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HACTOAIIEE BPEMA 3HAYUTEIbBHOE YHCJIO I'A30BbIX
MECTOPOXKIEHUN HAXOJATCA B CTA/TUH «I1aTAIOIIEI»
JI06b19M. Ha 3TOM (pOHE HA MHOTUX CKBAXKUHAX
IIPOHUCXOAUT CHUKCHUE IUIACTOBOI'O AABJICHUA U
HOA'BEM I'a30BOAAHOIO KOHTAaKTa (I'BK). OTO NpuBoauT
K MHTEHCUBHOMY BHE/JPEHUIO IVIACTOBOM BOJBI B
Ia30HACBIIIEHHYIO YaCTb 3AJICKU. B Teuenue psajga iet
IIPOBOJAATCSI PEMOHTHO-U3OJIAILUOHHBIE PAOOTHI IO
OI'PAHUYECHUIO [IOCTYIUIEHUA IIJIACTOBOU BOABI B CKBAXKUHY
C IIOMOUIBIO PA3JIMYHBIX MAaTEPUAJIOB [1-3]. IIpu 3TOM
TEXHOJIOT'MU B IIPUHLIMIIE UCIIOJIb3YIOT CJIEAYIOIINE
TEXHUYECKUE IPUEMBL: IPUMEHEHME IIObEMHBIX
YCTAHOBOK, YCTAHOBKA LIEMEHTHBIX MOCTOB, I[TIyIIIEHHE
CKBa’KUH U T.J1. Bce TEXHOJIOIMY PEMOHTA X OCBOCHU A
TPEOYIOT 3HAYUTEIBHOIO BPEMEHH. YCIIENTHOCTD PaboT
HE BCEIA BbICOKAS.

C y4eTOM aKTYyaJIbHOCTH IPOOGJIEMBI MTOBBIIIEHUS
3(PPEKTUBHOCTU PEMOHTHO-U3OIAIUOHHBIX pa60oT PP
B I'a30BBIX CKBAXKMHAX YYEHBIMU MHCTUTYTA TPO6IEM
HedH nrasa PAH u cnennanucramu OOO dfaznpom
JI06bIYa YPEHTOU» OBIO NIPEATIOKEHO ATTBTEPHATUBHOE
pELIeHNE — TEXHOJIOIUA OI'PAHNYEHUA BOJOIIPUTOKOB
I'a30BBIX CKBA’KMH 0€3 UX INIYIIEHUSA C IPUMEHEHUEM
KOJNTIOOMHI'OBOY TEXHUKU. TEXHOJIOTUS IPEAHAZHAYCHA
JUISL OTPAHUYEHUA IPUTOKA BOABI M BOJOU3OIALUN
Ia30BbIX CKBAKUH ITyTEM 3aKAYKH B IUIACT CHELUAJIbHOMN
MIOJIMMEPHO-TenneBOM cucteMsl (IITC) 6€3 mymenus
I'a30BBIX CKBA’KHH U 6€3 UCIIOIb30BAHUA TIOJ/bEMHUKOB [4].
DTO NIPUBOAUT K O6PA30BAHUIO BHYTPUILIACTOBOIO 9KPAH4,
U30JIMPYIOMIETO CKBAXKUHY OT NOAOIBEHHON BOJBI U
IIPUTOKA BOJBI BO BPEMS OKCILIYATAL[ U .

B Hacrodame crarbe NPUBOAATCA JAHHBIE ITO
PE3YABTATAM OIBITHO-IIPOMBIIUIEHHBIX PA0OT HA
CyOrOpHU30HTAIBHOM I'a30BOH CKBakMHE OAO «['a3znpom»
MECTOPOXAEHUA BOIbION YPEHTO € IENIBIO OIPAHUYEHNUA
BOJOIIPHUTOKOB.

