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Q) SOLICITUD DE:

m Patente de invencién E Patente de Modelo de Utilic_!ad

m Capitulo 1 D Capitule |l

HALLIBURTON ENERGY.SERVICES INC IDENT!FICAG_ION )
2801 Beitline Road, Carroiiton, Texas 75006

' D NIT NIT
Estados Unidos de América . -
Texas, Estados Unidos de ] Ot | X Ot
América . o :
Estados Unidos de América
Fax: 3122410 Cual

® Nombre:
SOLICITANTE

Direccion:

Nacionalidad o Domicilio:

Lugar de Constitucién;
Teléfono: 3137800

Nomero

E-mail: general@eardenasycardenas.com

Nombre: DARIO CARDENAS NAVAS

Direccidn;

Teléfono, 313 7800

E-Mail; general@cardenasycardenas.com

Carrera 7 No 71-52 Torre B Piso 8
Fax. 312 3600

IDENTIFICACION
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D Otro D Ctro

Cual

Nimero 17066629 TP 1250
BTA C.8.J,

INVENTOR(ES)

(72)

John Rodgers
Marco Serra
David Swenson
Timothy S. Glenn

Nombre:

Direccién:

Nacionalidad o Domicilio:

1904 Winter Drive Roanoke, Texas 76262, Estados Unidos de América
Jaegerstrasse 2 Winterthur 8406, Suiza

2601 Beltline Road, Carroliton, Texas 75006, Estados Unidos de América
1904 Winter Drive, Roancke, Texas 76262, Estados Unidos de América

Estadounidense
Italiano

Estadounidense
Estadounidense

®

PCT (86)

Solicitud Internacional No. PCT/US10/61104

Publicacién Internacional No.

Fecha 17.12.2010
Fecha

Titulo(54): MODELADO DE IMPACTO PRODUCIDO POR LA PERFORACION DE UN

POZO

Clasificacion Internacional (51):

(33)Pails de Origen
Prioridad

(32)Fecha

(31)N° de Solicitud

st [xino ] us

17.12.2010

PCT/US10/61104

Comprobante de Pago No.: 11-122886

Fecha 19.12.2011




Titulo: MODELADO DE IMPACTO PRODUCIDO POR LA PERFORACION DE UN POZO

(0 ANEXOS

Comprobante de page de la tasa de presentacién de la solicitud.

D Documento que acredita la existencia y representacién legal cuando el solicitante sea persona juridica.
Poderes, si fuere el caso

Documento de cesidn de! inventor al solicitante o a su causante.
Copia de! examen preliminar internacional efectuado por ia Autoridad Internacional de Examen Preliminar

(IPEA)

D Traduccion del examen preliminar internacional efectuado por la IPEA.

Traduccion de la solicitud intemacional al castellano (Resumen, Resumen, descripcién, reivindicaciones,
dibujos)

D De ser el caso, copia del contrato de acceso.
D De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos tradicionales de
las comunidades indigenas.

D De ser el caso, certificado de depdsito del material bioldgico.
[] Arte final 12x12.

D De ser el caso, informacidn sobre ofras solicitudes de patente o titulos obtenidos en el exiranjero por el mismo
titular o su causante, relacionadas parcial o totalmente con la invencion de esta solicitud.

Recibo Reivindicaciones adicionales No 11-0098482 /11-0099457
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Whe State of Texas

Secretary of State GL9L

Requested for use in COLOMBIA
Not for use within the United States of America

This Apostille only certifies the signature, the capacity of the signer and the seal or stamp it
bears. it does not certify the content ef the document for which it was issued,

APOSTILLE

(Convention de La Haye du 5§ Octobre 1961)
1. Country United States of America

This public document

2. has been signed by VALORIE CASEY
3. acting in the capacity of Notary Public, State of Texas
4. and bears the seal/stamp of VALORIE CASEY,

Notary Public, State of Texas,
Commission Expires: 10-16-14

CERTIFIED

7]

. at Austin, Texas 6. on June 9, 201

-ul

. Dy the Secretary of State of Texas
8. Ccrtificate No. N-802693

10. Signature:

llope Andrade
Secrctary of Siate

ST/eg




C T OBYLY

- Colombia -

POWER OF ATTORNEY
In the city of RBouston, Texas on theldlst day of the month
of May Jwo thousand and eleven {2011) before
me, Valorie Casey Notary Public, appeared
James W. Ferguson of age, an domiciled at
HBouston, Texas , and stated:

FIRST: That he/she acts in histher capacity of Senior Vice President & Deputy
of HALLIBURTON ENERGY SERVICES, INC, legally constituted and in existence
in accordance with the laws of the State of Delawere  United States of Amsrica and
domiciled at 2601 Belting Road, Carrollion, Texas 75006, United States of America, as
evidenced in the documents which | have examined.

SECOND: That in such capacity he/she grants hereby special, ample and sufficient
Power of Attorney to DARIO CARDENAS-NAVAS and/or LUZ HELENA ADARVE-
GOMEZ and/or EDUARDO CARDENAS-CABALLERO and/or BERNARDO P.
CARDENAS-MARTINEZ andfor JUANITA ACOSTA GOMEZ and/or JULY GALINDQ
QUINTERQO, registered lawyers of the firn CARDENAS & CARDENAS-LAWYERS,
domiciled at Carrera 7 No. 71-52, Torre B, Piso 9 Bogotd, D.C., Colombia, to carry
before the corresponding Colombian national Officss and aulhormes the proceedings
to obtain trademarks, patents, utility models, industrial drawings and designs, deposits
of commercial names and ensigns, as well as processing of renewals, assignments,
change of name or domicile of the owner, waivers and licenses of the same for which
purpose they are empowered to take before said authorities all necessary actions for
the indicated purposes; to file applications, statements, claims, formulate descriptions,
amendments, oppositions and appeals; pay all taxes and Installments and make any
other payments determined by law; to receive every document and values issuing the
respective discharge; to fulfill any other requirements and take, In general, every
measure that they shall deem oppertune for the defense and protaction of the Industrial
Property of the company in the event of infringements, oppositions, proceedings for
cancallation or annulment, imposilion of fines, passing the antecedents to the courts;
they are empowered 10 appear as plaintiff or defendant belore the competent judges,
- 'being entitled to transact, submit to arbitration, waive, receive, resign, withdraw, appeal
" and all other legal powers which may be necessary, and it is hereby declared ever
,since now valid and good whatever such attorneys do for its banefit, granting them also

& power to substitute this proxy and if necessary to revoke such substitutions.

lr-":

iTHIRD That for purpases of arlicles 587 and 543 of the Colombian code of Commerce
ot the, attornays are empowered to receive service of notice and designate judicial and
ex”t}ajudlclal attormneys.

§S|GNE 2 JHquston, Texas ON May 31, 2011

19.\

"’Wame W.Ferguson

e NN ARG
NOTARY PUBLIC (Slg:alure)

(Apostille is required)

) VALORIE GASEY
{ } ; Wmmﬂgmm
%\Gm'\"}’ 10-16~-20143 .

GCeneral CounS.




The undersigned Notary Public certifies that Mr. Jﬁf‘f\tg U - L e rhu Ay

appearsd before me and signed the preceding document; that | know him pe’rsonally

and | am certain that he has legal capacity to grant it; that he is Senior Vice Presidenr &
Deputy General Counsel of HALLIBURTON ENERGY SERVICES,

INC., andis consequently authorized to grant such document: that the company is

organized under the laws of the State of Delaware, United States of America, and is

domiciled 2601 Bettline Road, Carroliton, Texas 75006, United States of America; and that

the act for which this document is granted is included among these which constilute the
corporate object of said company.

{'am certain of all these facts because | have examined the respective documents
consisting of certificate of good standing, certificate of incumbency

and bylaws of the company all of which | hereby
attest.

'\.Lu{(

NOTARY PUBLIC (signature)
Issued and signed in Youston, Texad
Dated S| ‘H}_AO\\

VALORIE CASEY

ROTARY PUBLIC STATE OF TEXAS
€ 100 EXPIRED:

10-16-2014

(Apostille is required)




MARTHA SOFIA SARMIENTO SOLANO - TRADUCTORA OFICIAL Aosths S Soserwtonts S
Carrera 1108 124 - 51 Apto 80 Int 2. (S74) 2130034 Bogoté -Colombia  Traductors Ofichat Juramssbith
-maft: mesarmiento2@yahioo.com

Reselocisn No. 8315 Minjusticis

TRADUCCION OFICIAL. DE LOS SIGUIENTES DOCUMENTOS: APOSTILA DE LA
CONVENCION DE LA HAYA No. N-802693, con fecha del 9 de Junio de 2011, firmada por
Hope Andrade - Secretario de Estado. PODER DE ABOGADO otorgado por la Compafila
Halliburton Energy Services, inc., a fa Firma da Abogados Cérdenas y Cérdenas, de Bogots,
Colombia, firmado por James W. Ferguson - Vicepresidente Principal y Asesor Legal
General Adjunto de dicha compafiia, ante Valorie Casey, Notario Pablico del Estado de
Texas, con fecha del 31 de mayo de 2011. CERTIFICACION NOTARIAL expedida y firmada
por Valorie Casey, Notarlo Publico def Estado de Texas, con fecha del 31 de mayo de 2011,

Traducclon reafizada por Martha Soffa Sarmlento Solano, Traductora e intérprete oficial

espaiiol — inglés - espafiol, nombrada para el cargo mediante Resolucién del Ministerio de
Justicia, n° 835, del 3 de mayo dec 1988.

ESTADO DE TEXAS
SECRETARIO DE ESTADO

Solicitada para use en COLOMBIA,
No se debe utilizar en los Estados Unidos de América

_ . -Esta Apostilla solamente certificar la firma de! funcionario, el cargo y e sello o la estampilla que
aparecen en o documento. No certifica el contenido del documento pars el cual fue emitida.

APOSTILLA
{Convencién de La Haya, 5 de octubre de 1961)

- ‘\Pais: Estados Unldos de América

El presente documento publico

ha sido firmado por: VALORIE CASEY
wtaaado en calidad de: Notario Pablico, Estado de Texas
BVA &) sello/ Timbre de: VALORIE CASEY

Notario Publico, Estado de Texas
Mi Comision Finaliza el 10-16-14



MARTHA SOFIA SARMIENTO SOLANO - TRADUCTORAOFICIAL ~ wiliendle ' Torrients 7
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E-mal: mssarmiento2@yahoc,com Resolucisn No. 835 Minjusticia
CERTIFICADO

5. En: Austin, Texas

6. El: 9 de junio de 2011

7. Por Secretario de Estado del Estado de Texas

8. Cenrificado Numero: N-802693

9. Lleva Sello /Timbre: Del Estado de Texas

10. Firmado por: _._Finma Autéarafa

Hope Andrade

Secretario de Estado
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MARTHA SOFIA SARMIENTO SOLANO - TRADUCTORA OFICIAL Mosths S Sosnionts S
Carrors 1101 124 - £1 Apio. 809 nt. 2 (5T} 2139034 Bogotd -Colombla  Fruductara Oficial Jsranestac
-mall: mesarmientod@yahoe.com

Resolucidn No. 835 Minjusticla

-Colombla -

PODER DE ABOGADO

En la ciudad de Houston, Texas, a los 31 dias def mes de mayo del afo dos mil
once (2011), ante mi, Valotie Casey Notario Piblico, comparecié James W.

Fergusont, mayor de edad y con domicilio en Houston, Texas, quien declard lo
siguiente:

PRIMERO: Que él actla, en su calidad de Vicepresidente Principal y Asesor Legal
General Adjunto de HALLIBURTON ENERGY SERVICES, INC., una Compalfita
legalmente constituida y en existencia de conformidad con las leyes del Estado de
Delaware, Estados Unidos de América y cuye domicifio se encuentra ubicado en el
2601 Beltline Road, Carroiiton, Texas 75006, Estados Unidos de América, de
acuerdo con lo que se evidencia en los documentos que he examinado.

SEGUNDO: Que haciendo uso de las facultades del cargo amiba mencionado,
él/ella otorga Poder de Abogado, especial, amplio y suficiente a DARIO
CARDENAs:gAVAS y/o a LUZ HELENA ADARVE GOMEZ, y/o a EDUARDO
}ARDENA% CABALLERO, y/o a BERNARDO P. CARDENAS MARTINEZ, y/o a
(JUANITA’\ACOSTA GOME2, y/o a JULY GALINDO QUINTEROQ, abogados
reé1stradc\»a qmenes trabajan para la fimna CARDENAS & CARDENAS
ABOGADOS con sede en la Carrera 7 No. 71-52, Torre B, Piso 9, en Bogota,

2\ C>

D. G G_oiemt\n?, para que gestionen en Colombia ante las Oficinas y Autoridades

cor?éspohdmﬁtes la gptencion de registros de marcas comerciales, patentes,
modelge-Tim

mw efios y dibujos industriales, depdsitos de nombres y
enseﬁas;comrmales como también para el procesamiento de rengvaciones,

cesiones, cambios de nombre o domicilio de! titular, renuncias y licencias de lo
arriba mencionado, propdsitos para los cuales se les otorga poder para que lleven
a cabo ante dichas autoridades todas las acciones necesarias para 10s propositos
indicados, como radicar solicitudes, hacer declaraciones, rectamaciones, formular
descripciones, realizar enmiendas ¢ modificaciones, interponer recursos de
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Carrora $1D # 124 - 51 Apto, 809 Int. 2 -{571) 2130034 Bogots - Colombia

. : Traductera O1icla) furamentads
E-mall: mssarmiento2@yahoo.com
” s H130.50m Resolocidn No. 835 Minjusticia

oposicién y apelaciones; pagar todos ios impuestos y cuotas y hacer cualquier otro
pago establecido por ley; recibir todos los documentos y dineros y emitir el
descargo correspondiente; cumplir con cualquier ofro requerimiento y tomar, en
general, fodas las medidas que consideren apropiadas y oportunas para defender
y proteger la Propiedad Industrial de 'a Compartia en el evento de infracciones,
Oposiciones, procesos para cancelacién o anulacién, imposicion de sanciones,
presentar antecedentes ante las Cortes y Tribunales. Ademas, quedan facultados
para comparecer como demandantes o demandados ante Jueces competentes,
también se les da poder para negociar, solicitar arbitraje, ceder, recibir, dimitir,
rescindir © desistir, apelar, ratificar y todos los poderes legales adicionales que
sean necesarios. También se declara que a partir de ahora todas las acciones que
realicen dichos abogados respaildando este Poder de Representacién y para
beneficio de la Compafila son buenas y validas. Adicionalmente se les otorga
facultades para sustituir este Poder y si es necesario revocar dichas sustituciones.

TERCERO: Con el propdsito de cumpiir con los articulos 597 y 543 del Cédigo
Colombiano de Comercio, dichos abogados quedan facultados para recibir
notificaciones judiciales y designar abogados judicial y extrajudicialmente.

FIRMADO EN: Houston, Texas El 31 de mayo de 2011

POR: __(Firfia Autoarafa)
James W. Ferguson
‘-\

{Firma Autdgrafa)
Notarlo Piblico {Firma}

(Requiere de Apostilla)

VALORIE CASEY
NOTARIO PUBLICO NOTARIO PUBLICO

ESTADO DE TEXAS
ESTADO DE TEXAS "= CIGN FINALIZA EL

10-16-2014




MARTHA SOFIA SARMIENTO SOLANO - TRADUCTORA OFICIAL
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E-mail: mssarmiento2@vahgo.com

El suscrito Notario PUlblico, certifica que el Sefior James W. Ferguson,
comparecio ante mi y firmé el documento anterior; que lo conozco personalmente
y estoy seguro que €| tiene la facultad legal para otorgario; que él es el
Vicepresidente Principal y Asesor Legal General Adjunto de HALLIBURTON
ENERGY SERVICES, INC., y por consiguiente estd autorizado para expedir y
oforgar dicho documento. Que la Compaiila estd organizeda bajo las leyes de
Delaware y su domicilio es el 2601 Bellline Road, Carrollton, Texas 75006,
Estados Unidos de América. Ademas certifico que el acto para el cual se expide y
otorga este documento esta incluido entre los que constituyen el objeto corporativo
de la mencionada Compafiia.

Tengo la certeza sobre ia veracidad de todos estos hechos debido a que examiné
los documentos respectivos, que consistieron en gl Certificado de Buen Estatu

\ " i
Certificado de Responsabilidad y los Estatutos de la Compania. Doy testnmomr.::.,f.jf;b
todo lo anterior. St &

Sello del Notario: cﬁg} &
Firma Autdqrafa e

Notario Publico (Firma) VALO IF CASEY. \
Expedida y firrmada en Houston, Texas NOTARIO PUBLICO gso;:gécﬁféuauco

ESTADO DE TEXAS M comsnéh‘rhm.m
Fechada el 5/31/2011

(Requiere de Apostilla)

i L
CERTIFICO QUE ESTA ES UNA TRADUCCION FIEL DEL INGLES AL ESPANOL DE LOS
DOCUMENTOS QUE HE TENIDO A LA VISTA; QUE SOY TRADUCTORA E INTERPRETE
OFICIAL ACREDITADA POR RESOLUCION N° 835 DEL 3 DE MAYO DE 1988 DEL
MINISTERIO DE JUSTICIA Y QUE ESTOY REGISTRADA ANTE EL MINISTERIO DE

RELACIONES EXTERIORES DE COLOMBIA.

Traductors Oticial lunmmldl
Resolucifn No. 835 Minjusticia

Bogotd, 14 de Julio de 2011



APOSTILLE
{Convention de La Haye du 5 octohre 1961)

1 Country: United States of America

This public document
2. has been signed by N. Williams

3. acting in the capacity of Certifying Officer

S AR Ay

4. bears the seal/stamp of  US Patent and Trademark Office

Certified

5. at Washington, D.C.

6. the seventeenth of November, 2011

7. by  Assistant Authentication Officer, United States Depariment of State

8. No. 12505461-3

Staoge 10. Signature:




A 7323407

— » A Ll _ . -

VY 10510 wHOM THESE: BRESENTS; SHALL COME
o UNITED STATES DEPARTMENT OF COMMERCE
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November 07, 2011

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON
JANUARY 28, 2011.
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PATENT ASSIGNMENT T ||

Electronic Version v1.1
Styleshest Version v1.1

!I
|

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

l Name l Execution Date
[sohn RODGERS [12/3012010
[Marco SERRA lo1r1ar2011
[David SWENSON 0110572011
[rimothy S. GLENN lo1/10/2011 |
RECEIVING PARTY DATA N
Iﬁme: J Hatliburton Energy Services, Inc.
[street Address: 10200 Bellaire Boulevard
!City: Houston
]Stateicountry: JI‘EMS J
F Postal Code: 77072 j

PROPERTY NUMBERS Total: 1

Property Type Number

PCT Number: Us1061104

CORRESPONDENCE DATA

Fax Number; (972)518-0608

Comrespondence will be sent via US Mail when the fax atfernpl is unsuccessful.

Phone: 972-516-0030

Email: mail@smithipservices.com

Comrespondent Name: SMITH IP SERVICES, P.C.

Address Line 1: P.O. Box 897

Address Line 4: Rockwall, TEXAS 75087

ATTORNEY DOCKET NUMBER: 10-031572U1 J
J

NAME OF SUBMITTER: -1 Sally Annt Smith 7

Total Attachrnents: 5
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PCT Application
10-031572U1

ASSIGNMENT

In consideration of one dollar {$1.00), and other good and valuable
consideration, the receipt and sufficiency of which are hereby acknowledged,
we the undersigned, John RODGERS, Marco SERRA, David SWENSON,
and Timothy §. GLENN having made an invention in a “MODELING SHOCK
PRODUCED BY WELL PERFORATING” while in the employ of
HALLIBURTON ENERGY SERVICES, INC., a corporation organized and
existing under the laws of the State of Delaware, doing business at 10200
Bellaire Boulevard, Houston, Texas 77072, (sometimes hereinafier called
"ASSIGNEE"), do hereby ASSIGN, SELL and CONVEY to said ASSIGNEL,
its successors and assigns, the entire right, title and interest throughout the
world in and to:

1. Said invention in a “MODELING SHOCK PRODUCED BY
WELL PERFORATING";

2. International Application on said invention, Agent File Reference
No. 10-031572U1, Serial No. PCT/US10/61104 filed December 17, 2010,
entitted “MODELING SHOCK PRODUCED BY WELL PERFORATING";

3. All applications for patent or like protection on said invention that
have now been or may in the future be made by us or our legal
representatives, whether in the United States of America or any other place
anywhere in the world;

4, All patents and like protection that have now been or may in the
future be granted on said invention to us or our legal representatives, whether
in the United States of America or in any other country or piace anywhere in
the world;

5. All substitutions for and divisions, continuations, continuations-
in-part, renewals, reissues, extensions, and the like of said applications and
patents and like grants, including without limitations, those obtained or
parmissible under past, present and future law and statutes;

6. All rights of action on account of past, present and future
unauthorized use of said invention for infringement of said patents and like
protection; '

7. The right to ASSIGNEE to file in its name applications for
patents and like protection for said invention in any country or countries
foreign to the United States; and

8. All international rights of priority associated with said invention,

applications, patents and like protection; and we covenant that we, our heirs,
legal representatives, assigns, administrators, and executors will at the
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expense-of ASSIGNEE, its successors and assigns, execute ali papers and
-petform such other acts as may bé reasonably necessary to.give ASSIGNEE,
ils successars and assigns, the full benefit of this Assighment.

e g

40 F

,. Ao @ oAl j . . "":;’:E"E'\ B _
EXECUTED at f}?r&-ﬁssw i ‘County, Texas, onthe __Ji/ _ day
of _¢ie b Bl , 2004216

_.w;;-’
gy - F
o ¢ B N s g
g \“{‘,\ H £ e T
H e W - L

éhn RODGERS

|

STATEQF Iy

COUNTY OF A g |

BEFORE ME, the undersigned authority, on this -day personally
appeared John RODGERS known:{o me to be the person whose namg is
subscribed 1o the foregoing instrument, and acknowledged ‘to me that he
exetuted thie same for the purposes.and consideration therein expressed.

GIVEN UNDER MY HAND AND. SEAL OF OFFICE this the

.

3 A AT e ,".‘.; : k.{' J-. sk YT
s day.of (MELIRIBEY | 20442010

/‘.u : o~
e PR Sy
J¥ /

ORI

Notary Public
[SEAL]

My Commission Expires.

.‘ =m o ":‘Mﬁm‘mw ‘h.m.'c'é‘ ety
o\ MUHAMMED A, PIRACHA
3.} Notery Public, State of Tesas
" My Commission Eiplres
September 20, 2014

Cala i ey RPN

L age gk
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EXECUTED at {JWJEeTHye | Switzertand, on the \ﬁ‘H’\ day of
(\&MUAJZ)( , 2011.

ACKNOWLEDGEMENT

BEFORE ME, the undersigned witness, on this day personally
appeared Marco SERRA, known fo me to be the person whose name is
subscribed to the foregoing instrument, and acknowiedged to me that he

executed the same for the purposes and consideration therein expressed, on

this ]l.‘H\dayof \\AM\JM_PL . 2011.

A ety rS

Witness Signature

(Al DETENER
Wilness Name
Edi Meier + Partner AG

Jagerstrasse 2

Witness AdgressLI o
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EXECUTED at D‘i “dﬁ County, Texas, on tha b day

of Jon LD A . 2011,
17
T\\ ‘ %
\ ' Fm
avid SWENSON

STATEOF 1€ ¥a.§ §
. . §
COUNTYOF _Dalla.S . §

BEFORE ME, the undersigned authority, on this day personally
appeared David SWENSON known to me to be the person whose name is
subscribed to the foregoing instrument, and acknowledged to me that he
executed the same for the purposes and consideration therein expressed.

GIVEN UNDER MY HAND AND SEAL OF OFFICE, this the

5" day of@m%. 2011,
M
Not({}! Public

My Commission Expires: {5 —o) 9 ~ 011

[SEAL]

Fe
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. Iy A SRAT LG 8 BN . .
EXECUTED at_[¥/ifd%escy . County, Fexes, on the __ /0 day

<

of o~ Thumueurs , 2011,

T Sa e

STATE OF _{assnchusefs

[Z1pR 702 sal

COUNTY OF Fliddiesex

BEFORE ME, the undersigned authority, on this day personally
appeared Timothy S. GLENN known to me {o be the person whose name is
subscribed to the foregoing instrument, and acknowledged to me that he
executed the same for the purposes and consideration therein expressed.

\?&'EN UNDE‘B?.MY HAND AND SEAL OF OFFICE, this the

JOTT dayof_~Kasnsid

Notary Public
[SEAL]

f {
My Commission Expires: %%jfjj
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MODELADO DE IMPACTO PRODUCIDO POR LA PERFORACION DE
UN POZO

CAMPO TECNICO

La presente descripcién se refiere generalmente a un
equipo utilizado y a las operaciones llevadas a cabc junto
con un pozo subterrdnec y, una modalidad descrita en la
presente, mas particularmente se proporciona para modelar el

impacto producido por la perforacién de un pozo.

ANTECEDENTES

Se han intentado modelar los efectos del impacto debido
a la perforacién. Seria deseable ser capaz de predecir el
impacto debideo a la perforacidén, por ejemplo, para evitar el
desmontaje de un obturador de produccidn, para evitar fallas
de un cuerpo de cafidén de punzado, y para evitar ademas o al
menos reducir, los dafios a varios componentes de una sarta

de perforacidn.

Desafortunadamente, los modelos de impacto anteriores
no han sido capaces de predecir los efectos de impacto en
las direcciones torsional, axial y de flexidn, y aplicar
estos efectos de impacto a tres estructuras dimensionales,
prediciendo de esta manera el esfuerzo particular de los
componentes de la sarta de perforacién. Un impedimento para
el desarrollo de tal modelo de impacto ha sido la carencia
de mediciones satisfactcorias de las tensiones, cargas,
esfuerzos, presiones, y/o aceleraciones, etc., producidas
por la perforacidén. Tales mediciones pueden ser uUtiles para

verificar un modelo de impacto y perfeccionar su salida.

"
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Por consiguiente, se apreciard que se necesitan mejoras
en la materia. Estas mejoras se pueden usar, por ejemplo,
para diseflar nuevos componentes de la sarta de perforacién
los cuales se configuran apropiadamente para las condiciones
que experimentardn en las situaciones de perforacién reales,

Yy para evitar daflos a cualquier equipo.

