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ABSTRACT

AN INVESTIGATION OF THE LEAK-OFFTESTS CONDUCTED IN OIL AND
NATURAL GAS WELLS DRILLED IN THRACE BASIN

Kayae] Burak
M.Sc., Department of Petroleum and Natural Gagngering
Supervisor : Prof. Dr. Mahmut Parlaktuna
Co-Supervisor Prof . Dr . Nur kan Karahano

January2012, 77 pages

This study aims to analyze the lealf tests carried out in the Thrace Basin of
Turkey by Turkish Petroleum Corporation and find any relationship that may exist
between lealoff test results and driled formations as well as driling parameters,

such as nd weight, depth.

The analysis of7/7 leak-off tests indicated that there is no close correlation between
the mud weight of test fluidhnd equivalent mud weigtffracture gradient)f the test

is carried out within impermeable sectior®n the other handthe correlation
between mud weight and equivalent mud weight increase whie running the test
within permeableproductive zoneslt is also foundthat the leakoff test results are

not dependent on the depth but the formation tested

The analyzed ldaoff test results rom Thrace Basin showed that the fracture
gradient is not the limiting factor to set the casing of any section unless a gas show is
observed during driing operation which occurred only5inwells out of 78 wells
analyzed.

Keywords: leakoff test, fracture gradientThrace Basin, guivalent mud weight
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TRAKYA BASENKNDE KAZI LMI k OLAN PETROL
KUYULARINDA YAPILAN LEAK -OFF TESTLERKNKN KNCELEN

Kayael, Burak
Y¢ksek LisanslGazZPeNMagmdnadvies |Dojia B° 1 ¢ mg
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BHA = Bottom hole assembly

bpm = Barrels per minute

D = Depth (below rotary table), m

ECD = Equivalent circulating density, ppg,
EMW = Equivalent mud weight, ppg

ESD = Equalent static density, ppg

FV = Funnel viscosity

LWD = Logging while driling

MW = Mud weight, ppg

MW, = Mud weight getting into wel, ppg
MW, = Mud weight getting out of well, ppg
OBG = Overburden gradient

Pn = Hydrostatic pressure, psi

Pio = Leakoff pressure, psi

PV = Plastic viscosity

SPP = Standpipe pressure, psi

TD = Total depth, m

YP = Yield point
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CHAPTER 1

INTRODUCTION

Driling Engineering is one of the main branches of Petroleum and Natural Gas
Engineering. This branch includes all actigs for bringing awell-qualified wellbore

for exploration and production opeil@ts in oil and natural gas industry.

As technology improves many new technigues emerge filingd engineering
purposes. These new technologies help driling activite®dour faster and easier,
but stil there are some conventional methedich keep their validity. One of these
methods is Lealoff Test.

Leakoff test is appledto determine the fracture gradient at depth where the test is
run. The main reason for detsning the fracture gradient is to forecast upcoming
driling operations and driling parameser Fracture gradientvhich is detected via
leak-off test wil be the limit for driling parameters of next hole sectibrak off

test result (fracture gradiengffects;

1. Well design,
2. Mud weight for nex hole section,

3. Kick tolerance (well control limit)

As al of these three effects wil directly dictate how driingexgions go on, leak

off test, its procedure and results should be studied and undersicgidyc In an



opposite case leaiff test can guide driling engineers or well planning engineers in
a wrong way, which may end up wilhaotic consequencesThese chaotic

conseguences may be stuck pipe, severe fuid losses, arldefen a blowout.

In this study, the purpose is to find a relation between results of-ddbkests

conducted in ol and natural gas wels in Thrace BaSie y | a n, Dani Kk men,
Mezarder e and Os ma nc e kto réveat amg presem selatome r e
between investigaed leakoff test results and some variablesEach formation was
investigated by itself to get formation specific results. More than hundred wells were
studied and their composite logs, daily drilingports, final driling reports and mud

logging reportswe r e anal y z elithalogy Eoduronhwaswdzalwh @ scompare

each formationds thickness with other rel

For leakoff test results analysid 1 r st of al l each well bés s
These datasets consist of test depth, mud igt, equivalent mud weightie@k off

test result) and mud rheological propertiddter collecting these data, they were
interpreted to calculate new data sets lke fracture gradient and differential mud
weight. Each result calculated were compared witktohical data written in daily

driing reports and final driling reports to eliminate any possibnsistenciesAt

final stage al results were put togethergather a relation between studied wells and

their data.

The reason for selecting ThracBasin is the necessity ofTurkish Petroleum
Corporation TPAO). As Thrace Basin has mostly gas fields requires special
treatment during planning and execution of driing actvitiekhis study was
initiate d by TPAOOGS r resgarah. $hrace Basim haviegac umiform
structure in most of its areaas a faciltating factor for choosing this regiorhrace
Basin is not overfaulted lke SouttEast Turkey, where many oil fields exidthis

comparison brought Thrace Basin one step further.



CHAPTER 2

THEORY

Leak-off test is a test used to determine the strength or fracture pressure of an open
formation below the casing shoe which is driled right after the casing is run. The test
is done by shutting in the well and pumping fiuid into wellborel timé fluid enters
the formation through permeable paths orfilagturing it. The results of leadff test
show the maximum mud weight that can be used or maximum pressure that can be

applied during the driling operations at that well section.

2.1.What is Leak-Off Test (LOT)?

In widcat and exploratory driing, one of the most important challenges for well
planning and driling engineering ithe ambiguity of limits for driling parameters.
As limted data is present for field (seismic results, prelimingrgssure and
geological studies) all addiional information that can be gathered during driling

operation are critical for a successful ongoing operation.

