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Section A: Drilling Fluids Description
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The drilling-fluid system commonly known as the “mud system” is the
single component of the well construction process that remains in
contact with the wellbore throughout the entire drilling operation. Drilling
fluid systems are designed and formulated to perform efficiently under
expected wellbore conditions.

Advances in drilling fluid technology have made it possible to implement
a cost effective, fit for purpose system for each interval in the well
construction process.

The active drilling fluid system comprises a volume of fluid that is
pumped with specially designed mud pumps from the surface pits,
through the drill string exiting at the bit, up the annular space in the
wellbore, and back to the surface for solids removal and maintenance
treatments as needed.

The capacity of the surface system usually is determined by the rig size,
and rig selection is determined by the well design. For example, the
active drilling fluid volume on a deepwater well might be several
thousand barrels. Much of that volume is required to fill the long drilling
riser that connects the rig floor to the seafloor.

By contrast, a shallow well on land might only require a few hundred
barrels of fluid to reach its objective. A properly designed and
maintained drilling fluid performs several essential functions during well
construction:

1. Cleans the hole by transporting drilled cuttings to the surface, where
they can be mechanically removed from the fluid before it is re
circulated down hole.

2. Balances or overcomes formation pressures in the wellbore to
minimize the risk of well control issues.

3. Supports and stabilizes the walls of the wellbore until casing can be
set and cemented or open hole completion equipment can be installed.

4. Prevents or minimizes damage to the producing formation(s).

ool olin i3 ) (g sdie (A Cad iy e "R s 43 Y geal 4S (5 lin Jlns s
Al e olaoia b Glad jo g i lilee sk ol 248l
sealb ola e ia sad Sl lgima s Ciad Jge 4dida g aladl (6l ks Jli sleaions

gl e aalais

G A sl s el Lol Al et aiiles 1) Of 5 les e (6551 580 50 < iy
ol 38l (San ola S sl 21 8 0 (interval)

bl Qe gaSadl e g lba Jow ) (& g paa Jald g les Jlus Jlad di
Al S gis slia gla A g0 ki 0 Jae e olia Jin (e et oad
hax (sl o dn O B3l pladl a5 ol oin Galad (WL sl Gl (o Cylan 5 e

2R e ey ol oY 6l e 5 geand s Slaala (0 S

Lg)lé;dijg\il'ﬂ .m)ﬁw Ot s laa < ‘5_1\_3\)3}5)'\33\.&.‘.-:)3 Y)W@Luel.gueu
R Gaes ola S 0 (5l e v paa o JUie (51 L2 sdne ulola () sl (S Sa L
4S (riser) Ll Al sl A 02 S G paa O SRl 4S (2l A5y ) Jadis il (Sae

3R e odlii) (B8 (oo Jamy Lpd S A | (sl (5 55 whans

d‘).\d)b;d\.:\m MMMM@\M@JJW@SA%@&\} ‘d-\LSAJJ
Callagend paddia 5 alih G aS olis Jhw oo a8l a5Y G 4 Gy
IR e Glulal 4ol S lia A8 3 ) (s ledin (55

i 5 (Silsa & ey 2 g Ll 4S ols ey ¢ mhan a0 g lis sla saS Jaa L) yels L1
A e et o laa oolaa Jl ) 2isd eala (53 K ala Jala 4y 05l s 45 )

ol JAS 4o bas e dilse Hhad (IS g oy o s 3 wijle JLBE ke b o0 S Jalaie 2
5L oe e 1

. e

358 Glas 5ol 3 gy (5 ol Al sl aSile )y Uala o s (5 0l s 38 i 5 Sy sl Sy 3
2R e (B3R Gy ) s Dl sls 10 0 e Jilaa s aSila 3 U s

23R e ol o 3 (Sl Gl L 5 s Kl el 4

Prepared & translated by Khosrow Karimi

Mobile: 0913-118-7168 Email: Kh.Karimi@pol.ir December 2014

Page 4 of 43




Drilling Fluids Description and Functions

5. Cools and lubricates the drill string and bit.
6. Transmits hydraulic horsepower to the bit.

7. Allows information about the producing formation(s) to be retrieved
through cuttings analysis, logging while drilling data, and wire line logs.

The cost of the drilling fluid averages 10% of the total tangible costs of
well construction; however, drilling fluid performance can affect overall
well construction costs in several ways.

A correctly formulated and well maintained drilling system can
contribute to cost containment throughout the drilling operation by
enhancing the rate of penetration (ROP), protecting the reservoir from
unnecessary damage, minimizing the potential for loss of circulation,
stabilizing the wellbore during static intervals, and helping the operator
remain in compliance with environmental and safety regulations.

Many drilling-fluid systems can be reused from well to well, thereby
reducing waste volumes and costs incurred for building new mud. To
the extent possible, the drilling fluid system should help preserve the
productive potential of the hydrocarbon bearing zone(s). Minimizing
fluid and solids invasion into the zones of interest is critical to achieving
desired productivity rates.

The drilling fluid also should comply with established health, safety, and
environmental (HSE) requirements so that personnel are not
endangered and environmentally sensitive areas are protected from
contamination. Drilling fluid companies work closely with oil and gas
operating companies to attain these mutual goals. The drilling fluid is
related either directly or indirectly to almost every drilling problem.

This is not to say that the drilling fluid is the cause or solution of all
drilling problems, but it is a tool that can often be used to alleviate a
problem situation.

Many have thought that a magic additive would solve all of their
problems and that the drilling fluid could somehow make up for poor
drilling practices. This is simply not the case.
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It is a part of the drilling process and should be used to complement all
other facets of the operation. Selection and application of the drilling
fluid are key factors in the success of any drilling operation.

The first objective in planning a mud program is the selection of a mud
that will minimize the amount of lost time in the drilling operation.
Such a mud will usually be economical regardless of its cost per barrel.

Generally, a good drilling fluid is simple and contains a minimum
number of additives. This allows easier maintenance and control of
properties. It is desirable to have a mud system that is flexible enough
to allow changes to be made to meet changing requirements as they
occur. Each change in the mud should be planned well in advance of
the time it is required.

This will allow current treatment of the mud consistent with future
requirements.Planning of the mud program begins with acquisition of all
pertinent geologic and offset well information.

This includes pore pressure and fracture gradient profiles, formation
characteristics, intervals of possible borehole instability, location of
soluble salt beds, and the possibility of sour gas or saltwater flows.

Good information is an absolute necessity for good engineering.This
necessitates communication between those persons concerned with the
different parts of the operation. Next, the mud and casing programs
should be integrated. The only solution to some problems is to isolate
them behind casing. This is especially true when two problems that
require opposite mud properties occur at the same time.

For instance, a lost returns zone and a high pressure sand or sloughing
shale open at the same time lead to a conflict that cannot be resolved
by the mud alone.

The mud program should be planned for each casing interval with a
contingency plan for deviations from the casing program. After selection
of a suitable mud program, consideration should be given to its
implementation.

The performance of a drilling fluid is determined more by engineering
than by the products used. Exotic mud systems, which are not
understood by those running them, often result in failure.
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In selecting a mud company, first consideration should be given to the
technical ability of the personnel who will be working the job and the
backup support they can expect to receive.

There are few instances where the quality and performance of their
products are more important than the technical and logistical services
that they perform. The cost of products is also important, but should be
considered only on a cost performance basis.

Our objective is to minimize overall drilling, evaluation, and completion
costs. Running a mud system consists primarily of controlling the type
and amount of solids in the mud and their chemical environment. All
mud properties are controlled by controlling these compositional factors.
Consequently, an adequate solids control program should be a part of
every mud program.

The rig mud facilities should be designed to provide for proper
arrangement of solids control equipment and mud mixing equipment.
Rigs with single mud pits make mud treating and solids control
especially ineffective. Inadequate rig mud facilities are often responsible
for a considerable amount of lost time, poor mud properties, and
increased mud costs. Accurate mud tests are necessary for proper
control of the mud properties. Good working conditions for performing
these tests are essential.