SUMARIO

Para 1llevar a cabo los principios de 1la presente
descripcidn, se proporciona un método el cual trae mejoras
en la materia de predecir el impacto producide por la
perforacién de un pozo. Un ejemplo se describe a
continuacidén en el cual el método se usa para ajustar las
predicciones hechas por un modelo de impacto, para hacer las
predicciones més precisas. Otro ejemplo se describe a
continuacidén en el cual el modelo de impacto se usa para

optimizar un disefioc de una sarta de perforacién.

Un meétodo para utilizar un modelo de impacto para la
prediccién de los efectos de perforacidén se proporciona
mediante la descripcién siguiente. En un ejemplo, el método
puede incluir registrar las mediciones de los efectos de
perforacidén en una sarta de perforacidé4n real en un agujero
de pozo; ajustar el modelo de impacto de manera que las
predicciones de la salida de los efectos de perforacién del
modelo de impacto <coincidan sustancialmente con  las
mediciones de los efectos de perforacidn; y provocar que el
modelo de impacto ajustade prediga los efectos de

perforacidn para una sarta de perforacidén propuesta.

A continuacidén también se describe un método de
prediccidn de leos efectos de perforacién en una sarta de
perforacién en un agujero de pozo. El1l método puede incluir
entrar un modelo de pozo tridimensional y un modelo

tridimensional de la sarta de perforacién en un modelo de
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impacto; y provocar gue el modelo de impacto prediga los

efectos de perforacidn en la sarta de perforacién.

Estas y otras caracteristicas, ventajas y beneficios
seran evidentes para una experto en la materia después de
una cuidadosa consideracidén de la descripcidn detallada de
de las modalidades representativas descritas aqui y los
dibujos acompaflantes, en 1os cuales se indican los elementos
similares en las figuras usando los mismos numeros de

referencia.

BREVE DESCRIPCION DE LOS DIBUJOS

La FIG. 1 es wuna wvista en seccidén transversal
esquemdtica parcial de un sistema de pozo y método asociado

gue incorpora principios de la presente descripcién.

Las FIGS. 2-5 son vistas esquematicas de una
herramienta de sensado de impacto la cual se puede usar en

el sistema y método de la FIG. 1.

Las FIGS. 6-8 son vistas esquematicas de otra

configuracién de la herramienta de sensade de impacto.

La FIG. 9 es un diagrama de flujo esquemdtice para el

método.

La FIG. 10 es un diagrama de bloques esquematico de un

modelo de impacto, junto con sus entradas y salidas.

DESCRIPCION DETALLADA

En la FIG. 1 se ilustra representativamente un sistema
de pozo 10 y un método asociado el cual puede incorporar los
principios de la presente descripcidén. En el sistema de pozo
10, una sarta de perforacidén 12 se instala en un agujero de

pozo 14. La sarta de perforacidn representada 12 incluye un

co
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obturader 16, una cabeza de detonacién 18, cafiones de

punzado 20 y las herramientas de sensado de impacto 22.

En otros ejemplos, la sarta de perforacién 12 puede
incluir mas © menos de estos componentes. Por ejemplo, se
pueden proporcionar el equipo de filtros de pozo vy/o
empaquetadura de grava, se pueden proporcionar cualguier
numero (incluyendo uno) de los cafiones de punzado 20 y las
herramientas de sensado de impacto 22, etc. Por lo tanto, se
debe entender claramente que el sistema de pozo 10 como se
describe en la FIG. 1 es meramente un ejemplo de una amplia
variedad de posibles sistemas de pozo los cuales pueden

incorporar los principios de esta descripcién.

Un modelo de impacto puede usar un modelo
tridimensional de la sarta de perforacién 12 y del agujero
de pozo 14 para modelar de manera real el comportamiento
fisico del sistema 10 durante un eventoc de perforacién.
Preferiblemente, el modelo de impacto predecirad al menos la
carga axial, torsional y de flexién, asi como también el
movimiento en todas las direcciones (movimiento
tridimensional). El modelo puede incluir predicciones de
fricecién y contacto con la carcasa, y las cargas gque

resulten de esto.

En un ejemplo preferido, los modelos de los elementos
finitos detallados de 1los componentes de la sarta de
perforacién 12 permiten una prediccidén de mayor fidelidad de
los esfuerzos en los componentes. Las dinamicas de presiones
del agujero de pozo y la comunicacién con una formacién

también se pueden incorporar en el modelo.

El modelc de impactc se calibra preferiblemente usando
las aceleraciones y cargas de la sarta de perforacidn real,
asi como también las presiones del agujero de pozo,
recogidas de una © mds de las herramientas de sensado de

impacto 22. Las mediciones tomadas mediante las herramientas

Zy
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de sensado de impacto 22 se pueden usar para verificar las
predicciones hechas por el modelo de impacto, y para hacer
ajustes al modelo de impacto, de manera que las predicciones

futuras sean mas exactas.

La herramienta de sensadc de impactoc 22 puede ser como
se describe en la solicitud de patente internacional
titulada, "“Sensadc de impacto durante la perforacién de un
pozo,” presentada en la misma fecha gue la presente. Esa
solicitud de patente describe gque las herramientas de
sensade de impacto 22 se pueden interconectar en varias

localizaciones a lo largo de la sarta de perforacién 12.

Una ventaja de interconectar las herramientas de
sensado de impacto 22 debajo del obturador 16 y en
proximidad cercana a los cafiones de punzado 20 es qgue se
pueden obtener mediciones m&s exactas de tensién vy
aceleracién en los cafiones de punzado. Los sensores de
presién y temperatura de las herramientas de sensado de
impacto 22 también pueden sensar las condiciones en el
agujero de pozo 14 en proximidad cercana a las perforaciones
24 inmediatamente después de que las perforaciones se
forman, facilitando de esta manera un andlisis més exacto de
las caracteristicas de una formacién de tierra 26 penetrada

por las perforaciones.

Una herramienta de sensado de impacto 22 interconectada
entre el obturador 16 y el cafhén de punzado superior 20
puede registrar los efectos de la perforacidén en la sarta de
perfeoracidén 12 por encima de los caficnes de punzado. Esta
informacién puede ser Util para evitar el desmontaje u otros
dafios al obturador 16, la cabeza de detonacidén 18, etc.,
debido a la detonacidn de los cafiones de punzado 20 en

disefios futuros,.

Una herramienta de sensado de impacto 22 interconectada

entre los cafiones de punzado 20 puede registrar los efectos

C2—
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'de perforacién en los mismos cafiones de punzado. Esta

informacién puede ser Gtil para evitar dafios a los

componentes de los cafiones de punzado 20 en disefios futuros.

Una herramienta de sensade de impacto 22 se puede
conectar por debajo del cafién de punzado inferior 20, si se
desea, para registrar 1los efectos de perforacién en esta
localizacién. En otros ejemplos, la sarta de perforacién 12
se podria punzar en una sarta de completamiento inferior,
conectada a wun tapdén puente o© obturador en el extremo
inferior de la sarta de perforacidn, etc., en cuyo caso la
informacién registrada por la herramienta de sensado de
impacto inferior 22 podria ser 0Util para evitar dafios a

estos compeonentes en disefios futuros.

Visto como un sistema completo, la colocacién de las
herramientas de sensado de impacto 22 separada
longitudinalmente a lo largo de la sarta de perforacién 12
permite la adquisicidén de datos en varios puntos en el
sistema, lo cual puede ser uGtil para validar un modelo del
sistema. Por lo tanto, recoger datos por encima, entre y por
debajo de los cariones, por ejemplo, puede ayudar a entender
el evento de perforacién global y sus efectos sobre el

sistema como un todo.

La informacidn obtenida por las herramientas de sensado
de impacto 22 no solamente es util para disefios futuros,
sino gue también puede ser util para disefios actuales, por
ejemplo, en andlisis post trabajo, pruebas de formacidn,
etc. Las aplicaciones de la informacién obtenida por las
herramientas de sensado de impacto 22 no se limitan para

nada a los ejemplos especificos descritos en la presente.

Con referencia adicional ahora a las FIGS. 2-5, un
ejemplo de la herramienta de sensade de impacto 22 se
ilustra de manera representativa. Como se describe en la

FIG. 2, la herramienta de sensado de impacto 22 se

z3
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proporcicna con los conectores de extremo 28 (tales como,
conectores de cafidn de punzado, etc.} para interconectar la
herramienta en la sarta de perforacidén 12 en el sistema de
pozo 10. Sin embargo, otro tipo de conectores se puede usar,
Yy la herramienta 22 se puede usar en otras sartas de
perforacién y en otros sistemas de pozo, manteniendo 1los

principios de esta descripciédn.

En la FIG. 3, una vista en seccldn transversal de la
herramienta de sensado de impacto 22 se ilustra de manera
representativa. En esta vista, se puede observar gque la
herramienta 22 incluye una variedad de sensores, y un tren
de detonacidén 30 el cual se extiende a través del interior

de la herramienta.

El tren de detonacidn 30 puede transferir la detonacidn
entre los cafiones de punzado 20, entre una cabeza de
detonacion (no mostrada) y un cafdén de punzado, y/o entre
cualquiera otros componentes explosivos en la sarta de
perforacién 12. En el ejemplo de las FIGS. 2-5, el tren de
detonacidén 30 incluye un corddén de detonacidén 32 y los
detonadores de explosivos 34, pero otros componentes se

pueden usar, si se desea.

Uno o mas sensores de presidén 36 se pueden usar para
sensar la presidén en los cafiones de punzado, las cabezas de
detonacién, etc., unidos a los conectores 28. Tales sensores
de presidén 36 se refuerzan preferiblemente (por ejemplo,
para resistir aproximadamente 20000 g de aceleracidn) vy
tienen capacidad de ancho de banda alto (por ejemplo, >20
kHz). Los sensores de presién 36 son preferiblemente capaces
de sensar hasta aproximadamente 60 ksi (aproximadamente 414
MPa) y resistir aproximadamente 175 grados C. Por supuesto,
los sensores de presidn que tienen otras especificaciones se

pueden usar, si se desea.
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Los sensores de tensidén 38 se unen a una superficie
interior de una estructura generalmente tubular 40
interconectada entre los conectores 28. La estructura 40 se
equilibra preferiblemente en cuanto a la presién, es decir,
sustancialmente sin que se apliquen un diferencial de

presidén a través de la estructura.

En particular, los puertos 42 se proporcionan para
igualar la presién entre un interior y un exterior de la
estructura 40. Tgualando 1la ©presidén a través de la
estructura 40, las mediciones del sensor de tensidén 38 no
son influenciadas por ninguna presidén diferencial a través
de la estructura antes, durante o después de la detonacién

de los cafiones de punzado 20.

Los sensores de tensidén 38 son preferiblemente de
calibres de tensién tipo alambre de resistencia, aungue
otros tipos de sensores de tensién {(por ejemplo,
piezoeléctricos, piezorresistivos, fibra éptica, etc.) se
pueden usar, si se desea. En este ejemplo, los sensores de
tensién 38 se montan en una banda (tales como una banda
KAPTON (TM)) para un alineamientoc preciso, y luego se

adhieren al interior de 1la estructura 40.

Preferiblemente, cuatro puentes de Wheatstone completos
se usan, con sensores de tensidn gue se oponen orientados a
0 y 90 grades que se usan para sensar la tensidn de flexién
y axial, y calibres de +/- 45 grados Que se usan para sensar

la tensidén torsional.

Los senscres de tensidén 38 se pueden hacer de un
material (tal como una aleacidén de KARMA(TM)) el cual
proporciona compensacidn térmica, v permite el
funcionamiento hasta aproximadamente 150 grados C. Por
supuesto, cualgquier tipo ¢ numero de sensores de tensidn se

puede usar manteniendo los principios de esta descripcidn.

23
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Los sensores de tensidén 38 se usan preferiblemente de
manera similar a la de una celda de carga o sensor de carga.
Un objetivo es tener todas las cargas en la sarta de
perforacién 12 pasando a través de la estructura 40 las cual

se instrumenta con los senscres 38.

Tener 1la presién de fluido de 1la estructura 40
equilibrada permite que las cargas (por ejemplo, axial, de
flexién y torsional} se midan mediante los sensores 38, sin
la influencia de un diferencial de presién a través de 1la
estructura. Ademas, el corddén de detonacidn 32 se aloja en
un tubo 33 que no estd asegurado de manera rigida en uno o
ambos de sus extremos, de manera que no puede compartir la

carga con, © impartir ninguna carga a, la estructura 40.

Un sensor de temperatura 44 (tales como un termistor,
termopar, etc.) se puede usar para monitorear la temperatura
exterior a la herramienta. Las mediciones de temperatura
pueden ser Utiles para evaluar las caracteristicas de la
formacién 26, y cualquier fluido producido de la formacién,
seguido inmediatamente de la detonacién de los cafiones de
punzado 20. Preferiblemente, el sensor de temperatura 44 es
capaz de hacer mediciones exactas de alta resolucidén de

temperaturas hasta asproximadamente 170 grados C.

Otro senseor de temperatura (no mostrado) se puede
incluir con un paquete electrénico 46 posicionado en una
camara aislada 48 de la herramienta 22. De esta manera, la
temperatura dentro de la herramienta 22 se puede monitorear,
por ejemplo, para ©propésitos de diagndstico o para
compensacién térmica de otros sensores (por ejemplo, para
corregir errores en el desempefic de sensores relacionados
con los campbios de temperatura). Tal sensor de temperatura
en la camara 48 no necesariamente necesita la capacidad o

sensibilidad de alta resolucién para rastrear rapidamente

26
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los cambiocs de temperatura en el fluido del agujero de pozo

del otro sensor de temperatura 44.

El paguete electrdnico 46 se conecta a al menos los
sensores de tensidén 38 mediante conectores de panel o
alimentacidén pasante aisladores de presién 50. Conectores
similares se pueden usar para conectar otros sensores al
paquete electrénico 46. Las baterias 52 y/u otra fuente de
energia se puede usar para proporcionar energia eléctrica al

paquete electrénico 46.

El paquete electrénico 46 y las baterias 52
preferiblemente se refuerzan y se montan para impacto de
manera gque les permite resistir las cargas de impacto con
hasta aprozimadamente 10000 g de aceleracién. Por ejemplo,
el paquete electrénico 46 y las baterias 52 se pueden

acomodar después del ensamble, etc.

En la FIG. 4 se puede observar que cuatro de los
conectores 50 se instalan en un conector 54 en un extremo de
la estructura 40. Ademds, un sensor de presién 56, un sensor
de temperatura 58 y un acelerdmetro 60 se montan

preferiblemente en el conector 54.

El sensor de presién 56 se usa para monitorear la
presidon exterior a la herramienta 22, por ejemplo, en un
anillo 62 formado radialmente entre la sarta de perforacién
12 y el agujere de pozo 14 (ver la FIG. 1). El sensor de
presién 56 puede ser similar a los sensores de presidén 36
descritos anteriormente. Un transductor de presién adecuado

es el Kulite modelo HKM-15-500.

El sensor de temperatura 58 se puede usar para
monitorear la temperatura dentroc de la herramienta 22. Este
sensor de temperatura 58 se puede usar en lugar de, o ademas
de, el sensor de temperatura descrito anteriormente

incluyéndose en el paguete electrénico 46.

10
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El acelerdmetro 60 es preferiblemente un acelerdmetro
tipo piezorresistivo, aunque otros tipos de acelerémetros se
pueden usar, si se desea. Los acelerdmetros adecuados estéan
disponibles de Endevco y PCB (tal como la serie PCB 35014,
el cual estd disponible en paquetes de eje simple o
triaxiales, capaces de sensar hasta aproximadamente 60000 g

de aceleracidn).

En la FIG. 5, otra vista en seccidn transversal de la
herramienta 22 se ilustra de manera representativa. En esta
vista, la manera en la cual el transductor de presién 56 se
lleva al exterior de la herramienta 22 se puede observar
claramente. Preferiblemente, el transductor de presién 56
estd cercano a una superficie exterior de la herramienta, de
manera gque se evita la distorsién de la presién medida que
resulta de las ondas transmisién de presién a través de un

conducto largo y estrecho.

También se observa en la FIG. 5 un conector de puerto
lateral 64 el cual se puede usar para la comunicacién con el
paquete electrénico 46 después del ensamble. Por ejemplo,
una computadora se puede conectar al conector 64 para
energizar el paquete electrénico 46, extraer las mediciones
del sensor registradas del paquete electrénico, programar el
paquete electronico para responder a una sefial particular o
para “despertar” después de un tiempo seleccionado,
comunicandose con, o© intercambiando datos con el paquete

electrdénico, etc.

Note que esto puede tomar varias heras o incluso dias
entre el ensamble de la herramienta 22 y la detonacidén de
los carfiones de punzado 20. Para conservar la energia de la
bateria, el pagquete electrénico 46 sa programa
preferiblemente para “dormir” ({(es decir, mantener un estado

de uso de bajo consumo), hasta que una sefial particular se

11



10

15

20

25

3G

recibe, o hasta que un periodo de tiempo particular

transcurre.

La senal la cual “despierta” el paquete electrdnico 46
pudiera ser cualquier tipoc de sefial de presién, temperatura,
acustica, electromagnética u otra sefial la cual se pueda
detectar por uno o mas de los sensores 36, 38, 44, 56, 58,
60. Por ejemplo, el sensor de presidén 56 pudiera detectar
cuando un cierto nivel de presidén se ha alcanzado ¢ aplicado
exterior a la herramienta 22, o cuando series particulares
de niveles de presidén se han aplicado, etc. En respuesta a
la senal, el paquete electrénico 46 se puede activar a una
frecuencia de registro de medicién mas alta, las mediciones

de sensores adicionales se pueden registrar, etc.

Como otro ejemplo, el sensor de temperatura 58 pudiera
sensar una temperatura elevada que resulta de la instalacidn
de la herramienta 22 en el agujero de pozo 1l4. En respuesta
a esta deteccién de temperatura elevada, el paquete
electrénico 46 pudiera “despertar” ©para registrar las
mediciones de méds sensores y/o mediciones de sensores de

frecuencia mas alta.

Come aun otro ejemplo, los sensores de tensidn 38
pudieran detectar un patrén predeterminado de manipulaciones
de la sarta de perforacién 12 (tales como manipulaciones
particulares usadas para ajustar el obturador 16). En
respuesta a esta deteccidn de manipulacicnes de tuberia, el
paquete electrdnico 46 pudiera “despertar” para registrar
las mediciones de mas sensores y/o mediciones de sensores de

frecuencia mas alta.

El paquete electrénice 46 representade en la FIG. 3
preferiblemente incluye una memoria no volatil 66 de manera
que, incluso si la energila eléctrica no estd disponible por
mucho tiempo (por ejemplo, las baterias 52 se descargan),

las mediciones del sensor anteriormente registradas aun se
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pueden descargar cuando la herramienta 22 se recupera mas
tarde del pozo. La memoria no voldtil 66 puede ser cualquier
tipo de memoria la cual mantenga almacenada la informacién
cuando se desenergice. Esta memoria 66 pudiera ser una
memoria de solo lectura programable que se puede borrar
eléctricamente, memoria flash, o cualquier otro tipo de
memoria no  wvolatil. El paguete electrénico 46 es
preferiblemente capaz de recoger y almacenar datos en la

memoria 66 a un >rango de muestreo de 100 kHz.

Con referencia adicional ahora a las FIGS. 6-8, otra
configuracidén de la herramienta de sensado de impacto 22 se
ilustra de manera representativa. En esta configuracién, un
conducto de flujo 68 (ver la FIG. 7) se extiende
longitudinalmente a través de la herramienta 22. Por lo
tanto, la herramienta 22 puede ser especialmente util para
la interconexidn entre el obturador 16 y el cafién de punzado
superior 20, aungque la herramienta 22 se pudiera usar en
otras posiciones y en otros sistemas de pozo manteniendo los

principios de esta descripcién.

En la FIG. 6 se puede observar gue una cubierta
removible 70 se usa para alojar el paquete electrénico 46,
las baterias 52, etc., en la FIG. 8, la cubierta 70 se
remueve, y se puede observar que el sensor de temperatura 58
se incluye con el paguete electrdénico 46 en este ejemplo. E1
acelerdmetro 60 pudiera ser parte también del paquete
electrénico 46, o pudiera localizarse en la cémara 48 debajo

de la cubierta 70.

Un manguito protector relativamente delgadc 72 se usa
para evitar dafios a los sensores de tension 38, los cuales
se unen a un exterior de la estructura 40 (ver la FIG. 8, de
la cual el manguitc se remueve, de manera que los sensores
de tensidén estén visibles). Aunque en este ejemplo la

estructura 40 no estéd equilibrada en cuanto a la presiodn,
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otro sensor de presién 74 (ver la FIG. 7) se puede usar para
monitorear la presidén en el conducto 68, de manera que
cualguier contribucidén del diferencial de presién a través
de la estructura 40 a la tensién sensada por los sensores de
tensidén 38 se puede determinar répidamente {por ejemplo, la
tensidén efectiva debido a que el diferencial de presidén a
través de la estructura 40 se resta de la tensién medida,
para producir la tensién relacionada solamente con la carga

estructural) .

Note que preferiblemente no existe un diferencial de
presién a través del manguito 72, y una sustancia adecuada
{(tal como aceite de silicona, etc.} se usa preferiblemente
para rellenar el espacio anular entre el manguito y la
estructura 40. El manguito 72 no se asegura de manera rigida
en uno © ambos de sus extremos, de manera que no comparte

carga con, o imparte carga a, la estructura 40.

Cualquiera de los sensores descritos anteriormente
para su uso con la configuracidén de la herramienta 22 de las
FIGS. 2-5 se pueden usar con la configuracién de la

herramienta de las FiIGS. 6-8B.

En general, es preferible para la estructura 40 {en la
cual la carga se mide mediante los sensores de tensidn 38)
experimentar carga dindmica debido solamente al impacto
estructural estando balanceada en cuanto a la presién, con
la configuracidén de las FIGS. 2-5. 8Sin embargo, otras
configuraciones son posibles en las cuales esta condicién se
puede satisfacer. Por ejemplo, un par de manguitos para
aislar la presién se pudiera usar, uno exterior a, y el otro
interno a, la estructura gque porta la carga 40 de 1la
configuracién de 1las FIGS. 6-8. Los manguitos pudieran
encapsular aire a presion atmosférica a ambos lados de la
estructura 40, para aislar de manera efectiva la estructura

de los efectos de carga de la presién diferencial. Los
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manguitos deben ser lo suficientemente fuertes para resistir
la presién en el pozo, y se puede sellar con anillos © u
otros sellos en ambos extremos. Los manguitos se pueden
conectar estructuralmente a la herramienta en no més de un
extremo, de manera gque se evita una trayectoria de carga

secundaria alrededor de los sensores de tensiéon 38.

Aungque la sarta de perforacién 12 descrita
anteriormente es del tipo usada en perforacidén con tuberia,
se debe entender claramente que los principios de esta
descripcién no se limitan a la perforacién con tuberia.
Otros tipos de perforacidén (tales como, perforacién con tubo
arrollado, con cable o alambre, etc.) pueden incorporar los
principios descritos en la presente. Note que el obturador

16 no necesariamente es parte de la sarta de perforacidn 12.

Con las mediciones cobtenidas mediante el usc de las
herramientas de sensado de impacto 22, un modelo de impacto
se puede calibrar de manera precisa, de manera que se pueda
aplicar a disefios propuestos de sistemas de perforacién,
para mejorar estos disefios (por ejemplo, evitando fallas de,
o dafios a, cualquiera de los componentes del sistema de
perforacidén, etc.), para optimizar los disefios en términos
de desempefio, eficiencia, efectividad, etc., y/o para

generar disefics optimizados.

En la FIG. 2, un diagrama de flujo para el método 80 se
ilustra de manera representativa. El método 80 representado
en forma de diagrama de flujo en la FIG. 9 se puede usar con
el sistema 10 descrito anteriormente, © se puede usar con

una variedad de otros sistemas.

En la etapa 82, se modela un trabajo de perforacidn
planeado o propuesto. Preferiblemente, al menos la sarta de
perforacién 12 y el agujero de pozo 14 se modelan
geométricamente en tres dimensiones, incluyendo los tipos de

material de cada componente, comunicacién del agujero de
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pozo esperada con la formacidén 26 después de la perforacién,
etc. Los modelos de elementos finitos se pueden usar para

los elementos estructurales del sistema 10.

Un software de modelado de elementos finito adecuado es
LS-DYNA(TM) disponible de Livermore Software Technology
Corporation. Este software puede utilizar modelos de carga
hueca, modelos de interaccién de carga hueca miltiple,

modelos de roca permeable al paso de flujo, etc.

En las etapas 90, 84, 86, 87, 88, la sarta de
perforacién 12 se optimiza usando el modelo de impacto.
Varias métricas se pueden usar para este proceso de
optimizacién. Por ejemplo, el desempefio, costo-efectividad,
eficiencia, fidelidad, y/o cualguiera otra métrica se puede

maximizar mediante el uso del modelo de impacto.

La optimizacidén puede también incluir mejorar los
margenes de sequridad para fallas como una compensacidn con
otras métricas de desempefio. En un ejemplo, se puede desear
tener un tubo encima de los cafiones de punzado 20 tan corto
como sea practico, pero los riesgos de falla pueden requerir
que el tubo sea mas largo. Por tanto existe una
compensacién, y un medelo de impacto de exactitud que puede

ayudar a seleccionar una longitud apropiada para el tubo.

La optimizacidén es un proceso interactivo de llevar a
cabo las simulaciones del modelo de impacto y para modificar
el disefioc de trabajo de perforacién que se necesita mejorar
después de una métrica de desempefic estimada. Cada iteracién
para modificar el disefio influye en la respuesta del sistema
al impacto y, por lo tanto, requiere que el criterio de
fallas se revise en cada iteracién del proceso de

optimizacidn.

En la etapa 90, el impacto producido por la sarta de
perforacidon 12 y sus efectos sobre los varios componentes de

la sarta de perforacidén se predicen llevando a cabo una

i

3z



10

15

20

25

30

simulacién de modelo de impacto del trabajo de perforacién.
Por ejemplo, el sistema de perforacién puede ser una entrada
del modelio de impacto para obtener una prediccién de los
esfuerzos, tensiones, presiones, carga, movimiento, etc., en

la sarta de perforacién 12.

