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ABSTRACT

A wnique, local powder additive was reactive 1o ssapped
mudflow waderground blowout in Porong Sxdoarjo snd
helped stabilsee the borehole. The unigee powder

local lime, sarth stability, APl Ofl Ceosent sed
dm(mdclﬂuuphcu).wltmh-dulll#
weight addislve for cement slurry. |a geothermal fields, the
reservole tempenstsre (up to 110°PCland steam cmased the
change of cakium wilicate hydre gel to alpha dicalcium
Mmmhmmddmm

dehydration (partial Bquid loss), fuggy channeling
Mofhh&vob-.mhdem-dn
iocromse in the permeability of the cenwnt.  For e
anticipated cement degradation 1o added by obsidian glass is
35% BWOS at term conditions. Resesech was carmied out 10
whmdmmmmm

, pluggad zone fracture and isolated mudflow %0

1. INTRODUCTION

The hagh wmperatare comenting of steam recovery wells,
geothermal wells, and ultra decp wells presents problens,
Reservoin can experiesse o depletion of pressure and
resorvoir traps can ofien be found in faults or cracks.
Comenting s performed 10 (solwie the sanulos between the
casing and wellbore in order 1o provest communication
between the variows Rormation layers. [t & anticipated that
the gradient pressure coment ssed kas low density and high

strengts

Cementing in drilling operations may have additiomal
parposes:

I Supposting the casing agunst the formation,

2 Protection of the cming agamnst  asderyround
environmenml effects Hke high pressure,

3 Prevention of gas or high-peessure formation Buid
movernent Into the ansuka betwesn the castny and
wellbore that neay cawse trouble af the sarface,

4 Reduction of gas-o], water-ol, snd warer-gas mis,

5 Minimezing casing wear.

Successful cementing jobs require accumie data collection

from the wellbore, good cementing technigee, proger

The effects of the addation uf s expansion additive obtained
focally from Wonosari and Tuban on the performasce of
cement shurry, quality of cement hardencr, and HTHP
conditions are discussed m this paper.

Nearty all cement shurry characteristics affect the cement
qeality upon placement. Low cemenst sitary density results
im low compressive strength, which may be coused by s high
water-cement rutio (WCR) o the prepamtion of the cement
slurry, Cemsnting a1 high requaires low ceme
dmty.m-bh aod high cement strength by occury

formed mineralization, on fire gel C-S-H, alpha hCa.S-H,
Tobarmorite ote. Thus, the coment slurry shosld have a bigh
dezuity 10 reduce it %0 the ceramic powder used. Meanwhile,
in order 10 increase the coment srength at high temperanes
sthica flowr can be used as 8 special expansion additive to

prevent shrinkage.

2, STATE OF THE ARTS
If the cenent and additive are mixed with water, 3 coment
process occurs, followod by n cement setting

hydratson
process. The cement hydration process can be described as »
chemical reaction between solids and bquids in which the

cement, it must be kept in mind that many additiosal
parametars are involved.

mhman-nmbmd
crushing/setting. Unkike in the pure single phase, the muliy-
component hydeatios reaction ocours at different rates. This
has an imfleence betwesn phases. For exmnple, the CA
hydration = modified by the presence of C)S in which the
formation of calcmm hydronide reduces the C)A by gypswm,
composition of the mw matenials that cen contain differest
oxides.

As o comoquence of the impuritics, the hydration abw
becomes impure, and the C-S-H gel tends to bond with

caloium hydronide also containg a cersmn amount of other
sons.

1.1 Hydration Processes

Hydration Is & chemical reaction between solids and Nquids,
i which the mixture of both will eventually set mio a solid.
Tthe hydration tuking place in the cement slurry used in the
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cementing job is between clinker, caleium sulfae, and water
and results in o set cement of the end of the process.