XAPAKTEPUCTUKA TEONIOIO-®U3NYECKOTO
CTPOEHUA MJTACTA N KOHCTPYKLNN
CYBIOPU3OHTAJIbBHOW CKBAXXWUHbI

B ¢BsA3M CO CII0KHOM KOHCTPYKIIUEH CKBAKMHBI No 1
(mpodunb Cyoropu3oHTAIBHBIN) KOMIUIEKC FEO(PUNIECKUX
HCCJIEAOBAHUI HE OBLI TPOBENIEH, IPHUBA3KA OCYIIECTBIIAIACDH
10 COCETHEN BEPTUKAIBbHOIM CKBAXKHUHE N2 2.
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production at a considerable number

of gas fields. In this context many wells
experience reduction of formation pressures and
elevation of gas-water contact (GWC). This leads
to intensive water intrusion into the gas-saturated
part of formation. Over a period of years squeeze
jobs with the use of different materials have been
performed at gas fields to reduce formation water
influx into [1-3]. During such jobs the following
techniques were used: use of hoisting equipment,
plug-back jobs, retrieval of tubing after well, etc. All
the workover and completion techniques require
considerable time. The works are not always
successful.

Taking into account the relevance of improving
the efficiency of squeeze jobs in gas wells,
scientists from Oil and Gas Research Institute of
the Russian Academy of Sciences together with
the sepcialists of Gazprom Dobycha Urengoy
proposed an alternative solution water shutoff in
gas wells with the use of coiled tubing equipment
without well killing. This technology is meant
for reducing water influx and for water shutoff
operations in gas wells by injecting a special
polymer-gel system into formation [4]. The
technology does not require well killing and
using hoisting equipment. The injection of the
abovenmtioned system leads to creation of an
intraformational screen that isolates a well from
the bottom water and from water influx during
well operation.

This article contains the data and findings of
pilot water shutoff operations performed at a
subhorizontal gas well at Bolshoy Urengoy field
(Gazprom).

tpresent we observe ‘declining’ of the

GEOLOGICAL AND PHYSICAL
STRUCTURE OF THE FORMATION AND
DESIGN OF THE SUBHORIZONTAL WELL

Due to complicated design of well No.1
(subhorizontal profile) logging has not been
conducted and correlation was done based on the
neighboring vertical well No.2



technologies

COCTOSIHUE CKBAXKWHbI

DOH/I: 6E3AEUCTBYIOMMNI
(ocranoska I'TI-12). o OCTaHOBKU
I'TI cKBasKMHA SKCILTYaTHPOBAIACH C
YACTBIMU IPOSYBKAMU U OOMJIbHBIM
BBIHOCOM IIJIACTOBOM BOJIbI.
[TapaMeTpbl pa6OTHI CKBA>KUHBI
0O OCTaHOBKU ['TI: PTp =14 arm,

T,=124°C; Q=82 reIC.M’/CYT.
(M3 3KCIVL panopra 3a uioHb 2011 1).

P =279 arM (o KapTe n306ap Ha
01.0112),P =0arm. M g,

=173 1/1 (0T 18.07.12).
TopusonT: cenoman. I'BK
= (— 1175,8 M 2.0. IO TEOMOAEIHN
Ha 05.12), (-1175,8 M 2.0. IO KapTe
TeKy1ero nonoxenus 'BK or 01.12).
[IpoGypeHHsIi 32601: 1145 M
(- 1160,5 M 2.0).
HcKyCcCTBEHHBIN 32001: 1431,78 M
(Ty1yXOri 6alIMaK).
TIpeBBIIIEHUE CTOIA POTOPA HA/L MY(PTON KOHYKTOPA: 7,3 M.
CKBaKMHA CYOrOPHU3OHTAIBHASL, MAX YIoI 69—74 B
uHTepBate 1320—1433 m.

Taoauua 1- Koncmpyxuusa CKeaxicutvl
Table 1 — Well design

Pucynox 1- I'eonozuueckuii paspes3 no coceoneii cxkeaxcune Ne 2
Figure 1- Geological profile based on neighboring well No.2

CONDITION OF THE WELL

Well stock: idling (shutdown of gas field 12).
Before shutting down the gas field this well was
operated with frequent well blowing and abundant
outflow of formation water. Well operation

Kononna Luamemp KONOHHbL, MM HnmepeaJi crycrka KOI0HHbL, M TToosem yemernma 3a KOJLOHHOLL, M
String String diamelter, mm String interval, m Cement level bebind the string, m
Kownoyxmop / Conductor 245 0-450 0o ycmuws / Up to the wellbead
Drcnayamavuonnasn / Production | 168 0-1370 0o ycmos / Up to the wellbead
Dunomp / Filter 114 1364,18-1431,78 He yemenmuposar. / Not cemented

Hannsle o nepgopanuu: punsrp PCK-114 B uHTEPBAIE
1364,18-1431,78 m (10 Bepr. 1207,5-1224 m).

