hydraul i ¢ cenent slurry conposition suitable for use in t

oil wells.:In the cementation of oil wells, a cenent slurry is punped

into a casing and back up the annul ar space between the outside of the
casing and the wall of the well. The two nost inportant purposes of the
cenentation process are to prevent transportlof gas and |iquid between
subt erranean formations and to tie up and support the casing pipe. In
addi-yion to sealing oil, gas and water producing formations, the cenent
al’so protects the casing agarnst-HXEBBHEIEpgﬁﬂﬁﬁzaﬁﬁgggx-and oi.l bl ow outs
(as-the cement slurry very qui ckly seals the well), protects the casing
against shock-| oads, aggcsgals har gﬁbgaegﬁﬁggaggkep% & bedathan | °

order to obtain success cement cene urry has to
satisfy a nunber GEMEP&CHSLNETVcGORPOFALESN $nétahée| &8y yset A8 &Bfent

slurry has to be %@hﬁ%&%@lbﬂ g&dgﬁlthgglghe sIurry may easily be punped

into the well. The cenent_slur % &#Iln nud effectively in
the annul ar space betwé®n ﬁecﬁgépﬁﬁ éﬁ& P%e°%glVe fe geﬁ?ﬂf nb §AWFER st

al so have a IOM/fﬂsi@uhpsﬂ dowar datot @ easidgl and bhckrqpr&hkramnuﬂercenent
slurry into the f%g% p@cw@a | ehe BhLekigw wat!nle hQQ&ﬁasﬁnhh%h‘é' %qal ¢ of

t he cenent sIurry cenment slurry have "as snal

possi bl e a tenden etUe%&terT?@pﬁﬁatFBﬁt *WE°§§PPFn§“FPR§e§f°Fh§h€enent

slurry nust be adicementatdopnproeesBahrehtocpievent! traysgort oEt gaat and

| !\J liquid between subterranean formations and to tie up
and support the casing pipe. In addition to sealing
'0il, gas and water producing formations, the cement
also protects the casing against corrosion, prevents
gas and oil blow-outs (as the cement slurry very
quickly seals the well), protects the casing against

shock~loads, and seals formations against

2212489 1 HYDRAULIC CEMENT SLURRY The present |nvent|on r gs
own

lost-circulation.

In order to obtain successful cementation, the
hydraulic cement slurry has to satisfy a number of
specific requirements. The rheology of the cement
slurry has to be adjusted in order that the slurry may

Ve easily be pumped into the well. The cement slurry must

R displace drilling mud effectively in the annular space
between the casing and the well. The cement slurry
must also have a low fluid loss in order to avoid loss
of liquid from the cement slurry into the formation, as
loss of liquid will increase the viscosity. of the
cement slurry. Finally, the cement slurry must have as
small as possible a' tendency to water separation.

The setting time of the cement slurry must be
adjusted to ensure that the cement slurry does not set
before the slurry reaches the right location when



‘before the slurry reaches the ridﬁt [Focat i on when 2 punped into the
wel | . - The setting time which is needed wi Il anmongst ot her thlngs depend .
upon t he depth of cementation and on the tenperature in the well: The
density of the cenent slurry is of great inportance for the cenentation
process and for the results which are achieved. For oil wells which are
drilled though high pressure formations,zcenent slurries having a high
density are used in order to.avoid. uncontrolled blowout. For oil wells
which are drilled through | ow pressure formations where it is not adV|sabIa,
t 0o expose thepumperhtints: the mglﬂ.hydl’lwtaettime'esmeewhcejmns Beededes }

havi ng a | ow gensi ,y,{@%:@% Qﬁm & "EHdn s{yéraepgylgg too high a

density, and there r ost ressure resrg I n breakdown
of the for rrat‘?%‘!%“%ﬁﬂl?’bs%“‘?)f ’Eh"eh%em SAntl A H‘lt ®h¥etdr mations (1 ost-
circulati on) Anotites demsi tpnd £ ptttweuséryemt $Imr:pnhatosl gregtis its earl _y :

strength. S0 S) TR0 d Sc AR el of PPGULIY! G YeLbecLl 1110

procedur e can e restart cerment atf on process Is finished
Cenent s \Ahlctrﬁmiﬂet%@we%&?v@@?%th ‘after 24 hours of at |east 1.5

MPa are usually sagdsfarl qséfughaaﬂﬁyew@r@ﬁnpédteﬁo@@nlulghrength of the
-cenment slurry is.ve éﬁ’ endent .on_t he éequrature In,the “ﬁ For cenent
slurries whi cﬁf%ﬁ%“{% ’F‘B? 1NN CEIRE oF ‘ﬁ‘fﬁ‘he?e%‘éfﬁ?u? SRS, it is
al so |nportendeﬁ§muy are used in order to avoid: uncontrolled:
blow-out. - For 0il wells which-are drilled through low .
pressure formations where it is not advisable to expose ;JV
- the formatlons to. hlgh.hydrostatic pressure, cement
slurries haﬁingva low density have to be used, as a
cement slurry havinq too high-a density),énd thereby a
high hYdrdstatic.preSSure;_maynresult'in breakdown of
the formations and loss of the cement slurry into the
formations (lost circulatioh).f _ _
Another important property.of'théncement-slurry is
its early-étrength; -The early stfength.iS'critical to
how-quicle'the'driiling-procedure can be restarted
~after the cementation process is finished.
Cements which have a compressive strength after 24
‘hours of at least- 1.5 MPa are usually satisfactory. ';;\
The develbpment df-the early strength of the cement | o/
slurry is very dependent on the temperature in the

