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AHHOTALUNA

ABTOMAaTHU3ALIM PA6OYHX ITPOLIECCOB HA YCTHEBOH
IIomaaKe npu nposegenuu ['PIT TpaguiinonHO
SIBJISIETCS CJIOZKHOM 3a7a4el U3-34 IIOCTOSHHOM CMEHBI
CXEM PACCTAHOBKH HA YCThE, CKBAXKUHHBIX YCIOBUH,
060pyAOBaHMUA U NOCTABIIUKOB. @noT I'PIT o6nagaer
BBICOKOM MOOUJIBHOCTBIO, yCTBEBOE OOOPYIOBAHHE
YCTAHABIUBAETCA TOJIBKO BDEMEHHO. JINKBUIAI NS
ABAPHUH, IPOUCXOJSIUX U3-34 YEJIOBEUCCKOT'O
(paxropa nnpu nnposegieHuu ['PIT 10 TEXHOIOTUN
Plug & Perf, MOxeT 6bITb NPUYHUHOU ITIOTEPU THICAY
JIOJIJIAPOB U HECYACTHBIX C/Ty4Ya€B, KOTOPBIX MOXKHO
OBLIIO N36€XKATh.

ITo aHAJIOTHHU C IPOIECCAMU IPUHATUS PENICHUNT
B CMEXHBIX OTPACISIX OCHOBHOH 33/1a4€il OObIYHO
ABJIAETCS MUHUMH3AIUA PUCKA, APYTUMHU CJIOBAMH,
4ABTOMATHU3ALMS IPOLIECCA U COKPAIIICHHUE
BJIMSIHU S UEJIOBEYECKOTO (pakTOpa. Kak npasuiio,
Y OOBIBAIONIUX KOMITAHUI HET HOJIHBIX ¥ TOYHBIX
JIAHHBIX O CJIO’KHBIX BHYTPHUCKBA)KMHHBIX PA60TAX,
KOTOPBIE IIPOBOASITCS OJJHOBPEMEHHO. [ToaTOMY
3arPy3UThb 3TU JAHHBIE B KOMIIBIOTEPBI UJIN
AJITOPUTMBI JJI51 ABTOMATHU3ALUN HE IIPE/ICTABIISIETCS
BO3MOXKHBIM. [IJ11 3TOr0 HEOOXOAUMO Pa3paboTaThb
CHUCTEMY COOPA JAHHBIX, KOTOPAS OOECIEUUT
OeCrpeneCHTHBIN YPOBEHb TOUHOCTH, HAJICKHOCTHU
U HETIPEPBIBHOCTHU. DTO MO3BOJIUT ABTOMATU3UPOBATH
padoune MPOIECChl U UCKJIIOUUTD YEJIOBEYCCKUI
¢akrop.

Jna nnudpoBrU3aniuu padboTel C 060PYIOBAHUEM
JULSL KOHTPOJIS JABJIEHUS OblIA pA3paA00TAHA
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ABSTRACT

Historically, it has been a considerable challenge to
automate processes on a fracturing site. Numerous
obstacles such as inconsistent layouts, environments,
equipment and vendors on these mobile and
‘temporary plant sites’ have delayed the automation
of critical procedures. Human-caused incidents
on a plug-and-perf fracturing operation have led
to diversion of critical path activity, well-control
events, hundreds of thousands of dollars lost and
avoidable safety events. Analogous to decision-
critical-processes in similar industries, the solution
is typically to engineer-out the risk — in other words,
to automate the process and avoid human errors. Oil
& gas operators traditionally did not have complete
and trustworthy data on their complex simultaneous
operations to allow computers, algorithms or control
systems to take over aspects of the operation. To
automate critical-decisions, oil & gas operators
must demand control systems that deliver an
unprecedented level of visibility, consistency,
and trust- allowing automation to infiltrate their
operational processes, thereby eliminating human
errof.

A wireline detection tool was designed to give
operators and service companies a digital window
inside the pressure control equipment. This
technology was then coupled with an engineered
control system with valve interlocks at the
accumulator — no longer could valves be operated
if critical parameters were not met; furthermore,



TCEXHOJIOTUA OHpCIICJIﬁHI/IH HAJINYUSI KA0eJIsd

B [IPEBEHTOPE, KOTOPYIO MOI'yT UCIIOJIb30BATH

K4K JOOBIBAIOIIUE, TAK U CEPBUCHBIE KOMIIAHUU.
3areM pa3zpabOTaHHYIO TEXHOJIOIUIO COBMECTUIN

C CUCTEMOI GJIOKHPOBKH 34/JBHIKEK, B PAMKAX
KOTOPOM IIPU BBIXOZE OCHOBHBIX ITAPAMETPOB 34
I'PAHULIBI JOITYCTHUMBIX IIPEJEJIOB IIPOUCXOAUT
34KPBITHE 33/IBIKEK, YTO JJA€T BO3MOXKHOCTD BBIOPATh
O€30ITACHBIN BAPUAHT JAJIbHEHIINX ICHCTBUI. 34TEM
TEXHOJIOI'HIO YCOBEPIIECHCTBOBAINU U BKJIIOUYMNJIN
BO3MOKHOCTD ITOJIYYEHUSI JAHHBIX CO BCEX JATUYUKOB
HA IUIOLAIKE B PEKHUME PEAJIbBHOI'O BDEMEHU.
OO6beATHEHHBIE JAHHBIE, IIOJIYYEHHBIE B PEAJIBHOM
BPEMEHH, [IO3BOJISJIN IIPOBECTHU IIPOBEPKY COCTOSHU S
00OPYJOBAHHUS. DTO OOECIIEYNIIO BBICOKHMU YPOBEHD
HAJIC’)KHOCTU TEXHOJIOTHUU, YTO SIBJISICTCS BAXKHEHUIITUM
(PaKTOPOM JJ151 ABTOMATU3ALIUH OCHOBHBIX IIPOLIECCOB.
Ha Tekymui MOMEHT IIOATBEPKICHUE BCEX OCHOBHBIX
IIPOLIECCOB IePe IIPUHATUEM BAXKHBIX PEIICHUH
IIPOU3BOAUTCA C IIOMOLIBIO HHU(PPOBOU IIOAIIUCU. DTO
CBII'PAJIO KJIIOUEBYIO POJIb I CO3[AHUS ABTOHOMHOU
IJIOIIAAKY A1 IposeaeHusa I'PIT.

SAO0AYN U TIPEOMET NCCJTEAOBAHUA

ABTOMATHU3ALUA IIPOLECCOB I1pU ITposegeHun I'PI1
BKJIIOYAET 3 YPOBHS:

1. COOp ZaHHBIX H ABTOMATH3AIIUA
MOHHTOPHHTI'A — CUHXPOHHBIN COOp U IEpeada
JIAHHBIX C yCTPOHUCTB PA3HBIX ITOCTABIIUKOB HA
TUIOIAJKE.

