Preface

Oilfield drilling operations have at least one thing in common with every
other activity that involves drilling a hole in the ground: sooner or later, some-
thing in the hole that is broken, stuck, or otherwise not a part of normal opera-
tions will have to be retrieved or removed. Equipment failure, human error, and
the impossibility of foreseeing every problem are among the reasons why the
need for “fishing” will never be completely eliminated.

Sound guidelines for successful fishing jobs have evolved over decades of
accumulated experience and technological advances. These guidelines should be
carefully considered when faced with a fishing job. Failure can result in losing
the hole.

The goal of this book is to offer an overview of these basic guidelines, cur-
rent fishing practices, and rules of thumb. The text provides a review of the most
frequently encountered problems that call for fishing in cased hole, open hole,
casing exits, and subsea plug and abandonment. Tools and techniques for over-
coming these problems are described, including a section on thru-tubing fishing
methods.

Fishing operations have seen many improvements in the ten years since the
publication of the second edition of Gore Kemp’s Oilwell Fishing Operations:
Tools and Techniques. This book is an attempt to build upon Mr. Kemp’s excel-
lent work, which is a standard in the field and a help to many.

Collectively, David Haughton, Mark McGurk, and [ have more than seventy
years of experience in the fishing industry. In our careers, we have benefited
greatly from mentors too numerous to list here. This book would not be possible
without them and the customers who allowed us to work for them. Each of us
have had gratifying careers in this industry. This book is our attempt to give back
what has been given to us over the years.

Finally, we would like to thank Baker Oil Tools for giving us the opportu-
nity and freedom to devote the time and resources necessary to make this book a
valuable resource for its readers.

Joe P. DeGeare
Houston, Texas
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1
Conventional Fishing

In oilfield operations, fishing is the technique of removing lost or stuck
objects from the wellbore. Fishing jobs fall into three classifications: open hole,
when there is no casing in the area of the fish; cased hole, when the fish is inside
casing; or thru-tubing, when it is necessary to fish through the restriction of a
smaller pipe size (tubing).

The term fishing is taken from the early days of cable-tool drilling. At that
time, when a wireline would break, a crew member simply put a hook on a line
and attempted to catch the wireline to retrieve the tool or “fish.” Necessity and
ingenuity led these oilfield fishermen to develop new “baits.” The trial-and-error
methods of industry’s early days built the foundation for many of the catch tools
in use today.

Fishing-tool companies have kept pace with the oil industry’s rapid devel-
opment and the deployment of new technology. Today many are capable of fish-
ing successfully in well depths exceeding 20,000 ft., in high-angle and horizontal
wellbores, and in deep water.

A fish can be any number of things, including stuck pipe, broken pipe, drill
collars, bits, bit cones, dropped hand tools, sanded-up or mud-stuck pipe, stuck
packers, or other junk in the hole. Washovers, overshot runs, spear runs, wireline
fishing, stripping jobs, and jar runs are among the many fishing techniques devel-
oped to deal with the different varieties of fish.

Because there are so many different kinds of fish and fishing jobs, many
different tools and methods can be applied. Some of them can be very simple;
others are extremely complex. No two fishing jobs are alike, yet many are
similar. An experienced fishing-tool supervisor will draw from the experience
gained from many jobs.
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Fishing jobs are very much a part of the planning process in drilling and
workover operations. With the increasing cost of rig time and deeper, more com-
plicated wells, operators will often budget for fishing operations. When a fishing
operation is a planned procedure for a workover, the operator will work closely
with a fishing-tool company to design a procedure and develop a cost estimate.
Taking into account the probability of success for a fishing job, the cost of the
fishing job has to be less than the cost of re-drilling or sidetracking the well for
it to make economic sense.

Fishing can be thought of as a “risk management” tool. When used
successfully, it can save a well. Because fishing is more of an art than an exact
science, there can be more than one approach to a problem. Fishing-tool company
personnel have valuable experience gained from performing many fishing jobs
under a variety of circumstances. This experience usually points to a specific
approach when all factors are considered. Although no fishing job can be
guaranteed to succeed, the combination of experienced personnel and continuing
advances in fishing-tool technology usually offers an option with a good proba-
bility of success.

To maximize this probability, properly planning a fishing job is most
important. Pre-planning meetings should be held and should include everyone
involved in the job, such as fishing-tool operators or supervisors, mud-company
personnel, rig personnel, electric-wireline company representatives (where
applicable), and any others who might become involved. It is much cheaper to
determine that a certain procedure will not work before doing it.

THRU-TUBING FISHING

The increased use of coiled tubing in the last 20 years has led to many tech-
nological advancements in thru-tubing workover applications. These include
cleanouts, acid stimulations, milling, underreaming, cutting, and coiled-tubing
conveyed thru-tubing fishing systems. The ability to perform these operations
without having to pull the production string has provided the operator with a cost-
effective alternative to conventional rig workovers. Coiled tubing conveyance
also allows remedial operations to be completed without having to kill the well.
This eliminates possible formation damage from heavyweight kill fluids in the
well. Operations using coiled tubing are usually completed in a much shorter time
frame than conventional rig workovers, which means the shut-in time of the well
is reduced during the operation, resulting in less loss of production.

Early thru-tubing fishing systems were simply composed of tools designed
for wireline conveyance and did not take advantage of the attributes of the coiled
tubing. These tools did not allow circulation through the tool, and early tools
modified to allow circulation had restricted flow paths. Also, these tools did not
have the tensile strength required to handle the impact loads of the jarring systems
being developed for coiled tubing use. In addition, some tools developed for
other coiled tubing services, such as inflatable-packer operations, proved
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inadequate for fishing applications. Some tools had to be designed specifically
for thru-tubing fishing operations. A dramatic evolution in thru-tubing fishing-
tool technology and design has occurred in the last decade, and individual tool
components can now be assembled to meet much more demanding and varied
applications.

Thru-tubing fishing systems that run on coiled tubing are used to retrieve
many different types of fish. These include coiled tubing conveyed bottom-hole
assemblies (BHAs) that have been disconnected, stuck flow-control devices in
landing nipples that cannot be retrieved with wireline, inflatable bridge plugs,
wireline lost in the hole, and coiled tubing itself. Coiled tubing conveyed fishing
gives the operator another alternative, if wireline fishing is unsuccessful, before
a conventional rig workover is required.

Chapters 22 to 30 will outline the specific tools and techniques used in
coiled-tubing conveyed thru-tubing fishing applications and services. Tool-string
hookup design will also be discussed for common thru-tubing fishing applica-
tions being carried out today.

This book will not make you a fishing expert, but it will give you a basic
understanding of fishing, fishing tools, and fishing problems you may encounter.
With this knowledge, you should be better prepared to make logical decisions
when fishing becomes necessary.
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Communication and Avoiding Hazards

Like many other oilfield operations, fishing jobs bring together rig, operat-
ing-company and service-company personnel who may not work closely together
every day. When such a group is formed to solve the complex problems fishing
Jjobs can present, the importance of clear and precise communication cannot be
over-emphasized. Never assume people understand the explanation or description
of the problem. Because fishing jobs are potentially hazardous, it is critical to
make sure all descriptions of the problem and plans for its solution are thoroughly
understood by all the parties involved.

To avoid hazards, the following steps should be followed prior to and during
a fishing job. Remember, these steps can only be taken successfully by employ-
ing clear and accurate communication among all parties.

® Collect complete and accurate information.

B Notify all parties involved, such as the fishing-tool company, mud company,
wireline company, etc. It is imperative that all parties cooperate and commu-
nicate at all times. This is the largest factor in a successful fishing operation,
and it is only through effective communication that the individuals involved
will be able to select the proper tools and plan the proper methods to do the
job in the safest, most cost-effective manner.

m  Every effort should be made to recover something or to improve the situation
on each trip into the hole. Mis-runs waste money, and on every additional trip
into the hole, additional mishaps are possible.

B Drawings noting dimensions should always be made of everything run in the
wellbore. This responsibility should not be left to service-company personnel
alone. Operating-company personnel should also make independent measure-
ments and sketches. Keeping track of accurate dimensions of all equipment
is critical for economical fishing,
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If a large or unusual tool or downhole assembly is being run, a contingency
plan should be created to fish it. Always ask these questions: Can this be
fished? Can it be washed over? Do I have the tools available to fish it? What
is the risk of the fishing tools becoming stuck or lost based on my hole
conditions?

Confirm that all tools will work properly downhole prior to running them,
either by surface testing or by having the service company supply copies of
test and inspection reports.

When running any fishing tool in a well, use a moderate speed. Most fishing
tools are designed to go over and around the fish. For a tool to do this, it has
to be larger than the fish diameter. In most cases this makes the tool close to
the hole’s size. If the tool is run at a fast speed while going into the hole, it
will act as a piston and cause excess pressure below it. This can cause lost
circulation. If a tight place in the well is hit, the tool might wedge so tightly
that it cannot be pulled out.

Caution should be taken when pulling fishing equipment out of the hole.
Always trip out slowly so the well is not swabbed, which could possibly create
a blowout. Follow this procedure in both cased and open holes.

When fishing retrievable packers, keep in mind that the sealing element does
not return to normal size for several hours. This close tolerance can cause
problems such as swabbing the wellbore or hanging up in casing couplings if
there is debris on top of the packer.

Always look at the bottom of a pipe removed from the wellbore. This practice
should include not only trips when fishing, but also when pipe has parted for
other reasons. In cases of twist-off or other failures, the dimensions and
configuration of the bottom of the parted joint will provide useful informa-
tion for fishing. A good example is inspecting the parted joint when pipe has
been jet cut. The flare on the recovered piece of pipe can be measured, which
will guide the decision to mill with a milling tool or with a hollow mill-
container run with an overshot.

Fishing tools are designed to do a job, but no single tool is a cure-all. These
tools should not be treated roughly to engage a fish. If this is necessary, then
something else is wrong. Getting overly aggressive with any tool will only
compound your problem.

Good communication, common sense, and experience will maximize the

probability of fishing success and minimize its hazards.
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Economics of Fishing

The most economical fishing job is the one not performed. However, even
though drilling or workover plans can be carefully formulated to anticipate prob-
lems that could result in fishing, unpredictable factors can and do come into play.
Human error, unknown hole conditions, metal fatigue in tubulars, junk in the
hole, and faulty equipment are only a few.

Fishing is the term for procedures used to retrieve or remove stuck pipe,
drill collars, parted tubulars, stuck packers, parted or stuck wireline, and other
lost or failed equipment from the wellbore. When these conditions develop,
drilling, workover, or completion operations cease. Fishing must be successfully
completed before normal operations can resume. The scope and duration of the
problem and the efficiency of the solution both have an economic impact on the
project.

Fishing should be an economical solution to a problem in the well. A
shallow hole with little rig time and equipment investment can justify only the
cheapest fishing. However, in cases where there has already been a large invest-
ment in the hole and there is substantial capital in equipment to be recovered,
more fishing time and expense can be economically justified.

There are several papers, studies, formulas, and models that help in making
the economic decision to fish or not to fish, and if so, for how long. All have
merit, and most major operating companies have their own formulas with which
to decide among them. However, so many factors affect the decision that
converting them into a standard checklist applicable to all situations would be
impossible. Fortunately, advances in the technology and methods of fishing,
milling, and sidetracking, along with a large database of information on fishing
operations, have made these decisions easier for operating companies.

6
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Probability factors are useful in determining the time to be spent on a
fishing job. These percentages must be derived from similar situations, though, as
no two fishing jobs are exactly alike. Decision trees with associated costs should
be established for drilling and workover programs in which there are multiple
wells and similar situations.

Experience, good judgment, a careful analysis of the problem, and effective
communication among all parties will lead to a return to normal drilling,
completion, or workover operations with the least amount of lost time and money.
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Cardinal Rules in Fishing

Although it is said that all fishing jobs are similar but no two are identical,
some useful fundamental rules have evolved over the course of many fishing jobs
in a wide variety of situations. Following the rules discussed in this chapter,
where they are applicable, will help ensure the greatest chance of a successful
fishing job.

EVALUATE

Evaluate the situation. What is in the hole and where? What are the chances
of fishing it out? Evaluate well records and field history. Gather ideas from the
fishing-tool supervisor, tool pusher, drilling/production foreman, engineer, and
drillers. Examine alternate approaches.

Always use safe and proven practices. There may be several workable
options on a given job, but a proven method offers the fewest surprises. Also,
think about how each step would affect the next one, if it is successful or if it is
not. In addition, it is critical to keep track of what goes into the hole, how it is
used, and the results of that run.

COMMUNICATE

The critical importance of effective communication is discussed elsewhere
in this book, but it should be underscored here. Communication is the key to suc-
cess and cannot be taken for granted at any time. The following steps should be
taken prior to and during a fishing job, and the information should be shared with
all parties involved in the job.

m  Collect complete and accurate information about the situation.

8
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Notify the fishing-tool company in time to allow them to research the
problem, ship the proper tools, and prepare for alternate approaches.

Ensure that all parties involved understand the situation and agree upon the
procedures to be used.

As the job progresses, keep all parties fully informed. Provide progress
reports on topics including fishing success, problems encountered, analysis of
those problems, alternate plans developed, and additional equipment needed.

GATHER INFORMATION

Some key factors to be considered, as well as information to be gathered

and recorded, during a fishing job are listed in the following section. It is
extremely important to record data completely and accurately. Do not restrict
information gathering. If additional information would be useful, it should be
acquired. Fishing jobs never fail because personnel knew too much.

Record outside diameters (OD), inside diameters (ID), and length of fishing
string, and make drawings. Pay special attention to equipment with small,
internal bores as it may need to have balls or instruments run through it
(Figure 4-1).

Discuss the job thoroughly with all personnel concerned.

Know the limitations of the drillpipe and tools on each job.

Ensure that you have an accurate weight indicator.

Locate the top of the fish using either wellbore records (e.g., packer), a collar,
or a free-point indicator (stuck pipe). Use stretch measurements as a cross
check or if free-point service is not available.

Pipe may show to be free in stretch but not free in torque. Torque free-point
is recommended in open-hole fishing.

Combination free-point indicator and backoff shot may be run if well condi-
tions permit.

Always leave one or two joints of free pipe above the stuck point when
backing off. This will make getting over the top of the fish much easier.

If free-point is within approximately 100 ft. of the bottom of the casing and
open hole, back off up into the casing. It may be impossible to get over the
fish if equipment is backed off in an open-hole section below a casing shoe.

If the stuck point is in a known dogleg or keyseat, it may be advisable to pick
a straighter section of the hole in which to make a backoff. Also consider the
type of formation.

Determine the depth and condition of the hole and the size of tool joints.
These measurements will determine how much back torque it will take
to back off a tool joint. A good rule of thumb is that backoff is 3, round per
1000 ft. of depth.
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Figure 4-1. Example of recording dimensional data for tools being run
downhole.

m  As the size of the drillpipe (fish) decreases, the amount of left-hand torque
required to make a backoff increases. For example, to back off a 2 %-in. OD
drillpipe, 1 round per 1000 ft. may be required.

m  If string-shot equipment is not available, consider manual backoff only as a
last resort.

m  Use a lubricator when running wireline, if possible.

KEEP TRACK OF PIPE TALLIES

Always be aware of the pipe count on a fishing job, if it is necessary to lay
down pipe. Avoid mixing pipe or drill collars used for fishing with extra pipe on
location. A joint count should always be tallied and recorded. Some experienced
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fishing-tool operators call this process out-and-in fishing. Always total all items
laid down, and measure and total all items picked up. The difference in the totals
will equal the amount necessary to pick up or lay down to tag the top of the fish.
This serves as a double check if there is difficulty locating the top of a fish.

DO NOT ROTATE FISHING STRING

To speed up a trip with a drilling string or workstring, the pipe in the hole
is frequently rotated to unscrew the connection. During fishing operations, this is
not an acceptable practice because the fish may be lost. Spinning a fishing tool
such as an overshot, spear, magnet, junk basket, or washover pipe frequently
causes the fish to be lost back into the hole.

DO NOT PULL OUT ROPE SOCKET

Most conductor lines are connected to tools or instruments with a rope-
socket shear device for a given pull. For some tools, this means of retrieval can
be acceptable, but it is a dangerous practice, particularly in open holes when
running tools with radioactive sources. The most acceptable method of retrieving
these tools is by cutting the line at the surface and stripping over (see Chapter 13,
Wireline Fishing). If the line is pulled out at the rope socket, the instrument must
be retrieved with a catching device that could possibly rupture the canister, allow-
ing the radioactive material to pollute the well fluid.

The fishing of conductor line or swab line with wireline also is not an
acceptable practice. Fishing these lines should be done with a pipe workstring.
Wireline can ball up and may require considerable pull to retrieve it.
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Pipe Sticking

Pipe can become stuck during drilling and workover operations even when
preventive measures are taken. When pipe sticking occurs, special tools and
expertise are required to avoid expensive, time-consuming, trial-and-error fishing
operations. This chapter presents ten typical pipe-sticking problems.

SAND STICKING

Sand sticking is a condition usually associated with tubing, although
drillpipe and casing can also become sand stuck. Sand sticking in tubing is caused
by a hole in the tubing, a hole in the casing, or a packer that is not secured. These
conditions allow sand to enter the annulus and prevent the tubing from being
pulled. In the case of drillpipe or casing, the well can kick or blow out, causing
sand to blow up into the hole and form a sand bridge. If the hydrostatic pressure
of the well fluid is not high enough, sand may fall around the pipe.

MUD STICKING

The “setting up” or dehydration of mud in the annulus causes mud sticking
(Figure 5-1). In cased holes, temperature can affect some mud additives, causing
them to degrade and possibly allowing the barites and solids to settle out. A hole
or leak in tubing or casing can allow foreign fluids to contaminate the mud and
alter its properties. Typical contaminants are shale, soluble salts, and acid gases.
Mud sticking is more often encountered in open holes.

MECHANICAL STICKING

The most frequently occurring mechanical sticking problems are as follows.

12
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Figure 5-1. Mud sticking.

Stuck Packers or Other Downhole Assemblies

Packers and other downhole assemblies have built-in mechanical mecha-
nisms or procedures to allow retrieval. When these mechanisms or procedures
fail, the packer or downhole assembly remains in position and cannot be
retrieved.

Multiple Strings Wrap Around

This problem occurs when tubing strings twist and wrap around each other
as they are run into the hole (Figure 5-2).

Crooked Pipe

Crooked pipe is usually the result of dropping a string of tubing, drillpipe,
or casing. It may also be caused by weight acting on a string of stuck pipe
(Figure 5-3).

Junk in the Hole

This type of problem includes foreign objects dropped or tools broken off
into the hole. The junk can wedge at a collar, tool joint, or bottomhole assembly
and stick in the pipe.

KEYSEAT STICKING

A keyseat is formed when drillpipe in tension wears a slot (keyseat) in the
wall of the wellbore during drilling operations (Figure 5-4).
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Casing

Tubing

Packer

Figure 5-3. Mechanical sticking: crooked pipe.
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Stuck collar

Bore hole

Figure 5-4. Keyseat sticking.

This is more likely to occur when the wellbore deviates from the true
vertical position, controlled or otherwise. The worn slot is usually smaller than
the wellbore, and the parts of the drillstring with the largest diameter—usually
drill collars or tool joints—are the most likely to get stuck in a keyseat. Even
when pipe in a keyseat can be moved up and down, it may not be possible to pull
a tool joint or drill collar through it.

Four typical indicators of keyseat sticking are as follows.

Pipe was moving up when it became stuck.
Pipe is stuck at an OD enlargement in the drillstring.
Drillstring is stuck at the top of the drill collars.

Circulation of drilling mud is not affected in any way.

CEMENT STICKING

Although cement sticking can result from a mechanical malfunction such
as a pump failure or leak in a string of pipe, there are three primary causes
(Figure 5-5).

m  Displacement has been miscalculated.
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Cement

Figure 5-5. Cement sticking.

® The hole has washed out as a result of efforts to contain a downhole blowout.
m  Efforts have been made to prevent excessive lost circulation.

UNDER-GAUGE HOLE STICKING

The problem of under-gauge hole sticking has several causes. They include
the following.

s If plastic shale with highly expandable clay content is penetrated when
drilling with a fluid of lower hydrostatic pressure than the formation pressure,
shale can deform at this differential pressure and close the hole (Figure 5-6).

m  Abrasive hole sections will dull drill bits and reduce bit and stabilizer gauge,
making it impossible to get to the bottom of the well with a new bit without
reaming. In this situation, tripping in at high speed can jam a full-gauge
assembly into an under-gauge hole and stick it.

®  The plastic nature of salt formations may result in stuck pipe. When drilling
into salts, stresses will be relieved and the formation will extrude into the
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Wellbore

Figure 5-6. Under-gauge hole sticking.

wellbore. Drilling a salt section with oil or mud may cause an under-gauge
hole as the weight of the overburden may cause the salt to flow into the
wellbore.

DIFFERENTIAL STICKING

Differential sticking occurs in an open hole when any part of the pipe
becomes embedded in the mud cake. When this happens, sticking can result
because the pressure exerted by the mud column is greater than the pressure of
the formation fluids on the embedded section (Figure 5-7). In permeable forma-
tions, mud filtrate will flow from the well into the rock and build up a filter cake.
A pressure differential will be created across the filter cake, which is equal to the
difference in the pressure of the mud column and the formation. If the pressure
differential is great enough and acts over a sufficiently large area, the pipe can
become stuck. Differential sticking can intensify with increase in wall-cake
thickness (Figure 5-8).

Proper action should be taken immediately if the pipe becomes wall stuck.
Rotation or downward movement of the pipe offers a better chance of breaking
the mud seal than pulling it upward.
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Drillpipe

Figure 5-8. Increase in wall cake.
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In some cases, a differentially stuck string may be freed by reducing the
mud weight. This will reduce the differential pressure between the mud column
and the permeable zone. This technique should not be used where well control is
a problem.

The use of lubricants pumped downhole and placed (spotted) over the
affected area can help to free differentially stuck pipe. This is most effective when
used in conjunction with jars. In these cases, use over-pull, set-down weight, and
torque to free the fish.

Indications of differential sticking typically occur when pipe is not moving,
especially while making a connection. The drillstring cannot be moved up or
down, or rotated, and circulation is not affected in any way.

BLOWOUT STICKING

The primary cause of blowout sticking is formation pressure that exceeds
the hydrostatic pressure of the well fluid. This can cause a pressure kick or well
blowout. This condition is usually the result of insufficient drilling fluid (mud)
weight, which has a number of causes, not the least of which is a lack of geolog-
ical data about the field. Blowout sticking can arise from the following situations
(Figure 5-9).

m  Failure to keep the hole full of fluid. This can occur if the amount of fluid
is not properly monitored while tripping pipe.

m  Swabbing the well. This can happen when the hydrostatic pressure of the
drilling fluid and the formation pressure are close to the balancing point, and
the pipe is pulled from the well too quickly. If enough of the hydrostatic
pressure of the drilling fluid is relieved, the formation pressure will overcome
the drilling-fluid pressure.

m  Mud cut by gas or water. Gas or water from the formation can enter the
drilling-fluid system and cut the mud weight enough to let the formation
pressure exceed the hydrostatic pressure of the drilling fluid.

If a blowout occurs for any of these reasons, sand, shale, other formation
debris, and pipe stabilizers (rubber) could be blown up the hole. This debris can
bridge over and stick the string of pipe.

LOST-CIRCULATION STICKING

Lost-circulation sticking is one of the most frequent problems encountered
in drilling operations. It occurs when highly permeable or unconsolidated forma-
tions are fractured by the hydrostatic pressure of the drilling fluid (Figure 5-10).

In this situation, drilling fluid can flow freely into shallow, unconsolidated
formations because of their high permeability. This fluid flow can cause
washouts, sometimes resulting in surface cavities.
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Figure 5-9. Blowout sticking.

Drill bit

Figure 5-10. Lost-circulation sticking.
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SLOUGHING-HOLE STICKING

Shales are the primary culprit in sloughing-hole sticking problems.
Categorized as either brittle or sloughing, the shales fail by breaking into pieces
and sloughing into the hole. Shales swell as a result of a chemical reaction with
water, a process called Aydration. This reduces the stability of the shale section,
causing it to expand perpendicular to the bedding plane and slough off into the
wellbore. Massive sloughing forms particles too large to fall to the bottom of the
hole. Instead, they lodge around the pipe, usually at the drill collars or stabilizers,
and stick the pipe string. Circulation may also be lost (Figure 5-11).

Shale stability is governed by several factors, including the weight of the
overburden, in-situ stresses, angle of bedding planes, moisture content, and
chemical composition.

Shale sloughing is indicated by large amounts of shale on the shakers at
“bottoms up” and also by drag on trips and high levels of fill. Clay platelets,
which make up shale, are pushed apart by water and the formation expands. Any
swelling shale is a potential cause of stuck pipe. Some shale will swell rapidly
and dramatically. Given sufficient free water, the clay platelets will separate
completely, expanding to several times their original volume.

Other causes of sloughing are as follows.

m  Pressured shale sections, in which the pore pressure exceeds the hydrostatic
pressure.

Figure 5-11. Sloughing-hole sticking.
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Steeply dipping shale beds.
Turbulent flow in the annulus, which helps promote erosion.
Ledges breaking off in the wellbore.

Surge pressures or particles in cavities that have sloughed in when circulation

was stopped or the pipe moved.

®  Unstable formations can extrude into the hole and close around the pipe,
while others can slough and cause the hole to pack off. Coal is prone to
sloughing, salt will extrude, and shale can do either. Uncemented sands and
gravel can slough into the hole, producing large over-gauge sections and
possibly hole-cleaning problems.

® Heavily fractured limestone that results in a succession of boulders falling

into the well, jamming around the bottomhole assembly, and causing the pipe

to stick.
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Determining Stuck Point

When pipe becomes stuck for any of the reasons described in the previous
chapters, the first step is to determine the depth at which the sticking has
occurred. Stretch in the pipe should be measured and a calculation made to esti-
mate the distance to the top of the stuck pipe. All pipe is elastic, and all formulas
and charts are based on the modulus of elasticity of steel, which is approximately
30,000,000 psi. If the length of stretch in a pipe with a given pull is measured, the
amount of free pipe can be calculated or determined from a chart available in data
books.

TUBING, DRILL PIPE, AND CASING STRETCH DATA

The amount of stretch or elongation of oilwell tubular material that results
from an applied pulling force is a commonly required measurement. Robert
Hooke (1635-1702) discovered that strain or distortion of a given material is
proportional to the stress or force applied, if the elastic limit of the material is not
exceeded (Hooke’s Law). The elastic limit of a material is the maximum stress
that can be developed within it without causing permanent deformation—or
permanent stretch in oilfield terms.

The amount of stretch that will occur when a pull force is applied varies
with the amount of pull, the length of material being stretched, the elasticity of
the material, and its cross-sectional area. These variables are given in the general
stretch formula that follows, provided the elastic limit of the material is not
exceeded.

23
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GENERAL STRETCH FORMULA

AL = FxLx12
Exa,

where AL = stretch, in inches
F = pull force, in Ibs.
L = length, in ft.
E = modulus of elasticity, in psi
(for steel, £ = 30,000,000 psi)
a, = cross-sectional area (wall area or OD area minus ID area for
tubular material), in square inches

Note: It is a common misconception that the rate of stretch for oilfield tubu-
lar material also is affected by the grade of steel (j-55, n-80, etc.). This is not true.

Stretch
oD | Weight | D Wall | Constant o
(In.) (Lbs/Ft) (in.) (Sqin) (fn;’:},gg?:li;:}sl Cotwatint
1.050 1.14 |
@) [7ag ] 0824 | 033 1.20120 832.5
1.30 1.125 0.364 1.09890 910.0
1.43 1.097 0.413 0.96852 1032.5
1.315 1.63 1.065 0.467 0.85653 1167.5
(1) 1.70
1.72 1.049 0.494 0.80972 1235.0
1.80
2.10 1.410 0.603 0.66335 1507.5
1.660 230
(1-1/4) e 1.380 0.669 0.59791 1672.5
2.40 1.650 0.697 0.57389 1742.5
2.60
1.900 272
(1-1/2) 2.75 1.610 0.799 0.50083 1997.5
2.76
2.90
2.000 3.30
2 S 1.670 0.951 0.42061 2377.5
2.66 1.813 0.761 0.52562 1902.5
2,063 3.25
(2-1116) | 330 1.751 0.935 0.42781 2337.5
3.40
3.10 2.125 0.884 0.45249 2210.0
3.32 2.107 0.943 0.42418 2357.5
4.00 2.041 1.158 0.34542 |  2895.0
4.60 1.995 1.304 030675 | 32600
2.375 4.70 |
(2-3/8) 5.30 1.939 1.477 027082 | 36925
5.80 |
YT 1.867 1.692 0.23641 | 4230.0
6.20 1.853 1.733 0.23081 | 4332.5
7.70 1.703 2.152 0.18587 5380.0

Figure 6-1. Tubing stretch table (Courtesy of Baker Oil Tools).
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Higher grades of steel have greater elastic limits and can therefore be
stretched farther before reaching their elastic limits than can the lower grades, but
the rate of stretch is the same for all grades of steel. The only factors that affect
the rate of stretch are those shown in the preceding general stretch formula.

STRETCH TABLES

Stretch tables in this section cover a wide range of sizes and weights of
tubing, drillpipe, and casing (Figures 6-1 through 6-5). Columnar tabulations
in the tables show outside diameter, weight per ft., inside diameter, pipe-wall
cross-sectional area, Stretch Constant (SC) and Free Point Constant (FPC).

Stretch
oD Weight D Xg:g Constant [Ei’:(r)?:t
in. 1n./1,000 Lbs/
tin) i (in) (8qn.) (n1 000 F1) Constant
236 | 2579 | 1268 0.31546 31700
464 | 2663 | 1.333 0.30008 33325
640 | o441 | 1812 0.22075 4530.0
6.50
790 | 2323 | 2254 017746 5635.0
2.875 8.60
@78 oy | 229 | 2484 | 016103 6210.0
890 | 2243 | 2540 0.15748 6350.0
950 | 2195 | 2.708 014771 6770.0
1040 | 2.151 | 2.858 0.13996 7145.0
11.00 | 2065 | 3.143 012727 7857.5
1165 | 1.995 | 3.366 0.11884 8415.0
:32 3188 | 1.639 0.24405 40975
770 | 3068 | 2.228 0.17553 5570.0
9.20
o2 20m | 25% 0.15444 6475.0
10.20
2.922 . : .
T 2915 0.13722 72875
@12 [ 1280 | 2764 | ae2i 0.11047 90525
12.05 | 2.750 | 3682 0.10864 9205.0
1370 | 2673 | 4010 0.09975 10025.0
1470 | 2601 | 4308 0.09285 10770.0
1510 | 2602 | 4804 0.00204 10760.0
1580 | 2.524 | 4618 0.08662 11545.0
1705 | 2.440 | 4.945 0.08089 12362.5
940 | a548 | 2680 0.14925 6700.0
9.50
000 |_10:80
‘ 1000 | 3476 | 3077 0.13000 7692.5
@
,1,1‘00 - pilind e ———————————l
11.60 3.428 3.337 0.11987 8342.5
1340 | 3.340 | 3.805 0.10512 95125
12.60
22| asee | 3600 0.11111 9000.0
4500 | 15.10
M s 0.08076 11017.5
1600 | 35754 | 4836 0.08271 12090.0
1920 | 5640 | 5498 007275 13745.0

Figure 6-2. Tubing stretch table (Courtesy of Baker Oil Tools).
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. Stretch

Nominal Wall Free

(lonr_)) Weight (;E) Area | ngﬁnof)‘g'l‘_‘w Point
(Lbs/Ft) PO s Constant

(2-3/8) 4.85 1.995 1.304 1 0.30675 3260.0
6.65 1.815 1.843 0.21704 4607.5

PR BT LG B T 0.22075 4530.0
1040 | 2.151 | 2.858 0.13996 7145.0

T 950 | 2992 | 2590 0.15444 6475.0

(3-1/2) 13.30 2.764 3.621 0.11047 9052.5
15.50 2.602 4.304 0.09294 10760.0

@ 1185 | 8476 | 2077 0.13000 7692.5
1400 | 3340 | 3.805 010512 9512.5

1375 | 3.958 | 3.600 0.11111 9000.0

w1y | 1660 | 0826 | a.do7 0.00076 11017.5
18.10 3.754 4.836 0.08271 12090.0

20.00 3.640 5.498 0.07275 13745.0

= 1625 | 4408 | 4374 0.09145 10935.0
1950 | 4.276 | 5.275 0.07583 13187.5

() | 2190 | 4778 | 5828 | 0.06863 14570.0
7 2470 | 4670 | 6.630 0.06033 16575.0
(658) | 2520 | 5965 | 6526 0.06120 16315.0

Figure 6-3. Drill pipe stretch table (Courtesy of Baker Oil Tools).-

oD Nominal Wall mm Fre_pe
(in) Weight ID Area (In./1,000 Lbs/ Point
3 (Lbs/Ft) (In.) (Sgin.) 1,000 Ft) Constant

950 | 4090 | 2.766 0.14451 6915.0

1050 | 4052 | 3.009 0.13293 7522.5

(a2 | 1160 | 2000 | 338 0.11983 8345.0

1350 | 3.020 | 3836 0.10428 9590.0

1510 | 3.826 | 4.407 0.09076 11017.5

1600 | 3740 | 4918 0.08133 12295.0

1150 | 4560 | 3.304 0.12107 5260.0

13.00 | 4494 | 3773 0.10602 94325

5) 1500 | 4408 | 4374 0.09145 10935.0

1800 | 4276 | 5275 0.07583 13187.5

2080 | 4.15 | 6.069 0,06591 15172.5

1400 | 5012 | 4029 0.09928 10072.6

1550 | 4950 | 4.514 0.08861 11285.0

5-12) 5700 | 4892 | 4962 0.08061 12405.0

2000 | 4778 | ©5.828 0.06863 14570.0

2300 | 4670 | 6.630 0.06033 16575.0

2000 | 6.049 | 5734 0.06976 14335.0

(sm) | 2400 | 5921 | 6987 0,05766 173426

28.00 | 5791 | 8133 0.04918 203325

3200 | 5675 | 9177 0.04359 22942.5

17.00 | 6538 | 4912 0.08143 12280.0

2000 | 6456 | 5.749 0.06958 143725

53.00 | 6.366 | 6.656 0.06010 16640.0

o 26.00 | 6276 | 7.549 0.05299 18872.5

2000 | 6.184 | 8.449 0.04734 211225

3200 | 6094 | 0317 0.04293 232925

3500 | 6.004 | 10.172 0.03932 25430.0

38.00 | 5020 | 10959 0.03650 273975

2400 | 7.025 | 6904 0.05794 17260.0

2640 | 6969 | 7.519 0.05320 18797.5

(7568 [ 2970 | 6875 | 8541 0.04683 213525

3370 | 6766 | 9720 0.04115 24300.0

39.00 | 6625 | 11.192 0.03574 37980.0

Figure 6-4. Casing stretch table (Courtesy of Baker Oil Tools).
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/ Stretch
Nominal Wall Free
(?'S Weight (:r?) Area (In.?!o, ?)?)tgnl_‘bd Point
(Lbs/Ft) (Sqin.) 1,000 FY Constant
24.00 8.097 6.934 0.05769 17335.0
28.00 8.017 7.947 0.05033 19867.5
32.00 7.921 9.149 0.04372 228725
(8-5/8) 36.00 7.825 10.336 0.03870 25840.0
40.00 7.725 | 11557 0.03461 28892.5
44.00 7.625 | 12.673 0.03156 31682.5
49.00 7511 | 14.118 0.02833 35295.0
32.30 9.001 9.128 0.04382 22820.0
36.00 8.921 10.254 0.03901 25635.0
(9-5/8) 40.00 8.835 11.454 0.03492 28635.0
43.50 8.755 12.569 0.03185 31397.5
47.00 8681 | 13572 0.02947 33930.0
53.50 8.535 15.546 0.02573 38865.0
32.75 10.192 9.178 0.04358 22945.0
40.50 10.050 | 11.435 0.03498 28587.5
45.50 9.950 | 13.006 0.03076 32515.0
(10-3/4) | 51.00 9.850 | 14.561 0.02747 36402.5
55.50 9.760 | 15.947 0.02508 39867.5
60.70 9.660 17.473 0.02289 43682.5
65.70 9560 | 18.982 0.02107 47455.0
42,00 | 11.084 | 11.944 0.03349 29860.0
(11-3/4) 47.00 11.000 13.401 0.02985 33502.5
54.00 | 10.880 | 15.463 0.02587 38657.5
60.00 10.772 17.300 0.02312 43250.0
48.00 12.715 | 13.524 0.02958 33810.0
54.50 12.615 | 15514 0.02578 38785.0
(13-3/8) | 61.00 12515 | 17.487 0.02287 437175
68.00 12.415 | 19.445 0.02057 48612.5
72.00 12.347 | 20.768 0.01926 51920.0
65.00 15.250 18.408 0.02173 46020.0
(16) 75.00 | 15.124 | 21.414 0.01868 53535.0
84.00 15.010 24.112 0.01659 60280.0
(20) 94.00 19.124 | 26.918 0.01486 67295.0

Figure 6-5. Casing stretch table (Courtesy of Baker Oil Tools).

