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materials preferred for use in this mventron are Portland cement and combinations thereof with slag wherein
the quantity of Portland cement included in any mixiure of Portland cement and slag used in the methods
of this invention can be as low as 10 percent but is preferably no less than about 40 percent, more

2



T T
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slurry (1. ok 6 hardening reaction is proceeding. Thus fine partucle size Portland cement, as

heremafter defin a dens more rapidly in low temperature environments in the range of from about 30°F
to about 100*F than does fine particle size slag cement, also as hereinafter defined. Also Portland cement
hardens more rapidly at elevated temperatures than does slag cement.

55 Accordingly, to adjust to specific environments, specific slurries of fine cement can include mixtures of
Portland cement and slag consistent with the concentrations previously disclosed. in general, longer set
times can be achieved by increasing slag content with accompanying decrease in compressive strength
and/or increasing slurry density or both.



One particul ar advantage, in addition t,o the low slurry densities avail able
herein, is that the high water 25 EII;S @Sf@éfduce | ow heats of hydration.
Thus, the fine particle size hydra £ of this invention is quite
useful when conducting cenenting operations, and particularly primry

Cement i NG OPRTAdoR b usillwaf Biontrd AULS b RSobih& Pl MRRAKOR HIRSISS of £
physi cal  bfemissl ®\thiels thb @sudl RIE Cior SkampleOB sS4 uhﬁn@tdlspgém ifdfvidahl ceM6titious
St ruct ur esaititied i dQiuRe bRdhiOS fhena Blvebe RIHRHIBT & 156y RSicleShy & 910&9@{.&3 lumping a
par ti.cul ardispél¥iag)agaatemayCser ddbidttio falviaidr ISy & the@mbht! bR thiddifvohtioh th %uﬁ%&o{)
cenept .of grdtiuc adequaiertisparsiom Bubtbant $HBctod SRSUMER cor3RSBE ® RS sMalHTE ¥ to @bout N6
cement durpafg by ebightndisperirit pee Xq@aPREs Ay Eighp o temedtitiousd) Mktprighr Giécsuith dispersant is
f or mat i on idehtifiet! by 6@ mané CFRA @ srivtherdytistamieHalad-a2R éach pirvhivh lisydisoins®idnd leBimed
oper at i ondn UiSt Patent 4557,263 dal Gedugst, et 4li the disglosuesidf avhiol [scimipemtefl darbiarby reféreidacin
fine part ivisieof i principlgrablecinef thie inverttion ¢ praddet @ slutme ot pasticies ahich owilt entar vietyesneadl f
and par i caerngs and il dewelen arequatseompressivei yanglt the upes phd Inatedal tie hel pesttgrparticle
al um nat e dispersien i censiderad;lofbap impgiant espect oflfee ieptionSee, for exanpl e, Tabl e
VIT. It is tOBeigdditien comaonhy pged i avel ém"%ﬂmhn@ayab%st'"%Bﬁ%Wﬁ!ﬁr defqaming
si ze of affefs ﬂ‘id HFSC?"S\‘I‘?S lost grcylation addifiver, exransion aiditives. hardering Acgelgreiprs (glibyah,
about 10, #8Q" 'Q a"da";'%ﬁ" retar I“F’r H' B%H 'Ié‘f*rta"!bf's &P@r 'a%n mEREYP
3. 0% or ®nSfY ’° a’ ?ﬁ' t°° ? aé %‘ ‘{%{g Sd(gNo
E res.n c?r]vg lana é&gﬁ

onates are
exhibit e éﬁére u e hlev s |c1 n

etarda on Stlll other dmv be u still further
S urri es b o ﬁy n ueh G e ittiote Ll Hases
very usef Lh m §'ind hké“ﬁ B Gy tﬁaﬁ@ ﬁ-{f oiing €S
such asy,mi Jﬂ Ieb e@éﬂﬁ t\nﬁ |t| teé pn’oﬁhc§lé ﬁ\Bét&\@@ﬁPy &in rﬁa %IO{NQS the
vi chpi ty Q w29 P& hﬁlon cﬁ’\ﬁi}’adﬂ vefehriplabsive strdngthSuRGdnt RY &0 bratoh€
slurries ar ewmhexdn conBnting emrafﬁﬁeﬁtssesmﬁﬁ@a@&watf@§ p3: hEHaﬁzébaF loP chof & Afal ibse

per meabi | inbéearya® chiiheMthaktOdkinry 30RAeriaOwHidh Milk help(iabbertiitiel 1bsd af Eonrprossivd/dirbngiregar d
to the abgweceraSover b -\a Ednditidn eRr&tD toDUEFhplgsiieh@rohdih kedofragion.| I rony sp&sic gn
aid - id ietnbediment, dedem@ntipliced ia rinaasi tvle ddatenga gpiitiopms GBmatibmbr Afopwetion dloavhizh

gi ven si zateam wili balintratotedl ah e rsybjertedcie sampetatiwbs o g it atatn6op ef cRucta bxdrembly lhigh and
set in a dmmetejurdsshreproducy ailcds inaomprgssixe strangth of sehgapTeoik hawaves. by uSing therfi® mrticlat er
than 45 tsie melereblyPortisnd qomenti of [this invetian in lsemBinaen wit Siliceelaw. A &pstaling farm) of
crack ref aifipaaddiexisloa(Sifzb comprepaivepdiseatty satiogretsien scag| her provepted E&r?ﬁ iledsb sedieediing a
si ze ofsvaregritude Thip material isgddedqtothe siyry iy a9 ameent stiestiie t feagt puith the hdrpulie pemenf tg

i nvent i on.helpPraxerd theedevalopment ¢f cerprensive pirangth tretroprassion: Ib isdyeligyad tatjuglhy arpeffeptiye
fine cerrergff;mﬁf Is;ipjthe. 'P‘Pﬂ?ér’ﬁtf'f"ﬂ §ooug 0,12 fosqbayt ‘t‘ba“F rpeefasphly sheut-33nqunds Houy pert he
har deni ng ':g’ as B a| \ne Fi nen I ncr ease n addition, the 50
har deni ng [ at" ‘T"gt '%a@ Vei"'r‘f% '% ' '@Etm‘g S']rﬁ g 1o %ﬁ’?sgy ?P@Fn
used ang t ;r s%}ﬁ% W‘ ‘él 98 fpdaé{ﬂ‘f s§d 58‘” on

ozed o h dar et Tl
ge

defi ned, rb@é' ﬁﬂ onnEUr {hgmn Hon!t rﬁ&g r? r@g IasticddNditioR rrents

of from abou\the s itichTolRA P d b 6sd ﬁrlm Q8% o ace.ﬁmwet ens.lneansméaca'f laﬁ'gperfor-
Cenwat , palnAcefiofdRbLbMa hitfrauitedemBRS. Thitb SPthE BdntehB AR FoRRRItond

