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Drilling diameter

Drill Collar
Outside diameter

Drill Collar
inside diameter

24 to 12 V4 9 12 3

9 /8 7 3 to 8 21 3/16
83 to 8 2 6 34 21 3/16
63 to 6 4 3/ 2 s

{ 39 Sedly) 559 Y Jga> ‘

Drill Collars Weight/m(kg/m) Unit Weight(30 ft)(kg)
11 V4 x 3 467.6 4276

9% x 3 323.2 2955

8 X 213/16 223.1 2040

7 32 x 2 13/16 207.4 1896

6 3 x 2 13/16 149.8 1370

43 x 2 Vs 69.6 636
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Range (Inches) Strength Strength with Gage Hardness |[Impact Value| |
(Min) (Psi) | (Min) (Psi) | Length 4 times (Min) Ft. Ib. ]-
(N/mm2 N/mm2) Diameter | |
3 1/8" thru 6 7/8"| 110000 /758 | 140000 /965 13% 285 40 ]'
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CATEGORY TYPE MEANS OF SELEC'-TIGN
| H Full bore simple
A ”
l j Otis tvpe X. R* Running tool actuates locking dogs when
- Camco type W pulling upward on mandrel
= 5 )
5 i— ’ Maximum mandrel diameter:
= ‘- _|r < landing nipple nominal diameter
e . -
= < *also on Otis SSD
= type X0. XA, RO, RA
S Full bore selective
i tq
JI—' ) Otistype S, T Selection key on the mandrel fits into the
3] t oyl selection profile of the landing nipple
g > hi L] P g nipp
e "E} | — Maximum mandrel diameter:
— = II — BE CAREFUL to install < landing nipple nominal diameter
—_ — ] e : P .
= by T them in the right order:
|l — i
i 7
hl b |
n 1 Full bore top no-go a) Top no-go ring on mandrel is over-
1 : size compared to the landing nipple s
. Baker tvpe F** nominal diameter
Q Camco type D, DB , ,
& AVA type SEL Maximum mandrel diameter:
% > landing nipple nominal diameter
% Be careful thar:
oy rop no-go mandrel diameter:
< tubing drift diameter
** also on Baker S5
type L b) Or same as for full bore simple
-~ | -~ Bottom no-go Landing nipple (and Mandrel) with a
o : g?'k=: [?p;i R}{N bottom no-go ring
s ; ‘ ‘
o Camc}:;fpc DN Maximum mandrel diameter:
2 AVA type BNG < landing nipple nominal diameter
= > landing nipple bottom no-go diameter
®
= Landing nipple bottom
- no-go diameter: x
< landing nipple nomi-
nal diameter
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Variperm
Canada limited

Sand control products service
tool, liner hanger, Packer,
Fishing equipment

Calgary, Alberta, Canada
Tel:(403) 250- sand (7263)
Fax:(403) 250-9695

Email: billcummings @ variperm. Com

Website: www.variperm.com

Wenzel Downhole

Drilling Tools: Bits, Hole
opener, Crossover sub,

Texas, U.S.A
Tel:(936) 441-1480

Tools - A Fax:(936) 756-5335
Hydradlic and Mecnamseal jar Website: www. Downhole.com
Vechta/ Germany
; Liner hanger, Anchor seal. Tel:+43 (0)4441/7935+7943
E.D oil tools Landing Nipple, Packer Fax:+49 (0)4441/7937
¢ Website: www.ed-oiltools.de
Email: info@ed-oiltools.de
S.49th W.Ave Tulsa, ok
Downhole equipment, Packer Tel:(800) 441-3504
: oil field tools, completion (800) 587-3504
D &L oil tools equipment, tubing anchors, Fax:(918) 582-5192
Liner hanger Website: http:// dimfg.com
Email: Sales @ dimfg.com
Flowlink Tubular accessories, PUP

Engineering

joints, flow coupling, Blast
crossover subs

TUAS Avenue 4 , Singapore

Houston, Texas U.S5.A
Tel: 281- 445-1188

Drilli
20 B Fax: 281- 448-7309
Website: www. Cavodm. Com
Fishing & Down hole Tools:
Junk mill, Basket sub, INDIA
Parveen T5 Tel:27 855468
pe Tap, Wash over
e Fax:91-11-27857612
assembly, Drilling Tools, Website: o iIfield. C
Drill Collar, Stabilizers SMSIE: W E VSR IREE e o
Slimdril Houston, Texas, U.S.A.

international

Downhole motors

Tel:(281) 391-5800
Fax:(281) 391-7595

Milling and washover

U.S.A
Tel:(281) 376-3784

Gotco Equipments; Pilot Mill, Taper Mill, Fax:(281) 376-1614
basket Mill... Website: www.Gotco-usa.com
Email: tvime @ emirates. Net.ac
Uu.S.A
INROCK Reamers & Hole Opener Tel:(713)690.5600

Crossover sub, swivel...

Website: www.Inrock.com
Email:jmiller @ inrock. Com
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| 1- DRILL STRING

1.1. Introduction

The drill string is an important part of the rotary
drilling process. It is the connection between the
rig and the drill bit. It is the mechanical
assemblage such as dill collar, stabilizers, subs...
that connecting the rotary drive system (rotary
table) on the surface to the drilling bit (Fig.1)
The drillstring serves several general purposes,
including the following:

Allows drilling fluid to circulate with minimum
pressure losses. Two safety valves can close off
the inside of the string.

Transmits the energy required to break up the
rock formation by whatever drilling bit may be
used.

Exerts a compressive force on the drilling bit,
or weight on the bit.

Guides and controls the trajectory of the bit.

Lower and raise the bit in the well.

In addition, the drillstring may serve some of the
following specialized services:

Provide some stability to the bottom-hole
assembly to minimize vibration and bit jumping.

Allow formation fluid and pressure testing
through the drillstring.
Usual, the components of the drillstring are
made in AISI 4145 alloy steel with heat
treatment and according to API standard.
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Fig.1. Drillstring




1.2. Drill String Equipment

The components of the drill string are varied and serve many purposes. Fig. 2 shows a typical drill string
assembly (drill stem assembly). It is important to observe in Fig. 2 that all connections from the swivel
through the upper section of the Kelly are left-hand threads. All connections between the lower section
of the Kelly and the bit are right-hand threads.On the surface, the drill string hangs from the hook by the
swivel and the rotary drive comes from the Kelly.

_-Swivel Rotary box -
CONNECHlon Jﬁﬁuﬂyﬁm
box membe

——Swivel stem
Dril pipe
__-Swivel sub
STD 8A
5TD 7
_ Kelty cock — Tool joint

CoOnNechon

Rolary pin _
connechion

Holary box Y FR
CONNEchon W |~ Dol collar

Upper upsel

Kelly

(square or hexagon)
[square Musiraled)

- Lower upset Rotary pin

Rotary box __

Kelty cock or Sikon

L kelly saver sub
: B3 __ Protector rubber  Rolary box 4
g |F {oplonal) connechon

Bil

Rolary pin
connechon

Fig.2. Drillstring equipment




The drill string consists primarily of the drill
pipe and the bottom-hole assembly (BHA). The
drill pipe section can contain conventional drill
pipe, heavy- weight pipe, and occasionally a
reamer. The BHA may contain the following
items:

Dril collars (several types and sizes)
Stabilizers

Jars

Rollerreamers

Shock subs

Bit. bit sub

Rotary sub or crossover sub

Pup joint

Hole opener

1.3. Drill collars

Their function is an essential one in the drill
string, since they condition proper use of the
drilling bit. They are first and foremost a steel
weight whose mass provides the force to press
the drilling bit onto the formation.
Some of the functions of the collars are as
follows:

Provide strength needed to run in
compression

Minimize bit stability problems from
vibrations, wobbling, and jumping
Minimize directional control problems by

Providing stiffness to the BHA
Proper selection of drill collars (and BHA) can
prevent many drilling problems.
Drill collars are available in many sizes and
shapes but a number of operating constraints are
involved in using them:

The drilling diameter,

Minimum pressure losses (as little as
possible),

Easy handling and transportation,

Buckling strength,

Rigidity.

