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(2)
   Baker Oil Tools is involved in every phase of the

wellbore construction process. With technology and

expertise in drilling, completion and well maintenance,

Baker Oil Tools can design and implement complete

wellbore systems for maximum productivity.



   In addition to delivering integrated solutions, we strive

to be the “best in class” for all the individual products

and services we offer. We have not lost sight of the

strong product line focus - in drilling, formation

evaluation, fluids and completion technology - that

made us an industry leader. Therefore, clients who

prefer to purchase individual products and services can

rely on our traditional dedication to product quality.

   This publication  focuses on Baker Oil Tools 

tubing-conveyed perforating systems and associated



equipment.



(3)With our Integrated Solutions
project management program, we
also offer single point access to all
Baker Hughes technologies and
to the products and services of
others.  The Baker Hughes
Integrated Solutions program
coordinates all products and
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(4)Premier Performance


Tubing-conveyed perforating
(TCP) is a critical step in the well
completion process. As the world
leader in TCP and gravel pack
systems and accessories, Baker Oil
Tools is committed to supplying
safe, effective perforating that will
optimize the productivity of each
well.


Baker Oil Tools offers TCP
systems for straight, deviated and
horizontal wells. Gun phasing,
shot density and system


components can be individually
specified to suit the formation,
perforating multiple zones in a
single run while minimizing
debris left in the well. Our


PERFFORM™ perforating


charges continue to lead the
market as the premier debris-free
charge, with more than 500,000
charges fired in the past two years.


Commitment to Quality


Baker Oil Tools TCP design and
manufacturing operation has
been certified to  ISO 9001 since
1992. This certification is part of
our company-wide commitment
to the principles of Total Quality
Management. Our research and
engineering efforts focus on
maintaining high quality while
improving the products and
services we offer.


Fine-particle debris of PERFFORM™ charge (left) compared to debris of conventional charge.



(5)here are selected by our
perforating specialists to


customize various systems for best
results.


This brochure illustrates many
of the standard perforating
system configurations that are
readily available. Please contact
your Baker Oil Tools perforating
representative for completion
planning specific to your
application and for answers to
your questions.



(6)Performance


The PERFFORM perforating system,
using a proprietary shaped charge and
patented liner, eliminates carrots and


coarse steel debris in the perforation


tunnel. PERFFORM debris is a fine,
HCl soluble powder that can be
circulated out, leaving a clean hole.


Since its introduction in 1992, the
system has proven especially well suited
for complex completions of multiple,
highly deviated wellbores, and for wells
using coiled tubing and small diameter
casings. The PERFFORM perforating
system is applicable, as well, to all gravel
pack completions and can be used in all
standard Baker Oil Tools systems.


Penetration


Total target penetration (TTP) of the
PERFFORM charge exceeds penetration
of the standard charge in the lower
gram load range. For heavier loads,
penetration is comparable.


Entry Hole Diameter


Regardless of the charge weight,
PERFFORM produces entry hole
diameters similar to those of standard
charges while maintaining its excellent
penetration and low debris characteristics.


Better Perforation Cleaning


Because of its smaller debris size and
lack of a carrot, the PERFFORM
perforating system offers significantly
better perforation tunnel and wellbore
cleaning when compared to conventional
perforation systems. Size and solubility
of the debris allow its ready removal
during underbalance perforating and
prepack acidizing. Test data show that
78% of PERFFORM debris is soluble in
HCl acid, while only 3% of conventional



(7)• Gun performance software has been developed to provide a realistic prediction of gun performance
using actual well conditions.


• Results are based on API RP 43, Section 1, Edition 5 data.
API Tubing-Conveyed Perforating Performance Analysis


90° phasing, 4 shots per foot


60° phasing, 6 shots per foot


45° phasing, 12 shots per foot


10 hours 100 hours 200 hours


RDX 285°F 235°F 220°F


HMX 350°F 300°F 285°F



(8)Application


This system may be used for
perforating new wells with clear
completion fluids. It is run with a


Retrievamatic™ packer and ported


disc, and is fired mechanically.
The packer's large bypass permits
circulation around and through
the tool while running in. The
ported disc assembly protects the
firing head from debris during
makeup and run-in, and allows
the tubing to fill while it is
running in the hole. The system
can be run with an automatic
underbalance device to facilitate
formation cleanup.


