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information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.
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The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Box No. £ Basis of this opinian
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-

With regard to the lamguage, this opinion has been established on the basis o

:

n

. E:} With re

§ E Tn addition, w the case that mare than one version o

Add

-

the international application i the language o winch it was fil

a transiation of the intermat ansi c\ppwr’am\,n it which is the Ianguage of a transiation
fumished for the yﬂ rposes of international search {(Rules 12302} and 33 {{b}).

This gpinion ha‘: been S"E' b?i

ard to any nucleotide nadior aming achl sequence discloss
been extablished ou the basis of 2 sequence Ysting:

@ i ] forming part of the international apphcation as filed:

in the form of sn Annex £

& fext file

Y N
{1 onpaperorin the form of an inage e

u,

furnichied together with the Esaitzmaiism i ag.piicai_:o

:arch only to the form of an Annex {

under POT Ruls 137er {2} for the purpose internationa

o i g furnished subsaguent to the internation {ing date for the purposss of intemational
j—

m try the form of an Annex C/8T.25 text file {Rule 136 1200

3

sarch anty:

?

i i on paper of in the form of an fmage fle (Rufe 1370 1{k) and Adminisirative lnstructons,

b Saption 713)

sequence lissing has been fled or furnished, the roguin
pi-‘:@ is identical to that {ovming part of the spplicat
ate, wers furnished.

"1
?.1
i
]
et
©
oty
r‘ ;a

statements that the mf-:}m*:z’:?mn 1 the subsequent or addifional ¢
filed or does not go beyond the application a3 filed, as appropei

ditional commenis:

ASA23T (Box No. 1) (January 2015}
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WRITTEN GPINION OF THE international application Ne.
INTERNATHINAL SEARCHING AUTHORITY

Supplemental Box

i case the space In any of the preceding boxes is not sufficiznt,
Contnustion of!

Ragarding Chalm 12, US Well Sarvioss disoioses the ¢
module {& .}i‘agrammah‘& iogic controfisr for ineal ﬁ\mfr\. } o, for example, a
touchsersan intarface, Pava. [0031], inherent that th saranmeatis q-c contrnilar wit th iouchsorean mi@.ﬁm.& woid Have 8 softwars
modiie) to receive instractinns for fraquenay {other pump control 's.d data monitoning am-:;.meﬁt can nclude pump throttes, 8 VFD fayl
incticator with & resst, Para, {0031}, & variable fregquency drive (VFD) 15, Para, {0021)) andior voltags levels for & ‘farah‘a fraguenay drive
{as wel as 2 VFD, Para. [O050], sech slsctic motor 14 can be squipped with 8 variable freguanay drive {(WFR} 18, and an A/C consale,
that oontroiz the speed of the alagiric motor 14, and hanoe tha ,;m-:ad of thes pump 18, B j')ﬂ::ﬂ‘ of an Eiﬁatr.c pume {at pumps 2104,
L1108, Fig. 5, the slecirls system, Para, [Q082]) and contrafing the faquency lavals (pthar nump conirel and data monitoring sguipment
cart includs pump th s, & VD faul indinator with a reset, F’ sra. {0031], & variable frequency drive (VFD) 15, Para. (00211} besed at
imast in part on reguirements of the hvdaulic fractuning fiest (a5 s?"carn in Fig, 8).

UE Wl Services falls to explicitly disciose wheredn to recsive instructi nolides o raceiva instructions for goar levels and engine
revolutions e minute (RIPM) for a diesel engine; and controliing the gear lavals.

Halliburion Energy Services i in the arnt of disse! fusl consumption al 2 wall site *payaiion {Fara, D141 and teao §*m~ whersin o racsive
~!'\>.E.’EA.§S')~'¥& 3"5{:‘11‘3&‘- i receiva instructions for gear isvels {sngine parameters . ngeraimg Ggaar, mt'*- & Hessl consurnpion mo dei,
Para. [0028]) andg tmgmé fewi utions per minute {REM) {eng gsammetc"-‘s coLangine speed L . L inta a dlesel consumption modsl, Para.
{3287 for a dlesel sngine {3 4 GO n*p fon vatue for B dui- configuration, P S Hing the gear levels
{shgine paramsters . sparating gear ., . into a disssl consumptios ara. (U028, oo ok fo change engine
paramatars, Para. :)i;

#would have been cbvious o ons of orginary kil in the ant sl the Sme of the invantion 1o modity US ‘\fv@' By
Halfiurion Energy Servio En-—* ;u-‘posm of nrovsr‘m-r‘ dirsal o r..nxi.mmimn m cdﬁi at & well site 1o adjust eng
thereby ensure that opw ars can reding and optimize fus! consumption (Halliurion Energy Saervices F‘a* ST

cating with the software

HTEIAT SO

Clalms 8 and 7 lack an iventive step under POT Artlod
Bervices) in view of Evolution W

us ovar US Well Servces LLE (hereinafier US Wall

33(3) as baing obviow {
Vell Servicas).

Services, LLG thereinafter Evolution W

pr]
E:
LG‘
<
¥4
;;
"2
3
: 3
L o
=

i;
=
&
o
o

solnsas the ycra.si-c fracturing fleet of claim 1, fwther characterized byt 8 pump down station (&
T e well by the slecticpowersd pumps, Para, 00421 configured to oparats consurrently with the
@rm ang sa*m \.an e {m W-&-\‘:!QH:&' digasl | | . g0 :ésai canvantional means could ba ussd 1o power the system if tha alastris

sstam becomes incapaciiated, Para, JUGSIY Qihe diesel-powered components {at pumps 2104, 2908, sand eau
sndars ,’53!&;\ 2348, hydration units 2328, 2388, Fig‘ §, a conventional diesel or bi-fus) sswaﬂrcd tm k ﬁy% em
\us. F\.ré EGGES‘., diesai ;:awsa:»sr‘ bv & ﬁiwcs‘eiss "ﬁt'fv'.:‘;t':‘: a's "’fsﬁ F’&f .

B

o3
HZ

R
%
1
o
w
ﬂ;

OGEZ b:.-‘.i g i t“;itﬁfddu 11w f?* El f;
1 Services falis to expl

£y ws!! ‘iha w#‘i b'*.wfs '3'3 a. -’-’}%d:i},.
ity disciose wherein the pump down station is 2 pump down station configured to operate with a second

o
7
=
1

Evglution YWell Sarvices I in the ant of a aystem for pumping and pressurizi
down station iz 2 pump down station (at frasturing pump ransponts 198, Fig. 1
wo welinesds 100 FIG. 3isa af.hanetm gram an embodimen i
114, Fara, {0341,

i would h”" teen ehvious to one of ordinany skill in the arl ol the tms of ihe pvention 1o modly LS Well Sarvices with the {

‘\‘.‘.v ‘h’i\fg
1&? and i\\"ﬁ ﬁa&: VaEns

Evalistion Weil Sarvices for tha purpose of providing fract at 8 second walthead and thoreby enstre that 2 wall slite can
wailhea dve ditanaousty (Bvolution Well Services, Para. {0547,

Rega{ﬁing Cialran 7, UB Well Sarvices discloses the hydruils frachuring fleet of olsim 1.

US Weill Services falls to suplicilly discloss further charactenized by a data network coupled to the datavan for vanssitting on-slie data

s with the hydraulic fracturing ﬂee* 0 a8 remote station and for transmitting remote data from the remats staton © the datavan,

Evaolition Wail Sendces is in the art of 2 system for pumping and pressurizing fractring fuld (Para, [BO0S]) and isaches further
characterizad by: 3 data nehwork {3 cmtmi natwnrk systemn , L . configured {0 opearats 'e'w*t?!\i usmg & rstw ology, such 838 an

BEEH

Ethernst ring opology netwark, P:-: 30411 coupled wé{:'*;aian (o dats van, Par, [G041]) for transmity g on-s site data {a control
nebwork system that monitors and mim%s ong o mors hydraglic saciunm **-::uspma'ﬂ Para. [00417) sssociated with 8 hydraulic

fraviuring ?‘.eatg hre hydradlic racturing soguinment, Para, {00411 o ¢
& wols one ar more hydraulic ?rartt:i‘--'ig spdprnant remot
Per" {04 11} to the dataven {3 data van, Para. {00411
H would have heen obvious to one of ordin ‘a-“: skill in the art at the time of the invention o modify US Weil Services with the teashing of
Evolution Wall Services for the p.s-'pn»s of proy 3 2 control nebwork syston that can monlior and control sguipmearnt remolaly and
th&'::m'w e'wur:'a ﬁ"ai :n‘npiemu.n.n’; cortrel stations can be looated away from the vicinity of ihe fracturing eguiprmant {Bvolution Wall

on {& remete location, Fara. [BR41]) and for ransmitting

03413 from the remnte station (3 remote location

sty

plemental Box) (January 2018}
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WRITTEN OPINION OF THE international apphication Mo
INTERNATIONAL SEARCHING AUTHORITY BTS20 RINETERS

Supplomentsl Box

incuse the space in any of the preceding boxes is met sufficient.
Continuation of

Claim 8 Iacks an invantive step under POT Article 33(3) as being obvious over US Well Bervices LLC (hareinalter US Well Ssrvices) in
visw of Barker af al. (hersinafter Barkar),

;:g

agarding Ciaim 8, L‘ Well Service racturing feet of claim 1.

3 Wail Sarvices falis o ﬂprcmy disclose furthar characterized by walerprool covers grovided in the datavan for safeguarding the

witehing aﬁw-m‘sé‘n\s of the dat
¥

i\f
o

{

L7
“

Sarker Is in the ad of microcompuiar-based systems for moniforing & plurstity of opara an offshers drifing rig {Col. 1, Lns.

581 and teaches further characterized by walerproof covers {slectriosl sarvics is prot ms it & breaker hox preferably loeated
near the door 120, all switches for overhsad lighting sre preferably watsrproot, Dot 7, w-&l}‘ provided in a detavan (@ housing 112
of skig 114, Fig. 2} for ssfeguarding switching components {all switches for overhaad : are praterably watsrproof, ol 7, Lns,
B8-50) of the datavan (& :mu:.ing 112 of akid 114}

it woiid have hean obvious (o one of erdinary skilf in the at at the ;f tha invaention to modify US Well Senvdces with the teaching of
R:’srkar? o e piirpose of hw-u ﬁ 5 witches of the enclosure be watarpront and therahy ensure that the aguipment is maintained

nroughout the housing (Barker, Gol, 7, Lns, $8.80).

r‘)

Claims 1-74 meet the
ha mads or used in indu

ustizl applicability becauss the subjsct maler claimed can
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PATENT COOFPERATION TREATY

From the INTERNATIOMAL SEARCHING AUTHORITY

To: TAYLOR P, EVANS
HOGAN LOVELLS USLLP
B80S MAIN BTREET, SUITE 4200
HOUSTON, TX 77002

pCT

NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

{PCUT Rude 44.1)

Date of magling
{doywmonthiyear}

1T S5EP 2019

Applicant’s or agent’s file refarence

FOR FURTHER ACTION  See paragraphs 1 and 4 below

047188.500042

internationat applicetion No. International Gling date
POT/US2019/037493 fdayimonthyess) 17 June 2018
Apphicant

U8, WELL SERVICES, ING.

i The sppticant is hereby notified that the international search report and the writien opinion of the Intemational Searching

2.

Authority have been esiablished and are transmitted herewith,

Filing of amendmenis and statement vader Article 19;
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46}

When?  The time limit for filing such amendments is nommally twoe months from the date of transmitial of the international
search repost.
How?  Directly to the Intemanionst Bursan of WIFO preferably threugh ePCT or on papey to, 34 chemin des Colmbeties

1211 Geneva 20, Swierland, Frosimile No.: +41 22 338 82 70
For more dotailed Instructions, see POT Applicant s Guide, Intsrnational Fhase, pavagraphs 9.004 ~ 9,011

D The applicant is herzby noufied that no intemational search report will be established and that the decharation wnder

Asticke 17(2)(s) to that effect and the written opinion of the Imternational Searching Authority sre transmitied horewith,

3. E] With regard o any protest against psyment of (an} additional fes(s) under Rule 40.2, the spplicant is notifisd that

4.

the protest togeiher with the decision thersos has been transmitied to the International Burcan opether with any
reguest 1 forward the texts of both the protest and the decision therson to the designated Offices.

1o decision has been made yot on the protest; the applicant will be notified as seon as & desision is made.

Reminders

The appiicant may submit comments on an informal basis on the written epinion of the Internstional Searching Authority
to the Internstionad Bursaw, These comments will be made available to the public sfier intsrnational publization, The
international Buresu will send 8 copy of such comments to all designated Offices unless an tntemetionsl prefiminary
examinstion report has been or is © be established. . -
Shortly after the expiration of 18 months from the priorily date, the international spplication will be published by the
Internsiional Burean. If the appiicant wishes to avoid or postpone publication, & notice of withdrawat of the international
application, or of the priority clsim, musi reach the international Bureau before the comipletton of the technics] preparations for
internationa] publication (Rules 80bis 1 and 80833

Within 19 months from the priovity date, but only in reapeet of some designated Offices, 8 demand for international preliminary
examination must be fed iT the spplicant wishes to postpone the entry into the nations] phase unti 36 months fom the priority
date (in some Offices even later); otherwise, the applicant must, within 38 mouths from the priority date, perform the
preseribed acts for entry into the nations] phase before those designated Offices. In respect of other designated Offices, the
time limit of 38 months {or inter) will apply even if no demand is filed within 19 months, For details about the applicable time
timits, Office by Office, see wowew. wips.int/potfeniiexis/dme_Jimits hival and the POT dppdicant’s Guide, National Chepters.
Within 22 months from the priority date, the applicant muy reguest that & supplementary international search be carvicd
gut by a Gifferent Internetionsl Searching Authority thal offiss fhis service {(Rule 45545.1). The procedure for requesting
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032.

Authorized oificer

Name and mailing address of the ISALS
Mali Stop PCT, Attn: 1SAUS

Caomnissionar for Patants

PG Box 1450, Alexanidrig, VA 22313-1450

Facsiniic Mo, 571-273-8200

Telephone Mo, oy oo s7r.am0:717

Bizina R. Copenhesaver

POT Helpdask: 57 4-272-4300

Form PCT/SAZ0 {July 2017)
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PATENT COOPERATION TREATY
INTERNATIONAL SEARCH REFORT
{(PCT Articie 18 and Rules 43 and 44)

Applicant’s or sgent’s e refurence FOR FURTHER ses Form POT/ISA220

047158.600042 ACTION as well as, where applicable, item § below,
Intemational application No. Internationsd filing date fdaywmondifear) {Erritest) Pronity Date (daymonthiyear)
POTASSZR1B037433 17 dune 2018 15 Juns 2018

Appiicant

U8 WELL SERVICES, INC.

"This intemnational search seport has been prepared by this Internstional Searching Authority and is ransmitied to the spplicant
according to Article 18, A copy is being weaswmitted w0 the International Bureau.

This international search report consists of & total of %r shests,
D 1t is also accompanied by a copy of each prior ast document cited in this report.

1. BRasis of the report
a. With regard 1o the Ianguage, the international search was carried out on the basis of!
the intermational spphication in the language in which it was filed

{_:] g transistion of the international application ino witich is the language of
8 transiation furnished for the purposes of international search (Rules 12.3(a} and 23.1(b}). :

This international ssarch report has been esablished taking into account the rectification of an shvisws mistake
authorizsd by or notified to this Authority under Bule 91 (Rule 43.65is(a)).

b L]
b E} With regard o any auclestide snd/er amino acid sequence disclossd in the international spphication, soe Box Mo, L
2. E} Ceorinin claims were found unsearchable (see Box Mo, If).

dabnninie'3
3 E { Unity of invertion is lncking (ses Box Mo, HI).
P

A

With regard to the title,
Ez} the toxt is spproved as submitied by the applicant.
E:} the text has been sstablishad by this Authority (o read as follows:

3. With regard to the abstract,
the text is approved as submitied by the applicant.

the text has been catablished, sccording to Rule 38.2, by this Authority as it sppears in Box No. TV, Ths applicant may,
within one monih from the date of mailing of this international search report, submit commsnis to this Authority,

4. With regard to the drawings,
1

2. the figurs of the drawings o be published with the abstract is Figure Mo,
m as suggested by the applicant,
as selecied by this Auwthority, because the applicant fitied to suggest 8 figure.
E as selecied by this Authority, beoauss this figure better characterizes the invention.

3 [j none of the figures is to be published with the abstract.

f}‘umx POTASA/ZIY (first sheet) (Janunry 2015)
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INTERNATIONAL SEARCH REPORY

International appiication M.
ROTAIB2018/057483

A, CLASSIFICATION OF SUBIECT MATTER

CPE -

iR - E218 43/28; E21B 41/00; E21B 4300, 218 4400 {2018.013
EZ41B 43/26; 218 41/00; E218 43/00; E218 44/00 (20185.08)

According to Internstions! Fatent {Classificeion () or o bath national classification and w»C

1R, FIELDS SEARCHED

Ses Search History dosument

Minimusm documentation searched (clrgsification symem followed by clessification symbeis}

LRGP - TEEBA0R. Y 166/244. 1 18573058 1 keyword delivrited)

1 Docurmestation searched other than minimen dotwmentation o the extent that such documents sre included in the fieldy szarched

Sae Search History dosument

Eloctronic date base consultad during the imernational sesrch (name of data bass and, where practicable, search terns ssed)

T, DOCUMENTS CONSIDERED TO BE RELEVANT
Catsgory® Citation of document, with indication, where approprints, of the relevant passages Relevant to claim Mo,
X U8 2018/0158210 AT (LIS WELL SERVICES, 118} 07 Juns 2018 (07.08.2018} entive documart 14, 3,10, 12
v ‘ 58, 1515 )
¥ US 2017/0222409 A1 (US WELL SERVICES LLC) 03 August 2317 (03.08.2017) entire 8 7,13, 14
document -
¥ LS 20100045108 &1 (ARNCLD) 25 February 2040 {25.02.2010) enlive document B 15
A US 5,172,008 A (MOHAN} 18 December 1882 {15.12.1892) entire document 118

[:‘ Further documenis ave listed in the continuation of Box O

% i See patent family annax.

= Specint cetegories of cited documents:

“a¥  documsent defining the generst state of the ary which is not considered
e be of partisuiar relevance

“E”  earlier apphication of pateet but published on or after the internstional
filing date

“L* document which sy throw doubts on priveity clatmis) or whith iz
vited 1o establish the sublivetion date of soother citetion or siher
specinl reasan {8y speoified)

BT document referring to an ol discloswee, use, exhibition or other
MERnsE

“B docwnent published prior to the intemeationst filing date bt Inter tan

the priority date claimed

ey

tater dosument published after the intarnational filing date or prionty -
dnte and not in conflict with the application bt ciied @ undersiand
the pinciphs o7 theory uuderlying the invemtion

“X”  goounent of partdcular reievance; the claimed invention cannot be
considersd novel or cannot be considerad D involve an inventive
stap when the donument it igkan alone

v deocument of particuler relevanes; the cladined inveniion cannet be
considered to involve an inventive siep when the document is
combined with one er mors other such documents, such cmmbination

heing chvious 10 8 pzruon skillad in the ant

“%” Govwmnent rember of the same patent famiky

Uiate of the actual completion of the intemationsl sesrch

26 August 2018

Trate of medting of the international search seport

11SEP 2019

Mame and mathing address of the ISAUS

Mail Stop PCT, Atte: 1IBAMUS, Commissioner ior Patents
P.0. Box 1450, Alexandria, VA 22398-14580

Facsimile No. 571.273-8300

Authorized officer
Biatne R. Copanhagvar

PLT Hadpunshs 871347104300
PLT QBP: §71.272-7774

Form POTASASZID {second sheet) {January 20135}
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

T8 TAYLOR B2, BVANS
HOHGAN LOVELLS US LLP

HOUSTON, T 77002

8039 MAIN BTREET, SUITE 4200

PO

WERITTEN OPINIGON OF THE
INTERNATIONAL SEARCHING AUTHORITY

(FCT Rule 4350 1)

stz of matling
{dawmonthivear}

Applinant’s or agent's file relsrence

1TSEP 2019

FOR FURTHER ACTION

047188 500042 See paragraph 2 balow
intsrmational applicatton No. [mienations! filing date fdopimonehiyese Priority dais {dovmonthsyesy)
POTAIS2018/037493 17 June 2018 18 June 2018

International Patent Clnssification {IPC) or both national classification and [PC
IPC{B) - E218 A3/28; E218 41700, E21B 43/00; E218 44/00 (2018.0%)

CPC - mo4m 43/28; E218 4100,

E21B 4%00; E218 44/00 (2018.08)

ApPlEart ) o w1 SERVICES, ING.

Box Mo, if Priority

D KU

FURTHER aCTION

E\J

i, This opinion contains indicstions relating 1o the following items:

Box No. | fasiz of the opinion

Box WMo, Il Non-esteblishment of opinton with regard to novelty, inventive step and industrial applicability
Box Mo, ¥ Lack of unity of tnvention

Box Mo, vV Reagsoned staternent under Ruls 43445 121} with regard 1o novelty, inventive stop and industrial applicability;
citattons and explanations supporting such statemeny

Box No. VI Certsin docursents cited
Box No. VIV Certain defects in the intornationsl application

Box No. Vil Cartain observations on the international snplicstion

I & demand for international preliminary sxsmination is wade, this opinfon will be considored to be & written opinfon of the
tnternational Preliminary Examining Autboriey ("IPEA”) except that this does not spply where the applicant chooses an Authority - |
oiher than this one 1o be the IPEA and the choson [PEA has notitted the Internations] Bureay under Rule 86.18is(h) that writien
opinions of this Intarmational Searching Authority will not be so considersd,

if this opinion s, as provided sbove, considerad 1o be a writtén opinion of the IPEA, the applisant is invited to submit to the I1PEA
2 wrinen reply iogether, where sppropriate, with amendmants, before the expiration of 3 months fom the date of maiting of Form
PCTABAMZZG or bafors the expiration of 22 months from the priceity dare, whichever sxpives later,

For further options, see Form PCTASA/R2G,

Name and mailing address of the 1844U8

ail Stop PCT, Aatin {SaU8
Cormmissioner e Patenty
P.0. Box 1858, Slexandrla, VA 223131450

Facsimile No, B71-273-8300

Date of completion of this spinion

28 August 2018

Authorized officer

Biging R, Copenhaaver

POT Helpdosk: 571-272-4300
POYT QBE; SYLUAFLTTIE

Forrn PUIAISAR3T (cover S}mel) {January 201 3)
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WRITTEN OPINION OF THE Interparional application No.
INTERNATIONAL SEARCHING AUTHORITY

PCTIUS2018/037483

Box Ne. Basis of this opinicn
1. With regard to the Ianguage, this opinion has been estsblished on the basis off
Ej the intornational application in the langusage in which it was filed.
a ransiation of the internationsl application into which is the language of a transiation

furnished for the purposes of intermaticanl search (Rules 12,302} and 23 .1(b)).

2. E_E This opinion has been sstablished taking into ascount the reetification of sy sbvions mistals authorized by or notified to
this Authority under Bule #1 {Rule 43565 1(8)).

3. B With regard to any suclestide and/or amine acid sequence disclosed in the internaticnal application, this opinion has
peen estabiished on the basis of & sequence Hsting:

5, E:j forraing part of the international spplication as filed:
m in the form of an Annex C/8T 25 text file,
E i on paper of in the form of an imags file.

5. | furnished together with the international applisation under PCT Rule 13rer H{a} for the purposes of infernational
search only in the form of an Annex TFST.25 text file.

c. 1 E furnished subsequent to the international filing date for the pusposes of international ssarch only:
E:j in the form of an Annex C/ST.25 text fis (Rule 13ter 1(a}).

on paper or in the form of an image e (Rule 13fer 1(b) and Adminisirative Instructions, Ssction 713},
paP &

4. EE in addition, in the case that more than one version or copy of & sequence listing has been filed or furnished, the requirsd
siatements thay the information in the subsequent or additional copiss is identioal to that forming part of the application as ™
fiied or docs not go beyond the spplicstion as filed, as appropriate, were furnished.

5. Additional commaents:

Form PCTASALZIT (Box Mo, 1} (January 2018}
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WRITTEN GFINION OF THE International applicaiion No.

INTERRATIONAL SEARCHING AUTHORYTY POTAIS2018037 453

Box Mo, ¥ Ressoned statoment uader Rule 434651 {a}(i} with regard (o novelty, inventive step and indusirial applicability;
citations and cxplanations supporting such statement

1.  Sistement

Novelty () Claims 58, 11, 1315 YES
Claims f-4, 8 98, 12 WY

Inventive step {8} Claimsg 5, 11 YES
Claims -4, 810, 12-135 NO

industrial applicability (3A) Claims i-18 YES
Cladms Mone NO

2. Citations and explanations:
Claims 1-4, 8, 10, and 12 lack novelty under PCT Article 33{2} as being anticipated by U.8. Well Services, LLC therginafter USWell),

Ragarding Clalm 1, USWel discioses a systern comprising: a8 mobile unit {power distitation sysiam... ths furbing ganerator 852 may be
rmounted on the trailer 58 fmobils unit] within 2 housing 60 mountsd on the Wrailler, pars 0028} at least sne gansrator {ihe turbine

genarator 52, pars BOZRY; end =t jeast ong switch gear (he switch gesr 84 Is mounted on 2 traller 38 and Inciudes the nousing 80, para
5O28), the at loast one generator coupled 1o the ot least ois switch gear on the moblle unit (Power cables 82 from the Wwrbines 52 can be
conneciad 1o the switch gear 64 on s sids, pars DOZE), the moblis unit configurad fo provids power ganerated by the &t least ohe
gensrator in elecirical buses for at least one joad on ons or mors axiemal mobile units {dirent power transmission from the switsh gear
units B4 o the equlpmsnt, such s the suxiliary unit 65 and {he pumps 74, para $038; The ermbodimant Hustrated in FiS. 2 further

ncludes an auxillary unit 88, which in the Hustrated ernbodiments is mounted on a trefler 58 The hydraulic fracturing pumps may be an a
singie commian waler, or brekan up with varous associated equipment on different frallers {afl ioads on exiemal mobile unitsftrailers], para-
Q030; aiso see Fig. 4)

Regarging Claim 2, USWell discioses the system of clalr 1, further comprising: at lsast ona fractaring pump {(FP) mobile unit of the one or
rmore exemal mobile units, the al lsast one FR mobile unit physically extemal refative (o the moblle unit {The hydraulic fraciuring pumps
riay be on & single commen tralier, o broker up with vatous associated equipment on diffarent tralisrs [extemal mobiie units}, para 0030,
sisn ses Flg. 4); and 8t least one transformer provided between the at loast ong PP moblls unit and the at ieest one switch gear to -
condition the power supplied to the st least ane FP moblle unit (hs traneformer 70... may be used o condition power for swdiiany .
aguipment. For exampls, 1he rensformar 70 may be a 3500 kWA transformer that convaris three AC 13,8 kY electriclty o thres phase AC
G006 V sieciricity, Cable connsctions may be arangsd atong the ransformer 70 receivs power autput from ths generators 52, the switch
waar B4, or a combinstion thersoll., ensformer 70 may be advariagesus to supply power o sscondary squipment, para DU32).

Reparding Clairm 3, USWall discloses the systern of dlaim 1, further comprising: @ predetermined nurmber of FP mobils unitscomprised in
the one or more extema mobile units, the predetsrmined number of FP mobile units determinad by & maximum of the powsy availsbie
frorm tha at least one generator and handied by the at lsast one switch gear (n the Hustrated smbodiment ncludes twin Tracturing

pumps 74, it shouid be appreciated that while the #lustrated smbodiment inciudss dusl pumps 74, other embodiments may inciuds one,
fhrae, four, five, Or any reasonable numBar of rschisring pumps 74, In the Bustrated embodiment, eagh pump 74 is capable of consuming
up to 1.2 MW of slechicity, Therelore, the Rlusirated twin frecturing pumps 74 can draw about 2.8 MW of sleckrichy [inial avaliabis power}
 under full load conditions, para 0031). v o
Regarding Claim 4, USWall discioses the sysiem of olaim 1, further comprising: a predetermined number of gensrators comprising the at
least cne genaraton, the pradatermined number of gensrators having individual powar cutput values thet is lesser than a powsr oulput of
an isclated single generator cocupying sl svallsbls spses in an indepandent moblls unit physically sxtemal to the moblle unit {sther
gmbodiments may have any reesonebls number of ganerators $2 and/or switch gear units 84, as well as other agudpment, based on
oparating conditions at the well site. , para 0044; arlous auxiiiary tallers may be utlized to seleclad squipment at the well sile and various,
canfigurstions may bs impismanied to enabls different designs and sonfigurations 1o be utlized bassd on costs. space constraints, para
DOAs).

Regarding Claim 8, USWell disciosss a method comprising: providing a moblie unit with at lsast one genersior and af least one switchgear
(he lubins generator 82 may be mounted on the trafler 58 Imablle unit] within g hausing 80 mounted on the trailer, para (028, the switch
gear &4 Is mounted on a traller 58 and includss the housing 80, para (H028), the at isast one genaralor coupled 1o ths st lsast one switch
gear on the mobile unit (Power cables 82 from ths furbines 52 can be connactad to the switch gear 84 on & side, para BUZ8); ganerating
power from the at least one generatos; providing the power in eiectrical buses for 2t leest one load in one of mare extemal mobile

units {dirsct power transmission from the switch gear units $4 to the squipment, such as the auxiliary unit 56 and the pumps 74, para
DO8%: The smbodiment ilustrated in FIG. 2 further innludes an auxiiiary unit 88, which in the Hlustrated embodiments is mounted on &
trafler 58... Tha hydraulic fracturing pumps may ba on a single common trailter, or broken up with vanous associsted equipment on differant
traftars fall loads on exiemal mobile unitsftralises], para 0030, also see Fig. 4}

Fore PCTASA3T (Box Mo, V) (January 20153
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WRITTEN OPINION OF THE International applisation Ma.

INTERNATIONAL SEARCHING AUTHORITY PTG 2O B037 455

Supplemental Box

in case the space in amy of the preceding boxes is not sulficient.
Continuation off

Regarding Claim 10, USWsil discioses the maithod of ciaim 6, further comprising: providing ai least ane facturing purnp (FP} mobils unit
of the ane or more exdemal mobile units thal is physicaily extems! raiative to the mobile unit {The hydragtic acturing pumps may be on &
single common traller, or broken up with various asseciated equipment on diferaeni tralisrs [external moblle units], para 0030; alsa see
Fig. 4% and condiioning the power supplied o the st lsast one FP moblls unit using at least one transformer provided between the at
lsast ong PP mobils unit and the at least one switth gosar {the transformer 70... may be ussd to condition power for auxiliary sguipmant.
For exampie, the transformsr 70 may bs a 3500 kYA transormer that converts three AC 13.8 kV sleclrdclly to thrae phass AC 800V
sfactrichy. Cable conmections may be srangsd slong the transformer 70 receive power oulput from the genarators 52, the switch

gsar 84, or & combination therecf... transformsr 70 may be advantagecus to supply power to secondary sgquipment, para 0323,

Regarding Clalm 12, USWaed disclosss the method of claim 9, Jurther comprsing: providing st Isast one Variable Freguesncy Drive (\IFE)};M
st providing st fesst one hMaolor Qontrol Center (MGG}, ths YD and the MG being on individuat ones of the one or mare exiemat
mabiie units that is physically external relativa o the mobile unit (The VD 68 may s referred (0 as & VFD house and may inclute an
Indepandant VED for sach pump couplsd © the VFD andgfor VFD house 88, pars 0030; a vadabls frequency drive cannected io the motor
o contrel the speed of the motor, claim §; also see Fig. § [separsts tratiers for aach VFD]). .

Ciaims &, 7, 13, and 14 lack an inventive step under PCT Asticle 333) a5 baing cbvious over U.8. Weil Services, LLC (hersinafter
LSWal) in view of US Wedl Sendoes LLO (herainafier LUBWeli408),

Regarding Clalm §, UBWel discinses the system of claim 1, further somprising: one or more power cable infercannsols canfigursd io
coupls 18 mobile unit with & second mobile unit of ihe one or mere extemal moblle units, the second moblie unit having &t lsast one
second genanator and at least one sscond switch gear (power and communications cables 62 can extend betwaan assosisted
aguipment, such ss switch gear units 84... one o1 more generators can bs provided in each housiag B0 andfor be mounied on each
skig 58 andior tralier 58, para (028; also sea Fig. 2}, USWeali faiis to explicilly disciose the une or more power cable inferconnedts to
transmi power in support of redundancy or load sharing between the mobiis unit and the segond mobile unit :

USWeali408 is in the fieid of hydraulic fracturing {Abstract) and teachas the ona of mare power cable interconpedts to transmit power in
support of redundancy of load sharing betwesn the mobile unit and the second mablle unit (the power transmission network is broken
into two baniks with direct communication betwaen genarater ssis 805-a, 805-b and swilchgear "B 825-b-1 in the first bank 8(7-3, and
generator seis B05-¢, 805-8 ard switchgasr *B" 825-b-2 in the second bank B07-b, para 0082; Splitting the microgrid into two

banks 807-a, B07-b can bulld redundancy into the systerm. If a single generator set falls during pask powsr damand, any other generator
sat on the same dreoult can share the load., para B083). it would have baan sbvious 1o one of ordinary skili in the arnt at the tims of the ’
irveantion 1o modify USWell with the teaching of USWalld03 for the purpose of bullding redundenay e ihs systam, thus i @ singls
gensrator set falis during peak powsr demand, any other gensnator set on the sama droult can share the load (see LUSWeld4Dd, pam
0063}

Ragarding Claim 7, USWal disclosas the system of clatm 1, further comprising an optional datavan in the ons or more sxtamal moblls
units for contral of the at least one ioad sharing FP mobils unlt, the optional datavan offering the control of the at least one load sharing
FP moblie unit instead of a second controt avalizbie from within the mobile unil (Controls for operating the slechkic hydraulis racturing
svsiem may be proviged in the housing 8C of the slactric data van 78, as wsil as devices for moniioning conditions and ogarational
parameters of componernts of the slectric hydrauiic fracturing system, pars 0038} USWall ialls to suplicilly discloss al least one foad
sharing FP mobile unit coupled to share the at Isast one joad of & sscond FF mobiie unit of tha one of mare extemnal maobille units.
USWaill4d9 isaches al least one load sharing FP mobile unil coupled to share the at least ons ioad of a second FF mobiie unit of the
sns oy more extemal mokils units (the power renemission network is proken info two banks with direct communicgtion belwesn
generator sets 805-a, 805-b and swilchgear *B” 825-5-1 in the first bank 807-a, and gansrator sels 805-¢, 805 and switchgear

un 99853 In the sacond bank 807-b, pars 0082; Splitting the misrogrid into two banks 807-a, 807-b can build rsdundancy inte the
systemn, f & single generator set fails during pesk powar demand, any cther genarator st on the same circult can share the foad., para
00833, i§ would have been shyious to one of ardinary skill in ihe art al the time of the invantion o madify USWell with the taaching of
LISWa40s for the purpose of buiiding redundancy into the systam, thus if & single gensrator set falls during peek power demand, any
other genersinr S8t on the same clreuit can share he load (see USWelld08, para GDS3)

Ragarding Claim 13, LSWael discinsas the method of claim 8, further comprising: coupling the moblls unit with a sscond mobils unii of
the cne or mors extemal mobiles Lnits using ons oF more powar cable interconnecis, the sscond mobile unit having at least one second
generator and at least cns sscond swiich gear (power and communications cavles 62 can sxtand between associatad equipmant, sueh
a3 switch gear units 54.., one or more genersiars can be providsd in sach housing 50 endfor s mountad on sach skid &6 andior
trasfier 58, pars 0028; also see Fig. 2). USWeil falls to explicitly disclose the one or mors powsr ceble interconnsais 1o transmil powsr in
support of redundancy of ioad sharing bstwasn the mobile unit and the sscond moblls unit.

US\Welldts teaches thes one or mors powsr sable interconnacts to transmit power in support of redundancy or load sharing between the
mobile unit and e second mobile unit (he powesr Fansmission network fs braken inte ve banks with direct communication between
penerator sets 805-2, 805-b and switchgsar “B" 825-b-1 in the first bank 807-a, and genarator sels 80&-¢, §08-¢ and swilchgear

BT B25.-b-2 in the second bank 807-b, pars (062; Spiitting ine microgrid inie two banks 807 -8, 807-b can bulld redundancy into the
system. if 3 singls generator st fafis during peak power demand. any other gensrator set on the same cirouit can share the load,, para
ODBI} It wouid have besn obvious to one of ordinary sidll in the art at ths ims of the invention to modify USWelt with the teaching of
USWelldos for the purpose of budiding redundancy into the system, thus i a single generator st falls during pealt power demand, any
ather generator set on the same circuit can share the load (see USWslid08, para 0083). .

Form PCTASASZRT { Supplemenial Box) (Janvary 2015}
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Supplemental Box

in case the space in any of the preceding boxes ks not sufficient.
Conttnnation of:

Regarding Claim 14, USWell disclosss ths method of claim 12, furthar comprising: controfing. via an opticnat datavan in the one or mare
sxtiemat mobie units, the at least ons FP mobile uni, ths oplional datevan oifsring the control of the at loast ons FP maoblls unit instead
of & senond contral {Controls for operating the electric nydrauiic fraciuring sysiem may be providad in the housing 50 of the slectric data
van 78, as well s devicss for monitoring conditions and operational parsmeters of components of the slectrie hydraudie fraciuring
systerm, pars 3038)

USWell fails to explicitly discioss coupling at least one inad sharing FP mobile unit to shars the at least ans load of & secand FP maobile
unit of ths one of more exemal mobiie units. USWal408 machas coupling at least une load sharing FP moblle unit to share the at isast
one inad of 2 second FP mobiie unil of the one or mors axiamal moblie units (the power transmission network is braken inte two Danks
with direct communication betwesn generator sets 805-a, 805-b and switchgaar "B” 825-b-1 i the first nank 507-a, and generaty

sets S05-¢, S0S-¢ and switchgsar "B* 828-b-2 in the second bank BO7-b, para $062; Spiitting ths micragrd into wo

bams 8078, B07-b nan bulld redundancy into e system. if a single gensrator sof falls during pesk pawer demand, any aihar genermtor
sat on the same circul can share the load., para G083). it would have besn obvious 1o one of ordinary ekill in the art st the time of the
imvention to modify USWal with the teaching of iSWelld08 for the purposa of buliding redundanay into ths systam, thus if & single
gansator sat fils during peak powsy demand, any other generator sel on the seme cirouit can share the load {sse LISWeali4038, pars
Q083).

Claims B ang 15 lack an inventive step under POT Article 33(3) as baing clwvicus ovar U8, Wall Services, LLO {hersinafter USWell} in
vigw of Amgid.

Regarding Claim &, USWal falls to disclose the system of clalm 1, further comprising: an isolation transformer in one of the one or more
extarnal mobile units, the isciation ransfsmaer baing physically extarnal relative to the mobile unit and being configured for filtenng
hanmonics batween ths at least one generator and the 3t least one load In the one or More extemna; mahlis Bnlis, Arnotd g in the fsld o
an AC power distribution unit {Abstract) and teaches an isolation transfonmer configurad for fitering harmionics betweaen the at least one
generator and the al lsast one ioad (A powar input feed 82 is coupled to an optional isolating transformer 83 connectad (o hamonico
Fiter.... isolating transformer 63 may attenuats noiss anergy propagating through ths point-ol-use unit and reduss the hammonic current
distortion at the third harmonic fragquency, pera 0021), It would hava been obvious to one of ordinary sidf in the art st the $me of the
invention to modify U 8Wesll with the tsaching of Amold for the purpose of reduing malfunctions of sensitive electronics {see Amold, para
GOOS). .

Ragarding Claim 15, USWal fails to discless the meathod of claim 8, furthar comprising: fiterng hanmonics betwoen the at lsast one
ganerator &nd the at least one load in the one or more extemal moblis units using an isclation transtormer that s in one of the one or
more axtemal mobile units, ths sclation ansformer being physically external relative to the mobile unit. Amold teachss Tiltering
harmonics betwsan the al laast one generator and the at isast ons f0ad using an isolation transionne (A power Input feed 62 is coupled
1o an opticnal lsolating transformer 63 connected to Barmonic filter.., isclating trensformer 83 may altenusie noise enargy propageting
shrough the peini-of-use unit and reduce the hamnonic current distortion at the third harmonic frequancy, nare 8031} it would have been
obvious 1o ane of ardinary skill in tha art at the time of ths vention to modify LISWal with the teaching of Amaid for ihe purposs of
reducing rnalfunciions of sensitive slectronios (sas Amold, pars B08).

Claims & 3nd 11 mset the oriteria set out in POT Article 33(213), bacauss the prior art does not teach or fairly suggest

Regarding cisim 5, the prior art of record, individualy o in combination, doss not teach of falrly suggest the systam of clalm 1, furthar
comprising: the at least one switchgear being physically srangsd 1o replace an slectronic sgpupment room (EER) of at least one mobile
it of the one or mors sxternal mobile unils that is designed to comprise the BER.

Regarding claim 11, the prior art of record, individuaily or In combination, doas aot aach or fxidy suggest the method of claim 9, further
comprising: physically amanging the at least one swilch gaar o replacs an slectronic squipment room: {FER) of 3t least one mobile unit of
the ane or more extemal mobils unils that is designed to comprise the EER. :

Cigims 1-15 mest the criteria set out in BCT Avticls 334), and thus have industrial applicability because the subject matter claimed can
be made or ysad in industry,

}forzn POTASALST (Supplomental Box) (January 2018}
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PCT Application No,: PCT/US2018/037403
Date of Ssarch: 28 August 2018

-Search Ristory:

“Limited Classification Search

The Patent Analyst performed g limited classification search within the following US| IPC, GPC,
ECGLA, or F-Termn classification areas:

CPC Cigss/Subclass{es) E2T8 43/28; E218 41/00; E218 43/00; E21B 44/00 (2018.08)
PG (8) Class/Subclass(es): E218 43/28; E218 41/00; E218 43/00; £E218 44/00 (2018.01)
LS. Class/Subclass{es): 1068/308 1, 188/244.1; 188/308.1

See Global Ssarch Resulls.

cFiobal Patent Literature Text Search

The Palent Analyst performed the Tollowing giobal text ssarch, which was not Emited by
classification but may o may net have been limitad by other criteria;

Queste! Orbit: hitps fwww.orbit.com

# Bearch query Resuits
1 { (WELL W SERVICE+YPAJOPA ) 380
2 { {HINDERLITER 2D BRANDONYIN/OINANH/INY 3G
3 2 AND BUSES/TX G
4 2 AND BUS+TX 20
5 2 AND (REPLAC+ 5 ROOMYTX 0
& 2 AND (MOBILE W UNITSYTX O
7 CITE NOSOURCE 585 2 8 RANKED &
B {LUIS4{00822VWXPN 1
g {(WOR018152081TWKPN 1
10 LGiTE NGSC}QRCE 55 8 1 RANKED 0
119 SSIMILARITY 885 9 RANKED 4 25881
12 {US201801080221XPN 1
13 2 AND {GENERATOR+ AND BWITCHGEARYTX 16
14 2 AND (GENERATCOR+ AND (BWITCH W GEAR)TX 14
15 130R 14 20
18 {(REPLAC+ S ELECTRONIC SEQUIPMENT S 374
ROOMVTVAR/CLME/TX
17 {{REPLAC+ 8 ELECTRONIC 8 EQUIPMENT 8 ROOM) AND g
SWITCHGEARYTHAR/ICLME/TX
18 2 AND EER/TX . 13
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Date of Search: 28 August 2018

18 {E21B8-D4/38Y0ORC 5843
20 {E21B-043/281PC 10288
21 (E21B-043/000IFC 21448
22 {(E218-D43/00YCPC 2848
23 {E21B-044/00YCPC 2788
24 {E218-044/001PC 8407
25 (E21B-041/00Y1IPC 8347
28 {E218-341/0OYCPC 8311
27 TBOR Z00R 210R 220R 23 0R 24 OR 25 OR 28 45741
28 27 AND (GENERATOR+ AND (SWITCH W GEARITX 28
23 27 AND (QENERATOR+ AND (SWITCHGEARITX 47
a0 166308100/PCL 1253
31 188305 100/PCL 1855
32 168244100/PCL 247
33 3G OR 3 OR 32 3254
34 33 AND (GENERATOR+ AND {(SWITCHGEARNTX &
35 33 AND (FRACTUR+YTX 2350
38 33 AND (FRACTUR+ AND MOBILEYTX 338
37 33 AND (FRACTUR+ AND TRALER+YTX g2
Gooule Patents: hitpsi/pstents.goeogle.com
# Saarch guery Resulis
1 INTEGRATED MOBILE POWER UNIT FOR HYDRAULIC 100+
FRACTURING
2 integrated generator and switchgear for fracturing 100+
3 hydraulic fracturing maoblle units switchgear generators 100+
4 generator and switchgear on a ransport unit ‘iﬁi)«k
& genaeraior and switchgear on a transport unit hydraulic 100+
fractruing
Computer Accessed Text Databases Searched
The Patent Analyst searched the following computer accessed text databases:
Google Schoelan https:¥schelargooglie.com/
# Bearch guery Results
1 INTEGRATED MOBILE POWER UNIT FOR HYDRAULIC 100+
FRAGCTURING '
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2 integrated generator and switchgear for fracturing 100+

3 hydraulic fracturing mobile units switchgear generalors 100+

4 genarator and switchgear on a ransport unit 100+

B genaralor and switchgear on a transport unit hydraulic 100+
fractruing :

Date search was compieted: 28 August 2018
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PCT/US2019/051018 26.11.2019

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Taylor P. Evans PCT

Hogan Lovells US LLP

609 Main Street, Suite 4200
Houston, TX 77002 NOTIFICATION OF TRANSMITTAL OF

\ ) THE INTERNATIONAL SEARCH REPORT AND
United States of America THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)
aomoireal 26 NOV 2019

FOR FURTHERACTION  See paragraphs 1 and 4 below

Applicant’s or agent’s file reference

047158.500046

International application No. International filing date

(day/month/year)
PCT/US19/51018 13 September 2019 (13.09.2019)
Applicant

U.S. Well Services, LLC

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.
Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When?  The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

How? Directly to the International Bureau preferably through ePCT, or on paper to:

The International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland
(Facsimile No.: +41 22 338 82 70)

For more detailed instructions, see the PCT Applicant’s Guide, Intemmational 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 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with any request
to forward the texts of both the protest and the decision thercon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to
the International Bureau. These comments will be made available to the public after international publication. The International
Bureau will send a copy of such comments to all designated Offices unless an international preliminary examination report has
been or is to be established.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. Ifthe applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application,
or of the priority claim, must reach the International Bureau before the completion of the technical preparations for international
publication (Rules 90bis.1 and 90bis.3).

Within 19 months from 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 into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the time limit of
30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicabie time limits, Office
by Office, see www.wipo.int/pct/en/texts/time_limits.html and the PCT Applicant’s Guide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried out
by a different International Searching Authority that offers this service (Rule 45bis.1). The procedure for requesting supplementary
international search is described in the PCT Applicant'’s Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300
Form PCT/ISA/220 (revised January 2019)

Shane Thomas
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PCT/US2019/051018 26.11.2019

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference
047158.500046

FOR FURTHERACTION
see Form PCT/ISA/220 as well as, where applicable, item 5 below.

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US19/51018 13 September 2019 (13.09.2019) 14 September 2018 (14.09.2018)

Applicant
U.S. Well Services, LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of sheets.

D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
E the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. I:] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.
2. I:’ Certain claims were found unsearchable (see Box No. II).
3. D Unity of invention is lacking (see Box No. 11I).

4. With regard to the title,
IZ the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.
6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 3
D as suggested by the applicant.
[Z] as selected by this Authority, because the applicant failed to suggest a figure.

I:l as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2019)
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INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US19/51018

A. CLASSIFICATION OF SUBJECT MATTER
IPC - B®66F 3/24; E21B 17/01, 17/08, 19/00, 19/06 (2019.01)

CPC - B66F 3/24, 3/247; E21B 17/01, 17/085; 19/004, 19/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document '

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2,407,796 A (PAGE H E) 17 September 1946; figure 1; column 1, lines 1-5; column 3, lines | 1, 3-6, 9, 12-14
--- 1-10; column 4, lines 20-30 -
A 10, 15
X US 2,416,848 A (ROTHERY J S) 4 March 1947; figure 1; column 1, lines 1-5; column 2, lines 1-2, 6-9, 11
— 35-40; column 3, lines 5-40 -
A 10, 15
A US 7,984,757 B1 (KEAST L G et al) 26 July 2011; figures 5A, 6, 78; column 7, lines 10-20; 10, 15
column 8, lines 45-50; column 9, lines 10-30
l:] Further documents are listed in the continuation of Box C. I:] See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

“A” document defining the general state of the art which is not considered na | ' ¢ .
the principle or theory underlying the invention

to be of particular relevance

“D”  document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish t e_f{yubhcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferring to an oral disclosure, use, exhibition orother means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than *“&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
06 November 2019 (06.11.2019) 2 6 N 0 V 2019

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)
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PCT/US2019/051018 26.11.2019

PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

To: Taylor P. Evans
Hogan Lovells US LLP
609 Main Street, Suite 4200
Houston, TX 77002
United States of America

(PCT Rule 43bis.1)

Date of mailing
(day/month/year)

26 NOV 2019

FOR FURTHER ACTION
See paragraph 2 below

Applicant’s or agent’s file reference

047158.500046

Priority date (day/month/year)
14 September 2018 (14.09.2018)

International application No. International filing date (day/month/year)

PCT/US19/51018 13 September 2019 (13.09.2019)

International Patent Classification (IPC) or both national classification and IPC

IPC - BG66F 3/24; E21B 17/01, 17/08, 19/00, 19/06 (2019.01)
CPC - BG66F 3/24, 3/247; E21B 17/01, 17/085; 19/004, 19/06
Applicant

U.S. Well Services, LLC

1. This opinion contains indications relating to the following items:

@ Box No. I Basis of the opinion

D Box No. II  Priority

EI Box No. [II  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

|:| BoxX'No. IV  Lack of unity of invention

m Box No. V Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

E] Box No. VI Certain documents cited

m Box No. VIl Certain defects in the international application

m Box No. VIII Certain observations on the international application

2. FURTHERACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15bis(b) that written
opinions of this International Scarching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invitcd to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the cxpiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Authorized officer

Nanie and mailing address of the ISA/US | Date of completion of this opinion

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

06 November 2019 (06.11.2019)

Shane Thomas

PCT Help Desk
Telephone No. §71-272-4300

Form PCT/ISA/237 (cover sheet) (revised January 2019)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US19/51018
Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of*

IZI the international application in the language in which it was filed.

D a translation of the international application into which is the language of a translation
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. I:] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 434is.1(b)).

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing:

a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. furnished together with the intemational application under PCT Rule 13ter.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
[] inthe form of an Annex C/ST.25 text file (Rule 13¢er.1(a)).

l:] on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or fumished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. 1) (revised January 2019)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/51018

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims 10,15 YES
Claims 1-9,11-14 NO
Inventive step (IS) Claims 10,15 YES
Claims 1-9, 11-14 NO
Industrial applicability (IA) Claims 1-15 YES
Claims NONE NO

2. Citations and explanations:
Claims 1, 3-6, 9, and 12-14 lack noveity under PCT Article 33(2) as being anticipated by US 2,407,796 A (PAGE).

As per claim 1, Page discloses an apparatus for performing hoisting functions (jack used for raising loads; figure 1; column 1, lines 1-5),
the apparatus characterized by: a first elongated member (5, 25, 30, collectively forming a member which is vertically elongated) including
a provision for a first external mechanical coupling at a distal location on the first elongated member (provided with sleeve 35 and
extension screw 39 (provision), which are capable of providing an external mechanical coupling at an upper location as shown; figure 1;
column 4, lines 20-30); a second elongated member (82) mechanically coupled to the first elongated member at proximal locations on the
first elongated member and the second elongated member (a lower end (proximal location) of tube 82 is coupled to a lower end (proximal
location) of body 30 via base 5 as shown; figure 1); a third member (86, 87, collectively) mechanically coupled to a first portion of the first
elongated member (connected to arm 88 of body 30 (first portion) via pin 89 as shown; figure 1; column 3, lines 1-10), the first portion
including a damping system (30, 50, collectively — see claim 3 of the instant application, where the hydraulic cylinder of the damping
system forms part of the first elongated member); the third member including a fourth member (86), the fourth member configured to
move through at least a second portion of a length of the second elongated member (piston 86 reciprocates within at least a lower portion
(second portion of a length) of the piston chamber 85 within tube 82 (second elongated member); figure 1; column 3, lines 1-10); and at
least one mechanical coupler (100) associated with the second elongated member (as shown) for a second external mechanical coupling
of the apparatus to a riser (tube 100 is capable of being used to couple the tube 82 of the jack (apparatus) to a riser, rather than coupling
to valve 101; figure 1).

As per claim 3, Page discloses the apparatus of claim 1, and further discloses further characterized by: a hydraulic cylinder (body 30,
which defines cylinders 32 and 33; figure 1) fixed within or forming part of (forms a part of as shown) the first elongated member (5, 25,
30, collectively), the hydraulic cylinder forming part of the damping system (30, 50, collectively) of the first portion (30) of the first
elongated member (5, 25, 30, collectively), and the hydraulic cylinder including a first hinge (89) for mechanically coupling with the third
member (86, 87, collectively, as shown).

As per claim 4, Page discloses the apparatus of claim 3, and further discloses wherein the hydraulic cylinder (30; figure 1) is within the
first elongated member (these limitations are considered optional in accordance with claim 3) to move the third member in an angle
around the first hinge (creating pressure that lifts body 30, which as lifted will also lift and cause piston 86 with rod 87 (third member,
collectively) to pivot its angle about pin 89 (hinge); figure 1; column 2, lines 40-50; column 3, lines 5-15 and 65-75).

As per claim 5, Page discloses the apparatus of claim 4, and further discloses further characterized by: an adjusting mechanism (130;
figure 1) for the hydraulic cylinder (30) to control the angle and/or to control a speed with which the third member is moved (screw 130
may be employed to relieve pressure to control the rate of descent (speed) of the body 30 and thereby the piston 86 and rod 87 (third
member, collectively) since they are pivotally connected by pin 89; figure 1; column 3, lines 5-15 and 65-75; column 5, lines 1-20).

As per claim 6, Page discloses the apparatus of claim 1, and further discloses further characterized by: the second portion of the second
elongated member being a hollow area (piston 86 reciprocates within at least a lower hollow portion (second portion of a length) of the
piston chamber 85 within tube 82 (second elongated member); figure 1; column 3, lines 1-10); and the fourth member included within the
hollow area of the second elongated member (piston 86 reciprocates within at least a lower hollow portion (second portion of a iength) of
the piston chamber 85 within tube 82 (second elongated member); figure 1; column 3, lines 1-10).

