packing tube 422 of
the second sand screen assembly 204. In other words, the downstream sand screen assembly
packing tube which is closest to the distal end of the production zone, has a larger cross-sectional
flow area than the upstream sand screen assembly packing tube closest to the proximal end of the

production zone.
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In one or more embodiments, the cross-sectional flow area C1 of a nozzle 418 of first sand
screen assembly 202 is less than the cross-sectional flow area C2 of a nozzle 426 of the second
sand screen assembly 204. In other words, the downstream sand screen assembly shunt tube
nozzles which are closest to the distal end of the production zone, have a larger cross-sectional
flow area than the upstream sand screen assembly shunt tube nozzles closest to the proximal end

of the production zone.

In one or more embodiments, the packing tube assembly 412 of the first sand screen assembly
202 has fewer nozzles 418 than the number of nozzles 426 of the packing tube assembly 422 of

the second sand screen assembly 204.

Referring back to FIG. 3, in one or more embodiments, the distance D1 of the first nozzle 316 of
packing tube assembly 312a from the junction block 314a is greater than the distance D1 of the
first nozzle 316 of packing tube assembly 312c¢ from the junction block 314c for the
interconnected shunt tube assemblies 302 and 306. Likewise, the distance D1 of the first nozzle
316 of packing tube assembly 312b from the junction block 314b is greater than the distance D1
of the first nozzle 316 of packing tube assembly 312d from the junction block 314d for the

interconnected shunt tube assemblies 304 and 308.

Similarly, in one or more embodiments, the distance D2 between adjacent nozzle 316 of packing
tube assembly 312a of first sand screen assembly 202 is greater than the distance D2 between
adjacent nozzle 316 of packing tube assembly 312c of the second sand screen assembly 204 for

interconnected shunt tube assemblies 302 and 306. Likewise, the distance D2 between adjacent
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nozzle 316 of packing tube assembly 312b of first sand screen assembly 202 is greater than the
distance D2 between adjacent nozzle 316 of packing tube assembly 312d of the second sand

screen assembly 204 for interconnected shunt tube assemblies 304 and 308.

While each of the different geometries of a shunt tube assembly have been described, it will be
appreciated that any one or more of the geometries can be combined to achieve the desired flow
regime for a particular shunt tube assembly. In some cases, certain of the geometries will remain
the same. For example, the transport tubes 410 and 420 may be the same with the same flow
areas Al, A2, but the geometries of the respective packing tubes 412, 244 may differ in number
of nozzles and/or cross-sectional flow areas B1, B2 and/or nozzle spacing along the respective

packing tubes.

Traditionally, when a lower production assembly is installed along the length of a production
zone, the lower production assembly is generally comprised of multiple sand screen assemblies
with shunt tube assemblies all of the same pressure rating. In this regard, the shunt tube
assemblies are selected based on the expected operating conditions of the shunt tube assemblies.
For shorter gravel packing intervals, the gravel pack slurry flows into the wellbore annulus at
about the same fluid pressure along the length of the interval. Of course, as gravel pack intervals
have increased, an increased operating pressure is needed to ensure that gravel pack slurry flows
along the entire length of the gravel pack interval. Thus, as gravel pack intervals increase, it has
been necessary to employ shunt tube assemblies with increased operating pressure ratings or
burst pressures, resulting in heavier and/or bulkier tubing and components to ensure that the

shunt tube assemblies will not be subject to burst pressure. Since shunt tube assemblies for an
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entire lower production assembly are selected based on the highest operating pressure expected
to be required across the entire length of the gravel packing interval, individual sand screen
assemblies in a lower production assemblies have become increasingly heavier. However, as the
slurry flows from the upstream portion of these elongated production zone to the downstream
portion of the production zone, the pressure of the slurry drops off. As such, only the shunt tube
assemblies deployed adjacent the upper portion of the production zone experience the highest

pressurcs.

In addition, because of the high pressure experienced by shunt tube assemblies at the upper or
upstream end of such lower production assemblies deployed in elongated production zones, there

is a tendency for greater leak-off in the upstream portion of the production zone.