1.3.1. Dimensions and Shapes

Drill collars are available in many shapes, such
as round, square, triangular, and spiral grooved.
The most common types are round (slick) and
spiral grooved. Spiral-grooved collars reduce
the surface contact area between the pipe and
wellbore (Fig. 3). The collars have a shallow,
wide groove that reduces the contact area by 40-
50% while only reducing the pipe weight by 7-
10%. The lower contact area reduces the
probability of differential pressure sticking.

| Fig.3. Spiral grooved drill collars



Large collars are included in BHA designs more
frequently now. It 1s not uncommon to use 8-10-
in. collars, whereas 6 3/4-7 1/2-in. collars were
the maximum diameters used several years ago.
The large collars offer several advantages:

Fewer drill collars are needed for required
welght

Fewer drill-collar connections are required

Less time is lost handling drill collars during
trips

Fatigue damage of connections is less with
drill collars that fit the hole closely

Straighter holes can be drilled
The smallest inside diameter must be sought as it
will give the heaviest drill collar. However, it
mustallow:

Measurement instruments to be run down
inside the pipe

Acceptable pressure losses.
Usual inside diameters are between 2 and 3
inches depending on the outside diameter of the
drill collar. The outside diameter will range
between a minimum and a maximum that can be
defined as follows:

The maximum diameter depends on: the
drilling diameter

The minimum diameter is directly related to
the ngidity of the drill collar assembly.
These considerations are illustrated in the table
(Table.1) that shows drill collar selection
according to drilling diameter and the unit
welght of common drill collars can be found in
Table. 2

~ Table 1. Selecting drill collar diameters according to drilling diameters (in inches).

Drilling diameter

Drill Collar
Outside diameter

Drill Collar
inside diameter

24 to 12 Va 9 1 3

9 7/8 7 3 to 8 21 3/16
8 34 to 8 /2 6 3 21 3/16
63 to6 4 34 2 Va

Table 2. Weight of drill collars.

Drill Collars Weight/m(kg/m) Unit Weight(30 ft)(kg)
11 Va x 3 467.6 4276

912 x 3 323.2 2955

8 x 2 13/16 223.1 2040

7 3 x 213/16 207.4 1896

6 3% x 2 13/16 149.8 1370

43 x 2 Va 69.6 636
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~ Fig.4. Manufacturing steps for drill cnllarsj

[t is important to design the BHA properly when
using large-diameter collars. The stiff assembly
can cause drillpipe fatigue due to the stiffness
differences between the collars and the pipe. It is
recommended to reduce the stiffness difference
by using smaller collars at the top of the BHA or
by using heavyweight drillpipe at the top of the
collars.

1.3.2. Material and Manufacturing steps for

Drill Collars

Conventional drill collars are machined out of
bars of 4165H (U.S.) or 42 CD4 (NF) steel
which has good properties after tempering and
quenching .the steels are generally chromium-
molybdenum alloys that comply with
mechanical specifications after tempering and

Table 3. Mechanical properties of drill collars |

Drill Collar O.D. Yield Tensile .EIungatinn(n'.lin)- Brinnel | Min. Charpy
' | Range (Inches) | Strength Strength with Gage Hardness |Impact Value
(Min) (Psi) | (Min) (Psi) | Length 4 times (Min) Ft. Ib.
(N/mm2) (N/mm2) Diameter _
3 1/8" thru 6 7/8"| 110000 /758 | 140000 /965 13% 285 40
7" thru 10" 100000 /689 | 135000 /931 13% 277 40




quenching while retaining a hardness
compatible with machining.

Manufacturing steps are shown in Fig. 4 and
mechanical properties according to drill collars
diameters are shown in Table. 3

The bore i1s drilled out by two cutting tools
working from each end toward the middle.

Also to be mentioned are nonmagnetic drill
collars that are required for drilling directional
wells. Azimuth measurement instruments can
only be run into a drill string with drill collars
that do not influence the measurement of the
magnetic field.

Originally, these drill collars were made of K.
Monel alloy (over 60% nickel), but the price was
too high and the threads seized up too often. The
K. Monel alloy has been replaced by a
chromium-manganese austenitic iron alloy or
similar.

1.4. Stabilizers

Stabilizers are designed to provide optimum
drill string's performance and maximum
stability. Some of the functions of the collars are
as follows:

Stabilization assures that the rock bits or
hammer will rotate about their own center thus
causing energies and forces exerted on it to be
most efficiently utilized in an axial direction

Reduce impact

Control the direction of'the bit

Control hole deviation

In rotary drilling with rock bits or down-the-hole
percussion hammers, it is of great importance
thata good stabilization be guaranteed.
Drilling straight or directional holes requires
proper positioning of stabilizers in the BHA.
Although it seems contradictory that drilling
straight and directional holes would require the

= Vibraton garrpene:
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Medigm Severe
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Same principles, the underlying concept is to
control the direction of the bit. Stabilizers are
used to achieve this goal.

The most common assembly arrangements are
pendulum and packed hole. The pendulum
arrangement. Fig. 5a, uses the weight of the drill
collars acting on pivotal stabilizers to direct the
bit. The packed-hole assembly. Fig. 5b , reverses
the process by using a sufficient number of
closely spaced stabilizers to prevent any
pendulum effect.

Three basic type of stabilizing tools :( Fig. 6, 7)
Rotating blade(spiral, straight)
Non-rotating
Reamer

The body and blades are made in AISI 4145H
alloy steel with treatment over 285 - 345 Brinnel
hardness. the right-lay spiral blades are welded
to the body after oven pre-heating. All blades are

hard faced with tungsten carbide such as
TECNOWIRE (HF 1000).

Rotating blade Non-rotating| Reamer

Spiral

Straight

Short Long

' Fig.7. Spiral welded blades and straight welded blades Stabilizers ‘




1.5. Hole Opener

Drilling a large diameter hole or expanding the
diameter of an existing hole can often be
completed efficiently with a hole-opener. It is
may be positioned along the string above bit
subs. (Fig. 11) hole-openers are available for all
standard shanks and are 6 to 40" in diameter.
Hole Openers are manufactured with sealed
bearing milled tooth or tungsten carbide insert
cutters, according to the type of formation to
drill. Drilling mud circulation for removal of
cuttings is assured through the nozzles located
under cutter shoulders.

Fig.8. Three-cone hole opener

According to the type of formation and drilling
diameters available three types of hole opener:

Three-cone hole openers(Fig. 8)
Four-cone hole openers (Fig. 9)
Five-cone hole openers (Fig. 10)

Fig.9. Four-cone hole opener |

Fig.10. Five-cone hole opener




In order to make a perfectly vertical hole, it is
advisable to use stabilizers that may be
positioned along the string above or below the
hole opener.

A number of operating constraints are involved
in using them:

Pilot hole size .

Hole opener size,

Type of formation,

Top and bottom connection.

1.6. Roller Reamers

The diameter of the well when the well and
formation expand gets smaller so it use reamer
to bring to primary diameter. (Fig. 12)

Fig.11. Position of hole opener \

 Fig.12. Roller Reamer

...



- Table 4. The components of three and six point reamers

PARVEEN M POINT STRING CUTTER REAMERS
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Two types of roller reamer are available:

There point
Six point

Table 4 1s shown the components of three and six

point reamers

According to formation available three types of

reamer cutter: (Fig, 13)

In order to make a perfectly vertical hole, it is

advisable to

use stabilizers that

may be

positioned along the string above the roller

reamer.

Roller reamer body is classified as below
depending upon the purpose of use:

The connection of string reamer (three point)
being with box up and box down.

The connection of string reamer (three point)
being with box up and pin down.

The connection of bottom hole reamer (six

point) being with box up or pin up and box
down.
Body 1s made of AISI 4145H (M) and roller
reamer cutters are being made from AISI
8620/EN 36C nickel chromium molybdenum
alloy steel and are carburized & hardened to 58-
62 RC.