Running In


TCP guns are run into the well
with a retrievable packer. A
radioactive tag establishes the
location of the string before
perforating.


Establishing Underbalance


An underbalance condition is
established by circulating down
the work string with lightweight
fluids. The Retrievamatic packer's
bypass area allows circulation
through the tool to the ported
disc assembly located directly
above the guns. A guide sub
protects the firing head from
unintentional detonation due to
foreign objects while ensuring
that the detonating bar strikes
the hammer properly when
detonation is desired.


Firing Guns


To fire the guns, the detonating
bar is dropped from the surface,
striking the firing head and firing
the guns. Formation fluids surge
against underbalanced tubing
pressure upon perforation of the
casing and bore.


Stabilizing the Well


After flow tests are completed,
the well is stabilized by opening
the bypass in the retrievable
packer and reverse-circulating
debris and reservoir fluids to the
surface.
Figure 1 - Running In
Perforating
guns
Pup joints
Mechanical
firing head
Ported disc
assembly
Tubing
spacers
Retrievamatic
packer
Radioactive tag
sub
Test head



(9)Retrievamatic
packer
Ported  disc
assembly
Guide sub
Ported   disc
assembly
Detonating
bar
Hammer
Firing head
Perforating guns
Reverse circulation
through packer



(10)Application


This system, configured with an
annular-pressure-activated firing
head, is ideally suited for deviated
wellbores and restricted tubulars,
or as a secondary firing system in
a solids-laden fluid. Firing
pressures can be adjusted from
1,000 to 6,000 psi (6,895 to
41,369 kPa) as needed, depending
upon the hydrostatic pressure.
The system is hydraulically
balanced during the run-in
period, and a hydraulically
activated safety device prevents
premature detonation.


The 'PRT' crossover/disconnect
kit provides a two stage


emergency release, in the event
the guns and/or packer encounter
difficulty in retrieval.


Running In


The perforating assembly
consists of the TCP guns with a
hydraulic firing head, a


Retrievamatic™ packer to permit


circulation while running in, and
a crossover kit to port annular
pressure to the firing head.
Lightweight fluid, circulated
down the tubing before the
packer is set, provides the



Retrievable Packer with 'PRT' Crossover/



Disconnect Kit and Hydraulic Firing Head System


underbalanced condition.


Firing Guns


After the packer has been set,
pressure is  applied to the
annulus. This pressure wave is
transferred over to the hydraulic
firing head and fires the 
tubing-conveyed perforating guns.


Well Flowing


Kill weight fluids are then
flowed to remove formation
debris and to clean the


perforation tunnels. Well flow is
directed through the flow port,
up the tubing, and to the surface.


Stabilizing the Well


Once flow tests are completed,
the well is stabilized by opening
the bypass in the retrievable
packer and then 
reverse-circulating from the wellbore.


Disconnecting


In the event the guns become
difficult to remove, right hand
torque will allow the bypass tube
to withdraw, establishing
communication between the
tubing and the annulus.
Circulation is then possible.
With additional rotation the drill
pipe may be released from the
guns, and, if necessary, continued
rotation will disconnect from the
packer. When disconnected, the
packer is full opening and can be
retrieved independently from the
guns.
Figure 5 - Running In
Perforating guns
Model B hydraulic
firing head
Pup joint
Flow port
Retrievamatic
packer
Crossover kit



(11)Figure 6 - Establishing Underbalance/
  Guns Firing/Well Flowing


Figure 8 - Disconnect From Guns
Figure 7 - Stabilizing the Well


Annular pressure applied
through the crossover kit
fires the guns


Tubing is
underbalanced
Flow port
Reverse circulation
through packer
Flow port
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Tubing-Conveyed Perforating Guns

with Production Packer System


Application


TCP guns are run with
completions equipment to
perforate new zones. This


technique avoids contact between
the formation and kill fluids.
Because TCP guns are configured
with a production packer,
perforating and production
equipment are run in one trip.
This permits maximum well
control, with surface control
equipment installed prior to gun
detonation.