These drawbacks are addressed by above-described lower production assembly where the shunt
tube system flow regime in the second sand screen assembly 204 is selected to allow a larger
volume of fluid to flow therethrough than that of the first sand screen assembly 202 by adjusting
cross-sectional flow areas, location and number of nozzles. In this regard, the geometries of the
shunt tube assemblies 220 of the first sand screen assembly 202 may be selected to have a higher
operating pressure than the shunt tube assemblies 220 of the second sandscreen assembly 204.
For example, the thickness T1 of walls 414 of transport tube 410 may be greater than thickness
T3 of wall 422. Likewise, the thickness T2 of wall 416 of packing tube 412 may be greater than
the thickness T4 of wall 424 of packing tube 422. As such, the shunt tube assemblies 220
utilized in the first sandscreen assembly 202 may be selected to have an operating pressure at or

above a select threshold, while the shunt tube assemblies 220 of the second sandscreen assembly
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204 may be selected to have an operating pressure at or below a select threshold. In one or more
embodiments, the shunt tube assemblies 220 utilized in the first sandscreen assembly 202 have
an operating pressure or are otherwise rated at over 5000 psi while the shunt tube assemblies 220
of the second sandscreen assembly 204 have an operating pressure or are otherwise rated at no
more than 5000 psi. In another embodiment, the shunt tube assemblies 220 utilized in the first
sandscreen assembly 202 have an operating pressure range or rating or are otherwise rated
between 5000 and 10000 psi, while the shunt tube assemblies 220 of the second sandscreen
assembly 204 have an operating pressure or are otherwise rated at no more than 4000 psi. More
broadly, it will be appreciated that the first and second sandscreen assemblies 202, 204 have
different shunt tube assembly operating pressure ratings, with the shunt tube assembly 220 of the
first sandscreen assembly 202 having a higher operating pressure rating than the shunt tube
assembly 220 of the second sandscreen assembly 204.

In another embodiment, the shunt tube assemblies 220 utilized in the first sandscreen assembly
202 have an operating pressure range or rating of between approximately 6,500 to 7,500 psi,
while the shunt tube assemblies 220 of the second sandscreen assembly 204 have an operating
pressure of approximately 3,500 to 3,750 psi. In certain embodiments, the shunt tube assemblies
220 utilized in the first sandscreen assembly 202 have are rated at or have an operating pressure
of approximately 10,000 psi. In other words, the shunt tube assemblies upstream are selected to
have a higher burst pressure than the shunt tube assemblies downstream in the overall lower

production assembly.

Turning to FIG. 5, a method 500 of installing a completion assembly in a wellbore is generally

illustrated. In a first step 502, a portion of the wellbore passing through a production zone to be
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gravel packed is identified for placement of a lower production assembly. The production zone
portion of the wellbore can be characterized as having an upstream proximal end closest to the
wellhead along the wellbore measured depth (MD) and a downstream distal end farthest from the
wellhead in terms of MD. In step 504, the surface injection pressure necessary to deliver a
gravel packing slurry to the most distal end of the production zone portion of the wellbore is
determined, and based on this injection pressure, a high pressure shunt tube system to be
positioned adjacent the proximal end of the production zone portion of the wellbore is selected
for incorporation in a first or upstream sand screen assembly as described above. In step 506, the
anticipated gravel pack slurry pressure at the distal end of the production zone portion of the
wellbore is calculated, and based on this anticipated pressure, a low pressure shunt tube system
to be positioned adjacent the distal end of the production zone portion of the wellbore is selected
for incorporation in a second or downstream sand screen assembly as described above. Having
selected the two sandscreen assemblies with their respective relative high pressure and low
pressure shunt tube systems, the lower completion assembly can be made up into a tubing string
by joining the first and second sandscreen assemblies together. In this regard, the base pipes of
the assemblies are interconnected, and likewise, as described above, adjacent shunt tube
assemblies are interconnected using jump tubes to establish fluid communication therebetween.
In particular, the packing tube of an upstream sand screen assembly is interconnected to the

shunt tube junction block of a downstream sandscreen assembly.

It will be appreciated that in one or more embodiments, the lower completion assembly will be

made up of a plurality of sand screen assemblies, each carrying one or more shunt tube

assemblies. In such case, it will be necessary to estimate the grave pack slurry injection pressure
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profile along the length of the production zone portion of the wellbore, and then select the
appropriate number of first or second sandscreen assemblies for makeup into the tubing string, it
being understood at used here that “first” sandscreen assemblies refers to those sandscreen
assemblies with a high pressure shunt system and “second” sandscreen assemblies refers to those
sandscreen assemblies with a low pressure shunt system. For example, a lower production
assembly may be comprised of 10 first sandscreen assemblies and 15 second sandscreen

assemblies, all joined end-to-end to form the tubing string.

In any event, once lower production assembly having the desired number of first and second
sandscreen assemblies is assembled, the lower production assembly is installed in the production
zone portion of the wellbore. In so doing, at step 508, the second sandscreen assembly is
deployed at the distal end of the wellbore portion so that the low pressure shunt tube system is
positioned in the wellbore adjacent the production zone distal end. Likewise, in step 510, in
positioning the low pressure shunt tube system, the first sandscreen assembly is deployed at the
proximal end of the wellbore portion. In so doing, the high pressure shunt tube system is

accordingly positioned adjacent the production zone proximal end.