well. . _
"For cement slurries which are used forzcementation
- of high temperature wells; it is also important,that
the cement slurries do not loSe-their,strength-over a
period of time. It is known that at temperatures above
about 110°C, ordinary Portland cement slurries over a
period of time will lose their strength as the normal
* binding phase, calcium hydroxide, is transformed to

e Y



the cenent slurries do not |ose their stréngth over a period of tine. It is
kriown t hat at tenperatures above, about [err] ordinary Portland cenent
slurries over a period of time will lose their strength as the nornal

bi ndi.ng phase, cal cium hydroxide, is transfornmed to 3 al pha-di cal ci um
silicate. This phenonenon is well known and is called cement strength
retrogression. It is known that cenment strength retrogression can be
overconme by the addition of silicon dioxide 5 materials to the cenent
slurry.  The noalphaedieatejunseilirateon Ehém ohenpamenodl 4sf geldhi s

picpose are silisdwh!ond £80c81)éqacenaft étrahghht PER26ares83 ont.heSE
silicon dioxide materials react with caIC|un1F§ roxh e to formnew bi nding
n

phases, mainly 10 tbbetFofPPEN thaberaBPNEeStECRILN,TREGOTESESS 1A/ O s
stronger than the @@éﬂﬁbm@lhﬁlﬂﬁep@66981MhlGb Badicdur dagxtide har deni ng of

cenent slurrles tgpm§¥§a%oiﬁge L megénsi cgéflqgr &ogﬁf?%ﬁgh%% antage

that the mdier reqU|re creases cones o pr oduce
a cenent sl urryusedispl beoncdbprideenaberiadsoforythds pheposkeeareand, by

addi tion of S"éfﬁiéénﬁloﬁﬁt553”919§c£h§aﬁénd ﬂEthBﬁ Qbﬁ?e@%%%&%% filler

mat erial increases at eratures, For_some Ofl s, the zones
adj acent the ceﬁ%ﬁ?ezﬁlhbﬂ?%lﬁ%ﬂﬁlgﬂnﬁPﬁgriééﬁtSFH°§a§1GHd§P1§&H§Eant|aI

pressure. This ypdreridéavsefsehi new PLABLAGS pHases8y eafanyati on of oi
ﬁh'ei. Fabl G phrRPEH IR T £ oy r COPPBRPRL o 8 ¢ BengaLSPlRtA oh ey o
{ stronger than the normal binding phases which form
\“J during the hardening of cement slurries. However,
addition of silica flour has the disadvantage that the
water requirement increases and it becomes difficult to
15 Pproduce a cement slurry héving an acceptable low
viscosity. On the other hand, by addition of silica
sand, settling of the sand and the high—density'filler
material increases at high temperatures.
For some oil wells, the zones adjacent the cement
20 containing anpulus, contain gas under substantial
pressure. This gas can cause serious problems during
cementation of oil wells as the gas may penetraté
through the cement slurry whereby an undesirahle
o phenomenon referred to in the art as gas migration may
25 occur.

Gas migration may start during setting of the
cement slurry. When the cement sets the cement slurry
will change from a hydrostatic fluid to a solid state
body. If the cement slurry in this critical phase is

39 not able to resist the gas pressure, channels will be
formed in the partially cured cement slurry. Gas under
pressure will then flow through the column during the
setting of the cement slurry and/or at the boundary



25 occur. Gas migration may startduring setting of the cenent slurry. Wen
the cenent sets the cenent slurry will change froma hydrostatic fluid to a ,
solid state body. If the cenent slurry in this critical phase is’'30 not

able to resist the gas pressure, channels will be fornmed in the partially
cured cenent slurry. Gas under pressure will then flow through the col um

~during the setting of the cenent slurry apnd/or at the boundary 4 between
the cement slurry and the wall of the well. This may result in channels
which can reach the top of the well. In order to control or.prevent gas

m gration thr hefivesndite stepentesslunrihandddie gfrabbsedl theawel}i uid | oss ,",{

control additing@is Qfay? ket SLE Netinrie B WieNod heiR Ok €4@n CORE! Y8BT ok0 the &%
cenent slurries. ‘For:normal and l'ow density cenent slurries it is also '

known that t hdP®IN&%¥m of microsilica, which is a product obtained from
‘the of f-gases of fmmanaiaemstad c:cmtﬂ'ml mmctmevmtcdasmlgmtwn

ferrosilicon, yéﬁgwgv agg 5%%@ gbusgges. Hgh
ng an i e

density cenent urties are pro uce I gh density filler
mat eri al suchﬁ%?%ﬁnﬁQ%FtQPQﬁFQ*cﬁ4ﬁ& Yﬁ# Peld LabRRtSUFRI2§, abased on

Portl and cenerg mecyrbzﬁwm topSlyReY onthel téngnt he1aheokegi cal
Gensi ty o1l ) 0 T g e PHRELRLs 3P OR 08 2
above, hi gh dém:my mmheslqﬁdneton ®f microsilica, which is a
product obtained from the off-gases of furnaces used in )
the production of silicon of ferrosxlicon, strongly ;;;'
1mproves the gas—tlghtness of cement slurrles.
' ngh densxty cement slurrles ‘are produced SY'
'addlng an 1nert high den51ty filler material. such as
barite to an ordlnary 011 well cement slurry, based on
Portland cement, water and additzves, for controlllng
the rheolog1ca1 propertles of the cement slurry. The
den51ty range for so-called high density oil well
cement slurries is from about 2.0 to 2.3 g/cm
' As set out above,. high density cement slurries for
0il well cements which are elther gas tight or have a
low tendency to strength retrogre551on at high _
temperatures are known. However, "high denszty cement | o
slurries which are both gas tight and have a very low | Q;
tendency to strength retrogression are not known. _ |
A further disadvantage of the known high density
cement slurries for“cementing of oil.wells, is that the :
‘high density filler material shows a tendency to _ ) ;
settle as the. temperature increasas.u The " settllng of E
the high density filler material will result in a
varying density in the column of cement slurry with a
higher density at the bottom of the column and:a lower
density at the top of the column. This difference in