Since gun selection is not
constrained by the packer bore
size, gun size can be selected to
complement the desired
underbalance. TCP guns used
with production packers obtain
highly efficient completions of
new zones in wells with existing
completions.


Running In


Tubing-conveyed perforating
guns are run below the


production packer with either a
mechanical or hydraulic firing
head with automatic gun release
sub. The system can be run and
set either on tubing or wireline. A
seating nipple may be required
for hydraulically set packers. The
ported disc assembly allows the
tubing to fill during run-in and
permits circulation of lightweight
fluid before the packer is set,
providing an underbalanced
condition. The ported disc
assembly also protects the
mechanical firing head from
debris during makeup and run-in.


Setting the Packer


A blanking plug seals the
seating nipple so tubing pressure
can set the packer, or the electric
line setting tool is actuated.


Firing Guns


To detonate the perforating
guns, a detonating bar is dropped
down the tubing from the
surface, and as it strikes the firing
head the guns fire. The guide sub
ensures that the detonating bar
strikes the hammer properly.
Ports in the disc assembly allow
the formation pressure to surge
against the underbalance in the
tubing. Redundant firing systems
may also be used.


Producing


After firing, the automatic
release sub is actuated, and the
perforating guns are released,
dropping to the bottom of  the
wellbore. Production of the well
through the tubing can begin.


Perforating guns
Mechanical firing head
with automatic release
Disc protects the firing
head from debris
during makeup and
run-in.


Ported disc assembly
Seating nipple
Seal assembly
Production packer



(13)Figure 12 - Producing
Figure 11 - Guns Firing


Ported disc
assembly
Detonating bar
Hammer
Firing head
Perforating guns


Figure 10 - Setting the Packer
Guide sub
Pup joint
Blanking plug
Tubing pressure
sets the packer
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Tubing-Conveyed Perforating Guns

through Production Packer System


Application


For accurate depth control,
Baker Oil Tools TCP guns can be
run through the production
packer. After the packer is set by
wireline, the tubing-conveyed
perforating and production
accessories are run in a single trip.


Running In


Perforating guns and the
completion assembly are run on
the production tubing. A ported
disc assembly protects the firing
head from debris during makeup
and run-in. A mechanical firing
head with automatic release is run
above the perforating guns.


Circulating


To facilitate circulation of the
well, the completion assembly is
positioned with the ported disc
assembly above the production
packer. The ported disc assembly
allows circulation down the
tubing and up the annulus. This
facilitates placing lighter fluid in
the tubing, which achieves an
underbalanced condition.


Guns Firing


A detonating bar is dropped
down the tubing from the surface
to detonate the perforating guns,
and as it strikes the firing head,
the guns fire. The guide sub
ensures that the detonating bar
strikes the hammer properly.
Ports in the disc assembly allow
the formation pressure to surge
against the underbalanced
tubing. Redundant firing systems
may also be used.


Producing


After firing, the automatic
release sub is actuated, and the
perforating guns are released,
dropping to the bottom of the
wellbore. Production of the well
through the tubing can begin.


Production
packer
Mechanical firing
head with
automatic release
Perforating guns
Pup joint
Ported disc
assembly
Production seal
assembly
Production tubing
Figure 13 - Running In



(15)Pup joint
Ported disc
assembly
Guide sub
Ported disc
assembly
Seal assembly
Hammer
Detonating bar
Firing head
Perforating guns
Figure 16 - Producing
Figure 15 - Guns Firing
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Horizontal Perforating System


Application


The field-proven horizontal
perforating system has perforated


wells with deviations up to 104°.


This type of system has also
perforated more than 4,500 ft
(1,372 m) of wellbore in a single
trip. Mechanically, it is a simple
system, incorporating  only four
basic components:


• RS™ packer with a  cross


over kit


• Hydraulic underbalancing
valve


• Hydraulic firing head
• Baker Oil Tools perforating


guns.