rapi dly atsiaglcemeht. EGhotd? MoCdoribht, Adentiidalas APEBIas LG W TRdNcle S only, us%@@ftrﬂi Al y,
t 0 adj ust skape SPHfiE invértiore MNe reMEINRY thide conivnBiabd vathinaltherscbpof @ls idverlion.cement can
i ncl ude m xtTables | afd IPpbiidecphglsicabderainclading spboifig sGEHas, i sPéoiia igranityl, blehdig, and particie
concent r atsizeawmlypis.evi ousl y di scl osed. In general, |onger set tines can be
achi eved by Tahles Wasd Mpreddagedmmanse tataintlidingeompressivg isingngiti dlevelbpercbyi stated slurries
conpr essi \ed paneteation Yy statad/slyrie.ncr easi ng slurry density or both. 3 EP O
494 748 B1 |Tedlagih tMh.oW eerb Viiserayidenehemicgloensient ary defefohined \ow svaticus differento atsiysied
with the é@h‘ﬂ‘h’ﬁftlous materials of this invention to achieve the usual
resul ts, FoyTa8® Rfpyradesapheraicy! aalypis of Raglapd Yprl! spet 8 disciagrd/in Hifa Patent 4,160,674
cenment i ¥i U Hrticles in a slurry and thus to hel p prevent the formation
of large particles by aggloneration or |lunping a

55



di spersi ng agent may be added to a water slurry of the cenment of this
invention in an amount effective to_produce adequate di spersion. Such an
effective amount i s considered to i ftl 7 nts up to about 1.5 parts by
wei ght di spersant per 100 parts by weight of cenentitious material. One
such dispersant is identified by the namgaﬁg -3 and anot her by the nane
Hal ad- 322 each of which |s di sclosed and clained in U S. Patent 4,557,783
to George, ¢ f f ‘
reference. Ifn_vi ew of a principle offeRaisapt Gemeatsi nvention to provide a
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particularly useful mhen hlgh tenperature 15 environnents are encountered.
Portl and cenents having the small particle sizes required in this invention
may require retardation of set tine at elevated tenperatures. Accordingly,
conventi &hal 1ignosul fonates are considered to be useful to achieve
sufficient retardation. Still other additives may be utilized to stil
further decrease the slurry density of the cenment conposition of this

i nvention. Such |ightweight additives include nitrogen, perlite, fly ash,
silica fyre, mcrospheres and the like. It is believed that a conbination
-of filne 20 particle size cenent, water and additives can produce a
conpetent slurry having a den5|ty of as | ow as about 9 pounds per gallon
which will achieve conpressive strength sufficient for oil field
operations. Wen well" cenenting environnments exhibit high tenperatures,
e.g. abow 230 F or nore, it may be .necessary to conbine with the slurry a
material which will help prevent the | oss of conpressive strength of set
cenent over tine - a condition referred to as conpressive strength
retrogression. In one specific 26 enbodi nent, a cenent placed in a cased
.hol e adj acent a geothermal formation or a formation into which steamwil|
be intro®uced can be subjected to tenperatures of up to about 600 F. Such
extrenely high tenperatures can produce a |l oss in conpressive strength of
set cenent; however, by using the fine particle size, preferably Portl and
cement of this invention in conmbination Wth Silica Flour, a crystalline
formof silicon dioxide ([err]), conpressive strength retrogression can be
preventeﬁsor at least reduced in 30 magnitude. This material is added to
the slurry in an anount effective to react with the hydraulic cenent to

hel p prevent the devel opnent of conpressive strength retrogression. It is
believed that such an effective anmobunt is in the range of from about 0.15
:tosawout«ﬂ 0 and preferably about 0.35 pounds silica flour per pound of
hydraulic cenent. Still another advantage of this invention in addition to
i ght weight slurries, |low viscosity, good 35 conpressive strength, and
smal | particle size are the thixotropic properties displayed by the slurry.
Accordingly, with a slurry preferably consisting solely of snall particle
"size Portd and cenent used in primary cenenting operations the thixotropic
-properties help prevent unwanted fluid mgration, especially unwanted gas
m gration, during the tinme when the cenent is in an unset plastic
condition. The tables which follow provide informati on and data concerni ng
the chem cal, physical and perfor- 40 mance properties of four hydraulic
cenents. ®Three of the cements are Portland cements and the fourth is a sl ag
cement. One of the cenments, identified as APl Class A due to particle size
only, is not wwthin the scope of this invention. The renmaining three
cenments are within the scope of this invention. Tables | and 11 provide
physi cal gdata including specific surface, specific gravity, blending, and
particle size analysis. 45 Tables 111 and IV provide perfornmance data

i ncl udi ng conpressive strength devel oped by stated slurrles and penetration
by stated slurries.
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Tables V, VI, VIl and VIII provide chenpical content as determ ned by

;.

various different analysis techni dﬁﬁ%a@l'abl e | X provides a chem cal
anal ysis of Portland type II1l cene dfBlosed in U S. Patent 4,160, 674
50 to Sawyer. 55 4 EP 0 494 748 Bl TABLE I Conparison of Cenents 5
Hydraulic Cenent Nanme Type Specific Surface Specific Gravity g/cc
Slag Content Weight % Blaine, [err]/g 4 &raaFiae. Port | and
13080 3.03 0°APP O d8s A Port | and
3900. 3.15 hitve - Portl and
6460, s 3.03 10 ., g MC500
SLAG Por t | and 8960 : 2 80 to 90 15 20 25 30
35 45 50 EP O 494 748 Bl | EO 10 Jd =
VA s 0 ea 4* 4 5 1 alSs, ~ ¢ & ob 550 ~ ~ ~ U 10
U, 6 I | onl I l th | | o4 44 . 40~ a, m
a. ~~~~~ 0~~~? o
q L] ] L] I%
% 1 - 2 -
;‘i 2 a8 3
m" g L [ ] 1]
M 20 : 1] g L} L]
i ozd 14, ..z
25 ol - s -
° &~lm ° e N -
3 § 3as |4 2 < = 0
“ 3 <5
SCH- R B N
o 3 E§ |3
4. .8 .
35
d. 838,
. 4. 2., &
Bl . ..
Ei = & KR & :.f-g
s I 313 34
$ = 2 8% 8
& [ e [
é £ 2 2 52 8
g H £
s FI . s s 8 g
3 ¥ .3 49
285 s 56 & ¢ .
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15 [err] - _ , 0.49 0.18 0. 23

0.12 [err] 0.0 0.0, 0.0 0.0 MO

0.38 0.03 0.03 oEDY 4p4 749 B1 1. 16 2. 30
2.35 0.29 ZnO 0.01 0.01 0.02 0.01
20 SrO OrE Vv 0.11 0. 07

0.04 Loss On Ignition 0.0 3.12 1.25 2.35 TABLE VI 25
Conmpound  Cement G BCALIR . - | ati on From
Oxi de Conponent s i n| Tabl eXyaniiomsepnce Analysis of Hydupylic Gerpeny Material AP (fl ass A

VWi t%e'T--?:Os Free Linme | oOxide Componehlts Hydraulic Cemdnt Name Percent 0.8

3.67 err] oy 4%

55.58 [err] MC-500 | Uitra Fmenggl;l ClassA | Whae

19.96 [err] Na2O * 0.30 0.17 '4 63 0.37 0.37. @7

10.39 35 [err] MgO * 3.40 1.10 1302 240 | 7.23

0.89 [erw] (CS) Al> 05 11.29° 426 74 432 5,403

5.92 *Cannot Cal cul it &ue to exde?35bf |A 158 $i 49885 4o YH8 | EP 0
494748 Bl 1 ~~~~~~ Oﬂrgzé glf tn (?; 0 t(g-gg St;g o >
> 1 . E » .