- Fig.13. Soft, Medium &Hard Formation Cutter |




A number of operating constraints are involved
in using them:

Three or sex points
Placement of roller reamer
The Diameter of the well
O.D'sdrill pipe

Cutting type

Size and type of connection

1.7. Rotary Subs

Rotary subs have two primary applications:
They can be used to crossover from one
connection size to another
The disposable component used to extend the
connection life of a more expensive drill stem
member
The connections are made of steel alloy AISI
4145 and protected by a phosphate surface
coating that minimizes galling on initial make-
up.
Rotary subs are available with box x pin, box x
box or pin x pin connections and three types of
rotary subs are available:
Straight OD Sub is used to connect drill stem
members that have a similar outside diameter.
The drill bit, down hole tools and drill pipe can
be crossed over using a straight OD sub. (Fig.14)

Reduced Section Sub is used to connect drill
stem members that have different diameters that
warrant the cross-sectional change necessary to
accommodate different connections. This sub
would be used to crossover large OD drilling
tools or a tapered drill collar string. (Fig. 15)
Saver Sub 1s used to extend the life of the Kelly
by taking the connection wear each time it is
made up to a drill stem component. The saver
sub connection is sacrificed because it can be
casily repaired or inexpensively replaced. (Fig.
16)

~ Fig.14. Straight OD Sub |

~ Fig.16."Saver Sub"
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Fig.17. Pup Joint |

1.8. Pup Joint

Drill Pipe Pup Joints is important drill stem
component for special drilling or testing
operations. This short drill pipe section 1s used to
locate the top box of the drill string at a specified
distance from the rig floor. (Fig. 17)
Drill Pipe Pup Joints is manufactured either
from round bar or by machining heavy wall
tubing from AISI-4145 H Material. Pup joints
with tool joint OD less than 6 7/8" have a
minimum yield strength of 110,000 psi and with
tool joints 6 7/8" and larger have a minimum
yield of 100,000 psi.
A number of operating constraints are involved
In using them:

Nominal Size,’

Bore Diameter,

Size and type of connections,

18 degree taper or square shoulder,

Pressed or cast steel thread protectors.

2- FISHING JOBS

2.1. Introduction

While a well is being drilled, several types of
accidents can occur and keep drilling from being
carried on normally. the term " fishing job"

Means an operation in a well using specific
implements and tools to restore a situation
where the drilling program can most likely he
continued.

We will first of all list the main types of'accidents
possible during drilling:

Pieces of metal on the bit-gage surface for a
variety of reasons: broken drill hits or rig floor
tools falling into the well.
~ Tubulars that fail inside the borehole: dnill
collars, drill pipe. Or a string of casing or tubing
may break off.

Stuck drill string.

2.2, Causes of fishing job

Three parameters are involved in the causes of
accidents: equipment failure, borehole-related
problems and human error.
2.2.1. Equipment failure
Drill bits may be broken due to poor quality or
inappropriate implementation. A hit that is
unsuited to the formation that is being drilled can
become excessively worn and this may cause
unexpected failure. Likewise, poorly chosen
mechanical parameters may have the same
effects. Depending on
how much 1s known about a region, the odds of
breaking a bit in an exploratory well may be high
when the driller attempts to reach optimum rate
of penetration.
The drill string is particularly susceptible to
fatigue, wear. Poor maintenance and
supervision, and inappropriate use. The most
common failure occurs at drill collar threads
where stresses are the highest.
2.2.2. The borehole

Loose formations cause considerable friction
that can keep the whole drill string stuck in
extreme cases. Swelling clays will have the
same consequences. Highly permeable
formations can cause the drill string to get stuck
by differential pressure, i.e. the difference
between the hydrostatic pressure of the mud and
the formation pore pressure,



2.2.3. Human error

There are factors that can not be anticipated, but
mainly there are technical mistakes and
negligence. This 1s the case when tools and
equipment fall into the borehole. The decision to
pull out a bit before it fails is governed by
technical circumstances. The tool pusher's
experience 1s crucial in reducing risks.

2.3. Equipment, tools and methods used

for broken drill bits and broken drillstring

The driller realizes that the drill string has failed
when there i1s a variation in three parameters:
Decreased load on the weight indicator,
Drop in mud pump pressure (the mud no
longer circulates through the bit jets).
Variation in torque at the rotary table.

Failure is often preceded by a gradual reduction
in the mud pump pressure due to a hole in the
drill string (wash out). If it is not spotted, it leads
to failure of the thread or the pipe.
Most drill string failure occurs:

At the pin-end thread of drill collars that bend
in alternate directions,

At about 50 centimeters from the box-end tool
joints.
As soon as the driller is sure of a drill string
failure, he pulls out the upper pan of the drill
string. He can then see the what the top of the
fish looks like. its diameter and depth.
Depending on the size of the pieces of metal, the
following will be used:
2.3.1. Junk Mill
Junk Mills are used for milling rock bits, drill
pipe, reamers, reamer blades, tool joints, bridge
plugs, tubing squeeze tools, alloy-steel packers,
and miscellaneous junk.

Wear Pads —
[opbional)

Fluid Courses

Blades, dressed with
Sintered-Tungsien
Carbide
-
1}

et
i L ‘1 Nt
3 i *}f‘

Full
Circulation Ports

Rotary Shoulder Connection

Fishing Neck

| Fig.18. Bladed junk mill
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2.3.2. Taper Mill
The Taper Mill is used for milling out collapsed
or split casing, whipstock windows and also mill
through various types of restrictions and may
also be used in conjunction with other mills to
prepare a fish for internal engagement.
Tapered mills come in three common
configurations.

The 60 degree mill has an included taper of 60
degrees (30 degrees per side.)

The 30 degree mill has an included taper of 30
degrees (15 degrees per side.)

The 15 degree mill has an included taper of 15
degrees (7 1/2 degrees per side.)

2.3.3. Pilot Mill

Special mill that has a heavy tubular extension
below it called a pilot or stinger. The pilot,
smaller in diameter than the mill, is designed to
go nside drill pipe or tubing that is lost in the
hole. It guides the mill to the top of the pipe and
centers 1it, thus preventing the mill from
bypassing the pipe. Also called a piloted mill.

It 1s suited for milling liner hangers, eliminating
mside cuts. It is also well suited for milling
washpipe, safety joints, crossover swages, and
wash over shoes.

The Pilot Mill may contain the following items:
(Fig. 22a)

Fishing Neck with Pin Connection(Fig. 22b)

Taper Mill with Regular Pin Connection(Fig.
22¢)

Junk Mill with Regular Pin Connection(Fig.
22d)

Round Nose Mill with Regular Pin
Connection(Fig. 22e)

—_—

it

Fig.21. Taper Mill \

Fig. 22 A) Pilot Mill B) Fishing Neck with Pin Connection C) Taper Mill with Regular Pin
Connection D) Junk Mill with Regular Pin Connection E) Round Nose Mill with Regular Pin Connection

a7
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' Fig.23. Junk Sub
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Fig.24. A) Plain Taper Tap
B) Skirt Taper Tap

2.3.4. Junk Sub
Junk Sub 1s an accessory tool used in milling or
drilling operations. It run just above the drill bit
and have a cup for catching objects too heavy to
be completely circulated out of the hole. (Fig.
23)
Boot baskets (Junk Sub) are used directly above
the mill or drill bit. On severe milling jobs, it is
customary to run two or three baskets in tandem
above the mill. This tandem running not only
increases the capacity to remove the cuttings,
but also provides extra stabilization for the mill.
Boot basket can be run in either open hole or
inside casing. When the basket is working inside
a casing, hard faced pads, dresses to the same
0.D. as the mill or bit, should be used.
Junk Subs are constructed from high quality
steel, completely stress-relieved after cup and
rib guides have been welded to the main body.
Rib guides prevent the cup from becoming
crushed and help guide the tool through tight
places upon withdrawal from the hole.
2.3.5. Taper Tap
Rotary Taper Taps are simple, rugged,
dependable internal catch fishing tools.
Operation: Run the taper tap in the hole to the
top of the stuck fish, apply less than one point of
weight, and rotate the tap until the tapered
threads have engaged the fish. Stop rotation and
pull the fish from the hole.
Rotary Taper Taps are furnished in two types:

Plain Taper Tap (Fig. 24a)

Skirt Taper Tap (Fig. 24b)
Plain Taper Taps do not have a skirt thread
provided on the shoulder. Skirt Type Taper Taps
are threaded for a skirt. A skirt is used when the
hole size is drastically different from the fish
size. The taper tap can be dressed with a skirtora
skirt and oversize guide. This will allow for the
taper tap to be guided into the fish more ecasily
during the fishing operation.
A number of operating constraints are involved
In using them:

Type offish

Diameter of hole to allow suitable guides

~ Top connection type & size.
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2.3.6. Basket Sub

Basket Sub is often run in after using a Junk Mill
to fish out bit rollers, ball bearings and teeth. It is
placed above a bit and mud is circulated for a
few minutes, and then suddenly slopped. This
allows the pieces of metal carried along the mud
flow to fall back down into the basket. The tool
is effective in getting rid of pieces of metal
remaining on the bottom of the hole after a
fishing job. (Fig. 25)

2.3.7. Junk Basket

To fish out bit rollers. It is a piece of tubules with
saw teeth on the bottom that can bend and trap
junk when a weight of several tons is applied to
the tool. This works only in relatively soft
formations. (Fig. 26)

2.3.8. The poor-boy junk basket
It is often built on the site. It is a piece of casing
with saw teeth on the bottom that can bend and

trap junk when a weight of several tons is == _
applied to the tool. | Fig.26. Junk Basl.’.(ﬂ!:-.:|
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Fig.27. Fishing Magnet

2.3.9. Fishing Magnet

It 1s a permanent magnet used to get rid of small-
sized metal debris on the bottom of hole the
fishing magnets may be used on drill pipe,
tubing or wire line. The adaptors used for
running magnet with wire line are sucker rod
adaptors and rope socket. (Fig. 27)

2~ 4- Equipment, tools and methods
used for stuck drill string

The methods differ according to the cause of
sticking:

Caved 1in walls, borehole narrowed down due
to formation instability.
» Differential pressure sticking.
In the first instance, the problem is a purely
mechanical one which can only be solved by a
variety of mechanical operations. In the second,
a physical phenomenon due to pressure is

20

involved and in addition to the same type of
mechanical operations, an attempt can be made
to solve the problem by acting on the
differential pressure.

The objective 1s to unscrew the drill string near
the stuck point, in order to pull out the free part
and then run in the fishing string best suited to
the problem. Accordingly, the first thing to do is
make sure that the tightening torque on all
threads 1s uniform by retightening the drill
string. This is done by torquing to the right with
the rotary table, then to the left (1.e. unscrewing)
up to 80% of the make up torque applied
previously. The tension on the drill string is
regulated to locale the neutral point (zero axial
stress) on the joint that is to be unscrewed. Then
an explosive run nside the drill string on a wire
line 1s set off at this same depth. The impact of
the explosion and the left-handed torque
unscrew the coupling that is the least
prestressed.



Operations can then carry on in a number of
different ways:

A washover assembly can be run in,
- The fish can be cemented in situ and the well
sidetracke,

A jarring string can be run in.

2.4.1. The washoverassembly
The idea is to redrill the annulus between the
tubular and the hole in order to release the fish.
(Fig.28) The assembly consists of:
Washover pipe compatible with the diameter

of the fish and of the well,(Fig. 29a)
- Safety joint,(Fig. 29b)

- Awashovershoe,(Fig. 29c¢)

Drill collars.

The washover assembly is always mechanically
vulnerable and the maximum practical length is
1 50 meters.

All washover pipe has a two-step, double-
shouldered thread joint with flush outside and
inside diameters.
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——— Dritipuoe
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~ Fig.28. the Washover Assembly |

Fig.29. A)Whashover pipe B)Safety joints C)Washover shoe |
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2.4.2. Sidetracking

This operation i1s decided when all the possible
attempts to bring up the fish have failed. The
procedure can also be adopted when retrieving
the fish is clearly anti economical compared to
the cost of drilling a slightly deviated well. The
aim 1s to start the deviation above the head of the
fish so as to drill toward the target parallel to the
abandoned well course at about ten meters'
distance. We list a possible sequence of
operations below: (Fig. 30)

Cement slurry is placed at the depth planned
for starting the sidetrack and the crew waits for
the plug to set,

When sidetracking is done in a cased
borehole, a bladed mill 1s run in lo cut out a
window in the casing,

The sidetracking string is runin:

a down hole motor and a bent sub with a drill
bit of a smaller diameter than the ongoing
phase,

The buildup is drilled for one drillpipe
length, then deviation is measured,

A free-hanging drill string 1s run in to ream out
the buildup and bring the well course back to
vertical,

Doglegs are reamed out with a special
string.
Even though this operation is fairly common
nowadays and the cost 1s relatively affordable,
the consequences on the well architecture must
be considered. There is a dogleg where the
sidetrack begins, causing considerable wear on
the casing there by the rotating drillpipe. This
casing string may have greatly impaired
resistance to pressure. In addition, if a
development well 1s sidetracked, sucker-rod
pumping may not be feasible.

2.4.3. Jar

A mechanical device used down hole to deliver
an 1mpact load to another down hole
component; energy is stored in the drill string
and suddenly released by the jar when 1t fires.
The principle 1s similar to that of a carpenter
using a hammer. Kinetic energy is stored in the

| Fig.30. Sidetracking with Washover pipe/shoe




hammer as it is Swung, and suddenly released to
the nail and board when the hammer strikes the
nail.
lars are classified as:

Drilling jars,

Fishing jars.
The operation of the two types is similar, and
both deliver approximately the same impact
blow, but the drilling jar is built such that it can
better withstand the rotary and vibrational
loading associated with drilling. Fishing jars
used when that component is stuck.
Jars can be designed to strike up, down, or both.
In the case of jarring up above a stuck
bottomhole assembly, the driller slowly pulls up
on the drillstring but the BHA does not move.
Since the top of the drillstring is moving up, this
means that the drillstring itself is stretching and
storing energy. When the jars reach their firing
point, they suddenly allow one section of the jar
tomove axially relative to a second, being pulled
Up rapidly in much the same way that one end of

A stretched spring moves when released. Aftera
few inches of movement, this moving section
slams into a steel shoulder, imparting an impact
load.
There are three primary types:

Hydraulic jar,

Mechanical jar,

Hydraulic/mechanical jar
While their respective designs are quite
different, their operation is similar.
Jars are available in a range of sizes and
capacities to deliver upward or downward
impact loads.
2.4.3.1. Hydraulic Jar
Energy 1s stored 1n back of piston by fluid and
suddenly released by the jar when it fires. load
and time is controlled at the surface by
controlling device.
The waiting time between setting the brake and
the jarring action will be in the rang of 10-60
seconds. (Fig.31)

Spline Honsing ————

Cannector Honsiig ee—

Pressure Holising e

Balance Housing

b N ————— Spline Mandrel

e [ p Anvil

| e [y Mandred

Hammer

Down Anvil
Flow Mandrel
Upper Pressure Position

Triggering Valves

Lower Pressure Piston

Bottom Connecior ——————

Balance Pisron

Piston Stop

Fig.31. the Hyd

raulic Drilling Jar
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The jar can be run n tension and compression
but never run jar as a crossover between the drill
collars and the heavy wall pipe, or between the
collars of different O.D.s, Fig. 32a shows a
hydraulic fishing jar and Fig. 32b shows
placement of jar.

2.4.3.2. Mechanical Jar

A type of jar that incorporates a mechanical trip
or firing mechanism that activates only when the
necessary tension or compression has been
applied to the running string. In slickline
operations, the term is often used to describe any
jar that does not contain a hydraulic trip
mechanism, such as link and tubular jars that do
not incorporate a firing mechanism. (Fig. 33)

Jar accelerator -

Dnll collars
(10% of the weight
that 1s going to be
pulled oul)

Hydraulic jar - |

Bumper sub

Salety jont
(optional)

1 Overshot

2.4.3.3. Hydraulic/Mechanical jar

This type of Jar operates with a simple up and
down motion and is insensitive to right or left
hand torque. It is most commonly run as a
hydraulic over mechanical, but can be run as a
straight mechanical, by omitting the valve, or as
a straight hydraulic by omitting the latch. When
run as a hydraulic / mechanical or straight
mechanical, it is run in the latched position; this
eliminates unexpected jarring and prolongs seal
life.