BHYTPHCKBA>)KMHHOE OOOPYJOBAHUE:

Juamerp HKT: 101,6 mm. [my6uHa criycka HKT:
1364,18 m.

HanMeHOBAaHUE U MECTA YCTAHOBKHU JIEMEHTOB
OBOPYIOBAHUSL: TAKEP OTCYTCTBYET.

IIPpUHITHITHAIBHASA CX€EMA OIPAHHYCHHU A
BOJOIIPHTOKOB B CyOTOPH30HTAIBHONM CKBAKHHE
mo TexHogoruu UITHI-TUIACT 2 (CM. pUCYHKH 2—4).

Cy6roprusoHTaIbHAs CKBAKUHA. POH/I: 6€3/ICHCTBY IO,
Jlo ocTanoBkH I'TI CKBa>KMHA 3KCIITyaTUPOBAIACH C YaACTBIMUA
IIPO/TyBKAMH 1 OOHMJIBHBIM BBIHOCOM IVTACTOBOM BO/IBL

OlMUCAHWE U NMOCTIEAOBATE/IbHOCTb NPOBEAEHNS

PABOT 10 OFPAHUYEHWIO BOLOINPUTOKOB B

CYBIOPU30OHTAJIbHbIX TA30BbIX CKBAXKMHAX
O603HaYEHUS:

1. HemenTnpoBOuYHBIN arperat 1A-320 (LIA) — 1 ef.

. Konriobunrosas ycranoska M-10 — 1 e,

. EMKOCTB 11 IepeMEIIMBAHNSA PACTBOPA (YAHOK U3
KoMIuIeKTa 1JA-320)

. EMKOCTHBIV ITapK OObEMOM HE MeHee 50 MP,

. A30THas1 KOMIIPECCOPHAA YCTAHOBKA —1 ef.

. @OHTAHHAA ApMATYPA.

parameters before shutting the field down: P, =

=14am, T . ..=124°C;,Q=82,000m?*/day.

(according to production report for June 2011).
rormation = 279 atm (according to pressure chart as

Oof 0LOL12), P, e =0atm. M, =173/l

(as of 18.07.2012).

Formation: Cenomanian. GW_, .. =
= (- 1,175.8 m TVD according to geological model
as of May 2012), (-1,175.8 m TVD according to the
map of current GWC as of January 2012).

Drilled depth: 1,145 m (- 1,160.5 m TVD).

Plug-back depth: 1,431.78 m (blind plug).

Elevation of the drilling floor above the
conductor string’s collar: 7.3 m.

Subhorizontal well, maximum angle is 69—74 in
the 1,320-1,433 m section.

Perforation data: FSK-114 filter in the following
interval 1,364.18—1,431.78 m (vertically — 1,2075—
1,224 m).

Downhole equipment:

Tubing diameter: 101.6 mm. Tubing depth:
1,364.18 m.

Name of equipment elements and their location:
no packer installed.

Principal diagram of water shutoff in the

total
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Pucynox 2 - IToovem ypoensaIBK 6
€y020PU3OHMANBHOU CKEaNCUHe

Figure 2 — GWC elevation in the subborizontal well
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Pucynox4 — Co3zoanue 6000U30aUPYIOULE20 IKPana
Figure 4 — Creation of waterproofing screen