Basado en el resultado de aplicar el criterio de fallas
a estas predicciones en la etapa 84 y el deseo de optimizar
adicionalmente el disefio, la sarta de perforacién 12 se
puede modificar en la etapa 88 lo que es necesario para
mejorar el desempeiio, costo-efectividad, eficiencia,

fidelidad, etc., del sistema de perforacién.

La sarta de perfeoracidn modificada 12 puede entonces
ser una entrada al modelo de impacto para obtener otra
prediccidén, y otra modificacién de la sarta de perforacién
se puede hacer basado en la prediccidn. Este proceso se
puede repetir tantas veces como Sea necesario para obtener
un  nivel aceptable de  desempeiio, costo-efectividad,

eficiencia, fidelidad, etc., para el sistema de perforacién.

Una vez que la sarta de perforacién 12 y el sistema de
perforacién global se optimizan, en la etapa 92 una sarta de
perforacidén real se instala en el agujero de pozo 1l4. La
sarta de perforacidén real 12 debe ser la misma que la del
modelo de sarta de perforacidén, el agujero de pozo real 14
debe ser el mismo que el agujero de pozo modelado, etc.,
usados en el modelo de impacto para producir la prediccidén

en la etapa 90.

En la etapa 94, la herramienta de sensado de impacto 22
espera por una sefial de dispare para iniciar el registrc de
mediciones. Como se describid anteriormente, la sefial de
disparo puede ser cualguier seflal que se pueda detectar por
la herramienta de sensade de impacto 22 (por ejemplo, un

cierte nivel de presidén, un cierto patrdén de niveles de
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presidén, manipulacién de tuberia, una sefial de telemetria,

etc.).

En 1la etapa 96, el eventovde perforacidédn ocurre, con
los carfiones de punzado 20 siendo detonados, formando de esta
manera las perforaciones 24 e iniciando la comunicacién de
fluido entre la formacidén 26 y el agujero de pozo 14,
Simultaneamente con el evento de perforacién, la herramienta
de sensado de impacto 22 en la etapa 98 registra varias
mediciones, tales como, tensiones, presiones, temperaturas,
aceleraciones, etc. Cualquiera de las mediciones o]

combinacidén de mediciones se pueden tomar en esta etapa.

En la etapa 100, las herramientas de sensado de impacto
22 se recuperan del agujero de pozo 14. Esta permite que los
datos de medicién registrados se descarguen a una base de
datos en la etapa 102. En otros ejemplos, los datos pudieran
recuperarse mediante telemetria, mediante una sonda
aldmbrica, etc., sin recuperar las herramientas de sensado
de impacto 22 en si mismas, o© el resto de la sarta de

perforacidn 12, del agujero de pozo.

En la etapa 104, los datos de medicién se comparan con
las predicciones hechas por el medelo de impacto en la etapa
80. Si las predicciones hechas por el modelo de impacto no
coinciden de manera aceptable con los datos de medicidn, se
pueden hacer ajustes apropiados al modelo de impacto en la
etapa 106 y un nuevo conjunto de predicciones se genera
llevando a <cabo una simulacién del modelo de impacto
ajustado. Si 1las predicciones hechas por el modelo de
impacto ajustado aun no coinciden de manera aceptable con
los datos de medicidén, adn se pueden hacer ajustes
adicionales al modelo de impacto, y este proceso se puede

repetir hasta que se cbtenga una coincidencia aceptable.

Una vez que una coincidencia aceptable se obtiene, el

modelo de impacto se puede considerar calculado y listo para
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su uso con el préximo trabajo de perforacién. Cada vez que
el método 80 se lleva a cabo, el modelo de impacto debe
hacerse mas experto en predecir cargas, esfuerzos,
presiones, movimientos, etc., para un sistema de
perforacién, y por lo tanto debe ser mas Gtil en optimizar

la sarta de perforacidén a usarse en el sistema.

Al cabo del tiempo, una bkase de datos de muchos
conjuntos de datos de medicidn vy predicciones se pueden usar
en un proceso de ajuste y comparacidén més complejo, de
manera dque los ajustes del modelo de impacto se benefician
de la experiencia acumulada representada por la base de
datos. Por lo tanto, los ajustes al modelo de impacto se
pueden hacer basado en miltiples conjuntos de datos de

medicidén y predicciones.

Con referencia adicional ahora a la FIG. 10, un
diagrama de bloques del modelo de impacto 110 y el modelo de
pozo asocilado 112, el modelo de sarta de perfeoracidén 114 vy
las prediccicnes de salida 116 se ilustran
representativamente. Como se describidé anteriormente, el
modelo de impactce 110 utiliza el modelo de pozo 112
{incluyendo, por ejemplo, la geometria del agujero de pozo
14, las caracteristicas de la formacidn 26, el fluido en el
agujero de pozo, los modelos de roca permeable al paso de
flujo, etc.) y el modelo 114 de la sarta de perforacidén 12
(incluyendo, por ejemplo, 1las geometrias de 1los varios
componentes de la sarta de perforaciédn, los modelos de carga
hueca, modelos de interaccidén de carga hueca, etc.), para
producir las predicciones 116 de cargas, esfuerzos,

presiones, movimientos, etc. en el sistema de pozo 10.

La sarta de perforacidén 12, el agujerc de pozo 14
(incluyende, por ejemplo, carcasa y recubrimiento de cemento
en el agujero de pozo), el fluido en el agujerc de pozo, la

formacién 26, vy otros componentes de pozo se modelan
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preferiblemente de manera precisa en tres dimensiones en
alta resolucidén usando técnicas de modelado de elementos
finito. Por ejemplc, los caficnes de punzado 20 se pueden
modelar Jjunto con sus agujeros del cuerpo del cafién

asoclado, aliviaderos roscados, etc.

La desviacién del agujero de pozo 14 se puede modelar.
Esta se usa para predecir las cargas de contacto, friccién y
otras interacciones entre la sarta de perforacién 12 y el

agujero de pozo 14.

El fluido en el agujero de pozo 14 se puede modelar. El
fluido modelado del agujero de pozo es la unidén entre las
presiones generadas por las cargas huecas, la comunicacién
de la formacién, y el modelo estructural de la sarta de
perforacidon 12. El1 fluido del agujero de pozo se puede
modelar en una dimensién o, preferiblemente, en tres
dimensiones. Modelar el fluido del agujero de pozo también
se puede describir como un modelo de interaccidn fluido-
estructura, un término que se refiere a las cargas aplicadas

a la estructura por el fluido.

Las fallas también pueden ocurrir como resultado de las
altas presiones u ondas de presidn. Por lo tanto es
importante para el modelo predecir el comportamiento del
fluido por la razdén de que el fluido carga la estructura y
el fluido en si mismo puede dafar el obturader o la carcasa

directamente.

Un modelo de carga hueca tridimensional se puede usar
para predecir las distribuciones y presicnes interiores del
cafién, cargas de impacto para casos de cargas en 1o
interiores de los cuerpos de los cafiones, efectos de

interaccién de carga, etc.

El modelo de impacto 110 puede incluir redes
neuronales, algoritmos genéticos, y/o cualquier combinacién

de métodos numéricos para producir las predicciones. Un
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beneficio particular del método 80 descrito anteriormente es
que la exactitud de las predicciones 116 producidas por el
modelo de impacto 110 se pueden mejorar utilizando las
mediciones reales de los efectos de impacto tomadas por la
herramienta de sensado de impacto 22 durante un evento de
perforacién. El modelo de impacto 110 se valida y se calibra
preferiblemente usande las mediciones de efectos reales de
perforacién por la herramienta de sensado de impacto 22 en

la sarta de perforacién 12.

El modelo de impacto 110 y/o herramienta de sensado de
impacto 22 puede ser 4til en la investigacién de fallas, o
sea, para determinar por gqué ocurrid un dafic o falla en un

trabajo de perforacidén particular.

El modelo de impacto 110 se pueden usar para optimizar
el diseno de la sarta de perforacidén 12, por ejemplo, para
maximizar el desempeiio, para minimizar esfuerzos,
movimientos, etc., en la sarta de perforacién, para
proporcionar un margen aceptable de seguridad contra dafios o

fallas estructurales, etc.

En la aplicacién del criterio de fallas a las
predicciones generadas por el modelo de impacto 110,
tipicamente métricas, tales comc el limite de elasticidad
estatica del material, se pueden usar y/o se pueden usar
parametros mds complejos que se relacionan con los efectos
que dependen de la tasa de tensidén que afectan el
crecimiento de grietas. La dureza de la fractura dindmica es
una medida del crecimiento de grietas bajo carga dinamica.
Las inversiones de esfuerzo resultan cuando la carga se
desplaza entre compresidn y tensidn. Los ciclos de cargas
repetidas pueden resultar en fatigas. Por lo tanto, la
aplicacién del criterio de fallas puede involucrar mas gque

simplemente una métrica de elasticidad contra esfuerzo.
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El modelo de impacto 110 puede incorporar otras
herramientas que pueden tener un comportamiento mds complejo
que puede afectar las predicciones del modelo. Por ejemplo,
los conectores de cafién avanzado se han modelado
especificamente debido a que exhiben un comportamiento no

lineal que tiene un gran efecto en las predicciocnes.

Ahora se puede apreciar totalmente que la descripcién
anterior proporciona varios avances a la materia. El modelo
de impacto 110 se pueden usar para predecir los efectos de
un evento de perforacién en varios componentes de la sarta
de perforacién 14, y para investigar una falla de, o dafios
a, una sarta de perforacién real. En el método 80 descrito
anteriormente, el modelo de impacto 110 también se puede

usar para optimizar el disefioc de la sarta de perforacién 14.

La descripcidén anterior proporciona a la materia un
método 80 para utilizar un modelo de impacte 110 para 1la
prediccién de los efectos de perforacién. El métode 80 puede
incluir registro de mediciones de los efectos de perforacidn
en una sarta de perforacidén real 12 en un agujero de pozo
14; ajustar el modelo de impacto 110 de manera gque las
predicciones de las salidas de los efectos de perforacién
mediante el modelo de impacto 110 coincida sustancialmente
con las mediciones de los efectos de perforacidn; y provocar
gue el modelo de impacto ajustado 110 prediga los efectos de

perforacidn para una sarta de perforacidén propuesta 12.

Las mediciones registradas pueden incluir tensiédn
axial, de flexién y torsional en la sarta de perforacién
real 12. Las mediciones registradas pueden también incluir
presién exterior a, interior a, y/o en un cafién de punzado

20 de, la sarta de perforacién real 12.

Ajustar el modelo de impacto puede incluir
repetidamente: a) recibir una comparacidn de las

predicciones de los efectos de perforacién a las mediciones
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de los efectos de perforacidn, y b) ajustar el modelo de
impacte 110 para reducir las diferencias entre las
predicciones de los efectos de perforacién y las medicicnes
de los efectos de perforacidn, hasta que las diferencias se

reduzcan aceptablemente.

El método puede incluir, antes de la etapa de registro,
entrar un modelo geométrico tridimensional 114 de la sarta

de perforacidén real 12 en el modelo de impacto 110.

El método puede incluir, después de la etapa de ajuste
y antes de la etapa de provocar las predicciones, entrar un
modelo tridimensional 114 de la sarta de perforacidn

propuesta 12 en el modelo de impacto 110.

Las prediccicnes de los efectos de perforacidén pueden
incluir los esfuerzos a lo largo de la sarta de perforacién
real 12, movimientos a lo largo de la sarta de perforacidn
real 12, y/o interacciones entre la sarta de perforacién
real 12 y el agujero de pozo 14. Las interacciones entre la
sarta de perforacidn real 12 y el agujero de pozo 14 pueden
incluir cargas de contacto y friccién entre la sarta de

perforacién real 12 y el agujero de pozo 14,

La descripcion anterior también describe un método 80
para predecir los efectos de perforacién en una sarta de
perforacidon 12 en un agujero de pozo 14. E1l métodce 80 puede
incluir entrar un modelo de pozo tridimensional 112 y un
modelo tridimensional 114 de la sarta de perforacidén 12 en
un modelo de impacto 110; y provocar que el modelo de
impactoc 110 prediga los efectos de perforacidén en la sarta

de perforacién 12.

El modelo tridimensional 114 de la sarta de perforacién
12 puede incluir un modelo de una o mAs herramientas de
sensado de impacto 22 interconectadas en la sarta de

perforacidn 12,
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El modelo tridimensional 114 de la sarta de perforacién
12 puede incluir las propiedades de los materiales de los

componentes de la sarta de perforacidn 12.

El meétodo 80 puede incluir medir los efectos de
perforacidn en la sarta de perforacidén 12 provocados por la

detonacidn de los cafiones de punzado 20.

El método 80 puede incluir ajustar el modelo de impacto
110 de manera gue la salida predicha de los efectos de
perforacién por el modelo de impacto 110 coincida
sustancialmente con las mediciones de los efectos de

perforacién.

Los efectos de perforacidén pueden incluir al menos
tension axial, de flexién y torsional en la sarta de
perforacion 12. Los efectos de perforacién pueden incluir
los esfuerzos a lo largo de la sarta de perforacién 12, los
movimientos a lo largo de la sarta de perforacién 12, y/o
las interacciones entre la sarta de perforacidén 12 y el
agujero de pozo 14. Las interacciones entre la sarta de
perforacién 12 y el agujero de pozo 14 pueden incluir cargas
de contacto y friccidén entre la sarta de perforacién 12 y el

agujero de pozo 14.

Debe entenderse que las diferentes modalidades
descritas en la presente pueden utilizarse en diferentes
orientaciones, tales comc inclinada, invertida, horizontal,
vertical, etc., y en varias configuraciones, sin irse de los
principios de la presente descripcidén. Las modalidades se
describen meramente como ejemplos de aplicaciones utiles de
los principios de la descripcién, las cuales no estan
limitadas a ninguno de los detalles especificos de estas

modalidades.

En la descripcién anterior de las modalidades
representativas de la descripcién, términos direccicnales,

tales como, Tencima”, “debajo”, “superior”, “inferior”,
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etc., se usan para conveniencia en referencia a las figuras
acompafiantes. En generai, ‘“encima”, “superior”, “hacia
arriba” y términos similares se refieren a una direccién
hacia la superficie de la tierra a lo largo de un hoyo, ¥
“debajo”, “inferior”, “hacia abajo” y términos similares se
refieren a una direccidén lejos de la superficie de la tierra

a lo largo del hoyo.

Por supuesto, una persona experta en la materia podria,
bajo una consideracién cuidadosa de la descripcién anterior
de las modalidades representativas, facilmente apreciar que
muchas modificaciones, adiciones, sustituciones, supresiones
y otros cambios se pueden hacer a estas modalidades
especificas, y tales cambios estdn dentro del alcance de los
principics de la presente descripcién. Consecuentemente, la
descripcidén detallada anterior debe ser entendida claramente
vya que se ha impartido a modo de ilustracién y ejemplo
solamente, el espiritu y el alcance de la presente invencién
estan limitados solamente por las reivindicaciones adjuntas

Yy sSus eguivalentes.
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REIVINDICACIONES:

1. Un método para utilizar un modelo de impacto para
la prediccién de los efectos de perforacidén, el método que

comprende:

registrar las mediciones de los efectos de perforacién

en una sarta de perforacién real en un agujero de pozo;

ajustar el modelo de impacto de manera que las
predicciones de los salida de los efectos de perforacién del
modelo de impacto coincidan sustancialmente con las

mediciones de los efectos de perforacidén; vy

provocar que el modelo de impacto ajustado prediga los
efectos de perforacién para wuna sarta de perforacién

propuesta.

2. El método de la reivindicacidén 1, en donde 1las
mediciones registradas incluyen tensién axial, de flexién y

torsional en la sarta de perforacién real.

3. El método de la reivindicaciéon 1, en donde las
mediciones registradas incluyen presién exterior a la sarta

de perforacidn real.

4. El método de la reivindicacién 1, en donde las
mediciones registradas incluyen presién interior a la sarta

de perforacién real.

5. El métedo de la reivindicacién 1, en donde las
mediciones registradas incluyen presién interior a un cafién

de punzado de la sarta de perforacidn real.
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6. El método de la reivindicacién 1, en donde ajustar
el modelo de impacto comprende ademds repetidamente: a)
recibir una comparacién de las predicciones de los efectos
de perforacién <con las medicicones de leos efectos de
perforacién, y b) ajustar el modelo de impacto para reducir
las diferencias entre las predicciones de los efectos de
perforacidén y las mediciones de los efectos de perforacién,

hasta que las diferencias se reduzcan aceptablemente.

7. El métedo de la reivindicacidén 1, que comprende
ademas, antes de la etapa de registro, entrar un modelo
geométrico tridimensional de la sarta de perforacién real en

el modelo de impacto.

8. El método de la reivindicacién 1, que comprende
ademas, después de la etapa de ajuste y antes de la etapa de
provocar las predicciones, entrar un modelo tridimensional
de la sarta de perforacidén propuesta en el modelo de

impacto.

9, El método de la reivindicacién 1, en donde las
predicciones de los efectos de perforacién incluyen los

esfuerzos a lo largo de la sarta de perforacidn real.

10. El método de la reivindicacién 1, en donde las
predicciones de los efectos de perforacidén incluyen los

movimientos a lo largo de la sarta de perforacién real.

11. El método de la reivindicacidén 1, en donde las

predicciones de los efectos de perforacidén incluyen las
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interacciones entre la sarta de perforacién real y el

agujero de pozo.

12. El método de la reivindicacién 11, en donde las
interacciones entre la sarta de perforacién real y el
agujero de pozo incluyen cargas de contacto y friccidén entre

la sarta de perforacidén real y el agujero de pozo.

13. Un método de prediccidén de los efectos de
perforacién en una sarta de perforacién en un agujero de

pozo, el método que comprende:

entrar un modelo de pozo tridimensional y un modelo
tridimensional de la sarta de perforacién en un modelo de

impacto; y

provocar que el modelo de impacto prediga los efectos

de perforacidn en la sarta de perforacién.

14. El método de la reivindicacidén 13, en donde el
modelo tridimensional de la sarta de perforacién incluye un
modelo de una herramienta de sensado de impacto

interconectada en la sarta de perforaciédn.

15. E1 método de la reivindicacién 13, en donde el
modelo tridimensional de la sarta de perforacidén incluye un
modele de miltiples herramientas de sensado de impacto

interconectadas en la sarta de perforaciédn.

16. E1l método de la reivindicacién 13, en donde el
modelo tridimensional de la sarta de perforacidén incluye las
propiedades de los materiales de los componentes de la sarta

de perforacidn.
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17. El método de la reivindicacién 13, gque comprende
ademas medir los efectos de perforacién en la sarta de
perforacién provocados por la detonacién de cafiones de

punzado.

18. El método de 1la reivindicacién 17, gque comprende
ademas ajustar el modelc de impacto de manera que la salida
predicha de los efectos de perforacidén por el modelo de
impacto coincida sustancialmente con las mediciones de los

efectos de perforacidn.

19. El método de la reivindicacidén 13, en donde los
efectos de perforacién incluyen al menos cargas axiales en

la sarta de perforacién.

20. El1 método de la reivindicacidén 19, en donde los
efectos de perforacién incluyen ademads cargas de flexidén en

la sarta de perforacioén.

21. El método de la reivindicacidén 20, en donde 1los
efectos de perforacidén incluyen ademéds cargas torsionales en

la sarta de perforacién.

22. El método de la reivindicacidén 13, en donde los
efectos de perforacidn incluyen los esfuerzos a lo largo de

la sarta de perforaciédn.
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23. El método de la reivindicacién 13, en donde los
efectos de perforacidén incluyen los movimientos a lo largo

de la sarta de perforacién.

24, El método de la reivindicacién 13, en donde los
efectos de perforacién incluyen las interacciones entre la

sarta de perforacidén y el agujero de pozo.

25. El método de la reivindicacién 24, en donde las
interacciones entre la sarta de perforacién y el agujero de
pozo incluyen las cargas de contacto y friccién entre la

sarta de perforacidén y el agujero de poza.

30

4



10

15

RESUMEN

Un método para utilizar un modelo de impacto para la
prediccién de los efectos de perforacién puede incluir
registrar las mediciones de los efectos de perforacidé4n en
una sarta de perforacidn real en un agujero de pozo, ajustar
el modelo de impacto de manera gque las predicciones de las
salida de los efectos de perforacién del modelo de impacto
coincidan sustancialmente con las mediciones de los efectos
de perforacidn, y provocar que el modelo de impacto ajustado
prediga los efectos de perforacidén para una sarta de
perforacidén propuesta. Un método de prediccién de los
efectos de perforacién en una sarta de perforacién en un
agujero de pozo puede incluir entrar un modelo de pozo
tridimensional y un modelo tridimensional de la sarta de
perforacién en un modelo de impacto, y provocar dque el
modelc de impacto prediga los efectos de perforacién en la

sarta de perforacidn.
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Agent File Reference: 10-031572

5
MODELING SHOCK PRODUCED BY WELL PERFORATING
. ' TECHNICAL FIELD
10 The present disclosure relates generally to equipment
J utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides for modeling shock produced by
well perforating.

' 15

BACKGROUND

Attempts have been made to model the effects of shock
due to perforating. It would be desirable to be able to

predict shock due to perforating, for example, to prevent

2 unsetting a production packer, to prevent failure of a

perforating gun body, and to otherwise prevent or at least

reduce damage to various components of a perforating string.

Unfortunately, past shock models have not been able to
predict shock effects in axial, bending and torsional
25 directions, and to apply these shock effects to three
dimensional structures, thereby predicting stresses in
particular components of the perforating string. One
hindrance to the development of such a shock model has been

the lack of satisfactory measurements of the strains, loads,

Copy provided by USPTO from the IFW Image Dalabase on 10/28/2011 _
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stresses, pressures, and/or accelerations, etc., produced by
perforating. Such measurements can be useful in verifying a

shock model and refining its output.

Therefore, it will be appreciated that improvements are
needed in the art. These improvements can be used, for
example, in designing new perforating string components
which are properly configured for the conditions they will
experience in actual perforating situations, and in

preventing damage to any equipment.

SUMMARY

In carrying out the principles of the present
disclosure, a method is provided which brings improvements
to the art of predicting shock produced by well perforating.
One example is described below in which the method is used
to adjust predictions made by a shock model, in order to
make the predictions more precise. Another example is
described below in which the shock model is used to optimize

a design of a perforating string.

A method of utilizing a shock model for prediction of
perforating effects is provided by the disclosure below. In
one example, the method can include recording measurements
of the perforating effects on an actual perforating string
in a wellbore; adjusting the shock model so that predictions
of the perforating effects ocutput by the shock model
substantially match the measurements of the perforating
effects; and causing the adjusted shock model to predict the
perforating effects for a proposed perforating string.

Also described below is a method of predicting
perforating effects on a perforating string in a wellbore.

The method can include inputting a three dimensional well

CooV provided bv USPTO from the IFW Imaae Database on 10/28/2011
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model and a three dimensicnal model of the perforating
string into a shock model; and causing the shock model to

predict the perforating effects on the perforating string.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative embodiments of the disclosure hereinbelow and
the accompanying drawings, in which similar elements are
indicated in the various figures using the same reference

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partial cross-sectional view of a
well system and associated method which can embody

principles of the present disclosure.

FIGS. 2-5 are schematic views of a shock sensing tool

which may be used in the system and method of FIG. 1.

FIGS. 6-8 are schematic views of another configuration

of the shock sensing tool.
FIG. 9 is a schematic flowchart for the method.

FIG. 10 is a schematic block diagram of a shock model,

along with its inputs and outputs.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which can embody principles of the
present disclosure. In the well system 10, a perforating
string 12 is installed in a wellbore 14. The depicted
perforating string 12 includes a packer 16, a firing head

18, perforating guns 20 and shock sensing tools 22.
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In other examples, the perforating string 12 may
include more or less of these components. For example, well
screens and/or gravel packing equipment may be provided, any
number (including one) of the perforating guns 20 and shock
sensing tools 22 may be provided, etc. Thus, it should be
clearly understood that the well system 10 as depicted in
FIG. 1 is merely one example of a wide variety of possible
well systems which can embody the principles of this

disclosure.

A shock model can use a three dimensional model of the
perforating string 12 and wellbore 14 to realistically model
the physical behavior of the system 10 during a perforating
event. Preferably, the shock model will predict at least
bending, torsional and axial loading, as well as motion in
all directions (three dimensional motion). The model can
include predictions of casing contact and friction, and the

loads that result from it.

In a preferred example, detailed finite element models
of the components of the perforating string 12 enable a
higher fidelity prediction of stresses in the components.
Wellbore pressure dynamics and communication with a

formation can also be incorporated into the model.

The shock model is preferably calibrated using actual
perforating string loads and accelerations, as well as
wellbore pressures, collected from one or more of the shock
sensing tools 22. Measurements taken by the shock sensing
tools 22 can be used ﬁo verify the predictions made by the
shock model, and to make adjustments to the shock model, so

that future predictions are more accurate.

The shock sensing tool 22 can be as described in the
International patent application entitled, “Sensing Shock

During Well Perforating,” filed on even date herewith. That

—e
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patent application discloses that the shock sensing tools 22
can be interconnected in various locations along the

perforating string 12.

One advantage of interconnecting the shock sensing
tools 22 below the packer 16 and in close proximity to the
perforating guns- 20 is that more accurate measurements of
strain and acceleration at the perforating guns can be
obtained. Pressure and temperature sensors of the shock
sensing tools 22 can also sense conditions in the wellbore
14 in close proximity to perforations 24 immediately after
the perforations are formed, thereby facilitating more
accurate analysis of characterigstics of an earth formation

26 penetrated by the perforations.

A shock sensing tool 22 interconnected between the
packer 16 and the upper perforating gun 20 can record the
effects of perforating on the perforating string 12 above
the perforating guns. This information can be useful in
preventing unsetting or other damage to the packer 16,
firing head 18, etc., due to detonation of the perforating

guns 20 in future designs.

A shock sensing tool 22 interconnected between
perforating guns 20 can record the effects of perforating on
the perforating guns themselves. This information can be
useful in preventing damage to components of the perforating

guns 20 in future designs.

