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AHHoOTaumaA. lNornoueHe NPOMbIBOYHOM XXUAKOCTU MacToM Mnpu
OypeHnn HedpTerasoBbIX CKBaXKUH YXKe OABHO CITYXMWT Kak npendar-
CTBME K NpOoLEecCy ycneLHoro 6ypeHns 1 4o CUx nop eLle siBnsieTcs
akTyanbHon npobrnemon. B aTton ctatbe paccMOTpeHbl 00LWuin 06-
30p 3TOM NpoGnemMbl N cnocobbl 6OpbOLI C HEl Ha NpuMepe ropu-
30HTarbHOW CKBaXKMHbI HA MeCTopoXaeHun Hurepun.

B xoge aHanusa Obino obHapyxeHo, YTO kpaxmanbHas Aobaska-
NOHM3NTENb (PUNBbTPALMM UMEET MEHBLLYHO BEMYMHY BOA4OOTAAYN
MO CPaBHEHWIO C LLeNmono3Hon o6aBKON-NMOHMU3NTENEM U NO3TOMY
aBnseTcs 6onee NepcnekTMBHBIM Npu OypeHUN B OCINOXHEHHBIX YC-
NOBUAX C aHOMarlbHO-BbICOKOW MiacToBOW TeMnepaTypoil.

KniouyeBble cnosa: (bI/IJ'IpraLI,I/Iﬂ, (bI/IJ'IpraLI,I/IOHHaﬂ KOpKa, norrio-
LeHune, Hechera3OBa9| CKBaXKnHa, 000aBKa-NoHU3NUTENb, He(bTFlHOG
MECTOpPOXAeHMe, aHOMallbHO-BbICOKasa nracroBad TeMneparypa.
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Anno tation. Fluid loss while drilling oil and
gas wells has long served as an obstacle to
successful drilling and still remains an actual
problem today. This article takes an overview
of this problem and various ways of tackling it
with a horizontal well in a Nigerian oil field as
case study.

In the course of the analysis, it was found that
the starch derived fluid loss additives have a
lower fluid loss value and higher viscosity
values as compared to cellulosic additives
and therefore is more suitable for drilling
horizontal wells under complicated conditions
of abnormally high temperature.

Keywords: filtration, filter cake, loss of circula-
tion, oil and gas well, fluid loss additives (FLA),
oil field, abnormal high layer temperature.

Almost all drilling problems, to some degree, can be linked to the drilling fluid-which is like the blood
of the drilling process. Be it stuck pipe, wellbore instability, kicks, production layer contamination and others.
Another major and very frequent problem occurring during drilling of oil and gas wells is fluid loss, also re-
ferred to as loss of circulation, seepage or partial returns. It's almost impossible to drill a well without expe-
riencing this problem and in fact, the issue usually is not a total avoidance of this problem, as there will al-
ways be rocks with natural caverns and fractures where part of the drilling fluid leaks off to, but rather a mi-
nimization of this fluid loss occurrence or its severity. This article seeks to take an overview of both this fluid
loss problem while drilling and conventional methods of dealing with it.

Mechanism Of Fluid Loss In Drilling Oil And Gas Wel Is

Fluid loss is the leakage of the liquid phase of drilling fluid, slurry or treatment fluid containing solid
particles into the formation matrix.
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Figure 1 — Pictorial description of drilling fluid loss [1]

When drilling mud is pumped into the wellbore, it passes inside of the drill column, then out through the
nozzles of the drill bits into the wellbore annulus. As it makes its way up out of the wellbore, the fluid makes con-
tact with the un-cemented wellbore. The hydrostatic pressure in wellbore is usually more than the formation pres-
sure (this is called over-balanced drilling), which helps to prevent the formation fluid from escaping into the
wellbore. In some other cases, when drilling highly permeable rock part of the drilling mud can leak off into
the rock while the solid particles or filtrates collect on the wellbore wall and form what is known as a filtercake
which actually helps to stop or reduce this leaking off by reason of its low permeability. However, we could
have a rock with naturally formed fractures or large pores. The rock’s tensile strength could also be lower
than hydrostatic pressure thereby causing the rock to fracture, when this occurs, part or even all of the drill-
ing fluid could leak off into these fractures known as thief zones and may even cause further fractures.

If drilling continues during total lost circulation, it is referred to as blind drilling. This is not a common
practice in the field, unless the formation above the thief zone is mechanically stable, there is no production,
the fluid is clear water and it is economically feasible and safe [2].

Equations 1 and 2 below show the conditions that must be maintained to avoid fracturing the formation
during drilling and tripping in, respectively.

Aeq =Amh +DBAgr < Afrac s 1)
Aeq = Amh DA < Afrac (2)

where A, = static mud weight, ANy = additional mud weight caused by friction pressure loss in annulus,
AAg = additional mud caused by surge pressure, Aq,c = formation-pressure fracture gradient in
equivalent mud weight, and A.q = equivalent circulating density of mud [2].

