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RFID TECHNOLOGY FOR
DOWNHOLE WELL APPLICATIONS

NCTOJIbSOBAHWE TEXHOJIOI
PAOAVNOHACTOTHOWU

NWOEHTWU

NMKALUNN B HEDTAHbBIX

N TA3SOBbIX CKBAXIHAX

Ron CLARKE, Coiled Tubing Times

Pon KJIAPK, «Bpems KonTioOuHra»

Radlio Frequency Identification (RFID) is

a method of storing information on a tag
that communicates remotely via radio
frequency with an interrogator in order to
carry out a function. RFID is widely used
for id pass and security devices in stores,
for toll roads and pet tracking, etc. It is
also can be used in the oilfield, becoming
a means of introducing intelligence into
tools without the need for expensive and
time-consuming communication systems.
RFID is the technology that will enable
changes in the method of communication
downhole. The number of round trips

of drill string or CT will be reduced,

many current ball drop technologies and
hydraulic cycling tools will be replaced,
and many limitations of present day tools
may be eliminated.

RFID requires an ID chip that is usually passive and merely
reports a number, and a reader, which is active and requires
power to operate. The reader and chip must pass within a
certain proximity to each other. Generally speaking, there
are three categories of uses for RFID: a) inventory control, ie.,
simple identification at surface or downhole; b) downhole
RFID chips are placed in the drill string or casing string, and
a subsequently conveyed reader can perform an operation
at a specific downhole location when the correct code is
identified; ¢) downhole tool is configured with a reader, and
subsequent downhole runs of the ID chip passing across
the reader perform the application. RFID tags are usually
inexpensive, costing anywhere from $0.25 to $1 or so for
passive chip tags. So, basically, their price is not an issue in
oilfield applications.

The technology was jointly conceived, patented, and
developed by In-Depth Systems, Inc. and Marathon Oil
Company and licensed to the two North Sea service

TexHoorus paamo4acToTHOM MAeHTUDUKALMM
(RFID) — meTon xpaHeH s MHopMaLmm

Ha MapKepe, KOTOPbIV C MOMOLLIbIO
paamoYacToTHOro CUrHaaa ANCTaHLMOHHO
rnepenaer AaHHble Ha yCTPOWCTBO Ornpoca

[J151 BbIMIOJTHEH WS OMNpeaeeHHbIX JeUCTBUN.
TexHonorvsa RFID 1umnpoko mncrosb3yercs Asis
MAEHTUMKALMM TINYHOCTU U B yCTPOMUCTBAX
obecrneyeHss 6e30NacHOCTV B Mara3mHax, Ha
M1aTHbIX aBTOAOPOrax, [/ OTC/IeXNBAHNS
MEeCTOIMONIOXEHMS JOMALLHWUX XUBOTHbIX U

1.4. OHa Tak>Xe MOXET MCr0/Ib30BaTbCs Ha
HEQTAHbIX MECTOPOXAEHUSX, [4e MO3BOISeT
co3aBaTb MHTE/IEKTYaslbHble YCTPOWCTBa be3
MCO1b30BaHMS JOPOrOCTOALLUMX M BPEMSIEMKINX
cuctem obmeHa naHHbiMu. TexHonorus RFID
M03BONISIET UIMEHUTL CaM METOL, VUCMOJIb3YIOLLMICS
/15 KOMMYHWKaLMK B HEDTSHbBIX M ra30BbiX
CKBaXkuiHax. Konm4ecTBoO Criycko-noagbEMHbIX
onepaLm 6ypoBOM KOJIOHHbI W/ rbKow TPy Ob!
bynet, Takmm 0bpa3omM, CHUXEHO, MHOIME LLINPOKO
MCIOIb3yeMble B HaCTosILLee BpeMs TEXHOIOMim
repmeTm3aLinm BHy TPEHHeV noaoCTv OypubHbIX
TPyb C NoMoLLbio COpachiBaeMbiX LLAPOB byayT
3aMeHEeHbI, a PSL OrPaHNYEeHN, JENCTBYIOLLIMX
Ha CerofHsLLHWV eHb A1 BHY TPUCKBAXXWUHHOIo
WHCTPYMEHTa, bynet CHST.