-***.Continued Within the Next Supplemental Box-***-
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Box No. VII  Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 1 and 9 are objected to under PCT Rule 66.2(a)(iii) as containing the following defect in the form or contents thereof: in claims 1
and 9, the phrase "the fourth member to move" should be written as "the fourth member configured to move".

Claim 3 is objected to under PCT Rule 66.2(a)(iii) as containing the following defect in the form or contents thereof: in claim 3, the phrase
"for mechanical coupling” should be written as "for mechanically coupling".

Claim 5 is objected to under PCT Rule 66.2(a)(iii) as containing the following defect in the form or contents thereof: claim 5 depends upon
itself, and is instead interpreted as being dependent on claim 4.
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claim 7 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claim 7 is indefinite for the following
reason(s): Claim 7 refers to “the wellhead”. There is a lack of antecedent basis for these limitations in the claim. For the purpose of this
opinion, as best understood, the claim is interpreted to read "a wellhead".
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-***-Continued from Box V: Citations and Explanations-***-

As per claim 9, Page discloses a method for lifting a riser associated with a wellhead (a jack is used for raising loads to substantial
heights, and so would be capable of raising a riser associated with a wellhead; figure 1; column 1, lines 1-5), the method characterized
by: providing an apparatus (jack; figure 1) with a first elongated member (5, 25, 30, collectively forming a member which is vertically
elongated) including a provision for an external mechanical coupling at a distal location (provided with sleeve 35 and extension screw 39
(provision), which are capable of providing an external mechanical coupling at an upper location as shown; figure 1; colurmn 4, lines
20-30); mechanically hinging (via pivot pin 83) a second elongated member (82) to the first elongated member at proximal locations on
the first elongated member and the second elongated member (a lower location (proximal location) of tube 82 is pivotally connected to
boss 80 (proximal location) of base 5 (of the first elongated member) via pivot pin 83; figure 1; column 3, lines 1-10); mechanically hinging
(via pivot pin 89) a third member (86, 87, collectively) to a first portion (30) of the first elongated member (5, 25, 30, collectively, as
shown; figure 1; column 3, lines 5-15), the first portion including a damping system (30, 50, collectively - see claim 12 of the instant
application, where the hydraulic cylinder of the damping system forms part of the first elongated member); providing the third member
with a fourth member (86), the fourth member configured to move through at least a first portion of a length of the second elongated
member (piston 86 reciprocates within at least a lower portion (first portion of a length) of the piston chamber 85 within tube 82 (second
elongated member); figure 1; column 3, lines 1-10); and enabling mechanical coupling for the apparatus to the riser using at least one
mechanical coupler on the second elongated member (tube 100 is capable of being used to couple the tube 82 of the jack (apparatus) to
a riser, rather than coupling to valve 101; figure 1).

As per claim 12, Page discloses the method of claim 9, and further discloses further characterized by: providing a hydrautic cylinder (body
30, which defines the cylinders 32 and 33; figure 1) as part of the damping system (30, 50, collectively), within or as part (forms a part of
as shown) of the first elongated member (5, 25, 30, collectively, as shown), the hydraulic cylinder including the first portion of the first
elongated member mechanically hinged to the third member (body 30 defines the cylinders 32 and 33 and is also pivotally connected to
rod 87 (of the third member) via pivot pin 89; figure 1; column 3, lines 5-10; column 3, lines 1-10).

As per claim 13, Page discloses the method of claim 12, and further discloses further characterized by: moving, by the hydraulic cylinder
that is the part of or that is within the first elongated member, the third member in an angle about a hinge affixed between the first
elongated member and the third member (creating pressure that lifts body 30, which as lifted will also lift and cause piston 86 with rod 87
(third member, collectively) to pivot its angle about pin 89 (hinge); figure 1; column 2, lines 40-50; column 3, lines 5-15 and 65-75).

As per claim 14, Page discloses the method of claim 13, and further discloses further characterized by: adjusting a mechanism (130;
figure 1) for the hydraulic cylinder to control the angle and/or to control a speed with which the third member is moved (screw 130 may be
employed to relieve pressure to control the rate of descent (speed) of the body 30 and thereby the piston 86 and rod 87 (third member,
collectively) since they are pivotally connected by pin 89; figure 1; column 3, lines 5-15 and 65-75; column 5, lines 1-20).

Claims 1-2, 6-9, and 11 lack novelty under PCT Article 33(2) as being anticipated by US 2,416,848 A (ROTHERY).

As per claim 1, Rothery discloses an apparatus for performing hoisting functions (jack for lifting loads; figure 1; column 1, lines 1-5), the
apparatus characterized by: a first elongated member (1) including a provision (middle foot 10) for a first external mechanical coupling at
a distal location on the first elongated member (middie foot 10 is capable of being used for mechanically coupling a lower location (distal
location) of body 1 (first elongated member) to another component; figure 1; column 2, lines 50-55); a second elongated member (18)
mechanically coupled to the first elongated member at proximal locations on the first elongated member and the second elongated
member (upper locations (proximal locations) on body 1 (first elongated member) and outer tubular part 18 (second elongated member)
are coupled via hinge butts 3; figure 1; column 2, lines 35-45; column 3, lines 5-15); a third member (left strut 11, tubular part 19,
collectively) mechanically coupled to a first portion of the first elongated member (left strut 11 (of the third member) is coupled to a lower
portion (first portion) of body 1 (first elongated member) as shown; figure 1), the first portion including a damping system (27); the third
member including a fourth member (19), the fourth member configured to move through at least a second portion of a length of the
second elongated member (inner tubular part 19 (fourth member) is slidable within the lower portion (second portion) of the outer tubular
part 18 (second elongated member); figure 1; column 3, lines 5-15); and at least one mechanical coupler (28) associated with the second
elongated member for a second external mechanical coupling of the apparatus to a riser (lug 28 is capable of being used for mechanically
coupling the outer tubular part 18 (second elongated member) of the jack (apparatus) to a riser; figure 1; column 3, lines 35-40).

As per claim 2, Rothery discloses the apparatus of claim 1, and further discloses wherein the first elongated member (1; figure 1) and the
second elongated member (18) are hollow tubular members (body 1 is a cylindrical liquid reservoir, i.e., a hollow tubular member, and
outer part 18 is tubular; figures 1-2; column 2, lines 35-40; column 3, lines 5-10).

As per claim 6, Rothery discloses the apparatus of claim 1, and further discloses further characterized by: the second portion of the
second elongated member being a hollow area (inner tubular part 19 (fourth member) is slidable within a hollow area of the lower portion
(second portion) of the outer tubular part 18 (second elongated member); figure 1; column 3, lines 5-15); and the fourth member included
within the hollow area of the second elongated member (inner tubular part 19 (fourth member) is slidable within a hollow area of the lower
portion (second portion) of the outer tubular part 18 (second elongated member); figure 1; column 3, lines 5-15).

As per claim 7, Rothery discloses the apparatus of claim 1, and further discloses further characterized by: the at least one mechanical
coupler having a latching system for latching to the riser of a wellhead to form the second external mechanical coupling of the apparatus
to the riser (a pin 20 (latching system) is passed through a hole in the lug 28 (mechanical coupler) and a hole in lug 29 in order to lock the
tubular member 18 to the body 1, and so together the pin 20 and lug 28 are capable of being used for locking the outer tubular part 18
(second elongated member) of the jack (apparatus) to a riser of a wellhead; figure 1; column 3, lines 30-40).

-***.Continued Within the Next Supplemental Box-***-

Form PCT/ISA/237 (Supplemental Box) (revised January 2019)

LIBERTY EXHIBIT 1002, Page 893



PCT/US2019/051018 26.11.2019

WRITTEN OPINION OF THE International application No.

lNTERNATIONAL SEARCHING AUTHORITY PCT/IUS19/51018

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

-***.Continued from Previous Supplemental Box-"""-

As per claim 8, Rothery discloses the apparatus of claim 1, and further discloses further characterized by: the second elongated member
being hinged with a second hinge to the first elongated member (outer tubular part 18 (second elongated member) and body 1 (first
elongated member) are coupled via hinge butts 3 (second hinge); figure 1; column 2, lines 35-45; column 3, lines 5-15).

As per claim 9, Rothery discloses a method for lifting a riser associated with a wellhead (jack for lifting loads, capable of being used to lift
a riser associated with a wellhead; figure 1; column 1, lines 1-5), the method characterized by: providing an apparatus (jack; figure 1) with
a first elongated member (1) including a provision (middle foot 10) for an external mechanical coupling at a distal location (middle foot 10
is capable of being used for mechanically coupling a lower location (distal location) of body 1 (first elongated member) to another
component; figure 1; column 2, lines 50-55); mechanically hinging (via hinge butts 3) a second elongated member (18) to the first
elongated member at proximal locations on the first elongated member and the second elongated member (upper locations (proximal
locations) on body 1 (first elongated member) and outer tubular part 18 (second elongated member) are coupled via hinge butts 3; figure
1; column 2, lines 35-45; column 3, lines 5-15); mechanically hinging (via pivot pin 12) a third member (left strut 11, tubular part 19,
collectively) to a first portion of the first elongated member (left strut 11 (of the third member) is pivotally coupled to a lower portion (first
portion) of body 1 via pivot pin 12; figure 1; column 2, lines 50-55), the first portion including a damping system (the lower portion (first
portion) of body 1 comprises a release valve 27 (damping system); figure 1; column 3, lines 25-35); providing the third member with a
fourth member (19), the fourth member configured to move through at least a first portion of a length of the second elongated member
(inner tubular part 19 (fourth member) is slidable within the lower portion (first portion) of the outer tubular part 18 (second elongated
member); figure 1; column 3, lines 5-15); and enabling mechanical coupling for the apparatus to the riser using at least one mechanica!
coupler on the second elongated member (lug 28 is capable of being used for mechanically coupling the outer tubular part 18 (second
elongated member) of the jack (apparatus) to a riser; figure 1; column 3, lines 35-40).

As per claim 11, Rothery discloses the method of claim 9, and further discloses wherein the first elongated member (1; figure 1) and the
second elongated member (18) are hollow tubular members (body 1 is a cylindrical liquid reservoir, i.e., a hollow tubular member, and
outer part 18 is tubular; figures 1-2; column 2, lines 35-40; column 3, lines 5-10).

Claim 10 meets the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest a motivation to combine
the disparate references.

PAGE discloses mechanically coupling the apparatus at the second elongated member (as shown, the tube 100 couples (coupling
components of the apparatus together) the tube 82 of the jack to the valve 101, figure 1).

ROTHERY discloses mechanically coupling the apparatus at the second elongated member (pin 20 is passed through a hole in the lug
28 (mechanical coupler) and a hole in lug 29 in order to lock (coupling components of the apparatus together) the tubular member 18 to
the body 1; figure 1; column 3, lines 30-40).

US 7,984,757 B1 (KEAST) discloses mechanically coupling the apparatus (58, 86, 129, collectively; figures 5A, 6, 7B) to the riser (116;
head 114 of torque wrench assembly 86 (of the apparatus) engages to grip the tubular 116 (riser); figures 6, 7B; column 9, lines 10-30) at
the second elongated member (86); mechanicaily coupling the external mechanical coupling to a hoist (link 58 (first elongated member) is
connected via the external coupling mechanism at its lower end as shown to elevator 60 (hoist); figures 5A, 6, 7B; column 7, lines 1-10);
and hoisting the riser into position with the wellhead (the elevator 60 (hoist) is used for grabbing and elevating (into position) the tubular
116 extending through the rig floor 90 and rig floor sub 91 in the well bore 8; figures 5A, 6, 7B; column 7, lines 10-20; column 8, lines
45-50). .

Nonetheless, it would not have been obvious to one of ordinary skill in the art at the time of the invention to modify Page or Rothery’s
apparatus to be used for hoisting Keast's riser into position with the wellhead because Page and Rothery disclose tripod type lifts for
lifting a load with a central member which only moves linearly in one direction to lift a load that is completely on top of the jack, which one
of ordinary skill in the art would not use for hoisting a riser into position with a wellhead, since additional structural features would need to
be provided in order to attach Page or Rothery's apparatus to a riser for hoisting purposes. Furthermore, the prior art fails to disclose an
apparatus for hoisting as recited in claim 9 that is used for hoisting a riser into position with a wellhead, therefore creating the claimed
apparatus and using it to hoist a riser into position with a wellhead would require more than routine skill in the art and impermissible
hindsight. Finally, Keast fails to disclose all of the recited components of claim 9, specifically a first member hinged to a third member and
the third member having a fourth member that moves through the second elongated member, and modifying Keast to function this way
would not have been obvious because it would require restructuring the connection between link 54, link 58, the torque wrench assembly
86, and the hydraulic drive unit 129, which would require more than routine skill in the art and impermissible hindsight.

-***.Continued Within the Next Supplemental Box-***-
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Claim 15 meets the criteria set out in PCT Article 33(2)~(3), because the prior art does not teach or fairly suggest a motivation to combine
the disparate references.

PAGE discloses the second elongated member (82; figure 1).

ROTHERY discloses latching, using a latching system, the second elongated member (pin 20 (latching system) is passed through a hole
in the lug 28 (mechanical coupler) and a hole in lug 29 in order to lock the tubular member 18 to the body 1, and so together the pin 20
and lug 28 are capable of being used for locking the outer tubular part 18 (second elongated member) of the jack (apparatus) to a riser of
a wellhead; figure 1; column 3, lines 30-40).

KEAST discloses latching, using a latching system, the second elongated member to the riser for hoisting the riser into position with the
wellhead (a wrench head 114 (latching system) is provided at the lower end of torque wrench assembly 86 (second elongated member) to
engage and grip (latch) the tubular 116 (riser), enabling the elevator 60 (hoist) to be used for elevating (into position) the tubular 116
(riser) extending through the rig floor 90 and rig floor sub 91 in the well bore 8; figures 5A, 6, 7B; column 7, lines 10-20; column 8, lines
45-50; column 9, lines 10-30).

Nonetheless, it would not have been obvious to one of ordinary skill in the art at the time of the invention to modify Page or Rothery's
apparatus to be used for hoisting Keast's riser into position with the wellhead because Page and Rothery disclose tripod type lifts for
lifting a load with a central member which only moves linearly in one direction to lift a load that is completely on top of the jack, which one
of ordinary skill in the art would not use for hoisting a riser into position with a wellhead, since additional structural features would need to
be provided in order to attach Page or Rothery's apparatus to a riser for hoisting purposes. Furthermore, the prior art fails to disclose an
apparatus for hoisting as recited in claim 9 that is used for hoisting a riser into position with a wellhead with the latching system, therefore
creating the claimed apparatus and using it to latch to and hoist a riser into position with a wellhead would require more than routine skill
in the art and impermissible hindsight. Finally, Keast fails to disclose all of the recited components of claim 9, specifically a first member
hinged to a third member and the third member having a fourth member that moves through the second elongated member, and
modifying Keast to function this way would not have been obvious because it would require restructuring the connection between link 54,
link 58, the torque wrench assembly 86, and the hydraulic drive unit 129, which would require more than routine skill in the art and
impermissible hindsight.

Claims 1-15 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used in industry.
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WRITTEN GPINION OF THE Imternational application Na,
INTERNATIONAL SEARCHING AUTHORITY

POT/USIBIB/N85323
Box Ne. & Basis of the opinion
1. With regard 1o the Isngusge, this opinion has been establishad an the basis oft
the internations] application in the language in which it was filed.
= wansiation of the international spplication ot wirich s the language of & wanslation

furnished for the paeposes of internationsa! search (Rulas 12.3(8) and 23.1¢(b1).

2. {:} This opinion has been established taldng into sccount the rectifiestion of aun obvious mistake authorized by or notified to
this Authority under Rule 21 {Rule 435 113,
3. With regard to any vucleotide and/or Rmine acid seguence disclosed i the intermational application, this opintan has been

astablished on the basis of a seguence listing:

], E___j forming pant of the internatienal application as filed:
in the form of an Annex C/8T.23 text file.

E E on paper or in the form of an image file.

b, E furnished together with the Internstional application under PCT Rule 13rer, 1z} for the purposes of international search
only in the form of an Annex C/ST.25 texi fils.

. 1 E furnished subsequent to the internationa! filing date for the purposes of international ssarch only:
D in the form of an Annex C/8T.25 texs file (Ruls 1 3ier 1{a)).
[] on paper or in the form of an image file (Rule 13ter 1(b) and Administrative Instructions, Section 713).
4. m In addition, in the case that more thas ong version or copy of a sequence listing has been filed or furnished, the raguired
statemnents that the information in the subseguent or additional copies is identcal to that forming part of the applicstion a3

filed or dnes not go beyond the spplication as filed, as appropriate, wers Runishad,

5. Additional communents:
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WRITTEN OPINION OF THE International application Ne.
INTERNATIONAL SEARCHING AUTHORITY

POTERIBIR/OR5323
Bux No. ¥ Reasonsd stntement under Rule 435 3{a)}(3) with regurd to navelty, inventive step and industrisi applicabifity;
citations and cxplanations seppoerting such sistement
1, Staisment

Novalty (N} Claims 1-28 YES
Ciaims NONE NGO

{nventive step (IS} Clatms 3, 13, and 28 YES
Claims 1.4, 6-12, and 14-1¢ NGO

industrial applicability {1A) “iaims 1-20 YES
Claims NOWE MO

-

2. Citations and explanations :

e REXPLAMNATION

Clainss 1, and § Iacls an inventive step under PCT Article 33{3} as being obvious over Coli et al. {US
2018403353437} iu view of Oehring et al. (US 20170030177

In reference to claim 1, Coli discloses & hydranlic fachuring system for fracturing 2 subterransan
formation, comprising:

2 support strusture 10 having  first ares (Fig. 3, cccupled by left most pump rodule 203, 2 second area
{Fig. 3, within enclosure 58}, a third arves (Fig. 3, within enclosure 50), and a fourth area (Fig. 3, any of the
other pump moedules 20} amranged adjacent one another {ses Fig. 3},

an electyic powered, multi-planger pumyp 22 {par. 0038) with up o 15 plungers {note that the term “up

to 15 plungers” s interpreted as any pump having between 1 and 13 plungers; Codi discloses quintiplex
and iriplex pumps, par. (044), sxranged in the first sres, the sleciric powered pump 22 coupled to a wall
associated with the sublerranean formation and powered by at least ons electric motor 21, also arranged
in the first area (see Fig. 3}, the electric powersd pump 22 configured to pump fluid into & wellbore
associated with the well at a high pressure so that the fluid passes from the wellbore into the subtermanean
formation and Hastures the sublerranean formation (par. 0038}

a variable frequency deive (VFD¥) {pars. 0063 and 8064, located within “wransformer and drive unit 50 (see
Fig. 33™), arranged in the second avea proximate the first ares, connected 1o the at feast one sleciric motor
to control the speed of the at lzast one electoic motor;

a transformer (par. 00435, located within “transformer and drive unit 50 (see Fig. 3)", arrangzd in ths

third area proximate the second area {Coli dosse't explicitly show how the transformer and VFD are
arienied within the enclosure 50, but anything located within the enclosure is both proximate to other
features located within the enclosure and proximaie to the first area), the transformer posilioned within an
enciosure S0, the wansformer distributing power to the eleciric puap 22, the power being received fom at
least one generator 38 {par. 0034, “nubine generator”) at 2 voltage higher than an operating voltage of the
sleciric pump {par. 0045}

Coli fatls to disclose a slide out platform integrated into the first ares, the slide out platform being driven
between a retracted position and a deployed position, wherein the deployed position provides & work area
proximate the electric pump extending outward from the electric pump,

Cehring discloses a slide out pladform 30 {sse Figs. 1-3, two separate slids out platforms 30, and 38,

are shown) integrated {nto a fivst area comprising an electric pump 132, the stide out platform 30 being
driven between & retracted position {ses Fig. 3} and a deployed position {see Fig. 2}, wherein the daployed
position provides a work avez proximate the electric purnp 12 extending outward from the electric pump
12 {see Fig. 2). It would have been obvious to a person having ordinary skill o the art at the thme of the
invention to provide a slide out platform integrated into the first area so that hursan operators can access
the eleciric pump for operation or maintenanee.

In reference to laim 6, Ochring discloses a purnp platform 24, the pump platfors 34 supporting both the
slecivic powered pump 12 and the platform 30, the platform 30 arranged axiaily lower than the slsotric

Form PCTASA/ZIT (Box No. V) {revised January 2019}

LIBERTY EXHIBIT 1002, Page 901



) WRITYEN OPINION OF THE international application Mo,
INTERNATIONAL SEARCHING AUTHORITY POT/USIHH/E55333

Rax No. V Reasoned statement under Rule $354.3{a3 {8} with regard io novaity, lnventive step snd Industrist spplicnbilitys
o citations and exyplanations supperiing such statement

powsred pump 12 (see Figs. 2 and 3, par. {023 describes pump platform as “the tradler frame”, implyving
that it supporte everythdug attached 1o the trailer, fnoluding the pump 12).

Claim 2 lack an inventive step under PCT Article 33(3} as being obvious over Coli et al. {US
20870363437} in view of Ochring of al. (U8 2017/0030177) in the prior art as applied in the immediately
preceding parageaph and fiwther in view of Sarada (U5 2008/001736%).

in reference to claim 2, Coli and Oehring fail 1o disclose a Gitration ailer fuidly coupled to & hubine
coupled o the at loast one gensrator, the filtration trafler receiving an inlet flow of gas, from the well site,
and removing one of more components of the gas before dirscting the gas o the turbine.

Sarada discloses & filiration means 10 {par. 0026) fuidly coupled to 2 turbine 16 {par. 0027) coupled to
the at least one generator {par. 0027}, the filivation means receiving an indet low of gas, from the well site
{see Figuxe), and removing one or more companents of the gas before directing the gas to the hubine 16
{par. D026},

Further, while Sarada fails to disclose that she filiration means is located on 2 railer, Coli and Oshring
both disclose ransporting well equipment on a trailer {see above),

It would bave been obvious to 2 person having ordinary skill in the ast at the time of the invention o
provide a filtmation tratler so that natural gas can be separated from other materials produced from the well
prior o being directed to power the generator.

Claime 3, 4, 7, and 8 lacks an inventive step under PCT Article 33(3} as being obvious over Coli et
al. {US 2018/0363437) in view of Ochring ot sl {US 2017/0030177) in the prior art as applied in the
trumediately preceding paragraph and further in view of Wallace et al, {US 251 7/0036872).

In reference to claim 3, Coli and Cehring fail to disclose au sctuater, coupled to the slide out platform, the
actuator doiving movement of the platfoan betwesn the retracted position sud the deployed position,

Wallace discloses an actuator 140 (par, 3034}, coupled to the siide out platform 82, the actuator 140
driving movement of the platform between the retracted position and the deployed position {par. G335).
would bave been obvious to & person having ordinary skill in the art at the time of the invengon to include
a slide out platform with an actuator in place of the slide out platfoem of Ochiring a5 the actuatoer would
prevent the need for a burssn operator to manuslly slide the platform into position.

In reference to claim 4, Wallace discloses that the actuator 140 s a “slectvomechanica! linear” {par. 0036)
actuator forming ai least a portion of a drive system, the drive system comprising:

a pair of guide rails (not numbered, see Fig. 4, the rails connscted to platforms 82 that bear against roflers
&6}, coupled o the platform 82 {see Fig. 4}

brackets 80 and 92, supporting the guide rails (see Fig. 4); and

a plurality of wheels %6 engaging the gride rails (see Fig. 4), the wheels resiricting movement of the guide
rails in af least two divections (see Fig. 4, the whesls prevent lateral movernent in either divection against
brackets 92).

i reference o claim 7, Coll and Oebring fail to disclose that movernent of the platform is doiven by an
actuator powered by a DC motor.

Wallece discloses driving movement of a platform 82 with & DO motor {par. §017, it runs on “reduced
DC power™). It would have been obvious 1o 2 person baving ordinary skill in the art 4t the time of the
invention (o inchede a siide out platform with an actuator in place of the slide out platform of Oshring as
the actuator would prevent the nesd for a hnman operator to manuslly slide the plaiform inte position.

In reference 1o claina 8, Wallace discloses a coniroller 30 (par. 0015}, electrically coupled to the platform
32, the controtler 53 configured o regulate operation of the platform 82 between the retracted position and
the deployed position {(par. $036).

Form PCTASAZZT (Box No. V) (revised January 2019}
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WRITPEN OPINIGN OF THE International application Ne.
INTERNATIONAL SEARCHING AUTHORITY POT/US 101 0/855323

Box No. ¥ Reasoned statement under Rule 4358 1{a i) with regard to novelty, inventive siep snd Indusirial sppticabiifty;
‘ chintions snd explanstions supporting such statement

Ciaims 8, 14, and 15 Izcks an inventive siep under PCT Asticle 33(3) as being obvious over Oshring et al,
(U8 2617/0030177) in view of Coli ot al. {US 2018/4363437} i the prior art as applied in the immedistely
preceding paragraph and further in view of Wallace et al. (US 2017/0036872).

In reference to claim 8, Ochring discloses a hydraulic fracturing system 114 for feactaring a subierransan
formation 116 (par. 0035}, comprising:

at least one generator 154
at least one switchgear reselving electrical power from the generator (par, 3027}

an elzoiic powered pumyp 12 (Fig. 1, cither of the pumps 12; or 123}, arvanged on a support stuciure

14, the electric powered pump 12 coupled 1o 2 well sssociated with the subltercanesn formation 116 and
powsred by 2t least one electric motor 18, the eleckis powersd pump 12 configured to pump fluid into a
wellbore 112 associated with the well at a high pressure 5o that the fluid passes from the welthore 112 into
the subierranean formatioe 116 and frastures the sublerransan formation 116 {ses Fig. 5%

a variable frequency drive (WFD) 139, connected to the at least one eleciric motor 18 to control the speed
of the at least one slectvic motor 18;

a iransformer 156, distributing power to the electric powered pump 12, the power being received from the
least one generstor 130 at a voltage higher than an operating voltage of the electvic powered pump {par.
0026); and

a slide out platform 30, arranged on the support structure 14, the slide out platform being deven between
a retracied position (Fig. 2) and a deployed position (Fig. 3}, wherein the deployed position provides &
work arcs proximate the electrie powersd pump 12 extending outward from the electeic powered purmp 12
subsiantiaily perpendicular 1o a2 longitudinal sxis of the support structure 14 (see Fig. 2}, the platform 30
being at least partially soupled to & pump platform 84 supporting the elscirle powered pump 12 (see Fig.
23

Oechring fails to disclose that the VFD and the wransformer are arranged ox the support strooture; and that
the siide out platform is slecirically controlfed.

Coli discioses an “electrical transforruer and drive unit 38 {see Fig. 3)" (par. 6045} that includes a variable
frequency drive (par. 0043} that is Iocated on the sams support siructure 18 as an slectric motor 21 and an
eleciric pump 22. It would have been obvious 1o a porson having ovdinary skill in the art al the time of the
invention to arrange the VFD and the transformer on the support siructure so that they do not have to be
trapsported separately from the pumyg and moior.

Wallace discioses an electrically controlled (par. 0036, “slectromechanical lincar actuator controlied™)
slide out platform 82 (see Fig. 1} It would have boon obvious to a person heving ovdinary skill in the ast
to inchuds an slectrically controfled slide out platform o place of the slide out platform of Celring as
the clectrical control wounld prevent the need for 3 human operator to manually shide the platform into
position.

In refevence to claim 14, Wallace disclosss a controlier 50 {par. 0015), clectrically coupled to the platform
82, the controller 50 configured to reguiate operation of the platform 82 between the retracted position and
the deployed position {par. 3038).

In reforence to claim 13, Oehring discloses that the platform 30 comprises:
a handrail 38 (see Fig. 2); and

a ladder 46 {see Fig. 2.

Clatms 16-12 lacks an inventive step wader POT Article 33(3) as being obvious over Oshring st al,
(US 2017/6030177) in view of Coli ot al. (LS 2018/0363437) and Wallace ot al, (US 2017/0036372)
in the prior art as applied in the immediately preceding paragraph and further in view of Sarads (U3
2008/0017369),

In reference to claim 10, Coli and Oehring fail o disclose a filiration tradier fhudly coupled to a turbine
coupled to the at least one generator, the filtration traiier receiving an inlet fDow of gas, from the well site,
and romoving one or more components of the gas before dirscting the gas to the turbine,

Form POTASAZST (Box No. V) {revised fanuary 2018}
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WRITTEN GPINION OF YHE Tternational application Wo.
s ni N1 Y. Y M 5 e
INTERNATIONAL SEARCHING AUTHORITY POTUSI018/855323

Sox No. ¥ Reasoned statement under Rule 43575, 1)) with regard to novelty, inventive step and indusirisi spplicability;
o citations snd explanations supporting such statement

Sarada discloses a filtration menns 10 {par, 0028} fluidly couplad 1o a turbine 16 {par. 8027) coupled to
the at least one genseator (par. 0027}, the filzation meaus recsiving an inlet flow of gas, fom the well site
{ses Figure), and removing one or maore components of the gas befors directing the gas o the turbine 16
{par, D026},

Further, while Sarsda fails to disclose that the filteation means is jocated on s trailer, Coli and Oehring
both discloss transporting well equipment on & railer.

1t would have been sbvious to 2 person having ordinary skill in the art at the time of the invention to
provids 2 filrration wailer so that natural gas can be separated from other materials produced from the well
can be used to power the generator,

in reference to claim 11, Wallace discloses sn sctator 148, coupled to the slide out platform 832, the
actuator 140 driving movement of the platform between the retracted position and the deploved position
140 {par. 0038}, the actuator being driven by a DL motor {par. 0017, it rums on *reduoed DC power™).

In reference 1o clzim 12, Walace discloses that Wallace discloses that the actuator 140 isa
“slectromechanical Linear” {par. $036) actustor forming af least a portion of 2 drive syslem, the deive
system comprising:

a pair of guide rails (not numbersd, see Fig. 4, the rails connected to platform 82 that bear against rollers
983, zoupled to the platform 82 {sse Fig 4}

brackets 90 and 82, supporting the guide rails (see Fig. 4): apd a plizaliyy of wheels 26 engaging the guide
raife (ses Fig. 4), the wheels restricting movement of the guide rails in at lzast two divections (see Fig. 4,
the wheels prevent lateral movement in sither direction against brackets 32}

Claims 18 lack an inventive step under PCT Article 33{3) a3 belng obvious over Oebring o al {US
TG ITTY in view of Coli ot al. (US 2018/0363427) and Wallace ot al. (LIS 20170036872} in
the prior art as appHed in the immediately preceding paragraph and further in view of Leonard (US
1,656,861}

I reference to claim 16, Oehiring f2ilé to disclose that the ladder is arvanged at an angle relative to the
plarform, the angle being obiuse. Leonard discloses ladder 72 (page 3, line 40 aranged at an obtuse angle
felative to 2 platform 58, It would have been obvious to & person having ordinary skill in the art at the time
of the invention 1o disposs » ladder at an obtuse angle so that the elimb up the ladder is less steep.

Claims 17-19 Iacks an inventive step under PCT Asticle 33{3} as being obvious over Oshong st al. (US
I0PH003G1T7) in view of Wallace et al. (US 2017/0038872).

In reference to claim 17, Ochring discloses 2 slide out platforrn 30 coupled to a trailer 14 including one or
maore conponents for hydraulic fracturing (ses Fig. 1}, comprising:

a pair of guide rails 70 and 72 {par. 0022, Figs. 2 and 3), coupled to the platibrn 30, the gaiderails 70 and
72 extending perpendicular to an sxis of the trailer 14 and engaging at loast & portion of & purmp platform
94 {see Figs. 2 and 3}; and

brackets 76 and 77 (par, 0022, Figs. 2 and 3) supporting the guide rails 70 and 72

Oehring fails to disclose an actuator for driving movement of the platform betwesn a retracted position
and = depioyed position, the achuator being eoupled 1o a lower ares of a standing portion of the platform;
snd a plurality of wheels engaging the guide rails, the wheels restricting movernent of the guide rallsin at
feast two directions.

Wallace discloses an electrically driven (par. D036, “electromeachanical linear actuator cortrolled”) slide
oui platform 82 comprising an actuator 140 for driving movement of the pletform 82 between a rewracted
position aand & deploved position {par. 0035), the acmator 140 being conpled to & lowser ares of a standing
portion of the platform 82 (see Fig. 33 and a phurality of wheels 96 engaging the puide rails {see Fig. 4,
the wheels 96 restricting movement of the guide rails in at least two directions (see Fig. 4).

It would have been obvious o 8 person having ordinary skill in the art at the time of the invention o
inelude an electricatly driven slide out platform in place of the slide out platform of Ochring as the
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WRITTEN OPINION OF THE {mtesnational application No.

INTERNATIONAL SEARCHING AUYHORITY POT/USI019/655323

Hox N V Reasoned statement under Rule 43551 (a1} with regard to novelty, inventive siep and industrinl applicability;
e citations snd explanations supporiing such statement

clectmoal conirol would prevent the need for a hrnan operator to manusily slide the platform into
position.

Further, it would have been obvious to s person having ordinary skill in the art at the time of the invention
to include whesls with the guide rails to reduce friction between the guids rails and the brackets to reduce
friction between the two while the platform {s being driven.

in reforsnee to claim {8, Wallace discloses that the actuator 140 is powered by a DO mostor (par. 0017,

it runs on “reduced DC power™}, the DC motor being powerad by 2 battery 140 that s recharged by at
ieast one motor 34 (par. 8015). As Oehring discloses a motor 18 that is a hydraulic fracturing somponent,
it would have been obvious to charge the battery with the motor as failing to do so would reguire an
additional motor to be provided.

I reference to claim 19, Oehring discloses:

2 handrail 18, arranged along 2 length of the platform 38 (see Fige. | and 2}

a retention rail 5O {soe Fig. 23, the retention rail being rotatable about an axis (see Figs. 2-4); and
a ladder 46 (see Fig. 2).

Claims S, 13, and 28 meets the criteris set out in PCT Article 33(2}-{3), because the prior art does not teach or
fuicly suggest the claims limitations.

Claims §, 12, and 2§ meets the criteria set out in PCT Article 33(2)-{3), beoause the prior art does not
teach or fairly suggest the claimms Himitations.

Claims 1-20 mests the criteria set out in PCT Article 33{4), and thus have industrial applicability because
the subject matter claimed can be made or used in indusiry,

Fors PCTASAR3T (Box Na, V) {revised January 2019)
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WRITTEN OPINION OF THE International application No.
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INTERNATIONAL SEARCHING AUTHORITY POT/USIO19/855313

Box Ne. VI Ceriain observations an the international applicatisn

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are mads:

Claix 8 is objscted to under PCT Article 6 as lacking clarity beoause claim § indeBlaite for the following
reason(s): for the failing te particulerly point out and distinetly cluim the subject matter which the
fnventor or joint inventer, the applicant regsrds as the invention

“the platform arranged axially lower than the electric powered pump”. Claim 6, prior to the above
Hemitation, also recites the limitation “s pump platform”, Claim 6 depends from olaim 1 which recites “a
slide out platform™. As there are multiple platforms claimed, it is unclear which platform must be arranged
axially lower than the eleciric powered pump.

Form PCTASA/23T (Box No, VIII) {revised January 2019}
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SEARCHING AUTHORITY, OR THE DECLARATION

{FCT Rule 44.1)

oy 02 JAN 2020

Applicant’s or agent’s file reference
FOR FURTHERACTION  Seccparsgraphs 1 and 4 below

347158.500048
international application No. {gtcx;natiqx‘iai filing date
BOT/US 19/58335 {daylmonthiyear) 08 Qctoher 2018 {08.10.2018)

Applicant (1.8, WELL SERVICES, LLC

1. The applicant is hereby notified that the international search report and the written opinion of the Intemational Searching

Authority have been established and are transmitted herewith,

Filing of amendments and statement nnder Article I%:

The applicant is entitled, if' he so wishes, to amend the claims of the international application (ses Ruls 461

When? The time limit for filing such amendments is normally two months from the date of wansmitial of the international
search report.

How?  Directly to the International Buresu preferably through ePCT, or on paper to:
The International Bursau of WIPQ, 34, chemin des Colombettes, 1211 Geneva 28, Switzeriang
{Facsimile No.: +41 22 338 82 70}

For more detailed instructions, see the POT dpplicant s Guide, International Phase, paragraphs 2.004 — 3,011,

Q The spplicant is hereby notified that no internations! search report will be established and that the declaration under
Article 17(2){a) to that effect and the written opinion of the International Searching Authorify are transmittied herawith,

3

. E:} Yith regard to any protest against payment of (an) additional foe(s) under Rule 40.2, the applicant is notified that:
the protest fogether with the decision thereon has been wansmitied {o the Internationsl Burean together with any request
15 forward the texts of both the protest and the decision thereon to the designated Offices.

E:E no decision has besn made yet on the protest; the applicant will be notified as soon a5 a decision is made.

W

4. Reminders

The applicant may submit comments on an informsal basis on the writien opinton of the International Searching Authority to
the International Buresu, These comments will be made available o the public afler intemnational publication. The Internstional
Bureau will send » copy of such comments to all designated Offices unless an interpational prelininary examination veport has
beon or is 0 be established.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
Internstional Bursau. ITthe applicant wishes to avoid or postpone publication, a notice of withdrawa! of the intemations! application,
or of the priority claim, must reach the International Bureau befors the complstion of the technical preparations for international
publication (Rules 905451 and 90&is.3).

Within 19 months from the priority date, but only in respect of some designated (ffices, a demand for international preliminary
gxamination must be filed if the applicant wishes to postpone the entry into the national phase until 3¢ months from the priority
date {in some Offices even later); othorwise, the spplicant must, within 38 months fom the priority date, perform the prescribed
aots for exiry into the national phase before those designated Offices. lu respeot of other designated Offices, the time lmit of
38 months (or later} will apply cven if ne demand is filed within 19 months, For details about the appticable time limits, Office
by Office, see www. wips. int/potienstexis/time_Hmits.html and the POT dpplicant s Guide, National Chapters.

Within 32 months frem the priority dats, the applieant may request that s supplementary internstional search be carried out
by a different International Searching Authority that offers this servies (Rule 43bis. 1), The procsdure for requesting supplementary
international scarch is described in the POT dpplicar 5 Guide, Internations] Phase, paragraphs 8§.006-8.632.

Name and mailing address of the I3A/MS Authorized officer

Mall Stop PCT, Attt 18AAJS
Commissioner tor Patents
PO, Box 1480, Alsxandrls, Virginls 22313-1480

Facsimile No. 571-273-8300 Telepbone No, PGT Helpdesk:  571-272-4300
Foroa PCTASA/ZZ0 (revised January 2019)

Lea Young
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORY
{PCT Article 18 and Rules 43 and 44}

Applicant’s or sgont’s fle roferonce FORFURTHER ACTION
Q47158.500048 see Form PCTASA 228 as well as, where applicable, item § below,
International application Nao. International filing date fdaviwosthivear) {Earitest) Priority Diste (day/monthivear}
PCTAIS 19/88328 08 Qetober 2018 (0810 2018} 39 Octobar 2018 {08.10.2018}
Applicant

.5, WELL SERVICES, LLO

This internationsd szarch report has been prepared by this International Searching Authority and is ansmitied 10 the applicant acoording
to Articls 18, A copy is being ransmitied to the International Bureay.

This internasional search report congists of a totad of £ sheets.

D ¥t is alse accompanied by a copy of each prior art docwment cited in this raport.

1. Basis of the report
8. With regard fo the Ianguags, the intsrnational ssarch was carried out on the basis of
K the international spplication in the languege in which & was filed,

3 ansiation of the international applicstion inio which is the language of
a transiation furnished for the purposes of international search (Rules 12.3¢a) and 23.1¢k))

b, m This international search repost has been csiablished taking into account the rectification of an obvious mistake nuthorized
by or notified to this Authority under Rule 97 (Rule 43 6&is(s)).

<} m With regard to any nucleatide sndier amins acld sequence disclosed in the inernationsl application, see Box No. L

EE Corinin claims were found nasearchable (see Box No. ).

5\2

3. E Unity of Invention is Iacking (see Box Mo, I}

4. With regard to the title,
EX} the text is approved as submitied by the applicant.
E the text has been sstablished by this Authority o vead 28 follows:

5. With regard to the abstract,
the text is approved a8 submitted by the apphicant.
E} the text has been established, according to Rule 38.2, by this Authority as it sppears in Box No. IV, The applicant may,
within one month fom the date o mailing of this international scarch report, submit comments w0 this Authoriy.
G, With regard o the drawings,
a. the figure of the drawings to be published with the abstract i3 Figure No. 4
EE a5 suggestsd by the applicant.
5% selected by this Authority, because the applicant failed 1o suggest & figure,
B as selecied by this Authority, hecause this figare better characterizes the invention.

T, E:j none of the figures is to be published with the shatract.

Form POTASAL LS (first shest) July 2019)
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IMTERMATIONAL SEARCH REPORY international application No.

POTIUS 18/55328

A, CLASSIFICATION OF sUBIECT MATTER
PO~ £218 43428 {(2018.01)

CPC - E218B 45/28

According to Internationsl Patent Classification (JPC) or to both national elagsificarion and WPC

B, FIELDS BEARCHED

Minimumn documentation searehed (classificetion system followead by classification symbols)
See Search Histery document

Diocumentation searched other than minimum documentation to the exdent that such decuwrnents are included in the flelds ssarched
Sag Search History documsnt

Electronic deta base consulted during the intermationsl search (neme of data base and, where practicable, search iemms used}
See Search History document

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relsvant to clatm No.
k4 LIS 2018/0258748 A1 {U.S. Well Services, LLC} 13 September 2018 {13.03.2018) Entire g, 13,15
menn document espacially para [B008RGHET], [0014]-{0015], [0}, (00301 and figs. 1 and 3 s
12,8, 8,12
35,7, 10-11, 14
Y US 201801778785 Al {Evolution Wall Services, LLO) 23 June 2048 (23.08.2018) Entirs 12
- documsnt especigily para [O781-{0077] and figs. 74-8 e
A ]
ki US 2015/03564322 A1 {(Vicknair et 8L} 10 December 2018 (10.12.20158) Entire document -2, 8 8
- sspecially para [G013] and figs. 1A-D s
& 357
Y ~1 G 2787814 A1 (Pawlick) 21 Fabruary 2014 {21.02.2014) Enfire documant espacially para 1-2,8, 8
— DN01-0003, [0022], (0026 and figs. § and 2 e
A 35,7
A US 2018/0105022 At {US Wall Bervices, LLE) 14 Apiil 2016 {14.04,2018) Entire dosument 7. 14
sspedcially para (0040041l and fig. 3
A US 9,353,500 B2 {US Well Services, LLC) 13 February 2018 {13.02.2018} Entire documeant 1-18
LS 2015/0252681 A1 {Gigss) 10 Ssptember 2018 (10.08.2015) Entire dooument i-15

ﬁi Fusther docusnents are listed in the continuation of Box €. 3:3 See patent family annex,

b Special categories of cited dosuments:

AT docwnent defining the sonersl state of the axt which {s not eonsidered
1 be of particular relevance

“B docwment cited by the applicant in the intemazionat application =X decument of pasticular valevance; the claimed invention cannot be

g . . N . . . . PPN PRSI D i ol ned T 1330 P . -

“E"  earlier application or palent but published on or after the internationed sonsidered nuvel ot canmot be considered to involve an inventive stop
Aling det : whan the document is aken slone

ing date .

“L7 document which may throw doubts on priotity claimds) er which “¥™ document of particular relevance; the cluimed inmvention cannot
is cited to establish the publivation date of another citation or other be considered to involve an inventive step whan the document i3
special reason (&5 spaeified) sombined with one or more other such documents, such combimation

0" docurnent referring to 2n oral disclosure, use, exhibition orother means being obvisus to a persen skilted in the art

SR document published prior to the international filing dete but later than & document member of the same patent family
the priority date claimed

Drate of the actual completion of the internstional search

“T° lster dogument published after the international fling date or prionity
date and pot in conflict with the application but citsd to understand
the principle or thenry underiying the invention

Date of madding of the international search report

07 JANZ0Z0

Authorized officer

18 Novemnber 2018

Wame and matling address of the ISAUS

wMall Stop POT, Atln: IBAUS, Commissioner for Patents
PO, Box 1450, Alexandria, Virginie 223131488

Facsimile Mo, 571-273-8300
Form PCT/AS AR LS {second sheet) (July 2019}

Les Young

Teiephone No. PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORY International app‘iicaﬁan MNo.

PLT/AIS 18/55328

C {Continnation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*® Citation of dosument, with indication, where appropriate, of the relsvant passages Relevant to claim Mo,
LS 201470010871 At {Crvar et al)} 8 January 2014 (08.01.2014) Entire decument 115
US 2017/0016433 A1 (Schiumbsarger Technology Corporation} 19 January 2017 (19.01.20173 118
Entirg document

& U8 8,118,328 B2 {MoDonneli ot al.) 25 August 2016 (25.08.2015) Entirs document i-15

Form POCTASAL D {continuation of second sheot) (July 2019}
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

7o TAYLOR P, EVANS
HGGAN LOVELLS US LLP

HOUSTON, TX 77002

608 MAIN S8TREET, SUITE 4200

PCT

WRITTEN OPTNION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 435is.1)

Date of mailing
{daysmonthivear)

07 JAN 2020

Applicant’s or agent's file refersnoe

047188.500048

FOR FURTHER ACTION

See paragraph I below

international application Mo,
POTIUS 19/858325

international filing dete {dagymanthiyean}

08 October 2018 (08.10.2019)

Priovity date (dawmanth/year}
0% Qctober 2018 {06.10.2018)

PO - BB 43/28 (2012.01)
CPT - E218 43728

International Patent Classification (IPC) or both national classification and IPC

Apphicant .S, WELL SERVICES, UL

Box No. {1 Prority

2. FURTHER ATTION

1. This opinion contains indications relating 1o the following frems:

Box No. i Rasis of the spinion

Box No. i Non-esisblishment of opinion with regard to noveliy, inventive step and indusirial applicability

RBox MNe. IV Lack of unity of invention

citations and explanstions supporting such statement
‘Box No. V1 Certain documents cited
Box No. Vil Cernain defects in the international spplicetion

et
Box Mo,V Ressonsd stalement under Rule 435, 1{a){i) with regard to novelty, inventive step snd industrial applicability;

Rox No. VI Cernain obscrvations on the internationsl applisation

if a dernand for international preliminary exsmination is made, this opinion will be considered to be a written opinion of the
International Preliminary hxammmg Au{h&rzty {(“IPEA") except that this doss not apply where the applicant chooses an Autherity
other than this one o be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.154s(h) that written
opinions of this Internaiional Ssarching Authority will not bs so cousidered.

If this opinion is, as provided above, considered o be a writtsn opinion of the IFEA, the spplicant is invited to subunit to the IPEA
@ writien reply ngether, where appropriate, with amendments, before the expiration of 3 momhs from the dete of mailing af Form

PCTASASZZY or before the expiration of 22 months fom the priovity date, whichever expires later
For further options, see Form PCTASA224,

MName and matting addvess of the 18A/US

Malt Stop PCT, Atin: IBAUS
Commiesioner for Patents
20, Box 1450, Algxandria, Virginia 223131650

Fagsimile No. 574-273-8300

Crate of completion of this spinien

18 November 2018

Authonized officer
Leg Young

PROT Haeip Dask
Telephone No. 574-272-4300

Fom PCTASA/ZAT {oover sheel) (revised Japuery 2019}
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WRITTEN GPINION OF TRE International application No,
INTERNATIONAL SEARCHING AUTHORITY OIS 19/55325

Box No. | Rasts of thiz opinion

1. With regard to the language, this opinion has been established on the basis oft

S} the intzmational applicstion in the lanpuape in which i was filed

i i 8 ranslation of the inlermational application into which is the language of & transtation
furnished for the purposes of international search (Rules 12.3{a) and 23.1{b)x

2. m This opinion has been established taking into account the rectification of an obvions mistake authorized by or notified o
this Authority under Rule 51 Rule 4356100,

3. D With regard to auy nucleotide audior amine soid sequence disclosed in the international application, this opinien has bee
esiablished on the basis of 8 sequence Heting:

&, E":’} forcing part of the international application as filed:
E in the form of an Annex C/ST.25 text file,
;::3 an paper or in the form of an image e,

b E} frnished together with the international spplication wnder PCT Rule 13%er.1{a) fur the purposes of interational
search only in the form of s Angex C/BT.25 text file,

c. E‘j furnished subsequent to the international fling dats for the purposes of intsmational search only:
E::E i the form of an Annex C/ST.2S text file {Rule 13 120

E:] on paper or in the form of ax image file (Rule 13rer 1(b) and Adminisivative Instructions, Section 713}

4, m In nddition, in the case that mors than one version of copy of 8 sequence kisting has been filed or furnished, the reguired
statements that the information in the subseguent or additional copies is identics! to thet fonning part of the applicstion as
filed or does not go beyond the application as filed, ss appropriate, were furnished.

5. Additional comausnis:

Form PCTIS AT (Box No. [} {revised January 2618}
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WRITTEN OPFINION OF THE Intermational appiication Na,
INTERNATIONAL SEARTCHING AUTHORITY POTAIS 1058325

Box Na, ¥ Reassoned sistement under Rule 43805,1(a)(i) with regard to novelty, inventive step and industrisk spplicability;
citations sud explanstions sppporting such statement

1. Sistement

1-8, 10-12, 14-18

Movelty (N} Claims YES
Claims 8,13 NG

Inventive step (IS} Claims 35,7, 1014, 14 YES
Claims 1-2, 8, 88, 12,13, 15 NO

Industrial applicability (1A} Chaims 115 VES
Claims Mene NO

2. Ciistions and expianations:
Clalms § and 13 lack novelly under POT Article 33(2) as baing antivipaled by US 2018/0258748 A1 to U8, Waell Services, LLC
{harsinafier 'UST487

Regarding Claim 8, UB746 teaches a hydrauiic fracturing system {Sses figs. 1 and 3; para {00147} for fraciuring & sublerranegan formation
{para [G0GGH-{E007], [OG141, comprising:

at laast one generater {22 - "generatars”, fig. 1; para [00201n

ot lsast one switchgsar (47 « “swiichgear”, fig. 3) receiving elsciricat power from the gensralor (Sss fig. 3; pars [BU34]);

an electic powsrsd pump (10 - "pump”, fig. 1, para [0018] - "plungers™), amangsd on 8 support structurs (eollsctively 12 - "pump trailers”,
figg. 1; nchades purnp trafiers 12 that support pumps 10 as well as the irailsrs that are not labeled but support generators 22), the elactric
powerad pump coupled (0 a well {18 - “wallhead®, fig. 1) associated with the subterransan formation (See fig. 1; para {0014]) and powerad
by at least one eleckic motor (14 - "slectris moter”, fg. 13, the electric powered pump configured 1o pump fuid into 3 walibore associated
with the well &t 8 high prassure (para [0008], {0023]) so that s fluid passes from the walibore into e sublerransan formation and
fracturss the subtemanasn fonmation {para [CO08I-{0008], 00141

& variable frequency drive (VFD)} (para [0015] - "variable fraquency drive”}, smangesd on the support struchirs proximate the slectric
powered pump (Sses fig. 1; pare [0015] - connected i the molor 14 and the pump 10 so it must be on ons of the treliers 12), connaciad to
the at least one electric motar 1o controd the speed of the &t least one sleckric molor (para [P015]);

a transformer (para [0024] - “ransfonmerns”), arrangsd on e support structure proximate the VFD (Ses fig. 11 para [(024, [0030] -
transformer must be jocated on sither tralier 12 or on ong of the pump failers that suppons generators 22 sincs the transformar is
dasignad to step down voltage between the gensraior and the pump), the transformer distribuling power to the siectrde powared pump. the
power baing recalved from the least one generator {22 - “generatar”, fig. 1) at a voitege highser than an opensting voltage of tha eleclic
powered pump (pars [0024] - ransformaers are designed 1 reducs voltags betwesn componeants); and

& cooling system {para [0015] - “alr conditioning Lnit™), srranged on the suppor structurg proximate the transformer {Ses fig. 1; para
[00418] - in order to cool the VFD, the alr conditioning unit must be on 8 trailer), the cooling system providing a cooling fluid to at least the
VD {para [D015] - "air™).

Regarding Slaim 13, US748 teaches the system of claim 8, whereln the support sinsclurs is at loast one of @ weilar {collectively 12 - “pump
trafiers®, . 1) includes purng tallers 12 that support pumps 10 as well as the iratters that sre not isbeled but suppor generators 22} &
skid, & pad, & ruck bed, or & combination theraotf,

Clairm 158 lacks an inventive stap undar PCT Article 33(3) as baing obvicus over LUIST48

Regarding Claim 15, UST4E taaches the system of claim 8, but does not specifically teach whersin the cosiing sysiam comprises a
radiator that ulilizes & water/givool miiurs, Further, Pawlick isachss 2 hydraulic racturing system {See figs. 1 and 2; pars [DO01]-10002],
{00223 comprising & cocling system {20 - “radister”, figs. 1 and 2} for providing a cocling Tiuid via one or mare headaers (41, 42 - "op and
bottom headers®, fig. &; pars [0028]). Accordingly, i would have baen obvious to ene of ardinary skill In the art lo use the cooling system
taught by Pawiick 1o oool ths VFD in place of the cooling systam taught by US in order to snswre ths VED is suffisianily oooled to continus
safe uperation of the hydraulic fracturing system. Any combination of the above references falls to isach whersin the radisior utilizes a
wateriglyoo! mixure. However, the uss of wateriglveal in radistors sre ublquitous and well-known 1o the general popuiation. Accordingly, it
would have bean obvious 1o one of ordinary skill in the art o use & water/glvco! mixiure in the radiator in order to kssp matsriat costs low
for tha radiator.

SContinusd in Supplementat Box-"-

Form PCTASA/IRT (Box No. V) {revised Januay 20193
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WRITTEN OPINION OF THE Intemational applisation No.
INTERNATIONAL SEARCHING AUTHGRITY POTIUS 10/58335

Supplemental Box

I case the space in any of the preceding boxes is not sufficient.
Continuation off
S-Supplamantal Box - Box V.2 - Citations and Explanations-™-

Claim 12 lacks an inventive step under POT Article 33{3) a5 baing cbvious over UST746 in view of US 2018/0177875 A1 to Evolution Well
Bervices, LLT (hereinalter ‘Evolution’}

Regarding Claim 12, UST48 teaches the system of claim 8, but does not spscifically teach the system further comprising:

a transformar service platform thatl provides access to the ransformer, the transformer service platform positioned at @ higher elevation
than at least a portion of & base of ths elsctric powarad pump.