@@ @.X XN SCa@ 0 @1l ! .79 62.12 N 65.29 6564’ | 6 N
CO15 CO 41S 2B ﬁ |5 i § i BX
a e 18 0 * TiOz( 49 |1 018 0.23 012\ | 55
) CraQs . _ A 1o og | 0.0 0.0 0.0
L Qe w0 1038 f om | o 0.02
NI - sy S N

%0 LA A ] ) ’ |
X N do ) 0.08 0.11 0.07 0.04
S4 ¥4 449C 35 Loss On Ignition 0.0 312 125 S [< 'z38g {14
V. 4141-1 f , | a G Tt
TABLE VI
25
Compound Cement Compound Concentration, Percent By Bogue Calculation From Oxide Components
in Table V
" MC-500 Ultra Fine API Class A White
Free Lime 0.4 0.7 0.58 3.67
CsS . 62.56 64.89 55.58
C:S . 5.47 118 19.96
CsA * 763 7.57 10.39
35 | C4AF * 7.22 7.23 0.89
CaS0: (CS) > 13.78 5.12 5.92
*Cannot Calculate due to excess of Al and Si
o 40
45
50
56
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r-4 60 i
Tables 1, 11, 111, 1V, V VI, W,
presented, in convenient 55 t abul aEP
properties of four different cenentiti
hydraulic activity. "Hydraulic activi
mean the chem cal nature of a materia
with water, w thout contact with the
under mater) due to the |nteract|ﬁn o]
rather tshan by EP 0 494 748 Blg&
hydraullc cenent” as used herein nea
material s of known type which conpri s{
silicon, oxygen and/or sulfur which e
whi ch set solid and harden in the pre{
i.ncl uderconmon Portl and cenents, fast
sul fate resistant cenents, 5 nodifie
al um na cenents, cal cium alum nate ce

secondary conponents such as fly h,
exanpl e Roca, et al., U S 4,681,
cementi fd ous nmaterials other than9 ho‘
whi ch exhibit hydraulic activity,

to the types included in Tables I - V

cenent, one of the materials listed-
(thernBLJy treating) a ground=n1xture
usal |y conposed mainly of ca¥ E;unlca

whi ch is usually conposed nalg of a
tooMawlamXUMeofI”m hum num
oxi de. During the sinter ess ¢
nodul esg cal | ed clinkers mhlg ame p
silicates ([err]), calcigm al

im%

and.ViI

ol

b

* *00 Referring nowto
set out above, there is
onpari son of various
ous materials each of which exhibit
y" and "reactivity" as used herein
to set and harden, upon being m xed
atnosghere (e. &ﬁ the ability to harden
—constltu s of the materi al
oP®icon of themater. The term
s all inorganic cenentitious
p conpounds of cal cium al um num
hibit "hydraulic activity”, that is,
bence of water. Cenents of this type
setting or extra fast setting,
cenents, alum na cenents, high
nts, and cenents which contain
pez@g ona andgfe like. See for
These are in gxgstence inorganic
be exenplified in Tables | VI
this invention is preferably limted
1. 10 Accordi ngly, Portland
the Tables is nade by sintering
of raw materials one of which is
bonate (as |inestone) and anot her of
umnumsilicates (as clay or shale)
oxide, silicon dioxide and ferric
em cal reactions occur which produce
imarily conposed of m xed 15 cal cium
s|(lgegd) and c ium al um noferrites

(C4AF) all of which conp unds tg8e the hydrpylic activity of
Portland cement. See for exarmlue &auFauer, U.S. 3,689, 294; Buchet, et al.,
U.S. 4,054,460; and Gartner, @%S. 24,6}19,702. An exanple of a chenica
anal ysi 8¢ of Portland cenent qﬁ?hker i 4 provi ded by Skyara, U. S. 4,551,176
as follows: Conponent Wei ght Percent 20 [err]
20 - 21.9 CaO 62. 2 - 67.3 25
[err] 4.7 - 6. 3 [err]

2.4 - 4.5 30 Nmo

1.3 -% 3.3 [err] . 0. 16 -

1.05 [err] €0.81 58 0. 2235 After sintering,
the clinkers are ground together \:h‘fh adchiti ves, ingddding for exanple a

quantity of calciumsulfate di hydiate
speei fi g, surface area, sonetines cal
10,000 [err]/gramor nore, but ordina
produce a 40 specific surface area
[err]/gramw th 3000 to 4500 [err]/gr

(gypsum) to control set time, to a
ed Bl ai ne Fineness, of as high as
|

y e grinding is sufficient to
h ange of fﬁon1about 2500 to 5000

S
L AT |
. ¢ | 8389 B}
280 3 _ O
g 2o §od
= et EE;
n . 8 B a U4 -{
3 £65 ﬁ‘g
50 = -~ 8 a ﬁ
Referring now to Tables |, I, NN, IV, V, VI, VI, and VIl set out above, there is presented, in convenient

55

tabular form, a comparison of various properties of four different cementitious materials each of which

exhibit hydraulic activity. "Hydraulic activity” and "reactivity” as used herein mean the chemical nature of a
material to set and harden, upon being mixed with water, without contact with the atmosphere (e.g. the
ability to harden under water) due to the interaction of the constituents of the material rather than by

11
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Al

t he usual Bl ai ne Fi neness range for Portland cenment. See for exanple
Gartner, U.S. 4,619,702; Myoshi;} et al.., U S. 4,443,260; Buchet, et al.,
U.S. 4,054,460: and Braunauer, U EPO494348Bba. Portland cenents are
cl assified by the Amsri can Soci ety of Testl ng I\/aterl aI s (ASTM |nto five

ma] or t ypes | ratﬂ13 men ed o means é;ﬁ 1901' brXutu
arer i can AREELT ’%} 3%;21.%@ e Bau gawos ﬁ fpai:
the le hhelhl ’"h tha) fﬁgﬁfﬁ i /}73 ron