DETERMINING STRETCH

Amount of stretch for a particular material is determined using the correct
Stretch Constant, found in the tables, in the following formula.

AL=FxLxSC

where AL = stretch, in inches
F = pull force, in 1000s of Ibs.
L = length, in 1000s of ft.
SC = charted Stretch Constant, in in of stretch per 1000 Ibs. of pull
per 1000 ft. of length
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Example

Determine the amount of stretch for 30,000 lbs. of pull on 6500 ft. of 2.375-in.
0D, 4.7 lbs./ft., 1.995-in. ID tubing.

AL=FxLxSC
AL =30%6.5%0.30675
AL =59.8 in. of stretch

DETERMINING FREE POINT

The charted Free Point Constant makes it possible to determine very easily
the length of pipe being stretched when the amount of pull force and amount of
stretch are known. This is commonly referred to as “determining the free point in
a string of stuck or anchored pipe.” Read the correct Free Point Constant from the
table for the pipe involved and use it in the following formula.

I ALX FPC
F
where L = *minimum length of free pipe, or length being stretched, in ft.
AL = stretch, in inches

F = pull force, in 1000s of lbs.
FPC = charted Free Point Constant

*Because of friction forces, which cannot be determined readily, the actual
length of free pipe may be longer than calculated. The formula necessarily
assumes complete absence of friction.

Example

Determine the minimum length of free pipe being stretched when a
string of 4 % in. OD, 16.60 lbs./ft. drillpipe stretches 18.6 in. with an applied pull
of 25,000 lbs.

= ALX FPC
F
L= 18.6x11,017.5
25

L =8,197 or approximately 8200 ft.



Determining Stuck Point 29

CALCULATION OF STRETCH CONSTANTS AND
FREE POINT CONSTANTS

For any pipe sizes not included in the tabulated stretch chart data, Stretch
Constants and Free Point Constants can be calculated as follows.

SC = 04
aS
FPC =2500xa,

where: a = pipe-wall cross-sectional area, in square inches

Example

Determine the Stretch Constant for 2.375-in. OD, 4.7 lbs./ft. tubing that has
a pipe-wall cross-sectional area (a,) of 1.304 square inches

SC = 04
ag
04
T 1304
SC =0.30675
Example

Determine the Free Point Constant for 4% in OD, 16.60 lbs/ft drill pipe
which has a pipe-wall cross-sectional area (a,) of 4.407 square inches

FPC =2500xa,
FPC =2500%4.407
FPC=11,017.5

STRETCH GRAPHS

Stretch graphs are included in this section for 1.660 in. through 7 in. OD
external upset or non-upset API tubing in the most common weight and wall
thickness for each size (Figures 6-6 through 6-16). For tubing having any other
cross-sectional wall area, stretch must be determined from the general stretch
formula or from the stretch charts included in this section.
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Figure 6-6. Tubing stretch chart for 1.660-in. OD, 2.4 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).
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Figure 6-7. Tubing stretch chart for 1.900-in. OD, 2.9 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).



Determining Stuck Point 31

35000

30000

25000

20000

15000

Pull on tubing — Pounds

10000

5000

0 I —4 =y 1 i

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Depth — Feet

Figure 6-8. Tubing stretch chart for 2.062-in. OD, 3.25 Ibs./ft. EU or NU API

tubing (Courtesy of Baker Oil Tools).
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Figure 6-9. Tubing stretch chart for 2 %-in. OD, 4.7 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).
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Figure 6-10. Tubing stretch chart for 2 %-in. OD, 6.5 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).
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Figure 6-11. Tubing stretch chart for 3 %2-in. OD, 9.3 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).
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Figure 6-12. Tubing stretch chart for 4-in. OD, 10.0 Ibs./ft. EU or NU API
tubing (Courtesy of Baker Oil Tools).
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Figure 6-13. Casing stretch chart for 4 h-in, OD, 12.75 lbs./ft. EU or NU API
casing (Courtesy of Baker Oil Tools).
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Figure 6-14. Casing stretch chart for 5-in. OD, 15.0 Ibs./ft. EU or NU API
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Figure 6-15. Casing stretch chart for 5 %-in. OD, 20 Ibs./ft. EU or NU API

casing (Courtesy of Baker Oil Tools).
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Figure 6-16. Casing stretch chart for 7-in. OD, 26.0 Ibs./ft. EU or NU API
casing (Courtesy of Baker Oil Tools).

Each stretch graph involves only three variables: amount of pull force,
depth (or length), and amount of stretch. When any two of the variables are
known, the third can be read directly from the graph as follows.

1. If depth and pull force are known, the amount of stretch can be found.
2. If depth and stretch are known, the amount of pull can be found.

3. If pull force and stretch are known, the depth or length of tubing being
stretched can be found.

SET-DOWN AND SLACK-OFF WEIGHTS

When a string of tubing is lowered to put weight on bottom, as in setting
a packer, the tubing buckles in the form of a helix, and a significant amount of the
applied weight is supported by friction between the tubing and casing.
The slack-off graphs found in this chapter (Figures 6-17 through 6-22) indicate
the magnitude of the effect of friction and provide a means of determining the
approximate amount of weight applied on bottom as the tubing is lowered and
the weight loss is measured at the surface. Graphs are provided for the most
common tubing/casing combinations.
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The graphs were developed from mathematical calculations using an
assumed average value for the coefficient of friction. They are presented for
information only and may not be exactly accurate for any specific case because
the coefficient of friction involved may vary from the assumed value; however,
actual tests run in a variety of well fluids indicate that variations are rela-
tively small.

In situations in which the amount of effective tubing weight on bottom may
be marginal or inadequate to completely pack off a set-down-type packer, an
attempt should be made to pressure the casing. Pressure in the casing/tubing
annulus tends to straighten the tubing and put more weight on the packer. Casing
pressure will also increase the pack-off force in the packing element of a partially
packed-off set-down-type packer.



7
Parting the Pipe String

After determining the stuck point in a pipe string, it is normal procedure
to part the string so fishing tools such as a jarring string or washpipe string
may be run.

There are four acceptable methods of parting the pipe string.

Backoff
Chemical cut
Jet cut

Mechanical cut

The cutting method for each particular job should be carefully selected. For
example, only the backoff method leaves threads looking up and should be
employed if a retrieving tool is to be screwed into the fish. Screwing back into a
fish is the preferred method. This will restore the pipe to its full strength and ID.
If an engaging tool is run, it may be weaker than the pipe or connection or have
a larger or smaller ID.

When parting pipe, always leave enough free pipe above the stuck point to
act as a guide and provide a catching surface long enough for good pulling
strength. Sufficient length for these purposes is usually considered to be between
' and two joints. When determining how much of free pipe to leave, consider the
next operation. For example, if you will be washing over inside casing and using
a setup where no threads are needed, cutting ¥ joint above the stuck point may be
adequate. However, if the drillpipe is backed off so washing over (using a drill
collar spear in the washpipe) can be performed, extra pipe should be left in the
hole if there is considerable settling out of solids.

Some operators also like to leave a spare tool joint in place in case the first
is damaged by the backoff operation. This will also prevent having to fire a string

43
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shot in the same joint if the fish cannot be pulled or jarred free. Never leave more
pipe above a stuck point than is needed because it contributes to greater washing
over if this fishing method is used. If the jarring method is used, extra pipe adds
elasticity to the fish.

BACKOFF

Backing off is the procedure of applying left-hand torque to a pipe string
while firing a shot of prima cord (Figure 7-1) explosive to unscrew the pipe at a
selected threaded joint above the stuck point. The explosion produces a concus-
sion that partially unscrews the threads.

The backoff method of parting pipe is probably the most popular, particu-
larly in drill pipe and drill collars, as this is the only method that leaves a threaded
connection at the top of the remaining pipe. This makes it possible to screw back
into the fish with a workstring when using fishing tools such as jars. Tool joints
used on drillpipe, drill collars, and other drilling tools have coarse threads, large
tapers, and a metal-to-metal seal with flat surfaces or faces. These characteristics
make the backoff method attractive in such situations.

Tubing or coupled pipe does not lend itself to backoff the same way.
Threads are usually fine (at least eight per inch) with only a slight taper (such as
% in. per ft.), and the threads are in tension with a high degree of thread interfer-
ence. In spite of these differences, a backoff is still a popular method of parting
tubing.

In wells that have a mud-type completion fluid that has “settled out” over
the years, a good case can be made for backing off the tubing and screwing it
back together. Rather than picking up long strings of washover pipe, it may be
more economical to back off the tubing, circulate, screw it back together,
run a free point, back off deeper, and continue until the fish is out or progress
stops. If integral-joint tubing such as PH or CS Hydril is present, the joint
that is backed out should be run back into the hole to screw the tubing back
together. Tubing-tool joints will swell after the string shot, unlike drillpipe or
drill collars on which a new joint or screw-in sub is run to screw them back
together.

When performing a backoff, the pipe should first be tightened by applying
a specific number of rounds of right-hand torque, then reciprocating the pipe
while holding the torque. Pipe make-up torque should not be exceeded.

Once the pipe is made up, left-hand torque is applied to the string. This
torque must also be worked downhole by reciprocating the pipe as the torque is
built up. This action distributes the torque throughout the string and ensures
that there is left-hand torque acting on the point of backoff. A rule of thumb for
determining the amount of left-hand torque is to use 3% to one round for tubing
and ' to % round for drillpipe, per 1000 ft. of free pipe. Note that this is a base
point. Some cases will call for more or less left-hand torque depending on hole
conditions such as angles and doglegs.



Ideally, the pipe at the backoff point
should be in a neutral condition, under nei-
ther tension nor compression, before firing
the string shot. Because this condition is
very difficult to obtain, a slight tension
(rather than compression) in the pipe should
be favored. When the string shot is fired,
left-hand torque is held, and the calculated
weight of the string is picked up. The
concussion at the joint momentarily loosens
the threads and the left-hand torque on the
pipe partially unscrews it. After repeating
this process and unscrewing the joint
completely with surface equipment, the
freed pipe can be removed from the well.

When you are ordering a string shot,
the service company will need to know the
size and weight of pipe to be backed off,
the approximate depth of the stuck point,
the weight of the mud or fluid in the hole,
and the temperature of the well. This infor-
mation will dictate the strength of the
charge needed, as well as the type of fuse.

String shots may also be used for
other purposes, including the following.

m Releasing stuck packers or

fishing tools

Removing corrosion from pipe
Opening up perforations

Jumping a collar or box on a tool joint
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Figure 7-1. Shot rod with prima
cord (Courtesy of Baker Atlas).

Removing jet nozzles from drill bits to increase circulation
Knocking drillpipe out of keyseats in hard formations

An outside backoff is made by running string shots in the annulus to deliver
concussions from the outside the joint to loosen it. When pipe is plugged and can-
not be cleaned out so a string shot can be run inside the pipe, an outside backoff
is an alternative method. In this procedure, a backoff is made internally as deeply
as possible, and the free pipe is removed. A sub with a side opening is attached to
the bottom of the string and screwed back into the fish downhole. An overshot can
also be run on the bottom, but the OD must be as small as possible to allow the

wireline enough space to pass.
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When the fish is screwed back together or latched, the wireline and string
shot are run inside the pipe and down to the side-door sub (also called an out-
side backoff collar or a hillside sub). There it is guided into the annulus and
lowered deeper. Torque is applied before running the wireline outside the sub.
Once the backoff is completed, the pipe should be elevated slightly and rotated
back to the right to untwist the line below the side-door sub. The string shot
used for this operation has a small weight on the bottom of the line with the
prima cord wrapped around the wire about 35 ft. long. Because a collar locator
is not run, this will ensure that the shot is positioned across a connection,
because most pipe lengths are between 28 and 32 in. Therefore, the 35-ft. shot
will hit a connection.

CHEMICAL CUT

This procedure employs an electrical wireline tool, a propellant, and a
chemical reactant to burn a series of holes in the pipe, which weakens it so it pulls
apart easily. Introduced in the 1950s, chemical cutting was for many years the
exclusive, patented process of a single wireline company. Today, most electric-
wireline service companies offer if, and it is now the most widely used method of
cutting pipe.

Wireline cuts are economical because rig time is minimized. Another
significant advantage of chemical cutting (Figure 7-2A, 7-2B) is no flare, burr, or
swelling of the cut pipe. No dressing of the cut is necessary to catch it on the
outside with an overshot or on the inside with a spear.

The body of the chemical cutting-tool has a series of flow jets around its
lower part. Electric current ignites the tool’s propellant, which forces the chemi-
cal reactant (halogen fluoride or bromine trifluoride) through the jets under high
pressure and at a high temperature, eroding the metal of the pipe. The tool also
contains pressure-actuated slips to prevent vertical movement of the tool up the
hole, which can foul the electric line. '

The chemical cutting-tool produces a series of perforations around the
periphery of the pipe. The reaction of the chemical with the iron of the pipe

Figure 7-2A. Wireline chemical cutter (Courtesy of Baker Atlas).
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Figure 7-2B. Tubing cut with the chemical cutter (Courtesy of Baker Atlas).

produces harmless salts that do not damage adjacent casing and are rapidly
dissipated in the well fluid.

The chemical cutter will not operate successfully in dry pipe. It requires
at least 100 ft. of fluid above the tool when a cut is made. The fluid should be
clean and contain no lost circulation material. The chemical cutting-tool has oper-
ated successfully at a hydrostatic head pressure of 18,500 psi and 450°F. It is
available for practically all sizes of tubing and drillpipe and most popular sizes of
casing.

JET CUT

The jet cutter is a shaped charge run on an electric wireline. The modified
parabolic face of the plastic explosive has a circular shape to conform to the pipe
to be cut. The jet cutter is often used when abandoning a well, during salvage
operations, or when low fluid level, heavy mud, or cost would preclude the use of
a chemical cutter.

When a shaped-charge explosive is used to cut pipe, it flares the cut end of
the pipe (Figure 7-3A, 7-3B). It is necessary to remove the flared pieces if the
pipe is to be fished with an overshot from the outside. Usually this can be accom-
plished on the same trip with the retrieving tool. A mill guide or a hollow mill
container with an insert can be run on the bottom of an overshot and the flare or
burr removed by rotation. Then the overshot can easily slip over the fish. There is
a slight chance of damage to an adjacent string or casing if it is touching the pipe
to be cut at the point where the cut is made.

Jet cutters are available for practically all sizes of tubing, drillpipe, and
casing. Large jet cutters called severing cutters may be used if the fishing
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7-3A 7-3B

Figure 7-3A. Jet cutter (Courtesy of Baker Atlas).
Figure 7-3B. Tubing cut with the jet cutter (Courtesy of Baker Atlas).

operation has stopped. They create such a large flare that it is almost impossible
to dress off the top of the fish, especially in open hole. They are used to sever
drillpipe and drill collars. The severing charge is placed across a tool joint and not
in the tube of the pipe.

MECHANICAL CUT

To run most fishing tools, the pipe is parted by wireline methods to
minimize rig time. But if wireline tools are not available or practical, the pipe may
be parted by running an inside mechanical cutter or washover outside mechanical
cutter on a workstring.

The internal cutter (Figure 7-4) is made on a mandrel and uses an automatic
bottom. This allows the slips to be released and the tool set at any depth desired.
Friction blocks or drag springs are fitted to the mandrel to furnish backup for
this release operation. The mechanical inside cutter works by slowly rotating the
tool to the right while slowly applying weight, which feeds out the knives on
tapered blocks. They engage the inside of the pipe and cut into it. In practically
all such cutting tools, springs are used in the feed mechanism to absorb acciden-
tal shocks to the workstring, which can cause the knives to gouge or break.

Fishing-tool operators will usually run a bumper jar above the inside cutter to
control the weight applied to it. The ends of the knives have a brass tip to prevent
them from breaking when they come in contact with the pipe or casing wall. Inside
mechanical cutters are available for most sizes of tubing and casing strings.



Internal Hydraulic Cutter

The inside hydraulic cutter
is designed to cut single strings of
casing or tubing. The cutter has
hydraulically activated knives for
smooth and efficient cutting, an
indicator that uses pump pressure
to signal when the cut is complete,
and stabilizer slips to keep the
cutter anchored in the casing. A
piston forces the slips to anchor
the tool firmly before the knives
contact the casing.

When the cutter has been
run to the desired cutting depth,
rotation is initiated and circulation
started. An increase in torque
indicates that the casing or tubing
is being cut. When the cut is
complete, a “control dog” moves
into a recess in the bottom nut of
the cutter causing a decrease in
pump pressure. Straight pickup
retracts the slips and knives. An
inside hydraulic cutter should
always be run with a float sub to
prevent the cutter from setting
because of hydrostatic pressure
inside the workstring.

If the casing or fish is in an
open hole, a pressure cutter such
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Figure 7-4. Mechanical internal cutter
(Courtesy of Baker Oil Tools).

as the multiple-string casing cutter can be used (Figure 7-5). These cutters are
designed for cutting more than one string but can be dressed with single-cut knives.
Once the cutter is at the appropriate depth, rotation is started and pump pressure
pushes a piston down to make contact with the heels of the knives. This forces the
knives out and into the casing. As more pressure is applied, the pipe is cut. When the
cut is complete, pump pressure is stopped, and the cutter is pulled out of the hole.

External Cutter

The washover outside or external cutter (Figure 7-6) is used to go over the
outside of a fish. This tool is ideal for tubing or pipe that is plugged on the inside,
preventing wireline tools from being run. The external cutter is run on the bottom
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— Top sub
— Piston
Knife
Figure 7-5. Multiple-string casing Figure 7-6. Washover outside
cutter (Courtesy of Baker Oil Tools). cutter (Courtesy of Baker Oil Tools).

of a washover string, and the cut is made from the outside. It is dressed to catch
the type of tool joints or couplings on the fish. Pipe with couplings requires a
catcher assembly with spring fingers or flipper dog cages that catch below the
coupling. Pipe that has couplings but also has upset joints can be caught with
flipper dog-type or pawl-type catchers. These are made with slip surfaces cut on
the end where they will engage the upsets.

Flush-joint pipe requires a hydraulically actuated catcher. Pump pressure
against the sleeve restriction in the annular space actuates the external cutter’s
knives. Begin slow rotation (15 to 25 rpm), and slowly start to pump fluid down
the work string. This will begin feeding the knives to start the cut. The amount of
pressure and gallons per minute required depend on the size of the cutter and the
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piston assembly being used. Use extreme caution to avoid surging of pump
pressure when starting a cut. A decrease in torque will signal that the cut is
complete. Once the cut is made, the cutter recovers the fish, and it is stripped out
of the washpipe at the surface.



8
Catch Tools

OVERSHOTS

The overshot is the basic outside catch tool and is probably the most popular
of all fishing tools. Overshots are used to externally engage, pack off, and pull a fish.
They are designed with a helical groove in the bowl, and a grapple or slip made to
fit is now almost universally used (Figure 8-1).

Most overshots consist of a bowl, top sub, guide, grapple or slip, control, pack-
off, stop, and perhaps some additional accessory. The overshot bowl is turned with a
taper on an internal helical spiral and the grapple, which is turned with an identical
spiral and taper, is fitted to it. Each grapple is turned with a slip or wickered surface
inside so a firm catch is assured. Depending on the size of the catch for which it is
designed, a grapple will be either a basket type (Figure 8-2A) for relatively small
catches or a spiral type (Figure 8-2B) for large fish, in relation to the outside diam-
eter of the bowl.

The type of grapple used is a function of fish size. Because spiral grapples can
appear flimsy, they sometimes cause concern about their strength. In practice, the
spiral grapple makes a stronger assembly because it is flexible and distributes the
load throughout the bowl. Note that most overshot failures occur because the tool is
over-stressed. The typical failure occurs when the bowl splits or swells because
design limits have been exceeded.

Comparing capacities of the two grapple designs illustrates the strength of a
spiral grapple. A 75%-in., full-strength overshot fitted with a spiral grapple has a load
capacity of 542,468 lbs. In the same configuration, the load capacity with a basket
grapple is 479,044 lbs.

52
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Top sub

Bowl

Basket grapple

Mill control
packer

Guide

Figure 8-1. Overshot dressed with a basket grapple (Courtesy of National
Oilwell).

Figure 8-2A. Basket grapple Figure 8-2B. Spiral grapple
(Courtesy of National Oilwell). (Courtesy of National Oilwell).
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A cylindrical ring with a tang or key controls the location of the grapple within
the bowl. This fits into a slot and prevents the grapple from turning but allows it to
move up and down on the tapered surface. The grapple contracts as it is pulled down
on the tapered surface, and it grips the fish more firmly as the pull is increased.

Controls may also be designed with a packoff or packer that seals around
the fish and allows circulating fluid to be pumped through the fish. This can help
to free a stuck fish.

Care must be exercised in fitting or “dressing” an overshot where a coupling
or tool joint is to be caught. The enlarged tool joint or coupling section
of the pipe to be caught must be positioned in the wickered area of the grapple. If
it moves up and above this section, the overshot may rotate freely, and it becomes
impossible to release. Stops of various designs are used to stop the enlarged
“catch” in the proper grapple area.
Some examples are doughnut-shaped
rings placed in the bowl above the
grapple, a spring-loaded packer or pack-
off to seal inside a tubing coupling, or
an internal shoulder at the top of the
grapple itself.

Basket-grapples with mill-control
packers should always be run when fish-
ing for drillpipe if the catch is small
enough to accommodate a basket grap-
ple. Often there are burrs, snags, and
_ Hollowmill gplinters on the pipe to be caught. The
il b mill is sized so it will trim these enlarge-
ments to the proper size. When the pipe
has been “shot off ** or parted in such a
way as to heavily damage it, a mill exten-
sion or mill guide may need to be fitted
to the overshot bow! so the pipe can be
milled on and caught in the same trip
into the hole. These extensions or guides
have tungsten carbide inside and can mill
off a substantial amount of material so
the fish is trimmed to the grapple size
(Figure 8-3).

Overshots are very versatile and
may be fitted for almost any problem.
Extensions such as washover pipe may
be run above so pipe can be swallowed
Figure 8-3. Lower extension with and the overshot can catch the coupling
milling insert (Courtesy of Baker or tool joint below. This is often done
Oil Tools). when the top joint of the fish is in such

Guide Milling insert
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bad condition that it is not practical
to pull on it.

Short-catch overshots (Figure
8-4) are available in limited sizes to
use when the exposed portion of the Top sub
fish is too short to be caught with a
conventional catch overshot. The
wickered or catching portion of the
grapples in short-catch overshots
usually begin within 1 in of the bottom
of the bowl.

To properly engage an overshot
on a fish, slowly rotate the overshot
as it is lowered onto the fish (an over-
shot should not be dropped over the
fish). Circulation can be established
to help clean the fish and also to
indicate when the overshot goes over
the object being caught. Once this has
been indicated by an increase in pump
pressure, the pump should be stopped
to avoid kicking the overshot off the
fish. If jarring is to be done, it should be started with a light blow and gradually
increased, as this tends to “set” the grapple on the fish. A hard impact may strip
the grapple off the fish and cause the wickers to be dulled if not properly engaged.

To release bowl-and-grapple overshots, the tapered surfaces of the bowl and
grapple must first be freed from each other. When pulling on a fish, these two
surfaces are engaged, and friction prevents release. Freeing or “shucking” the
grapple is done by jarring down with the fishing string. A bumper jar is run just
above the overshot for this purpose. After bumping down on the overshot, the
grapple is freed, and the overshot is rotated to the right and released from the fish,
while taking a slight overpull.

Control
Bowl

Grapple

Figure 8-4. Short-catch overshot
(Courtesy of National Oilwell).

SPEARS

Spears (Figure 8-5) are used to catch the inside of a pipe or other tubular
fish. Generally, a spear is employed only when an overshot is not suitable. The
spear has a small internal bore that limits running some tools and instruments
through it for such tasks as cutting, free-pointing, and in some cases, backing off.
The spear is also more difficult than an overshot to pack off or seal between the
fish and the workstring.

However, spears are more useful than overshots for fishing jobs such as
pulling liners and packers, picking up parted or stuck casing, or fishing pipe
that was enlarged when parted because of explosive shots, fatigue, or splintering.
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Due to their design, with a small bore

in the mandrel, spears are usually very

strong. For example, one manufac-
Body turer’s spear for picking up 5 %-in. cas-
ing with 4%-in. drillpipe has a
capacity of 628,000 lbs. An overshot
made for the same catch would have a
capacity of 580,000 lbs. Note that
either tool in this size is adequate
because the yield strength of 4 %-in.,
16.60 1b. Grade S drillpipe is 595,000
Ibs. and Grade E is 330,000 1bs.

The spear is a versatile tool. It
can be run in the string above an inter-
nal cutting tool or in combination with
other tools, saving a trip into the hole
with the workstring. Milling tools may
be run below the spear to open up the
pipe so the spear can enter and catch.

The most commonly used spears are built on the same principles as over-
shots. They are designed with a tapered helix on the mandrel (similar to the
tapered helix turned inside the bowl of an overshot) and a matching surface on the
inside of the grapple. The slip, or gripping surface, of the grapple is on the outside
surface of the spear so it will catch and grip the inside of the pipe being fished.

To release a spear, it is rotated to the right. If the grapple is frozen to the man-
drel, it may be necessary to bump down to free or “shuck” the grapple. A bumper
jar can be run just above the spear to jar down and free the grapple.

To pack off the fish when catching with a spear, place an extension below
the spear with the appropriate packoff cups facing down (Figure 8-6). Typically
these are protected by a steel guide, which helps the packoff cups to enter the pipe
without damage.

A stop sub is run above the spear to space it properly in the fish and to aid
in releasing the spear. It also allows weight to be set down on the spear to cock the
jars (Figure 8-7). The grapple should be placed far enough into the fish to secure
a good grip, but if it is too far below the top of the pipe, it may swell the pipe if a
large force is applied. Releasing the spear then becomes a problem. Ordinarily the
stop sub is placed 1 to 2 ft. above the catching surface of the spear. However, exten-
sions may be used to place it lower in the fish if the top is splintered or swelled.

There are other spear designs. Most are built on the tapered-wedge princi-
ple. J releases as well as automatic bottoms or split nuts and cams are used to set
and release the slips or grapple. These types of spears will vary with the different
fishing-tool companies. The overshots and spears discussed in this chapter are
widely used by all companies. Hydraulically operated overshots and spears are
made mostly for use in thru-tubing fishing (see Chapter 24).

Grapple

= Bottom nut

4

Figure 8-5. Releasing spear
(Courtesy of National Oilwell).
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Body

Figure 8-6. Spear packoff (Courtesy of Baker Oil Tools).
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Stop ring

Figure 8-7. Spear stop sub (Courtesy of Baker Oil Tools).
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Jarring Stuck Pipe or Tools

Jars are impact tools used to strike heavy blows either upward or downward
upon a stuck fish. Jars have been used in drilling for many years. Early cable-tool
drillers used link jars for both fishing and drilling. Today, jars fall into two cate-
gories: fishing and drilling. Jars in each of these categories can be further distin-
guished by their hydraulic or mechanical operation. While both fishing jars and
drilling jars work on the same principle, they are usually built quite differently.

Most jarring strings (Figure 9-1) for fishing consist of an oil jar (sometimes
called a hydraulic jar) and a bumper jar (also called a bumper sub), along with
the necessary drill collars for weight. In addition, an accelerator (also called an
intensifier or booster) may be added to the string.

The oil jar strikes an upward blow on the fish; the bumper jar strikes a down-
ward blow. An accelerator can be included in the jarring string to provide addi-
tional stored energy, which helps to speed up the drill collars when they are
released by the oil jars. It also provides free travel that compensates for the travel
of the oil-jar mandrel. This travel compensation prevents the workstring from
being pushed up the hole, which absorbs the energy of the impact through friction.

JARRING STRINGS

A complete jarring string (see Figure 9-1) consists of an appropriate catch-
ing tool or screw-in sub, a bumper jar or sub, an oil jar, the desired drill collars,
an accelerator jar, and the workstring. Each tool in the string performs a specific
function, and it is critical to run them in the proper sequence. The overshot or
spear on the bottom catches or engages the fish. The bumper jar is for jarring
downward, either to dislodge the fish or to help release the catching tool. The oil
jar imparts the upward blow, the drill collars furnish the weight necessary for a
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good impact, and the accelerator speeds up the
B jarring movement and compensates for the
— Drill pipe travel in the oil jar, while saving the pipe from

: compressive stresses.
ED The weight of drill collars run with jar-

ring strings varies according to the size of the
jar used and is also influenced by the depth
of the fish, the fluid in the well, the strength of
the workstring, and the amount of fish stuck in
the wellbore. Manufacturers of oil jars and
booster jars make recommendations for a
range of weights to be run with their tools.
Today, most manufacturers have computerized
Oil jar jar-placement programs that give the operator
the exact location and number of drill collars
to be run according to the information entered.
When accelerator jars are run, it is
important not to use excessive drill collar
weight. Too much weight tends to overload the
accelerator and hinder, rather than help, the
action. Do not run drill collars or heavyweight
pipe above the accelerator. This procedure
causes the string to elongate when the jars trip
and may cause an impact in the accelerator,
which is damaging to the tool. If it is neces-
Releasing overshot sary to include drill collars or heavyweight
i pipe in the string for length, they may be
placed farther up the hole where they will not
Figure 9-1. Typical jarring affect the jar'ring opergti.on.
bottomhole assembly . To act.lvate the oil jar, pull up to a prede-
(Courtesy of Baker Oil Tools). termmed dlst.ance abovg the y&felght gf the
string at the jar. Hold this position while the
oil jar bleeds off and the blow is delivered.
This jarring weight may be varied to any amount within the strength of the tools
and pipe run. Do not pull the jar past its recommended strength, as this will dam-
age the jar. Ordinarily, jarring is started at a low impact and gradually increased
as necessary. This ability to vary the impact is the most significant advantage of
hydraulic or oil jars over mechanical jars. When running an overshot or other
catching tool, it is particularly desirable to start jarring at a low impact and
increase as necessary. This sets the grapple and allows it to “bite” into the fish. If
a heavy blow is struck first, it can cause the grapple to strip off the fish, leaving
the grapple dull and unable to catch again.
In jarring up, the bumper jar has no function and merely acts as an exten-
sion or slip joint. When jarring down is desirable, the oil jars should be closed and

Accelerator jar

Drill collars

Bumper jar
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the stroke of the bumper jar used for the downward impact. This precaution is
necessary to prevent jarring down on the oil-jar packing, which would cushion the
downward impact and possibly damage the packing.

Jars are always re-dressed after each use, even if they did not strike a blow.
They are disassembled and inspected, and new seals and oil are installed. Then
they are tested on a pull rack for resistance to pull according to size.

Oil jars are never run in pairs because they do not trip at the same time, and
one would impact the packing and seals of the other. This would damage the
packing and hinder good jarring action.

Jars should always be replaced when
making a trip for a purpose other than to
change them out. There is no way to determine
the remaining useful life of a jar that has been l
operated. Replacement is the best insurance.

The addition of drill collars or heavy-
weight drillpipe above the oil jar was formerly
thought to create an increase in impact, but it
was not always possible to move this mass fast
enough to be effective. The impulse or duration
of the impact is also important, particularly for
long sections of stuck fish such as differen-
tially stuck drill collars. However, data and
experience strongly suggest that the drill-collar
weights recommended by the manufacturers
should not be exceeded. If possible, applied
weight should be kept in the low range of such
recommendations. As described earlier, some
manufacturers now analyze specific jobs by
computer and make recommendations for the
most effective design of jarring strings.

MEE U

BUMPER JARS

The bumper jar (Figure 9-2) is a
mechanical slip joint. The simplest models have
exposed mandrels when open. In other designs,
the mandrel splines are enclosed and lubri-
cated. The bumper jar is used almost exclu-
sively as a downward-impact tool. The bumper
jar releases the weight of the drill collars it
carries, which causes a heavy impact as it :
closes. In addition to delivering impact blows to Figure 9-2. Fishing bumper
the fish, bumper jars are used above catching jar (Courtesy of National
tools such as overshots and spears. If the tools’ Oilwell).
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tapered grapples or slips become stuck on the mandrels or in the bowls, they may
be jarred down off the tapers by bumper jars. This releases the tool from the fish.

Fishing-tool operators frequently use bumper jars in a string of fishing or
cutting tools so that constant weight may be applied to a tool such as a cutter. By
operating within the stroke of the bumper jar, only the weight below that point is
applied to the tools. One example is a cutter in a deviated hole; the weight run
below the bumper jar is exerted on the knives, but excessive weight from the
workstring is avoided. The bumper jar is sometimes called “the fisherman’s eyes.”
The free travel in the bumper jar can easily be seen on the weight indicator. This
helps the fishing operator apply the correct weight to tools such as dress-off mills
or taps when screwing them into a fish.

; OIL JARS

The oil jar (Figure 9-3) consists of a

mandrel and piston operating within a

hydraulic cylinder. When the oil jar is closed,

L the piston is in the down position, where it has

a very tight fit and restricted movement within

j the cylinder. The piston is fitted with special-

l i ized packing that slows the passage of oil from

the upper chamber to the lower chamber of the

cylinder when the mandrel is pulled by pick-

ing up on the workstring. About halfway

| through the stroke, the piston reaches an

! enlarged section of the cylinder, which frees

“ i its movement. The piston then moves up very

; ‘ quickly and strikes the mandrel body. The

: intensity of the impact can be varied by the

amount of strain on the workstring. This vari-

able impact is the main advantage of the oil jar
over the mechanical jar for fishing.