Furthar, BEvolution teaches a hydraulic fracturing systam (See figs. 7A-B; para [0078]) comprising a suppait structure {710 - “tralier”, fig.
78} comprising 8 transfomes service platform {Sae fig. 78; see slevatad portion of taller 710 hat supporis power and cantrol systems
708; pars [0077]), the ransformar service platform positionad at a higher slevation (Ses fig. 7R) than at least a portion of a base of the
siectrie powersd pump {T02A-8 - "pumps®, fig. 7B}, Accondingly, it would have been obvious to ong of ordinary skill in the art o elevate the
portion of ihe supparnt structure containing the transformar in arder to provids operators with belter accass to the components of the
ransformer during maintenance,

Claims -2, § and 8 lack an inventive step under POT Article 33(3) as being obvious over UST4S In visw of US 2015/0354322 8t to
Vicknair et al. {(hersinaiter Vicknair') in view of CA 2787814 Al to Pawlick (hersinafier Pawlick’)

Regarding Claim 1, UST48 teaches 8 hydraulic fracturing system (Ses figs. 1 and 3; para [0014]} for fracturing a sublerranean formation
{para [COCSE{D007], {DO14]), comprising:

8 support structurs (collectively 12 - "pump trallers®; fig. 1; includes pump traiiers 12 that support pumps 10 as well as the irafiers that ars
not labsled bul support genarators 22) having a first sres {See fig. ; ses porlion of raller 12 oocupled by pump 10, & second ares (See
fig. 1; para [0015] - second area is not shown bt is ths portion of trailer 12 ccoupied by the vanable frequency driva}, a third area (See fig.
1; para {0024, [0030] - ransformer must be located on either traffer 12 or on one of the pump tralisrs that supporis gensrators 22 sines the
ransformer s designed 1o step down voltege between the gensrator and ths pump), and a Tourth arsa {Ses fig. 1; fourth arsa is not shown
but it is ths portion of rafier 12 with the air conditioning unit) aranged adiacsnt ohe ancther {See fig. 1%

an alactric powsred, mult-plungst pump (10 - *pump®, fig. 1; para [0018] - "plungers™), arranged in the first area (See fig. 1; sas portion of
watler 12 seeupled by pump 10}, the slectric powersd pump soupled to a wall {18 - “weithead”, fig. 1} assodated with the subterranean
formation (See fig. 1; para {00147} and powsrad by at lsast one slectric motor {14 - "sisciric motor”, fig. 1), also arranged in the first area
{See fig. 1; sse pump 10 and motor 14 adjacent o one another one trailer 12}, the electric powersd pump contigured to pump fuld into a
welibore {para [0006], [(035]) associated with the wall at a high pressure so that ths fluld passes from the walthore into the sublsmanean
formation and fractures the subterranean formation {para [PO0S}0008], [0014]);

a variable frequancy drive {VFD} {para {001 8] - “variable fraquency drive”}, arranged In the second area (Sae ig. 1; para [0015] - second
area is not shown but s the portion of raller 12 occupled by the variable requency drive) proximate the first area, connected to the at least
one slectric molor to contral the spead of the at least one electric moter (pars [}

a transformer {para [0024] - “trensformers”), arranged in the third area {Ses fig. 1; para [0024, {P030] - ransformer must be located on
sither trafler 12 or on one of the pump trafiers thet suppors gsnevators 22 sines the transformer is designed to step down vollags belwsen
the genarator and the pump) proximais the second area {See fig. 1; ses how irallers of generator 22 are adjacent the {railers 12), the
transformer distributing power to the electric pump {pare [0030] - describes the smbodiment of fig. 2, but the transformer s used in the
same way in the ermbodimeant of fig. 1), the powsr being received from at least one gsnerator {22 - "gensrators”, fig. 1) at & voltags higher
than an oparating voltage of tihe elactric pump {para [0024] - Fansiormers ars designed to reduce voltags belwsen componsnis) and

a cooling systam {para [B018] - “alr conditioning unit™}, smangssd in the fourth area {See fg. 1; fourth area is not shown but it is the portion
of trafier 12 with the alr conditioning unit proxdmats the thind arsa (Ses fig. 1) see how vehicle 42 is adjacent the traliers 12}, but does not
spacifically teach whersin the pump has up to 15 plungers, wharein the transformer is positioned within an enclosura or wherein the
cooling syster providing = cooling fuid to the VFD via one or more headars.

Uasign decisions regarding the numibar of plungers for 8 pump fall within the ordinary skilt in the ant of ons designing hydraulic fracturing
system. Accordingly, it would have been obvicus to one of ardinary skilt in the art to have ulilized routine exparimentation and design
choices in ordsr to have chosen an spproprists number of plungers for the pumps as claimed thereby aflowing for sufficient pressure
budidup In the welibors 1o initiste a fracturing oparation.

Further, Vicknair teaches a hydraulic fracturing system (See figs. 1A-D; para [0013]) comprising a transformer (8 - "ransformer”, fig. 1A}
wharein the transionmer is positionad within an enclosure {4 - "substation”, fig. 1A} Accordingly, it would havs besn sbvisus to ons of
ordinary skiff In tha art I use the enclosurs tBught by Vicknsir to snclose ths ransformsy taught by UST46 In order io ensurs the
tranaformer is not damagsed by the amblent snvironmsnt during hydraulie fracluring sperations.

Fusthar still, Pawlick tsaches s hydraulic facturing system {See figs. 1 and 2; para [0001}-0002], (00227} comprising a8 cooling system {20 -
“radintor®, figs. 1 and 2} for providing a cooling fuld via ons or more headers {41, 42 - "iop and boliom headars”, #ig. §; para [LUZ8]).
Accordingly, It would hava besn obvious 1o one of ordinary skill in the art to uss the cooling systom taught by Pawdick {o cool the VER in
place of ths cooling system taught by US748 in ordar to ensurs the VED s sufficiently cooled o continue safe opsration of ths hydraulic
fracturing systam.

Regarding Claim 2, the modified US748 teaches the system of claim 1, further somprising:

a control system {40 - "controf data van®, fig. 1), the control system including one or more opsrating pamsmeters of the slsctric pump, VED,
fransformar, of cooling systerm {para [O023]) but the does not specificaily teach wharsin the control svstem is amanged in the fourth area.
However, ths rearmangemsnt of parts is obvious © one of ordinary skifl in the art so long as it does not modify the operation of the system,
Accordingly, it would havs besn obvious o ons of ordinary skilf in the ant, practicing routine expsrimentation and design msthods, to havs
the control systam be in the fourth area in order (o consclidate the contro! system and the coolfing system to help reduce stray parts, or
stherwise as desired or necassary to maet the reguirements of a particulsr application.
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Regarding Clalm 8, the modifiad UBT46 teaches the system of claim 1. whareln the support sruclure Is at leasl one of a lreiler {collectively
12 ~ “pump trallers™, fig. 1; inclides pump rallsrs 12 that support pumps 16 as well as the trallers that are not [abeled but support
generators 223, 8 skid, 2 pad, & truck bed, or a8 combination thareof.

Ragarding Claim B, the modified UST4S feachss the systsm of daim 1, whersin the cooling system (Pawlick: 20 - "radiator”, figs. 1 and 2)
eomprises a radialor (Pawlicks 20 - “radiator”, figs. 1 and 2} but doss not specifically teach wharein the radiator utifizes a walsriglyca
fabxturs, However, the use of watsrigiyeo! in radistors are ubiguilous and wall-known to the general population. Accordingly, it would have
been obvious to one of ardinary skill in the art to use 3 water/glyed mikture in the radiator in order to keep matarial costs low for the
raciztar,

Ciaims 2-5, 7, 10-11 and 14 meat the orilerias of PCT Article 33¢2) & 33(3) bacauss, as wilt be shown, the prior art doss not teach, nor does
it fairly suggest, he clzimad mitations.

The prior art is exempiifiad by (1) UST48, {2} Vieknalr, {3) Pawlick, (4) Bvolution and (5} US 2018/0108032 A1 o US Wall Services, LLT
thersinafier US022°%

{1} LIS746 taches a hydraulic fracturing syster {See fige. | and 3; para {00147} for fracturing 2 sublemancan formation (parm {008}
30071, (00141, comprising:

at loast one generstor (22 - "genarators”, fig. 1) para (00201}

at least one switchgsar {47 - "switchgear”, fig. 3} recsiving slscinical powar from the generator {See fig. 3 pars [0034];

an sfachic powerad pump {10 ~ "pump®, fig. 1; para jJ0048] - "plungers”}, sranged on a support stuchure (collectivaly 12 - "pump tratlers”,
fig, 9; inchedss pump Talers 12 that support pumps 10 as well as ths tredlers that are not labeled but support generstors 22), the slectris
powared pump coupled to a well {16 - "weithead”, fig. 1) associated with the subterrenean formation (See fig. 1, para 00141} and powersd
by st least one electric motar {14 - “slectric motar®, fg. 1), the slectic powsred pump configunsd to pumgp Buid into & wellbors essociated
with the wall al 2 high pressure (para [0008], [DO35]) so that the fuid pesses fom the welibore into the subterranean fomation and
fraciuras the subismanean formatien {(para [OORET-I0008], [NO14])

a variable Frequency drive (VFD} (para [G015] - “variable Frequency drive”), aranged on the support struciurs proximate the slectric
powared pump {(See fg. 1; pars [0015] - connectad to the motor 14 and the pump 10 so i must bs on one of the railans 12}, connsctad
the at heast ong electris molor to control the spaad of the at Isast one steciric motor {pars {0018}y

& ransiomer {para [0024] - "ransformers®), arranged on the support stiucture prosimate the VD {Ses ig. 1: para [0024, [0030] -
transformer must be located on either trafier 12 or on ons of the pump traliers that supports generators 22 since the transformer is
dasigned o step down voltags betwsen the generator and the pump), the ransformar distribuiing power to the slectds powsred pumg, tha
power belng received from the lesst one gensrator (22 - “genarator”, fig, 1) 8t 8 voltage highar than an opareling voltage of the slestis
powsred purmp {para [0024] - ransformers are designad 1o reduce voltage between oompanents); and

& cooling systerm {para (0015 - “air conditioning uni™), arranged on the suppor sivucturs proximate e ansformer (See fig. 1) pars [0015]
- in order to cool the VED, the air condiforing unit must bs on & iraller), the cooling system providing a cosling fiuld to st jeast the VFD
{para [OU1E] - "B

{3} Vinknair teaches 8 hydrauiic fractening system (See figs. 14-D para [DO1I]) comprising & transformer (& - "transformer”, 8. 1A},
wherain the transformer is positioned within an enclesure {4 - "substation”, fig. 1AL

{3} Pavdick teashas a hydraulic fracturing system (See figs. 1 and 2; para [0001}1-{000Z], [0022]} comprising a sooling system (20 -
“radigtor”, figs. 1 and 2} for providing & cooling fuld via one or mors headers (41, 42 - “lop and bollom headers”, §g. & para {DO26]).

{4} Evolution isaches a hydraulic racturing system {Ses figs. 7A-B; pars [0076}) comprising a support striclure {710 ~ “lrailer”, fig. 7B}
comprising 8 transformar service piatfonn {Sse fig. TH! sss slovated potion of traller 710 that supports power and conlrol systems 708;
para [0077]), tha transformer service pletionm posiionad at a higher elovation {Ses fig. 78} than at lsast a portion of & bass of the efectric
powersd pumg (TO24-8 - "pumps®, g, 78

{5} USDZZ {eaches a hydraulic rackiring system {Sos fig. 3; para [0040]) comprising cable trays {pars [004 1] - “cabls frays©).

Regarding Clalm 3, the modified US748 teaches the systern of claim 1, huther comprising:

3 switchasar subsssembly {47 - "switchgsear®, fig. 3; para [D034]}, but the prior art doss not specifically teach or falrly suggest individually
of iy combination wharain the switchgear subassambly has Integratsd core units configured to oparate in o connected position, an open

position, or 8 grounded position,

Regarding Glalm 4, the prior art doss nol specificaily teach or fairly suggsst individuslly or in combination the systert as claimed since itis
depeandant on clairm 3.
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Ragarding Claim §, the modiied USY48 teaches the system of daim 1, but does not specifically teach wharsdn the fourth section is
srranged at & higher sisvation thas the first section, the fowth section associaterd wWith & goosseneck portion of & trallar. Further, Evolution
teaches & hydraulic fachuring system (See figs. 7A-B; para [0078]) comprising 2 support strusture (710 - "traiter”, fg. 7B} with a frsi arsa
{Ses fig, 78; ail of transport 700 excapt powar and conirel systems 708} and 2 second area {7-8 - "power and control systems”, fig. 7B},
wharein the second section is armangsd at 8 higher slovation than ths first section {See fig. 7B), the fourth sextion associatad with a
goosenachk portion of a trallsr (See portion of traller 71 thet juts upward around powsar and control sysiams 70R). Howsvar, the second
area, which is sleveted, as teught by Eveluiion comprises a control systam, not & cooling syetern ke the fourth arsa of the sysiom taught
by the modified U748, Accordingly, there is no motivation to elevate the fourth arss of the modified UST48 with respest to the Jirst area.
Accorcingly, the prior st does not specifisally teach o fairly suggss! individuatiy or In combination the system as daimed.

fagarding Claim 7, the modified LIS746 teaches the system of claim 1, but doas not specifically teach the system further somprising:
cable travs positionsd below a walking surface of the fowth section, the cable channels being coversd by & hinged cover thai pivats ig
provide access to the cable channals,

Further, US022 tsaches & hydrauic faciuring systam (Sae fig. 3; para [0040]} comprising cable trays {para [0041] - “cable trays").
Howaver, any combination of the above refersnces falls to isach wherein the cabls trays are positionad below & walldng surface of the
fourth section or whersin the cable channels are coversd by a hingsd cover. Axcerdingly, the prior art doss not specifically teash or fairly
suggest individually or in combination the system as clalmed,

Regarding Claim 10, US748 tsaches the system of claim 8, but the prior art doss not specifically teach or falrly suggest individually arin
rombination wharein the at least ons switthgsar comprisss integreted core uniis configured o operats in 8 connscied position, an open
positon, or & groundsd pasitan.

Regarding Claim 11, the prior art does not specifically teach or falrly suggest individually or in cumbination the system as slaimed since it
is dapsndent on olaim 10,

Ragerding Claim 14, US746 teaches the system of olaim 9, but doss not specifically teach the systam further comprising:

cable trays positioned below 8 walking surface of the aupport structurs, thes cable channels being coverad by & hinged cover thal plvots to
provide access to the cable channeis,

Further, US022 teaches a hydraulic fracturing system {See fig. 3: para {00407} comprising cable trays {para {0041] - "cabls rays™).
However, any combination of the abovs refersncss fafis io teach whersin the cabie rays ars positioned below a walking surfscs of the
suppon structure or whersin the cable channels are coversd by a hinged covar. Accordingly, the prior art does not specifioally teach or
fairly sugoest individually or in combination the system as claimed.

Clalms 1-15 have indusirial epplicabiiity a3 defined by PCT Article 33(4) because the subject matter can be made or used by indusﬁy.
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PUMP INTEGRITY MONITORING

BACKGROUND

[0001] Embodiments described relate to the monitoring of pumps in use. In
particular, embodiments of oilfield pumps and techniques for their monitoring with a
pump integrity monitor are described.

BACKGROUND OF THE RELATED ART

[0002] Large oilfield operations generally involve any of a variety of positive
displacecment or centrifugal pumps. Such pumps may be cmployced in applications for
accessing underground hydrocarbon reservoirs. For example, positive displacement
pumps are often employed in large scale high pressure applications directed at a
borehole leading to a hydrocarbon reservoir. Such applications may include cementing,
coiled tubing, water jet cutting, or hydraulic fracturing of underground rock.

[0003] A positive displacement pump such as those described above may be a fairly
massive piece of equipment with associated engine, transmission, crankshaft and other
parts, opcrating at betwceen about 200 Hp and about 4,000 Hp. A large plunger is
driven by the crankshaft toward and away from a chamber in the pump to dramatically
effect a high or low pressure thereat. This makes it a good choice for high pressure
applications. Indeed, where fluid pressure exceeding a few thousand pounds per square
inch (PSI) is to be generated, a positive displacement pump is generally employed.
Hydraulic fracturing of underground rock, for example, often takes place at pressures of
10,000 to 20,000 PSI or more to direct an abrasive containing fluid through a borehole
such as that noted above to release oil and gas from rock pores for extraction.

[0004] Whether a positive displacement pump as described above, a centrifugal

pump, or some other form of pump for large scale or ongoing operations, regular pump

1=
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monitoring and maintenance may be sought to help ensure uptime and increase
efficiency of operations. That is, like any other form of industrial equipment a pump is
susceptible to natural wear that could affect uptime or efficiency. This may be of
considerable significance in the case of pumps for large scale oilfield operations as they
may be employed at a production site on a near round the clock basis. For example, in
the case of hydraulic fracturing applications, a positive displacement pump may be
employed at a production site and intended to operate for six to twelve hours per day
for more than a week.

[0005] Wear on pump components during operation may present in a variety of
forms. For example, internal valve seals of a pump may be prone to failure, especially
where abrasive fluids are directed through the pump during an application. Issues with
othcr pump components may devclop during opcration such as plunger wcar, looscning
engine mounts, deteriorating crankshaft bearings, and transmission breakdown in such
forms as a slipping clutch or broken gear teeth. Thus, as indicated above, regular pump
monitoring and maintenance of pump health may be an important part of ongoing pump
operations.

[0006] Issues with wearing pump components such as those indicated above may
be accompanied by certain vibrations particular to the type of wear taking place.
Therefore, it is not uncommon to monitor the health of a pump during operation by
taking into account such acoustic or vibration information. For example, a positive
displacement pump may be evaluated during operation by employing an acoustic
sensor coupled to the pump. The acoustic sensor may be a conventional sonic
transmitter used to detect high-frequency vibrations particular to a leak or incomplete
scal within thc chambcr of thc positive displaccment pump, such a Icak being a

common precursor to pump failure. By employing an acoustic sensor in this manner,
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the costly and somewhat unreliable alternative of regularly timed interruption of pump
operation for manual seal inspection and replacement may be avoided. Similar acoustic
monitoring of the health of the pump may be employed for the detection of other types
of potential pump component wearing as well.

10007] The above described technique of monitoring the health of the pump via
detection of acoustic information during pump operation faces several practical
challenges in implementation. For example, pump operations often employ several
pumps and associated equipment simultaneously at a production site. In fact, in a
multi-pump operation several pumps may be in fluid communication with one another
through a common manifold. Therefore, even the detection of a given unhealthy pump
condition may not be indicative of the particular pump having the unhealthy condition.
[0008] In order to distinguish thc source of unhcalthy acoustic data in a multi-pump
operation as described above each pump of the multi-pump operation may be operated
at a distinct RPM. That is, each pump of a multi-pump operation may operate at its
own unique RPM with its own acoustically detectable timing. In this manner,
occurrences of unhealthy acoustic data may be correlated to a particular pump
operating at a given RPM. However, as a practical matter, operating a host of different
pumps at a variety of RPM’s for an operation may be near impossible to implement as
indicated below.

[0009] The vast majority of oilfield pumps are only able to operate at a limited
number of speeds making the above manner of operation potentially very difficult to
achieve depending on the particular level of total output called for in a given operation.
In fact, even if achievable, the operating of pumps at a variety of RPM’s for an
opcration lcads to uncven stress on the pumps with significantly greater loads applicd

to certain pumps. As a result, there is a greater likelihood of pump failure during the
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operation. Furthermore, regardless of the RPM assigned to a particular pump of a
multi-pump operation, natural inconsistencies in behavior of pump components may
require data collection over a period of operating time before any reliable acoustic
analysis may take place. This delays diagnosis of unhealthy conditions and increases
computational complexity of such monitoring, thus requiring significant processing
capacity to carry out. Thus, addressing pump health over the long haul remains
primarily addressed through regular manual intervention or acoustic monitoring
techniques of limited diagnostic effectiveness.

SUMMARY

[0010] An embodiment of monitoring a pump assembly is disclosed wherein the
pump assembly is operated and timing information relative thereto is recorded.
Sampling of acoustic data then occurs with a high spced acquisition mcchanism
followed by an evaluation of the acoustic data in light of the timing information.
Sampling of acoustic data may also take place based on a speed of the operating pump
assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a side partially sectional view of a pump assembly employing an
embodiment of a pump integrity monitor.

[0012] Fig. 2 is a cross-sectional view of a portion of the pump assembly of Fig. 1.
[0013] Fig. 3 is a perspective partially sectional view of an embodiment of
employing the pump assembly of Fig. 1 in a multi-pump operation.

[0014] Fig. 4 is a chart depicting data obtained by employing an embodiment of the
pump integrity monitor and pump assembly of Fig. 1.

[0015] Fig. 5A is a graph dcpicting data obtaincd from cmploying an cmbodiment

of the pump integrity monitor and pump assembly of Fig. 1.
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[0016] Fig. 5B is a graph depicting data obtained from employing another
embodiment of the pump integrity monitor and the pump assembly of Fig. 1.

[0017] Fig. 6 is a flow-chart summarizing an embodiment of employing the pump
integrity monitor and pump assembly of Fig. 1.

DETAILED DESCRIPTION

[0018] Embodiments are described with reference to certain positive displacement
pump assemblies for fracturing operations. However, other types of pumps may be
employed for a variety of operations. Regardless, embodiments described herein
include a pump assembly 100 that incorporates a pump integrity monitor 101 having
particular capabilities. For example, the pump integrity monitor 101 may employ
particularly located sensors in conjunction with a high speed data acquisition board that
takcs up acoustic data from thce pump assecmbly 100 a ratc algorithmically adjusted to
minimize the effect of noise from neighboring equipment, including noise from
equipment and pumps that are in fluid coupling with the pump assembly 100.
Furthermore, the pump integrity monitor 101 may acquire data at a lower non-uniform
sampling rate based on operating speed of equipment of the pump assembly 100,
thereby drastically increasing processing capacity. In a particular example, the pump
integrity monitor 101 may acquire acoustic data based on the speed of a pump 150 and
thus, plot data in line with positioning characteristics of the pump 150 with less
computational complexity.

[0019] Referring specifically now to Fig. 1, an embodiment of a pump assembly
100 is shown equipped with a pump integrity monitor 101. In the embodiment shown,
the pump assembly 100 includes a pump 150. The pump 150 shown is a positive

displaccment pump that may be of a triplex configuration and for usc in a fracturing
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operation. However, other types of pumps, including centrifugal pumps, may be
employed for a variety of applications according to embodiments described herein.
[0020] The above-described pump assembly 100 includes a variety of equipment
with a multitude of parts susceptible to natural wearing and deterioration during
operation. In the embodiment shown, this equipment includes a pump 150 with a fluid
housing 157 in which a fluid is pressurized for distribution to a fluid pipe 165 and
ultimately to a common fluid line 175 as described further herein. The pressurization
of the fluid within the fluid housing 157 is created by plungers as directed by a rotating
crankshaft 155 of the pump 150. With the fracturing pump 150 of the embodiment
shown, pressurization of up to about 20,000 PSI may be achieved in this manner.
Alternatively, other degrees of pressurization may be achieved for other applications.
For examplc, where the pump 150 is to be cmploycd in a cementing application, up to
about 5,000 PSI may be generated as indicated. Additionally, embodiments of the
pump 150 may be employed for coiled tubing or water jet cutting applications.

[0021] The crankshaft 155 is driven by a driveline mechanism 180, itself, driven by
an engine 125 as directed through a transmission 140. The engine 125 may be a 200
Hp to 5,000 Hp prime mover. In the embodiment shown, all of this equipment is
accommodated at the same platform 130 for placement and use at a production site,
such as the well fracturing site 300 shown in Fig. 3. The platform 130 may be a skid
for dropping in tact at the production site, part of a conventional trailer, or other form of
delivery mechanism.

[0022] With added reference to Fig. 2, all of the above described equipment and
components thereof, are subject to natural wear during operation as indicated.
Thercfore, the pump intcgrity monitor 101 is provided at the platform 130. In the

embodiment shown, the pump integrity monitor 101 may include several circuit boards
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within a control box for sampling and analyzing a host of acoustic and other
information. The pump integrity monitor 101 may also include a variety of sensors
120, 110, 179, 225 for obtaining such information during operation of the pump
assembly 100 (see also Fig. 2). In particular, as shown in Fig. 1, the information may
relate to harmonics of the pump assembly 100 in operation as detected by an acoustic
sensor 110 or a pressure transducer 179. Additionally, as detailed further below,
operational timing information such as the position of a driveline or crankshaft may be
detected by a proximity switch 120 or an index sensor 225, respectively.

[0023] Similar to the embodiment described above, an index sensor may be coupled
to a flywheel housing to obtain engine timing information. The engine timing sensor
may be employ a magnetic pickup that senses position of a location on a rotating part
coupled to thc cnginc 125 such as its flywhcel. In this scnsc, the information is
obtained similar to information obtained by the index sensor 225 as described further
below. This information may be analyzed by the pump integrity monitor 101 in
conjunction with acoustic data obtained from an acoustic sensor coupled to the engine
125 or transmission 140 for establishing a condition thereof as described below. In an
embodiment where the pump 150 is electrically driven, the sensors described here may
be modified and located to acquire data regarding electrical current input.

[0024] Continuing with reference to Fig. 1, a circuit board of the pump integrity
monitor 101 may be provided in the form of a high speed acquisition board which may
include no microcontroller or processing capacity. Rather, the high speed acquisition
board may be dedicated to sampling acoustic, vibration, or pressure sensor data at a rate
of between about 100 to about 600,000 samples per second or more. The high speed
acquisition board may bc dcdicatcd to obtaining data from thc acoustic scnsor 110

and/or the pressure transducer 179 as indicated above. These sensors 110, 179 may be
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specifically positioned to acquire acoustic vibration data from the pump assembly 100
during its operation. In an embodiment where the pump 150 is hydraulic in nature,
such sensors 110, 179 may be positioned and equipped to acquire hydraulic pressure
data in place of acoustic data as described herein. Regardless, the acquired data may be
analyzed by the pump integrity monitor 101 in order to provide a recognizable pattern
of pump health or integrity information so as to alert an operator of an unhealthy
condition of the pump assembly 100 should one arise. Furthermore, it is not required
that the pump flow rate remain constant in order to employ techniques described further
below.

[0025] Continuing with reference to Figs. 1 and 2, an example of an acoustically
detectable unhealthy condition in the pump assembly 100 is described in detail. That
is, whilc a host of harmonic or vibration data is provided by an opcrating pump
assembly 100, certain data may be indicative of a variety of unhealthy conditions.
Acoustic profiles of common unhealthy conditions may be pre-loaded on a processor of
the pump integrity monitor 101 to allow analysis. With respect to the embodiments
described herein, these unhealthy conditions may include plunger wear, loosening
engine mounts, piston issues, deteriorating crankshaft bearings, and transmission
breakdown in such forms as a slipping clutch or broken gear teeth to name a few.
Another such example includes the unhealthy condition of a failing pump valve seal
260 as shown in Fig. 2. This type of failure may be prone to occur in circumstances
where abrasive fluids are directed through a pump 150 such as during a fracturing
application.

[0026] With particular reference to Fig. 2, the pump 150 includes a plunger 290 for
reciprocating within a plunger housing 207 toward and away from a chambcer 235. In

this manner, the plunger 290 effects high and low pressures on the chamber 235. For
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example, as the plunger 290 is thrust toward the chamber 235, the pressure within the
chamber 235 is increased. At some point, the pressure increase will be enough to effect
an opening of a discharge valve 250 to allow the release of fluid and pressure within the
chamber 235. The amount of pressure required to open the discharge valve 250 as
described may be determined by a discharge mechanism 270 such as valve spring
which keeps the discharge valve 250 in a closed position until the requisite pressure is
achieved in the chamber 235. In an embodiment where the pump 150 is to be
employed in a fracturing operation pressures may be achieved in the manner described
pressures of up to about 20,000 PSI may be achieved in the manner described here.
[0027] The plunger 290 may also effect a low pressure on the chamber 235. That
is, as the plunger 290 retreats away from its advanced discharge position near the
chambcr 235, the pressure thercin will decrcasc.  As the pressurc within the chamber
235 decreases, the discharge valve 250 will close returning the chamber 235 to a sealed
state. As the plunger 290 continues to move away from the chamber 235 the pressure
therein will continue to drop, and eventually a low or negative pressure will be
achieved within the chamber 235. Similar to the action of the discharge valve 250
described above, the pressure decrease will eventually be enough to effect an opening
of an intake valve 255. The opening of the intake valve 255 allows the uptake of fluid
into the chamber 235 from a fluid channel 245 adjacent thereto. The amount of
pressure required to open the intake valve 255 as described may be determined by an
intake mechanism 275 such as spring which keeps the intake valve 255 in a closed
position until the requisite low pressure is achieved in the chamber 235.

[0028] As described above, and with added reference to Fig. 1, a reciprocating or
cycling motion of the plunger 290 toward and away from the chambcer 235 within the

pump 150 controls pressure therein. The valves 250, 255 respond accordingly in order
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to dispense fluid from the chamber 235 through a dispensing channel 240 and
ultimately to a fluid pipe 165 at high pressure. That fluid is then replaced with fluid
from within a fluid channel 245. All of the movements of the various parts of the pump
150 as described may resonate to a degree throughout the pump 150 including to its
non-moving portions, such as at the fluid housing 157 within which the chamber 235 is
located. Thus, as indicated above, an acoustic sensor 110 may be secured thereto for
sensing such resonating vibrations.

[0029] As noted, certain vibrations detected by the acoustic sensor 110 of Fig. 1
may be indicative of an unhealthy valve seal 260 of the pump 150. For example, upon
closer inspection of Fig. 2 it is apparent that the discharge valve 250 includes a
conformable valve seal 260 for sealing off of the chamber 235. The conformable
naturc of such a valvc scal 260 is conducive to thc pumping of abrasivc containing
fluids through the pump 150 as is often called for in the case of fracturing operations.
For example, the abrasive fluid may include a proppant such as sand, ceramic material
or bauxite mixed therein. The conformable nature of the valve seal 260 allows it to
conform about any proppant present at the interface 275 of the discharge valve 250 and
seat 280. Unfortunately, the conformable nature of the valve seal 260 also leaves it
susceptible to the unhealthy circumstance of degradation by such abrasive fluids.

[0030] A conformable valve insert 260 of urethane or other conventional polymers
employed in a conventional fracturing operation as described above may degrade
completely in about one to six weeks of substantially continuous use. As this
degradation begins to occur a completed seal fails to form between the valve 250 and
the valve seat 280. Thus, as noted above, an acoustic vibration indicative of an
unhcalthy condition of thc opcrating pump 150 may then persist that is attributable to a

growing leak between the chamber 235 and the dispensing channel 240.
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[0031] Continuing now with reference to Figs. 1-3, the above described unhealthy
condition of a failing pump valve seal 260 may be acoustically detectable by the
acoustic sensor 110 as indicated. However, as shown in Fig. 3, the pump 150 may be
part of but one pump assembly 100 of a multi-pump assembly 300 at a production site
375. Therefore, embodiments described herein include techniques for discerning
acoustic data emanating from other assemblies 302, 303, 304, 305, 306 and equipment
from the acoustic data of the pump assembly 100 such as that indicative of the
unhealthy condition of the valve seal 260 as indicated.

[0032] As shown in Fig. 3, and indicated above, multiple pump assemblies 302,
303, 304, 305, 306 are provided at the production site 375 in addition to the pump
assembly 100 of Fig. 1. Each of the assemblies 302, 303, 304, 305, 306, and 100 may
be no morc than 10-12 fect from onc another, with cach opcrating at 1,500 Hp to 5,000
Hp to propel an abrasive fluid 310 into a well 325. The abrasive fluid 310 may be
directed into the well 325 and directed to fracturable rock 315 or other earth material as
is the nature of a convention fracturing operation.

[0033] Apart from the acoustics emanating from the pump assembly 100 of Fig. 1,
a considerable amount of noise is generated in the above described fracturing operation
of Fig. 3. In fact, in continuing with reference to Fig 3, added equipment such as a
blender 307 may be provided on site adding noise to the operation. Furthermore, each
assembly 302, 303, 304, 305, 306, and 100 may generate up to about 20,000 PSI for
directing the abrasive fluid 310 through a common manifold 375 and to a well head 350
coupled to the well 325. That is, all of the assemblies 100, 302, 303, 304, 305, 306
may be in fluid communication with one another. As a result of such communication,
thc ability of acoustics cmanating from a singlc pump asscmbly to rcsonatc at an

adjacent pump assembly is enhanced. Thus, referring back to Fig. 1, the ability of the
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pump integrity monitor 101 to decipher the source of acoustics for establishing the
condition of its associated pump assembly 100 in particular, may be of significant
benefit.

[0034] Continuing with reference to Figs. 1-3, in spite of the above described fluid
communication among pump assemblies 100, 302, 303, 304, 305, 306 during
conventional operations such as fracturing, the pump integrity monitor 101 is
configured for use in a manner that allows deciphering and favoring the acquisition of
acoustic information relative to its own particular pump assembly 100. This may be
achieved by the pump integrity monitor 101 employing both the above noted high
speed acquisition board in combination with one or both of two sensors 110, 179
positioned to enhance the sensing of acoustic information from the pump assembly 100
of Fig. 1 in particular. That is, as indicated, the high spced acquisition board may be
dedicated to sampling sensor data at a rate of between about 100 to about 300,000
samples per second or more. Thus, as detailed further below, the acquisition of
acoustic data from the pump assembly 100 of Fig. 1 may be enhanced by use of the
sensors 110, 179 positioned as indicated above whereas the resolution of this acoustic
data may be enhanced by use of such a high speed acquisition board.

[0035] Continuing with reference to Figs. 1-3, the pump integrity monitor 101 may
be directly wired to one or both of two sensors 110, 179 positioned to enhance the
sensing of acoustic information from the pump assembly 100 of Fig. 1 in particular.
For example, the first sensor, the above described acoustic sensor 110, is positioned
directly on the fluid housing 157 of the pump 150. The second sensor, the above noted
pressure transducer 179, may be positioned within the common fluid line 175 to the
manifold 375. Whilc positioned in a common fluid arca, the pressurce transducer 179 is

located to the pump side of choke 177 that briefly cuts down the inner diameter of the
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line 175 (e.g. about in half). This contributes to the attenuation of acoustics emanating
from outside of the pump assembly 100 of Fig. 1. Thus, the sensing of acoustic
information from the pump assembly 100 of Fig. 1 by the pressure transducer 179 is
still enhanced. In fact, the location of the choke 177 also aids in dampening of
acoustics from the pump assembly 100 of Fig. 1 to other assemblies 302, 303, 304, 305,
306 such as those of Fig. 3.

[0036] In addition to the enhanced acquisition of acoustic data from the pump
assembly 100 of interest, the enhanced resolution of data as indicated renders noise
from other sources of little significance. A speed sensor such as a proximity switch 120
may be provided to the pump integrity monitor 101 and coupled to a rotating driveline
mechanism 180 for monitoring speed of the operating assembly 100, thus, allowing the
processor to confirm outside noisc as out of sync from the asscmbly 100. Thercfore,
with added reference to Fig. 3, such a high rate of acoustic sampling by the pump
integrity monitor 101, the need to operate separate assemblies 100, 302, 303, 304, 305,
306 of a multi-pump operation at significantly different and/or constant speeds is
substantially obviated. Rather, distinction between noise emanating from outside
sources, out of time from the associated assembly, may readily be deciphered by a
processor of the pump integrity monitor 101 with such a vast amount of acoustic data at
its disposal.

[0037] As described above, the pump integrity monitor 101 may be employed to
diagnose an unhealthy condition such as a leaking pump valve seal 260 in spite of
surrounding noise at a production site 375. Furthermore, all other assemblies 302, 303,
304, 305, 306 of a multi-pump operation such as that shown in Fig. 3 may be equipped
with individual pump intcgrity monitors for diagnosis of unhcalthy conditions of the

associated pump assembly 302, 303, 304, 305, 306. Again, such unhealthy conditions
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may include leaking pump seals, plunger wear, valve spring wear, loosening engine
mounts, pump mounts, piston issues, deteriorating crankshaft bearings, crossheads,
pony rods, transmission breakdowns such as clutch slippage or broken gear teeth and
any other conditions presenting acoustic abnormalities.

[0038] While the above described techniques of employing the pump integrity
monitor 101 provide detection of the health of a given assembly 100 regardless of
surrounding noise, acoustic data indicative of equipment health or integrity may also be
employed in a manner drastically reducing the amount of processor capacity required
for establishing equipment health. That is, rather than sampling the above noted
acoustic data at a constant rate (i.e. equidistant sampling) and performing an FFT to
plot the information, acoustic data may be sampled at a rate based on the speed of the
opcrating cquipment (i.c. non-uniform or angular sampling). In this manncr the nccd
for a discrete FFT conversion may be eliminated or transferred to the angular domain,
also referred to herein as the “order” space. The pump integrity monitor 101 may be
provided with the capability to detect and analyze much higher frequencies. For
example, frequencies substantially beyond 25KHz, more preferably beyond 100KHz
may be analyzed by a processor of the pump integrity monitor 101. As a result, leaks
or other acoustically detectable problems encountered by the pump assembly 100 may
be detected much earlier on, when presenting at such higher frequencies. In fact, in an
alternate embodiment, a very limited Fourier analysis may be performed over a small
frequency range in order to increase spectral resolution. Nevertheless, the signal
detection may be obtained earlier on at higher frequencies.

[0039] For example, with reference to Figs. 1-3 above, the pump integrity monitor
101 may samplc acoustic data at a ratc of between about 50 and 5,000 samples per

revolution of the crankshaft 155. Thus, positioning information relative to cycling of
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the pump 150 may automatically be provided without any need to perform FFT
conversions. In order to regulate the sampling of acoustic data in this manner, a sensor
may be provided to monitor or track the timing of a moving part of the pump 150 and
thus, its speed. For example, as shown in Fig. 2, an index sensor 225 is provided
adjacent a plunger 290 that is driven by the noted crankshaft 155 of Fig. 1. The plunger
is equipped with a collar 227 detectable by the index sensor 225 such that timing
information may be transmitted to the pump integrity monitor 101. In this manner, the
processor of the pump integrity monitor 101 need only keep time of the operating pump
150 in acquiring and plotting acoustically obtained data relative thereto.

[0040] Referring now to Fig. 4, with added reference to Figs. 1-3, acoustic data
acquired by the pump integrity monitor 101 via techniques described above is plotted
on a chart. Thc chart shown plots acoustic data that has bcen obtained from a pump
assembly 100 having a pump 150 with a leaking valve seal 260 as shown in Fig. 2. In
the embodiment shown, between about 500 and about 5,000 samples of acoustic data
have been obtained for a given revolution of the crankshaft 155 of the pump 150. Thus,
given timing information from the index sensor 225 acoustic data has been plotted
without the requirement of FFT conversions, thereby saving substantial processor
capacity of the pump integrity monitor 101.

[0041] Continuing with reference to Fig. 4, timing information from the index
sensor 225 allows for the plotting of an acoustic profile of the angular position of the
cycling pump 150 based on three plunger reciprocation areas 1, 2, 3. That is, in the
embodiments described herein, the pump 150 is of a positive displacement triplex
configuration. Thus, three separate plungers, such as the plunger 190 of Fig. 2,
reeiprocate in any given cycle of the pump 150. A varicty of acoustic data 400, 401,

402, 403, 475 may be plotted in accordance therewith.
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[0042] The chart of Fig. 4 reveals that certain acoustic data is persistent throughout
an entire cycling of the pump 150. This persistent acoustic data 475 may be the
expected acoustics of the operating pump 150 and other equipment of the assembly
100. Due to the improved resolution and enhanced detection provided by the pump
integrity monitor 101 as detailed above, the probability of an overwhelming amount of
persistent acoustic data 475 emanating from another assembly (i.e. 302, 303, 304, 305,
306 of Fig. 3), is minimized. Regardless, such data fails to be indicative of an
unhealthy condition of the pump 150 associated with the pump integrity monitor 101
being employed.

[0043] The chart of Fig. 4 is depicted in a logarithmic scale as alluded to above,
with a maximum frequency detectable at half the sampling frequency (i.e. Fs/2). With
respect to particular plunger reciprocation arcas 1, 2, 3 of the chart, cach includces strike
data 401, 402, 403, revealing two valve strikes per plunger reciprocation, resonating at
between about 1/64 and about 3/8 of the sampling frequency (Fs). This would be
expected as described in detail above with respect to Fig. 2 where valves 250, 255
strike valve seats 280, 285 as described above. Again, this particular acoustic data fails
to be indicative of any unhealthy condition of the pump assembly 100.

[0044] Unfortunately, upon close examination of the first plunger reciprocation
area 1 an unhealthy condition of the pump assembly 100 is revealed. That is, recalling
the leaking valve seal 260 of Fig. 2, unhealthy acoustic data indicative of this leak
presents in the form of leak data 400 in the first plunger reciprocation area 1. The leak
data 400 presents immediately after the striking of a valve (i.e. 250) as shown by the
strike data 401. As described with reference to Fig. 2, it is at this time that a completed
scal fails to form bctween the valve 250 and the valve scat 280. Thus, an acoustic

vibration, depicted here as leak data 400, resonates as fluid leaks between the chamber
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235 and the dispensing channel 240. An unhealthy condition of the pump assembly
100 is thereby detected and displayed.

[0045] In Fig. 4 detailed above, leak data 400 is depicted in a chart that reflects the
angular position of a cycling pump 150 such as that of Fig. 1. The depiction of acoustic
leak data 400 in this manner provides some insight into the condition of pump parts
driven by a rotating mechanism such as the crankshaft 155. However, with reference to
Fig. 1, a variety of other equipment such as an engine 125, transmission 140 or
driveline mechanism 180 may also be subject to wear and breakdown. Similarly, the
health of such equipment may be detected and monitored according to techniques
described above. That is, the above-described techniques may be employed for
analyzing both pump and engine data. For example, acoustic data corresponding to a
gcar ratio cmploycd by the transmission 140 may bc indicative of a problem prior to the
driveline mechanism 180. Similarly, as described below, unexpected acoustic data
corresponding to the rpm of the engine 125 may be indicative of engine side issues
such as with engine mounts or piston reciprocation. Additionally, it may be of benefit
to examine the acoustics of such equipment in terms other than angular positioning,.
For example, the amplitude or power (or power spectral density), as shown in Fig. 5A,
may provide insight into the condition of operating equipment in other frequency
ranges as detailed further below.

[0046] Referring now to Fig. 5A, with added reference to Fig. 1, a graph is shown
depicting an acoustic profile of acoustic data acquired from a pump assembly 100
having a four stroke 12 cylinder engine 125 that is running at about 2,400 rpm’s. This
may be the same pump assembly 100 as that depicting the acoustic data of Fig. 4.
Howcver, by way of comparison, thc acoustic data of Fig. 4 prcsents at frequencics

higher than the chart of Fig. SA extends. However, an extension of Fig. 5A in terms of
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frequency would reveal the acoustic pump related data depicted in Fig. 4. Another
distinction from Fig. 4 is that in Fig. 5A, rather than depicting the acoustic frequency
data against angular positioning, the graph of Fig. 5A depicts acoustic data against
power as described further below.

10047] With added reference to Fig. 1, Fig. 5SA depicts acoustic data relative to an
engine 125 operating at about 2,400 rpm as indicated. Such an engine 125 would
generate a frequency of about 40 Hz by definition. Thus, an examination of the chart of
Fig. 5A at about 40 Hz reveals acoustic engine rpm data 560. In fact, the greatest
amount of power revealed for the frequency range depicted in Fig. SA is revealed in the
form of the acoustic engine rpm data 56(). Other acoustic data is revealed such as
camshaft data 551 at about 20 Hz and piston data 580 at about 240 Hz. Again, given a
conventional 12 cylinder cngine 125 running at about 2,400 rpm, thc location of
camshaft data 551 at half that of the engine rpm data 560 and the location of the piston
data 580 is to be expected. However, abnormalities in such data may be telling. For
example, an abnormality in the camshaft data 551 may be indicative of misfiring
whereas an abnormality in rpm data 560 may be indicative of engine imbalance,
misalignment, abnormal torque reaction, or a weak foundation of the engine 125.

[0048] While the location of the acoustic data 551, 560, 580 reflects the expected
operating acoustics of a 12 cylinder engine 125 operating at 2,400 rpm, additional
acoustic information is presented in the graph of Fig. SA. Namely, engine rpm data
560 presents with a peak 565 that breaks into a smooth portion 562 and a smaller rough
portion 567 by comparison. Similarly, the piston data 580 includes a smooth portion
582 and a rough portion 587. Thus, it is apparent that a problem has arisen in the firing
or opcrating of at Icast onc of thc pistons of thc cnginc. That is, rathcr than acoustic

leak data 400 apparent in Fig. 4, rough portions 567, 587 of data present in Fig. SA
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revealing an unhealthy condition in the pump assembly 100 outside of the pump 150.
Fortunately, however, with particular reference to the z-axis of the chart of Fig. 5A, it
does not appear that the problem is increasing over the period of time shown.
Therefore, an operator may have time to intervene before failure of the operating pump
assembly 100 due to the problem shown.

[0049] In addition to the acoustic data depicted in Fig. SA 551, 560, 580, additional
data relative to the condition of the engine 125 may be obtained. For example, in such
an engine 125 as described above, cylinder combustion peaks at about 60 Hz, 100 Hz,
140 Hz, and 180 Hz might be expected along with peaks representing harmonics of
crankshaft speed at about 80 Hz, 120 Hz, 160 Hz, and 200 Hz. Such acoustic data may
again be analyzed to determine a condition of the engine 125. For example, a peak
representing crankshaft harmonics at about 80 Hz that is significantly highcer than other
crankshaft harmonic peaks may be indicative of a problem such as vibration damper
failure relative to a position of the rotating crankshaft.

[0050] Referring now to Fig. 5B, again with added reference to Fig. 1, a graph is
shown similar to that of 5A, but with reference now to pump acoustics (i.e. as opposed
to engine acoustics). For the embodiment shown and described below, the pump 150 is
a positive displacement pump 150 of a triplex configuration. The pump 150 includes a
crankshaft 155 rotating at a frequency of about 4 Hz where an initial peak is depicted.
In a circumstance of an unhealthy pump condition correlating to the timing of the
crankshaft rotation, the peak depicted at about 4 Hz may rise or present otherwise
abnormally. Such pump failures may include a valve leak, broken valve spring, loose
plunger, loose pump mount, or crank bearing failure.

10051 ] Given that the pump 150 cmploys threc plungers 290 as indicated above,

each reciprocating with every rotation of the crankshaft 155, the peak at about 12 Hz is
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to be expected. Furthermore, a peak is noted at about 24 Hz which reflects a reduction
ration of about six that is provided by gearing between the transmission 140 and the
crankshaft 155. For the embodiment shown, a high peak at about 24 Hz would be
indicative of problems such as with the transmission 140, driveline 180, or related
parts. Similarly, where a bull gear of the described gearing is equipped with say 108
teeth, a harmonic peak at about 432 Hz would be expected as shown. Abnormalities in
this peak would be indicative of degradation or other problems with gearing teeth for
the depicted embodiment.

[0052] Referring now to Fig. 6, an embodiment of employing a pump integrity
monitor is summarized in the form of a flow chart. The monitor is employed as a part
of a pump assembly that is in operation as indicated at 620. As noted above, the pump
asscmbly may bc opcrated in conjunction with a host of other cquipment, including
other pump assemblies in fluid communication therewith. Nevertheless, as indicated,
the pump integrity monitor may be employed to decipher the health or integrity that is
particular to the pump assembly.

[0053] Deciphering the health of the pump assembly may be achieved in part by
cemploying the pump integrity monitor to record timing information of the pump
assembly as indicated at 635 (e.g. perhaps with a proximity switch). With timing
information in mind, a vast amount of acoustic data may be sampled with a high speed
acquisition mechanism, perhaps at between about 100,000 and 300,000 samples per
second as indicated at 650. With properly located sensors to obtain such samples, a
fairly high resolution of the acoustics of the operating assembly may be obtained for
evaluation as indicated at 680. Additionally, the acoustic data may be sampled based

on the speed of the pump as noted at 660 such that an FFT conversion of such data may
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be entirely avoided saving significant processing capacity of the pump integrity
monitor.

[0054] Embodiments described herein include a method of monitoring pump
integrity with a pump integrity monitor in a manner that distinguishes outside noise
from acoustics related to the pump. In fact, even where surrounding noise emanates
from other pumps fluidly coupled to the pump of interest, the pump integrity monitor is
operated so as to distinguish outside noise without requiring that other pumps be
operated at substantially different speeds or constant rates of speed. Thus, there is no
need to place undue loads on certain pumps of a multi-pump operation in order to
acoustically monitor the operating health of each pump. Furthermore, the pump
integrity monitor is operated in such a manner so as to dramatically increase processing
capacity by climination of FFT convcrsion requircments and to shorten time for
diagnosis of the health of the pump. Thus, the practical effectiveness of acoustic
diagnostics of an operating pump assembly may be significantly improved.

[0055] Although exemplary embodiments describe particular techniques for
monitoring pump assemblies such as positive displacement pumps for fracturing
applications, additional embodiments are possible. For cxample, several pump
integrity monitors may be coupled to a central host or one another over a network for
analysis of operational conditions at a variety of pumps or even multiple operation
sites. Additionally, analysis techniques described above may be further and more
particularly tailored based on program configuration. In one example, spectrum
averaging bound to timing positions (i.e. stacking) may be employed to reduce noise
and improve resolution irrespective of steady or repeatable conditions. Cepstral
analysis may also bc cmployced for multiple harmonics originating from a varicty of

mechanical parts. Joint time-frequency analysis may even be employed to handle time-
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varying frequency content through patter recognition in two dimensional time-
frequency space wherein a Bayesian-based pattern classification technique is employed
with an embedded database of vibration signatures.

[0056] In addition to that above, methods may be employed tailored to the pump
integrity monitor electronics employed. In this regard, interleaved virtual sub-devices
may be integrated into a single firmware frame, re-programmable virtual devices may
be employed with functionality based on a particular frequency range of interest while
still within a single frame, and portable device implementation may be employed.
[0057] Further additional features may be provided for employing the pump
integrity monitor described herein such as pre-programming of the pump integrity
monitor with a variety of vibration signatures to enhance pattern recognition for the
typcs of problems likely to be acoustically detected during pump opcration. In fact, to
enhance such recognition, applications may be run that tend to avoid natural operating
frequencies that may overlap with frequencies otherwise reflective of an unhealthy
pump condition. Furthermore, many other changes, modifications, and substitutions

may be made without departing from the scope of the described embodiments.
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CLAIMS
We Claim:
1 1. A method of monitoring integrity of a pump assembly, the method comprising:
2 opcrating thc pump asscmbly;
3 recording timing information relative to said operating;
4 sampling acoustic data with a high speed acquisition mechanism of the pump
5  assembly; and
6 evaluating the acoustic data in light of the timing information.
7
8 2. The method of claim 1 wherein said sampling occurs at a rate of more than

9  about 100,000 samples of the acoustic data per second.
10
11 3. The method of claim 2 wherein the high speed acquisition mechanism is a high
12 speed acquisition board of a pump integrity monitor for said recording, said sampling
13 and said cvaluating.
14
15 4. The method of claim 1 wherein said evaluating further comprises distinguishing
16  acoustic data that represents a healthy pump assembly condition from acoustic data that
17  represents an unhealthy pump assembly condition.
18
19 S The method of claim 4 wherein the unhealthy condition is a condition of one of
20  pump mounts, a plunger, crankshaft bearings, a transmission, a pump valve seal, valve
21  spring, crossheads, pony rods, and piston operation of the pump assembly.
22
23 6. The method of claim 4 wherein said distinguishing is achieved with reference to
24 avibration signature pre-programmed into a processor of the pump integrity monitor.
25
26 7. The method of claim 1 wherein said recording further comprises monitoring a
27  position of a moving part of the pump assembly.
28
29 8. The mcthod of claim 7 whercin said monitoring is achicved with a spced scnsor
30  coupled to a driveline mechanism of the pump assembly.
31
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32 9. The method of claim 1 wherein said operating of the pump assembly is at a
33  given speed, said sampling occurring at a rate based on the given speed.

34

35 10. A method of monitoring integrity of a pump assembly, the method comprising:
36 operating the pump assembly;

37 monitoring a speed of said operating;

38 sampling acoustic data from the pump assembly at a rate based on the speed;
39  and

40 evaluating the acoustic data for distinguishing acoustic data that represents a

41  healthy pump assembly condition from acoustic data that represents an unhealthy pump
42  assembly condition.

43

44 11. The method of claim 10 wherein the unhealthy condition is a condition of one
45  of pump mounts, a plungcr, crankshaft bcarings, a transmission, a pump valve scal,
46  valve spring, crossheads, ponyrods, and piston operation of the pump assembly.

47

48  12. The method of claim 10 wherein said pump assembly includes a crankshaft for
49  rotation during said operating, said sampling occurring at a rate of between about 50
50  and about 5,000 samplcs of thc acoustic data per rotation.

51

52 13. The method of claim 10 wherein said monitoring further comprises tracking a
53  position of a moving part of the pump assembly.

54

55 14. The method of claim 13 wherein the pump assembly is a positive displacement
56  pump assembly and the moving part is a plunger, said monitoring achieved with an
57  index sensor coupled to a plunger housing of the pump assembly, the plunger housing
58  to accommodate the plunger, the plunger having a collar detectable by the index sensor.
59

60  15. The method of claim 10 wherein said evaluating occurs without performing a
61  discrcte Fouricr Transform convcrsion.

62

63 16. The method of claim 10 wherein said evaluating further comprises analyzing
64  acoustic data in frequencies between about 100 Hz and about 600 KHz.

65

24
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66 17. The method of claim 10 wherein said evaluating occurs as the speed varies.
67
68 18. The method of claim 10 wherein the distinguishing is achieved with reference to

69  a vibration signature loaded into a processor of a pump integrity monitor for said
70  monitoring, said sampling and said evaluating.

71

72 19. The method of claim 10 wherein the distinguishing of data that represents a
73 healthy pump assembly condition includes recognizing noise based on the speed.

74

75 20. The method of claim 10 wherein said sampling occurs at a rate of more than
76  about 100,000 samples of the acoustic data per second.

77

78  21. The method of claim 10 wherein said sampling takes place at one of a constant

79  sampling ratc and a variablc sampling ratc.

80

g1  22. A pump integrity monitor comprising:

32 a processor;

83 a speed sensor coupled to said processor for monitoring a speed of an operating

84  pump asscmbly; and

85 a data sensor coupled to said processor for sampling harmonic data from the
86  pump assembly at a rate based upon the speed.

