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Abstract. The differential sticking is undesirable duringettvell drilling because e it presents big econotogses.

Knowing the composition and enhancing the drillihgids properties are one of the methods to redineerisk of

drillstring differential sticking. The main challgas in fluid formulations is to attend to increaginsevere conditions
(high temperatures and pressure) in deeper well$ e environmental requirements. In offshore waellsere the

drilling fluids used in the past were based on diesl and currently they are synthetic, there ifequent search for
water-based fluid applications that are environnadligtfriendly and have lower costs. Studies reghet bentonite

fluids guarantee good rheological and filtrationgperties and that in drilling with high temperatsrehe bentonite
does not degrade, but it forms gels with high \d#govalues. To confront these operational probleatglitives are

used, permitting the fluids to be used in deepswélbth onshore and offshore. So, in order to etaldhe drilling

fluids properties on the risk of differential sticg, it was studied water-based drilling fluids ¢aiming bentonite clay
and biodegradable lubricants in various concenwas. The fluids were evaluated in ambient tempegand after

aging at 200°F. For the studied fluids it was olvser that: the lubricant is primordial to reduce ttigk of differential

sticking; the aging process causes an increasehe rheological properties of the fluids, but doeax alter the

efficiency of the lubricant in reducing differentiicking and little concentrations of lubricanteaenough to reduce
the necessary force to free the differentially ktdillstrings.
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1. INTRODUCTION

The geometry and depth of petroleum wells are amingly sophisticated. Nowadays, besides the cdiorex
vertical wells, there are the directional and hégigle wells (Brantly, 1971). The success of oill@glling, as well as
its cost, depends, in big part of the propertiethefdrilling fluid, especially when it comes toryaleep wells (Barros
et al., 2007).

The drilling fluids are generally defined as freqthg liquid compositions intended to assist thdlidd process of
the petroleum wells and perform a series of neeéliukctions to the drilling operations (Amorim, 20Q03rhe
performance of these functions is directly depehdenthe rheological properties, filtration and riigliy (viscosities,
gel consistiency, filtered control, cake and lulbyicoefficient) of the drilling fluids.

When submitted to high temperatures, water-baséithgrfluids suffer alterations in the rheologigaloperties, in a
way that their magnitude measure on the surfacalarays different from those at the bottom of thallwthis can be
considered as a reduction of its efficiency, sitiee fluids are dimensioned to obtain specific degrfor each one of
their properties, and any alteration in one of theith cause an alteration on the work scenario (lyEma and Neto,
2008). In general, the drilling of a well can takéong time and be extended according to the nekdach situation,
What makes the study of aging of the fluid be taketo consideration due to the constant circulatanhigh
temperatures (Mohammed, 1990).

Therefore, the fluid composition depends of thetipalar needs of each drilling. According to Lumneausd Azar
(1986), in simple and shallow drilling, a fluid sting of water and bentonite clay is appropribtd,in situations of
difficult drilling and/or big depths is requiredflaid more elaborated, with the introduction of asremore additives.

The main challenges in the formulation of fluiddasattend the increasingly severe conditions (heghperatures
and pressures) in deep wells and the environmegdairements. In offshore wells, where the usettiflwvere diesel
oil-based and currently are used synthetic-basgdsfl there is a frequent search for the applioatib water-based
fluids that are environmentally correct and haveveer cost.
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Studies show that the bentonite guarantees gooalodieal properties and filtration. (Mihalakis el,a2004),
however, in drillings with elevated temperaturd®ré is a process of thermal degradation, causingaease in its
viscosity. This increase is because of the getificaprocess. To face such operational problemditisds are used,
permitting the fluids to be used in deep wellshbmtshore and offshore (Kelessidis et al., 2005).

Besides the problems caused by the high tempesattiiere are those ones caused by the phenometied ca
differential sticking. This is caused by a presdiifferential (fig. 1), in other words, when thel@mn of drilling fluid
exerts excessive pressure on the drill pipe orgattke that is deposited on a permeable forma8ondgn et al., 2005)
and occurs when the fluid circulation is maintainbdt it is not possible to move or rotate the pipeny direction
(Schlumberger, 2010). Contribute to this type afkéng the bad dimensioning of the drilling fluided the presence of
permeable formations.
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Figure 1. Differential sticking scheme.