On critical wells, a separate mud trailer would be desirable. In any
case, attention should be given to providing adequate, protected space
with good lighting. We cannot have a successful drilling operation
unless all facets of it are well planned and executed. This includes
proper application of the drilling fluid. Every Drilling Superintendent and
Drilling Engineer should be knowledgeable in drilling fluid technology
and able to apply this technology to the drilling operation. He should be
able to evaluate and control the performance of a mud.
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Section B: Function of Drilling Fluids
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Drilling fluids have many functions in the drilling operations. At any one
time in the operation, one function may be more important than the
other functions for that drilled interval, which is why a mud program is
essential in well planning. More important functions of drilling fluids are
described as following.

Clearly, these lists of functions indicate the complex nature of the role of
drilling fluids in the drilling operation.

It is obvious that compromises will always be necessary when
designing a fluid to carry out these functions, which in some cases
require fluids of opposite properties.

The most important functions in a particular drilling operation should be
given the most weight in design of the drilling fluid.

Many of these functions are controlled by more than one mud property
and should be discussed in more detail.
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Drilling Fluids Description and Functions

1.0 Removing Drilled Cuttings from Bore Hole
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Drilling fluids transport cuttings from the well bore as drilling progresses.
Fluid flowing from the bit nozzles exerts a jetting action to clear cuttings
from the bottom of the bit and the hole, and carries these cuttings to the
surface. If the cuttings generated at the bit face are not immediately
removed and started toward the surface, they will be ground very fine,
stick to the bit and in general retard effective penetration into uncut
rock.

Drilling fluids must have the capacity to suspend weight materials and
drilled solids during connections, bit trips, and logging runs, or they will
settle to the low side or bottom of the hole. Failure to suspend weight
materials can result in a reduction in the drilling fluid density, which in
turn can lead to kicks and a potential blowout. The drilling fluid must
also be capable to carrythe cuttings out of the hole at a reasonable
velocity that minimizes their disintegration and incorporation as drilled
solids into the drilling fluid system.

The fluid should have the correct chemical properties to help prevent or
minimize the dispersion of drilled solids, so that these can be removed
efficiently at the surface. Otherwise, these solids can disintegrate into
ultrafine particles that can damage the producing zone and impede
drilling efficiency.

Failure to adequately clean the hole or suspend drilled solids are
contributing factors in such hole problems as fill on bottom after a trip,
hole pack-off, lost returns, differentially stuck pipe, and inability to reach
bottom with logging tools. Under the influence of gravity the cuttings
tend to sink through the ascending fluid; but by circulating a sufficient
volume of mud fast enough to overcome this effect, the cuttings are
brought to the surface.At the surface, the drilling fluid must release the
cuttings for efficient removal.

The effectiveness of mud in removing the cuttings from the hole
depends on several factors:
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Drilling Fluids Description and Functions

Velocity: The velocity at which fluid travels up the annulus is the most
important hole cleaning factor.

Velocity is the rate at which mud circulates, and the annular velocity is
an important factor in transporting the cuttings to the surface. Annular
velocities between 100 and 200 ft/min are frequently used. Velocity is
dependent upon pump capacity, pump speed, bore hole size, and drill
pipe size. The annular velocity must be greater than the slip velocity of
the cuttings for the cuttings to move up the well bore.

Density: Is weight per unit volume of mud and has a buoyant effect
upon the particles. Increasing mud density increases its carrying
capacity both by buoyancy and particles due to additional solids in
interference.

Viscosity: The size, shape, and weight of a cutting determine the
viscosity necessary to control its settling rate through a moving fluid.
Low shear rate viscosity strongly influences the carrying capacity of the
fluid and reflects the conditions most like those in the well bore. The
drilling fluid must have sufficient carrying capacity to remove cuttings
from the hole. Viscosity is significant in affecting the lifting power of
mud. Viscosity depends upon the concentration, quality, and dispersal
of the suspended solids. In the field it is measured as a timed rate of
flow using a Marsh funnel. Viscosity is also measured with the Fann,
Stormer or Capillary viscometer. Also, the viscosity related
characteristics considerably influence the fluid carrying capacity.
Drilling progress can only be made if the cuttings are removed from the
wellbore and separated and discarded at the surface.

Cuttings removal involves four steps:
1. Removing the cuttings away from the area of the bit where the
cuttings are generated,

2. Transporting the cuttings to surface in the annular space between the
drill pipe and the wall of the hole,

3. Suspending the cuttings at the surface to allow separation,
4. Suspending the cuttings in the hole when the pump is off, Moving

cuttings away from the bit is controlled by the pump rate and bit
hydraulics.
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Drilling Fluids Description and Functions

The mud properties can only improve the mud lifting capability and
ensure cuttings and solids suspension. Enough volumetric flow is
needed to sweep the bit and move the cuttings out of the hole. Fast
drilling rates can overload the volumetric flow past the face of the bit,
resulting in re-grinding the chips cut by the bit. High drill rates,
especially at shallow depths, can load up the annulus, resulting in
excessive hydrostatic head. Annular flow rate, therefore, is critical for
proper hole cleaning.

Transporting the cuttings up the annulus is also dependent on having
the proper rheological properties (viscosity) as well as flow rate. The
flow regime, turbulence or laminar, is important for good hole cleaning.
In high angle and horizontal wells, maintaining both drilled cuttings and
weight material in suspension requires progressive gel strengths and
high “low-shear rate viscosity”.

Hole Angle: Increasing hole angle generally makes cuttings transport
more difficult.

Pipe Rotation: Rotation tends to throw cuttings into areas of high fluid
velocity from low velocity areas next to the borehole wall and drill string.

Hole Cleaning: The ability to lift particles of various sizes and carry
them out of the hole is one of the most important functions of a drilling
fluid. This is the only way that the rock which is drilled or which sloughs
from the wall is carried out of the hole. In a 124" hole, about 130
pounds of earth material must be removed for every foot of hole drilled.
In fast drilling an enormous amount of drilled cuttings are entering the
mud system. The mud circulation rate must be high enough to prevent
an excessive increase in mud density or viscosity.

Drilling a 12%4” hole at 3 feet per minute while circulating a 9.0lb./gal
mud at 10 bbl/min will result in a mud density increase in the annulus to
9.5 Ib./gal. If the drilled solids are fine and further dispersed into the
mud, a substantial increase in viscosity will result.

The combination of these two effects may cause the equivalent
circulating density of the mud in the annulus to exceed the fracture
gradient and cause loss of circulation.
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Drilling Fluids Description and Functions

The circulation rate can be increased to minimize the increase in
density and viscosity due to the influx of solids, but this will also cause
an increase in equivalent circulating density. If this ECD is also higher
than fracture gradient, then the drilling rate must be decreased.

It is possible, for short periods of time, to obtain such high drilling rates
in soft shales that cuttings cannot be wet and dispersed fast enough to
prevent them from sticking together and forming “balls” or “slabs”. For
this reason, it is necessary to watch not only the long time average
drilling rate but also the instantaneous rates. Another, more common
type of carrying capacity problem is the ability of the fluid to lift the
cuttings or sloughing and carry them out of the hole.

This problem is often difficult to detect because some of the smaller
cuttings come out while the larger ones remain in the hole. If the hole is
beginning to slough, the amount of shale coming across the shaker will
appear to be normal, but large amounts may be collecting in the hole.
Sometimes the appearance of the cuttings will indicate poor hole
cleaning.

If the cuttings are rounded, it may indicate that they have spent an
undue amount of time in the hole. The condition of the hole is usually
the best indicator of hole cleaning difficulty. Fill on bottom after a trip is
an indicator of inadequate cleaning. However, the absence of fill does
not mean that there is not a hole cleaning problem. Large amounts of
cuttings may be collecting in washed out places in the hole.

Drag while pulling up to make a connection may also indicate
inadequate hole cleaning. When the pipe is moved upward, the swab
effect may be sufficient to dislodge cuttings packed into a washed out
section of the hole. The sudden dumping of even a small amount of
material is often enough to cause severe drag or sticking. Hole cleaning
is a more severe problem in high angle holes than in vertical holes.