¥ Some oil-jar designs have check or

1§ | bypass valves that allow fluid to quickly trans-

fer to the chamber above the piston when

cocking or reloading. However, there are many

oil jars in the field without this feature. In

: older designs, fluid must transfer through gaps

in seals and rings. If weight is applied too rap-

| = idly to close the jars, fluid will pass around the
E seals and damage them, shortening the life of
Figure 9-3. Hydraulic oil jar the jars. Use caution and slack-off weight
(Courtesy of National slowly when reloading the jar to prevent this

Oilwell). damage.
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Some oil jars also incorporate a floating piston that effectively transfers
the pressure of the hydrostatic head to the jar fluid. Oil jars are very effective
in freeing stuck fish because the energy stored in the stretched drillpipe or tubing
is converted to an impact force, which can easily be varied according to the pull
exerted on the workstring. Most oil jars are effective up to 350°F, but they also
can be used with special heat-resistant oil that will tolerate higher temperatures.

JAR INTENSIFIER OR ACCELERATOR

The intensifier or accelerator, also called a booster jar (Figure 9-4), is
an accessory run in the jarring string. When run above drill collars, the impact
delivered to the fish is increased and most of
the shock is relieved from the workstring and
rig. The intensifier is essentially a fluid spring
composed of a cylinder filled with a com-
pressible fluid, usually an inert gas or silicone.
When the workstring is pulled, a piston in
the cylinder compresses the fluid and
stores energy. When the oil jar trips, this
energy is released and speeds the movement
of the drill collars up the hole to impart a
heavier blow.

The free travel available when the accel-
erator is pulled open also relieves the work-
string of the majority of rebound, which is
damaging to tools and tool joints. The free
travel in the accelerator compensates for the
free stroke of the oil jar. Ordinarily, without an
accelerator in the string, the workstring is
stretched and when the oil jar trips, the pipe is
released to move up the hole. Much of the
stored energy is absorbed by friction in the
wellbore. This is apparent by movement at the
surface, causing the elevator, traveling block,
and even the derrick to shake. An accelerator
in the string eliminates this movement.

Isolating this sudden compressive force
from the workstring is a significant advantage
of an accelerator. Because the jar’s impact is
increased by the higher speed with which the
drill collars move up to strike a blow, less =il
weight or mass is required. Manufacturers fur- Figure 9-4. Intensifier jar
nish recommended weights of drill collars to (Courtesy of Natjonal
be run with each accelerator jar. Oilwell).
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SURFACE JARS

Occasionally, the drillstring can become stuck near the surface, primarily
in keyseats or the bottom of the surface pipe. To free this pipe, it is necessary
to strike a heavy blow downward, as jarring upward would only cause the fish
to become stuck further. Early drillers fashioned a driving joint from an old
kelly or joint of pipe and a sleeve or large pipe outside that would slide on
the inner body. Two flanges, one on each member, were used as the striking
faces. This was made up in the string at the surface, then the outer body was
picked up with the catline and dropped. This imparted a good impact against
the flange made up in the string and frequently freed it, saving an expensive
fishing job.

In modern fishing, the old driving joint has
been replaced with a surface bumper jar (Figure
9-5), which also imparts a heavy downward
blow. By adjusting the friction slip in the jar, the
impact may be increased or decreased as
required. The jar is made up in the string at the
surface, and the friction slips and control ring are
adjusted to the desired tripping pull. When a
straight upward pull is exerted on the jar, the fric-
tion slip rubs the enclosed friction mandrel and
arrests upward movement while the drillpipe is
being stretched. When the upward pull reaches
the pre-set tripping weight, the friction mandrel
is pulled through the friction slip. The resulting
downward surge of the pipe as it returns to its
normal length causes a sudden separation of the
main mandrel and bowl assemblies. These are
then free to move apart for the length of its 48-in.
stroke and drive the weight of the free pipe
against the stuck point.

As in all jarring operations, with a surface
bumper jar light blows should be used at first. If
light jarring fails, the tool may be adjusted for
heavier impacts. The tripping weight should
never be set higher than the weight of the free
pipe between the jar and the stuck point. If the jar
is set higher than this weight, it becomes neces-
sary to pull on the pipe at the stuck point, which
will usually cause it to stick more. Only hit a
surface jar a few times as excessive jarring with a
Figure 9-5. Surface surface jar can break the drillstring. The pipe will
bumper jar (Courtesy of start to bend in a washed-out area and can even-
National Oilwell). tually break at this point.
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Occasionally, fishing tools that operate on tapers may become frozen. The
wickers on grappling tools may bite into the fish so deeply that the tools cannot
be released in the normal manner. A bumper jar with a downward impact is very
effective in freeing the grapple so the tool may be released. The surface bumper
jar is also used for this purpose.

DRILLING JARS

Under most drilling conditions, it is economical to run jars in the drillstring
so they are readily available if the string becomes stuck. As mentioned previously,
these jars can be divided into two designs.

The hydraulic or drilling oil jar (Figure 9-6A) is essentially the same design
as the fishing oil jar except that it is made much heavier and stronger to sustain

Figure 9-6A. Hydraulic up-jar Figure 9-6B. Mechanical down-jar
section (Courtesy of National section (Courtesy of National
Oilwell). Oilwell).
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several hundred hours of drilling. The down jar is essentially a mechanical or
hydraulic detent design (Figure 9-6B) using friction slips and mandrels. Drilling
jars are much longer than conventional fishing jars.

Drilling jars should ordinarily be run in tension above the neutral point of
the string. If placed in the transition zone, the jars would be subjected to unusual
flexing, which could cause premature failure. Run above the majority of drill
collars, the jars are readily available if the bit or drill collars stick. Several drill
collars or heavy-weight pipe may be run above the jars to increase their impact
with additional mass. Manufacturers furnish instructions for each specific design.

Impact forces exerted by jars are expressed in “pounds jarring.” This value
is purely theoretical and is derived from the amount pulled on the workstring
above its normal weight. True impact force is affected by many variables such as
mud weight, friction in the hole, drill collar mass or weight, and the stroke of the
jars. Certain theoretical calculations are used primarily to prevent jarring with too
much pull and/or weight. Remember that the purpose of a jar is to move the fish
without hitting it so hard that it parts.



10
Washover Operations

Washover pipe (or washpipe, as it is commonly called), is large pipe used
to drill out, wash out, and circulate out cement, fill, formation, or other debris
causing the fish to stick. Proper size selection in washover operations is critical.
The washpipe’s ID must be large enough to go over the fish, with clearance for
circulation. The OD must allow rotation in the hole or casing. To avoid stick-
ing the washpipe, its annular clearance must be sufficient for circulation and
prevention of over-torquing (Figure 10-1).

A typical washpipe string is composed of a top bushing or safety joint, the
desired number of pipe joints, and a rotary shoe on the bottom that is suitable for the
material needing to be cut. The top bushing adapts washpipe threads to a tool joint
to fit the workstring. Safety joints are sometimes run in place of the top bushing.

Two types of safety joints are used with a washover string. One, a standard
safety joint, will unscrew at seven to nine rounds to the left if the washpipe
becomes stuck. The other is a washover/backoff-type safety joint. Unscrewing
this safety joint takes 15 to 17 rounds to the left. Without the safety joint, the
washpipe could unscrew completely while trying to back off the fish. If this
happens, the fish can be retrieved, but the washpipe will be left in the well.

Washpipe is usually made of heavy-wall, N-80-grade casing cut into 30- to
33-in. (Range 2) lengths for handling ease, with special threads for good torquing and
strength characteristics. A washover operation is actually a drilling procedure, so the
pipe is subjected to high torque. Shoulders like those used on tool joints are usually
part of the washpipe-thread design and have the strength to withstand high torque.

For maximum clearance, washpipe joints are usually flush inside and
outside. This also allows inside casing to be run for workover operations. Where
differential sticking is a problem in open holes, pipe with external upsets or
couplings, such as the popular X-line upset-connection joint, is used.
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: ob Weight Inside Wall Upset Drift Washover Size
Connection Plain End Diameter Thickness Diameter Diameter Rec. Max.
in. mm__| Ibs/ft | kg/m | in. mm_| in. mm_| in. mm in mm in. mm in. mm
TSWP 3-3/8 | 85.73|10.02 | 14.89|2.764 | 70.21|0.305 | 7.75 & - 2.639 | 67.03| 2-1/2 | 63.5 | 2-5/8 | 66.68
TSWP | 210 | gao |1231 ] 183 [ 2764 | 70.2110.368 | 9.35 y 2.639| 67.03| 2-1/2 | 635 | 2-5/8 | 66.68
TSWP : 8.81 | 13.09]2.992 | 76.0 | 0.254 | 6.45 2.867 | 72.82| 269 | 68.26| 2-7/8 | 73.03
TSWP 3-5/8 | 92.08| 7.06 | 10.49|3.240 | 823 |0.192 | 4.88 L it 3.116| 79.12| 3.00 | 76.2 | 3-1/8 | 79.38
TSWP | 5o | g5o5| 955 141913238 | 82.25/0.256 | 6.5 . 3.113| 79.07| 3.00 | 76.2 | 3-1/8 | 79.38
TSWP : 10.46 | 15.55|3.185 | 80.9 |0.283 | 7.19 7 3.06 77.72| 300 | 76.2 | 3-1/8 | 79.38
TSWP_ |3-13/16| 96.84| 11.7 17.39]| 3.187 | 80.95/ 0.313 | 7.95 - - 3.062| 77.77| 300 | 76.2 | 3-1/8 | 79.38
TSWP 4 |101.6 | 12.93 | 19.22| 3.340 | 84.84| 1.33 858 - 7 3.215| 81.66|3-1/16 | 77.79| 3-1/4 | 82.55
TSWP 4-3/8 | 111.13 12,02 | 17.87|3.826 | 97.18/0.275 | 6.99 _ _ 3.701| 94.01| 3-1/2 | 889 | 3-3/4 | 95.25
TSWP ) 13.8 20.18| 3.749 | 95.22/0.313 | 1.95 3.624| 92.05| 3-1/2 | 889 | 3-5/8 | 92.08
1SS 11.3 | 16.87| 4.000 [101.6 | 0.25 6.35 3.875| 968.43| 3-3/4 | 95.25| 3-7/8 | 98.43
TSWP | 4-1/2 |114.3 | 13.04 | 19.38| 3.920 | 99.57| 1.29 73zl - - 3.795| 96.39| 3-5/8 | 82.08| 3-3/4 | 95.25
TSWP 14.98 | 22.26| 3.826 | 97.18 0.337 | 8.56 3.701| 94.01| 3-1/2 | 88.9 |3-11/16| 93.66
TSS 4-3/4 | 120.65| 17.2 26.04| 4.000 | 101.6 | 0.375 | 9.3 # A 3.875| 98.43| 3-3/4 9.25| 3-7/8 | 98.43
TSWP | 4-7/8 |123.83| 11.67 | 17.2 | 4408 [1720 |0.233 | 592| - - 4.283 | 108.8 | 4.00 [104.6 | 4-1/8 | 104.8
TSwP
TSWP 1487 | 22.1 | 4.408 | 112.0 0206 | 752 - - 4283 | 108.8 4-1/8 | 104.8
X-LINE 5 127.0 | 15.00 | 22.29| 4.375+ 111.1 5.36 | 136.1 4.00 |101.6 | 4-1/4 | 108.0
X-LINE 18.00 | 26.75| 4.2504 108.0 a19| ™ ’
TSWP 17.93 | 26.65| 4.276 | 108.6 0dE% - - 4151 1054 s | 1945
TSS 5-3/8 |136.3 | 202 | 29.76| 4.625 |117.5 |0.375 | 9.53| - - 45 |114.3 | 4-1/4 [107.95| 4-1/2 | 114.3
TSWP 16.87 2.07) 4.892 | 124.3 - 2
X-LINE 5-1/2 | 139.7 | 17.00 | 25.27| 4.875+ 123.8 v 4R 5.86 | 148.8 4707 1211 | 388 | 1749) 494 | 1207
TSWP 19.81 | 29444778 | 114 0361 | 9.17 # - 4653 (1182 | 4-1/2 [114.3 | 4-5/8 | 117.5
TSWP 5-3/4 | 146.05 18.18 7.02| 5.124 | 130.2 | 0.313 | 7.95 i 4 4999 | 127.0 | 4-7/8 [123.83| 5 127.0
TSS i bk e 7 5 127.0 |1 0.375 | 9.53 4.875 | 123.8 | 4-3/4 |120.65| 4-7/8 | 123.8
TSS 1535 | 22.81| 5.5 139.7 |0.25 6.35 5.375 | 136.5 | 5-1/4 |133.35| 5-3/8 | 136.5
TSWP 6 152.4 | 19.64 | 29.19| 5.352 | 1359 | 0.324 | 8.23 # . 5.227 | 132.8 | 5-1/8 |130.18| 5-1/4 | 133.4
TSWP 2281 | 339 | 524 |133.1 |0.38 9.65 5.115|129.9 | 5.00 |127.0 | 5-1/8 | 130.2
TSWP 6-3/8 | 161.93| 24.03 | 35.72| 5.625 | 142.9 | 0.376 | 9.53 = = 5.5 139.7 | 5-3/8 |136.53| 5-1/2 | 139.7
TSWP 23.58 | 35.05| 5.921 | 150.4 - -
X-LINE 6-5/8 | 168.28 2400 | 3567|591 |150.4 0.352 | 8.94 7 1778 5796 | 147.2 | 5-5/8 |142.88| 5-3/4 | 146.1
TSWP 2566 | 38.14| 6.276 - -
X-LINE 7 |177.8 o500 | 3864|6276+ 1994 |0:862 | 9.19 —agyao— 6.151|156.2 | 6.00 | 1524 | 6-1/8 | 155.6
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TSWP | 7-1/4 | 184.15] 23.19 | 34.47] 6.624 | 168.3 | 0.313 | 7.95| 7.6 | 1905 6.499]165.1 | 6-3/8 | 161.96] 6-1/2 | 165.1
ISWE | 7-a58 |167.3 [28.04 | 41.66| 663 (1683 038 | 95 | - | o |65 |165 |68 |161.96| 6-1/2 | 1651
TSWP 2556 | 37.99| 697 |177 | 033 | 83 6.84 | 174 | 6:3/a |171.5 | 6-7/8 | 174.6
;gwg 7-508 | 1937 | 20.04 | 43.16| 6.88 | 1746 |038 | 95 | - o | 675 |172 | 658 |1683 | 6314 | 1715
TSWP 33.04 | 49.11] 6.77 |171.8 |0.43 | 10.9 6.64 |169 | 6-1/2 |165.1 | 6:5/8 | 168.3
X-LINE 29.70 | 44.14| 6.843+173.8 |0.38 | 95 | 8.01 |204 | 675 | 17.2 |6-9/16 |166.7 |6-11/16] 169.9
TSWP | 8 |2032 | 3054 | 45.39] 7.25 |184.2 |0.38 | 9.5 | - 0 [ 713 [181 7 1778 | 7-1/8 | 181
TSWP 31.04 | 46.13| 7.38 | 187.3 | 0.38 | 9.5 7.5 | 184 | 7-1/8 |181 | 7-1/4 | 184.2
TSWP | 8-1/8 |206.4 | 35.92 | 53.39] 7.25 |184.2 |0.44 | 11.1 | - o [413 [181 7 1778 | 7-1/8 | 181
TSWP 38.42 | 57.1 | 7.19 | 1825 |0.47 | 11.9 7.06 | 179 |6-15/16] 176.2 | 7-1/16 | 179.4
TSWP 33.95 | 50.46| 7.68 | 1925 |0.4 | 0.1 7.45 | 189

Tss | 598 |2127 I'a700 [ 55.13[ 75 1905 (044 |i1.0 | = | © [T73s |18z | 7-V4 1842 | 7908 | 167.3
TSWP 311 | 46.22| 7.92 |201.2 |0.35 | 89 | - 0 | 7.8 | 198 | 7-9/16|192.1 |7-11/16| 195.3
X-LINE | 85/8 |219.1 [36 | 53.51| 78134 198.5 [04 | 702 | 912 [282 | 7.7 [196 | . |,00 - | 758 | 193.7
TSWP 3920 | 584 | 7.73 |196.2 |045 | 11.4 | - 0 | 76 |193 5 73116] 195.3
TSWP | 9 |2286 | 38.92 | 57.85]8.150 |207 |0.43 | 108 | - 0 | 799 |208 | 7-7/8 |200 8 |203.2
TSWP 38.94 | 57.88| 8.84 |224.4 |04 | 10 . 868 |220 | 8-1/2 |2159 | 838 | 212.7
TSWP 427 | 63.46| 8.76 |222.4

X-LINE | 95/8 | 2445 435 1 6465|867 |220.1 | %44 |1 [foa [257 | 86 |218 | g-1/a |2096 | 8-1/2 | 2159
TSWP 46.14 | 68.58| 8.68 |220.5 |0.47 | 12 : 0 | 853 [217

TSWP 4422 | 65.72| 9.95 |252.7 |04 | 102 079 |249 | 9-1/2 |241.3 | 9-3/4 | 247.7
lng 10-3/4 | 273.1 | 495 | 7357|985 |2502 |045 |11.4 | - 0 | 969 |246 | 938 |238.1 | 9558 | 2445
TSWP 5421 | 80.57| 9.76 |247.9 |06 | 126 96 |244 | 9-1/4 |235 | 9-1/2 | 241.3
TSWP | 4. 2 | sogs | 5257 | 78.13[109 2764 [044 | 11 ] o H07_|272 [10-18]257.2 | 10-5/8| 269.9
TSWP 5 '58.81 | 87.411108 | 2736 | 0.49 | 12.4 10.6 | 270 10 |254 | 10-1/2 | 266.7
TSWP | 12-3/4 | 2985 | 49.56 | 73.66/12 _ |304.8 |0.38 | 9.5 |135 |343 |11.8 | 301 1 |2794 [11-1/2]292.1
TSWP | 13-3/8 | 339.7 | 66.11 | 98.26/12.4 | 315.3 | 0.48 | 12.2 |13.75 | 349 |12.3 |311 | 11-1/2|292.1 | 12 |304.8
TSWP | 16 | 4064 | 81.97 [121.8 15  |381.3 |05 | 12.6 |16.75 | 426 |14.8 |377 | 14-1/4|362 | 14-3/4| 374.6

All strengths maximum value - apply safety factor of two (2) to the joint tensile yield strength.
* = Recommended make-up torque = 25% of maximum make-up torque - does not apply to X-Line Conneclions.
m = Ratio of the joint tensile yield strength to the pipe tensile yield strength.
+ = The internal upset has been reduced.
® = N-80 Pipe.

¢ = J-55 Material.

Figure 10-1. Washpipe data specification guide (Courtesy of Baker Oil Tools).
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ROTARY SHOES

The rotary shoe (Figure 10-2) is run on the bottom of the washpipe string.
Various types are available for specific tasks. Tooth-type shoes are typically used
when cutting fill, formation, or cement. The teeth on these shoes have straight
leading edges, and their surfaces are dressed with a material such as tube borium
to prevent excessive wear and to resist erosion by the circulating fluids.

Shoes for cutting steel such as tool joints, tubing, or junk are dressed with
tungsten carbide in an appropriate configuration. Shoe designs must allow suffi-
cient circulation to cool the carbide and wash away cuttings. If the job is inside
casing, cutting carbide must not contact the casing wall, as this will damage it. To
prevent this, smooth brass is sometimes applied to the shoe’s outside diameter as
a bushing that reduces friction and prevents damage. Tungsten carbide is applied
to the bottom of the shoe, and if possible, to the inside diameter. A small carbide
shoulder inside the shoe improves the chances of retrieving some or all of the
fish. This can save a trip with another tool to recover the washed-over fish.

Because washpipe is large, stiff, and smooth, length of the washpipe string
is a critical factor in preventing sticking. Length should be determined after
careful consideration of hole conditions. Note that deviated holes or accidentally
crooked holes limit the safe length of a washpipe string. The following discussions
of two actual jobs demonstrate the extremes in washpipe-string lengths.

Example

In one job, drillpipe in a vertical well was stuck from a depth of 330 ft. (the
bottom of the surface pipe) to 8487 ft. (the depth of the bit). The cause of stick-
ing was a poor mud system. The mud had to be circulated out and replaced, while

Figure 10-2. Washpipe rotary shoe (Courtesy of Baker Oil Tools).
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conditioning the hole in the process. On the last washover, 1218 ft. of washpipe
was run. This is unusual, but under the circumstances the decision was correct,
and the job was successfully completed.

In this situation, equipment costs, as well as the cost of drilling the hole, the
cost of the surface pipe, and the cost of cementing it needed to be recovered. To
be economically viable, the washover operation cannot cost more than the cost of
replacing the hole and the equipment lost in it.

Example

In another job, 47 joints of 3 %-in. drillpipe cemented in a 7-in. liner at
approximately 14,000 ft., in a 36° hole was washed over. This job was completed
successfully, but only five joints (approximately 150 ft.) of washpipe could be run
at a time. When six joints were run, the string would stick, which added time and
expense to the project in milling and fishing the washpipe. Another problem arose
when the washpipe’s rotation and reciprocation was stopped so a wash-out tool
could be run. The washpipe became stuck because of cement cuttings settling out.

When considering a washover operation, probability percentages must be
applied to the cost formulas. Success is expected, but not all jobs are successful.
What is the probability of success? Probability percentages should be determined
from specific experiences in a number of similar jobs. Records from infield
drilling and workover programs within the same field will indicate the problems
experienced and their frequency. Only from historical experience in similar
conditions can reliable probability factors be developed.

When the entire length of fish cannot be covered in one washover, it is
necessary to separate the freed section of the string from the section remaining in
the hole. This can be done using several methods.

m  After pulling the washpipe, an overshot can be run, left-hand torque applied,
and the fish backed off with a string shot (see Chapter 7).

m Instead of a rotary shoe, an external (or outside) cutter can be run on the
washpipe and the fish cut off above the lowest point of the free section.

m A washpipe spear may be run in the washpipe string during the washover.
The spear can then be used to apply left-hand torque for the string-shot
backoff.

m A backoff connector can be run with a washover backoff safety joint and
engaged at the top of the fish when the washover is completed. Through this
connector, left-hand torque can be applied and the string-shot backoff made.

EXTERNAL CUTTERS

The outside or external cutter (Figure 7-6) usually has a slightly larger OD
than the washpipe, and it is dressed to catch the type of tool joints or couplings
present on the fish. Three typical catcher types are used with this tool.
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® Pipe with couplings requires a catcher
assembly with spring fingers or
flipper-dog catches that catch below the
coupling. Once over the fish, as the wash-
pipe is moved upward, the finger-catcher
assembly near the top of the cutter engages
the pipe under the coupling. In turn this
sleeve moves down the barrel, transmitting
force through the spring to the sleeve,
which feeds in the knives. As this assembly
is rotated, the knives cut the pipe in two.

Slip

Body
m  Pipe with upset-joint couplings can be
caught with flipper-dog or pawl catchers
made with slip surfaces cut on the end that
will engage the upsets. The pipe is then cut
as mentioned in the previous entry.

m Flush-joint pipe requires a hydrauli-
cally actuated catcher. Pump pressure
against the sleeve restriction in the annular
space actuates the knives.

Coil springs are used in practically
all outside cutting tools to absorb heavy

. ST Control sub shocks that can break the knives.

Mandrel

WASHPIPE SPEARS

The washpipe spear, also called a
drill-collar spear (Figure 10-3), is used

Figure 10-3. Washover drill- mainly to prevent dropping a fish stuck off
collar spear .(Courtesy of Baker the bottom when washing over it. This ver-
0il Tools) satile tool can be used to pick up a fish on

the same trip as the washover and to back
off a fish when it is partially washed over,
saving a trip. When a fish is stuck off the bottom and it is washed over, it usually
falls to the bottom and may corkscrew the pipe, damage the bit by knocking off
cones or even shanks, and damage filter cake in the wellbore. Catching the fish
before it falls saves considerable time and money.
The spear is made up of two major assemblies: the mandrel-and-slip assem-
bly and the control-cage assembly with friction blocks, restriction rings, and a
latch. The spear is usually placed in the bottom joint of the washpipe string, but
it can be run anywhere in the washpipe string. It is anchored in place by turning
the bottom sub to the left, which moves the tapered slip cone under the slips,
extending them and anchoring the spear in the washpipe. Below the spear, an
unlatching joint or J-type safety joint is run.
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When the washpipe has been worked over the top of the fish and the spear
engaged into the fish, the connection between the top of the fish and the bottom
of the spear is made up by right-hand rotation. By continuing rotation with an
upward pull, the slip cone is completely retracted, so the slips will not drag on the
washpipe. The spear is now firmly connected to the fish and is not engaged in the
washpipe except through the friction blocks on the control cage.

Normal washover pump pressure is applied to the surface of the restriction
rings that hold the cage down on the mandrel. If the fish is cut loose and starts to
fall, the friction blocks hold the cage firmly in the washpipe, and the mandrel
moves down. Without the cage holding the slips in a retracted position, a spring
below the slips moves them up, engaging the washpipe and stopping any further
downward movement of the mandrel and the fish.

Another type of spear has control dogs that sit in windows inside a control
bushing. Once the fish is engaged and the connection tightened, %-round of left-
hand torque is applied, and the washpipe is moved down. At this point, the spear
becomes part of the fish and if the fish falls, slips on the spear will catch inside
the washpipe, preventing the fish from reaching the bottom.

The washpipe spear can eliminate a stripping job when the fish is recov-
ered. At the surface, when the fish is reached inside the washpipe, drillpipe may
be picked up, made up handily in the top of the spear, and the spear manually
latched off or disengaged. The spear with the fish is then lowered to the bottom
of the washpipe and set in the last joint, after which the drillpipe is removed. The
fish is now hanging out of the bottom of the washpipe, and a time-consuming
stripping job has been prevented.

When a fish is leaning over in a washed-out section of the wellbore and it
is not possible to go over it with the usual washpipe assembly, a slightly bent joint
of pipe can be run below the washpipe spear. With this pipe hanging below the
washpipe, it becomes easier to stab into the fish.

UNLATCHING JOINTS

The spear is always run with an unlatching or J-type safety joint immedi-
ately below it. The unlatching joint is held firmly in place with two light-metal
straps, which prevent it from accidentally unlatching while going into the hole.
After the spear and safety joint are made up in the fish, a straight pick-up pulls
the straps apart and the safety joint is operational. It is usually dressed so that
right-hand torque can be transmitted through it, a straight pull exerted on it, and
unlatching accomplished with slight left-hand torque while picking up.

The J-type safety joint (Figure 10-4) is a two-piece unit that is secured when
lugs on the top half engage with a J-slot on the bottom half. Special shear screws
keep the tool securely fastened until the fish is engaged. Once the fish is engaged,
a tension load of 10,000 lbs. per shear screw is applied to the string. When the
screws have been sheared and tension released, the string is elevated while apply-
ing slight left-hand torque. The lugs then shift into the release slot, and the two



74  The Guide to Oilwell Fishing Operations

halves of the safety joint separate. To re-engage
the safety joint, the string is lowered while rotat-
ing slowly to the right until the lugs on the top
half engage the slots in the lower half. Rotation
is then stopped, right-hand torque is maintained,
and the string is lowered until the joint is fully
engaged. The joint remains engaged until the
releasing procedure is repeated.

Top half

BACKOFF CONNECTORS

L3 When washing over and retrieving long
} | strings of pipe resting on the bottom, a backoff
& J‘L; connector may be used to reduce the number of
trips with the workstring. In a washover and
backoff operation, it is possible to wash over a
stuck string, screw into the fish, and perform a
__— Shear screws backoff on the same trip. This assembly is essen-
tially a J-type safety joint made up to a washpipe
backoff safety joint (Figure 10-5). This can be
made up to the top of a long string of washpipe
or just run with a shoe and extension. The bot-
tom of the J-type safety joint is subbed to the
correct connection of the fish.

Packing When the tool has screwed into the fish
and it is established that the fish cannot be
pulled, the J-type safety joint can be released to
allow the washpipe to reciprocate and rotate.
After a string shot has been run to just above
the safety joint, the fish can be re-engaged and
the backoff completed. If the washpipe will not
turn freely to the left, the anti-friction ring of
the washover safety joint will allow this joint
to unscrew. The washover safety joint’s long,
threaded area makes it possible to back off all tool-joint connections and most
tubing connections without completely unscrewing it, which in turn keeps the
washpipe from unscrewing.

Bottom half

Packoff sub

Figure 10-4. J-type safety
joint (Courtesy of Baker Oil
Tools).

HYDRAULIC CLEAN-OUT TOOLS

Occasionally during recovery of stuck drillpipe or tubing, the inside of the
pipe becomes bridged over. This prevents the lowering of string shots, free-point
tools, and electric wireline-cutting tools to the desired depth. Spudding with a
wireline and an assembly on the bottom to cut through the bridge is sometimes
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+—— Top half
Safety ring —
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+—— Bottom half
—— Drill pipe connection
—— Wash pipe connection

Figure 10-5. Washpipe backoff safety joint (Courtesy of Baker Oil Tools).

successful if the bridge is not too long or compacted. When the bridge cannot be
removed by spudding, the next step is usually a hydraulic clean-out tool.

The clean-out tool consists of a jet-type shoe, lengths of clean-out tubing
(usually [3-in. OD pipe), a top sub that may include a stop ring and entry
circulating ports, and a connection to the sinker bars and rope socket.

After a backoff or cut is made in the free pipe, the pipe is pulled and a
circulating sub of the correct size and thread is installed on the bottom of the pipe
string. The string is then run back into the hole and screwed into the fish. If the
pipe is cut instead of backed off, an overshot without a packoff is used to tie back
to the fish.

Up to 300 ft. of small tubing can be run into the hole, and when the bridged
area is reached, the pumps are started. Jetting action washes away the plugging
material as the clean-out tool is lowered on wireline. When this has been completed,
the clean-out tool can be pulled from the well and normal pipe recovery operations
begun.



11
Loose-Junk Fishing

The first step in fishing loose junk is to identify what it is. This may be
readily determined if something has been left in the hole on a trip or has been
dropped into the hole accidentally. If the type and configuration of the junk is not
known, a lead-impression block should be considered. If the fish can be identi-
fied, visualize how the fish may be retrieved by placing another part or tool
exactly the same as the fish in a casing nipple of an appropriate size to simulate
the hole. The proposed fishing tools may then be tried at the surface, and those
found inappropriate can be ruled out. It is much cheaper to try the tool on the
surface than to make a trip and retrieve nothing. The usual tools for retrieving
loose junk are magnets, various types of junk baskets, hydrostatic bailers, or a
tool that might be devised for the particular circumstance.

MAGNETS

Fishing magnets are either permanent magnets fitted into a body with
circulating ports or electromagnets, which are run on a conductor line. There are also
inline magnets or downhole magnets. Magnets will only pick up ferrous metal. Other
methods should be used to recover brass, aluminum, carbide, and stainless steel.

Permanent Magnets

Permanent magnets have circulating ports around the outer edge so that fill
and cuttings can be washed away and contact can be made with the fish. Typically,
the magnetic core is fitted with a brass sleeve between it and the outer body so
the magnetic field is contained and there is no drag on the pipe or casing.
Permanent magnets allow circulation to wash away fill so the junk is exposed.
Ordinarily, by rotation, the operator can detect when contact is made with the
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fish. The operator should then thoroughly
circulate the hole, shut the pump off, and
retrieve the fish. When pulling the work-
string, it should not be rotated because there
is a chance of slinging the fish off.
Permanent magnets are usually fur-
nished with a cut-lip guide, a mill-tooth guide
(which is the most popular), or a flush guide
(Figure 11-1), which resembles a thread
protector. The mill or cut-lip guide that
extends below the magnet is extremely help-
ful in retaining the fish and preventing
it from being dragged off inside the casing.

Electromagnets £
s — Flush guide

Electromagnets are run on a conductor Figure 11-1. Junk magnet
line and are charged only when the bottom of with flush guide (Courtesy
the well is reached. They have the advantage of National Oilwell).

of quick trips in and out of the hole, plus the
added lifting power of an electromagnet. However, if the fish is covered with fill
or debris, it cannot be reached because there is no way to circulate this tool down.

Downhole or Inline Magnets

Downhole or inline magnets (Figure 11-2) are added to a bottom-
hole assembly to help remove ferrous-metal debris. They have a box-by-pin
connection and resemble a drillpipe pup joint. Between the connections are very
strong magnets that attract metal chips from the wellbore fluid. The downhole
magnet can also be used to clean metal cuttings and other ferrous-metal debris out
of casing collars, horizontal wellbores, and sub-sea blowout preventer (BOP)
stacks. The inline magnets are used to assist with cutting- and milling-debris
removal in situations with either low annular velocity or well fluids that have poor
carrying capacity. If the downhole or inline magnet is used in a milling or drilling
operation, run it higher in the string to prevent extreme weight from being applied
to the magnet. Should the magnets be used for recovering perforating-gun debris,
they are run below the perforating guns.

JUNK BASKETS

Core-Type

For many years, a core-type junk basket was the standard tool for fishing bit
cones and similar junk from an open hole, and it is still frequently used. It consists
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Magnets
Finger catchers |
|
|
Milling head
Figure 11-2. Downhole or Figure 11-3. Core-type junk
inline magnet {Courtesy of basket (Courtesy of Baker
Baker Oil Tools). Oil Tools).

of a top sub or bushing, a bowl, a shoe, and typically two sets of finger-type catch-
ers (Figure 11-3). It is made to circulate out the fill and cut a core in the formation.
The two sets of catchers, one dressed with short fingers, help to break off the core
and retrieve it. Any junk in the bottom of the hole is retrieved on top of the core.

Catcher-Type

In all catcher-type junk baskets, the catcher must rotate freely in the bowl
or shoe. As the tool is run down over junk, the catcher snags on the junk and
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remains stationary as the bowl and shoe rotate around it. If the catcher is fouled
with trash, excessive paint or corrosion, or other foreign material, it will not rotate
and the fingers will be broken off, leaving additional junk in the wellbore.

Reverse-Circulating

In many workover operations, fluid is “reverse circulated” by pumping it
down the annulus and returning it through the workstring. Because of higher fluid
velocity through the workstring cross-section, this circulates out larger and
heavier particles than when pumping the “long way,” or down the workstring with
returns through the annulus. In many operations, the workover fluid need not be

nearly as viscous if it can be reverse circu-
lated. In open holes, however, it is seldom
possible to reverse circulate due to prob-
lems caused by pumping into the forma-
tion. Nevertheless, the reversing action is
extremely helpful in kicking junk into the
barrel and catcher that might otherwise be
held away from the catcher by the fluid
flow. In recent years, two different designs
of reverse-circulation junk baskets have
been introduced.

The first design incorporates jets or
venturis that are opened when a ball is
dropped down the workstring (Figure 11-4).
The space behind a jet has reduced pres-
sure. As the jet forces fluid from the
bowl into the annulus, the interior of the
bowl is at a lower pressure, which causes
wellbore fluid to enter the basket through
the catcher.

The other reverse-circulation design
incorporates an inner barrel with the fluid
flow between the outer and inner barrels.
After washing the wellbore sufficiently to
remove all fill, a ball is circulated down.
When the ball seats, the fluid flow is
diverted between the two barrels and flow
is actuated through the upper ports into the
annulus from the inner barrel. This creates
reverse circulation in the immediate area
of the junk basket.