One of the most critical information that should be continuously watched is
wel | bor e 6 areiHmctuee GRudieatJRPFG) acts. An instantaneous increase
in pore pressure (PP) may cause a kick or eventualy a mud weight (MW) increase. A
kick wil lead operator companyo a well control operation which wil cause nén
productive time and extraosts. No matter a kick occurs or not mud weight should

be increased to keep safety margin above pore pressure. As mud weight increases



hydrostatic pressure in the welbore incrsasaturaly. This increase affecteach

point of welbore including casingsliners and open holeSince the overburden
gradient of a well increases as depth increasles fracture gradient is affected
proportionally from this changeWelbore is enforced by setting a casing and
cementing it. This makes the formation just belowa s t c a sas thegwakests h o e
point of a welbore, in normal conditonsNormal conditions define the case where

no permeable/productive zone is penetrated where driling flud can be Tieest.
hydrostatic pressure at this point should not exciedracture gradienwvalue If it
exceeds there wil be losses, partial or complete, which may again end up with a
kick.

To prevent above hazards the fracture gr
known and pore pressure should be watch continuotliklre are different ways of
tracking pore pressure during driling. One of the most common whysbserving

pore pressure increase chasingformation cavings onshale shakers. Any presence

of cavings in disposed cuttings shows an increase in poreuggeasd should be
concluded as hydrostatic pressure in open hole is less than pore pressure. Another
way to track the pore pressure is Trip Gas or Connection Gas readings. If gas
readings at surface increases during tripping out of hole this should fpretdd as

Trip Gas, which means hydrostatic pressure in open hole is above pore pressure but
too close to it. When tripping out of hole Swab Effect wil decrease the hydrostatic
pressure and any present gas wil enter into welbore. Also if Equivaletit Sta
Density (ESD) is insufficient to hold pore pressure but Equivalent Circulating
Density (ECD), Equation 2.1, can hold it with additonal pressures, any gas presence

in welbore wil show up (when circulaton stops) as Connection Gas and gas

readings asurface wil increase significantly.

SPP (2.1)
0,052+ D = 3,281

ECD =ESD +



Most up to date method for pore pressure prediction is interpreting LWD readings.
Sonic and resistivity readings can be used to predict any change in pore pressure. In
spite of pore pressure prediction, fract@gedient can only be predicted by some

mechanical test

Generic nameof these tests is Pressure Integrity Tests (RITpumpin/flow -back

test (Solman and Daneshy, 199Bressure Integrity Tests are diided into three
types Formation Integrity Tds(FIT), LeakOff Test (LOT) and Extended Lealf

Test (ELOT or XLOT). Main differences between these tests are their ending point

pressure and their duration (Raaen and Brudy, 20Q1)

In FIT, newly driled formationwil be pressurized up to a phefmed pressure and

hold that pressure for a detened period of time. This pdefined pressure is
calculated according to a mud weight that needs to be maintained to dril the hole
section. For example if 10 ppg MW is thought to be enough for driling @ hol
section, formation below previous casing shoe (at 2500 m) can be tested to 4,265 psi
(~4300 psi). Equation2.2 shows the details of hydrostatic pressure calculafitwe.
pressure wil be kept at 4,270 psi for32minutes to ensure exposed formatoan

handle adequate pressure.

P, =0,052+ MW = D = 3,281 (2.2)

LOT is generally run when there are uncertainties about fracture gradient of a field or
qguality of previous casingods cementing
pressurized up to a pressureend formation breaks down. The pump is shut down

and the pressure vpumped volumegraph is observed for determined period of time.
Figure 1 shows a sample LOT graph. The test fluid starts to be pumped with a

constant rate untl massive breakdown occursopen hole and pressure drops.



Interval betweerthe points C and D shows the loss of friction and pressureffall

due to fitration YWojtanowicz and Zhou, 2001)
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Figure 1 A sample graph for leakff test (LOT)(Postler, 197)

ELOT is a new type of PIT that is being usadecentyears. Main difference from a
LOT is the number of repeating cycles. In ELOT a classical LOT is followed by at
least two more pressurization cycles. This test gives a more certain resulctanefra
gradient butis stil uncommon in oil industry. A sample ELOT graph is givertha

Figure 2below
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Figure 2 A sample graph for extended leek test (ELOT) (Addis, et al., 1998)

Al PITs, including LOT, gve a resulin units of pressure. This pressure is the
maximum pressure which the previous casing shoe can withstand. The pressure value
is used to calculate the maximum mud weight that can be used in that hole section.
This maximum value is calculated using EMW folanuEquation 2.3 shows the

relationship between EMW and lealf pressure (B).

P, (2.3)

EMW = MW +
0,052 * D *= 3,281

This EMW value is highly critical for driling operatioas if necessary lealff value
camot be reachedsome additional cement squeeze operations wil be mandé®ry.

its nature there are many factors affecting eachTL@n. Some can be listed as test
fluid type, shoe cement qualty and formation to be tested. Detailed information wil
begvenint he s e Eactor® That Affect LdDG



LOTs are also used for stress estimation at certain dBpthkels and van Eelesd
(1982) suggest that formation stress is directly dependent on dBmih. stress
estimation can be used for exploraton and driling planning, including sealing
capacity of faults, mud weight design, fracture gradient estimation, welbore
stabiity, wel array planning and the development of fractured reservoirs.
Addittionally sand production, reduction of production rate and reservoir compaction

and subsidence can beunted as dictations of stress (Addis, 1998).

Although LOT results may be used forests estimation there are some weak points
for being a perfect source for it. Figstlack of a standamded methodology for
performing LOT is the main handicapof the oil industry. Secondly,the main
approach of executing LOT in shales eliminates the cghanf using LOT as stress
estimation tool in other formations lke sandstones or limestones. Finaly, as a LOT
IS not designed for being an exact way for determining formation stresses, its
mechanics and interpretaton methods seem unsuitable for suchofkiegtaluation
(Addis, 1998)

2.2.What is Pore Pressureg Fracture Gradient (PPFG)?