Lastly, in step 512, a working fluid, such as a gravel pack slurry, gel or other desired fluid, is
pumped into the interconnected shunt tube assemblies. The working fluid may be pressurized in
accordance with the operating pressure of the high pressure shunt tube system deployed adjacent
the upper end of the wellbore production zone. Because the pressure of the working fluid drops
along the length of the production zone, only those “first” sandscreen assemblies are subjected to

the higher pressure working fluid, whereas the “second” sandscreen assemblies are only subject
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to the lower pressure working fluid. Moreover, in certain embodiments, because of the shunt
tube system geometry of the “first” sandscreen assemblies, leak-off at the higher pressure is
minimized in the upper sandscreen assemblies, thereby minimizing the likelihood of blockage
along the shunt tube system or in the gravel pack adjacent the packing tubes. In any event, the
working fluid is pumped into the interconnected shunt tube assemblies and injected via the
nozzles of the packing tubes into the annulus around the lower production assembly. To the
extent the working fluid is a gravel pack slurry, a gravel pack is formed around the lower
production assembly so as to support the formation and/or filter production fluids before

introduction into the production tubing of the system.

1. Thus, a wellbore completion assembly has been described. The completion assembly
may include a first sand screen assembly comprising a base pipe having perforations
therein and extending between a first end and a second ends, a sand screen disposed
around a portion of the base pipe, and a shunt tube assembly disposed outwardly of the
sand screen, the shunt tube assembly having a transport tube and a packing tube
extending from a junction block where each of the tubes has a passageway defined
therein, the packing tube further including a plurality of nozzles spaced apart from the
junction block and from each other, wherein each of the tubes and each nozzle has a
cross-sectional flow area; a second sand screen assembly comprising a base pipe having
perforations therein and extending between a first end and a second ends, a sand screen
disposed around a portion of the base pipe, and a shunt tube assembly disposed outwardly
of the sand screen, the shunt tube assembly having a transport tube and a packing tube

extending from a junction block, the packing tube including a plurality of nozzles spaced
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apart from the junction block and from each other, wherein each of the tubes and each
nozzle has a cross-sectional flow area; wherein the first and second sand screen
assemblies are arranged end to end relative to one another so that the base pipes are in
fluid communication with one another and the transport tubes are in fluid communication
with one another; and wherein a cross-sectional flow area of the packing tube
passageway in the first sand screen assembly is less than a cross-sectional flow area of
the packing tube passageway in the second sand screen assembly. In other embodiments,
the completion assembly may include a first sand screen assembly comprising a base pipe
having perforations therein and extending between a first end and a second ends, a sand
screen disposed around a portion of the base pipe, and a shunt tube assembly disposed
outwardly of the sand screen, the shunt tube assembly having a transport tube and a
packing tube extending from a junction block where each of the tubes has a passageway
defined therein, the packing tube further including a plurality of nozzles spaced apart
from the junction block and from each other, wherein each of the tubes and each nozzle
has a cross-sectional flow area; a second sand screen assembly comprising a base pipe
having perforations therein and extending between a first end and a second ends, a sand
screen disposed around a portion of the base pipe, and a shunt tube assembly disposed
outwardly of the sand screen, the shunt tube assembly having a transport tube and a
packing tube extending from a junction block, the packing tube including a plurality of
nozzles spaced apart from the junction block and from each other, wherein each of the
tubes and each nozzle has a cross-sectional flow area; wherein the first and second sand
screen assemblies are arranged end to end relative to one another so that the base pipes

are in fluid communication with one another and the transport tubes are in fluid
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communication with one another; and wherein a cross-sectional flow area of the packing
tube nozzle opening in the first sand screen assembly is less than a cross-sectional flow
area of the packing tube nozzle opening in the second sand screen assembly. Other
embodiments may include a first sand screen assembly comprising a base pipe having
perforations therein and extending between a first end and a second ends, a sand screen
disposed around a portion of the base pipe, and a shunt tube assembly disposed outwardly
of the sand screen, the shunt tube assembly having a transport tube and a packing tube
extending from a junction block where each of the tubes has a passageway defined
therein, the packing tube further including a plurality of nozzles spaced apart from the
junction block and from each other, wherein each of the tubes and each nozzle has a
cross-sectional flow area; a second sand screen assembly comprising a base pipe having
perforations therein and extending between a first end and a second ends, a sand screen
disposed around a portion of the base pipe, and a shunt tube assembly disposed outwardly
of the sand screen, the shunt tube assembly having a transport tube and a packing tube
extending from a junction block, the packing tube including a plurality of nozzles spaced
apart from the junction block and from each other, wherein each of the tubes and each
nozzle has a cross-sectional flow area; wherein the first and second sand screen
assemblies are arranged end to end relative to one another so that the base pipes are in
fluid communication with one another and the transport tubes are in fluid communication
with one another; and wherein the distance between the junction block and the packing
tube nozzles is greater in the first sand screen assembly than the distance between the
junction block and the packing tube nozzles in the second sand screen assembly. Still yet

