O1eHKa NepCreKTUB UCI0JIb30BAHNA NPOMbIBOYHbIX
"KUJAKOCTEN, 00J1er4eHHbIX M0JbIMH CTEKJISSHHBIMHA
MuKpochepamu, a1jis oypenuss u KPC
IKCILIYATAIIMOHHBIX CKBAKHUH

Assessment of the performance of hollow glass
microspheres in low density fluids for production
well drilling and workover programs



Ob0ocHoBaHUE IPUMEHEeHH OYPOBBIX
PacTBOPOB MOHMKEHHOM MJIOTHOCTH

TexHoMoruM, UCIIONB3yeMbIE paHEe TIPH
Oypenun pyHgameHTa —
noJIMMepMaiorIMHUCThIE pacTBophl (IIMI'P),
WIOTHOCTEIO 1,05+0,02 r/cm?, 11bo Mopckas
BOJIa B CIIy4ae BBHICOKOTO MOITIOMICHUS

JIns tiylieHus ckBaxkuH, rpu nposenenun KPC

paHee IPUMEHSIINCH )KHIKOCTH IIOTHOCTBIO
1,05+0,02 r/cm? (IIMI'P, Mopckast Boza).

['paarieHT IacTOBOTO aBJICHUS I KPOBIIU
dbynmamenta cocrapisiet 0,7-0,8 atm/10Mm.

[TepBrYHOE BCKPBITHE MPOAYKTUBHOIO IJIACTA
npoBoauTcs ¢ penpeccueint Ha 30%
MPEBBIIAIONIEH IJIACTOBOE JaBJICHUE U
cocrasisiet 80-100 aTm.

OcHOBHas MpUYMHA MOMIOIIEHUS TTPU OypeHUU
u KPC - HecooTBeTCTBUE rpaiieHTa
IJIACTOBOTO JABJICHUS IUIOTHOCTHU
IIPOMBIBOYHOM JKUIKOCTH. bojibiire 00beMbl
IIONIOLIEHUS OKA3bIBAIOT OTPULIATEIIBHOE
BO3/CUCTBUE HA KOJUIEKTOPCKUE CBOMCTBA
MPOAYKTHUBHOTO UHTEPBAJIA.

Justification of Low-Density
Drilling Mud Use

Previous drilling technologies: polymer
thin clay drillin% muds with density
1.05+0.02 g/cm°, or seawater, in case of
high loss circulation

Fluids with density 1.05+0.02 g/cm?
(polymer thin clay drilling muds,
seawater) were used earlier for well
killing operations.

Formation pressure gradient for the
basement is 0.7-0.8 atm/10 m.

Initial drilling-in is carried out with

overburden on formation 30%, or 80-
100 bar.

Basic cause of absorption and
circulation loss during well drilling and
workover 1s discrepancy between the
formation pressure gradient and the
drilling fluid pressure. As a result, large
absorption volumes impose negative
impact on reservoir quality.
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cucTeM OYPOBBIX PACTBOPOB M KUAKOCTEH IUIyIIEeHUS

IMOHMKCHHOM IIJIOTHOCTH

IMYJIbCUOHHBIE U PACTBOPHI HA HE(PTIHONW OCHOBE MO HE COOTBETCTBUIO
9KOJIOTUYECKUM TPEOOBAHUAM U TPEOOBAHUAM MOXKaApPHOU 0E€30MaCHOCTH.

IICHHBIC CUCTEMBbI M3-3a TEXHOJOTHYECKHUX CI0KHOCTEH U APYIux
HCAOCTATKOB, CBOMCTBCHHBIX IICHAM.

Basic Disadvantages of Previously Used Low-Density Well
Drilling and Killing Fluids

Emulsion and o1l based drilling muds—due to non-compliance with
environmental and fire safety requirements.

Foam systems—due to technological difficulties and other foam-inherent
deficiencies.