Kaxk mpaBuiIO, yHUKAJIbHBIE MACCUBBI BBIXOJJHBIX
JIAHHBIX OT KaX/JOI'0 YCTPOUCTBA XPAHATCSA OTAEIBHO
JPyr OT IpyTa B OTJE/IbHBIX 6234X JAHHBIX. B pamMKax
pa3paboOTAHHOI TEXHOJIOIUU COOP U XPAHEHUE BCEX
BXO/IHBIX JJAHHBIX IIPOU3BOJINTCS B EAUHOU 6a3¢€
JIAHHBIX. BEIXOHBIE JAHHBIE [TOJIY4YaIOT U3 PA3HBIX
UCTOYHUKOB: YCThE CKBAKUHBI, MAHHU(OJIBH,
COCEHUE CKBA’KUHBI, TH(POPpMAIUA C Kabes,
HACOCOB, 060pynoBanusa I'PIT. O6BIYHO nIEpeada
JIAHHBIX C YCTPOMCTB NPOHUCXOJUT C IOMOIIBIO
Kabesiel, UHTEPHETA BEIICH MJIN OOJAaYHbBIX PEIICHUIA.
3aTeM aHHBbIE COOUPAIOTCS B IOIPAHUYHOM CEPBEPE
uu obrake. Takor NoAXOoJ K YIIPABJICHHUIO JTAHHBIMU B
PEAIBHOM BPEMEHHU OOCCIIEUNBAET OCCIIPELIECHTHBIN
YPOBEHB BIAACHUA HH(POPMALIMEN HA pabodert
TUIOIAJIKE.

2. ABTOMaTH3a U AAMHUHHUCTPATUBHBIX 32,124
— NOBBIIIEHUE 3(PPEKTUBHOCTHU ITYyTEM UCKIIOUEHUSA
PYTHHHBIX U IOBTOPAIOMUXCA 32/1a4 IO BBOAY,
AHAJIIMTHUKE U IIPEACTABICHUIO JAHHBIX.

CrangapTu3supoBaHHbIE JAHHBIE (TIOJyYEHHBIE
OJJVH Pa3, UCIIOJIb3YEMBIE MHOT'O Pa3) ITO3BOJIAIOT
MOJIYYUTD TOYHBIE OA30BbIE 3HAYECHUA [ CO3LAHUA
CTPYKTYPHUPOBAHHOM 643bI IAHHBIX. 34TEM 3TU
JIAHHBIE, IOJTYYEHHBIE C JATYUKOB U UHTEP(MENCOB OT
Pa3HBIX ITOCTABIIHKOB, IEPEBOAATCSA B IPU3HAHHbBIE
OTPACHEBBIE CTAHAAPTHI (POPMATUPOBAHUA
(HanpuMmep, cranaapt IPDS — International Petroleum
Data Standards). 3aTeM IpOU3BOJUTCS HOPMATIU3AI UL
JAaHHBIX /11 ITOBBIIIEHNA UX TOYHOCTHU. [Tociie
3TOrO BCA NONYYEHHAA MTHPOPMALNA XPAHUTCH,
AHAIIM3NUPYETCA U IIEPEAECTCA HA KOPIIOPATUBHOE

sequences could be defined to proceed safely with
critical operations. This technology bundle then
evolved to include real-time data from all digital
services on-site. Merged real-time data enabled
further system checks, earning trust — crucial to
permit decisions to automate critical processes.
Currently, critical processes are verified through

a digital sign-off procedure, or digital handshake,
before critical decisions can move forward. The stage
has been set for the automated frac site.

TECHNOLOGIES

OBJECTIVES/SCOPE

Automation of processes on a fracturing site
involves 3 levels:

1. Data aggregation and surveillance
automation — the time-synchronous retrieval
and convergence of multiple vendors digital data
on site. Traditionally, each unique vendor output
unique data sets that were presented separately from
each other and stored in siloed databases. A vendor
agnostic approach is used to capture all services
digital inputs. Digital service outputs include but
are not limited to digital wellheads and manifolds,
frac crew(s), wireline crew(s), pump down crew(s),
offset wells, and water services data. Data is typically
retrieved via IIOT, physical cables, or cloud solutions
providers then aggregated using edge server and/or
cloud capabilities. This orchestration, databasing, and
real-time display allows an unprecedented level of
communication on site.

2. Automating administrative tasks —
generating efficiencies by eliminating mundane and
repetitive data entry, reporting, and analytical tasks.

Using standardized data that is ‘populated once,
used many times’ allows clean reference values to
populate structured database architecture. This
data is auto populated from sensors and vendor
interfaces, and crucially, data is then translated into
industry recognized formatting standards (i.e. IPDS,
International Petroleum Data Standards). Once
normalized, trustworthy data exists, Igorithms and/
or API's (Application Programming Interfaces) can
be used to create, store, move, analyze and transact
this interoperable information to enterprise software.
Improved data quality facilitates analytics, machine
learning tools and artificial intelligence to develop
insight into operational data and reveal hidden
value opportunities. These information streams can
also facilitate predictive analysis and enable critical
warnings and alarms.

It is recognized that the completions space has a
maturing service industry deeply focused on these
first two subjects of automation — as there are many
providers evolving successfully in this space. With
that in mind, this paper and presentation focuses
on the automation of physical processes during
SIMOPS. The ‘autonomous fracturing site’ may be a
magnification in terminology — however, in today’s
market, the completions industry has never been
more primed to elevate efficiencies in safety, head
count, operations and administrative tasks through
automation. The pieces required are being assembled
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NPOrpPaMMHOE OO6ECTIEYEHHE C TOMOIIIBIO AJITOPUTMOB
W/UIHA IPOTPAMMHBIX HTHTEP(MENCOB NPUIOKEHUNA
(API). IToBbIIIEHME KAYECTBA JAHHBIX A€T
BO3MOKHOCTB OJTYYUTB ITOJHYIO HH(POPMAITHIO OO
KCILTYAaTAIIUOHHBIX [TAPAMETPAX U BBIABUTH CKPBITHIE
MapaMeTPHI C MOMOMIBIO AHATUTUKH, THCTPYMEHTOB
MAIIMHHOI'O OOYy4YEHUA U UICKYCCTBEHHOT'O
UHTEJIEKTA. Takxke 3Ta MTHHOpMALMS IO3BOJISIOT
MPOBECTH IIPOTHO3HBIN AHAJIN3 U YCTAHOBUTD
OMNOBEIIEHUSA U IPEAYIIPEKICHUA O IIPEBBIIEHNH
JOIIYCTUMBIX 3HAYEHU.