other embodiments of the wellbore completion assembly may include a first sand screen
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assembly comprising a base pipe having perforations therein and extending between a
first end and a second ends, a sand screen disposed around a portion of the base pipe, and
a shunt tube assembly disposed outwardly of the sand screen, the shunt tube assembly
having a transport tube and a packing tube extending from a junction block where each of
the tubes has a passageway defined therein, the packing tube further including a plurality
of nozzles spaced apart from the junction block and from each other, wherein each of the
tubes and each nozzle has a cross-sectional flow area; a second sand screen assembly
comprising a base pipe having perforations therein and extending between a first end and
a second ends, a sand screen disposed around a portion of the base pipe, and a shunt tube
assembly disposed outwardly of the sand screen, the shunt tube assembly having a
transport tube and a packing tube extending from a junction block, the packing tube
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area; wherein the
first and second sand screen assemblies are arranged end to end relative to one another so
that the base pipes are in fluid communication with one another and the transport tubes
are in fluid communication with one another; and wherein the distance between adjacent
packing tube nozzles is greater in the first sand screen assembly than the distance
between adjacent packing tube nozzles in the second sand screen assembly. Still yet
other embodiments may include a first sand screen assembly comprising a base pipe
having perforations therein and extending between a first end and a second ends, a sand
screen disposed around a portion of the base pipe, and a shunt tube assembly disposed
outwardly of the sand screen, the shunt tube assembly having a transport tube and a

packing tube extending from a junction block where each of the tubes has a passageway
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defined therein, the packing tube further including a plurality of nozzles spaced apart
from the junction block and from each other, wherein each of the tubes and each nozzle
has a cross-sectional flow area; a second sand screen assembly comprising a base pipe
having perforations therein and extending between a first end and a second ends, a sand
screen disposed around a portion of the base pipe, and a shunt tube assembly disposed
outwardly of the sand screen, the shunt tube assembly having a transport tube and a
packing tube extending from a junction block, the packing tube including a plurality of
nozzles spaced apart from the junction block and from each other, wherein each of the
tubes and each nozzle has a cross-sectional flow area; wherein the first and second sand
screen assemblies are arranged end to end relative to one another so that the base pipes
are in fluid communication with one another and the transport tubes are in fluid
communication with one another; and wherein the number of packing tube nozzles in the
first sand screen assembly is less than the number of packing tube nozzles in the second
sand screen assembly. Other embodiments of the wellbore completion assembly may
include a first sand screen assembly attached to a second sand screen assembly, wherein
the first sand screen assembly comprises a shunt tube assembly with a first burst pressure
and the second sand screen assembly comprises a shunt tube assembly with a burst
pressure less than the first burst pressure. Other embodiments of the wellbore completion
assembly may include a first sand screen assembly attached to a second sand screen
assembly, wherein the first sand screen assembly comprises a shunt tube assembly
disposed to operate at pressures over 5000 psi and the second sand screen assembly has a
shunt tube assembly disposed to operate at pressures of no more than 5000 psi. Other

embodiments of the wellbore completion assembly may include a plurality of first sand
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screen assemblies forming a lower portion of the completion assembly and attached to a
plurality of second sand screen assemblies forming an upper portion of the completion
assembly, wherein the first sand screen assemblies each comprises a shunt tube assembly
having an operating pressure rating over 5000 psi and the second sand screen assembly
has a shunt tube assembly having an operating pressure rating of no more than 5000 psi.
In other embodiments, the wellbore completion assembly may include a first sand screen
assembly attached to a second sand screen assembly, wherein the first sand screen
assembly comprises a shunt tube assembly with a first operational pressure rating and the
second sand screen assembly comprises a shunt tube assembly with a second operational

pressure rating less than the first operational pressure rating.

For any of the foregoing embodiments, one or more of the following elements may be combined

alone therewith or with of the other following elements:

The cross-sectional flow areas of the passageway in the first and second transport tubes is

substantially the same.

The cross-sectional flow areas of the first and second transport tubes is substantially

round.

The cross-sectional flow areas of the first and second transport tubes is substantially

rectangular.
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The cross-sectional flow areas of the first and second transport tubes is oval shaped.

The second end of the first sand screen assembly base pipe is connected to the first end of
the second sand screen assembly base pipe forming a joint therebetween, the completion
assembly further comprising an coupling interconnecting one end of a jumper tube to the
transport tube of the first sand screen assembly, the other end of the jumper tube in fluid
communication with the junction block of the second sand screen assembly whereby the

jumper tube straddles the joint between the first and second sand screen assemblies.