A shock sensing tool 22 can be connected below the
lower perforating gun 20, if desired, to record the effects
of perforating at this location. 1In other examples, the
perforating string 12 could be stabbed into a lower
completion string, connected to a bridge plug or packer at
the lower end of the perforating string, etc., in which case

the information recorded by the lower shock sensing tool 22

Canv provided bv USPTO fram the IFW Imana Datshasa on 10/20/90114
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could be useful in preventing damage to these components in

future designs.

Viewed as a complete system, the placement of the shock
sensing tools 22 longitudinally spaced apart along the
perforating string 12 allows acquisition of data at various
points in the system, which can be useful in validating a
model of the system. Thus, collecting data above, between
and below the guns, for example, can help in an
understanding of the overall perforating event and its

effects on the system as a whole.

The information obtained by the shock sensing tools 22
is not only useful for future designs, but can also be
useful for current designs, for example, in post-job
analysis, formation testing, ete. The applications for the
information obtained by the shock sensing tools 22 are not

limited at all to the specific examples described herein.

Referring additionally now to FIGS. 2-5, one example of
the shock sensing tool 22 is representatively illustrated.
As depicted in FIG. 2, the shock sensing tool 22 is provided
with end connectors 28 (such as, perforating gun connectors,
etc.) for interconnecting the tool in the perforating string
12 in the well system 10. However, other types of
connectors may be used, and the tool 22 may be used in other
perforating strings and in other well systems, in keeping

with the principles of this disclosure.

In FIG. 3, a cross-sectional view of the shock sensing
tool 22 is representatively illustrated. 1In this view, it
may be seen that the tool 22 includes a variety of sensors,
and a detonation train 30 which extends through the interior
of the tool.

The detonation train 30 can transfer detonation between

perforating guns 20, between a firing head (not shown) and a

Conv nrovided hv USPTC from the IFW Imaae Dalabase on 10/28/2011
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perforating gun, and/or between any other explosive
components in the perforating string 12. 1In the example of
FIGS. 2-5, the detonation train 30 includes a detonating
cord 32 and explosive boosters 34, but other components may

be used, if desired.

One or more pressure sensors 36 may be used to sense
pressure in perforating guns, firing heads, etc., attached
to the connectors 28. Such pressure sensors 36 are
preferably ruggedized (e.g., to withstand ~20000 g
acceleration) and capable of high bandwidth (e.g., >20 kHz).
The pressure sensors 36 are preferably capable of sensing up
to ~60 ksi (~414 MPa) and withstanding ~175 degrees C. Of
course, pressure sensors having other specifications may be

used, if desired.

Strain sensors 38 are attached to an inner surface of a
generally tubular structure 40 interconnected between the
connectors 28. The structure 40 is preferably pressure
balanced, i.e., with substantially no pressure differential

being applied across the structure.

In particular, ports 42 are provided to equalize
pressure between an interior and an exterior of the
structure 40. By equalizing pressure across the structure
40, the strain sensor 38 measurements are not influenced by
any differential pressure across the structure before,

during or after detonation of the perforating guns 20.

The strain sensors 38 are preferably resistance wire-
type strain gauges, although other types of strain sensors
(e.g., piezoelectric, piezoresistive, fiber optic, etc.) may
be used, if desired. 1In this example, the strain sensors 38
are mounted to a strip (such as a KAPTON(TM) strip) for
precise alignment, and then are adhered to the interior of

the structure 40.

Coov nrovided bv USPTO from the IFW Image Database on 10/28/2011
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Preferably, four full Wheatstone bridges are used, with
opposing 0 and 90 degree oriented strain sensors being used
for sensing axial and bending strain, and +/- 45 degree

gauges being used for sensing torsional strain.

The strain sensors 38 can be made of a material (such
as a KARMA(TM) alloy) which provides thermal compensation,
and allows for operation up to ~150 degrees C. Of course,
any type or number of strain sensors may be used in keeping

with the principles of this disclosure.

The strain sensors 38 are preferably used in a manner
similar to that of a load cell or load sensor. A goal is to
have all of the loads in the perforating string 12 passing
through the structure 40 which is instrumented with the

sensors 38.

Having the structure 40 fluid pressure balanced enables
the loads (e.g., axial, bending and torsional) to be
measured by the sensors 38, without influence of a pressure
differential across the structure. In addition, the
detonating cord 32 is housed in a tube 33 which is not
rigidly secured at one or both of its ends, so that it does
not share loads with, or impart any loading to, the

structure 40.

A temperature sensor 44 (such as a thermistor,
thermocouple, etc.) can be used to monitor temperature
external to the tool. Temperature measurements can be
useful in evaluating characteristics of the formation 26,
and any fluid produced from the formation, immediately
following detonation of the perforating guns 20.

Preferably, the temperature sensor 44 is capable of accurate
high resolution measurements of temperatures up to ~170

degrees C.
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Another temperature sensor (not shown) may be included
with an electronics package 46 positioned in an isolated
chamber 48 of the tool 22. In this manner, temperature
within the tool 22 can be monitored, e.g., for diagnostic
purposes or for thermal compensation of other sensors (for
example, to correct for errors in sensor performance related
to temperature change). Such a temperature sensor in the
chamber 48 would not necessarily need the high resolution,
responsiveness or ability to track changes in temperature
guickly in wellbore fluid of the other temperature sensor
44.

The electronics package 46 is connected to at least the
strain sensors 38 via pressure isolating feed-throughs or
bulkhead connectors 50. Similar connectors may also be used
for connecting other sensors to the electronics package 46.
Batteries 52 and/or another power source may be used to

provide eleqtrical power to the electronics package 46.

The electronics package 46 and batteries 52 are
preferably ruggedized and shock mounted in a manner enabling
them to withstand shock loads with up to ~10000 g
acceleration. For example, the electronics package 46 and

batteries 52 could be potted after assembly, etc.

In FIG. 4 it may be seen that four of the connectors 50
are installed in a bulkhead 54 at one end of the structure
40. In addition, a pressure sensor 56, a temperature sensor
58 and an accelerometer 60 are preferably mounted to the
bulkhead 54. ‘

The pressure sensor 56 is used to monitor pressure
external to the tool 22, for example, in an annulus 62
formed radially between the perforating string 12 and the

wellbore 14 (see FIG. 1). The pressure sensor 56 may be

Couov vrovided by USPTO from the IFW Image Database on 10/28/2011
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similar to the pressure sensors 36 described above. A

suitable pressure transducer is the Kulite model HKM-15-500.

The temperature sensor 58 may be used for monitoring
temperature within the tool 22. This temperature sensor 58
may be used in place of, or in addition to, the temperature
sensor described above as being included with the

electronics package 46.

The accelerometer 60 is preferably a piezoresistive
type accelerometer, although other types of accelerometers
may be used, if desired. Suitable accelerometers are
available from Endevco and PCB (such as the PCB 3501a
series, which is available in single axis or triaxial

packages, capable of sensing up to ~60000 g acceleration).

In FIG. 5, another cross-secticonal view of the tool 22
is representatively illustrated. In this view, the manner
in which the pressure transducer 56 is ported to the
exterior of the tool 22 can be clearly seen. Preferably,
the pressure transducer 56 is close to an outer surface of
the tool, so that distortion of measured pressure resulting
from transmission of pressure waves through a long narrow

passage is prevented.

Also visible in FIG. 5 is a side port connector 64
which can be used for communication with the electronics
package 46 after assembly. For example, a computer can be
connected to the connector 64 for powering the electronics
package 46, extracting recorded sensor measurements from the
electronics package, programming the electronics package to
respond to a particular signal or to “wake up” after a
selected time, otherwise communicating with or exchanging

data with the electronics package, etc.

Note that it can be many hours or even days between

assembly of the tool 22 and detonation of the perforating

-
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guns 20. In order to preserve battery power, the
electronics package 46 is preferably programmed to “sleep”
(i.e., maintain a low power usage state), until a particular
signal is received, or until a particular time period has

elapsed.

The signal which “wakes” the electronics package 46
could be any type of pressure, temperature, acoustic,
electromagnetic or other signal which can be detected by one
or more of the sensors 36, 38, 44, 56, 58, 60. For example,
the pressure sensor 56 could detect when a certain pressure
level has been achieved or applied external to the tool 22,
or when a particular series of pressure levels has been
applied, etc. 1In response to the signal, the electronics
package 46 can be activated to a higher measurement
recording frequency, measurements from additional sensors

can be recorded, etc.

As another example, the temperature sensor 58 could
sense an elevated temperature resulting from installation of
the tool 22 in the wellbore 14. 1In response to this
detection of elevated temperature, the electronics package
46 could “wake” to record measurements from more sensors

and/or higher frequency sensor measurements.

As yet another example, the strain sensors 38 could
detect a predetermined pattern of manipulations of the
perforating string 12 (such as particular manipulations used
to set the packer 16). 1In response to this detection of
pipe manipulations, the electronics package 46 could “wake”
to record measurements from more sensors and/or higher

frequency sensor measurements.

The electronics package 46 depicted in FIG. 3
preferably includes a non-volatile memory 66 so that, even

if electrical power is no longer available (e.g., the
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batteries 52 are discharged), the previously recorded sensor
measurements can still be downloaded when the tool 22 is
later retrieved from the well. The non-volatile memory 66
may be any type of memory which retains stored information
when powered off. This memory 66 could be electrically
erasable programmable read only memory, flash memory, or any
other type of non-volatile memory. The electronics package
46 is preferably able to collect and store data in the
memory 66 at >100 kHz sampling rate.

Referring additionally now to FIGS. 6-8, another
configuration of the shock sensing tool 22 is
representatively illustrated. 1In this configuration, a flow
passage 68 (see FIG. 7) extends longitudinally through the
tool 22. Thus, the tool 22 may be especially useful for
interconnection between the packer 16 and the upper
perforating gun 20, although the tool 22 could be used in
other positions and in other well systems in keeping with

the principles of this disclosure.

In FIG. 6 it may be seen that a removable cover 70 is
used to house the electronics package 46, batteries 52, etc.
In FIG. 8, the cover 70 is removed, and it may be seen that
the temperature sensor 58 is included with the electronics
package 46 in this example. The accelerometer 60 could also
be part of the electronics package 46, or could otherwise be

located in the chamber 48 under the cover 70.

A relatively thin_protective sleeve 72 is used to
prevent damage to the strain sensors 38, which are attached
to an exterior of the structure 40 (see FIG. 8, in which the
sleeve is removed, so that the strain sensors are visible).
Although in this example the structure 40 is not pressure
balanced, another pressure sensor 74 (see FIG. 7) can be

used to monitor pressure in the passage 68, so that any
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contribution of the pressure differential across the
structure 40 to the strain sensed by the strain sensors 38
can bé readily determined (e.g., the effective strain due to
the pressure differential across the structure 40 is
subtracted from the measured strain, to yield the strain due

to structural loading alone).

Note that there is preferably no pressure differential
across the sleeve 72, and a suitable substance (such as
silicone 0il, etc.) is preferably used to fill the annular
space between the sleeve and the structure 40. The sleeve
72 is not rigidly secured at one or both of its ends, so
that it does not share loads with, or impart loads to, the

structure 4(0.

Any of the sensors described above for use with the
tool 22 configuration of FIGS. 2-5 may also be used with the
tool configuration of FIGS. 6-8.

In general, it is preferable for the structure 40 (in
which loading is measured by the strain sensors 38) to
experience dynamic loading due only to structural shock by
way of being pressure balanced, as in the configuration of
FIGS. 2-5. However, other configurations are possible in
which this condition can be satisfied. For example, a pair
of pressure isolating sleeves could be used, one external
to, and the other internal to, the load bearing structure 40
of the FIGS. 6-8 configuration. The sleeves could
encapsulate air at atmospheric pressure on both sides of the
structure 40, effectivély isolating the structure from the
loading effects of differential pressure. The sleeves
should be strong enough to withstand the pressure in the
well, and may be sealed with o-rings or other seals on both

ends. The sleeves may be structurally connected to the tool
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at no more than one end, so that a secondary load path

around the strain sensors 38 is prevented.

Although the perforating string 12 described above is
of the type used in tubing-conveyed perforating, it should
be clearly understood that the principles of this disclosure
are not limited to tubing-conveyed perforating. Other types
of perforating (such as, perforating via coiled tubing,
wireline or slickline, etc.) may incorporate the principles
described herein. Note that the packer 16 is not

necessarily a part of the perforating string 12.

With measurements obtained by use of shock sensing
tools 22, a shock model can be precisely calibrated, so that
it can be applied to proposed perforating system designs, in
order to improve those designs (e.g., by preventing failure
of, or damage to, any perforating system components, etc.),
to optimize the designs in terms of performance, efficiency,

effectiveness, etc., and/or to generate optimized designs.

In FIG. 9, a flowchart for the method 80 is
representatively illustrated. The method 80 depicted in
flowchart form in FIG. 9 can be used with the system 10
described above, or it may be used with a variety of other

systems.

In step 82, a planned or proposed perforating job is
modeled. Preferably, at least the perforating string 12 and
wellbore 14 are modeled geometrically in three dimensions,
including material types of each component, expected
wellbore communication with the formation 26 upon
perforating, etc. Finite element models can be used for the
structural elements of the system 10.

Suitable finite element modeling software is LS-
DYNA(TM) available from Livermore Software Technology

Corporation. This software can utilize shaped charge
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models, multiple shaped charge interaction models, flow

through permeable rock models, etc.

In steps 90, 84, 86, 87, 88, the perforating string 12
is optimized using the shock model. Various metrics may be
used for this optimization process. For example,
performance, cost-effectiveness, efficiency, reliability,
and/or any other metric may be maximized by use of the shock

model.

Optimization may alsc include improving the safety
margins for failure as a trade-off with other performance
metrics. In one example, it may be desired to have tubing
above the perforating guns 20 as short as practical, but
failure risks may require that the tubing be longer. So
there is a trade-off, and an accurate shock model can help

in selecting an appropriate length for the tubing.

Optimization is an iterative process of running shock
model simulations and modifying the perforating job design
as needed to improve upon a valued performance metric. Each
iteration of modifying the design influences the response of
the system to shock and, thus, requires that the failure
criteria be checked every iteration of the optimization

process.

In step 90, the shock produced by the perforating
string 12 and its effects on the various components of the
perforating string are predicted by running a shock model
simulation of the perforating job. For example, the
perforating system can be input to the shock model to obtain
a prediction of stresses, strains, pressures, loading,

motion, etc., in the perforating string 12.

Based on the outcome of applying failure criteria to
these predictions in step 84 and the desire to optimize the

design further, the perforating string 12 can be modified in

Copy provided by USPTO from the IFW Imadae Dalabase on 10/28/2011
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step 88 as needed to enhance the performance, cost~
effectiveness, efficiency, reliability, etc., of the

perforating system.

The modified perforating string 12 can then be input
into the shock model to obtain another prediction, and
another modification of the perfofation string can be made
based on the prediction. This process can be repeated as
many times as needed to obtain an acceptable level of
performance, cost-effectiveness, efficiency, reliability,

etc., for the perforating system.

Once the perforating string 12 and overall perforating
system are optimized, in step 92 an actual perforating
string is installed in the wellbore 14. The actual
perforating string 12 should be the same as the perforating
string model, the actual wellbore 14 should be the same as
the modeled wellbore, etc., used in the shock model to

produce the prediction in step 90.

In step 94, the shock sensing tool(s) 22 wait for a
trigger signal to start recording measurements. As
described above, the trigger signal can be any signal which
can be detected by the shock sensing tool 22 (e.g., a
certain pressure level, a certain pattern of pressure

levels, pipe manipulation, a telemetry signal, etc.).

In step 96, the perforating event occurs, with the
perforating guns 20 being detonated, thereby forming the
perforations 24 and initiating fluid communication between
the formation 26 and the wellbore 14. Concurrently with the
perforating event, the shock sensing tool(s) 22 in step 98
record various measurements, such as, strains, pressures,
temperatures, accelerations, etc. Any measurements or

combination of measurements may be taken in this step.

Copy provided by USPTG from the iFW Image Database on 10/28/2011
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In step 100, the shock sensing tools 22 are retrieved
from the wellbore 14. This enables the recorded measurement
data to be downloaded to a database in step 102. In other
examples, the data could be retrieved by telemetry, by a
wireline sonde, etc., without retrieving the shock sensing
tools 22 themselves, or the remainder of the perforating

string 12, from the wellbore.

In step 104, the measurement data is compared to the
predictions made by the shock model in step 90. If the
predictions made by the shock model do not acceptably match
the measurement data, appropriate adjustments can be made to
the shock model in step 106 and a new set of predictions
generated by running a simulation of the adjusted shock
model. TIf the predictions made by the adjusted shock model
still do not acceptably match the measurement data, further
adjustments can be made to the shock model, and this process

can be repeated until an acceptable match is obtained.

Once an acceptable match is obtained, the shock model
can be considered calibrated and ready for use with the next
perforating job. Each time the method 80 is performed, the
shock model should become more adept at predicting loads,
stresses, pressures, motions, etc., for a perforating
gystem, and so should be more useful in optimizing the

perforating string to be used in the system.

Over the long term, a database of many sets of
measurement data and predictions can be used in a more
complex comparison and adjustment process, whereby the shock
model adjustments benefit from the accumulated experience
represented by the database. Thus, adjustments to the shock
model can be made based on multiple sets of measurement data

and predictions.

Cobv provided by USPTO from the IFW Image Database on 10/28/2011
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Referring additionally now to FIG. 10, a block diagram
of the shock model 110 and associated well model 112,
perforating string model 114 and output predictions 116 are
representatively illustrated. As described above, the shock
model 110 utilizes the model 112 of the well (including, for
example, the geometry of the wellbore 14, the
characteristics of the formation 26, the fluid in the
wellbore, flow through permeable rock mecdels, etc.) and the
model 114 of the perforating string 12 (including, for
example, the geometries of the various perforating string
components, shaped charge models, shaped charge interaction
models, etc.), in order to produce the predictions 116 of
loads, stresses, pressures, motions, etc. in the well system
10. '

The perforating string 12, wellbore 14 (including,
e.g., casing and cement lining the wellbore), fluid in the
wellbore, formation 26, and other well components are
preferably precisely modeled in three dimensions in high
resolution using finite element modeling techniques. For
example, the perforating guns 20 can be modeled along with

their associated gun body scallops, thread reliefs, etc.

Deviation of the wellbore 14 can be modeled. This is
used in predicting contact loads, friction and other
interactions between the perforating string 12 and the

wellbore 14.

The fluid in the wellbore 14 can be modeled. The
modeled wellbore fluid is the link between the pressures
generated by the shaped charges, formation communication,
and the perforating string 12 structural model. The
wellbore fluid can be modeled in one dimension or,
preferably, in three dimensions. Modeling of the wellbore

fiuid can also be described as a fluid-structure interaction

Cobpv orovided by USPTO from the [FW Image Database on 10/28/2011



N ——...’-—-.,.

.

——— e e

ol 1=

10

15

20

25

30

Agent File Reference: 10-031572

- 19 -

model, a term that refers to the loads applied to the
structure by the fluid.

Failures can also occur as a result of high pressures
Or pressure waves. So it is important for the model to
predict the fluid behavior for the reasons that the fluid
loads the structure and the fluid itself can damage the

packer or casing directly.

A three dimensional shaped charge model can be used for
predicting internal gun pressures and distributions, impact
loads of charge cases on interiors of the gun bodies, charge

interaction effects, etc.

The shock model 110 c¢an include neural networks,
genetic algorithms, and/or any combination of numerical
methods to produce the predictions. One particular benefit
of the method 80 described above is that the accuracy of the
predictions 116 produced by the shock model 110 can be
improved by utilizing the actual measurements of the effects
of shock taken by the shock sensing tool(s) 22 during a
perforating event. The shock model 110 is preferably
validated and calibrated using the measurements of actual
perforating effects by the shock sensing tool(s) 22 in the

perforating string 12.

The shock model 110 and/or shock sensing tool 22 can be
useful in failure investigation, that is, to determine why

damage or failure occurred on a particular perforating job.

The shock model 110 can be used to optimize the
perforating string 12 design, for example, to maximize
performance, to minimize stresses, motion, etc., in the
perforating string, to provide an acceptable margin of

safety against structural damage or failure, etc.

Copy provided by USPTO from the IFW Image Database on 10/28/2011
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In the application of failure criteria to the
predictions generated by the shock model 110, typical
metrics, such as material static yield strength, may be used
and/or more complex parameters that relate to strain rate-
dependent effects that affect crack growth may be used.
Dynamic fracture toughness is a measure of crack growth
under dynamic loading. Stress reversals result when loading
shifts between compression and tension. Repeated load
cycles can result in fatigue. Thus, the application of
failure criteria may involve more than simply a stress

versus strength metric.

The shock model 110 can incorporate other tools that
may have more complex behavior that can affect the model’s
predictions. For example, advanced gun connectors have been
modeled specifically because they exhibit a nonlinear

behavior that has a large effect on predictions.

It may now be fully appreciated that the above
disclosure provides several advancements to the art. The
shock model 110 can be used to predict the effects of a
perforating event on various compcnents of the perforating
string 14, and to investigate a failure of, or damage to, an
actual perforating string. In the method 80 described
above, the shock model 110 can alsc be used to optimize the

design of the perforating string 14.

The above disclosure provides to the art a method 80 of
utilizing a shock model 110 for prediction of perforating
effects. The method 80 can include recording measurements
of the perforating effects on an actual perforating string
12 in a wellbore 14; adjusting the shock model 110 so that
predictions of the perforating effects output by the shock
model 110 substantially match the measurements of the

perforating effects; and causing the adjusted shock model

Conv provided by USPTO from the IFW Image Dalabase on 10/28/2011
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110 to predict the perforating effects for a proposed

perforating string 12.

The recorded measurements may include axial, bending
and torsional strain in the actual perforating string 12.
The recorded measurements may also include pressure external
to, internal to, and/or in a perforating gun 20 of, the

actual perforating string 12.

Adjusting the shock model can include repeatedly: a)
receiving a comparison of the predictions of the perforating
effects to the measurements of the perforating effects, and
b) adjusting the shock model 110 to reduce differences
between the predictions of the perforating effects and the
measurements of the perforating effects, until the

differences are acceptably reduced.

The method may include, prior to the recording step,
inputting a three dimensional geometrical model 114 of the

actual perforating string 12 into the shock model 110.

The method may include, after the adjusting step and
prior to the causing step, inputting a three dimensional
model 114 of the proposed perforating string 12 into the
shock medel 110.

The predictions of the perforating effects can include
stresses along the actual perforating string 12, motions
along the actual perforating string 12, and/or interactions
between the actual perforating string 12 and the wellbore
14. The interactions between the actual perforating string
12 and the wellbore 14 may include contact loads and
friction between the actual perforating string 12 and the
wellbore 14.

The above disclosure also describes a method 80 of

predicting perforating effects on a perforating string 12 in

Cobov provided by USPTO from the IFW Image Database on 10/28/2011
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a wellbore 14. The method 80 can include inputting a three
dimensional well model 112 and a three dimensional model 114
of the perforating string 12 into a shock model 110; and
causing the shock model 110 to predict the perforating

effects on the perforating string 12.

The three dimensional model 114 of the perforating
string 12 may include a model of one or more shock sensing

tools 22 interconnected in the perforating string 12.

The three dimensional model 114 of the perforating

string 12 may include material properties of components of

the perforating string 12.

The method 80 can include measuring the perforating

effects on the perforating string 12 caused by detonation of

perforating guns 20.

The method 80 may include adjusting the shock model 110
so that the predicted perforating effects output by the
shock model 110 substantially match the measurements of the

perforating effects.

The perforating effects can include at least axial,
bending and torsional strain in the perforating string 12.
The perforating effects may include stresses along the
perforating string 12, motions along the perforating string
12, and/or interactions between the perforating string 12
and the wellbore 14. The interactions between the
perforating string 12 and the wellbore 14 can include
contact loads and friction between the perforating string 12

and the wellbore 14.

Tt is to be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and

in various configurations, without departing from the

Tonv oravided bv USPTO from the IFW image Database on 10/28/2011
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principles of the present disclosure. The embodiments are
described merely as examples of useful applications of the
principles of the disclosure, which is not limited to any

specific details of these embodiments.

In the above description of the representative
embodiments, directional terms, such as “above,” “below,”
“upper,” “lower,” etc., are used for convenience in
referring to the accompanying drawings. In general,
“above,” “upper,” "upward” and similar terms refer to a
direction toward the earth’s surface alcocng a wellbore, and
“below,” “lower,” “downward” and similar terms refer to a

direction away from the earth’s surface along the wellbore.

0f course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present disclosure. Accordingly,
the foregoing detailed description is to be clearly
understood as being given by way of illustration and example
only, the spirit and scope of the present invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method of utilizing a shock model for prediction

of perforating effects, the method comprising:

recording measurements of the perforating effects on an

actual perforating string in a wellbore;

adjusting the shock model so that predictions of the
perforating effects output by the shock model substantially

match the measurements of the perforating effects; and

causing the adjusted shock model to predict the

perforating effects for a proposed perforating string.

2. The method of claim 1, wherein the recorded
measurements include axial, bending and torsional strain in

the actual perforating string.

3. The method of claim 1, wherein the recorded

measurements include pressure external to the actual

perforating string.

4. The method of c¢laim 1, wherein the recorded

measurements include pressure internal to the actual

perforating string.

5. The method of claim 1, wherein the recorded

measurements include pressure internal to a perforating gun

of the actual perforating string.
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6. The method of c¢laim 1, wherein adjusting the shock
model further comprises fepeatedly: a) receiving a
comparison of the predictions of the perforating effects to
the measurements of the perforating effects, and b)
adjusting the shock model to reduce differences between the
predictions of the perforating effects and the measurements
of the perforating effects, until the differences are

acceptably reduced.

7. The method of c¢laim 1, further comprising, prior
to the recording step, inputting a three dimensional
geometrical model of the actual perforating string into the

shock model.

8. The method of claim 1, further comprising, after
the adjusting step and prior to the causing step, inputting
a three dimensional model of the proposed perforating string

into the shock model.

9. The method of claim 1, wherein the predictions of
the perforating effects include stresses along the actual

perforating string.

10. The method of claim 1, wherein the predictions of
the perforating effects include motions along the actual

perforating string.

11. The method of claim 1, wherein the predictions of
the perforating effects include interactions between the

actual perforating string and the wellbore.