87

88 23, The pump integrity monitor of claim 22 wherein said speed sensor is one of an
89  index sensor and a proximity switch for tracking a position of a moving part of the

90  pump assembly.

91

92 24, A pump assembly comprising;:

93 a pump;

94 a pump integrity monitor having a speed sensor coupled to said pump for

95  monitoring a spccd thercof during opceration thercof; and

96 an acoustic sensor coupled to said pump integrity monitor for sampling acoustic
97  data at a rate based upon the speed.

98

99  25. A multi-pump assembly comprising:

_25-
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100
101
102
103
104
105
106
107

a first pump assembly having a first pump integrity monitor with a speed sensor
coupled to a pump of said first pump assembly for monitoring a speed thercof and an
acoustic sensor for sampling acoustic data at a rate based on the speed;

a second pump assembly having a second pump integrity monitor with a speed
sensor coupled to a pump of said second pump assembly for monitoring a speed thereof
and an acoustic sensor for sampling acoustic data at a rate based on the speed; and

a common manifold in fluid communication with said first pump assembly and

said second pump assembly.

-26 -
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TREATMENT WELL TILTMETER SYSTEM

FIELD OF THE INVENTION

The invention relates to the field of titmeter systems and instrumentation in wellbore
systems. More particularly, the invention relates to tiltmeter and instrumentation systems
for treatment wells.

BACKGROUND OF THE INVENTION

For a variety of applications, fluids are injected into the earth, such as for hydraulic fracture
stimulation, waste injection, preduced water re-injection, or for enhanced oil recovery
processes like water flooding, steam flooding, or CO, flooding. In other applications,
fluids are produced, i.e. removed, from the earth, such as for oil and gas production,
geothermal steam production, or for waste clean-up.

Hydraulic fracturing is a worldwide multi-billion dollar industry, and is often used to
increase the production of oil or gas from a well. The subsurface injection of pressurized
fluid results in a deformation to the subsurface strata. This deformation may be in the
form of a large planar parting of the rock, in the case of hydraulic fracture stimulation, or
other processes where injection is above formation parting pressure. The resultant
deformation may also be more complex, such as in cases where no fracturing is
occurring, wherein the subsurface strata (rock layers) compact or swell, due to the
poroelastic effects from altering the fluid pressure within the various rock layers.

The preparation of a new well for hydraulic fracturing typically comprises the steps of
drilling a well, cementing a casing into the well to seal the well from the rock, and creating
perforations at a desired target interval. Perforations are small holes through the casing,
which are formed with an explosive device. The target interval is the desired depth
within the well, which typically is at the level of a pay zone of cil and/or gas. A bridge
plug is then inserted below the perforated interval, to seal off the lower region of the
well.

Hydraulic fracturing within a prepared wellbore comprises the pumping of fluid, under
high pressure, down the well. The only place that the fluid can escape is through the
formed perforations, and into the target zone. The pressure created by the fluid is
greater than the in situ stress on the rock, so fractures (cracks, fissures) are created.
Proppant (usually sand) is then pumped into the prepared well, so that when the fluid

1

LIBERTY EXHIBIT 1002, Page 1003



10

i5

20

25

CA 02406801 2002-10-21
WO 01/81724 PCT/US01/13594

leaks off into the rock (via natural porosity), the proppant creates a conductive path for
the oil/gas to flow into the well bore. Creation of a hydraulic fracture, therefore, involves
parting of the rock, and displacing the fracture faces, to create fracture width, As a result of
hydraulic fracturing, the induced deformation field radiates in all directions.

Surface and offset well tiltmeter fracture mapping has been used to estimate and model
the geometry of formed hydraulic fractures, by measuring fracture-induced rock
deformation.

Surface tiit mapping typically requires a large number of tiltmeters, each located in a
near-surface offset bore, which surround an active treatment well that is to be mapped.
For example, surface tiit mapping installations often comprise approximately 12 to 30
surface tiltmeters. Tilt data collected from the array of titmeters from hydraulic fracturing is
then used to estimate the direction, i.e. the orientation, of a fracture which is created in the
active well.

G. Holzhausen, Analysis of Earth Tilts Resulting from Formation of Six Hydraulic
Fractures, Crack’r Frac, March 27-28 1979, describes early development in tilt data
analysis.

M. Wood, Method of Determining Change in Subsurface Struciure due to Application
of Fluid Pressure to the Earth, U.S. Patent No. 4,271,696, issued 09 June 1981,
describes “a method of determination of the change in subsurface structure of the earth
resulting from the application of fluid pressure at a selected point, at a selected depth, in
the earth, by measuring at least one physical parameter of the contour of the subsurface
of the earth above the point of application of fluid pressure. The method involves
positioning a plurality of tiltmeters on the earth above the point of application of fluid
pressure amanged in a known array, and measuring the change in angle of tilt of the
earth's surface at the point of placement of each sensor while varying the pressure and
flow rate of fluid into the earth at the selected point.”

M. Wood, Method of Determining the Azimuth and Length of a Deep Vertical Fracture in
the Earth, U.S. Patent No. 4,353,244, issued 12 October 1982, describes “a method of
determination of the change in subsurface struciure of the earth resulting from the
applicatidn of fluid pressure at a selected point, at a selected depth, in the earth, by
measuring at least one physical parameter of the contour of the surface of the earth
above the point of application of fluid pressure. The method involves positioning a
plurality of tiltmeters on the earth above the point of application of fluid pressure

arranged in a known array, and measuring the change in angle of tilt of the earth's surface
2
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at the point of placement of each sensor while varying the pressure and flow rate of fluid
into the earth at the selected point. This invention further teaches how the individual
values of incremental tilt at selected points on the earth's surface can be processed to
provide indication of the azimuth of the vertical fracture in the earth, and an estimate of
length of the fracture.”

However, in addition to the direction of a fracture, other details of the formed fraciure are
important, such as the length and the height of the fracture region. Surface
measurements do not accurately reflect the magnitude and dimensions of a formed
fracture, due primarily to the relative isolation of the surface tilimeters from the fracture
area. For example, surface tiltemeters are typically installed within ten to fifty feet of the
surface, whereas fractures are commonly formed much deeper into the strata.

Recently, downhole offset tilt mapping has been developed, comptising an array of
tiltmeters located in a well which is offset from the active treatment well. Offset tiltmeter
arrays often comprise a string of seven to thirteen tilimeters. The plurality of offset
titmsters are usually located at depths which are comparable to the fracture region, e.g.
such as within the fracture zone, as well as above and/or below the fracture zone. For
example, for a fracture at a depth of 5,000 feet, with an estimated fracture height of 300
feet, and array having a plurality of offset tiltmeters, having a span larger than 300 feet,
e.g. such as an 800 foot string array, may be located in an offset hole near the active
well. The use of a larger number of offset tiltmeters, located above, within, and below a
fracture zone, which aids in estimating the extent of the formed fracture zone.

The distance between an active well and an offset well in which an array of offset
titmeters is located is often dependent on the location of existing wells, and the
permeability of the local strata. For example, in existing oil well fields in many locations
in California, the surrounding strata has low fluid mobility, which requires that wells are
often located relatively close together, e.g. such as a 200 ft. spacing. In contrast to
closely spaced wells in California, for gas well fields in many locations in Texas, the
surrounding strata has higher fluid mobility, which allows gas wells to be located relatively
far apar, e.g. such as a 1,000-5,000 fi. spacing.

P. Davis, Surface Deformation Associated with a Dipping Hydrofracture, Joumal of
Geophysical Research, Vol. 88, No. B7, Pages 5826-5834, 10 July 1983, describes
the modeling of crustal deformations associated with hydrofractures.
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C. Wright, Tillmeter Fracture Mapping: From the Surface, and Now Downhole, Hart's
Petroleum International, January 1998, describes the use of surface and downhole offseat
titmeters for fracture mapping.

C. Wright, E. Davis, W. Minner, J. Ward, L. Weijers, E. Schell, and S. Hunter, Surface
Tiltmeter Fracture Mapping reaches New Depths — 10,000 Feet, and Beyond?, SPE
39919, Society of Petroleum Engineers Rocky Mountain Regional Conference, May
1998, Denver, CO, describe surface titt measurement and mapping techniques for
resolution of fracture induced tilts.

C. Wright, E. Davis, G. Golich, J. Ward, S. Demetrius, W. Minner, and L. Weijers,
Downhole Tiltmeter Fracture: Finally Measuring Hydraulic Fracture Dimensions, SPE
46194, Society of Petroleum Engineers Western Regional Conference, May 10-13
1998, Bakersfield, CA, describe downhole tiltmeter fracture mapping for offset wells.

P. Perri, M. Emanuele, W. Fong, M. Morea, Lost Hills COZ2 Pilot: Evaluation, Injectivity
Test Hesults, and Implementation, SPE 62526, Society of Petroleum Engineers
Western Regional Conference, June 19-23 2000, Long Beach, CA, describe the
evaluation, design, and implementation of a 002 pilot project and mapping of CO,
migration.

E. Davis, C. Wright, S. Demetrius, J. Choi, and G. Craley, Precise Tiltmeter
Subsidence Monitoring Enhances Reservoir Management, SPE 62577, Society of
Petroleum Engineers Western Regional Conference, June 19-23 2000, Long Beach,
CA, describe tiltmeter-based long term reservoir compaction and dilation due to fluid
withdrawal and injection.

L. Griffin, C. Wright, E. Davis, S. Wolhart, and Z. Moschovidis, Surface and Downhole
Tilimeter Mapping: An effective Tool for Monitoring Downhole Drill Cuttings Disposal,
SPE 63032, 2000 Society of Petroleum Engineers Annual Technical Conference,
October 1-4 2000, Dallas TX, describe the use of both surface tiltmeters and offset
downhole tiltmeters for drill cuttings disposal monitoring applications.

N. Warpinski, T. Steinfort, P. Branigan, and R. Wilmer, Apparatus and Method for
Monitoring Underground Fracturing, U.S. Patent Number 5,934,373, Issued 10 August,
1999, describe “an apparatus and method for measuring deformation of a rock mass
around the vicinity of a fracture, commonly induced by hydraulic fracturing is provided.
To this end, a well is drilled offset from the proposed fracture region, if no existing well is

present. Once the well is formed to a depth approximately equal or exceeding the
4
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depth of the proposed fracture, a plurality of inclinometers, for example ftiltmeters, are
inserted downhole in the well. The inclinometers are located both above and below the
approximate depth of the broposed fracture. The plurality of inclinometers may be
arranged on a wireline that may be retrieved from the downhole portion of the well and
used again or, alternatively, the inclinometers may be cemented in place. In either event,
the inclinometers are used 1o measure the deformation of the rock around the induced
fracture.”

The disclosed prior art systems and methodologies thus provide tilimeter assemblies
and systems for surface and offset tit mapping. However, the prior art systems and
methodologies fail to provide tiltmeter assemblies and systems within active wells, nor
do they provide structures which can be used in an active well environment.

C. Wright, E. Davis, J. Ward, L. Griffin, M. Fisher, L. Lehman, D. Fulton, and J.
Podowski, Real-Time Fracture Mapping from the Live Treatment Well, Abstract No.
SPE71648, submitted December 2000 to Society of Petroleum Engineers for Annual
Technical Conference, September 30 — October 3, 2001, describes early
development in hydraulic fracture mapping from within a treatment well.

it would be advantageous to provide a system for mapping an active wellbore which
does not require either an offset wellbore or the installation of surface tilt arrays. It would
be advantageous to construct a measurement device that could be placed into and
survive within in an active treatment well, particularly during the pumping of a hydraulic
fracture treatment. Furthermore, it would be advantageous to provide a tiltmeter in which
induced motion of the subsurface strata is discernable from the induced motion from
active fluid flow in the borehole. It would also be advantageous to provide a system for
mapping an active wellbore which operates in a wider range of environments and
provides a high resolution of fracture width and/or rock deformation pattern data across
the subsurface rock strata. Furthermore, it would be advantageous 1o provide a system
for mapping an active wellbore which can be deployed and survive in the hostile
treatment well environment.
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SUMMARY OF THE INVENTION
The treatment well tiltmeter system comprises one or more tiltmeter assemblies which
are located within an active treatment well. The treatment well tiltmeter system provides
data from the downhole tiltmeters, which is used to map hydraulic fracture growth or other
subsurface processes from the collected downhole tilt data versus time. The system
provides data from each of the treatment well tiltmeter assemblies, and provides
isolation of data signals from noise associated with the treatment well environment. As
well, the treatment well tiltmeter system provides geomechanical modeling for treatment
well processes, based upon the treatment well data.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an offset well tiltmeter system;
Figure 2 is a perspective view of fracture-induced deformation;
Figure 3 is a view of a fracture-induced deformation having vertically confined growth;
Figure 4 is a view of a fracture-induced deformation having out of zone growth;
Figure 5 shows fracture-induced deformation having upward fracture growth;
Figure 6 is a view of a fracture-induced deformation having twisting fractures;

Figure 7 is a view of a fracture-induced deformation having poor fluid diversion;

Figure 8 is a simplified view of a fracture-induced deformation having multiple fractures
which dip from vertical;

Figure 9 is a simplified view of a fracture-induced deformation having horizontal fractures;
Figure 10 is a view of a fracture-induced deformation having T-shaped fractures;

Figure 11 is a plan view of optimized water/steam flood injection in a well field;

Figure 12 is a plan view of non-optimal water/steam flood injection in a well field;

Figure 13 is a plan view showing the placement of an infill well in a well field;
-6
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Figure 14 is a plan view showing non-optimal placement of an infill well in a well field;
Figure 15 is a plan view of fracture-induced deformation which crosses natural fractures;

Figure 16 is a plan view of fracture-induced deformation which is substantially aligned
with natural fractures;

Figure 17 is a simplified view of fracture-induced deformation which is located within and
substantially accesses the vertical extent of a pay zone;

Figure 18 is a simplified view of fracture-induced deformations which incompletely
access the vertical extent of a pay zone region;

Figure 19 is a simplified view of fracture-induced deformation which is substantially
located within and extends well into a pay zone;

Figure 20 is a view of a fracture-induced deformation which extends vertically above and
below pay zone, in which the deformation length is relatively small;

Figure 21 is a view of fracture-induced deformation as a function of time, in which the
deformation continues to extend into a pay zone region;

Figure 22 is a view of fracture-induced deformation as a function of time, in which the
deformation extends vertically beyond a pay zone;

Figure 23 is a view of multi-zone coverage fracture-induced deformation, in which the
deformations are substantially located within and extend well into each of a plurality of
pay zones;

Figure 24 is a view of multi-zone coverage fracture-induced deformation, in which the
deformations are do not extend into each of a plurality of pay zones;

Figure 25 is a view of fracture-induced deformation for a substantially horizontal well, in
which the deformations extend generally across the vertical extent of the pay zone
strata;
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Figure 26 is a view of fracture-induced deformation for a substantially horizontal well, in
which the deformations are not substantially centered across the vertical extent of the
pay zone strata;

Figure 27 is a view of fracture-induced deformation, in which the formed perforation
region for the well is aligned with and extends across the pay zone strata;

Figure 28 is a view of fracture-induced deformation, in which one or more formed
perforation regions are misaligned with the pay zone;

Figure 29 is a schematic view of a treatment well tiltmeter system;
Figure 30 is a simplified schematic view of a self-leveling tiltmeter assembly;

Figure 31 is a graph which compares it data between non-leveling and self-leveling

_likmeter assemblies;

Figure 32 is a graph which compares tilt data output between different tiltmeter sensor
electronics;

Figure 33 is a schematic block diagram of tilimeter electronics for one or more tiltmeters in
a daisy-chain tiltmeter system;

Figure 34 is a partial cutaway view of a treatment well tiltmeter system, in which the
titmeters are permanently attached to the outside of a well casing;

Figure 35 is a detailed cutaway view of a tiltmeter which is permanently attached to the
outside of a well casing;

Figure 36 is an end view of a tiltmeter which is permanently attached to the outside of a
well casing;

Figure 37 is a partial cutaway view of a horizontal treatment well tiltmeter system, in
which the tiltmeters are permanently attached to the outside of a well casing;

Figure 38 is a partial cutaway view of a treatment well tiltmeter system, in which the
titmeters are mechanically stabilized within a well casing;
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Figure 39 is a detailed cutaway view of a tiltmeter which is mechanically stabilized within
the outside of a weli casing;

Figure 40 is an end view of a tiltmeter which is mechanically stabilized within a well
casing;

Figure 41 is a partial cutaway view of a horizontal treatment well tiltmeter system, in
which the tiltmeters are mechanically stabilized within a well casing;

Figure 42 is a partial cutaway view of a treatment well tiltmeter system, in which the
titmeters are magnetically aitached to a well casing;

Figure 43 is a detailed cutaway view of a tiltmeter which is magnetically attached to a well
casing;

Figure 44 is an end view of a tilimeter which is magnetically attached within the well
casing;

Figure 45 is a partial cutaway view of a horizontal treatment well tiltmeter system, in
which the tilimeters are magnetically attached to the well casing;

Figure 46 is a partial cutaway view of a self-leveling tiltmeter assembly;
Figure 47 is a simplified expanded view of a self-leveling tiltmeter housing assembly;

Figure 48 is a simplified assembly view of a self-leveling treatment well tiltmeter housing
having cablehead wireline attachments;

Figure 49 is a partial cutaway assembly view of a treatment well tiltmeter tool;
Figure 50 is a detailed partial cutaway assembly view of a treatment well tiltmeter tool;

Figure 51 is a partial cutaway assembly view of a re-zero mechanism within a treatment
well tiltmeter tool;

Figure 52 is a detailed partial cutaway assembly view of a re-zero mechanism within a
treatment well tiltmeter tool,
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Figure 53 is a detailed partial cutaway assembly view of a reed switch within a treatment
well tiltmeter tool;

Figure 54 is a top view of a tiltmeter reed switch assembly;

Figure 55 is a side view of a tiltmeter bottom end cap;

Figure 56 is a first end view of a tiltmeter bottom end cap;

Figure 57 is a partial cross-sectional side view of a tiltmeter bottom end cap;
Figure 58 is a side view of a tiltmeter tool body;

Figure 59 is a detailed side view of the end of a tiltmeter tool body;

Figure 60 is a partial cross-sectional detailed side view of the end of a tiltmeter tool
body;

Figure 61 is a front view of a tiltmeter Y-channel sensor holder;
Figure 62 is a side view of a tiltmeter Y-channel sensor holder;
Figure 63 is an end view of a tiltmeter Y-channel sensor holder;
Figure 64 is a front view of a tiltmeter X-channel sensor holder;
Figure 65 is a side view of a titmeter X-channel sensor holder;
Figure 66 is a side view of a tiltmeter X-channel shaft;

Figure 67 is an end view of a tiltimeter X-channel shatft;

Figure 68 is a side view of a tiltmeter drive shaft;

Figure 89 is an end view of a tiltmeter drive shaft;

Figure 70 is a front view of a tiltmeter Y-channel gear;

Figure 71 is a side view of a tiltmeter Y-channel gear;
10
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Figure 72 is a front view of a tiltmeter reed switch holder;

Figure 73 is a side view of a tiltmeter reed switch holder;

Figure 74 is a side view of a tiltmeter re-zera mechanism body;

Figure 75 is a bottomn view of a tiltmeter re-zero mechanism body:;

Figure 76 is a first cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 77 is a second cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 78 is a third cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 79 is a fourth cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 80 is a fifth cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 81 is a sixth cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 82 is a seventh cross-sectional view of a tiltmeter re-zero mechanism body;
Figure 83 is a side view of a tiltmeter re-zero mechanism top bearing shaft;

Figure 84 is a side cross-sectional view of a tiltmeter re-zero mechanism top bearing
shaft;

Figure 85 is an end view of a tiltmeter re-zero mechanism top bearing shaft;
Figure 86 is a side view of a tiltmeter re-zero mechanism bottom bearing shaft;

Figure 87 is a side cross-sectional view of a tiltmeter re-zero mechanism bottom bearing
shaft;

Figure 88 is a first view of a first end of a tiltmeter re-zero mechanism bottom bearing
shaft;

11
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Figure 89 is a second view of a first end of a tiltmeter re-zero mechanism bottom
bearing shaft;

Figure 20 is a first view of a second end of a tiltmeter re-zero mechanism bottom
bearing shaft;

Figure 91 is a second view of a second end of a tiltmeter re-zero mechanism bottom
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w

bearing shaft;

Figure 92 is a first front view of a tiltmeter motor mounting disk;
Figure 93 is a side view of a tiltmeter motor mounting disk;

Figure 94 is a side cross sectional view of a tiitmeter motor mounting disk;
Figure 95 is a second front view of a tiltmeter motor mounting disk;
Figure 96 is a side view of a tiltmeter motor holder;

Figure 97 is a side cross-sectional view of a tiltmeter motor holder;
Figure 98 is a first view of a first end of a tiltmeter motor holder;
Figure 99 is a second view of a first end of a tiltmeter motor holder;
Figure 100 shows the second end of a tiltmeter motor holder;
Figure 101 is a front view of a tiltmeter X-channel gear;

Figur‘e 102 is a side view of a tiltmeter X-channel gear;

Figure 103 is a front view of a tiltmeter bearing holder;

Figure 104 is a side view of a tilimeter bearing holder;

Figure 105 is a front view of a tiltmeter fluoropolymer ring;

Figure 106 is a side view of a tiltmeter fluoropolymer ring;

12
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Figure 107 is a side cross-sectional view of a tiltmeter fluoropolymer ring;
Figure 108 is a top view of a tiltmeter accelerometer mount;

Figure 109 is a front view of a tiltmeter accelerometer mount;

Figure 110 is a side view of a first end of a tiltmeter accelerometer mount;
Figure 111 is a side view of a second end of a tilimeter accelerometer mount;
Figure 112 is a top view of a tiltmeter Z-axis accelerometer board:;
Figure 113 is a top view of a tiltmeter X and Y axis accelerometer board;
Figure 114 is a front view of a tiltmeter tensioner;

Figure 115 is a top view of a tiltmeter tensioner;

Figure 116 is a first side view of a tiltmeter tensioner;

Figure 117 is a second side view of a tiltmeter tensioner;

Figure 118 is a bottom view of a tiltmeter tensioner;

Figure 119 is a front view of a tiltmeter tensioner;

Figure 120 is a top view of a tiltmeter tensioner;

Figure 121 is a first cross-sectional view of a tiltmetertenéioner;

Figure 122 is a side view of a tiltmeter tensioner;

Figure 123 is a second cross-sectional view of a tiltmeter tensioner;
Figure 124 is a bottom view of a tiltmeter tensioner;

Figure 125 is a side view of a tiltmeter spring pole;

Figure 126 is an end view of a tiltmeter spring pole;
13

LIBERTY EXHIBIT 1002, Page 1015



10

15

20

25

30

CA 02406801 2002-10-21
WO 01/81724 PCT/US01/13594

Figure 127 is a side view of a tiltmeter tensioner shaft;

Figure 128 is a side view of a tilimeter power supply board solenoid mount;
Figure 129 is a top view of a tiltmeter power supply board solenoid mount;
Figure 130 is an end view of a tiltmeter power supply board solenoid mount;
Figure 131 is a top view of a tiltmeter reed switch board;

Figure 132 is a detailed plan view of a tilimeter power supply board;

Figure 133 shows a titmeter accelerometer assembily;

Figure 134 is a detailed plan view of a tiltmeter analog board;

Figure 135 is a detailed plan view of a tiltmeter modem board;

Figure 136 is a simplified flow chart of treatment well tiltmeter data acquisition, data
analysis, and real-time data display;

Figure 137 is a chart of treatment well tilt response to applied surface pressure for a
plurality of tiltmeters;

Figure 138 is a graph which represents fracture-induced deformation for a well, based
upon the measured tilt mapping data from a plurality of treatment well tiltmeters;

Figure 139 shows a plan view of measured and projected filt for a plurality of surface
tittmeters;

Figure 140 is a partial cutaway view of a treatment well titmeter system, in which the
tittmeters are magnetically attached to a well casing, in an annular region formed between

the casing and an inner tube;

Figure 141.is a detailed cutaway view of a tiltmster which is magnetically attached to a
well casing in an annular region formed between the casing and an inner tube;

14
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Figure 142 is an end view of a tiltmeter which is magnetically attached to well casing in an
annular region formed between the casing and an inner tube; and

Figure 143 is a partial cutaway view of a horizontal treatment well tiltmeter system, in
which the tiltmeters are magnetically aftached to the well casing in an annular region
formed between the casing and an inner tube.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 is a partial cutaway view 10 showing a treatment well 18 which extends
downward into strata 12, through one or more geological layers 14a-14e. A fracture
zone 22 is formed within a previously formed perforation region 20 in the treatment well
18, such as to extend into one or more pay zones 16 within the strata 12. A fracture
process is typically designed to coincide with a desired projected fracture path 24, such
as to extend into a pay zone 16.

Surface tilt meters 40 are often placed in shallow surface bores 38, to record the tilt of the
surface region at one or more locations surrounding the treatment well 18. The surface
bores 38 have a typical depth of ten to forty feet. Tilt data collected from the surface {ilt
meters 40 from a treatment well fracture process is used to estimate the orientation of
the formed fracture zone 22.

As seen in Figure 1, an array 28 of offset well tilt meters 30a-30n are placed in an offset
wellbore 26, to record data from each of the tiltmeters 30a-30n at different depths within
the offset well 26, during a fracture process within the treatment well 18. The array 28 of
offset well tit meters 30a-30n further comprises a wireline 32, which extends to the
surface, as well as between each of the offset well tiltmeters 30a-30n. The wireline 32 is
typically provided by a wireline truck 36. Tilt data collected from the offset well tilt meters
30a-30n from a treatment well fracture process can be used to estimate the extent, j.e.
the height, length and width, of the formed fracture zone 22.

Figure 2 is a schematic view of a fracture-induced deformation field 42, as seen both
downhole, by an offset tiltmeter array 28, and at the surface 17, by a plurality of
tiltmeters 40a-40i. A fracture 22 is induced within a treatment well 18, at a desired depth
15. One or more surface tiltmeters 40a-40i record surface tilt data 48a-48i at surface
locations near the treatment well 18. As seen in Figure 2, the surface tilt data 48a-48i
indicates the presence of a surface trough 44 formed by a vertical fracture 22. Surface
tiltmeters 40 which are located close to the formed trough 44 point downhill, towards the

trough 44, while surface tittmeters further away point away from the fracture zone 22.
15
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One or more offset well tiltmeters 30a-30n record offset well tilt data 46a-46n at different
depths within the offset well 26, during a fracture process within the treatment well 18.
As seen in Figure 2, the offset well tilt data 46a-46n indicates the depth 15 and
magnitude of the fracture 22. The measured deformation field at the surface 17, with a
two-dimensional array 40a-40i, gives a very different view of the deformation field than a
one-dimensional (linear array) 30a-30n downhole in an offset wellbore 26.

While induced fractures 22 are typically intended to extend along a projected fracture
path 24 (FIG. 1), at a controlled depth 15, the actual wellbore 18 and strata 12
conditions commonly yield a variety of actual fracture results.

Figure 3 is a view 50 of a fracture-induced deformation 22 extending from a treatment
well 18 having vettically confined growth, at a depth 15 which corresponds with a pay
zone 16. The vertical extent 54 of the fracture extends substantially across the pay
zone 16, and the length 54 of the fracture 22 extends well within the pay zone 16.

Figure 4 is a view 56 of a fracture-induced deformation having out of zone growth. While
the fracture 22 has vertically confined growth, the vertical extent 54 of the fracture
extends beyond the pay zone 16, and the length 54 of the fracture extends only a short
distance into the pay zone 16.

Figure 5 shows fracture-induced deformation 22 having upward fracture growth 58.
While the upper fracture 22 has vertically confined growth, the vertical extent 54 of the
fracture 22 extends upward beyond the pay zone 16, and fails to extend substantially
across the lower region of the pay zone 16.

Figure 6 is a view of a fracture-induced deformation 22 having twisting fractures 62.
While the fracture 22 has vertically confined growth, the vertical extent 54 of the fracture
is twisted axially within the pay zone 16.

Figure 7 is a view of a fracture-induced deformation 64 having poor fluid diversion across
one or more of a plurality of pay zones 16a-16c. While the upper fraciure 22 has
vertically confined growth, the vertical extent 54 of the fracture extends beyond the pay
zone 16a. The fracture 22 generally located in the lowest pay zone 16c fails to extend
substantially across the lowest pay zone 16¢, and there is no fracture 22 that is generally
formed into the middle pay zone 16b.

Figure 8 is a simplified view 66 of a fracture-induced deformation having multiple

fractures 68 which dip from vertical. While the fractures 22 generally extend into the
16
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strata 12 in the pay zone region, the fractures 22 are not substantially aligned with a
vertically aligned well bore 18.

Figure 9 is a simplified view 70 of a fracture-induced deformation having horizontal
fractures 72. While the fractures 22 generally extend into the strata 12 in the péy zone
region 16, the horizontal fractures 72 are not substantially aligned with either the
treatment well 18 or the vertically aligned pay zone 16. Figure 10 is a view of a fracture-
induced deformation 74 having T-shaped fractures 22,72, in which a combination of
fractures 22 having different alignments are formed, and do not necessarily extend
across the pay zone 16.

Filed Development Optimization. While the knowledge of fracture induced
deformations 22 for a single well are often beneficial, the overall knowledge of the strata
and fracture growth obtained through one or more tilt-mapped fractures from a plurality of
boreholes can also vield a wealth of information for full field development.

Figure 11 is a plan view 76 of an optimized water/steam flood injection well pattern in a
field. Water and/or steam injection is often used to enhance hydrocarbon recovery. In
Figure 11, Water and or steam is injected through injector well bores 80, and producer
wells 78 are used to obtain product, e.g. cil and/or gas. For strata 12 in which induced
fractures 22 are generally aligned to coincide with the injector lines 81 of injector well
bores 80 and the producer line of producer wells 78, the injected enhancement fluid 82
substantially increases the flow of product across the strata 12 toward the fracture zones
22 of the producer wells 78.

Figure 12 is a plan view of non-optimal water/steam flood injection in a well field. As
seen in Figure 12, the induced fractures 22 are not generally aligned to coincide with the
injector lines 81 of injector well bores 80 and the producer line of producer wells 78.
Therefore, injected enhancement fluid 82 may not substantially increase the flow of
product across the strata 12 toward the fracture zones 22 of the producer wells 78.

In field development, it is often desirable to add a new well 18 to an existing field, such
as to access a pay zone region 16 which is not efficiently accessed by existing wells 18.
Figure 13 is a plan view showing the placement 86 of an infill well 90 in a well field of
existing wells 88a-88d. The infill well accesses a region 92 that is not previously
accessed by the fracture regions 22 of the existing wells 88a-88d. Figure 14 is a plan
view showing non-optimal placement of an infill well 90 in a field of existing wells 88a-
88d. In Figure 14, the fracture regions 22 of the infill well 90 access a region 96 which is

generally aligned with and is accessed by the existing fracture regions 22 of existing
17
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wells 88a-88d. While the plan view of existing well heads 88a-88d in Figure 13 and
Figure 14 are similar, the existing strata 12 and fracture regions 22 are different. Field
development for infill wells 90 can therefore be improved, based upbn accurate data
acquisition and analysis of the natural and formed structures.

Figure 15 is a plan view 98 of fracture-induced deformation 22 which crosses natural frac
structures 100. The fracture region 22 accesses a large portion of the natural frac structure
100. Figure 16 is a plan view 102 of fracture-induced deformation 22 which is
substantially aligned with natural fractures. The fracture region 22 in Figure 16 accesses a
limited portion of the natural frac structure 100. Treatment well fracturing is often
enhanced by the controlled establishment of a perforation zone 20 and fracture structure
22 which accesses a large portion of a surrounding natural frac structure 100.

Fracture Treatment Optimization. Figure 17 is a simplified view of fracture-induced
deformation 104 which is located within and substantially covers the vertical height 106
of a pay zone 16. Figure 18 is a simplified view of fracture-induced deformations 108
which incompletely access the vertical height 108 of a pay zone region 16.

Figure 19 is a simplified view of fracture geometry 110 which is substantially located
within and extends 52 well into a pay zone 16. Figure 20 is a view of a fraciure
geometry 112 which extends vertically above and below pay zone 16, in which the
fracture length 52 is relatively small.

Figure 21 is a view 114 of fracture-induced deformation geometry as a function of time,
in which the deformations 22a, 22b, 22c, 22d continue to extend within a pay zone
region 16. Figure 22 is a view 116 of fraciure-induced deformation geometry as a
function of time, in which the deformation 22a, 22b, 22¢, 22d tends to extend vertically
beyond a pay zone 16.

Figure 23 is a view 118 of multi-zone coverage fracture-induced deformation, in which
the deformations are substantially located within and extend well into each of a plurality
of pay zones 16a, 16b, 16c. Figure 24 is a view 120 of mulii-zone coverage fracture-
induced deformation, in which the deformations do not extend into each of a plurality of
pay zones 16a, 16b, 16c.

Figure 25 is a view 122 of fracture-induced deformation geometry for a substantially
horizontal well 18h, in which the deformations extend generally across the pay zone
strata 16. Figure 26 is a view 124 of fracture-induced deformation geometry for a

18
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substantially horizontal well 18h, in which the deformations are not substantially centered
across the pay zone strata 16.

Figure 27 is a view 128 of fracture-induced deformation, in which the formed perforation
region 21 for the well 18 is aligned with and extends across the pay zone strata 16.
Figure 28 is a view 130 of fracture-induced deformation, in which one or more formed
perforation regions 21 are misaligned aligned with the pay zone 16.

Treatment Well Tiltmeter System. Figure 29 is a schematic view of a treatment well
tiltmeter system 132. One or more tiltmeters 134a-134n are located at different depths
15 within a treatment well 18. Interconnection cable lines 136, each typically having a
length of approximately 20 to 100 feet, interconnect each of the tiltmeters 134 within a
treatment well tiltmeter array 135. A main wireline 137 extends from the tiltmeter
system 132 to the surface, and is typically provided by a wireline iruck 836. The
titmeters 134a-134n are preferably installed over a depth range approximating one or
more depths 15 where fluid outflow or inflow is occurring.

Each of the tiltmeters 134a-134n further comprises means 138 for fixedly positioning
the tiltmeter in position, either within the active flowstream, or with in a "quiet" annular
region 554 (FIG. 140) between the casing 214a and an inner tubing 214b. As seen in
the tiltmeter embodiment 134 in Figure 29, one or more centralizers 138a are located on
each tiltmeter 134, and position the tiltmeters 134a-134n within the casing 214. In
altemate embodiments, the tiltmeters 134a-134n are attached either permanently or
removably to the treatment well structure 18, such as within or external to the casing 214.

The treatment well 18 typically comprises a well head BOP 140. The main wireline
passes through a lubricator 148, which allows the tiltmeter array 135 to be removed
from an active wellbore 18 under pressure. A bridge plug is typically located in the
treatment well 18, below the tilimeter system, and below the estimated pay zone 16.

The titmeters 134a-134n are preferably placed such that one or more tiltmeters 134 are
located above, below, and/or within an estimated pay zone region 16, in which a
perforation zone 20 is formed. For example, in Figure 29, titmeter 134a is located
above a perforation zone 20, titmeters 134b,134¢, and 134d are located within the
perforation zone region 20, and tiltmeter 134n is located below the perforation zone
region 20.
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A frac pump supply line 142 is connected to the well head 140 for a fracturing operation,
whereby a fracturing fluid 143 is controllably applied to the treatment well. The treatment
may also comprise a blast joint 146 and blast joint fluid diversion 152.

The tiltmeter array 135 collects continuous data 213 of the induced earth deformation
versus time, and transmits this data 213 back to the surface via wireline 136,137, via
permanent cabling, or via memory storage, if or when the tilimeters 134 are returned to
the surface. The time-series deformation (lilt) data 213 is analyzed over various time
intervals, to determine the pattern of subsurface deformation. The geophysical inverse
process is then solved, to estimate the nature of the subsurface fluid flow and fracture
growth which is responsible for the observed deformation.

The treatment well tiltmeter system 132 provides mapping for subsurface injection
processes, such as for hydraulic fracture stimulation, subsurface waste disposal,
produced water re-injection, or for other processes where fluid injection is occurring
below fracturing pressure. The processing of tilt data also provides monitoring for fluid
production related phenomenon, such as for formation compaction, poroelastic swelling,
and thermoelastic deformation, which can be used to determine inflow and outflow rates
or patterns from various subsurface strata for long-term reservoir monitoring.

The treatment well tiltmeter system 132 preferably provides data acquisition and
analysis systems, to map the fracture height growth in real-time on mini-frac pumping
treatments, ie. pumping jobs run without proppant.' Additionally, possible results of
analysis of the data include interpretation of fracture width and length, as well as
enhanced resolution of fracture closure stress, net fracture pressure and fracture fluid
efficiency.

The treatment well tiltmeter system 132 is designed to withstand the hostile treatment
well environment, which often comprises high temperatures, in which high pressure fluid
is usually applied to the treatment well 18, such as for a fracturing process. Therefore,
preferred embodiments of the treatment well tiltmeter assemblies 134a-134n are
designed to withstand these high temperatures and pressures, and are packaged in a
small diameter housing, to promote the flow of working fluid 143 and/or proppaht within
the treatment wellbore 18. While tiltmeter assemblies 134 can be coupled to the
wellbore in a manner similar to that of an offset wellbore tiltmeter system, the treatment
well tiltmeter assemblies 134a-134n are preferably coupled to the treatment well bore
18 to minimize the flow resistance from working fluids 143 and proppants.
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Treatment Well Tiltmeter Assembly. Figure 30 is a simplified schematic view of a
self-leveling tiltmeter assembly 134, such as a Series 5000 Tiltmeter, by Pinnacle
Technologies, Inc.,, of San Francisco, CA. The tiltmeter housing assembly 152
comprises an outer housing tube 154, and upper housing end cap 156, and a lower
housing end cap 158. In one embodiment of the tiltmeter assembly 134, the exterior
housing is an aluminum cylinder roughly 107 cm (42 in.) long and 7 cm (2.5 in.) in
diameter. O-ring seals protect the intemal components from splash and dust intrusion.
Other casing matetials, such as stainless steel, titanium, or INCONEL™, are preferably
used in corrosive environments.

The tilimeter assembly 134 comprises a plurality of tilt sensors 150, which preferably
comprise orthogonally deposed sensor bubbles 150. Tilt sensors 150 operate on the
same principle as a carpenter’s level. The orthogonal bubble levels 150 have a precise
curvature. Electrodes detect minute movements of the gas bubble within a conductive
liquid, as the liquid seeks the lowest spot in the sensor 150. In one embodiment of the
titmeter assembly 134, the tilt sensors 150 can resolve tilt as little as one billionth of a
radian (0.00000005 degrees).

The tilimeter assembly 134 preferably comprises a tilt sensor leveling assembly 160,
by which the tilt sensors 150 are leveled before a fracture operation in the treatment well
18. The tilt sensor leveling assembly 160 provides a simple installation for deep,
narrow boreholes. Once the tiltmeter 134 is in place, motors 160 automatically bring the
two sensors 150 very close to level, and continue to keep the sensors 150 in their
operating range, even if large disturbances move the tiltmeter 134.

Besides filt, the tiltmeter 134 internally records relevant information such as location,
orientation, supply voltage, .and sensor temperature. In some embodiments of the
treatment well tiltmeter 134, a solid state magnetic compass or gyroscope 162
provides tool orientation, so tilt direction can be accurately determined. On-board
looped memory provides up to 8 months of data storage which is easily uploaded via a
serial port connection at the surface, typically through a direct cable connection to another
computer 210. Communication protocols support communication through up to 8,000
m (25,000 ft) of wircline cable 136,137. Alternate communication protocols support
wireless communication through a transceiver and radio links, or through a cell phone
interface.

For some tiltmeter applications, the tilimeter assemblies 134a-134n are programmable,
to periodically transmit data signals 213 to the external computer 210, or alternately to a

radio or cell phone device, such as to conserve intemal battery power. Memory is
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preferably retained within each of the tiltmeter assemblies 134a-134n, in the event
power to the tilimeter assemblies 134a-134n is lost.

For some tiltmeter applications, such as for surface tilt measurement, the tilimeter 134 is
powered by a small battery and solar panel combination at the surface. In a preferred
embodiment of the treatment well tiltmeter system, power is supplied to each of the
titmeters 134a-134n, from an extemal power supply 208 (FIG. 33), through wirelines
136,137. The wirelines 136,137 are typically comprised of a braided steel cable, which
further comprises an electrically insulated power and signal conductor. Power is typically
provided to each to the tiltmeters 134a-134n through the wirclines 136,137, and is
preferably routed through successive tiltmeter assemblies 134 in a daisy-chain
configuration.

Within each tiltmeter assembly 134, sensor signals are processed through the analog
board 164, which measures and amplifies the tilt signal from the two sensors 150. The
analog electronics 164 provide low noise levels and low power consumption, and have
4 gain levels, which can be changed remotely for mapping tilt signals for a wide range of
magnitudes. The operating range of one embodiment of the tiltmeter electronics is from
—40 °C to 85 °C (-40 °F to 185 °F). In an alternate embodiment of the tittmeter
assembly, the upper temperature limit is approximately 125 °C (260 °F). In another
altemate embodiment of the tiltmeter assembly, the upper temperature limit is
approximately 150 °C (300 °F).

The tiltmeter assembly 134 also comprises a digital storage and communication module
166. The digital storage and communication module 166 comprises high precision 16 bit
or 24 bit A/D converters which are connected to the output of the analog amplifiers 164.
Digital communication prevents signal noise during the data transmission 213 to the
surface 17. In some embodiments of the treatment well tiltmeter system 132, data is
stored within the tiltmeters 134. In a basic embodiment of the treatment well tiltmeter
system 132, analog signals are sent up the wireline cable 137 to the recording device
210 (FIG. 33). For applications in which analog signal loss and/or noise occur, the
tiltmeter provides digital signal communication. In afternate embodiments of the
treatment well tiltmeter system 132, a data signal 213 (FIG. 33) is transferred from each
of the tiltmeters 134a-134n, through wire lines 136,137.

Figure 31 is a graph 170 which shows raw tilt data 176, 178 between non-leveling and
self-leveling tiltmeter assemblies, respectively, for a period of six days. Figure 32 is a
graph 182 which shows tilt data 184, 184 between non-leveling and self-leveling

tiltmeter assemblies, respectively, for the two hour period 179 shown in Figure 31. The
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data is plotted in tilt 172 as a function of time 174. The non-leveling tilt meter data 176
shows large (about 1000 nanoradian) daily swings, resulting from near-surface thermal
strains.

The Raw data 176 rises sharply when the sun rises in the morming, and declines rapidly
at sunset. This level of background motion is insignificant when mapping a shallow
fracture treatment, but can be significant when fracture-induced surface tilts are only a few
nanoradians. The raw data 178 from the self-leveling tiltmeter 134 over the same six-
day period shows only the very smooth (and predictable) background of earth tides that
swing roughly 100 nanoradians twice per 24-hour period.

Figure 33 is a schematic block diagram of tiltmeter electronics 188 for one or more
titmeters in a tiltmeter system 132. Each tiltmeter assembly 134 shown in Figure 33
comprises a power supply board 190, and modem board 192, a processor board
194, an analog board 196, and a sensor subsystem 198. The sensor subsystem 198
comprises a tilt sensor assembly 200, a leveling system assembly 202, an
accelerometer or geophone assembly 204, and a limit switch assembly 206. The filt
sensor assembly comprises single axis sensors 150, which provide fitt resolution of
better than 1 uR, range of +/- 15 degrees at the sensor 150. The leveling re-zero
system 202 provides pre-fracture event alignment of tilt sensors 150, For example, in
a deviated well 18, the leveling system 202 typically aligns one sensor 150, e.g. 150a,
with the wellbore 18, and aligns a second tilt sensor 150, e.g. 150b, at a right orthogonal
angle to the well bore 18. The leveling system 202 typically provides tool orientation
data 213, which is either stored or is sent uphole to the external data acquisition device
210. The accelerometer system 204 preferably comprises an integrated tri-axial
accelerometer or geophone 256, which provides information needed for re-zeroing, and
provides back-up sensor function, with 300 uR sensitivity. The tiltmeter electronics 188
are highly modularized, and each of the electronics boards 190, 192, 194, 164, as well
as the sensor assembly 198, fit within the small inner diameter of treatment well titmeter
housing 154.

As described above, a main wireline 137 extends to the array 135 of one or more
titmeter assemblies 134a-134n, and a similar wireline connector cable 136 is located
between tiltmeter assemblies 134a-134n. An exitermnal power supply 208 provides
power 209 to the tiltmeters 134a-134n, through the wirelines 137,136. A computer
210, such as a portable laptop computer 210, provides input signals 211 to and
receives output sighals 213 from the tiltmeter assemblies 134a-134n, through a surface
modem connection 212,

23

LIBERTY EXHIBIT 1002, Page 1025



10

15

20

35

CA 02406801 2002-10-21
WO 01/81724 PCT/US01/13594

The processor board 194 provides A/D conversion, data storage and all command
functions for the tiltmeter assembly 134. Each tiltmeter 134 preferably includes a unique
tool ID, which is hardwired into the processor board 194, and is read at power up. The
processor board 194 has flash RAM memory, with a static RAM buffer, which allows
permanent data storage with no battery, and code memory, which allows software
upgrades without opening the tiltmeter assembly 134. The processor board 194 also
includes one or more 1 F capacitors, which provide approximately two weeks of clock
function for a tiltmeter aséembly 134 which has no external connection. Leveling circuitry,
associated with the leveling system 202, includes 16 bit A/D conversion, which
provides continuous level calibration. Accelerometer circuitry, associated with the
accelerometer system 204, includes 10-bit A/D conversion, while system voltage and
temperature circuitry includes 8-bit system monitor A/D conversion. A motor control
circuit levels sensors, using the accelerometers and limit switches for guidance.

System software, which operates between an external computer 210 and each of the
titmeter assemblies 134a-134n, comprises a communication protocol which provides
fast and reliable communications 211, 213, as well as error detection. The external

- computer 210 automatically determines the order of tiltmeters 134, which are installed as

a treatment tittmeter array 135, within a treatment well 18.

A flexible data format allows easy modification of data from each of the tiltmeters 134a-
134n. For example, pressure and/or temperatufe data 213 from each tiltmeter 134, a.g.
such as from tiltmeter 134a, preferably has a unique coding or format, whereby data 213
that is sent to the external computer 210 through wireline 136,137 is associated with the
correct tiltmeter assembly 134,

During the startup process, each treatment tiltmeter 134a-134n preferably goes through
an intemal start up and self-diagnosis procedure, and then performs a handshaking
operation with the external computer 210. Durting the handshaking procedure, each of
the treatment well tiltmeters 134a-134n automatically detects the system baud rate for
input signals 211and for output signals 213.

Treatment Well Tiltmeter System Configurations. Figure 34 is a partial cutaway
view 210 of a treatment well tiltmeter system 132a, in which the tiltmeters 134a-134n
are permanently attached to the outside of the well casing 214. Figure 35 is a detailed
cutaway view 220 of a tiltmeter 134 which is permanently atiached to the outside of the
well casing 214, in the casing region 214 of a treatment wellbore 18. Figure 36 is an end
view 222 of a tiltmeter 134 which is permanently attached to the outside of the well

casing 214. Figure 37 is a partial cutaway view 224 of a treatment well tiltmeter system
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132a for a generally horizontal well 18h, in which the tiltmeters 134a-134n are
permanently attached to the outside of the well casing 214. In the treatment well
tiltmeter system 132a, each tiltmeter 134 is attached to the casing 214, with one or more
strap connectors 216. The treatment well tiltmeter system 132a shown in Figure 34
further comprises a secondary sensor device 218, which is also fixedly attached to the
casing 214 with ohe or more strap connectors 216. The secondary sensor device 218
can be used 1o provide general sensor information for the array, such as pressure and
temperature data. The treatment well tiltmeter system 132a can be used for data
acquisition before, during, and after a fracture operation, and does not interfere with a
working fluid 143 or proppant.

Figure 38 is a partial cutaway view 226 of a treatment well titmeter system 132b, in
which the tiltmeters 134a-134n are mechanically stabilized within the well casing 214.
Figure 39 is a detailed cutaway .view 230 of a tiltmeter 134 which is mechanically
stabilized, ie. centralized, within the well casing 214, with one or more bowspring
stabilizers 228. Figure 40 is an end view 232 of a tiltmeter 134 which is mechanically
stabilized within the well casing 214. Figure 41 is a partial cutaway view 234 of a
treatment well tiltmeter system 132b for a generally horizontal well 18h, in which the
tiltmeters are mechanically centralized within the well casing. In the treatment well tiltmeter
system 132b, each tiltmeter 134 and/or secondary device 218 is attached within the
casing 214, with one or more bowspring stabilizers 228. In the centralized treatment
well titmeter system 132b, fluid 143 is diverted around the periphery of the tiltmeters
134a-134n. The centralized treatment well tiltmeter system 132b is readily used in
embodiments having relatively large wellbore sizes and/or relatively low injection rates
of fluid 143.

The mechanically stabilized treatment well tiltmeter system 132b is often used as a
retrievable titmeter system 132, wherein an array 135 of treatment well tiltmeters 134a-
134n, interconnected with wirelines 136, is attached through the top-most tikmeter 134,
e.g. 134a, to a large spool of wireline 137, provided by wireline truck 36. The array 135
is then controllably lowered into the treatment well 18. As the array 135 is lowered, the
bow springs 228 contact the pipe casing 214, and the weight of the array 135 and main
wireline 137 provides the force necessary to lower the system into place. Once the
system is properly installed within the wellbore 18, which includes signal handshaking
with the surface computer 210 and rezeroing tilt sensors 150, as necessary, the
treatment well 18 is pumped to produce or expand a fracture 22. The tiltmeter data 213
from the tiltmeters 134a-134n is processed (which preferably includes isolating the
signal data 213 from ambient conditions, such as working fluid noise), and the tilt map

data is acquired. When the mapping is completed, the array 135 is usually removed
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from the treatment wellbore 18, by rewinding the main wireline. The treatment well
tiltmeter system 12 is then ready to be reused.

Figure 42 is a partial cutaway view 236 of a treatment well tiitmeter system 132c, in
which the tiltlmeters 134a-134n are magnetically attached 238 to the inner wall of the well
casing 214, Figure 43 is a detailed cutaway view 240 of a tiltmeter 134, which is
magnetically attached 238 to the well casing 214. Figure 44 is an end view 242 of a
titmeter 134, which is magnetically attached within the well casing 214. Figure 45 is a
partial cutaway view 246 of a treatment well tiltmeter system 132c¢c for a generally
horizontal well 18h, in which the tilimeters are magnetically attached 238 to the well
casing. In the treatment weli tiltmeter system 132c, each tiltmeter 134 and/or secondary
device 218 is attached within the casing 214, with one or more magnets 238. In the
magnetically attached treatment well tiltmeter system 132c, magnets 238 provide a
decentralized attachment within the borehole 18, which allows a high injection rate of
fluids 143 which are often used in hydraulic fracturing, and reduces flow-induced noise on
the collected tilt data. The titmeter assembly shown in Figure 43 has permanent magnet
assemblies 239 located at both the top and botiom of the tiltmeter housing 152,
wherein each permanent magnet assembly 239 comprises one or more magnets 238.

Tiltmeter Assembly Details. Figure 46 is a partial cutaway view 250 of a self-
leveling tiltmeter housing assembly 134, which comprises an X direction tiit sensor 150a
within a latitude directional sensor assembly 254a, and a Y direction tilt sensor 150b
within a longitude directional sensor assembly 254b. The level adjustment of the X

direction tilt sensor 150a is controlied by a latitude leveling motor 160a. The level

adjustment of the Y direction tilt sensor 150b is controlled by a longitude leveling motor
160b.

The self-leveling tiltmeter housing assembly 134 shown in Figure 46 also comprises a
three-axis accelerometer assembly 256, which provides orientation data for the tiltmeter
assembly within a wellbore 18. As well, the accelerometer assembly 256 can provide
supplementary tilt data for the tiltmeter housing assembly 134,

As seen in Figure 33 and Figure 46 the treatment well tiltmeter assembly comprises four
electronics modules, comptising the power supply board 190, the modem board 192,
the processor board 194, and the analog conditioning board 164. The electronics
modules are typically rated to 300 F, or run at reduced power and tested to 300 F. In a
preferred embodiment of the treatment well tiltmeter assembly 134, the electrical
boards 190,192,194,164 are laid back to back, to reduce the overall tool length.
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Figure 47 is a simplified expanded view 260 of a self-leveling tiltmeter housing
assembly 152. Figure 48 is a simplified assembly view 280 of a self-leveling tiltmeter
housing assembly 152. A tube body 154 is connected to both an upper end
connector 266 and a lower end connector 264, which are each respectively connected to
housing end assemblies, comprising a retaining collar 268, a fishing head sleeve 272, an
anti-rotation collar 276, and a fishing head cablehead 262. Locking blocks 270 are
attached to the retaining collars 268, and collar stops 274 are used to position the anti-
rotation collars 276.

Figure 49 is a partial cutaway assembly view 282 of a self-leveling treatment well
titmeter assembly 134. Figure 50 is a detailed partial cutaway assembly view 284 of a
self-leveling treatment well tiltmeter assembly 134. The seif-leveling treatment well
titmeter assembly 134 shown in Figure 42 and Figure 50 preferably has a relatively
small diameter, e.g. such as a 1.563 inch outer diameter, whereby the tilimeters 134a-
134n are readily mounted within the treatment well bore 18, while minimizing the effect
on the flow of working fluid. The modular electronics within the treatment well tiltmeter
assembly 134 shown in Figure 49 and Figure 50 are functional to 150° C (300° F).
Each treatment waell tiltmeter assembly 134 preferably comprises a daisy-chain
architecture for power 211, for control input signais 211, and for data output signals 213,
Therefore, each treatment well tiltmeter assembly 134 can be placed anywhere within a
tiltmeter array 132, j.e. the tiltmeter assemblies 134 are interchangeable. As well, each
treatment well titmeter assembly 134 preferably includes self-diagnostic software and
associated fault-tolerant hardware, whereby problems are quickly isolated.

The external housing 154 for the treatment well tiltmeter assembly 134 is preferably
comprised of a corrosion-resistant maiterial, such as stainless steel or INCONEL™, In
one embodiment, the external housing 154 is gun drilled and centerless ground. In other
production embodiments, the external housings are cast to size and ground. Both ends
of the treatment well tiltmeter assembly 134 are sealed with an endcap 320 (FIG. 55,
FIG. 56, FIG. 57), which are comprised of fitanium in on embodiment of the tiltmeter
assembly 134. The external housing 154 shown in Figure 49 and Figure 50 has no
external threads, io increase strength, and to minimize assembly problems. The
treatment well tiltmeter assembly 134 incorporates a sealed design, which keeps the
internal componentry dry, even if the cablehead 262 (FIG. 47, FIG. 48) leaks.