Hesnb3s HE OTMETHUTD, YTO OCHOBHOE BHUMAHUE B
HePTEra30BOM OTPACIH YIAEIAETCSA STUM IIEPBBIM
JBYM YPOBHAM dBTOMATHU3ALUH, TIOCKOIbKY
Ha TEKYIIUI MOMEHT CYIMIECTBYET MHOXECTBO
MMOCTABUIUKOB OOOPYIOBAHNA 3AKAHYNBAHMS.
ITo3aTOMY B JAHHOM CTATHE OCHOBHOE BHUMAHUE
YIAENAETCA ABTOMATU3ALUH (PU3UYECKUX ITPOLIECCOB
BO BPEMs COBMECTHBIX IIPOMU3BOJCTBEHHBIX OIEPAIUIL.
TepMmuHa «aBTOHOMHA4 1101a4Ka I'PIT» panee
HE CYIIECTBOBAIO. OHAKO HA TEKYIIEM PBIHKE
3aKAHYMBAHUS CKBAXUH U ['PIT NOABUIICS 6OJIBIION
CIIPOC HA aBTOMATHU34LIHIO [IPOLIECCOB JJI51 IIOBBIICHUS
O€30IMACHOCTH, COKPALIECHUSI YUCJICHHOCTH
IIEPCOHAJIA, ITIOBBIEHUA 3(PPHEKTUBHOCTH
p36OT U BBITIOJTHCHU A Q.HMI/IHI/ICTpaTI/IBHbIX
3a/1a4. COBPEMEHHBIE PEIIEHUS ITIO3BOIAT
KOMIIAHUAM OOECIIEYUTB IIOJIHYIO aBTOHOMHOCTD
IIPOM3BOACTBEHHBIX IIPOLIECCOB.

KOHTpPOJIb JAHHBIX OCYIIECTBIISETCS TyTEM
cO0pa JAHHBIX, OTOOPAKEHHU S HA TAHEISAX
YIIPAaBJICHUSA U AaBAPUITHBIX CUTHAJIOB. OTHAKO, K
COKAJICHUIO, YE€JIOBEYECKHUH (PAKTOP IIPOAOIIKACT
OKa3bIBATb OOJIBIIOE BIUSHUE, B PE3YIBTATE YErO
MIPOUCXOAAT ABAPUU — HATIPUMED, MOXKET OBITh
34KPBIT HE TOT KJIAMaH WIH 33/IBHKKA. B 3TOM Ciiyuae
MOCIEACTBHS MOT'YT OBITh CEPbE3HBIMH. 3AKPBITHE
Oy(pepHO 33/IBUKKU HAa KAO€JI€ MOXKET HE TOJIBKO
MPUBECTU K PEMOHTHBIM PA6OTAM CTOMMOCTBIO
OT 3 10 8 MJIH Py6JIeii, HO 1 OCTAHOBUTBD JJOOBIYY.
3aKpBITUE HELIEIEBOM 3aIBUXKKU BO Bpems 'PIT
MOJKET HADYIIUTB NIOPSIZIOK pAOOT U 33/I€PKaATh
BBOJ| CKBA>KUHBI B 9KCILTyaTaluIo. OgHaKo 6oiee
CEPBE3HBIM ITOCIEJCTBUEM MOXKET OBITh IIOBPEXKACHUE
O6OPYAOBAHUS MU HAPYIICHUE IPOMBIIIJICHHOH
6€301acHOCTHU. ITO3TOMY NOBTOPSIONIUECS 33/5a91
B CJIO’KHBIX ONEPALUSAX SABJISIIOTCSI HAUboIee
OITUMAJIBHBIM TUIIOM 327544, KOTOPbIE HEOOXOJUMO
4ABTOMATHU3UPOBATh.

ITocie aBTOMATHU3aI[ MU HA TIEPBBIX IBYX YPOBHAX —
Cc60p M OTOOBPAKEHUE JJAHHBIX — MOKHO IEPEXOAUTH
K TPETBEMY YPOBHIO — aBTOMATU3AIUS (PU3UYECKUX
6apbEPOB /1JIs1 TOBBIIIEHU S ONEPATUOHHOM
6€30MaCHOCTU. /151 UCKJIIOUEHU S YETIOBEYECKOTO
(paKTOPA NCHONB3YIOTCSI UHTEIPAJIBHBIE MATPHUIIBI
OPUHATHS PEMIEHUN U CUCTEMBI OOPATHON CBA3U.

3. ABTOMaTu3anya (PU3MIECKHUX IPOLECCOB
— KOHTPOJIb HA/Jl 33/IBMKKAMU, KJIAITAHAMU U IPYTUM
0B6OPYAOBAHUEM. DTOT YPOBEHD SIBJISAECTCS KJIIOUEBOI
COCTABJISIONIEH ABTOHOMHOM I1tomagku I'PIT.

Ha 3TOM YPOBHE CUCTEMA HE TOJIBKO OCYIIECTBIIAET
OOBIYHBIN COOP M OTOOPAKEHHE JAHHBIX, HO U
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to will enable autonomy once operators become ready
within their organizations.

Despite the value of operational surveillance
through data aggregation, dashboard displays, alerts
and alarms, unfortunately human error continues
to plague operations and the wrong valve is closed.
The consequences are severe for getting this wrong.
Closing a crown or swab valve on wireline can not
only initiate recovery operations costs that range
from $45K to $110K, but interrupt operational flow,
and delay production. Closing the wrong valve during
highpressure fracturing operations can also disrupt
operational cadence, and delay production, but the
safety and equipment damage risk is catastrophic.
Repetitive tasks within complex operations are
optimal automation contenders.

Using the data compiled and displayed in these first
two levels of automation, a third level of engineered
validation controls is possible — physical barriers and
controls that improve process safety. Integral decision
matrices and feedback loops proceed to engineer-out
human error.

3. Automation of physical processes — physical
control of valves and equipment controls — vital
components of an autonomous frac site. Using data
aggregation and dashboards, this automation theme
leaps past common surveillance and reports; it initiates
physical barriers and controls on a fracturing site.
These barriers are akin to a master lock-out, tag-
out padlock whereby the master barrier cannot be
removed until all other ‘checks’ are performed, and
lock-outs emoved — only then can the physical action
take place.

METHODS, PROCEDURES AND PROCESS

An engineered controls project was initiated that
relied on validation checks to ensure ‘the state of the
operation’ was verified and trusted before any physical
manipulation of equipment — a sequence of process
control checks. Barriers to automation adoption in
any industry consistently include trust challenges. In
a paper addressing barriers to change in autonomous
vehicles, KPMG (2019) concluded “how we govern each
technological component of an autonomous vehicle —
including its hardware, software and data — is essential
to gaining trust. And since each component relies on the
next to operate, even more important is how we govern
all of them as a whole.” This approach is translatable
to engineered controls on an oilfield completions site
and was wholly applied — each component relied on
a sequence control check of the former component
before it is operated.