The differential sticking phenomenon occurs in bottshore and offshore drillings, doesn’t mattethé well is
vertical, directional or even of long extension.dAm spite of the high technology developed aretlua the drilling of
these wells, we have to live with the increasekl eisdifferential sticking on the column of the pgp(Santos, 2000).

Studies published in 1991 show that the differérgiecking was responsible for 61% of the total teos wells
drilled in the Gulf of Mexico. To reduce the prolddip to occur such problem, some parameters masadjusted and,
between them, the ones related to the drillingdf{dradley et al., 1991).

The drilling fluids have fundamental importancethiits scenario, being it to avoid the phenomenomitimize the
problems caused by the sticking of the pipes, @neto release the tubes that are stuck becauskeosticking
differential. The correct choice of the type ofifluas well as the adequate dimensioning of itp@ries are the key to
reduce the risks of differential sticking and gumde® the success of the drilling.

Therefore, this study aims to evaluate the behadi@gueous drilling fluids on the risk of diffeted sticking after
submitted to thermal aging

2. MATERIALSAND METHODS
2.1. Materials

For the development of this work, there were saidiay and water fluids prepared with a sampleodicsbentonite
clay, with and without lubricant additives. Tablslows the compositions of the studied fluids

Table 1. Compositions of the clay and water bakeds.

Fluids Water (10°m°) | Clay (10°kg/L) | Lub.1(10°kg/L) | Lub. 2 (10°kg/L)
F1 500 4.86 - -
F2 500 4.86 1.0 -
F3 500 4.86 2.0 -
F4 500 4.86 3.0 -
F5 500 4.86 - 1.0
F6 500 4.86 - 2.0
F7 500 4.86 - 3.0

The fluids F2 to F7 were submitted to thermal agind in its denomination were added the lettes épllows: F2e,
F3e, F4e, F5e, F6e and F7e.
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The bentonite clay was provided by Company Bentomigio Nordeste Ltda. — BUN, and the lubricant tdels
were provided by Company System Mud IndUstria e €woiu Ltda.

2.2. Methods
2.2.1. Preparation of the Fluids

The fluids were prepared based on the rule N-26@8r¢bras, 1998a); the clay was mixed with 500 RniOof
deionized water, at a speed of 17000rpm during 420@& Hamilton Beach mechanical mixer model 93ferAthe
fluid remained at rest during 8400s in a closedt@iorr. Passed this period, the lubricant was aduohelér constant
mixing in the same mechanical mixer at a speed760@ rpm during 60s.

2.2.2. Rheological Study

After rest for 86400s, the fluids were mixed durB@0s in a Hamilton Beach mechanical mixer, mod#, &t a
speed of 17000rpm. After the mixing, the fluids evéransferred to the Fann model 35A viscometeristainer. The
viscometer was activated at a 600rpm speed du26g and the reading was made. Right after, thedspas changed
to 300rpm, the reading was taken after 15s.

To obtain the initial gel force, the fluid was sulbied to a 600rpm speed during 15s, and then, madaat rest
during 10s. Then, the viscometer was activated gieged of 3rpm and the reading was taken. To olhairfinal gel
force, the fluid remained at rest during 600s dhelp, the reading was done at a speed of 3rpm.

With the readings data obtained with the viscometes calculated the apparent viscosity (AV), jtagiscosity
(PV) and gel strength (SG) according to the rui2895 (Petrobras, 1998a), using the equationgZ1 and (3).:

-Apparent Viscosity (AV):
— Leoo -3
AV /L300 (1073 Pa.s) (1)
- Plastic Viscosity (PV):
PV = Lggo — L3go (1073 Pa.s) (2)

- Gel Strength (SG):
SG= G; — G¢ (N/mz) (3
2.2.3. Lubricity

The lubricity coefficient of the fluids was determmad in an OFITE EP-Lubricity tester. The fluid wasxed for
300s in a Hamilton Beach mechanical mixer, modél, 98th a speed of 17000rpm. After that, the fluids transferred
to the equipment’s container, with initial torquiezero and a speed of 60rpm; was slowly appliedreef of 150Ibf/in
during 300s, being done the reading of the torqueeted by the fluid. With the reading obtained bg torque of the
water, was calculated the correction factor (CExoading to the equation (4) and the lubricity dimédnt (LC)
according to equation (5).