Caution should be observed in
dropping or circulating any ball or other

=

— Reversing jets

— Ball seat

Catchers

— Milling head

Figure 11-4. Reverse-circulating
junk basket (Courtesy of Baker
Oil Tools).
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restriction plug down the drillpipe or tubing. As mentioned in Chapter 4, it is
critical to caliper, measure, and note the dimensions of all tools that are run
downhole. Some tools have restricted inside diameters and will not allow balls or
other items to pass. It should be standard practice to check this carefully before
dropping anything down the workstring.

Friction-Socket

Often, an “off the shelf” or ready-made junk basket will not work because
of the size and shape of the junk in the hole. In many cases, alternative solutions
can be devised. The following are some examples:

m If the ID of the catcher is not large
enough to accommodate the junk, a shoe or
length of pipe may be used as the body of a
shop-made junk basket. A series of holes
may be bored or burned around the circum-
ference of the material and steel cables
brazed into place to form a catcher. It is not
possible to rotate this tool on the junk as the
cables will be broken and torn out, but the
tool can be pushed down over junk and the
junk retained by the catcher.

m Cutting inverted “U” shapes in a piece of
pipe and bending them in until they practi-
cally touch can also make a friction catch.
This tool can be pushed down over a long,
tubular piece of junk and is quite effective in
cases where the junk’s dimensions are
unknown,

These two examples can remedy the
two most frequent problems: junk that is too
large to catch or junk with unknown outside
diameter.

Several good “mouse trap” design
tools have emerged in past years. One design,
called a kelo overshot or oversocket, has
tracks set on opposite sides and at an angle
from bottom to the top of the bowl (Figure
11-5). Various slips can be fitted to ride up
and down on the beveled track. As the tool is

‘ lowered over the fish, the slip is pushed up
Figure 11-5. Kelo overshot until there is sufficient clearance for the fish
(Courtesy of Baker Oil Tools). to pass. Then the slip falls down and wedges

Taper
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the fish in the bowl. This tool cannot be released, but it is very effective for fish-
ing sucker rods in casing or tubing that is so corroded an ordinary overshot will

not catch it.

Poor Boy

Poor boy baskets were among the first junk-basket designs used in the
early days of the drilling industry. The poor boy basket is usually shop-made
for a particular job from a short section of low-carbon steel pipe. Schedule-40
material is a good choice, but anything of a higher grade than J-55 will not work
properly because the teeth will break off without bending.

The basket is made with teeth, cut with a
cutting torch, and a curved leading edge. This
edge is cut with a bevel. Note also that there is
a gap between the teeth, and the teeth are about
34 of the diameter of the pipe from which they
are made. This length of pipe is then threaded
or welded to a top sub or bushing.

Running technique is critical to success
with this tool. It is necessary to rotate and cir-
culate the tool down over the junk without
applying excessive weight. Because of the
slots between the teeth, the tool will usually
run rough while the junk is at the level of the
teeth. As the hole is made (by measurement)
and the junk moves up into the smooth bowl of
the basket, the tool will begin to run smoothly.
When this has been accomplished, weight is
applied as the tool is rotated, and the fingers
will bend in and “orange peel,” retaining the
junk inside the bowl. New teeth must be cut
for each job.

Boot Basket

The boot basket is also called a junk sub
or boot sub (Figure 11-6). It is designed to run
in conjunction with and just above some other
tool such as a bit, mill, magnet, or catcher-type
junk basket. It will operate properly only when
circulation is flowing the “long way,” or down
the workstring and up the annulus. Boot baskets
can be manufactured with any connection, but
most are made with a regular thread that will

Figure 11-6. Boot basket
(Courtesy of Baker Oil Tools).
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Hole Size or
Pipe ID Boot OD Connection
(in.) (in.) (API Reg)
4-1/4 - 4-5/8 3-11/16 2-3/8
4-5/8 - 4-7/8 4 2-7/8
5-1/8 - 5-7/8 4-1/2 3-1/2
6-6-3/8 5 3-1/2
6-12-7-1/2 5-1/2 3-1/2
7-1/2 - 8-1/2 6-5/8 4-1/2
8-5/8 - 9-5/8 7 4-1/2
9-5/8 - 11-3/8 8-5/8 6-5/8
11-1/2-13 9-5/8 6-5/8
14-3/4 - 17-1/2 12-7/8 7-5/8

Figure 11-7. Boot basket recommended sizes.

make up directly to a bit or mill without the use of a crossover sub. Washpipe boot
baskets are made with a washpipe connection on the bottom and are run in place of
the drive sub when run with washpipe or rotary shoes.

The boot on the basket is comparatively large for the hole or casing size
(Figure 11-7), therefore high-velocity fluid return is accomplished through this
portion of the string. As the fluid reaches the top of the boot, a much greater annu-
lus area is present and the fluid pressure drops suddenly, creating turbulent flow
just above the top of the boot. At this point, any heavy items such as steel cuttings,
carbide inserts, bit teeth, or ball bearings circulating in this fluid will drop and fall
into the boot. Boot baskets may be run in tandem to increase capacity, and some
operators will also place another boot basket up the hole several joints to pick up
junk that has been pumped higher than the lower basket.

Field welding should not be permitted on the mandrel of the boot basket.
For example, if gussets are welded on the mandrel to reinforce the boot without
stress relief, these welds may produce stress cracks. This can result in mandrel
failure and an expensive fishing job.

HYDROSTATIC BAILERS

A hydrostatic bailer can be practical for cleaning out miscellaneous junk
in the wellbore (Figure 11-8). Designs are made for running on pipe or wireline.
All bailers work on the hydrostatic-head principle: They depend on the weight of
the fluid in the hole to force the junk into the bailer and past the junk catchers.
Many bailers can be surged repeatedly until the basket is full of junk or the
hole is clean. They are particularly appropriate for cleaning out bit-cone parts,
bearings, pipe slivers, bolts, nuts, gun debris, and other small pieces of non-
magnetic material.
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Figure 11-8. Hydrostatic bailer (Courtesy of Baker Oil Tools).

JUNK SHOTS

Junk shots are large, jet-shaped explosive charges, run on wireline or
drillstrings to break up objects left in the hole that are not recoverable by ordinary
fishing methods. The charge breaks the junk into small pieces, which are typically
recovered with magnets or junk baskets. Because the large charge creates a
tremendous force, a cavern may be created, and sometimes debris is blown out into
the sidewall of the hole. All the force of the explosion cannot be directed down-
ward, even though the tools are designed so the maximum force is in this direction.

With any shaped charge, target distance is critical. For maximum effi-
ciency the charge should be circulated down to the fish if the junk shot is run on
pipe. If the shot is run on an electric wireline, a bit run should be made to ensure
that the charge gets completely down to the fish. A junk shot should never be run
inside pipe, as the explosive force will destroy the casing or the pipe itself and
therefore probably increase the problem.
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Mills and Rotary Shoes

Mills and rotary shoes (Figure 12-1) are among the most common fishing
tools. Before the invention of tungsten carbide, they were made with carburized
blades or teeth. The outside surfaces were hardened for cutting while the inside
metal was still in a semi-annealed state and more resilient by comparison. This
helped to prevent breaking of the teeth or blades. The development of tungsten
carbide dressings for cutting and milling tools was a huge advance in the
capability of these tools.

MATERIAL

Tungsten carbide for dressing mills and shoes comes in sticks or rods
(Figure 12-2) approximately 18 in. long. The rods contain particles of sintered
tungsten carbide, which are irregular in shape and have sharp edges. These
particles are imbedded in a matrix material of nickel-silver bronze. The carbide
particles on each stick are screened according to size, and they may be graded, for
example as %-in., '4-in., or 10-18 screen mesh.

For effective cutting, the tungsten carbide must be of good quality and
perfectly clean, as any dirt, oil, or trash will prevent its sticking to the alloyed
bronze matrix material. Typically, large particles are used for larger OD mills and
shoes, while smaller particles are used on small tools, on the wear surfacing of
tools such as reamers, and for filling in between larger particles in large tools.
More cutting surfaces produce more steel cuttings.

The quality of tungsten carbide sticks can vary significantly. The highest
quality sticks contain particles already completely coated with the matrix mate-
rial. This coating is critical in the finished mill or shoe. It is much easier for the
welder if the rod contains particles that are already completely coated. The matrix
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Figure 12-1. Different types of mills and rotary shoes (Courtesy of Baker Oil
Tools).

material is resilient and helps the tool to withstand shock and sudden loads. It has
ultimate shear strength of approximately 100,000 psi.

In 1985, a tungsten carbide “button” was introduced that greatly improved
the milling of steel. Tungsten carbide powder was pressed into a mold and then
heated in a furnace. The button was then applied to mills and shoes to produce
downhole cutting similar to cutting done with a machine shop lathe. Button,
triangle, and rectangular inserts are now used in the making of tools.

MANUFACTURE OR “DRESSING”

The application of tungsten carbide to the tool is a brazing process using
oxy-acetylene equipment and practices. Because the gases generated by the melt-
ing of the bronze are toxic, the welder must work in a well-ventilated location
with sufficient draft to remove the fumes.
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Figure 12-2. Tungsten carbide rods (Courtesy of Baker Oil Tools).

The mill body or blank rotary shoe should be thoroughly cleaned or
machined just prior to the application of tungsten carbide. Any grease, dirt, or rust
will prevent a strong bond. The body of the tool is preheated, and the surface to
be dressed is tinned with a tinning rod for a good bond. The welder flows the
material onto the body by melting it with a torch and puddling it with a stick of
carbide. This is a very painstaking operation requiring considerable time. A 6-in.
or 8-in. diameter mill may take 6 to 8 hours of work to dress properly.

As the welder applies carbide to the body of the shoe or mill, the tool is
shaped into the desired configuration. As shown in Figure 12-1, there is a variety
of carbide-tool designs for particular applications. The welder may use heat sticks
or a temperature gun to estimate the temperatures attained so the carbides are not
damaged by excessive heat, yet a good bond of the matrix material is achieved.
The finished tool is never quenched but is allowed to cool slowly. Larger pieces
are sometimes wrapped in insulation.

DESIGN

Carbide tools should be carefully designed for each particular job. If a mill
is run on a workstring (not washpipe), it is advisable not to have a circulation hole
in the center as such a design will tend to cut a core and then spin on the core.
Instead, one of the blades should be long enough to extend past the center. In the
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design of carbide rotary shoes, internal build should not be used unless it is
necessary for cutting clearance for the washpipe or for trimming down the outside
of a fish.

When washing over blanks and screens, it is helpful to put a slight taper on
the inside bottom of the shoe to keep the shoe from trying to cut into the screen.
For washing over a packer, the shoe should have a crown (Figure 12-3) with water
courses for circulation and a dressed ID for cutting clearance that will allow
the packer to be swallowed in the washpipe shoe without plugging, binding, or
twisting it off. Often when there is a substantial shoulder inside the rotary shoe,
the fish, or portions of it, will be brought out in the shoe and washpipe without
the use of any retrieving tool.

Shoes run in open hole should also have a dressed OD larger than the wash-
pipe body and usually just under the hole size. When washing over drillpipe and
drill collars, the shoe should have a flush (not dressed) ID. When washing over.a
stabilizer or anything larger than the ID of the washpipe, the shoe ID should be
dressed with carbide to cut the clearance needed for the washpipe.

Carbide should never be left on the outside of a shoe or mill to be run in
casing. It should be ground smooth and made concentric with the body of the tool
to prevent damage to the casing or pipe. Most cased-hole mills have stabilizer
pads on the body of the mill, which also reduce friction and torque. Tools run in
open holes are dressed with carbide on the outside so they continue to cut any
junk they contact.

£ ui 6]
Figure 12-3. Crown-type rotary shoe {Courtesy of Baker Oil Tools).
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RUNNING CARBIDE-DRESSED TOOLS

Running a carbide-dressed tool properly is just as important as making a
quality tool. Oil-field operators are accustomed to running drill bits that require
considerable weight to be effective, but carbide milling tools are different. They
more closely resemble the cutting tools a machinist uses to cut steel in a lathe or
other machine tool, which require lighter weights and faster turning speeds.
Rotation for a carbide-dressed tool should be fast enough for sufficient linear
speed. A 4-in. mill should be rotated at approximately 175 rpm, and a 12-in. diam-
eter mill or shoe should be turned at approximately 60 rpm. These speeds create a
cutting action and prevent grinding, which is destructive to the mill or shoe.

The pump should be turned on and circulation established prior to the
carbide mill or shoe touching the fish. It is important to wash away cuttings
immediately, as they tend to “nest” or ball up and plug the tool or annulus. Fluid
properties are very important for cuttings removal. These properties vary widely
depending on the washing or milling application.

When washing over in open-hole applications or drilling operations, stan-
dard drilling fluid properties should be sufficient. When washing sand, reaming out
tight spots, or milling a packer, it may be necessary to pump high-viscous sweeps
or raise the funnel viscosity of the fluid to around 50-80. For pilot-milling appli-
cations or milling up tubing or casing, it is advisable to change the fluid system
completely and replace it with a milling-type fluid. The rule of thumb for milling
fluid properties is a minimum of 50- to 60-yield point with a funnel viscosity of
80-100 CP. If the viscosity becomes too high, the fluid will channel. Annular veloc-
ity of 150 to 200 ft. per minute or greater is also recommended. Specialty muds
such as mixed metal hydroxide are designed for metal-cuttings removal.

The milling tool should be lowered very slowly and a determination made
in the first 30 minutes as to how fast the operator can slack off on the workstring
to effectively make a hole. Excess weight will merely grind away at the carbide
and matrix. The tool will develop excessive heat with too much weight, and the
results will be disappointing.

If cuttings cannot be brought to the surface with the circulating fluid, boot
baskets or junk subs should be run just above the mill or drill collars to catch the
cuttings so they do not bridge or plug the hole. It is sometimes possible to reverse
circulate. This will bring cuttings to the surface because of the higher velocity in
the smaller cross-section of the workstring. However, plugging of the mill and
pipe with steel cuttings can also become a problem when reversing. Ditch mag-
nets are frequently run in the return line to collect small cuttings that have passed
the shale shaker screen. These magnets help to prevent cuttings from getting into
the pumps. Downhole, in-string magnets can be run for light milling such as
packers, bridge plugs, or drilling-float equipment.

Tungsten carbide shoes and mills may be redressed if they are properly
prepared. The old carbide must be washed off and any debris imbedded in the matrix
removed. The material must be perfectly clean to ensure a good bond. The same pre-
cautions followed in the original dressing must be taken in redressing a worn tool.
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Wireline Fishing

One of the most challenging of all fishing jobs is the recovery of wireline
and the tool or instruments run with it. The first consideration in wireline fishing
is always whether the line has parted or is still intact. There are also different pro-
cedures for electric, or conductor lines and swab and sand lines.

If a conductor line has not parted, it is good practice to avoid pulling it out
of the rope socket. If this occurs, contact with the tool or instrument will be lost,
possibly permanently. If the instrument contains a radioactive source, the situa-
tion becomes even more critical.

To fish intact wireline, either the cable-guide method (better known as “cut
and strip”) or the side-door overshot method can be used. The cable-guide method
should be chosen for all deep, open-hole situations or when a radioactive instrument
is stuck in the hole. This is the safest method and offers a high probability of success.

CABLE-GUIDE METHOD

A special set of tools is required for the cable-guide fishing method, and
these are usually kept by the fishing-tool service company in a special box or
container because they are not used for other purposes. The tools (Figure 13-1)
consist of a cable clamp with a T-bar, rope sockets for each end of the line, one or
more sinker bars, a special, quick-connector-type overshot for the line on the reel
end, and a spear point for the well end. Also included is a slotted plate to set on
top of the pipe, a sub with a recess or retainer to hold the rope socket, and an over-
shot to run on the pipe to catch the instrument or tool stuck in the wellbore.

A slight strain (approximately 2000 lbs.) is taken on the line, and the cable
hanger or T-bar (see Figure 13-1) is attached to the cable at the wellhead or rotary
table. The cable is lowered so that the T-bar rests at the surface. The cable can then
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Figure 13-1. Cable-guide fishing assembly.

be cut at a convenient length above the floor. It is important to allow enough length
because as in any deviated hole, the cable is pulled out from the wall, and more
length is required to reach the surface than before the cable was stripped inside the
pipe. Rope sockets are then made up on each end of the line, with the overshot on
the upper end and the spear head on the lower end. As each stand of pipe is run,
the cable spear-head rests on the C-plate, to prevent the line from falling.

The first stand of pipe to be run (Figure 13-2) is made up with an appro-
priate overshot on the bottom to catch the rope-socket fishneck or the body of the
tool in the hole. It is always better to fish for the body of the tool rather than the
rope-socket fishneck. Check to be sure the guide or bottom does not have sharp
edges that would cut the line if pipe weight were set down on it in a dogleg or on
a ledge. A guide (called a “donut guide™) is usually run on the bottom of the over-
shot to prevent cutting the line.

The line to the reel is spooled up to the derrick worker who then stabs the
spear-head overshot and sinker bars in the pipe. With the pipe hanging in the
derrick, the spear-head overshot is lowered through the pipe to the floor worker
who connects the spear head overshot with the spear point. The line is then picked
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Figure 13-2. Cable-guide fishing method.

up, and the stand of pipe can be run. This procedure is repeated until the overshot
is about 30 to 90 ft from engaging the wireline tool.

A sub that comes with the wireline kit has a recess inside with a C-type
insert. The spear-point rope socket may be stripped through this sub and the insert
set in the recess. The spear point is then lowered on the insert and disconnected
from the spear-head overshot. Now the kelly or pump-in sub can be made up and
circulation established to clean out the overshot. Caution should be taken to pick
up or slack off on the line as little as possible while circulating. Picking up too
high will pull the weak point out of the tool, and slacking off too far may cause
the line to slack and ball up just below the overshot.

Once the overshot has been circulated clean, the sub with the insert can be
removed, another joint or stand made up, and the fish engaged. Before moving for-
ward, be sure the fish is actually caught. The first check is to pick up the pipe. The
line weight should start to slack off. This will first be seen on the wireline weight
gauge and then in actual slack in the line itself. The circulating sub can also be
picked back up and pressure applied to the fish in the overshot. This helps ensure
that the fish is safely caught and will not fall out as it is coming out of the hole.

After determining that the fish is securely caught, the T-bar clamp can again
be placed on the line below the cut portion, the rope sockets removed, a square knot
tied in the two pieces of line, and the line pulled out of the rope socket weak point
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with the elevator and T-bar. The line can be spooled up with the wireline reel, and
the pipe can then be pulled out of the hole with the recovered instrument or tool.

As with all tools run in a well, wireline tools, including rope sockets, fish-
necks, and instrument bodies, should be measured or calipered before running. If
fishing these tools with the preceding method, the overshot above the grapple
must be sufficiently open to swallow anything above the part being caught.

SIDE-DOOR OVERSHOT METHOD

The side-door overshot (Figure 13-3) is a special overshot with a gate or door
in the side that can be removed to allow the line to be fed into the tool, after which
the door is put back into position as part of the bowl. The overshot is run on drill
pipe or tubing until the fishneck or body of the stuck tool is engaged.

The advantage of this recovery method is that the line does not need to be cut.
It is also fast because no stripping is necessary. Be careful in setting the slips with
the cable or line in the gap to prevent pinching or cutting. Because the line is outside
the pipe, care must also be taken not to rotate the
pipe because this wraps the line around it.

Side-door overshots are not run in deep
open-holes because the line can become keyseated
or even differentially stuck in the filter cake. All
open holes are crooked enough for the line to drag
along the side wall and cut a groove in the filter

bl cake, causing excessive friction and sticking.
Bowl FISHING PARTED WIRELINE
_ Wireline does not fall down the hole like a
Side door hemp rope or chain when it parts, It is stiff
anchor screw .. .
enough to stand surprisingly high. The larger the
Wireline line, the stiffer it is, and the smaller the diameter
of the pipe or hole, the shorter the distance the
‘:ﬁ Grapple line can fall. Because both factors can vary a
‘ great deal, it is not possible to formulate a rule
il Contral of thumb except to suspect that the top of the
] line will be higher than anticipated.
Rope spears or grabs are the most common
tools used to fish parted wireline (Figure 13-4A,
Rope socket 13-4B). Each spear must be adapted to the size of
the hole or pipe, and the barbs should be checked
ui to be certain the line will wedge tightly enough to

Figure 13-3. Side-door over- pull it in two, if necessary. If the spear is run in
shot (Courtesy of National casing or pipe, a stop ring must be run on top of
Oilwell). the spear. The stop ring must be of sufficient size
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Figure 13-4A. Center-prong Figure 13-4B. Crankshaft
rope spear (Courtesy of rope spear (Courtesy of
Baker Oil Tools). Baker Oil Tools).
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to prevent the line from going above it. This pre-
vents catching the line low, which can ball up a
long length and stick the fishing string. Always
try to catch the line near the top. The more line
pushed downhole, the more compacted the line
becomes and the more difficult it is to penetrate
and catch with the barbs on the spear.

When it is not possible to make a good
catch with a center spear, a two-prong grab
(Figure 13-5) is usually run. This tool is used
often for fishing slick line inside a tubing
string. It allows catching of the wireline from
the outside instead of the inside.

If a spear is used to fish wireline in an
open hole, no stop is run because the open hole
is not always in gauge, and the line could pass
the stop and get stacked up on top of it. This
could cause the fishing string to become stuck
and prevent its pulling back into the casing shoe.

If the line becomes packed and impossi-
ble to penetrate with either the center or two-
prong grab, it may be possible to screw a box
tap on the ball of the wire. The box tap should
be a full OD body with a thin wall near the
bottom. After the ball of line is fully engaged
; by the box tap, the line can be pulled in two,

which provides a new fishing top.
Yy | EN| Always keep a tally of the amount of
Figure 13-5. Two-prong-grab recoyefed .line. This indicates the arpoupt
rope spear (Courtesy of Baker ~ remaining in the wellbore. Because the line is
0il Tools). usually unbraided, balled up, and no longer its
original length, weight is often the only accurate
method of estimating the amount recovered.

Because the line stands up in the hole, if the length left on the tool is short,
even by as much as 100 ft., it still may be possible to fit an overshot to catch the
tool and swallow the line. The overshot, extensions, and pipe above it should not
have any small restrictions or square shoulders. The overshot should be slowly
rotated as it is lowered. Short lengths of line can be caught with the tool, which
is much easier than fishing the line itself.

CUTTING THE LINE

When a sand line or swab line is stuck in the hole, it is usually advisable to
cut the line as low as possible so it can be recovered and the tool fished with a
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workstring of pipe. This is also advisable when a conductor line is run inside the
pipe and the tool becomes stuck.

In the early days of cable tools, a rope knife was stripped over the stuck line
and run on another line. Due to the lay of the two lines, the second line frequently
became stuck, creating an even more serious situation. The explosive sand-line
cutter has replaced this method.

Explosive Sand-Line Cutter

The explosive sand-line cutter is dropped around the line. It is grooved so it
rides the line down to the top of the rope socket. A drop-weight bar slides down the
line and hits the top of the cutter, which fires a small propellant charge. This drives
a wedge that forces the knife to cut the line. Smaller-size cutters for tubing have
fishnecks to allow retrieval with a pulling tool run on measured line.

In larger-size tubing, drillpipe, and casing, or in an open hole, a sleeve and
sometimes guides are installed on the tool. The sleeve provides a seat for the
cutting edge, and it also allows a crimper to be installed, which clamps the line
against the adapter sleeve. Then the cutter and drop weight can be recovered
together on the end of the cut line.

Because the cutter is a free-falling tool, it is advisable to work the line to
ensure that it falls as far as possible. This can be done by taking a strain on the
line, releasing it, letting it fall 5-6 ft., and catching it with the brake. Shaking the
line in this manner will work the cutter past some obstructions, but the cutter may
stop on some splices or in mashed tubing. Wherever it stops, the cut will be made.
There is no way of knowing where the cut has been made until the cut line is
spooled up.

The explosive cutter is also available with an electronic timer programmed
to fire the tool after a preset interval. It is used in wells where falling sand or
solids tend to cover the cutter and prevent the drop weight from hitting the firing
pin. It is also used in deviated wells where the drop weight’s speed may be too
slow to fire the cutter.

ELECTRIC SUBMERSIBLE PUMPS

When sucker-rod pumps and downhole hydraulic pumps can no longer lift
sufficient fluid, electric submersible pumps are used. They consist of an electric
motor, a pump, and usually some device for gas separation. To power the electric
motor, an electric conduit must be run down. This cable is strapped to the produc-
tion tubing with stainless steel, packing, crate-type straps.

To contain a powerful electric motor and a pump, electric submersible-
pump housings are relatively large in diameter and do not have much clearance
between the pump and casing.

Small deposits such as sand and corrosion between the casing and pump
can stick the pump so it cannot be retrieved. Care should be taken not to pull the
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tubing in two because the cable, unlike other wireline, is flexible and quite heavy.
If it parts, it falls and is easily packed down so a center spear or other tool cannot
penetrate it to retrieve it without parting it into short lengths.

When pumps or the tubing become stuck, the tubing string should be free-
pointed and the tubing chemically cut above the stuck point. Most installations
include a check valve in the tubing string to prevent a backflow of fluid when the
motor is turned off, which would cause damage to the motor. Free-point and
cutting tools cannot be run below this check valve, so valves should be placed as
low as possible in the production string.

Only a chemical cut should be made to part the tubing string, as this leaves
a sharp cutting edge on the tubing, which is then used as a knife to cut the electric
conduit. When the chemical cut has been made, the tubing will be parted, but the
conduit (cable) will still be intact. The tubing string is then raised 18-24 in., pro-
viding a gap at the tubing cut with the conduit pulled taut between the two
sections of tubing.

A cutter with a bumper jar is run on a workstring of sucker rods or small
tubing. The cutter is equipped with a spring-loaded arm that extends from the
mandrel. When the cutter is measured into the depth of the gap, the arm extends,
and as the tool is rotated to the right, the arm catches the cable and pulls it up
against the mandrel of the cutter. By striking a series of blows with the bumper
jar, the cable is severed with the sharp edge of the chemical cut. It is easy to deter-
mine when the cable is cut because torque in the workstring will be lost. When
the cable is cut, the workstring with the cutter and then the production tubing with
the electrical cable strapped to it can be pulled up. This will leave the pump and
a short section of tubing and cable in the well. These should be fished with an
overshot or spear and jarring assembly.

Depending on the design of the electric submersible pump, caution should
be used in jarring upward. Some designs incorporate a flange on top that can be
parted easily. Light blows should be used, both up and down, until some travel in
the fish is detected. When this occurs, continued movement of the pump will
work the fish free.
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Retrieving Stuck Packers

As with any fishing job, when fishing stuck packers it is useful to know as
much about the equipment as possible. If the make and model of the packer are
known, data such as major dimensions, type, method of setting and releasing, and
a picture or dimensional drawing can be obtained. Many times, it is beneficial to
bring another packer of the same type to the well location. This provides imme-
diate information if only a portion of the equipment is recovered and other parts
remain in the well. Manufacturers’ literature containing such information should
be kept on file if possible because designs change and companies merge, are
acquired, or go out of business. As a resulit, this literature may be the most accu-
rate and readily available source of information about the stuck packer.

Packers generally fall into two categories, retrievable and permanent
(Figure 14-1). Retrievable packers include weight-set (with either “J-Set” or
“automatic bottom”), tension-type, and rotation-set (with alternate weight and
pick-up on the setting string). Some retrievable packers have hydraulic holddowns
above the seals so tubing weight does not have to be left on the pipe. Others are
set hydraulically and must be released by rotation, shear pins, or rings. Some
retrievable packers have special retrieving tools that sting into the packer and shift
a collet inside that releases them.

Compared to retrievable packers, permanent packers are simple. They are
configured with slips at the top to prevent them from moving up the wellbore
after setting, a seal, and slips at the bottom to prevent them from moving down-
hole. This configuration is sometimes modified by adding seal-bore extensions,
mill-out extensions, and equipment such as blast joints and tubing below the
packer.
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RETRIEVABLE PACKERS

After the make and model of the stuck
retrievable packer is determined, every reasonable
effort should be made to release it before resort-
ing to a fishing job. The tubing should be worked
to ensure that it is completely free and that pipe
friction is not adding to the problem. If the packer
is released by rotation, torque must be worked
down. To do this, a vertical mark is made on the
pipe and right-hand torque applied at surface.
While holding this torque, the pipe is recipro-
cated. This ensures that torque is distributed
downward to act on the mandrel. Stretch should
be measured and the depth of the highest stuck
point estimated. At this point, running a free-point
instrument should be considered.

If the slips are frozen, a string shot fired in
the retrievable packer mandrel may reduce fric-
tion enough to free the packer. If formation con-
ditions allow, pressure can be applied down the
tubing and below the packer to create a lifting
force. If solids have settled in the annulus, a hole
can be punched in the tubing just above the packer
mandrel and the wellbore circulated. If the packer
is equipped with a hydraulic holddown above the
seal and slips, pressure can be applied in the
annulus to help retract the holddown buttons.

Figure 14-1. Permanent If the retrievable packer itself is stuck, a jar-
pgcker (Courtesy of Baker ring string is usually effective. The tubing string is
Oil Tools). parted by either cutting or backing off the tubing

Jjust above the packer, usually ¥ joint. The appro-
priate catch tool is then run with jars (see Chapter 8). When jarring, care should
be taken to avoid jarring the mandrel out of the packer.

In some cases, the low-frequency, high-impact blows of a jarring tool
can be a limitation. If a high-frequency, low-impact tool, otherwise known as
a downhole vibration tool, is used instead, retaining forces such as friction
and debris, which can cause the packer to be unreleaseable, can be overcome
(Figure 14-2.

The downhole vibration tool has been highly effective in fishing retrievable
packers. The fish is engaged, and a slight overpull is applied. Pump pressure is
then started and the tool vibrates at a frequency of 12-18 hz, causing approxi-
mately 1100 impacts per minute. This tool eliminates the need for high-tensile
workstrings or excessive overpulls to free the packer. This method also eliminates
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the need to pick up drill collars and the workstring
does not need to be reciprocated up and down as
with jars.

An alternative retrieval method is to wash
over the packer and cut it out. This is suitable if part
of the tubing string is stuck because of fill in the
annulus. If only a short section of tubing is stuck
and it is practical to wash over it in one trip, a dog-
type overshot may be incorporated in the washover
string. This overshot consists of a short section of
washpipe (bushing) made up in the string, with an
appropriate internal catcher to engage under the
couplings of the tubing (similar to an external
cutter). This could be a T-dog, flipper-dog or
rolling-dog overshot. Rotary shoes for this opera-
tion are typically tooth type for digging out fill,
mud, or cement. If the packer itself has to be cut,
the shoe should have tungsten carbide inside and
on the bottom to mill away the packer’s slips.

Some rules of thumb for fishing retrievable
packers are as follows.

®  Get a drawing of the packer.

m  Know the location of the milling tool in rela-
tion to the packer parts.

m Shoe OD should be just under drift ID of the
casing size and weight.

m  Shoe ID should be as large as possible, with a
minimum of %-in. dressing on the ID.

®  Run light weight (1-3000 Ibs.) and slow rota-
tion (80—100 rpm) to minimize spinning.

vibration tool (Courtesy of
m  Spud lightly on slips and rings and only if Baker Oil Tools).

necessary.
m  If possible, burn over top slips only.

m Ifrings begin to spin, use light weight and high rpm, and slow the pump down.
B Run bumper jars and minimum of two boot baskets.

PERMANENT PACKERS

Cutting over and retrieving permanent packers is a common and usually
efficient operation. The tool string for this job consists of a carbide rotary shoe or
mill, top sub or bushing, a length of small pipe used as a stinger, and a releasing
spear or retriever (Figure 14-3).
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The shoe or mill should have a smooth OD to prevent cutting the casing.
It should be dressed with an ID small enough to cut away as much of the packer
as possible without cutting into the OD of the mandrel. This will prevent any large
pieces of junk from breaking up and getting re-milled, which causes unnecessary
damage to the shoe. The shoe should be long enough to cover the entire packer.
If necessary, an extension can be used.

Retrieving tools come in several designs. Most come with some type of “J”
mechanism on the grapple or inside the washpipe body, depending on whether the
packer has a mill-out or sealbore extension (Figure 14-4). If nothing is attached
to the bottom of the packer, or if it has a mill-out extension, the retrieving tool
will go through the bore of the packer and catch under its bottom.

|—— Drive sub Drive sub
1| Extension
1| I
| Extension
i | Shoe
| ——
=1
| T
Retrieving tool
| |[—— Milling shoe
il
| I
i
: [— Spear
£ i Figure 14-4. Packer-retrieving tool
Figure 14-3. Packer-retrieving tool for a permanent packer without a
for a permanent packer (Courtesy of mill-out or sealbore extension

Baker Oil Tools). (Courtesy of Baker Oil Tools).
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packer free after cutting only the top slips, it is
advisable to mill through the bottom slips as
well. This will help prevent the packer from -
hanging up while coming out of the hole. =

If no provision has been made for a
mill-out extension, a J-type mandrel must be !
run in the washpipe above the shoe and a 1| ;
spear fitted to it to engage the packer seal- | {
bore. The grapple on the spear may be pinned ! I
in the catching position with a small, brass [

shear pin. At no other time should spear grap- sl
ples be pinned in the catching position. I | Lo
acker mi
I
|
|

Although it may be possible to pull the ;5

Newly developed retrieving spears will
catch in the smooth bore of the packer and
allow a packer mill to be run instead of a rotary
shoe (Figure 14-5). This type of spear has a
grapple that follows the mill down while
milling, with the spear mandrel turning freely
through the grapple. To release the

spear, the mill is raised, a clutch located at the .
bottom of the spear mandrel is engaged, and the ﬂ
tool is rotated to remove the grapple from the N
packer. Milling packers with mills is faster than i Spear
using shoes. This also creates smaller pieces of B
debris and allows for stronger connections, ’f y
especially for packers set in smaller casings. : l |
Some rules of thumb for fishing perma- |
nent packers are as follows. A, /4
m  Get a drawing of the packer. Figure 14-5. Packer-retrieving
m  Know the location of the milling tool in tool with packer mill for
relation to the packer parts. smooth-bore packers (Courtesy
®  Shoe or mill OD should be just under of Baker Oil Tools).
drift ID of casing size and weight.
m  Shoe ID should be %¢-in. larger than packer mandrel body OD.
B Run light weight (1-3000 Ibs.) and slow rotation (80-100 rpm).
m  Spud lightly on slips one or two times, only if necessary.
®  Slow down pumps if necessary to help burning over packing element.
m  Ifrings begin to spin, use light weight, high rpm, and slow pumps down.
#  Run bumper jars and two or more boot baskets.
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Fishing in Cavities

When drillpipe parts in a washed-out section of the wellbore, the fish will
not be centered in the hole. A straight-overshot tool string may bypass the top of
the fish, touch the pipe, and take weight below the top. If this occurs, rotation
slows, and the cut-lip guide will build up slight torque and then “jump off.” It may
be impossible to engage the top of the fish with the tool string, but certain tools
and techniques can be used to help latch onto the fish.

One of the simplest and most frequently used tools in this situation is a bent
joint. A joint of pipe slightly bent just above the pin end and run just above the
overshot will hang at an angle. By rotating it near the top of the fish, it may be
possible to engage the fish. This setup is usually the first choice because it is
simple and readily available on location. Care should be taken to bend the joint
of pipe so the opening of the cut-lip guide will be forced out toward the fish.