chent Ca' afi g,ﬁJ’ E@J!en@r ARsttih ﬁr @ §\f¥)é{3 etting*é < .s

spegi fkc O E‘rﬂ&rt& Ihigh Rifrina2feE NBltiumeaidhiktid bepsbnia! ﬁlﬂl @eﬁfe kY
conpr eSS'v»)ﬁ%h SSrheT Bbhakiy BbrioRentsSubS4s labi bbataldHal and b likeC bSior dRarhfkER&cB G B, ar e
of a size)®fs6aPess TR EeCih QRiSterRS tnofddRik [cBhentifidd® nigleAdid) thdr teRNBGES eksmphftalih
8990 [ er riabigs RVl vaiich eIt tyBRGicTabtivitg bx\his Mventonds (isleralihANMIBE tdhdbedamiuas i O
anal ysi s Tabled IhemiType |11 material, which is referred to as the "fine
producie” . Theeordingly,\Pottiand cemsst] ond Lk this imaibeidlé tistdd)in the [Tables idmade2by sintdiRy (hedBally 748
Bl Tabl e teatingheegrowne | mixdure ofyew snaferigle ordérab ebict is usually composed mainly of calcium carbonate
Conpound (zsdimpstgne) aalrnbthéraf which is usually composed mainly of alunlilun silicates (as clay or shale) to
[err] obtain a mixture Afgin®g al[lrelmpr]\ oxide, silicon dioxide and ferric akidg.3During the sintering process
c2S chemical reagtr_pns_[g:cflre\m produce nodules, called clinkers, whigly are primarily composed of mixed
[err] 18 calcium silicates (G2Sgand QyS) galyium aluminates (CsA) and calcium gluymingfprrites (C4AF) all of which
[err] compounds con b hydraulic activity of Portland cement; S&Q for example Braunauer, U.S.

[err] 3,689,294; Bug, to and Gartner, U.S. 4,619,702. An exagw@g;ft Blgagwical analysis of
3.12 Tot glorttand combt P’°‘r‘§°% s@@"“z%sﬂ"??é‘@aaé flipws: 245 Silica Ratio

2.64 25 Component Weight Percenti 97 Insol Residue
0. 53 FPee CaO 1.26 30[err] 0.11 [err]
1.06 35 sio, Total al k.20 = 21.90.81 Galer, et

al., in US. 4,350,533 provides abbreviations for chenmical fornul as of
cenment compounds i 620 accordance with geneﬁal' practlég «n the cement

i ndustgy as foll ov\g & represents cal ci um oxi dg (GO~ A 5epr esents al um num
oxide [err] F repr %ﬂ 3s ferric oxide [err]

Fe203 2.4 - 4.5
" MgO : 1.3 - 3.3
S0, 0.16 -  1.05
Na,0 + K,0 0.81 -  0.95

After sintering, the clinkers are ground together with additives, including for example a quantity of

calcium sulfate dihydrate (gypsum) to control set time, to a specific surface area, sometimes called Blaine
5«/ Fineness, of as high as 10,000 cm2/gram or more, but ordinarily the grinding is sufficient to produce a
? 40 specific surface area in the range of from about 2500 to 5000 cm?2/gram with 3000 to 4500 cm?/gram being
the usual Blaine Fineness range for Portland cement. See for example Gartner, U.S. 4,619,702; Miyoshi, et

al, U.S. 4,443,260; Buchet, et al., U.S. 4,054,460; and Braunauer, U.S. 3,689,294,

Portiand cements are classified by the American Society: of Testing Materials (ASTM) into five major
types identified by Roman Numerals 1, 1i, lli, IV and V and by the American Peiroleum Institute into at least

45 9 categories identified by the letters A, B, C, D, E, F, G, H and J. The classifications are based on chemical
composition and physical properties.

Sawyer in U.S. 4,160,674 specifically discloses a Type Il Portland cement exhibiting high early
compressive strength wherein: substantially all particies in the cement are of a size of about 20 microns and
smaller; the Blaine Fineness is about 8990 cm?2/gram; and the specific gravity is 3.00. Sawyer provides an

50 analysis of the Type lll material, which is referred to as the "fine product”. The analysis is set out in Table
X below.

55
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M represents magnesi um oxi de { MJO) 45 S represents silicon dioxide
[err] K represents potassiumoxide [ert] N represents sodiumoxide [err] H
represents water [err] S represent $PAAMA4BEBY oxide [err] 50 C represents
carbon dioxide [err] Accordingly, based upon the above abbreviations the
chem cal conposition of the Type |11 ;g;tlggd cenent di scl osed by Sawyer
(Tabl e I X above) is: 55 13 EP O 43 3181 [err] X 3Ca0 [err]

46. 58 [ el dyepical AR vESE Fine Proguct ;.memg[_géﬁpig_tim”t” :
3CaQ [err] 8.83 [er

7.61 10 048 Tables. |
- VY gls% ?%clude a hyd%gﬁf%c cenent materi al idgﬁ?ified ag%'sa
"SIag/PortAggQ% which is ag¢ggbination of Portlandcégnent angdyshag. 15
"Slag", as uSed herein, means a granul ated, blast-ffirnace, by-product
formed in pagofroduction op.sost iron and is broadb¥gconprised,g§ t he

oxi di zedei npurities found in iron ore. During the operation of a bl ast
furnace tocaenove iron fremeeon ore a nolten wastegaFoduct i9g,6arned. By
preventing this nolten product fromcrystallizing, and thereby losing its
energy of Mg@stallization, 1a48uper-cool ed |iquid oCag80p-crysteLliiBne gl assy
material can be fornmed thus retaining the energy of crystalliza- 20 tion.
This nonit c8Qgtal | ine, glasby98aterial, which has al so been described as a
vitreous substance free fromcrystalline substances as determ ned by X-ray
di ffracti oho@ftal ysis, is s3»32to be capable of exhibiting hydraulic
activity upon being reduced in size by grinding froma particle size of 1
to 5 nilliReEBLs to a fin88p8Bticle size in the range of fromabout 1 to
abayt 16b microns. Many c ntators, ingl ging Clarke in U S. 4,761, 183
and Forss in U S. 4,306, 913"es ﬁFg°Fhat ?hg gl ass content of the material,
in order to exhibit 25 | t _hydraul ic,agtivity, must be high and

pr ef erabl y above about 95§B§aggnﬁéigfystérﬁﬁzation of the nolten

bl ast - f ygace waste produch{gan be preven?e 7and t he super cooled liquid or
gl ass can be forned by rapfdly chilling fhé nolten waste. This rapid
chilling can be effected nggﬁr Eg?uhheoqghten waste with streans of water
whi ch operation causes rapid solidification and formati on of a water slurry
of small, glassy, sand-|i ppeRathipc! €s. Theagl urry is then thermally dried
to renove substantially all 30 noisture to thereby produce a dry blend of
coarse particles. This drwahbend of partoches, having a particle size in
the range of 1 to 5 millimeters, is then ground to reduce particle size to
values in the range of fr&gol to about 1@Q08icrons and preferably |ess than
about 325 nesh ( 45 mcrons) to produce the granul ated, blast-furnace

by- prodd&t herein defi nedTetalSad¥.. See0.Bdr exanple, Myoshi, et al.