- Correction factor:
340

CF=——7——
Readingyater “)
- Lubricity coefficient:
_ CFx Readinggptained (5)

LC

100

2.2.4. Filtrate volume
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To determine the filtrate volume, the fluids wer&ed during 60s, in a Hamilton Beach mechanicalenixnodel
936, at a speed of 17000rpm. Then, it was traresieio the container of the API filter press, sultimitit to a pressure
of 100psi. After 1800s, the filtrate was collectad its volume was measured, and expressed in m2.

2.2.5. Cakethickness

To determine the cake thickness (CT), was usedthadelogy developed by Farias (2006) in Labdes ¢ratbrio
de Referéncia em Dessalinizacdo) based on theARIel3B-1 (2003). This methodology consists on fibiéowing
steps.

- collect the filter paper with the cake after theeriment for determination of the filtrate volume

- wash the filter paper three times at a flow gbraimately 110L/h with a container of constantdewith adjustable
flow, at a distance of approximately 0.07m of thwnf controller that has a diameter of 0.015m angleof attack of
the flux of water approximately 45°.

- put the filter paper with the cake between twasgl slides and apply a pressure of approximately6R/mz2 for a
period of 120s and

- measure the cake thickness using an extensometer.

There were made five measures of the thicknesseofjass slides and of the paper with the cakestmdt points.
After obtaining the measures, it was made an asgtlmaverage of the five determinations.

2.2.6. Differential sticking

The experiments to determine the differential stigkcoefficient (DSC) were performed on equipmeiftddential
Sticking Tester from the Fann brand with the tortpa flat plate (flat plate of torque). The metlotmhy used was the
one suggested by the manufacturer, in which thidlwere agitated during 300s in a Hamilton Beaatmanical
mixer, model 936, and then was transferred to berior of the equipment’s cell. Then, the fluidsasubmitted to a
pressure of approximately 477.5psi (3292kPa) dusio@s for the formation of a cake. After this pdriasing a lever,
the flat plate was lowered and maintained in tlaisifion for 120s to guarantee that it would getktio the cake. After
that, were made six measures (with a 30s intergbliden the measurements) of torque with a torquerntleat was
coupled to the flat plate. The torque that was megualesents the force necessary to move the #d¢.pOnce we have
the torque measurements, it is possible to caleulet differential sticking tendency coefficientading to equation
6:

- m (6)
DSC= 1000

Where,

DSC is the differential sticking tendency coeffiti@nd
Tm is the average of the torque measurements

2.2.7. Aging of drilling fluids

The clay and water fluids were submitted to agiog6h at 366.45K (94°C) in an aging chamber (Rdlleen)
from Fann and, then, were determined their rheoldgiroperties, filtration, lubricity and coefficieof tendency of the
sticking of the drilling column the methodology debed in items 2.2.2 to 2.2.6.

All the experiments were done in duplicate. Wher ofhthe obtained values differed in more than % Ifargin,
this was automatically eliminated and the experimeas repeated.

3. RESULTS AND DISCUSSION

To evaluate the influence of the drilling fluids time risk of differential sticking it is necessanyinvestigate the
rheological properties, of filtration and lubricityp determine if the fluids attend to all the dfieations necessary and
required for an adequate perforation. So, tabled®vs the results of the rheological propertiesfilvhtion and cake
thickness of the clay and water fluids before after aging.

According to table 2, the fluids prepared with 486°Kg/L of clay (F1) present good results of apparent
viscosities and plastic with values within the sfieations from PETROBRAS (1998b). The referencduga
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according to PETROBRAS (1988a) are: apparent viscé&V) equal or superior to 18x1¥a.s and plastic viscosity
(PV) equal or superior to 4xtPa.s.