Iosble CTEKJIAHHBIE MUKPOC(hEpHbI — aJIbTEPHATHBA MEHAM
Hollow Glass Microspheres — effective alternative to foams

byposrbie pacTBOPEI 151
KUJKOCTA DIYIICHUS Ha OCHOBE
CTEKJISTHHBIX MHUKpocdep —
a3 pexTruBHAs aJbTepHATUBA
a’pUPOBAHHBIM OypOBBIM
pacTBOopam B MHTEpBaJIax

miotHocreit ot 0,66 10 0,95 r/cM3.

[Ipy 3TOM OHU  JIUIIEHBI
HENOCTAaTKOB M TEXHOJIOTUYECKUX
CJIO’KHOCTEMU, CBOMCTBEHHBIX
IIEHHBIM CHUCTEMaM, WU COXPaHSAIOT
BCEX WX  NOPEUMYIIECTBA B
BBINICYKA3aHHOM VHTEPBAJIC

IIOTHOCTEH.

Drilling and killing fluids based
on glass microspheres represent
an effective alternative to aerated

muds within the range of density
from 0.66 to 0.95 g/cm?.

They are free from deficiencies
and technological difficulties
inherent to foam systems, while
preserving all their advantages
within the above mentioned
density range.



SEM picture of Microspheres







DU3NKO - XMMHYECKHE CBOMCTBA MUKpPOCchep
Physical and Chemical Properties of Microspheres

MokazaTtenn/Parameter

BHewHn Bna, dopma / Appearance

Xnmunueckun coctae / Chemical composition

NcTuHHaga nnotHocTb / True density
HacbinHas nnotHocTb / Bulk density
PacTBopuMOCTb NpoaykTa B Boae, HedTn/
Solubility in water, oil

Pasmep uvactuy / Particle size

MpoyHOCTb Ha cxaTtne / Compressive strength

TonwwuHa cteHkn cepsbl / Microsphere wall
thickness

Cpeaa 3anonHeHusa mukpocdep / Filling medium
[Mo>kapo-B3pbIBOOMACHOCTbL MNpoaykTa/
Fire and explosion hazard

TokcnyHOCTb npoaykTa / Toxicity

3HaueHue/Value

MenkoaucnepcHbie cdhepbl 6enoro useta/
Hollow glass spheres

HaTtpuin-kansunmn-6opocmnnkaTtHoe ctekno/
Soda-lime borosilicate glass

0,32-0,60 r/cm3 / g/cm?3
0,19-0,43 r/cm3 / g/cm?3

HepactBopum / Non-soluble
10 - 100 mkM/ 10-100 pm
136 - 1224 atM/atm

1-2 MKM/Jm

Bo3ayx / Air

Heropto4, HeB3pbIBOONaceH/
Non-combustible, explosion-safe

Jkonornyeckn 6esonaceH / Environmentally safe



HoBbie BO3BMOKHOCTH
CHM3UTH/YCTPAHUTH TOTJIOMIEHUS TIPOMBIBOYHON
KUJIKOCTH npu Oypenun B 30He AHIIJ]

[ToBBICUTH KOMMEPUECKYIO CKOPOCTh MPOXOIKH,
Oaromapsi CHUWKCHHIO 3aTpaT BpEeMEHH Ha
00pBrOy C MOMIOLIEHUSIMU

CHU3UTH UM YCTPAHUTH MTOBPEKICHUS IUIACTA
IIPY BCKPBITUU

Coxpanutb cBoiicTBa koyuiekropa mpu KPC
CokpaTuTh BpeMsi 0CBOEHUS CKBAXKUHBI

CokparuTh BpeMs BbIBO/Ia CKBaYKHMHBI Ha
pabounii pexxum nocie KPC

TTOML I\KT‘ID‘I“YY IITTILTO IJLTO

nﬂn fa K‘ 7[1"\&1'\1’ r

oAl b UUJILL TAvIrrbliv U)’ li}\/l_}ﬂle p 48
IMPOAaBOYHBIC ) KUAKOCTHU I YCTAHOBKH
HNEMCHTHBIX MOCTOB B YCJIIOBHUAX ITOTTIOIICHU A