5 components of trust are identified by Geoffrey
Cann that may create the barriers of adoption of smart
machines in digitized oil and gas operations (Cann,
2019). Cann reminds us that these 5 components are
essential to maintain the ‘social contract’ for digital
innovation: Competence, Reliability, Transparency,
Aligned Integrity, Aligned Accountability.

The innovation of these engineered controls
embraced these concepts as the system was developed,
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CaMa OCYHIECTBJISAET YIIPABJICHUE OOOPYAOBAHUEM.
Bce (pusrnueckue 6apbepbl B CKBAKHMHE ITOXO0XKHU Ha
IVIABHBII 31MOK C YHUKAJIBHBIM MACTEP-KJIIOUOM.
I'aBHBIN 6apbEP HE MOXKET OBITh OTKPBIT, TOKA

HE IIPOBECHBI BCE IPOBEPKU U HE CHSTHI BCE
OJIOKUPOBKHU, U TOJIBKO ITOCJIE 3TOT'O IPOU3BOANTCS
(PpU3HNUECKUI TPOIECC ITO OTKPBITUIO ITTABHOT'O
6apbepa.

METOAbI, MPOLEAYPbLI N NMPOLIECCHI

JIJ1s1 peanusanuy NpoeKTa Obla CIPOEKTUPOBAHA
CHCTEMA KOHTPOJIA 32 O60PYIOBAHHEM HA OCHOBE
IPOBEPOK JOCTOBEPHOCTHU JAHHBIX. Cepust
TAKUX MPOBEPOK NOATBEPKIAET JOCTOBEPHOCTD
JIAHHBIX EPE] TIOOBIM (PU3NYECKUM YIIPABICHUEM
obopygoBaHueM. IIpoBepka JOCTOBEPHOCTU JAHHBIX
JIJIS1 aBTOMATHU3A1HUHU SIBJISICTCA CJIOKHOM 32/1a4CH B
110601 orpacau. B crarbe komnanuu KPMG (2019) 06
ABTOMATHU3AIUU OECITUIOTHBIX AaBTOMOOMIEH CAeTaH
BBIBOJI O TOM, YTO «/IJI ITOJTyYEHUS JJOCTOBEPHBIX
JIAHHBIX HEOOXOAMMO YIIPABIATD KA2KAbIM
TEXHOJOIMYECKUM KOMIIOHEHTOM OECTTUIIOTHOI'O
ABTOMOOMJIS, B TOM YHCJIE IPOTIPAMMHBIM
obecrnedeHrueM, alMmapPaTHBIMU CPEJCTBAMUA U
JOAaHHBIMHW», Ka>KIbIH KOMIIOHEHT CUCTEMBbI 3aBUCHUT OT
OPEABIIYIIErO KOMITIOHEHTA. [I03TOMY HEOOXOAUMO
YIIPABJIATH BCEMU KOMIIOHEHTAMU B COBOKYITHOCTH.
DTOT NOAXOJ, OBUI IPUMEHEH JIJI ABTOMATU3ALH
Pa6o0T Ha HEPTIHBIX U I'A30BbIX CKBAKMHAX:
VIIPABJIEHUE KAJKABIM KOMIIOHEHTOM CUCTEMBI
MPOBOAMNJIOCH ITOCJIE CEPHUU MTPOBEPOK MPEABIAYIIETO
KOMIIOHEHTA.

Ixeddpu KaHH BBIIEINIT 5 3TAIIOB IPOBEPKUA
JOCTOBEPHOCTH JAHHBIX, KOTOPBIE ITO3BOJIAT
HCIIOJIb30BATh MAIIMHHOE OOy4YEHHNE NI
OUMPOBU3ALUH HEPTETA30BOIM OTPACTNA. ABTOP
MOJYEPKUBAET, UTO AJ11 IPUMEHEHUSA B HE(PTETA30BONU
cpepe HeOOXOANMO BHEJPUTH BCE 5 TAIIOB:
KOMIIETEHTHOCTb, HA/IC>KHOCTb, IPO3PAYHOCTb,
LEJIBHOCTD, OTCJIEKUBAEMOCTb.

IIpu pa3paboTKe, UCIIBITAHUU U KOMMEPYECKOM
BHE/IPEHUU IPEACTABIECHHON CUCTEMBI ObLIIN
YUTEHBI BCE YKA3aHHBIE 3TAIbL. 1151 6€3011aCHOTO
YIIPABJICHUSI OCHOBHBIMU KJIAIIAHAMMU U 33/IBIDKKAMU
OBLIIN IIPOBE/ICHBI ICTEPMHUHUPOBAHHBIC UCTIBITAHUS
U IIPOBEPKA JOCTOBEPHOCTU. DTO IMTO3BOJINJIO
BBIIIOJIHUTD CEPUIO U3 HECKOJIBKHUX PENICHU
U ABTOMATHU3HUPOBATH OCHOBHBIE IPOLIECCHL. B
JETEPMHUHHUPOBAHHBIX UCIIBITAHUSAX OJJUH U TOT XKE
TECT B OJHAKOBBIX YCJIOBHSX J1A€T OJUHAKOBBIC
PE3YIBTATHL 32TEM JIOTUYECKASI CXEMA ACUCTBUI ObLIA
JIOpaboTaHa: CJIEAYIOUINI AT MOT ObITH BBIIIOJIHEH
TOJIBKO IIOCJIE IIOATBEPKACHHUS IPEABLYIIETO MIara.
Taxum 06pa3oM, IPOBEPKA JOCTOBEPHOCTH JJAHHBIX
Ka’K/IOTO KOMIIOHEHTA CUCTEMBI BBITIOIHAIACH TOIBKO
I10CJIE AaHAJIOI'MYHOM OIEPALIMH B IIPEABIAYIIEM
KOMITOHEHTE.

IIpoBepka 1: TudpoBuzanusa o60pyJ0BaHHUS
JJIsI KOHTPOJIA HAZN JaBJI€HHEM

PanHee 6p10 HEBO3MOXHO MTOATBEPAUTD
MTOJIHOE MU3BJIEYEHUE 3A00MHOrO MHCTPYMEHTA HA

tested, trialed and commercialized. In order to safely
operate critical valves, deterministic tests and trust
creation were crucial to permit a sequence of decisions
and automate critical processes. In deterministic tests,
the same test in the same conditions cannot output
different results. Logic steps were then refined- the
subsequent step could not proceed prior to a validation
from the previous step. Reiterating this determination,
trust in each component relied on the trust in the
previous component in order to proceed.

Control Check 1: A Digital Window Inside
Pressure Control Equipment

In the past there has been no way to verify with
certainty that tools are out of hole. For example,
confirming the wireline perforating gun assembly is
above and clear of the wellhead. This has led to shearing
events of equipment, NPT remedial activities off the
critical path and cost overruns.