Conv nrovided bv USPTO from the IFW Imadge Database on 10/28/2011
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12. The method of claim 11, wherein the interactions
between the actual perforating string and the wellbore
include contact loads and friction between the actual

perforating string and the wellbore.

Conv oravided by USPTO from the IFW Image Database on 10/28/2011



!
|
|

15

20

B L R

25

Agent File Reference: 10-031572

- 27 -

13. A method of predicting perforating effects on a

perforating string in a wellbore, the method comprising:

inputting a three dimensional well model and a three
dimensional model of the perforating string into a shock

model; and

causing the shock model to predict the perforating

effects on the perforating string.

14. The method of claim 13, wherein the three
dimensional model of the perforating string includes a model
of a shock sensing tool interconnected in the perforating

string.

15. The method of claim 13, wherein the three
dimensional model of the perforating string includes a model
of multiple shock sensing tools interconnected in the

perforating string.

16. The method of claim 13, wherein the three
dimensional model of the perforating string includes

material properties of components of the perforating string.

17. The method of claim 13, further comprising
measuring the perforating effects on the perforating string

caused by detonation of perforating guns.

18. The method of claim 17, further comprising

adjusting the shock model so that the predicted perforating
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effects output by the shock model substantially match the

measurements of the perforating effects.

19. The method of claim 13, wherein the perforating
effects include at least axial loads in the perforating

string.

20. The method of claim 19, wherein the perforating
effects further include bending loads in the perforating

string.

21. The method of claim 20, wherein the perforating
effects further include torsional loads in the perforating

string.

22. The method of claim 13, wherein the perforating

effects include stresses along the perforating string.

23. The method of claim 13, wherein the perforating

effects include motions along the perforating string.

24. The method of claim 13, wherein the perforating
effects include interactions between the perforating string

and the wellbore.

25. The method of claim 24, wherein the interactions
between the perforating string and the wellbore include
contact loads and friction between the perforating string

and the wellbore.
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ABSTRACT

A method of utilizing a shock model for prediction of
perforating effects can include recording measurements of
the perforating effects on an actual perforating string in a
wellbore, adjusting the shock model so that predictions of
the perforating effects output by the shock model
substantially match the measurements of the perforating
effects, and causing the adjusted shock model to predict the
perforating effects for a proposed perforating string. A
method of predicting perforating effects on a perforating
string in a wellbore can include inputting a three
dimensional well model and a three dimensional model of the
perforating string into a shock model, and causing the shock
model to predict the perforating effects on the perforating

string.

Copy provided by USPTO from the IFW Image Database on 10/28/2011




1/9

10

24
24

14
— 22

24

26

22

FPIRERNES

AT AR

RS T e e S

DS ANS AN

»

12

24
20
62

FIG.1

Copy provided by USPTO from the IFW Imaqe Database on 10/28/2011




T 2/9

28

FIG.2

I——--lh
L a

v .
28 4—
T

|_..3

22

Copy provided by USPTO from the IFW Image Database on 10/28/2091




o . §
-+ L]

50
36

™
~

36
30

O O
O

H,

AN L L L L PN S S S RS NN N NN
H _
9 R .//.//JP//.f//’//.f;/'r/////////./}r/.//////////l.////./
.\\\NN\\\\\\\\\\\N\\\\\h\\\\\\\\\N\\\N\Nh\\\\\\\\N\\\\\NN\\\\\\\N\NN\\I\N F Yy T
/ A AR RARR TR .f////.//(’/-//r.//////(V///////.// AR AAARL AR LAWY
3 D A 4 A A 4 W A y A A 4
H SN
| L 3
AN 7 yTTIII4 SN L NS S ERSNNNBRNYN

38—

34

F1G.3

Copy provided by USPTO from the IFW Image Database on 10/28/2011







5/9

22

8 = Q/m \wm >
/,,/f\,._f p W/ 22 ////////#//////r
o — 77777777
o —— 77T 7
AN / YWl S e S S NS S SSNINNNNY
o =S s e

28

34

F1G.5

Copy provided by USPTO from the IFW image Database on 10/28/2011




8

.

NN\

g

ANNNN\\

6/9

|

Le7

FIG.6

F1G.7

e

Copy pravided by USPTO from the IFW Image Database on

10/28/2011




22

38

38
46
66
58

7/9

FIG.8




80

J

82
\ MODEL PLANNED PERFORATING JOB [
90
RUN SHOCK MODEL SIMULATON [
* 84
-
APPLY FAILURE CRITERIA
\ 86
MODIFY
PERFORATING |
JOB
87
OPTIMIZE
FURTHER?
_ 92
INSTALL ACTUAL PERFORATING STRING
1
94
WAT FOR TRIGGER —
96 1 98
N 1 1 7~
PERFORATING EVENT MEASUREMENT RECORDING
1 M|
1 100
RETRIEVE SHOCK SENSING TooLs [
‘ 102
DOWNLOAD DATA TO DATABASE |
] 104
COMPARE DATA TO PREDICTIONS |[—
108
MATCH? > TES
NO
106

ADJUST AND RE-RUN SHOCK MODEL

F1G.9

8/9

Copy ptovided by USPTO from the IFW Image Database on 10/28/2011




112

9/9

WELL
MODEL

/ 114
PERFORATING
STRING
MODEL
110
_
SHOCK
MODEL
116
|
PREDICTIONS

FIG.10

Coanv nrovidad hy HISDTO fram the IDVW lmaren Mook oe o o 4R AR AR S



P2 1861270

1 L M e ¥ Pl " . . e ——— ri——
Sl - L0 0 0 kAT S A AN S D 5T R T
T ———
YUNI ) A ] » OF ‘ ﬁ‘-_m..‘ T
4 /| 7“"& - ] A ' f‘ .
.l-._ —_ .ﬁf-f_ﬁ_ﬁ_,.-;.'s__,_.-l\. R ; ¥ . KN _ i m e - Y

Ky

T0) AL TG WHOM THESE; BRESENTS, SHAIT, COMEY
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

November 04, 2011

: b

M THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY OF e
PN THE BELOW IDENTIFIED INTERNATIONAL APPLICATION AS ir
i ORIGINALLY FILED AND ANY CORRECTIONS THERETO FROM THE ?e
RECORDS OF THE UNITED STATES PATENT AND TRADEMARK ; |
il OFFICE ACTING AS A RECEIVING OFFICE UNDER THE PATENT bl
£ COOPERATION TREATY.

APPLICATION NUMBER: PCT/US10/61104
FILING DATE: December 17, 2010

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

. BO /

Certifying Officer

Gé



Electronic Acknowledgement Receipt

EFS ID: 9066486
Application Number:
International Application Number: PCT/US10/61104
Confirmation Number: 9198

¢’

Title of Invention:

MODELING SHOCK PRODUCED BY WELL PERFORATING

First Named Inventor/Applicant Name:

HALLIBURTON ENERGY SERVICES, INC.

Customer Number:

49431

” Correspondence Address:

SMITH IP SERVICES, P.C.

PO Box 997

Rockwall ™ 75087
us G72-516-0030

mail@smithipservices.com

Filer:

Marlin Ray Smith/Sally Ann Smith

Filer Authorized By:

Marlin Ray Smith

Attorney Docket Number: 10-031572U1
Receipt Date: 17-DEC-2010
Filing Date:
Time Stamp: 17:33:47

Application Type;

international Application for filing in the US receiving office

Payment information:

Submitted with Payment

yes

Copy provided by USPTO from the IFW Image Database on 10/28/2011




9y

Payment Type Credit Card
Payment was successfully received in RAM 52709
RAM confirmation Number 4650
Deposit Account
Authorized User
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
93934
1 PatentApplication.pdf yes 29
cAb93372521 360ce B ed 620915 B b4
1%
. Multipart Description/PDF files in .zip description
‘ Document Description Start End
Specification 1 23
Claims 24 28
Abstract 29 29
Warnings:
information:
Drawings-only black and white li 149810
2 rawings-only a.c and white {lne Draw'rngs.pdf ho 9
drawings
eBcbe17e1 11b 22295252 dbd Bcf4 5089
143
‘hrnings:
' L
Information:
RO/101-R t f f 1A 1508612
3 -hequestiorm for new iA - ExacutedRequest.pdf no 6
Conventional
be? 10dbBdzbd%ac?dIc 18R 340 2ac 25 2017]
c7ddd
Warnings:
Information:
279728
4 PCT-Transmittal Letter Transmittalscan.pdf no 1
B75bi2b1{6ad 1hlce dBaT d 77 I46AR7462]
Bd632
Warnings:
Information:
‘\' 36616
5 Fee Worksheet (PTO-875) fee-info.pdf no 2
6bTdiTediede? 6608 chTIcta3dedaaim 0
4
Warnings:
information:
Total Files Size (in bytes)s 2068700

Copy provided by USPTO from the IFW Image Database on 10/28/2011



aq

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.5.C. 371

if a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

f a new international application is being filed and the international application includes the necessary components for
ninternational filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
. and of the international Filing Date {Form PCT/R0/105) 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.

New International Application Filed with the USPTO as a Receiving Office

Copy provided by USPTOC from the IFW Image Database on 10/28/2011



P CT For feceiving Qifice use onty
B g W | PCT/US10/61104

Iniemnatitnal Application No.

REQUEST 17-12-2010

Internstional Filing Date.

Theundersigned requests that the present RO/US
inlermniational apphcaiion be processed L . o
according tothe Patent Cooperation Treaty, Name of receiving Office end“PCT Inicimational Application™

Applicant’s or ageﬁt"s;ﬁle._r_ef erence :
& désired) (12 characiers iy, 1003157201

Box No.1  TITLE OF INVENTION

MODELING SHOCK PRODUCED BY WELL PERFORATING.

Box Ne. B'  -APPLICANT D This person 3s alse:invéntor

Name and addiess: (Pomiiname folloved by given name; “for aiegal entits, full offictal designarion, | Telephone No.
T aelclges minstinediedi pistal Gotle ond dane df conmry. _']_Tf‘re st of the ackifresy indicaed it thie h

Box is the quplicant’y Siate (that i eobintiy) af restdence if o Stare of residence is indicaied below. ;

Facsinile No:

HALLIBURTON ENERGY SERVICES, INC.

10200 Be‘_l!ai"re Boulevard Applicant’s régisiration No, wiih the Office
Houston, Texas 77072
Us

E-mhil'nu;h(\'ri‘taiihh: Murking onc Of tic'check-boxes below authiorizes thé receiving Office, the/Internatianal Searching Autiority, the
Intqmaiiqnui'_ﬂureqn- and the tiyternational Preliminary Exumining Authority to use the e-mai! address indicaicd in this Box toscnd,
notifications issued-in respect-of thisinternational application to thiat e-mail addressif those vffices are Willing to do so. o

-ag advaiice copies followetd by papet rofifications; or [ exciusively in clecteonic form (b paper naiifications will be sént).
‘Fmailaddicss:
State fthat is. country) of nationality; State (that-is, country} of resrdence:
Us 9
This person inpplicant ' all-désignaitd KT 6l designated Siatey-except the Unted Sigiex itie. Srates- indicated in
fortha purposes of: D Sigics: - Itﬁu': Uni%cl:l; States-of Amcrics of Arrericir onily - the Supplcmtmid'an.-‘c;

Box No. Tl FURTHER APPLICANT(S) AND/OR (FURTHER) IN\’EN'EOR(. 8y

Further-applicants andor ffurhicr) mventors are indicated o » continuation sheet.

BoxNo. 1V AGENT OR COMMON REPRESENTATIVE; OR'ADDRESS FOR CORRESPONDENCE

The person. idontified below isherebyhas been appointed.to act o8 behalf, E agent ‘common -
of the applicant(s) beford the tompétentintérnaionat Authogtics as T represeniative

Nfarhg:_.aml_] a'd‘di‘_css: (Epmily ke folividéd by given name for nlegal enity, fill official designation. | Telephone No.
. THE (itlelrers. plisst mdiude, postal code émd som, of éomingd 972 - 51 6”0 03 0

SMITH, Marlin R, Facuirmite No
SMITH IP SERVICES, P.C. 51 6. DEOA.
oy oo . 972-516-0608

Rockwall, Texas 75087 .kgﬁn!".STt;gﬁitra;ion No. with the Office
us o 38310

E-mail authorization: Mérking_oﬁc_’qf the check-hoxes below anthorizes the receiving Qtﬁcc, the International Searching Authority, the
Inteimational Bureap and the International Preliminary Exarvining. Authoriiy to nse the-e-mail address. indicited in this-Box to send,
‘noti fications issucd in/respactof iliis international application to thae-inail-address if those offices are wilking to do 50, '

X a5 advance copies followed by paper norifications; o [lexclusivety i electronic fiem (o paper notificaitions will be sent)-

E-mailaddress: mail@smithipservices.com’
D AddressTor corfespondeiice: Muik thischeck-box where 'n'q’a;ﬁemf-i;rf comman tepresentativeishas been appointed and thi:
‘ space above 15 used iristead to indicate a specini address’io Which ¢orrespondence should be sent.

Form PCTROAM (first sheel) Jandary 2010) See Notes ta the réquisst form
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| SWENSON, David

1 US

Sheet Now .2, .,

lon

Box No. X1 FURTHERAPPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

. :an(:;:e of@f;g;ﬁﬂ(‘&uffng, sub-poxes is nged. this sheet should ned be inciuded in rhe request, ;

| 'N'&'_me_ and adﬂrqss:- . ;ﬁhﬂﬂf{y,n&:mqﬁ!fﬁw by wiver name, fora ligaf ér_:r.-‘;j.-,ji'rii jr{{i}‘_ciuf _rJésLt,’;m(inn. This person iss

The taddelross musi itielidy Posial vode gne Femeof colintiy, The cotmntry o the Gokdioss tufivated in thix

Bou is the applicant’y :gr.ii'rérr‘ghézr;v.ceiann;q} f residenece ifmo Staré ofresidenice is indicated efow.) | D qpplit‘-'ﬁ"?lﬂ".‘!k".
RODGERS, John e .
1904 Winter Drive L) spplicao and inversor

Roanoke, Texas 76262 [ o A P vl

. iy marked. do-nod fill it below.)
us

Applicant’svegistration No. with the Office

State fthat 5. counny)of nationality: ‘ Sute fhat iy, conprEyl of residence:
“Fhis pérson s applicant  all designaizd uil dosjpmiufod Stales exvipt ihe United Statek ‘the Stated indicated in
for the purposes oft Stales the United States of America. of Americk-only, the Sapplementsl Bk

Nome and address: Familyname fillowed by ghen hane; fora Iegaleniity. fiill oficiol desiginition. | This person is:
The pddross must indfudle posial vode and nomeé.of Connny. The countiv of the acklress indicgizd in this S a
Bocivitheapalicin ¥ Maredthor is, corniey) uf Fesiifénce if wo State ofresivienc e is bdicared below.j D applitant oply
Jaegerstrasse -2  Sovemar-cnly: (i chetdod
AN s R . ‘ ’ - mvenioeonly:({f rhiv check-hox
Winterthur 8406 I Psseiaie et ll ot hedow:)

applicant and invenor

‘Applicans*sregisration No, with thie Office.

‘State: (fhat is, country) of vationality:: Statc ffhat is..couniry) of residence:
‘This person is applicant all designated.- all-dodipnated States exeent 5 “the United Stegos | the Siates indicsred in
‘for thepurposés.of: States” " tig. Usiited Siates 81 Amarica ..Q of America only the Suppiemcntal Box

Namw snd address: (Fafiily nane fpllawed By sebven e fob a-depal enfity, fillnfficiadesigriaiion, | "This persol is:
The address wust inehude postol code and fcimg of courty, The coury Bf ihe auddiessimdicited n this .
Bux is the applicani’s State (thet s, co uniryofvesidence if no Stare of restiderice Is Wedicdtod belimty D applicant onky

2601 Beltline Road: applicant and inventos
Carroliton, Texas 75006 [ inventor only (Tfahis check box

ix marked e inot il iy beloi, )

Appliddnt’sregistration No. with the Office

State fthor iy, country) of batioalin: © | Statefihat is, cowmiry-of residente:

US. Yo

This person is.applicant — 4l designared all designnter SLsS gicomt  [No7] the Lnited States “tie Stakes indipsted. in
for the purposes af: D Seues & D ;lw__Uix‘itgcn§ Siates o1 Aniérite’ . of Americr.only © the Sapplemental Box

§ Namie and address: (Fomil omi followed by given ntisse; fir o Teeal entit, Jullafficial desiriativn. "This person fs:

Thecadsdress must incliide postal code omd nameif cotinuy, The bounny of theailidiess indicened in ihiy. ‘
Bexe is the.applicam s Stute (that &, coungry).of residence o Sittsof vesidence s Bidicated boiow.f ‘ D spplicant only

GLENN, Timothy S. | N
1 904 Wiriter D.n.v.a g applicant and invehtor

s PPN, . —_ oy i,n,,vmﬂorcs,nIy{?ﬁh&v chyok-box
Sgan()kef- Texas 76262 L) Hete i il in helows.)

Applicant’s registrstioti No. with the Office:

State’ (thar is. cowrms)-uf nationality: State (ihat Iy, countyyi of residence;

us us:

This person is ipplicing nil desipmatéd -3H designated Stutes preept - A1 he United States thie Staies indicated'in
for the jrposes.of: Swatss shetinitod Stotes 6f America {2 of Américaonly - |} the Supplementat Box

D Further applicants and/or {firthér) inventors -amfih:dicqtedcp andther continuation sheet,

Form PCT/ROYI01 (continuaiion sheel) (Jaihiafy 2010) Seer Notes 16 the vdquest form
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BoxNo, V- ‘DESIGW;&’HONS

fiting date, for the grant 6f every hini of; prmectson availible and, witere dpplicable, for the urant of bisthy-regsiona! and national pétenis,
H()\m\'t:r,_:
D, DE Cermany is not designated:foc ary kind of national protection
1 s Japan is not desighated for sny kiad of natiors! proloction
1 KR, Repiblic of Korea s uot designated for any kind of national protection

{The chieck-hoxes above may onfy.be used texelude (irvevorably :hedeszgrmnnm cencerned if. atthe time.af filing or subsequemiy under

Rude 26bis. 1, the ititérationdt applicatioh shptaing i Box No. VI& priority claim i aw'etirlier nattonal application filedinthe pariicidar
S o sfnmd i order o guotd the ceasing of the eﬁ”er! 1mder the national law, of this earlier national application)

The filing of this request constitutey under Rule 4.9(a) the designation of ol Contracting States bound by the PCT an the mtemmonnl

Box N, V1 PRIORI'] ¥ CLATM

The priority of the following cartier application(s) is hereby cldimed:

Filing date: “Number Wherg carlierapplication is: -
of earlicr application ‘of tarlier-application . B "
fd‘,,,;mo,,}:z,}wn ’ _national application: régional application: [iiternational applicition:
“"““““fﬁ;_,;'fgmb" regional Office: receiving Office .
[Ewv L

e (1)

ifom {2}

* ftem (1)

Further prigrily claims are indicated in the Supp,lememzi'l"'{:‘acm.

DD_

Thc Internationa} Burcagis requiested to obtain’ h-om a. digaml I:bmry a certified copy of the earhar application(s) (ifthe earlicr
cg::phra:nm(v) ixavatfableio it froma dmimi !Jb-“ar'l 3 identified above dsi®

D alt itoris D Atemy.(1) m flerm-{2} D atem- (3 D ;‘dtiier,:see:Supplem'cﬁtai Box®

D The redéiving Office is reduested to jirepart arid transmit 1o the Hiterhatihal Butcan a ccrtified topy of the carliet anplization(s}
{if the-earlier. applzcatmn(s) Wi, j:fe‘d with the (Mficenigh for the ipurposes of this infer nedtioned apphcmmn iy the receiving
Gﬁxcg or to obtaih § écriified copy of theiéartier nppheaucm{ﬂ Fronia digitallibrary and transmiva-copy 6f it to the International
Bureau (if the earlier-application{s}. is. ayaildble 10 'the receiving Qffice from. o c!rg;mi library, identified above 285"

[]‘ all gy m ftem (1—} D Hem (2) B ztem(i} D -othet,'see Siipplemental Box.

Where thecertified copy.ofthe earlierapplication(s)isnui stored in adigital [ibrary-under the number of he carlicr application indicated
ibove but.undér:the apphcauqn furibesof aiothei appht.auon which also claims- ‘priotity from -it, indicate that- bumber i the ]
supplemental sheet {itemn 45, ;

Restore the right:oF prinfity: ihe: mewmg Officc is rcqumtcd 10 restore the ¢ ight of prickity for the edrliet application(s) uiem:ﬁed
ubm CoF m thc Supplemenm! Bm ay’ lt&mfa) ( Y. (Seealso-the Notesto Box No, ¥i; further

| Articte TE{I¥i0) Were firer redeived by the Téeeiving Oﬁic.e, that elciment.gr ‘pant s, subjett 10 confirmution unidér Rule 206, -
| incorporated by rctcrcm:c in th:s micmauona{ apphcnnon forthe purpmcs of Rule 20.6.

Incurporatmu hy reference. where ant elc-mem of the.international apphcauou referred foin Arncte 1 1(11{ ii}id) or{c) orapart of |
the description, claims or drawirigs’ “teferred 1o intRufa 20, 5{u) i§ not otherwisc cautained in this iftemationat application but i§ ;
campleteiy contained in an eatlier apphuatmn whm,e priority is:claimed’ on the:ilate on W hu:h ane.or more-clements referred qo.in °

! Box No. v ]!\TERN&!l()?-\.‘.#.la-SEARCH]NG‘.AUT}IORETY'

‘Chroice of International Searchmg Authority (IS'.A) i more than-one Internationat Searching-Autfiorityis emzq)cmm‘ 1o carry out’ the.
interiational search, indicdte. thé duthority-dosen; the two-letiey code: may e used):

isas KR ...

B L T T TP T Ty P gy T Uy S UL S FUE AP S 23

Fonm PCT/RO/I0T (second sheety (Jantiary 2(51 &) 'Sés:‘?'-;\’;*_}te‘\' ':e_; the request forim

62
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Cvﬂtihu’a’tion’ of Box No. NIl LSE OF RESULTS OF EARLIER SEARCH, REFERENCE TQ 'I HATSEARCH

D The ISA indicated i m Box’ I\e \ s rcq;aesled io take into account-the results of. thr: c.irhcr scarch(es} udivated hcluw {sew oy
Notes io-Box-FIT: s c:f restils aj‘ more-thar one karlivr sear R,

Filing date fdaydnonthilyear] | Application Namber Couintty for regional Office)

D Statement. (Rn}e 4§ 12(::)} thxv. mtcrnatmnal applicdtion is the sams, or snbctammﬂy the samg; as: the appiacah(m in respect of
which the earhicr scarch vwas camredout. Except; where appl'cabic hat it 35 ted in o differcht i.mi.x.uaue

' D Availability of docomeénts: the folloiving dotuments uréavailublére the ISA in & form and manner aceeptable ta it andtherefire.

Ao not m:ed o be subinifted by the.applicanito the ISA {I{ule mm h{§ fn
a-copy:of thi fesulty of the carlier search,®
-a'gopy ol the garlienapplication,, . o
| atiansiation of tho carlior upplication:into lanpunge which is acti:plcd by the' ISA,
:a. trans!anon of the rcsults of t}w eaﬂu:r c.earch o p. languag,e Whlth i dLDLp!Ld hy thc IS A,

"fo the ! 's _ :

D “Transimit-copy 6f results of earlier searchand other documénty fivkisve the earlies search was hof varsied ot by the 184
indizated above-but fv the some Qffice as thar wihicli ix acting as the receiving Office); te. recetving: Office is Tequesied 1o
prepare and marisiit io the ISA: (Ruk. F2his: 1(0)]

a copy of fhie resules of the earlier'search®
2-cupy of the earlier: applcation,
@ gopy. of any dcmumcm cited in the results of the carlior search.

i Whtrc the: rcsu!ts ufthe earher senrch
is' rﬂqurred o Subneit them to the red

' ¥ O ffice (Ruie 12%is. l(a}) {See iféni 11. i rr‘.-r' ‘check-{ist rmd .:Im Netesia Box No. ¥ID.

mthcl available from.a d:gual library nor tr'msmlth.d by the receiving (ffica, the spplicant -

Filihg date (danimontlzpedr) Applicaion Nurhet Countty: for regiorel Office

D ‘Statement (Rale 4.12(1D)): this internatiofal application s the.same, or substuntially the sdme, ss'the application in respcct of
which the-carlier:sesrch, was,carried out.except. where apphwbl:.. that it isfiledina different langungc.

. D _Availnbiiiw of documents: the foifomngdmumems areavailable tothe ISA i a formand manncr acegptable toit and therefore

do notdeed to be subniasd by the applicant fo the ISA {Ruld 1266, 1(0):
d-copy ‘of the results of the earficei¢arch™
dicopy of:the darlicr appticition,
& tf.inslélﬁ‘o'h‘df i]ie é:ii iié‘r a'p'pl ic;"iti‘bﬁ' i'ntij'a ‘!ans,ua'ge which is "u:c»pté.u 'b‘:‘,’r rI"xt." [S A,

D [EOPY, ui“auy dot.umem < ﬂed i fhe rcsuhs ofthe carlier se.m.i: ({f Kriown, p.fease md}ém'é' beh)w {Re do&m:em(s) cvuilabie
) i the IS4);

D Fransmit copy of regulls’ of carHer search.and other documents g’whwe the: egriier scarch;was nat corr ;edour by the 1S4
indizated-abosehut: by the.same Office 4 tharwhidh is acting as. the recewmg Q[ftce; the receiving: Office is requestcd to
“prepare and transmit 6o tha ISA {Ruic 1264, Ii_c))

# cnpy nt \'he carhcr .xpplm.lmn,
Rcopy of any document gited in ﬂm resiilts of the eatlier search.

* Where theresults of the carhr:r ss.:m,han:ncnher available from ﬂdig.liﬂl lsbmn notiransmitted by the r-‘:s,cwm,g r Office; the apphcnm:
is requsred 16 submit thert 1o the xcu:wm;, Ufﬁce (Rule\ T2is: (8] ;) {See ifem 14 inthe clhieck. list and afsi Notex 1o Bax No, T"f]}

L__l Further carlier searches dretindicated Un.a contibuation sheet.