Some operators will run a jet sub, or kick sub, in place of the bent joint.
This sub has a breakable plate just inside the pin end and a hole on the side. Pump
pressure is exerted through this opening and against the wall of the hole, which
kicks the tools to the far side of the wellbore. This is advisable only on limited
occasions because the jet washes the sidewall, which removes the filter cake and
erodes the hole.

Some subs are cut so the two ends are at a slight angle to each other. These
are referred to as bent subs, crooked subs, offset subs, angle subs, and degree
subs. They can be used instead of a bent joint.

If the bent joint alone does not allow the overshot to catch the top of the
fish, a wall-hook guide can be substituted for the cut-lip guide on the bottom of
the overshot. This guide is designed to catch the pipe below the top. Torque should
be built up and held. Then, by slowly picking up the workstring, the fish is worked
into the opening of the wall-hook guide and fed into the overshot bowl. Care

102



Fishing in Cavities 103

Overshot

Wall hook

Figure 15-1. Fishing with a wall hook and knuckle joint in a cavity.

should always be used in running a wall-hook guide because excessive weight or
torque or running into a ledge can break the hook off.

If the wall-hook guide fails to catch the fish, a knuckle joint can be
added to the string just above the overshot fitted with the wall-hook guide
(Figure 15-1). Like a hinge, the knuckle joint moves in only one plane. The entire
string—wall-hook guide, overshot, and knuckle joint—is made up together and
checked to ensure that the wall hook moves out with the opening facing forward
when the string is rotated to the right. Shims are provided to adjust the wall-hook
opening until it is in the proper plane. The knuckle joint swings free as it is run
in the hole. Pump pressure against a restriction plug causes the overshot to
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kickout at a 7'%° angle. With pump pressure holding the assembly out at an angle,
the string is rotated to engage the fish. The restriction plug may be placed in the
knuckle joint before running, or it may be pumped down the pipe to its seat. It is
possible to get a very large sweep with the knuckle joint by adding extensions or
pup joints between the overshot and the knuckle joint.

A knuckle joint is inherently weak because it is a hinge. It will withstand
very little jarring. Care should be taken when running it into the hole to avoid
hitting a ledge and breaking the knuckle joint. If the fish is engaged with this
setup and it cannot be pulled, the restriction plug can be fished out with a small
overshot run on wireline. This provides full opening of the tools. A free point and
string shot or cutter can then be run and the pipe parted below the tools, in a
section of hole that is more in gauge. This freed portion of the fish can be
removed and the overshot run back in without the knuckle joint so the remaining
fish can be jarred.

It may be necessary to locate the top of the fish using a wireline induction
log. Frequently, when fishing in an open hole that has washed-out cavities, the top
of the fish will be some distance from the center of the wellbore. Because the pipe
setting may corkscrew in compression, the top of the string may be difficult to
find and identify.
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Sidetracking Methods

In recent years, new technology such as three-dimensional (3D) seismic has
stimulated renewed exploration and development of mature oil fields. The ability
to locate and produce previously undiscovered hydrocarbons in mature fields has
led to increased drilling activity using sidetracking methods. In mature fields,
plugging and sidetracking an existing wellbore is often more cost-effective than
drilling a new well. Offshore, the limited number of unused slots on a platform
makes sidetracking the only feasible way to re-develop a field in many cases.
Developments in tools and methods have also made sidetracking an economic
alternative to conventional fishing jobs, and operators are choosing sidetracking
over fishing more frequently than before.

When considering any type of re-entry for sidetracking (Figure 16-1), be it
whipstock, section mill, pilot mill, or cut-and-pull for slot recovery, it is important
to communicate with the fishing-tool company, mud company, directional-
drilling company, and wireline company of choice for proper pre-job planning.
During well planning, communication between the fluid supplier and milling
company is essential for an efficient milling operation that leaves a clean
wellbore, free of metal cuttings. Milling-fluid requirements vary widely between
window-cutting, section-milling, and pilot-milling applications. Compared to
window cutting, for example, pilot and section milling produce larger volumes of
cuttings for removal by the mud system, so surface equipment must have larger
flow lines, with a minimum of bends and irregularities, and should include
centrifuges for pH control. Higher yield points, greater viscosity, and higher
annular velocities are also required during section and pilot milling, creating the
need for high-volume pumps. Effective pre-planning for milling operations will
ensure efficient removal of cuttings while keeping the volumetric ratio of cuttings
to mud at an absolute minimum.
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WHIPSTOCK SYSTEMS AND ANCHORS

Whipstocks are used to sidetrack a wellbore when re-entering an existing
wellbore as a cost-effective alternative to fishing a drilling bottom-hole assembly
(BHA) that has become stuck, for severe formation or drilling problems, to change
the direction of a wellbore, or to drill multiple exits (multilateral wells) from a sin-
gle wellbore. Whipstocks are available in permanent and retrievable versions.

Hole Conditions

To set a whipstock and sidetrack through casing, a good cement bond is
critical. A cement-bond log should be run at the point of the proposed sidetrack.
If the cement bond is poor, the casing could move during the milling operation,
with unacceptable results. If the bond is not adequate, then the casing should be
perforated and cement squeezed around it. An alternate depth can be chosen
where an adequate bond is found if this is practical and fits overall drilling objec-
tives. It is also recommended that an anchor device be set 4 ft. above the casing
collar to ensure that there is no attempt to mill through the collar. The casing
collar can be found with a casing-collar locator run on wireline.

Whipstock-Face Orientation

Infrequently, an operator will have no preference as to the direction of a
sidetrack, but for most sidetrack operations, proper whipstock-face orientation is
a requirement. At the kickoff point, if the wellbore has more than 2%° of inclina-
tion, the whipstock should be oriented relative to the high side of the hole.
Normal orientation of the whipstock face is recommended only within 60° to the
left or right of the high side. Orienting the face outside this window increases the
risk of window failure.

A whipstock assembly can be oriented using two methods, measurement
while drilling (MWD) and a bypass sub. The MWD method can only be used in
wellbores with an inclination of more than 5°. Also, a wireline surveying device,
such as a surface-readout gyroscope, or steering tool (Figure 16-2), and a univer-
sal bottom-hole orienting (UBHO) sub can be used.

CLEANLINESS OF CASING WALL

In some wellbores, especially those with high temperatures, mud systems
that have a tendency to settle out or cause corrosion, or older wells, the casing
wall may not be clean. It is normally necessary to run a bit and scraper to below
the packer/bottom-trip anchor setting depth to scrape the wall clean. When it is
not clear that a casing scraper will thoroughly clean the casing wall, it may be
necessary to use two or three full-gauge string mills to clean the casing at the
kickoff point and allow proper packer/bottom-trip anchor slip setting. In cases
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Figure 16-2. Surface-readout gyroscope (Courtesy of Baker Hughes INTEQ).

where a whipstock packer will be set on wireline, run a wireline-gauge ring and
junk basket to below packer-setting depth to ensure the casing is full gauge.

FORMATION

The type of formation at the kickoff point can be a factor in the selection of
milling equipment. Although most current milling systems can mill the window
and drill the pilot hole in one trip, it is important to understand the formation at
the kickoff point. When the window mill leaves the whipstock face, it leaves the
milling mode, enters the drilling mode, and acts like a drill bit. In some
formations, the mill does not drill the formation very efficiently, which requires
another trip so the pilot hole can be finished with a drill bit instead of the win-
dow mill. To prevent this extra trip, it is best to avoid very difficult formations
whenever possible. Formations such as chirt, some limestone, depleted sands, and
granite can cause problems resulting in an extra trip.

BOTTOM-SET ANCHOR

A bottom-set anchor (Figure 16-3) is used to anchor a whipstock in place in
the wellbore. It is an alternative to the packer/anchor assembly. The bottom-set
anchor attaches to the lower end of the whipstock with a drillpipe connection. It can
be used with a one-trip or two-trip milling system. To activate the setting sequence,
only a bottom restriction is required. This can be a permanent or retrievable bridge
plug, top of cement, liner top, production packer, etc. When using a bottom-set
anchor, either the UHBO or MWD orientation method can be used.



Sidetracking Methods 109

TWO-TRIP MILLING SYSTEMS

The two-trip milling, or window-cutting, system is an efficient way to exit
casing and provide a window suitable for running drilling BHAsS, liners, and com-
pletion equipment. It is one of the most reliable systems in use, with thousands of
successful field runs. The window is normally accomplished in two round trips
with drillpipe. The first trip lands the whipstock and makes a starting cut. The sec-
ond trip completes the window and drills a pilot hole for the drilling BHA. When
run with a whipstock packer, and if whipstock-face orientation is necessary, two
electric-line runs, or an MWD run, are required to obtain correct orientation.

The whipstock is run pinned to the starting mill with a shear pin (Figure
16-4). The mill is made with a stinger, which serves two purposes. The stinger
holds the whipstock, and it also guides the starting mill by keeping it inside the
casing. This causes it to cut a long window instead of merely cutting a hole and

Starting mill

Slips

Whipstock

- 3 Figure 16-4. Starting mill pinned
Figure 16-3. Bottom-set anchor to the whipstock (Courtesy of
(Courtesy of Baker Oil Tools). Baker Oil Tools).
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going outside. Most shear pins are made to
shear with approximately 20,000—45,000 Ibs.
of weight after the whipstock has been set.
Once the pin has been sheared, rotation and
circulation can begin, and the first phase of
cutting the window is accomplished. The
starting cut is usually around 12-24 in.,
depending on the design and size of casing
to be cut. Mills used for this purpose are
usually made with crushed carbide, insert
carbide discs, or a combination of the two.
Most operators do not run any drill collars
with the starting mill because it should fol-
low the taper of the whipstock.

The window in the casing is completed
Lower watermelon mill with a window mill, string mill, watermelon
mill, or a combination of these (Figure 16-5).
Cutting material is dressed on the bottom as
well as the sides of the mill. These mills are
usually designed to ride alongside the face of
the whipstock. An additional hole should be
cut in the formation with this assembly so the
new hole is guided away from the old hole.
The rule of thumb on any whipstock job is
that after pulling the window, string, and
watermelon mills from the hole, the OD of
the mill(s) should be measured. If the OD is within the recommended gauge OD,
drilling operations can begin. If the mill(s) are under the recommended gauge, an
additional milling run should be made to continue to open the window in the casing.

Upper watermelon mill

—— Window mill

Figure 16-5. Window-milling
mills (Courtesy of Baker Oil Tools).

HYDRAULIC-SET WHIPSTOCK ANCHOR

The hydraulic, one-trip, window-cutting system is used to exit casing effi-
ciently and provide a window. The complete window is normally accomplished in
one round trip with drillpipe. If a hole angle of 5° or greater exists at the kickoff point,
an MWD tool can be used for orientation of the whipstock face. A bypass valve is
required between the MWD tool and the whipstock. The valve allows flow to the
annulus for MWD readings. Once the whipstock is properly oriented, the bypass
valve can be closed hydraulically. As the valve stops flow to the annulus, it simulta-
neously provides fluid passage to the window mill. The hydraulic whipstock includes
a steel tube inserted into the window mill that provides a means to apply hydraulic
pressure to a packer. The packer can now be set hydraulically, without manipulating
the drillstring. The packer includes a rupture disc to prevent accidental release. Once
the packer is set, the window mill is released from the whipstock by shearing down
and then pulling off of the steel tube. The milling process can then be started.
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ONE-TRIP MILLING SYSTEM

The one-trip milling, or window-cutting, system (Figure 16-6) is used to
exit casing efficiently and provide a window suitable for running drilling BHAs,
liners, and completion equipment. The complete window is normally accom-
plished in one round trip with drillpipe. In one trip the starting cut is made, the
window milled, and a pilot hole drilled for the subsequent drilling BHA.

When run with a whipstock packer, and if whipstock-face orientation is
necessary, two electric-line runs are normally required. The first is to set the
packer, and the second is to determine the direction of the orientation key located
inside the packer. When run with a bottom-trip anchor, only one electric-line trip
is normally required. This is typically an electric-line gyroscope tool run through
the drillpipe and into a UBHO sub located above the milling BHA, with its inter-
nal key previously lined up with the whipstock face. The desired whipstock-face
orientation in this case is obtained by drillpipe manipulation.

When using the bottom-trip anchor, if an MWD tool is available and the hole
angle is 5° or greater at the kickoff point, the use of electric line can be completely
eliminated. Instead, run the MWD tool in place of the UBHO, with its tool face
previously lined up with the whipstock face. Pump flow through the MWD tool
will then provide the whipstock face direction at surface. In this case, only one
drillpipe trip is necessary to run in, orient, and anchor the tool; mill the window;
and drill the pilot hole, making it the most desirable method when applicable.

Unlike conventional and two-trip systems, the one-trip milling system can
start, mill, and ream the window without requiring a change in BHAs. A prelim-
inary “starting mill” run is not required. The result is a complete, full-gauge win-
dow in one milling trip. The one-trip milling system can be used with most
currently available anchoring systems.

COILED TUBING SIDETRACKING

Coiled tubing drilling can be used when it is not economically feasible to
utilize the main platform rig or mobilize a drilling rig. Advances in seismic and
reservoir modeling are also helping to target smaller pockets of oil, further
enhancing the economics of coiled tubing use.

One of the operations essential for a successful and cost-effective coiled
tubing sidetrack is the casing exit.

Casing Exits

Coiled tubing casing exits do not require the well to be killed and can be con-
ducted in underbalanced conditions. The operation uses the existing completion
to produce the well, including safety valves. In addition, smaller volumes of
drilling fluids are required, and little formation damage is caused.

Currently, two coiled tubing casing-exit methods exist dependent on comple-
tion configuration; through non-restricted monobore completions and “thru-tubing”
casing exits.



112 The Guide to Oilwell Fishing Operations

METAL
Y MUNCHER®

mill

Watermelon mill
w/Flex area
Flex pipe
String mill
w/Flex area

MWD/DP

Van __Juwﬁlaaﬂﬂn

N

o]
4

Pam & 5400 % g0 o o7 gg0is p7 4pB 4 7 gA0 M pY 00 a7 g0 4
i A Tl Dkl

-uun:auw_ui..‘.u,.a..puw.n._u..m.u»n:aca..__n ;_WL va 7

.,:_cn b s

T T R T

8 79,08 "hsn b 'Pan b hgn 0 "{30a ., 440 9 p% 4402 o0 740 4 ;% (40w ot G40 2,0 148 4
PR e S e i i e e e S e

mill
T Packer/Anchor

< Watermelon
1 MUNCHER®

—+ Shear bolt
2 METAL

A P ST S N Y R P A e T S e T R T R T
i il = 0 R ;s BRI U TR R e

P
[=]
o
[&]
m
3
2
[%]
(1]
o

o
<]
£
o
©°
=T
o @
cO
© 0
2 c
@
82
£-
2
=
-
o
x
]
©
o
D
w
<
52
=
2°8
258
£E2w
B =%
o ©.2
EQE
P
o
=

mills and MWD
Figure 16-6. One-trip window-milling system (Courtesy of Baker Oil Tools;

Make up with RIH
with packer, whipstock

Baker Oil Tools;

WindowMaster ™ trademarked by

METAL MUNCHER® patented by Baker Qil Tools).

H



Sidetracking Methods 113

The “monobore” whipstock, referred to as an “in-tubing” whipstock, can be
set inside the tubing or in a monobore liner and the sidetrack performed by
milling a window in the liner or through the tubing and outer casing. This method
uses a traditional combination of packer and oriented-whipstock ramp.

By contrast, the thru-tubing whipstock (Figure 16-7) is run through the
tubing, and the whipstock is set in the larger casing or liner below. It has no
packer, allowing it to be set in a single trip.

©

“
LR

Running in-hole  Set and milling
window

Retrieving

i &

b

the
whipstock

Figure 16-7. Thru-tubing whipstock system (Courtesy of Baker OQil Tools).
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The sidetrack is usually performed in a single milling run, using a tungsten
carbide or diamond window-milling assembly.

Both systems have been used successfully in a range of applications, with
the whipstock deployed on coiled tubing or electric line.
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Section and Pilot Milling

Section milling and pilot milling are similar in that both operations mill
away large sections of casing or pipe, but they are not the same. Section milling
creates an exit point in a string of casing equal to the bit size of the casing being
milled (Figure 17-1A). Pilot milling completely removes an entire casing string
from the top to the point where milling stops (Figure 17-1B). The resulting hole
is larger than the OD of the casing being milled.

SECTION MILLS

Downhole section-milling of casing is generally done for the following reasons.

m  To mill away the perforated zone in an oil string. This permits underreaming
and gravel packing or completion in the open hole.

m  To mill away a section of casing for a sidetracking operation. A new hole may
be started in any direction because a full 360° opening is provided.

# To mill away a loose joint of surface pipe.

m  To blank off a storage zone in a reservoir by removing a section above and
below and squeeze-cementing the storage zone.

m To cut pipe downhole for any purpose.

In sidetracking operations, 75-100 ft. of casing is ordinarily milled away.
This is sufficient for easy exit from the pipe. Casing collars or couplings can be
located by extending the blades of the section mill with light pump pressure
across the section mill as it is lowered into the wellbore. Less weight on the
indicator means the blades are in the recess of the coupling. A rule of thumb is to
start the outward cut about 5 ft. above a coupling. If the casing has little or no
cement on the outside, this will help prevent the casing joint from backing off.
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1|— Orill collars Jars
String mill Drill collars
:_ Shock sub String mill
Shock sub
‘— Section mill
Pilot mill
Taper mill
Taper mill
Figure 17-1A. Section-milling Figure 17-1B. Pilot milling
assembly (Courtesy of Baker assembly (Courtesy of Baker
0il Tools). 01l Tools).

Section-mill cutting blades are operated by pump pressure (Figure 17-2).
Blades are available in a variety of cutting-structure shapes such as round,
rectangular, or triangle-shaped buttons (Figure 17-3). All blades are tungsten
carbide. Current designs can cut a 100-150 ft. window in one trip.

A piston and cylinder in the section-mill body responds to pump pressure to
force the blades out against the pipe. The pipe is cut through, the blades extend
through the gap, weight is applied, and the casing is milled. Drill collars are always
run above the section mill to stabilize it and give the operator weight control.

Circulating a specialty milling-type fluid or mud formulated for the
purpose is necessary to remove cuttings from the well. New cutting-structure
designs produce faster cutting rates, so new cutting fluids have been developed to
remove the cuttings more efficiently. One such specialty fluid is a mixed-metal



Section and Pilot Milling 117

Body

Figure 17-2. Section- Figure 17-3. Tungsten carbide buttons
milling tool (Courtesy (Courtesy of Baker Oil Tools; METAL
of Baker Oil Tools). MUNCHER patented by Baker Oil Tools).

hydroxide. If a water-based mud is used, it should have a funnel viscosity of
90-100 CP and a yield of 50-60. If the viscosity is too high the mud will chan-
nel, especially in high-angle wells.

PILOT MILLS

Pilot mills (Figure 17-4) are commonly used in slot-recovery wells. In some
circumstances, drilling a new well may not be possible because of the platform
design. Instead, a slot-recovery well is drilled by re-entering an old, non-produc-
tive well on a platform. A pilot-mill operation removes the casing string in the old
well inside the conductor casing or intermediate casing to a point about 200 ft.
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below the casing shoe. A new well is then drilled
that maintains the original casing string sizes
while re-using the old well’s slot on the platform.

Pilot-mill dimensions are important for
maximum longevity and performance. Two rules
of thumb for mill design are as follows.

8 When milling uncemented casing or pipe,
the blade OD should be made to the drift ID of
the casing being run in, and the pilot OD should
be made to the drift ID of the casing being
milled.

@ For cemented casing or pipe, the blade OD
should be % in. larger than the largest OD being
milled, and the pilot OD should be %4 in. under
the drift ID of the casing being milled. This will
help prevent excess torque by allowing the mill to
follow the casing.

The first step in a pilot-mill job is running
a cement-bond log to determine if there is any
cement on the outside of the casing strings. If
there is no cement this high up the hole, a cut
an be made 100-200 ft. below the casing shoe.
The casing is then pulled. If the casing is not

Figure 17-4. Pilot mill free, another cut can be made about 50-70 ft.
(Courtesy of Baker above the shoe and this casing removed. Next try
0il Tools). pulling the casing with jars. If this fails, begin

pilot milling.

As with section milling, a lot of metal cuttings will be produced. This is the
primary constraint on milling rates. Modern mills can cut up to 40 ft. per hour,
but it is impossible to clean the hole that quickly. Note that when milling casing
with a weight of 40 Ibs./ft., 40 lbs. of steel cuttings are created for every foot
milled. The same mud properties used in section milling (with a pumping rate of
900 gallons per minute) should be used. Milling rates of 5-10 ft. per hour seem
to work best for cutting removal.

Surface equipment is also a consideration in pilot milling. All 90° bends in
flowlines should be eliminated, and a booster pump should be added at the
bottom of the BOP stack. Flowlines should be opened to remove cuttings before
they reach the shale shakers. Note that round cutters will produce 5 in.3 of
cuttings for every cubic inch of steel milled. Even at 5 ft. per hour, a lot of
cuttings have to be removed (Figure 17-5).
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Bell nipple

Shaker box
2xshakers

\ Cuttings box /

Figure 17-5. Special surface-equipment setup for pilot milling
(Courtesy of Baker Oil Tools).




18
Repair of Casing Failures and Leaks

Leaks in casing have many causes. Among them are bursting or collapse
from excessive pressure, thread leaks from improper make-up, corrosion holes,
erosion from tubing leaks, and perforations longer than needed or desired.

The type of leak and its severity dictate the method of repair. First, the exact
location of the damage must be determined. This is usually done by pressuring
between a bridge plug and a retrievable packer or pressuring between a retriev-
able packer and the blowout preventers. The packer is moved until the hole or leak
can be accurately determined, then the best repair method is chosen.

Squeeze cementing is probably the most common method of sealing leaks
in casing. Cement is pumped out through the leak and allowed to set. The repair
is then tested. Sometimes it is necessary to stage the cement job and leave some
cement in the casing under pressure until it sets. In these cases the cement plug is
drilied out before the repair is tested.

A liner can be set to blank off a section of leaking casing. It can be set all the
way to the bottom of the hole and hung in the casing above the leak (the same as in
an open hole). Liner hangers can incorporate a packer to seal at the top of the liner
between the liner and the casing, while other methods, such as squeeze cementing,
depend entirely on cement. Liners reduce the ID of the casing, which restricts oper-
ations and equipment, This factor can rule out the use of a liner in many cases.

If the leak is high in the wellbore and it is not practical or economical to
set a liner all the way to the bottom of the well, a “scab” liner can be set across
a short section of the casing that includes the leak. In this method, the liner is
set on the slips of a liner hanger with a packer. The top is equipped with a setting
sleeve and a liner packer with hold-down slips. This assembly will pack off
the top and bottom of the casing section and isolate the leak. A disadvantage
to this method is that a smaller-diameter section of casing is left in the well, with
larger-diameter casing below.
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If the cost is justified, leaking or badly corroded casing can be removed by
cutting the string below the damaged section, removing it, and running new casing-
with a patch to tie it back to the string left in the well. First, the lowest leak point is
located or a casing-inspection log is run to determine the lowest depth of deterio-
rated casing. Then the casing is cut with a mechanical or hydraulic internal casing
cutter (Figure 18-1) run on a workstring of tubing or drillpipe. The inside cutter is
run to a depth below the damaged casing and rotated to the right, which releases the
slips. Then, as slight weight is applied to the string, the knives are fed out on tapered
blocks and rotation cuts the casing. The cutter is then pulled and the cut casing is
removed from the wellbore with a spear.

Casing patches normally have a slightly larger OD than a standard coupling
for the same casing size. To ensure proper sealing and fit, a casing dress-off tool
should be run (Figure 18-2). There are many variations of dress-off mills and
shoes. Ideally, the one chosen should be the same OD and length as the patch
being run to ensure that the patch will fit in the wellbore where it is to be set.

Figure 18-2. Casing dress-off
Figure 18-1. Mechanical internal tool (Courtesy of Baker
cutter (Courtesy of Baker Oil Tools). Oil Tools).
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There should be dressing or hard banding inside and at the bottom of the tool,
which should be dressed to an ID slightly larger than the OD of the casing. This will
clear away any cement or dried mud on the outside of the casing to be patched.
Finally, a cutting structure should be located inside the top of the tool to slightly
bevel the inside and outside of the casing to be patched. This allows the patch to
pass over the casing easily without damaging the packing inside the patch. Once the
dress-off tool is run and the casing is properly dressed off, the casing patch is run.

Casing patches (Figure 18-3A, 18-3B) are made in several styles. Neoprene
and lead are the two primary seal materials. The neoprene type is more commonly
referred to as a rubber seal. The rubber (or neoprene) seal is rated for withstanding
higher pressure. The lead seal has a higher temperature rating and is considered
more resistant to corrosion.

Casing patches are available for a variety of applications. One style, the
cementing-type lead seal, permits the displacement of cement outside the casing
and patch before it seals off (Figure 18-4). Either the lead- or rubber-seal patch is

Top sub
—— Slip
— Lead
Guide
Figure 18-3A. Lead-seal Figure 18-3B. Rubber-seal
casing patch (Courtesy of casing patch (Courtesy of

Baker Oil Tools). Baker Oil Tools).
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available with a long extension on top for
salvaging pipe that has become stuck before
landing on a subsea wellhead. This is called
an underwater casing patch.

When using an underwater casing
patch, the casing is cemented in place on
the bottom to prevent it from falling down-
hole if it comes free. A cut is made a few
joints below the subsea wellhead and this
casing recovered. The new casing top is
then dressed off, and exact measurements
are taken to determine the location of the
casing top. These measurements are critical
for spacing out the casing hanger, casing,
and patch to be run back into the hole.

An underwater casing patch, either
lead or rubber, is then made up to the bot-
tom of the new casing string. The correct
length of casing is run and the casing
hanger and running tool are installed and
run in the well. Approach the top of the cas-
ing stub with caution. After slacking off
over the stub and seating the casing hanger
in the wellhead, the hanger running tool
should be retrieved. Next, a casing spear is
run inside the casing and through the casing
patch. The casing is engaged below the
patch and pulled up to the required tension.

External casing patches are full open- Figure 18-4. Cementing-type,
ing and full strength, which are significant lead-seal casing patch
advantages. Once they have been engaged and (Courtesy of Baker Oil Tools).
the casing landed, they should be pressure-
tested to ensure that a seal has been made.

Internal casing patches are designed to set inside the bad joint of casing to
seal off perforations or other small leaks. These are only used if future well oper-
ations can be performed with a restricted ID in the casing string. This type of
patch consists of three basic components: a top, soft-metal element with a rubber
seal; a tubular extension; and a bottom, soft-metal element with a rubber seal.
Various patch lengths can be obtained by adding tubular extensions. Only the top
and bottom elements are swaged outward during the setting process. The tubing
or casing extension is not swaged.

During the setting process, the pressure setting tool exerts a pushing force
on the top, tapered swage and a pulling force on the bottom, tapered, metal swage.
Both swages are driven into the soft-metal sealing élements, which expand into
metal-to-metal sealing contact with the casing bore.

— Top sub

— Slip

Lead
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If the casing is premium grade or thread, it may be desirable or necessary
to back off the old casing and replace it. This method ensures that the string
retains its original strength and pressure ratings.

Backing off the old casing is done by cutting it in the middle of the casing
joint to be removed or cutting it just below the hanger to remove strain from the
casing string. Once the cut has been made and the cut casing recovered, an inter-
nal spear is run on a workstring. The casing is engaged, and a wireline string shot
is run and positioned across the connection to be backed off (see Chapter 7). Left-
hand torque is applied from the surface, and the string shot is fired. The casing is
then backed off completely and removed from the wellbore. A new casing string
is run in the hole and the connection made up to the old casing in the wellbore.
The hanger is set, and the casing is tested.

Sometimes a string shot will swell or split the casing connection. To avoid
this, a specialty tool called a casing backoff tool (Figure 18-5) can be used to
unscrew the failed string at the desired connection. The failed casing string is cut

Upper Drive Lower
anchor section anchor

Figure 18-5. Casing backoff tool (Courtesy of Baker Oil Tools).
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in the middle of the casing joint to be removed. The casing backoft tool is run on
a workstring with a casing spear just above it. The casing backoff tool consists of
a bottom anchor, drive section, and top anchor. It is good practice to run 10,000 Ibs.
of drill-collar weight below the tool to aid setting the bottom anchors.

The casing backoft tool is positioned with its bottom anchor below the con-
nection to be unscrewed and its top anchor above the connection. Pump pressure
is applied to set the bottom anchor,then the top anchor. Once both anchors are set,
pump pressure is increased and the tool will stroke 2 turn to the left. Each time
the tool strokes, the pressure is bled off and reapplied. This procedure is repeated
until the casing has unscrewed approximately 3-5 rounds.

The casing backoff tool is released by picking up on the workstring. After
the tool is released, the workstring is lowered downhole until the casing spear is
engaged. Additional left-hand torque may then be applied to finish unscrewing
the casing. The workstring is pulled from the hole along with the recovered piece
of casing. New casing is run in the hole and made up to the old casing downhole.
The casing can then be tested and the casing hanger set.

The new casing string is usually run in with just a standard joint of casing
on bottom. However, in some cases it may be necessary to use a tieback alignment
bushing (Figure 18-6) on the bottom of the casing string to help screw the casing

Top sub

Casing pin
thread

— Guide

Figure 18-6. Tieback alignment bushing (Courtesy of Baker Oil Tools).
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back together. The tieback alignment bushing will line up the connections to
prevent cross-threading the casing threads. The bushing is available with either a
pin or a box connection down.

When running a premium-threaded casing string that has critical require-
ments for make-up torque, another specialty tool called a casing make-up tool is
used (Figure 18-7). This tool is similar in operation to the casing backoff tool, but
it strokes to the right. It is positioned across the connection to be made up, and as
pressure is applied, the casing connection can be torqued to the exact make-up
torque recommendation. This is ideal for maintaining the integrity of premium-
threaded casing.

Collapsed casing is another cause of casing leaks and failures. Collapsed
casing can be difficult because it is not always easy to determine the severity and
extent of the damage. Repair operations should be carefully planned and
executed. First, determine the length of the collapse from the allowable move-
ment of the tubing and measurements correlated by free-point instruments.
This determination is critical because the tubing must be cut above and below the
collapsed section.

When the electric wireline cuts are made, enough free pipe should be left
above the collapse for an easy overshot catch. Enough should be cut below the
collapse to prevent the tubing left in the wellbore from becoming an obstruction
when swaging or rolling the casing. The cut section of tubing should be caught
with an overshot and jarred out, typically with a string made up with a bumper
jar, oil jar, drill collars, and intensifier.

After the cut section of tubing is removed from the wellbore, an impression
block should be carefully run in to take an impression of the collapsed pipe.
The impression block should be measured outside the hole, as the depth is always
critical.

If the collapse runs up the hole from the most severely damaged point, the
impression block will be depressed on the side. This indicates that it was wedged
into a taper (Figure 18-8). This type of collapse does not present any special prob-
lems, other than its severity. If the collapse begins at a coupling and extends down
the wellbore, the impression block will be marked only on the bottom where it
was pushed down on the end of the collapsed joint (Figure 18-9). This indicates
that the collapse downhole is similar to a whipstock, and any tools run in the hole
may have a tendency to go outside the pipe. Carbide mills should be avoided in
repairing casing unless it is impossible to reform the pipe. Tapered mills tend to
“walk,” and in this situation they will invariably follow the path of least resistance
and go outside the pipe.

Casing swages or swage mandrels (Figure 18-10) are heavy, tapered cones
driven down through the collapse and jarred back out. It is usually necessary to
run a number of sizes in sequence because the pipe must be swaged out in small
increments, sometimes as little as % in. at a time. Most collapsed casing can be
swaged out to approximately % in below drift diameter.
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Lower anchor

Drive section

Upper anchor

Figure 18-7. Casing make-up tool (Courtesy of Baker Oil Tools).
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Figure 18-8. Pipe collapsed Figure 18-9. Pipe collapsed

upward from coupling. downward from coupling.
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L Figure 18-11. Casing roller
Figure 18-10. Casing swage mandrel. (Courtesy of National Oilwell).

The first casing rollers (Figure 18-11) were adapted from swage mandrels
by adding a series of rollers. Improvements have made them more reliable. Jars
and drill collars should always run in either procedure because the swages and
rollers can get hung and wedged in the collapsed section and must be jarred loose.

Once the casing is opened up sufficiently for normal operations, it must be
reinforced in some manner before exposing it again to the external pressure that
caused the collapse. This can be done by squeeze cementing or setting a liner
through the repaired section.
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Fishing in High-Angle Deviated and
Horizontal Wells

Successful fishing is much easier in a relatively straight well than in a
highly deviated wellbore. However, it is still quite possible to perform a success-
ful fishing job in a highly deviated wellbore, if the proper approach is taken.
Industry knowledge gained by personnel who have drilled many highly deviated
wells, along with continuing developments in tools and techniques, have substan-
tially reduced the number of fishing jobs required per well drilled and increased
the success rate of those that are performed.

When a highly deviated well does require a fishing job, most of the tools
used in straight-hole fishing can be successfully run. Even washpipe, with spe-
cialized connections, can be run in highly deviated wells. Because the pipe is still
large and not very flexible, sections must be short to pass through high-angle
doglegs. Jars, overshots, magnets, and junk baskets can also be used.

There are considerations for job planning on a highly deviated well that are
not present in fishing vertical holes. They include the following.

® When a high-angle hole has been drilled by rotating drill pipe, a trough
usually forms on the low side of the hole that is smaller in diameter than
the drilled portion of the hole. This is a factor when fishing with an overshot
or similar tool, as the fish will lie in the trough or smaller section.

m  Broken or twisted-off pipe can fall under a ledge of a dogleg.
m  Hole drag in horizontal or highly deviated wells inhibits good jarring action.

m Adding weight to the string for milling operations can be a problem. Drill
collars are similar to washpipe in that they cannot flex around high-angle
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doglegs and bends. They have to be run higher up the hole, which reduces
their effectiveness.

m It is difficult to get the required torque down and around deviations when
attempting to back off pipe in a highly deviated well.

Just as drilling highly deviated wells has become a mature industry, so has
fishing them. Applying the lessons learned by personnel on many previous jobs
to your planning and taking advantage of the latest advances in tools and
techniques will maximize your ability to overcome these challenges successfully.
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Plug-and-Abandon Operations

Plug-and-abandon operations are usually governed by the relevant regulatory
agéhcy of the country or region where the well is located. Regulations specify such
things as the location and number of plugs to be set and the depth of the tubing and
casing strings to be removed. Regulations may vary according to the well’s location
on land or its water depth offshore.

There are two general plug-and-abandon operations, temporary and perma-
nent. Not all steps mentioned below may be needed in every well. The first step
in either procedure is killing the well and pulling the production string if
applicable. This can be accomplished by pulling all the tubing and packers from
the wellbore or by pumping cement down the production string and into the
producing zone. A bridge plug can then be set in the tubing string. The tubing is
then cut at a depth that is predetermined either by the operating company or by
government regulations, and another bridge plug is set in the casing on top of the
cut tubing string.

Next, all remaining casing strings and the conductor pipe are cut and pulled
according to applicable regulations. On land jobs, cutting the casing strings is
usually done by digging out around the casings at ground level and cutting them
off with a torch.