Raw tilt data 213 in an active well 18 often has background "noise” which is induced from
the flow of fluid 143 within the same active well bore 18. Such noise is minimized my
minimizing the cross-sectional diameter of the external housing 154, whereby the flow

drag for the working fluid 143 is minimized. Typical inner diameters for wellbores 18 that
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are used for hydraulic fracture stimulation and oil & gas production are anywhere from
2.5" to 6” in diameter, with 4" to 5" currently being the most common LD. size. In a
preferred embodiment of the treatment well tiltmeter 134, the outer diameter of the
titmeteris 1 9/16". In another embodiment, the outer diameter of the tilimeter is 2 7/8"
diameter.

Re-Zero Mechanism Assembly Details. Figure 51 is a partial cutaway assembly
view 286 of a re-zero mechanism 288 within a self-leveling treatment well tiltmeter
assembly 134. The re-zero mechanism 288 comprises one or more intemal motors and
associated pivot mechanisms, which allow the internal 1ilt sensors 150 to rotate, so that
they are on-scale and are able to measure minute tilts in any possible borehole
orientation. The freatment well tiltmeters 134a-134n can therefore be used in vertical
wells, deviated wells, or even in horizontal wells. The re-zero mechanism 288 can
alternately be used in other tiltmeter assemblies, such as for offset or surface liltmeters,
or in a wide variety of other instrumentation and data acquisition systems.

The re-zero mechanism 288 is mounted to a bottom bearing shaft 306 and a top
bearing shaft 308, between bearings 287. Figure 52 is a detailed partial cutaway
assembly view 292 of a re-zero mechanism 288 within a self-leveling treatment well
tiltmeter assembly 134. The re-zero mechanism 288 comprises a rezero-mechanism
body 290, with which tiltmeter subassemblies 254a,254b are housed. The X sensor
150a is mounted in relation to an X channel gear 296, and the Y sensor 150b is
mounted in relation to an y channel gear 294. The rezero-mechanism assembly also
comprises a drive mechanism, having a drive chain 295, which is engageable contact
with drive cog 300. The drive cog 300 is affixed to drive ring gear 290, which is driven
by motor pinion gear 304. An idler cog 302 is preferably used to adjust the tension in
the drive chain 295. The re-zero mechanism allows a treatment well titmeter assembly
to be functional at any angle and/or orientation

Figure 53 is a detailed partial cutaway assembly view 310 of a reed switch 312 within a
rezero-mechanism assembly 288. As seen in Figure 53, a cam means 315 is axially
fixed to the X channel gear 296. A magnet 315 is moved by the cam means 315,
when the X channel gear 296 is moved. When the magnet 314 moves a specified
distance in relation to the reed switch 312, the reed swilch 312 is activated, such that
leveling motion of the X channel sensor 150a may be controllably limited. The leveling
motion of the Y channel sensor 150a is similarly limited. Figure 54 is a top view 318 of a
tiltmeter reed switch 312 and reed swiich board 316.

28

LIBERTY EXHIBIT 1002, Page 1030



10

15

20

25

CA 02406801 2002-10-21
WO 01/81724 PCT/US01/13594

Figure 55 is a side view of a tiltrneter bottom end cap 320. Figure 58 is a first end view
321 of a tilimeter bottom end cap 320. Figure 57 is a partial cross-sectional side view
322 of a tiltmeter bottom end cap 320. A cable connector shaft 324 is located within the
tiltmeter bottom end cap 320. The cable connector shaft 324 is electrically connected to
wirelines 136,137, such as between tilimeter assemblies 134, or between the topmost
tiltmeter 134a and the surface wireline truck 36 (FIG. 1, FIG. 29). The cable connector
shaft 324 is supported by shaft seals 326,328. The shaft seals also provide power
and signal insulation between the cable connector shaft 324 and the tiltmeter bottom end
cap 320.

Figure 58 is a side view 330 of a tiltmeter tool body 154. Figure 59 is a detailed side
view 332 of the end of a tiltmeter tool body 154. Figure 60 is a partial cross-sectional
detailed side view 334 of the end of a tiltmeter tool body 154,

Figure 61 is a front view of a tiltmeter Y-channel sensor holder 336. Figure 62 is a side
view 338 of a tilimeter Y-channel sensor holder 336. Figure 63 is an end view 340 of a
tiltmeter Y-channel sensor holder 336. Figure 64 is a front view of a tiltmeter X-channel
sensor holder 342. Figure 65 is a side view 344 of a tiltmeter X-channel sensor holder
342. Figure 66 is a front view of a tiltmeter X-channel shaft 346. Figure 67 is a side
view 348 of a tiltmeter X-channel shaft 346. Figure 68 is a front view of a tiltmeter drive
shaft 350. Figure 69 is a side view 352 of a tiltmeter drive shaft 350. Figure 70 is a front
view 354 of a tiimeter Y-channel gear 294. Figure 71 is a side view 356 of a tilimeter
Y-channel gear 294. Figure 72 is a front view of a tiltmeter reed switch holder 358.
Figure 73 is a side view 360 of a tiltmeter reed switch holder 358.

Figure 74 is a side view 362 of a tilimeter re-zero mechanism body 290. Figure 75 is a
bottom view 364 of a tiltmeter re-zero mechanism body 290. Figure 76 is a first cross-
sectional view 366 of a tiltmeter re-zero mechanism body 290. Figure 77 is a second
cross-sectional view 368 of a tiltmeter re-zero mechanism body 290. Figure 78 is a third
cross-sectional view 370 of a tiltmeter re-zero mechanism body 290. Figure 79 is a
fourth cross-sectional view 372 of a tiltmeter re-zero mechanism body 290. Figure 80 is
a fifth cross-sectional view 374 of a tiltmeter re-zero mechanism body 290. Figure 81 is
a sixth cross-sectional view 376 of a tiltmeter re-zero mechanism body 290. Figure 82
is a seventh cross-sectional view 378 of a tiltmeter re-zero mechanism body 290.

Figure 83 is a side view 380 of a tiltmeter re-zero mechanism top bearing shaft 306.
Figure 85 is an end view 306 of a tilimeter re-zero mechanism top bearing shaft 306.
Figure 84 is a side cross-sectional view 382 of a tiltmeter re-zero mechanism top

bearing shaft 306.
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Figure 86 is a side view 386 of a tiltimeter re-zero mechanism bottom bearing shaft 308.
Figure 87 is a side cross-sectional view 388 of a tiltmeter re-zero mechanism bottom
bearing shaft 308. Figure 88 is a first view 390 of a first end of a tiltmeter re-zero
mechanism bottom bearing shaft 308. Figure 89 is a second view 392 of a first end of a
tiltmeter re-zero mechanism bottom bearing shaft 308. Figure 90 is a first view 394 of a
second end of a tilimeter re-zero mechanism bottom bearing shaft 308. Figure 91 is a
second view 396 of a second end of a tiltmeter re-zero mechanism bottom bearing
shaft 308.

Figure 92 is a front view of a tiltmeter motor mounting disk 398. Figure 93 is a side view
400 of a tiltmeter motor mounting disk 398. Figure 94 is a side cross sectional view 402
of a tiltmeter motor mounting disk 398. Figure 95 is an alternate front view 402 of a
tiitmeter motor mounting disk 398.

Figure 96 is a side view of a tiltmeter motor holder 406. Figure 97 is a side cross-
sectional view 408 of a tiltmeter motor holder 406. Figure 98 is a first view 410 of a first
end of a tiltmeter motor holder 406. Figure 99 is a second view 412 of a first end of a
tiltmeter motor holder 406. Figure 100 shows the second end 414 of a tiltmeter motor
holder 406.

Figure 101 is a front view 416 of a titmeter X-channel gear 296. Figure 102 is a side
view 418 of a tiltmeter X-channel gear 296.

Figure 103 is a front view of a tiltmeter bearing holder 420. Figure 104 is a side cross-
sectional view 422 of a tiltmeter bearing holder 420.

Figure 105 is a front view of a tiltmeter bearing fluoropolymer ring 424. Figure 106 is a
side view 426 of a tiltmeter bearing fluoropolymer ring 424. Figure 107 is a side cross-
sectional view 428 of a tiltmeter bearing fluoropolymer ring 424.

Figure 108 is a top view of a tiltmeter accelerometer mount 430. Figure 109 is a front
view 432 of a tiltmeter accelerometer mount 430. Figure 110 is a side view 434 of a
first end of a tiltmeter accelerometer mount 430. Figure 111 is a side view 436 of a
second end of a tiltmeter accelerometer mount 430.

Figure 112 is a top view of a tiltmeter Z-axis accelerometer board 438. Figure 113 is a
top view of a tiltmeter X and Y axis accelerometer board 440.
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Figure 114 is a front view of a tiltmeter tensioner 442. Figure 115 is a top view 444 of a
titmeter tensioner 442. Figure 116 is a first side view 446 of a tiltmeter tensioner 442,
Figure 117 is a second side view 448 of a tiltmeter tensioner 442. Figure 118 is a
bottom view 450 of a tiltmeter tensioner 442,

Figure 119 is a front view of a tensioner 452. Figure 120 is a top view 454 of a
tensioner 452. Figure 121 is a first cross-sectional view 456 of a tensioner 452. Figure
122 is a side view 458 of a tensioner 452, Figure 123 is a second cross-sectional view
460 of a tilimeter 452. Figure 124 is a bottom view 462 of a tensioner 452, Figure 125
is a side view of a tiltmeter spring pole 464. Figure 126 is an end view 466 of a
tiltmeter spring pole 464. Figure 127 is a side view of a tiltmeter tensioner shaft 468.

Figure 128 is a side view of a tiltmeter power supply board solenoid mount 470.
Figure 129 is a top view 472 of a tiltmeter power supply board solenoid mount 470.
Figure 130 is an end view 474 of a tiltmeter power supply board solenoid mount.
Figure 131 is a top view of a tiltmeter reed switch board 476.

Figure 132 is a detailed plan view 478 of a tiltmeter power supply board 194. The
power supply board 194 provides power to all electronics within a treatment well
tiltmeter assembly 134, and has a plurality of DC voltage outputs, comprising 3.3 volts,
5 volts, 12 volts, and —5 volis power. As well, the power supply board 194 provides
switchable 5 volt “high current” supply for motors (100 mA). The total current draw for a
treatment well tiltmeter assembly 134 is approximately 50 mA, without motor
operation. The tiltmeter power supply board 194 is presently designed for an input
voltage of 13-85 volts. A solid state relay provides power to next treatment well
titmeter assembly 134 in a daisy-chain array 132, which allows diagnosis of shorts and
opens in the wireline array, and pravides fault tolerant operation. The power supply
board 194 comprises one or more switching power supplies, which are used for
efficiency, and to reduce heat generation. The power supply board 194 has less than
1% ripple noise on all voltage supplies.

Figure 133 is a perspective view 480 of a titmeter accelerometer assembly 252,
Figure 134 is a detailed plan view 482 of a tilimeter analog board 164, which provides
fixed gain signal amplification, since treatment well signals are of predictable, consistent
magnitude. In altemate embodiments of the tiltmeter analog board 164, the gain
setftings are variable. Figure 135 is a detailed plan view 490 of a tiftmeter modem
board 192. The titmeter modem board 192 provides communication for each of the
treatment well tiltmeters 134a-134n. The modem board 192 receives input signals 21 1

and sends output signals 213, through the connected wireline 136,137, which typically
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comprises an insulated conductor within a stranded steel cable. The input signals 211
and the output signals 213 are typically sent along the same conductive path as the
supply power 209. The modem board 192 plugs onto the back of power supply
board 190. If an external surface modem 212 is not present, the tiltmeter assembly
134 expects input and output communication through an R3-232 cable and port.

Figure 136 is a simplified flow chart 500 of treatment well tiltmeter data acquisition, data
analysis, and real-time data display. At step 502, downhole tilt data is recorded by one
or more treatment well tiltmeters 134a-134n, wherein the tiltmeters are typically located
at different depths within a treatment well 18. At step 504, the data is transmitted
uphole from the tiltmeter assemblies 134a-134n.

At step 506, the flow induced deformation is extracted from the raw data 213. Raw titt
data 213 in an active well 18 often has background "noise" which is induced from the flow
of fluid 143 within the same active well bore 18. Therefore, the raw data is processed,
to isolate the deformation "signals" from distinguished flow noise, as well as from
transient events that correlate with changes in the injection flow rate. "Signals" from the
deformation of the rock strata are not high frequency and they are quasi-static
deformations that occur over time, as a function of the volume of injected (or produced)
fluid 143.

After isolation of the deformation-induced signals at each treatment well instrument 134
versus time, the next step is to perform a geophysical inversion to vield a "map" or
description of the subsurface rock deformation that must be occurring. Surface and
offset-well tit mapping employ either simplified dislocation or more detailed finite
element models of various deformation fields in the far-field. - Active (treatment) well
mapping is not a far-field solution, but instead is a near-interface or interal view of the
deformation process. Models designed for this particular view are employed to invert
the observed deformation data. This varies from very sophisticated models of particular
fracture opening profiles as a function depth within strata, to a very simplified “On-Off
view of the existence of a fracture. For example, a certain tilt "threshold" can be set to
demarcate whether there is fracture growth at a specified depth or not. An array 135 of
titmeters 134a-134n can then be evaluated, to determine if hydraulic fracture growth is
occurring at the depth of that particular tool 134 or not. This simplified analysis allows an
"alamn system" for monitoring upward (or downward) fracture growth for a hydraulic
fracture, such as for monitoring waste disposal injections.

At step 508, geomechanical modeling of the strata 12 is performed, and is compared to
the observed strata deformation. At step 510, the process determines if the
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geomechanical model provides a good fit to the observed sirata deformation. If the
model provides a good fit 514, the results are displayed 516 in real time. If the model
fails 512 to provide an acceptable fit to the observed strata deformation, the model is
adjusted, and the process returns to comparison step 508.

Figure 137 is a chart 520 of treatment well tilt response 172 to applied surface pressure
524 for a plurality of tiltmeters 134, as a function of time. The applied pressure 522 is
shown before, during and after the pumping/ fracture operation. Tilt data 526a, 526e,
526j is shown during the chart interval. The applied pumping interval 528 is separated
into three pumping intervals 530a, 530, 530c. Figure 138 represents the determined
fracture-induced deformation 540 for the treatment well 18, based upon the measured Hilt
mapping data from a plurality of treatment well tiltmeters 134 shown in Figure 137. The
determined deformation during the first pumping interval 530a is shown as region 542a.
The determined deformation during the second pumping interval 530b is shown as
region 542b. The determined deformation during the third pumping interval 530c¢ is
shown as region 542c. The induced downhole tilt profiles 526a, 526e, 526) are quite
different in the treatment well 18, as compared to a tit mapping profile which is
measured in an offset well 26, or at the surface 38, and requires different analysis
methods, to map fracture growth and other processes from the measurement of
treatment well tilt data, as a function of depth and time. During the processing of raw Hilt
data 213, motion noise introduced from the flow of a working fluid 143 within the
treatment wellbore 18 is isolated from the motion due to earth movement, ie. the filt
data. Figure 138 shows a plan view which compares measured and projected tilt for a
plurality of surface tiltmeters 134. The treatment well tilt system 132 yields tilt mapping
results where the "signal" of rock deformation is clearly distinguishable from the "noise" of
active fluid-flow past the downhole tools 134a-134n.

The treatment well tiitmeter system 132 therefore allows mapping without an offset
wellbore or with installed surface tilt arrays. Utilization of the active wellbore allows
mapping in a much wider range of environments, and provides an accurate resolution of
the fracture width and rock deformation pattern versus depth across the subsurface rock
strata.

Alternate Treatment Well Tiltmeter Systems. Figure 140 is a partial cutaway view
552 of a treatment well tiltmeter system 132d, in which the titmeters 134 are
magnetically attached 238 to a well casing 214a, in an annular region 554 formed
between the casing 214a and an inner tubing 214b, wherein a movable fluid 143 or
proppant is located within the inner tubing 214b. Figure 141 is a detailed cutaway view

560 of a tiltmeter 134 which is magnetically attached 238 to a well casing 214a in an
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annular region 554 formed between the casing 214a and a hollow inner tubing 214b.
Figure 142 is an end view 562 of a tiltmeter 134 which is magnetically attached 238 to
well casing 214a within an annular region 554 formed between the casing 214a and an
inner tubing 214b. Figure 143 is a partial cutaway view of a horizontal treatment well
titmeter system 132b, in which the tiltmeters 134 are magnetically attached 238 to the
well casing 214a in an annular region 554 formed between the casing 214a and an inner
tubing 214b. The magnetic attachment 238, typically comprises one or more regions
239 of magnets 238. The treatment well tiltmeter system 132d preferably includes
means for mechanical isolation 556 between the tiltmeters 134 and the inner tubing, such
as one or more springs or dampeners. The tilimeters 134 are therefore linked to the
strata 12, and are mechanically isolated from the inner tubing 214b, which typically carries
a working fluid 143 or proppant.

Although the treatment well titmeter system and its methods of use are described
herein in connection with treatment wells, the apparatus and techniques can be
implemented for a wide variety of wellbore systems, such as for offset wells or surface
wells, or any combination thereof, as desired. As well, the treatment well tiltmeter
system can be used in conjunction with a wide variety of wellbore systems, such as
offset well instrumentation and tiltmeters or surface well instrumentation and tiltmeters, or
any combination thereof, as desired.

Accordingly, although the invention has been described in detail with reference to a
particular preferred embodiment, persons possessing ordinary skill in the art to which this
invention pertains will appreciate that various modifications and enhancements may be
rmade without departing from the spirit and scope of the claims that follow.
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CLAIMS

1. Atreatment well tiltmeter system for monitoring fluid motion in subsurface strata from
an active well, comprising a bore hole extending from a surface into the strata, the
treatment well tiltmeter system comprising:

a tiitmeter array located within the bore hole of the active well, the tiltmeter array
comprising at least one tiltmeter assembly, each of the at least one tiltmeter assembly
comprising at least one tiltmeter sensor; and

means for communication between the tilimeter array and the surface.

2. The treatment well tiltmeter system of Claim 1, wherein the means for communication
is a wireline extending from the surface to the tiltmeter array.

3. The treatment well tiltmeter system of Claim 2, wherein the wireline is retrievable.

4. The treatment well tiltmeter system of Claim 2, further comprising:
an external power supply electrically connected to the wireline.

5. The treatment well tiltmeter system of Claim 2, further comprising:
an external computer connected to the wireline.

6. The treatment well tiltmeter system of Claim 2, wherein the wireline comprises:
an electrically conductive cable; and

a secondary conductor electrically insulated from the electrically conductive cable.

7. The treatment well tiltmeter system of Claim 1, wherein the means for communication
is wireless link,

8. The treatment well tiitmeter system of Claim 1, wherein the means for communication
comprises a retrievable memory within the tiltmeter array.

9. The treatment well tiltmeter system of Claim 1, further comprising:
a movable fluid within the bare hole. ’
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10. The treatment well titmeter system of Claim 1, further comprising;:
means for injecting a movable fluid from the surface into the bore hole.

11. The treatment well tiitmeter system of Claim 1, wherein the tiltmeter array comprises
a plurality of tiltmeter assembilies, the treatment well tiltmeter system further comprising:
an interconnect wireline between each of the plurality of tiltmeter assemblies.

12. The treatment well tiitmeter system of Claim 1, wherein the tiitmeter array comprises
a plurality of tiltmeter assemblies, the treatment well tilimeter system further comprising:
a wireless connection between at least two of the plurality of tiltmeter assemblies.

13. The treatment well tiltmeter system of Claim 1, wherein the active well comprises a
casing having a hollow bore, and wherein the tiltmeter array is located within the hollow
bore.

14. The treatment well tiltmeter system of Claim 13, wherein each of the at least one
tiltmeter assembly further comprises means for holding each of the at least one tiltmeter
assembly within the hollow bore.

15. The treatment well tiltmeter system of Claim 14, wherein the means for holding the
at least one tiltmeter assembly within the hollow bore comprises a bowspring connector
in contact with the hollow bore.

16. The treatment well tiltmeter system of Claim 14, wherein the means for holding the
at least one tiltmeter assembly within the hollow bore comprises at least one magnet.

17. The treatment well tiltme’[er system of Claim 1, wherein the active well comprises a
casing having a hollow bore located within the bore hole, wherein the tiltmeter array is
located between the casing and the strata.

18. The treatment well tiltmeter system of Claim 17, wherein each of the at least one
tiltmeter assembly is cemented on the casing.

19. The treatment well tiltmeter system of Claim 17, wherein each of the at least one
tiltmeter assembly is strapped to the outer surface of the casing.

20. The treatment well titmeter system of Claim 1, wherein the active well comprises a
casing having a hollow bore located within the bore hole, an inner tubing having a hollow

bore located within the hollow bore of the casing, wherein an annular region is defined
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between the inner tubing and the casing, and wherein the tiltmeter array is located within
the annular region.

21. The treatment well tiltmeter system of Claim 20, wherein each of the at [east one
tiltmeter assembly is magnetically attached to the casing.

22. The treatment weli tiltmeter system of Claim 21, further comprising:
means for mechanical isolation between each of the at least one tiltmeter
assembly and the inner tubing.

23. The treatment well tiltmeter system of Claim 22, wherein means for mechanical
isolation between each of the at least one tiltmeter assembly and the inner tubing
comprises a spring.

24. The treatment well tiltmeter system of Claim 1, wherein each of the at least one
tiltmeter assembly further comprises means for leveling the at least one tiltmeter sensor.

25. The treatment well titmeter system of Claim 1, wherein each of the at least one
tiltmeter assembly further comprises an accelerometer.

26. The treatment well tiltmeter system of Claim 1, wherein each of the at least one
titmeter assembly further comprises a geophone.

27. The treatment well tiltmeter system of Ciaim 1, wherein each of the at least one
tiltmeter assembly further comprises a temperature sensor.

28. The treatment well tiltmeter system of Claim 1, wherein each of the at least one
tiltmeter assembly further comprises a pressure sensor.

29. The treatment well tiltmeter system of Claim 1, wherein each of the at least one
titmeter assembly further comprises a gyroscope.

30. The treatment well tikmeter system of Claim 1, wherein each of the at least one
titmeter assembly further comprises means for storing data from the at least one
tiltmeter sensor.

31. The treatment well titmeter system of Claim 1, wherein each of the at least one
titmeter assembly further comprises means for sending data from the at least one

tiltreter sensor to the surface.
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32. The treaiment well tiltmeter system of Claim 1, wheréin each of the at least one
titmeter assembly further comprises an internal power source.

33. The treatment well tiltmeter system of Claim 1, further comprising:
an external computer having a wireless connection with at least one of the at least
one tiltmeter assembly.

34. An apparatus, comprising:

an active well comprising a borehole extending from a surface into a strata;

a movable fluid located within the bore hole; and

a titmeter array located within the bore hole, the tiltmeter array comprising at least
one tiltmeter assembly, each of the at least one tiltmeter assembly comprising at least
one tiltmeter sensor for measuring the effect of the movable fluid on the strata.

35. The apparatus of Claim 34, further comprising:
a wireline extending from the surface to the titmeter array.

36. The apparatus of Claim 35, wherein the wireline is retrievable.

37. The apparatus of Claim 35, further comprising:
an external power supply electrically connected to the wireline.

38. The apparatus of Claim 35, further comprising:
an external computer connected to the wireline.

39. The apparatus of Claim 35, wherein the wireline comprises:
an electrically conductive cable; and
a secondary conductor electrically insulated from the electrically conductive cable.

40. The apparatus of Claim 34, further comprising:
a wireless communication link between the tiltmeter array and the surface.

41. The apparatus of Claim 34, further comprising:
a retrievable memory within the tiltmeter array.

42. The apparatus of Claim 34, further comprising:
means for injecting the movable fluid from the surface into the bore hole.
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43. The apparatus of Claim 34, wherein the tilimeter array comprises a plurality of
tiltmeter assemblies, the apparatus further comprising:
an interconnect wireline between each of the plurality of tiltmeter assemblies.

44. The apparatus of Claim 34, wherein the tilimeter array comprises a plurality of
titmeter assembilies, the apparatus further comprising:
a wireless connection between at least two of the plurality of tiltmeter assemblies.

45, The apparatus of Claim 34, wherein the active well comprises a casing having a
hollow bore, and wherein the tiltimeter array is located within the hollow bore.

46. The apparatus of Claim 45, wherein each of the at least one tilimeter assembly
further comprises means for holding each of the at least one tiltmeter assembly within the
hollow bore.

47. The apparatus of Claim 46, wherein the means for holding the at least one tiltmeter
assembly within the hollow bore comprises a bowspring connector in contact with the
hollow bore.

48. The apparatus of Claim 46, wherein the means for holding the at least one tiltmeter
assembly within the hollow bore comprises at least one magnet.

49, The apparatus of Claim 34, wherein the active well comprises a casing having a
hollow bore located within the bore hole, wherein the tiltmeter array is located between
the casing and the strata.

50. The apparatus ogf Claim 49, wherein each of the at least one tiltmeter assembly is
cemented on the casing.

51. The apparatus of Claim 49, wherein each of the at least one tiltmeter assembly is
strapped to the casing.

52. The apparatus of Claim 34, wherein the active well comprises a casing having a
hollow bore located within the bore hole, an inner tubing having a hollow bore located
within the hollow bore of the casing, wherein an annular region is defined between the
inner tubing and the casing, and wherein the tittmeter array is located within the annular
region.
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53. The apparatus of Claim 52, wherein each of the at least one tilimeter assembly is
magnetically attached to the casing.

54.-The apparatus of Claim 53, further comprising:
means for mechanical isolation between each of the at least one tiltmeter
assembly and the inner tubing.

B5. The apparatus of Claim 54, wherein means for mechanical isolation between each of
the at least one tiltmeter assembly and the inner tubing comprises a spring.

56. The apparatus of Claim 34, wherein each of the at least one tiltmeter assembly
further comprises means for leveling the at least one tiltmeter sensor.

57. The apparatus of Claim 34, wherein each of the at least one tilimeter assembly
further comptises an accelerometer.

58. The apparatus of Claim 34, wherein each of the at least one tiltmeter assembly
further comprises a geophone.

59. The apparatus of Claim 34, Wheréin each of the at least one tilimeter assembly
further comprises a temperature sensor. '

60. The apparatus of Claim 34, wherein each of the at least one tiltmeter assembly
further comprises a pressure sensor.

61. The apparatus of Claim 34, wherein each of the at least one tiltmeter assembly
further comprises a gyroscope.

62. The apparatus of Claim 34, wherein each of the at least ohe tiltmeter assembly
further comprises means for storing data from the at least one tiltmeter sensor.

63. The apparatus of Claim 34, wherein each of the at least one tiltmeter assembly
further comprises means for sending data from the at least one tiltmeter sensor to the
surface.

64. The apparatus of Claim 34, wherein each of the at least one tilimeter assembly
further comprises an internal power source.

65. The apparatus of Claim 34, further comprising:;
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an external computer having a wireless connection with at least one of the at least
one tiltmeter assembly. -

66. A process, comprising:

providing a well extending from a surface into a strata, the well having a bore hole;

providing a tiltmeter array comprising at least one tiltmeter assembly, each of the
at least one tiltmeter assembly comprising at least one tiltmeter sensor;

installing the tiltmeter array within the bore hole; and

measuring the effect of fluid motion through the bore hole and strata on the strata
with the tiltmeter array.

87. The process of Claim 686, further comprising the step of:
providing a wireline between the tiltmeter array and the surface.

68. The process of Claim 67, wherein the wirsline is retrievable.

69. The process of Claim 67, further comprising:
connecting an external power supply electrically to the wireline.

70. The process of Claim 67, further comprising:
connecting an external computer to the wireline.
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71. The process of Claim 67, wherein the wireline comprises:
an electrically conductive cable; and
a secondary conductor electrically insulated from the electrically conductive cable.

72. The process of Claim 86, further comprising the step of:
providing a communication link between the tiltmeter array and the surface.

73. The process of Claim 72, wherein the communication link is a wireline.
74. The process of Claim 72, wherein the communication link is a wireless link.

75. The process of Claim 66, further comprising the step of:
providing a retrievable memory within the tiltmeter array.

76. The process of Claim 68, further comprising the step of:
providing means for injecting the fluid from the surface into the bore hole.

77. The process of Claim 66, wherein the tiltmeter array comprises a plurality of tiltmeter
assemblies, the process further comprising the step of:

providing an interconnect wireline between each of the plurality of tiltmeter
assemblies.

78. The process of Claim 66, wherein the tiltmeter array comprises a plurality of tiltmeter
assemblies, the process further comprising the step of:

providing a wireless connection between at least two of the plurality of tiltmeter
assemblies.

79. The process of Claim 66, wherein the active well comprises a casing having a
hollow bore, and wherein the tilimeter array is located within the hollow bore.

80. The process of Claim 79, wherein each of the at least one tiltmeter assembly further
comprises means for holding each of the at least one titmeter assembly within the
hollow bore.

81. The process of Claim 80, wherein the means for holding the at least one tiltmeter

assembly within the hollow bore comprises a bowspring connector in contact with the
hollow bore.
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82. The process of Claim 80, wherein the means for holding the at least one tiltmeter
assembly within the hollow bore comprises at least one magnet.

83. The process of Claim 66, wherein the active well comprises a casing having a
hollow bore located within the bore hole, and wherein the tiltmeter array is located
between the casing and the strata. ‘

84. The process of Claim 83, wherein each of the at least one tiltmeter assembly is
cemented on the casing.

85. The process of Claim 83, wherein each of the at least one tiltmeter assembly is
strapped to the casing.

86. The process of Claim 66, wherein the active well comprises a casing having a
hollow bore located within the bore hole, an inner tubing having a hollow bore located
within the hollow bore of the casing, wherein an annular region is defined between the
inner tubing and the casing, and wherein the tilimeter array is located within the annular
region.

87. The process of Claim 86, wherein each of the at least one tiltmeter assembly is
magnetically attached to the casing.

88. The process of Claim 87, further comprising the step of:
providing means for mechanical isolation between each of the at least one
titmeter assembly and the inner tubing.

89. The process of Claim 88, wherein the provided means for mechanical isolation
between each of the at least one tiltmeter assembly and the inner tubing comprises a

spring.

20. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises means for leveling the at least one tiltmeter sensor.

91. The process of Claim 66, wherein each of the at least one tilimeter assembly further
comprises an accelerometer.

92. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises a geophone.
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98. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises a temperature sensor.

94. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises a pressure sensor.

95. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises a gyroscope.

96. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises means for storing data from the at least one tiltmeter sensor.

97. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises means for sending data from the at least one tiltmeter sensor to the surface.

98. The process of Claim 66, wherein each of the at least one tiltmeter assembly further
comprises an internal power source.

99. The process of Claim 66, further comprising the step of:
establishing a wireless connection between an external computer and at least one
of the at least one tiltmeter assembily.

100. The process of Claim 66, further comprising the step of:
sending data from the tiltmeter array to the surface.

101. The process of Claim 66, wherein each of the at least one tilimeter assembly
further comprises means for storing data from the at least one titmeter sensor.

102. The process of Claim 66, wherein each of the at least one tiltmeter assembly
further comprises means for sending data from the at least one tilttmeter sensor to the
surface.

103. The process of Claim 66, further comprising the step of:
recording tilt data with at least one of the at least one tiltmeter assembly.

104. The process of Claim 103, further comprising the step of:
transferring the tilt data to the surface.

105. The process of Claim 104, further comprising the step of:
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extracting strata deformation information from the transferred tilt data.

106. The process of Claim 105, further comprising the step of:
running a geomechanical model of strata deformation.

107. The process of Claim 106, further comprising the step of:

comparing the geomechanical model to the exiracted sirata deformation
information. ‘
108. The process of Claim 107, further comprising the step of:

iteratively running the geomechanical model based on the comparison of the

geomechanical model to the extracted strata deformation information.

109. The process of Claim 107, further comprising the step of:
displaying the exiracted strata deformation information,.

110. The process of Claim 107, further comprising the step of:
displaying the geomechanical model.
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Means and Method for assessing the geometry of a subterranean fracture

during or after a hydraulic fracturing treatment

Technical Field of the Invention

[0001] This invention relates generally to the art of hydraulic fracturing in
subterranean formations and more particularly to a method and means for assessing

the fracture geometry during or after the hydraulic fracturing.
Background of the Invention

[0002] Hydraulic fracturing is a primary teol for improving well productivity by
placing or extending cracks or channels from the wellbore to the reservoir. This
operation is essentially performed by hydraulically injecting a fracturing fluid intc a
wellbore penetrating a subterranean formation and forcing the fracturing fluid against
the formation strata by pressure. The formation strata or rock is forced to crack,
creating or enlarging one or more fractures. Proppant is placed in the fracture to
prevent the fracture from closing and thus, provide improved flow of the recoverable

fluid, i.e., oil, gas or water.

[0003] The proppant is thus used to hold the walls of the fracture apart to creaie a
conductive path to the wellbore after pumping has stopped. Placing the appropriate
proppant at the appropriate concentration to form a suitable proppant pack is thus

critical to the success of a hydraulic fracture treatment.

[0004] The geometry of the hydraulic fracture placed affects directly the efficiency of
the process and the success of the operation. This geometry is generally inferred using
models and data interpretation, but to date, no direct measurements are available. The
present invention is aimed at obtaining more direct measurements of the fracture

geometry (e.g. length, height away from the wellbore).

[0005] The fracture geometry is often inferred through use of models and
interpretation of pressure measurements. Occasionally, temperature logs and/or
radioactive tracer logs are used to infer fracture height near the wellbore.
Microseismic events generated in the vicinity of the created hydraulic fracture are
recorded and interpreted to indicate the direction (azimuth) and length and height of

the created fracture.

CONFIRMATION COPY
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[0006] However, these known methods are indirect measurement, and rely on
interprctaiions that may be erroneous, and are difficult to use for real-time evaluation

and optimization of the hydraulic fracture treatment.

[0007] It is therefore an object of the present invention to provide a new approach to

gvaluate the fracture geometry.

Suminary of the Invention

[0008] According to the present invention, the fracture geometry is evaluated by
placing inside the fracture small devices that, either actively or passively, give us
measurements of the fracture geometry. Fracture materials (small objects with
distinctive properties e.g. metal beads with very low resistivity) or devices (e.g. small
electronic or acoustic transmitters) are introduced into the fracture during the fracture

treatment with the fracturing fluid.

[0009] According to a first embodiment of the present invention, active devices are
added into the fracturing fluid. These devices will actively transmit data that provide
information on the device position and thereafter, can be associated with fracture

geometry.

[0010] According to another embodiment of the present invention, passive devices
are added into the fracturing fluid. In the preferred embodiment, these passive devices

are also used as proppant.

Detailed description and preferred embodiments

[0011] Examples of “active” device include electronic microsensors , for example
such as radio frequency transmitter, or acoustic transceivers. These “active” devices
will be integrated with location tracking hardware to transmit their position as they
flow with the fracture fluid/slurry inside the created fracture. The microsensors can be
pumped with the hydraulic fracturing fluids throughout the treatment or during
selected strategic stage of the fracturing treatment (pad, forward porlion of the
proppant-loaded fiuid, tail portion of the proppant-loaded fluid) to provide direct
indication of the fracture length and height. The microsensors would form a network
using wireless links to neighboring microsensors and have location and positioning

capability through for example local positioning algorithms.

i0012] Pressure and Temperature sensors could also be integrated with the above-

mentioned active devices. The resulting pressure and temperature measurements

LIBERTY EXHIBIT 1002, Page 1103



CA 02482943 2004-10-18
WO 03/089757 PCT/EP03/04066

waould be used to better calibrate and advance the modeling techniques for hydraulic
fracture propagation. They would also allow optimization of the fracturing fluids by
indicating the actnal conditions under which these fluids are expected to perform. In
addition chemical sensors could also be integrated to allow monitoring of the fluid

performance during the treatment.

[0013] Since the number of active devices required is small compared to the number
of proppant grains, it is possible to use devices significantly bigger than the proppant
pumped in the fracturing fluid. The active devices could be added after the blending

unit and slurry pump, for instance through a lateral by-pass.

[0014] Examples of such device include small wireless sensor networks that combine
microsensor technology, low power distributed signal processing, and low cost
wireless networking capability in a compact system as disclosed for instance in
International Patent Application WO0126334, preferably using a data-handling
protocol such as TinyOS, so that the devices organize themselves in a network by
listening to one another, therefore allowing communication from the tip of the
fracture to the well and on to the surface even if thc signals are weak so that the
signals are relayed from the farthest devices towards the devices still closest to the
recorder to allow uninterrupted transmission and capture of data.. The sensors may be
designed using MEMS technology or the spherical shaped semiconductor integrated
circuit as known form U.S. Patent 6,004,396.

[0015] A recorder placed at surface or, downhole in the wellbore, could capture and
record/transmit the data sent by the devices to a computer for further processing and
analysis. The data could also be transmitted to offices in any part of the world using
the Internet to allow remote participation in decisions affecting the hydraulic

fracturing treatment outcome.

[0016] Should the frequency range utilized by the electronic transmitters be such that
the borehole metal casing would block its transmission from the formation behind the
casing into the wellbore, antennas could be deployed across the perforation tunnels.
These antennas could be mounted on non-conductive spherical or ovoid balls slightly
larger than the perforation diameter and designed to be pumped and to seat in some of

the perforations and relay the signals across the metallic casing wall. An alternative
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method of deployment would be for the transmitter to trail an antenna wire while

being pumped.

[0017] A further variant would cover the case where the measuring devices are
optical fibers with a physical link to a recorder at surface or in the boreholg that would
be deployed through the perforations when the well is cased perforated or directly into
the fracture in an open hole situation. The optical fiber would allow length

measurements as well as pressure and temperature.

[0018] An important alternative embodiment of this invention covers the use of
materials with specific properties that would enable information on the fracture

geometry to be obtained using an additional measurement device.

[0019] Specific examples of “passive” materials include the use of metallic fibers or
beads as proppant. These would replace some or all of the conventional proppant and
may have sufficient compressive strength to resist crushing at fracture closure. A tool
to measure resistivity at varying depths of investigation would be deployed in the
borehole of the fractured well. As the proppant is conductive with a significant
contrast in resistivity compared to the surrounding formations, the resistance

measurements would be interpreted to provide information on fracture geometry.

[0020] Another example is the use of ferrous/magnetic fibers or beads. These would
replace some or all of the conventional proppant and may have sufficient compressive
strength to resist crushing at fracture closure. A tooel containing magnetometers would
be deployed in the borehole of the fractured well. As the proppant generates a
significant contrast in magnetic field compared to the surrounding formaticons, the
magnetic field measurements would be interpreted to provide information on fracture
geometry. According to a variant of this example, the measuring tools are deployed
on the surface or in offset wells. More generally, tools such as resistivity tools,
electromagnetic devices, and ultra long arrays of electrodes, can easily detect this
proppant enabling fractare height, fractire width, and with processing, the propped

fracture length to some extent can be determined.

[0021] A further step is covered whereby the information provided be the techniques
described above would be used to calibrate parameters in a fracture propagation

model to allow more accurate design and implementation of fractures in nearby wells
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in geological formations with similar properties and immediate action on the design of

the fracture being placed to further the economic outcome.

[0022] For example, if the measurements indicate that the fracture treatment is
confined (o only a portion of the formation interval being treated, real time design
tools would validate suggested actions, e.g. increase rate and viscosity of the fluid or

use of ball sealer to divert the fluid and treat the remainder of the interval of interest.

[0023] If the measurements indicate that the sought after tip screenout did not occur
yet in a typical Frac and Pack treatment and that the fracture created is still at a safe
distance from a nearby water zone, the real time design tool would be re-calibrated
and used to validate an extension of the pump schedule. This extension would
incorporate injection of additional proppant laden slurry to achieve the tip screenout
necessary for production performance, while not breaking through inte the water

Zzone.

[0024] The measurements would also indicate the success of special materials and
pumping procedures that are utilized during a fracture treatment to keep the fracture
confined away from a nearby water or gas zone. This kmowledge would allow either
proceeding with the treatment with confidence of its economic success, or taking
additional actions, e.g. re-design or rcpeat the special pumping procedure and

materials to ensure better success at staying away from the water zone.

[0025] Among the “passive’ materials, metallic particles may be used. These particles
may be added as a “filler” to the proppant or replaces part of the proppant, In a most
preferred embodiment, metallic particles consisting of an elongated particulate
metallic material, wherein individnal particles of said particulate material have a
shape with a length-basis aspect ration greater than 5 are used both as proppant and

“passive” materials.

[0026] Advantageously, the use of metallic fibers as proppant contributes to enhance
proppant conductivity and is further compatible with techniques known to enhance
proppant conductivity such as the use of conductivity enhancing materials (in
particular the use of breakers) and the use of non-damaging fracturing based fluids
such as gelled oils, viscoelastic surfactant based tluids, foamed tluids and emulsitied
fluids.
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100271 Where at least part of the proppant consists of metallic In all embodiments of
the disclosed invention, at least part of the fracturing fluid comprises a proppant
essentially consisting essentially of an elongated particulate metallic material, said
individual particles of said particulate material have a shape with a length-basis aspect
ration greater than 5. Though the elongated material is most commonly a wire
segment, other shapes such as ribbon or fibers having a non-constant diameter may
also be used, provided that the length to equivalent diameter is greater than 3,
preferably greater than 8 and most preferably greater than 10. According io a
preferred embodiment, the individual particles of said particulate material have a
length ranging between about Imm and 25mm, most preferably ranging between
about 2Zmm and about 15mm, most preferably from about Smm to about 10mm.
Preferred diameters (or equivalent diameter where the base is not circular) typically
range between about O0.lmm and about lmm and most preferably between about
0.2mm and about 0.5mm. It must be understood that depending on the process of
manufacturing, small variations of shapes, lengths and diameters are normally

expected.

[0028] The elongated material is substantially metallic but can include an organic part
for instance such as a resin-coating. Preferred metal includes iron, ferrite, low carbon
steel, stainless steel and iron- alloys. Depending on the application, and more
particularly of the closure stress expected to be encountered in the fracture, “soft”
alloys may be used though metallic wires having a hardness between about 45 and

about 55 Rockwell C are usually preferred.

[0029] The wire-proppant of the invention can be used during the whole propping
stage or to only prop part of the fracture. In one embodiment, the method of propping
a fracture in a subterranean formation comprises two non-simultaneous steps of
placing a first proppant consisting of an essentially spherical particulate non-metallic
material and placing a second proppant consisting essentially of an elongated material
having a length to equivalent diameter greater than 5. By essentially spherical
particulate non-metallic material it is meant hereby any conventional proppant, well
known from those skilled in the art of fracturing, and consisting for instance of sand,
silica, synthetic organic particles, glass microspheres, ceramics including alumino-
silicates, sintered bauxite and mixtures thereof or deformable particulate material as

described for instance in U.S. Patent No. 6,330,916. In another embodiment, the wire-
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proppant is only added to a portion of the fracturing flvid, preferably the tail portion.
In both cases, the wire-proppant of the invention is not blended with the conventional
material and the fracture proppant material or if blended with, the conventional
material makes up to no more than about 25% by weight of the total fracture proppant

mixture, preferably no more than about 15% by weight.

Experimental Methods

[0030] A test was made to compare proppant made of metallic balls, made of stainiess
steel SS 302, having an average diameter of about 1.6mm and wire proppant
manufactured by cutting an uncoated iron wire of SS 302 stainless steel into segments

approximately 7.6mm long. The wire was about 1.6mm diameter.

[0031] The proppant was deposited between two Ohio sandstone slabs in a fracture
conductivity apparatus and subjected to a standard proppant pack conductivity test.
The experiments were done at 100°F, 2Ib/ft> proppant loading and 3 closure stresses,
3000, 6000 and 9000psi (corresponding to about 20.6, 41.4 and 62MPa). The

permeability, fracture gap and conductivity results of steel balls and wires are shown

in Table 1.
Table 1.
Closure Stress Permeability Fracture Gap Conductivity
(psi) (darcy) (inch) (md-ft)
Ball Wire Ball Wire Ball Wire

3000 3,703 10,335 0.085 0.119 26,232 | 102,398
6000 1,077 4,126 0.061 0.095 5472 33,090
9000 705 1,304 0.004 0.076 3,174 8,249

[0032] The conductivity is
fracture gap (in feet).

the product of the permeability (in milliDarcy) by the
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11.
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A method of fracturing a subterranean formation comprising injer;ting a fracturing
fluid, into a hydraulic fracture created into a subterranean formation, wherein at
least a portion of the fracturing fluid comprises at least one device actively
transmitting data that provide information on the device position, and further

comprising the step of assessing the fracture geérnetry based on the positions of
said devices.

The method of claim 1, wherein said devices are selected from the group

including electronic devices and acoustic devices.

The method according to any of the preceding claims, wherein at least one device
is pumped during the pad stage and at least one device is pumped during the tail
portion. ‘

The method according to any of the preceding claims wherein said devices also

transmit information as tolthe temperature of the surrounding formation.

The method according to any of the preceding claims, wherein said devices-also

transmit information as to the pressure.

i
The method according to any of the preceding claims, wherein a plurality of

devices is injected, said devices organized in a wireless network.

The method of claim 2, wherein the devices are electronic transmitters and the

method further includes the deployment of at least an antenna.

The method of claim 7, wherein antennas are mounted on non-conductive balls

that are pumped with the fluid and seat in soime of the perforations relaying the

signals from sensors behind the casing wall .

The method of claim 7, wherein the antenna is trailed by the transmitter within the

fracture while the transmitter is pumped.

The method of claim 1, where the device is an optical fiber deployed through the
perforation.

The method of claim 10, wherein the optical fiber is further deployed through the
fracture
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14,

15.

16.
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A method of fracturing a subterranean formation comprising injecting a fracturing
fluid, into a hydljaulic fracture created into a subterrancan formation, wherein at
least a portion of the fracturing fluid comprises metallic elements and further
comprising the step of locating the position of said metallic elements with a tool
selected from the group consisting of magnetometers, resistivity tools,
electromagnetic devices and ultra-long arrays of electrodes, wherein said metallic
elements comprise elongated particles having a length to equivalent diameter

greater than 5.

. The method of claim 12 wherein said metallic elements comprise elongated

particles having a length to equivalent diameter greater than 8.

The methed of claim 12 or 13, wherein said elongatéd particles are in a material
selected from the group consisting of iron, ferrite, low carbon steel, stainless steel

and iron- alloys.

The method of any of claims 12 to 14, wherein said elongated particles have a
length of between 1 and 25mm.

The method according to any of the preceding claims, wherein the geometry of the

fracture is monitored in real-time during the hydraulic fracturing treatment.
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ABSTRACT

Embodiments of the invention provide a variable frequency drive system and a method of
controlling a pump driven by a motor with the pump in fluid communication with a fluid system.
The drive system and method can provide one or more of the following: a sleep mode, pipe break
detection, a line fill mode, an automatic start mode, dry run protection, an electromagnetic
interference filter compatible with a ground fault circuit interrupter, two-wire and three-wire and
three-phase motor compatibility, a simple start-up process, automatic password protection, a

pump out mode, digital input/output terminals, and removable input and output power terminal
blocks.

PHX 328806323v1 June G, 2009
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METHOD OF CONTROLLING A PUMP AND MOTOR
BACKGROUND

[0001] Submersible well pumps are connected to above-ground drive systems that control
the operation of the pump. Some conventional pump controllers include only start capacitors
and relays to turn the pump on and off based on system pressure. These pump controllers have
limited capabilities with respect to pump control, safety, and customization. Variable frequency
drives (VFDs) have also been used to control submersible well pumps but with limited
capabilities regarding user-friendly control and customization. Conventional drives have also
generally been designed for use with particular types of motors and often cannot be used to

retrofit motors that are already installed in the well, especially two-wire, single-phase motors.
SUMMARY

[0002] Some embodiments of the invention provide a method of controlling a pump driven
by a motor with the pump in fluid communication with a fluid system. The method can include
determining whether the motor has reached a steady state operating frequency and causing the
pump to temporarily boost a pressure in the fluid system once the motor has reached a steady
state operating frequency. The method can also include determining whether the pressure in the
fluid system drops after being temporarily boosted and causing the pump to enter a sleep mode if

the pressure does not drop after being temporarily boosted.

[0003] In some embodiments, a method of controlling the pump can include determining
whether the pump has entered the sleep mode during a predetermined time period and shutting
down the pump due to a pipe break fault if the pump has not entered the sleep mode during the

predetermined time period.

[0004} According to some embodiments, a method of controlling the pump can include
determining a pressure in the fluid system when the pump starts and operating the motor in a line
fill mode at a low frequency for a time period if the pressure in the fluid system is less than a
minimum pressure set point in order to fill the fluid system. The method can also include
operating the motor at a normal frequency after the minimum pressure set point is reached in

order to increase the pressure to a normal pressure set point.

PHX 328806323v1 June 9, 2009 1
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[0005] Some embodiments of the invention can provide a controller including a variable
frequency drive circuit that controls operation of the pump and a control panel connected to the
variable frequency drive circuit. The control panel can include an automatic start button and a
stop button. The variable frequency drive circuit can automatically operate in a line fill mode
when the pump starts when the automatic start button is engaged and the pump can be disabled

when the stop button is engaged.

[0006] According to some embodiments, a method can include operating the motor at a
normal operating frequency, determining an actual pressure in the fluid system, comparing the
actual pressure to a pressure set point, and generating a dry run fault if the pressure set point

cannot be achieved by operating the motor at the normal operating frequency.
DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of a variable frequency drive according to one

embodiment of the invention.

[0008] FIG. 2 is a perspective view of the variable frequency drive of FIG. 1 with a cover

removed.
[0009] FIG. 3 is an interior view of the variable frequency drive of FIG. 1.
[0010] FIG. 4 is a front view of a control pad of the variable frequency drive of FIG. 1.

[0011] FIG. 5 is a schematic view of the variable frequency drive of FIG. 1 installed in a

fluid system.

[0012] FIG. 6 is a schematic illustration of the variable frequency drive of FIG. 1.
[0013] FIG. 7 is a flow chart illustrating a pump out operation.

[0014] FIG. 8 is a flow chart illustrating an automatic line fill operation.

[0015] FIG. 9 is a flow chart illustrating a manual line fill operation.

[0016] FIG. 10 is a flow chart illustrating a stop operation.

PHX 328806323v1 June 9, 2009 2
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[0017] FIG. 11 is a flow chart illustrating a proportional/integral/derivative (PID) mode

control operation.

[0018] FIG. 12 is a flow chart illustrating a sleep mode operation.

[0019] FIG. 13 is a flow chart illustrating an alternate sleep mode operation.
[0020] FIG. 14 is a flow chart illustrating a digital input control operation.
[0021] FIG. 15 is a flow chart illustrating a relay output control operation.
[0022] FIG. 16 is a flow chart illustrating a main menu.

[0023] FIG. 17 is a flow chart illustrating a settings menu.

[0024] FIG. 18 is a flow chart illustrating a time parameter menu.

[0025] FIG. 19 is a flow chart illustrating a PID control parameter menu.
[0026] FIG. 20 is a flow chart illustrating a sleep parameter menu.

[0027] FIG. 21 is a flow chart illustrating a password parameter menu.

[0028] FIG. 22 is a flow chart illustrating an external set point parameter menu.
[0029] FIG. 23 is a flow chart illustrating a motor parameter menu.
[0030] FIG. 24 is a flow chart illustrating a sensor parameter menu.

[0031] FIG. 25 is a flow chart illustrating a pipe break parameter menu.
[0032] FIG. 26 is a flow chart illustrating a dry run parameter menu.
[0033] FIG. 27 is a flow chart illustrating an input/output parameter menu.
[0034] FIG. 28 is a flow chart illustrating a reset parameter menu.

[0035] FIG. 29 is a flow chart illustrating a backdoor parameter menu.

PHX 328806323v1 June 9, 2009 3
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[0036] FIG. 30 is a flow chart illustrating an overheat prevention operation.
[0037] FIG. 31 is a flow chart illustrating an overcurrent prevention operation.
- [0038] FIG. 32 is a flow chart illustrating a jam prevention operation.

[0039] FIG. 33 is a flow chart illustrating a pipe break prevention operation.
[0040] FIG. 34 is a flow chart illustrating a dry run detection operation.
[0041] FIG. 35 is a flow chart illustrating a dry run fault operation.

[0042] FIG. 36 is a flow chart illustrating a jam fault operation.

[0043] FIG. 37 is a flow chart illustrating an overtemperature fault operation.
[0044] FIG. 38 is a flow chart illustrating an overcurrent fault operation.
[0045] FIG. 39 is a flow chart illustrating an overvoltage fault operation.
[0046] FIG. 40 is a flow chart illustrating an internal fault operation.

[0047] FIG. 41 is a flow chart illustrating a ground fault operation.

[0048] FIG. 42 is a flow chart illustrating an open transducer fault operation.
[0049] FIG. 43 is a flow chart illustrating a shorted transducer fault operation.
[0050] FIGS. 44A-44B are flow charts illustrating a multiple faults operation.
[0051] FIG. 45 is a flow chart illustrating an undervoltage fault operation.
[0052] FIG. 46 is a flow chart illustrating a hardware fault operation.

[0053] FIG. 47 is a flow chart illustrating an external fault operation.

[0054] FIG. 48 is a flow chart illustrating a pump out button control operation.

[0055] FIG. 49 is a flow chart illustrating a pressure preset button control operation.

PHX 328806323v1 June 9, 2009 4
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[0056] FIG. 50 is a flow chart illustrating a main menu button control operation.
[0057] FIG. 51 is a flow chart illustrating a fault log button control operation.

[0058] FIG. 52 is a flow chart illustrating an enter button control operation.

[0059] FIG. 53 is a flow chart illustrating a back button control operation.

[0060] FIG. 54 is a flow chart illustrating an up/down button control operation.
[0061] FIG. 55 is a flow chart illustrating a left/right button control operation.

[0062] FIG. 56 is a flow chart illustrating a password button control operation.
[0063] FIG. 57 is a flow chart illustrating a language button control operation.
[0064] FIG. 58 is a flow chart illustrating a status button control operation.

[0065] FIG. 59 is a flow chart illustrating a stop button control operation.

[0066] FIG. 60 is a flow chart illustrating an automatic start button control operation.
[0067] FIG. 61 is a flow chart illustrating a fault resct button control operation.
[0068] FIGS. 62A-62D are flow charts illustrating LED indicator control operations.
[0069] FIGS. 63A-63D are flow charts illustrating error display control operations.
DETAILED DESCRIPTION

[0070] Before any embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited in its application to the details of construction and the

arrangement of components set forth in the following description or illustrated in the following

drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways. Also, it is to be understood that the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limiting. The use of

“including,

2% <C

comprising,” or “having” and variations thereof herein is meant to encompass the

PHX 328806323v1 June 9, 2009 5
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items listed thereafter and equivalents thereof as well as additional items. Unless specified or
limited otherwise, the terms “mounted,” “connected,” “supported,” and “coupled” and variations
thereof are used broadly and encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and “coupled” are not restricted to physical or

mechanical connections or couplings.