Formation tempersture is one of the main factors affecting
the hydration process of Portland cement. High tempemnres
may sccelerate the rate of hydmuion, but it can also affect the
coment sudility and change the cemesl component
morphology. The ydration phenomenon of Partland cement
can be classified into two categories based on fempemiure:
low temperature and high teperature hydration

In low temmperature hydration, the companents of Partland
cement are anhydroos, which mesns that when they come
into contact with water, the coment compoments hreak aparn
and kydmte, eventmlily setting into cement. Meanwhile, in
high tempecature hydration {above 110°C), the process
begen with the formation of Alpha Dicalciam Silscate
Hydrmte (@-CySH), which changes the compositions of
coment components thae affect the cement strength. This is
wsaally known ms Strength Retrogression (introdeced by
Swayzre 1984) Strength retrogression is overcome by the
nddition of wlics Mour as u special additive 10 the cement
prior to mixing it with water. C-S-H gel is n material with
excellent biading characterstics especially at temperatures
230°F (110°C). At higher tomperature, C-S-H gol in subject
1o metamorphosis, which ussally results in » decreuse in
compressive strength and an incresse m perinesbilty of the
set cenment. C-5-H gel & often converted imto a phase known
as alpha dicalcium sibeate hydrate (@CySH), which is
highly crysialline aad much denser than C-S-H gel. As a
resud, it affects the compeessive strength and permeability
of set cemon mt & temperatuse of 230°F (110°C)

Strength retrogression can be prevented by the addition of
sibca flour into the cement prior S0 mixing with water. The
main parpose & to achieve a C/S ratio of approximately 10
It mmst be noted that commercial cement has a O/S ratio
sround 1.5, therefore, the amount of silica aecded 10 reach
the desired C/S ratio value is 35% (Menad, Klousck, Carter
and Smizh)

Figure 1: Sampling of additive unique WNSR

2.2 Extender Additive

An extender i3 an additive wsed 10 reduce the demsity of
cement and is therefore utilized in formations in danger of
collapse. Microgpheres are used as an extender snd have a
wpecific gravity of D4 w0 0.6. As cementing technology has
sdvinced, the wse of microsphere has become more
mMmmmafmm .Ins-d

was developad m order 10 achieve cortaia
values of cemen sluery static pressuce and density, which
may imfloence the strength-density mtio of the cement
Mictuspheres have same advamtages and disadvantages:
although density tends %o decrease as the compositon of

"

micragpheres ipcrease, 1 the compressive strength and shesr
bond strength decrease as well,

Figure 2: Sampling of unique powder THN

Figured: The effects of ceramic microsphere density on
compressive streagth (Nelsoa 90).

1.3 Expanding Additives
Cement expansion is the expansion of cement relstive

volume due to coment bulk expansion (Danjuschewskij,
1983). It is caused by sovesal fictons:

1. Chemical contmction resulting in unother hydrmed
product m the liqusl phase (ie crystalliation of
dissolved salt m high temperatures),

2 The presence of expanding materials i cement shurry
before hardening (ie. lime, persclase, CaS0,, etc).

3. The presence of electrolytes sround the cement bulk
after hardening

The second conditon may mcreass the shear bood steength,
and e eapansion effect coxld be comtrolled by mmanging
the burning temperature and surface arca of the expanding
materials,

During the interimn, & nember of expansion additives have
becotme available from the servioe indwstry, Most of these
are patented and therefore e of unknown composition and
efficocy.

Under borehole conditions, many of the known additives,
such m powdered slumundum aed  etringite-forming
products, present problems with respect to effectiveness ind
control because of the expansion mechanism imvolved. Even
vader stmosphenic  conditions, several cements do ned
exhibit any expassion st all and merely experience a
decrease m vobametnic shrinkage.

In 1980, Danjuschowski) proposed hme und periclase a8
expaesion additives 10 croate expanding ceonent, His work
resalted in expansion effects betwoen | and 25% a specific
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cementmg job is between clinker, calcium sulfate, and waser
wnd resuits in a set cemment o the end of the process.

Fomsation tempersture is one of the main factors affecting
the hydration process of Portlend cement. High

may accelerate the rate of hydration, but it can also affect the
vement stability and change the cement component
morphology. The hydration pbencmenon of Portland cement
can bo classificd im0 two calegonics based on \eperature:
low temperature and high semperature hydration.