Proprietary technology using a sensor array (Figure
1) was applied to remove guessing the presence of pipe,
wireline or BHA’s in the pressure control equipment.
Risks could be foreseen with this insight, and
confirmation of vacant pipe could finally be checked
off. For example, this validated that the crown/swab
valve could be actuated closed without cutting wire line
or shearing a BHA, additionally safely allowing increased
pulling speed. (Note: this technology also proved
versatile and applicable to coiled tubing, intervention
and offshore applications).

Control Check 2: A Physical Barrier, The Digital
Handshake and Valve Actuator Interlocks

The proprietary spool technology was then coupled
with an engineered control system, valve interlocks at
the accumulator. No longer could valves be operated
if critical parameters were not met; furthermore,
sequences could be defined to proceed safely with
critical operations.

Below is an example of a valve unlock logic path
(Figure 2). The logic:
* Retrieves the state of the well activity from operational

data, which in the case below is a wireline operation.
» The Sequence Control Check 1 is then verified via

operational data and the Digital Window information

to confirm the tool is out of the hole or whether the

tool is in the hole in the lubricator, but above the

crown/swab valve.
* The hydraulic interlock, via the SIMOPS
communication interface, is then given the permit to
unlock/deactivate.
A digital triple-handshake permission sequence
(wireline operator, valve operator, and well
site supervisors) then hydraulically unlocks and a
‘green’ visual is given to the operator at the
valve bank (Figure 3 below).
Complementary logic works when a well is being
fractured; when the pressure exceeds a frac threshold
the hydraulic interlocks are engaged.

Control Check 3: Valve Actuation and Position
Verification Checks

The spool and interlock technology bundle then
evolved to include real-time data from all digital services
on-site. This included a combination of third-party
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MOBEPXHOCTb. Hanpumep, 661110
HEBO3MOKHO IOATBEPAUTD, YTO
nep@opariOHHAs1 KOMIIOHOBKA
Ha KabeJie IOTHOCTBIO
MU3BJIEYEHA U HAXOANTCA
Ha/Jl yCTbEBOU APMATYPOM.
OrTcyTCcTBUE 3TOM MH(POPMALTUNA
MIPUBOAWIIO K CPE3AHUIO
3JIEMEHTOB KOMIIOHOBKH,
PEMOHTHBIM Pa0OTaM, IOTEPE
BPEMEHMU U YBEJTUYEHHUIO 3ATPAT.

7151 UICKJTIOUYEHU ST
HEOMNPEJEIIEHHOCTH O HAJTMYUHU
TPYOBI, Kab€s1 NI 3a00HUHONU
KOMIIOHOBKH B YCTHEBON
apMatype 6blIa UCIOIb30BAHA
34MATEHTOBAHHAA TEXHOIOI U
C MATPULEH JATYUKOB. DTA
TEXHOJIOI'MA ITO3BOJIAET ITOATBEPANTD HATUYUE
060pPYAOBAHHS B YCThEBOU apMarype. Hanpumep,
3T4 TEXHOIOI'UA ITOATBEPKIAET BO3MOXKHOCTD
3aKpbITHS Oy(PEPHOI 32/IBUKKH C ITIOJTHBIM
UCKJIIOYEHUEM PHUCKA CPE3AHUA KAOEIIA NN
3JIEMEHTOB 3A00MHOM KOMITOHOBKHU, YTO ITO3BOJISCT
YBEJIMYHUTD CKOPOCTB ITO’bEMA U3 CKBAKHUHBI (ATY
TEXHOJIOTHIO TAKKE MOXKHO UCIIONIb30BATh I
PadoT C KOJTIOOMHIOM UJIH JJ1s pabOT HA MIEIbdE).

IIpoBepka 2: ®U3NIEeCKHI 6apbep,
b poBasa NOJIIHUCH U GJIOKHPOBKA
3aJBHIKEK

3aTeM 3aI1aTEHTOBAHHAS TEXHOJIOI U
C MATPULIEH JATUYUKOB OblJIa OOBEIMHEHA C
CHUCTEMOM OJIOKMPOBKU 32/IBIDKEK. B paMKax 3TOM
TEXHOJIOTHUHU ITPHU BBIXO/I€ OCHOBHBIX [TAPAMETPOB

Mo o
Yes
Ko

Mo

Vi

B Al undack

Pucynox 2 — Yacmuunoe npeocmaeénenue
J102UHECKO CXeMbl N0 OMKPbLImuio 6ygeprnoil

34 I'PAHULIBI JOITYCTUMBIX IIPEE/IOB IIPOUCXOAUT 3A06UICKU
SAKPBITHC 3a/IBUIKCK, 4TO AACT BOSMOKHOCTD Figure 2 — Partial View of a Crown/Swab Valve
BBIOPATH 6E€30MACHBIN BAPUAHT JAJIbHEHIITNX Unlock Logic Path

JIEVICTBUI.

Huke nnpeicTaB/IeH IIPUMED JIOTUYECKOU CXEMEI 110
OTKPBITUIO 33IBIKKU (PUC. 2):
¢ TTonyyenune nH(POPMALIUU O THUIIE CKBAXKUHHOU

OIIEPALUU U3 IKCILIYATAIIMOHHBIX JAHHBIX —

B IAHHOM CJ1y44€ OIEPALUs C KAOCIEM.

* TIposepka 1 1 NOATBEPXKACHU S
3KCIUTYATALIMOHHBIX JAHHBIX U IIOITBEPK/ICHUE
IIOJIOKEHUSI THCTPYMEHTA: JTMOO IPOU3BE/ICH
ITOJIHBIM NTOJ'bEM UHCTPYMEHTA, IMOO UHCTPYMEHT
B 1y6pukarope Haz 6y(hepHOU 3aIBUKKOM.

e I'upaBanydecKas 6JIOKUPOBKA IAET pa3pEIICHUE Ha
OTKPBITUE 33IBMDKKU Yepe3 UHTEPPEHUC CUCTEMBL
CBSA3U IIPU COBMECTHBIX PA60OTAX.

* TpexarannHas nupoBas HOANUCH (OIIEPATOP
Ka0€JIbHOM YCTAHOBKH, OIIEPATOP 3aABUKKH,
CYIEPBAN3EP HA IUIOMAJKE) JACT «3€JICHBIN» CUI'HA
JULAL OIIEPATOPA, YIIPABJIAIOIIETIO 33 IBMOKKAMU
(puc. 3).

Bo Bpems I'PIT paboTaeT KOMILIEMEHTAPHAS JIOTHUKA.
Korza gasineHue npeBblaeT JOIyCTUMBIN IIPEEI,
OPOUCXOAUT I'UJIPABINYECKAS OIOKUPOBKA.