Jinsa npuMeHenus texHonoruu RFID HeoOX0auM HAEHTU(PUKALTUOHHBII
YUII, KOTOPBIM OOBIYHO MACCUBEH U TOJIBKO NEPENAET UUCIIO, U
CUUTBIBATENb, KOTOPBIM AKTUBEH, U JI1 PAOOTHI KOTOPOTO HEOOXOIUM
JNEMEHT NMUTAHUA. CYUTBIBAIONIEE YCTPONUCTBO U YUII OJKHBI HAXOAUTHCA
B OTHOCHUTEJIBHON GIU30CTHU PYT OT Apyra. Boobie roBops, ClIOCOOL!
npumMenennd RFID MOXHO pa3zenuTsb Ha TPY IPYIIILL d) KOHTPOJIb,

T.€. IPOCTAS UEHTU(PUKALINSA HA3EMHOTO UIN BHYTPUCKBAKIHHOTO
o6opynosanus; 6) yunsl RFID 714 pab0Thl BHYTPU CKBAKHHEL
Pa3MEmAIOTCs Ha OyPOBOH MM 06CAHON KONOHHE, 4 TOCEA0BATENBHO
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Fig. 1 - RFID controlled, downhole circulating sub for well clean-up, which was used in the North Sea

by operator CNR

PucyHok 1 - Ynpasnsembit RFID LMpKynauMOHHbIM NEPEBOAHMK AN OYUCTKM 32605 CKBaXWHbI,

KOTOpPbIN Ncnonb3osancs komnaHven CNR Ha CeBepHoM Mope

RF  Equipped Circulating Sub

Aerial

Multiple position options

rcuit Board

letting Options

Gear

Mo Restrictis

Pump

Fig. 2 —The scheme of the RFID Equipped Circulating Sub

PucyHok 2 — YcTpolicTBo obopyanoBaHHoro RFID uMpKynsumMoHHOro nepeBoaHuKa

companies for product development and commercialization.
One of the first jobs using this technology was done in the
North Sea for Canadian company CNR International. RFID
equipped self-powered circulating sub was produced (Fig.
1, 2). Battery pack, circuit board, gear, pump — all necessary
parts were inserted into the 8-inch tool. As part of the
completion process, the RFID circulating sub was run to
clean up the well before running the completion string.
When it was required, the RFID tags were pumped down to
the well and they operated tool. When the tags reached the
sub, the circulating ports opened, and inhibited seawater was
circulated from just above the liner top at 3000 m. RFID tags
with a different code were then circulated to close the sub’s
ports. Field tests in the North Sea have proven successtul.
Typically the oil industry has primarily utilized mechanical
systems, hydraulic pressure and fluid pulses to actuate
downhole equipment. Use of the RFID technology allows a
completely new thought process to occur. It eliminates many
limitations of present day tools:
- no circulation rate dependence (fluid or gas);
- no need to manipulate the string;

3AIPALIKBAIOLIEE OTBET CYUTHIBAIOLIEE
YCTPOHUCTBO MOXET BBIIONHATb PAOOTHI Ha
HEOOXOAUMOM [IIYOUHE MDY CUUTHIBAHUY
HYKHOTO KOJI2;

B) BHYTPUCKBA)KUHHBII HHCTPYMEHT
000PYAYETCS CIUTHIBAIOMUM YCTPOHCTBOM

1 34TEM BBIIIOJIHAET CBOIO 337,a9y

IPH NPOXOXKACHUY BOIU3H HETO
UJICHTU(PUKAUOHHOTO 4uia. Croumoctb RFID
MAapKEPOB OOBIYHO HEBEIMKA U COCTABIIAET

ot $0.25 10 $1 /11 YUIIOB MACCUBHOI'O THIIA.
TaxuM 06pa30M, UX LIEHA HE MOKET CITYKUTD
NPEMATCTBAEM JUIS ITUPOKOTO UCTIONb30OBAHU
TEXHOJIOTUH Ha HE(PTAHBIX MECTOPOXKJCHUAX.