It is not only more difficult to carry the cuttings out of the hole, but they
need to settle only to the low side of the hole before causing problems.
Consequently, more attention should be paid to hole cleaning
requirements in directional holes. The ability of a fluid to lift a piece of
rock is affected first by the difference in density of the rock and the fluid.
If there is no difference in densities, the rock will be suspended in the
fluid and will move in a flow stream at the same velocity as the fluid.
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Drilling Fluids Description and Functions

As the density of the fluid is decreased, the weight of the rock in the
fluid is increased and it will tend to settle. The shear stress of the fluid
moving by the surface of the rock will tend to drag the rock with the
fluid. The velocity of the rock will be somewhat less than the velocity of
the fluid. The difference in velocities is usually referred to as a slip
velocity.

The shear stress that is supplying the drag force is a function of shear
rate of the fluid at the surface of the rock and the viscosity of the mud at
this shear rate. A number of other factors such as wall effects, inter
particle interference, and turbulent flow around the particles make exact
calculations of slip velocity impossible. These equations give a rough
idea of the size range that can be lifted under a given set of conditions.

In general, hole cleaning ability is enhanced by the following:
1. Increased fluid density

2. Increased annular velocity

3. Increased YP or mud viscosity at annular shear rates.

It should be noted that with shear thinning fluids it is sometimes
possible to decrease annular velocity, increase the yield point, and also
increase the hole cleaning. This is done in order to minimize hole
erosion. Where viscosity is sufficient to clean the hole, the annular
velocity should be maintained below that for turbulent flow in order to
minimize annular pressure drop and hole erosion. This, of course, is not
possible when drilling with clear water where high velocities and
turbulent flow are usually necessary to clean hole.
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Drilling Fluids Description and Functions

2.0 Suspend Cuttings/Weight Materials

Wl 38 oy saiS 3 S 3l 2. 0

Good drilling muds have properties that cause the solids particles being
carried to the surface to be held in suspension, due to a gel or
thixotropy which develops after circulation has stopped. Upon
resumption of circulation the mud reverts to its fluid condition and these
coarse particles, together with the sand are carried to the surface.The
sand tube and screen are used to measure the sand content of the
mud.

A comparison of the sand content of samples taken at the flow line and
suction will tell whether or not the sand is being properly released at the
surface or is being re-circulated through the system.

When circulation is stopped, drilling fluids must suspend the drilled
cuttings and weight material.

Several factors affect suspension ability.

Density of the drilling fluid

Viscosity of the drilling fluid

Gelation, or thixotropic properties of the drilling fluid,

Size, shape and density of the cuttings and weight material

Circulation of the suspended material continues when drilling resumes.
The drilling fluid should also exhibit properties which promote efficient
removal of solids by surface equipment.
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Drilling Fluids Description and Functions

3.0 To Cool and Lubricate the Bit and Drill String
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Considerable heat is generated by friction in the bit and where drill
string is in contact with the formation. There is little chance for this heat
to be conducted away by the formation; therefore, it must be removed
by the circulating fluid. The drilling fluid acts as a conductor to carry this
heat away from the bit and to the surface. Current trends toward deeper
and hotter holes make this a more important function.

The drilling fluid also provides lubrication for the cutting surfaces of the
bit thereby extending their useful life and enhancing bit performance.
Filter cake deposited by the drilling fluid provides lubricity to the drill
string, as do various specialty products. Oil and synthetic base fluids
are lubricious by nature. The application of conventional oil emulsion
mud coupled with various emulsifying agents increases this lubricity.
This shows up in decreased torque, increased bit life, reduced pump
pressure, etc. Several mud products are used to reduce the torque
generated by the drill string in the hole.

Note: Oil based fluids (OBFs) and synthetic-based fluids (SBFs) offer a
high degree of lubricity and for this reason generally are the preferred
fluid types for high-angle directional wells. Some water-based polymer
systems also provide lubricity approaching that of the oil and synthetic-
based systems.

Cooling and lubricating the bit and drill string are done automatically by
the mud and not because of some special design characteristic.

Muds have sufficient heat capacity and thermal conductivity to allow
heat to be picked up down hole, transported to the surface, and
dissipated to the atmosphere. The process of circulating cool mud down
the drill pipe cools the bottom of the hole.

The heated mud coming up the annulus is hotter than the earth
temperature near the surface and the mud begins to heat the top part of
the hole. This causes the temperature profile of the mud to be different
under static than under circulating conditions.The maximum mud
temperature when circulating is cooler than the geothermal bottom-hole
temperature. The point of maximum circulating temperature is not
on bottom but about a third of the way up the hole.
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Drilling Fluids Description and Functions

These facts are important to remember when attempting to predict mud
behavior down hole. A mud additive which is not completely stable at
the geothermal bottom-hole temperature may perform adequately at the
circulating temperatures. If flocculation due to temperature begins to
occur during circulation, as evidenced by increases in yield point and
gel strength at the flow line, then we can be assured that severe
gelation will occur as the mud heats up after circulation is stopped.

In addition to cooling the well bore, the circulating mud also removes
frictional heat and supplies a degree of lubrication. Cooling is especially
important at the bit where a large amount of heat is generated.
Sufficient circulation to keep the temperature below a critical point is
essential in using a diamond bit. Lubrication is a very complex subject
and especially as it applies to the drilling operation.

If a mud does not contain a great deal of abrasive material such as
sand, it will supply lubrication to the drill string simply because it is a
fluid that contains solids that are softer than the pipe and casing.
Attempts to improve this basic lubricating quality of a mud are
usually ineffective and expensive. Probably far greater benefits can
be realized by keeping the abrasive content of a mud as low as
possible.

Hole symptoms such as excessive torque and drag, which are often
associated with the need for a lubricant in the mud, are often caused by
other problems such as bit or stabilizer balling, key seats, and poor hole
cleaning. Sometimes materials sold as lubricants relieve these
symptoms, but not as cheaply or effectively as a more specific solution
to the problem. The success or failure of a lubricant is related to its
film strength in relation to the contact pressure at the surface
being lubricated. If the lubricating film is “squeezed out’, then the
lubricant has apparently failed. A material that appears to be a good
lubricant in a test at low contact pressure may fail in actual application
due to higher contact pressures, higher rotating speed, etc.

The only good test of a lubricant is under the exact conditions that
exist where lubrication is desired. Unfortunately, these conditions are
not known down hole. Lubrication should not be confused with
attempts to reduce differential pressure sticking. These are two different
problems. Additives sold as lubricants will probably do very little to
relieve differential pressure sticking if used in the concentrations
recommended for lubrication.
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4.0 To Wall the Hole with an Impermeable Cake

el 368 S ISl ol s Jlw ol s 4.0

A good drilling fluid should deposit a good filter cake on the wall of the
hole to consolidate the formation and to retard the passage of fluid into
the formation. This property of the mud is improved by increasing the
colloidal fraction of the mud by adding bentonite and chemically treating
the mud to improve deflocculation and solids distribution.

In many cases it may be necessary to add starch or other fluid loss
control additives to reduce the fluid loss.

Seal Permeable Formations: When drilling with clear water, there is no
provision for sealing permeable formations.

Use of clear water is practical only when these conditions exist:

1. The exposed formations do not have enough permeability to allow a
significant flow of water into the formations.

2. The differential pressure from borehole to formation is not sufficient
to cause a significant flow of water into the formations.

3. The amount of water lost to a formation is not important from a
formation evaluation standpoint.

4. There is no unconsolidated sands that need to be strengthened by
deposition of filter cake.

5. Density and hole cleaning requirements do not necessitate building a
mud.

When solids are added to a clear fluid, they will deposit on the wall of
permeable formations as the fluid flows into the formation, and thus
begin to retard the flow of the fluid.

As the solids cake grows thicker, the rate of flow into the rock
decreases. In this manner, a degree of sealing occurs.

This decreases the amount of fluid that is lost to a formation, but at the
same time filter cake buildup causes other problems. For this reason,
the filtration characteristics of most muds are measured and controlled.

