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ABSTRACT

The paper presents the results of the laboratory studies on locally produced blended cement as an o1l well
cement. The results show that the blended cement has less free water. less fluid loss, better strength
development but shorter thickening time than G cement. In addition. The results also show that there is a
greal increase in strength development by adding the palm oil flv ash. however there will be a decrease in
strength if wore than 15 % of the flv ash 1s added to the cement The cost per bag of blended cement is
cheaper and there will be a saving of about 48 % of the cement matenal cost if the blended cement is used
to cement an average oif well at §.000 ft depth. In general. the blended cement showed a better results
than G cement as the water cement ratio been varied even though as the ratio increases the free water and
fluid loss also increases. Blended cement proves to be the alternative choice for the replacement of G
cement in cementing job. particularly for the shallow well due to the shorter thickening time.

BACKGROUND

In cementing an oil well. the cement slurry is pumped through the casing and then back up through the
small annular space between the borchole wall and the casing Therefore. the cement slurry must remain
as a pumpable fluid until it is in its final setting place regardless of the temperature and pressure to which
it is subjected or {0 the time required. At the setting depth. the cement slurry should set hard quickiy and
develop sufficient strength to withstand the tensile and compressive stresses in the borchole and should
also form a permanent and enduring bond between the formation rock and the casing ' The set cement
has to seal off the undesirable formation water. to protect the casing from external corrosion. i provides
the strength and the reinforcement to the casing. and to provides zonal isolation. In order to achieved
these requirements. additives were used with the cement to produce a satisfactory cement slurry
performance for a given well conditions. since we have no controt 1o the temperature and pressure factors,

Cement has been constdered as a mixture of the oxides calcium (CaQ). alumina {Al.Os). silica {510-).
magnesium (MgO), iron (Fe-(:). potassium (K- and sodium (Na-0). During heating process to the
temperature of about 2700 °F. these oxides combine to form calcium silicates and aluminates which
commonly referred to as o clinker.

In Malaysian oil and gas indusiry, the class G cement is being used during the oil and gas wells
cementing operation and this cement is imported from other countries. like Awstraita. Thailand. Indonesia
and Singapore through foreign cementing service company. Therefore. affords have been made to stady
the potential of Jocatly produced blended coment to replace the class G cement. In order 1o be able 1o be
used as an o1l well cement. the locally produced biended cement must comply in terms of their chemisiry
and physical properties to the standards set by the American Petroleum Institute (AP as specified i AP
Specification 10 Specification For Materials and Testing For Well Cements
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EXPERIMENTAL WORK

Locally produced blended cement and imported class G cement were studied. Laboratory experimenis
were carried owt on drv cement powders, cement shury and hard set cement. The chernical analysis was
done by wet test method. as described by the ASTM C-114. The cement sturry and specimen preparation,
and the physical properties were conducted by closely followed the APY Specification 10, The physical
properties test include the compressive strength, fluid loss, thickening time and free water. A simple
economic analvsis was also carried out to understand the market need.

RESULT AND DISCUSSION
CHEMICAL ANALYSIS

As shown by Table 1. the percentages of the oxides minerals and the chemical compounds for the blended
and class G cement are verv much different. particularly aluminium oxide. calcium oxide. silicon dioxide.
and all chemical compounds. The differences invohved between them were duc to the composition and
percentage of raw materials used during the manufacturing process. These differences will have an effect
to the performance of the cement,

COMPRESSIVE STRENGTH

Results of the compressive strength test with differem percentage of additives and curing period are shown
in Table 2. In general, the blended cement has the higher strength then the class G cement. The blended
cement has shown an imcreased in strength development due to the flv ash has plaved an imporant role in
providing the strength to the cement with the formation of extra cementitious material of tricalcium
silicate hvdrate High content of tricalcivm aluminate in the blended cement then in the class G cement, a
very fast rate of reaction during hvdration and a verv fast setting time explains why the blended cemeni
has higher compressive sirength then class G cement The compressive strength development progress for
cach tvpe of cement is clearly shown in Figure 1.

With retarder and fluid loss additives. both tvpes of cement produced less compressive strength as the
amaourt of an additive increased in the slurry. But. the blended cement gives a better strength development
as compared to the class G cement. Besides the defaving effect of cement to set cause by an additive. the
slow pozzolanic activities which took place between the calcium hvdroxide that is the product of cement
hvdration process has helped 1 developing the extra gel of tricalcium stlicate hydrate which occupied the
pores and contribuie to the strength development of the cement. The profile of compressive strength
development dug to an additive 15 shown in Figure 2 and 3. respectively.