In low tempersture hydemtion, the components of Porsland
cement are andrydrows, which meam thet when they comeo
It contact with waser, the cement compoments break apart
ad hydmite, evenivally setting imo cement. Meanwhile, m
high tempesature hydration (above 110°C), the process
begins with the formanon of Alphs Dicalcium Siliomte
Hydmie (0-C,SH), which chasges the coenpositions of
cement components that affect the cement strength. This s
wsually known as Strength Retrogression (introduced by
Swayze 1954) Stromgth retrogressson iy overcome by the
addition of mlica flour as a special additive 10 the cement
priee o mixing 0 with water. C-5-H ged Is 0 muenal with
excellent bmding charactoristics cspocaally of 1emperitures
230°F (110°C). At higher tempemnture, C-S-H gel is subject
W metamorphosss, which usally resslts in 8 decrease in
compressive strength and en increase in permeability of he
sot cement. C-S-H gel i oflen converied 1200 » phase known
w alpha dicalciom silicate hydeate (0-C;SH), which o
highly crystallise and much denser than C-S.H gel. As a
resslt, # affects the compressive strength and permcabilaty
of set cement at a temperature of 230°F (110°C),

Strength retrogressicn can be prevented by the sddition of
sllica Mowr nto the coment prior 1o enixing with waser, The
main perpose & 10 achieve a CS ratio of spproximately 1.0
It mvest be noted that commercial cement has o OF mtio
sround 1.5, thorefore, the amount of silica necded 0 reach
the desired C/S ratio value is 33% (Menad, Klousek, Carter
and Smith)

Figure 1: Sampling of additive unique WNSR

2.2 Extender Additive

An extendor is an additive used 0 reduce the denmty of
cemeot and is therefore utilized in formations in damger of
collagse. Microspherss ste used wn an exiender and dave &
specific gravity of 0.4 to 0.6. As cementmg technology has
advanced, the use of microsphere bas become more
comman. There are two types of microspheres: glass and
ceramic  macrospherss.  This  rescarch  uses  comumic
microspheres.  The wn of comem slutry wsiog
microspheres was developed i order %0 achieve certain
values of cement shurry stathe pressure sad densty, which
oy influsnce the strength-density mitho of the cement.
Mxrospheres Bave some advantages sad disadvantages:
although density tends to deciease as the composition of

‘s

microspheres increase, t the compressave strength and shear
bond strength decrease as well,

Figure 2: Sampling of unique powder TEN

Figured: The effects of cernmic microsphere density on
compressive strength (Nelson 90).

13 Expanding Additives

Coment cagansion s the eapansion of cement relative
volame due to cement bulk expansion (Danjuschowskij,
1983), It is caused by several factors:

|. Chemical contrsction remalimg in amother hydrated
product in the Nquid phase (Le, crystalbization of
dessolved salt at high semperntures)

2. The presence of expanding materials n coment slurry
before hardening (i.e. lime, peniclase, CaSO,, etc.)

1. The presence of clectrolytes around the cement bulk
slter hardening,

The second condition may merease the shear bond strengrh,
and the expansion effect could be controfied by armngiag
the buming temmpersture and surfuce ares of the expanding
materials

During the interim, 3 number of cxpansion additives have
became available from the service industry. Most of these
are patented and therefore are of unknown composition and
efficacy.

Under borchole conditions, many of the known additives,
wich as powdered sluswmiue und  etiringie-forming
products, present problems with respect to effectivencss and
control becasse of the expansioe mechanism involved. Even
under atmosphberic comditions, several cements do nol
exhibit any expansion at all sad morely experiemce a
docrease in volumsetric shrinkage,

In 1980, Danjuschewskij propased lime and periclue m
cxpansion additives 1o creaie expanding cement. Hs work
resulied i expansion effects between | and 25% at specific



conditions. Severul investigations wers also conducted on
the cffectiveness of expanding cements based on these
characterized by their capability to influence the reactivity,
wod thus e swelling betavior, by means of the
manufactunng peooess,

Indusizially, lime and periclase are asually manufsctered by
the calciming of calcium and  magnesiuen  carbonates
(liberatson of CO,, deacidification). In contrast 10 other
expunding additives, lime and periclase provide two
possadilities to infloence the reactivity (hydration activity)
by means of the manufacturing process. Decreasing the
reactivity by increasing the calcinmg temperature during the
matulbctare of the swelling additive, 23 well &5 increasing
the reactivity by augmenting the spocific surfsce area of
fineness dunng grinding of the swelling additive.