Texnonorus RFID 65112 COBMECTHO
pa3paboTaHa, ONPOOOBAHA U 32MATCHTOBAHA
komnanuamu In-Depth Systems, Inc. u Marathon
Oil. B Hacrosimee BpeMs Jid JaIbHENIETro
PA3BUTHA U BBIXO/jd HA IPOMBIIIIEHHOE
NPUMEHEHHE 3TA TEXHOJIOTUA 10 IMLEH3UN
UCTIONB3YETCA ABYMA CEPBUCHBIMU KOMITAHUAMH,
paboraomumMu B parione CeBEPHOTo
Mopst. OfHO UX NEPBBIX IIPUTOKEHUI
9TOV TEXHOJIOTUH OBUIO Pa3pabOTAHO B
CeBepHOM MOpE KaHA/ICKON KOMIIAHUEN
CNR International, UM cTa 060PYAOBAHHBII
RFID 0ypKyIAIMOHHBIN IEPEBOHUK C
4BTOHOMHBIM ITUTAHHUEM (PUCYHKH 1, 2).
DIEMEHT NMUTAHNA, SNEKTPOHHAS IIAT, HACOC
— BCE 3TO OBLIO YCTAHOBNEHO B UHCTPYMEHTE
auamerpoMm 20,32 cM. B pamkax pabot o
3aKAHIMBAHUIO CKBAKUHBI OCHAMEHHBIN RFID
LUPKY/IALMOHHBIN IEPEBOAHUK ObUI CITYIIEH B
CKBAXKHMHY A1 OunCTKY nepen sarmyckoM HKT. [To
neo6xogumocTy RFID MapKeph! 3aKA9MBAINCD
B CKBOKUHY U YIIPABJIAIA HHCTPYMEHTOM. [10
MepE JJOCTHKEHUA MAPKEPAMU NEPEBOJHUKA
OTKPBIBAIMCD IUPKYIALMOHHBIE TIOPTHL U
MOPCKa4 BOJA C HEKOTOPBIMHU J00aBKAMHU
LMPKYIUPOBAIA B 3160€, OCTABIAACH OT BEPXA
XBOCTOBMKA, PACTIONOKEHHOI'O Ha BHICOTE 0KOJIO 3000 M. 3ateM Obuiu
3anyuieHs! RFID Mapkeps! ¢ ApyruM KOZIOM, Y4TO II03BOJIMJIO 3AKPBITh
HOPTHI ePeBOAHMUKA. [ToseBbIe HCTIbITaHNA HA CEBEPHOM MOPE MOKA3AJIH
3(pEKTUBHOCTD PA3PAOOTAHHOTO HHCTPYMEHTA.

O6BIYHO /U1 AKTUBALUY BHYTPUCKBAKUHHOTO MHCTPYMEHTA B IIEPBYIO
04epe/b UCTIONB3YIOTCA MEXAHUYECKUE CUCTEMBI, TU/IPABINYECKOE
JABJICHUE U NTYJIbCALUHI KUAKOCTH. VIcrionbp3oBanue TexHonoruu RFID
TO3BOJIAET T10-HOBOMY B3IVIAHYTb HA 3TOT MPOLECC U U30ABUTHCA OT
MHOTI'UX OIPAHUYEHNI, KOTOPBIE PACIIPOCTPAHAIOTCA HA IPUMEHAIOMUICA
CETOAHA NHCTPYMEHT:

- HET 3aBUCHMOCTH OT MAPAMETPOB LIUPKYIALUN (KUIKOCTH UK I'd32);
- HE HAJI0 ONEPUPOBATH KOJIOHHOW;
- HET OIPAHUYEHHI 110 CABUTAIONIEMY YCUIHIO.

Texuonorug RFID Takxe CHUMAeT OrPAHUYEHUS, YCTAHABINBACMbIE

UCIOJIb30BAHUEM COPACBIBAEMBIX IIAPOB:

- HET OIPaHUYEHMUIT 110 TMHEHHOCTH,

- OTCYTCTBYIOT CELJIA LS LIAPOB;

- BO3BPAT K IEPBOHAYAIBHBIM (DYHKIIUAM MHCTPYMEHTA IIPH

HEOOXOANMOCTH.