At least two screen assemblies each comprise a shunt tube assembly having first and
second sets of transport tube and packing tubes, wherein each set of tubes extends from a

junction block.

The first sand screen assembly has a shunt tube assembly with a pressure rating of over
5000 psi and the second sand screen assembly has a shunt tube assembly with a pressure

rating of no more than 5000 psi.

The first sand screen assembly has a shunt tube assembly with a pressure rating of
between 5000 and 10000 psi and the second sand screen assembly has a shunt tube

assembly with a pressure rating of less than 5000 psi.
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The first sand screen assembly has a shunt tube assembly with a pressure rating of over a
select threshold and the second sand screen assembly has a shunt tube assembly with a

pressure rating of no more than the select threshold.

A method of installing a completion assembly in a wellbore has been described. The installation
method may include installing a lower sand screen assembly having a low pressure shunt tube
system in a wellbore adjacent a production zone; and attaching an upper sand screen assembly
having a high pressure shunt tube system to the lower sand screen assembly upstream of the
lower sand screen assembly. Other embodiments of the method may include installing a first
sand screen assembly in a wellbore adjacent a production zone; and attaching a second sand
screen assembly to the first sand screen assembly upstream of the first sand screen assembly,
wherein the first sand screen assembly has a low pressure shunt tube system and the second sand
screen assembly has a high pressure shunt tube system. Still yet other embodiments of the
method may include installing a plurality of interconnected first sand screen assemblies in a
wellbore adjacent a production zone; and attaching a plurality of second sand screen assemblies
to the uppermost first sand screen assembly upstream of the first sand screen assemblies, wherein
each first sand screen assembly has a low pressure shunt tube system and each second sand
screen assembly has a high pressure shunt tube system. Yet other methods of the installation
method may include identifying an elongated production zone having an upstream proximal end
and a downstream distal end; determining a shunt tube system operating pressure associated with
the proximal end of the production zone and selecting a high pressure shunt tube system based

on the proximal end determined pressure; determining a shunt tube system operating pressure
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associated with the distal end of the production zone and selecting a low pressure shunt tube
system based on the distal end determined pressure, wherein the low pressure shunt tube system

has a lower shunt tube operating pressure than the high pressure shunt tube system; positioning

the low pressure shunt tube system in the wellbore adjacent the production zone distal end; and

5  positioning the high pressure shunt tube system in the wellbore adjacent the production zone
proximal end. Likewise, other installation methods may include identifying an elongated
production zone wellbore portion having an upstream proximal end and a downstream distal end;
selecting a high pressure shunt tube system based on a proximal end shunt tube system operating
pressure; selecting a low pressure shunt tube system based on a distal end shunt tube system

10 operating pressure; positioning the low pressure shunt tube system in the wellbore adjacent the
production zone distal end; positioning the high pressure shunt tube system in the wellbore
adjacent the production zone proximal end; introducing a working fluid into the shunt systems,
wherein the working fluid is pressurized in accordance with the operating pressure of the high

pressure shunt tube system.

15
For any of the foregoing embodiments, one or more of the following elements may be combined
alone therewith or with of the other following elements:
The high pressure shunt tube system is disposed to operate at pressures of 5000 psi and
20 the low pressure shunt tube system is disposed to operate at pressures of no more than
5000.
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The high pressure shunt tube system is disposed to operate at pressures above a select
threshold and the low pressure shunt tube system is disposed to operate at pressures of no

more than the select threshold.

Introducing a working fluid into the shunt systems, wherein the working fluid is
pressurized in accordance with the operating pressure of the high pressure shunt tube

system.

Injecting the working fluid into the annulus adjacent the shunt tube system so as to form a

gravel pack in the annulus.
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CLAIMS

2. A completion assembly for deployment in a wellbore, the completion assembly
comprising:
a first sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block where each of the tubes has a passageway defined therein, the packing tube further
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area;
a second sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block, the packing tube including a plurality of nozzles spaced apart from the junction
block and from each other, wherein each of the tubes and each nozzle has a cross-
sectional flow area;
wherein the first and second sand screen assemblies are arranged end to end relative to
one another so that the base pipes are in fluid communication with one another and the

transport tubes are in fluid communication with one another;
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wherein a cross-sectional flow area of the packing tube passageway in the first sand
screen assembly is less than a cross-sectional flow area of the packing tube passageway

in the second sand screen assembly.