oil well cements which are either gas tight or have a | ow tendency to
strength retrqgression at high tenperatures are known. However, high
density cenent slurries which 'are both gas tight and have a very | ow
tendency to strength retrogreéssion are not known. A further disadvantage of
t he known hi gh density cement slurries for cenenting of oil wells, is that
the high density filler material shows a tengency to settle as the
tenperature increases. The settling of the high density filler materi al
will result in avarying density in the colum of cenent slurry with a
hixgher density at Qemsitit tcan ofestuld dol probdethsa flaanwdhedpsinatars tie t op

of the colum. ThicuflbidiSEIPGid predifnd (th 48 VALY larld o bhpEhd or the

operators in contro pressure in the i n-the wor st
cases cause an und{ﬂ?tsr"olqaéf%l‘iiﬁs(ﬁjta“ I“tnq"é"t&'r?léiﬁde(ﬁ °6‘?‘°("r¥e pr esent
invention to provide a ]h:l gs dﬂﬂ&:ﬁjyedwdrfalﬂhe: presEnt Sinvent ffoar teenenti ng

oil wells which i h s r | at high
t enper at ures and %m ch's % th éibﬁe%stl%’gy %{lel?(;g%gnfnﬁ sg{%iﬁn%}or
segregati on. Accomwtyﬁﬂghéiﬂr addis Whiai |1@n dasokight o Masyle ey thow
gastight hydraul i GtaRiRjth &‘éﬁﬂd@rféﬁsﬂb'iﬁ ath Hilih Ct@?ﬂiﬁrﬁiﬂt&'héﬁaﬁa lwH¥RIH S,
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wei ght of cenent, segrdsfatdfora ret arder based on the melght of cenent, 0 -
2% of a thinner (dry ‘ﬂ%ﬂﬁu@?‘%h@ ptLJE%éQﬂ:' vt {dif & PBiles a high
\4' density, gastight hydraulic cement slurry for use in

the cementation of cil wells, which comprlses a
hydraulic cement' 5 - 85% microsilica based on the
weight of the cement, 5 - 250% of a high density filler
material based on the welght of cement, 0 - 5% of a
retarder based on the weight of cement, 0 - 12% of a
thinner (dry weight) based on the weight of the cement,
0 -~ 8% fluid loss additive (dry Qeighp) based on the
weight of cement, 0 - 45% silica flour and/or silica
sand based on the weight of the cement, and water in
such an amount that the cement slurry has a density

between 1.95 and 2.40g/cm3 and the ratio of the water

s content to the content of the cement plus the
R - microsilica in the slurry is equal to or greater than
0.49,.

Any ordinary hydraulic cemeﬁﬁ can be used, such as
for example Portland cement; but preferébly cements for
oil well cementation.specified by APi are used.

The microsilica used ih the'hydraulie cement
slurry is preferably amerphous silica dust collected
from the off-gases from electrbthermal smelting
furnaces used in the production of silicon or
ferrosilicon containing'at least 75% by weight of



0 - 8%fluid |oss additive (dry wei ght) based on the weight of cement, 0 -°
45% silica flour and/or silica sand based on the wei ght of the cenent, and
wat er in such an amount that the cenent slurry has a density between 1.95

and 2.40g/[err] and the ratio of the water content’to the content of ‘the
cenent plus the mcrosilica in the slurrygis equal to or greater than 0.49.
Any ordi nary hydraulic cenent can be used, such as for exanple Portl and
cenment, but preferably cenents for oil wel'l cenentation specified by API

are used. ThesmhmcmnA|buxlﬁxiica1dﬁsthﬁﬂomufurnaeesnprsﬂucuyglsogreferably
anor phous si | |fg§.rq,lé§tl&g:(y,] qﬁ;fcgfgfrgé h@sg‘?f ‘gases fr.om.el ectrot hernmal -

snel ting furnaces..use uction of silicon or ferrosilicon zg;
contai ni ng at IeasPY79@5HFQ&QQNﬁhQﬁ°Per§$§?¥ paramgters;| ita iguadser om o

furnaces pr odpalsegbi@%td‘ ezfzrdimdé Ciorghlows S€1 Decas@dstBasadhesmaia t he
uce _anorp i lica dust

oper ation par aneter 0SS e, to
e e i b BRBOREY frnm it kAR henEieted. FREREcat A P RBRERhouS on of
this kind cansdﬂicab@fpmdls:ddr@mamtamIlyewprhducededyntheltimdly

reoxi dation. Eﬁoﬁ%t LRI ol | drid? ﬂé‘&?iééeimga“ th%ﬂﬂti%igf QdUC' ng
finely divide ica or silkica . can §€§£o uce 20|p|tat| n.

anor phous S|IFé&lﬁesﬁ§“ﬁ¥4ﬂ?qnﬁPﬂx?Qj ?rﬁ?ﬁepﬁ?ﬁPﬁ ngc fdpgd slurry of
the present igieidedn sidivastoxr @ﬂyﬁwémgﬂseegxwaﬁcea Bybm cron, spheri cal

precipitation.:
' The amorphous Slllca dusts which may be used in .
the hydraulic cement slurry of" the present invention fhﬂy

consist to a very high extent of submicron, spherical
._Particles. ' : ) T SR
_ The silica dust particles may contain ‘60 to 100%
by weight of Sioz; may have a real particle density
between 2. 00 and 2. 40 g/cm “and may have’ a specific
"area of 15 to 30 mz/g. The individual particles are
_ mainly spherical and have a diameter below 1/um. '
variation of these values are of” course ‘possible. The
Silica dust may for example have a lower: si02 content
 and the particle size distribution may be adjusted by
removing coarse particles. : _

In order to obtain the most gas-tight cement - BN
slurry, ‘the hydraulic cement slurry preferably contains
10 to 60% micrOSilica based on the weight of" cement.
Cement slurries containinq 20 to 50% micrOSilica based
on the weight of the cement are especially preferred.