Coznarh 00er4eHHbIe KUIKOCTH ISl YCTaHOBKHU
BaHH MPH JUKBUIAIINHI ITPUXBATOB M3-32
nepernajaa aaBicHus (BMEeCTo HEQTH U
JA3TOIINBA)

~

Reduce/eliminate absorption of drilling
fluids during drilling in the abnormal-low
formation pressure zone

Increase commercial rate of penetration,
due to reduction of time required for
absorption fighting

Reduce or eliminate formation damage
during penetration

Preserve reservoir performance during
well workover

Reduce well completion time

Reduce the time required to put the well
into working regime after workover

Create the lightweight spacer and
displacement fluids required to build
cement plugs in the absorption conditions

Create lightweight fluids required to spot
oil baths during stick-freeing operations

due to pressure differential (to replace oil
and diesel)



ILJIOTHOCTH M MPOYHOCTH HA CKaTHE MUKpoOCchep
HGS Density and Strength Parameters

Mapka CraHpapTHOe A6contoTHasa NOTHOCTb (r/cm3)
Mukpocdep 3Ha‘JEH(PI1_7CI1:3€;THOCTVI MuHManbHoOe MakcuMmanbHoOe
3Ha4YeHue 3Ha4YeHue
HGS2000 0.32 0.29 0.35
HGS3000 0.35 0.32 0.38
HGS4000 0.38 0.35 0.41
HGS5000 0.38 0.35 0.41
HGS6000 0.46 0.43 0.49
HGS8000X 0.42 0.39 0.45
HGS10000 0.60 0.57 0.63
HGS18000 0.60 0.57 0.63
Product Typical o True Density (g/cc) _
Minimum Maximum
HGS2000 0.32 0.29 0.35
HGS3000 0.35 0.32 0.38
HGS4000 0.38 0.35 0.41
HGS5000 0.38 0.35 0.41
HGS6000 0.46 0.43 0.49
HGS8000X 0.42 0.39 0.45
HGS10000 0.60 0.57 0.63

HGS18000 0.60 0.57 0.63



ILJIOTHOCTH M MPOYHOCTH HA CKaTHE MUKpoOCchep
HGS Density and Strength Parameters

Mapka AaBneHue paspywieHus Cpeanee ALY R
KOJZINYeCTBO KOJINYEeCTBO
Mmukpocdep (ct.at™m)
BbDKMUBLUNX BbDKMBLUNX
HGS2000 136 90% 80%
HGS3000 204 90% 80%
HGS4000 272 90% 80%
HGS5000 374 90% 80%
HGS6000 408 90% 80%
HGS8000X 544 90% 90%
HGS10000* 680 90% 80%
HGS18000* 1225 90% 80%

HGS grade Test Pressure (psi) Target Fractional Minimum Fractional

Survival Survival
HGS2000 2,000 90% 80%
HGS3000 3,000 90% 80%
HGS4000 4,000 90% 80%
HGS5000 5,500 90% 80%
HGS6000 6,000 90% 80%
HGS8000X 8,000 90% 90%
HGS10000* 10,000 90% 80%

HGS18000* 18,000 90% 80%
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apuTa M CTEKJIAHHBIX MUKpOchep

Croumocts 1 Tonnsr HGS 8 000$US Croumocth 1 ky6a HGS 3 0408US
Croumocth 1 ToHHBI GapuTa 58SUS Croumocte. 1 kyba 2448$US
Oapura
Copepor Ymasascenenue oapumom
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0.95 0.109 0.042 332.50 66.50 99.75 1.35 0.109 0.459 136.64
0.9 0.188 0.071 570.00 114.00 171.00 1.6 0.188 0.788 155.68
0.85 0.266 0.101 807.50 161.50 242.25 1.85 0.266 1.116 174.71
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and HGS based mud
Cost of 1 ton of HGS $8,000 Cost of 1 m’ of HGS $3,040
Cost of 1 ton of barite $58 Cost of 1 m’ of barite $244
Spheres Weighting-up with barite
s e | B . ” "a 2 g
= 2 3 £ 2 2 < G 5
pof SE | B8 3 2y 2 pof S = °3 R s
solution o5 SE " s & s & solution o5 2% 8 g
@ | 2 | 23| Z | 25| ES | @y | EE | BpE | 2
g = S s 8 8o g = = s
o £ g 2 5 5 S g & z
> Se8 S o O ©
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0.85 0.266 0.101 807.50 161.50 242.25 1.85 0.266 1.116 174.71
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KoHTenHep ¢
MUKpochepamu
LleHTpo6exHblIN
Hacoc