Functionally, a mud must keep the loss of fluid to a formation small
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Drilling Fluids Description and Functions

enough to prevent excessive flushing of the resident fluid away from the
well bore. It must also prevent deposition of excessive thick filter cakes.
This function is the most difficult to provide and also the most important
from a drilling operations standpoint. Thick filter cakes are the source of
several types of drilling and completion problems.

Probably the one problem that is most directly associated with thick
filter cakes is differential pressure sticking.

As the cake thickness is increased, the contact area of pipe in the cake
is increased and the sticking force is increased.

With thin, low permeability filter cake, the probability of pipe sticking is
greatly reduced. Another major type of problem that is not normally
associated with thick filter cakes is that of lost circulation.
If there is an appreciable amount of permeable formation covered with
thick filter cake, the circulating pressure drop will be increased due to
the decreased clearance between the wall and the pipe.

Increased swab pressures will exist and increased pressure surges will
be an even greater problem since the cake will grow thicker under the
static conditions that exist during a trip. Logging difficulties are also
caused by thick filter cakes.

The responses of some logging tools are altered by a thick cake, the
possibility of sticking the tools is increased, and in some cases the tools
will not go down because of drag on a thick cake.

A number of other problems, such as torque and drag, difficulty in
running casing, and poor cement jobs, can be caused by thick filter
cakes. In short, sealing the walls of the bore hole is more involved than
simply reducing the amount of filtrate that enters the rock.

In most cases, this is incidental to the primary aim of maintaining as thin
and impermeable a cake as possible.
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| 5.0 Supporting Part of the Weight of Drill Pipe & Casing |

ol sl Al o lia gla Al o) ) (Sadaials/ Sy 5.0

The buoyancy effect of drilling fluids becomes increasingly important as
drilling progresses to greater depths. Surface rig equipment would be
overtaxed if it had to support the entire weight of the drill string and
casing in deeper holes. Since the drilling fluid will support a weight
equal to the weight of the volume of fluid displaced, a greater
buoyancy effect occurs as drilling fluid density increases.

With increasing depths, the weight supported by the surface equipment
becomes increasingly important. Since both the drill pipe and casing are
buoyed up by a force equal to the weight of mud displaced, an increase
in mud density necessarily results in a considerable reduction in total
weight which the surface equipment must support. Drilling fluid
buoyancy supports part of the weight of the drill string or casing.

The buoyancy factor is used to relate the density of the mud displaced
to the density of the material in the tubular; therefore, any increase in
mud density results in an increase in buoyancy.

The equation below gives the buoyancy factor for steel.
Buoyancy Factor= 65.4 — (MW, Ib/gal)/65.4

Multiply the buoyancy factor by the tubular’s air weight to obtain the
buoyed weight (hook load). For example, a drill string with an air weight
of 250,000 Ib will show a hook load of 218,000 Ib in an 8.33 Ib/gal fluid
and 192,700 Ib in a 15.0 Ib/gal fluid.
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| 6.0 Minimize Adverse Effects on Productive Formations |
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It is extremely important to evaluate how drilling fluids will react when
potentially productive formations are penetrated. Whenever permeable
formations are drilled, a filter cake is deposited on the wall of the
borehole. The properties of this cake can be altered to minimize fluid
invasion into permeable zones.

Also, the chemical characteristics of the filtrate of the drilling fluid can
be controlled to reduce formation damage. Fluid—fluid interactions can
be as important as fluid formation interactions. In many cases, specially
prepared drill-in fluids are used to drill through particularly sensitive
horizons. Drilling operations expose the producing formation to the
drilling fluid and any solids and chemicals contained in that fluid.

Some invasion of fluid filtrate and/or fine solids into the formation is
inevitable; however, this invasion and the potential for damage to the
formation can be minimized with careful fluid design that is based on
testing performed with cored samples of the formation of interest.

Formation damage also can be curtailed by expert management of
down hole hydraulics using accurate modeling software, as well as by
the selection of a specially designed “drill-in” fluid, such as the systems
that typically are implemented while drilling horizontal wells.

Formation Damage: Formation damage is related more to the type
of filtrate than to the amount of filtrate lost to a formation. If the
filtrate reacts with the formation solids or formation fluids, a reduction in
permeability can occur. Due to radial flow geometry, only a narrow band
of damage around the well bore is necessary to seriously restrict flow of
fluids.

If the damaged zone is sufficiently narrow that the perforations extend
beyond it, no serious loss of well productivity will result. However,
limiting filtrate invasion to this degree is usually not a practical means of
eliminating damage to productivity. Formation damage is often
associated with water-sensitive formations. These are usually sands
that contain an appreciable amount of clay solids. The degree of
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damage is dependent on the type of clays present in the pore space, Aol
their reactivity with the filtrate, and their mobility. Changing the salinity
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or ionic content of the water in the pores may cause the clay particles to
either swell or to shrink and become mobile.

Either effect will cause damage. Since the type of clays and the ionic
content of the connate water vary widely among different formations,
there is no one best mud to prevent damage.

Saturated salt water appears to minimize damage in some sands but
may not be effective in others. The same is true of potassium chloride
and other special purpose types of muds. In some sands, even flushing
with formation water appears to cause damage. Oil muds are often
beneficial in preventing damage in water sensitive sands. However,
they do not have universal application in preventing formation damage.
In some gas zones, oil filtrate may be more damaging than water. The
oil-wetting ability of an oil mud filtrate may be damaging in some
formations.The possibility of forming a viscous emulsion in the pore
space also exists. This is especially true after subsequent cementing or
acidizing operations. Unfortunately, our practices to prevent
formation damage are more an art than a science. This often leads
to poor choice and treatment of the drilling fluid.

238550 b O )y sie il ald Sae A 5 IS 0550 Ol 3 3mse et s sd s
A9l Ll el 53 S s Ay 5 ) sla 4SS (4

Aien Gl 3 asnse leis 5 e e aisel KA il 35 e (Sl el (ol 8
G s Jls Sl g (s e il (e sl jlauy lise slai s (e 3 (CONNate)

Aol gy Kol 5,8l

P s b anle H) piamy 3 Cuad (EalS Gl aS an ) e Sl S ) sad gLl
AV sl disad ﬁujyﬁ&ut\g:ts\)gﬁjgom uhj\@m\Wﬁasm’u
foalhs a3 jle ol L i b S dla anle ) (pommn j0 0l Cila ald (5 e0d Cab (5 s
G e sl duala g3 (Zagll 3 o nSsla o Vgara 8 5 eVl S e (Sl alay

A1 (Bl 5 03 S R sl sl e Gleind 530 el o g, A0l 0 diad g
s 23l I el Gl Cal (8ae i ol Gila (538 (slai Sl ) (pmay
238 il Sl a3 (Sasll el sl (Seae i 5y Jms ila (e 02 5 /S

Sl basada jal ol )l agnsdndljsn slad o lale ) s gal JSIS Sl Grinas
DSy o) n el iy & o)l Ciia (5 IS a6 )0l e ol
o ) rhsnd (et s AT g e o) oyl gl G ) a5 i il Rl
RTS PP NTS

Prepared & translated by Khosrow Karimi

Mobile: 0913-118-7168 Email: Kh.Karimi@pol.ir December 2014

Page 21 of 43




Drilling Fluids Description and Functions

7.0 To Transmit Hydraulic Horsepower to the Bit
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The drilling fluid is the medium for transmitting available hydraulic
horsepower at the surface to bit. Hydraulics should be considered when
planning a mud program. In general, this means that circulating rates
should be such that utilization of optimum power is used to clean the
face of the hole ahead of the bit. The flow properties of the mud, plastic
viscosity and yield point, exert a considerable influence upon hydraulics
and should be controlled at optimum levels and be of the proper types
for best performance.

Cleaning beneath the bit: appears to require mud properties almost
opposite from those required to lift cuttings from the hole. In this case
we want the mud to have as low a plastic viscosity as possible. Since
the fluid shear rates beneath the bit are at least 100-fold greater than in
the annulus, it is possible to have low viscosities at the bit and sufficient
viscosity in the annulus to clean the hole.