The normal setting for the mechanical latch is
the down jarring load being 50% of the up
jarring load. (Fig. 34)
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Fig.32. A) The Hydraulic Fishing Jar B) Placement of jar




2.4.3.4. Jar Components Material

Jars are made primarily of AISI 4145
Chromium-Molybdenur Steel which is heat
treated and stress relieved. This composition

Dnilipape i l

Dl colars (3 or 6) ]

Mechanical jar
(Earthqguaker)

Drill collars (3 or 6)

Salaty joi by
(ophonal)

2 Tap (tor intching jadt
onlo a pipe theond)

Fig.33. A) The Mechanical
Fishing Jar B) Placement of Jar

results in strengths exceeding 140,000 psi and
Brinell Hardness ranging from 290-310. Some
parts of the jar are made of super-high strength
alloy steel exhibiting tensile strengths 170,000
psi. The metering valve is made from Aluminum
Bronze, which has excellent wear
characteristics and is machined to a tolerance of
0.0005". All T joints are made with 4 thread
modified acme. "O" Rings have a working
temperature range of up to 121 degrees Celsius
(250 degree Fahrenheit) or up to 230 degrees
Celsius (450 degrees Fahrenheit).

Used as the hydraulic fluid because of its ability
to maintain stable viscosity through a wide
range of temperatures.

‘ Fig.34. the Hydraulic/Mechanical jar
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| 3. Downhole motor

3.1. Reasons to use downhole motors

The Flex Drill hydraulic motor converts a
portion of the drilling fluid's hydraulic energ
into mechanical energy in the form of torque and
rotational speed. This method of supplying
power to the drill bit has many advantages over
conventional rotary and rotary steerable drilling
methods, including:

Increased rate of penetration (ROP) due to
increased bit rotational speed.

Ability to drill in situations where it is not
possible to rotate the drill string, (e.g. coiled
tubing, short radius wells).

Directional drilling performance
improvements, (e.g. the ability to maintain the
desired well path by alternating between drill
string rotation and drill string sliding).

Reduced wear on drill collars, pipe and casing
due toreduced drill string rotation.

Ability to optimize ROP by monitoring the
motor's differential pressure at the standpipe.

3.2. How Does a Drill Motor Work?

The power section is the heart of the Flex Drill
motor. [t 1s responsible for converting the
hydraulic energy provided by the drilling fluid
in the form of flow and pressure, into
mechanical energy which the motor outputs as
torque and rotational speed. Instead of
consuming gasoline or electricity, a hydraulic
mMOotor consumes pressure.

In order to understand how the power section

operates, it is necessary to become familiar with
the following power section terminology:
Every power section consists of a rotor and
stator. As suggested by their names, the rotor is
the rotating component and the stator is the
stationary part. Rotors are machined out of steel
and chrome plated, while stators consist of a
steel tube lined with rubber.

The cross-section of rotors and stators is
described by the number of lobes on each part.
Lobes are analogous to the teeth of a gear and
serve to modulate the output speed of the power
section. Power sections with more lobes
produce more torque and lower speed than those
with fewer lobes.

The rotor will always contain one less lobe than
its mating stator. This provides the clearance
required to permit the rotor's rotation within the
stator. Power section configurations are
described by the ratio of their rotor/stator lobes,
(e.g. 1/20r4/3).

Stage length is defined as the length of one
complete 360 degree spiral of the stator. The
rotor also forms a spiral, but of a slightly
different length. The mismatch of these spiral
lengths creates sealed pockets along the power
section's length. The flow of mud through these
pockets forces the rotor to turn clockwise within
the stator.

3.3. Other Drill Motor Components

A bearing assembly is used to transfer the rotor's
power to the bit. Internally, this assembly
consists of radial and axial bearings to ensure
concentric drive shaft rotation with minimal
axial movement and rotational resistance. The
radial bearings also serve to limit the flow of
fluid through the bearing assembly that's used
for bearing lubrication.

A lex joint is used to transmit the rotor's power
to the bearing assembly. It is designed to
accommodate the eccentric rotation of the rotor
and any housing bend that may exist between the
bearing assembly and stator.

Flex Drill motors are available with adjustable
bend housings that permit the rig adjustment of
the motor's bend angle, and therefore an
adjustment of its directional tendencies.

Trip subs are used to pass drilling fluid between
the annulus and the inside of the motor. This
component helps to fill the drillstring while
tripping in the hole and drain 1t when tripping
out of the hole or making a connection.



Fig.35. A drilling motor

Internally, the trip sub consists of a spring
loaded valve that closes the sub's ports while
circulation 1s maintained, and opens them when
no circulation exists. Schematic view of a
drilling motoris shown in Fig.35

| 4- Downhole Completion Tools
The hardware used to optimize the production of
hydrocarbons from the well is called completion
tools. This may range from nothing but a packer
on tubing above an openhole completion
("barefoot" completion), to a system of
mechanical filtering elements outside of
perforated pipe, to a fully automated
measurement and control system that optimizes
reservoir economics without human
intervention (an "intelligent" completion).

4-1- Packer

Packers are usually run in and set in the
production casing or the liner. They protect the

nnulus from corrosion by formation fluids and
limit the pressure in the annulus so that the
casing and its cement sheath do not undergo
overly wide variations in compress ional stress.
The presence of a packer makes it possible to put
a fluid, called packer or annular fluid, in the
annulus which also helps protect the casing. In
short, the packer isolates the annulus from any
physical contact with the formation fluids and
bottomhole pressure.
4.1.1. The mam packer types
A packer is basically defined by the setting
mechanism, the seal, the means of retrieval and
the type of tubing-packer connection. They are
usually classified based on the means of
retrieval as the first criterion

Packers are set by steel slips which, when
pushed along a cone-shaped ramp, grip the
casing. A seal is provided by rubber rings
squeezed out against the casing,

Packers can be retrieved in three different
ways:
Simply drilling out or milling the packer: this is
the case for permanent production packers.



Actuating shear pins or rings by pulling on the
tubing. This movement releases the, anchoring
slips. This is the case for retrievable packers.
Some of them require a special retrieving tool.

Mechanically releasing without actuating
shear pins or rings: this is the case for
"temporary" mechanical packers that are mainly
used 1n special strings for well testing, remedial
cementing, acidizing, etc.

The tubing-packer connection can be of two
types:

Rigid: the tubing is fixed onto the packer.

Semi-free: the tubing enters the packer by
means of a pipe with sealing elements which can
slide freely up and down. This system allows the
tubing to move up and down (variations in
tubing length due to "breathing"). The allowable
sliding range depends on the length of the pipe
equipped with sealing elements and on its initial
position. Additionally, the downward
movement is limited by a stop guard.

: Fig.36. Permanent production packers ‘
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4.1.2. Choosing the packer
The choice of packer type depends on:

The resistance of the packer and setting
mechanism to mechanical and hydraulic
stresses 1n the well:

Allowable differential pressure

Allowable compression and tension at the
tubing-packer connection and casing-packer
contact,

Maximum temperature for the elastomers

Setting and retrieval procedures

Available accessories

Consequences and costs in initial completion
and workover operations

The packer's reputation and the user's
experience with it.

Further considerations are as follows when a
packeris being chosen:

The inside diameter of the casing

The packer's inside through diameter

elastomers' resistance to fluids

Metallurgy (corrosion problems).

4.1.3. Permanent production packers
Permanent packers are also called drillable
packers. The typical example of this sort of
packer is Baker's 415 D permanent packer
(Fig.36).
The packer consists of an inner mandrel (la),
ground and polished inside, surmounted by a
lett-hand square thread (1b).
Outside the inner mandrel from bottom to top
are:

A bottom guide (2) screwed on the inner
mandrel

Lower anchoring slips (3) and their anchoring
cone (4)

A rubber packing element (6) with lead anti-
extrusionrings (5) and (7)

Upper anchoring slips (9) and their anchoring
cone(8)

An outer setting sleeve (10) cotterpinned to
the inner mandrel (la).