U S. 4,443,260; Allemand, et al., U S. 3,809,665, 35 Buchet, et al.,
U S. 4,054,460; Cee, et al., US 4,6242,142; darke, U S 4,6761,183; and
FO{:;S’ U.S. Galer, et al., in U.S. 4,350,633 provides abbreviations for chemical formulas of cement compounds in

40 accordance with general practice in the cement industry as follows:
C represents calcium oxide (CaO)
A represents aluminum oxide (Al20Os)
F represents ferric oxide (Fe20s)
M represents magnesium oxide (MgO)
45 S represents silicon dioxide (SiO2)
K represents potassium oxide (Kz0)
N represents sodium oxide (Naz0)
H represents water (H20)
S represents sulfur trioxide (SOa)
50 C represents carbon dioxide (COz)
Accordingly, based upon the above abbreviations the chemical composition of the Type Ill Portland
cement disclosed by Sawyer (Table IX above) is:

13



4, 306, 912. Clarke '183 and M yoshi: et al., in US 4,306,910 disclose the
follow ng analysis, said by them'to be. representative of the usual ranges
of chemical content of slag. 40 4SP9A%MF48B1 EP 0 494 748 Bl Wi ght Per

Cent Conponent Cl ar ke M yoshi 5

[err] 30- 40 30 - 35 [err]

8-18 C3813: 3Capgsﬁgzr] 46.58 -

0.5 - 1.0 70 CaO : : 35-50 38 - 45
MyO -, C,8 : 2Ca0pSin, 321.10 g 15

([frlgnld' ® CzA : 3Ca@-Aly0; 8.83 2FeO

0.5

- 1.0 20 [er 0-2 - .
[etdhr - 4Ca0-A1203-Fe203 0.9-61 | & ot

[err] . 1.0 O arke
furthero states thatc he densﬁyl of slag is consi deredq't 1t?e 2.92 granms per
cubic centinmeter. Another analysis of slag is provided by Yamaguchi, et
al., in US. 3,904,568 as follows: 30 Component

Wei ght Per @Iﬂs q e,VHI also include a hydraulic cement material identitied as "Slag/Pogiandd ywhichri$ a
16. 8 Ca(Q combination of Portland cement and siag. 41. 1

MyO
5 5 4% M Og?ﬁ" aSé,upeda!perem mgans agrapuiated, plast-furRace Rycaredyetifermegt injtha R’?ﬂuﬁf""gf &gt | S
| ow i f tH@“ﬁ?ﬁ‘F propdly %‘1"2’@3981“ihﬁ@"%eadnﬂugt'eﬁff’“f"h BUPROBe of 1 to 5 milljnete
and accor | 'P?ée afF ?"EI"B" 'Eéf‘éé(b%sﬁl"}f? '%‘ﬁ’éf?lpé"dﬂ 'sr 'Eﬂ?ﬂed
S r|

by gri ndl r-co gh tuI rnon Cl alh na? ini IPn
furtheg 35 gﬁ Q % %g ek 3 ?@3
vehy | ow ({{' 5? l l ld S'
such as elﬁ zod g fo ‘]b)o 5 dh | ves
to sti W'&Hﬁls%ize%@ihb%b@ f 1;\6 r o4d| dobut 360 Jn}é.toké’ M y W&lﬁm an
hydr oxi dey SO 88 st IFoRs B 390,445 22500 Mt Be gmoumt&k knb%teaau |F)‘3Fd@|5t3'ekmﬂlt
sul f at g agent Ktrddieaavi SHEbe hidEfd bléferabl 2B&k ebdet 89 fefent). S. 4, 761, 183 and
A ar ke, U. ScryéaiftStionlt the mgromset-m.gna&@wdiarmumadbéprevﬁn@@&&ﬁas@aﬂ ddeibd Gqul 29
t o a hi ghorglascdah be formiéd BQspidiectilingiti® rhdlen wasRg Thi©fapitl [chilllhg can be effected by spraying
the molten waste with streams of water which operation causes rapid solidification and formation of a water
slurry of small, glassy, sand-like particies. The slurry is then thermally dried to remove substantially all
30 moisture to thereby produce a dry blend of coarse particles. This dry blend of particles, having a patticle
size in the range of 1 to 5 millimeters, is then ground to reduce particle size to values in the range of from 1
to about 100 microns and preferably less than about 325 mesh ( 45 microns) to produce the granulated,
blast-furnace by-product herein defined as "Slag". See, for example, Miyoshi, et al., U.S. 4,443,260;
Allemand, et al., U.S. 3,809,665;
35 Buchet, et al., U.S. 4,054,460; Gee, et al., U.S. 4,242,142; Clarke, U.S. 4,761,183; and Forss, U.S."
4,306,912
Clarke 183 and Miyoshi, et al., in U.S. 4,306,910 disclose the following analysis, said by them to be
representative of the usual ranges of chemical content of slag.

45

50

55
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50 about 4000 to about 8000 [err]/gram can increase the hydraulic activity
and hardening rate of the material. Forss also states that it is known that
grinding cenent clinker beyond a c&Pi@4941BB% is not beneficial because
addi tional fineness hardly inproves the properties of hardeni ng and
strength. On the other hand Birchall, et al i,n S, 353, 747 state that
the strength of Portland cenent can T wei ght

aver age nmean par%iéﬁg&ﬁ of Portlang gepent to a Vﬁ\:{ﬁgg 191 | ess than 20
m crans. 55 e varlous nethods for conducting ce i ng operations

noryral | y, associ atggbi th wells in subjgrgg- nean hydggcarbogg produci ng
forWati ons are generally known. These basic techniques with changes, as
required, can be mIygoyed to place thegfige particlepsi ze-cggrent of this
invention in position to solve the various probl ens addressed herein. 15
EP O 494 748 Bl e,y eferred nmethod of-cenenting priopgy-oii.éiel d casings
using ulsra fine cenent slurries include conductor pipe, surface casing,

i ntermedi ate casi®&R production casinds=80illing |ind8, peodBiction |iner,
scab liner, and tieback casing, is as follows: 1. Punp the slurry or any
precedi ng or fol INM®®ng fluid down the @a¥%ng (tubing »r drilé pipe) and
back up the annul ar space between the casing and the drilled hole. 2.

(optiondf) Preced®ml| fluids with a "bottom w per plug to clean drilling
fluid fromthe casing. 3. (optional) Pu a preflush chem cal wash or
"spacer” to servée® a drilling fluid 9ehoval agent and &% a conpatible

spacer between tl’g drilling fluid and 6he cenent sl urémy 4. Punp the cenent
slurry. 10 5. {optional) Followthe ®nent sl urry 12 i~ a tdhvent i onal
cekent $furry. GJJ(HIOW the cement slyrgy with a "top" wiper plug. 7. Punp
a commonly used di $9l3acenent fl uid (waéje . drilling fluid, e.g.) to force
the cenent sl urr;mﬁivm the casing and up into the anrwlgjs_. Pfrg) enough
fluid to displace e required anount of casing vol une.” The ™“top" plug
shoul d l,and on aqoggfle or "float collgr”, closing off 4he f{ gy of fluid to
the 15 annul us. & Pressure up to ensure that the top plug has | anded.