Wellbores can be perforated


throughout a full 360° with


density up to 12 shots per foot.
Alternatively, the perforating
guns can be oriented to perforate
only the low side of the wellbore.
The packer is set and unset by a
simple vertical work string
movement, so work string
rotation is not needed.
Detonation of the perforating
guns is accomplished by applying
annular pressure above a


previously set RS™ packer.


Running In


The tubing may be run dry or
filled partially while running in.
Hydrostatic pressure is isolated
from the sump area by a
hydraulic underbalancing valve.


The firing head is hydraulically
balanced during run-in and has
no atmospheric chambers. Once
the perforating gun is positioned
adjacent to the desired interval,
an upward motion of the work
string indexes the packer to a set
position. A downward motion
then sets the packer. Annular
pressure is relieved through the
valve and is ported to the top of
the firing head.


Firing Guns


Annular pressure is exposed to
the top of the firing head and
then it is increased until it
overcomes the pressure in the
sump area. When the applied
pressure overcomes the collet that
retains the firing pin, the firing
pin releases and strikes the
detonator, causing explosive train
ignition and detonating the
shaped charges.


For more information,
order paper number SPE
16929  from the Society of
Petroleum Engineers or
Baker Oil Tools.



(17)Hydraulic
underbalancing
valve


Model B firing head
RS packer
Perforating guns
Crossover kit
RS packer Hydraulic
underbalancing
valve


Figure 18 -  Guns Firing
Figure 17 -  Running In
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SCP
SM One-Trip System


Application


One of the most significant
advantages of the SCP (Sand
Control and Perforating) one-trip
system is that it saves rig time
and certain expenses associated
with conventional perforating
and gravel packing. Completely
retrievable, this system has an
unrestricted tubing ID. No
rotation is required during
operations. The system minimizes
fluid lost to the formation during
long trip times in conventional
operations, and reduces the need
for formation-damaging lost
circulation pills.


Firing Guns


A radioactive tag ensures the
proper depth, and the SCLP
packer is set. The detonating bar
is then dropped, striking the
firing head and detonating the
charges.  Upon firing, the
perforating guns are released
automatically, dropping to the
bottom of the well. An inward
surge from the formation then
flows through the ported disc
assembly and up the drill pipe.


For more information,
order paper number SPE
13648  from the Society of
Petroleum Engineers or
Baker Oil Tools.


Killing the Well


After the well is flow tested,
flow must be controlled to
permit gravel pack operations.
This involves opening the bypass
in the SCLP packer and then
stabilizing the well by reverse
circulating.


Gravel Packing


The assembly is repositioned for
gravel packing after killing the
well. A Model S2P setting/
crossover tool permits gravel pack
sand to be circulated down the
tubing and out into the


perforated area. Standard gravel
pack procedures are followed,
and returns are taken through the


Bakerweld® or Slim-PakTM


screen and up the washpipe to
the annulus.


Producing


After completing the gravel
pack, the production tubing is
landed in the packer seal bore,
and following this the well can be
flowed as required.


Radioactive tag sub


Perforating guns
Firing head
Hammer
Detonating bar
Ported disc assembly
SCLP packer
Bypass closed
Bakerweld® or


Slim-Pak™ screen


O-ring seal sub
Shear-out safety joint
with rotational lock
Model SC-2 packer
Model S2P setting
tool/crossover tool



(19)Washpipe landed in
o-ring seal sub


Bypass opened, kill fluid
reverse circulated
SCLP packer set


Automatic gun release


Production tubing
landed


Hydrocarbons


Figure 22 - Producing
Model SC-2 packer is


set and tested


Washpipe raised to
expose ID screen


O-ring seal sub
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Dual Redundant Direct Pressure

Applied System

Figure 23 - Running In
Radioactive tag
Retrievamatic
packer
Tubing spacers
Perforated sub
Pup joints
D/RD firing head
Perforating guns
Application

This system was designed with a
redundant firing head system for
use in wellbores containing
pressure sensitive liner tops or
depleted zones. The redundant
firing heads provide a primary
and a backup system for
improved reliability.