Impact Of Fluid Loss

Drilling Mud constitutes about 15 % of the drilling process cost with a single well costing approximately
$8.7million in 2013 according to the Petroleum Services Association of Canada. Lost circulation always has
been one of the most costly issues facing the industry. Lost circulation gives rise to nonproductive time spent
on regaining circulation. Lost circulation was responsible for more than 10 % of nonproductive time spent
when drilling in the Gulf of Mexico between 1993 and 2003. The inability to cure losses and resume drilling
may, in the worst case, necessitate sidetracking or abandoning the well [2, 3, 4].

The economic impact of lost circulation includes, in addition, the costs of the lost drilling fluid and of
the treatment used to cure the problem. According to one estimate, the cost of drilling fluids amounts to
25-40 % of total drilling costs [5]. Given that both regular drilling fluids and lost circulation materials are often
quite expensive, the direct economic impact of losing these substances into the formation may be substan-
tial. The cost issue is especially relevant for oil-based muds that are usually more costly than water-based
fluids. In addition to the direct economic impact (cost of expensive drilling fluid and nonproductive time), lost
circulation may cause additional drilling problems. In particular, the reduced rate of returns may impair cut-
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tings transport out of the well. This leads to poor hole cleaning, especially in deviated and horizontal wells.
Poor hole cleaning may eventually result in pack-offs and stuck pipe [6, 7].

The drilling industry has suffered a lot because of lost circulation. In the United States and Canada, a
well that has lost circulation will have a mud cost of anywhere from $8000 to $50000. This is not including
the rig costs because of the time lost, damage to the drill pipe and/or blowout [6, 7, 8, 9].

Tackling Fluid Loss

Total prevention of fluid loss during drilling is virtually impossible, as early noted, reason being that
certain rocks zones have natural caverns, fractures, large pores, or high permeability. However, the problem
of fluid loss can be mitigated with these measures listed below:

e Maintaining proper mud weight.
Setting casing to protect upper weaker formations within a transition zone.
Updating formation pore pressure and fracture gradients for better accuracy with log and drilling

data.

Minimizing annular-friction pressure losses during drilling and tripping in.
Avoiding restrictions in the annular space.

Treating the mud with loss of circulation materials (LCMSs).

Leakoff test (LOT).

Formation integrity test (FIT).

Fluid loss additives (FLAS).

Seal-off plugs.

While applying any of these listed methods a lot of money, time and resources can be saved. FLA has
in recent time gained popularity as a preventive measure for controlling loss of circulation.

Types Of Fluid Loss Additives

The different types of fluid loss additives can be divided into 2 kinds namely cellulose derivatives and
starch derivatives. The major difference between both is that the starch derived fluid loss additives like
HM-FL TROL are frequently used under HP/HT conditions, at which point rapid hydrolysis and degradation
take place [10].
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Figure 2 — Fluid loss of Cellulose derived FLA at h  igh temperature of 250 °F [11]
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Figure 3 — Fluid loss of starch derived FLA at high temperature of 250 °F [12]
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Figure 4 — Comparing viscosity of starch derived FL ~ O-TROL with cellulosic PAC LV [14]

As shown in the graphs, we see that temperature is a very important factor affecting the ability of fluid
loss additives to prevent fluid loss during drilling. Starch derived fluid loss additives have an advantage over
cellulosic when drilling horizontal wells in complicated conditions for the following reasons:

Firstly, because they have lower values of fluid loss at an abnormally high temperature.

Secondly, because it has higher plastic viscosity, which means more carrying capacity. This is a very
important parameter when drilling horizontal wells.

Table 1 — Drilling parameters of a horizontal well «WELL-18» in a Nigerian offshore oilfield «X»
: Formation Applied Fluid-loss . : L
Height (Ft) temperature (°F) additive Filtrate (ml/min.) Deviation
743-2517 94-119 PAC L 2 Slightly deviated
4738-7049 250 HAM-FL TROL 2 Highly deviated

PAC L is a cellulosic FLA while HAM-FL TROLL — a starch derived FLA [13, 14]. According to experi-
mental results presented in figures 2-4, it was observed that the cellulosic FLA is more stable. That is why as
the wellbore took a fully horizontal inclination of 90° and the temperature became abnormally high, the ap-
plied fluid-loss additive was changed from PAC L to HAM-FL TROL. As a result the filtration rate was main-
tained, uncontrollable loss of circulation prevented and the target zone reached.

Conclusion

The problem of fluid loss when drilling oil and gas wells is usually accompanied by a huge loss of
valuable resources, time and money. Therefore, the mitigation of this problem requires that a lot of attention
be paid to this issue while drilling. Drilling mud should be treated with the right fluid loss additives appropriate
for well conditions, to combat this problem of lost circulation.

Starch-derived fluid-loss additives are preferred over cellulose-derived additives when drilling a
horizontal well as it has proved to be more effective due to its increased plastic viscosity and heat resistance.
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