A completion assembly for deployment in a wellbore, the completion assembly
comprising:

a first sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block where each of the tubes has a passageway defined therein, the packing tube further
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area;

a second sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block, the packing tube including a plurality of nozzles spaced apart from the junction
block and from each other, wherein each of the tubes and each nozzle has a cross-
sectional flow area;

wherein the first and second sand screen assemblies are arranged end to end relative to
one another so that the base pipes are in fluid communication with one another and the

transport tubes are in fluid communication with one another;
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wherein a cross-sectional flow area of the packing tube nozzle opening in the first sand
screen assembly is less than a cross-sectional flow area of the packing tube nozzle

opening in the second sand screen assembly.

A completion assembly for deployment in a wellbore, the completion assembly
comprising:

a first sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block where each of the tubes has a passageway defined therein, the packing tube further
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area;

a second sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block, the packing tube including a plurality of nozzles spaced apart from the junction
block and from each other, wherein each of the tubes and each nozzle has a cross-
sectional flow area;

wherein the first and second sand screen assemblies are arranged end to end relative to
one another so that the base pipes are in fluid communication with one another and the

transport tubes are in fluid communication with one another;
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wherein the distance between the junction block and the packing tube nozzles is greater
in the first sand screen assembly than the distance between the junction block and the

packing tube nozzles in the second sand screen assembly.

A completion assembly for deployment in a wellbore, the completion assembly
comprising:

a first sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block where each of the tubes has a passageway defined therein, the packing tube further
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area;

a second sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block, the packing tube including a plurality of nozzles spaced apart from the junction
block and from each other, wherein each of the tubes and each nozzle has a cross-
sectional flow area;

wherein the first and second sand screen assemblies are arranged end to end relative to
one another so that the base pipes are in fluid communication with one another and the

transport tubes are in fluid communication with one another;
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wherein the distance between adjacent packing tube nozzles is greater in the first sand
screen assembly than the distance between adjacent packing tube nozzles in the second

sand screen assembly.

A completion assembly for deployment in a wellbore, the completion assembly
comprising:

a first sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block where each of the tubes has a passageway defined therein, the packing tube further
including a plurality of nozzles spaced apart from the junction block and from each other,
wherein each of the tubes and each nozzle has a cross-sectional flow area;

a second sand screen assembly comprising a base pipe having perforations therein and
extending between a first end and a second ends, a sand screen disposed around a portion
of the base pipe, and a shunt tube assembly disposed outwardly of the sand screen, the
shunt tube assembly having a transport tube and a packing tube extending from a junction
block, the packing tube including a plurality of nozzles spaced apart from the junction
block and from each other, wherein each of the tubes and each nozzle has a cross-
sectional flow area;

wherein the first and second sand screen assemblies are arranged end to end relative to
one another so that the base pipes are in fluid communication with one another and the

transport tubes are in fluid communication with one another;
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wherein the number of packing tube nozzles in the first sand screen assembly is less than

the number of packing tube nozzles in the second sand screen assembly.

The completion assembly of claims 1-5, wherein the cross-sectional flow areas of the

passageway in the first and second transport tubes is substantially the same.

The completion assembly of claims 1-5, wherein the cross-sectional flow areas of the first

and second transport tubes is substantially round.

The completion assembly of claims 1-5, wherein the cross-sectional flow areas of the first

and second transport tubes is substantially rectangular.

The completion assembly of claims 1-5, wherein the cross-sectional flow areas of the first

and second transport tubes is oval shaped.

. The completion assembly of claim 1-9, wherein the second end of the first sand screen

assembly base pipe is connected to the first end of the second sand screen assembly base
pipe forming a joint therebetween, the completion assembly further comprising an
coupling interconnecting one end of a jumper tube to the transport tube of the first sand
screen assembly, the other end of the jumper tube in fluid communication with the
junction block of the second sand screen assembly whereby the jumper tube straddles the

joint between the first and second sand screen assemblies.
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12. The completion assembly of claim 1-9, wherein at least two screen assemblies each
comprise a shunt tube assembly having first and second sets of transport tube and packing

tubes, wherein each set of tubes extends from a junction block.

5 13. The completion assembly of claim 1-9, wherein the first sand screen assembly has a
shunt tube assembly with a pressure rating of over 5000 psi and the second sand screen

assembly has a shunt tube assembly with a pressure rating of no more than 5000 psi.

14. The completion assembly of claim 1-9, wherein the first sand screen assembly has a
10 shunt tube assembly with a pressure rating of between 5000 and 10000 psi and the second

sand screen assembly has a shunt tube assembly with a pressure rating of less than 4000

psi.

15. The completion assembly of claim 1-9, wherein the first sand screen assembly has a
15 shunt tube assembly with a pressure rating of over a select threshold and the second sand
screen assembly has a shunt tube assembly with a pressure rating of no more than the

select threshold.