The hydraulic cement slurry ‘according to the
present invention preferably contains 25 to 110% of the
high density filler material. "As the high density
filler material, any conventional high denSity filler
material for high density Oil well cement slurries can



particles. The silica dust particles may contain 60 to 100% by wei ght of
[err] may have-a real particle density between 2.00 and 2.40 [err] and may
have a specific area of 15 to 30 [err] The individual particles are mainly
spherical and have a dianeter below [err] variation of these values are of
course possible. The silica dust may for exanple have a |lower [err]
content and the particle size distribution my be adjusted by renoving
coarse particles. In order to obtai'n the nost gas-tight cenment slurry, the
hydr.aul i ¢ cenent bel wsed.pr Sstathighc slens ity 10i 1 esmarexiatikdya based on

t he«wei ght of ceppulre foRaP HonPridd Gatl Ainidith 20k d Car®% Theh 2B hfid
based on the weight of the cenment are especially preferred. The hydraulic
cenment slurry acE@PGFﬁb to the present invention preferably contains 25 to

110% of | the high densie lfmlrclj_zemmi Qfémﬁl}t; lsﬂm'xtﬂe é‘éc_&k’ll:'diﬂli@i%;d fr:]hél er
materi al, any conventi aongl . ni ensl t Lider el or hi ensity
o1 Cwet1 " coment  BESREREs Snydntici Iy didedaliy dflalfl & focdrdst
materi al may t hedef anc apomnti ©F Kl the Icidny tweight) | based connthet her s.

Bref erably cont acaIbt, YF EeHRifE.C e R G g on 1982l bt based
k o . - . 0 |
on the wei ght of FeERFRCYsSTRFS kAW in dfn ALt on They é?%ég*é¥sb%f diBBwn i n

the art. They nayibfhosadptonatdsgnamditiedmtignondpheatatégnosul phonat es,
polyhydroxy carboxylic acids, carbohydrates, cellulose
l\;fl - deri&atives_ér borates.

i Some of the retarders may also act as thinners in
the'hydraulié cement slurry and when such retarders are
used, the dosage of thinners may be reduced.

"The hydraulic cement slurry according to the
present invention preferably contains a thinner or
dispersant in an amount of 0.1 to 6% (dry weight) based

~on the weight of the cement. As thinners, additives
which are known as plasticisers or superplasticisers in
cement based systems can be used. These are well-known
additives which may be based on lignosulphonate,
sulphonated naphthaleneformaldehyde or sulphcnated

i _ melamineformaldehyde products. -

iL} The hydraulic cement slurry according to the
present invention preferably contains 0.1 to 4% (dry
weight) of a fluid loss additive based on the weight of
the cement. As the fluid loss additive, known
additives such as additives based on starch or
derivates of starch, derivates of cellulose such as
carboxymethylcellulose, methylcellulose or
ethylcellulose or synthetic polymers such as
polyacrylonitrile or polyacrylamide may be used.

Cement slurries which are used at high well



pol yhydf oxy carboxylic acids, carbbhydrates, cellul ose derivatives or
borates. Sonme of the retarders may also act as thinners in the hydraulic
cenment slurry and when such retarders are used, the dosage of thihners may
be reduced. The hydraulic cenment slurry according to the present invention
preferably contains a thinner or.dispersa® in an anount of 0.1 to 6% (dry
wei ght) based on the meight of the cenent. As thinners additives which are
known as pl astj ci sers, or Ias éClse i,n cenment based, systens can be

su
used. These arfee%?TaR'ﬁBﬁﬁ FF9 atty 4 S F FiichotiPPRonate,
sul phonat ed" napmmhatesblbcaasdadyﬁased snlmhmn&hathﬁﬂaﬁntﬁécméméﬂehyde 1',

products. The hydrzﬁ%ﬂi ?Fg%ﬁm g{,_g&_r gnacf%%rd Ayal oseé; L[PV@Q%I on

preferably contain s-a dl i vé Dbased
on the wei ght !wdlrmlteneﬁmennssanml gﬁdth@sprmnu \ﬁmvenmadonfu ves

such as additiyssedsaey, oacééﬁéeateesdﬁayv%ean@‘orimra%a tyatgs

cel l ul ose such as carbo I'cel 1'ul-ose; 1ret hyl'cel’l ul ose or ethylcellulose

or synthetic fANERtSY ﬁyaéxpBF9§Er§PoﬂFﬂPPFe959;ﬁﬂ%ﬁ%ﬂ%/?&ﬁ%e may be
used. Cenent slurrips hdscheancfoand,abulrpgisieigly, ﬁhaﬁﬂﬁnséﬂiqms

preferably co%&&%p %@?ﬁé‘f{ﬁ&légﬁ I‘Eogiggg_g/a%rf %Ihe %e ,-based on the

wei ght of the Cenen esh water beé used in the

hydraul i c cemgmvention. 1% gae piabtat shavenvesy.. lﬂtftlﬁemr;cy
acceleratorsIﬁawéﬁasrséﬁfﬁqaeednlaha EEEtling and. has a very small

tendency towards strength retrogression.' Thus, the .
- content:of high density filler material and the content ;JV
" of silica sand or: silica flour can be increased above

conventional levels without affecting the plast1c1ty of

‘the cement slurries while the tendency of settling is
"strongly reduced. - = . . . . A

The present invention may be. carried 1nto practice
in various ways and will now. be further illustrated by
the following ‘non-limiting examples:.

