Al
f “';‘; SPEMOSCOW SECTION
' SOCIETY OF FETROLEUM ENGINEERS

U,EMEHTVIpOBaHVIe B yCNOBMUAX MHOIOJIETHUX
MepP3ibIiX NopoA, CJTIOXKHOCTU U PELUeHNA

Permafrost formation cementing, challenges
and solutions

Mikhail Popov

" Domain Champion Cementing Services

Schiumherger



Portland Cement *-’W \L'QT'QN

/" TNoptnaup LiemeHt » OBbidHble ) System
" / cUCTEMB oup

Technology

gaps
OrpaHunyeHunsa

Case histories

x/ lNpnmeHeHne
/

Portland Cement  “ance at low temperatures
/4 MopTnaxg Liement 4 YCIOBUSAX HU3KNX TeMnepaTtyp

Current system “itations of current systems
Y7 OBbIYHbIE CUCTEMbI  dHUYEHWS MPEANOKEHHBIX CUCTEM

Lightweight System  -ight system for Yamal
oupP - 4ns ycnosuin Amana

Case histories ies and case histories
/ [MpumeHeHune .IELLIHOTO MPUMEHEHUS

Technology gaps ‘nology gaps
OrpaHnyeHus HOBble TEXHOJIOrMYEeCcKme peLleHuns




Why look at the Arctic?

» More than 70 percent of the mean undiscovered oil resources is estimated to occur
in five provinces: Arctic Alaska, Amerasia Basin, East Greenland Rift Basins, East
Barents Basins, and West Greenland-East Canada.

» More than 70 percent of the undiscovered natural gas is estimated to occur in three
provinces, the West Siberian Basin, the East Barents Basins, and Arctic Alaska.

» Itis further estimated that approximately 84 percent of the undiscovered oil and gas
occurs offshore. The total mean undiscovered conventional oil and gas resources
of the Arctic are estimated to be approximately 90 billion barrels of oil, 1,669 trillion
cubic feet of natural gas, and 44 billion barrels of natural gas liquids. (Source
USGS 2008)




Cementing of Permafrost formations
LlemeHTMpOBaHNe MHOroneTHUX Mepanbix nopogd (MMIT)




Challenges * OcHOBHbIE CMOXHOCTY




Challenges * OcHOBHbIE CMOXHOCTH

— Permafrost formations / MMIT
— Average depth 400 m / CpegHsis rnybuHa 3aneranuns o 400 m

— Negative temperatures (0°C to — 5°C) / OTpuuatenbHble TeMnepaTypbi
(o1 0°C po - 5°C)
— Conventional slurries do not build enough compressive strength /

TpaaULMOHHBIE LIEMEHTHbIE PAcTBOPbI 3aMep3atoT, HO He HabupatoT
NPOYHOCTb

— Weak formations / Cna6ocLieMeHTMpoBaHHble NiacTie s
— Gas formations / Hanuume rasa -

— Sustained Casing Pressures / MK[]
— Griffons / ['pudpoHbI
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— Cement slurry / LlemeHTHbIN
pacTBop
— G+ CaCl, @ 1.85SG

— Tickenning Time /
3arycteBaHue ~ 4hrs @ 15°C

— Slurry placed in “Ice well” /
PacTtBop nomeLlleH B Mogenb

«NedsHOM CKBaXWHbI» @ ~
0°C
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Cement performance at low temperatures

[loBeneHune LeMEHTA B YCITOBUAX HU3KUX TeMMepaTyp
— After 24hrs WOC / lNocne 24 yacos O3

— Cement did not set — no compressive strength / HeT cxBatbiBaHus LiemeHTa
— Melting of ice was observed — Habnogaetca pactenseHue

— Conventional cement slurry is not suitable for Permafrost

Formation / CtaHgapTHble LIP He nogxoasT anst kpenneHust MMIT
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— Plaster is calcium sulfate hemihydrate / NMonysogHsin runc, CaS0O,.0.9H,0

— Manufacturing Process : gypsum is partially dehydrated by heating into calcium sulfate
hemihydrate / [lpon3BOACTBO: Harpes ABYBOAHOrO runca