[0071] The following discussion is presented to enable a person skilled in the art to make and
use embodiments of the invention. Various modifications to the illustrated embodiments will be
readily apparent to those skilled in the art, and the generic principles herein can be applied to
other embodiments and applications without departing from embodiments of the invention.
Thus, embodiments of the invention are not intended to be limited to embodiments shown, but
are to be accorded the widest scope consistent with the principles and features disclosed herein.
The following detailed description is to be read with reference to the figures, in which like
clements in different figures have like reference numerals. The figures, which are not
necessarily to scale, depict selected embodiments and are not intended to limit the scope of
embodiments of the invention. Skilled artisans will recognize the examples provided herein have

many useful alternatives and fall within the scope of embodiments of the invention.

[0072] FIG. 1 illustrates a variable frequency drive (VFD, hereinafter “the drive™) 10
according to one embodiment of the invention. In some embodiments, the drive 10 can be used
to control the operation of an AC induction motor 11 that drives a water pump 12 (as shown in
FIG. 5). The drive 10 can be used in a residential, commercial, or industrial pump system to
maintain a substantially constant pressure. The motor 11 and pump 12 can be a submersible type
or an above-ground type. The drive 10 can monitor certain operating parameters and control the

operation of the motor 11 in response to the sensed conditions.

[0073] As shown in FIGS. 1 and 2, the drive 10 can include an enclosure 13 and a control
pad 14. The enclosure 13 can be a NEMA 1 indoor enclosure or a NEMA 3R outdoor enclosure.
In one embodiment, the enclosure 13 can have a width of about 9.25 inches, a height of about
17.5 inches, and a depth of about 6.0 inches. The enclosure 13 can include a keyhole mount 16

for fast and easy installation onto a wall, such as a basement wall. The enclosure 13 can include
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slots 18 through which air that cools the drive 10 can pass out of the enclosure 13. The control

pad 14 can be positioned within the enclosure 13 for access through a rectangular aperture 20.

[0074] As shown in FIG. 2, the enclosure 13 can include a removable cover 22 with attached
side panels. Removing the cover 22 allows access to a wiring area 24, which is located adjacent
to a bottom panel 25 of the enclosure 13 with several conduit holes 26. As shown in FIGS. 2 and
3, the wiring area 24 is free of any electrical components or printed circuit board material that
may impede any wiring. The wiring area 24 can provide access to an input power terminal block
28, input/output (I/O) spring terminals 30, and an output power terminal block 32. Each one of
the conduit holes 26 can be aligned with one of the input power terminal block 28, the 1/O spring
terminals 30, and the output power terminal block 32. In addition, in some embodiments, the I/O
spring terminals 30 can include digital output terminals 30A, digital input terminals 30B, 1/O

power supply terminals 30C, and analog input terminals 30D.

[0075] The wiring area 24 can include a wiring space 34 between the bottom panel 25 and
the input power terminal block 28, the I/O spring terminals 30, and the output power terminal
block 32. The wiring space 34 can be between about three inches and about six inches in height
in order to allow enough room for an installer to access the input power terminal block 28, the

I/O spring terminals 30, and the output power terminal block 32.

[0076] The input power terminal block 28, I/O spring terminals 30, and the output power
terminal block 32 can be used to control the motor 11 and to provide output information in any
number of configurations and applications. Various types of inputs can be provided to the drive
10 to be processed and used to control the motor 11. The analog input terminals 30D can receive
analog inputs and the digital input terminals 30B can receive digital inputs. For example, any
suitable type of run/enable switch can be provided as an input to the drive 10 (e.g., via the digital
input terminals 30B). The run/enable switch can be part of a lawn irrigation system, a spa pump
controller, a pool pump controller, a float switch, or a clock/timer. In some embodiments, the
digital input terminals 30B can accept a variety of input voltages, such as voltages ranging from

about 12 volts to about 240 volts, direct current (DC) or alternating current (AC).

[0077] The digital output terminals 30A can connect to digital outputs, such as relay outputs.

Any suitable type of indicator device, status output, or fault alarm output can serve as a digital,
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or relay, output (e.g., be connected to the digital output terminals 30A). A status output can be
used to control a second pump, for example, to run the second pump when the pump 12 is
running. A fault alarm output can, for example, place a call using a pre-defined phone number,
signal a residential alarm system, and/or shut down the pump 12 when a fault is determined. For
example, when there is a pipe break fault (as described below with reference to FIG. 33), the
digital output terminals 30A can energize a relay output, causing the pre-defined phone number
to be automatically dialed. The input power terminal block 28, the I/O spring terminals 30, and
the output power terminal block 32 can all be coupled to a drive circuit board (not shown), for
connection to a controller 75 (as shown in FIG. 6) of the drive 10. Further, the input power
terminal block 28 and/or the output power terminal block 32 can be removable and replaceable

without replacing the drive circuit board or the entire drive 10.

[0078] As shown in FIGS. 1-4, a control pad 14 of the drive 10 can include a backlit liquid
crystal display 36 and several control buttons 38. As shown in FIG. 4, the control buttons 38 can
include a pump-out button 40, a pressure preset button 42, a main menu button 44, and a fault
log button 46. The control buttons 38 can also include a keypad lockout button 48 and a
language button 50. The control pad 14 can include several directional buttons 52, a back button
54, and an enter button 56. The control pad 14 can further include a status button 58, a stop
button 60, an automatic start button 62, and a fault reset button 64. Finally, the control pad 14
can include light emitting diode (LED) indicators 66, to indicate a status of the drive 10, such as

an ON LED 68, a Warning LED 70, and a Fault LED 72.

[0079] As shown in FIGS. 2 and 3, the drive 10 can include an electromagnetic interference
(EMI) filter 74. The EMI filter 74 can reduce electrical noise generated by the motor 11,
especially noise that interferes with AM radio stations. The drive 10 can reduce electrical noise
while simultaneously being compatible with a Ground Fault Circuit Interrupter (GFCI). An
unintentional electric path between a source of current and a grounded surface is generally
referred to as a “ground fault.” Ground faults occur when current is leaking somewhere, and in

effect, electricity is escaping to the ground.

[0080] The drive 10 can be compatible with a number of different types of motors 11,

including, but not limited to, AC induction motors that are two-wire permanent split capacitor
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(PSC) single-phase motors; three-wire single-phase motors; or three-phase motors. The drive 10
can be connected to a previously-installed motor 11 in order to retrofit the controls for the motor
11. If the motor is a single-phase motor, the installer can use the control pad 14 to select either
two-wire or three-wire. For a three-wire motor 11, the drive 10 can automatically generate a first
waveform and a second waveform with the second waveform having a phase angle of about 90
degrees offset from the first waveform. In addition, the controller 75 (as shown in FIG. 6) can
automatically set a minimum and maximum frequency allowance for the motor 11 depending on

the selection.

[0081] The drive 10 can be programmed to operate after a simple start-up process by a user
using the control pad 14. The start-up process can be a five-step process for a single-phase
motor 11 and a four-step process for a three-phase motor 11. The start-up process for a single-
phase motor 11 can include (1) entering a service factor current value, (2) selecting either a two-
wire motor or a three-wire motor, (3) entering a current time, (4) entering a current date, and (5)
engaging the pump-out button 40 or the automatic start button 62. The start-up process for a
three-phase motor 11 can include (1) cntering a service factor current value, (2) entering a
current time, (3) entering a current date, and (4) engaging the pump-out button 40 or the

automatic start button 62.

[0082] The pump-out button 40 can be used to enter the drive 10 in a pump out mode to
clean out sand and dirt from a newly-dug well. The pump-out button 40 can be engaged once the
pump 12 is installed in the new well and once the drive 10 is connected to the motor 11. The
pump-out mode can provide an open discharge of sand and dirt from the well, for example, onto
alawn. In one embodiment, the drive 10 can operate the pump 12 in the pump out mode at about
45 Hertz (Hz). The pump out mode operation is further described below with respect to FIG. 7,

and a pump-out button control operation is further described below with respect to FIG. 48.

[0083] The controller 75 can include software executed by a digital signal processor (DSP, as
shown in FIG. 6) or a microprocessor and can perform real-time control including soft-start,
speed regulation, and motor protection. The drive 10 can be controlled to maintain substantially
constant water pressure in a water system that may or may not utilize a tank. To achieve this, the

controller 75 can implement a classical Proportional/Integral/Derivative (PID) method using
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pressure error as an input. Pressure error can be calculated by subtracting an actual water
pressure from the desired water pressure (i.e., a pressure set point). An updated speed control
command can then be generated by multiplying the pressure error by a proportional gain,
multiplying the integral of the pressure error by an integral gain, multiplying the derivative of the
pressure error by a derivative gain, and summing the results. Thus, the controller 75 can increasc
or decrease the speed of the motor 11 to maintain a constant pressure set point. The PID mode is

further described below with respect to FIG. 11.

[0084] The controller 75 can determine the actual water pressure value from an electronic
pressure transducer 15 (e.g., in communication with the controller 75 via the analog input
terminals 30D). In some embodiments, as shown in FIG. 5, the pressure transducer 15 can be

located near a pressure tank 17 fluidly coupled to the pump 12.

[0085] If motor 11 is off (i.e., not being driven), water pressure can still be monitored, but no
actions are taken until the pressure falls below a certain value (e.g., a low band pressure value).
If the water pressure falls below the low band pressure, the controller 75 can restart the motor 11.
In some embodiments, the low band pressure can be set, or defaulted, to 1-10 pounds per square
inch (PSI) lower than the pressure set point. Once the motor 11 is restarted, normal operation
with PID control (i.e., PID mode) can commence. In one embodiment, one of two conditions
can trigger the controller 75 to turn the motor 11 off. A first condition can be if a sleep mode
(described with respect to FIG. 12) is triggered. A second condition can be if the pressure
exceeds a certain safety value (i.e., about 20 PSI above the pressure set point). Other conditions
that can stop the drive 10 are various faults (described further below), the user pressing the stop

button 60, and lack of a digital input for an optional run enable mode.

[0086] For normal operation, with the motor 11 being driven, the controller 75 can regulate
pump speed in a continuous fashion using PID control as long as the pressure remains below the
safety pressure value, such as about 20 PSI above the pressure set point. The drive 10 can stop
the motor 11 whenever the actual pressure exceeds the safety pressure value. During normal
operation, as long as water usage does not exceed the motor/pump capabilities, the pressure can
remain constant at approximately the pressure set point. Large instantaneous changes in flow

requirements can result in variations from the desired pressure band. For example, if flow is
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stopped, causing the pressure to quickly increase, the motor 11 can be stopped (i.e., set to 0 Hz).
This can be considered an alternate sleep mode operation and is further described below with

respect to FIG. 13.

[0087] FIGS. 7-15 are flow charts describing pump control according to some embodiments
of the invention. The flow chart of FIG. 7 illustrates when the controller 75 receives a signal to
run the pump in the pump out mode 76 (e.g., when the pump-out button 40 is pressed). The
controller 75 first determines, at step 78, if the pump is already running in pump out mode. If so,
the pump is being run at a correct, fixed frequency for pump out mode (step 80). If not, the
controller 75, at step 82, ramps up the input frequency of power to the motor 11 to the correct

frequency, then proceeds to step 80.

[0088] FIG. 8 illustrates an automatic line fill operation 84, according to some embodiments.
This operation can automatically run at drive start-up (e.g., when the drive 10 is powered up,
after a power interruption, when the motor 11 is restarted, or when the automatic start button 62
is pressed). Thus, the motor may be off (i.e., at 0 Hz) at the beginning of this operation. The
controller 75 first can ramp up the frequency driving the motor from 0 Hz to about 45 Hz in less
than a first time period, such as about two seconds (step 86). In a second time period, such as
about two minutes, or about five minutes in some embodiments, the controller 75 can start to
ramp up the frequency from, for example, about 45 Hz to about 55 Hz (step 88). During the
second time period, the controller 75 determines the pressure via input from the pressure
transducer 15 (step 90). If the sensed pressure has reached a minimum pressure, or pressure set
point (e.g., about 10 PSI), indicating the line has been filled, the fill operation is completed and
the controller 75 enters PID mode (step 92). However, if the sensed pressure is less than 10 PSI
at step 90, the controller 75 determines if the second time period (e.g., about two minutes or
about five minutes) has passed (step 94). If the second period has not passed, the controller 75
reverts back to step 88 and continues to ramp the motor frequency. If the second time period has
passed, the controller 75 will hold the frequency at about 55 Hz for about one minute (step 96).
The controller 75 then determines if the sensed pressure is about 10 PSI (step 98). If the sensed
pressure is about 10 PSI, indicating the line has been filled, the fill operation is completed and
the controller 75 enters PID mode (step 92). However, if the sensed pressure is still less than 10

PSI at step 90, the controller 75 determines if one minute has passed (step 100). If one minute
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has not passed, the controller 75 reverts back to step 96. If one minute has passed, a dry run fault

is recognized and a dry run fault operation is executed (step 102) (e.g., the system is stopped).

[0089] In one alternative embodiment, step 88 can include setting the frequency to about 45
Hz for the second time period, and if the sensed pressure is less than 10 PSI after the second time
period, repeating step 88 with the frequency set to about 50 Hz for another second time period.
If the sensed pressure is still less than 10 PSI after the second time period while at 50 Hz, step 88
can be repeated with the frequency set to about 55 Hz for yet another second time period. If the
sensed pressure is still less than 10 PSI after the second time period while at 55 Hz, the controller

75 can continue to step 96.

[0090] FIG. 9 illustrates a manual line fill operation 104, according to some embodiments.
The motor 11 is run at a manually-controlled frequency (e.g., entered by a user) at step 106. The
motor 11 keeps running at this frequency until the sensed pressure reaches about 10 PSI (step
108). Once the sensed pressure has reached about 10 PSI, the controller 75 enters PID mode
(step 110). In some embodiments, if the controller 75 does not enter PID mode within a time

period (e.g., fifteen minutes), the drive 10 is stopped.

[0091] The manual fill line operation can be considered always enabled because it can be
executed at any time during the auto line fill operation. For example, by using the up and down
directional buttons 52 on the control pad 14, the user can interrupt the automatic line fill
operation and adjust the frequency output to the motor 11, thus changing the motor speed. Once
in manual line fill mode, the user can continue to change the speed as needed at any time. The
motor 10 can continue at the new set frequency until the sensed pressure reaches about 10 PSI,
and then it will proceed to PID mode, as described above. The manual fill line operation can be
beneficial for both vertical or horizontal pipe fill applications. In addition, both the automatic fill
line operation and the manual fill line operation can prevent common motor issues seen in

conventional systems, such as motor overloading and the occurrence of water hammering.

[0092] FIG. 10 illustrates a stop operation 112, according to some embodiments. The
controller 75 determines if the pump is running (step 114). If the pump is not running (e.g., if

the drive 10 is in sleep mode or a run enable command is not triggered), the drive 10 is stopped

PHX 328806323v1 June 9, 2009 12

LIBERTY EXHIBIT 1002, Page 1125



CA 02707269 2010-06-08

Attorney Docket No. 105196.015200

(step 116). If the pump is running, the motor is allowed to coast to a stop (i.e., 0 Hz) at step 118,
then proceeds to step 116.

[0093] FIG. 11 illustrates a PID mode operation 120, according to some embodiments. The
controller 75 continuously determines if the pressure is at a programmed set point (step 122). If
the pressure is not at the programmed set point, PID feedback control is used to ramp the

frequency until the pressure reaches the set point (step 124).

[0094] FIG. 12 illustrates the controller 75, running in PID mode (at step 126), checking if
the pump should enter a sleep mode. First, at step 128, the controller 75 determines if the
frequency of the motor 11 is stable within about +/- 3 Hz (e.g., at a steady-state frequency). If
not (step 130), a boost delay timer is reset and the controller 75 reverts to step 126. If the
frequency of the motor 11 is stable, the boost delay timer is incremented at step 132. If, at step
134 the boost delay timer is not expired after being incremented, the controller 75 reverts back to
step 126. However, if, at step 134 the boost delay timer has expired, the controller 75 proceeds
to step 136 and the pressure is boosted (e.g., about 3 PSI above the pressure set point) for a short

period of time (e.g., about 15 seconds or about 30 seconds).

[0095] Until the short period of time has passed (step 138), the controller 75 determines if
the pressure stays between the pressure set point (e.g., about 10 PSI) and the boosted pressure
(step 140). If, in that short period of time, the pressure falls outside (i.e., below) the range
between the pressure set point and the boosted pressure, the controller 75 reverts back to step
126. If, however, the pressure stays between the pressure set point and the boosted pressure, the
controller 75 then decrements the pressure over another short period of time (step 142). Until the
short period of time has passed (step 144), the controller 75 determines if the pressure stays
between the pressure set point (e.g., the steady-state pressure) and the boosted pressurc (step
146). If, in that short period of time, the pressure falls outside the range between the pressure set
point and the boosted pressure, indicating that there is flow occurring, the controller 75 reverts
back to step 126. If, however, the pressure stays between the pressure set point and the boosted
pressure, indicating no flow, the controller 75 then determines if the pressure is above the
pressure set point (step 148). If not, the controller 75 reverts back to step 126. If the pressure is

above the pressure set point, the pump enters the sleep mode causing the motor frequency to
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coast down to 0 Hz (step 150) and a “sleep mode active” message to be displayed on the liquid
crystal display 36 (step 152). While in sleep mode, at step 154, the controller 75 continuously
determines if the pressure stays above a wakeup differential pressure (e.g., about 5 PSI below the
pressure set point). If the pressure drops below the wakeup differential pressure, the controller

75 reverts back to step 126.

[0096] In some embodiments, the controller 75 will only proceed from step 126 to step 128 if
the pressure has been stable for at least a minimum time period (e.g., one or two minutes). Also,
when the controller 75 cycles from step 128 to step 130 and back to step 126, the controller 75
can wait a time period (e.g., one or two minutes) before again proceeding to step 128. In some
embodiments, the controller 75 can determine if the motor speed is stable at step 128. In

addition, the controller 75 can perform some steps of FIGS. 11 and 12 simultaneously.

[0097] By using the sleep mode operation, a separate device does not need to be purchased
for the drive 10 (e.g., a flow meter). Further, the sleep mode operation can self-adjust for
changes in pump performance or changes in the pumping system. For example, well pump
systems often have changes in the depth of the water in the well both due to drawdown as well as
due to time of year or drought conditions. The sleep mode operation can be executed
independent of such changes. In addition, the sleep mode operation does not require speed

conditions specific to the pump being used.

[0098] FIG. 13 illustrates the controller 75, running in PID mode, checking if the pump
should enter an alternate sleep mode 156. First, at step 158, the controller 75 determines if
pressure is at a preset value above the pressure set point (c.g., 20 PSI above the pressure set
point). If not (step 160), a timer is reset and the controller 75 reverts to step 156. If the pressure
is 20 PSI above the pressure set point, the timer is incremented at step 162. If, at step 164 the
timer is less than a value, such as 0.5 seconds, the controller 75 reverts back to step 156.
However, if, at step 164 the timer has exceeded 0.5 seconds, the controller 75 proceeds to step
166 and the timer is reset. The controller 75 then sets the motor frequency to 0 Hz (step 168)
and displays a “sleep mode active™ message 170 on the liquid crystal display 36. The controller
75 then again increments the timer (step 172) until the time reaches another value, such as 1

minute (step 174), and then proceeds to step 176. At step 176, the controller 75 keeps the motor
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frequency at 0 Hz and displays a “sleep mode active” message 178 on the liquid crystal display
36 as long as the pressure is above a wakeup differential pressure (step 180). If the pressure
drops below the wakeup differential pressure (e.g., water is being used), the controller 75 reverts

back to step 156.

[0099] FIG. 14 illustrates an example of controller operation using the digital input. The
controller 75 first recognizes a digital input (step 182). If an external input parameter is unused
(step 184), the controller 75 takes no action whether the input is high or low (steps 186 and 188,
respectively). If the external input parameter is set to a run enabled mode (step 190) and the
input is high (e.g., indicating allowing the drive 10 to be run), the controller 75 determines if the
drive 10 is running (step 192). If the drive 10 is running, the controller 75 can take no action
(step 196) and continue in its current mode of operation. If the drive 10 is not running, the
controller 75 can start an auto line fill operation (step 194), as described with reference to FIG. 8
(e.g., similar to actions taken if the auto start button 62 is pressed). If the external input
parameter is set to a run enabled mode (step 190) and the input is low (e.g., indicating to stop the
drive 10), the controller 75 can check if the drive 10 is stopped (step 198). If the drive 10 is not
stopped, the controller 75 can execute a stop operation (step 200), as described with reference to
FIG. 10. If the drive 10 is stopped, the controller 75 can take no action (step 202). If the
external input parameter is set to an external fault mode (step 204) and the input is high (e.g.,
indicating an external fault), the controller 75 can perform an external fault operation (step 206),
as described with reference to FIG. 47. If the external input parameter is set to an external fault
mode (step 204) and the input is low (e.g., indicating there is no external fault), the controller 75
can clear any external fault indications (step 208). If the external input parameter is set to an
external set point mode (step 210) and the input is high, the controller 75 sets the PID set point to
“external” (step 212), for example, so that the digital input controls the pressure set point for PID
pressure control. If the external input parameter is set to an external set point mode (step 210)
and the input is low, the controller 75 sets the PID set point to “normal” (step 214), for example,

so that the digital input has no control over the pressure set point for PID pressure control.

[00100] FIG. 15 illustrates controller operation of a relay output. When the drive 10 is
powered (step 216), the controller 75 determines if a relay output parameter is unused (step 218).

If so, the controller 75 turns the relay off (step 220). If not, the controller 75 determines if the

PHX 328806323v1 June 9, 2009 15

LIBERTY EXHIBIT 1002, Page 1128



CA 02707269 2010-06-08

Attorney Docket No. 105196.015200

relay output parameter is set to a run mode (step 222). If the relay output parameter is set to a
run mode (at step 222), the controller 75 determines if the drive 10 is running (step 224). The
controller 75 will then turn the relay off if the drive 10 is not running (step 226) or turn the relay
on if the drive 10 is running (step 228). If the relay output parameter is not set to a run mode (at
step 222), the controller 75 determines if the relay output parameter is set to a fault mode (step
230). If so, the controller 75 determines, at step 232, if the drive 10 is tripped (e.g., a fault has
occurred and the drive 10 has been stopped). The controller 75 will then turn the relay off if the
drive 10 has not been tripped (step 234) or turn the relay on if the drive 10 has been tripped (step
236). For example, if an alarm is the relay output, the alarm can be activated if the drive 10 has

been tripped to indicate the fault condition to the user.

[00101] FIGS. 16-29 are flow charts describing menu operations according to some
embodiments of the invention. FIG. 16 illustrates a main menu 238 of the controller 75. The
main menu 238 can include the following parameters: settings menu 240, motor 242, sensor 244,
pipe break 246, dry run 248, I/O (input/output) 250, and reset to defaults 252. The user can view
the main menu 238 on the liquid crystal display 36 using the main menu button 44 on the control
pad 14. The user can then toggle up and down through the parameters of the main menu 238

using the directional buttons 52. The user can select a parameter using the enter button 56.

[00102] From the main menu 238, the user can select the settings menu 240. The user can
toggle up and down through the settings menu 240 to view the following parameters, as shown in

FIG. 17: time 254, PID control 256, sleep 258, password 260, and external set point 262.

[00103] FIG. 18 illustrates the user’s options after selecting the time parameter 254 from the
settings menu 240. The user can toggle up and down between setting a current hour 264 or a
date 266. If the user selects the hour parameter 264, the user can enter a current time 268, and a
time value for the controller 75 will be changed according to the user’s input 270. If the user
selects the date parameter 266, the user can enter a current date 272 and a date value for the

controller 75 will be changed according to the user’s input 270.

[00104]  FIG. 19 illustrates the user’s options after selecting the PID control parameter 256
from the settings menu 240. The following parameters can be chosen after selecting PID control

256: proportional gain 274, integral time 276, derivative time 278, derivative limit 280, and
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restore to defaults 282. The user can select any of the parameters 274-282 to modify one or
more preferences associated with the parameters, and appropriate values for the controller 75

will be changed 270.

[00105] FIG. 20 illustrates the user’s options after selecting the sleep parameter 258 from the
settings menu 240. The following parameters can be chosen after selecting sleep 258: boost
differential 284, boost delay 286, wakeup differential 288, and restore to defaults 290. The user
can select any of the parameters 284-290 to modify one or more preferences associated with the
parameters, and appropriate values for the controller 75 will be changed 270. The parameters

can be set to modify or adjust the sleep mode operation described with reference to FI1G. 12.

[00106] FIG. 21 illustrates the user’s options after selecting the password parameter 260 from
the settings menu 240. The following parameters can be chosen after selecting password 260:
password timeout 292 and password 294. The user can select any of the parameters 292-294 to
modify one or more preferences associated with the parameters, and appropriate values for the
controller 75 will be changed 270. The password timeout parameter 292 can include a timeout
period value. If the control pad 14 is not accessed within the set timeout period, the controller 75
175 can automatically lock the control pad 14 (i.e., enter a password protection mode). To
unlock the keys, or leave the password protection mode, the user must enter the password that is

set under the password parameter 294. This is further described below with reference to FIG. 56.

[00107] FIG. 22 illustrates the user’s options after selecting the external set point parameter
262 from the settings menu 240. The user can select the external set point parameter 296 to
modify one or more preferences associated with the parameter 296, and appropriate values for

the controller 75 will be changed 270.

[00108] TIG. 23 illustrates the user’s options after selecting the motor parameter 242 from the
main menu 238. The following parameters can be chosen after selecting motor 242: service
factor amps 298, connection type 300, minimum frequency 302, maximum frequency 304, and
restore to defaults 306. The connection type parameter 300 may only be available if the drive 10
is being used to run a single-phase motor. If the drive 10 is being used to run a three-phase

motor, the connection type parameter 300 may not be provided. The user can select any of the
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parameters 298-306 to modify one or more preferences associated with the parameters, and

appropriate values for the controller 75 will be changed 270.

[00109] FIG. 24 illustrates the user’s options after selecting the sensor parameter 244 from the
main menu 238. The following parameters can be chosen after selecting sensor 244: minimum
pressure 308, maximum pressure 310, and restore to defaults 312. The user can select any of the
parameters 308-312 to modify one or more preferences associated with the parameters, and

appropriate values for the controller 75 will be changed 270.

[00110] FIG. 25 illustrates the user’s options after selecting the pipe break parameter 246
from the main menu 238. The following parameters can be chosen after selecting pipe break
246: enable pipe break detection 314 and number of days without sleep 316. The user can select
either of the parameters 314-316 to modify one or more preferences associated with the
parameters, and appropriate values for the controller 75 will be changed 270. In some
embodiments, the number of days without sleep parameter 316 can include values in the range of
about four hours to about fourteen days. The enable pipe break detection parameter 314 can

allow the user to enable or disable pipe break detection.

[00111] FIG. 26 illustrates the user’s options after selecting the dry run parameter 248 from
the main menu 238. The following parameters can be chosen after selecting dry run 248: auto
reset delay 318, number of resets 320, and reset window 322. The uscr can sclect either of the
parameters 318-320 to modify one or more preferences associated with the parameters, and
appropriate values for the controller 75 will be changed 270. The user can select the reset
window parameter 322 to view a value 324 indicating a reset window of the controller 75. The
reset window value can be based from the values chosen for the auto reset delay 318 and the
number of resets 320. Thus, the reset window parameter 322 can be a view-only (i.e., non-

adjustable) parameter.

[00112]  FIG. 27 illustrates the user’s options after selecting the I/O parameter 250 from the
main menu 238. The following parameters can be chosen after selecting I/O 250: external input
326 and relay output 328. The user can select either of the parameters 326-328 to modify one or
more preferences associated with the parameters, and appropriate values for the controller 75
will be changed 270.
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[00113] FIG. 28 illustrates the user’s options after selecting the reset to defaults parameter 252
from the main menu 238. The user can select the parameter 330 to change all values to factory

default values 270.

[00114]  FIG. 29 illustrates a backdoor parameter 332, according to some embodiments. With
the backdoor parameter 332, the user can choose a parameter 334 not normally accessible
through other menus. The user can select the parameter 334 to modify one or more preferences
associated with the parameter, and appropriate values for the controller 75 will be changed 270.
The parameter 334 that the user selects can be from a list of parameters 336. The list of
parameters 336 can include one or more of the parameters disclosed above as well as other

parameters.

[00115] FIGS. 30-47 are flow charts describing drive warnings and faults according to some
embodiments of the invention. FIG. 30 illustrates an overheat prevention operation of the
controller 75. When the drive 10 is running (step 338), the controller 75 first determines, at step
340, if a power module temperature is greater than a first temperature (e.g., 115 degrees Celsius).
If so, an overheat fault operation is executed (step 342). If not, the controller 75 then determines,
at step 344, if the power module temperature is greater than a second temperature (e.g., about
113 degrees Celsius). If so, the controller 75, at step 346, decreases the speed of the motor by a
first value (e.g., about 12 Hz per minute) and continues to step 348. If not, the controller 75 then
determines, at step 350, if the power module temperature is greater than a third temperature (e.g.,
about 110 degrees Celsius). If so, the controller 75, at step 352, decreases the speed of the motor
by a second value (e.g., about 6 Hz per minute) and continues to step 348. If not, the controller
75 then determines, at step 354, if the power module temperature is greater than a fourth
temperature (e.g., about 105 degrees Celsius). If so, the controller 75, at step 356, decreases the
speed of the motor by a third value (e.g., about 3 Hz per minute) and continues to step 348. If
not, the controller 75 proceeds to step 348. At step 348, the controller 75 determines if the speed
has been reduced (i.e., if the controller 75 performed steps 346, 352, or 356). If so, the controller
75, at step 358, determines if the power module temperature is less than a fifth value (e.g., about
95 degrees Celsius). If the power module temperature is less than the fifth value, then the
controller 75 increases the speed of the motor by a fourth value (e.g., about 1.5 Hz per minute)

until the motor’s original speed is reached (step 360) and a warning message “TPM: Speed
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Reduced” is displayed (step 362). If the power module temperature is greater than the fifth
value, the controller 75 proceeds straight to step 362. From step 362, the controller 75 reverts
back to step 338, and repeats the above process. If, at step 348, the controller 75 determines that
the speed has not been reduced (i.e., the controller 75 did not performed steps 346, 352, or 356),
then the “TPM: Speed Reduced” warning message is cleared (step 364), the controller 75 reverts
back to step 338, and the above operation is repeated. In some embodiments, the power module
being monitored can be the drive 10 itself or various components of the drive 10 (e.g., a heat sink

of the controller 75, the motor 11, or the pump 12).

[00116] FIG. 31 illustrates an overcurrent prevention operation of the controller 75. When the
drive 10 is running (step 366), the controller 75 determines, at step 368, if the drive current is
being limited (e.g., because it is above the reference service factor amps parameter 298 in FIG.
23). If so, a warning message “TPM: Service Amps” is displayed (step 370) and the Warning
LED 70 is illuminated (step 372). The controller 75 then reverts back to step 366 where the
operation is repeated. If the drive current is not being limited, the “TPM: Service Amps”
warning message and the Warning LED 70 are cleared (step 374).

[00117]  FIG. 32 illustrates a jam prevention operation of the controller 75. When the motor
is triggered to start (step 376), the controller 75 determines, at step 378, if a startup sequence is
completed. If so, a timer and a counter are reset (step 380), any warning messages are cleared
(step 382), and the motor is operating (step 384). If the startup sequence is not completed at step
378, then the controller 75 proceeds to step 386 to check if current limitation is active. If not, the
timer and the counter can be reset (step 388), and the controller 75 can proceed back to step 376.
If the controller 75 detects that current limitation is active at step 386, then the timer is
incremented (step 390). If the timer has not reached five seconds, at step 392, the controller 75
reverts back to step 376. However, if the timer has reached five seconds, at step 392, the
controller 75 proceeds to step 396. The controller 75 sets a jam warning (step 396) and
increments the counter (step 398). If the counter is greater than five, at step 400, the controller
75 executes a jam fault operation (step 402). If the counter is not greater than five, the controller
75 determines if it is controlling a two-wire motor (step 404). If yes, the controller 75 pulses the

motor about three times (step 406), then proceeds back to step 376. If the motor is not a two-
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wire (e.g., if the motor is a three-wire motor), the controller 75 executes a series of three

forward-reverse cycles (step 408), then proceeds back to step 376.

[00118] FIG. 33 illustrates a line or pipe break fault operation of the controller 75. During
PID control (step 410), the controller 75 determines if a pipe break parameter (e.g., pipe break
detection parameter 314 from FIG. 25) is enabled (step 412). The controller 75 continues back
to step 410 until the parameter is enabled. If the controller 75 determines that the parameter is
enabled at step 412, a timer is incremented (step 414), and the controller 75 determines if the
pump is in sleep mode (step 416). If the pump is in sleep mode, the timer is reset (step 418) and
the controller 75 reverts back to step 410. If the pump is not in sleep mode, the controller 75, at
step 420, determines if the timer has been incremented above a certain number of days (e.g., as
set by the number of days without sleep parameter 316). If the timer has not exceeded the set
number of days, then the controller 75 proceeds back to step 410. If the timer has exceeded the
set number of days, the motor is coasted to a stop and a “possible pipe break™ fault message is

displayed (step 422), causing the drive 10 to be stopped (step 424).

[00119]  FIG. 34 illustrates a dry run detection operation of the controller 75. During PID
control (step 426), the controller 75 determines, at step 428, if the frequency output to the motor
is greater than a frequency preset value (e.g., about 30 Hz). If so, a timer is reset (step 430) and
the controller 75 reverts back to step 426. If the frequency is under the frequency preset value,
the controller 75 then determines, at step 432, if the pressure is greater than a pressure preset
value (e.g., about 10 PSI). If so, the timer is reset (step 430) and the controller 75 reverts back to
step 426. If the pressure is under 10 PSI, the timer is incremented (step 434) and the controller
75 determines if the timer has reached 15 seconds (step 436). If not, the controller 75 reverts
back to step 426. However, if the timer has reached 15 seconds, the controller 75 determines that
a dry run has occurred and executes a dry run fault operation (step 438). The preset value in step

428 can be checked to ensure the motor 11 is operating at a normal operating frequency (e.g.,
above 30 Hz).

[00120]  FIG. 35 illustrates a dry run fault operation of the controller 75. The controller 75 can
proceed to step 440 if step 438 of FIG. 34 was reached. From step 440, the controller 75 can

check if a reset counter value is less than a set value (e.g., the value set under the number of
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resets parameter 320 of FIG. 26) at step 442. If the reset counter is not less than the set value,
the controller 75 can update a fault log (step 444), coast the motor to a stop and display a “Dry
Run” fault message (step 446), so that the drive 10 is stopped (step 448). If, at step 442, the reset
counter is less than the set value, the reset counter is incremented (step 450) and the fault log is
updated (step 452). The controller 75 can then coast the motor to a stop and display a “Dry Run
- Auto Restart Pending” fault message (step 454), then start a fault timer (step 456), and
continuously check if the user has pressed the fault reset button 64 (step 458) or if a timer has
exceeded a time value (step 460). The time value can be the auto reset delay parameter 318
(shown in FIG. 26) set by the user. If the user presses the fault reset button 64, the controller 75
will proceed from step 458 to step 462 and clear the fault message displayed, then stop the drive
10 (step 448). If the timer exceeds the time value, the controller 75 will proceed from step 460
to step 464 and clear the fault message displayed, then restart the drive 10 in PID mode (step
466).

[00121] FIG. 36 illustrates a jam fault operation of the controller 75. When a jam has been
detected (step 468), the fault log is updated (step 470). After step 470, the motor is coasted to a
stop and a “Foreign Object Jam” fault message is displayed (step 472), then the drive 10 is
stopped (step 474).

[00122] FIG. 37 illustrates an overtemperature fault operation of the controller 75. When the
drive 10 is powered (step 476), the controller 75 determines if the power module temperature is
too high (step 478), for example, using the overheat prevention operation in FIG. 30. If the
power module temperature is not too high, the fault is cleared (step 480) and the controller 75
reverts back to step 476. If the power module temperature is too high, the fault log is updated
(step 482), the motor is coasted to a stop and a “Drive Temp - Auto Restart Pending” fault
message is displayed (step 484), and a fault timer is incremented (step 486). The controller 75
then continuously determines if the user has pressed the fault reset button 64 (step 488) until the
timer has been incremented past a value (step 490). If the user has pressed the fault reset button
64 or if the timer has incremented past the value, the controller 75 proceeds from step 488 or step
490, respectively, to step 492 to check if the fault condition is still present. If the fault condition
is still present, the controller 75 reverts back to step 486. If the fault condition is not present, the
controlier 75 clears the fault (step 480) and reverts back to step 476.
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[00123] The motor 11 and pump 12 combination can satisfy typical performance requirements
as specified by the pump manufacturer while maintaining current under service factor amps as
specified for the motor 11. Performance can match that of a typical capacitor start/capacitor run
control box for each motor HP offering. If the motor 11 performs outside of such specifications,
the controller 75 can genecrate a fault and stop the motor 11. For example, FIG. 38 illustrates an
overcurrent fault operation of the controller 75. When the drive 10 is powered (step 494). the
controller 75 determines if there is a high current spike (step 496), for example, using the
overcurrent prevention operation of FIG. 31. If there is no high current spike, the fault is cleared
(step 498) and the controller 75 reverts back to step 494. If there a high current spike, the fault
log is updated (step 500), the motor is coasted to a stop and a “Motor High Amps - Auto Restart
Pending” fault message is displayed (stcp 502), and a fault timer is incremented (step 504). The
controller 75 then continuously determines if the user has pressed the fault reset button 64 (step
506) until the timer has been incremented past a value (step 508). If the user has pressed the
fault reset button 64 or if the timer has incremented past the value, the controller 75 proceeds
from step 506 or step 508, respectively, to step 510 to check if the fault condition is still present.
If the fault condition is still present, the controller 75 reverts back to step 504. If the fault

condition is not present, the controller 75 clears the fault (step 498) and reverts back to step 494.

[00124] FIG. 39 illustrates an overvoltage fault operation of the controller 75. When the drive
10 is powered (step 512), the controller 75 determines if a maximum bus voltage has been
exceeded (step 514). If the bus voltage has not exceeded the maximum value, the fault is cleared
(step 516) and the controller 75 reverts back to step 512. If the bus voltage has exceeded the
maximum value, the fault log is updated (step 518), the motor is coasted to a stop and an “Over
Voltage - Auto Restart Pending” fault message is displayed (step 520), and a fault timer is
incremented (step 522). The controller 75 then continuously determines if the user has pressed
the fault reset button 64 (step 524) until the timer has been incremented past a value (step 526).
If the user has pressed the fault reset button 64 or if the timer has incremented past the value, the
controller 75 proceeds from step 524 or step 526, respectively, to step 528 to check if the fault
condition is still present. If the fault condition is still present, the controller 75 reverts back to
step 522. If the fault condition is not present, the controller 75 clears the fault (step 516) and
reverts back to step 512.
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[00125]  FIG. 40 illustrates an internal fault operation of the controller 75. When the drive 10
is powered (step 530), the controller 75 determines if any internal voltages are out of range (step
532). If the internal voltages are not out of range, the fault is cleared (step 534) and the
controller 75 reverts back to step 530. If the internal voltages are out of range, the fault log is
updated (step 536), the motor is coasted to a stop and an “Internal Fault - Auto Restart Pending”
fault message is displayed (step 538), and a fault timer is incremented (step 540). The controller
75 then continuously determines if the user has pressed the fault reset button 64 (step 542) until
the timer has been incremented past a value (step 544). If the user has pressed the fault reset
button 64 or if the timer has incremented past the value, the controller 75 proceeds from step 542
or step 544, respectively, to step 546 to check if the fault condition is still present. If the fault
condition is still present, the controller 75 reverts back to step 540. If the fault condition is not

present, the controller 75 clears the fault (step 534) and reverts back to step 530.

[00126] FIG. 41 illustrates a ground fault operation of the controller 75. When the drive 10 is
powered (step 548), the controller 75 continuously determines if there is current flow between an
earth, or ground, lead and any motor lead (step 550). If so, the fault log is updated (step 552),
the motor is coasted to a stop and a “Ground Fault” fault message is displayed (step 554), and the

drive 10 is stopped (step 556).

[00127] FIG. 42 illustrates an open transducer fault operation of the controller 75. While in
PID mode (step 558), the controller 75 determines if a current measured at the transducer input is
less than a value, such as 2 milliamps (step 560). If the current is not less than the value, the
controller 75 reverts back to step 558. If the current is less than the value, the fault log is
updated (step 562), the motor is coasted to a stop and an “Open Transducer - Auto Restart
Pending” fault message is displayed (step 564), and a fault timer is incremented (step 566). The
controller 75 then continuously determines if the user has pressed the fault reset button 64 (step
568) until the timer has been incremented past a value (step 570). If the user has pressed the
fault reset button 64 or if the timer has incremented past the value, the controller 75 proceeds
from step 568 or step 570, respectively, to step 572 to check if the fault condition is still present.
If the fault condition is still present, the controller 75 reverts back to step 566. If the fault

condition is not present, the controller 75 reverts back to step 558.
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[00128] FIG. 43 illustrates a shorted transducer fault operation of the controller 75. While in
PID mode (step 574), the controller 75 determines if a current measured at the transducer input is
greater than a value, such as 25 milliamps (step 576). If the current is not greater than the value,
the controller 75 reverts back to step 574. If the current is greater than the value, the fault log is
updated (step 578), the motor is coasted to a stop and a “Shorted Transducer - Auto Restart
Pending” fault message is displayed (step 580), and a fault timer is incremented (step 582). The
controller 75 then continuously determines if the user has pressed the fault reset button 64 (step
586) until the timer has been incremented past a value (step 588). If the user has pressed the
fault reset button 64 or if the timer has incremented past the value, the controller 75 proceeds
from step 586 or step 588, respectively, to step 590 to check if the fault condition is still present.
If the fault condition is still present, the controller 75 reverts back to step 582. If the fault

condition is not present, the controller 75 reverts back to step 574.

[00129]  FIGS. 44A-44B illustrate a multiple faults operation of the controller 75. Referring to
FIG. 44A, when the drive 10 is powered (step 592), the controller 75 continuously determines if
a fault has occurred (step 594). If a fault has a occurred, a counter is incremented (step 596) and
the controller 75 determines if the counter has reached a value, such as ten (step 598). If the
counter has reached the value, the motor is coasted to a stop and a “Multiple Faults” fault
message is displayed (step 600}, and the drive 10 is stopped (step 602). The steps of FIG. 44B
serve to provide a time frame for which the counter can reach the value. When the drive 10 is
powered (step 592), the controller 75 continuously determines if the counter (i.e., the counter in
step 596 of FIG. 44A) has been incremented (step 604). If so, a timer is incremented (step 606).
The controller 75 continues to increment the timer as long as the counter is above zero until the
timer reaches a value, such as thirty minutes (step 608). Once the timer has reached the value,

the counter is decremented and the timer is resct (step 610).

[00130] FIG. 45 illustrates an undervoltage fault operation of the controller 75. When the
drive 10 is powered (step 612), the controller 75 determines if the bus voltage is below a
minimum value (step 614). If the bus voltage is not below the minimum value, the fault is
cleared (step 616) and the controller 75 reverts back to step 612. If the bus voltage is below the
minimum value, the fault log is updated (step 618), the motor is coasted to a stop and an “Under

Voltage - Auto Restart Pending” fault message is displayed (step 620), the fault log is saved in
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memory, such as the device’s electrically erasable programmable read-only memory, or
EEPROM (step 622) and a fault timer is incremented (step 624). The controller 75 then
continuously determines if the user has pressed the fault reset button 64 (step 626) until the timer
has been incremented past a value (step 628). If the user has pressed the fault reset button 64 or
if the timer has incremented past the value, the controller 75 proceeds from step 626 or step 628,
respectively, to step 630 to check if the fault condition is still present. If the fault condition is
still present, the controller 75 reverts back to step 624. If the fault condition is not present, the

controller 75 clears the fault (step 616) and reverts back to step 612.

[00131] FIG. 46 illustrates a hardware fault operation of the controller 75. When the
controller 75 recognizes a hardware error (step 632), the fault log is updated (step 634). After
step 634, the motor is coasted to a stop and a “Hardware Error” fault message is displayed (step

636), then the drive 10 is stopped (step 638).

[00132] FIG. 47 illustrates an external fault operation of the controller 75. When the drive 10
is powered (step 640), the controller 75 continuously determines if an external fault parameter is
present, for example, from a relay input at the input power terminal block 28 or the digital
input/output (I/O) spring terminals 30 (step 642). If so, the controller 75 determines if a digital
input is high (step 644). If the digital input is not high, the controller 75 determines if the
external fault is active (step 646). If the external fault is not active, the controller 75 reverts back
to step 640. If the external fault is active, the controller 75 clears an “external fault” fault
message (if it is being displayed) at step 648 and the device’s previous state and operation are
restored (step 650). If, at step 644, the digital input is high, the fault log is updated (step 652)
and the device’s current state and operation are saved (step 654). Following step 654, the motor
is coasted to a stop and a “External Fault” fault message is displayed (step 656), then the drive

10 is stopped (step 658).

[00133]  FIGS. 48-63 are flow charts describing control operations for the control pad 14
according to some embodiments of the invention. FIG. 48 illustrates a pump-out button control
operation, according to some embodiments. When the pump-out button 40 is pressed (step 660),
the controller 75 first determines if the control pad 14 is locked, or in the password protection

mode (step 662). If so, the controller 75 executes a keys locked error operation (step 664). If
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not, a valve screen 666 is displayed (step 668) asking the user if a valve is open. Once the user
chooses if the valve is open or not and presses enter, a valve parameter value is changed (step
670). The controller 75 then determines, at step 672, if the valve parameter value is yes (i.e., if
the valve is open). If the valve parameter is not yes (i.e., if the user selected that the valve was
not open), a stopped screen is displayed (step 674), indicating that the pump 12 is stopped. If the
valve parameter is yes, the controller 75 sets LED indicators 66 on or off accordingly (step 676),
displays a status screen 678 (step 680), and runs the pump out operation to drive the motor 11 in
the pump out mode (step 682). The status screen 678 can include information about the pump

12, such as motor frequency, pressure, and motor current during the pump out mode.

[00134] FIG. 49 illustrates a pressure preset button control operation, according to some
embodiments. When the pressure preset button 42 is pressed (step 684), the controller 75 first
determines if the control pad 14 is locked (step 686). If so, the controller 75 exccutes a keys
locked error operation (step 688). If the control pad 14 is not locked, the controller 75 sets the
LED indicators 66 on or off accordingly (step 690) and a preset pressure parameter is displayed
(step 692). The user can adjust the displayed pressure parameter using the keypad and hit enter
to change the value of the preset pressure parameter, changing the pressure set point for the

controller 75 (step 694).

[00135] FIG. 50 illustrates a main menu button control operation, according to some
embodiments. When the main menu button 44 is pressed (step 696), the controller 75 first
determines if the control pad 14 is locked (step 698). If so, the controller 75 executes a keys
locked error operation (step 700). If the control pad 14 is not locked, the controller 75 sets the
LED indicators 66 on or off accordingly (step 702) and the main menu, as described with respect

to FIG. 16, is displayed (step 704).

[00136] FIG. 51 illustrates a fault log button control operation, according to some
embodiments. When the fault log button 46 is pressed (step 706), the controller 75 sets the LED
indicators 66 on or off accordingly (step 708) and the fault log is displayed, detailing fault

history information to the user (step 710).

[00137]  FIG. 52 illustrates an enter button control operation, according to some embodiments.

When the enter button 56 is pressed (step 712), the controller 75 first determines if the fault log
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is active (e.g., being displayed) at step 714 or if the stopped status screen is being displayed (step
716). If either step 714 or step 716 is true, the controller 75 executes an invalid key error
operation (step 718). If neither the fault log or stopped status screen are being displayed, the
controller 75 determines if the control pad 14 is locked (step 720). If so, the controller 75
executes a keys locked error operation (step 722). If the control pad 14 is not locked, the
controller 75 determines if the display currently selecting a menu option or a parameter (step
724). 1If the display is currently selecting a menu option, the controller 75 will enter the selected
menu (step 726). If the display is currently selecting a parameter option, the controller 75
determines if the parameter is highlighted (step 728). If the parameter is highlighted, the
controller 75 saves the value of the selected parameter and cancels the highlighting of the
parameter (step 730). If, at step 728, the parameter is not highlighted, the controller 75
determines if the parameter can be changed with the motor is running and the drive 10 is stopped
(step 732). If not, a running error operation is executed (step 734). If the parameter may be

changed, then the selected parameter is highlighted (step 736).

[00138] FIG. 53 illustrates a back button control operation, according to some embodiments.
When the back button 54 is pressed (step 738), the controller 75 determines if a status screen is
being displayed (step 740). If so, an invalid key error operation is executed (step 742). If a
status screen is not being displayed, the controller 75 determines if a line in the display is
highlighted (step 744). If so, the new value on the highlighted line is cancelled and the
highlighting is cancelled as well (step 746). If, at step 744, there is no highlighted line, the

parent, or previous, menu is displayed (step 748).

[00139] FIG. 54 illustrates an up/down button control operation, according to some
embodiments. When either the up or down directional button 52 is pressed (step 750), the
controller 75 determines if a line in the display is highlighted (step 752). If so, the controller 75
then determines if the auto line fill operation is being executed (step 754). If so, the controller 75
proceeds to the manual line fill operation (step 756), as described with reference to FIG. 9, then
scrolls to another value in the display (step 758). If the controller 75 determines that the auto
line fill operation is not being executed at step 754, the controller 75 proceeds to step 758 and
scrolls to another value in the display. If, at step 752, the controller 75 determines that no line is

highlighted, the controller 75 then determines if a menu in the display can be scrolled (step 760).
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If so, the menu is scrolled (step 762). If not, an invalid key error operation is executed (step

764).

[00140] FIG. 55 illustrates a left/right button control operation, according to some
embodiments. When either the left or right directional button 52 is pressed (step 766), the
controller 75 determines if a line in the display is highlighted (step 768). If not, an invalid key
error operation is executed (step 770). If, at step 768, the controller 75 determines that the line is
highlighted, the controller 75 then determines if a curser in the display can be moved (step 772).

If so, the curser is moved (step 774). If not, an invalid key error operation is executed (step 776).

[00141] FIG. 56 illustrates a password button control operation, according to some
embodiments. When the password button 48 is pressed (step 778), the controller 75 first
determines if the control pad 14 is locked (step 780). If not, a status screen is displayed (step
782). If the control pad 14 is locked, the controller 75 sets the LED indicators 66 on or off
accordingly (step 784) and executes a keys locked error operation (step 786). If a user then
enters a password (step 788), the controller 75 determines if the password is correct (step 790).
If the password is correct, any lockable keys are unlocked (step 792) and the status screen is
displayed (step 794). If the password is incorrect, an invalid password error operation is
executed (step 796), then the status screen is displayed (step 794). In some embodiments, the
lockable keys can include the directional buttons 52, the language button 50, the pump-out

button 40, the pressure preset button 42, and/or the main menu button 44.

[00142] FIG. 57 illustrates a language button control operation, according to some
embodiments. When the language button 50 is pressed (step 796), the controller 75 first
determines if the control pad 14 is locked (step 798). If so, the controller 75 executes a keys
locked error operation (step 800). If the control pad 14 is not locked, the controller 75 sets the
LED indicators 66 on or off accordingly (step 802) and a language parameter is displayed (step
804). The user can change the displayed language using the keypad and hit enter to update the
language parameter (step 806).

[00143]  FIG. 58 illustrates a status button control operation, according to some embodiments.
When the status button 58 is pressed (step 808), the controller 75 sets the LED indicators 66 on

or off accordingly (step 810) and determines if a current status screen is being displayed (step
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812). If not, the current status screen 814 or 816 is displayed (step 818). If the controller 75, at
step 812, determines that the current status screen is being displayed, the currents status screen is

cleared and a power status screen 820 or 822 is displayed (step 824).

[00144] FIG. 59 illustrates a stop button control operation, according to some embodiments.
When the stop button 60 is pressed (step 826), the controller 75 sets the LED indicators 66 on or
off accordingly (step 828) and a stopped status screen 830 is displayed (step 832). The controller
75 then stops the drive 10 (step 834), as described with reference to FIG. 10.

[00145] FIG. 60 illustrates an automatic start button control operation, according to some
embodiments. When the automatic start button 62 is pressed (step 836), the controller 75 sets the
LED indicators 66 on or off accordingly (step 838) and a status screen 840 is displayed (step
842). The controller 75 then runs the automatic line fill operation (step 844), as described with

reference to FIG. 8.

[00146] FIG. 61 illustrates a fault reset button control operation, according to some
embodiments. When the fault reset button 64 is pressed (step 846), the controller 75 determines
if there is an active fault (step 848). If not, the controller 75 executes an invalid key error
operation (step 850). If there is an active fault, the controller 75 determines if the fault condition
is still present (step 852). If so, the controller 75 stops the drive 10 (step 854), as described with
reference to FIG. 10. If not, the controller 75 first clears the fault (step 856), then stops the drive
10 (step 854).

[00147] FIGS. 62A-62D illustrate LED indicator control operations, according to some
embodiments. As shown in FIG. 62A, if a fault is active and a restart is pending (step 856), the
Fault LED 72 blinks (step 858), and a “Restart Pending” message is displayed (step 860). As
shown in FIG. 62B, if a fault is active and the drive 10 is stopped (step 862), the Fault LED 72
blinks (step 864), and a “Drive Stopped” message is displayed (step 866). As shown in FIG.
62C, if a TPM is active and the drive 10 is still running (step 868), the Warning LED 70 is lit
(step 870), and a message is displayed describing the warning (step 872). As shown in FIG.
62D, when the drive 10 is powered up (step 874), the ON LED 68 is lit (step 876).
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[00148] FIGS. 63A-63D illustrate error display control operations, according to some
embodiments. As shown in FIG. 63A, for the invalid key error opcration (step 878), a “Key
Error! Invalid Key!” error screen can be displayed (step 880). The controller 75 can display the
error screen for a time period, such as 0.9 seconds (step 882), then return the display to the
previous screen (step 884). As shown in FIG. 63B, for the keys locked error operation (step
886), an “Error! Press Password Key” error screen can be displayed (step 888). The controller
75 can display the error screen for a time period, such as 0.9 seconds (step 890), then return the
display to the previous screen (step 892). As shown in FIG. 63C, for the invalid password error
operation (step 894), an “Error! Invalid Password!” error screen can be displayed (step 896).
The controller 75 can display the error screen for a time period, such as 0.9 seconds (step 898),
then return the display to the previous screen (step 900). As shown in FIG. 63D, for the running
error operation (step 902), an “Error! Stop before editing” error screen can be displayed (step
904). The controller 75 can display the error screen for a time period, such as 0.9 seconds (step

906), then return the display to the previous screen (step 908).