TEMPORARY PLUG AND ABANDON

Offshore exploratory wells are often temporarily plugged and abandoned
after drilling. The type of temporary plug-and-abandon process discussed in this
section usually applies to wells drilled from a jackup-type rig. When a producing
zone is discovered, the well is temporarily plugged until a platform can be put in
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place to accommodate production equipment.
A platform is usually set over the first well
and more wells are then drilled from that plat-
form.

On offshore exploratory wells, a combi-
nation of cement plugs and bridge plugs is set
in the liner or main casing string. A surface
plug is set just below the mudline-hanger sys-
tem, which is designed to allow unscrewing
of the casing strings from a depth below the
mudline back to the surface. When all the
plugs have been set, the BOP stack is
removed and the casing cut below the casing
hanger. A spear is run, and the casing is
engaged at the top. Most mudline hangers
release with right-hand rotation, so it may be
necessary to run an internal catch spear with
vertical wickers (Figure 20-1) to aid in turn-
ing the pipe. Once the pipe is engaged, a
slight overpull is taken. The pipe is then
unscrewed at the mudline-suspension hanger
(located about 150 ft. below the mudline) and
the casing pulled from the wellbore. A corro-
sion cap is then run back into the well to
protect the mudline-suspension hanger threads
and prevent trash from falling into the wellbore.

This process is continued for all casing
strings other than the outermost casing or
conductor pipe. The conductor pipe is then cut Figure 20-1. Casing spear
about 5 ft. above the mudline, with either an (Courtesy of Baker Oil Tools).
internal cutter or by divers. Some conductor
casings have connections that can be unscrewed. Divers install bolts in these
connections to allow the pipe to separate. Another corrosion cap is then installed
over the entire well.

Once the platform is ready to be installed, the corrosion cap is pulled and the
platform is set over the well. The conductor pipe is either screwed back together or
a larger size is driven over the existing casing. The inner corrosion caps are then
pulled, casings are run and screwed back into the mudline-suspension hanger, and
the casing is hung off at the surface in the welthead.

PERMANENT PLUG AND ABANDON

The first few steps of permanent plug-and-abandon operations are very sim-
ilar to the temporary type. The well is killed and the production zone is squeezed
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or cemented. After the tubing string (or
strings) is removed, all casing strings
are cut at a minimum of 15-25 ft. below
the mudline or in accordance with
applicable regulations. First, the inner-
most casing string is cut with an inter-
nal casing cutter. The casing is then
removed and a bridge plug is set on top
Jet nozzle of the cut casing string. This process is
repeated for all casing strings.

Usually the casing strings are
cemented together for well control or
support. Therefore, they have to be
removed at the same depth, which is
typically done with a multiple-string -
casing cutter (Figure 20-2). This tool
can cut multiple casing strings in one
run. The cutter can be dressed with
knives long enough to cut through the
largest diameter casing string. A typical
string might include 9-%-in., 13-%-in.,
16-in., and 30-in. casings. In some
cases it may be necessary to run a
shorter knife and then follow up with a
longer knife on an additional run to
complete the cut.

Body In deepwater operations off
floating rigs or platforms, the tools
= become more specialized. Bridge plugs
Figure 20-2. Multiple-string casing and cement plugs are set much the
cutter (Courtesy of Baker Oil Tools). same way as a land or shallow-water
plug-and-abandon job. Once these
plugs are set (according to applicable regulations), the casing strings are cut.
Because of rig movement, casing cutters must be stabilized and held in a station-
ary position during this operation. A marine swivel (Figure 20-3) is used to locate
accurately and hold the multi-string cutter in a stationary position. The swivel is
landed in the subsea wellhead, on top of the casing hangers. A slack-joint or long-
stroke bumper jar is then run directly above the swivel, with the cutter spaced out
below the swivel. The slack joint or jar is then closed % stroke, which allows for
Tig miovement but holds the swivel in a stationary position.

The swivel consists of bearings or bushings that will allow rotation of the
inner body while the outer body remains stationary. In some cases a seal puller
can be adapted to the swivel, which allows pulling of the hanger seals on the same
trip as cutting the casing.

Adjustable stop

| +— Knite
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Bearing

Figure 20-3. Marine swivel (Courtesy of Baker Oil Tools).

When all intermediate casing strings have been removed, the conductor pipe
can be cut and the subsea wellhead recovered. With “cut-and-pull” technology, you
can cut and recover the subsea wellhead in one trip (Figure 20-4). Today there are
tools that cut with the drillstring in compression or tension. Cutting and recovering
the wellhead in tension provides for less drillpipe fatigue and a positive indication
of the cut. Multiple-string casing cutters with sleeve-type stabilizers attached to the
body also boost efficiency for quicker cutting.

Explosives can also be used to sever casing and casing strings for some
plug-and-abandon operations. They can be run on pipe or wireline. Regulations
concerning the use of explosives can be strict. Explosives work best if cement is
between the casing strings to be severed. Jet-cutting and abrasive-cutting systems
are also used for platform removal and plug-and-abandon operations. Jet cutting
uses an abrasive agent such as sand or grit in water under high pressure. These
tools can quickly and easily cut multiple strings of cemented pipe.
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Figure 20-4. Subsea wellhead-retrieving spear
(Courtesy of Baker Qil Tools).




21

Miscellaneous Tools

These miscellaneous or specialty fishing tools are common, but the need
for their use is uncommon. When the need does arise, it is difficult or impossible
to accomplish with other tools what these specialty tools are capable of doing.
They should be kept in mind when planning a fishing job.

MOUSE TRAPS

A mouse trap is a catching tool with a moveable slip that allows a variable
catch to be made. Ordinarily, this tool does not release, so it has limited applica-

tions. The advantage is that it will catch
fish of variable or unknown size. Mouse
traps are commonly used to catch sucker
rods (Figure 21-1).

Larger versions of mouse-trap catch-
ing tools are typically used to catch
corkscrewed rods in casing and tubular fish
with inconsistent or non-standard diame-
ters, such as corroded or mashed pipe. One
such large mouse-trap tool is the socket,
also called an oversocket or Kelo socket,
which was originally designed for cable-
tool use. It consists of a bowl, sized for the
casing, and two tracks, set at an angle,
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Body

~—1— Mouse trap

Figure 21-1. Mouse trap
(Courtesy of Baker Oil Tools).
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running from top to bottom in the bowl. Slips are fitted in the tracks and are free
to slide up and down. The fish pushes the slips up the slanted track until sufficient
clearance is available for it to pass the slips. When this is done, the slips fall down
behind the fish and wedge it in the bowl. The fish can then be retrieved or pulled
in two. A mouse trap-style overshot should never be run and latched onto a fish
that is stronger than the overshot. If the fish is not free, it must be pulled in two.

REVERSING TOOLS

Reversing tools (Figure 21-2) are used to unscrew and recover sections of
right-hand pipe or tools stuck in the casing. They are available in mechanical and
hydraulic types. The hydraulic type generates 15,000-50,000 lbs./ft. of torque,
depending on tool size.

s
-

Anchor
section

Reversing
section

Figure 21-2. Reversing tool (Courtesy of Baker Oil Tools).
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The reversing tool is used with a right-hand workstring. Planetary gears and
an anchoring system convert the right-hand rotation on top of the tool to left-hand
rotation below it. The gear ratio is about 1:1.6 and decreases as overpull is
applied. At around 20,000 lbs. of overpull, the ratio is 1:1.

The reversing tool is for cased holes only. It should never be run in an open
hole. If the fish is in an open hole, left-hand drill pipe must be run below the revers-
ing tool. Reversing tools have restricted internal diameters, but the opening is usually
large enough to accommodate a string shot if the fish cannot be unscrewed.

HYDRAULIC PULLING TOOL

The hydraulic pulling tool (Figure 21-3) uses hydraulic pump pressure to
pull objects from cased holes. It is designed to anchor in casing, exert a pulling
force on the fish below, and transmit this force to the casing rather than to surface

N
A

I1

Anchor

section ,_ﬂ

— Pulling
section

Figure 21-3. Hydraulic pulling tool (Courtesy of Baker Oil Tools).
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equipment. The hydraulic pulling tool is highly effective for exerting unusual
forces when using conventional workover rigs and small workstrings. The tool
may be used for pulling liners, retrievable packers, seal assemblies, or pipe from
a well, without strain on the workstring or derrick. The pulling tool is composed
of three sections, which are described as follows.

The relief valve section is run on top of the tool and ensures the ability
to release the slips and the pull load whether or not differential pressure exists
at the tool.

The anchor section is run immediately below the relief valve and anchors
the tool to the casing wall. The anchor section provides a large slip-engagement
area to safely transmit heavy pulling strains with minimum risk to the casing.

The pulling section is run below the
anchor section, and a blanking sub is run
below the pulling section so hydraulic pres-
sure may be applied. The pulling section
produces forces ranging from 35 [bs. of pull
per 1 psi with a 4-in. tool to 106 lbs per 1 psi
with a 7-in. tool.

The pulling tool can be used with
mechanical fishing tools such as overshots,
spears or screw-in assemblies. It should
always be anchored several joints above the
casing shoe because there is an equal force
pulling down on the casing when it is in use.
Catching tools run with the pulling tool
should be spaced out with suitable drill col-
lars or other heavy pipe. Bumper jars and
safety joints should always be run below the
pulling tool and directly on top of the catch-
ing tool. The bumper jar will allow the oper-
ator to bump down and brake the freeze of a
grapple or a spear. The safety joint will allow
the operator to unscrew the pipe to the left
should the bumper jar fail to release from
the fish.

The pulling tool has a 30-in. stroke. If
the fish will stretch this amount or more
before it reaches its breaking point, it must be
cut into sections to reduce the stretch.

BOX AND TAPERED TAPS

M,

Figure 21-4. Box tap The box tap (Figure 21-4) catches the

(Courtesy of Baker Oil Tools).  qtide diameter of a fish, and the tapered
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tap (Figure 21-5) catches the inside diameter. Taps are self-threading using hardened
threads and typically have vertical grooves for removing cuttings produced while
cutting the threads. Taps have a wider, more variable catch range than an overshot or
spear. However, taps are not releasable.

A special-purpose tap called a pin tap (Figure 21-6) 1s designed to catch
a specific size connection such as 3% or 4% internal flush (IF). Pin taps are
most often used to screw into drill collars and drill pipe that have split boxes or
damaged threads.

Taps should always be run with a bumper jar and safety joint because they
are considered un-releasable. A drilling safety joint is the most common type used

< ==
< 8
< 2
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<
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< 2

Figure 21-5. Taper tap Figure 21-6. Pin tap
(Courtesy of Baker Oil Tools). (Courtesy of Baker Oil Tools).
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with taps. The drilling safety joint (Figure 21-7) consists of a top half, friction
ring, and lower half. Spring-loaded pins keep the friction ring attached to the
top half. The friction ring permits transmission of full torque in the make-up
direction but considerably less torque in the release direction.

BULLDOG OVERSHOT

The bulldog overshot (Figure 21-8) is designed for straight pick-up only of
a fish with an outside diameter too large to be caught by any other method. The
overshot is a simple design incorporating a “C” grapple that fits in a tapered bowl.
This design has the smallest ratio of fish OD to overshot OD of any apparatus.
Like taps, the bulldog overshot cannot be released. The fish has to be free or
weaker than the workstring so it can be pulled in two.

Top half
Ring
Bowl
Bottom half
Grapple
Guide
Figure 21-7. Drilling safety joint Figure 21-8. Bulldog overshot

(Courtesy of Baker Oil Tools). (Courtesy of Baker Oil Tools).
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When running any bottomhole assembly on coiled tubing, a standard string
of basic tools is required. In almost all cases, this consists of a coiled tubing con-
nector, a dual-back pressure valve, a hydraulic disconnect, and (especially in
mud-motor operations) a dual circulating valve. These tools are screwed together
using a common set of small-diameter threaded connections (Figure 22-1).

COILED TUBING CONNECTOR

The coiled tubing connector is used to attach the bottomhole assembly to
the coiled tubing workstring. Available designs include a “roll-on” design, in
which a rolling tool is used to deform the wall of the coiled tubing onto grooves

Small Diameter Tool Joints
Dimension and Strength Data 4

Make-u
Joint (Ionl?) (::‘) st{:‘e:sg?h ?;?EE;I; l'orqueP

(Ft-Lbs)
1 AMMT 1-9/16 34 68,100 765 500
1-1/4 AMNT 1-3/4 7/8 93,984 1,265 650
1-1/4 FJ (Reg) 2-3116 58 155.300 2,150 1075
1-1/2 AMMT 2 1 127.100 1,770 950
2-3/8 AM PAC DSI¥ 2-7/8 1-172 201,900 6,490 3.250
2.3/8 APl Reg 3-1/8 1 375,500 7,500 3,700
2718 AMPAC DSI T 3-1/8 1-172 269,470 7,290 3.650
A Strengths based on a material yield of 120,000 PSI. Check applicable pipe for comparative values in tension and

torsion
B Double shoulder internal - special tri-state modification

Figure 22-1.
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Set screws

Bowl

Internal gripping slip

Acme thread

Pressure seals

Figure 22-2. Slip-type coiled tubing connector (Courtesy of Baker Oil Tools).

on the connector OD; a set-screw design in which screws secure the connector
using pre-formed indentations on the coiled tubing OD; and a dimple design in
which a hydraulic tool deforms the wall of the tubing into dimples located in the
connector OD. The most widely used connector is the slip-type design (Figure 22-2),
which has proven superior for fishing applications as well as for workover motor
operations because of its excellent tensile and torsion properties.

The slip-type connector uses an internal gripping slip to engage the coiled
tubing when making up the connection. The slip is energized using an acme
thread, which provides the force required for the slip teeth to set on the outer wall
of the coiled tubing. The slip-and-bowl concept used on this design allows the
slip-setting force to be increased as tensile forces are applied to the joint. As
more tension is applied to the coiled tubing, the joint between the coiled tubing
and the connector tightens. In most cases, the connection between the coiled
tubing and connector is stronger than the ultimate tensile strength of the coiled
tubing itself.
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The connector is rotationally locked to the coiled tubing by side-mounted
“set screws” in the connector body. These are tightened against the coiled tubing

after the slip has been set.

A pressure seal must be formed between the coiled tubing and the con-
nector. Some tools run in the bottomhole assembly are actuated by applying
coiled tubing pressure after a ball has landed. These tools will be ineffective if
there are any leaks in the bottomhole assembly above them. The slip-type
connector uses two O-ring pressure seals for redundancy and provides a positive
seal with the end of the coiled tubing after the seal surface has been dressed.

DUAL-BACK PRESSURE VALVE

The dual-back pressure valve (DBPV) is basically a double-barrier isolation
valve (Figure 22-3). Its purpose is primarily to prevent flow from the wellbore

from coming up the coiled tubing string
if the tubing ruptures at the surface. Coiled
tubing failure at the surface most often
happens because of bending stresses
induced when running the tubing over the
gooseneck and through the injector head.

The DBPV is available in at least two
types. The most popular and effective type
uses a double-flapper closure mechanism.
The flapper design has a torsion spring to
keep the valve closed if there is no flow
through the coiled tubing from the surface.
A bonded-rubber seat is used for pressure
sealing when the flapper is closed.

The DBPV is usually run immedi-
ately below the coiled tubing connector, so
the closure mechanism must allow casy
passage of the largest ball used to operate
the tools run below. The largest ball used
in coiled tubing operations is typically
7g-in. diameter. Larger balls must travel
through the valve at fairly low pump rates,
so spikes in coiled tubing pressure may be
seen at the surface. This indicates proper
tool actuation and is more difficult to
recognize when using high pump rates
that result in higher pressures due to fluid
friction. This problem is magnified in
highly deviated and horizontal well bores,
where the beneficial effects of gravity in
getting the ball through are minimal.

Bonded seal

Flapper closure
T Torsion spring

a J Bonded seal
| 4 |

Flapper closure

Torsion spring

Figure 22-3. Dual-back pressure
valve (Courtesy of Baker Oil Tools).
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The DBPV is also used in pressure-deployment operations such as runn-
ing a wireline lubricator in a long, coiled tubing-conveyed tool string when the
coiled tubing lubricator system cannot handle the length. The tools are run in
the well from the wireline lubricator until a sub in the tool string, which is the
same OD as the coiled tubing, is adjacent to the coiled tubing BOPs flanged
to the wellhead. The coiled tubing BOPs are then closed on this sub and the
wireline lubricator is bled off and rigged down. During this operation, the DBPV in
the tool string prevents wellhead pressure from coming up through the coiled tubing
tool string. In situations of high wellhead pressure or sour gas, the DBPV performs
a critical well-control function in pressure-deployment applications.

HYDRAULIC DISCONNECT

The hydraulic disconnect (Figure 22-4) is used in many different coiled
tubing operations including fishing and workovers. It is used to release the coiled
tubing string from the bottomhole assem-
bly. This is required if the assembly
becomes stuck and cannot be freed with
coiled tubing tension. The hydraulic
disconnect is activated by circulating a
ball through the coiled tubing string and
landing it in a seat within the disconnect.
Hydraulic pressure will then shift a piston
within the tool that disengages a locking
mechanism. A slight overpull on the
disconnect will allow the tool to release
Piston from the tool string below. Once
the hydraulic disconnect has been acti-
vated, an internal “GS”-style fishneck
(see Chapter 23) is exposed on the section
left in the well to provide latching up dur-
ing subsequent fishing operations.

The hydraulic disconnect is rotation-
ally locked, so it can be used in milling,
underreaming, and cutting operations on
coiled tubing using a workover motor. The
hydraulic disconnect cannot be run below
a workover motor because the rotor-stator
design of the motor will not allow passage
of a drop ball to actuate the tool.

A hydraulic disconnect should be
run as low in the tool string as possible—
beneath jars, for example. This allows the
Figure 22-4. Hydraulic disconnect maximum number of tools to be recov-
(Courtesy of Baker Oil Tools). ered should the assembly become stuck

Ball
Ball seat

Internal fishneck

—— Locking mechanism
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and the disconnect activated. If the disconnect is located above the jarring assem-
bly, subsequent fishing operations must jar through the jarring assembly left in
the hole. This would result in a greatly reduced jarring efficiency, as the lower jar-
ring assembly would dampen the jarring load. It is possible to run one hydraulic
disconnect directly below the DBPVs and another, with a smaller ball seat, below
the jars.

DUAL CIRCULATING VALVE

A dual-actuated circulating valve (Figure 22-5), developed mainly for
coiled tubing workover-motor applications, has a traditional sleeve valve-opening
mechanism with a rupture-disk port below the sleeve valve. The rupture-disk port
allows circulation through the coiled tubing if the workover motor gets plugged

B
/
. —— Sleeve valve
=
e

Large area flow ports

‘ m— Shear screw
\ N

=5—— Rupture disc port

Figure 22-5. Dual-actuated circulating valve (Courtesy of Baker Oil Tools).
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with debris. If this occurs, pressure applied to the coiled tubing will blow out the
side-mounted disk when rupture pressure has been reached.

Rupture disks are available in many different pressure ratings, and one
should be selected with rupture pressure just below the safe surface limit for
coiled tubing internal pressure set by the operator. Once the rupture disk is blown
out, a ball can be circulated through the coiled tubing string to the sleeve valve
above the rupture disk. Applying coiled tubing pressure again will open this valve
and large-area flow ports.

The dual-actuated circulating valve serves three main purposes in
workover-motor applications. They are as follows.

m It provides a flow path through the coiled tubing if the motor becomes
plugged during operation.

m It provides a large-area flow path out of the coiled tubing during hole cleanup,
after milling or underreaming. This prevents flowing through the workover
motor, which creates additional back pressure and increases wear on the
motor.

m I diverts fluid flow through the coiled tubing to the annulus above the
workover motor when pulling out of the hole. This prevents the motor from
spinning when coming out of the hole.

MOTORHEAD ASSEMBLY

The motorhead assembly combines the main tool components described
previously in this chapter, in modular form. The combined motorhead assembly
is much shorter than standard bottomhole assembly components because the
threaded connections of the individual components are eliminated. Motorhead
assemblies offer easier handling, take up less lubricator height, and reduce bend-
ing stresses in the bottomhole assembly.
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PRE-PLANNING

Fishing with coiled tubing requires extensive pre-planning that involves all
participating personnel including the operator, representatives from the service
companies, and representatives from the fishing-tool company. It is advisable to
review service reports and consult with personnel who have been involved in pre-
vious fishing operations. A thorough analysis of the well’s history and events
leading to the need for a fishing operation will save time on location and help to
determine equipment requirements. Detailed information should include but not
be limited to the following.

m  Most recent well schematic, including minimum restriction

m  Available riser height (to determine if there is enough space to recover the
fishing assembly and fish)

m Information about coiled tubing forces, in particular overpull, setdown
weight, and fatigue-cycle life of the reel

m  Tensile strength of tools, in particular those run below jars

Take time to develop the best strategy and contingency plans.
Considerations such as equipment availability, logistics, methodology, operator’s
constraints (especially cost and time allocated), and engineering and manufactur-
ing support should all be addressed during pre-planning. This stage is critical to
development of the procedure that offers the maximum chance of success.
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RULES OF THUMB

In order to minimize risk when fishing with coiled tubing, the following
rules of thumb should be considered:

B Avoid running tools that cannot be externally fished in the hole

B Review the overshot OD to ensure that it will pass through the minimum
restriction in the well; clearance through minimum restriction should be at
least Y4 in.

m Centralize the BHA to reduce drag (assuming that the fish is centralized).
This will also leave a centralized fishneck should the BHA have to be
disconnected.

m Function test hydraulic actuated tools at the surface to determine the flow
rates at which they operate. This is especially important when using flow
release overshots and spears.

m  Create a layout sketch of fish and fishing tool geometry in “worst-case” posi-
tions in the wellbore. Actual-size sketches are most effective in helping to
visualize potential problems during latch up (Figure 23-1).

ADDITIONAL EQUIPMENT

In addition to the coiled tubing unit and crew, equipment involved in a fish-
ing operation may include a wireline unit, fluid mixing and pumping equipment,
and nitrogen equipment.

Whenever possible, take advantage of wireline trip speed, wireline sensi-
tivity, and crew experience. A wireline unit and crew are important parts of
a fishing operation. They can perform many jobs such as impression-block
runs, retrieving light obstructions, “baiting” the fish to facilitate coiled-tubing
tool engagement, and can provide deployment and retrieval assistance more
efficiently than using coiled tubing. When downhole conditions are uncertain,
wireline can be used to examine alterations in downhole conditions or fish
configuration. Investigative trips with coiled tubing are time consuming and
often unproductive compared to wireline. Placement of equipment on loca-
tion should facilitate quick rig up/rig down of the coiled tubing and wireline
equipment.

Pumping equipment is essential. Fluid circulation can be used to wash
debris from the fish, activate fishing tools, and displace balls to activate various
tool-string components. Mixing equipment may be required for preparation of
friction reducers or weight additives. Friction reducers introduced into the well-
bore can increase impact force and facilitate retrieval. Kill weight fluids may be
required for well control, altering hydrostatic pressure, or increasing buoyancy of
the coiled tubing.

Nitrogen equipment on location can also be useful during the fishing oper-
ation. Displacing the coiled tubing with nitrogen will increase buoyancy and
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Figure 23-1. Layout sketch of fishing geometry.

increase residual overpull at depth. Nitrogen can also be introduced into the well-
bore to lighten hydrostatic pressure exerted against the fish.

SPEARS AND OVERSHOTS

Most types of conventional spears and overshots can be conveyed on coiled
tubing. These include standard basket- and spiral-type overshots, kelo sockets,
mouse-trap overshots, and releasing spears. However, these types of tools cannot
be released conventionally because coiled tubing cannot be rotated. If these tools
are run on coiled tubing and the fish cannot be retrieved after latching the over-
shot, a hydraulic disconnect further up the tool string must be activated, which
leaves additional tools in the hole. To avoid this situation, run hydraulic-release
spears and overshots before running conventional spears and overshots when
fishing using coiled tubing.



152 The Guide to Oilwell Fishing Operations

Hydraulic-Release Spears and Overshots

Hydraulic-release spears (Figure 23-2) and overshots (Figure 23-3) are
designed specifically for coiled tubing fishing operations. The overshot is used to
catch either external fishnecks or slick ODs, and the spear is used in internal fish-
necks-or slick IDs. Hydraulic-release overshots and spears for fishneck profiles
are dressed with a collet designed to fit a specific type of fishneck (Figure 23-4
through 23-5). Overshots and spears designed to catch slick fishnecks are dressed
with a grapple-type collet in the specific catch size range required.

These tools engage the fish with only a little coiled tubing slackoff weight,
making them useful in highly deviated or horizontal applications, in which
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Figure 23-2. Hydraulic- Figure 23-3. Hydraulic-release
release spear (Courtesy of overshot (Courtesy of Baker
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Figure 23-4. Internal fishing necks (Courtesy of Baker Oil Tools).

setdown weight is limited. The spear or overshot is disconnected from the fish by
circulating through the coiled tubing. No rotational movement is required.
Circulation passes through a removable, adjustable orifice in the bottom of the
tool. The orifice creates back pressure in the tool, which actuates a piston that
releases the catching mechanism. The spear or overshot can then be pulled off the
fish. The releasing mechanism does not shear screws or any other positioning
devices, so the tool may be re-latched to the fish as required without a trip out of
the hole. The hydraulic release allows the entire fishing string to be pulled from
the well if the fish cannot be pulled.

Another advantage of hydraulic-release spears and overshots is their ability
to circulate fluid out of the end of the tool. This provides a means of washing
debris or fill out of the fishneck to allow proper latching of the spear or overshot.

Both tool designs use a collet-style grapple to latch the fishneck. The col-
let itself does not get loaded during the jarring operation. The grapple section that
catches the fish is in compression when pulling or jarring on the fish.
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* These dimensions are based on using the pulling tools {avershots) most commonly found on wire line service
trucks. They are the Otis RB, RS, SB, AND SS, and the Camco JDC, JUC, JDS, and JUS. The RB, RS, JUC,
and JUS are all jar-up release tools, and the others are jar-down release.

B The minimum recommended distance to allow an Ctis SB or Camco JDC pulling tool to release

4 Fishing Neck Type Size sometimes referred to by "A” dimension.

® The least recommended diameter immediately surrounding the fishing neck to allow the overshot dogs reom o
latch and uniatch

Figure 23-5. External fishing necks (Courtesy of Baker Oil Tools).

Fishing in Larger Diameter Bores

Attempting to locate and latch small fishnecks in larger diameter bores
using coiled tubing can often prove challenging. Tools such as hydraulic centraliz-
ers and knuckle joints can be used to help latch the fish with the spear or overshot.

In cases where the fishneck is away from the center of the wellbore, an
indexing tool can be run in combination with a hydraulic bent sub (Figure 23-6)
to systematically search the larger bore and engage the fish. Flow through the
indexing tool rotates the tools run below in 30° increments. The indexing
tool is actuated using back pressure created from the orifice located in hydraulic
retrieving tools run below. The hydraulic bent sub provides the means of deflect-
ing the fishing tool at an angle of between 2° and 10°.
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Indexing tool

Hydraulic bent sub

\f Hydraulic release overshot

Figure 23-6. External fishing bottomhole assembly.

FISHING PARTED COILED TUBING

When coiled tubing parts in tension, it necks down over several inches at
the point where it parted. It is possible for overshots to engage the top of the
parted section, but engaging parted coiled tubing can be difficult because of
residual helix and spring in the coil itself.

When coiled tubing parts in compression, it typically buckles and bends over
to form a “shepherd’s hook™ shape. A compression failure normally requires dress-
ing the coiled tubing using a washover shoe before running tools such as snippers
or continuous overshots.

Snipper Overshot

The snipper overshot (Figure 23-7) is used to remove the damaged top
section of parted coiled tubing remaining in the hole. The snipper overshot
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Figure 23-7. Snipper overshot (Courtesy of Baker Oil Tools).

contains a catch-and-cutting mechanism that washes over the top of the coiled
tubing. Once the required amount of coiled tubing is swallowed (typically 5-10 ft.),
overpull is applied, which forces the catch grapple to bite into the coiled tubing. This
overpull may be enough to free the fish. If not, it is increased to activate the lower
cutting grapple, which cuts the coiled tubing. It is advisable to bench test the snipper
overshot on a sample section of the coiled tubing to be fished. This indicates the
overpull that will be required during the actual fishing operation. Once the snipper
has been run, a round fishneck with a non-restricted ID remains, which will allow
passage of a chemical cutter, should it be required later in the fishing operation.

Continuous-Tubing Overshot and High-Pressure Packoff

The continuous tubing overshot (CTO) (Figure 23-8) and high-pressure
packoff (HPP) (Figure 23-9) are used to catch coiled tubing that has parted in
the hole. The CTO uses a grapple sized to the coiled tubing being fished.
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Figure 23-8. Continuous-tubing over- Figure 23-9. High-pressure pack-
shot (Courtesy of Baker Oil Tools). off (Courtesy of Baker Oil Tools).

The grapple segments are arranged in a circle to provide a nearly complete slip
bite. They are spring loaded against the coiled tubing, so long sections of tubing
can be washed over without dragging the grapple teeth against the tubing and
causing tooth damage. The CTO moves freely downward over the coiled tubing.
The grapple segments engage with any upward movement of the tool. Unlike the
hydraulic-release overshot discussed previously, the CTO cannot be released once
engaged. The CTO can be run with either threaded-tubing or coiled tubing
workstrings when fishing coiled tubing.

The HPP is run above the CTO and provides a high-pressure seal between the
coiled tubing being fished and the workstring. This is done to circulate out around
the coiled tubing being fished, which can help to free it. The HPP can also allow
drop balls to be circulated to seat in circulation subs and hydraulic disconnect tools
in the original BHA. Actuation of these tools can also help to free the stuck tubing.
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Thru-Tubing Fishing Jars and
Accelerators

JARS

In fishing operations, hydraulic jars are used to deliver an impact force to free
the fish. Jars designed specifically for coiled tubing are generally flow-through and
torque transmitting. They are available in single-direction and bi-directional
versions. The most commonly used jars are the hydraulic, time-delay type (Figure
24-1). This jar does not rely on stored energy within the tool itself to regulate the
force of impact. Instead, the hydraulic jar uses a fluid-metering system to regulate
fluid transfer between the cavities of the tool when tension is applied by the coiled
tubing.

The amount of time delay for jar release varies with the amount of overpull
applied. Once a sufficient amount of fluid is metered through the jar, the hammer
is free to move rapidly upward to strike the anvil of the tool. This upward impact
is transmitted through the jar to the fish below.

The impact force can be varied during a single run. Jarring can start with
lower-impact loads that can be increased gradually if the fish does not release.
This is good practice because it may free the fish with lower-impact forces,
reducing the chance of damaging the fish. The jar is re-cocked by applying
setdown weight with the coiled tubing.

Dual-acting jars provide the flexibility to impart downward impacts as well
during the fishing operations. However, downward jarring on coiled tubing is less
effective than upward jarring because of the lower available setdown weights and
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higher frictional forces created by the helical
motion of the coiled tubing as it is run in hole.
Flow-through weight bars are used directly
above the jar. Weight bars convert the impact force
generated by the jar alone into an impulse force and
increase the magnitude of the force delivered. In
thru-tubing fishing operations, the amount of weight
bar run above the jar is dictated by the amount of
lubricator available for the specific application.

ACCELERATORS

Accelerators are run directly above the
weight bars. An accelerator (Figure 24-2) con-
serves the maximum amount of momentum created
in the jarring assembly at jar release. It has a
stroking assembly similar to the jar’s. As tension is
applied to the coiled tubing to release the jar, the
accelerator is also stroked. When the jar releases,
the stroke in the accelerator allows the upper
section of the jar, the weight bars, and the bottom
section of the accelerator to move independently
from the coiled-tubing workstring. Momentum-
reducing drag and dampening effects of the coiled
tubing are removed, allowing the jarring assembly
to work at maximum efficiency.

When setting up a jarring assembly, the
stroke created by the overpull within the accelera-
tor to release the jars must be greater than the
stroke of the jar during release. If the accelerator
stroke is less than the jar stroke, the impact force
will be directed upward instead of down to the fish
below. Like jars, accelerators are re-cocked with
setdown weight applied with the coiled tubing.

Figure 24-1. Hydraulic
jar (Courtesy of National
Oilwell).

Hydraulic and gas-charged accelerators are available, and both types have
operational considerations. Hydraulic accelerators provide considerably less
impact than gas-charged accelerators. Gas-charged accelerators have to be set up
for a pre-determined overpull and can be less reliable than hydraulic accelerators

over longer periods of use.

BI-DIRECTIONAL VIBRATORY JARS

When running jars on coiled tubing, the pipe has to be cycled over
the gooseneck multiple times to fire and re-cock the jar, whether in the up or
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down mode. Repeatedly cycling the coiled tubing can result in fatigue of the
pipe section that is traveling up and down over the gooseneck. This can often be
a limiting factor in the fishing job.

In some cases, the low-frequency, high-impact blows of a jarring tool can also
be a limitation. A sand-stuck fish is often wedged tighter after the combination of
hard jarring with small particles. If the sand particles are temporarily suspended or
liquified by lighter, high-frequency blows while overpull is applied, there is a much
greater chance of freeing the fish.

The bi-directional vibratory jar (Figure 24-3) can deliver both upward and
downward impacts without cycling the coiled tubing. The tool is powered by fluid

Figure 24-2. Accelerator Figure 24-3. Bi-directional
jar {Courtesy of National vibratory jar (Courtesy of
Oilwell). Baker Oil Tools).
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pumped through the coiled tubing workstring and is designed to deliver down-
ward blows in compression and upward blows in tension. Downward blows are
amplified and accelerated by stored internal energy. A small amount of tension is
enough to cock the tool, usually about 1500-2000 lbs. above pipe weight in the
up mode. The tool does not contain any mechanical latches and has only three
moving parts. Blow counts vary in either configuration depending on fluid
volume. At high volume in the up mode, the tool acts as a vibratory extractor and
has proven highly effective at extracting sand-compacted fish.

Bi-directional vibratory jars are typically used for shifting sliding sleeves,
fishing, swaging collapsed tubing, breaking knock-out isolation valve (KOIV)
discs, and setting and retrieving wireline tools in deviated wells. The tool may be
run with or without an intensifier, but it is always advisable to run an intensifier
when surface testing is required, when working depths are less than 600 ft., and
when 134-in. OD or larger coiled tubing is being used.
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Thru-Tubing Debris Catchers

VENTURI JET JUNK BASKET

The venturi jet junk basket is used to remove various types of high-density
debris and formation particles too heavy to be circulated to surface. Flow in the
top of the tool passes to the outside via adjustable jets. The jets cause a pressure
drop inside the venturi basket, which acts as a suction at the bottom inlet of the
tool. Fill is stirred up by the flow down the outside of the tool. At the suction inlet
on the bottom of the tool, fill is carried through finger cages into the tool’s
internal filter screen (Figure 25-1). The strained fluid then passes through the top
of the tool and mixes with the pumped fluid. Fill is trapped between the filter and
the finger cages. Extension cylinders can be added between the filter and finger
cages to increase the amount of fill the tool can carry out of hole.

Venturi jet junk baskets can be fitted with a dressed rotary shoe and run
below a mud motor to break up and retrieve debris compacted in the wellbore or
around a fishneck (Figure 25-2).