A mud that is highly shear-thinning will allow both functions to be
fulfilled. Flocculated mud and some polymer muds have this
characteristic. Since cleaning beneath the bit relates to penetration rate,
all other factors that relate to penetration rate (such as density,
hydraulics, etc.) should be considered simultaneously.

Once the bit has created a drill cutting, this cutting must be removed
from under the bit. If the cutting remains, it will be “re-drilled” into
smaller particles which adversely affect penetration rate of the bit and
fluid properties. The drilling fluid serves as the medium to remove these
drilled cuttings. One measure of cuttings removal force is hydraulic
horsepower available at the bit. These are the factors that affect bit
hydraulic horsepower:

*  Fluid density

*  Fluid viscosity
* Jetnozzle size
*  Flow rate

Bit hydraulic horsepower can be improved by decreasing jet nozzle size
or increasing the flow rate. The two most critical factors are flow rate
and nozzle size. The total nozzle cross sectional area is a factor in
increasing flow rate and hydraulic horsepower.
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Drilling Fluids Description and Functions

8.0 Protection of the Well Bore Information

a\.; IPLEN Cale Dal J‘ cabléa 8.0

Optimum values of all the properties of drilling fluid are necessary to
offer maximum protection of the formation, yet sometimes these values
must be sacrificed to gain maximum knowledge of the formations
penetrated.

For example, salt may upset a mud and increase the fluid loss, yet it
may be added to control the resistivity in order to get the proper
interpretation of an electric log.

Again, oil may improve the performance of a mud and even the
production of a well, but if it interferes with the work of the geologist or
ecologist, it may be forbidden for use in the drilling fluid.
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9.0 Release Undesirable Cuttings at the Surface

gl )2 4iul A U sleadi€ g S el 0 9.0

When drilled cuttings reach the surface, as many of the drilled solids as
possible should be removed to prevent their recirculation. Mechanical
equipment such as shale shakers, desanders, centrifuges, and desilters
remove large amounts of cuttings from the drilling fluid. Flow properties
of the fluid, however, influence the efficiency of the removal equipment.
Settling pits also function well in removing undesirable cuttings,
especially when fluid viscosity and gel strengths are low.
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Drilling Fluids Description and Functions

10.0 To Control Subsurface Pressures

by sl i J i€ 10.0

As drilling progresses, oil, water, or gas may be encountered.
Sufficient hydrostatic pressure must be exerted by the drilling fluid
column to prevent influx of these fluids into the borehole.

The amount of hydrostatic pressure depends on the density of the fluid
and the height of the fluid column, i.e., well depth.

Typical materials used to maintain drilling fluid density include barite,
hematite, ilmenite and calcium carbonate.

While static pressures are important in controlling an influx of formation
fluids, dynamic fluid conditions must also be considered.

Circulation of the drilling fluid and movement of the drill string in and out
of the hole create positive and negative pressure differentials. These
differentials are directly related to flow properties, circulation rate, and
speed of drill pipe movement. The proper restraint of formation
pressures depends upon density or weight of the mud.

Normal pressure gradient is equal to 0.465 psi/ft of depth. This is the
pressure exerted by a column of formation water. The density of mud is
measured with a mud balance in Ib/gal, Ib/cu ft or psi/1000 ft of depth.
The column of drilling fluid in the well exerts hydrostatic pressure on the
wellbore. Under normal drilling conditions, this pressure should balance
or exceed the natural formation pressure to help prevent an influx of
gas or other formation fluids.

As the formation pressures increase, the density of the drilling fluid is
increased to help maintain a safe margin and prevent “kicks” or
“blowouts”; however, if the density of the fluid becomes too heavy, the
formation can break down. If drilling fluid is lost in the resultant
fractures, a reduction of hydrostatic pressure occurs.

This pressure reduction also can lead to an influx from a pressured
formation. Therefore, maintaining the appropriate fluid density for the
wellbore pressure regime is critical to safety and wellbore stability.
Maintaining the optimal drilling fluid density not only helps contain
formation pressures, but also helps prevent hole collapse and shale
destabilization.
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Drilling Fluids Description and Functions

The wellbore should be free of obstructions and tight spots, so that the
drill string can be moved freely in and out of the hole. After a hole
section has been drilled to the planned depth, the wellbore should
remain stable under static conditions while casing is run to bottom and
cemented. The drilling fluid program should indicate the density and
physicochemical properties most likely to provide the best results for a
given interval.

Hydrostatic Pressures: Filling a hole with a fluid will inevitably
generate a hydrostatic head or pressure. Down hole pressure needs to
be controlled for two reasons:

1. The drilled rock must be supported and stabilized.

2. The pressure of gases and fluids in the rock must be exceeded so
they do not enter the wellbore.

This is particularly important for safety. As the mud density supports the
rock, excessive down hole pressure can also damage it by “fracturing” it
in the manner that a hose pipe can be split by too high a pressure.

A key to a successful operation is the knowledge of the formation
stresses, formation strength, and pore pressures; so that the correct
mud weight and casing depths can be selected. Hopefully, the casing
depths will isolate problem sections. The pressure applied by the mud
column will depend on whether the mud is static or being pumped.

The additional pressure used to overcome frictional losses and viscosity
effects generates additional pressure, and the sum is referred to as
Equivalent Circulating Density:

Pressure Control: The density of drilling fluid must be such that the
hydrostatic pressure exerted by the mud column will prevent flow into
the wellbore. This is the first requirement of any drilling fluid and it must
be provided for before considering any other mud property or function.
Pressure control would be rather simple if it consisted only of balancing
the hydrostatic and formation pressures in the static condition.

However, pressure is required to cause a fluid to flow. This pressure is
dissipated in frictional losses along the entire flow path.
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Drilling Fluids Description and Functions

Consequently, the total pressure at any point in a circulating system is
the sum of the hydrostatic pressure at that point and in the circulating
pressure drop from that point to the exit point. Under normal circulating
conditions, the pressure at any given point in the hole is the sum of the
hydrostatic pressure at that point and the circulating pressure drop from
that point to the flow line.

When pipe is run into the hole, the pipe displaces fluid, causing it to flow
up the annulus. This is analogous to circulating the fluid and pressure
calculations can be made in the same manner.

When pipe is being pulled from the hole, the mud falls under its own
weight to fill the void volume left by the pipe.

The mud flowing down the annulus under gravity develops a flowing
pressure drop that subtracts from the hydrostatic pressure.

The total pressure at any point in the annulus is the hydrostatic minus
the flowing pressure drop from the surface to that point in the annulus.
The difference in total pressure at any depth between the hydrostatic
and swab or surge lines is the pressure drop caused by pipe
movement.

Obviously, if a formation pressure is greater than the wellbore pressure
under swab conditions, the formation fluid will flow into the well when
the pipe is pulled. If the fracture pressure of a formation is less than the
pressure at that depth under surge conditions, the formation will be
fractured while running the pipe and lost circulation will occur.

These factors must be taken into account when establishing the
required density of a mud. Normally the mud density will be run slightly
higher than required to balance the formation pressure under static
conditions. This allows for a safety margin under static conditions and
offsets the same amount of negative swab pressure.

If the swab effect is still greater than the overbalance, it must be
reduced by slower pipe pulling speeds. This is necessary because
further increases in mud density would cause problems in the areas of
lost circulation, decreased penetration rates, and differential pressure
sticking. The hole must be filled when pulling pipe to replace the volume
of the pipe. Otherwise, the reduction in hydrostatic pressure will allow
the well to flow.
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Drilling Fluids Description and Functions

By the same token, if the surge or the circulating pressure drop causes
the total pressure to exceed the fracture pressure of a formation, the
pipe running speed or the circulating rate must be decreased enough to
prevent fracturing from occurring. When it becomes impossible to meet
minimum and maximum pressure requirements at realistic pipe moving
speeds or circulating rates, it is time to case the hole.

There are at least two different ways of calculating the annular pressure
loss while circulating a mud. One method is to measure or predict the
mud flow properties under down hole conditions and knowing the
circulation rate and hydraulic diameter, calculate directly the annular
pressure drop. This method has several weaknesses.