MepHasa eMKOCTb
Mewankun (Mukcepsbl)
3a4BUXKU
3arpys3o4Has
BOPOHKa

XenobHas Tpyba

Bag with
microspheres
Centrifugal pump
Gauge Tank
Mixer

Gate Valves
Loading funnel
Channeled pipe
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Schematics for the introduction of microspheres with vacuum mixer as
per method 3
Cxema 3arpy3kn Mukpocdep ¢ noMoImb0 BAKYYMHOI0 MUKCepa, MeToa 3
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Pasrpyska muxkpocdep Hollow Glass Spheres
Discharging of HGS Microspheres




Cxema pere”Hepanuu MUKpocdep u3 00J1erieHHOr0 pacTBopa

Flow Diagram of Microspheres’ Regeneration from Lightweight Mud

Flow Diagram of Microspheres’ Regeneration from Lightweight Mud

-I 1
P /
1 1|
- 4 4 T
/r'f-/;iﬁ__q_ == /fj /-/ == == e
= / ~
P = S TS e .;,:| .—f‘ s
e — — ] - - — —=
1 K L - 1 BoOA L __,_._-—-"'j'.-f':.. ’ I L — ,4__/:;5'._?
e o x| © WATER <] * x e e
W Ao e T e L= e T £ 7 Wes Bodd - Co < [fes
FMH /_-.I ')-C:f = = S =3 ] M oﬁ-:- :-:-n-:-"—‘-._ o SV & 8 -:\-ﬂ—- === -
1. 3apaBuWXKu 1. valve.
2. LleHTpo6exHbIi Hacoc 2. centrifugal pump
3. MepHas emKOCTb 3. gauge tank
4. Mukcepbl 4. mixers




Factors Able to Cause Loss of
Microspheres During
Technological Operations

DaKTOPbI, KOTOPbIE MOI'YT
BbI3BATh NOTEPU MUKpOchep npu
NPOBEACHUH TEXHOJIOIMYECKNX
onepanuu:

Pazpymenune chep nox
BO3JICHICTBUEM NABIICHUS

[loTepu nmpu NOTIOMIEHUH (CaMbI€
3HAYUTEJIbHBIC MPU OypEeHUN),

Pa3pyiienue chep npu UCTEUYSHUN
U3 HACAJIOK J0JIOT U yIape CTPYH O
32001 (OypeHue),

[Torepu co muiamMoMm npu
MIPOXOXKICHUN CUCTEMBI OUUCTKA

(Oypenue),

[ToTepu pu IPUTOTOBICHUU U
00pabOTKE MPOMBIBOYHBIX
JKUITKOCTEN

Microspheres breakage due to
pressure impact

Absorption losses (most
significant during drilling)
Microspheres breakage during
their release from bit nozzles and
jet impact (drilling)

Losses with the mud during well
cleaning (drilling)

Losses during preparation and
treatment of drilling fluids



% Survival of Hollow Glass Microspheres
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lsostatic Presgure in P51
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Ilorepu mukpocoep us-3a
MOIJIOLIEeH U

Ecnu naBnenue BIOpaHO HE MPABUIIBHO,
oTepu UAKOCTU B uiacT rnpu KPC moryt
coctaButh 10-15 % (4TO COOTBETCTBYET
noromnieanto 10-30 M pacTBopa mpu
obrrem oobeme ot 100 mo 200 m?).