TexHonorus RFID aéT BO3MOXHOCTD YIPABILATb BCEMU
TU/IPABINYCCKUMY AKTUBAIIUAMY BHE 3aBUCHIMOCTH OT:
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Fig. 3- RFID tag
PucyHok 3 - RFID mapkep

- no shear limitations.

RFID technology removes the limitation set by drop balls:

- no inline restriction;
- no ball seats;
- return to original tool function when required.

RFID technology gives the ability to control all hydraulic
actuations irrespective of:

- pump pressure;

- depth (20,000 psi absolute pressure capability);
- fluid gradient;

- fluid quality.

It also can perform multiple functions:

- control more than one device using the same command
module;
- reduce BHA change outs and pipe trips.

RFID technology may bring the changes in the use of
drillstring and CT in well clean up, N2 lifting, riser and
circulating applications, fishing and remedial operations,
adjustable drilling tools and directional applications, drillpipe
setting/circ tools for liners setting, window cutting and UBD
tools. Drilling applications of RFID technology can easily be
applied to a CT application: disconnects, disappearing checks,
moving tools, expanding tools. At present the smallest RFID
actuated power pack designed and tested is 1” od putting
out 50 klbs in force. They can be used for fishing/shifting
applications. It is very important that standard tools can be
modified to accept this new technology.

Additional technology development is directed towards
being able to actuate tools in air-and-foam drilling
applications, where conventional fluid pulse or pressure
activated systems are ineffective. It is possible to build the
RFID chips small enough to survive being pumped through
a drilling motor. Tools below the motor then can be actuated
via RFID. Both drilling angle and direction can be changed. A
great number of opportunities exist and are being progressed
to utilize RFID in the wells with downhole readers. Drilling
disconnects, expandable and contracting stabilizers,
expanding and contracting under-reamers and similar tools
where either full or partial actuation would be desirable are
already under development. If operators and contractors are
willing to accept this new technology, it can be adapted to
many industry needs. Marathon Oil Company has estimated
that “a major oil and gas operator could realize at least $17
million in annual savings, as well as improved operational
safety benefits, with even limited acceptance and use.” m