‘Box No. VIIL. DECLARATIONS

. The following detlarations:are: contained ¥ i0 Boxes Nos, VilL {iYe {v) (mark the-appiicdable o ' Mumber of
chécksboxes belcm it dndie e i the ngﬁf ettt the vishbor of each’ iy Pb' af decidration); declaratious
_E] Bos No: VUT (i) Declaration'as to the idéniity of the inventor
B Box No; V(i) DecInratmn a5 o the applicant!s sntitdenrent, as.atfhe mtcnmtiona! filing.. y
i ditites 10 4pply for atid b granted a paterit : 1
D Box Ng. VI(i) Dct,larau{m 5 to the: appbcnnt s entiflerenr, a5 at the 1mmmiunat ﬁlmg
o aate; th claim rhe p;::ont) of the egrbier. npplmam_m
D Box No. VHI {iv) Declaration: of | iy cntmslup {only for the jurposcs of thc dcsxgnaﬂbn of the
Umtcd Smtcs of Amcrw} 7
Ej Box No. VIl () Detiiardiion as to nompre;udxcxal disclosuresior exceptions {o ldek of novely  :
Form PCTIROADT (third sheet) (Jarivary 2010) See Notes fo the request form
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Box'Ne. VIII(l} DECLARATION: ENTIETLEMENT T€X APPLY FOR AND BE GRANTED A PATENT
The declaration nust conforniio ihe. stapdardizedwarding providédfor in Section 212; see Notes to Boxes Nos. VIIL ¥11 m 1o (1 3 fingena al)
anid the speiific Notesto Bax Novtl} (u) Arthis.Box Is. fiof iséd, this sheet showld not be inclhutled in the remw‘ut

Decluration 45 1o the Applicant’s entitlément, . as 8t hic inteinational fﬂmg date, t0 upplv foriand e granted a patent (Rules 4. 17(u)_
and $1bis AW, in.n case where the docldration ender Rule 4,17¢44) 35 not appropriate; ‘

| in relation 1o 1his international application,

1. HALLIBURTON ENERGY SERVICES, !NC , is entitled-to apply forand be granted a
patent by virtue of the“following;

JHALLIBURTON ENERGY SERVICES, INC., is entitled-as employer of the inventor,
,SWENSON .David.

-HALLIBURTON ENERGY SERVICES;, INC., is:entitled as assigneé of the inventors,
HGDGERS John, SERRA, Marco, and: GLENN Timothy S.

1 [ This declaration is.continued on the following sheet, “Continuation of Box No. VL (Y,

Form PCE/RO/104 {detlatation shoét (i) (Jehuary 2010) 7 Few-Notey'1o the Fegiiést form
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Sheet Ng. .. 6 .

Box No. IX Ciif‘( K ES‘T Ier FF‘S—\\ h fiimgs - his shest is cnly to be wsed when ifing an intermational apphcan(m wih RS via EFS-Web

This international application. Numhber
contains the following: of sheets

{n} reguest forny PCI‘ FROY101
{including apy declasations-
#nd supplementn! sh_c:p@_s'_}j._‘.,.,-,;,;. e T 6

{b) deseription (excluding any
" scquence listing pert of e

(I} sequence Em:ng part.of; thc
description in the form of an
image fite (¢. & POFY. oo i

Total number f sheets: (inctading the
sequence [isting part of the, descr:phon .
if Bled ns animage fe) ... ... 0. o a4

(g sequence listing part.of the description

L1 filed in the form ¢fan Annex CIST.25 text-
fite

[ ‘WILL BE fited sepatately on physical dats
curfier(s}, on the samie dai and tii: the form
ol‘ an-Annex C!S‘E.l‘i text f’le

deseription, scé (), belowy) . ... 23
{©)claims.., ... ..o, T 5
(i_!}‘;bstgagt‘....,..._.......__._;_.._._... 3 1
(e) drawings (ifany) ., ovon. .yl 2 9

This intémational application is accompanied by the Writnber
following item(s) (oark the applicable;check-boses belove -of onis
and indicate in ¥ight coliin the rumber of eack ftem):
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MODELING SHOCK PRODUCED BY WELL PERFORATING

TECHNICAL FIELD

The present disclosure relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides for modeling shock produced by

well perforating.

BACKGROUND

Attempts have been made to model the effects of shock
due to perforating. It would be desirable to be able to
predict shock due to perforating, for example, to prevent
unsetting a production packer, to prevent failure of a
perforating gun body, and to otherwise prevent or at least

reduce damage to various components of a perforating string.

Unfortunately, past shock models have not been able to
predict shock effects in axial, bending and torsional
directions, and to apply these shock effects to three
dimensional structures, thereby predicting stresses in
particular components of the perforating string. One
hindrance to the development of such a shock model has been

the lack of satisfactory measurements of the strains, loads,
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stresses, pressures, and/or accelerations, etc., produced by
perforating. Such measurements can be useful in verifying a

shock model and refining its output.

Therefore, it will be appreciated that improvements are
needed in the art. These improvements can be used, for
example, in designing new perforating string components
which are properly configured for the conditions they will
experience in actual perforating situations, and in

preventing damage to any equipment.

SUMMARY

In carrying out the principles of the present
disclosure, a method is provided which brings improvements
to the art of predicting shock produced by well perforating.
One example is described below in which the method is used
to adjust predictions made by a shock model, in order to
make the predictions more precise. Another example is
described below in which the shock model is used to optimize

a design of a perforating string.

A method of utilizing a shock model for prediction of
perforating effects is provided by the disclosure below. In
one example, the method can include recording measurements
of the perforating effects on an actual perforating string
in a wellbore; adjusting the shock model so that predictions
of the perforating effects output by the shock model
substantially match the measurements of the perforating
effects; and causing the adjusted shock model to predict the

perforating effects for a proposed perforating string.

Also described below is a method of predicting
perforating effects on a perforating string in a wellbore.

The method can include inputting a three dimensicnal well
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model and a three dimensional model of the perforating
string into a shock model; and causing the shock model to

predict the perforating effects on the perforating string.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative embodiments of the disclosure hereinbelow and
the accompanying drawings, in which similar elements are
indicated in the various figures using the same reference

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partial cross-sectional view of a
well system and associated method which can embody

principles of the present disclosure.

FIGS. 2-5 are schematic views of a shock sensing tool

which may be used in the system and method of FIG. 1.

FIGS. 6-8 are schematic views of another configuration

of the shock sensing tool.
FIG. 9 is a schematic flowchart for the method.

FIG. 10 is a schematic block diagram of a shock model,

along with its inputs and outputs.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which can embody principles of the
present disclosure. 1In the well system 10, a perforating
string 12 is installed in a wellbore 14. The depicted
perforating string 12 includes a packer 16, a firing head

18, perforating guns 20 and shock sensing tools 22.

les
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In other examples, the perforating string 12 may
include more or less of these components. For example, well
screens and/or gravel packing equipment may be provided, any
number (including one) of the perforating guns 20 and shock
sensing tools 22 may be provided, etc. Thus, it should be
clearly understoocd that the well system 10 as depicted in
FIG. 1 is merely one example of a wide variety of possible
well systems which can embody the principles of this

disclosure.

A shock model can use a three dimensional model of the
perforating string 12 and wellbore 14 to realistically model
the physical behavior of the system 10 during a perforating
event. Preferably, the shock model will predict at least
bending, torsional and axial loading, as well as motion in
all directions (three dimensional motion). The model can
include predictions of casing contact and friction, and the

loads that result from it.

In a preferred example, detailed finite element models
of the components of the perforating string 12 enable a
higher fidelity prediction of stresses in the components.
Wellbore pressure dynamics and communication with a

formation can also be incorporated into the model.

The shock model is preferably calibrated using actual
perforating string loads and accelerations, as well as
wellbore pressures, collected from one or more of the shock
sensing tools 22. Measurements taken by the shock sensing
tools 22 can be used to verify the predictions made by the
shock model, and to make adjustments to the shock model, so

that future predictions are more accurate.

The shock sensing tocl 22 can be as described in the
International patent application entitled, “Sensing Shock

During Well Perforating,” filed on even date herewith. That
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patent application discloses that the shock sensing tools 22
can be interconnected in various locations along the

perforating string 12.

One advantage of interconnecting the shock sensing
tools 22 below the packer 16 and in close proximity to the
perforating guns 20 is that more accurate measurements of
strain and acceleration at the perforating guns can be
obtained. Pressure and temperature sensors of the shock
sensing tools 22 can also sense conditions in the wellbore
14 in close proximity to perforations 24 immediately after
the perforations are formed, thereby facilitating more
accurate analysis of characteristics of an earth formation

26 penetrated by the perforations.

A shock sensing tool 22 interconnected between the
packer 16 and the upper perforating gun 20 can record the
effects of perforating on the perforating string 12 above
the perforating guns. This information can be useful in
preventing unsetting or other damage to the packer 16,
firing head 18, etc., due to detonation of the perforating

guns 20 in future designs.

A shock sensing tool 22 interconnected between
perforating guns 20 can record the effects of perforating on
the perforating guns themselves. This information can be
useful in preventing damage to components of the perforating

guns 20 in future designs.

A shock sensing tool 22 can be connected below the
lower perforating gun 20, if desired, to record the effects
of perforating at this location. In other examples, the
perforating string 12 could be stabbed into a lower
completion string, connected to a bridge plug or packer at
the lower end of the perforating string, etc., in which case

the information recorded by the lower shock sensing tool 22
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could be useful in preventing damage to these components in

future designs.

Viewed as a complete system, the placement of the shock
sensing tools 22 longitudinally spaced apart along the
perforating string 12 allows acquisition of data at various
points in the system, which can be useful in validating a
model of the system. Thus, collecting data above, between
and below the guns, for example, can help in an
understanding of the overall perforating event and its

effects on the system as a whole.

The information obtained by the shock sensing tools 22
is not only useful for future designs, but can also be
useful for current designs, for example, in post-job
analysis, formation testing, etc. The applications for the
information obtained by the shock sensing tools 22 are not

limited at all to the specific examples described herein.

Referring additionally now to FIGS. 2-5, one example of
the shock sensing tool 22 is representatively illustrated.
As depicted in FIG. 2, the shock sensing tool 22 is provided
with end connectors 28 (such as, perforating gun connectors,
etc.) for interconnecting the tool in the perforating string
12 in the well system 10. However, other types of
connectors may be used, and the tool 22 may be used in other
perforating strings and in other well systems, in keeping

with the principles of this disclosure.

In FIG. 3, a cross-sectional view of the shock sensing
tool 22 is representatively illustrated. 1In this view, it
may be seen that the tool 22 includes a variety of sensors,
and a detonation train 30 which extends through the interior
of the tool.

The detonation train 30 can transfer detonation between

perforating guns 20, between a firing head (not shown) and a

Hi
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perforating gun, and/or between any other explosive
components in the perforating string 12. 1In the example of
FIGS. 2-5, the detonation train 30 includes a detonating
cord 32 and explosive boosters 34, but other components may

be used, if desired.

One or more pressure sensors 36 may be used to sense
pressure in perforating guns, firing heads, etc., attached
to the connectors 28. Such pressure sensors 36 are
preferably ruggedized (e.g., to withstand ~20000 ¢
acceleration) and capable of high bandwidth (e.g., >20 kHz).
The pressure sensors 36 are preferably capable of sensing up
to ~60 ksi (~414 MPa) and withstanding ~175 degrees C. Of
course, pressure sensors having other specifications may be

used, if desired.

Strain sensors 38 are attached to an inner surface of a
generally tubular structure 40 interconnected between the
connectors 28. The structure 40 is preferably pressure
balanced, i.e., with substantially no pressure differential

being applied across the structure.

In particular, ports 42 are provided to equalize
pressure between an interior and an exterior of the
structure 40. By equalizing pressure across the structure
40, the strain sensor 38 measurements are not influenced by
any differential pressure across the structure before,

during or after detonation of the perforating guns 20.

The strain sensors 38 are preferably resistance wire-
type strain gauges, although other types of strain sensors
(e.g., piezoelectric, piezoresistive, fiber optic, etc.) may
be used, if desired. 1In this example, the strain sensors 38
are mounted to a strip (such as a KAPTON(TM) strip) for
precise alignment, and then are adhered to the interior of

the structure 40.
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Preferably, four full Wheatstone bridges are used, with
opposing 0 and 90 degree oriented strain sensors being used
for sensing axial and bending strain, and +/- 45 degree

gauges being used for sensing torsional strain.

The strain sensors 38 can be made of a material (such
as a KARMA(TM) alloy) which provides thermal compensation,
and allows for operation up to ~150 degrees C. Of course,
any type or number of strain sensors may be used in keeping

with the principles of this disclosure.

The strain sensors 38 are preferably used in a manner
similar to that of a load cell or load sensor. A goal is to
have all of the loads in the perforating string 12 passing
through the structure 40 which is instrumented with the

sensors 38.

Having the structure 40 fluid pressure balanced enables
the loads (e.g., axial, bending and torsional) to be
measured by the sensors 38, without influence of a pressure
differential across the structure. 1In addition, the
detonating cord 32 is housed in a tube 33 which is not
rigidly secured at one or both of its ends, so that it does
not share loads with, or impart any loading to, the

structure 40.

A temperature sensor 44 (such as a thermistor,
thermocouple, etc.) can be used to monitor temperature
external to the tool. Temperature measurements can be
useful in evaluating characteristics of the formation 26,
and any fluid produced from the formation, immediately
following detonation of the perforating guns 20.

Preferably, the temperature sensor 44 is capable of accurate
high resolution measurements of temperatures up to =170

degrees C.
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Another temperature sensor (not shown) may be included
with an electronics package 46 positioned in an isolated
chamber 48 of the tool 22. 1In this manner, temperature
within the tool 22 can be monitored, e.g., for diagnostic
purposes or for thermal compensation of other sensors (for
example, to correct for errors in sensor performance related
to temperature change). Such a temperature sensor in the
chamber 48 would not necessarily need the high resolution,
responsiveness or ability to track changes in temperature
quickly in wellbore fluid of the other temperature sensor
44.

The electronics package 46 is connected to at least the
strain sensors 38 via pressure isolating feed-throughs or
bulkhead connectors 50. Similar connectors may also be used
for connecting other sensors to the electronics package 46.
Batteries 52 and/or another power source may be used to

provide electrical power to the electronics package 46.

The electronics package 46 and batteries 52 are
preferably ruggedized and shock mounted in a manner enabling
them to withstand shock loads with up to ~10000 g
acceleration. For example, the electronics package 46 and

batteries 52 could be potted after assembly, etc.

In FIG. 4 it may be seen that four of the connectors 50
are installed in a bulkhead 54 at one end of the structure
40. In addition, a pressure sensor 56, a temperature sensor
58 and an accelerometer 60 are preferably mounted to the
bulkhead 54.

The pressure sensor 56 is used to monitor pressure
external to the tool 22, for example, in an annulus 62
formed radially between the perforating string 12 and the
wellbore 14 (see FIG. 1). The pressure sensor 56 may be
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similar to the pressure sensors 36 described above. A

suitable pressure transducer is the Kulite model HKM-15-500.

The temperature sensor 58 may be used for monitoring
temperature within the tool 22. This temperature sensor 58
may be used in place of, or in addition to, the temperature
sensor described above as being included with the

electronics package 46.

The accelerometer 60 is preferably a piezoresistive
type accelerometer, although other types of accelerometers
may be used, if desired. Suitable accelerometers are
available from Endevco and PCB (such as the PCB 3501A
series, which is available in single axis or triaxial

packages, capable of sensing up to ~60000 g acceleration).

In FIG. 5, another cross-sectiocnal view of the tocol 22
is representatively illustrated. In this view, the manner
in which the pressure transducer 56 is ported to the
exterior of the tocl 22 can be clearly seen. Preferably,
the pressure transducer 56 is close to an outer surface of
the toocl, so that distortion of measured pressure resulting
from transmission of pressure waves through a long harrow

passage 1is prevented.

Also visible in FIG. 5 is a side port connector 64
which can be used for communication with the electronics
package 46 after assembly. For example, a computer can be
connected to the connector 64 for powering the electronics
package 46, extracting recorded sensor measurements from the
electronics package, programming the electronics package to
respond tc a particular signal or to *“wake up” after a
selected time, otherwise communicating with or exchanging

data with the electronics package, etc.

Note that it can be many hours or even days between

assembly of the tool 22 and detonation of the perforating
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guns 20. 1In order to preserve battery power, the
electronics package 46 is preferably programmed to “sleep”
(i.e., maintain a low power usage state), until a particular
signal is received, or until a particular time period has

elapsed.

The signal which “wakes” the electronics package 46
could be any type of pressure, temperature, acoustic,
electromagnetic or other signal which can be detected by one
or more cf the sensors 36, 38, 44, 56, 58, 60. For eXample,
the pressure sensor 56 could detect when a certain pressure
level has been achieved or applied external to the tool 22,
or when a particular series of pressure levels has been
applied, etc. 1In response to the signal, the electronics
package 46 can be activated to a higher measurement
recording frequency, measurements from additional sensors

can be recorded, etc.

As another example, the temperature sensor 58 could
sense an elevated temperature resulting from installation of
the tool 22 in the wellbore 14. 1In response to this
detection of elevated temperature, the electronics package
46 could “wake” to record measurements from more sensors

and/or higher frequency sensor measurements.

As yet another example, the strain sensors 38 could
detect a predetermined pattern of manipulations of the
perforating string 12 (such as particular manipulations used
to set the packer 16). In response to this detection of
pipe manipulations, the electronics package 46 could “wake”
to record measurements from more sensors and/or higher

frequency sensor measurements.

The electronics package 46 depicted in FIG. 3
preferably includes a non-volatile memory 66 so that, even

if electrical power is no longer available (e.g., the
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batteries 52 are discharged), the previously recorded sensor
measurements can still be downloaded when the tool 22 is
later retrieved from the well. The non-volatile memory 66
may be any type of memory which retains stored information
when powered off. This memory 66 could be electrically
erasable programmable read only memory, flash memory, or any
other type of non-volatile memory. The electronics package
46 is preferably able to collect and store data in the

memory 66 at >100 kHz sampling rate.

Referring additionally now to FIGS. 6-8, another
configuration of the shock sensing tool 22 is
representatively illustrated. 1In this configuration, a flow
passage 68 (see FIG. 7) extends longitudinally through the
tool 22. Thus, the tool 22 may be especially useful for
interconnection between the packér 16 and the upper
perforating gun 20, although the tool 22 could be used in
other positions and in other well systems in keeping with

the principles of this disclosure.

In FIG. 6 it may be seen that a removable cover 70 is
used to house the electronics package 46, batteries 52, etc.
In FIG. 8, the cover 70 is removed, and it may be seen that
the temperature sensor 58 is included with the electronics
package 46 in this example. The accelerometer 60 could also
be part of the electronics package 46, or could otherwise be

located in the chamber 48 under the cover 70.

A relatively thin protective sleeve 72 is used to
prevent damage to the strain sensors 38, which are attached
to an exterior of the structure 40 (see FIG. 8, in which the
sleeve is removed, so that the strain sensors are visible).
Although in this example the structure 40 is not pressure
balanced, another pressure sensor 74 (see FIG. 7) can be

used to monitor pressure in the passage 68, so that any
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contribution of the pressure differential across the
structure 40 to the strain sensed by the strain sensors 38
can be readily determined (e.g., the effective strain due to
the pressure differential across the structure 40 is
subtracted from the measured strain, to yield the strain due

to structural loading alone).

Note that there is preferably no pressure differential
across the sleeve 72, and a suitable substance (such as
silicone oil, etc.) is preferably used to fill the annular
space between the sleeve and the structure 40. The sleeve
72 is not rigidly secured at one or both of its ends, so
that it does not share loads with, or impart loads to, the

structure 40.

Any of the sensors described above for use with the
tool 22 configuration of FIGS. 2-5 may also be used with the
tool configuration of FIGS. 6-8.

In general, it is preferable for the structure 40 (in
which loading is measured by the strain sensors 38) to
experience dynamic loading due only to structural shock by
way of being pressure balanced, as in the configuration of
FIGS. 2-5. However, other configurations are possible in
which this condition can be satisfied. For example, a pair
of pressure isolating sleeves could be used, one external
to, and the other internal to, the load bearing structure 40
of the FIGS. 6-8 configuration. The sleeves could
encapsulate air at atmospheric pressure on both sides of the
structure 40, effectively isolating the structure from the
loading effects of differential pressure. The sleeves
should be strong enough to withstand the pressure in the
well, and may be sealed with o-rings or other seals on both

ends. The sleeves may be structurally connected to the tool

it
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at no more than one end, so that a secondary load path

around the strain sensors 38 is prevented.

Although the perforating string 12 described above is
of the type used in tubing-conveyed perforating, it should
be clearly understood that the principles of this disclosure
are not limited to tubing-conveyed perforating. Other types
of perforating (such as, perforating via coiled tubing,
wireline or slickline, etc.) may incorporate the principles
described herein. Note that the packer 16 is not

necessarily a part of the perforating string 12.

With measurements obtained by use of shock sensing
tools 22, a shock model can be precisely calibrated, so that
it can be applied to proposed perforating system designs, in
order to improve those designs (e.g., by preventing failure
of, or damage to, any perforating system components, etc.),
to optimize the designs in terms of performance, efficiency,

effectiveness, etc., and/or to generate optimized designs.

In FIG. 9, a flowchart for the method 80 is
representatively illustrated. The method 80 depicted in
flowchart form in FIG. 9 can be used with the system 10
described above, or it may be used with a variety of other

systems.

In step 82, a planned or proposed perforating job is
modeled. Preferably, at least the perforating string 12 and
wellbore 14 are modeled geometrically in three dimensions,
including material types of each component, expected
wellbore communication with the formation 26 upon
perforating, etc. Finite element models can be used for the

structural elements of the system 10.

Suitable finite element modeling software is LS-
DYNA(TM) available from Livermore Software Technology

Corporation. This software can utilize shaped charge
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models, multiple shaped charge interaction models, flow

through permeable rock models, etc.

In steps 90, 84, 86, 87, 88, the perforating string 12
is optimized using the shock model. Various metrics may be
used for this optimization process. For example,
performance, cost-effectiveness, efficiency, reliability,
and/or any other metric may be maximized by use of the shock

model.

Optimization may also include improving the safety
margins for failure as a trade-off with other performance
metrics. 1In one example, it may be desired to have tubing
above the perforating guns 20 as short as practical, but
failure risks may require that the tubing be longer. So
there is a trade-off, and an accurate shock model can help

in selecting an appropriate length for the tubing.

Optimization is an iterative process of running shock
model simulations and modifying the perforating job design
as needed to improve upon a valued performance metric. Each
iteration of modifying the design influences the response of
the system to shock and, thus, requires that the failure
criteria be checked every iteration of the optimization

process.

In step 90, the shock produced by the perforating
string 12 and its effects on the various components of the
perforating string are predicted by running a shock model
simulation of the perforating job. For example, the
perforating system can be input to the shock model to obtain
a prediction of stresses, strains, pressures, loading,

motion, etc., in the perforating string 12.

Based on the outcome of applying failure criteria to
these predictions in step 84 and the desire to optimize the

design further, the perforating string 12 can be modified in

k4
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step 88 as needed to enhance the performance, cost-
effectiveness, efficiency, reliability, etc., of the

perforating system.

The modified perforating string 12 can then be input
into the shock model to obtain another prediction, and
another modification of the perforation string can be made
based on the prediction. This process can be repeated as
many times as needed to obtain an acceptable level of
performance, cost-effectiveness, efficiency, reliability,

etc., for the perforating system.

Once the perforating string 12 and overall perforating
system are optimized, in step 92 an actual perforating
string is installed in the wellbore 14. The actual
perforating string 12 should be the same as the perforating
string model, the actual wellbore 14 should be the same as
the modeled wellbore, etc., used in the shock model to

produce the prediction in step 90.

In step 94, the shock sensing tool({s) 22 wait for a
trigger signal to start recording measurements. As
described above, the trigger signal can be any signal which
can be detected by the shock sensing tool 22 (e.g., a
certain pressure level, a certain pattern of pressure

levels, pipe manipulation, a telemetry signal, etc.).

In step 96, the perforating event occurs, with the
perforating guns 20 being detonated, thereby forming the
perforations 24 and initiating fluid communication between
the formation 26 and the wellbore 14. Concurrently with the
perforating event, the shock sensing tool(s) 22 in step 98
record various measurements, such as, strains, pressures,
temperatures, accelerations, etc. Any measurements or

combination of measurements may be taken in this step.
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In step 100, the shock sensing tools 22 are retrieved
from the wellbore 14. This enables the recorded measurement
data to be downloaded to a database in step 102. 1In other
examples, the data could be retrieved by telemetry, by a
wireline sonde, etc., without retrieving the shock sensing
toocls 22 themselves, or the remainder of the perforating

string 12, from the wellbore.

In step 104, the measurement data is compared to the
predictions made by the shock model in step 90. If the
predictions made by the shock model do not acceptably match
the measurement data, appropriate adjustments can be made to
the shock model in step 106 and a new set of predictions
generated by running a simulation of the adjusted shock
model. If the predictions made by the adjusted shock model
still do not acceptably match the measurement data, further
adjustments can be made to the shock model, and this process

can be repeated until an acceptable match is obtained.

Once an acceptable match is obtained, the shock model
can be considered calibrated and ready for use with the next
perforating job. Each time the method 80 is performed, the
shock model should become more adept at predicting loads,
stresses, pressures, motions, etc., for a perforating
system, and so should be more useful in optimizing the

perforating string to be used in the system.

Over the long term, a database of many sets of
measurement data and predictions can be used in a more
complex comparison and adjustment process, whereby the shock
model adjustments benefit from the accumulated experience
represented by the database. Thus, adjustments to the shock
model can be made based on multiple sets of measurement data

and predictions.
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Referring additionally now to FIG. 10, a block diagram
of the shock model 110 and associated well model 112,
perforating string model 114 and output predictions 116 are
representatively illustrated. As described above, the shock
model 110 utilizes the model 112 of the well (including, for
example, the geometry of the wellbore 14, the
characteristics of the formation 26, the fluid in the
wellbore, flow through permeable rock models, etc.) and the
model 114 of the perforating string 12 (including, for
example, the geometries of the various perforating string
components, shaped charge models, shaped charge interaction
models, etc.), in order to produce the predictions 116 of
loads, stresses, pressures, motions, etc. in the well system
10.