Table 3 shows the results of blended cement compressive strength when the palm oil fiv ash was added to
the neat cement. As shown in Figure 4. the blended cement compressive strength increases as the amount
of palm oil flv ash added to the cement increases up to 15 %, The pozzelanic reactivity provided by the
ash has helped in developing the extra gel of tricalcium hydrate which contribute to the strength
development A reduction in cement strength can be noticed when 20 % or more of the paim oil fly ash is
added but the strength is still higher then the neat cement strength Further increase the amount of flv ash
content to 35 % wilt results inoa further reduction of the cement strength. 1o below the strength of the
neat cement. This s due to the fact that too much possolanic activities which does not contribute further
to eshance the cement strength but to reduce the strength

FLUTD LOSS

Results of fluid ioss tested at 82 “C circulating temperature and 1000 psi differential pressare with
different percentage of the additives are shown in Table 4. From the table, it can be seen that the blended




cement released less fluid loss as compared 1o the class G cement. It proves that, during the cement
reaction and with the existing of water, fing particles of {lv ash will react with the excess calcium oxide
and calcium hvdroxide produced during the ecarly reaction stage to form an additional cementitious
material of tricalcium stlicate hvdrates which will filled the existing pores with the cement and thus will
reduce the number of pores, and consequently will reduce the permeability of the cement.”™' With higher
content of tricalciwm aluminate in the blended cement. 1t will react at a faster rate during the hydration
process. which will produce less fluid loss as compared to class G cement. which in constrast contain less
tricalcium aluminate

Table 4. Figure 3 and 6 also show that the volume of fluid loss is decreasing as the amount of mixing
additives are mcreasing. for both cements, However, the blended cement gives less or better fluid loss as
compared to the class G cement. This is due to the additive presents in the cement slurry and also due to
the part plaved by the fine flv ash in occupying the micro pores and it’s pozzolanic reactivity in reducing
the permeability of the cement. therefore reduced the amount of fluid loss.

THICKENING TIME

Table 5 shows the results of the thickeming time of cach cement tested at the simulated reservoir
conditions. t.e. at §.000 ft depth and 32 “C temparature. It was found that the blended cement will set a1 a
shorter time then the class G cement. The blended cement which has higher tricalcium aluminate content
(6.28%;) will take a shorter period of time to set as compared to the class G cement which has less
tricalcivm aluminate cordent (1.48%). since higher content of tricalcium aluminate will have a higher
reaction rate during the hyvdration process and therefore. will set at a faster time

Table 3. Figure 7 and 8 also show that there is an increased in thickening time as the amount of the
additives are added to the cement. with the blended cement still has less thickening time as compared to
the class G cement. This is due to the pozzolanic reactivitv has caused the biended cement to set a little bii
faster. Therefore. the class G cement proved to has a betier pumping capability as compared to the blended
cement. Although the pumping time for the blended cement s less then the class G cement. but the time
clocked is reliable. since the AP standard for the class G thickening time is in the range of 90 to 120
minutes. Therefore. the blended cement can be considered suitable for the cementing job less then 5 hours.
t.e. for the shallow well.

FREE WATER CONTENT

The results of free water is shown in Table 6. From the table. it 1s ¢lear that the blended cement gives less
free water then the class G cement. both below API Standard for free water content of 3.30 ml maximum.
The different in tricalcium aluminate content in each cement will result in different rate of reaction and
consumption of water. and wil] effect the amount of free water produced by the cement, respectively.
Table 6. Figure 9and 10 also show that the amount of free water produced by both cements decreases as
the amount of additives increascs. but the biended cement still produced [ess free water as compared to the
class G cement When the amount of additives used comes to 1.0 % or more, there is no free water
produced. The flv ash content in the blended cement delaved the reaction of cement with water by filling
the pores between the cement grains and thus traps some of the water. In addition. some of the water is
consumed by the fiv ash to disintergrade and react with the calcium hyvdroside to produced cementifious
materiat therefore the cement set with less free water

EFFECT OF WATER CEMENT RATIO

Results.of the fluid loss and free water tests with different water cement ratios are shown i Table 7

From the table. it can be seen that the blended coment sull produced less fluid loss and free water as
compared 10 the class G cement. even though the fluid loss and free water volume for both cements will
increases as the water cement ratio increases. as shown in Figure 11 and 120 respectively.




ECONOMIC ANALYSIS

From a simple cconomic analysis shown in Table 8, its cheaper to use locally produced blended cement
for the cementing operation of an average oil well of 8,000 fi depth. Based on the current selling price of
the cement. there will be a saving of RM 5.70 per foot or 48 % of the total cost for cement material if the
locally produced blended cement is used for the oil well cementing operation.

CONCLUSION

The results of the study had shown that the locallv produced blended coment has less free water. less fluid
loss. better compressive strength development but shorter thickening time than the class G cement. The
thickeming tine for the blended cement is stilf within the API specification. The results also proved that
the blended cemeni is compatible to be used with the existing retarder and fluid loss agent. The pahin oil
fiv ash can be used to improve the blended cement compressive strength, with the highest strength can be
achieved when I3 % of the ash is added to the neat cement. The strength will be decreased if 20 % or
more fly ash was added to the cement.