The author thanks Marathon Oil for if’s belp in obtaining the grapbics
used in this article.
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- JABJICHUA HACOCY;
- TpajueHTa pabouer KUJIKOCTH:
- Ka4eCTBa paboyeH KUAKOCTH.
OHa TaKxke MOXKET 06ECTIEYUTD HECKOJBKO (DYHKIIULL:
- VIPaBJIATh OOJIEE UEM OFHUM YCTPONUCTBOM IIPU UCTIONB30BAHUM OfHOTO
1 TOT'0 € YIPABJIAIOWETO MOAYILS;
- CHU3UTD KOJIUYECTBO cMeHAeMbIX HBK 1 CIlyCKO-IOAbEMHBIX OlepaLiuil.
Hcnonb3osanue rexnonoru RFID MoxeT 3HAYUTEILHO U3MEHUTD
UCTONb30BAHUE OYPOBOI KOJIOHHEI ¥ KONTIOOUHIA IIPU NPOBE/ICHUY
PA6OT IO OUUCTKE 32001, TUPKYIALUN U B PA3JIETUTEILHON KOJIOHHE,
JIOBU/IbHBIX OIIEPALUY U TEKYIIETO PEMOHTA, IIPU UCIIOIb30BAHUU
HACTPAUBAEMOr0 GYPOBOTO MHCTPYMEHTA U HANIPABIEHHOM OYPEHUH,
UHCTPYMEHTA [0 NO3UIIMOHUPOBAHUIO/ IUPKYIALN OYPOBOIT KOJIOHHEL
IPH YCTAHOBKE XBOCTOBUKA, BHIPE3KE OKHA ¥ OYPEHUIO HA JIETIPECCUN.
BypoBbIE MPUJIOKEHUA TEXHOIOTMU MOTYT OBITh JIETKO 4JAITHPOBAHBL I
IPOBEAEHUA PAOOT C MOMOIBIO KONTIOOUHT'A: Pa3bEAUHEHHE, TPOBEPKA
HATUYYA, IBUKYIUAICA THCTPYMEHT, PACIIUPAIONMICA MHCTPYMEHT.
Ha 1aHHBI MOMEHT CAMBIF MUHUATIOPHBIN CKOHCTPYUPOBAHHbIN U
UCTIBITAHHBIN UCTOYHHUK IUTAHUA /11 UCTIONb30BAHUA B IIPUIOKEHUAX,
OCHOBAHHBIX Ha TexHONOruu RFID, nmeeT BHEHUN JUAMETP 2,5 CM
U BBIJIEPKUBAET HATPY3KY B 22,7 T. Takue yCTPOCTBA MOTYT OBITh
UCIOJIb30BAHBI IS JIOBUIbHBIX Oneparnyil. O4eHb CyIeCTBEHHBIM
MOMEHTOM SABJIAETCS TO, YTO YKE CYLIECTBYIOUMI HHCTPYMEHT MOXET
OBITh MOIU(UIIUPOBAH I IPUMEHEHUSA HOBOI TEXHOJIOTUH.
JlanpHeiiniee pasBUTUE TEXHOIOIUY HAIIPABJIEHO Ha €€ IPUMEHEHUE
A7 AKTHBALUU MHCTPYMEHTA B TEX MPUJIOKEHUAX, I7I€ UCTIONb3YETCH
II€HA, U I/ie TPAJULUOHHbIE CUCTEMbI AKTUBALUHY 32 CUET JABJICHUS
WIH MyIbCALAN KUJKOCTH HEIPPEKTUBHEL BO3MOKHO TaKke
Pa3paboTarb HACTOJIbKO MUHHATIOPHBIE RFID 4nIbL, YTO OHU CMOTYT
6€3 OBPEK/ICHUI IIPONUTU Yepe3 OYPOBOI IBUTaTeNb. 32 CUET ATOTO
MOKHO OYIET aKTUBHPOBATH HAXOAAIMECH 3d MOTOPOM HHCTPYMEHTB
€ IOMOIIBIO 3TOH TEXHOJIOTHH, YTO MO3BONUT MEHATD KAK yTOJ, TAK
1 Hanpasenue oypenns. CymeCTByeT TAKKE PAJ MEPCIEKTUBHBIX
NPWIOKEHUN NIPU UCHIOIb30BAHUY TEXHOJIOIUHU RFID B CKBAKMHAX,
32601 KOTOPBIX 0OOPY/J0BAHBI CYUTBHIBAIOIIUMHU YCTPONUCTBAMMU.
PagbeAMHUTEIHN, PACIIUPAIOMUECA ¥ CKUMAIOIUECA CTAOUIN3ATOPHI
6YpOBOI1 KOJIOHHBI ¥ PACIIMPUTEINH, A TAKKE APYTUE HHCTPYMEHTHI,
Tpebyromiee NOMHON WU YACTUYHON aKTUBALIUHY, YXKE HAXOIATCA B
CTanu pa3paboTku. Ecm J06bIBAIOMNE U CEPBUCHBIE KOMITAHUY PUMYT
3Ty HOBYIO TEXHOJIOTHIO, OHA MOXKET OBITD 4N TUPOBAHA /I MHOTUX
IPOMBIIIEHHBIX IpuokeHuI. I1o onenke komnanuu Marathon Oil
«KpYIHBIE HEPTEra30400bIBAIOIINE KOMIIAHUU CMOTI'YT CIKOHOMUTD
KaK MUHUMYM $17 MJIH. B TOJl U 3HAYUTETIBHO IOBBICUTD 6E30MIACHOCTD
PabOT JaKe MPU OrPAHUYEHHOM IPUHATUN U UCTIOIb30BAHUH
texnosnoruy RFID». m

Asmop evipancaem Gnazodaprocms komnaruu Marathon Oil 3a nomouss 6
noMYueHuY Pomozpagpuii u cxem, UCnoIb308AHHbLIY 6 IMOLL CIambe.