IIpoBepka 3: YipaBjaeHHE 3aBHKKAMH U
IIPOBEPKA IIOJIOKEHHU A 32 BHKEK

3aTeM K TEXHOJIOTHUAM IPOBEPKU HATTUY U

32 Ne 2 (076) Mionn/June 2021

vendor data, off-the-shelf sensors, and proprietary
sensors. Valve Position Sensor technology then allowed
for a digital confirmation that a valve is open, closed or
in-transition. Valve Position Sensors (Figure 4) on the
wellheads united with wellhead pressure measurements
to allow accurate digital twinning of the wellhead bank
at the HMI (Human Machine Interface) onsite. In the
HMI screenshot below (Figure 4), only information that
is critical to onsite communication to the site operation
is displayed. Here it can be seen, on the rightmost well:
* a tool is passing through the wellhead, whichison a
perforation run for stage 1,
» valves are green (in the open position) permitting
vertical access to the well;
* valves that are dark orange indicate closed (pump
down and fracturing lines);
» red dot indications that the valve interlocks are
engaged.
This merged real-time data of equipment onsite,
enabled further system checks, fortifying trust.
Control Check 4: Empower Real-time Controls
and Dashboarding via Trustworthy Site-driven
Operations Data
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Pucynox 1 - 3anamenmo8annasn mexnonio2us cmampuueti 0amuurxos
u oucnaeem HMI

Figure 1 — Proprietary Sensor Array Spool Technology and HMI Display



0O60pPYAOBAHMS B

YCTBEBOU ApMATypPE

Y1 ABTOMATHYECKOT'O

3aKPBITHA 32JJBUKEK

ObL1a JOOABIEHA

nepe1ada JaHHbIX

CO BCEX ITU(PPOBBIX

YCTPOUCTB HA IVIOIIAKE

B PEAJIBHOM BPEMEHM.

JaHHbIE COOMPAINCH CO

BCEX TUIIOB yCTPOUCTB:

JAaTYUKU OT CTOPOHHHUX

ITOCTABIIIUKOB,

JAaTYMKH CEPUUHOIO

IIPOU3BOJICTBA, 4

TAK)KE COOCTBEHHBIC

3aM1aTCHTOBAHHBIC

JaT4YUKHU. TEXHOIOrHsI ONIPE/IE/ICHHUS ITOJIOKCHU ST

32/IBIKKU C IIOMOIIBIO JIATYHKOB IO3BOJISIET

MTOJIyYUTD ITOATBEPK/CHUE TOJIOKCHUS 3aIBHXKKU:

OTKPBITOE, 3AKPBITOE, IPOMEXKYTOYHOE. [JaHHbIE

C JATYUKOB IOJIOKCHUS Ha 32/IBHKKAX YCTBEBOU

apMaTypsl U C JATYUKOB [JABJICHUSI IPEOCTABIISIOT

TOYHYIO UH(OPMAIIHIO O IPYIIIE CKBAKUH. DTa

MH(HOPMALTSI BBIBOAUTCS HA TAHEJIb YIIPABJICHUS

(aBTOMATU3UPOBAHHOE pabouee MECTO) HA IO A/IKE.

Ha pucyHke 4 1peficTaBaeH CKPUHIIOT ITAHEIN

YIIPABJIEHUS, HA KOTOPOU OTOOPAXKACTCS BCSI BAXKHAS U

Heo6xoanMas nHpopMalys. Ha 3ToM puCyHKE MOXHO

YBUJIETb COCTOSIHUE KPAMHEN IIPABOM CKBAXKUHBIL:

* UHCTPYMEHT

IIPOXOANT YeEPE3

YCTBEBYIO APMATYPY

(mepdopantoHHas

KOMITOHOBKA JIJIs

craguu 1);

3€JIEHBIM I]BETOM

0603HAYECHBI

OTKPBITHIE

33/IBUKKU, KOTOPBIE

OTKPBIBAIOT JOCTYII B

CKBAXXUHY;

* TEMHO-OPaHXEBLIM
IIBETOM OOO3HAYCHBI
3aKPBITBIC 33/IBIKKHU
Ha HACOCHBIX
JIMHUAX U IMHUAX

g

* KPACHBIMHU TOYKAMU
0603HAYEHBI
3AKPBITBIE 32/IBKKIL
DTH O6'bEJUHEHHBIE JAHHBIE, IPEJOCTABIIAIONIAE

NH(OPMAILTUIO 060 BCEM OOOPYIOBAHUU HA

IUIOIIAJIKE B PEAJIBHOM BPEMEHH, JAI0T BO3MOXHOCTD

OPOBOAUTD AANBHENIIINE IPOBEPKHU, UTO MTOBBIIIAET

JOCTOBEPHOCTb NH(POPMALIHH.

IIpoBepka 4: YipaBjJI€HHE B P€ATbHOM
BPEMEHH, OTOOPAKEHHE JOCTOBEPHBIX
IKCILTYATAITHOHHBIX JAHHBIX

[Ipu aBTOMaTHU3aMH ITPO1IeCcCOB I'PIT ¢ mOMOIIBbIO
MHETIU OOPATHOMU CBA3U (DAKTOP BPEMEHU UT'PAET
BAXXKHYIO pOJIb. [IepcOHA HA IJIOMAIKE JOJIKEH 3HATD,

Pucynox 3 - Humepdgheiic yuipoeoii noonucu, cucmema KOHmpPOIa Hao
oaenenuem, nPueoo 3a06UNCKU

Figure 3 - Digital Handshake Interface & The Engineered Control System,
Valve Actuator Interlocks

When looking at feedback loops to automate controls
on a fracturing site, factors of time matter.

If a control check is to be trusted by operators, they must
know response is near instantaneous.

Cloud computing and service uptime uncertainties
make aggregating data remotely to feedback to
operations controls onsite challenging. A site
presence with rugged sensors, equipment, cabling
and automation control center was essential (Figure
5). This physical durability assured that data was not
only reliably collected at site, but transferred to control
equipment immediately, captured with edge serving
capabilities, and supplied with uninterrupted power.

Pucynox 4 - Jamuuku noaodxcenusn 3a08udicex, npumep nanenu
I'PIT: ynpaenenusa na padooueii niouyaore

Figure 4 — Valve Position Sensors, and an example of the site HMI
(Human Machine Interface)

With accurate and near instantaneous data now in-
hand, straight from the sources onsite, the infrastructure
for further real-time controls was built. This setup and
accuracy generated further value as a holistic view of
the site and digital twins of critical components of the
operation were formed. A panoramic dashboard of the
entire pad operation came into view.

Activity logs were now automated, as timestamps
of digital handshakes verified the start and stop of
activities, and valve position data and visuals formed
the verification check. With the frac trees now
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4TO CUCTEMA IPOU3BOIUT BBIIIOJIHEHUE BCEX IIPOBEPOK
U NPENNIPUHUMAET (PU3UYECKOE JEUCTBUE IOYTHU
MI'HOBEHHO.