Whie discussing LOT issue, PPFG topic should be carefully studied. Main reason
for running a LOT is to understand the relation between pore pressure and fracture
gradient carectly. If LOT is run correctly and can be commented on carefully, it wil

give many hints for upcoming driling operations.

Schlunberger Oiffield Glossary defines these two terms as folowlage pressure

is the pressure of fluids within the pores afreservoir, usually hydrostatic pressure,

or the pressure exerted by a column of water from the formation's depth to sea level
(Schlumberger2011a). Fracture gradient idshe pressure required to induce fractures

in rock at a given dept{Schiumberger, 201b).



To understand pore pressurefracture gradient relation of a possible hydrocarbon

bearing field, somavorks should be done before starting to dril. Fys2D or 3D

seismic gve t he initial i dea about fieldods PP
oftset wels around field should be examined for any past experiences for simiar
formations or hazards. Any mud weight, kick or loss records give a clue for the field.

If the field is totaly wildcat, therthe seismicdata isthe only guide for PPFG stedi.

After studying few years on raw seismic data, seismiglocity results can be
gatheredwhich gives an idea about possible formatiors. sample PPFG graph is

shownin the Figure 3below
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Figure 3 A sample PPFG graph thataws pore pressure, fracture gradient and
overburden gradienfTPAO, 201H)



After having a PPFG graph, next step for driling is to plan casing or liner setting
depths. The most basic way to determine casisgt t i ng dept hstarsi s t o
like line® between pore pressure and fracture gradient curves. The horizontal lines
point out the casing setting depths while vertical ones show the hole section lengths.
Naturally, such basic study wil be independent of any formation properties and
technical Imits. Any formation characteristic like high permeabiity farceriling

team to set casing before its planned depth. Also technical issues like landing string
specifications or surge pressures may also limit casing setting depths. As this thesis
is not drectly focused on casing design, those limitations wil not be discussed in a

detailed way.

As pore pressure and fracture gradient curves get closer, lke in deep water
environment, numbeof casings and liners increag€immons and Rau, 1988As
nature of driling, each casing set in well decremdbe welbore diameter. So this
diameter decrease wil bring some hydraulic dificulties and mayse some
operational problemsAs a disadvantageof settihg more casingsthe number of

critical operationsincrease,which results inlonger operational days amifjher cost.

A LOT result wil affect the casing design as it wil enforce horizontal and vertical

ines in a casing design graph. As an open hole can go up to a pore pressure equal to
previous casings hoe 6 s fracture gradient, each L
operation wil determine how much each hole section can go fultfeF. resuft will

dictate the maximum mud weight that can be used in upcoming hole section.
RezmerCooper et al. (2000) suggests0.3 ppg margin between mud weight and

fracture gradientlf LOT result is lower than what was expected, a shorter open hole
section can be driled before setting a new casing. This wil lead the operator
company to set more casings which may cause nchingaprojected TD. This may

causethe driling campaign to end before testing any predetermined targets in the
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well. Eventualy afthoughmilions of dollars was paid for the operation; any of the

projectdés goals would not be reached.

2.3.How a LOT |Is Execued?

LOT is a critical step for driling operation, so preliminary works for a LOT should
be done carefuly. Same care should be taken during the testing period for
eliminating any possible misalignments or any confusBostler (1997) listed the

procedire for a LOTasbelow.

1. Have a realistic LOT result scenarBefore running a leabkff test possible

fracture gradient should be studied by well planning engineers and G&G
(geological & geophysical) specialists. Knowing expected results anake
easier for driling engineers to comment on previous cementing operation
guality or t tiety t Cautioushs stldied $PFG graphs  wil

prevent any unnecessary LOT repeats or squeeze operations.

2. Be sure to have properly rigged up equipménhe of tie key points of
having a correct LOT run is to have correctly arranged testing systeny, First
a smoothly working ACement Pumpo shoul
reason for not picking regular rig pumps isirtheigh capacity. Regular rig
pumps are ot preferred for LOT as they cannot hanétiey pumping rats,
which arenecessary for LOTCement pumps can easily pump 1/4 bpm or 1/2
bpm which are common pumping rates in oil industry. Secondly all rig lines
should be perfectisealedto eliminate any leks in the system. Any possible
leaking line camot handle high pressures during LOftherefore pressure
drop wil occur before the formation breaks down. Finaly a good working

pressure gauge is a must for haviagealistic result from LOT.
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3. Run test withclean, uniform testing fluidTo be sure thatthe result of a LOT

is correct and reliable, testing fluid should be pure and proper for testing. As a
certain height of cement column and few meters of new formation wil be
driled before executing the LOThe driling fluid (also the testing fluid) wil

be contaminated by cement and cuttings. Especiayment affec the
rheological properties of testing fluidt changs its compressibiity or other
characteristics. There argeveralmethods for checkingf the testing fiuid is

pure enough or not. Most technological way is to use LWD tools which
senses hydrostatic pressure at well. If ESD value is equal to mud weight
getting into the well, then testing fluid is ready to be used for LOT. Another
way to chek pureness of testing fuid is a manuabgedure. If LWD is not
present iNBHA the mud techniciarandbr mud engineer can compare MW

and MW, If they are equal to each other it means all cuttings and cement
traces were fitered from the testing fluidn etther techijues mud technician

andbr mud engineers should check and approve the rheological properties.