There were not observed significant variation anvthlues of the properties of the fluids with aidditof lubricants;
the fluids F1 presented values of AV close to 15¥4s, while that after the addition of lubricanke values of AV
ranged between 13.5x¥Pa.s (for the fluids F7) to 16.0 x3Pa.s (for the fluids F3).

The addition of 1.0x1€Kg/L of Lub. 1 (F2) and 2.0 xI#g/L of Lub. 2 (F5) reduced lightly the values o¥/APV,
FV and CT. The studied lubricants have a variakleavior depending on the solution in which it ip@sed. Because
Lub. 1 is a chemically modified vegetal-oil basatiricant made to be soluble in water, when it ideatto the fluid
containing bentonite clay, it acts like a dispetsaerutralizing the charges present on the surd¢be clay particles
reducing the values of AV, PV, FV, and CT (Medeiedsl., 2008). With the increase of the conceiutnadf Lub. 1 to
2.0x10%Kg/L, it was observed an inverse behavior andithidue, most probably, to the fact that the conoér®.0x10
KglL be sufficient to achieve its critical micellaoncentration (c.m.c).

Table 2. Rheological, filtration and cake thicknpssperties of the fluids before and after aging.

Fluids AV (10°Pa.s) | PV (10°Pas) | SG(N/m?) | FV (10°m®) | CT (10°m)
F1 15.0 8.0 10.0 19.4 1.738
F2 14.0 8.0 12.0 18.0 1.631
F2e 26.3 15.0 4.0 25.6 5.039
F3 16.0 9.0 9.0 12.6 1.393
F3e 23.0 15.5 1.5 20.4 4,574
F4 15.5 9.0 16.0 10.6 1.412
Fde 26.3 17.0 3.0 18.0 4.217
F5 15.0 8.0 8.0 19.8 1.981
F5e 36.5 17.5 13.0 24.5 3.605
F6 14.0 8.0 8.0 18.4 1.877
F6e 38.3 18.0 12.0 21.9 3.386
F7 13.5 8.0 8.0 17.8 1.602
F7e 40.0 20.0 12.0 22.4 3.611

To the fluids additivated with Lub. 2, it is necass a bigger content to reduce the rheological arfdtration
properties. This result can be justified since LZibas a bigger molecular chain than Lub. 1.

The fluids submitted to aging (F2e and F7e) preskrtigher rheological properties (AV, PV and SG)ewh
compared with the fluids without aging (F2 and FiMe filtration properties (FV) and cake thickn¢€3) were also
affected with the aging. According to Satoyo (20€H8se results are from a gelification process, fdu@ a thermal
degradation in the chemical structure of the flumicasioning in an increase of the viscosity.

The rheological behavior of the suspensions dependthe concentration of the clay particles, of it of the
suspension, of the presence of ions in the susmerisiainly electrolytes) and temperature. In terapees close to
393.15K (120°C) and in conditions of high salinitiye bentonite suspensions start to thicken veigktu Different
studies indicate that the effect of temperaturer ave rheological properties of the clay and wafleids is
unpredictable and not any proposed mechanism mfreist amply accepted (Kelessidis et al., 2005).

For the filtration properties, was verified a retimie in FV and CT of the fluids after additivatiovith the lubricant
and increasing its content. This behavior is du¢h® dispersant action of the studied lubricaritgs important to
highlight that an increase in the concentratiotheflubricant resulted in a considerable decre&sleeocake thickness
from 1.631x1Gm to 1.393x18m for the fluids F2 with 1.0xIfKg/L of Lub. 1 and F3 with 2.0xI¥g/L of Lub. 1,
respectively. In a similar way, the filtrate volumas reduced from 18.0xEm (fluid F2) to 12.6x18m (fluid F3).

The presence of Lub. 2 did not alter the cake tiésk and filtration properties.

For the aged fluids, the same behavior was obsgthedincrease in the concentration of lubricarstubs in a
reduction of the FV and CT values.