[Tpu OypeHuun norepu Mpu NOMIOIICHUUU
MOT'YT OKa3aTrhbcs 0ojiee 3HAaUUTEIbHBIMU,
TaK KaK:

- BKBUBAJICHTHAS IJIOTHOCTh KaKOE-TO BpEeMs
OCTAaeTCsl HEM3BECTHOM (B ITPOEKTaX
3HAUYCHUSI SKBUBAJICHTOB JIABJICHUSI
cocTBIAOT 0.8 — 0.9)

- U3-3a BBICOKOW IPOHULIAEMOCTHU
dbyHIaMEHTa, BO3MOXKHO, MbI Oy/ieM
BBIHYXJICHbI OYpUTh C HE3HAYUTEIHLHBIM
HornomenueM, Tepsas 1 - 2m3/ g,

Microspheres losses because
of the circulation loss

In case of wrongly chosen pressure,
fluid leakages to the formation during
well workover may amount to 10-15%
(which corresponds with absorption of
10-30 m3 of fluid, with total volume
from 100 to 200 m?).

Absorption losses during drilling may
be more significant, as:

- equivalent density is not known for
some time (nominal  pressure
equivalent values are 0.8-0.9);

- due to high basement permeability, we

will likely have to drill with minor
absorption, losing 1-2m?/ hr.



Iorepu u3-3a pazpyuienusi cpep nNpu UCTEYEHNH U3 HACATOK X0JIOT U
yaape CTpyH 0 3200 npu OypeHuH

Losses Caused by Microspheres Breakage Due to Release From Bit
Nozzles and Jet Impact During Drilling

Mud — — 50 gal.
} |I Mud Tank

Charging

Tri-Plex Pump

Pump

Granite
Rock

¥ II.I *l
ﬁ.djl_Jsrtahl-e — N I f “— Pressure
Stinger ozzle Vessel




Pa3pyienne mukpocdep mpu yaape o
32001 SIBJISIETCSI KOHTPOJIUPYEMO
poOJIEMOH.

Pazpymienne mukpocdep yBeIuunBaeTCs
C YBEJIIMYECHHUEM JIABJICHUS B HACAJIKE U
YMEHBIIIEHUEM PACCTOSIHUS OT TPYHTA

Cnalsle, 10X0 cpopMHUpPOBAHHBIE
cepst (oT 5 10 10 %) CKIOHHBI
pa3OuBaThCs MPU MEPBOM MPOXOJIE Uepe3
HACAJIKYy.

Korma cnadeie cdhepsl pazouimnch, 00i
CTaHET MUHUMAJIbHBIM, TP YCIIOBHH,
YTO HET OOJBIIIOTO AABJICHUS B HACAJIKE
(cBoime 500 pyut/groiiM?, 35 ar.) u
MaJioro paccrosaus (menee 0.5 groiima)
oT 3a004.

Microsphere breakage during jet impact
1s a controlled problem.

Microsphere breakage is increasing
along with increase of pressure in the
nozzle and reduction of the distance to
the floor.

Loose, poorly shaped microspheres
(from 5 to 10%) tend to be broken
during the first passage through the
nozzle.

When loose microspheres are broken,
breakage will be minimal, given that
there is no high pressure in the nozzle
(more than 500 Ib/in?, 35 atm) or short
distance (less than 0.5 inch) from
bottom.



BniBOabLI:

IoTepu co nuIaMoM npu
MPOX0XKACHNUH CUCTEMbI OYUCTKHU
npu OypeHuu

[ToTepu Mmukpocdep mno rpyooit
OIICHKE COCTaBAT He OoJiee 1TOHHBI Ha
200 xkyOOMeTpOB BEIOYPEHHOTO
TPaHUTA, €CIIN MPUHSTH, YTO aJITC3Hs
CTEKIITHHBIX MUKpOC(Ep K TPaHUTY
TaKas ke, KaK ¥ K [IEMCHTHOMY
KaMHIO.

IloTepu npu NpPUroTOBJICHUN U
00padoTKe MPOMBIBOYHBIX
JKMIKOCTEM, a TAKKe U
peresepanuu MUKpocaep.