MAGNETIC CHIP CATCHER

On a milling job, a magnetic chip catcher (Figure 25-3) can be run above
the motor to help remove cuttings from the well. The tool contains magnets that
attract metal chips from the wellbore fluid. This tool is ideal for use on coiled
tubing, where annular fluid velocities are too low to carry cuttings out of the well.
The catcher is usually run directly above the motor. A centralizer is incorporated
in the tool to stand it off the casing so cuttings will remain on the tool and not be
scraped off while it is pulled out of the hole.
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T T——— Fluid returning to surface of well

4 1 Adjustable jets

Pressurized fluid flow path

l¢ — Fluid being reverse circulated

Filter area

]

/,.-> Finger cages

Fluid and debris sucked into junk
basket and barrel

Figure 25-1. Venturi jet junk basket showing flow-path direction
(Courtesy of Baker Oil Tools).
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1 j—— Motorhead assembly

Workover motor

Venturi jet basket

Figure 25-2. Rotary Venturi cleanout
bottomhole assembly (Courtesy of
Baker

0il Tools).

Centralizer

Magnets

Figure 25-3. Magnetic chip
catcher (Courtesy of Baker
0il Tools).
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Thru-Tubing Workover Motors

Thru-tubing workover motors are run through production tubing and
provide rotation and torque for coiled tubing fishing, underreaming, milling, and
cutting,.

WORKOVER MOTOR COMPONENTS

Positive displacement motors (PDMs) have three major elements (Figure
26-1). From top to bottom, they are the power section, transmission, and output
shaft and bearing assembly.

Power Section

The power section converts the hydraulic energy of the drilling fluid into
mechanical horsepower to drive the bit. The mechanical horsepower of a multi-
lobe, rotor-stator power section is a product of high-output torque and slow rota-
tional speed. Typically, a power section consists of a steel rotor and an elastomeric
stator. ‘

The elastomeric stator is bonded to a tubular-steel housing (Figure 26-2).
The multi-lobe form is helically screwed along the length of the stator. The steel
rotor is produced with matching lobe profiles and a helical pitch similar to the
stator, but with one less lobe. This allows the rotor to be matched and inserted
in the stator. Drilling-fluid flow creates hydraulic pressure that causes the rotor
to precess, as well as rotate, within the stator. This type of movement is called
nutation.

New power-section designs use a stator with an elastomer layer of uniform
thickness instead of the conventional, variable-thickness stator. This “equidistant”
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Power section Stator

Rotor

Transmission — | . | Flex shaft
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assembly/

Bearing housing
output shaft

Bit box

High torque motor
Figure 26-1. Positive-displacement workover motor (Courtesy of Baker
Hughes INTEQ).

stator (Figure 26-3) has a machined-steel internal profile that requires much less
rubber compound. Because its lobes can withstand higher pressures, the equidis-
tant power section can generate higher operating torque. Less rubber content
allows the tool to operate in higher temperatures than with the conventional stator.

Transmission

The transmission assembly transmits the rotational speed and torque pro-
duced by the power section to the output shaft. It must be capable of absorbing the
downward thrust generated by the power section so the rotor stays in correct axial
alignment with the stator. The transmission must also eliminate processional
motion of the rotor and deliver only concentric rotational speed to the output shaft.
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Figure 26-2. Elastomeric stator (Courtesy of Baker Hughes Inteq).

Figure 26-3. “Equidistant” stator (Courtesy of Baker Hughes Inteq).
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Output Shaft and Bearing Assembly

Most of the workover motor’s drilling fluid passes through the center of the
output shaft to the drill bit. This shaft is constructed of rigid, hollow steel and is
supported within the bearing casing by radial and thrust bearings.

Thrust bearings accept downward thrust from the rotor and reactive force from
weight on the bit, which thrusts upward. Thrust bearings are multi-stack, ball-track
types. Radial bearings are hardened, lined sleeves running on a hardened surface.

A sleeve flow restrictor is mounted below the upper radial bearing to reduce
the amount of drilling fluid passing through the bearing assembly. The small
amount of fluid passing through the flow restrictor lubricates and cools the bear-
ing assembly. A bit-box, threaded connection couples directly to the output shaft
and screws onto the bit.

WORKOVER MOTOR PERFORMANCE

.The PDM workover motor produces torque as fluid is pumped through its
power section. The rotor-stator configuration determines the motor’s flow rate,
speed, differential pressure, and torque characteristics.

Fluid in the motor is channeled through the power section, following
the cavity created by the rotor having one less lobe than the stator. The lobe
configuration, patterned in a helix, provides a sealed chamber for the fluid. This
chamber is created because the length of the helical pattern of the stator is longer
than that of the rotor. One full revolution of the stator lobe helix constitutes
a stage. Each stage within a power section provides additional torque.
Correspondingly, the pressure differential is increased with additional stages.

Multi-lobe, rotor-stator configurations are designed to provide a working
range of torque, length, and speed to suit coiled tubing operations. The multi-lobe
configuration acts as a gear reducer to provide higher torque at reduced speed,
much like a planetary and sun gear arrangement.

Based on the rotor-stator configuration, the motor’s speed will correspond
to the flow rate until it is restricted, as with weight on bit. As weight is applied to
the bit, this torque demand will be seen as differential pressure (Figure 26-4).

If the weight on bit continues to increase, the motor’s speed will decrease
to the point of stall. Stalling occurs when the resistance to rotation produced at
the bit overcomes the sealing capacity between the rotor and stator, at which point
the flow bypasses the normal flow path through the power section.

Operational Considerations

Before using a workover motor on coiled tubing applications, calculations
must be made to determine if enough hydraulic power is available downhole.
This is especially important in deep wells in which a long coiled tubing
stringof a smaller size is used because fluid friction becomes a larger factor.
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Figure 26-4. Performance chart showing performance of 1%4¢-in. motor at

45 gpm and 360 psi differential pressure {on/off bottom). Plot constant-flow
line for 45 gpm and constant-pressure line for 360 psi. From the point at which
these two lines meet, a straight line to the left margin gives torque output of

61 ft-lbs, and a straight line down gives bit speed of 570 rpm. Following curve
of constant power to the right gives 6.7 hp (Courtesy of Baker Hughes Inteq).

Three components to be considered in calculating thru-tubing workover-motor
hydraulics are pressure loss in the coiled tubing, pressure loss across the bottom-
hole assembly, and pressure loss in the annulus.

The chemical composition of both fluids pumped from surface and also
aggressive wellbore fluids should be considered. Many fluid types can seriously
damage the stator elastomer. A fluid/elastomer reactivity database, obtained
from the workover motor provider, should be consulted before the job. This infor-
mation contains elastomer reactivity information for oilfield chemicals, which
can help prevent job failure because of elastomer damage. If wellbore fluids
are known to be aggressive, lab testing for elastomer reactivity should also be
performed in advance of the job.

Well temperature should be considered and checked with the temperature
rating of the workover motor. The effect of high temperatures is to swell the stator
clastomer, which in effect makes the inside diameter of the stator smaller and
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increases interference between the rotor and the stator. This could have an adverse
cffect on the performance of the motor. Conventional power sections are rated up
to 320° E, with “equidistant” stators rated as high as 400° F.

Torque is left “stored” in the coiled tubing when the workover motor stalls.
If the motor is lifted off bottom without releasing this torque, the whipping action
of the tubing can back off a tool-string connection or cause torsional damage to
the coiled tubing. Stored torque can be released safely by stopping the pumps and
allowing pressure in the coiled tubing to bleed off before pulling it and the BHA
uphole, away from the stall point.

Pressure-actuated tools can also be used above the mud motor. These func-
tion on back pressure created by fluids pumped through the motor and are
adjustable for different actuating pressures. The amount of expected back
pressure must be known for proper tool setting.

Using Compressible Fluids

When operating positive-displacement workover motors with compressible
fluids, these guidelines will increase the chances of success.

®  Asarule of thumb, when a compressible fluid such as nitrogen is used to drive
the motor, output torque will decrease by approximately 30%. A motor should
be run with enough torque-output capacity to account for the difference.

m  Conversion factors should be used to correlate the correct standard cubic ft.
(scf) per min. flow rate of nitrogen to an equivalent flow rate in gal. per min.
(gpm). These conversion factors vary depending on the job. Software modeling
programs are available to assist in providing more accurate operating infor-
mation in these conditions.

m  When rigging up and performing the surface test, be sure to supply the
correct amount of nitrogen and fluid to the motor.

m  The following factors should be also considered when drilling with nitrogen-
based fluids.

— Introduction of nitrogen gas into the stator rubber may cause blistering
upon return to surface (explosive decompression) and render the stator
unfit for future runs.

— The motor is more sensitive to weight on the bit than with conventional
drilling fluids.

—  Dry nitrogen should not be pumped.

— The motor stalls at lower differential pressures than with conventional
drilling fluids.

— Because of the underbalanced condition, less weight on the bit is required
to drill.

—  Motor stall is difficult to see on surface because of the compressibility of
nitrogen drilling fluid.
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Thru-Tubing Milling

As recently as the early 1990s, coiled tubing milling was considered a
high-risk operation that often left broken and stuck tools in the hole. Poor job
planning, unreliable motor performance, and inexperienced personnel each
contributed to the failure rate, and tools in the milling BHA often failed to
withstand torque and vibration stresses from the motor.

Today, coiled tubing milling is considered fairly routine, with a high overall
success rate. Most of the previous problems have been overcome, and the versatility
and potential of coiled tubing milling operations are now being realized.

Coiled tubing is used to mill materials such as scale, metal, cement,
composite, and cast-iron bridge plugs, as well as many forms of loose junk. When
milling metal, computer software can be used to calculate appropriate mill-bit
speeds to provide optimum milling performance (Figure 27-1).

OPERATIONAL PROCEDURES

Once a decision is made to mill and the operating conditions have been
defined, procedures can be detailed. The following steps are recommended in
typical operations.

m Inspect all tools.

Take measurements and drift IDs.

Attach coiled tubing connector and perform pull test.

Make up standard running tools to circulation sub and pressure test.

Make up the workover motor and surface-test it, recording flow rates and
pressures throughout the operating range.
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Figure 27-1. Milling software program (Courtesy of Baker Oil Tools).

m  Make up the mill bit, pull complete BHA into lubricator and pressure test the
lubricator.

® Run into hole at controlled speed, slowing through completion accessories.
m  Establish starting depth by lightly tagging the object to be milled.

m  Pick up approximately 50 ft., establish milling flow rate and circulating
pressure.

m  Run into hole until circulation pressure increases.

Note: At this point, patience is critical. Motor stalls can occur repeatedly
until a milling pattern is established. Setdown weight should be applied until
approximately 300400 psi differential above the off-bottom circulating pressure
is maintained.

B Pump gel sweeps as dictated by annular velocities to circulate out cuttings.
®  Once target depth is reached, perform verification passes across milled area.

m Activate the dual-circulation sub, pump at maximum rate while pulling out
of hole.

SCALE MILLING

Scale milling and profile enlargement are two of the most frequently
performed coiled tubing milling operations. Scale build up of solid deposits
is a common occurrence in tubulars and casing. Scale deposits can restrict or
totally block the flow area, resulting in a partial or total loss of production.
They must be efficiently removed from tubing and casing to return production to



Thru-Tubing Milling 173

normal levels. These deposits typically occur where oil, reservoir, and injection
water are processed. Problems usually arise with changes in pressure, tempera-
ture, and velocity. These scale deposits are commonly found throughout the
oilfield and range from relatively soft to extremely hard, crystallized structures.

Organic Inorganic
Paraffin (wax)  Calcium Carbonate
Asphalt Calcium Sulphate
Iron Carbonate
Iron Sulphide
Iron Oxide

Strontium Sulfate
Barium Sulfate

Mechanical scale-removal
methods work well, particularly in
removing harder types of scale.
Impact drilling can provide a viable
solution, but the most frequently used
scale-removal method is milling.
Constant torque applied to the mill
bit by more powerful and reliable
workover motors is a significant rea-
son for the effectiveness of this
method, along with advances in
mill-bit cutting inserts.

A typical milling assembly
(Figure 27-2) includes standard run-
ning tools, a non-rotating stabilizer, a
workover motor, and a mill bit. A
non-rotating stabilizer is included
because milling performance has
proven better with the assembly sta-
bilized above the workover motor.
The stabilizer OD should be Y“s in.
less than the mill-bit OD. This pro-
vides optimum stabilization of the
assembly and prevents sticking
problems should the mill bit become
worn.

Many types of mill designs can
be used to mill scale. Cutting matrixes
including diamonds, polycrystalline
diamond compact (PDC), and

Completion
tubulars

Scale crust

Production -
packer

Milling
assembly

A

Figure 27-2. Typical milling
assembly (Courtesy of Baker
Oil Tools).
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Figure 27-3. Scale-removal mill (Courtesy of Baker Oil Tools).

tungsten carbide have all been used successfully. The most widely used consists
of a very aggressive tungsten carbide milling matrix formed in the shape of a
dome (Figure 27-3). This milling-head design presents a small contact area to the
scale, which reduces torque during milling. Although this mill has an aggressive
face, it does not damage tubing walls. Specially designed stabilization pads
directly behind the milling matrix on the OD of the mill body provide the required
protection.

PROFILE ENLARGEMENT

Enlarging or removing nipple profiles is usually performed during
thru-tubing operations where the ID of the nipple is less than the OD of the tools
required to pass through it. In many cases, the lower-tailpipe nipple of the
completion is removed so contingency fishing tools have access to the liner
below. A clearance of "¢ in. is required between the OD of the fishing tools and
the ID of the minimum restriction through which they need to pass.

A profile-enlargement milling assembly includes the same BHA configu-
ration as the scale-milling assembly but with a different mill-bit design (Figure
27-4). The profile-enlarging mill consists of a series of steps with a wear pad at
the top of the largest OD step. Each step is dressed with tungsten carbide cutting
inserts, and the length of each step is custom built to suit the dimensions of the
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Figure 27-4. Profile enlarging mill (Courtesy of Baker Oil Tools).

nipple being enlarged. The step feature is designed to keep torque consumption
of the workover motor low and cutting sizes to a minimum. This mill design is
based in part on lathe-cutting principles and leaves a machine-like finish on the
milled surface.
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Thru-Tubing Underreaming

An underreamer is designed to pass through a downhole restriction, open
up below the restriction, clean the hole to full gauge, and then close up for
retrieval back through the restriction. The restriction is typically in the production-
tubing string in the form of nipple profiles, mandrels, and other completion
accessories.

The most common underreaming task is removing cement left from coiled-
tubing squeeze cementing. Leftover cement is typically the result of large cement
nodes forming at the squeezed perforations or cement hardening before the
excess can be reversed out. These cement restrictions must be removed before
re-perforating can be done. The underreamer is also used to clean out scale and
hard fill that cannot be removed from liners by jet-washing tools.

A mill could be used in these conditions, but the resulting hole size would
be about the same as the internal drift of the tubing, leaving a sheath on the walls
of the liner. This sheath could dislodge during subsequent operations, possibly
resulting in stuck tools. Perforating would not be as efficient because the charges
would have to expend energy penetrating the sheath before they reached the liner.

Thru-tubing underreamers are available in two-bladed or three-bladed
designs. The three-bladed tool can also be used as pipe cutter by replacing the
underreaming knives with cutting blades. A detailed discussion of the three-
bladed underreamer (also known as the hydromechanical pipe cutter) is included
in Chapter 29. Two-bladed designs are more common in the smaller-size tools,
typically 2% in. OD and under (Figure 28-1). Many underreamers have a “bit box”
that allows a mill to be screwed to the bottom of the tool. The added mill reduces
workload on the underreamer knives and can eliminate a separate milling trip if
a long, solid cement plug has to be removed.
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Knives

Figure 28-1. Two-blade underreamer (Courtesy of Baker Oil Tools).

Several tools are run in combination with the underreamer. Some tools (for
example, the workover motor) are required, while others are discretionary
depending on the particular application and procedure. Once underreaming is
complete, it is usually desirable to increase the pump rate to clean the hole. To do
this, the motor and underreamer must be bypassed because of the pressure loss
across these tools. Opening the dual-circulation main ports provides the ability
to do this.

OPERATIONAL CONSIDERATIONS

The-following guidelines have proven useful in most situations for prepar-
ing and executing a successful underreaming job with coiled tubing.
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Before Running In

Once the coiled-tubing equipment is rigged up, the underreaming assembly
is made up and typically consists of a coiled-tubing connector, dual-flapper
check valves, a hydraulic disconnect, a dual-circulation sub, a workover
motor, and an underreamer.

To minimize the potential for leaks or backoffs during underreaming, three pre-
cautions should be taken: (1) Each part of the assembly should be threadlocked
and made up with the correct torque. At high rotating speeds, spin-offs can
occur if connections are not made up properly; (2) Crossover subs should be
kept to an absolute minimum; (3) All tools should be pressure tested correctly.
While picking up the BHA, tools should be made up down to the circulating
sub and pressure tested through the coiled tubing before picking up the motor
and underreamer. This step ensures connection-pressure integrity. After
installing the workover motor and underreamer, the BHA should be function
tested at the surface. The flow rate at which the underreamer opens and the
motor begins to turn should be noted.

Once the tool string is pressure and function tested, the lubricator should
be made up and pressure tested. It is preferable to perform the lubricator
pressure test by pumping through the pump-in sub instead of through the
coiled tubing. Pumping through the coiled tubing may open the unde reamer’s
arms and cause it to hang up in the tree or other restriction in the well.

After Running In

When opening the underreamer, the arms should not be constrained. Opening
the tool in a sheath may damage it or prevent it from opening. This can also
result in drilling a pilot hole instead of a full-gauge hole. To avoid this, pull
the underreamer to a point at which there is no restriction. Once the under-
reamer Is in position, initiate pumping to open the tool.

Running speed should be kept below 30 ft./minute when underreaming in the
liner from starting point down to the restriction or fill. This allows the under-
reamer to act as a casing scraper. When the first significant restriction is
encountered, pump pressure will increase and the weight indicator will show
a loss of weight.

When a restriction is encountered, allow the underreamer to set a pattern by
applying weight to the tool very slowly and allowing it to drill off. After mak-
ing the first few feet in this way, approximately 500 lbs. of weight can be
placed on the tool while observing pressure to detect a stall. Once pump pres-
sure stabilizes and no stall occurs, weight can be increased to 700-800 Ibs.,
again allowing parameters to stabilize. Once this occurs, if drilling on a hard
plug, weight can be increased to 1000-1200 Ibs. Pressures must be carefully
observed during this time.
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The maximum penetration rate is normally determined by factors such as the
weight on the bit at which the motor stalls, the material’s hardness, the abil-
ity to clean the hole, and other parameters. Typical underreaming rates in
cement in recent squeezes are approximately 20—40 ft./hour, but this can vary
significantly depending on hardness. Cement in place for several months can
drill as slowly as 2-3 ft./hour. Scale can usually be reamed at 30-60 ft./hour,
but harder sections may slow down to [-2 ft./hour.

The amount of weight on the bit is an important parameter. Typically
500-1000 Ibs. is maintained when drilling cement or scale. If the tool stalls
frequently, it may be necessary to apply as little as 100-200 Ibs. for short
intervals. In highly deviated holes, it can be difficult to determine actual
weight on bottom from the weight indicator. Constant pump pressure, rather
than weight on bit, must then be maintained.

Stalls shorten the life of the motor and reduce average penetration rates. A
stall is indicated by a rapid increase in pump pressure without a correspon-
ding increase in pump rate. When a stall occurs, pumping should be stopped
and the pressure allowed to bleed off, ensuring that the motor has stopped.
Before re-starting the pump, the underreamer should be picked up 10-30 ft.
This reduces the potential for backing off at a connection in the BHA. Only
after pump pressure is stable should the underreamer be returned to the
restriction depth.

The relatively small fluid passages through the underreamer can plug easily
if sand or other solids are introduced into the coiled tubing. To avoid plugging
the passages, the power fluid—normally seawater or freshwater—should be
filtered.

Cuttings must be circulated out of the wellbore, which requires solids sus-
pension and a fluid velocity in the annulus greater than the solids’ settling
velocity. Production from the well can assist in carrying out solids and
keeping the cuttings from plugging the perforations.

High-viscosity polymer sweeps are often used to assist in hole cleaning.
Typically, a polymer sweep is pumped after 40-50 ft. of underreaming, or
more often if hole conditions dictate. After underreaming is completed, a
polymer pill is pumped out of the circulating sub to remove cuttings that may
have fallen to the low side of the hole. Pump pressure will increase when
pumping high-viscosity sweeps down the coiled tubing.

Once target depth has been reached with the underreamer, two additional
passes should be made from the tubing tailpipe to the cleanout depth to
ensure that all restrictions have been removed. After this, the dual-circulation
sub should be opened, a final polymer sweep pumped, and flow rate increased
to maximum to circulate out the polymer sweep at the highest possible rate.
Once the polymer has exited the coiled tubing, begin pulling out of the hole
while continuing to pump at the maximum rate to ensure that suspended
solids are lifted from the well.
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Coiled-Tubing-Conveyed Tubing and
Drill-Pipe Cutting

Until the early 1990s, few pipe-cutting operations were performed using
coiled tubing as a means of conveyance. A drilling or workover rig with a jointed-
pipe workstring was the primary choice for conveying mechanical and hydraulic
pipe-cutting tools when wireline methods were not suitable—particularly in
highly deviated and horizontal wells. As coiled tubing’s capabilities grow, it is
increasingly used with other tools to perform more challenging jobs such as cut-
ting single- and multiple-pipe strings.

HYDROMECHANICAL PIPE-CUTTING SYSTEM

When conveyed on coiled tubing to sever pipe, the hydromechanical pipe
cutter is run below a workover motor. The workover motor provides the high
torque at low speed required to perform the cut. This setup forms part of a hydro-
mechanical pipe-cutting system (Figure 29-1).

The hydromechanical pipe cutter is composed of two major assemblies
(Figure 29-2). An inner assembly connects to the string and consists of a top sub,
mandrel, nozzle carrier, and knives. An outer assembly consists of a drive sleeve,
upper body, lower body, and bottom plug. The two assemblies are interlocked,
slide against each other, and are torque-locked by drive pins.

When weight or internal pressure is applied to the pipe-cutting tool, the
pressure acts against an internal pressure cavity to push the outer assembly
upward, at which point weight on the bit physically pushes it up (Figure 29-3). A
spring provides positive return. The lower body of the tool incorporates a ramp
that kicks out the cutting knives at a 45° angle when the tool is activated. The
knives remain in the locked position as long as weight or internal pressure is
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applied to the tool. The cutter has three
blades, making it self-stabilizing. This is
particularly important in severely devi-
ated wells. The tool is equipped with
replaceable nozzles that allow flow and
activation rates to be customized to spe-
cific well conditions. The cutter also
incorporates a ball and probe to give the
operator a positive pressure indication of
full knife extension.

The hydromechanical pipe cutter
uses several cutting-blade configurations
designed to cut smoothly through pipe of
common dimensions and material compo-
sitions. Blades are also available for non-
standard materials such as metal
containing more than 13% chrome. The
cutting blades contain renewable cutting
inserts. Each cutting insert is placed in a
specific pattern to ensure a new cutting
insert will be exposed to the pipe wall if
the previous one becomes worn. The
blades are designed to suit the applied
weight and torque available from the
coiled tubing and workover motor.
Cuttings typically are small, uniform, and
easy to circulate out of the hole.

Centralization and Stabilization

Although the hydromechanical pipe
cutter is self-stabilizing, residual bend of the
coiled tubing and lateral forces generated in
a deviated or horizontal wellbore can impede
the success of a pipe-cutting operation.

Motorhead assembly

Hydromechanical tubing anchor

Workover motor

Hydromechanical pipe cutter

Figure 29-1. Hydromechanical
pipe-cutting system (Courtesy
of Baker Oil Tools).

A hydraulically actuated centralizer is typically placed between the
dual-activated circulating sub and the downhole workover motor. This
provides lateral support to the upper part of the cutting assembly. A second,
hydraulically actuated centralizer with a rotating inner mandrel can also be
placed between the workover motor and the cutter. This helps to further
stabilize and centralize the cutter during the pipe-cutting sequence. Using a
lower-placed centralizer also ensures that all the cutting knives sustain the same
amount of point loading, which can reduce motor stalls and improve the quality

of the cut.
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Figure 29-2. Hydromechanical pipe cutter (Courtesy of Baker Oil Tools).

The hydraulically actuated centralizer is run in the hole with its bow springs
retracted to allow easy passage through small diameters within the wellbore.
Pumping through the centralizer causes the springs to extend and contact the
pipe wall, which centers the cutting assembly in the wellbore. Back pressure to
activate the centralizer can be achieved using an integral choke or using back
pressure from the workover motor.

Hydromechanical Tubing Anchor

The hydromechanical tubing anchor (Figure 29-4) is used to eliminate
movement of the coiled tubing while making the cut. The anchor uses a
cone and collet to anchor the tool to the tubing. The collet is attached to a piston
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Cone

Collet

Piston

Bottom sub

Figure 29-3. Hydromechanical Figure 29-4. Hydromechanical

pipe cutter in the open position tubing anchor (Courtesy of
(Courtesy of Baker Qil Tools). Baker Oil Tools).

driven by hydraulic pressure. Mechanical downward force applied by
setting down weight on the coiled tubing holds the anchor in place while the
cut is made.

Compression Swivel and Bullnose

A compression swivel and bullnose sub are used when a restriction or
bridge plug is located inside the pipe in the area where the cut is to be made. The
compression swivel and bullnose are attached below the cutter and used to tag the
bridge plug or restriction. A small amount of setdown weight is then applied,
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which places the assembly in compression. The cutter is activated and the cut is
made without movement of the coiled tubing during the cut.

Computer Software

Software programs (Figure 29-5) are available to model flow and opera-
tional characteristics of the hydromechanical pipe-cutting system before and dur-
ing field operations. This aids in determining the orifice size that will maximize
the available hydraulic power to operate the cutting system. The software is also
used to correlate optimum surface-cutting speeds for the pipe to be cut with the
rpm output of the workover motor.

Figure 29-5. Hydromechanical pipe-cutting software program (Courtesy of
Baker Oil Tools).
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Thru-Tubing Impact Drilling

More than half of all coiled-tubing jobs are wellbore cleanouts. A significant
number of these cleanouts are performed using workover motors and milling
assemblies. While the value of a milling assembly is well documented, downhole
conditions such as high temperatures (above 400° F) and hostile fluids can signifi-
cantly reduce the life of a workover motor and limit milling operations. Impact-drill
systems (Figure 30-1) are an attractive alternative because they perform reliably in
adverse conditions. The most common applications of the impact drill include scale
milling, hard-cement milling, resin-sand removal, and gravel removal.

Impact drills are different from positive displacement motors (PDMs) in the
following ways.

They do not operate until the bit meets resistance.
They do not store reverse torque.
They can operate in high temperatures (above 600° F).

They will operate in most fluid media, including those with high volumes of
nitrogen.

They have short make-up length (3.6 ft. is average).
m  They can be equipped to operate in hostile conditions (such as H,S or HCL).
m  They have low redress costs (as they are not constructed of elastomers).

Fluid pumped through the coiled tubing causes the impact drill to recipro-
cate and rotate at the same time. The frequency of the stroke depends on the
amount of weight applied and the volume of fluid being pumped through the tool.
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The drill does not begin operating until the bit
has met resistance. This permits circulation
while running in and out of the well without
damaging the tool or tubing wall.

Motorhead assembly

OPERATIONAL CONSIDERATIONS

® The amount of torque transmitted to the
bit of an impact drill is a function of the
amount of compressive load applied to the
tool. A rule of thumb is that approximately
15% of the compressive force is translated into
torque.

m  Operating pressure varies as a result of tool
load. The more compressive force applied
to the tool, the more pressure required to cycle
it. The impact drill will produce operating
pressures ranging from 450-2100 psi. This

Impact drill accelerator

Weight bar corresponds to an applied load range of
8002400 Ibs.
m  Optimum penetration rates are most
Impact drill often achieved at light bit loads and low cir-

culation rates; 600-800 Ibs. weight-on-tool
(WOT) and 25-50 gpm are typical. It is
tempting to load the tool with tubing weight

Cut button bit and watch the unit shake. While this may be

entertaining, it is usually not productive. If

Figure 30-1. Impact-drilling high circulation rates are necessary to clean

bottomhole assembly (Courtesy oyt after drilling an interval, lift off the bot-

of Baker Qil Tools). tom a foot or so and circulate through the
open tool.

. m When running the impact drill using mud as the power fluid, impact will be
sluggish and penetration slow. Seat erosion will limit tool life. If possible, do
not circulate in and out of the hole.

m  Never run a device on the bottom of the tool that would restrict fluid exit. The
exhaust-port area should be at least double the flow area through the tool.

BIT DESIGN

It is always advisable to run bits with specially designed impact-grade
inserts. Standard tungsten carbide inserts cannot withstand the shock loads
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Figure 30-2A. Cut-button bit (Courtesy of Baker Oil Tools).

generated at the bit by the impact drill. The most common types of bits used in
impact drill applications are the following:

m A cut-button bit is the optimum impact bit to use on cement, rock, or hard
scales. It is also effective in removing sand and other types of fill (Figure 30-2A).

m A six-point carbide bit works well on resin sands, hard-packed sand, and fill
(Figure 30-2B).

m A ceramic disk breaker is a pointed, blind box used to fracture ceramic or
glass isolation disks in completions (Figure 30-2C).

Drilling with an impact force yields the benefit of first cracking (or at least
introducing stress lines) in scale or cement, which is followed by high-torque bit
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Figure 30-2C. Ceramic disk

Figure 30-2B. Six-point breaker (Courtesy of Baker
carbide bit (Courtesy of Baker Oil Tools).
0il Tools).

rotation and high-pressure pulses from the fluid medium. Returns often contain
chips with a convex surface molded by the tubing wall, indicating that impact
forces have thoroughly cleaned the wellbore.

PENETRATION RATES

As with milling and underreaming jobs, impact-drilling penetration rates
can vary greatly depending on the amount and hardness of the scale or cement. In
extreme cases, rates can be as slow as 3 ft./hour (usually through the upsets). An
acceptable penetration rate in badly scaled wells is 80-100 ft./hour.

It may be more efficient to first open the wellbore with an undersize bit,
then make a second (or cleanup) run with a cleanup bit of the desired diameter.
Leaving too thin a layer on the tubing walls can actually slow penetration rates on
the second run because the bit is more likely to jam. Leaving a %-in. or thicker
layer for the cleanup run minimizes this problem.



Glossary

Accelerator (Intensifier): A downhole tool used in conjunction with a jar to
store energy that is released suddenly when the jar operates.

Annular velocity: The linear velocity of a fluid passing through an annular
space. The term critical annular velocity is often used to describe the flow rate or
velocity at which entrained solids will be efficiently transported by the annular
fluid. If the fluid velocity falls below the critical rate, there will be a risk of
particles settling, forming beds or bridges that may obstruct the wellbore.

Back off: To unscrew one threaded piece (as a section of pipe) from another.

Back Pressure: The pressure within a system caused by fluid friction or an
induced resistance to flow through the system. Hydraulic Thru-Tubing Fishing
tools are typically operated using back pressure created by flow through a nozzle.

Bailer: A long, cylindrical container, fitted with a valve at its lower end, used to
remove water, sand, mud, oil, or junk and debris from a well.

Bent sub: A short cylindrical device installed in a drill stem between the bottom-
most drill collar and a downhole mud motor. The purpose of the bent sub is to
deflect the workover motor off vertical to drill a directional hole.

Blowout preventer (BOP): A large valve at the top of a well that may be closed
if the drilling crew loses control of formation fluids. By closing this valve (usu-
ally operated remotely via hydraulic actuators), the drilling crew usually regains
control of the reservoir, and procedures can then be initiated to increase the mud
density until it is possible to open the BOP and retain pressure control of the
formation.

Bottom hole assembly (BHA): The tools run below the workstring of either pipe
or coiled tubing.

Bridge: An obstruction in the borehole, caused by a buildup of material such as
scale, wellbore fill, or cuttings that can restrict wellbore access or, in severe cases,
eventually close the wellbore. In open hole a bridge usually caused by the caving
in of the wall of the borehole or by the intrusion of a large boulder.

Buoyancy: The upward force acting on an object placed in a fluid. The buoyancy
force is equal to the weight of fluid displaced by the object. Buoyancy can have
significant effects over a wide range of completion and workover activities, espe-
cially in cases in which the wellbore and tubing string contain liquid and gas. Any
change in the relative volumes or fluid levels will change the buoyancy forces.
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Bushing: A pipe fitting which allows two pieces of pipe of different sizes to be
connected together.

Cased hole: The portion of the wellbore that has had metal casing placed and
cemented to protect the openhole from fluids, pressures, wellbore stability prob-
lems, or a combination of these.

Catcher: A device fitted into a junk basket and acting as a trap door to retain
the junk.

Centralizer: A tool used to keep a tool string in the center of the tubing, casing,
or wellbore. Tool centralization may be required for several reasons: to prevent
the tool from hanging up on obstructions on the wellbore wall, to place fluid
efficiently, and to avoid excessive standoff.

Coiled tubing: (/) A long, continuous length of pipe wound on a spool. The pipe
is straightened prior to pushing into a wellbore, and is recoiled to spool the
pipe back onto the transport and storage spool.

(2) A generic term relating to the use of a coiled tubing string and associ-
ated equipment. As a well-intervention method, coiled tubing techniques offer
several key benefits over alternative well-intervention technologies. The ability to
work safely under live well conditions, with a continuous string, enables fluids to
be pumped at any time regardless of the position or direction of travel. This is a
significant advantage in many applications.

Coiled tubing fatigue-cycle life: The useful life of a coiled tubing work string is
limited due to fatigue damage. This damage is caused by the repeated bending
and straightening of the coiled tubing at the gooseneck and reel. The resulting
failure mechanism is referred to as low cycle fatigue. Tubing damage is dramati-
cally increased if internal pressure is applied while the coiled tubing is simulta-
neously bent. Coiled tubing fatigue-cycle life can often be a limiting factor in the
fishing job.

Coiled tubing unit: The package of equipment required to run a coiled tubing
operation. Four basic components are required: the coiled tubing reel to store and
transport the coiled tubing string, the injector head to provide the tractive effort
to run and retrieve the coiled tubing string, the control cabin from which the
equipment operator controls and monitors the operation, and the power pack that
generates the necessary hydraulic and pneumatic power required by the other
components. Pressure-control equipment is incorporated into the equipment to
provide the necessary control of well pressure fluid during normal operating
conditions and contingency situations requiring emergency control.

Collar: A coupling device used to join two lengths of pipe. A combination collar
has different threads in each end.
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Collar locator: A logging device for depth-correlation purposes, operated
mechanically or magnetically to produce a log showing the location of each cas-
ing, tubing collar, or coupling in a well. It provides an accurate way to measure
depth in a well.

Completion fluid: A special drilling mud used when a well is being competed.
It is selected not only for its ability to control formation pressure, but also for its
properties that minimize formation damage.

Crooked hole: A wellbore that has deviated from the vertical. Crooked holes usu-
ally occur where there is a section of alternating hard and soft strata steeply
inclined from the horizontal.

Cuttings: Small pieces of rock, cement, or steel that break away due to the action
of the bit, milling, cutting, or underreaming tools.

Deviated wellbore: A wellbore that is not vertical. The term usually indicates a
wellbore intentionally drilled away from vertical.