9. Rel ease pressure on casing to test if the "float" is holding to keep the
cenent in thelaeiuthesstatesOhat the kerishodt Rlag i3 \cofierea to 2. a2 yraris @endbik betimethbor a
time suffici ewnbthéranghaisif slag i prodexdbn tyahaguehbtet VDD)S. 3204,568kafohmvsl. A net hod
of fixing a cyli nderﬁmﬁg?tnt erior of a borw cylinder is
situated in said interior of said bore so as To defrne a space between the
exterior of said cylg r and the wall of said borgg.,gaid nmethod conprising
the steps of introducing into said space a volunme of a slurry of a

hydraul i ¢ cenent; 25A1,04 nainaza'sni ng said volune ofesgid slurry in said
space fd? a tinme sufficient to enable said slurry to forma sheath of rigid
cenent in said spaceCa@ thereby fix said cylinder 4b.%aid interior of said
bore; characterized in that the said slurry conprises a nixture of water

- and hydraulic cenentMg@ the weight ratio of 0.5:1 t9.%.0:1, the particle
size of jhe cenent being no greater ‘than 17 nmicrons, and the Bl aine

Fi neness of the cenent being no | ess than 7000 cn2/g, and wherei n 90% of

the particl eswhaMCotdL, 3o stato ik AT dRAuIiE Kivil) OEFERE 10w HaRs Jeticld sz 8ifle siRPGrthe
sai d parti ghgsof s MilltHeRnaracttRiingB! SRbe thalMé phHidld 65606t Sslag $HoukiOB9 @ucsd byl
particl es Bndmgdo 8vaREdiel 1o ab@it 8 aiddns toh RBs; 3nd 1t MEHASY. state that the slag, by itself, even

45 after grinding has no or very low hydraulic activity and thus requires activation or stimulation such as by the
addition thereto of slaked lime (CaQ+«H20). Other additives to stimulate or activate the hydraulic activity of
Slag include sodium hydroxide, sodium sulfate sodium carbonate, sodium silicate, potassium sulfate and
Portland cement. See for example Clarke, U.S. 4,761,183 and Clarke, U.S. 4,897,119.

According to Forss in U.S. 4,306,912 grinding slag to a high specific surface, e.g. in the range of from
s0 about 4000 to about 8000 cm?/gram, can increase the hydraulic activity and hardening rate of the material.
Forss also states that it is known that grinding cement clinker beyond a certain limit is not beneficial
because additional fineness hardly improves the properties of hardening and strength. On the other hand
Birchall, et al., in U.S. 4,353,747 state that the strength of Portland coment can be improved by reducing

the weight average mean particle size of Portland cement 1o a value of less than 20 microns.

55 The various methods for conducting cementing operations normally associated with wells in subterra-
nean hydrocarbon producing formations are generally known. These basic techniques with changes, as
required, can be employed to place the fine particle size cement of this invention in position to solve the
various problems addressed herein.
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2. A met hod accor di ng to,claimm1, \/\herel n said hydraulic cenent is a blend
of slag and Portl and cerrent sal'd bore.is a well bore penetrating a
subt erranean earth forrration saikP O@B4 MEB1is a well casing 35
suspended in said well bore'and sai d space is the annul ar space betmeen
said cylinder a%d'(ﬁéal weII bore. 3. hod accordt' to claim?11 o

!

o h gy °,| f8|d sl If es m 01
A g% % %'L%FP'%’"?%%%? g 'Pﬁs P'é?d'f"E” ""e\efﬁabbor e

Ss
erg] sp Sﬁorf ﬂﬁéﬁﬁu douﬁ\/dqusu%f(kx g??r\r/ c@i‘l gﬁ% ?b&?ﬁﬁ

S' | ' ca flogredy e@ed%raﬁ‘fiﬁ&twu BbanCRITRY RitSHotEhedaking 9t N
retrogr esssqapugﬁan f@p 2 Feﬂssﬁrasﬁé?ﬁman 6éh5r cap&ﬁ&weassamﬂignﬂ.dmm%l%m4r.d as
wher ei n thﬁc&lﬂﬁ{ﬂlé phce? eﬁeandnescsnh.hgtm..cfanawe chierit 5IGH). O to 1.0 parts by

wei ght of gipumpanddombiit siey. part by wei ght of cenent. 6 A nmet hod accordi ng
to cl aom 55. (WhticwaliFBllow MR deMBM SRy Withts ddhvehtibhal cormidit lirfyanean earth formation is
up to 50 8. Follcw thd cemént shurri@ithne tloganik pligdg t 0 any precedi ng claim wherein
sai d cenent. RumpRotomimanigl usse risplacemBnt fldid iwdtdrOdliliag thdd, @ign ¢p foroe the abmeant slumhdawei N

t he maxi mutiepasitg eddeurs infoethe fanrdulve. oot érengh fhdshtondisplase ik ®guired ampent obpeesingt he
Bl ai ne Fi neswmes Thes "o, plaw stoukdrigndgon ®08iofr Ylaatcbolira) clogingoeff thafew f fuid trethe r

not gr#atepmubidn 7 mcrons, 50% of said particles have a di aneter not

great er thérPfeﬁsW?Eﬁ@ﬁQs%fﬂatMRﬁ'”%m&"%ft|cI es have a di aneter not

great er t h8rfelpase; ressire on casing-fo tept if the "floats isdpiding fo keep the cement inthe angulus;y  \q g *
The pref er 'deTREPIRGEY ererabieid feiwstpors rrdimp syffifiont foepmicthR eRgEt RS AYOCH tr a

fine cenmept slurries include conductor pipe, surface casing, internediate

penet rati

40 4. A
it
i

cas.ang"’ WWBction casi ng, dr| 1 ng linet, production liner, scab liner,
' d tieback p
? (r)ll | O:Menglc f 9na ofldgf flxmfﬁcﬁmder lll} tgebl ori rof ﬁ% E’:{)el, :vh%g leAJtEy'inyciePus 53; ngﬁg%%fgog he
lﬁt éq @Qﬂ aslgrry men

annul ar spag, WS Rhglt hm,d ;
Precedg all ?Rthihu ’ dos%scenirts&"ﬁecsuﬁ it B &Habi &a.dmurfy thloth &7 oM
the casing. sndatn (o@nigidosb?de)n Pum epaeé & tndmby GBIl CFlind¥RmNsaRN intefidtosCdaid bafe;
serve as a ghataktbriz8d inf thatitkh $aRINGNEG | coMBIRBE a ABEIrAS watef B iallic @embi iethe hagnween
the drillingtd éroish 2150:11 ihe pafdiEdiie df tHelcoitent being ht Fredidd Ehahl @TTRNLFons,|akid thi Blaike

5. (opti onaFipenbsyl df Qe tdntont BeNRIio Bbslithény 7000tcdm?g, Sranwhersini S%Abf e PEridlesShavs &Y .