First, an accurate knowledge of the flow properties of the mud is usually
not available. This is especially true of water base muds, which tend to
gel with time when static in the hole and gradually decrease in viscosity
when sheared. Such a mud may have considerably higher gel strength
and vyield point initially after breaking circulation than under normal
circulating conditions. Annular pressure drop calculations using flow line
measurements of mud properties will yield pressure losses that are less
than actual when the mud is gelled down hole.

The second problem with annular pressure drop calculations is in
knowing the hole diameter. If the hole is washed out, the pressure drop
will be less than calculated; if a filter cake is deposited, the diameter will
be decreased and the pressure drop greater than calculated. We are
normally faced with estimating the average hole diameter in order to
calculate pressure drop. The clearance between pipe and hole is very
critical to pressure drop when this clearance is small. For this reason
we need an accurate estimate of hole size around the drill collars.
Fortunately, this is the part of the hole that should be least washed out
and has the thinnest filter cake.

A third factor that leads to inaccuracy in annular pressure drop
calculations is how well the pipe is centered in the hole. Our calculation
procedure assumes perfect centering. This is usually not the case. The
pressure drop in the annulus is greatest when the pipe is centered
and is least when the pipe is lying against the wall. This means that
we tend to calculate a pressure drop which is higher than actual. In general,
this method of determining annular pressure loss is accurate for oil muds, which
are not subject to temperature elation and which tend to keep the hole in gage.
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Drilling Fluids Description and Functions

The method is not so accurate for water muds and especially for those
which have high gel strength at bottom hole temperature.

A second and more accurate method for determining annular
pressure losses employs the use of an accurate standpipe pressure
measurement. The pressure drop down the drill string and through the
bit can be accurately calculated and subtracted from the standpipe
pressure. The difference is the pressure drop up the annulus. This
method is also quite useful while breaking circulation and until "bottoms
up" has been obtained. During this period, the flow properties of the
mud down hole are unknown and changing rapidly. This makes the
direct calculation of annular pressure drop quite inaccurate. After
breaking circulation, the annular pressure drop will decrease for a
period of time.

This is due to “shearing down” the gel structure of the mud. However,
the shear rate in the annulus is not high enough to break all flocculation
bonds and the “bottoms up” mud will remain abnormally high in
viscosity. As this mud becomes cooler, as it is circulated up the hole,
the viscosity will begin to increase.

When the “bottoms up” mud is somewhere in the upper half of the hole,
the pressure drop may begin increasing. If the circulation rate is not
decreased, a pressure drop greater than that required initiating
circulation may occur.
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11.0 Insure Maximum Information from the Well

sla 5l cle Sl s il ) skl 11.0

Obtaining maximum information on the formation being penetrated is
imperative. A fluid which promotes cutting integrity is highly desirable
for evaluation purposes. The use of electronic devices incorporated
within the drill string has made logging and drilling simultaneous
activities. Consequently, optimum drilling fluid properties should be
maintained at all times during drilling, logging, and completion phases.
Because drilling fluid is in constant contact with the wellbore, it make
knowns substantial information about the formations being drilled and
serves as a means for much data collected down hole by tools located
on the drill string and through wire line logging operations performed
when the drill string is out of the hole.

The drilling fluid’s ability to preserve the cuttings as they travel up the
annulus directly affects the quality of analysis that can be performed on
the cuttings. These cuttings serve as a primary indicator of the physical
and chemical condition of the drilling fluid.

An optimized mud system that helps produce a stable, in gauge
wellbore can enhance the quality of the data transmitted by down hole
measurement and logging tools as well as by wire line tools.

Throughout the well construction process, the drilling fluid personnel
assigned to the operation maintain accurate records of test results, fluid
volumes, drilling events, product inventory, and actions related to
achieving environmental compliance.

The standard drilling mud report reflects the type of information the
drilling fluid personnel provide at the rig site on a daily basis.

These reports, often computer generated and stored in a database, and
the post well analysis performed at the conclusion of the well serve as
reference materials for future wells in the same area or wells that
present similar challenges.

Formation Evaluation: A drilling fluid must carry out its basic functions
in the drilling operation while at the same time allowing retrieval of all
necessary geologic and formation evaluation information.

Normally, this does not present any problems that cannot be avoided by
careful planning. Both the formation evaluation and mud programs must
be consistent with one another.
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Mud type, whether oil or water continuous, will alter the type of logs
which can be run. The salinity of water base muds as well as the
degree of flushing of the zone around the wellbore is important
evaluation considerations.

The mud type and condition are important from the standpoint of mud
logging and show detection. These problems should be discussed with
well evaluation personnel before final selection of mud and evaluation
programs. Filtrate, which invades a formation, displaces the formation
fluid from around the wellbore. If the depth of filtrate invasion is greater
than the depth of investigation of an electric logging tool, the log will
give misleading information.

A similar problem exists with a wire line test where only filtrate is
recovered or with a drill stem test where unlimited filtration can distort
interpretation of recovered fluids. The depth of invasion is a function of
the amount of filtrate lost, the porosity, and fingering of the filtrate due to
heterogeneity of some formations. Nothing can be done about the last
two factors.

A low porosity and filtrate fingering may allow deep invasion, which will
seriously affect formation evaluation despite our best efforts.

Due to the radial geometry involved the depth of invasion increases as
the square root of filtrate volume. In other words, a fourfold increase in
filtrate volume wills only double the depth of invasion. This shows that
small changes in filtration rate will not appreciably affect the depth of
invasion. Most of the problems of deep invasion are the results of little
or no filtration control. When steps are taken to reduce filter cake
thickness to solve drilling problems, filtrate invasion is no longer a major
problem. The volume of filtrate lost to a formation is primarily a function
of the dynamic filtrate rate and the time of filtration under dynamic
conditions. Therefore, any attempt to limit fluid loss to a formation
should be aimed at reducing dynamic filtration. The dynamic filtration
rate can be reduced by either reducing the annular velocity or
increasing the colloidal solids content of the mud. Either method will
cause the thickness of the filter cake to increase and thereby reduce the
rate of filtration. Deposition of a static filter cake will also result in a
thicker cake which from that time forward will limit the total fluid loss.
Fluid-loss control agents, which reduce the filter cake permeability and
consequently the static fluid loss, have very little effect on the dynamic
filtration rate.
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Therefore, API fluid loss should not be used as the criteria for limiting
filtrate invasion. Loss of whole mud in a pressure induced fracture can
lead to the same evaluation problems as deep filtrate invasion.

Lost returns with an oil mud may completely destroy the reliability of a
log in the loss zone. This possibility should be avoided by careful
pressure control practices. In general, oil muds do not seriously
interfere with evaluation in well established areas. However, they
eliminate the use of some logging tools such as the SP (self potential
log) and contact resistivity tools. They also eliminate the use of show
detection from samples, severely limit sidewall core and wire line test
interpretation, and limit show detection from mud logging. The loss of
these evaluation tools conditions demand the use of an oil mud, more
testing will often be required due to the indefinite nature of other
evaluation information. Use of high salinity water base muds, in general,
makes logging of all kinds more difficult. It is particularly severe on SP
and induction curves, which are generally our primary log.

Minor electrical leakage that causes no problem in a freshwater mud
can become serious in a saline mud. Abrupt changes in salinity should
be avoided while penetrating untagged objective sections.

Deep filtrate invasion is also more difficult to prevent with high salinity
muds since dynamic fluid loss control is more difficult.

The use of prehydrated bentonite is essentially the only effective means
of control of dynamic fluid loss. Salt water muds have a tendency to
have high yield points and gel strengths, which trap gas and mask slight
gas shows. This is true of any mud with similar rheological properties.
A clean, stable borehole is essential to logging and testing operations.
This often requires adjustment of mud properties prior to these
operations. If this is planned in advance, only a limited amount of time
will be required to condition the hole. Stable mud properties will
eliminate the need for conditioning between logging runs.

The detection of abnormally pressured sediments during drilling
operations is quite dependent on the mud. Most of the indicators used
are directly affected by the mud and require that no appreciable
changes in mud properties be made while they are being monitored.