Aringratchet(11) allows the outer setting sleeve
(10) to slide down in relation to the inner

Mandrel (la) but prevents the reverse, thereby
making the setting operation permanent.

This packer is entirely drillable; all the parts
except for the packing element are made of cast
iron, magnesium, lead or bronze.

[t is run and set prior to running the final tubing
either on the electric cable equipped with an
appropriate setting tool or on a drill or tubing
string with the corresponding setting tool.

4.1.3.1. Tubing -415 D packer connection
There 1s a choice between the two connections
described below.

A.Anchorseal assembly (Fig.37a)

An elastic thread fixes the tubing to the packer. A
seal 1s provided by sealing elements. The
assembly should comprise at least two seal
stacks.

B. Locator seal assembly (Fig.37b)

This equipment has got only sealing elements
and allows the tubing to slide in the packer.
However, a stop guard located in place of the
thread limits the downward stroke.
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"Locator seal "Anchor seal
assembl” assembly”

| Fig.37. Tubing-packer connection
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 Fig.38. Hydraulic Retrievable packers |

4.1.3.2. Advantages and drawbacks of
permanent packers

This type of packer 1s simple in design and does
not include complicated mechanisms. It is
highly reliable and can withstand considerable
mechanical strains as well as high differential
pressures. It also has a range that offers the
largest inside through diameter to fluid flow for
a given casing diameter. It is flexible as to the
possible tubing-packer connections and can be
left in the well during workover operations to
change production equipment.

The biggest drawback is that it can only be
removed by milling or drilling out. This means
that a drill string-type assembly must be used
after the production wellhead has been removed
and the tubing pulled out. Another point that
should be emphasized is that the production
tubing sealing elements eventually adhere to the
packer's inner mandrel if the tubing does not
move for a long period. In contrast, overly
frequent movement causes premature erosion of
the sealing elements.

In any case, this type of packer has no equal in
deep wells and is also often used in gas-
producing wells.

4.1.4. Retrievable packers

These packers are designed to be unseated and
pulled out of the well simply without having to
be milled out. Therefore they all have an
incorporated mechanism so they can be
unseated.

Depending on the model, they are hydraulically
or mechanically set and all are connected to the
tubing permanently. However, a disconnection
joint (or divider) can be included in the tubing
string above the packer.

4.1.4.1. Hydraulically set retrievable packers
These packers are set by pressurizing the
production string (Fig.38). The setting slips (1)
are located under the seal (2), which usually
consists of three rubber packing elements. The
packing elements are often of different hardness
and are chosen according to setting conditions



and depth. They are separated by rings (3) that
limit extrusion of the rubber. The slips keep the
packer in place and prevent it from slipping
downward as long as there is some "weight" on
it. The use of hold down buttons (4) (friction
buttons that are actuated hydraulically when the
pressure under the packer is higher than the
annular pressure) helps keep the packer from
slipping upward.

These packers are more complicated than
permanent ones, but have practically no
equivalent when the aim is to set a packer
directly with the final production tubing. They
are relatively easy to run in deviated wells, they
arc available in a dual and even triple version for
multiple string completions. It is also possible to
set several at the same time in the well. Finally,
il should be noted that they are theoretically
easy to unseat and retrieve. Once they have been
pulled out, they can be reconditioned and
reused.

However, the integrated hydraulic setting and
unseating system is expensive in terms of space
and accordingly limits the through diameter
available for the fluid in a given casing. Selling
requires a plug and a landing nipple under the
packer or a ball dropped on a retractable seat.
The plug may get stuck or the ball seat may
refuse to retract. Lastly, it is not designed or
manufactured of materials that are readily
milled. Consequently, drilling out a packer of
this type that has gotten stuck in the well can be
extremely costly in terms of time, money and
tools.

Retrievable hydraulic packers are available in
the dual version (Fig.39). The setting and
retrieving procedures are similar to those
described above. Depending on the model
chosen, they are set by increasing pressure in the
short string or in the long string. The packers are
unscated by pulling on the long string.

Fig.39. Dual Completion Retrievable Packer
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' Fig 40. Mechanically set retrievable packers ‘
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4.1.4.2. Mechanically set retrievable packers
These packers are seldom used in permanent
production strings (Fig. 40). In contrast they are
perfect for temporary stimulation, cementing
and testing strings. This is because they can be
reset immediately without having to be pulled
out and because they are simple to retrieve.
Generally speaking, these packers are set by
compression, tension or rotating the string. They
are equipped with friction pads to release and
actuate the slips by rotating 90°
in a J slot. Unseating them is very easy, usually
by using the reverse of the setting procedure.
Mechanically set retrievable packers are
classified into retrievable tension Packer and
retrievable compression Packer (Fig.41).

Single

Cone
Hydrohanger

|
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: Hydraulic

Set Liner
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4.2. Liner Hanger

Device used to attach or hang liners from the
internal wall of a previous casing string. Liner
hangers are available in a range of sizes and
specifications to suit a variety of completion
conditions. Liner hangers are classified into
hydraulic and mechanical liner hanger that each
of them is classified into single cone and tandem
cone,

4.2.1. Hydraulic Liner Hangers

Hydraulic liner hangers set liners in casing by
pressurizing the work string to set the slips.
Work string manipulation need not be
considered for setting operations.

Tandem
Cone
Hydrohanger

Hydraulic
Rotating
Liner Hangers

Fig.42. Types of Hydraulic Liner Hangﬂ
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They are available in single and tandem cone
configurations. Single cone hangers are suitable
for general purpose applications. However,
tandem cone hangers provide extra hanging
capacity for long heavy wall liners.

When cementing liners, cement bond can be
enhanced by rotating the liner during cementing.
Liner rotation can be accomplished using a
rotating hydraulic hanger (type RTH or RGH).
These hangers incorporate bearings that enable
liner rotation after setting. Some types of
Hydraulic Line Hangers are shown in figure 42,

Mechanical liner hangers set liners in casing by
rotating and / or raising and lowering the work
string to set the slips of the hanger,

They are available in single and tandem cone
configurations. Single cone hangers are suitable
for general purpose applications. However,
tandem cone hangers provide extra hanging
capacity for long heavy wall liners.

When cementing liners, cement bond can be
enhanced by rotating and reciprocating the liner
during cementing. Liner manipulation can be

Single Tandem
Cone Cone
Mechanical Mechanical
Hanger Hanger

Liner Hanger

Mechanical
set
liner hanger

Mechanical
Rotation

‘ Fig.43. Types of Mechanical Liner Hanger




on the slick line, the sleeve (1) is shifted so as to
open or close the ports (2) machined in the body
of the valve (3) (see Section 5.2.1 about the
wire-line string and the required surface
equipment). Special machining of the body
allows "spring" fingers (4) to lock the sleeve in
the required position.

The cross sectional area of the ports is larger
than the cross-section of the tubing and as a
result, relatively high fluid flow rates can be
contemplated, without running the risk of
systematically eroding the valve. In contrast, the
seals (5) and (6) must be expected to deteriorate
after the sliding sleeve has been shifted a certain
number of times. This causes leakage especially
in the presence of gases or sediments.
Accordingly, it 1s absolutely not recommended
to operate the sliding sleeve except for initial
completion or workover.

4-4- Landing nipples

In order to meet measurement requirements.
facilitate equipment installation or perform
other safety functions, the tubing is equipped
with special pieces of equipment, called landing
nipples, where mechanical tools can be seated.
usually by wireline (Fig.46).The basic
requirements are to:

pressure test all or part of the tubing

test the tightness of the circulating device

Pressure up the tubing toseta
hydraulic packer

1solate the tubing from formation pressure

Leave pressure and / or temperature
measurement instruments in the well
temporarily, 1f possible without interfering too
much with the well's production conditions.
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Fig.46. Landing Nipple
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A number of tools are available to fulfill any one
of these functions. They are usually screwed on
under a mandrel (or a lock mandrel) that keeps
them in place in the landing nipple.