4. Pumping periodTo have a proper LOT resuthere are many key pointsat

should be followed during pumping processOne of the most importan
elements during pumping is stabiity of pump rate. Cementing unit used for
LOT should work efficienty and pump the testing flud in same pump rate
during whole test. Another important factor that should be checked
continuouslyis pumping raté dtseff. It should not be so high because of the
risk of masking the real leasff value. All items that affect LOT and that
should be folowed wil be explaied inthe chaptero f Factors Tat Affect
LOTG

5. Plot data during the testCorrectly fottng t h eressie versus pumped

volumed graph is one of the most critical parts of the LOT procedure. If a
mistake is made dur i ng plotting of graph, it

upcoming operations as it wi || deter
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operator company hassitown LOT pumping policy so the graph plotting
should be done according to their polcy. Main difference betweebus
companiesd graphs i s t he unit pumpi ng
pressure readings per each 1/2 bbl, the LOT pressure versp&gwolume
should be plotted withrespectto that pump rateNowadays there are two
different ways to record the pumping pressures and plotting related LOT
graph. Firstmethod, which is executed vianew generation cementing units
uses compatible softwarethat can sense the pumping rates and pumping
pressures. This kind of software carotpLOT graphs simultaneously as
operation goes omnd is mostly used in offshore operatiorSecond method

can be caled manual plotting and generaly preferrecht onsbre wells. As

many onshore cementing units do not have compatible softwdiieh can

sense the pressures and pumping rates, driling engineers or technicians
record the pumping pressures from pressure gauge and plot desiibated

office software likeMicrosoft Excel.

. When to stop pumpingdeterminingwhento stop pumping test fluid is vital.

If pumping continueslonger than it should, the formatiomvil be fractured
uncontrollably. Pumping should be stopped aty time after pumping
pressurestarts © decrease. If pumping is not stopped afteservingpressure
drop, the pressure wil increase after a period of stability. At a certain point of
this increase the formation wil break down permanently where plastic rock
deformation occurgMitchel, 1995. This plastic rock deformation wil make
fractures worse, which wil decrease the ledikvalue. A low value of leak

off means shorter hole sections and eventualy more casing Figuse 4
shows an example for explaining how excess pumping affectformation.

A shutin period which showg if formation and cement can hold the pressure

or not follows the pumping procedure

. Shutin _period Like pumping rate, each operator company has its owA shut
in period policy. This period may amge between 5 15 minutes. Wualy 10
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minutes waitting period seems enough for many operators to observe the
quality of LOT resultsa n d cement bonds shae. Ifpanye vi o us
cement channeb present, the pressure wil drop significantly after pumps go
oft. Cement channel(s) form a connection between the shoe level and
another shalower hole sectiosince, fracture gradient increases as depth
increases shallower hole sections have lower fracture gradient values. This
connection via cement channel(s) wil trandpdhe pressure to weaker
formations (shalow sections)so the leakoff value wil be detected as
shall ow s &f valueorath@rsthanl asing shoe depthny present
cement channel(s) should be plugged by cement squeeze operation(s). Even if
thee is one cement channel, one cement squeeze operation may not be
enoughto plug it. After each cement squeeze operation, LOT is run again to
see if operation plugged the channel or. MOihce the cement channel(s) is
plugged and necessary leaf value is gathered, regular driling operations

may continue.

PLASTIC ROCK DEFORMATION
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Figure 4 Graph showing effect of excess mud pumping during-&fakest (Mitchell,
1995)
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2.4. Factors Affecting the Results ofLOT

There are many factors that affettie LOT resuls. Some of these factors can be
controlled by test executers and soofethemcannot be doneFactors affectinghe
results of LOT arecategorized into two anisted bebw in detd, based on the study
of Postler (1997)

2.4.1. Factors that cannot be conblled:

a. Rock properties The cement tensie strength and the bond between

cement and casing string are usualy greater than the bond between
cement and welbore wallhis is caused by theresence ofmud cake
(Zhou and Wojtanowicz 1999). Since the newy driled formatiors
tensie strengthwil be weaker than cement tensie strength and
cement bondscan also be caled as weakest section in tested system,

it wil be first one to be broken.

Most of the formation types adis they are elastic until theywre

massively broken. Whie LOT procedureis gong o n, Ainitiat
fracture pressureo is reached and
time. A bending inthe linear increse at pressuregraph should be

interprded as readhg to initiation fracture pressure (mMinimum

principle stress) (Linet al, 2008; Rocheet al., 2004). Thempressure
continues t o increase up t o Nnext et
already formed factures tend to extermhd a significant decrease in

pressure at LOT plot is sbrved(Fig. 4) Detourng and Carbonell

(1994) indicate that in certain circumstances initiation fracture
pressure and extension fracture pressure may be identical, but these

conditons rarly occur.
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Formations lke salt and very unconsoldated shdfe# plastically

rather h an i n britt|ad epécalyg saltccanstad i | ur e ¢
deforning plastically at levels of 10 20 % of its ultimate strength

(Barker and Meeks, 2003)

As different types of formationshave their uniquecharacteristics
thee properties are uncontrollable.Therefore, if al othe conditions
are optimum for theLOT, then formation rock properties Iwbe the
imiting factor for the leakoff testvalue.

. Fractures at welboreBy driling operation§ nature the mud weight

inside the wel fuctuates continuously during driling. This
fluctuaton may be caused by variable driling rates or poor cutting
removal capacity. The fluctuation in mud weight directly affects the
hydrostatic pressure applied on welbore. Whe sum ofhydrostatic
pressureand the applied pressure (pressure occurred by pumping)
exceeds the compressig&rength there wil be pressure difference
which tends to expand the welbore. This expansion movement wil
cause somdractures or cracks. Thedermed fractures or cracks tend

to act ke weak formatieduring the leakoff test

Another way for having fractures at wel is the formaiiaiself.
Some unconsoldated rocks may have naturally occurred fractures,
cracks or vugs side of them. Naturaly occaed fractures and faults
are listed byAltun, et al. (2001)as one of thdactors influencing the
results leak-off test. If a casingor liner needs to be set in these kinds

of formations, the pressure buidp mayend earlyduring LOT.