[00149] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is not
necessarily so limited, and that numerous other embodiments, examples, uses, modifications and
departures from the embodiments, examples and uses are intended to be encompassed by the
claims attached hereto. The entire disclosure of each patent and publication cited herein is
incorporated by reference, as if each such patent or publication were individually incorporated by
reference herein. Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS

1. A method of controlling a pump driven by a motor, the pump in fluid communication

with a fluid system, the method comprising:

determining whether the motor has reached a steady state operating frequency;

causing the pump to temporarily boost a pressure in the fluid system once the motor has

reached a steady state operating frequency;

determining whether the pressure in the fluid system drops after being temporarily

boosted; and

causing the pump to enter a sleep mode if the pressure does not drop after being

temporarily boosted.

2. The method of claim 1 and further comprising causing the pump to continue normal

operation if the pressurc does drop after being temporarily boosted.

3. The method of claim 2 and further comprising periodically determining whether the

motor has reached a steady state operating frequency again.

4, The method of claim 3 and further comprising determining whether the motor has

reached a steady state operating frequency about every two minutes.

5. The method of claim 1 wherein determining whether the motor has reached a steady state

operating frequency includes determining whether the speed of the motor is steady.

6. The method of claim 1 wherein entering the sleep mode is independent of well depth.

7. The method of claim 1 and further comprising boosting the pressure by about three

pounds per square inch.
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8. The method of claim 7 and further comprising determining whether the pressure drops

below a pressure set point.

9. The method of claim 1 and further comprising disabling the sleep mode when the

pressure drops to below a pressure set point minus about five pounds per square inch.

10. The method of claim 1 and further comprising determining whether the motor has
reached a steady state operating frequency by determining whether a frequency of the motor has

stayed constant for at least about one minute.

11. The method of claim 1 and further comprising determining whether the pressure in the

fluid system drops within about 15 seconds after being temporarily boosted.
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12. A method of controlling a pump driven by a motor, the pump in fluid communication

with a fluid system, the method comprising:

causing the pump to enter a sleep mode if a pressure in the fluid system does not drop

after being temporarily boosted;

determining whether the pump has entered the sleep mode during a predetermined time

period; and

shutting down the pump due to a pipe break fault if the pump has not entered the sleep

mode during the predetermined time period.

13. The method of claim 12 wherein the predetermined time period is at least about four
hours.

14. The method of claim 12 wherein the predetermined time period is up to about fourteen
days.

15. The method of claim 12 and further comprising determining whether the motor has

reached a steady state operating frequency.

16. The method of claim 15 and further comprising causing the pump to temporarily boost

the pressure in the fluid system once the motor has reached a steady state operating frequency.

17. The method of claim 12 and further comprising indicating on a display that there has
been a pipe break fault.

18. The method of claim 12 and further comprising automatically causing a relay output to be

energized when there is a pipe break fault.

19. The method of claim 12 and further comprising modifying the predetermined time

period.
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20. The method of claim 12 and further comprising temporarily disabling the pipe break

fault.
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21. A method of controlling a pump driven by a motor, the pump in fluid communication

with a fluid system, the method comprising:
determining a pressure in the fluid system when the pump starts;

operating the motor in a line fill mode at a low frequency for a time period if the pressure

in the fluid system is less than a minimum pressure set point in order to fill the fluid system; and

operating the motor at a normal frequency after the minimum pressure set point is

reached in order to increase the pressure to a normal pressure set point.

22. The method of claim 21 and further comprising operating the motor at a low frequency

until the pressure reaches a pressure set point of about 10 pounds per square inch.

23. The method of claim 21 and further comprising operating the motor at a low frequency

for a time period of about five minutes.

24. The method of claim 21 and further comprising operating the motor at a low frequency of

about 45 Hertz.

25. The method of claim 24 and further comprising operating the motor at about 45 Hertz for
about one minute to about five minutes, then operating the motor at about 45 Hertz to about 50
Hertz for about three minutes to about five minutes, and then operating the motor at about 55

Hertz for about one minute, if the pressure has not reached the minimum pressure set point.

26. The method of claim 25 and further comprising operating the motor at about 55 Hertz for

about five minutes if the pressure has not reached the minimum pressure set point.

27. The method of claim 21 and further comprising automatically operating the motor in the

line fill mode unless a manual interrupt feature is enabled.
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28. The method of claim 27 and further comprising enabling the manual interrupt feature by

manually changing a speed of the motor.

29. The method of claim 21 and further comprising operating the motor in the line fill mode

in order to help prevent water hammering.

30. The method of claim 21 and further comprising operating the motor in the line fill mode

after the motor has been manually stopped and then started again.

31. The method of claim 21 and further comprising operating the motor at the normal
frequency after the line fill mode and increasing the pressure up to a normal pressure set point of

about 60 pounds per square inch.
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32. A controller for a pump driven by a motor, the pump in fluid communication with a fluid

system, the controller comprising:

a variable frequency drive circuit that controls operation of the pump; and

a control panel connected to the variable frequency drive circuit,

the control panel including an automatic start button and a stop button,

the variable frequency drive circuit automatically operating in a line fill

mode when the pump starts when the automatic start button is engaged,

the variable frequency drive circuit disabling the pump when the stop

button is engaged.

33. The controller of claim 32 wherein the variable frequency drive circuit operates in the

line fill mode by determining a pressure in the fluid system when the pump starts.

34. The controller of claim 33 wherein the variable frequency drive circuit operates the motor
at a low frequency for a time period if the pressure in the fluid system is less than a minimum

pressure set point in order to fill the fluid system.

35. The controller of claim 34 wherein the variable frequency drive circuit operates the motor
at a normal frequency after the timer period has expired in order to maintain a normal pressure

set point.

36. The controller of claim 32 wherein the variable frequency drive circuit automatically
starts and operates in the line fill mode after a power interruption if the automatic start button is

engaged.
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37. A method of controlling a pump driven by a motor, the pump in fluid communication

with a fluid system, the method comprising:
operating the motor at a normal operating frequency;
determining an actual pressure in the fluid system,;
comparing the actual pressure to a pressure set point; and

generating a dry run fault if the pressure set point cannot be achieved by operating the

motor at the normal operating frequency.

38. The method of claim 37 and further comprising operating the motor at a normal operating

frequency above about 30 Hertz.

39. The method of claim 37 and further comprising comparing the actual pressure to a

pressure set point of about 10 pounds per square inch.

40. The method of claim 37 and further comprising determining an actual pressure adjacent

to a pressure tank fluidly coupled to the pump.
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ABSTRACT

A modular mobile fract pump unit having for a radiator with a heat exchanger
vertically for generally horizontal flow of air through the radiator and a duct provided on an
air exit side of the heat exchanger to direct air exiting the heat exchanger upwardly.
Preferably, the duct comprises a retractable duct for movement between an operative position
for use in parked cooling operation and a storage position for transport of the unit as a road
worthy vehicle, within the storage position the duct not incrcasing the overall width of the
unit and in the operative position the duct extending laterally to the side of the unit beyond

the storage position and increasing the overall width of the unit.

20
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e RADIATOR CONFIGURATION

Scope of the Invention

[0001] This invention relates to modular fractoring pump units each comprising a road
vehicle carrying a pump, an engine to drive the pump and radiators to cool the engine; and
more particularly to a radiator configuration and arrangement for mounting the radiator on
the road vehicle to permit advantageous cooling of the engine when a plurality of these road

vehicles are parked side to side closely together in an array.

Background of the Invention

[0002] Hydraulic fractoring is known as, for example, disclosed in U.S. Patent 7,063,147
to Siebrits et al, issued June 20, 2006 and U.S. Patent 7,788,037 to Soliman, issued August 31,
2010. U.S. Patent 7,845,413 to Shampine, issued December 7, 2010, the disclosure of which
is incorporated herein by reference, teaches a typical manner of providing a plurality modular
fract pumping units coupled together.

[0003] Hydraulic fractoring is a known process which requires heavy duty pumps known
as fract or fractoring pumps which typically comprise high pressure pumps operating on
typically diesel generators generating in the range of 2000 horsepower. A large number of
such pumps are generally provided in an array to provide the necessary high pressure and
large volume of fluids required for hydraulic fractoring at a remote location. The pumps are
known to be provided as part of a modular mobile fract pump unit comprising a road
compatible vehicle such as a customized flat bed trailer on which there is mounted the pump,
an internal combustion engine to drive the pump and a radiator to cool the engine. The
trailers of each unit are typically parked close together in an array side by side with the pump
and a typically rigid discharge outlet for the pump at a rear end of the unit and the radiator at a
front end of the unit. A central manifold can be provided for coupling of the rigid discharge
outlet of each modular mobile fract pump unit at set spaced locations along a central manifold
trunk moved towards or away from the manifold trunk. Each modular mobile fract pump unit
when accurately located relative the manifold trunk can independently be coupled to the

manifold or removed for replacement. The manifold trunk establishes a set spacing of the
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trailers of the units in the array side by side as, for example, on 11.5 foot (138 inches) centers.
For the modular mobile fract pump unit to be road worthy on Interstate highways in the USA,
the unit preferably has a width not greater than 8.5 feet (102 inches.). With, for example, 11.5
foot centers for the pump discharge outlets, this provides for a 3 feet (36 inch) spacing
between the sides of adjacent side by side units.

[0004] The internal combustion engine on each mobile fract pump unit typically is a
diesel engine. Each diesel engine requires a large radiator to cool the engine. Known radiator
structures often provide for two heat exchangers. Prior art devices such as the fractoring
system shown in U.S. Patent 7,845,413 to Shampine illustrate horizontally disposed radiators
for air flow vertically therethrough. The horizontally disposed radiators extend horizontally
for air flow vertically therethrough with the air to pass firstly upwardly through a lower heat
exchanger and then secondly upwardly through an upper heat exchanger above the lower hecat
exchanger. This stacked upper and lower heating exchanger configuration has been selected
typically to provide the cooling requirements for the engine within the maximum width for the
vehicle unit to be road worthy on Interstate highways in the USA. The stacked upper and
lower heating exchanger configuration has the disadvantage that atmospheric air is heated by
passing through the lower heat exchanger beforc the heated air flows upwardly through the
second heat exchanger, thus reducing the cooling capacity of the second heat exchanger. As
well, the stacked upper and lower heating exchanger arrangement renders it different to clean

each heat exchanger after use.

Background of the Invention

[0005] To at least partially overcome these disadvantages of previously known devices,
the present invention provides a modular mobile fract pump unit having for a radiator with a
heat exchanger vertically for generally horizontal flow of air through the radiator and a duct
provided on an air exit side of the heat exchanger to direct air exiting the heat exchanger
upwardly. Preferably, the duct comprises a retractable duct for movement between an
operative position for use in parked cooling operation and a storage position for transport of
the unit as a road worthy vehicle, within the storage position the duct not increasing the

overall width of the unit and in the operative position the duct extending laterally to the side
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of the unit beyond the storage position and increasing the overall width of the unit.
Preferably, the duct is provided with cleaning access doors opening therethrough which can
be opened to access the radiator for cleaning. Preferably, a pair of radiators are provided,
one along on each side of the vehicle, with the ducts opening outwardly.
[0006] Preferably, a roof member may be provided to bridge laterally between two
radiators proximate the top of the radiators. A fan is provided on the interior of each radiator
to direct flow laterally outwardly through each radiator. With the roof member in place, the
roof member requires air to be passed through the radiators to be drawn laterally from the
front or rear or below the radiators reducing the likelihood that heated air discharged vertically
from each duct may be drawn down into the fan and passed again through the radiator.
[0007] Vehicles carrying radiators in accordance with the present invention can be
parked relatively close together side by side as, for example, within three feet of each other in
which the case the ducts would extend to one side, about eighteen inches so that the ducts
effectively meet.
[0008] As the radiators preferably have a substantial height and size, to provide for
manual closing of the ducts, an arrangement is provided which permits a person on the
ground to open and close the radiators avoiding the need to climb the unit and dangers
associated therewith. Access doors are provided laterally of the unit through each duct
which, preferably when each duct is in a closed position, can be opened by a person on the
ground to facilitate the radiators being cleaned as in a known manner by the passage of
water through the heat exchangers.
[0009] In one aspect, the present invention provides a modular mobile pump unit
comprising:

an elongate mobile trailer having a first side, a second side, a front and a rear,

the trailer having a longitudinal centerline between the first side and the second
side,

the trailer having mounted thereon a pump to dispense a fluid, an internal
combustion engine to power the pump, a first air cooled radiator to cool the engine and a

second air cooled radiator to cool the engine,
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the first radiator comprising a vertically extending first heat exchanger for
passage of air horizontally therethrough to cool a fluid from the engine circulated within the
first heat exchanger and a first fan to blow atmospheric air through the first heat exchanger,

the first radiator mounted to the trailer on the first side of the longitudinal center
line proximate the first side with the first heat exchanger adjacent the first side and with the
first fan laterally inwardly of the first heat exchanger, the first fan providing for passage of
air through the first heat exchanger horizontally and laterally outwardly toward the first side
of the trailer,

the first radiator having a first duct member carried on the first radiator at a
location laterally outwardly of the first heat exchanger and in the flow path of air from the
first fan exiting horizontally and laterally from the first heat exchanger,

the first duct member movable relative to the first radiator from a storage position
in which the first duct member does not extend laterally outwardly beyond the first side of
the trailer and an operative position in which the first duct member extends laterally
outwardly beyond the first side of the trailer,

in the operative position the first duct member receiving air passing laterally from
the first heat exchanger and directing this air to exit vertically upwardly from a first duct
outlet disposed along an upper edge of the first duct member,

the second radiator comprising a vertically extending second heat exchanger for
passage of air horizontally therethrough to cool a fluid from the engine circulated within the
second heat exchanger and a second fan to blow atmospheric air through the second heat
exchanger,

the second radiator mounted to the trailer directly opposite the first radiator on the
second side of the longitudinal center line proximate the second side with the second heat
exchanger adjacent the second side and with the second fan laterally inwardly of the second
heat exchanger, the second fan providing for passage of air through the second heat

exchanger horizontally and laterally outwardly toward the second side of the trailer,
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the second radiator having a second duct member carried on the second radiator at
a location laterally outwardly of the second heat exchanger and in the flow path of air from
the second fan exiting horizontally and laterally from the second heat exchanger,

the second duct member movable relative to the second radiator from a storage
position in which the second duct member does not extend laterally outwardly beyond the
second side of the trailer and an operative position in which the second duct member extends
laterally outwardly beyond the second sidc of the trailer,

in the operative position the second duct member receiving air passing laterally
from the second heat exchanger and directing this air to exit vertically upwardly from a
second duct outlet disposed along an upper edge of the second duct member. Preferably, the
invention provides an array of such units wherein the units are arranged side by side with a
spacing between adjacent units at least equal to a spacing distance represented by the sum of
a distance that the first duct member in the operative position extends beyond the first side of
the trailer and a distance that the second duct member in the operative position extends

beyond the second side of the trailer.

Brief Description of the Drawings

[0010] Further aspects and advantages of the present invention will become apparent
from the following description taken together with the accompanying drawings in which:
[0011] Figure 1 is a perspective rear view of a modular mobile pump unit in accordance
with the present invention in conjunction with a tractor;

[0012] Figure 2 is a schematic front perspective view of a skid platform and the radiators
shown in Figure 1 in a storage position;

[0013] Figure 3 is a front view of Figure 2;

[0014] Figure 4 is a schematic front perspective view the same as Figure 2 but showing
the radiators in an operative position;

[0015] Figure 5 is a front view of Figure 4;

[0016] Figure 6 is a schematic cross-sectional front view along section line 6-6' in Figure

4 showing the right hand side radiator;
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[0017] Figure 7 is a schematic perspective view illustrating a mechanism for movement
of the duct member between the storage position and the operative position;

[0018] Figure 8 is a perspective view the same as Figure 2 but showing access doors in

an open position;

[0019] Figure 9 is a schematic top view showing a plurality of units in accordance with
Figure 1 arranged in two rows, one on eithcr side of a central manifold;

[0020] Figure 10 is an enlarged view of the front portions of three of the units shown in
Figure 9 showing the units as being spaced an equal distance apart; and

[0021] Figure 11 is a perspective view the same as Figure 4 but additionally showing a

roof baffle.

Detailed Description of the Drawings

[0022] Figure 1 shows a modular pump mobile unit 10 in accordance with the present
invention. The mobile 10 comprises a standard trailer 12, a fluid pump 14, a diesel motor 15
that drives the pump 14 and a pair of radiators 20 and 21 for cooling the diesel motor 15. The
trailer 12 is removably coupled to a tractor 16 for ease of transportation. The pump 14 has a
intake pipe 17 for receiving fluid at a low pressure and a discharge pipe 18 for discharging
fluid at a high pressure.

[0023] The unit 10 and the trailer 12 have a first side 22, a second parallel side 23, a front
24 and arear 26. As seen in Figure 10, the unit 10 and the trailer 12 have a longitudinal center
line 27 which cxtends longitudinally of the unit 10 and the trailer 12 between the first side 22
and the second side 23.

[0024] Referring to Figure 9, an array of mobile modular units 10 is arranged on opposite
sides of a fluid manifold 30. The manifold 30 extends along a manifold longitudinal 31. The
manifold includes a low pressure liquid line 32 and a high pressure discharge line 34. The
intake pipe 17 from each unit 10 is adapted to be removably coupled to a corresponding
outlet pipe 35 of the low pressure liquid line 32 and the discharge pipe 18 of each unit 10 is
adapted to be removably coupled to a corresponding inlet pipe 36 of the high pressure
discharge line 34. The low pressure liquid line 32 has the outlet pipe 35 located at equally
spaced fixed distances along the longitudinal 31 of the manifold. The high pressure discharge
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line 34 has the inlet pipes 36 located at correspondingly spaced fixed distances along the
longitudinal 31 of the manifold 30. Each inlet pipe 36 includes a valve 37 and each outlet
pipe includes a valve 38 to selectively independently permit or prevent flow. Each unit 10 1s
preferably located with its longitudinal center line 27 perpendicular to the longitudinal 31 of
the manifold 30. Each mobile unit 10 may be disconnected from the manifold 30 and
independently moved forwardly or rearwardly for replacement by another modular unit 10.
[0025] As can be seen in Figure 1, the trailer 12 has a deck 13 including a skid portion 39
upon which the radiators 20 and 21 are schematically shown as being mounted. For easc of
illustration, in each of Figures 2 to 5, the radiators are shown as mounted on the skid 39
without illustrating other components of the unit 10.

[0026] Reference is made to Figure 6 which is a schematic cross-sectional view along
section line 6-6' of the first radiator 20. The first radiator 20 has a first heat exchanger 40.
The first heat exchanger 40 includes a top header 41 and a bottom header 42 with a core 90
of vertically extending cooling tubes 43 extending vertically between the top header 41 and
the bottom header 42. A fluid inlet 44 delivers fluid from the cooling system of the motor 15
to the bottom header 42. A fluid outlet 45 is connected to the top header 41 and delivers
cooled fluid from the top header 41 back to the cooling system of the motor 15. Thus,
cooling fluid from the motor 15 is to be circulated in a cooling circuit, only part of which is
shown, to pass from the fluid inlet 44 into the bottom header 42 vertically through the
cooling tubes 43 to the top header 41 and then out the fluid outlet 45 to return to the engine.
As will be appreciated, a suitable circulating pump (not shown) is provided to circulate the
cooling fluid through the first heat exchanger 40.

[0027] The first radiator 20 includes a system for passing atmospheric air through the
core of the first heat exchanger past the cooling tubes 43 so as to reduce the temperature of
the cooling fluid circulated through the cooling tubes 43. In this regard, as schematically
shown in Figure 6, a fan 46 is rotatable about a horizontal fan axis 47 within a cylindrical fan
casing 48 so as to draw atmospheric air inwardly through openings 49 in the fan casing and
force the air horizontally and laterally outwardly through the core 90 and past the cooling

tubes 43. As seen in Figure 6, the fan 46 directs air flow laterally outwardly in a direction
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from the longitudinal center line 27 laterally outwardly toward the first side 22. In this
regard, the first heat exchanger 40 may be considered to have an air inlet opening 50 on the
laterally inward side of the cooling tubes 43 and an air outlet opening 51 on a radially
outwardly side of the cooling tubes 43.

[0028] The first radiator 20 has a first duct member 52 which in Figure 6 is illustrated as
being in an operative position permitting air flow from the fan 46 laterally outwardly through
the air outlet opening 51 and then upwardly through the duct member 52 to exit upwardly
through a first duct outlet 54 open to the atmosphere. As seen in Figure 6, the first duct
outlet 54 is disposed along an upper edge 55 of the first duct member 52.

[0029] Each of the first radiator 20 and the second radiator 21 has identical components
and each is located on a respective side of the longitudinal center line 27 of the trailer 12.
The radiators 20 and 21 can be virtually identical but for arrangements so as to be suitably
located adjacent either the first side 22 or the second side 23. For easc of discussion, each of
the individual elements of the second radiator 21 will be referred to by the same reference
numerals used to refer to the elements of the first radiator 20.

[0030] The duct member 52 of the radiators 20 and 21 are movable between operative
positions as shown in Figures 4 and 5 which permit air flow upwardly from the duct outlets
54 and storage positions as shown in Figures 2 and 3 which substantially close the air outlets
51. As seen in end view in Figure 3, with the radiators 20 and 21 and the duct members 52 in
the storage position, the radiators 20 and 21 do not extend outwardly beyond the trailer first
side 22 or the second side 23. In contrast, as seen in end view in Figure 5, in the operative
position, the duct members 52 extend laterally beyond the sides of the trailer, with the duct
member 52 of the first radiator 20 extending beyond the trailer first side 22 and the duct
member 52 of the second radiator 21 extending beyond the second side 23.

[0031] Reference is made to Figure 10 which is a schematic enlargement of front
portions of three units 10 shown in Figure 9 arranged side to side and in which the left hand-
most trailer is shown with its radiators 20 and 21 having their duct members 52 in the storage
position, the middle unit 10 is shown as having its radiators 20 and 21 with its duct members

52 in the operative position and the right hand unit 10 is illustrated as having its second
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radiator 21 with its first duct member 52 in an operative position and its first radiator 20
having its duct member 52 in a storage position. In Figure 10, the width of each unit 10 is
illustrated as W with a width of each of the three units 10 being indicated as identical. The
center line 27 for each unit 10 is shown and the distance between center lines, D, is shown
and is indicated as being identical. The units 10 are shown as arranged side by side with a
spacing between units indicated as S and which such spacing S being represented as equal to
two times the distance D, that duct member 52 extends laterally from the respective side of
its respective unit 10. In a preferred embodiment as illustrated in Figures 9 and 10, the inlet
pipes 36 for the high pressure discharge line 34 and the outlet pipes 35 for the low pressure
fluid line 32 may be spaced along the manifold longitudinal 31 a distance equal to D, shown
in Figure 10. Preferably, the distance D is equal to the width W of a trailer plus at least
twice D, the distance that each duct member 52 extends from a trailer. Such an arrangement
provides for optimal usage of the spacing between units 10 for discharge of air upwardly.
Preferably, the width of a trailer is a maximum width which permits the trailer to be
roadworthy, for example, 102 inchcs. Preferably, the distance De is in the range of 12 to 24
inches, preferably 18 inches and the units 10 as well as the outlet pipes 35 and the inlet pipes
36 are spaced a distance of D, of about 138 inches.

[0032] Reference is made to Figure 4 which illustrates a preferred configuration for each
duct member 52. The duct member 52 has a side wall 70, a front wall 71 and a rear wall 72.
The side wall 70 is mounted to a rectangular frame 73 of a casing 74 for each radiator that
contains the heat exchanger 40 and provides the passageway for air flow. The frame 73
effectively defines the air outlet opening 51 for passage of air laterally outwardly through the
core and its cooling tubes 43. The duct member 52 is pivotally mounted to the frame 73 for
pivoting at its lower end about a horizontal axis generally indicated as 75. Each of the front
wall 71 and the rear wall 72 is formed from two triangular gusset members 76 and 77, each
mounted by hinge members extending along the edges of each gusset member such that with
pivoting of the side wall 70 about the horizontal axis 75, the gusset members fold inwardly

upon themselves in a manner not dissimilar to that of a pleat in an accordion.
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[0033] An actuator member 79 is provided for moving each of the duct members 52
between the operative position and the storage position. As seen in Figures 4 and 6, a
vertical strut 80 is mounted to the frame 73 and pivotably carries a first pivot arm 81 which is
pivotably coupled to a second pivot arm 82 pivotably coupled to the center of the side wall
70. As illustrated in Figure 7, the actuator mechanism includes a rotatable rod 83 which is
mounted to a lower portion of the frame 73 and extends upwardly to an actuator link 84
engaging the first pivot arm 81. With rotation of a crank handle 85, shown in Figure 7, the
actuator link 84 is moved upwardly or downwardly and thus pivots the first and second pivot
arms so as to move the duct member 52 toward the operative position by moving the pivot
arms upwardly and to move the duct member 52 toward the storage position by moving the
pivot arms downwardly.

[0034] The crank handle 85 is located at a height on the unit 10 to be accessible by a
person standing on the ground without the need for the person to climb the unit 10 or its
trailer 12. The crank handle 85 is to be provided so as to avoid interference in use with other
portions of the unit 10 such as the trailer 12 or the skid 39 albeit, in the embodiments for ease
of illustration, the crank handle 85 appears to be in interference with the skid 39. As can be
seen in Figure 4, with the side wall 70 in the operative position, the duct outlet 54 is open
upwardly to the atmosphere for discharge of air upwardly.

[0035] Reference is made to Figure 8 which illustrates the duct members 52 in a closed
position, however, with access doors 88 on the duct member 52 shown as being in an open
position. As seen in Figure 8, the side wall 70 of each duct member 52 is provided with two
rectangular access openings 89 therethrough. An access door 90 is provided coupled by a
vertically extending hinge 92 to an edge of each access opening 89. The access doors 88 are
movable from a closed position as shown in Figure 2 which closes the side wall 70 to air flow
therethrough and an open position as shown in Figure 8 in which the access doors provide
access to the heat exchanger 40 therein and, more particularly, to the core of the heat
exchanger and the cooling tubes 43. With the access doors 88 in the open position as shown
in Figure 8, a person on the ground can access the core 90 and its cooling tubes 43 for cleaning

as, for example, with a user to hold a hose to discharge a stream of air or water to engage the
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core and its cooling tubes 43 to clean the outside of the cooling tubes from various matters
such as dust, dirt, mud and the like which may have come to be engaged upon the cooling
tubes during use and typically which impedes efficient heat transfer. Of course, the core and
its cooling tubes 43 may have various cooling fins 70 which may be placed close together and
from which debris such as dust, dirt and mud may preferably be removed in cleaning on a
regular basis to maintain the efficiency of the heat exchanger. Figure 8 schematically shows
four vertically extending cooling tubes 43 and two longitudinally extending cooling fins 70
although a large number typically are to be provided.

[0036] The access doors 88 are located on the radiators 20 and 21 at a location that a
person standing on the ground can manually move the access doors between the open and
closed positions and to latch the doors in the open and closed positions. Various latching
arrangements may be used as they are accessible from the ground and are used, for example,
to close the doors at the rear of box trailers and the like. A latching arrangement 72 is
schematically illustrated in Figure 2 only. Vertically extending lock rod 73 rotatably
supported on each door 88 and pivotable by a handle 74 between coupled and uncoupled
conditions with cam latches 75 and 76 carried on the front wall 70 above and below each
door 88 and are of the type disclosed in U.S. Patent 2,038,876 to Sonabend, issued April 28,
1936. The handle 74 is accessible to a person on the ground. Once unlatched, each door 88 is
accessible to a person on the ground to pivot each door between open and closed positions.
[0037] In the preferred embodiments, the heat exchangers are shown with a core which
has vertically extending cooling tubes 43. In accordance with the invention, it is not
necessary that the cooling tubes 43 extend vertically. For example, in a similar heat
exchanger, the cooling tubes may extend horizontally. Referring to Figure 6, in addition to
the primary core 90 having vertically extending cooling tubes 43, a secondary core 91 is
shown schematically to have horizontally extending cooling tubes 92.

[0038] In the preferred embodiment, the trailer first side 22 and the trailer second side 23
are shown as providing substantially in the same vertical plane, a laterally most extending
surface of the unit 10, the trailer 12, the trailer deck 13, its skid 39 and each of the radiators
20 and 21. It is to be appreciated that a unit 10 with the duct members 52 in the storage

11
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position, the unit 10 will have a width defined by a laterally outermost surface. The laterally
outermost surface may comprise the side wall 70 of one of the radiators with, for example,
the skid 39 or the trailer deck 13 or the portions of the trailer disposed laterally inwardly
therefrom.

[0039] In the preferred embodiment, the duct member 52 is illustrated to assume an
operative position in which the duct member 52 extends laterally from the unit 10 farther in
the operative position than in a storage position. The particular configuration of the duct
member 52 is not limited. The preferred duct member 52 illustrated hinges about the
horizontal hinge axis 75 at the bottom of the duct member 52. This is not necessary. The
duct member 52 could be provided to merely slide laterally to one side and, for example, to
extend in the operative position farther laterally outwardly over its whole height than when in
the storage position.

[0040] The duct member 52 is shown as having its front wall 71 and its rear wall 72
formed from gusset members which fold to collapse upon themselves when a duct member
52 is moved to the storage position. This is not necessary and each of the front wall 71 and
the rear wall 72 could be rigid members which slide laterally into slots provided on the
radiator of a casing 74. Similarly, rather than provide the front wall 71 and the rear wall 72
from rigid gusset members, each wall could be provided as from a flexible member as, for
example, from a flexible elastomeric member or fabric.

[0041] Reference is made to Figure 11 which illustrates a second embodiment in
accordance with the present invention and which is identical to the first embodiment with the
first exception that a roof member 93 is provided bridging betwecen the first radiator 20 and
the second radiator 21 laterally inwardly of the duct outlet 54 on each side of the unit 10 and
above the fans 46 and their fan casings 48. Between the casing 74 enclosing each heat
exchanger 40, and beneath the roof member 93, a forward air inlet 94 and rear air inlet 95 is
provided via which atmospheric air may be drawn into the fan as indicated by the arrows 96
and 98. Air drawn into the fans 46 is directed through the heat exchangers 40 to exit
upwardly from the duct outlets 54 as indicated by the arrows 98 and 99. Providing the roof

12
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member 93 assists in reducing the likelihood that heated air exhausted upwardly from the
duct outlets is drawn back into the fans.

[0042] Figure 11 differs from the first embodiment in showing schematically a bottom air
inlet 100 provided through the skid portion 39 and which permits air from below the deck 39
of the trailer 12 into the fan 46 as indicated by arrow 101. The bottom air inlet 100 can be
accommodated with suitable ducting or apertures through the skid portion 39 and deck
underneath the fans 46. Figure 11 further shows as also shown schematically in Figure 6 the
deck 39 to be cut away under the fan 46 to provide the bottom air inlet 100 and permit air
flow upwardly as indicated by arrow 100. Figures 11 and 6 also show one lower horizontal
air inlet 102 shown to be formed internally within the deck 39 to permit air flow horizontally
from the side as indicated by arrow 103 to the fan 46. The lower horizontal air inlet 102 may
be provided, one on each side, whether or not a bottom air inlet 100 is provided.

[0043] While the invention has been described with reference to the preferred
embodiments, many variations and modifications will now occur to a person skilled in the

art. For a definition of the invention, reference is made to the accompanying claims.
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I CLAIM:
1. A modular mobile pump unit comprising:
an elongate mobile trailer having a first side, a second side, a front and a rear,
the trailer having a longitudinal centerline between the first side and the second
side,

the trailer having mounted thereon a pump to dispense a fluid, an internal
combustion engine to power the pump, a first air cooled radiator to cool the engine and a
second air cooled radiator to cool the engine,

the first radiator comprising a vertically extending first heat exchanger for
passage of air horizontally therethrough to cool a fluid from the engine circulated within the
first heat exchanger and a first fan to blow atmospheric air through the first heat exchanger,

the first radiator mounted to the trailer on the first side of the longitudinal center
line proximate the first side with the first heat exchanger adjacent the first side and with the
first fan laterally inwardly of the first heat exchanger, the f{irst fan providing for passage of
air through the first heat exchanger horizontally and laterally outwardly toward the first side
of the trailer,

the first radiator having a first duct member carried on the first radiator at a
location laterally outwardly of the first heat exchanger and in the flow path of air from the
first fan exiting horizontally and laterally from the first heat exchanger,

the first duct member movable relative to the first radiator from a storage position
in which the first duct member does not extend laterally outwardly beyond the first side of
the trailer and an operative position in which the first duct member extends laterally
outwardly beyond the first side of the trailer,

in the operative position the first duct member receiving air passing laterally from
the first heat exchanger and directing this air to exit vertically upwardly from a first duct
outlet disposed along an upper edge of the first duct member,

the second radiator comprising a vertically extending second heat exchanger for

passage of air horizontally therethrough to cool a fluid from the engine circulated within the
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second heat exchanger and a second fan to blow atmospheric air through the second heat
exchanger,

the second radiator mounted to the trailer directly opposite the first radiator on the
second side of the longitudinal center line proximate the second side with the second heat
exchanger adjacent the second side and with the second fan laterally inwardly of the second
heat exchanger, the second fan providing for passage of air through the second heat
exchanger horizontally and laterally outwardly toward the second side of the trailer,

the second radiator having a second duct member carried on the second radiator at
a location laterally outwardly of the second heat exchanger and in the flow path of air from
the second fan exiting horizontally and laterally from the second heat exchanger,

the second duct member movable relative to the second radiator from a storage
position in which the second duct member does not extend laterally outwardly beyond the
second side of the trailer and an operative position in which the second duct member extends
laterally outwardly beyond the second side of the trailer,

in the operative position the second duct member receiving air passing laterally
from the second heat exchanger and directing this air to exit vertically upwardly from a

second duct outlet disposed along an upper edge of the second duct member.

2. A unit as claimed in claim 1 wherein:

the first duct member extends vertically throughout the height of the {irst heat
exchanger locating the first duct outlet at a height substantially the same as uppermost
portions of the first heat exchanger, and

the second duct member extends vertically throughout the height of the second
heat exchanger locating the second duct outlet at a height substantially the same as

uppermost portions of the second heat exchanger.
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3. A unit as claimed in claim 2 including:

a roof baffle member bridging laterally between the first radiator and the second
radiator above the first fan and the second fan at a height below the first duct outlet and the
second duct outlet,

the baffle member limiting the direct flow of air discharged upwardly from the

first duct outlet and the second duct outlet downwardly into the first fan and the second fan.

4. A unit as claimed in claim 3 wherein:

a front air entrance way is defined between the first radiator and the second
radiator below the roof baffle member for passage of atmospheric air rearwardly to the first
fan and the second fan,

a rear air entrance way is defined between the first radiator and the second
radiator below the roof baffle member for passage of atmospheric air forwardly to the first

fan and the second fan.

5. A unit as claimed in claim 2 including:

at least one first access door through the first duct member movable between a
closed position and an open position, wherein with the first duct member in the storage
position and the first access door in the open position the first access door providing access
from the first side of the trailer to the first heat exchanger for cleaning, and

at least one second access door through the second duct member movable
between a closed position and an open position, wherein with the second duct member in the
storage position and the second access door in the open position the second access door
providing access from the second side of the trailer to the second heat exchanger for

cleaning.
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6. A unit as claimed in claim 5 wherein:

the first heat exchanger having an air flow passageway for air flow therethrough
from a laterally inwardly located first air inlet opening to a laterally outwardly located first
air outlet opening,

in the operative position the first duct member receiving air from the first air
outlet opening of the first heat exchanger and directing the air to exit vertically upwardly
from the first duct outlet,

the first duct member in the storage position with the first access door closed
extends across the first air outlet opening of the first heat exchanger closing the first air outlet
opening,

the second heat exchanger having an air flow passageway for air flow
thercthrough from a laterally inwardly located second air inlet opening to a laterally
outwardly located second air outlet opening,

in the operative position the second duct member receiving air from the second air
outlet opening of the second heat exchanger and directing the air to exit vertically upwardly
from the second duct outlet,

the second duct member in the storage position with the second access door
closed extends across the second air outlet opening of the second heat exchanger closing the

second air outlet opening.

7. An array of units as claimed in claim 1 wherein the units are arranged side by side
with a spacing between adjacent units at least equal to a spacing distance represented by the
sum of a distance that the first duct member in the operative position extends beyond the first
side of the trailer and a distance that the second duct member in the operative position

extends beyond the second side of the trailer.

8. An array of units as claimed in claim 7 wherein the spacing between adjacent

units is substantially equal to the spacing distance.
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9. An array of units as claimed in claim 2 including a first mechanism operative by a
person on the ground to move the first duct member between the storage position and the
operative position; and

a second mechanism operative by a pcrson on the ground to move the second duct

member between the storage position and the operative position.

10. An array of units as claimed in claim 5 including a first latching mechanism
accessible by a person on the ground to latch and unlatch the first access door; and
a second latching mechanism accessible by a person on the ground to latch and

unlatch the sccond access door

11. An array of units as claimed in claim 7 in combination with a manifold having a
plurality of inlet pipes, located longitudinally along the manifold an equal distance equal to at
least the width of each trailer between the first side and the second side plus the spacing
between adjacent units,

the pump of each unit having a discharge pipe adapted to be removably coupled to
the inlet pipes of the manifold,

each mobile unit having its rear located proximate the manifold and its front
remote from the manifold,

each unit being independently removably coupled to the manifold and
independently movable forwardly away from the manifold for replacement by another

similar modular unit.
12. A unit as claimed in claim 3 including at least one of:
a [ront air entrance way is defined between the first radiator and the second

radiator below the roof baffle member for passage of atmospheric air rearwardly to the first

fan and the second fan,
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a rear air entrance way is defined between the first radiator and the second
radiator below the roof baffle member for passage of atmospheric air forwardly to the first
fan and the second fan,

a bottom air entranceway is defined for passage of atmospheric air from below the
trailer upwardly through the trailer to the first fan and the second fan,

a first lower air entranceway is defined for passage of atmospheric air from below
the first radiator from the first side laterally inwardly and underneath the first radiator to the
first fan, and

a second lower air entranceway is defined for passage of atmospheric air from
below the second radiator from the second side laterally inwardly and underneath the second

radiator to the seccond fan.
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MACHINES, SYSTEMS, COMPUTER-IMPLEMENTED METHODS, AND
COMPUTER PROGRAM PRODUCTS TO TEST AND CERTIFY OIL AND GAS
EQUIPMENT

Related Applications

[0001]  This application claims priority and is related to U.S. Provisional Patent Application
No. 61/330,248 filed April 30, 2010 titled "Machines, Systems, Computer-Implemented
Methods, And Computer Program Products To Test And Certify il And Gas

Equipment," which is incorporated by reference in its entirety herein.

Field of the Invention

[0002]  The present invention relates to oil and gas production. In more particular aspects, the

present invention relates to testing and certification of equipment used in oil and gas production,
Background of the Invention

[0l003] The production of oil and gas requires specialized well equipment, such as pipes,
valves, joints, and fittings that operate in extreme conditions, including, for example, high
pressure, temperature, volatility, and corrosivity. Such conditions promote the rapid wear of
well equipment and increase the potential for failure. Moreover, when well equipment does fail,
the impact of the failure is typically catastrophic. For example, the failure of well equipment can
result in massive explosions that hurt workers, destroy property, and halt operations for a

significant time—potentially costing millions of dollars in liabilities, repairs, and lost revenue.

[0004]  Well equipment particularly susceptible to catastrophic failure includes, for example,
the equipment used in the process of hydraulic fracturing known as "fracing" or "fracking." The
process of fracing creates or extends fractures in subterrancan rock formations by pumping fluid
into the formation at high pressure. For example, fluid-driven fractures can be formed at the
borehole in a drilling operation and then "grown" or extended into the rock formations. The

injected fluid may contain "proppant” particles, such as grains of sand or ceramic, to lodge in the
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fractures thereby keeping them open. Fracing is used to improve the rate at which oil and gas
can be produced from a reservoir, and fracing is especially useful for extracting il and gas from
formations having low porosity and permeability, such as shale rock and other formations deep
below the earth's surface. The equipment used in hydraulic fracturing for oil and gas wells can
include, for example, a slurry blender, high pressure/volume fracturing pumps, high pressure
treating 'iron, and other pipes, joints, valves, and fittings, which are known as "frac iron" or,
simply, "iron." For example, frac iron can include swivel joints, pup joints, plug valves, check

valves and relief valves.

[0005]  To mitigate the likelihood and impact of their failure, frac iron must be periodically
inspected and recertified according to certain specifications, which can be provided by, for
example, a manufacturer or operator of the frac iron. Because of the likelihood and impact of
failure, inspections can be performed as frequently as every 90 days. Inspections and
recertifications typically require several different test procedures, which may include, for
example, a visual check of bores, connections, seal surfaces; wall thickness measurements to
check for erosion or corrosion, for example, using ultrasonic measurement; crack tests, for
example, using magnetic particle measurement; and pressure tests, for example, of over 20,000

pounds per square inch (PSI).

[0006] Previously known methods to certify frac iron were lengthy and laborious, often
lasting one to three weeks and requiring a human tester to control all testing, to record the results
manually, and later to enter the results into a database—costing valuable production capacity due

to downtime.

[0007] Also, previously known methods to certify frac iron were susceptible to
inconsistencies due to the manually iniensive nature of the certification, such as inconsistent
performance of testing operations and inconsistent adherence to prescribed test specifications.
Also, for example, certification records were created by manual input, introducing human error

and recording and measurement variances into the certification records.

[0008]  Also, previously known methods to certify frac iron were susceptible to operational
inefficiencies. For example, certification records were kept in hard copy, which did not allow

on-site operators to readily access certifications while in the field, which may be a remote
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location such as an offshore rig. Furthermore, certification records and the test results associated

therewith could not be tracked, updated, or reported on from a central control center.
Summary of the Invention

{0009] Embodiments of the present invention provide systems, methods, and machimes for
testing and certifying well equipment that enhance testing management, certification
management, field operations management, and asset management. For example, embodiments
of the present invention increase efficiency in testing and certifying well equipment by providing
a systematic solution to control testing operations. Also, embodiments of the present invention
increase efficiency in testing and certifying well equipment by seamlessly generating, storing,
and processing testing data immediately upon performance of the testing operations, allowing a
user to view the testing data in real time. Also, embodiments of the present invention increase
efficiency in testing and certifying well equipment by dynamically generating certificates and

reports responsive to the testing data according to multiple formats or user criteria.

[0010]  Furthermore, well equipment testing according to embodiments of the present
invention benefit from an increased likelihood of effective and safe operation because
embodiments of the present invention systematically ensuring that testers use the proper test
specifications and perform all test operations according to defined test sequences. Also, well
equipment tested according to embodiments of the present invention benefit from an increased
likelihood of effective and safe operation because embodiments of the present invention
systematically ensure that equipment that fail any test sequence according to defined testing
specifications are scrapped in the system and are unable to proceed in further testing or
operation. Also, well equipment testing according to embodiments of the present invention
benefit from an increased likelihood of effective and safe operation because operational crews
can more readily access certificates, including comprehensive testing and certification data, on-
demand and on-site. Furthermore, manufacturers and suppliers of well equipment can benefit
from embodiments of the present invention by enhancing research and development efforts with

greater knowledge of real-world wear patterns and wear rates for well equipment devices.

[0011] Im view of the foregoing, applicant has provided a machine to manage periodic testing

and certification of well equipment devices, the testing and certification being facilitated by a
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plurality of testing apparatus performing one or more testing operations upon the well equipment
devices. The machine comprises a processor, a non-transitory memory, an input/output unit to
communicate with the plurality of testing apparatus, a database positioned to match a device
identifier to a well equipment device, a test specification, and a plurality of testing sequences.
The machine also comprises a testing module stored in the memory, the memory being a
tangible, non-transitory, computer-readable storage medium, and the testing module being
operable by the processor, the testing module comprising a set of instructions that, when
executed by the processor, cause the testing module to perform operations. The operations of the
testing module include identifying a selected well equipment device, a device test specification,
and a plurality of testing sequences, the identifying operation responsive to receiving a device
identifier for the selected well equipment device, each testing sequence of the plurality of testing
sequences to be performed by a corresponding testing apparatus of the plurality of testing

apparatus, each testing sequence defining a sequence of testing operations.

[0612] The operations of the testing module further include selecting a testing sequence of
the plurality of testing sequences, the selecting operation responsive to the selected well
equipment device being positioned so that the corresponding testing apparatus for the selected

testing sequence can perform testing operations upon the selected well equipment device.

[0013] The operations of the testing module further include controlling the corresponding
testing apparatus for the selected testing sequence so that the corresponding testing apparatus
performs the sequence of testing operations upon the selected well equipment device, the
sequence of testing operations being performed responsive to the device test specification. The
operations of the testing module further include generating testing data for the selected testing
sequence responsive to receiving output from the corresponding testing apparatus for selected

testing sequence performing the sequence of testing operations.

[0014]  The operations of the testing module further include linking the testing data for the
selected testing sequence to the device identifier for the selected well equipment device in the

database so that a certificate can be generated responsive thereto; and

[0015] The machine ailso comprises a certification module stored in the memory, the memory

being a tangible, non-transitory, computer-readable storage medium, and the certification module
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being operable by the processor, the certification module comprising a set of instructions that,

when executed by the processor, cause the certification module to perform certain operations.

{0016] The operations of the certification module include identifying a selected well
equipment device, a device test specification, and testing data for a plurality of testing sequences,
the identifying operation responsive to receiving a device identifier for the selected well

equipment device.

[0017} The operations of the certification module further include generating a certificate for
the selected well equipment device responsive to the testing data for the plurality of testing
sequences, the plurality of testing sequences having been performed upon the selected well

equipment device responsive to the device test specification.

[0018]  The operations of the certification module further include linking the certificate for the
selected well equipment device to the device identifier for the selected well equipment device in
the database so that the certificate can be readily recalled from the database responsive to the

device identifier.

[0019]  Also in view of the foregoing, applicant has provided a system to certify oil and gas
well equipment. The system comprises a plurality of devices to be used in well equipment to
define a plurality of well equipment devices, each well equipment device of the plurality of weli
equipment devices having a device identifier associated therewith. The system further comprises
a central management server positioned to identify a device test specification and a plurality of
testing sequences for a selected well equipment device responsive to receiving a device identifier
for the selected well equipm.ent device, the device test specification and the plurality of testing
sequences defining certification criteria for the well equipment device. The system further
comprises a plurality of testing apparatus, each testing apparatus positioned to perform a testing
sequence upon the well equipment device, the testing sequence being a sequence of testing
operations, the sequence of testing operations being performed responsive to the device fest
specification. The system further comprises a plurality of controllers, each controller positioned
to receive commands responsive to the certification criteria from the central management server
and to control the plurality of testing apparatus performing the sequence of testing operations

upon the selected well equipment device responsive to the device test specification. The system
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further comprises a certificate generated responsive fo the plurality of testing apparatus
performing the plurality of testing sequences upon the well equipment device, the certificate
indicating whether selected well equipment device has been tested according to the certification

criteria within a pre-selected period of time.

[0020]  Also in view of the foregoing, applicant has also provided a computer-implemented
method to manage periodic testing of a plurality of well equipment devices, the testing being
facilitated by a plurality of testing apparatus performing one or more testing operations upon the
plurality of well equipment devices. The computer-implemented method comprises receiving a
device identifier for a selected well equipment device of the plurality of well equipment devices.
The computer-implemented method further comprises identifying the selected well equipment
device, a device test specification, and plurality of testing sequences, the identifying operation
being responsive to the receiving operation, each testing sequence of the plurality of testing
sequences to be performed by a corresponding testing apparatus of the pIurality of testing
apparatus, each testing sequence defining a sequence of testing operations. The computer-
implemented method further comprises selecting a testing sequence of the plurality of testing
sequences 10 define a selected testing sequence, the selecting operation responsive to the selected
well equipment device being positioned so that the corresponding testing apparatus for the
selected testing sequence can perform testing operations upon the selected well equipment
device. The computer-implemented method further comprises calibrating the corresponding
testing apparatus for the selected testing sequence responsive to the device test specification.
The computer-implemented method further comprises controlling the corresponding testing
apparatus for the selected testing sequence so that the corresponding testing apparatus performs
the sequence of testing operations upon the selected well equipment device, the sequence of
testing operations being performed responsive to the device test specification. The computer-
implemented method further comprises generating testing data for the selected testing sequence
responsive to receiving output from the corresponding testing apparatus for selected testing
sequence performing the sequence of testing operations. The computer-implemented method
further comprises linking the testing data for the selected testing sequence to the device identifier
for the selected well equipment device in a database so that ‘a certificate can be generated

responsive thereto.

LIBERTY EXHIBIT 1002, Page 1257



CA 02797081 2012-10-19
WO 2011/137460 PCT/US2011/034863

[0021] Also in view of the foregoing, applicant has also provided a computer program
product to manage periodic testing of a plurality of well equipment devices. The computer
program product can be stored in a memory, the memory being a tangible, non-transitory,
computer-readable storage medium, and the computer program product being operable by a
processor, The computer program product comprises a set of instructions that, when executed by
the processor, cause the testing module to perform certain operations. The operations performed
by the computer program product includes identifying a selected well equipment device, a device
test specification, and a plurality of testing sequences, the identifying operation responsive to
receiving a device identifier for the selected well equipment device, each testing sequence of the
plurality of testing sequences to be performed by a corresponding testing apparatus of the
plurality of testing apparatus, each testing sequence defining a sequence of testing operations.
The operations performed by the computer program product further includes selecting a testing
sequence of the plurality of testing sequences, the selecting operation responsive to the selected
well equipment device being positioned so that the corresponding testing apparatus for the
selected testing sequence can perform testing operations upon the selected well equipment
device. The operations performed by the computer program product further includes controlling
the corresponding testing apparatus for the selected testing sequence so that the corresponding
testing apparatus performs the sequence of testing operations upon the selected well equipment
device, the sequence of testing operations being performed responsive to the device test
specification. The operations performed by the computer progtam product further includes
generating testing data for the selected testing sequence responsive to receiving output from the
corresponding testing apparatus for selected testing sequence performing the sequence of testing
operations. The operations performed by the computer program product further includes linking
the testing data for the selected testing sequence to the device identifier for the selected well
equipment device in the database so that a certificate can be generated responsive thereto. The
operations performed by the computer program product further includes identifying a selected
well equipment device, a device test specification, and testing data for a plurality of testing
sequences, the identifying operation responsive to receiving a device identifier for the selected
well equipment device. The operations performed by the computer program product further
includes generating a certificate for the selected well equipment device responsive to the testing

data for the plurality of testing sequences, the plurality of testing sequences having been
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performed upon the selected well equipment device responsive to the device test specification.
The operations performed by the computer program product further includes linking the
certificate for the selected well equipment device to the device identifier for the selected well
equipment device in the database so that the certificate can be readily recalled from the database

responsive to the device identifier.
Brief Description of the Drawings

[00221  So that the manner in which the features and benefits of the invention, as well as
others which will become apparent, may be understood in more detail, a more particular
description of the invention briefly summarized above may be had by reference to the
embodiments thereof which are illustrated in the appended drawings, which form a part of this
specification. Tt is also to be noted, however, that the drawings illustraie only various
embodiments of the invention and are therefore not to be considered limiting of the invention's

scope as it may include other effective embodiments as well.

[0023] FIG. 1 is a schematic diagram illustrating exemplary data flows and interactions
among components of a system to certify well equipment according to an embodiment of the

present invention;

[0024] FIG. 2 is a schematic illustrating exemplary components and connections of a central
management server to certify well equipment according to an embodiment of the present

invention;

[0025] FIG. 3 is a flowchart illustrating exemplary program product logic and computer-
implemented methods for certifying well equipment according to an embodiment of the present

invention;

[0026] FIG. 4 1s a database diagram illustrating exemplary data structures according to an

embodiment of the present invention;

[0027] FIG. 5 is an exemplary certificate according to an embodiment of the present

invention;
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[0028] FIGs. 6-8 are flowcharts illusirating exemplary process flow according to

embodiments of the present invention;

[0029]  FIGs. 9-23 are exemplary testing interface displays according to embodiments of the

present invention; and

[0030] FIGs. 24-25 are exemplary reporting interface displays according to embodiments of

the present invention,
Detailed Description

[0031] The present invention will now be described more fully hereinafter with reference to
the accompanying drawings, which illustrate various embodiments of the invention. This
invention, however, may be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art, It is to be fully recognized that the different teachings of the various
embodiments discussed below may be employed separately or in any suitable combination to
produce desired results. The various characteristics mentioned above, as well as other features
and characteristics described in more detail below, will be readily apparent to those skilled in the
art upon reading the following detailed description of the various embodiments, and by referring
to the accompanying drawings. In the drawings and description that follow, like parts are
marked throughout the specification and drawings with the same reference numerals,
respectively. The prime notation, if used, indicates similar elements in alternative embodiments.
The drawings are not necessarily to scale. Certain features of the disclosure may be shown
exaggerated in scale or in somewhat schematic form and some details of conventional elements

may not be shown in the interest of clarity and conciseness.

[0032]  Accordingly, embodiments of the present invention improve safety, effectiveness, and
efficiency of operating well equipment by meeting the foregoing objectives {o mitigate the
likelihood and impact of the failure of such equipment. In embodiments of the present invention,
"well equipment devices" includes the equipment and devices used in hydraulic fracturing for oil

and gas wells, i.e. "high pressure hydraulic fracturing flow iron," "frac iron," or, simply, "iron."
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Frac iron can include, for example, a slurry blender, high pressure/volume fracturing pumps,
high pressure treating iron, and other pipes, joints, valves, and fittings. For example, frac iron
can include swivel joints, pup joints, plug valves, check valves and relief valves. Furthermore,
by way of example, frac iron can include any type of ball injector, crow's foot, air chamber,
crossover, hose, pipes/piping, hose loop, ball injector tee body, tee, wye, lateral, ell, check valve,
plug valve, wellhead adapter, swivel joint, plug, relief valve, densometer, cross, frac pump, or
cement pump. Those skilled in the art will appreciate that embodiments of the present invention
are not limited to uses related to in oil and gas wells, but, rather, embodiments of the present
invention are applicable to processes for testing or certifying any industrial equipment or device,
and at any stage in the lifespan of the equipment, including during or after manufacturing and

before, during, or after use or ongoing operations.