EXAMPLE 1

Four cement slurries A, B, C, D were;produced;_ Cement
" slurries A, B 'and C have compositions according to the
present invention, while cement slurry .D has a
composition according: to the state of the art.
The compositions of cement slurriesiA-D_are shown
in Table I. |



cement slurry in order to adjust the setti'ng tine. It has been found, .
surprisingly, that ‘the high density hydraulic cenent slurry of the present
invention is gas tight, shows very little tendency towards segregation and
settling and has a very small tendency towards strength retrogression.
Thus, the content of high density filler material and the content of silica
sand or silica flour can be increased above conventional |evels w thout
affecting the plasticity of the cenent slurries while the tendency of
seftling is strongly reduced. The present invention may be carried into
pragtice in various ways and will now be#‘ﬁgﬁ illustrated by the
follow ng non-limting exanples: EXAMPLE our cenent slurries A, B, C, D
were produced. Cenent slurries A, B and C have conpositions according to
the present i NVentd-giiyeaMiid 8-t —5l dl & Ymw Ll HES~ 8- 8ORPOSLLLOR-aCCOLAING
to the state of the art..,The conp05|t|oqg of cengnt sluréles A-D_are shown

in Table I. 9 RﬁmE|s nt Slurry D¢ D
kg kg kg kg G cenent kg kg 100 kg 100 kg 100
100 EMSAC 465T _ 10 ——-30 40 - Jbhipper (D-31)__
- 2.4 2 4 Retarder (R-12) 2.4 2.4 2.4 3.6
Haematite - 103.7 - 34.3 :
G~-cement 100 100 100 100
EMSAC 465T - 10 30 40 -
\J Thinner (D-31) - 2.4 2.4 -
Retarder (R-12) 2.4 2.4 2.4 3.6
Haematite - 103.7 - . 34.3
Barite 35.1 - 200.5 -
Water 54.3 76.2 109.0 41.8

The theoretical density for slurry A is 2.00 kg/dm3 and
for slurries B - D 2.16 kg/dm3.

- G-cement is a Portland cement delivered by Norcem
A/S, Norway
- EMSAC® 465T is a high quality microsilica product
o in dry form which is produced and sold by Elkem
a/s, Chemicals, Norway.
* EMSAC is a Registered Trade Mark

- 'D-31 is a thinner and R-12 a retarder, both
supplied by B.J. Hughes, USA.

Cement slurries A to D were mixed and tested according
to API Specification 10. The results are shown in
Table II. s



‘Barite
54.3

76.2
[err] and for slurries B -

35.1 -
109.0

delivered by Norcem A/'S, Norway. -
mcrosilica product. in dry formwhich iggproduced and sold by Elkem a/s,
Chem cal s,

R-12 a retarder

Norway. EMSAC is a Registered Trade Mark -
both supplied by B.J.

i
-

200.5 -
density for-slurry Ais 2. 00
- G cenent

~41.8 The theoretical
D 2.16 [err]

Wat er

is a Portland ¢

EMSAC* 465T is-a high quality .

Hughes,

D-31is ath

enent

i nner

were m xed and tested according to APl Specification 10. The results are
shown in Table I1I. 1 0 TABLE. .l t Slurry A
B cC . D Rheol ogy [err]- I scosity, cp 29.5 26. 5
31 65.5 Plastic viscosity, .cp . 36 29 28 68 10
Yield point;,_Jerr] _(-23)_ __(=5) o6 ____ o). lerrl .. 1-6347]
1- 24411 [29291 [ -24411 Rheol ogy [err] Apparent viscosity, cp 20
21 5 Hement Pwmrys5 Plastic vPhscosityBep. 26 . b 23
15 35'w4ﬂ114un1u,_{£u11-_4 2) el (0 R, (=) [err]
[-9761 [- 4 -4881 Conpressive strength, 20 MPa (after 5.
Apparent viscqsity, cp. 29.5 26.5 31 65.5
Plastic viscosity, cp 36 29 28 - 68
10 Yield point, 1b/100£t2 (-13)  (-5) 6 . (-5)
- [kg/m?] 1-6347] [-2441] [2929] [-2441)]
Rheology (939%)’ .
Apparent viscosity, cp 20 21 20 -34.5
15 Plastic viscosity, cp 21 23 15 35
Yield point, lb/100ft2 (-2)  (-4) 10 (-1)
[kg/m?) [-976] [-1953] [4882]} [-488])
Compressive strength,
20 MPa (after 5 days at
~ 50°9C and 1 day at
93°C) 36 50.6 41.4 35
25 From Table II it can be seen that-slufries,h to C
according to the present invention, are easy to pump
into the well-bore and have a good compressive strength
compared to the conventional slurry D. Slurries A to C
thus fulfil the requirements which are set to the
30 rheological properties for high density 0il well cement

slurrles.