Running In


Tubing-conveyed perforating
guns are run in the hole below a
ported disc assembly. The ported
disc allows the string to fill with
fluid while tripping in.


Displacing with Nitrogen


Once the guns are at depth and
prior to perforating, the fluid is
displaced with nitrogen to create
an underbalance to formation
pressure. The packer is then set.


Firing Guns


After the packer is set, surface
pressure is increased until it
reaches a predetermined down
hole pressure, according to the
rupture disc used.  The rupture
disc bursts, initiating a time delay
(either 8 or 30 minutes). This
gives the operator time to bleed
the surface pressure down to the
required underbalance.


Production flow then removes
any debris that may remain in
the perforations.



(21)Reverse
circulation
through packer


Figure 26 - Stabilizing the Well
Figure 25 - Apply Pressure to Fire Guns and


         Bleed Off to Desired
         Underbalance
Figure 24 - Establishing Underbalance
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Dual Completion String System


Application


The dual completion string
system was designed to enable
dual string completions and
perforations in a single trip. The
system features selective and
independent firing heads for 
two-gun systems.


Running and Firing


After perforating and


production equipment is placed
in the wellbore, the 
dual-completion packer is set by
pressurizing the short string
against a temporary plug.


The surface completion is
installed and tested. Then, the
short string perforating assembly
that has been mounted parallel to
the long string may be perforated.
With a two gun system, each gun
can be fired independently at the
operator's discretion. Because
both zones are isolated, they can
be independently produced.


Figure 27 - Dual-Zone, One-Trip Completion Using Parallel-Orienting System
Model A-5 


dual-completion packer
Parallel orienting
head
Model D packer
Mechanical gun
release sub
Compensating
valve
Mechanical firing
head
Perforating guns
Guide sub


Elastomeric shock absorber
Perforating guns


Guide sub
Mechanical firing
Compensating valve
with disc


Adjustable spacer sub
with rotational lock
Expansion joint
Seating nipple



(23)the utmost operator safety. In
addition, a malfunctioning firing
head can be replaced if necessary.


The system is run in the hole
below a packer. This may be
either a permanent packer with
an automatic gun release or a
retrievable packer. With the guns
at depth and the packer set, the
firing head is set in its receptacle
by wireline. Once in place, the
system is fired either mechanically
or hydraulically.


Compensating valve


Wireline jars


Wireline-conveyed firing
head


Wireline landing assembly


Perforating guns
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TC
™ System


Application


As the name implies, the Total


Control™ (TC) system provides


total control over fluid losses to
the formation. It also provides
absolute downhole formation
shutoff for use in transient
pressure analysis. Other features
are the ability to spot lost
circulation pills above the packer
with no fluid loss and to increase
fluid weight without formation
feed-in.


Running  In


As the system is running in the
hole, the work string fills through
a Multi-Reverse Circulating Valve
(MRCV). Once at depth, the
MRCV is closed by circulating
down the tubing at a minimum
rate of 3 gpm (11.36 lpm).


Firing Guns


After the packer is at depth and
set, pressure is applied to the
annulus, opening the Pressure
Operated Test Valve (POTV).
The detonating bar is then
dropped; the guns fire and then
fall to the bottom of the hole.


Flow Testing


Annular pressure is maintained
to keep the POTV open while
the well is flow tested. At the end
of the flow test, the annular
pressure is bled off and the
POTV closes.


Stabilizing the Well


The MRCV is cycled open and
well fluids are reverse-circulated
from the wellbore. Should the
MRCV fail to open due to sand
production, the Annular


Operated Reverse Valve (AORV)
may be opened by applying
annular pressure. The well is then
circulated until stable.