3. DESIGN EXPERIMENTS

X1 Design Simulator Curing Chamber,

A physical simulator model was designed a5 a modified
pressure curing chamber that could be opermed s 350°C and
3000 psi, = shown in Figare 4. The advantages of the
smulmior are its sbility to handle a large amount of samphes
(30 samples) and it design that incorporsted the use of
formation water both from oil.gas fields and

fiekds. 1 wan also equipped with CO; and H,S mjection
appliances.

The simalator was made up of the following parts:

1. Simulator tubes were equipped with & heater and 8
thermocouple,

2. The peessure source was a Maximator pamp capable of
supplying hydmalic pressures up 10 6500 pu

Safety valves and rupture &
Fonmation fluid njector.
Astomatic thermo controller.

Gas myectson flow meter.

Outlet exchanger and reservoir chamber.

Manometer aad infost simolator hiquid gas regulator
valves

The test required 3 types of specimen molds for the comest
shary chamber 10 be treated during hardenmg. The Cubic
type with ditnensicos 2 x 2" x 2 was used 10 detenmine the
tensile and compressive of the coment. The
oylindrical type with 1™ dlameter and 2" beight was used 0
deresmine the shear bond strength between cement-casng
od alo 0 meassre cement casing-permeability. This

nolduoddehﬂecqnwh—plndhbh

simlator. Finally, the cylindrical type with 1™ diameter and
25" height contained 6 comemt chambers. The cement
sposumens wero used to detenming both cement permeability
aad the compressive mrength, All specimen molds were
designed 10 be rem simulasecssly in the stamlator a2 given
well conditions.

The compressive strength was calculsted acconding to
Fquation 1!

I T S S

Suhascaryo Nar

CSERPAAVAZY corvrieriarrserivrressaiess soA1)
where
Ccs { compressive giresgrh, pei
P - maxamum load, psi
Al ! hydmubic monar's bearing block
cross section ares, in’
A2  coment core’s Groas section arcs,
k : cormestion constant, function of
height (1) and diameter (d) ratio, see
Tablot
Shear bond strength was caloulaied sccording to Equation 2:
SBS~P (Al DR) RO SRR AXRCINTRL 1 |
whers
SBS: shear bond strengsh, psi |
P straan maimam load, psi;

A cement core's eruss section wrea, in’;
H : cement core's haght, in;
D : diamester cors, in

Table 1. Relations of Constants and h'd
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4.1 Results

Flgure 5: Activated unique raw material

Table 2. Composition Medels

Wha P 0

Figure 6: SOPF laborstory measurement
4. RESULTS AND DISCUSSIONS
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Table 3. Test of the Surface Area of the Unigue Powder
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Table 4, Results of Density Measurements Table 7. The Thickening Time Messurements Model 2
Na. Composithes Models ‘I.l.lll_. ity
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Table 5 The Resslts of Viscosity Measurements
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Table 6. The Thickening Time Measuremests for Model |
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Table 9. The Thickening Time for Usique Powder 2




Table 10. The Results of Model Compositions
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Table 13, The Ulira Perm of Unique Pewder
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Table 14. Composition Resubts for the Model
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Figure 7: SEM of ol well Portland cement composition
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Figure 8: SEM of wnique powder model |
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Figure 9: SEM of Unique powder model 2
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Figure 10; X-R-D of ol well Portland cement

Figure 11: XoR-D of unigue powder model |

X-Ray Difractometry SCM + Expanding
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, the fineoess must be inoreased
wsing grnding mill oc @ screen vibeator, as shown im Figure

Subascaryo Nur

S, As shown in Table 3, the fineness of lime must be hagher
than for other matermls because it is o very wesk and bratle
hygroscopic masenal

The theology of coment is presenied in Tubles 4, 5, and 6,
Ax can be seen in Table 4, the density of additive powder
pesiclase is high (between powder comenl snd cbsidian
glass), because the molecular weight is different. The effoct
of e local expanding additive om the density of cement
slurry s imsignificsnt, bwt the obsidien rock excender
additive is significantly similar to commic, bocause the
specific gravity of ceramic is very low at about 04 - 06
(Nelson 93) Cermmic spheres are rounded and inset, and
they comtain & ges mixtare of OOy and Ny, 50 the manimum
bottom hole pressure is 4500 psi.