16. A completion assembly for deployment in a wellbore, the completion assembly
20 comprising: a first sand screen assembly attached to a second sand screen assembly,
wherein the first sand screen assembly comprises a shunt tube assembly with a first

operational pressure rating and the second sand screen assembly comprises a shunt tube
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assembly with a second operational pressure rating less than the first operational pressure
rating.

A completion assembly for deployment in a wellbore, the completion assembly
comprising: a first sand screen assembly attached to a second sand screen assembly,
wherein the first sand screen assembly comprises a shunt tube assembly with a first burst
pressure and the second sand screen assembly comprises a shunt tube assembly with a

burst pressure less than the first burst pressure.

A completion assembly for deployment in a wellbore, the completion assembly
comprising: a first sand screen assembly attached to a second sand screen assembly,
wherein the first sand screen assembly comprises a shunt tube assembly disposed to
operate at pressures over 5000 psi and the second sand screen assembly has a shunt tube

assembly disposed to operate at pressures of no more than 5000 psi.

A completion assembly for deployment in a wellbore, the completion assembly
comprising: a plurality of first sand screen assemblies forming a lower portion of the
completion assembly and attached to a plurality of second sand screen assemblies
forming an upper portion of the completion assembly, wherein the first sand screen
assemblies each comprises a shunt tube assembly having an operating pressure rating
over 5000 psi and the second sand screen assembly has a shunt tube assembly having an

operating pressure rating of no more than 5000 psi.

4840-3891-6715_1 Page 39 of 42

HALLIBURTON EXHIBIT 2005, Page 53
Weatherford U.S., L.P. v. Halliburton Energy Services, Inc., IPR2024-00990



10

15

20

7523.1981PV01 (2018-1PM-102335 V1 US)

20. A method of installing a completion assembly in a wellbore, the method comprising:
installing a lower sand screen assembly having a low pressure shunt tube system in a
wellbore adjacent a production zone; and attaching an upper sand screen assembly having
a high pressure shunt tube system to the lower sand screen assembly upstream of the

lower sand screen assembly.

21. A method of installing a completion assembly in a wellbore, the method comprising:
installing a first sand screen assembly in a wellbore adjacent a production zone; and
attaching a second sand screen assembly to the first sand screen assembly upstream of the
first sand screen assembly, wherein the first sand screen assembly has a low pressure
shunt tube system and the second sand screen assembly has a high pressure shunt tube

system.

22. A method of installing a completion assembly in a wellbore, the method comprising:
installing a plurality of interconnected first sand screen assemblies in a wellbore adjacent
a production zone; and attaching a plurality of second sand screen assemblies to the
uppermost first sand screen assembly upstream of the first sand screen assemblies,
wherein each first sand screen assembly has a low pressure shunt tube system and each

second sand screen assembly has a high pressure shunt tube system.

23. A method of installing a completion assembly in a wellbore, the method comprising:
identifying an elongated production zone having an upstream proximal end and a

downstream distal end;
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determining a shunt tube system operating pressure associated with the proximal end of
the production zone and selecting a high pressure shunt tube system based on the
proximal end determined pressure;

determining a shunt tube system operating pressure associated with the distal end of the
production zone and selecting a low pressure shunt tube system based on the distal end
determined pressure, wherein the low pressure shunt tube system has a lower shunt tube
operating pressure than the high pressure shunt tube system;

positioning the low pressure shunt tube system in the wellbore adjacent the production
zone distal end; and

positioning the high pressure shunt tube system in the wellbore adjacent the production

zone proximal end.

A method of installing a completion assembly in a wellbore, the method comprising:
identifying an elongated production zone wellbore portion having an upstream proximal
end and a downstream distal end;

selecting a high pressure shunt tube system based on a proximal end shunt tube system
operating pressure;

selecting a low pressure shunt tube system based on a distal end shunt tube system
operating pressure;

positioning the low pressure shunt tube system in the wellbore adjacent the production
zone distal end;

positioning the high pressure shunt tube system in the wellbore adjacent the production

zone proximal end;
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introducing a working fluid into the shunt systems, wherein the working fluid is
pressurized in accordance with the operating pressure of the high pressure shunt tube

system.

25. The method of claims 16-23, wherein the high pressure shunt tube system is disposed to
operate at pressures of 5000 psi and the low pressure shunt tube system is disposed to

operate at pressures of no more than 5000.

26. The method of claims 16-23, wherein the high pressure shunt tube system is disposed to
operate at pressures above a select threshold and the low pressure shunt tube system is

disposed to operate at pressures of no more than the select threshold.

27. The method of claim 16-22, further comprising introducing a working fluid into the
shunt systems, wherein the working fluid is pressurized in accordance with the operating

pressure of the high pressure shunt tube system.