Dressing: A term used to describe the fitting together of all parts of a tool or the
surfacing, or a tool with particular materials, such as “dressing” a mill with
carbide.

Dutchman: A piece of tubular pipe broken or twisted off of a female connection.
It may also continue past the connection.

Fish: Any object in a well that obstructs drilling or operation; usually pipe or
junk.

Fishing: The application of tools, equipment, and techniques for the removal of
junk, debris, or fish from a wellbore. The key elements of a fishing operation
include an understanding of the dimensions and nature of the fish to be removed,
the wellbore conditions, the tools and techniques employed, and the process by
which the recovered fish will be handled at surface.

Fishing neck: The surface on which a fishing tool engages (internally or exter-
nally) when retrieving tubing, tools, or equipment stuck or lost in a wellbore.
Tools and equipment that are temporarily installed in a wellbore are generally
equipped with a specific fishing-neck profile to enable the running and retrieval
tools to reliably engage and release.

Flush-joint pipe: Pipe in which the outside diameter of the joint is the same as
the outside diameter of the tube. Pipe may also be flush-joint internally.
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Free point: The depth at which pipe is stuck, or more specifically the depth
immediately above the point at which pipe is stuck.

Friction reducers: An additive, generally in liquid form, used to reduce the
friction forces of fluid circulation.

Go devil: A device that is dropped or pumped down a borehole, usually through
the drill pipe or tubing.

Gooseneck: The assembly mounted on a coiled tubing injector head that guides
the tubing string as it passes through an arc from the reel into a vertical alignment
with the injector-head chains and wellbore. The radius of the guide arch is gener-
ally designed to be as large as practicable because the plastic deformation created
in the coiled tubing string induces material fatigue in the tube.

Grapple: The part of a catching tool (such as overshot or spear) that engages
the fish.

Gypsum (Gyp): A naturally occurring crystalline form of hydrous calcium sulfate.

Horizontal drilling: Drilling when the departure of the wellbore from vertical
exceeds about 80 degrees. Because a horizontal well typically penetrates a greater
length of the reservoir, it can offer significant production improvement over a
vertical well.

Hydrostatic head: The pressure exerted by a body of liquid at rest. The hydro-
static head of fresh water is 0.433 psi per foot of height. Those of other liquids
may be determined by comparing their specific gravities with the specific grav-
ity of water.

Hydrostatic pressure: The pressure at any point in a column of fluid caused by
the weight of fluid above that point.

Impression block: Tool made of a soft material such as lead or coal tar and used
to secure an imprint of a fish.

Injector head: One of the principal equipment components of a coiled tubing
unit. The injector head incorporates special profiled chain assemblies to grip the
coiled tubing string, and uses a hydraulic drive system that provides the tractive
effort for running and retrieving the string from the wellbore. The base of the
injector head is secured to the wellhead pressure-control equipment by the strip-
per assembly mounting system. The gooseneck mounted on top of the injector
head feeds the tubing string from the reel around a controlled radius into the
injector head.
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Jar: A downhole tool used to deliver an impact force either up or down to the tool
string, usually to operate downhole tools or to dislodge a stuck tool string. Jars of
different designs and operating principles are commonly included on slickline,
coiled tubing, and workover tool strings. Simple slickline jars incorporate an
assembly that allows some free travel within the tool to gain momentum for the
impact that occurs at the end of the stroke. Larger, more complex jars for coiled
tubing or workover strings incorporate a trip or firing mechanism that prevents
the jar from operating until the desired tension is applied to the string, thus opti-
mizing the impact delivered. Jars are designed to be reset by simple string manip-
ulation and are capable of repeated operation or firing before being recovered
from the well.

Junk: Metal debris lost or left in a wellbore. Junk may be a bit, cones from a bit,
hand tools, or any small object that is obstructing progress.

Junk basket: A cylindrical tool designed to retrieve junk or foreign objects loose
in a wellbore.

Junk sub (boot basket): A tool run just above the bit or mill in the drill stem to
catch small, nondrillable objects circulating in the annulus.

Key seat: A channel or groove cut in the side of the hole parallel to the axis of the
hole. Key seating results from the dragging of pipe on a sharp bend in the hole.

Kick: An entry of water, gas, oil, or other formation fluid into the wellbore. It
occurs because the pressure exerted by the column of drilling fluid is not great
enough to overcome the pressure exerted by the fluids in the formation drilled. If
prompt action is not taken to control the kick or kill the well, a blowout will occur.

Kill weight fluid: A mud whose density is high enough to produce a hydrostatic
pressure at the point of influx in a wellbore and shut off flow into the well.

Liner: Any string of casing whose top is located below the surface. A liner may
serve as the oil string, extending from the producing interval up to the next string.

Macaroni string: A string of tubing of very small diameter.

Magnet: A permanent magnet or electromagnet fitted into a tool body so that it
may be run to retrieve relatively small ferrous metal junk.

Make up: To connect tools or tubulars by assembling the threaded connections
incorporated at either end of every tool and tubular. The threaded tool joints must
be correctly identified and then torqued to the correct value to ensure a secure
tool string and connection pressure integrity.
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Mandrel: A cylindrical bar, spindle, or shaft around which other parts are
arranged or attached, or that fits inside a cylinder or tube.

Measure in: To obtain an accurate measurement of the depth reached in a well
by measuring the drill pipe or tubing as it is run into the well.

Measure out: To measure drill pipe or tubing as it is pulled from the hole, usu-
ally to determine the depth of the well or the depth to which the pipe or tubing
was run.

Mill: A downhole tool with rough, sharp, extremely hard cutting surfaces for
removing metal by cutting. Mills are run on drill pipe or tubing to cut up debris
in the hole and to remove stuck portions of the drill stem or sections of casing for
sidetracking.

Milling: The use of a mill or similar downhole tool to cut and remove material
from equipment or tools located in the wellbore. Successful milling operations
require appropriate selection of milling tools, fluids and techniques. The mills, or
similar cutting tools, must be compatible with the fish materials and wellbore
conditions. The circulated fluids should be capable of removing the milled mate-
rial from the wellbore.

Multiple completion: An arrangement for producing a well in which one wellbore
penetrates two or more petroleum-bearing formations that lie one over the other.
The tubing strings are suspended side-by-side in the production casing string, each
a different length and each packed off to prevent the commingling of different
reservoir fluids. Each reservoir is then produced through its own tubing string.

Necking: The tendency of a metal bar or pipe to taper to a reduced diameter at
some point when subjected to excessive longitudinal stress.

Nipple: A completion component fabricated as a short section of heavy wall
tubular with a machined internal surface that provides a seal area and a locking
profile. Landing nipples are included in most completions at predetermined inter-
vals to enable the installation of flow-control devices, such as plugs and chokes.
Three basic types of landing nipple are commonly used: no-go nipples, selective-
landing nipples and ported or safety-valve nipples.

Nitrogen-based fluid: A multiphase fluid incorporating a liquid base and
gaseous nitrogen. Nitrified fluids are often used in stimulation treatments to
enhance the performance of the treatment fluid and improve the cleanup process
following the treatment.

Overpull: Pull on pipe over and beyond its weight in either air or fluid.
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PDC: Polycrystalline diamond compact, a cutting structure made of synthetic
diamond.

PDM: Positive displacement motor, a motor that uses hydraulic horsepower of
the drilling fluid, based on the Moineau principle, to drive the drill bit. Workover
motors are used extensively in coiled tubing applications requiring rotation, such
as milling, underreaming and cutting.

Perforate: To create holes in the casing or liner to achieve efficient communica-
tion between the reservoir and the wellbore. A perforating gun assembly with the
appropriate configuration of shaped explosive charges and the means to verify or
correlate the correct perforating depth can be deployed on wireline, tubing, or
coiled tubing.

Pill: A relatively small volume of specially prepared fluid placed or circulated in
the wellbore. Fluid pills are commonly prepared for a variety of special functions,
such as a sweep pill prepared at high viscosity to circulate around the wellbore
and pick up debris or wellbore fill. In counteracting lost-circulation problems, a
lost-circulation pill prepared with flaked or fibrous material is designed to plug
the perforations or formation interval losing the fluid.

Pressure deployment system: An assembly of pressure-control equipment that
enables the running and retrieval of long tool strings on a coiled tubing string in
a live wellbore. The deployment system is configured to provide two barriers
against well pressure as the tool string is assembled and run into the wellbore.
Once fully assembled, the coiled tubing equipment is connected and the tool
string is run into the wellbore. The process is reversed for tool retrieval.

Residual bend: The natural form that a section of coiled tubing string will take
if spooled from the reel and allowed to rest without any tension applied. The
residual bend results from the plastic deformation imparted as the string is
spooled around the radius of the reel and guide arch.

Reverse circulate: To pump down the annulus and back up the work string (drill
pipe or tubing). This is often used in workover in cased holes.

Rig down: To take apart equipment for storage and portability. Equipment
typically must be disconnected from power sources, decoupled from pressurized
systems, disassembled, and moved off the rig floor or even off location.

Rig up: To make ready for use. Equipment must typically be moved onto the rig
floor, assembled, and connected to power sources or pressurized piping systems.

Riser (Lubricator): A term initially applied to the assembly of pressure-control
equipment used on slickline operations to house the tool string in preparation for
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running into the well or for retrieval of the tool string on completion of the oper-
ation. The lubricator is assembled from sections of heavy-wall tube generally con-
structed with integral seals and connections. Lubricator sections are routinely
used in the assembly of pressure-control equipment for other well-intervention
operations such as coiled tubing.

Rotary shoe: The cutting shoe fitted to the lower end of washover pipe and
“dressed” with hard-surfaced teeth or tungsten carbide.

Safety joint: A threaded connection with coarse threads or other special features
that will cause it to unscrew before other connections in the string.

Sand line: A wire rope used on well-servicing rigs to operate a swab or bailer. It
is usually %s-in. in diameter and several thousand feet long.

Sinker bar: A heavy weight or bar placed on or near a lightweight wireline tool.
It provides weight so that the tool can be lowered into the well properly.

Sliding sleeve: A completion device that can be operated to provide a flow path
between the production conduit and the annulus. Sliding sleeves incorporate a
system of ports that can be opened or closed by a sliding component that is
generally controlled and operated by slickline or coiled tubing tool string.

Spear: An inside catch tool which goes inside a tubular fish and catches it with
a slip.

Squeeze cementing: The forcing of cement slurry by pressure to specified points
in a well to cause seals at the points of squeeze. It is a secondary-cementing
method, used to isolate a producing formation, seal off water, repair casing leaks,
and so forth.

Stinger: Any cylindrical or tubular projection, relatively small in diameter, that
extends below a downhole tool and helps to guide the tool to a designated spot
(as in the center of a portion of stuck pipe).

String: The entire length of casing, tubing, or drill pipe run into a hole.

String shot: An explosive line which, when detonated, imparts concussion to
pipe causing it to unscrew or “back-off.” Also called Prima-Cord.

Substitute (Sub): A short section of pipe, tube, or drill collar with threads on
both ends, used to connect two items having different threads; an adapter.
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Surface pipe: The first string of casing set in a well after the conductor pipe,
varying in length from a few hundred feet to several thousand feet. Some states
require a minimum length to protect fresh-water sands.

Surfactant: A substance that affects the properties of the surface of a liquid or
solid by concentrating on the surface layer. Reduces surface tension thereby
causing fluid to penetrate and increasing “wettability.”

Swage (or swage mandrel): A tool used to straighten damaged or collapsed pipe
in a well.

Tail Pipe: The tubulars and completion components run below a production
packer. The tail pipe may be included in a completion design for several reasons.
It can provide a facility for plugs and other temporary flow-control devices,
improve downhole hydraulic characteristics, and provide a suspension point for
downhole gauges and monitoring equipment.

Twist off: Of drill pipe or drill collars, to part or split primarily because of metal
fatigue.

Underbalanced: The amount of pressure (or force per unit area) exerted on a
formation exposed in a wellbore below the internal fluid pressure of that forma-
tion. If sufficient porosity and permeability exist, formation fluids enter the well-
bore. The drilling rate typically increases as an underbalanced condition is
approached.

Underream: To enlarge or open up the wellbore below the casing or a restriction.

Viscosity: A property of fluids and slurries that indicates their resistance to flow,
defined as the ratio of shear stress to shear rate.

Washover pipe (washpipe): Pipe of an appropriate size to go over a “fish” in an
open hole or casing and wash out or drill out the obstruction so that the fish may
be freed.

Well schematic: A schematic diagram that identifies the main completion
components installed in a wellbore. The information included in the wellbore
diagram relates to the principal dimensions of the components and the depth at
which the components are located. A current wellbore diagram should be
available for any well intervention operation to enable engineers and equipment
operators to select the most appropriate equipment and prepare operating proce-
dures that are compatible with any downhole restrictions.
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Wire line: A general term used to describe well-intervention operations
conducted using single-strand or multistrand wire or cable for intervention in oil
or gas wells. Although applied inconsistently, the term commonly is used in
association with electric logging and cables incorporating electrical conductors.
Similarly, the term slickline is commonly used to differentiate operations
performed with single-strand wire or braided lines.

Workover: The process of performing major maintenance or remedial treatments
on an oil or gas well. In many cases, workover implies the removal and replace-
ment of the production tubing string after the well has been killed and a workover
rig has been placed on location. Through-tubing workover operations, using
coiled tubing, snubbing, or slickline equipment, are routinely conducted to
complete treatments or well service activities that avoid a full workover where the
tubing is removed. This operation saves considerable time and expense.

Yield point: The yield stress extrapolated to a shear rate of zero.
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A

Accelerator jars, 60, 63, 63f, 159,
160f
Anchor section (pulling tool), 140
Anchors, 108, 1091, 111
Assemblies
bottomhole, 60f, 155f, 164f, 186f
cable-guide fishing, 90f
external fishing bottomhole, 155f
hydromechanical pipe-cutting,
180-184
milling, 114, 116f, 173f, 174
motorhead, 148
snipper overshot, 155f
workover motors output shaft and
bearing, 168
Automatic bottoms, 48, 56

B

Backoff connectors, 71, 74
Backoff method, 4446
Backoff operations, 74
Basket grapples, 52, 53f, 54
Bent joints, 102
Bent subs, 102
Bi-directional vibratory jars,
159-161, 160f
Bits
cut-button, 187f
design, 186188
six-point carbide, 188f
thru-tubing impact drilling,
186188
types of, 186188
Blowout sticking, 19, 20f
Booster jar. See Accelerator jars
Boot baskets (junk or boot subs),
81-82, 81f, 82f, 88
Bottom-set anchor, 108, 109f

201

Bottom-trip anchors, 111
Bottomhole assembly (BHA), 107,
1551, 164f, 186f
on coiled tubing, 143
high pressure packoff (HPP) in,
157
jars and jarring, 60f
string components, 143
Box taps, 140, 140f
Bridge plugs, 132, 133, 134
Brittle shales, 21
Bulidog overshoot, 142f
Bulldog overshot tool, 142
Bumper jars (bumper sub), 61f
about, 59, 61-62
action of, 60
with cutter, 96
with grapples, 55, 62, 65
in mechanical cuts, 48
for stuck packers, 99
surface, 6465, 64f
with taps, 141
Bypass sub, 107

C

Cable-guide fishing, 89-92, 90f,
91f
Casing exits, 111
Casing repairs
collapsed, 126
jars and jarring for, 126
leaks to, 120
liners, 120
patches, 121, 122, 123
replacement, 124
Casing stretch charts, 33f, 34f, 35f
Casing stretch tables, 26f, 27f
Casing tools
backoff, 124-125, 124f
dress-off, 121f
make-up, 126, 127f
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Casing tools (Continued)
rollers, 129, 129f
spears, 125, 133, 133f
swage mandrels, 129f
swages, 126
Casing wall, cleanliness of, 107-108
Catch tools, 52-58
Catcher-type junk baskets, 78-79
Cavities, 102-104
Cement plugs, 133, 134
Cement sticking, 15-16, 16f
Cementing-type lead-seal casing
patch, 123f
Center-prong rope spear, 93f
Centralization and stabilization,
181-182
Ceramic disk breaker, 187, 188f
Chemical cutoff, 46-47, 471, 96, 156
Circulation fluids, 88, 116
Coiled tubing
connectors, 143-145
conveyed tubing, 180
pipe cutting, 180-184
restrictions, 176, 178
sidetracking, 111, 114
Collapsed pipe, 128f
Collet-style grapples, 153
Communications, 4-5, 8-9
Compressible fluids, 170
Compression swivel and bullnose,
183-184
Computer software, 1711, 184, 184f
Conductor lines, 11
Connectors, 71, 74, 143-145, 144f
Connectors, coiled tubing, 143-145
Continuous-tubing overshot (CTO),
156-157, 156f
Core-type junk baskets, 77-78, 78f
Corrosion cap, 133
Couplings, catcher requirements for,
72
Crankshaft rope spear, 93f
Crooked pipe, 13
Crown-type rotary shoes, 87f

Cut and strip (cable guide) method,
89-92
Cut-button bit, 187, 187f
Cutters
external, 49-51, 71-72
internal hydraulic, 49
jet, 48f
mechanical internal, 49f
multiple-string casing, S0f
washover outside, 50f
wireline chemical, 46f
Cutting
backoff, 44-46
catch tools, 52-58
chemical cutoff, 46-47
jet cut, 4748
mechanical cut, 48-51
of pipe string, 43-51
spears, 55-56
tubing cut, 48f
washover operations, 71-72
wireline, 4647
Cutting line, 94-95

D

Deviated well bore, 15
Differential sticking, 17, 18f, 19, 67
Dimensions

of overshot, 150

of pilot milling, 118

tools, recordkeeping of, 92
Ditch magnets, 88
Divers, 133
Dogtype overshots, 99
Donut guide, 90
Downhole hydraulic pumps, 95
Downhole-magnets, 76, 77, 78f, 88
Downhole vibration tool, 99f
Dressing, 67, 70, 84, 85-86, 88
Dressing matrix, 173, 174
Drill collars, 59, 60, 61, 63
Drill-pipe cutting, 180-184
Drill pipe stretch table, 26f



Drilling collar weights, 125

Drilling jars, 6566

Drilling muds, 118

Drilling safety joint, 141-142, 142f

Driving joints, 64

Dual-actuated circulating valve, 143,
147-148, 147f

Dual-back pressure valves (DPBV),
143, 145146, 145f

Dual-circulating sub, 179

E

Economics, 4, 67
Elastic limit, 23, 25
Elastomeric stator, 165, 167f
Electric (conductor) lines, 89
Electric submersible pumps, 95-96
Electric wireline cuts, 126
Electromagnets, 76, 77
Equidistant stator, 165-166, 167f
Equipment requirements, 150-151
Explosive sand-line cutter, 95
Explosives, 4445, 4748, 83,
95, 135
External fishing bottomhole
assembly, 155f
External fishing necks, 154f
External (washover outside) cutter,
49-51,71-72

F

Finger-type catchers, 78
Fishing
about, 6
defined, 1
economics of, 4, 6-7
probability factors in, 2, 7, 8
recordkeeping, 9, 10-11
rules for, 811
types of, 2-3
Fishing geometry, 151f
Fishing necks, 153f, 154f
Fishing string, rotation of, 11
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Fishing with wall hook and knuckle
joint, 103f

Fishnecks retrieval, 154

Fluids, 88, 105, 116, 169, 170

Formation, 108

Free Point Constant (FPC), 25, 29

Free point, determination of, 28-29

Friction-socket junk baskets, 8081

G

Grapples
basket, 52-57, 53f
bumper jars with, 55
collet-style, 153
comparison of, 52
jarring with, 55
spiral, 53f
in thru-tubing fishing, [57
Gyroscope, 108f, 111

H

High-pressure packoff (HPP),
156-157, 156f
Highly deviated wellbore operations
about, 130
bi-directional vibratory jars in,
161
dual-back pressure valves in, 145
hydraulic release spears in, 152
planning for, 130~131
rigs used by, 180
thru-tubing underreaming, 179
tools for, 130
washpipe in, 130
Hillside sub, 46
Hooke’s Law, 23
Horizontal wells. See Highly
deviated wellbore operations
Hydration, 21
Hydraulic centralizers, 154
Hydraulic clean-out tools, 74-75
Hydraulic disconnect, 143, 146-147,
146f
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Hydraulic (drilling oil) jar.
See Drilling jars
Hydraulic internal cutter, 121
Hydraulic (oil) jar. See Oil jars
Hydraulic pulling tool, 139140,
139f
Hydraulic-release overshot, 152f
Hydraulic release spears, 94f, 151,
152-153, 152f
Hydraulic reversing tools, 138
Hydraulic-set whipstock anchor, 110
Hydraulic up-jar (drilling), 65f
Hydraulically operated overshots, 56
Hydraulically operated spears, 56
Hydromechanical pipe-cutting, 182f,
183f
about, 180
assemblies, 180-184
centralization and stabilization,
181-182
coiled tubing, 180-184
compression swivel and bullnose,
183-184
computer software for, 184
described, 180-181
hydromechanical tubing anchor,
182-183
software, 184, 184f
system, 181f
Hydromechanical tubing anchor,
182-183, 183f
Hydrostatic bailers, 82, 83f

Impact-drilling bottomhole assembly,
186f

Impression block, 76, 126

In-string magnets, 88

In-tubing whipstocks, 113

Indexing tool, 154

Information gathering, 9

Inline magnets, 76, 77, 78f

Integral joint tubing, 44

Intensifier jars. See Accelerator jars
Internal fishing necks, 153f
Internal “GS”-style fishneck, 146
Internal hydraulic cutter, 49

J

J-releases, 56
J-type safety joint, 72, 73-74, 74f
Jar intensifier. See Accelerator jars
Jars and jarring
about, 59-66
accelerator jars, 60, 63, 63f, 159,
160f
bi-directional vibratory,
159-161
bottomhole assembly, 60f
bumper jars, 59, 61-62, 61f
for casing repairs, 126, 129
drill collars, 59
drilling jars, 65-66
dual-acting, 158
with electric submersible pumps,
96
fishing, 59
with grapples, 55
hydraulic disconnect and, 146
hydraulic up-jar (drilling), 65f
jarring strings, 59-61
mechanical down-jar, 65f
oil (hydraulic) jars, 59, 61-63,
62f, 159f
oil-jar mandrel, 59
overshots with, 59
pipe or tools, 5966
spears with, 59
strings, 59-61
for stuck packers, 98
surface jars, 64-65, 64f
thru-tubing fishing and, 153,
158-161
time-delay, 158
Jet cutting, 47-48, 48f, 135
Jet sub (kick sub), 102



Joints. See also Safety joints
bent subs, 102
driving, 64
J-type, 74f
knuckle, 103-104, 103f, 154
pup joint, 104
slack, 134
tool, small diameter, 143f
tubing-tool, swelling of, 44
unlatching, 72, 73-74
X-line upset-connection, 67

Junk baskets
boot basket (junk boot sub),

81-82

catcher-type, 78-79
core-type, 77-78, 78f
described, 76-77
friction-socket, 80-81
poor boy, 81
reverse-circulating, 79-80, 79f
types of, 77-82
venturi jet, 163f

Junk in the hole, 13

Junk magnet with flush guide,

77f
Junk shots, 83
Junk sub, 81-82

K

Kelly (pump-in) sub, 91

Kelo overshot, 80, 80f, 137

Keyseat sticking, 13, 15, 15f

Kick sub, 102

Knock-out isolation valve (KOIV),
161

Knuckle joints, 103-104, 103f,
154

L

Large diameter bores, 154
Latched (term), 46

Lead seal, 122, 122f
Liners, 120
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Loose-junk fishing, 76-83

Lost-circulation sticking, 19, 20f

Lower extension with milling insert,
54f

Lubricants, 19

M

Magnetic chip catcher, 162, 164f
Magnets, 76-77
Marine-swivel, 134, 135f
Measurement while drilling (MWD),
107, 108, 110, 111
Mechanical cut, 48-51
Mechanical down-jar, 65f
Mechanical fishing tools, 140
Mechanical internal cutter, 491, 121,
121f
Mechanical reversing tools, 138
Mechanical sticking, 12-13, 14f
Mills and milling
assemblies, 116f, 173f
fluids, 105
insert of, with lower extension
with, 54f
limits to, 185
milling assembly, 173
one-trip systems, 111, 112f
operational procedures, 171-172
pilot milling, 116f, 117-119,
118f, 119f
profile-enlargement, 174, 175f
scale, 172-174, 174f
section, 115-117
section and pilot, 115-119
section milling, 115-117, 116f,
117f
sidetrack operations, 114
software for, 171f
starting mill, pinned to whipstock,
109f
surface-equipment setup, 119f
thru-tubing, 171-175
tool for section, 117f
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Mills and milling (Continued)
two-trip systems, 109—110
window, 110f

Mills and rotary shoes. See also

Dressing
about, 84
design of, 86-87
diamond window milling
assembly, 114
for junk baskets, 162
manufacture of, 85-86
material for, 84-88
for permanent packers, 99-100
running, 88
tungsten carbide window milling
assembly, 114
types of, 85f

Monobore exits, 113

Motorhead assembly, 148

Mouse traps, 80-81, 137-138, 137f

Mud-sticking, 12, 12f

Mudline-hanger system, 133

Multiple-strings, 13, 50f, 134, 134f

O

Oil-jar mandrel, 59
Oil jars, 62f, 159f
about, 62-63
action of, 60
drill collars with, 61
purpose of, 59
One-trip milling system, 108, 111,
112f
Operational plans and procedures.
See Planning and operations
Outside backoff collar, 46
Outside backoff method, 45-46
Outside cutter, 49-51
Overshots
with basket grapple, 53f
bulldog tool, 142
catch tools, 52, 54-55
components of, 52

Overshots (Continued)
continuous-tubing, 156-157
dimensions of, 150
dogtype, 99
donut guide on, 90
with jars and jarring, 59
short-catch, 55, 55f
side-door method, 92
snipper, 155-156
spear head, 90
spears and, 151-154
for thru-tubing fishing,

151-157
use of, 54-55
in washover operations, 71
for wireline fishing, 90
Oversocket, 80, 137

P

Packer-retriever tool, 100f, 101f
Packers. See also Stuck packers
on grapple controls, 54
increasing force to, 42
mill control, 54
permanent, 97, 98f, 99-101
retrievable, 5, 97, 98-99
washover operations and, 87
weight charts, 3642
weights on, 4652
whipstock systems, 110, 111
Packing off, 56
Parted coiled tubing, 155-157
Parted wireline fishing, 92-94
Parting. See Cutting
Patches, 122f, 123f
Penetration rates, 188
Permanent magnets, 76
Permanent packers, 98f, 99, 101
Permanent stretch, 23
Pilot mills and milling, 115, 116f,
117-119, 118f, 119f
Pin tap, 141, 141f
Pipe sticking, 12



Pipe string, 43-51
Planning and operations
casing repair operations, 126
fishing operations, 2, 5, 9-10
highly deviated wellbore
operations, 130-131
sidetracking operations, 105
thru-tubing fishing, 149-150
thru-tubing impact drilling, 186
thru-tubing milling, 171-172
thru-tubing underreaming,
177-179
Plug-and-abandon operations
about, 132
jet cutting, 135
permanent, 133-135
regulations for, 132, 134, 135
temporary, 132-133
Plugs, types of, 132-133
Polycrystalline diamond compact,
dressing matrix, 173
Poor boy basket, 81
Positive-displacement workover
motor (PDM), 166f
about, 165
elastomeric stator, 165
equidistant stator, 165-166
motor stalls, 178, 179
operational considerations for,
168-170
output shaft and bearing assembly,
168
performance of, 168
power section, 165-166
transmission, 166167
“Pounds jarring”, 66
Pre-planning. See Planning and
operations
Pressure-deployment operations, 146
Probability, 2, 7, 8
Profile enlargement, 174, 175f
Pulling section, 140
Pump-in sub, 91
Pumps, 91, 95-96
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R

Radioactive materials, 11
Recordkeeping
in fishing operations, 4-5
of pipe tallies, 10-11
of recovered line, 94
of stuck packers, 97
of tool dimensions, 92
Regulations, 132, 134, 135
Releasing spear, 56f
Relief valve section, 140
Retrievable packers, 5, 97, 98-99
Reverse-circulating junk baskets,
79-80, 79f
Reversing tools, 138139, 138f
Rope socket, 11
Rope spears, 92, 931, 94
Rotary shoes, specific, 67, 70-71,
84-88
Rotary venturi cleanout bottomhole
assembly, 164f
Rotation of fishing string, 11
Rubber-seal casing patch, 122, 122f
Rules-of thumb. See Planning and
operations
Rupture disks, 147-148

S

Safety joints
drilling type, 141-142, 142f
J-type, 72, 73-74, 74f
standard, 67
with taps, 141
washover/backoff-type, 67, 75f
in washpipe string, 67

Sand line or swab line, 94-95

Sand sticking, 12

Scab liners, 120

Scale mills and milling, 172-174,

174f
Seals, types of, 122-123
Section and pilot milling, 115-119
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Section mills and milling, 115-117,
116f, 117f
Set down weights, 35, 42
Severing cutters, 47
Short-catch overshot, 55, 55f
Shot rod with prima cord, 45f
Side-door overshot, 89, 92, 92f
Side-door sub, 46
Sidetracking operations. See also
Whipstock systems
about, 105
anchors, 108, 110
coiled tubing and, 111, 113-114
milling systems, 109-110, 111
options diagram, 106f
planning for, 105
re-entry types, 105
Six-point carbide bit, 187, 188f
Slack-joint, 134
Slack off weights, 35, 42
Slip (gripping surface), 56
Slip-type connector, 143-145, 144f
Sloughing-hole sticking, 21-22, 21f
Sloughing shales, 21
Snipper overshot, 155-156, 155f
Software, 171f, 184, 184f
Spear grapples, 101
Spear packoff, 57f
Spear stop sub, 58f
Spears
about, 55-56
automatic bottoms, 56
casing, 133, 133f
in highly deviated wellbore
operations, 152-153
hydraulic release, 94f, 152f
internal, 124
J-releases, 56
with jars and jarring, 59
packing off, 56
packoff, 57f
releasing, 56f
rope, 92, 93f, 94
stop sub, 58f

Spears (Continued)
subsea wellhead-retrieving, 136f
in thru-tubing fishing, 151
washover drill collar, 72f
Spears and overshots, 151-154
Spiral grapple, 53f
Spudding, 75
Squeeze cementing, 120, 129, 176
Starting mill pinned to whipstock,
109f
Sticking
cement, 15-16
differential, 17, 19
keyseat, 13, 15
lost-circulation, 19
mechanical, 12-13
mud, 12
pipe, 12
sand, 12
sloughing-hole, 21-22
under-gauge hole, 16-17
Stretch
determination of, 27-28
graphs of, 29-35
permanent, 23
for stuck packers, 98
Stretch Constant (SC), 25, 29
Stretch data, 23
Stretch formula, 24
Stretch tables
casing, 26f, 27f
drill pipe, 26f
tubing, 24f, 25
String mill, 110
String shot
in backoff operations, 74
in casing replacement, 124
in reversing tools, 139
for stuck packers, 98
torque through, 45
Stuck packers. See also Packers
about, 13
about retrieving, 97
downhole vibration tool, 98



Stuck packers (Continued)
jarring strings for, 98
permanent, 99-101
recordkeeping of, 97
retrievable, 98-99
washover operations, 99

Stuck point, 23-40, 98

Submersible pumps, 95-96

Subs, types of, 102

Subsea wellhead, 134, 135

Subsea wellhead-retrieving spear,

136f

Sucker-rod pumps, 95

Sucker rods, 137

Surface bumper jars, 64—65, 64f

Surface-equipment setup, 119f

Surface plug, 133

Surface-readout gyroscope, 108f

Swab and sand lines, 89

Swage mandrels, 126

T

Taps, 140-142, 140f, 141f
Three-bladed underreamers, 176
Thru-tubing debris catchers,
162164
Thru-tubing exits, 113
Thru-tubing fishing
about, 2
accelerator jars, 159
bi-directional vibratory jars,
159-161
continuous-tubing overshot for,
156-157
equipment requirements, 150-151
high-pressure packoff, 156-157
hydraulic release spears, 151,
152-153
hydraulically operated overshots
in, 56
jars, 158-159
in large diameter bores, 154
parted coiled tubing, 155-157
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Thru-tubing fishing (Continued)
planning operations, 149—-150
pre-planning, 149
rules-of thumb, 150
snipper overshot for, 155-156
spears and overshots for, 151-154

Thru-tubing impact drilling
about, 185
bit design, 186188
operational considerations for,

186
penetration rates, 188
planning, 186

Thru-tubing milling

operational procedures for,
171-172

planning operations, 171-172

profile enlargement, 174, 175f

scale milling, 172-174

Thru-tubing standard tools, 143-148

Thru-tubing underreaming
cement removal, 176
planning and operations, 177-179
tools in conjunction with, 177
types of, 176

Thru-tubing whipstocks, 113, 113f

Thru-tubing workover motors.

See Positive-displacement
workover motor (PDM)

Tieback alignment bushing,

125-126, 125f

Tool joints, smail diameter, 143f

Tools, miscellaneous, 137-142

Tubing stretch charts, 30f, 311, 32f,

33f

Tubing stretch tables, 24f, 25f

Tungsten carbide
buttons, 117f
dressing matrix, 173
inserts, 174, 186187
rods, 86f
for thru-tubing impact drilling,

186-187
Two-bladed underreamers, 176, 177f
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Two-prong-grab rope spear, 94f
Two-trip milling systems, 108-110

U

Under-gauge hole sticking, 16-17, 17f

Universal bottom-hole orienting
(UBHO), 107, 108, 111
Unlatching joints, 72, 73-74

\'}

Venturi jet junk basket, 162, 163f

w

Wall cake, 18f
Wall hook, 102, 103f
Washover operations, 67-75
backoff connectors, 71, 74
external (outside) cutter, 49-51,
50f, 71-72 '
hydraulic clean-out tools, 74-75
overshots in, 71
packers, 87, 99
rotary shoes, 70-71
safety joints, 74f, 75
unlatching joints, 73-74
washpipe spear, 71, 72-73, 72f
Washover pipe (washpipe), 68f,
69f, 70f
Washover shoe, 155
Washpipe backoff safety joint, 74
Washpipe (drill-collar) spear, 71,
72-73, 72f
Washpipe string, 67
Watermelon mill, 110
Weight on packer charts, 36f, 371,
38f, 391, 40f, 41f
Weights, 35, 42

Whipstock systems
anchors and anchoring, 107, 110
face-orientation, 107, 111
in-tubing, 113
mills and milling, 108, 109f, 112f
packers, 110, 111
thru-tubing, 113, 113f

Window cutting system.

See Two-trip milling systems
Window milling, 110, 110f
Wireline chemical cutter, 46f
Wireline fishing

about, 89
cable guide assembly, 90f
cable guide (cut and strip) method,
89-92, 91f
cutting wireline, 94-95
electric (conductor) lines, 89
electric submersible pumps,
95-96
overshots for, 90
parted wireline, 92-94
planning operations, 150
rope spears, 92, 93f
side-door overshot method for,
89, 92
swab and sand lines, 89, 94
Wireline induction log, 104
Wireline operations, 92-94
Workover motors
components of, 165-168
compressible fluids use,
170
operational consideration,
168-170
output shaft and bearing
assembly, 168
performance, 168—170, 169f
power section, 165-166
transmission, 166