During completion, the location, number and
type of landing nipples in the well must be given
very careful consideration and chosen according
to:

Any operations that may be performed in the
well ata later date

The loss of inside through diameter due to the
landing nipple, especially for the tools that have
to be run deeper into the well.

Generally speaking, 1t 1s advisable to limit the
number of landing nipples to a strict minimum.
In most cases two or three will be enough.
Several types of landing nipples exist on the
market, but they all have at least two points in
common:

A locking groove allowing the tool to be
mechanically locked in the landing nipple if
need be, in which case the mandrel is equipped
with a lock.

A seal bore where the seal 1s made between the
landing nipple and the tool if need be by means
of V packing type seals mounted on the mandrel.
It should be noted that the diameter of this seal
bore serves as a reference diameter for the
landing nipple under the term nominal diameter,
expressed in decimals limited to hundredths of
an inch (for example 2.81" for 2.812" in reality).
[n order to be able to set the corresponding tool
in this landing nipple without the tool getting
stuck in the tubing while it is being run in and
without the seals being overly damaged, the
nominal diameter of the nipple must at
least be smaller than the drift ofthe tubing.
Although manufacturers supply landing nipples
whose nominal diameter is standardized with
respect to tubing, nipple as well as lock profiles
are, however, particular to each company. In
other words, the type of nipple and its brand
name often condition which tools can be set in it
and vice versa unless adapters are used.

There are, however, two main categories of
landing nipples that we will call "full bore" and
"bottom no-go":

Full bore landing nipples are characterized by
a through diameter that is equal to the
nominal diameter of the landing nipple, 1.e. of its
seal bore. It should be noted though, that these
landing nipples cause a restriction with respect
to the tubing inside diameter as such (remember
that the nominal diameter of a landing nipple
must be at least smaller than the drift of the
tubing).

I

=

¢
=

L

Fig.47. Full bore simple landing nipples
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Fig.48. Full bore selective landing nipples




In this category there are the following:
Full bore simple, often called only full bore
Full bore selective, often called only selective
Full bore top no-go, often called only top no-
go.
Bottom no-go landing nipples are often called
only no-go and are characterized by a through
diameter that 1s smaller than the nominal
diameter of the seal bore: a shoulder causes a
restriction at the lower end.
Among the products available on the market,
French companies commonly use those by

Baker and Otis, and to a lesser degree those by
AVA and Cameo.

4.4.1. Full bore landing nipples

4.4.1.1. Full bore simple landing nipples

These landing nipples have only got a locking
groove and a seal bore, they do not restrict fluid
flow other than by their nominal diameter
(Fig.47). As a result, as many of them as needed
of the same nominal diameter can theoretically
be placed in a well. In practice, the number is
limited to four landing nipples of the same
nominal diameter in order to allow for possible
damage to the mandrel packings when they pass
through the landing nipples above the target
landing nipple.

The equipment 1s run with a running tool that
keeps the locking dogs on the mandrel retracted
so as not to impede running (the same holds true
for retrieving it). The equipment can therefore
pass the other landing nipple(s) of the same
nominal diameter located above the target and
the mandrel can also be termed full bore by
extension.

4.4.1.2. Full bore selective landing nipples

In addition to the features of the preceding type
of landing nipple, it has a selection profile.
Seven different inside profiles (or "key
profiles") are available and are indicated by a
number of circles from one to seven engraved on
the outside of the landing nipple. Selectivity i1s
achieved by choosing the right selection key
profile on the mandrel corresponding to the
inside profile of the landing nipple where the
toolisto fit (Fig.48a).
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4.4.1.3. Full bore top no-go landing nipples

The upper part of these landing nipples is
oversize in comparison with the seal bore
(Fig.49). This configuration allows a mandrel
with a no-goring of a diameter larger than that of
the landing nipple's seal bore above its packing
section to stop in this landing nipple. The
mandrel is then termed top no-go and by
extension the landing nipple 1s also often called
top no-go.

- Fig.50. Bottom no-go landing nipples \




‘TableS. Landing Nipples Summery Table |

< landing nipple nomi-

CATEGORY TYPE MEANS OF SELECTION
. =
' Full bore si
:_: —Lq ull bore simple
|} ; : ;
FZ.I..' B Otis tvpe X, R* Running tool actuates locking dogs when
i Camco type W pulling upward on mandrel
a3 ‘: !
e it Maximum mandrel diameter:
= £l < landing nipple nominal diameter
Lo | -
S *also on Ous SSD
il type X0, XA, RO, RA
Full bore selective
q Otis type S, T Selection key on the mandrel fits into the
. ~ Ir | selection profile of the landing nipple
g E | Maximum mandrel diameter:
= i | BE CAREFUL to install < landing nipple nominal diameter
= 5 them in the right order:
7
T
I
! Full bore top no-go a) Top no-go ring on mandrel is over-
| { size compared to the landing nipple’s
! Baker type F** nominal diameter
Q Camco type D, DB , .
& AVA type SEL Maximum mandrel diameter:
% > landing nipple nominal diameter
E Be careful that:
b= rop ne-go mandrel diameter:
< rubing drift diameter
** also on Baker SS
type L b) Or same as for full bore simple
~ i ~ Bottom no-go Landing nipple (and Mandrel) with a
i Baker type R boltom no-go ring
8 N Otis type N, XN , ,
: A I Camco type DN Maximum mandrel diameter:
% | AVA type BNG < Innd?ng n_ipplc nominal diamct}:r
= 11 > landing nipple bottom no-go diameter
O -
= e | Landing nipple bottom
E " no-go diameter:

nal diameter

L I



4.4.2. Bottom no-go landing nipples

These landing nipples feature a machined in
shoulder at the base of the seal bore (Fig50). The
shoulder 1s called a bottom no-go and the
corresponding mandrel 1s stopped by it. The
mandrel diameter 1s smaller than, but very close
to, that of the seal bore. Because of this and so
that there 1s good contact and the mandrel is
prevented from sticking, there is an appropriate
profile machined out below the packing section.,
Because of the type of landing nipple it fits into,
the mandrel is usually called bottom no-go or
even sometimes non-selective. As for the top
no-go mandrel, the bottom no-go can include a
system of locking dogs that lock the mandrel
upward.

Table5 summarizes the main types of landing
nipples supplied by manufacturers along with
the relevant operating features for each of
thetwo basic categories: full bore and bottom
no-go.

Hydraulic
control line
to surface

Hydraulic pressure
bled off to close valve

| Control sleeve

Fail-safe spring
mechanism
Flapper

Closed

Open

Fig.51. Subsurface Safety Valve
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4.5. Subsurface Safety Valves

Depending on the environment and on the type
and pressure of the produced effluent, it may be
necessary to place a Subsurface Safety Valve,
SSSV, inside the well itself. It supplements the
one(s) on the wellhead if it/they should happen
to be out of order (valve failure, wellhead torn
off, etc.).

4.5.1. Subsurface Controlled Subsurface Safety
Valves (SSCSV)

These valves that were often called storm
chokes are now termed SSCSV (Subsurface
Controlled subsurface Safety Valves). They are
set and retrieved by wireline. They close the
well following a modification in flow conditions
where they are located:

Either when the ambient flow rate increases
(and so the pressure loss across the valve also
Increases), or

When there 1s a pressure drop opposite the
valve.

The major manufacturers of this type of valve
are Otis, Baker and Cameo.

4.5.1.1. Pressure differential safety valves
These wvalves are designated as "pressure
differential valves" or "velocity safety valves"
in catalogs and are normally open (Fig.52). A
choke incorporated in the wvalve causes a
pressure loss when flowing and this tends to
close the valve. A return spring tends to keep the
valve open. If the flow rate increases
excessively, the supplementary pressure loss
that is created induces a closing force that is
greater than that of the return spring and the
valve closes.