Kak mokasanu npoOHbIC UCTILITAHUS
10 3-5 % cdep MOXKET ObITh TOTEPSHO
IIPY TEXHOJIOTHYECKUX ONEPALUSIX:
3arpyska cdep, NepeKayku pacTBopa,
pereHepanus

Conclusions:

Losses with the mud during well
cleaning (drilling)

According to rough assessment,
microspheres losses will not be more
than 1 ton per 200 m? of drilled-out
granite, accepted that adhesion of
glass microspheres to granite is the
same as that of cement stone.

Losses during preparation and
treatment of drilling fluids and
microspheres re-generation.

As it was demonstrated by pilot
tests, up to 3-5% of microspheres
may be lost during technological
operations, such as: loading of
microspheres, mud pumping,
regeneration.



IloTepu npu OypeHUH U OKHAAeMble 3aTPAThI HA OJTHY
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OcHOBHBIE TTOTEpU TpU OyPEHUM CBA3aHbI HE C pa3pylIeHHEM MUKpOochep Mo
BO3JEHCTBUEM JIABJICHUS, A C Pa3PYILICHUEM IPU UCTECUCHUH U3 HACATOK U yIape O
320011, a TaKKE M3-32 BO3MOXXHOTO YaCTUYHOTO MOMIOLICHUSI PaCcTBOpPA.



Losses During Drilling and Expected Costs per Operation
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1 10002 | e |3190| 3290 | 3610 | 2159 | 226 | 6.4 | 40 | 272 | 14 | 0.354 | 0.134 | 34.6 | 69.3 | 277,054 554,108
2 10003 | p |3190] 5040 | 5140 | 2159 [ 210 | 71.4 | 40 | 321 | 20 | 0.354 | 0.134 | 40.4 | 80.7 | 322,865 | 645,730

Main losses during drilling are connected not with microspheres breakage due to
pressure, but rather with their breakage during release from bit nozzles and jet impact,
and also due to possible partial mud absorption.



OcHoBHBIE BbIB
Hcnons3oBanue 00JIETYEHHBIX CTEKJITHHBIMU MUKpochepamu
MPOMBIBOYHBIX >KHUJKOCTEH IO3BOJIUT PEUIUTh MPOOJEMBI CBA3aHHBIE C

OypeHreM W KanuTaidbHbIM peMoHTOM ckBaxuH (KPC) B ycroBusix
AHII/I.

HNmerorcsa BCe MPEANOCHUIKA U BO3MOXHOCTH TOJIYYUTh 3HAYUTEIIbHBIN
MOJIO)KUTEIBHBI ~ SKOHOMHYECKH  A(PEPEeKT OoT  HUCMOJIb30BaHUS
CTEKJISHHBIX MHUKpochep IS CO3JAaHUS IKUAKOCTEH MOHMKEHHOM
IUIOTHOCTH.

Bce paboThl CBsA3aHHBIE C MPUTOTOBJICHUEM W  MCIOJIb30BAHUEM
00JIETYEHHOTO MHMKpoc(]epaMHu pacTBOpa, MOTYT OBITh BBINOJHEHbI Ha
CTaHJAapTHOM O00OpyI0BaHUHU, TpuMeHseMoM Tipu Oypenuu u KPC u He
TpeOYyIOT MPUBJICYEHHUS JTOMOJHUTEILHOTO 000PYI0BaHHUS.

OOneryeHHple CTEKISHHBIMA MHUKpOC(hEpamMyd MPOMBIBOYHBIC >KUIKOCTH
JIETKO MOAAAI0TCSE 00pabOTKE € MOTYyYEeHUEM TPEOYyEMBIX PEOJTOTHYECKUX
apaMeTpOB U 3HAYCHUU QUIIBTPAIUH.



The use of lightweight drilling fluids with glass microspheres will help to
solve the problems connected with well drilling and workover in the
abnormal-low formation pressure conditions.

There are all prerequisites and possibilities to get the significant positive
economic effect from the use of glass microspheres in creation of low-
density fluids.

All operations connected with preparation and use of lightweight muds
with the microspheres can be performed at the standards equipment used
in well drilling and workover, without the need to obtain any additional
equipment.

Lightweight drilling fluids with glass microspheres can be easily treated
to ensure the required rheological parameters and filtration values.