COOp IaHHBIX U NTEPEaua HA TAHENb YIIPABJICHUSA
SIBJIAETCA CJIOKHOU 33/1A4€N, ECJIN YIUTBIBATD
CJIOKHOCTDb OOJIAYHBIX PEIIEHUI U BEPOATHOCTD
0TKa3a 060pyIoBaHU. [1719 HAZIEKHOM aBTOMATU3AITUN
BCEX POILECCOB HEOOXOANMO NPOBEPSATH
PaboTOCIOCOOHOCTD BCEX AATUYUKOB, OOOPYAOBAHUSA
U Kabesnen. KakIpll 31eMEHT OOOPYAOBAHUS HA
IJIOIIAIKE TOIKEH OBITh HAACKHBIM. TOTBKO B 9TOM
CIIy4ae MOXXHO OOECIIEYUTh CO0OP U HEMEIJIEHHYIO
MEPEIAavy BCEX TAHHBIX HA TAHENb YIIPABJICHUS.
Taxske HEOO6XOJUMO OO6ECIEUNTD HAZICKHYIO pA0OTYy
MOTPAHUYHBIX CEPBEPOB A1 XPAHEHUSA JAHHBIX U
6ecrepeOONHYIO IOAYy TUTAHUSL.

COOp M MTHOBEHHA4 IIEPEIAYA JAHHBIX CO
BCEX YCTPOMCTB HA IUIOMAJIKE OOECIIEUNBAET
UHMPACTPYKTYPY /1 YIIPABICHUA CKBAXKIUHAMU
B PEAJIBHOM BPDEMEHU. DTA HH(PPACTPYKTYpa
MO3BOJIAET MOMYYUTDh KOMITJIEKCHOE NTPEACTABICHUE
060 BCEX IPOLIECCAX HA IIJIOUA/IKE U IOTYYUTh
BUPTYAJIBHYIO KOITUIO OCHOBHBIX 3TAIIOB PA0OTHL
[TaHOpaMHOE OTOOPA’KEHUE JAHHBIX HA TAHEIH JAET
BO3MOKHOCTbD YIIPABJIATH LETBIM KYCTOM CKBAJKHH.

ABTOMATH3AIUS BCEX ITPOLIECCOB OOECTIEUNBACTCSA
4Jepes aBTOMATUYECKOE BEJEHHE XKYPHAJIA OIEPALUL,
U(PPOBYIO HOAIIHCH JJI TOATBEPKACHUA HA9aIa
Y OKOHYAHUA JEUCTBUA, JATYNKHU ITOJIOKEHUS
3a/IBUKEK [IJ1 BU3YAJIbHOT'O ITIOATBEPKACHUSA
OTKPBITHS/3aKpbITU. LT pOoBU3aALNA YCTHEBOH
apMatypsl I'PI1 O3BOIAET TOTYYUTD LETBHYIO
uH@pOpMALIIO 6€3 HEAOCTAIONUX 3BCHBEB B
Macurrabe Bcero Kycra. JJaHHbIE C YCTPOHCTB
Pa3IHMYHBIX IOCTABIIUKOB TENEPb OOBEAUHAIOTCA U
MEPESAIOTCA HA €IMHYIO ITAHEb YIIpaBIeHUs. [Ipu
3TOM OOECIIEUNBAETCA IIPOBEPKA KAYECTBA JAHHBIX.
EnyHas nmaHesb yIpasaeHusa OTOOPAKAET JAHHBIE CO
BCEX KJIIOYEBBIX KOMIIOHEHTOB (YCThEBASA APMATY P4,
ob6opynoBanue I'PIT, KabenbHAs YCTAHOBKA,
HACOCHOE OO0OPYIOBAHUE). DTY CUCTEMY MOKHO
HCTIONB30BATH /IS HHU(PPOBU3ALIH U IPYT'UX TUIIOB
PabOT: BOGOU3OIALIMOHHBIE PA0OTH], KOHTPOJIb
BBIHOCA [1IECKA, MOHUTOPUHT COCETHUX CKBAKMH
(puc. 6).

B ckopoM BpeMmenu padoTtel I'PIT 6yayT
MIPOBO/IUTHCSA C UCTIOTIB30BAHUEM JIECATKOB THICAY
JATYUKOB OT PA3JIMYHBIX IOCTABUIUKOB. TaKOM
60JIBIION OO'bEM PA3PO3HEHHON MHPOPMALIU
MOTPEOYET CO3/IAHM S €IITHOM HE3ABUCUMOH
1aTopmbl. Kpome TOro, Ha CKBaKMHAX yKE
HCIIONb3YIOTCS HECTPYKTYPUPOBAHHBIC TAHHbBIC
(Buzeo, IP-TeneoHust). DTU JaHHBIE HEOOXOANMO
TAKKE IIE€PE/IABATh HA €AUHVIO ITAHE/Ib YIIPABICHUS.
CO0op u nnepefada BCEX JAHHBIX HA €JUHYIO ITAHE/b
U Ta7IbHENINAS UHTErPALlMs U KOHBEPTUPOBAHUE
Pa3pPO3HEHHBIX JIAHHBIX TO3BOJIUT NIOAYYUTD [IEHHYIO
MH(OPMAITHIO O TEKYIIEM COCTOSHUU CKBAXKIH.
EnuHas maHesb yIpaBIeHUs OObEIUHSACT JAHHBIC
CO BCEX CEPBUCOB, U OOECTIEYNBAET COBEPIUIEHHYIO
CTAHJAPTU3UPOBAHHYIO 043y JAHHBIX IS IPOBEACHUSA
aHanUTUKU PD2A (aHa/1IMTHKA JAHHBIX HEPTETa30BOM
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digitized, there were no missing-links to this true,
pad-level detail. Operational data from the various
vendors onsite could now be merged to a hub with
other vendor data streams and quality checked
against the operation activities. This hub allowed
a dashboard of all primary services data (digital
wellhead, frac, wireline, pump down), and a home
for other digitized services such as water services,
sand management, and offset well monitoring
(Figure 6) to name a few.

With frac sites soon to be equipped with tens of
thousands of sensors from multiple vendors, and
as a result, a deluge of data to catalogue; the need
emerges to create a vendor agnostic platform. In
addition, unstructured data (e.g. video, VOIP) is
already streaming on completion sites and this data
will need a destination in order to remain relevant
to the operation. The solution was to congruently
assemble this data at a hub and neutrally allow
this integration to transform data into meaningful
information (Figure 06).

The hub gave relevance to all services data, and
once merged became part of a powerfully clean and

- -, I{_‘l'.l.. % =

Pucynok 5 — Hacmpaueaemoe, mnozouenesoe,
U3HOCOCMOTiKOe 000PYOOBaAHUE ONA KOHMPOIA
HAO CKBANCUHOTL

Figure 5 — Scalable, Versatile, Rugged Equipment
and Control Center Packages

standardized database to drive PD2A (Petroleum
Data Driven Analytics). PD2A is a vast topic of the
system and is not covered in the scope of this paper.