A sudden increase in gel strength can cause the mud gas content to
increase but will result in a measured background gas decrease if using
the normal agitation trap.
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A significant change in chlorides in the makeup water could be falsely
interpreted as an indication of abnormal pressure. Other indicators of
over pressured shale (such as torque and drag, hole fill, and formation
cuttings) can be affected by changing mud properties and composition.

Rate of penetration, which is regarded as the prime indicator of over
pressured shale, is directly dependent on mud weight and flow
properties as well as other driling parameters. Changes in any
parameter that affects rate of penetration will mask abnormal pressure
indications. Consistent drilling fluid properties are needed to assure the
best possible data for plotting and interpreting our indicators.

Coring is another method of formation evaluation that often requires
special mud characteristics. The purpose for coring dictates the type of
mud which should be used. It is impossible to obtain a core
consequence; the measurements that are going to be made on the core
dictate the type of filtrate that can be tolerated. Water base muds are
best suited for conventional core analysis or show detection.

Obviously, an olil filtrate from an oil mud will eliminate show detection,
location of the oil water contact, and oil saturation determinations.

An oil mud is the best coring fluid to obtain irreducible water saturation
from a core. In this case a water filtrate would introduce error in the
determination. When coring is done to obtain only lithology and geologic
environmental data, it doesn’t matter which type of mud is used.
Sometimes cores are obtained to study wetability and water flooding
characteristics. In these cases, the filtrate should contain nothing that is
surface active or that will alter the wetability of the rock. Special “bland”
water base fluids that contain no chemical treating agents are used. A
bentonite-in-water suspension is probably best for this application.
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12.0 To Minimize Environmental Impact

Cuw jlama G SalK12.0

Drilling creates significant volumes of used fluid, drill cuttings and
associated waste. Increased environmental awareness has resulted in
legislation that restricts the use, handling and disposal of the by-
products generated during drilling and after the well is finished.

Careful attention to the composition of the fluid and the handling of the
residual materials reduces the potential environmental impact of the
drilling operation. Drilling fluids require daily testing and continuous
monitoring by specially trained personnel. The safety hazards
associated with handling of any type of fluid are clearly indicated in the
fluid’s documentation.

Drilling fluids also are closely scrutinized by worldwide regulatory
agencies to help ensure that the formulations in use comply with
regulations established to protect both natural and human communities
where drilling takes place. At the rig site, the equipment used to pump
or process fluid is checked constantly for signs of wear from abrasion or
chemical corrosion.

Elastomers used in blowout-prevention equipment are tested for
compatibility with the proposed drilling-fluid system to ensure that safety
is not compromised. The upper hole sections typically are drilled with
low-density water-based fluids (WBFs).

Depending on formation types, down hole temperatures, directional-
drilling plans, and other factors, the operator might switch to an OBF or
SBF at a predetermined point in the drilling process. High performance
WBFs also are available to meet a variety of drilling challenges.

Depending on the location of the well, the drilling-fluid system can be
exposed to saltwater flows, influxes of carbon dioxide and hydrogen
sulfide, solids buildup, oil or gas influxes, or extreme temperatures at
both ends of the scale or all of these.

Contamination also comes from contact with the spacers and cement
slurries used to permanently install casing and in the course of
displacing from one drilling-fluid system to another.
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The drilling-fluid specialists who prepare drilling-fluid programs should
be aware of the operational and environmental challenges posed by
any well.

Working closely with the operator, the specialist (who typically is
supported by technical experts and a research staff) can plan for the
scope of conditions that are likely to be encountered and generate a
program that is both safe and cost-effective.

The planning stage usually includes the identification of specific
performance objectives and the means by which success will be
measured.
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13.0 Stabilize Borehole
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Mechanical Stability: The hydrostatic pressure exerted by the
drilling fluid is normally designed to exceed the existing formation
pressures. The desired result is the control of formation pressures and
a mechanically stable borehole.

In many cases, these factors must also be considered:

e Behavior of rocks under stress and their related deformation
characteristics

e Steeply dipping formations
¢ High tectonic activity

e Formations with no cohesive (lack of proper grain cementation)
strength

¢ High fluid velocity

e Pipe tripping speeds and corresponding transient pressures

e Hole angle and azimuth
Any of these factors may contribute to borehole instability. In these
situations, a protective casing string may be required, or hydrostatic
pressure may need to be increased to values greater than the
anticipated formation pressure.
Chemical Stability: Chemical interactions between the exposed
formations of the borehole and the drilling fluid are a major factor in
borehole stability. Borehole formation hydration can be the primary
cause of hole instability, or a contributing factor.

Aqueous drilling fluids normally use a combination of:

e A coating mechanism (encapsulation)
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e A charge satisfaction mechanism

e A mechanical or chemical method of preventing pore pressure
transmission

The present use of low solids/non/dispersed fluids incorporates these
principles. They rely on polymers and soluble salts to inhibit swelling
and dispersion.

Commonly used polymers include:
e Polysaccharide derivatives for filtration control
e Partially hydrolyzed polyacrylamides for encapsulation
e Xanthan gum for viscosity

Isolating the fluid from the formation minimizes the potentially
detrimental interaction between the filtrate and the formation. This is
accomplished by controlling mud filtrate invasion of the formation.
Filtrate invasion may be controlled by the type and quantity of colloidal
material and by filtration control materials and special additives like
cloud point glycols and products containing complexed aluminum.

Non-aqueous drilling fluids minimize wellbore instability problems by
having all-oil filtrates and by the osmotic pressure generated by the
dissolved salt. The borehole walls are normally competent immediately
after being drilled.

No collapse or sloughing will occur if the formation pore pressure is
balanced; in many cases, a considerable under balance can be
tolerated. There are a few exceptions to this rule, but in general
instability of the borehole is caused by reaction with the drilling fluid.

More specifically, most instability is caused by water being absorbed by
shale. Absorption of water has two effects that combine to cause failure
of the rock. First, absorption induces a stress in the rock. As more and
more water is absorbed the stress grows until it overcomes the strength
of the rock. The stress is then relieved by failure of the rock.
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The second effect of the absorbed water is to weaken the shale.

Again, as more water is absorbed, the rock becomes weaker and the
stress becomes greater. The weakening accelerates the occurrence of
rock failure. The wellbore stress is balanced in part by the hydrostatic
pressure in the wellbore.

If absorption of water has increased the stress and weakened the rock
to the point of failure, increased mud density will counteract part of this
stress and prevent rock failure. More water absorption will continue to
increase the stress imbalance and weaken the rock until failure occurs
once more. For this reason, increased mud density is only a temporary
prevention to most shale sloughing. The only complete answer to shale
sloughing is to prevent absorption of water.

Balanced activity oil muds are presently the only means of completely
preventing absorption of water in shales. Special water muds in which
the electrolyte content has been adjusted to minimize the reactivity with
a specific type of shale, can slow the rate of absorption and thus delay
the onset of sloughing. These types of muds are not universal in their
ability to reduce sloughing in all types of shales.

Since the absorption of water is not controlled by the filtration
characteristics of a mud, reduced filtration should not be a criteria for a
shale control mud. Some contend that water penetration into some
shales is through microfractures or permeable seams. If this is true, it
would be controlled by a plugging action, not to be confused with
filtration control. In general, reduction of water absorption is the most
important means of control of shale sloughing. This includes both rate
of absorption and time of exposure. If the rate cannot be controlled by
practical application of the right type of mud, then the time of exposure
of the shale to the mud must be reduced.

This means drilling the shale and getting it behind casing as quickly as
possible. Increasing mud density can buy some extra time, ranging from
a few hours to a few days. This is a last resort practice since it brings
with it other problems. In some cases, increased mud density must be
used. These are cases, such as abnormal pressure zones, where the
initial stress exceeds rock strength unless that stress is partially
counteracted by increased hydrostatic pressure.
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Reduction of fluid loss of a mud is not a justifiable means of shale
control. The use of materials that plug or coat may or may not be
beneficial in particular situations. The effects of these materials are
largely unproven.They certainly do not have universal application.