The perforating string 12, wellbore 14 (including,
e.g., casing and cement lining the wellbore), fluid in the
wellbore, formation 26, and other well components are
preferably precisely modeled in three dimensions in high
resolution using finite element modeling techniques. For
example, the perforating guns 20 can be modeled along with

their associated gun body scallops, thread reliefs, etc.

Deviation of the wellbore 14 can be modeled. This is
used in predicting contact loads, friction and other
interactions between the perforating string 12 and the
wellbore 14.

The fluid in the wellbore 14 can be modeled. The
modeled wellbore fluid is the link between the pressures
generated by the shaped charges, formation communication,
and the perforating string 12 structural model. The
wellbore fluid can be modeled in one dimension or,
preferably, in three dimensions. Modeling of the wellbore

fluid can also be described as a fluid-structure interaction
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model, a term that refers to the lcads applied to the
structure by the fluid.

Failures can alsc occur as a result of high pressures
or pressure waves. S0 it is important for the model to
predict the fluid behavior for the reasons that the fluid
loads the structure and the fluid itself can damage the

packer or casing directly.

A three dimensional shaped charge model can be used for
predicting linternal gun pressures and distributions, impact
loads of charge cases on interiors of the gun bodies, charge

interaction effects, etec.

The shock model 110 can include neural networks,
genetic algorithms, and/or any combination of numerical
methods to produce the predictions. One particular benefit
of the method 80 described above is that the accuracy of the
predictions 116 produced by the shock model 110 can be
improved by utilizing the actual measurements of the effects
of shock taken by the shock sensing tool(s) 22 during a
perforating event. The shock model 110 is preferably
validated and calibrated using the measurements of actual
perforating effects by the shock sensing tool(s) 22 in the

perforating string 12.

The shock model 110 and/or shock sensing tool 22 can be
useful in failure investigation, that is, to determine why

damage or failure occurred on a particular perforating job.

The shock model 110 can be used to optimize the
perforating string 12 design, for example, to maximize
performance, to minimize stresses, motion, etc., in the
perforating string, to provide an acceptable margin of

safety against structural damage or failure, etc.
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In the application of failure criteria to the
predictions generated by the shock model 110, typical
metrics, such as material static yield strength, may be used
and/or more complex parameters that relate to strain rate-
dependent effects that affect crack growth may be used.
Dynamic fracture toughness is a measure of crack growth
under dynamic loading. Stress reversals result when loading
shifts between compression and tension. Repeated load
cycles can result in fatique. Thus, the application of
failure criteria may involve more than simply a stress

versus strength metric.

The shock model 110 can incorporate other tools that
may have more complex behavior that can affect the model’s
predictions. For example, advanced gun connectors have been
modeled specifically because they exhibit a nonlinear

behavior that has a large effect on predictions.

It may now be fully appreciated that the above
disclosure provides several advancements to the art. The
shock model 110 can be used to predict the effects of a
perforating event on various components of the perforating
string 14, and to investigate a failure of, or damage to, an
actual perforating string. In the method 80 described
above, the shock model 110 can also be used to optimize the
design of the perforating string 14.

The above disclosure provides to the art a method 80 of
utilizing a shock model 110 for prediction of perforating
effects. The method 80 can include recording measurements
of the perforating effects on an actual perforating string
12 in a wellbore 14; adjusting the shock model 110 so that
predictions of the perforating effects output by the shock
model 110 substantially match the measurements of the

perforating effects; and causing the adjusted shock model
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110 to predict the perforating effects for a proposed

perforating string 12.

The recorded measurements may include axial, bending
and torsional strain in the actual perforating string 12.
The recorded measurements may also include pressure external
to, internal to, and/or in a perforating gun 20 of, the

actual perforating string 12.

Adjusting the shock model can include repeatedly: a)
receiving a comparison of the predictions of the perforating
effects to the measurements of the perforating effects, and
b) adjusting the shock model 110 to reduce differences
between the predictions of the perforating effects and the
measurements of the perforating effects, until the

differences are acceptably reduced.

The method may include, prior to the recording step,
inputting a three dimensional geometrical model 114 of the

actual perforating string 12 into the shock model 110.

The method may include, after the adjusting step and
prior to the causing step, inputting a three dimensional
model 114 of the proposed perforating string 12 into the
shock model 110.

The predictions of the perforating effects can include
stresses along the actual perforating string 12, motions
along the actual perforating string 12, and/or interactions
between the actual perforating string 12 and the wellbore
l4. The interactions between the actual perforating string
12 and the wellbore 14 may include contact loads and
friction between the actual perforating string 12 and the
wellbore 14.

The above disclosure also describes a method 80 of

predicting perforating effects on a perforating string 12 in
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a wellbore 14. The method 80 can include inputting a three
dimensional well model 112 and a three dimensional model 114
of the perforating string 12 into a shock model 110; and
causing the shock model 110 to predict the perforating

effects on the perforating string 12.

The three dimensional model 114 of the perforating
string 12 may include a model of one or more shock sensing

tools 22 interconnected in the perforating string 12.

The three dimensional model 114 of the perforating
string 12 may include material properties of components of

the perforating string 12.

The method 80 can include measuring the perforating
effects on the perforating string 12 caused by detonation of

perforating guns 20.

The method 80 may include adjusting the shock model 110
so that the predicted perforating effects output by the
shock model 110 substantially match the measurements of the

perforating effects.

The perforating effects can include at least axial,
bending and torsional strain in the perforating string 12.
The perforating effects may include stresses along the
perforating string 12, motions along the perforating string
12, and/or interactions between the perforating string 12
and the wellbore 14. The interactions between the
perforating string 12 and the wellbore 14 can include
contact loads and friction between the perforating string 12
and the wellbore 14.

It is to be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc¢., and

in various configurations, without departing from the
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principles of the present disclosure. The embodiments are
described merely as examples of useful applications of the
principles of the disclosure, which is not limited to any

specific details of these embodiments.

In the above description of the representative
embodiments, directional terms, such as “above,” “below,”
“upper,” “lower,” etc., are used for convenience in
referring to the accompanying drawings. In general,
“above,” “upper,” “upward” and similar terms refer to a
direction toward the earth’s surface along a wellbore, and
“below,” “lower,” “downward” and similar terms refer to a

direction away from the earth’s surface along the wellbore.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present disclosure. Accordingly,
the foregeing detailed description is to be clearly
understood as being given by way of illustration and example
only, the spirit and scope of the present invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method of utilizing a shock model for prediction

of perforating effects, the method comprising:

5 recording measurements of the perforating effects on an

actual perforating string in a wellbore;

adjusting the shock model so that predictions of the
perforating effects output by the shock model substantially

match the measurements of the perforating effects; and

10 causing the adjusted shock model to predict the

perforating effects for a proposed perforating string.

2. The method of claim 1, wherein the recorded
measurements include axial, bending and torsional strain in

15 the actual perforating string.

3. The method of claim 1, wherein the recorded
measurements include pressure external to the actual

perforating string.

20
4. The method of claim 1, wherein the recorded
measurements include pressure internal to the actual
perforating string.
25 5. The method of claim 1, wherein the recorded

measurements include pressure internal to a perforating gqun

of the actual perforating string.
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6. The method of claim 1, wherein adjusting the shock
model further comprises repeatedly: a) receiving a
comparison of the predictions of the perforating effects to
the measurements of the perforating effects, and b)
adjusting the shock model to reduce differences between the
predictions of the perforating effects and the measurements
of the perforating effects, until the differences are

acceptably reduced.

7. The method of claim 1, further comprising, prior
to the recording step, inputting a three dimensional
geometrical model of the actual perforating string into the

shock medel.

8. The method of claim 1, further comprising, after
the adjusting step and prior to the causing step, inputting
a three dimensional model of the proposed perforating string

into the shock model.

9. The method of claim 1, wherein the predictions of
the perforating effects include stresses along the actual

perforating string.

10. The method of claim 1, wherein the predictions of
the perforating effects include motions along the actual

perforating string.

11. The method of claim 1, wherein the predictions of
the perforating effects include interactions between the

actual perforating string and the wellbore.

A

Copy provided by USPTO from the IFW Image Database on 10/28/20114
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12. The method of claim 11, wherein the interactions
between the actual perforating string and the wellbore
include contact loads and friction between the actual

perforating string and the wellbore.

3L

V;
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13. A method of predicting perforating effects on a

perforating string in a wellbore, the method comprising:

inputting a three dimensional well model and a three
dimensional model of the perforating string into a shock

model; and

causing the shock model to predict the perforating

effects on the perforating string.

l4. The method of claim 13, wherein the three
dimensional model of the perforating string includes a model
of a shock sensing tool interconnected in the perforating

string.

15. The method of claim 13, wherein the three
dimensional model of the perforating string includes a model
of multiple shock sensing tools interconnected in the

perforating string.

16. The method of claim 13, wherein the three
dimensional model of the perforating string includes

material properties of components of the perforating string.

17. The method of claim 13, further comprising
measuring the perforating effects on the perforating string

caused by detonation of perforating guns.

18. The method of claim 17, further comprising
adjusting the shock model so that the predicted perforating

127
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effects output by the shock model substantially match the

measurements of the perforating effects.

19. The method of claim 13, wherein the perforating
effects include at least axial loads in the perforating

string.

20. The method of claim 19, wherein the perforating
effects further include bending loads in the perforating

string.

21. The method of claim 20, wherein the perforating
effects further include torsional loads in the perforating

string.

22. The method of claim 13, wherein the perforating

effects include stresses along the perforating string.

23. The method of claim 13, wherein the perforating

effects include motions along the perforating string.

24. The method of claim 13, wherein the perforating
effects include interactions between the perforating string

and the wellbore.

25. The method of claim 24, wherein the interactions
between the perforating string and the wellbore include
contact loads and friction between the perforating string

and the wellbore.
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ABSTRACT

A method of utilizing a shock model for prediction of

perforating effects can
the perforating effects
wellbore, adjusting the
the perforating effects

substantially match the

include recording measurements of

on an actual perforating string in a
shock model so that predictions of
output by the shock model

measurements of the perforating

effects, and causing the adjusted shock model to predict the

perforating effects for

a proposed perforating string. A

method of predicting perforating effects on a perforating

string in a wellbore can include inputting a three

dimensional well model and a three dimensional model of the

perforating string into a shock model, and causing the shock

model to predict the perforating effects on the perforating

string.
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Delaware, que tiene negocios en 10200 Bellaire Boulevard, Houston, Texas
77072, (algunas veces llamado en adelante “CESIONARIO”), por medio de la
presente CEDO, VENDO y CONVENGO con dicho CESIONARIO, sus sucesores
y cesionarios, la totalidad de mi derecho, titulo e interés alrededor del mundo en y
para:

1. La mencionada invencion de un “MODELADQO DE IMPACTO PRODUCIDO
POR LA PERFORACION DE UN POZO";

2. La Solicitud Intemnacional de Patente sobre la invencién mencionada,
Referencia del Archivo del Agente No. 10-031572U1 Serial No.
PCT/US10/61104 presentado en Diciembre 17, 2010, que lleva por nombre
“MODELADO DE IMPACTO PRODUCIDO POR LA PERFORACION DE
UN POZO”;

3. Todas las solicitudes de patentes o protecciones similares sobre la
invencidon mencionada que han sido ahora o puedan ser hechas en el futuro



por nosotros o por nuestros representantes legales, bien sea en los Estados
Unidos de América o en cualquier otro lugar en cualquier sitio del mundo;

. Todas las patentes y protecciones similares que hayan sido ahora o puedan
ser otorgadas sobre tal invencién en el futuro para mi o mis representantes
legales, bien sea en los Estados Unidos de América o en cualquier otro pais
0 lugar en cualquier sitio del mundo;

. Todas las sustituciones para y las divisiones, continuaciones,
continuaciones en parte, renovaciones, reexpediciones, extensiones, y
similares de tales solicitudes y patentes y otorgamientos similares,
incluyendo pero sin limitaciones, aquellas obtenidas o permitidas bajo las
leyes y estatutos pasados, presentes y futuros;

. Todos los derechos de iniciar acciones judiciales por cuenta del uso no
autorizado presente, pasado y futuro de tal invencion por infraccion de las
patentes mencionadas y proteccion similar;

. El derecho para el CESIONARIO para presentar en su nombre solicitudes
para patentes y proteccion similar para la invencion mencionada en
cualquier pais o paises extranjeros diferentes de los Estados Unidos; y

. Todos ios derechos de prioridad internacionales asociados con dicha
invencion, solicitudes, patentes y proteccion similar; y nos comprometemos
a que nosotros, nuestros herederos, representantes legales, cesionarios,
administradores, y ejecutores a expensa del CESIONARIQ, sus sucesores
y cesionarios, firmaran todos los papeles y ejecutaran tales otros actos
como pueda ser razonablemente necesarios para dar al CESIONARIO, sus
sucesores y cesionarios, el beneficio total de esta cesion.

(SO



FIRMADO EN el Condado de TARRANT, Texas, el 30 de Diciembre de 2010.

(ilegible)
John RODGERS

ESTADOQ DE TEXAS ]

]
CONDADO DE TARRANT ]

ANTE Mi, la autoridad abajo firmante, en este dia comparecié ante mi
personalmente John RODGERS , reconocido por mi como la persona cuyo
nombre se encuentra suscrito en el anterior documento, y reconocié ante mi
que el firmd el mismo para los propdsitos y consideraciones expresadas alli.

BAJO MI FIRMA Y SELLO DE OFICINA, este 30 de Diciembre de 2010.

(Sello) (Firma legible)
MUHAMMED A. PIRACHA NOTARIO PUBLICO
NOTARIQ PUBLICO

ESTADO DE TEXAS

LA COMISION EXPIRA 20-Septiembre-2014

REGISTRADO: 04/16/2009 PATENTE
ROLLO: 025714 CUADRO: 0821
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FIRMADO EN el Condado de WINTERTHUR, Suiza, el 14 de Enero de 2011.

(ilegible)
Marco SERRA

RECONOCIMIENTO
ANTE M|, El testigo abajo firmante, en este dia comparecié Marco SERRA, a
quien conozco como la persona cuyo nombre estad suscrito en el anterior
documento, y quien reconocio ante mi que firnd el mismo para los propositos y
consideraciones alli expresados, este 14 de Enero de 2011.

(ilegible)
Firma de! Testigo

KAl DETZNER
Nombre del Testigo

Edi Meier + Partner AG
Geophysik Geotechnik
Jégerstrasse 2

8406 Winterthur

PATENTE
ROLLO: 025714 CUADRO: 0922
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FIRMADO EN e! Condado de Dallas, Texas, el 5 de Enero de 2011.

(ilegible)
David SWENSON

ESTADO DE TEXAS ]
CONDADO DE DALLAS ]
ANTE Mi, ia autoridad abajo fiiante, en este dia comparecié ante mi
personalmente David SWENSON, reconocido por mi como la persona cuyo
nombre se encuentra suscnito en el anterior documento, y reconocié ante mi

que el firmd el mismo para los propasitos y consideraciones expresadas alli.

BAJO MI FIRMA Y SELLO DE OFICINA, este 5 de Enero de 2011,

(Sello) (Firma Hegible)
CYNTHIA A. GONZALEZ NOTARIO PUBLICO
NOTARIO PUBLICO

ESTADO DE TEXAS

LA COMISION EXPIRA 10-29-2011

PATENTE
ROLLO: 025714 CUADRO: 0923



. ' 15U

FIRMADO EN el Condado de MIDDLE SEX, Massachusetts TSG, el 10 de
Enero de 2011.

(ifegible)
Timothy S. GLENN

ESTADO DE MASSACHUSETTS ]

CONDADO DE MIDDLESEX 1

ANTE Mi, la autoridad abajo firmante, en este dia comparecio ante mi
personalmente Timothy S. GLENN , reconocido por mi como la persona cuyo
nombre se encuentra suscrito en el anterior documento, y reconocié ante mi
que el firmo el mismo para los propdsitos y consideraciones expresadas alli.

BAJO MiI FIRMA'Y SELLO DE OFICINA, este 10 de Enero de 2011.

(Sello) (Firma llegible)
NOTARIO PUBLICO

Mi COMISION EXPIRA 8/11/11
REGISTRADO: 017282011 PATENTE

ROLLO: 025714 CUADRO: 0924

ESTA ES UNA TRADUCCION COMPLETA Y EXACTA. PARA SU
CONFRONTACION SE GUARDA COPIA DE ELLA EN ESTA OFICINA.

Bogota, Diciembre 13 de 2011
H) KOU&QO'G@&%

Ndmero de péginas incluyendo esta: 10



‘ 3 PCT/US2010/061 104
PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

PCT

SMITH MARILIN R,

SMITH [P SERVICES, P.C, P.O. BOX 997 ROCKWALL TX NOTIFICATION OF TRANSMITTAL OF

75087 USA THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
{day/monthiyear) 28 JULY 2011 (28.07.2011)

Applicant's or agent’s file reference

10-031372U1 FOR FURTHER ACTION  See paragraphs | and 4 below

International apphivation Ne. ?f}tcmmim;ai ﬁlz'l;g date

ayimontivyear,
PCT/US2610/061104 17 DECEMBER 2010 (17.12.2010)
Apphcam

HALLIBURTON ENERGY SERVICES, INC. etal

L B The applicant is hereby nofified thas the intematiaonal search ripart and the written opinion of the lieraational Searching

Authority have been established nd are ransmitied herewith.
Filing of amendmen(s and statement under Article 19:
The applicentis entitted. i he so wishes, to amend die olaims of the imematinnal application {see Rule 48);

Whaen? The tinie limit for Rling such amendments is notmally 1wo months fron the date of transmivtal of the

international scarelt report,
Where? Directly 1o the Intemnational Burean of WIPQ, 34 chemin des Colombreies
1211 Geneva 20, Swizerland, Facsimile Mo, +41 22338 82 70
For more detaifed instruclions, see PCT Applicant’s Guide, International Phase, paragraphs 9.004 . 9.011,

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article [F(2)(#) to that ¢ffect and the written apinion of the Tnternationat Searching Authority 2re yansmitied herewitly,

3 D With regard te any protest against pavmen of ¢an) additional foe{s) under Rule 40.2, the applican is notified that:
[_] the protest together with the decision thercon has been transmitied to the International Bureau together with any
request to Torvvard (he texts of hoth the pratest and the decision thereon (o the designated Offices,

D ng deeision has been made vit on the protest; the applicant will be notified as soon as 2 decision is mode.
4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Scarching
Authority 10 the International Bureau. The Intemnationz] Burcau will send a copy of such comments to al! designated
Offices unless an imternational prefiminary examination report has been or is 1o be established, Following the
expiration of 30 monihs {rom the priority date, lhese comments will alse be made available 10 the public.

Shortly after the expiration of 18 menths from the priority date, the international applicatien will be published by the
International Burcay. 1f the applicant wishes 1o avoid or posipone publication, a notice of withdrawal of the
imernational applicaiion, or of the priority claim, must reach the Inemational Bureaw before the completian of the
technical preparavions for international publication (Rules $0bis. | and 99bis. 3).

Within 19 menths [rom the priority date, but only in respect of some designated Offices, a demand for international
preliminary examination must be filed if the applicant wishes to postpone the entry inio the national phase until 30
months from the priority date (in some Offices even later); otherwise, the applicant must, within 28 menths from the
priority date, perform 1he prescriped acts for enry into the national phase before those designated Offices,
bn respect of other designated Offices, the lime limit of 36 menths (or fater} will apply even if ne demand is fifed
within T9months,

For detatls about the np;ﬁicabic time limits. Office by Office, see www wipo.Inv/povenftextsfime_limits.himl and the
PCT Applicant's Guide; Nationa) Chapters.

Nume and maiting address pf' the TSAZKR Authorized officer
 Korean Intellectual Propenty Office
a1 Government Complex-Datjeon, 188 Cheongsa-ro, COMMISSIONER
3 7 Seo-gu. Dacjeon 302-701, Republic of Korea
Facsimile No, 82-42-472-71d0 Teleghene No. 82.42-481-8754

Form PCTASAI0 {July 2010}



* Alenuon

Copics af the documents cited in the international search repant can he searched in the following Korean fntelleciusal
Property Office English website for three months from the date of madling of tie international search report.

hupeiiwanw kipo gokefens =» PCT Services => PCT Services

1D - PCT international application number
PW L GOWTISNSP

Inquiries related o PCT [ntemational Scarch Repon or Written Opinion prepared by KIPO as an [nternational
Scarching Autharity can be answered notonly by KIPG but also through IPKC (Imellcctual Property Korea
Center). located in Vienna. VA, which functions as a PCT Help Desk for PCT applicans.

Homepoge: hup:fivww, ipkcenter.com
Email: ipkcfgipkcenter,com

Phone: +1 703 388 1066

Fux:+1 703 388 1084

Notes to Form PCTASA/IZE (Juby 2010)



PCT/US2010/061104
PATENT COOPERATION TREATY
INTERNATIONAL SEARCH REPORT
{PCT Artlcle I8 and Rales 43 and 44)
Appticant's or agent’s file reference FOR FURTHER sce Form PCT/ISA/220
10-03157210) ACTION as well as, where applicable, item 3 below.
Intemational application No. Imemational filing dawe {day'manthiyear) (Earlicst) Priority Date (deyimontivyvear)
PCT/US2010/061104 17 DECEMBER 2010 (17.12.2018)
Applicant

HALLIBURTON ENERGY SERVICES, INC. et al

This International search report has been prepired by this International Scarching Authority and is transmitted to the applicant sccording
to Article 18, A copv is being ransmitted 10 the Interpational Bureau,

This internationad search report consists of a total of 3 sheats,
D It is also accampanicd by a copy of each prior art document cited in this report.

1. Busis of the report
a. With regard o the fanguage. the intermational search was carried out on the bagis of

D the Inteenational application in the langunge in which it was filed
D a uanshation of the inernational applivation into . which is the language of a
translation furnished for the purposes of imemational scarch (Rules 12.3{a) and 23.1(b)}

b This international search report has been cstablished daking into account ihe rectiication of an obvieus mistake
auwtharized by or nonificd w this Authority under Rule 91 {Rule 43.65:s(a)).

¢ D With regard to any nucleotide sad/or aming acid sequence disclosed in the intermational application, see Rox No, |

2. D Certain claims were found onsearchable (S¢c Box No. 11}

3 D Uinity of invention is lacking (Sce RBox No. 111

4. With regard fo the tie,
D the ext is approved as submitted by the applicant,
D the 1Nt has been established by this Authority 1o rcad as follows:

3. With regard to the abstraci,
D the 1wyt is approved as submitned by the spplicans,
r_—] the text has been established, according to Rule 38.2, by this Auchority as it appears in Box No. 1V, The applicant

may, within one month from the date of masting of this international search report, submit comments (o this Authority.

6. With regard to the drawings,
a. the fipure of the drawings to be published with the abstract is Figure No. 5
D s supgested by the applicant.
D us sclected by this Authority. because the applicunt failed to suggest 2 figure.
D as selected by this Authority, because this figure better churactérizes the invention.

b D none of the figure is 16 be published with the abstract

Farm PCTASAS210 (first sheet) (July 2009

153



INTERNATIONAL SEARCH REPORT

Internatinnal application No.

PCTUS2010/061104

A, CLASSIFICATION OF SURIECT MATTER

E2]B 47/00{2006.01}i, E218B 47/01(2006.01}i, E21B 47/06{2006.01)i

According o Intermational Patem Classification (IPC) ot to both natonal classification and IPC

B. FIELDS SEARCHED

E21B 49/00; E21B 43/116; E21B 4170; E21B 43/11

Minimum documentation searched (classificution system followed by classification symbols)

Korean utility models and applications for utility models
Japanese witity models and applications for utility models

Documentition searched other than minimum documentation to the extent that such documents are ineluded in the fields searched

Elcctronic dita base consulted during the intermational search (name of data base and, where practicable. search terms used)
eKOMPASSIKIPO internal] & Keywords:perforating effect. perforating sering, a shock model, perforating gun, strain

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See page 7 and Ngure 4,

Category* Citntion of document, with indication. where appropriate, ol the relevant passages Rélevant Lo ¢laim No,
A U5 2010-0230105 AL (VAYNSHTEYRN VLADIMIR) 18 September 2010 1-25
See paragriphs 23, 52 and figures -3,
A 0B 2406870 A (SCRLUMBERGER HOLDINGS LIMITED)) i3 April 2003 1-25
See absiract, poges 3-5 and figures 3. 17.
E ¥ 2007-036121 A1 (SHELL OFL COMPANY et al.) 18 Nay 2007 1-25

D Further documenis are histed in the continuation of Box C.

D Sec patent family annex,

i Sprecial vateportes of cited documents

“A®  document dedining the general scate ol the art which is ot considered
16 e b particular relevance

"E"  earher applicabon or patent but published o or after the intemational
Oliap date

‘LY decument which may theow doubls on prionty claimisyer which s
cited to establish Use publication date of cilation or othed
special reasen (as spectficd)

“0"  dovoment relerring to an oral disclosure, use, exhibition or other
meang

“P* document published prio: te the internationaf (ing date bt ot
thir the prigeity date claimed

T Juter document published after the internstionat filing date or priority
date and not in contlict with the applicmion but cited 10 understand
the principle or theary underlying the invention

"X documeny of particular relevance; the claimed inventioh cannot be
considered novel ar cannul be conmdered 1w involve an saventive
step when the document 15 token alone

"Y* document of partcular relevance; the claimed invenuon cannot be
considered o involve an inventive step when the docuiment is
comhincd with one o moe ather such documents.such combunation
being obvious (o a person skilled in the an

"&" document member of the same pavent family

Date of the sctual completion of the intermational seurch

IRJULY 2001 {28.07.201))

Date of mailing of the international search report

28 JULY 2011 (28.07.2011)

Name and mailing address of the ISAKR

Korean [ntelleciual Property Offiec
' Government Cotnplex-Dacjeon. 189 Cheongsa-ro.
Seo-gu, Dagjean 302-701, Republic of Korea

Fucsimife No. 82-42-472.7140

Authorized officer

2 g e egdt
Jpom b
KANG. Min Sup et
d ik
Qo
Telephone No  82-42-48).5840 -"

Form PCTASA/21D (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

luternational application No.