28. The method of claims 16-23, further comprising injecting the working fluid into the

annulus adjacent the shunt tube system so as to form a gravel pack in the annulus.
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identifying an elongated production zone wellbore portion having

an upstream proximal end and a downstream distal end

selecting a high pressure shunt tube system based on & proximal
end shunt tube system operating pressure

shunt tube system operating pressure

positioning the low pressure shunt tube system in the wellbore
adjacent the production zone distal end

positioning the high pressure shunt tube system in the wellbore
adiacent the production zone proximal end

introducting a working fluid into the shunt systems, wherein the
working fluid is pressurized in accordance with the operating
pressure of the high pressure shunt tube system
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number | 7523.1881PV01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multiple Shunt Pressure Assembly for Gravel Packing

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

if the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who ctherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.48 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee {7) Legal Representative under 35 U.S.C. 117 () Joint inventor
O Persen to whom the inventer is abligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapaciiated inventor:

if the Applicant is an Organization check here. X

Organization Name Halliburton Energy Services, Inc.

Mailing Address Information For Applicant:

Address 1 3000 N. Sam Houston Parloway E.

Address 2

City Houston State/Province TX
Country | US Postal Code 77032
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add bution.

Assignee Information including Non-Applicant Assighee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Approved for use through 14/36/2020. OME 0651-8032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it contains a vatid OMB conirol number.

. . Attorney Docket Number | 7523.1881PV01
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multiple Shunt Pressure Assembly for Gravel Packing

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the “Applicant Information” section will appear on the patent application
publication as an applicant. For an assignes-applicant, complete this section only if identification as an assignee is also desired on the
patent appiication publication.

if the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middie Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country! Postal Code
Phone Number Fax Number

Email Address

Additionat Assignee or Non-Applicant Assignee Dala may be generated within this form by
selecting the Add hution.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c}.

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity {e.g., corporation or association). If the applicant is twoe or more joint inveniors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and cerlifications.

Signature |/Mark A. Tidwell/ Date (YYYY-MM-DD)| 2018-08-22

First Name | Mark A Last Name | Tidwell Registration Number | 37,456

Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number

7523.1081PV01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multiple Shunt Pressure Assembly for Gravel Packing

This coliection of information is required by 37 CFR 1.76. The information is required fo obtain or retain a benefit by the public which
is to file {and by the USPTO to process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.C. Box 1450, Alexandria, VA 22313-1450. BO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Multiple Shunt Pressure Assembly for Gravel Packing

First Named Inventor/Applicant Name:

Maxime P. Coffin

Filer:

Mark A. Tidwell/Delaunda Lanford

Attorney Docket Number:

7523.1981PV01

Filed as Large Entity

Filing Fees for Provisional

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
PROVISIONAL APPLICATION FILING 1005 1 280 280
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 280
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Electronic Acknowledgement Receipt

EFS ID: 32982097
Application Number: 62688813
International Application Number:
Confirmation Number: 6954

Title of Invention:

Multiple Shunt Pressure Assembly for Gravel Packing

First Named Inventor/Applicant Name:

Maxime P. Coffin

Customer Number:

27683

Filer:

Mark A. Tidwell/Delaunda Lanford

Filer Authorized By:

Mark A. Tidwell

Attorney Docket Number:

7523.1981PV01

Receipt Date: 22-JUN-2018
Filing Date:
Time Stamp: 16:51:34
Application Type: Provisional

Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $280

RAM confirmation Number

062518INTEFSW16521300

Deposit Account

081394

Authorized User

Delaunda Lanford

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
181645
1 7523-1981 P\(O1_I;aftentAppIica yes 42
tlon'p 724d661cc5681d35a2168a1316e27e6¢1dd|
85f77
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 31
Claims 32 42
Warnings:
Information:
2597930
) Drawmgs—otlher;han .black and white 7523-1981PV01_Drawings.pdf o 5
ine raWIngS 2d0dcf1bOeeaabaad3681735%ae21cb4bb7|
1a01f
Warnings:
Information:
1254643
3 Application Data Sheet 7523-1981PV01_ADS.pdf no 7
cf557c868168ebad686028d5ba42a825134
657c
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
30316
4 Fee Worksheet (SB06) fee-info.pdf no 2
b9ch477c9edb8ee35aca369b6db6605caaly
de7ab
Warnings:
Information:
Total Files Size (in bytes): 4064534

HALLIBURTON EXHIBIT 2005, Page 72
Weatherford U.S., L.P. v. Halliburton Energy Services, Inc., IPR2024-00990



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 62688813 Document Date: 06/22/2018

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):

e USPTO employees may access SCORE content via eDAN using the Supplemental Content
tab, or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: August 26, 2013
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