Most mud additives, which supposedly aid in control of hole stability, do
not reduce shale sloughing. They do aid in removal of the sloughed
shale, reduce erosion effects, or slow the rate of disintegration and
dispersion of the shale particles into the mud. In other words, these
additives are remedial but do not work on the basic problem. There are
times when this type of control is adequate to handle our drilling
problems. In these cases, we are able to live with an enlarged hole by
supplying additional carrying capacity in the mud.

There are a number of purely mechanical aspects of hole stability.
Erosion by the drilling fluid is a factor in hole enlargement. It may be the
“last straw” which causes an already weaken piece of shale to slough.
Erosional effects can be minimized by reducing the annular velocities to
change the flow regime from turbulent to laminar.

Action of the drill string may also cause sloughing by pipe buckling,
“digging in” of stabilizers, etc. A smooth, stiff bottom hole assembly
may aid in preventing this type of mechanical action on the wellbore.

Swabbing is another means of causing an already unstable zone to
slough. Swabbing causes a reduction in hydrostatic pressure, which
increased the stress imbalance at the wall. This may be sufficient to
cause sloughing. While swabbing, the fluid motion is down the wellbore,
which is a change from normal.

This may have the effect of dislodging pieces of rock into the wellbore.
These pieces could be either a part of the wall or have previously
sloughed and been packed into a washed out interval. In either case,
swabbing may give rise to what has been a dormant problem.
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14.0 Limit Corrosion of DP, Casing, Tubular Goods

| 48l Dol ¢ slan (sla algd (s Jlia sl Al gl (Ba )58 K55 g2 S 25350 14.0

Corrosion in drilling fluids is usually the result of contamination by
carbon dioxide, hydrogen sulfide, oxygen or, in the case of static fluids,
bacterial action.

Low pH, salt-contaminated, and non-dispersed drilling fluids are
inherently more corrosive than organically treated freshwater systems.

Oil or synthetic-based fluids are considered non-corrosive. A proper
drilling fluid corrosion control program should minimize contamination
and render the contaminating source non-corrosive. Corrosion is a
reaction of metal with its environment.

We are concerned here with corrosion of tubular goods in a drilling fluid.
The drilling fluid may not be basically corrosive, but it can become
corrosive when common contaminants such as oxygen, carbon dioxide,
and hydrogen sulfide are incorporated in it.

Oxygen, and to a limited degree carbon dioxide, are incorporated into
the mud as it circulates through the surface mud system.

Hydrogen sulfide, carbon dioxide, and occasionally organic acids can
become incorporated in the mud from formations drilled, bacterial
action, and degradation of certain mud additives.

The drilling fluid is a carrier of agents that promote corrosion; in like
manner, the fluid can become a carrier of materials that will counteract
these agents and retard corrosion. Thus, corrosive agents introduced
into the wellbore from the formation can be neutralized by the mud
before they cause serious problems.

We normally think of corrosion as the process which causes pitting and
simple metal loss to occur. Oxygen is the principal culprit so far as
corrosion of the drill assembly is concerned. The only requirements for
corrosion are an anode, a cathode, and contact with an electrolytic fluid
to carry the current flow. The anode and cathode can occur on separate
pieces of metal or on the same piece at different points. The anode is
the point where corrosion occurs.

Water muds are a part of this corrosion cell in that they provide the
electrolyte contact.
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Hydrogen molecules collect at the cathode, forming an insulating
blanket that reduces the current flow and retards the corrosive action.

Dissolved oxygen will react with hydrogen to form water, thus
preventing the protective action of the hydrogen film and re-establishing
the corrosive action. Therefore, dissolved oxygen accelerates corrosion
and is undesirable in a drilling fluid.

Solids and some organic additives in muds appear to limit the amount
of oxygen available to accelerate corrosion.

The absence of these materials from brines and other clear water
drilling fluids makes corrosion problems especially bad in these fluids.

Special oxygen scavengers such as sodium sulfite and hydrazine are
sometimes used. Efforts should be made to minimize the aeration of
mud in the surface system.

Certain cationic organic film farmers can also be used to extend the life
of drill pipe. These inhibitors should not be added to a mud. They
will react with the solids, becoming ineffective and causing mud
problems.

Various methods are used to get the corrosion inhibitor on the
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pipe rather than in the mud:

1. The drill pipe is sometimes dipped or sprayed with corrosion inhibitor
solution before it is run in the hole.

2. Batches of inhibitor diluted to 5-10 parts by diesel oil are pumped
down the drill pipe periodically.

Such batch treatment of diluted inhibitor solutions might be 5-20 gallons
pumped every 1 to 4 hours.

3. For better protection on the outside of the drill pipe, the pipe is pulled
through a wiper and sprayed with inhibitor solution on trips out of the
hole.

One of the most effective controls of corrosion is to maintain a high
alkalinity in the drilling fluids. This has a double purpose.
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It slows the rate of corrosion and it reduces the rate of degradation of
some organic mud additives (such as lignosulfonate) that produce
corrosive by products. Significant decreases in corrosion rate are
apparent at a pH above 10.

The rate of degradation of lignosulfonate at high temperatures has also
been shown to decline significantly at a pH above 10.

For this reason, the use of caustic soda or lime is the most economical
treatment of a water base mud; if used properly, the treatment will
greatly reduce major corrosion attack. Hydrogen embrittlement is a type
of corrosion that has become more prevalent in recent years.

Deep drilling, the use of higher strength steel, and drilling of formations
containing hydrogen sulfide have combined to make this a major
problem. Hydrogen embrittlement is a process wherein atomic
hydrogen, present in acid environment, actually penetrates and is
absorbed by the steel.

Once inside the steel, hydrogen atoms diffuse and seem to move to
points of high tensile stress. When their passage through the steel is
impeded, the atoms of hydrogen combine to form hydrogen gas.

In the process of combination and expansion the hydrogen molecules
will crack the harder, finer-grained steels. Any acid former can possibly
provide the atomic hydrogen necessary for embrittlement.

Acid gases such as hydrogen sulfide and carbon dioxide are frequent
culprits in drill pipe embrittlement. The tendency for hydrogen stress
cracking in high strength tubular goods is greatly reduced at elevated
temperatures.

It is believed that the increased temperature increases the mobility and
dispersion rate of hydrogen and prevents its accumulation in the steel at
points of stress. Temperatures above 150°F appear to reduce cracking,
with the problem being virtually eliminated at 300°F.

An essential requirement for protecting high strength pipe from
hydrogen embrittlement is maintenance of the mud at high pH.

This eliminates the development of an acid environment necessary for
hydrogen embrittlement and quickly neutralizes the hydrogen ions.
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Even though an influx of hydrogen sulfide may be neutralized by a high
pH mud, the sulfide will remain soluble in the mud.

If the mud later becomes acid; hydrogen sulfide will again be formed.
In addition to being corrosive, hydrogen sulfide is highly toxic and must
be eliminated from a mud for reasons of safety to personnel.

To remove any possibility of hydrogen sulfide reforming in a mud, the
soluble sulfides should be precipitated in an insoluble form.

Addition of certain metal compounds of copper, zinc, and iron have
been used for this purpose.

Copper presents a secondary problem of causing metal loss corrosion
when used in excessive concentrations. For this reason, the other metal
compounds are preferred. Thus far, this discussion of corrosion has
been limited to water base muds.

The use of oil muds eliminates or greatly simplifies corrosion control
problems. Since oil is the continuous phase, there is no electrolyte
solution to carry current in a corrosion cell if the water in the oil mud is
sufficiently well emulsified. Oil wetting agents in the mud keep the pipe
wet with oil and provide corrosion protection even when the pipe is
exposed to air.

In an oil mud it is possible to carry high concentrations of lime to
effectively neutralize acid gases. This greatly reduces the possibility of
hydrogen embrittlement. If corrosion control were the only
consideration, oil muds would be far superior to water muds.
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Drilling Fluids Description and Functions

References: This booklet which is intended to serve as a guide to N R e N B B A
drilling fluids technology, has gathered from several reliable sources. (S 0 S dea S5 55 e glaie ) JB
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