In Figure 2 are illustrated the results of the idby coefficient and the differential sticking dieient of the clay
and water fluids before and after aging.

For both aged and not aged fluids was observedudftr Figure 2, that the addition of lubricant cabaereduction
in the values of LC and DSC. The lubricants assisthe control of the temperature, provide the mieg of the
equipments, protecting from corrosion recurrentrfrihe oxidation process, and can also act as fndemovement
transmitting agent (Gomes and Filho, 2005). Thealn@ the DSC of the fluids were reduced from 0.4 @4 (for the
fluids F1) to 0.156 and 0.075 (for the fluids F2).

It was possible to verify that the fluids withowgimg F5 to F7 additivated with Lub. 2 presentededieait LC and
DSC, once according to Medeiros (2009), the flutdshave adequate lubricity, must present LC ofualibl, value
commonly found in oil based drilling fluids (takes a standard) or in fluids additive with lubricagents (Darley and
Gray, 1988). The same behavior was observed faD8te.
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The presence of the lubricant and the increastsinoncentration reduce the values of DSC, beirg Pu for the
fluids without aging, the lubricant that was moficeent. Probably, the lubricant formed a coattbe surface of the
flat plate, reducing the friction between the calkel the surface of the flat plate, making easieiitfto slide on the
cake. So, as consequence, there is a reductitve dbtce necessary to release the equipment siuble tcake.

For the aged fluids, it was observed that the §dditived with the Lub. 2 (F5e to F7e), preseihigtier values of
lubricity coefficient than the fluids additive withe Lub. 1 (F2e to F4e). Probably, during the ggirocess, as Lub. 1
is a vegetal oil based ester, this additived masththydrolyzated, losing its lubricantion capacithe fluids additive
with Lub. 1 presented better results of LC. Althbugub. 1 is a product that is vegetal oil baseds ithemically
modified to be soluble in the fluid and, becauséhid, it is capable to resist to elevated tempueest

The fluids F2e (added of 1.0x¥Rg/L of Lub. 1) presented the lowest value of LCO{®), while the fluids F7e
(added of 3.0x18Kg/L of Lub. 2) presented LC of 0.244. According Magalhdes (2010), the mechanism of the
lubricant action depends if the solution is at @sin movement. With this, and considering thattfee determination
of the DSC the solution is kept at rest for a pid time before the movement of the lever to obthe torque and for
the determination of LC the solution keeps moviongtmuously, the Lub. 2 can be considered the rafigtient, for
the solution at rest.

m LC (fluids before aging) m LC(fluids afteraging)
B DSC (fhnds before agng) B DSC (fluids after aging)
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Figure 2. Lubricity and differential sticking coefents of the clay and water fluids before anéafiging

According to Bushnell-Watson and Panesar (1991} bowater based and oil based fluids, the use lobricant
affects significantly the way in which the tubeg direed. With the absence of a lubricant, the tudresfreed in the
cake/formation interface, while with the presentea tubricant; the tubes are freed in the tube/daterface, reducing
the risks during the drilling process.

According to Santos (2000), the mechanism that mmabably contributes to the sticking of the tuisethe friction
between the drill pipe and the wells walls. Thistfon is quite influenced by the overbalance puesgfluid pressure is
bigger than the formation pressure, causing an lanba of pressure). So, how bigger is the overloalgressure,
bigger is the friction force (Santos, 2000).

Given these results, it is suggested a direct lzdiva between lubricity and differential stickingp lower values of
LC result in lower values of DSC. In this case, ltifeicant fluid becomes indispensable during thilirg of oil wells.

4. CONCLUSIONS

According to the results, it is possible to conelutiat: (i) the addition of lubricants reduces
efficiently the LC and the DSC, being, therefots,use of primordial importance in the reduction
of the differential sticking risk; (ii) the agingaases an increase in the rheological and filtration
properties of the fluids, but it does not change ¢ffficiency of the lubricant in the reduction of
differential sticking risk and (iii) low concentrahs of lubricant are sufficient to reduce the éorc
necessary to release the pipes that are stuck $echthe differential sticking.
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