III'C mogaeTcs 1o KOJIOHHE KOITIOOMHI'A B
MPEJBAPUTEIBHO OOE3BOKEHHBIN MHTEPBAJL, U3
KOTOPOT'O B CTBOJI CKBA’KMHBI IOCTYITAJIA BOJA.
OpHoBpeMeHHO ¢ [1I'C B KOIbIIEBOE TPOCTPAHCTBO
(Tpy6 HKT 1 KONTIOOMHT Q) IOAAETCS IPOJABOYHASA
JKHUJIKOCTb. HaKanImMBasCh HA 3260€ CKBAKUHBL, YDOBEHb
NPOAABOYHOM XKUJIKOCTH CO3/AE€T 3HAUYUTETIBHOE
JaBjieHue Ha >KUAKOCTD [1I'C, TeM CaMbIM IIPEIATCTBY €€
TIIPOPBIBY 11O KOJIbIIEBOMY IIPOCTPAHCTBY B BBIIIC/ICKAIITHC
TIPOAYKTHUBHbBIC MHTCPBAJIbL Hwuskas BI3KOCTb
Oy(pepHOI JKUAKOCTU CIIOCOOCTBYET 3HAYUTEITBHOMY
MPOHHUKHOBEHHIO B IOPOBOE IPOCTPAHCTBO
IUIACTA, TO3TOMY IOCJIE 3aKAYKH OI'PAHUYEHHOTO
(3P PEKTUBHOIO) 06bEMA TPOJABOYHOM JKUIKOCTU
JULS IOAJIEPKAHUA AABJIEHNS HA 3200€ B MEXXTPYyOHOE
IIPOCTPAHCTBO, KAK IPABUJIO, nogaeTcs ras. III'C mociie
MNONAJAHUSA B UHTEPBAJ IEP(OPAIUN BCTYIAET B
KOHTAKT C BOJIO! U 3aTBEPAEBAET. TAKMM OOPa30M, HA ITYyTH
JBVDKEHUA BOJIBI CO3JJA€TCA JOTIOTHUTENBHBIN 9KPAH, YTO
SHAYUTC/IbHO OI'PAHUYHUBACT IIPUTOK BOJbI X1 YTYYIIACT
TEXHOJIOTMYECKHE ITOKA3ATEIH JOOBIUN I'a34.

INocsie 06pabOTKH CKBAXKWHA 3aKPbITA HA
pearuposanue 48 4, nocsie nposegenund IIV cKkBaknHa
MYIIEHA B KCITyaTALHIO.
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Pucynox 3 — 3axauxa noaumePHo-2eauesot Cucmemst
ONLA OZPpanurenus 6000NPUMOK0O8

Figure 3 - Injection of polymer-gel system to ensure
water shutoff

Pucynok 5- Cxema paccmanosrKu mexnoiozuueckozo
ooopyoosanun npu nposeoenun pabom no
ozpanuuenuo 6000NPUMOK0OE

Figure 5 — Equipment arrangement during water
shutoffjob

subhorizontal well employing IPNG-PLAST 2
technology (see figures 2-4).

Subhorizontal well. Well stock: idling. Before
shutting down the gas field this well was operated
with frequent well blowing and abundant outflow
of formation water.

DESCRIPTION AND SEQUENCE OF WATER SHUTOFF

WORKS IN SUBHORIZONTAL GAS WELLS
Designations:

1. Cementing unit CA-320 (CU) — 1 pc.

2. Coiled tubing unit M-10 — 1 pc.

3. Tank for compound blending (tank from CA-320
equipment set)

4. Stock of tanks with the total capacity of at least
50 m?.

5. Nitrogen compressor unit — 1 pc.

6. Christmas tree.

Polymer-gel system is injected via the coiled
tubing into the preliminary-dried interval through
which water was coming into the wellbore.
Displacement fluid is injected into the annular
space (tubing and coiled tubing) simultaneously



PE3YJIbTATbI BOOOWV3OJ/IAUNOHHbIX PABOT MO JAHHbBIM
TMAPOANHAMMUYECKMX UCCITIEAOBAHWI CKBAXWIH
HiccnenoBaHue CyOropu30HTAIBHON CKBAKHUHBI Ne 1
JI0 Y IOCJIE TPOBEJICHU S BOIOM3OSIIMOHHBIX PAOOT.
ITapaMeTpbl pPa6OTHI CKBA’KUHBI 10 OCTAHOBKU I'TL PTIJ =
=14amm, T, =12,4°C; Q=82 ThIC. M’/CYT. (M3 SKCILL PATIOpTa
3amonb 2011 roga). P, =279 arM (1o KapTe n306ap Ha
01.0112),P  =0arm. M _ =173 1/i (ot 18.07.2012).

Taoauua 2 - Jannsie 2u0POOUHAMUUECKUX UCCIC008AHULL 2A30801i CKEANWCUNDBL

(npuoop «<Haowvim», cenapamop)

Table 2 - Gas well bydrodynamic research data (Nadym device, separator)

technologies

with the polymer-gel system injection.
Displacement fluid accumulates at the bottom

of the well, therefore creating a considerable
pressure on the polymer-gel system preventing its
penetration through the annular space into the
upper pay zones. Low viscosity of displacement
fluid contributes to its substantial absorption

by the formation. That is why after injecting a
restricted (effective) amount of displacement fluid
to sustain bottomhole
pressure, as a rule, there
should be injected gas.