In order to ‘examine the settling of the cement

slurries A to D,

the fresh slurries were heated in an

and
USA. Cenent slurries Ato D

Ed



[err] and 1 day at [err] T 7 36 50. 6 41.4 35
25 FromTable Il it can be seen that slurries Ato C according to the
present invention, are easy to punp into the well-bore and have a good
conpressive strength conpared to the conventional slurry D. Slurries Ato
Cthus fulfil the requirenents which are set to the 30 rheol ogical
properties for high density oil well cement I urries. In order to exanine
the settling of the cenment slurries Ato D, the fresh slurries were heated

i n-an at nospheg | I, St Lol rrl]. . afies, i,ch egch.slurry was
paured into a 258“&1885?{%%&% %g?' tg;q/‘ﬁtr? eegt'.%rT]ﬁé’ (f’;:ﬁ RS M la‘fthi%%cq he
cenent slurries @RREXJuwasnpoungdednttoyian@s® mdmunaduatedicykindennd t he

cement slurries pReecghlinueest %oﬁ%”a&n&hrgt he (RGN s e OYWst
Thereafter, the_géglnders re.removed fromthe water and test specl nens

with a height of 1BEf WBrercBavingnft kempsratire nf fot (o ANS thrirementder
and density of takureibesspeciemaldowede toeatitectt e g asnpgerahere o i n

Table I11. TABLEzhihgsgggnt slurry A B C D

Density, top, [err 2.15 2.16 ~2.09 Density, bottom [err]
2.04 2.19 2. 14 Thepeaftex)| &hel cydiodensnaens xemaved fram sthe | i ng

or segregat : on Oﬁﬁﬁéfeénhnt%)gehﬁﬁ%ﬂheﬁbuWiit?:s a{“?q@igﬂtn dprlilénﬂﬁeéré‘hecut
convent i onal - CeMEILLSLUL Yo SHA"EHe? plBbbn” o iUy 5iddd ha M VETY
density of the test specimens were measured. The

Y
1.

A\, results are shown in Table III.
TABLE III
Cement slurry A B C D
Density, top, kg/dm3 2.04 2.15 2.16 2.09
Density, bottom, kg/dm3 2.04 2.19 2.14 2.41

Table III shows that practically no settling or -

seqgregation occurred in the cement slurries A~C. 1In

N -onlrast the conventional cement slurry D showed a very
significant settling. The very low tendency to
settling for the cement slurries according to the
present invention is very surprising as the viscosities
especially of slurries A and B are much lower than for
the conventional slurry D and the content of high
density material is much higher for cement slurries A,
B and C than for the conventional slurry D.

LSy Kien



-

settling for the cement slurries &ccdrding to the present invention is very-
~surprising as the viscosities especially of slurries A and B.are nmuch | ower
than for the conventional slurry D and the content of high density material
is much higher for cenent slurries A, B and C than for the conventi onal
slurry D 12 EXAMPLE Il Ei ght cenent ilurries E, F, G H I, J. K L
were produced. Cenent slurries Eto J h ve conpositions 5 according to
the present invention while cenent slurries K and L have conpositions

according tcyégéxéigié;of the art. The conpositions of cenent slurries E -

L are shown i e |V. TABLE IV Cenent ~E - F G H lo .
J K - 1 Slurry. kg : kg - kg: kg = kg - kg kg kg 15€§f
G cenment 1003 gH00emd0 s14PPies10 F,180 1,180 7,1Q0 EMGAG 60 S- 60 |
- - o T TEMBAC 20 465 1 i 30 20 50 .

70 15 - - -prpdyceds | ogemeént slurries E to J have compositiong) - 35

- Thinner_ (D-&ddordirg to4tRe present iAv8ntiBnbwhide? cefeht - 25
Ret ar der R’lzﬂ 0. 96 0.36 0,96 - e 0.96 . .- -
slurries K and L. have compositions according to. the

" state of the art.

The compositions of cement slurries E - L are-shown in

‘0 ‘Pable IV. - . - e B o o -;“
Cement E F . - G H I J K L
Slurry kg kg kg kg . kg kg kg kg
|g =t nan e e
‘G-cement 100 100 100 100 100. 100 100 100
EMSAC | - -
460 'S 60 - - - - -
EMSAC - | | .
20 465 T = - 30 20 50 70 15 - -
Silica _
flour - - = - A 30 35 -
Thinnér'r - T T - S ' R
(D-31) 4.2 4.2 - 4.8 9.6 4.2 7.2 - S
N Retarde;”  .1 | | | R
(R-12)° 0.96 0.96 0.96 - - 0.96 - -
~ Fluid loss S S o
additivet
(D-19) 0.7 0.7 - - - - " 0.5 0.5
;o Haematite 104.9 102 - - - o -
Barite - - 81.1 98.5 110.3 98.1 71.4 20.6
water 47.6 75.7 75.0 83.2 87.3 86.7 71.9 43.8

The theoretical density of slurries E and F is 2.16



FIU|d |l oss additive (D-19) 0.7 0.7 ~- - - - 0.5
0.5 30 Haemmtite :104.9 104 - - - - Barite

-, 81.1 98.5 110.3 98.1 71.4 20. 6 vater 47.6 75.7 75.0
83 2 87.3 86.7 71.9 43.8 The theoretical density of slurries E and F is
2.16 13 [err] and the theoretical density of slurries G - Lis 3
2.04 [err] EMSAC 460 S is a high quality m ardsilica product in the form of
a liquid suspension which is produced and sold by El kem as, Chem cal s
Norway. Cenent slurrbes E- L were mxed and tested accordlng to API

SQQC|f|cat|on 109/¢Re Rrasdulthe sheonedidiealn drnsidw ofilwrriee@nt L is

F G 2.04 gﬁcm IR J K : L Slurry
kg kg kg Rheol og err]
Plastic vi sco- sity Eyﬁgc 45Q4% is a @#%h q%ﬂif¥y ml?%? iliey pro gﬁc
53 27 Yi elid pbenfprhEbE]a liquill suspehsion vwiflich is ﬂébducedlZ

9 onf JEHE By, BpBLFES), priiatd ey (06351 (5050

[ 43941 [14 1591
ement slurr es ~ L were mixed and tested

accordlng to API specification 10. The results are
shown in Table V.