[0033] FIG. 1 illustrates a central management server 100 for performing operations of a
testing module 220 and a certification module 210, The central management server 100 is
positioned to be in communication with a plurality of testing apparatus 110. The plurality of
testing apparatus 110 is capable of performing testing operations on a selected well equipment
device 101. The central management server 100 is positioned to systematically control the
performing of testing operations upon the well equipment device 101, systematically record and
process the results of such testing operations, and systematically generate a certificate responsive
to such recording and processing. Embodiments of the present invention providing systems,
methods, and machines to certify of well equipment and are further described herein with

specific reference to the drawings.
Central Management Server 100

[0034] An embodiment of a ceniral management server 100, as illustrated in FIG. 2, can be
configured as a computer, a server, or a machine of distributed computers or servers that at least
include non-transitory memory 240, program products 210, 220, and 230, a processor or

processors 251, an input/output device or devices ("I/O™) 252.

[0035) [/O 252 connects the central management server 100 to a database 170, a testing
interface 150, and one or more testing apparatus 110 (although represented as one block, those of

skill in the art will appreciate that a plurality of testing apparatus 110 may include one or more
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lihks to the I/O) to thereby allow central management server 100 to send and receive commands
and data. I/O 252 can be any /O including, but not limited to a network card/controller
connected by a PCI (Peripheral Component Interconnect) bus to the motherboard, or hardware
built into the motherboard of the central management server 100 to connect same to the forgoing

database, interface, and apparatus.

[0036] As those of skill in the art will appreciate, /O 252 can connect the central
management server 100 with any other compatible machine, server, system, dévice, or
equipment having a suitable physical interface and that /O 252 and/or computer program
products 210, 220, and 230 on non-transitory memory 240 may be positioned to understand,
convert, or translate application or communication protocols of such machines, servers, systems,
devices, or equipment irrespective of native protocols. Also, one of skill in the art will
understand that I/O 252 can include or otherwise incorporate any logical or physical technology
necessary to effect a connection with any of the aforementioned devices, including, for example,
hubs, swifches, routers, converters, amplifiers, and wireless transceivers. For example, as is
further described herein, I/O 252 can also connect the central management server 100 to devices
for interacting with radio frequency identification (RFID) devices, such as an RFID reader or
interrogator 130 and an RFID writer 140, The central management server 100 can further
connect to a remote user inferface 160 for interacting with a remote user 161, as 1s also discussed
further herein. Also, the plurality of testing apparatus 110, RFID reader 130, and the RFID
writer 140 may be configured as peripherals to the testing interface 150. Also, there a testing
apparatus 110 interface 253, such as a programmable logic controller (PLC), an interface
between the IO 252 and the plurality of testing apparatus 110 to control the plurality of testing
apparatus 110.

[0037]  As can be seen in FIG. 2, the I/O 252 is connected to a processor 251. The processor
251 is the "brains" of the central management server, and as such executes program products
210, 220, and 230 and works in conjunction with the I/O 252 to direct data to the non-transitory
memory 240 and to send data from the non-transitory memory 240 to the database 170, the
testing interface 150, and one or more testing apparatus 110. The processor 251 can be any
commercially available processor, or plurality of processors, adapted for use in or with the

central management server 100, eg, Intel® Xeon® multicore processors, Intel® micro-
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architecture Nehalem, and AMD Opteron™ multicore processors. As one skilled in the art will
appreciate, processor 251 may also include componeﬁts that allow the central management
server 100 to be connected to a display, as will be understood by those skilled in the art, and
keyboard or other peripherals that would allow a user to directly or indirectly access the

processor 251 and non-transitory memory 240.

[0038] Non-transitory memory 240 stores computer program products 210, 220, and 230
having instructions for execution on the processor 251, and consists of both non-volatile
memory, e.g., hard disks, flash memory, optical disks, and the like, and volatile memory, e.g.,
SRAM, DRAM, and SDRAM as required to support embodiments of the instant invention. As
one skilled m the art will appreciate, though the non-transitory memory 240 is depicted on, e.g.,
a motherboard, of the central management server 100, the non-transitory memory 240 may also
be a separate component or device, e.g., FLASH memory, connected to the central management
server 100 through the YO 252. The non-transitory memory 240 may also store applications that
various workstations or remote units can access and run on the ceniral management server 100.
For example, a testing user 151 may access applications and computer program products stored
on the non-transitory memory 240 and run on the processor 251 using the testing interface 150.
Importantly, non-transitory memory 240 stores the program products 210, 220, and 230 of the
instant invention. As one skilled in the art will understand, the program products 210, 220, and
230, along with one or more databases/tables/fields/records for data associated with the selected
well equipment device 101 can be stored either in non-transitory memory 240 or in separate non-
transitory memory associated, for example, with a storage medium such as database 170,

positioned in communication with the central management server 100.
Database 170

[0039]  As seen in FIG. 1 and FIG. 2, the database 170 is in communication with the central
management server 100. Although the database 170 is illustrated according to an embodiment in
which the database 170 is separate and distinct from the central management server 100, for
example, as a database server, the present invention may also include any arrangement of the
database 170 in communication with the central management server 100, including the database

170 being incorporated into the same computer, server, machine, or system constituting the
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central management server 100, as one physical unit, for example, as an application or partition
in the central management server 100 or as an installed component of the central management
- server 100 communicating with the processor 251 through the use of the IO and having, for
example, a dalabase memory separate and distinct from memory 240, such as a hard drive,
optical storage, or the like. Database 170, as is understood in the art, can include a processor
directing data from a bus into the database memory, which can be, for example, a hard drive,
optical storage or the like, and computer software that provides computers, including the central

management server, access the data therein.

[0040] The database 170 can store therein a data structure or data structures relating to the
well equipment devices 101 to be tested and all data generated during the execution of the testing
module 211 and certification module 210, as is further discussed herein. In embodiments,
database 170 is a relational database positioned to match data by using common data found
between data sets, the data sets being organized according to tables 400, 410, 420, 430, 440, and
450 as seen in FIG. 4. As will be understood by those skilled in the art, FIG. 4 illustrates an
exemplary set of data structures only, and there may be other unique table structures positioned
to relate and match the data in manners commensurate with the embodiments of the present
invention. Data stored in the database 170 may be updated as needed, for example, by a user
with administrative access to the database to add new well equipment devices to the database as
they become supported. As is described further herein with relation to the computer program
products, database 170 can be positioned to store data in tables relating to the unique device
tested 400, parts in a parts library 410, test specifications in a test specification library 420, test
sequences in a test sequence library 430, test data in a test data repository 440, and certificate
data in a certificate data repository 450. And as is described further herein, the database 170 is

positioned to match common data appearing in the foregoing tables.
Testing Apparatus 110

[0041] As shown in FIG. 1 and FIG. 2, the plurality of testing apparatus 110 are in
communication with the central management server 100. The plurality of testing apparatus 110
perform testing operations under the control of the ceniral management server 110 and provide

tools or devices to gather testing data 440 as shown in FIG. 4, i.e, the data that serves as the
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basis for the certification. In embodiments, the plurality of testing apparatus 110 at least
includes an ultrasonic wall thickness meter ("UT meter") and a pressure test pump having a
transducer. The plurality of testing apparatus 110 can include any other device or unit capable of
being employed either manually or under automated control by the central management server
100 to interact with the well equipment device 101. Other testing apparatus 110 can include, for
example, digital calipers. A local user may employ embodiments of the present invention, for
example, by positioning the frac iron to be tested 101 in a testing station adapted for the test
performed, and by manually configuring the frac iron 101 to safely and effectively interact with

the testing apparatus 110 for the intended test.

[0042]  Although shown as separate blocks in FIG. 1, the testing interface 150, which can be a
personal computer (PC), can be connected to a peripheral testing apparatus 110 to conirol or
collect data from a testing apparatus 110 connected as a peripheral to an input/output unit of the
PC. The combination of the testing apparatus 110 and a PC may be referred to, collectively, as a
testing apparatus 110. PC or testing interface 150 can connect to a peripheral testing apparatus
110 via any connection type known to those in the art, such as a Universal Serial Bus connection
(USB), and such connection may include analog inputs and digital inputs, wired and wireless,

and including analog-to-digital converters and amplifiers for digital inputs.

{00431 The plurality of testing apparatus 110 and a PC incorporated with a peripheral testing
apparatus 110 can be a mobile unit or units having remote or wireless connectivity to central
management server 100 using any protocols or standards known in the art, including Wi-Fi,
GSM, and WIMAX, for example. Mobile units may also be synchronized with central
management server through periodic wired or wireless connections when returning from field
use. The PC can be, for example, any suitable PC known in the art and is preferably a
Panasonic® Toughbook® or other portable, notebook, laptop, or tablet computer preferably
designed to withstand vibration, drops, spills, extreme temperature, and other rough handling and

conditions common to industrial use,

[0044] The UT meter can be, for example, an Olympus® MG2DL, or any similar UT meter
known in the art. The UT meter can include, for example, features such as B-scan, gain adjust,

auto sensifivity optimizations, echo-to-echo, differential mode, hi-low alarm, and live A-scan.
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The UT meter can also include a file-based alphanumeric data logger and an interface program
for transferring data bi-directionally to and from a PC. The testing apparatus 110 can include a
PC, such as described above, for enabling data and control functions of a peripheral testing

apparatus 110 such as a UT meter.

[0045]  The pressure test pump and transducer can be any suitable pressure test pump known
in the art. Preferably, embodiments of the invention employ an X435 series model 345 Viatran®
test and control pressure sensor, which can, for example, operate in the range of 0-100,000 psi
with output in the range of 4-20 mA. As is known in the art, the testing apparatus 110 can
include a control interface such as a programmable logic controilér (PLC) for communication

with and control of the pressure test pump and transducer.
Testing User 151 and Testing Interface 150

[0046]  As described above, a testing user 151 may employ embodiments of the present
invention, for example, by positioning the frac iron to be tested 101 in a testing station adapted
for the test to be performed, and will manually configure the frac iron 101 to safely and
effectively interact with the testing apparatus 110 for the intended test. In other embodiments,
the testing user may perform testing operations according to instructions provided by the central
management server 110 and displayed, for example, on the testing interface 150. The testing
user 151 may provide the means of manually gathering testing data 440 as shown in FIG. 4, i.e.,
the data that serves as the basis for the certification. Testing operations, as described above with
reference to the testing apparatus 110, may be systematic, manual, or hybrid systematic/manual.
For example, a sequence of testing operaﬁons for testing wall thickness of the frac iron may
mclude systematic test operations fo be performed by a testing apparatus 110, such as a UT
meter, and manual operations to be performed by a testing user 151, such as using digital calipers
to measure wall thickness or other dimensions of the frac iron, as can be seen in FIGS. 15-16, for
example. Likewise, other sequences of testing operations may be fully manual, such as the mag

particle test discussed further herein.

[0047]  Also as described above, the testing interface 150 may be a PC, which may be any
desktop, laptop, notebook, tablet, or portable computer known to those in the art. As is known

the art, the testing interface 150 can include any number of peripheral devices to interact with the
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testing usér 151, including a keyboard, mouse, control stick/joystick, and memory reader for
receiving data input and a display screen, printer, and local storage device for outputting or
storing data. Furthermore, embodiments of invention have a testing interface with a touch-
sensitive screen (e.g., using a stylus) for interactive display/input so that users can select parts
responsive to viewing them on the display of the testing interface 150 and thereafter performing
testing operations responsive to the selection, in communication with the testing module 210,
The testing interface 150 may connect with the central management server 100 via any
communications interface known to those of skill in the art, wired or wireless, and is preferably a
secure local Intranet or other authenticated and encrypted communications network, including a

VPN over the Internet.
Certificate 500

[0048]  FIG. 5 sets forth an exemplary certificate 500 generated responsive to embodiments of
the present invention. The certificate 500 relates fo data stored in the database 170, for example,
the certificate data 450 as shown in FIG. 4. The certificate 500, as is appreciated by those skilled
in the art, can be a paper document printout or an electronic document in a format such as
Adobe® Portable Document Format (. PDF), Microsoft® Word (.DOC or .DOCX), or a similar
format. The certificate 500, for example, can be a paper document printout, as it is the custom in
drilling and fracing operations for a paper document printout of a certificate to be presented to
company personnel when well equipment is brought on-site in field operations. The company
personnel takes possession of the physical document and reviews the testing parameters and

testing results documented thereon to verify the quality of the equipment brought on site.

[0049] The certificate 500 can reference the well equipment device 101 by a unique device
identifier, such as the serial number 501, which can relate to data stored in database 170 in the
device information table 400. The certificate 500 can contain a summary indication as to
whether certain test sequences were graded as a "PASS" or a "FAIL" 502, The grading
operation, for example, can be performed by a certification module 220 computer program
product operating on the central management server 100. The PASS or FAIL grading 502 can
relate to data stored in the database 170, for example, the certificate data 450 and the testing data

440 shown in FIG. 4. The certificate 500 can also contain a summary or other rendering of
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testing data responsive to testing operations being performed on the well equipment device 101,
for example, a graphical representation of a pressure test 503. Graphical representation 503 can
relate to data stored in the database 170 in the certificate data table 450 and the testing data table
440.

[0050] The certificate 500 can also contain a summary indication as to measured qualities of
the selected well equipment device 101 and their relation to the qualities demanded by the test
specification. For example, measured wall thickness value 505 appears adjacent to demanded
wall thickness value 506. Additionally, drawing 504 shows a graphical representation of the
parameters measured according to the test specification, as referenced by letter key (e.g., "A,"

“B,“ and HC".).

[0051] In certain embodiments of the preseni invention, a certificate can be stored in a
proprictary data table format so that a lightweight electronic copy of the certificate, and an
"R¥ID certificate” can be stored directly onto RFID tag 135 attached to the selected well
equipment 101. For example, as understood by those skilled in the art, the RFID certificate can
be written to an RFID tag 135 attached to the well equipment so that the certificate can be readily
accessed in the field using an RFID reader device 130 capable of recognizing the proprietary
data table format. The RFID certificate can include all fields available on the paper certificate
500, including device identifier 501, pass or fail grading 502, tabular summary or rendering of
test data 503, drawing 504, measured values 505, and demanded values 506, The tabular
summary or rendering 503 and the drawing 504 can be encoded, for example, using lightweight
vector-based primitive formats. Also, RFID certificate will allow new schemes for protecting
certificate data heretofore unavailable for field use, {or exlample, by having individual cells in the
table that are protected according to user access schemes such as read-only, read-write, or no
access. For example, the serial number and the certification may be read-only to all; the
certificate data may be read-only to many and read-write to few; and custom fields may be user-

configurable.
Testing Module 210

[0052]  As is shown in FIG. 2, the testing module 210 may be a computer program product

stored in the memory 240 on the central management server 100 and operable on the processor
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251 thereof. Computer program product 210 contains instructions that are operable on the
processor 251 that cause the testing module 210 and the central management server 100 to

perform the operations discussed further herein.

[0053]  The testing module 210 can interact with the processor to receive or fransmit data,
instructions, and other information from or to any of the devices connected to /O 252. In
embodiments discussed below, the testing module 210 at least interacts with the testing interface
150, testing apparatus 110, RFID reader 130, and database 170. Although testing interface 150
has been described to be a personal computer (PC), testing interface 150 can also be
implemented in whole or in part as a user terminal interface on the central management server
100 itself, or using a keyboard, display, or media inputs and outputs connecting to the I/O 252.
Testing interface 150 can also be a lightweight graphical user interface (GUI) operable over a
web browser and viewable on any browser-enabled device, such as a PC, smart phone, or other
equipment having a processor and computer functionality. Testing interface 150, for example,
can receive user-selected identifiers or other user-selected values or parameters from a testing
user as will be described in further detail below and can display identifiers, values, parameters,
and other specification data, for example, as can be shown with reference to the selection, input,
or display fields 900, 1000, 1100-1101, and 1200-1205 in FIGS. 9-12. Other user selection,
input, or display fields are also shown elsewhere in FIGS. 13-25, as will be apparent to those

having skill in the art.

[0054]  The testing module 210 can receive a device identifier for a selected well equipment
device 101, the selected well equipment device being a well equipment device positioned to
undergo testing and certification, i.e., in the testing warehouse, on a testing trailer, or otherwise
positioned at a testing station. In the embodiment of the present invention, only one well
equipment device is tested at any given time using any particular testing apparatus 110. It is
possible, however, that multiple instances or threads of the testing module 210 can run on the
processor 251 concurrently, with each instance being directed to the testing of a different piece
of well equipment positioned for testing. It is also possible that multiple testing apparatus 110
of the same fype may be employed to perform the same test sequence in simultaneous testing

operations performed on multiple well equipment devices 101.
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[0055]  The testing module 210 can receive a serial number as a device identifier as shown in
FIG. 6. The testing module 210 can receive a serial number as a device identifier, for example,
by receiving input from the testing interface 150 as entered therein by a testing user 151. The
testing module 210 can also receive a device identifier, such as a serial number, from a

peripheral device, such as an RFID reader 130, as is discussed further herein.

[0056] The testing module 210 can identify the selected well equipment device responsive fo
the device identifier as shown in and match the selected well equipment to: (i) device library
information as shown in FIG. 4 at table 400, the device library information including a part
number, and (ii) a part library information at table 410 including type, test specification, and test
profile, as shown in FIG. 7. If the testing module 210 is unable to identify the foregoing
information as shown in FIG. 8 (i.e., the device has not yet been tested), then the testing module
210 can prompt the testing user 151 to enter information to identify the device as shown in FIG.
9. Once the testing module 210 has matched the device 101 to a part number, the testing module
210 can match the device to a test specification and a test profile as shown in FIG. 4 at tables 420
and 430. The test specification can be criteria to which the testing operations will be performed,
for example, as specified by the manufacturer or the customer. Test specifications can include,
for example, a series of benchmark parameters as shown in FIG. 5 at 506. Test specifications
can also include, for example, a schematic associated with the series of parameters as shown in
FIG. 5 at 504,

[0057]  The test pfoﬁle as shown in FIG. 4 at table 430 may be a plurality of test sequences
that are to be performed upon the well equipment device. A test profile may indicate that certain
test sequences shall be run on certain parts, but not on others. For example, test profiles may be

defined by "levels" as set forth by the logical process flows shown in FIGS. 6-9.

[0058] Level 1, as set forth in FIG. 6, can include, for example, making an inventory of all
iron and entering al serial nambers or parts and specifications into the system. Then a testing
user can visually examine and record any defects, damage, worn bodies, threads, and wing nuts
on the iron. If the visual examine is acceptable, the tester can proceed with a wall thickness test,
as discussed further herein. If the visual examination is uﬂsuccessful, the user can scrap the iron

in the database, mark the part with orange paint, and return or destroy the iron so that it becomes
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unusable. If the wall thickness is acceptable, the customer can be contacted if the wall thickness
is within 3% of the minimum value set forth in the testing specification. If not, the testing user
can proceed to the pressure test. If the pressure test is acceptable, the final inspection to be
signed off by leading supervisor. If continued testing is desired, the tester can proceed to Level 2

before performing the pressure test.

[0059] Level 2, as sct forth in FIG. 7, can include, for example, dismantling and stripping
down and discarding all rubber seals and worn or corroded parts, then cleaning and removing
grease from affected parts with solvent. Also, the testing user can perform a surface preparation
in caustic solution tank, de-scale surfaces area to remove dirt scale, rust, and paint, and pressure
rinse to remove caustic solution. The testing user then performs the visual examination as
specified for Level 1, and may scrap the part also as specified for Level 1. If proceeding to
Level 3 is acceptable, the testing user goes to Level 3 before performing the pressure test.

Otherwise, the pressure test can be performed as specified for Level 1.

[0060] Level 3, as set forth in FIG. 8, can include, for example, inspecting the part to make
sure its free from all oil, grease, paint, scale, rust, and all contaminates that might degrade the
result of this inspection. The testing user then coats area to be inspected with wet fluorescent
bath and puts a yoke on the part to create magnetic field. The user can pass the part for the
magnetic particle test if, using a black light to check for indications of cracks and rechecking at
right angles, the user finds no indications of cracks. If the magnetic particle test fails, the user
can scrap the iron in the database as set forth for Level 1. After cleaning the part and completing
the inspection buyoff, the testing user can reassemble and fit with news seals and any spare parts
required. Thereafter the testing user can perform the pressure test as specified for Level 1 and
proceed to paint per the customer's specifications or according to standardized paint schemes as

set forth in FIG. 8. After painting, the supervising leader must sign off on the final inspection.

[0061]  Test sequences 1300 can include, for example, visual inspection, wall thickness
inspection, disassembly/assembly, magnetic ("mag") particle inspection, pressure test, paint, and
final inspection. As shown in FIG. 13, test sequences available for the device 101, (ie,

available according to the test profile 430) can be displayed to the testing user 151 using the
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testing interface 150 so that the testing user 151 may select one of the available test sequences to

be performed.

[0062]  Test sequences as shown in FIG. 13 may correspond to one of a plurality of testing
apparatus 110. For example, the test sequence "wall thickness inspection” corresponds to the UT
meter testing apparatus 110 and the test sequence "pressure test” corresponds to the pressure test
pump and transducer. Other test sequences shown in FIG. 13 may comrespond to manual
procedures; for example, the test sequence "visual inspection” corresponds only to operations to
be performed by the testing user 151. Each test sequence, as shown in table 440 of FIG. 4,
corresponds to a sequence of testing operations to be performed upon the well equipment device
101.

[0063] Once the testing interface 150 displays the plurality of test sequences 440 available for
the well equipment device, the testing user 151 can select a test sequence to be performed. The
test sequence should correspond to the testing user positioning the selected well equipment
device so that the testing apparatus 110 can perform the testing operations. For example, if the
testing user 151 has selected the pressure test sequence, the testing user must also ensure that the
appropriate testing apparatus 110 (e.g., the pressure pump and transducer) is positioned upon the

selected well equipment device so that the test can be properly performed.

[0064]  If the testing user 151 has selected the pressure test sequence or the wall thickness
inspection sequence, the testing module 210 will calibrate the testing apparatus 110 as shown in
FIG. 14 and FIG. 15. In certain embodiments, the calibration 1400, 1500 can be performed
responsive to the tolerances as specified in the test specification 420. Calibration can be
performed, for example, by shoring a transducer of the testing apparatus 110 to return a rated
pressure value or a baseline calibration selting by the manufacturer, as will be understood by
those skilled in the art. Embodiments of the present invention can receive the baseline

calibration setting returned and configure a calibration setting responsive thereto.

[0065] According to certain embodiments of the present invention, the testing module 210
systematically controls the performance of testing operations in certain test sequences. For such
testing modules having full systematic control of performing the testing operations, e.g., the

pressure test sequence, the testing user 151 can initiate the performance of the testing operations
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to be controlled by the central management server 100, as shown at control deck 1600 in FIG.
16. The testing module 210 can control the corresponding testing apparatus 110 for the selected
testing sequence so that the corresponding testing apparatus 110 performs the sequence of testing
operations upon the selected well equipment device 101. For example, the pressure test
sequence can be performed responsive to the pressure criteria set forth in the test specification.
As shown in FIG. 17, the pressure test proceeds systematically as shown in test chart 1700 and
the test module controls the performance of a pressurization of the selected well equipment

device 101 for a preselected period of time, for example, as specified in the test specification.

[0066] In further embodiments of the present invention, the testing module 210 systematically
controls the performance of some testing operations and requires manual performance of other
testing operations ("hybrid systematic/manual”). For testing modules having hybrid
systematic/manual performance of testing operations, such as for wall thickness inspection, the
testing user 151 can initiate the performance of the testing operations to be controlled by the
central management server 100, and the central management server 100 can control the testing
apparatus 110 as discussed above with respect to fully systematic testing. Also, the testing
module 210 can prompt the testing user 151 with instructions for the testing user 151 to perform
testing operations pursuant to the test specification. As shown in FIG. 18 and FIG. 19, the
thickness at "Location A" can be measured and input 1800, 1900 either by the UT Meter or by
the testing user 151 manually measuring Location A with a digital caliper. The testing module
210 transmits the schematic from the test specification to the testing interface 150 so that it may
be displayed 1901 to the testing user 151 and instructs the testing user 151 how to perform the

test operations with respect to the information set forth in the schematic and test specification.

[0067] In further embodiments of the present invention, the testing module 210 requires full
manual performance of the testing operations for certain test sequences. For testing modules
having full manual performance of testing operations, such as for the visual inspection sequence,
the testing module 210 can prompt the testing user 151 with instructions for the testing user 151
to perform testing operations pursuant to the test specification. As shown in FIGs. 20-21, band
information 2000 and paint parameters 2100 can be input by the testing user 151 responsive to
instructions provided by the testing module 210 to the test interface 150, the testing module 210

providing such instructions responsive to the sequence of testing operations and the test

22
LIBERTY EXHIBIT 1002, Page 1273



CA 02797081 2012-10-19
WO 2011/137460 PCT/US2011/034863

specification. As can be seen in FIG. 17, for example, the testing interface 150 can display the
schematic 2001 from the test specification to the testing user 151 and instructs the user how to
perform the test operations with respect to information set forth in the schematic and the test

specification.

[0068] Responsive to systematic, manual, or hybrid systematic/manual performance of the
test operation described above, the testing module 210 receives testing data either as captured by
the testing apparatus 110 for the corresponding testing sequence or as captured by the testing
user 151 and entered into the testing interface 150 according to specific instructions provided by
the testing module 210, e.g., at banding menu 2000. As shown in FIG. 4, the testing data is
stored in the table 440 and linked to the device library 400 for the selected well equipment
device 101. Also as shown in FIG. 4, an exemplary embodiment of the testing data in table 440
can have individual cells for each testing sequence (e.g., wall thickness, pressure test, visual
inspection, etc.). The testing data in table 440 can be used, as is discussed further herein, to

generate certification data by execution of the certification module 220 on the processor 251.

[0069]  Additionally, further embodiments of the present invention include certain test
sequences as described in FIGS. 6-9. These test sequences, for example, can include
disassembly/assembly, magnetic particle ("mag particle™) inspection, paint, and final inspection.
Although an embodiment of the invention includes manual performance of the test operations for
these sequences, each of these test sequences may be implemented either by systematic, manual,
or hybrid systematic/manual performance of the testing operations. Regardless of whether the
performance of the testing operations are performed systematically or Iﬁanually,' those skilled in
the art will realize that all testing operations are performed responsive to a command or
instruction being systematically issued by the testing module 210 when executed on the central
management server 100. As such, any test operation described herein as manual can be
performed systematically provided there exists a testing apparatus 110 that can receive an
instruction from the central management server 100 to perform the operation. For example, the
performance of test operations using a digital caliper may be performed either manually or
systematically, although an embodiment employs manual performance of such operations.
Those skilled in the art will understand that it is within the scope of the invention to employ a

testing apparatus 110 having a digital caliper, actuator, and an control device to systematically
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perform a wall thickness measurement using a digital caliper in addition to the embodiment
employing manual performance. Likewise, it will be understood by those in the art that any
manual operation described herein may also be performed systematically under the architecture

of the central management server as set forth in FIG, 2.
Certification Module 220

[0070]  As is shown in FIG. 2, the certification module 220 may be a computer program
product stored in the non-traﬂsitory memory 240 on the central management server 100 and
operable on the processor 251 thercof. Computer program product 220 contains instructions that
are operable on the processor 251 that cause the certification module 220 and the central

management server 100 to perform the operations discussed further herein.

[0071]  The certification module 220 can interact with the processor to receive or transmit
data, instructions, and other information from or to any of the devices connected to /O 252. In
addition both the certification module 220 and the testing module 210 are in communication with
the processor 251 and the non-transitory memory 240 so that modules can pass or return
variables between modules according to a shared API or acbess global variables being stored on
the non-transitory memory 240 to ensure interoperability and open communication between
computer program products in communication with the processor 251. Likewise, those skilled in
the art will understand that computer program products 220 and 210 are capable of passing,
returning, or referencing common variables regardless of whether computer program products
are executed on the same processor 251, but that a common API will allow interoperability and
open communications. In embodiments discussed below, the certification module 220 at least
interacts with the testing interface 150, RFID reader 130, RFID writer 140, and database 170.
Although testing interface 150 has been described to be a PC, testing interface 150 can also be
implemented in whole or in part as a user terminal interface on the central management server
100 itself, using a keyboard, display, or media inputs and outputs connecting to the I/O 252, The
testing interface 150 can also be a lightweight graphical user interface (GUI) operable over a
web browser and viewable on any browser-enabled device, such as a PC, smart phone, or other .

equipment having a processor and computer functionality.
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[0072] The certification module 220 can receive a device identifier for a selected well
equipment device 101. As described above, "well equipment devices" includes the equipment
and devices used in hydraulic fracturing for oil and gas wells, i.e. "high pressure hydraulic
fracturing flow iron," "frac iron," or, simply, "iron." Frac iron can include, for example, a slurry
blender, high pressure/volume fracturing pumps, high pressure treating iron, and other pipes,
joints, valves, and fittings. For example, frac iron can include swivel joints, pup joints, plug
valves, check valves and relief valves. Furthermore, by way of example, frac iron can include
any type of ball injector, crow's foot, air chamber, crossover, hose, pipes/piping, hose loop, ball
injector tee body, tee, wye, lateral, ell, check valve, plug valve, wellhead adapter, swivel joint,
plug, relief valve, densometer, cross, frac pump, or cement pump. The selected well equipment
device is a well equipment device that has previously undergone testing, for example, as
described above with respect to the testing module 210. The certification module 220 can
receive a device identifier, for example, responsive to receiving input from the testing interface
150 as entered therein by a testing user 151. The certification module 220 can also receive a
device identifier, for example, responsive to receiving input from a remote user interface as
entered therein by a remote user 161. Furthermore, the certification module 220 can receive a
device identifier from the testing module 210 responsive to the testing module 210 having
completed execution of the testing operations and the generation and linking of the testing data
in the database 170. The certification module 220 can identify a selected well equipment device
responsive to the device identifier and generate and link certification data in database 170, for
example, in certification table 450, responsive to the testing data. For example, the certification
data 450 can include all data as can be entered onto certificate 500 as a summary or other
rendering of testing data responsive to testing operations being performed on the well equipment
device 101, for example, a graphical representation of a pressure test 503. The certification
medule 220 can include logic to generate charts and data modeling based upon testing data,
which is raw data stored, for example, in table 440. Further examples of summaries or
renderings of raw testing data responsive to the testing operations appear on the face of
certificate 500. As a result of the linking operation, the certification data 440 can be readily

accessed or queried according to a serial number for a well equipment device.

[0073] The certification module 220 can also generate certification data in a format

responsive the proprietary data table format for the exemplary RFID certificate. For example,
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certification module 220 may generate certificate data according to specific standards or
protocols employed in the proprietary standard, for example, cell size, packet size, header length,
payload length, etc. The RFID certificate can be generated so that it is ready to be stored to the
media atiached to the well equipment without further processing. The certification module 220
may also include logic for rendering graphics stored as certification data, such as the schematics
and charts, into a lightweight graphics formats such as vector graphics formats. The RFID
certificate, for example, can include all fields available on the paper document, including device
identifier 501, pass or fail grading 502, tabular summary or rendering of test data 503, drawing
504, measured values 505, and demanded values 506, The tabular summary or rendering 503

and the drawing 504 can be encoded in lightweight vector graphics formats, for example.
Reporting Module 230 and Enterprise Resource Planning Interface

[0074]  As is shown in FIG. 2, the reporting module 230 may be a computer program product
stored in the non-transitory memory 240 on the central management server 100 and operable on
the processor 251 thereof. Computer program product 230 contains instructions that are operable
on the processor 251 that cause reporting module 230 and the central management server 100 to

perform the operations discussed further herein.

[0075]  The reporting module 230 can interact with the processor 251 to receive or transmit
data, instructions, and other information from or to any of the devices connected to /O 252. In
addition, both the reporting module 230 and the testing module 210 are in communication with
the processor 251 and non-transitory memory 240 so that these two modules can pass or return
variables between each other according to a common application programming interface (API) or
shared global variables being stored on the non-transitory memory 240, thereby enhancing
interoperability and open communication between the modules. Likewise, those skilled in the art
will understand that computer program products 230 and 220 are capable of passing, returning,
or referencing common variables regardless of whether computer program products are executed
on the same processor 251 and that a common API will allow interoperability and open
communications as described above. In embodiments discussed below, the reporting module
230 at least interacts with the testing module 210, certification module 220, and database 170.

Although remote user interface 160 may be a PC as has been described for testing interface 150,
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remote user interface 160 can also be implemented in whole or in part as a user terminal
interface on the central management server 100 itself, using a keyboard, display, or media inputs
and outputs comnecting to the /O 252. Remote user interface 160 can also be a lightweight
graphical user interface (GUI) operable over a web browser and viewable on any browser-
enabled device, such as a PC, smart phone, or other equipment having a processor and computer

functionality.

[0076]  The reporting module 230 can receive a device identifier for a selected well equipment
device 101, the selected well equipment device being a well equipment device that has
previously undergone testing, for example, as described above with respect to the testing module
210. The reporting module 230 can receive a device identifier, for example, responsive to
receiving input from the testing interface 150 as entered therein by a testing user 151. The
reporting module 230 can also receive a device identifier from any other module, as discussed
above. In response to receiving the device identifier, the reporting module 230 can match the
device identifier to any desired data in the database 170, for example, testing data in the database
at testing data table 440, ceﬁiﬁcation data in the certification data table 450, device library data
from the device library table 410, and test specification data from the specification library 420.
The reporting moduie, responsive to the device identifier, can return any of the test specification
for the selected well equipment device 101, testing data for a plurality of testing sequences
performed on the selected well equipment device 101, and certificate data for the sclected well

equipment device 101, for example, according to the database structure provided in FIG. 4.

[00677]  The reporting module 230 may also receive an indication or selection of additional
variables for reporting purposes, for example, a part number, work order number, etc. In the
event that the reporting module 230 receives an additional variable, the reporting module 230
can or expand or refine the matched data with respect to the additional variable. For example,
the reporting module 230 may receive a device identifier, a work order number, and the reporting
module 230 will retum a list of all certifications, tests, or specifications for that device identifier
according to the tests performed under the received work order number. On the other hand, a
reporting module 230 may receive a device identifier and a part number, and the reporting
module 213 will return a list of all certifications, tests, or specifications for cither the selected

well device 101 or all well devices tested having the selected the part number.
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[0078] Embodiments of the present invention employing the reporting module 230 are
beneficial in that they transform the task of testing and certification—once a costly operational
hurdle—into a robust data-point in business and operational management decisions. For
example, manufacturers may use embodiments of the reporting module in research and
development to better understand wear patterns and rates in real-world applications, to build a
better product, and to manage customer relations. As those skilled in the art will appreciate, the
reporting module 230 can be a powerful tool in achieving management-level value from
systematic testing and certifications, which provides a comprehensive and reliable (ie.,
consistent) pool of data pertaining to asset management, inventory management, purchasing, risk
management, and other business analytics. Exemplary reports generated by the reporting module
13 are shown in FIGS. 24-25.

[0079]  Furthermore, embodiments of the present invention can employ an ERP (Enterprise
Resource Planning) interface (not pictured) connected to the I/O of the central management
server 100 to provide the foregoing benefits realized by the reporting module, but in a manner
that is more fully integrated into enterprise-wide information systems and providing high levels
of cross-functional integration, network scalability, and real-time data synchronization. In
particular, embodiments of the present invention employ an ERP interface for the purposes of
invoicing the testing and certification operations, for example, responsive to work order

information entered by a testing user 151 to the testing interface 150 as shown in FIG. 6.
RFID 130, 135, 140

[0080]  Furthermore, embodiments of the present invention can achieve some or all of the
foregoing objectives by providing a central management server 200 that can communicate with
one or more well equipment devices 101. For example, the central management server 200 can
be in communication with the one or more well equipment devices using wireless
communication technologies, for example, radio frequency identification (RFID) technologies.
The one or more well equipment devices 101 can include an RFID t{ag 135, and the central
management server 200 can communicate with the RFID tag 135 on the one or more well
equipment devices using an RFID réader 130 in communication with the central managément

server 200 through the I/O 252. In an embodiment, the RFID tag is a UHF Gen-2 RFID tag that
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is attached to the frac iron using a clamp designed to be sufficiently robust so that the RFID tag

is not affected by the harsh operating conditions of the downhole environment.

[0081] In an embodiment, the RFII reader 130 and RFID 140 are peripherals to the testing
interface 150, attaching thereto by known connection means in the art, such as a USB cable or
cables. In certain embodiments, the RFID reader and RFID writer may be one unit, such as an

RFID reader/writer device.

[0082]  The RFID reader 130 can read a device identifier from the RFID tag on a selected well
equipment device 101 through radio frequency communication and transmit the device identifier
to the central management server 200. The central management server is positioned to receive
the device identifier from the RFID reader 130. Any of the computer program products
discussed herein, such as the testing module 210, can receive a device identifier responsive to the
central management server 200 receiving a device identifier from the RFID reader 130. An
embodiment of a computer-implemented method for using the RFID reader 130 includes the
testing user 151 having a handheld and/or remote RFID reader 130 in physical proximity to the
selected well equipment device 101 and the RFID tag 135 thereon so that the testing user can
interrogate the RFID tag 135 and so that the RFID tag can transmit the device identifier to the
RFID reader 130.

[0083] The RFID writer 140 can write an RFID certificate to the RFID tag on a selected well
equipment device 101 through radio frequency communication and transmit the device identifier
to the central management server 200. The R¥ID certificate can have the qualities and properties
as described herein, preferably including at least a serial number. The central management
server is positioned fo transmit the RFID certificate or any data included therein to the RFID
writer 140 responsive to any of the computer program products discussed herein, such as the
certification module 220. An embodiment of a computer-implemented method for using the
RFID writer 140 includes the testing user 151 having a handheld or remote RFID writer 140 in
physical proximity to the selected well equipment device 101 and the RFID tag 135 thereon so
that the testing user can establish a communication link with the RFID tag 135 and so that the
RFID writer can transmit and store the RFID certificate or the information therein to the RFID
tag 135.
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[0084]  This application claims priority and is related to U.S. Provisional Patent Application
No. 61/330,248 filed April 30, 2010 titled "Machines, Systems, Computer-Implemented
Methods, And Computer Program Products To Test And Certify O1l And Gas Equipment,”

which is incorporated by reference in its entirety herein.

[0085] The foregoing has broadly outlined certain features, and technical advantages of the
present invention and a detailed description of the invention so that embodiments of the
invention may be better understood in light of features and advantages of the invention as
described herein, which form the subject of certain claims of the invention. It should be
appreciated that the conception and specific embodimentis disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same purposes of the
present invention. It should also be realized that such equivalent constructions do not depart
from the invention as set forth in the appended claims. The novel features which are believed to
be characteristic of the invention, both as to its organization and method of operation, together
with further advantages are better understood from the description when considered in
connection with the accompanying figures. It is to be expressly understood, however, that such
description and figures are provided for the purpose of illustration and description only and are
not intended as a definition of the limits of the present invention. For example, although the
example embodiments discussed herein are directed to oil and gas hydraulic fracturing
operations, it should be specifically noted that the systems, machines, methods, and computer
program products to test and certify well equipment devices may be employed to carry out
similar functions for other equipment or devices requiring roufine testing and certification,
including without limitation, aircraft maintenance and construction, ship maintenance and

construction, facilities maintenance and construction, and so on.
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That Claimed Is:

1. A central management server to manage periodic testing and certification of well
equipment devices, the testing and certification being facilitated by a plurality of testing
apparatus performing one or more testing operations upon the well equipment devices, the

machine comprising;:

a processor;
a non-transitory memory;
an input/output unit to communicate with the plurality of testing apparatus;

a database positioned to match a device identifier to a well equipment device, a test

specification, and a plurality of testing sequences;

a testing module stored in the memory, the memory being a tangible, non-transitory,
computer-readable storage medium, and the testing module being operable by the
processor, the testing module comprising a set of instructions that, when executed by the

processor, cause the testing module to perform the following operations:

identifying a selected well equipment device, a device test specification, and a
plurality of testing sequences, the identifying operation responsive to receiving a
device identifier for the selected well equipment device, each testing sequence of
the plurality of testing sequences to be performed by a corresponding testing
apparatus of the plurality of testing apparatus, each testing sequence defining a

sequence of testing operations,

selecting a testing sequence of the plurality of testing sequences, the selecting
operation responsive to the selected well equipment device being positioned so
that the corresponding testing apparatus for the selected testing sequence can

perform testing operations upon the selected well equipment device,
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controlling the corresponding testing apparatus for the selected testing sequence
so that the corresponding testing apparatus performs the sequence of testing
operations upon the selected well equipment device, the sequence of testing

operations being performed responsive to the device test specification,

generating testing data for the selected testing sequence responsive to receiving
output from the corresponding testing apparatus for selected testing sequence

performing the sequence of testing operations, and

linking the testing data for the selected testing sequence to the device identifier
for the selected well equipment device in the database so that a certificate can be

generated responsive thereto; and

a certification module stored in the memory, the memory being a tangible, non-transitory,
computer-readable storage medium, and the certification module being operable by the
processor, the certification module comprising a set of instructions that, when executed

by the processor, cause the certification module to perform the following operations:

identifying a selected well equipment device, a device test specification, and
testing data for a plurality of testing sequences, the identifying operation

responsive to receiving a device identifier for the selected well equipment device,

generating a certificate for the selected well equipment device responsive to the
testing data for the plurality of testing sequences, the plurality of testing
sequences having been performed upon the selected well equipment device

responsive to the device test specification, and

linking the certificate for the selected well equipment device to the device
identifier for the selected well equipment device in the database so that the
certificate can be readily recalled from the database responsive to the device

identifier.
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2. A central management server as defined in Claim 1, wherein the input/output unit is
further positioned to communicate with a testing interface, the testing module further performing

the following operation:

calibrating the corresponding testing apparatus for the selected testing sequence
responsive to the device test specification responsive to receiving a selection of a test

sequence from the testing interface.

3. A central management server as defined in Claim 1 or Claim 2, the testing module further

performing the following operations:

delivering to the testing interface the device test specification and instructions for
performing the sequence of testing operations so that a local user may view the device
test specification on a graphical display of the testing interface and so that the local user
may perform the sequence of testing operations upon the selected well equipment device

responsive to the device test specification;

generating testing data for the selected testing sequence responsive to receiving user data
from the testing interface, the user data having been input to the testing interface
responsive to the user performing the sequence of testing operations upon the selected

well equipment device.

4. A central management server as defined in Claim 1, wherein the input/output unit is
further positioned to communicate with a remote user interface, the central management server

further comprising:

a reporting module stored in the memory, the memory being a tangible, non-transitory,
computer-readable storage medium, and the reporting module being operable by the
processor, the reporting module comprising a set of instructions that, when executed by

the processor, cause the reporting module to perform the following operations:

identifying a selected well equipment device, a device test specification, testing

data for a plurality of testing sequences, and a certificate, the identifying operation
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responsive to receiving a device identifier for the selected well equipment device

from the remote user interface,

delivering to the remote user interface at least one of the testing data, the device

test specification, and the certificate responsive to the identifying operation.
5. A central management server as defined in Claim 1, wherein:
the input/output unit is further positioned to communicate with an RFID reader; and

the receiving a device identifier for the selected well equipment device is responsive to
interrogating a device RFID tag using the RFID reader, the device RFID tag being
attached to the sclected well equipment device and having the device identifier encoded

thereon.

6. A central management server as defined in Claim 5, wherein the input/output unit is
further positioned to communicate with an RFID writer, the certification module further

performing the following operations:

generating an RFID certificate responsive to the certificate, the RFID certificate being
formatted so that the RFID certificate is recognizable by a remote interrogation device

having an RFID reader; and

delivering an RFID certificate to the device RFID tag using the RFID writer so that the

RFID certificate can be readily accessed by the remote interrogation device.
7. A system to certify oil and gas well equipment, the system comprising:

a plurality of devices to be used in well equipment to define a plurality of well equipment
devices, each well equipment device of the plurality of well equipment devices having a

device identifier associated therewith;

a central management server positioned to identify a device test specification and a
plurality of testing sequences for a selected well equipment device responsive to

receiving a device identifier for the selected well equipment device, the device test

34

LIBERTY EXHIBIT 1002, Page 1285



CA 02797081 2012-10-19

specification and the plurality of testing sequences defining certification criteria for the

well equipment device;

a plurality of testing apparatus, each testing apparatus positioned to perform a testing
sequence to test physical characteristics of the well equipment device, the testing
sequence being a sequence of testing operations, the sequence of testing operations being

performed responsive to the device test specification;

a plurality of controllers, each controller positioned to receive commands responsive to
the certification criteria from the central management server and to control the plurality
of testing apparatus performing the sequence of testing operations upon the selected well

equipment device responsive to the device test specification; and

a certificate generated responsive to the plurality of testing apparatus performing the
plurality of testing sequences upon the well equipment device, the certificate indicating
whether selected well equipment device has been tested according to the certification

criteria within a pre-selected period of time.
8. A system as defined in Claim 7, the system further comprising:

a plurality of device RFID tags, each device RFID tag of the plurality of device RFID
tags being attached to a well equipment device of the plurality of well equipment devices

and having a device identifier for the well equipment device encoded thereon; and

an RFID reader in communication with the central management server and the plurality
of device RFID tags, wherein the central management server is positioned to reccive the
device identifier for a well equipment device having a device RFID tag attached thereto

responsive to the RFID reader interrogating the device RFID tag.

9. A system as defined in Claim 8, the system further comprising an RFID writer in
communication with the central management server and the plurality of device RFID tags,
wherein the central management server is positioned to generate an RFID certificate responsive

to the certificate and deliver the RFID certificate to a device RFID tag using the RFID writer.
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10. A system as defined in any one of Claims 7 to 9, the system further comprising database
positioned to match a device identifier to a well equipment device, a device test specification,
and a plurality of testing sequences, wherein the central management server identifies a device
test specification and a plurality of testing sequences for a selected well equipment device

responsive to matching the device identifier in the database.

11. A system as defined in any one of Claims 7 to 10, the system further comprising a testing

interface in communication with the central management server, wherein:

each testing apparatus of the plurality of testing apparatus is positioned to perform a
testing sequence responsive to receiving a selection of the testing sequence from the

testing interface; and

the certificate is also generated responsive to user data received from the testing interface,
the user data having been input to the testing interface responsive to the user performing
the sequence of testing operations upon the selected well equipment device responsive to

the device test specification.

12. A method to manage periodic testing of a plurality of well equipment devices, the testing
being facilitated by a plurality of testing apparatus performing one or more testing operations

upon the plurality of well equipment devices, the method comprising:

receiving by a computer a device identifier for a selected well equipment device of the

plurality of well equipment devices;

identifying the selected well equipment device, a device test specification, and plurality
of testing sequences, the identifying operation being responsive to the receiving
operation, each testing sequence of the plurality of testing sequences to be performed by
a corresponding testing apparatus of the plurality of testing apparatus, each testing

sequence defining a sequence of testing operations;
selecting a testing sequence of the plurality of testing sequences to define a selected

testing sequence, the selecting operation responsive to the selected well equipment device

36

LIBERTY EXHIBIT 1002, Page 1287



CA 02797081 2012-10-19

being positioned so that the corresponding testing apparatus for the selected testing

sequence can perform testing operations upon the selected well equipment device;

calibrating the corresponding testing apparatus for the selected testing sequence

responsive to the device test specification;

controlling the corresponding testing apparatus for the selected testing scquence so that
the corresponding testing apparatus performs the sequence of testing operations upon the
selected well equipment device, the sequence of testing operations being performed

responsive to the device test specification;

generating testing data for the selected testing sequence responsive to receiving output
from the corresponding testing apparatus for selected testing sequence performing the

sequence of testing operations; and

linking the testing data for the selected testing sequence to the device identifier for the
selected well equipment device in a database so that a certificate can be generated

responsive thereto.

13. A method as defined in Claim 12 wherein selecting a testing sequence is responsive to

receiving a selection of the test sequence from a testing interface.
14. A method as defined in Claim 12 or Claim 13, further comprising:

calibrating the corresponding testing apparatus for the selected testing sequence
responsive to the device test specification responsive to receiving a selection of a test

sequence from the testing interface.
15. A method as defined in any one of Claims 12 to 14, further comprising

delivering to the testing interface the device test specification and instructions for performing the
sequence of testing operations so that a local user may view the device test specification on a
graphical display of the testing interface and so that the local user may perform the sequence of
testing operations upon the selected well equipment device responsive to the device test

specification;
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generating testing data for the selected testing sequence responsive to receiving user data
from the testing interface, the user data having been input to the testing interface
responsive to the user performing the sequence of testing operations upon the selected

well equipment device.

16. A method as defined in any one of Claims 12 to 15 wherein receiving a device identifier
for the selected well equipment device is responsive to interrogating a device RFID tag using a
RFID reader, the device RFID tag being attached to the selected well equipment device and

having the device identifier encoded thereon.

17. A method as defined in any one of Claims 12 to 16, further comprising: generating a
certificate for the selected well equipment device responsive to the testing data for the plurality
of testing sequences, the plurality of testing sequences having been performed upon the selected

well equipment device responsive to the device test specification; and

linking the certificate for the selected well equipment device to the device identifier for
the selected well equipment device in the database so that the certificate can be readily

recalled from the database responsive to the device identifier.

18. A computer program comprising computer program code means adapted to perform all

the steps of any one of Claims 12 to 17 when said computer program is run on a computer.

19. A computer program comprising computer program code means adapted to perform all
the steps of any one of Claims 12 to 17 when said program is run on a computer, the computer

program embodied on a computer readable medium.

20. A method to manage periodic certification of a plurality of well equipment devices, the

certification based upon testing data generated responsive to a plurality of testing apparatus
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performing one or more testing operations to test physical characteristics of the plurality of well

equipment devices, the method comprising:

identifying by a computer a selected well equipment device and a device test
specification responsive to receipt of physical testing data for a plurality of physical
testing sequences, the selected well equipment device corresponding to a device identifier

for the selected well equipment device;

generating a certificate for the selected well equipment device responsive to receipt of the
physical testing data for the plurality of testing sequences, the plurality of testing
sequences having been performed upon the selected well equipment device responsive to

the device test specification; and

linking the certificate for the selected well equipment device to the device identifier for
the selected well equipment device in a database so that the certificate can be readily

recalled from the database responsive to the device identifier.
21. A method as defined in Claim 20, the method further comprising:

delivering an RFID certificate to a device RFID tag using an RFID writer so that the
RFID certificate can be readily accessed by the remote interrogation device, the device
RFID tag being attached to the selected well equipment device and having the device

identifier encoded thereon.
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' 1 BECOMESUNUSABLE. SIGNIFY SCRAPPING

YES

TESTING AND/OR YES

PAINT

NC

y

LEVEL 1
FRESSURE
TEST

REASSEMBLE AND FIT
WITH NEW SEALS AND -
ANY SPARE PARTS /

REQUIRED
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Y

PUT YOKE ON THE
PART AND CREATE
MAGNETIC FIELD

COAT AREATQ BE
INSPECTED WiITH WET
FLUORESCENT BATH

'

LEVEL 3

v

INSPECTION OF PART TO
MAKE SURE T8 FREE FROM
ALL OIL, GREASE, PAINT,
SCALE, RUST, AND ALL
CONTAMINATES THAT
MIGHT DEGRADE THE
RESULT OF THiS
INSPECTION

WUSING A BLACK LIGHT
CHECKFQR
INDICATICONS OF
CRACKS

l YES

CLEAN PART AND
COMPLETE THE
INSPECTION BUYOFF

v

REASSEMBLE AND FIT
WITH NEVW SEALS AND
ANY SPARE PARTS
REQUIRED

PRESSURE TEST NOT 7O !
 EXCEED.2.5% OF. -
WORKING PRESSURE

PRESSURE TEST

RECHECK AT RIGHT
ANGLES

MAGNETIC
PARTICLE PASS

FIG. 8

MAKE PARTS WITH
CORANGE PAINT FO
SIGNIFY SCRAPPING

ISPOSE OF PART OR
DELIVER BACK TO
CUSTOMER AT
REQUEST

ACCEPTABLE

YES

PAINT? YES

NO
Y

FINAL INSPECTION TO
8E SIGNED OFF BY

PAINT PER CUSTOMERS SPECIFICATION OR
STANDARD SERVICE 15K PS| = RED
STANBARD SERVICE LP SUCTION = BLACK
SOUR GAS SERVICE 10K PSI CWP = LIME GREEN

LEADING
SUPERVISOR
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LT Meter Calibration Required

1. Galibrate UT Meter to SET Master;

= Send Thin Reading:

3. Send Thick Reading: |0.501 '
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Bevice Center Service History
Date: O2I2412010 Customer:
L.ocation: Group i | Unit £

Description: 5 piece Rental Qurantity: 6

Inspection: Rental ) Start Date: 02i24/2010

Finish Dzte:
Wal Sro#: Approved By

SERVICE COMPANY

Specifications to be followed:

Byt

Cust PN 100681214 Cust & TESY0D: Size: 1.8

mafr PN bfr SN Styte: DART Pressire Retivg  15000.008
Gonnerlions. UNION CONNECTIONS TestFressws 15,000.00
Test Dyratiors  min

Product Type: CHECK VALVE Configuration; ¥ X6
" . " oo

Serial Numbsr

Serial Mumber

Fasaffail Inspacior Date
Vistual Calipes: N Go Bauge Kit:
LTVealt Thickness: UT Motar
Digambiyidsimbly. NIA
stagaelic Paticle; MiA WP Bqulp:
Pres Gayge: Pres Recorder:

Progaure.
Paint
Final

kspaction Polrt; A B

New YWal Thickness (f read):
072 050 1.08 633

Min Allewable VWall Thick (Spec:
Actual Measuremnent: :

2400

FI1G. 24
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fron Inventory

Date: 02/24/2070 Customen
Location: .\ Croup 10/ Unit #
Description. & plece Rental Quantity,. 6
inspection.  Rental Slart Date: 02/24/2010
Finish Date:
WO /SRO #: Approved By:

Specifications to be followed: SERVICE COMPANY

Serial Number Part Number Status ' Descrintion
Visual inspection (PENDING) 1.5 X1.5-1502 DART STYLE CHECK VALVE UNICN CONNECTIONS
Visual inspection (PENDING) PPG ASSY/2-1502 PS5 240.00
Wall Thickness (PENIDING) SWVL ABSY/STL 10 MXF/INT/ZLR1S
wall Thickness (PENDING) SWVE ASSY/STI. 80 MXF/INT/2LR18
Wall Thickness (PENDING) SWVL ASSY/STL 50 MXF/ANT/2 LR1S
2500

FIG. 25
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