Formation charactistics Permeabilty is one of the moghportant

factors affecting the LOT result. A permeable rock, lke sandstone,
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hasa lower brealkdown pressure than an impermeable one, like ,shale
has If possible casings or liners should not be set to highly eedole
zones. If this is not possible a high leakoff value should not be

expected.

. Test fluid propertiesA test fluid is neededor LOT and this test fluid

is the driling flud which is used during driing operations. As a
realistic leakoff value is needed for driing and any possible well

control situation, the driling fuid needs to be used in LOT.

Sncedrilling fluidos rheol ogical
are enforced by the formations being driled, the -lefikvalue is
affected by these properties. For examplaf a wel with highly

reactive shale formation is being driled, most probably abasied

mud is chosen because of its positive effects of reactive formations.

However oi-based mud is classified as penetrating fiuid which
causesa lower leakoff value. If a watetbased muds used instead of

an oitbased one, because of its low penetrating property it wil give a
higher leakoff value under same conditions.IADC (International
Association of Driling Contracrs) depwater guidelines statéhat
leak-off test results obtained byaterbased mudnay be 0,5 0,7 ppg
higher than results obtained bibased mudRezmerCooper 2000)

Another fluid characteristicaffecting the leakoff results is viscosity.

As viscosly increases, the pressure drop in the fracture increases.

Viscous muds cause tme delay between the initiation and extension

fracture pressures.
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2.4.2. Factors that can be controlled:

The two affecting factors that can be controlled aeplained as follows
(Postler, 1997)

a. Pumgng rate The basic logic behind the LOT is pressog newly
driled formations up to Imit where they start to féflince this
pressuding up process is done by pumping fud down into well,

pumping is the most important factoathaffecs the leakoff value.

First of al, pumping rate is very critical. As previously mentioned
each operator company has its own LOT pumping pold¢. bpm
pumping rate is preferred for impermeable zondsereasl/2 bpm is
generaly applied for peneable zonesThe reason for picking slow
pumgng rates is to prevent angmasking caused by high purmy
rates. The higher the puimg rate, the higher the apparent leaik
value wil be. Another reason for using slowate is to observe how
formation wil act during long and slow circulations, like well control
operations.Figure 5shows an example how pumping rate affeibis

leak-off pressure

Another critical issue about pumping tike stabilty of pumng rate.
Any fluctuations in pumping rate magause a change islope at
pressure graplearler thanreal leakoff pressure, which willead a

misinterpretation.
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Figure 5 A hypothetical graph that shows effect of pump rate onddhkest result
(Postler, 1997)

b. Cement channels A cement channel is a fiud path that let testing
flud pass through or around the cement to shalower zones which

have lower fracture gradient. Cement channethis most probable
reason for low lealoff results. Generally, poorly directed cemeting
operations wil end up with one or more cement channels. Another
reason for having cement channel at casing shoe is inadequate
centralization. As centralizers make sure that casing string is fixed at
the center of the welborethey should be placed icasing string
properly and in suficient number If centralization is not done
carefuly, casing string may lean on the welbore and cement slurry

wil not be distributed equaly inside the well.
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One LOT resutt is not enough to comment on cement channe
presence. LOT should be repeated to ensure that cement channel
exists. A second test is necessary to observe if lowdéalesult is
caused by formation effects diy a cement channel. Postli€t997)

states that +/0.5 ppg EMW differencébetween the cual and the
predicted lealoff values can be considered asormal. Once
difference between real lealf value and predicted one is higher than

0.5 ppg, then a cement chanmeksenceshould be sysected.

There are few types of cement channels whichlisieel below.

i. Large andopen cement channe\ large and open cement

channel will not change any detail in a LOT graph but the
leak-off value, which wil be significantly lower than
predicted value.There wil be a deviation in pressure
graph lke in a rormal LOT graph, buthis deviationwil

be observedat a lower pressure valughanit should be
Since a large and open channel directly trarsféne
pressure to weaker zoneshe leakoff value wil be
interpreted to be lower thars inormal value A significant
difference between predicted and tested -lefikvalues
wil give an idea about presence of a large and open
cement channelThe effectof a large andopen cement

channelto aLOT graphis shownin the Figure 6 below
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Figure 6 A sample graph showinghe effect of large andpen cement channel

(Postler, 1997)

Small_and open cement channeDifferently from a large

and open cement channeleviation on pressuregraph is
observedtwice during the pressuding up perod. The frst

one happen because of the low frage gradient of
shallower zoneswhen the econd oneis caused by the
fracture gradient of formation at casing shoe. The reason
for observingtwo different leak-offs is the characteristic of
channel. Since a small channel restristthe flow, it lets the
pressure buillp continue until the formation at shae
broken Figure 7 presentsan example forthe effect of a

small andopen cement channel.
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Figure 7 A sampé graph showingeffect of small anebpen cement chael (Postler,

1997)

Plugged channelSometimes a cement channel is plugged

by a plugging material ke gelled mud. This plugging

material block the cement channel until thelready buit

pressure elminates it and plgs the channel

The

pressure buielup continue until the plugging material is

eliminated which may not occur immediately. Once the

channel is unplugged the weaker zone wil be exposed to

LOT pressure which causea pressure drop because of

weaker zoa 6 s

l ow fracture

gradient .

observed and pumpare stoppedthe shutin pressure wil

drop significantly which wil show the major difference

bet ween

final pumpi ng

pressur

breakdown pressure. After LOT ploidicates the presence

of a plugged channel, a second LOT should be run to
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understandthe characterists of the channelwhetherti is
a large one or a smal one The following Figure 8

llustrates the example for the effect of a plugged cement
channel.