6. Foldow t diamete metgreatdr thain YO ivctohs, 30% toDdaid pattipies haué aldiameter ridtighsatan thao Bidndng
used di spl aswiree%tof tdidipatticlesibdve ik diathbtet dot grgatéritend mi@org. ) to force the cement
slurry down the casing and up into the annulus. Punp enough fluid to

di spl ace & hé& method recerding trotiaim 10Whersirsdaiddydranlia pementia @ blend pi'slagland) Pertiand cemantind
on a baf f | esaisk borg soawelt borp penetrating ps subtgresegn ear fermetignosaid Filinder isoa walk casing
annul uS. 8. SW@MP &aig) el bpreopngl said spaeatis thﬁé"ftu{?bsqﬁ%'ge“m% sqich py¥iader aryl sajdorall g e
pressure onP®asing to test if the "float" is holding to keep the cement in

g{]fef ?gpg',#sf B0 RS Suhr 50 9 sy ' R85 bfrfi e

4. A method according to ¢laim 1,2 or 3, wherein the bore is a well bore penetrating a subterranean earth
formation having a temperature in excess of 230°F (110°C) and said slurry additionally contains an
effective amount of silica flour to help prevent the development of compressive strength retrogression
of the set cement.

5. A method according to claim 4, wherein the quantity of said silica flour is from 0.15 to 1.0 parts by
weight of silica flour per part by weight of cement.

6. A msthod according to claim 5, whersin the temperature of said subterranean earth formation is up to
§0 600°F (316°C).

7. A method according to any preceding claim, wherein said cement is Portland cement.
8. A method according o claim 7, wherein the maximum particle size of the Portland cement is 11
55 microns, the Blaine Fineness is 10,000 cm?/g, 90% of said particles have a diameter not greater than 7

microns, 50% of said particles have a diameter not greater than 4 microns and 20% of said particles
have a diameter not greater than 2 microns.
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20?-0 ai-ns 1. “A met hod of fixi- ng a cyli‘nder in the |nter|or
wherein said cylinder is situated in,said interior of said lﬂl’ mﬂ L’”m
define a space between the exterjor of said cylinder and the

bore, said method conpri sing theEgtoeﬁ% d?q1ntrodUC| ng into said space a
volume of a slurry of a hydraulic cenent; mai nt ai ni ng sai d vol une of

sai d sl ur ryeifgdl Co?cén%n@g LM@, svt&aessﬁ.at ib@a eCconiRhiChyitedlifctudh O

. forma ghaahd pﬂi ﬁa& GG mbiXor e

sai d |n§,,ee;|aggjt,&gc@gg, eo"mpgtar act erl zed in t at t he sal slurry conprises
a ,Dbi xture;, Q’fummurﬁ | akyyisl6catiing 6r FEIRWING uill Bovir e Weing liibingPérican Bibe) Andbakk Lp

5i0: 15 t hie Rl §aéb tohdn Bib cidigy e IRIldadblBg No greater than 17 microns,

and the Bb aépronl) Prebedact Huias withhac" b iped plug & diean tdiing fiid aam B@0sihger r ]/ g, and

wher ei N 98)%6ptiénat) Ifemp a ptefiadhebertical @ash o8 Ospacer” Wisame bea drilling figd egrioesl agenband b6

m crons, &&%opaiibiesspackr petweancheedrilling fidid andtheacapiestslumgt greater than 6 m crons

and 20%04 Pomp thepamentsley have a di aneter not greater than 3 mcrons. 2. A

met hael ac® dertional) Fellow dhezremertt slugh withed ponseritienahgemeptiflumy. cenent i s a bl end of

sl ag and ®delowdhprcementsivry with 2 Gop'oviReriPlga wel | bor e enetrat| ng

subt er r ant&HMB Aroommpgly Hﬁdl"éfﬁlac%’ﬁﬂﬂ%qwﬁ%léf'“'ﬂgs"“g Wé f%'%‘?‘ %ﬂ@&* tslurry cown

dedthp ﬁasg'a #ndy ntothe @n Bum t’?a r %
said oyl Ty "om; etuqtéhqu‘"é% H"El?r?étﬂﬂi‘tjc%t'é .o o B o b

said cyli
cpcerrent |s from1.0:1 to 1.75: 1

wher éf n t & L% d
40 4. A ”gtaééﬂi“’ V%ﬁimgfﬁ”t ti o op 566 B LGRRRYE dhiu 11| bore
penet ratl i ygm ;f J% G g% ﬁoﬂ? Hné’él. Kt't@ orfhit rUBﬁB.ﬁH&’ée?Méb)excess

of [err] and sal rry additiona 1!

contalns an effective anount
silicg Cldg to help pr event t he devel opnment of conpressive strengt h
retrogression of the set cenment. 45 5. A nethod according to claim4,
wher ei N1t hemamadérifiidg 8 tyimadrh 1é Interior df b Bbre, wiereln s3Il Wiindsr i$ StudtedinBaid inferibiyof
wei ght of sidl Bofsasdf dsQbl Hefiie fa spats thetigen\thb @ktbriod bf saRINGHiitider dnd the walltoh sl e, @il Ng
t o cl ai m Smethdaaomprisirighies dtepspeintdduciag ibfo saidispacs whvblems aheswryed athidréuic camienthn | S
up t@s50 maintfising daid volumé ofredichelairyaio said epangfor @ tima puffiientiodhablp saidasiuvy tovleaw @i n
sai d cenershedtls oPaigid| canmenic e spaBe 9\ thepably Ofik seict oyliddan gn tseid cihtaiiam of | saidhoresi n
t he maxi meapeterized incthal jtheesaisi slurtyecofprisel armeixtere b waterj and hydragic cemenpﬁndhqmgghtt he
Bl ai ne Fi néliseef §-51to $9;10the ppriigle pizeyof tiopment beino o gepater ety miaspes. ance Biaine r
not great étmemﬁarpf Thenpemegh keings o desy thami7800,apYg. @nd aherain 90% ¢ thypariidles haye a

great’@r t I‘F!!ﬁﬁ“e{" “‘&hélé mafsoeaﬁfa%aﬂ%h@se afligmetes nef;grpater than ?16‘E°’°“s
greater t % zﬁbﬁf E“'t“b‘?f’é“c'eiﬂa"e a dEP‘et?’ 19 greatepthan 3 microns. *

M S *9 A e dacordl A wher he II|n
cont ent of”“% E’ ‘f’hﬁ'?" ?ft' {'né' lfe "’5“' ‘3

and the s e Is ti bter ean e on, m eI cas ht
of sapd dodg Rﬁﬁaten ans?[pg‘rS 'F g é’e a%ni?;o}r ané’gé\"/g?se% est [ geﬁ

ei nes Zylinders i mlnnenraum el ner Bohrung, wobei besagt er ZyI | nder soim

| nner en sheg agihtd akZoidiny rtwcnétHSQS‘rfzt hdreih He: safdfBight fafo SrWaBRF RENRRSEFER.0:1 to
AusBensei t £7s:1.

40
4. A method according 1o claim 1,2 or 3, wherein the bore is a well bore penetrating a subterranean earth
formation having a temperature in excess of 230°F (110°C) and said slurry additionally contains an
effective amount of silica flour to help prevent the development of compressive strength retrogression -
of the set cement.
45

6. A method according to claim 4, wherein the quantity of said silica ﬂour'is from 0.15 to 1.0 paris by
weight of silica flour per part by weight of cement.