Duwaiio,mn | Pycm (MO) P3m (MO) Psm(MO) | Qeasa,mi/cym When polymer-gel system
Choke size,mm | Pwellbead (RPG) | Pannular (RPG) | Pannular (RPG) | Qgas, m’/day gets into the perforation
interval, it comes in
o oGpaGomm 20 42 105 3200 82,13 terval, t. ct? es tod
Before 22 43,1 104 4500 99,69 ;Omacr With water an |
treatment 2 2 103 . 11697 .arde.ns. So, gn add1F1ona
filtration resistance is
Iocne 20 26,9 2 & 27 created on the way of
obpabomi 22 55,5 96 2535 94,94 water flow, therefore
After treatment 24 521 95 3600 101,92 improving gas production

(MO) — ja"HBIE O6PA3LIOBOI'O MAHOMETPA HA YCTHE
CKBa>KHHBL

Iocne npoBeeHUS PAOOT IO OTPAHNYEHUIO
BOZIONPUTOKA IO TeXHONMOTUU UITHI-TIJTACT 2 cKBakuHa
3aIylLIeHA B IUIEH(, SKCIITyaTupyeTcs. Paboune
APAMETPbI CKBA’KMHBI ITOCJIE BBIXO/1A HA PEXKUM
Qraza= 160—180 TbIC. M?/CYT, IO HHMDOPMAIUU
TE€OJIOTUYECKOH CIIYKOBI 3aKA34UHKA, UTO JJOKA3bIBAET
NPUHIIATTHATIBHYIO BO3MOXKHOCTb OIPAHUYEHUS
BOJIOIIPHUTOKOB B CyOIOPU3OHTAIBHBIX I'A30BbIX
CKBKMHAX O€3 IVTYIIEHHUSL.

BbIBO/]bI

IIpOBEICHBI OITBITHO-TTPOMBIITIJICHHBIC
BOJIOM3OJIAIIMOHHBIE PA60OTHI HA CYOIrOPU30OHTAIBHOMN
ra30BOM CKBAKMHE 1o TexHonoruu MHIIT-TIJIACT 2.

IToka3aHa IPUHIUIINAJIBHAS BO3MOXKHOCTD
OTrPaHUYEHUSI BOJIOIPUTOKA B CyOrOPHU30OHTAIbHBIX
Ia30BBbIX CKBAKUHAX 6€3 UX ITTYIICHUS.

IMoka3aHO, YTO TEXHOJIOT U TTO3BOJISIET CHU3UTD
O6BOJJHEHOCTD NPOAYKLINU C 4,5 M7 /4 10 2,5 M?/4
(muameTp 24 Mmm) u ¢ 6,0 M3 10 3,6 M3 (muameTp 22 Mm).
ITpyu 3TOM CKBAKUHA BBIBEACHA U3 6€3/ICHCTBYIOMIETO
(pOH/1a B JEHCTBYIONIHI.
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indicators.

After the treatment a
well shall stay closed for 48 hour for reaction to
take place. After hydrodynamic research the well
can be put on production.

WATER SHUTOFF RESULTS ACCORDING TO
HYDRODYNAMIC RESEARCH DATA

Research of subhorizontal well No.1 before and
after water shutoff operations.

Well parameters before shutting the gas field
down:P ,  =14atm, T, ..=124°C,Q=82,000

m?/day. (from production report as of June 2011).
=279 atm (according to pressure chart as of

formation

0LOLI2), P, ning = O AtM. M = 17.3 g/1
(as of 18.07.2012).

(RPG) — data from the reference pressure gauge
at the wellhead.

After water shutoff operations according to
INPG-PLAST 2 technology the well was connected
to the gas flowline and is currently in operation.
According to the data of the client’s geological
service, steady-state yield of the well is
160-180 thousand m?/day. This proves the
possibility of water shutoff in subhorizontal gas
wells without well Killing.

CONCLUSIONS

Pilot water shutoff operations were performed at
the subhorizontal gas well according to the INPG-
PLAST 2 technology.

Pilot operations demonstrated that the proposed
technology allows reducing water cut from
4.5 m?/hour to 2.5 m?/hour (24 mm diameter) and
from 6.5 m3 to 3.0 m? (22 mm diameter). After the
treatment the well was moved from the idling well
stock to the producing well stock.
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