PREDICTED
LEAK- OFF

PRESSURE

VOLUME/TIME

Figure 8 A sample graph showing effect of plugged cement chafihestier, 1997)

Any cement channel should be filledb with cement by a
squeeze operatioreven if the leakoff result is enough for
driling. As soon as it is interpted that a cement channel is
present atcasingshoe area, it should be immediately plugged.
Because oncé has been exposed to pressdtging driling, it

may get worse and cause mud losses.
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During driling operations the operator may need to inereas

the mud weight because o& kick or instantaneously

increasing pore pressure. Whie increasing the mud weight, the
equivalent circulating density and annular hydrostatic pressure

wil increase proportionally. As equivalent circulating density
increass it wi || get closer t o sha

gradient which islinked to theopen hole via cement channel.

2.5. The Interpretation of a LOT

After a successful LOTprocess next step is to evaluatthis LOT to get realistic
results. Correct interpretationlets operator to simulate how fracture gradient system
acs, which wil help upcoming operations. According to Postler (1997)a LOT

interpretation includes following steps:

1. Estimate the lealbff: Once LOT graph iplotted it gives a rough idea abouhe

leak-off value. Drawthe best fit ine over the data starting frahee second data
point ¢he first one is usually affected bythe air in mud and pumping system) to
the point where a decreasecursin the pressure increase slope. The end of this

ine shavs t he A mi-ofi value.mo | eak

2. Evaluate lealoff pressure:The test result should be acceptéad is higher than

the predictedleak-off value (withina rangeof 1/2 ppg. If pressure idower than
the predicted value a cement channel may exidio canfirm the test resultest
may be repeated It should be noted that leakoff prediction value may be
incorrect therefore it should be reevaluated before deciding to run a squeeze

job.
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3. Evaluate shdin: The shutin curve ofthe leakoff test should be etked and

carefuly evaluated. The first inflection in shit data indicatesthe A Mi ni mu m
Hor i zont aThe e&ltatec kaoff .value should be higher than MHS

(Minimum Horizontal Stress). If any opposite indications are observed, the leak

of valecan be ignored. | f gauge prefisure a
the result can be accepted. If gauge pressure at MHS < gauge pressureodif leak

or if shutin pressure does not leveff above zero, a cement channel may exist.
Re-running the teswil help to confrm resulisMost fractures require more than

10 minutes toget closal, especialy in shales. Because of,tlige shutin period

should be monitored for around 30 minut@&unze and Steiger, 1992)

4. Check for cement channelement charels can be identified bybserving

folowing indications: the leakoff EMW is more than 1/2 ppdower than
predicted value, gauge pressure at MHS < 1/2 gauge pressure-aff leakhut

in pressure does not levef.

5. When in_doubt, rdest Apply the corect pump rate (if original pump rate is

acceptable uséhe same rate again). Rest until the changes ar@pparent in the

plot; and then ealuate the final unimproved PIT.
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CHAPTER 3

STATEMENT OF PROBLEM

Leakoff tests are the tests commormgrried out to find the fracture gradient of a
formation during driling operations. The information obtained from these igsts
utlized to estimate the maximum permissible mud weight that can be used during the
driling of a section. Although it is aocmon test that was carried by Turkish
Petroleum Corporation long years both in South Easdatolia and Thrace Basn

of Turkey, there is no study to find the relationship between the test results and test

parameters, such as mud weight of test fluidptd and Iithology of formation.

This study aims to collect the necessary defiktest data from the archives of
Turkish Petroleum Corporation, analyze the test results, group them and find the

relationship between the test results and test paramitters,
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CHAPTER 4

PROCESSED DATA

4.1. General Data

This part of thesis explains the details of datassesed forthe currentanalysis.
These data are gathered from TPAO Driling Department arclii@aO, 201b)
and processed internally. Each alaset contains specific leakff test information
such astest depth, mud weight at test time, equivalent mud weight, mud rheological

properties etc.

The methodology followed during dataollection processstarted with receiving an
already formed leakff test data list rom TPAO Driling Departmént’rogram and
Optimization Directorate. This list wadormed by well planning engineers as
collecting separate leadff data from several ol and natural gas wels driled in
Thrace Basin.The inttial list wa containing around fiity wells and most of tisted

datawas required to behecled by going over the sources for those data.

Initial processfor checling the sources was achieving all reports of listed welsch
driled wel has its own archive fiér and this folder containsndl driling report,
daily driling reports, mud logging logs, composite lodgeal wel completion report
and production report (only for producing weldhese reportswvere reviewed to
confrm the data collected in origih list. Unfortunatelysome of well folders do not

contain mentioned reportsFirst step folowed was to read final driling reports to
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check if listed lealoff tests were mentioned or not. If yes, the final test rating
(equivalent mud weight in ppcf oedting pressure in psi) was compared Wtted
data. In case of confrmation through information in final driling report, the listed

data weramarked as confirmed.

Second stepwhere daily driling reportswere usedcontains two differenpurposes
Prmary one is to check unconfrmeldted data, through daily driling reports. This
would eliminate any problems of wels not having final driling repmrtnot having
leak-off data mentioned in final driling repis. Auxiiary aim was to reonfirm

leak-off data which were written in list and confirmed via final driling repo

After confirming listed lealoff data through final driling report or daiy driling
reports next step was to check the processing and evaluation procedures followed by
driling engineers who run the tests. Most common mistake done by driling
engineers is to consider top point pressure graphs leak-off point. Edwards et al.

(1998) confirms that leakff point is the pmt where the pressutime plot deviates

from lineaity. Detais of evalation of leakoff test graph wereexplained inSection

2.5 LOT Interpretation.If a test performance graph was attached to final driling
report, it is easier to fmterpret the performed test. What was done in this step is to

re-evaliate each present graph and change-dd#fallata recorded if necessary.