[nformation on patent family members PCT/US2010/061104
Patent document Publication Patent famify Publication
cited in search repost date member{s) date
US 2010-0230105 A1 16.09.2010 US 2010-230105 Al 16.09.2010
GB 2406870 A 13.64.2005 CA 2451822 C 10.11.2009
GB 0426979 DO 12.01.2005
GB 0426981 DO 12.01.2005
(8 2406870 B 12.04. 2006
GB 2406871 A 13.04. 2005
GB 2406871 B 12.04.2006
US 2004-0104028 A1 03.06.2004
Us 6837310 B2 04.01,2005
WO 2007-056121 At 18.05.2007 AT 489535 T 15.12.2010
AU 2006-311880 A1 18.05.2007
AU 2006-311880 B2 03.06.2010
Al 2006-311880 B2 03.06.2010
CA 2627431 Al 18.05.2007
CN 101300402 A 05.11.2008
CN 101300402 A 05.11.2008
CN 101300402 CO 05.11.2008
DE 602006018508 D1 05.01.201
£A200801260A1 27.02.2009
EP 1845905 A1 23.07.2008
EP 1945905 B1 24.11.2010
NQ20082490A 04,08.2008
US 2007-193740 A1 23.08.2007

Form PCTASAZI0 (pateat family annex) {(July 2009)
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PCT/US2010/061104
PATENT COOPERATION TREATY

Frum the
INTERNATIONAL SEARCHING AUTHORITY

To
SMITH MARLIN R, PCT

SMITH [P SERVICES. P.C. P.O. BON 997 ROCKWALL TX WRITTEN OPINION OF THE
15087 UsA INTERNATIONAL SEARCHING AUTHORITY

{PCT Rule 43bis. 1}

Diate of mailing ]
{dayimonthivear) 28 JULY 2011 (28.07.2011)

Applicant's or agent's lile reference FOR FURTHER ACTION
10-031572U1 ) Sce paragraph 2 below
International upplication Mo, Internationa)l filing date (daymonihiyear) Priotity datefday/monthivear)

PCT/US2010/061104 17 DECEMBER 2010 (17.12.2010)

Intemational Patent Classification (IPC) or both national class: hication and 1PC

EZIB 47/00(2006.01)i, E21B 47/61(2006.01}i, E218 47/0612006.01)i

Apphicant
HALLIBURTON ENERGY SERVICES, INC. et al

N _This opinion containg indications relating to the following items:
Box No. | Basis of the opition
D BoxNo. I} Priority

D Box No. [l Non-establiskment of opinion with regard 1 novelty, inventive step and inrdustrial applicability

D Hox No. IV Lack of unity of invertion

D BoxNo. ¥V Reasoned statement under Rule 43bis. 1{za)fi) with regard to novelty, inventive step or industrial applicabiliry;

citntions and cxplanations supporting such statement

D Rox No. VI Cenain documiats cited

L]

[

Rox No. VLI Certgin defeets in the intermatianal application

Box No. VIl Certain abservations on the mtermational applicstion

2. FURTHER ACTION
178 deniand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
Intemational Preliminary Examining Authority ["IPEA®) except thot this does not apply wherg the applicmnt chouses an Authority
other than this oric 1o be the IPEA and the chosen IPEA has nolified the International Bureau under Rule #6. ibis{b) that written
omnions of this Internalional Scarching Authonty will nat be so considered.

1¥ this upinon is. as provided above, considered 10 be a written opinion of the JPEA. the applicant is invited to submit to the
IPEA r written reply together, wiere appropriate, with amendments, before the expiration of 3 months from the daie of maiting
of Form PCTASA/220 ar before the expiration of 22 months from the priority date. whichever expires later.

For further oplions, s¢e Fonin PCTASA/220,

3. For turther details, see notes (o Form PCTASA/220.

Nasme and matling address of the ISA/KR Batc of compleuton of this optnion [ Authorized officer P
' Korean imeliceinal Property Office S i
b Government Complex-Dacjean. 189 : 5 Mi =
‘ a . Cheongsa-ro, Seo-gu, Ducjeon 302- 28 JULY 2014 (28.07.2011) KANG, Min Sug f’;h__i I
a 7 701, Repubhic of Korea i
Facsimile No. 82-42-472-7140 Telephone No.§2-42-481-3860

Farm PCTASAIT teover sheer) (July 2009



WRITTEN OPINION OF THE Intcrmational application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/061104

Box No. 1 Basts of this epinion

1. With regard to the Janpuage. this opinion lias been ¢stablished on the basis of *
D the international application in the language in which it was filed

L] a wanslation af the imernational application into _ . which is the language of a
translation furnished tor the purposes of international search {Rules 12.3(a) and 23.1(b))

2. E] This apinion has been established wking inta account the rectification of an pbvious mistke authorized by of notificd

1o this Authority under Rule 91 (Rule 43bis | (r))
With reward to any nucleotide andfor amino acid sequence disclused in the inlcmational spplication, this epinion has been
cstablished on the basis of:

L

a. & sequence listing liked or furnished

D o paper

[:] in elecironic form

b, time of tiling or furnishing
comzined in the international applicatiun ag filed.
D filed together with the international application in electronic form.
D fumished subsequently o this Authority for the purposes of search.

4. ‘:] In adiition. ir 1he case thar more than one version or copy af'a sequence listing has been fled or fumished, the required
statemens that the infosmation in the subsequent or sddiunan! copies is identical tn thar in the application as filed ar does
ant po bevond the application as fled, as appropriate, were fumished,

5 Additional comments;

Form PCT/ISAS237 (Box No, (it July 2009
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/061104

Box Nu. V Reasoned statement under Rule 43bis. F{u){i) with regard to novelty, inventive step or industrizl applicability;

citations and cxplanations supporting such statement

b,

Statement
Novelty {(N) Claimg  1-23 YES
Claims  NONE NO
Inventive swep {I5) Claims t-25 YES
Chaims  NONE NO
Industrial applicability (JA)  Claims ~ 1-23 YES
Claims NONE NO

2. Citations and ¢xplanations :

Reference is made to ithe Tollowing docunenis:

Dl: 1§ 2010-0230105 A1 (VAYNSHTEYN ¥LADIMIR) 16 Scotember 2010
Dz: GB 2405870 A (SCHLUMBERGER HOLDINGS LIMITED)) i3 April 2005
D3: WO 2007056121 Al (SHELL OfL COMPARY et al.) 1B May 2007

1. Novelty and Inventive Step

1.1 Claims 1-12

1.1.1 [ndependent Claim 1

The subject matter of claim 1 differs from these prior art documenis in that a method
of utilizing a shock model for prediction of perforating effects in claim 1 compr ises

the steps of adjusting the shock model and causing the adjusted shock model to predict
the perforating effects. And these are not obvious (o a person skilled in the art by
the documcnis, taken alone or in combination. Therefore, claim 1 meets the reguirements
of DCT Article 33(2) and (3} with respect to novelty and invenlive step.

1.1.2 Dependent Claims 2-12
Claims 2-12 are dependent on claim 1 and therefore meet the reguircments of PCT Arcicle
33(2) and (3).

1.2 Claims 13-23

1.2.1 Independent Claim 13

The subject matter of claim 13 differs from thesc prior art documents in that a method
of prediciion of perforating effects on a perforating string in a wel lbare in claim 13
comprises the steps of inputling a thrce dimensional wodel into a shock mode! and
causing the shock model to predict the perforating effects. And these are mnot obvious
tec a person skilled in the art by the documents, tLaken alone or in combination,
Therefore. claim 13 meets the requirements of PCT Article 33(2) and (3) with respect to
novelty and inventive step.

1,1.2 Dependent Claims 14-25
Claims 15-25 are dependent on claim 13 and therefore meet the requircments of PCT
Article 33(2) and (3).

2. Industrial Applicability
Claims 1-25 are industrially applicable under PCT Arlicle 3304).

Form PCT/ISA/237 (Rox Ne. V) (July 2009)
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Sheet Mo, ... ..

Bor No VI (vE DECLARATION: INVENTORSINE @l for the purposes of the desiunarion of the United States of Americn)
s 40 (i solforinng simmlerdized wordone provadod for it Section 214, sec Notiex 1o Beves Spg. VL P tabde (v
wns 1o Bex Mo U vy 15 thes Hov i not hsed, ey sheed shotdd nos be inclieted in ik requost,

T tirslavtatioli wisi corie
tire generad) vaid the spocifie |

Declaration of inventorslip (Rules 4.17(iv) and S1his 1 {al(iv))
forr ihe parposes of the desiznazion of the Caited States of America:

P hesehy dosiare that T hehevs | um the oniginal. fiest iond sole GEaby one Sieenior is listed below yor ioi {iCmore thun gne inventin
i fisied Dilves 1 inventsr ol the subject mattes whieh 1 canned snd for which o pazesst is sought.

This declaton i duveivd o Uie internat ional application wl wingls # forms & par (i filing deckivaion wath application),

3 s deetarazion is directod 0 intertonal applicaton No, PCT/ US10/61104 (3f Furnishing decleration pursuant
U Ruile 2hrer].

{herehy dectane that my residence. mailing adiress, and citizenship are 0s stated naxt o my name.

1 hereby stz bt § ave 1eviewed and understand the conlents ol the abeve-identified isternational application, including w chiaims
ol said application, | have identiGed m i requestof satid apphication. i compliange sish PCT Ruled 1 oy claim 1o forein priority,

and § it idoentfied below, nnder the heading “Prior Appheation.” hy appheation mmber, covairy or Vember of the World Trade
Chiganlulien, duy , ronth and year of Hling, amy applu_nlmn fora pawnt or inventor's certificate Nledina country otherdhan the Uniied
Stals ef Ameriaa, ncludmgany PCT ineraations) 2 1\plu ation desizhating atleast one cetmls v otier ten fhe oiled States of Americi,
Wan ing a filing date hefore dast of the applivazion on which foreign prioriy i cluimed,

Pros ApRIalaons: .. oL e e e e e e e

iobersby acknov lodpe the duty o disclese information tha is known by me 1o be maerish o paentibility as delined by
OV R LI nn.ludm_{_- for coRBuIHOn-in- au,:p;mz ations. materinl information which becarme avaifahle ketween the filing Jate
uf the prive apphicalion and the PO ineraatiomal (fing date of the coulinuition-in-part applivijion

| herehy declane thae al stentents made bereia of my own knewledge are wue and thar alt statentents made on infermation and elief
e helieved 1 b trwe: and mr:lm thal thesg sigreasnis were made will e knoveledae thal witlia Talse silemsnts and the like so
made are pumshable by fine of inprisonment, of boy, under Sectn 1000 of Tithe 18 of the Unlted States Code and that such wiliul
falre sttements man _'.[L'l."?‘lfd!ﬂl. the validity of the appilcation or any paleat issued therca:

feity aisd esther VS ziate. it applicable, or commryy

Maiting Address; . 1904 Winter Drive
Roancke, Texas 76262

Citeensinp,. US

Invenior's Signitere: " .
{Hhe sigmgure st be nn ol am Inventur. 1o th ol tie a"ml!

~ame . SERRA, Marco O e

Wlntedhur 8406

CHL P
Citteenship: T . e e e e e e e e e
vt MRS o 0 s L o L e Bore ... oL R

Ul stgnatore mast b i of the mumnl nn! lhu! of it agam

B This dectaraiion 3 continued an the falMowing sheel, Continwian of Bax Na VHT v

Syrm POV O (declration sheet div)y hauaty 2611 Sou Notioy fo the reguest furm
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sheetNo. ...

Contingstlian of Box No, ViR (B to tv) DECELARATION

{the spaceis Huuﬂ"uum- iy of Buxes hos Vilf e ;Hr:{u 10 frirvatstt i the ffesiition, e Jrrcﬁu.ur i ceise hwr' BRICHITH VG IHICEnLeTS
are fo he gt ise Hox Ne, VU fovin sy case wrize " Censtiactton ef 8ok No. VI, edicate the tem monbor of the Boveaid st
e anfernsitionn o the s METACE o8 Fedtiorand fior (e puigrases o the Box 51awhi b 1he space wes nsyffcion, :',.nH.rm- o e Iy rieeded
in respr L af o op ol dectarstions, o »uﬂruf‘(‘ mn.‘:rrmﬂmnbm wunist e tisceed feor ocseh seeelt daclaration, f tins R bs et sowd, thus adices
steeenied o Fur inchudond i the rogadest.

“Continuation of Box No. VIl (iv)".

Name: . SWENSON, David. . . ... ..o e e
Residence: . .Crossroads, Texas . . US. . . . ... . e e i
(city and either US state, if applicable, or country)

Mailing Address: .2601 Belt Line Road. ... ............. e e
e e Carrollton, Texas 75006 .. .. .. .. ... e e
Cltlzenshlp.. 1 1
Inventor's Signature: .. ........... .. ... e Date:. ... ....... Chs
{The signature must be that of the inventor, not that of the agent)
Name: . GLENN, Timothy S. . ...... ... . ... e e
Residence: . Dracut, Massachusetts . . US. . .. ... ... . ... . .. i ch
(city and either US state, if applicable, or country)
Mailing Address: . 1904 WinterDrive . ... .. ... ... .. e e T
............... Roanoke, Texas 77032, . ... .. . e i e i i
Citizenship: . . US . .. .. e Ce
Inventor's Signature: . . ........ ... . L Date:...............

{The signature must be that of the inventor, not that of the agent)

Form PO TRO0T denntiatirn shoee ot declanudon) (daswirs 20100 Seer Nty # fhee regues? for
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Sheet No. .. .....

Hox No. VIN (iv)  DECLARATION: INVENTORSHIP (enly for the purposes of the designation of the Unfted Statrs of America)

The declacation must conforn: to the fallowing standardized wording provided for in Section 214 see Notes to Bosas Nos. VIIL VI (o (v
{in general) and the specific Notes o Box No, VI (iv). I this Bax is not tised, this sheet should nex be included in the request.

Declaration of inventorship (Rules 4.17(fv) and 515/5.1(2)(iv)}
for the purposes of the desighation of the Unkted Stotes of America:

1 hereby declare cthat  believe Tam the original, first and sole (if only ont inventor is listed below) of joint (if more than ane inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This declaration is directed to the international application of which it farms a part GF Fling declaration with application).

This declaration is directed to internationat application No, PCT/ USIQ61104. . .. (if furnishinp declaration pursuant
15 Rule 26ter).

1 hereby declare thal my residence. mailing address. and citizenship are as slated next to my name.

1 hereby state that 1 have reviewed and understand the contents of the above-identified intcrnationat application, including the claims
of said application. [ have identified in the request of said application, in compliance with PCT Rule 4.10, any claim o fareign priority,
and 1 have identified below. under the heading "Prior Applications,” by application nuntber, couniry or Member of the World Trade
Organizalion. day. month and year of filing, any application for a patent or inventor's certificate filed ina country other than the Unlied
Statesof Anserica, including any PCT international application designating at least onec counlry other thanthe United States of America,
hiaving a filing date before that of the agplication on which foreign priority is claimed,

| herehy acknowledge the duty to disclose information that is known by me to be material to patentability as defized by
37 C.F.R.§1.56, including for continualion-in-parl applications, material information witich became available between the Gling date
of the prior application and the PCT international filing date of the continuation-in-part application.

1 herehy declare that all statements nrade herein of my own knowledge are true and that alh statements made on information and belief
are helieved (o be true: and further thal these statements were made with the knowledge thal willfut False stalements ans the like so
made are punishabite by fine o imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such williul
fakse stalements may jeopardize the validity of the application or any patent issued thereon.

Name: .RODGERS, John

{city and either US state, if applicable, or country)

Mailing Address: . 1904 Winter Drive

Roanoke, Texas 76262
S
Citizenship: U
Invenior's Signature: ... .. Dater ... IR e

(The signature must be that of the mvenlor ot thal of the agem}

laventor's Signature: .« f AN N T T atc; 14 danuary 200 L

(Fhe sipnature must be t . not that of the agent)

1
B This declaration is cominued on the following shect, *Comtinuation of Box No. VI (iv)™.

Farm PCT/ROADY (declaration sheet Gv)) (January 2050) See Noies to ihe request form
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SheetMNo. .......

Continuation of Box No. VIII (i) to (v} DECLARATION

Ifthespaceis insufficient in anv of Boxes Nos. VIl {i} to (v} to furnish all the information, including in the case where more than iwe inventors
are to be named in Box No. VI (iv), in suchcase. write “Continuation of Box No. VIII ..." (indicate the item mamber of the Box) and firnish
the information in the same marner as required for the purposes af the Box inwhich the space was insufficient. [fadditional space is needed
inrespect of hwo or more declarations, a separate continuation box must be used for each such declaration, [f this Box is not used, this sheet
showld not be included in the request,

“Continuation of Box No. VIII (iv)".

Name: . SWENSON, David. . . ... ... . e e
Residence: . .Crossroads, Texas .. US. . ... .. ... . ... i,
(city and either US state, if applicable, or country)

Mailing Address: .2601 BeltLine Road. . ....... ... .. ... ... ... iiiienenin..
............... Carrollton, Texas 75006

(The signature must be that of the inventor, not that of the agent)

Name: . GLENN, Timothy S. . ... ... .. .. e,
Residence: . .Dracut, Massachusetts . . US. . ... ... . ... ... . ...
(city and either US state, if applicable, or country)

Mailing Address: . 1804 WinterDrive . . . ......... .. .. ...
............... Roanoke, Texas 77032. . . .. ... .. i

(The signature must be that of the inventor, not that of the agent)

Form PCT/RO/101 {continuation sheet for declaration) (January 2010} See Notes to the request form
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Box No. VIII (iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of America)

The declaration must conform fo the following standardized wording provided for in Section 214; see Notes to Boxes Nas. VI, VIil (i) fo (v)
(in geneval) and the specific Notes to Box No. VIl {iv). If this Box is not used, this sheet should not be inchided in the request,

Dectaration of inventorship (Rules 4.17(iv) and 515/5.1(a)(iv))
for the purposes of the designation of the United States of America;

I'hereby declare that | believe [ am the original, first and sole (if only one inventor is listed below) or joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and fer which a patent is sought.

This declaration is dirccted to the international application of which it forms a part (if filing dectaration with application).

This declaration is directed to international application No. PCT/ USIQ/61104, ... ... . .. (if furnishing declaration pursuant
to Rule 26/er).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name,

1 hereby state that | have reviewed and understand the contents of the above-identified international application, including the claims
of said application. I have identified in the request of said application, in compliance with PCT Rule 4. 10, any claim to foreign priority,
and | have identified below, under the heading “Prior Applications,” by application number, country or Mcmber of the World Trade
Organization, day, month and year of filing, any application for a patent or inventor's certificate filed ina country other than the United
States of America, including any PCT intemational application designating at least one country other than the United States of America,
having a filing datc before that of the application on which forcign priority is claimed,

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by
37C.F.R.§ .56, including for continuation-in-part applications, material information which became available between the filing date
of the prior application and the PCT international filing date of the continuation-in-part application,

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such will ful
false statements may jeopardize the validity of the application or any patent issued thereon.

Name: RODGERS, John ... .. Lt e e e e e e e e e e e e e e e e e

Roanocke, Texas 76262
B

Mailing Address: . 1904 Winter Drive

Inventor's Signature: _........... ... ... ... ... ... ... L
(The signature must be that of the inventor, not that of the agent)

Mailing Address: . Jaegerstrasse 2

Winterthur 8406

OH
Citizenship: T L
Inventor’s Signature: .. .. ... .. ., -

{The signature must be that of the inventor, not that of the agent}

L _ S —

[J This declaration is continued on the following sheet, “Continuation of Box No. VIII (iv)".

Form PCT/RO/ 101 (declaration sheet (iv)) (Janvary 2010) See Notes to the request form



Continuation of Bax No. VIII (i) to (v} DECLARATION

fthe spaceis insufficient inany of Boxes Nos. Vil {1} to () to firnish ol the information, inchiding in the case where more than two inventors
are o be named in Box No. VII:’I A), in siich case, write “Continuation of Box No. Vi1l ..." (indicaie the item number of the Box) and furnish
the information in the same manner as required for the purposes of the Box in which the space wos insufficient. If additional space is needed
in respect of rwo or more declarations, a separate continuation box must be used for each such deciaration. If this Box is nof used, this sheet

should not be included in the request.

“Continuation of Box No. VIII (iv)".

{city and either US state, if applicable, or country)
Mailing Address: .2601 BeltLineRoad. ............. ... ... '

Form PCT/RO/101 (continuation sheet for declaration) (January 2010)

See Notes 1o the reguest form



\6Q

Box No. VIII (iv) DECLARATION: INVENTORSHIP {orly for the purposes of the designation of the United States of America)

The declaration must conform to the following siandardized wording provided for in Section 214; see Notes 1o Boxes Nos. Vill, VIl (i) o (v)
(in general) and the specific Notes to Box No.Vill (iv). If this Box is not used, this sheet showld not be included in the request.

Declaration of inventorship (Rules 4.17(iv) and 515is.1(a)(iv))
for the purposes of the designation of the United States of America:

I herchy declare that | believe | am the original, first and sole (if only one inventor is listed belaw) ot joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This declaration is directed to the international application of which it forms a pant (if filing declaration with application).

This declaration is directed to international application No. PCT USAQ/61104. . ... ... (if furnishing declaration pursuant
to Rule 26ter).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that | have reviewed and understand the contents of the above-identified international application, including the claims
of said application. Thave identiffed in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority,
and I have identified below, under the heading “Prior Applications,” by application number, country or Member of the World Trade
Organization, day, month and year of filing, any application for a patent or inventor’s certificate filed in a country other than the United
Statesof America, including any PCT international application designating at least one country other than the United States of America,
having a filing date before that of the application on which foreign prionity is claimed,

1 hereby acknowledge the duty to disclose information that is known by me o be material to patentability as defined by
37C.F.R. § 1.56, inciuding for continuation-in-part applications, material information which became available between the filing date
of the prior application and the PCT international filing date of the continuation-in-part application.

§ hereby declare that all siatements made herein of my own knowledge are true and that all statements made on information and belief
arc believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful
faise statements may jeopardize the validity of the application or any patent issued thereon.

Name: RODGER S O . L

(city and either US state, if applicable, or country)

Mailing Address: . 1904 WinterDrive e
Roancke, Texas 76262
U

Citizenship: . U e

Inventor's Signature: .......... ... .. .. . iieiie... Date: .. e e
{The signature must be that of the inventor, not that of the agent)

.............................................................................................

(city and either US state, if applicable, or country)

Mailing Address: JBGOISIASSE 2
Winterthur 8406

Inventor's Signamure: ............... .. iiiiiiiiiaan, L4 O
(The signature must be that of the inventor, not that of the agent)

E This declaration is continued on the following sheet, “Continuation of Box No. VIIT {iv)",

Form PCT/RO/101 (declaration sheet (iv)) (January 2010) See Notes to the reguest form



SheelNo. .. ... ..

Continuation of Box No, YHL{i) to v)  BECEARATION
Ithe spuce is nsieficient e of Boxes Nos. VI 1o (v) o fanusfiall the informatian, orcldng i e Gose where mare U e invenfors
wre to he stapied it Box No. V1T g, mosuch case. wrie “Continsation af Hox N, VI Gncheare the itean number af the Box) aid fuaish
Hye: witfornitien wi the same naprer as reguived for the prrposes of the fax inrkuch the spdace was insufiiciens. [faddvional space e needuad
wmrespect of tve or mare declurations, g sepuvare contiation hox pnst be used for each snch declaration. ifths Hox s ot wsed. thiv sfieet
sk e be paclisded e regueest,

“Continuation of Box No, VI (iv)".

Name: . SWENSON, David. . .. ... .. i
Residence: . .Crossroads, Texas . . US. . .. .. . .
(city and either US state, if applicabte, or country)

Mailing Address: .2601 BeltLineRoad. . ....... .. ... . .. . i
............... Carrollton, Texas 75006 . . . . ... ... i i

(The signature must be that of the inventor, not that of the agent)

Name: . .GLENN, Timothy S. .. ... .. . e
Residence: . .Dracut, Massachusetts . . US. .. ... ... . o o
(city and either US state, if applicabie, or country)

Mailing Address: . 1904 WinterDrive . . ... .. .. ..
............... Roancke, Texas 77032, . . . .. o

Inventor’s Signaturer™. . . . # ...................................
(The signature must be that of the invenlor, not that of the agent)

Parm PCTAROANT {eentinuation sheet for declaration} (Januar 2010 Seer Newsers 10 Hlue voqleest faem
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SUPERINTENDENCIA DE INDU.

] N o MIAING il WHIUFWII HIIHMMIIHMI'

13- -00000-0000
SUPERINTENDENCIA FECh8201112231

4
Tre. 19 PATENTEW”% 30 _Dep. 2020 DIR NUEVASCR

) Act. 411 PRES Eve: 378 FASENACIONALI
PATENTE DE INVENCION [ ] MODELODE UTIL. ENTACION ~ Foios: 171

Indicacién que se solicita una patente.

Datos de identificacién de! solicitante o de la persona que presenta la salicitud
Descripcidn de la invencion

1

Dibujos de ser estos pertinentes

O0000

Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)
Completa ’ lncompleta D

PATENTE DE INVENCION PCT E‘a/MODELO OE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica

B’ Indicacion que se solicita una PCT

Ej Copia de la salicitud en espafiol, tal como fue presentada inicialmente {capitulo descriplivo,
reivindicatorio, resumen)

m Dibujos de ser estos perlinenles

Ij « Comprobanie de pago de las tasas establecidas {de ser el caso formato de descuento)

Complefa - lncompieia D
DISENQ INDUSTRIAL D (Art. 119 Decision 466/00)
|:] Indicacion que se salicita Disefio industrial
l:] Datos de identificacién del solicitante o de 1a persona que presenta la solicitud »
D Representacidn grafica y fotografica del Disefio industrial o-muesira del material que incorpora el
diseiio
D Comprohante de pago de las tasas establecidas
Completa - |::] ‘ Incompleta’ l:l
ESQUEMA DE TRAZADO [_| | (Art. 92 Decisién 486/00)

Indicacion que se solicita un esquema de trazado
Datos de identificacion dei solicitante o de la persona que presenta la solicitud
Representacion grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas

Completa D : Incompleta D

EERRNEE

‘. £I02-FO8 (2600-11-13)