Rheology
(20°cH
Plastic
visco-

sity, cp 44 57 29 33 34 40 53 27

Yield point,

2

Lb/100f¢t 16 -4 18 14 12 -9 29 S

% _ (kqlmzl 178123 (1953) (87881 [6835] (5859} (4394] (14,1591 [2441)

TN

Rheology
(93%)
Plastic
visco-

sity,cp 36 30 . 25 27 29 35 48 25

Yield point,

2

lb/100f¢ ] (-4) B 6 4 6 22 - 3

tkglmzl (4881 (-1953]1 (39061 (29291 (19531 (29291 (10,741] (1465]



Pl astic visco - sitycp 36 " 30 25 27 29 35 -
48 25 Yield point, [err] 1 (-4) 8 6 i 4 2
6 22 3 [err] 1 (4881 [-19531 [39061 (2929] [19531 [29291

[ 10, 7411 [14651 14 In order to exam ne the tendency of strength .
retrogression, the conpressive strength of test speci mens of cenent

skurries E - L were neasured after 7, 141421 and 28 days. The test

speci nens were stored at a tenperature of [err] 5 The results are shown in
Tabl e VI. TABLE VI_Conpressive strength, Ma Cenent F G e
H | Jn order to exapipeythe kgadengy gf &trsngﬁé 2 48.1 48.0 ° 3_}
46.5 40.2 %%Jrob‘ké?@'ﬁan 48 d3nPres9ibe 5Bréngbh. 3f 46s2 38.7 31.1 215
days 46.7 47.3  38. 28 days . 47.2 46.8

s 18T Lhichuigis ofianest Suttids Boiir A0r%, Fladihae Skbe 1% e
cenent slurrizks 1B, 21 aocbr2B nipye. t hEher besht spredmensn welrenetared endency
of strength. ro ﬁﬁgggﬂ: cppyeational cenment slurry L shows a very
significant sq;rengglltr re’fgr_gtgt;eis)gs]?on and this cement slurry can not be
used for cenenting oil wells having high tenperatures. Cenment slurry K

shows a | ow tepdensuis iFeN@idwn in Table VI.

TABLE VI
i e ittt
Compressive strength, MPa o’

Cement E - F . G H I J K L

Slurry
15 7 days 47.6 41.4 38.2 48.1 48.0 46.5 40.2 33.7

14 days 48.0 43.0 39.5 52.4 55.2 46.2 38.7 31.1

21 days 46.7 47.3 38.0 53.0 53.0 48.7 39.8 27.5

28 days 47.2 46.8 37.0 52,1 52,3 45.3 38.3 21.7
20 _

From Table VI it can be seen that the cement slurries E

~ J according to the present invention showed no

tendency of'strengthiretrdqression. ‘The conventional : }“3

cement slurry L shows a very significant strength LJ_
25 _retrogression, and this cement slurry can not be used

for cementing oil wells having high temperatures.

Cement slurry K shows a low tendency of strength

retrogression due to the content ' of silica flour.

However, this cement slurry suffers from a very'high
30 tendency of settling in spite of the high viscosity

shown in Table V and will cause problems for this

reason.



retrogression due to the content of silica f1 our. However, this cenent
slurry suffers froema very high 30 tendency of settling in spite of the

hi gh viscpsify shown in Table V and will cause problens for this reason.
15 EXAMPLE 3 Cenent slurries E and L of Exanple 2 were tested in a gas
m gration apparatus . The test was run in_the 5 apparatus shown

schehatically in Figure 1. The apparatus ¢ nprises an acrylic pipe 1. The
pipe is 2.0 mhigh and has an inner dianeter of 80 nmand a wall thickness

of 5nrm In the Qﬁ&ﬁgggog_the pipe 1, a bottomplate 2 is secured into which

ap rair supply Is inserted. Just above the bottomplate 2 there is
& Pernmeabl e sand filter 4 made froma nix of sand of uniformparticle size

and epoxy. AT temé&NPP51&Erifst BeaRQt LOBEOEXxhRG1RI R wbrlY RIS IOr S
and the air pressure, is controlled bésa re&ﬁlator 6. A transducer 15 7 for
i mse

measuring the hJFBiGratipReanppEaf &d tRAto “@Fe THpd ™.t cover
plate 8 is fecuaﬂﬁaf@tﬁheshownoéchéﬂaDﬁﬁally TheFdguee pl.at @h® has an

opening for’the_ins i.on .pipe_9 which.i.s connected,to as. fl ter
unit 10. A tenp%é%?gé%u%eﬁgﬁP?ﬁgegeegcgcfigéﬁ P§p§|§d cgﬁﬁééﬁ' o t ﬁpﬁipe
1. The cenent shuhigkesap@rbkasi ahedinparodipeepepecf 88dmmeangad padslsure was

fixed at 0.25 bgp;woheBsCOEr 6RRONISnt Ohd2BYLebnt BE WHehigeadienf. |1f no
gas flows through the cenent _slurries at 25 this _gas pressure during the
setting of the Bekkpmr plate 2 is secured into which an air supply pipe

. 10 3 is inserted. Just above the bottom plate 2 there is
E;J. _ a permeable sand filter 4 made from a mix of sand of
‘uniform particle size and epoxy. Air is supplied to

the bottom of the pipe 1 by a compressor 5 and the air
pressure is controlled by a regulator 6. A transducer
15 7 for measuring the hydrostatic pressure is inserted
into the pipe 1. A cover plate 8 is secured to the top
of the pipe 1. The cover plate 8 has an opening for
the insertion of a pipe 9 which is connected to a gas
flowmeter unit 10. A temperature measuring device 11
20 is also connected to the pipe 1.