- Fig.52. Pressure differential safety valves Fig.53. Pressure operated safety valves |

Fig.54. Wireline Retrievable safety valves

| ~ Fig.55. Tubing Retrievable safety valves
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4.5.1.2 Pressure operated safety valves

These valves are also known by the term
"ambient safety valves" (Fig.53). The closing
mechanism is controlled by a return spring and a
gas chamber, and the pressure in the well acts to
keep the valve open. It is designed to be
normally closed.

4.5.2. Surface Controlled Subsurface Safety
Valves (SCSSV)

The SCSSVs (Surface Controlled Subsurface
Safety Valves), of the fail safe type, are
controlled from the surface by hydraulic
Pressure in the control line and are normally
closed (i.e. closed when no pressure is applied in
the control line). The control pressure acts on a
jack which pushes a sleeve back thereby
opening the valve. Ac the same time it
compresses a powerful return spring. As long as
the control pressure is kept at the set operating
value, the valve remains open. However, if it
falls below a certain threshold then the valve
will close automatically solely under the effect
of the return spring.

Fig.56. Combination safety valves

4.5.2.1 Wrireline Retrievable safety wvalves
(WLR)

The valve is attached to a mandrel that has been
modified in order to transmit the control fluid
pressure to the valve's jack (Fig.54). Setting the
valve and its mandrel in the landing nipple is a
tricky job, and positioning and locking it in the
landing nipple are crucial. If this is not done
properly it may be ejected and rise up to the
wellhead the first time it is closed.

4.5.2.2 Tubing Retrievable safety valves (TR)

[t is advisable to avoid restricting the through
diameter in wells with substantial
productionraces. Additionally, for gas wells
especially, this restriction near the surface
coincides with a zone where pressure and
temperature conditions may be favorable to
hydrate formation. This type of Well is
therefore preferably equipped with tubing
retrievable safety valves that provide an inside
through diameter the same as that of the tubing
(F1g.55). The production String must. However,
be pulled out in order to change the valve.

~ Fig.57. Subsurface tubing-annulus safety valves




4.5.2.3 Combination safety valves
Valves that are screwed onto the tubing have an
inside cross-sectional area that is compatible
with that of the tubing, but require a workover
operation when they need to be

replaced. Meanwhile- wireline retrievable
valves are readily pulled out, but cause a
decrease in inside through diameter. A surface
controlled subsurface safety valve can be found
on the market today that offers approximately
the same advantages as both the tubing valve
and the wireline retrievable valve (Fig.56).

4.5.2.4 Subsurface tubing-annulus safety valves
This system is used in gas lifted production
wells, mainly offshore and consists of two
valves, one for the tubing and the other for the
annulus. Both tubing and annulus can be opened
or closed. It requires setting a second packer in
the upper part of the well at the same depth as the
safety valve (Fig.57).

4-6-Blast Joint

A section of heavy walled tubing that is placed
across any perforated interval through which the
production tubing must pass, such as may be
required in multiple zone completions. In
addition to being heavier than normal
completion components, the wall of a blast joint
1s often treated to resist the jetting action that
may result in the proximity of the perforations.It
is shown in Fig.58.

The Blast joint is made of the highest grade alloy
tubing, stress-relieved and heat treated to 30-36
RC for maximum strength and durability. A
heat-treat of 22 RC max. is also available for
H2S service.

4.7. Flow Coupling

A relatively short, heavy-walled completion
component installed in areas where turbulence is
anticipated. The additional wall thickness
prevents early failures due to erosion in the
turbulent flow area. Flow couplings are

typically installed above and below completion
components, such as landing nipples that may
affect the flow. Itis shown in Fig.59.

This part is made of low alloy steels depending
on type and service condition. For example flow
coupling manufactured in Weatherford
Company is made of’

B1819-20 4140 steel heat treated to 30-36 RC
B1819-25 4140 steel heat treated to 18-22 RC
B1819-26 9CrlMo heattreated to 18-22 RC

Bimai font

Fig.58. Blast joint

Fig.59. Flow Coupling
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5 - MANUFACTURERS OF DOWN HOLE EQUIPMENTS

MNMAME

PRODUCTS

ADDRESS

Baker oil tools

Drill collar& pipe
Fishing Tools
Liner hanger,
Subsurface safety valves.
Landing Nipple, Packer,
Sliding sleeve

Smith services

Reamers & stabilizers, Rotary
kellys, tubular products &
accessories, Jar & impact

tools, cementing manifolds,
plugs & accessories
Liner hanger, packer,

Landing Nipple, fishing tools

Emmott Road Huston, Texas, U.S.A
Tel:713 466-1322
Fax:713466-2502

Website: www.bakeroiltools.com
Email: info@bakeroiltools.com

Houston,Texas,U.S.A
E Mail:info@smith.com
Website:www.Smith.com

Weatherford
(completion and
production
systems)

Downhole Completion Tools,
Packers, Flow Control
Systems

E Mail: WCS@Weatherford.com
Website: www.weatherford.com

Weatherford
(Drilling And
Well Services)

Downhole Drilling Tools,
Fishing services, Liner
Hanger, Pipeline

E Mail:dis@Weatherford.com
Website: www.weatherford.com

Proficient oil tools

Packer, tubing expansion
joints, completion equipment,
flow control accessories, wire

line tools, Running pulling

accessories, flow coupling

Calgary, Alberta, Canada
Phone:(403) 255-4070
Fax:(403) 255-4105
Website: www. Proficientoiltools. Com
E Mail: saleas@potl.ca

UK
Tel:01745 815315

subs..

Geogem Milling Tools, junk Mill... Fax:01745 815495
Website: WWW. Geogem.co.uk
E Mail: sales@geogem.com
L ar : France
Fishing Tools: Junk mills, ;
Drillstar pilot mills, section mills & b S S

Fax:00 33 559 62 19 93
Website: www.drillstar- industries.com




NAME

PRODUCTS

ADDRESS

Variperm
Canada limited

Sand control products service
tool, liner hanger, Packer,
Fishing equipment

Calgary, Alberta, Canada
Tel:(403) 250- sand (7263)
Fax:(403) 250-9695

Email: billcummings @ variperm. Com

Website: www.variperm.com

Wenzel Downhole

Drilling Tools: Bits, Hole
opener, Crossover sub,

Texas, U.S.A
Tel:(936) 441-1480
Fax:(936) 756-5335

Website: www. Downhole.com

Vechta/ Germany
Tel: +49 (0)4441/7935+7943
Fax:+49 (0)4441/7937
Website: www.ed-oiltools.de
Email: info@ed-oiltools.de

5.49th W.Ave Tulsa, ok
Tel:(800) 441-3504
(800) 587-3504
Fax:(918) 582-5192
Website: http:// dimfg.com
Email: Sales @ dimfg.com

TUAS Avenue 4, Singapore

Houston, Texas U.S.A
Tel: 281- 445-1188
Fax: 281- 448-7309
Website: www. Cavodm. Com

INDIA
Tel:27 855468
Fax:91-11-27857612
Website: www. Parveenoilfield. Com

Tools Hydraulic and Mechanical jar
; Liner hanger, Anchor seal.
E.D oil tools Landing Nipple, Packer
Downhole equipment, Packer
: oil field tools, completion
D &L oil tools equipment, tubing anchors,
Liner hanger
Elowlink ‘T!.ltiulafr; a::cessulrl'ies, E:JF-"t
Engineering joints, flow coupling, Blas
crossover subs
Cavo Drilling motors
Fishing & Down hole Tools:
P Junk mill, Basket sub,
MEREEY Tape Tap, Wash over
assembly, Drilling Tools,
Drill Collar, Stabilizers
Slimdril

iInternational

Downhole motors

Gotco

Houston, Texas, U.S.A.
Tel:(281) 391-5800
Fax:(281) 391-7595

Milling and washover
Equipments; Pilot Mill, Taper Mill,
basket Mill...

U.S.A
Tel:(281) 376-3784
Fax:(281) 376-1614
Website: www.Gotco-usa.com
Email: tvime @ emirates. Net.ac

INROCK

Reamers & Hole Opener
Crossover sub, swivel...

Uu.S.A
Tel:(713)690.5600
Website: www.Inrock.com
Email:jmiller @ inrock. Com

.