During data collectiorperiod one other majodata collected was mud weight values
at test depthsThe reason for pick mud weight data is to compare all relevant data
between differat wels and see if there is any relaton between mud weights used
and leakoff test results gathered. There are two main sources for mud weight data
daily driling reports and mud logging logs. Asvaluatedwels were driled in a
spread timeperiod (stating from 1981 to 201)] some data may be nigs in daily
driling reports, especialy for older welg\t this point mud logging logs werased

as they show each and every detail about mud properties and driling parameters.
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Whie investigating formud weight data to set a relationship between mud properties
and leakoff results,an idea ofanalyzing mud rheological properties aro$be main
purpose for collecting mud rheological data is the effect of some rheological
properties on lealbff test result. Postler (199) indicates thahigher the driling fluid
viscosity higher the delay time between fracturgtiation and brealdown point.
Collected mud rheologicaproperties are FV, PV, YP and pH.

One of the most important data colected during thessk was casing setting
depth. Setting depth is directly relevant to leaK test results because as depth
increases the overburden pressure of formatiboeaseso do fracture gradient.
Setting depth data is used to compare -efikest resulisbetwea wells with close
casing setting depthdf two casing strings are set to similar depths in same formation
it is expected to have results in leak test that are run in both well.one of either
result differs significantly from the other, significyn different one should be
investigated for wrong tesprocedures default in interpretation omistyping in
records. There are two different sowc@®r casing setting depth; daiy driling
reports or wel composite logs. Well composite logs show deddisut already
driled formations and their descriptions, exact formation contacts,peesent faults

in well, etc. Composite logs were used to confirm the casing setting depths by double
checking with daily driing reports or final driling reportdo standardize casing
setting depths rotary kely bushing height aadttude of wels were subtracteitom

total depths. By doing this all starting depths was set to sea level so that all wells can
be compared evenly.

Another data set colected through tbework was formation thicknesses in each
wel. As Thrace Rsin has aquite bigarea, in some parts of it some top formations
eroded. This causes other formations to be in shallower depths which wil eventually
cause them having lower overburden gradiéotwver overburden gradient wil bring

lower fracture gradient which wil naturaly decrease de#ik test results.
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Standardized depths were also applied in formation thicknesses. As starting point of

formations change by standardizaticheir thicknesseslso differ slightly.

4.2.Why Thrace Basin Was Selecte@

The main reason foselecting ThraceBasin is because of its uniform structuneall

over the Thrace penins liwels. havd samanforrBaton r n e
distribution unless they have reverse faults passing through them. Even a reverse
fault passes through them it omyakes two consequent formatiogst into other one

mostly for few hundred meters. Only few of the examined wels for each specific

formation had reverse fault causing th@njanction.

The main difference betweeiihrace Basinand other oilgas fields is uniformity.
South Eastern Turkey which contains gnaml and gas fields in it has a complex and
though structure. Even too close wells may differ in formation basis. This difference
is caused by over faultihg which affects whole region. This property directly affects
all driling operations and campaigns @00 many uncertaintesnay occur during

driling.

4.3. How Were The Wells Picked?

Throughout all studies of this thesis work hundreds of well data and reports were
examined and evaluated. All of them were driledTirace Esin ina time period
starting fom 19@s to presentThis wide range limited the accessibiity to wel data
for some wels. The limitaton is caused by either missing files uowritten

information in reports or change in driling engineering approach.

During this study it was decidetd keep source data list as wide as possible to have

strong statistical results. This direct logic ignores the qualty of data collected,
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assuming all of them are correct and valuaBlery well whereone or more lealkoff
test(s) run were added to datsbadlist. Leakoff tests aremostly run in exploration
wells in onshore operationsThis eliminates most of the appraisal and production
wels to be a candidate for database. Few lsiéd well contain inconsistent
information in their fles or reports. Wds those inconsistencies were eliminated,
suspicious well data was not added to databBgedoing this shadowy data were

intended to be crossed out.

4 .4. Formations Seen in Thrace Basin

There are five different formationgvaluated during this thesis workCeylan,
Dani kK men, Ergene, Me Belbw the man clanaderistic€3 soma nc é |
mentioned formations are listedSiyako, 2006) Figure 9 shows a generic

stratigraphical crosssection ofThrace Basin

4.4.1. Ergene

Ergene formatiorwas firstly defined byBoer (1954as cited in Siyako, 2006Ergene
formation consists of sandstone, claystone eiidstone It is mostly rich in plant

and vertebrate fossidis age is UppeMiocene.

442. Dani Kmen

Da ni «ammation was firstly defined by Boer (19%#ted in Syako, 2006 and by

Beer and Wright (196@ited in Siyako, 2006 But this definition also included the
Osmancék For ma(l9%dbadted n rsiyakot 2006 Was #é first one to

defne D a ni K meonKasarhehd(¥83 cited in Siyako, 2006Jefred Dani K me n

as f Brmatio® because of homogeneityDa ni kK me n formation mo s
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clay, claystone, sandstone and cdrdrely it contains tufite and limestore it. Its

age is LateOligocene.

443. Osmancék

It was firsty defined by Holmes (196tited in Siyako, 200% in Ceylanl and

Os ma flcail kvels, as O s ma n-c @ellan Sandstona Unal (1967 cited in

Siyako, 200% described this unit as hnNQ@%¥BEJancek
cted in Siyako, 2006d e f i ned it as A O s maoh lseidgk nonrF o r ma t
homogeneousit mostly consists of sandstone and shale. Limestone and tufite are

S 0 me ot her l ithologies whi ch ar e observ

Oligocene.

4.4.4. Mezardere

Unal (1967 cited in Siyako, 2006was the first one to dein fiMezar dere Sh.
Mezarderel wel. Mezardere belongs to Yenimuhacir Group. Kasar ef(1283

cited in Siyako, 2006defined this unt asiMe zar dere For mationo,
different lthologies than shales in it.t Icontains shale, marl and raly sandstone

layers in it.Its age is Late EocerieEarly Oligocene.