CaS0, . 2H,0 > CaS0,.05H,0 + 1.5H,0 @~ 150°C

— Depending on the manufacturing process there are two types of plaster / B
3aBMCUMOCTY OT NpoLiecca NPomn3BOACTBA NOMYYaloT ABa TUNa runca:

> Alpha Plaster — «BbICOKONPOYHbINA rMncy»
> Beta Plaster - «CtponTenbHbIN rncy

CaS0,.0.5H,0 + Water > CaS0,.2H,0




Arctic cement system — Plaster Based

APKTUYECKME CUCTEMBI HA OCHOBE runca

— Right Angle Set (RAS) System / Cuctema ¢ 3arycteBaHvuem «nog
NPSMbIM YTTIOM

— Low temperature applications, typically below 25°C / ObbI4HO npuMeHsieTcs npu
HU3KNX TemnepaTypax, Huke 25T

— Right-angle set on thickening time curves / 3arycteBaHue «nog npsAMbIM YriioM»
— Rapid development of compressive strength / beiCTpblin HAOOP NPOYHOCTH

— Arctic Systems / ApKkTuyeckme cucTembl
— Similar applications to RAS system / [oxoxu Ha cUCTEMY C 3aryCTEBaHNEM «NOf
NPAMBIM YTTIOM»

— Addition of sodium chloride to the mix water in order to decrease its freezing point
| [lobaBneHue xnopuaa HaTpus 4na npeaoTBpaLleHns 3amep3aHus




Arctic cement system — Plaster Based

APKTUYECKME CUCTEMBI HA OCHOBE runca

— Thixotropic cement system with RAS properties

| TUKCOTpOMNHas LieMEHTHas ccTema C 5 S N R N N T
3arycteBaHueMm «nof npsamMbIM Yrinom» i e H e
— 100 Bc ~ 4:30 minutes @ 13°C Tt D N S R
~ 30-100 Bc ~ 5 minutes B R D R B
— Compressive strength / [poyHOCTb Ha CxaThe J;% fl( T
@-5°C I e e e L
— 92atmin 24 hrs N e —
— Possible to resume drilling in 12-18 hrs / .
Bo3moXHOCTb BO30OHOBUTL BypeHue Yepes 12-
18 yacos
Temperature / Time 16:00 hrs 24:00 hrs 3 days 7 days

-9°C 34 atm (500 psi) 52 atm (765 psi) 75 atm (1100 psi) 140 atm (2050 psi)




Arctic cement system — Plaster Based
ApPKTUYeCKne cucTeMbl Ha OCHOBeE rumnca

After 8 hrs/
8 YyacosB
o3u




Arctic cement system — Plaster Based

ApKTI/IL-IeCKI/Ie CUCTEMbI Ha OCHOBE TUMNCa

After 2 days
[locne 2 gHen




Arctic cement system — Plaster Based
ApPKTUYeCKIe CUCTEMBI Ha 0cHoBe runca

After 8 month
[locne 8
MecsLeB
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Arctic cement system — Plaster Based

ApKTI/NeCKI/Ie CUCTEMbI Ha OCHOBE TUMNCa
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Lightweight cement system for Yamal

Hoebin OLIP ang ycnosun Amana

—  Tri-model lightweight cement system

—  TpexkomnoHeHTHas obneryeHHas TUKCOTPOMHas cuctema
— 100 Bc ~ 5:30 munyT npu 13°C
—  [epexog 40-100 B¢ ~ 10 MuHyT

—  TpoyHocTb Ha cxaTue npn +5°C
— 27 aTm Yyepe3s 24 yaca
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— 100 Bc ~ 5:30 minutes @ 13°C 400 — DD e e
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—  Compressive strength @ +5°C w0 225 @ — ---------------
— 2T atmin 24 hrs ’
—  Possible to resume drilling in 12-18 hrs S e e N
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—  [ocratoyHas npovHOCTb 451 BO306HOBNEHUs BypeHus yepes 12-18 ] ]

yacos ] ]

0 0 40 —| 2.5 —

—  UupkynsumonHas Temnepatypa +11°C ... +13°C ] .