RESULTS, OBSERVATIONS, CONCLUSIONS
This technology proves a valuable first step in

building trust to integrate further innovations to

the autonomous frac site. Repetitive tasks within

complex operations, where mistakes pose risks to

people, equipment, operations and budgets are ideal

candidates to automate. Valve sequencing through



OTpPaC/IN). AHAJIUTHUKA
PD2A asnsercsa
OTAEBHON OO PHOU
TEMOU, B TAHHOU CTATHE
OHAa HE OCBEIIACTCS.

AR
I
BbIBO/bI

IIpencrasinenHas
TEXHOJIOTHS TO3BOJISIET
CAE/IATh IEPBBIH IIAT K
BHE/IPEHNIO MTHHOBALIMOHHBIX PEIMIECHUN JI7I1 CO3/IaHUS
aBTOHOMHOUM 1tomaaku ['PIL I1py BeITOSTHEHU N
CJIOJKHBIX PA0OT CYIIECTBYIOT OOJIBIINE PUCKU: OTKA3
060pYAOBAHMS, yIPO3a 6E30IIACHOCTH IEPCOHAIIA,
YBEJIMYEHUE JJEHEKHBIX 3aTPAT. [IOBTOPAIOMUECs
33/1a49M HA TAKUX ONEPALUAX ABJIAIOTCSA HANOOIee
ONTUMAJIBHBIM THUIIOM 32/]a4, KOTOPBIE HEOOXOUMO
ABTOMATHU3UPOBATD. YIIPABJIECHUE 33/IBUKKAMU
C MUCHOJIBb30BAHUEM KOHTPOJIBHBIX IPOBEPOK,
UQPPOBBIX NOJNUCEN U THAPABINIECKON
OJIOKMPOBKU UCKJIIOUAET YKA3aAHHBIE PUCKU U
HOBBIIIAECT 3PPEKTUBHOCTD PAO6OT. TEXHONIOT U,
NPEACTABIEHHAS B JAHHOM CTAThE, HO3BOJISAET
COKPATUTb BPEMSI TPOCTOSI HACOCHOT'O O60PYJOBAHUA
BO Bpems I'PIT (OT KOMaH[ «OCTAHOBUTD 3AKAYKY> JJO
«CTPABUTD INHUMW», OT KOMAH/JI «YPABHATD JABJIICHUST>
J1O «<HAYATh 3a4KAYKYy»). Ha KaXK/1011 CKBAXKMHE
TEXHOJIOT'HA IMTO3BOJINJIA COKPATUTD JNIMTEIBHOCTD
PaboT O OTKPHITUIO/3AKPBITHIO 33/IBUKEK HA
6osiee ueM 5 MUHYT. TAK)KE TEXHOJIOTUS TTIO3BOISIET
COXPAaHUTbD LIEJIOCTHOCTD KA6€JIs IPU ITPOBEICHUN
I'PT1, yTO moBbIMIAET 3(PPEKTUBHOCTD PAOOT.

CJIOKHO PACCYUTATD BPEMS, 3ATPAYEHHOE HA
JIMKBUZALTUIO ABAPUI, CBA3AHHBIX CO CPE3AHUEM
Kadens Bo Bpemd I'PIT uiin O CKa4KOM J1aBIEHUA
U3-32 OIIMOOYHOI'O 3AKPBITHA 33/IBIDKKU. OTHAKO 34
TOCJIEJHHE HECKOJIBKO JIET TAKHE ABAPUU CIIYUAIUCh
MHOT'OKPATHO BO MHOT'MX KOMITAHUSX.

W 106BIBAIOIIME, I CEPBUCHBIE KOMITAHUH OCO3HAIOT,
K KAKMM CEPbE3HBIM ITOCIEJCTBUSIM MOT'YT IPUBECTHU
TAKHE aBAPUU. BCE KOMIIAHUU TPU3HAIOT, YTO

«H4 Ay TCOPCUHI MOKHO IIEPENATh BCE, KDOME
oTBeTcTBEeHHOCTH» (Henderson, D, Earley, S., &
Sebastian-Coleman, L. (Eds), 2017), noaToOMy KpanHe
BAKHO HCKJIIOYUTD TAKHE ABAPUU. 3AIIATEHTOBAHHAS
TEXHOJIOI'HSI OOECIIEYNBACT IIOJHOE (P POBOE
VIIpaBJICHUE HAJ, OO0PYIOBAHUEM /1J1s1 KOHTPOJIS
JIaBJICHUS C IOMONIBIO (PU3UUECKUX 6APbEPOB U
TPEXITAITHOMN IHUPPOBO ITOAIHICH. DTO ITO3BOJISIET
HUCKJIIOUYUTD BEPOSITHOCTb TAKUX dBAPU.

CiieyeT OTMETUTD, UTO C TEX I1OP, KAK
[IPEACTABICHHAS TEXHOIOI'H OblJIA BHEIPEHA 2 I'O/ld
Ha3a]], HA paboYNX IUIOMAIKAX 3aKA3YNKA
HE MIPOU30IILJIO HU OJJHOTO CIy4as CPE3aHU
Ka6eJId, OMMUO60YHOIO 3AKPBITUA 33/IBUKKH UJIU
HENPEABUICHHBIX CKAYKOB JIABJICHUS.

Pucynox 6 - IIpumep omooparicenus 0annslx Ha eOUHOTL naneau
ynpaenenusn

Figure 6 — Example Feature Sets of The Hub Dashboard

control checks, digital handshakes and physical
interlocks eliminates this risk and generate well
swapping efficiencies. The technology package
introduced in this paper optimizes time from
‘pumps off’ during frac to ‘system bleed down’ and
from ‘equalized’ to ‘pumps on’. Time savings for all
operators have been proven to be greater than 5
min/well on valve functioning tasks. The technology
package also helps keep wireline waiting on frac
operations, allowing pad operations to remain
efficient and on the critical path.

While it is difficult to recover a true count of the
time wireline has been cut or a frac site has had an
over-pressure event by an errantly closed valve, it
has certainly happened more than once to most
operators the past few years. Operators and service
companies alike recognize the consequences are
severe for getting this wrong. These industry players
realize “anything can be outsourced except liability”
(Henderson, D, Earley, S., & Sebastian-Coleman, L.
(Eds), 2017) so it becomes imperative to eliminate
these events. The proprietary technology developed
to reveal a digital window into the pressure control
equipment, physical barriers and the digital triple-
handshake have defeated these events.

It can be highlighted that since the technology
introduced in this paper was implemented on
customer sites 2 years ago, not one single event of
shutting in on wireline, mistaken valve closure or
any overpressure events have occurred.
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