4.4.5. Ceylan

Unal (1967cited in Siyako, 2006 firstly defined #ACeylan S
wel l s. It wa s described as cie€@@&ySlyakem, For m
2006 again in Northern Thrace wellsCeylan formationconsists ofmostly marl,
shale clayey limestoneand rarely turbiditic sandstorshale and tuffite.lts age is

Late-Eocene.
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4.5.Which Method Was Used To Interpret WellSData?

After each wel data was coledieand distributed finely, the next step was to
establish a method for interpreting the relation betwesdls and leakoff test
results. Many ways were tried out to set process for distributing wellsin all
methods ppcf unit was preferred for mud weigind equivalent mud weight as it

provides more sensitive results compared to ppg unit.

First of al idea of grouping relatively close wels together wasen Al wels

were marked on map to see how far the wells from each other. At the end of this
practice the result was not so promising, only two gas fi@ldlsgas field and K. gas

field) with around D wells in each of themAs this wil eliminate many of the wells

in different and remotefields, this idea becomesue | ess f or t fFHgs t hes
10).

Secondly, all data was distributed in two dimensional graplss MW vs. EMW,
Depth vs. EMW, FVvs. PV, etc. As graphs formedsome correlation between
identified data was observed. At this point gihph combinations wereamodeledin
MW - EMW - Depth group and PV YP T FV i pH group. This meansst group
and second group were simulated internally for al two dimensignaph
combinations(Fig. 11 & Fig. 13. Two dimensional graphs were drawn as plots

containing all g e o lsamggrapha | formationsd dai

After some discussions abouhe limitations caused by using two dimensional
graphs, it was decided to use depth as fixed third axis to form three dimensional
graphs. It was thought to be more useful visualize relationship between simiar
wells, but dificulty in visualzing three dimensional graphs on two dimensional
screefpaper eliminated chance of data evaluatipndifferent perspectivegFig. 13.

Three dimensional graphs were created for each geological formation separately.
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MW vs. EMW
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Figure 11 An example of statistical scatter graph (MW vs. EMW)
Depth vs. EMW
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Figure 12 An example of statistical scatter graph (Depth vs. EMW)
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Figure 13 An example of 3D statistical scatter graph (DeptW - EMW)
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As it can be observed easily none of the
None of them could help to enlighten the relation betwbeeat wel | s6 | ocat i c
and MW, EMW or other data. Thetudy wasdirected to find a better method to find

relation between all data collected thromgh this study. After some discussions it

was decided to create a crassction of Thrace Basin. This thed was applied for

each separate formation data set without

The method camesi mply explained as, for each fc
locatons on map and drawing aid-lne passing through themWels were

numbered ecording to their alphabetical ordeGame well in different formation

data sets was shown with same number to maintain consistency throughout the study

The reason for drawing such a lne is to eliminate any far \{&s km Imit was

used for this studythat may deflect the general trend of wellgells which are out

of 15 km range were shown with letters on mdpelow is an example for drawing a

mid-line through a set of wellgFig. 14)

Next step is to create a cressction chart passing through tmigl-line. As nature of
mid-line, most of the wells are not exactly onid-ine. To form a crossectional
chart, projection of each ndinear well was plotted omid-line. By doing this every
well was flagged ommid-line. The crosssection chart shouldhew the total depths,
formation thicknesses and mud weights used; for determining any present
relationship between the location of wel, formation depth, mud weight used and test

result. A sample crossection chartan be found beloWFig. 15)

Final step for processing collected well data is to evaluate the final result of studies.
As result (crossection chart) include many variables in it (relatve well location,
formation thicknesses, mud weights used to dril sections and equivalent mud

weight), itshould show any existing relatgimp betweeninvestigated parameters
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Correhtion function was used to prowany existing connection/relation between two
variables like depth, mud weight or equivalent mud weight. It shall be reminded that
correlation vale is betweenl and 1. The closer the value to any of the ehds

higher dependentrelation between two compared variablesolsserved As resuit

value gets closer to O it means there is a low dependency between compared
variables. Two different correlatns were investigated, between depth and EMW
and betweertest MW and EMW. The wells that were eliminated mid-line method

were not considereah correlation calculations.

NYxy — (XZx)(Zy)
NYyx?— Yx ? [NXy’— Xy ?]

Correl XY =

(4.1)

Where:
N = number of pairs of investigated parameters

x X y =sum of the products of paired parameters

x X  =sum of x parameters
xy =sum of y parameters
x X = sum of squared x parameters
x ¥y =sum of squared y parameters

A sample calculadin for correlation function:

Data set: el # [ Test MW | EMW
1 72 96
2 81 | 1245
3 74 107
4 87 |115,92
5 110 | 123
6 76 126
7 80 | 103,7
8 75 110
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8x74651.54—655+906.12

Step 1:
(8+54691—429025)(8+103461.39 —821053.45)
597212.32—-593508.6
Step 2:
(437528—429025)(827691.12 —821053.45)
3703.72
Step 3——
56440.1
3703.72
Stepd———
7512.663

Result: 0.492998

After chasing for relation between depth and EMW and test MW and Ediwe
evaluation wa done to investigate if leadf test results wereused properly in
driling operationsor not. The methodused for this investigation is to compare the
equivalent mud weight with mud weight range betweenngasin where used leak
off test wasexecutedand next casing ruriThis range shows how effectiveak off
test results were use@d ptimize driling operations. The study mainly focused on if
driing after each casing operation continued up to technical mit caused bpfleak
test result or was ended earii&.a c h  w e-offl testéresult, destiaud weight and
maximum mud weight used in next hole section is set on chavbserve if used

mud weight values were close to equivalent mud weight values or not.

It should be noted that no stress data were available for investigated Invetiis

thess no study was done for stress estimaton of investigated wells.
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