6. A method according to claim 5, wherein the temperature of said subterranean earth formation is up to '
50 600°F (316°C).

7. A method according to any preceding claim, wherein said cement is Portland cement.
8. A method according to claim 7, wherein the maximum particle size of the Portland cement is 11
65 microns, the Blaine Fineness is 10,000 cm?2/g, 80% of said particles have a diameter not greater than 7

microns, 50% of said particles have a diameter not greater than 4 microns and 20% of sa|d particles
have a diameter not greater than 2 microns.
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ledit interieur du 3|t forage de naniere a d6finir un espace entre
| " exteri eus. @ine Alotgangseised hazh Ansilich 7, wobdl disametimalél PahikelghdBe aige Poltiavdizéntonts 11
m~t hoda conpMikrasnind die Blateggbe Seinteit M@.000cmeY ist) wiklanisa0l % HesagterHadike eiflorubDurahesHTe
d' un coul i s dérwichtgridenels [TyMikrans| 50 %cesdgter Rarliket éimen Murchuiessenrddhtigréted als di Mikrons
coul i s @ans ledi?2d% dsesaatecPartikeldnan Dwﬂmmr eid\tslﬁﬁdriabarmleorpdabenper mettre au dit
coulis de fornmer un cuvel age de ci nent ide al'interieur du dit espace,
fixant ai i EI"ECNOEQaE?ﬁWP'PRi nechdAsRruthe 8 W°hi°h &y riglglfinisghe @eA-Gehsit dge Portlandzereantsde

se mindestens 3,0 % nach Gewicht besagten Zemenis und der Sulfatigehalt besagien Portlandzements
mindestens 1,0 % nach Gewicht besagten Zements betrégt.
50
Revendications

1. Un procédé de fixation d'un cylindre 3 l'intérieur d'un forage, procédé dans lequel ledit cylindre est .
situé dans ledit intérieur du dit forage de maniere & définir un espace entre I'extérieur du dit cylindre et
55 la paroi du dit forage, ladite méthode comportant les étapes d'introduction dans ledit espace d'un
volume d'un coulis d'un ciment hydraulique; le maintien du dit volume du dit coulis dans ledit espace
pendant une durée suffisante pour permettre au dit coulis de former un cuvelage de ciment rigide &
l'intériour du dit espace, fixant ainsi ledit cylindre dans ledit intérieur du dit forage. Le procédé se
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17 EP O 494 748 BL * C L M S, ,* caracterise en ce quo | ulis
conporte un ndl ange d' eau at de “¢j . aul i que dans une i) ﬁ I!ﬁ)"

poids de 0,5:1 a 5,0:1, la granu%%ﬂg&%‘ci ment n' excedant’y l d ,,"M””!ll
mcrons et |la finesse Blaine du cinent n' etant pas infdrieure a 7000 cn2/g,

et dans | equiplee%nd@Squsasdil GtlsCdmBiHe M ImElLRE RIS e{‘a@?jﬁfétq bralligss ddds une

m crons, SQiegdRien db bEids Be0EI1CH 68T, RYREMuloMElidl U BRlehten'dkesbmOEaNY hiétenstet!id
M crons et A6k Brke BAEimbRUMBRt FhY MWhiotis)a HO0DERE/E, Bt Bard Yool 004 dpASartidulbd &nt BN'S -
2. Un procdfihewe neicsbant ey RNRlicond, 1509 dbs diaNsartic@sk Sfant| A Ctidmeté WBKIédant pas 6
hydr aud i quemiesis ¢ B0%BBbsBiculsioaybrit uk tigmat@in'esiedant pRrEmiblens | and, |edit forage
est un forage de puits penetrant a travers une formation souterraine, |edit
cyl i ndr e 2esin procétidibdagpda cheendigatios 1sdeap eaublilediteisertt bytirduliue estg® neflangeedt lkiti@space
est |' espacde cimantiPertland, ladit foragecesh n forage dé puitsyéndirdmte teavers ool fornfatioraspaterrane, Un
procedd solledit dytindrecasbuniiubage ide puits suspegdu ddamiedit forgaecdt ledig d@énace st tRspace iaynlaile

poi ds "&nt r eenfre leditcytindrg & leglit forage- se situe entre 1,0:1 et 1,75:1. i5 4. Un
procede salon |a revendication 1, 2 ou 3, dans l|loquel le forage est un
forage dé& iy Precéde seien 12 yevengieation,d 9y dansdeayeldpdita iPraBodinde poids; &irp Apayt & e
excbde 230 “meat sersityp &Ee 181 of LY coulis contient additionnelle- nent une

quant i1t4 efljié:a s d% aoru\gern | %e i) og)’oaa K i?ger & em’})ecr;e Ii 5 uearv nue
G une ot QSR R A T B e [t
B 5 29 oo it Bkt od ST il €l G che elogtiuich | {
de !adlte %"I'éjlrég o 3 id dofrBre¥dibn .cﬁne p prisg2 A7 L1 € par poldas de poudre de
silico par partie par poids de cinment. 8% F0n proced6 solon |a revendication
5, dans bEQuodsds deRiMClerthtiERons dbidédusl 1 QUaRd beBdis QBidRd dePdiiies vadd Gisit 1,800 *
F X318 * C)partid ar poidbfle poudie@d diiceaPprie pdnsdidddetimeraue des revendi cations
precedentes, dans |equel ledit cinment est du cinent Portland. & Un procé6de
sol on | aer awesicbseaidionna mverdatidn 50diHEloqeflia Wnfatatufa e 1adite fdimation sdiiterreing httemint
Port | and esdp0 @80 C). 11 microns, la finesse Blaine de 10.000 cnk/g, 90%
des distes particul es ayant un diametre n'excedant pas 7 mcrons, 50% des
di t es pafft i Uupresdé gelont I'une quliicandus des revendicalidamnpréqédentes, deng legual ledit cERHH abbdu
di t es part icieantBoriepdhnt un di anetre n' excedant pas 2 microns. 9. Un proced6
solon la revendication 8, dans |equel la teneur en CGA cristallin du cinent
Por t | and8esin Rigeedssselon la rgvandicatign ﬁsiquawggaarawmgle mpdpem g icipent Portiapd est de
t eneur®® en sii|mpgens. 'ﬁtﬁ‘“???‘?@'ﬁ'i‘e % 10:909, 51°/% 9p% Hgs dlifes iparisules avans _th‘l"‘a"ﬁ?G’P AExheany; ¢
ci ment . 40 M%7 wngls % des dites particules ayant un diamétre n'excédant pas 4 microns ot 20% des dites
particules ayant un diamétre n'excédant pas 2 microns.

9. Un procédé selon la revendication 8, dans lequel la teneur en CsA cristallin du ciment Portland est de
35 3.0% au minimum par poids du dit ciment, et la teneur en sulfate du ciment Portland est au minimum
1,0% par poids du dit ciment.
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