As shown In Table 5, the local expanding additive cosses the
plastic visoosity to increase that, because it is composed of
mert reactive solids, and mixing lime or ceramic with water
can cowse suspensson. The shear rate of coment suspemicn
and exprnsicn is lower than that of based cement. The water
systemn s fived at 44% BWOS, although some additives
were used, The vabee of the plastic viscosity of the cement
sharry after the addition of some sdditives is less than 200 cP
(Based of API Spec.)

The thickening time of cement expansion after mixing i
exaot on based cement (120-150 minuwtes) on 70 Uc, m
shown in Table & The composition models can be used 10
specify HTHP condticns of long setting times in between
the casings and boreholes of ultradecp/offshore wells and
peothermal wells, Afer the addmion of ceramics, the
thickening time decreased, because the shear rate s Jow for
lightweight cement. A remandant additive must be wed ©
increase the setting time, but perhaps cornmics should 2ot be
wsed in ulwadesp wells,

The strength of compesition models of cemen! expansion o
Bighest a1 3% BWOS and 5% BWOS concentrations at a
semperature of 200°C and n pressare of 2000 psi, &5 shown
w Table 10 (Nur S ot al 2004), The use of cemmics in
composition models of cement expansion caused cement
srengih cement sad conditioning time 10 ncresss (24, 72,
and 168 hours). However, the eoffect of concentration
expasding on cermmic cememt on strength i caused docrease
value for $% BWOS, see Table 12,

The Jocal expunsson sdditeve bad o larger effect on cement
permeability at 3% BWOS concentration than t $% BWOS,
#s shown in Tobles 11 and 12, Strength accurs on micing
that u decrensed after concentration mixing 15 increasing by
cetamio extender fill 1, see Table 13, The porosity of coment
composition models after the addition of expansion and
ceranuic additives is high for milica coment and busod
cement, because the surfice ares of the ssspension coment
develops after ceramic mixing. (See Table 14.)

The changes of mineral C-S-H ot # tomperatuee of 110°C, s
formed shape ged at Nigh temperatures thas it gel C.S.H
change alpha & C-S-H with crysiallzation calcium
hydroxide on based coment on /S mtio mearest 2.0, see
Figure 7 and 10. Afler silica flour and the local expansion
addisive were added to the C-5-H gel, the C-S-H changed to
crystallized tobermorite (11°A) and bme formed as well.
Thus, the cement strength increased at the C/S mtio nearest
1.0, 2% shown in Figures 8 and 11, The effect of the commse
extenxier om compaosition models of expanding silica cement
it the formation of the manerals lobermorite (11°A) and clino
tobermonte ot 8 C/S mtio of 0.72. (See Figures 9 and 12)
These minerals can cause an iocrease in the strength of silica
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cement (SC) snd silica cement mactosphere +  local
cxpunshon sdditive camposition models

CONCLUSIONS

The optimal effects of the Jocal expansion addinive
on HTHP conditions cocwrred at concentrations of
1% BWOS and 5% BWOS before coramics are
added and 3% BWOS after commacs were added.

The miseralization of hard coment after mixing
coramics mesultod in a2 new mineral (clino
tobermorite), and the sibca coememt model s
wbermoriie (11 *A). However, thiy cassed the
porosity % be gresier tham befoce Bllmg with
ceramics.

3. The characieristics of coment asd rock cement
wuspensions can be improved st 200°C and 2000 psi.

4 [fceranucs are used in ultradeep wells or geothermal
wells, a retardant additive must be added 10 increase
the thickening tinw.
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