The cement slurries were filled into the pipe 1
and the gas pressure was fixed at 0.25 bar which
corresponds to 125% of the water gradient.

—/ If no gas flows through the cement slurries at
25 this gas pressure during the setting of the cement
slurries, the cement slurries will be gas tight at all
practical gas pressures in oil well formations.
When the cement slurries E and L were tested in
the gas migration apparatus described above, cement
30 slurry E according to the present invention withstood
the applied gas pressure, while a substantial flow of
gas was measured through the column of the conventional

cement slurry L.



slurries, the cenent slurries will bé& gas tight at all practical gas
pressures in oil well formations. Wien the cenent slurriés E and L were s
tested in the gas migration apparatus described above, cenent 30’slu[ry E
according to the present invention w thstood the applied gas pressure,

while a substantial flow of gas was neasured through the colum of the

conventional cenent slurry L. 16 CLAI M3 gl. A hydraulic cenent slurry

for use in the cenentation of oil-wells, consisting of a hydraulic cenent |,

5 - 85% mcrosilica based on weight of the cenment, 5 - 250%of a high -
density filler gmNmMd al based on the weight of the cement, 0 - 5%of a .
retarder (dry weight) based on the weight of the cenent, 0 - 12%of a it ;

t hi nner (dry weight) based on the weight of the weight of the cenent, 0 - 8
%of a fluid |oss additive RYASAMEIG SR REWEY HEPRMMt 10 hRe cenent
0 - 45% sili ca ddnHtadibmloSidilsaveii, heoresh stni idieofvea gydedulbe cenent,
and water in such an amunt jhat & : S Y. a.densit et ween
1.95 and [err] ARG érr%t.i oatgo%a_tl?lhégc\’/\é:/a]’flemfé%o% éje‘lhcg ?J_ga"?%ggrggn?fep?h%f the
cement plus theerentosiq ic230% t9fe 3 Rigly densifupifibler materdalthan 0.49.
Zi A hyd{au“H%§$an§§ gyéﬂﬂéﬁéﬁﬁFﬁﬁﬂﬁgﬁ*ifhéE%%:ﬁ3—!@%?@%?Qt%@€afééﬁ?t 3
slurry contains - So0.%mcrosjlica based, i ght of e cengpnt. 3.
A hydraul i ¢ cerfRY 'ﬂ%’a?iﬁ%ﬁ r@H%"rrfF Cf%l’ré)ﬁ% cbf %%i?ﬁ‘&?“?n g\ln'l'c:hz%]he
cenent slurry edhtaitisiritter (dry weight) based on the weight of the
| weight of the cement, 0 - 8 ¥ of a fluid loss additive )
(dry weight) based on the weight of the cement, 0 - 45% ;;y 8
silica flour and/or silica sand based on the weight of

the cement, and water in such an amount that the cement
slurry haé a density between 1.95 and 2.40g/cm3~and the
ratioc of the water content to the content of the cement
plus the microsilica in the slurry is equal to or
greater than 0.49.

2. A hydraulic cement SLurry.as claimed in Claim

1 in which the cement slurry dontains 20 - 50 %
microsilica based on the weight of the cement.

3. . A hydraulic cement slurry as ‘claimed in claim -~
1 or Claim,é,_in which the cement slurry contains 25 - W/
110% of high density filler material based on weight of
cement. "

_ 4. A hydraulic cement slurry as claimed in any
preceding claim in which the cement slurry contains 0.1
- = 3% of a retarder (dry weight) based on the weight of

 cement.

5. A hydraulic cement slurry as claimed in any

A



110% of high density filler material baséd on wei ght of cement. 4. A
hydraul ic cenent slurry as clainmed in any preceding claimin which the
cenment slurry contains 0.1 - 3%of a retarder (dry wei ght) based on the
wei ght of cenent. 5. A hydraulic cenment slurry as clained in any 17
preceding claimin which the cenment slurry contains 0.1 - 6% of a thinner
(dry wei ght) based on the weight of the cenehf. 6. A hydraul i c cenent
slurry as clained in any preceding claimin which the cenent slurry
contains 0.1 - 4%of a fluid |oss, additive (dr ht) based on t he weig
af ~the cenent. 7.Presfding £13i® ddhefhtich S %%m"c’?‘g #e‘ﬂ“ﬂﬁ =\ ?ﬁ'%%eﬁrﬁg
i min which thatsi et caartmﬂtnmémr(rc;rwmén;m) Thased8h sthe ceeidgivtirofind/ or
silica sand base %Héﬁf'ght of the cenment. 8. A hydraul i c cenent
slurry as hereln speC| Ty described in the exanpl es under any one of
the designations Ato Cor Eto J.

6. A hydraulic cement slurry as claimed in any
preceding claim in which the cement slurry contains 0.1
- 4% of a fluid loss additive (dry weight) based on the
weight of the cement.

7. A hydraulic cement slurry as claimed in any
Q;; preceding claim in which that the cement slurry
contains 10 - 35% silica flour and/or silica sand based
on the weight of the cement.

8. A hydraulic cement slurry as herein
specifically described in the examples under any one of
the designations A to C or E to J.
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