I general, the locally produced blended cement have the properties which are within the range of APl
Specification and therefere is suitable for the application in the oilwell cementing operations. particularly
for the five hours or Tess cementing operation, '
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Table 1. Chemical Compasition of Blended and Class G Cements

OXIDE COMPONENT CLASS G CEMENT (%%} BLLENDED CEMENT (%))

Calcium oxide 6313 33.67

Silicon dioxide 22 15 27.81

Iron oxide 4.72 348

Aluminium oxide 3.57 833

Magnesium oxide 0.71 {).61) ]
Sulpbur tnoxide 1 ) 218 245 B
Potassium oxide £33 T . )
Fic 113 2

_ CHEMICAL COMPOUND

C1ASS G CFMENT (70

BIEENDED CENENT (7.

Tricalomm sthoute 297 44 1t
Dicalcium silicaie 1381 1442
Tricalcium alununate 148 G 28
Tetracalcium alununoferite 1437 932
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Table 2. Compressive Strength at Simulated Reservoir Conditions

Addiive (%) Compressive Strength {psi)
% hours 1 day 3 davs I 7 davs
Returder Flud Class G | Blended | Class G ) Blended | Class G | Blended | Class G | Blended
Loss Cement Cement Cement Cement Cement Cement | Cement Cement
0 1K) (.00 1860 1830 2760 2680 3270 3930 - -
0.20 000 1756 1820 2500 2650 3100 3300 3200 3450
0.50 0.00 1556 1600 2320 2510 2930 3190 3130 3310
070 0.00 1010 1250 1850 2130 24350 2920 2980 3120
1.60 £.00 - - 980 70 1260 1490 1410 700
0.0 (.50 1800 1920 2610 2800 3450 3780 3340 3610
0.00 oo 1720 1810 2508 2650 3290 3450 3160 3300
(.60 1. 54 1340 1660 2210 2360 3120 3280 3010 3180
0.00 2 00 1210 1416 2020 2180 3050 3190 2910 3090

Table 3. Compressive Strength of Blended Cement with Various Palm Oil Flvy Ash Amount

Palm Oil Fiv Ash Compressive Strength (psi)

)

8 hours i day 3 days 7 days

0 185( 2980 3930 4700

3 1910 3190 4004 4410

Y 2070 3460 +440 5350

I3 2240 3730 4820 3800

20 2130 2870 444} 4970

25 1680 2820 3800 4440

Table 4. Fluid Loss Tested at 32 "C and 1000 psi pressure differential

Additive (%) Fhud Loss Volume (ml)
Retarder Fluid Loss Class G Coment Blended Cement

.00 600 680 030
0.20 2.0 75 71

0.50 200 82 77

0.70 2.00 94 81

.00 2.00 166 90

(320 1.50 163 120
(3 30 1.30 173 138
(.70 1.50 182 158
£00 1.50 200 173
(3,20 1.00 342 310
(.30 1.0 334 327
(.70 1.00 368 340
P00 100 244 358
020 130 63X 612
(3 S0 (56 [{ES G246
(070 bsu e 634
log (s 688 630




Table 3. Thickening Time of the Tested Cement

Additive (%)

Thickening Time at 100 Be (minutcs)

Retarder Fluid Loss Class G Cement Bicoded cement
0.00 0.00 112 102
0.20 0.00 168 130
0.50 0.00 296 202
0.70 0.00 382 219
1.00 0.00 - 306
0.00 (.50 167 142
0.00 1.00 193 177
0.00 1.50 246 190
(.60 200 272 195

Table 6. Free Water Test L
Adduive (%) Free Water Content (mb)

Retarder Fluid Loss Class G Cement Blended Coment
0.00 0. 1.37 0.72
£.20 0.50 1.30 1.00
(0.5 .30 .86 081
0.70 (.50 (.80 (.70
1.00 6,30 .40 (25
020 1.00 .26 (.20
0.50 1.00 Q.60 (.00
0.70 1.00 0.00 0.00
1.00 1.00 0.00 0.00

Table 7. Effect of Water Cement Ratio (0 the Cemert Physical Properties

Water Cement
Ratio (%)

Fluid Loss Volume (mi/20 minutes)

Free Water Volume (ml)

Class G Cement Blended Cement Class G Cement Blended Cement
38 25 14 0.20 0.1
43 28 22 0.32 0.25
+8 36 30 042 0.30
33 48 13 078 032
56 39 45 1.1% (3 B8

Table 8. Simple Economic Analvsis for Cement Requirement

Cement Type Well Depth (It) Average Cement Average Cement Total ccment cost
Required (sack) Price (RM/sack) (RM)
Class G cement 8,000 4267 22.30 95,154 .10
Biended cement 8,000 1267 11.60 19,497 20
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