—  OxnaxgeHue O CTaTUYECKOI TeMNepaTypbl MPOUCXOANT B TEYEHNM ] ]
a a

CyTOK
—  TpoyHocTb Ha cxaTtue npu -5°C
_ 27 atT™ qepe3 48 yacoB 4 4 » M s Graph Information Data £ Evert Log




Lightweight cement system for Yamal

Hosbin OLIP ona ycnoeui Amana

CsouctBa ARCTICLITEFIL enbLeMeHT
[1110THOCTB 1450 kr/m3 1450 Kkr/m3
CopepxxaHue TBepaon gasbl 55% 21%
Cpoku 3arycteBaHust (100 Bce) 4 -5 yacoB 12-15 yacos
Cpoku 3aTBepaeBaHus (3.5 atm npu +5 rpC) 18 yacos 3 OHS
[TpoyHocTb Yepes 24yaca npu -5rpC 0 atm 0 atm
[TpoyHOCTb Yepes 24 yaca npu +5rpC 27 atm 0atm
[TpouHocTb Yepes 24 yaca npu +8rpC 95 at™ 2 at™m
[TpoyHoCTb Yepes 48 vaca npu -5rpC 27 at™m 0atm

[TpoYHOCTL Ha cxaTue Yepes 6 cyTok npu +8rpC 125 atm 20 at™




Arctic cement systems

ADPKTWUYECKIE CUCTEMbI NS LLEMEHTUPOBaHUS

— Tail Arctic cement system —  Apktieckmi LIP
— Density1880 kg/m? — LlemeHTHas cuctema nnoTtHocTbio 1880
Kr/m3

— Conductor pipe (50 — 150 m)

— Used as Tail System for surface casing — Llemenmuposarue Hanpasnenui (50 -

150 M)

— Mcnonb3yeTcs Kak Tsxenbln LEMEHT npu
LIeMEHTUPOBAHMM KOHAYKTOPOB

— Lightweight Arctic cement system —  Apktiyeckuit OLIP
— Density 1450 kg/m ° — ObneryeHHas cucTema nnoTHOCTbIO
— Unique system without Portland cement 1450 kr/m3
— Used as Lead Slurry for surface casing for — YHWKanbHbIA cocTaB 6€3 KNaccu4eckoro
permafrost formations LileMeHTa

— [lpuMeHsIETCA NPKU LIEMEHTUPOBAHNN
koHayktopos B MM
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Portland Cement Current system Lightweight Case histories Technology
MoptnaHp LiemenT CEEREEE e MpumeHeHne
/ \ cucTeMbl oupP -
. . y '
atm
" 0 1 2 3 4 5 6 .
o —+—+—+—+—  — Conductor pipe 30m
— Hydrostatic _ .
e — Avrctic cement 1880rg/m?3
s Vin. Dy Namic
Frac '

— pore — TT=3:30min

— WOC = 4hrs after end of the job
— €S =500psi (34 atm) in 5:10min

1

— LlemeHTnposaHue Hanpasnexns 30 m
— Apktnyeckas cuctema 1880 kr/m?

— Q8L -4 yaca nocne okoH4YaHus
paboTh|

— [lpoyHocTb Ha cxaTne — 500psi (34
Flid Sequence Dynamic Weil Security at™) Yepe3 5:10 MuHyT

20




Case histories

[TpMepb! yCneLHoro npuMeHeHus
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Thickening time
3arycteBaHue
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Compressive strength
MpoYHOCTL Ha cxaTtue




Technology gaps

O6nacTtu, roe TpebyTcs HOBbIE TEXHOMOMMYECKNE PELLIEHNS

— Temperature simulation

— lcefformation percentage — change of formation temperature conductivity
— |ce to water phase change

— Limitation of plaster based systems

— Temperature — plaster based systems can not be exposed to temperature above 85 degC
— Plaster based system will not protect from Permafrost melting during production

— TemnepatypHbIN CUMYNATOP

— [1pn n3MeHeHUM NbAUCTOCTM CUNBHO MEHSETCA TENSI0ONPOBOAHOCTL NOPOARLI
— OMdEKT TasHbA Nbaa
— OrpaHuyeHmns NpUMeHEHNs! PacTBOPOB Ha OCHOBE runca
— Temnepatypa — runc TepseT Npo4YHOCTb Npu Harpese Ao 85°C
— CwucTeMbl Ha OCHOBE rUnca He 3aluTAT OT pacTenneHns npu Jobbiye




Questions? Bonpochb!?

Thank you!
Cnacuoo!