Figure 29  - Running In
Drill collars
Radioactive tag sub


Annular-operated
reversing valve (AORV)
Multi-reverse


circulating valve (MRCV)
Drill collars


Pressure-operated
test valve (POTV)


Recorder carrier
Hydraulic jars
Rotational release
safety joint
Crossover sub
Retrievamatic packer
Ported disc
assembly
Mechanical
firing head
Perforating guns



(25)Figure 30 - Guns Firing Figure 31 - Flow Testing


Hydrocarbons to
surface


Figure 32 - Stabilizing the Well
Perforating guns


Detonating bar
Ported disc assembly
POTV is opened with
annular pressure


MRCV closed MRCV is open


POTV is closed


Gauges have recorded
formation pressure
build up



(26)
Tubing-Conveyed Perforating Guns

in Deviated Wellbores


Application


This system is especially suited
for low-side or directional
perforating. The combination of
a tubing swivel and orienting lugs
ensures the proper orientation of
the gun system. Low side
capability permits perforation of
long horizontal sections that have
excessive leakoff during gravel
pack operations.


Running In


As the gun section is run in the
hole, the orienting lug and tubing
swivel facilitate gun orientation
to the low side of the hole.


Firing Guns


Nitrogen or a lightweight
completion fluid is circulated
into the hole, and then tubing
pressure is applied and bled off to
activate the firing heads.


Well Flowing


The well is flowed through the
ported sub and through the
tubing. Production is monitored
at the surface.


Stabilizing the Well


The packer bypass is opened for
reverse circulation through the
packer bypass and flow ports to
stabilize the well.


Perforating guns
Model RD adapter
Model D firing head
Tubing swivel
Tubing
Ported sub
Tubing
Retrievamatic
packer
Figure 33 - Running In



(27)Retrievamatic packer Reverse circulation


Figure 34 - Guns Firing Figure 35 - Well Flowing Figure 36 - Stabilizing the Well
Orienting lugs
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Hang and Release System


Application


The hang and release system
was designed for use with 
mono-bore completions to eliminate
excessive costs associated with
locating the guns when using
coiled tubing. The system also
may be used to run all completion
equipment while the rig is on
site, but before perforation.


Running In


The system may be run on
wireline, coiled tubing or rigid
pipe since hydraulic pressure is
used to anchor the slips.


Setting the Tool


Once the system is at depth,
hydraulic pressure is applied to a
highly accurate rupture disc.
When the disc bursts, this
pressure is applied against an
atmospheric chamber that sets
the slips, anchoring the hang and
release mechanism.


Firing Guns


A slickline trip then places the
wireline-conveyed firing head in
the landing receptacle. The guns
are fired either by applying
pressure or by dropping a firing
bar. After the guns fire, the gas
generated by their detonation is
channeled into the hang and
release tool. This pressure causes
the slips to retract, and the entire
assembly falls to the bottom of
the hole. Alternatively, the system
can be run with the auto-release
mechanism removed, and the
guns can be retrieved using coiled
or rigid tubing.


Figure 37 - Running In Figure 38 - Guns Firing
Perforating guns


Running tool


Hang and release


Hang and
release
Wireline
conveyed
firing head
Guns firing
Packer
slips



(29)Figure 39 - Releasing the Guns Figure 40 - Optional Retrieval
Hang and release



(30)Application


The parallel perforating system
performs multiple completion
operations in one trip. It may also
be used selectively to fire 
multi-zone completions.


Running In


The system is run to the bottom
of the hole while mounted to the
side of a tubing string. Blast joints
may be run next to the perforating
guns to reduce damage while
flowing.


Stimulating


Formation treatment systems
are injected past the guns and
into the formation. This procedure
may require as much as 100,000 lbs
(45,360 kg) of frac sand.



Parallel Perforating System


Isolating


Following stimulation, the
isolation packer is positioned and
then set by applying pressure
from the surface.


Firing Guns


The system uses an integral
firing head that is pressure
balanced prior to seating a ball.
After shear-release from the
isolation packer, the ball is
dropped from the surface. This
ball seats and isolates the tubing
from annular pressure. Surface
pressure is then applied down the
tubing, causing the guns to fire.


Retrievamatic
packer


Parallel
perforating guns


Hydraulic hold down
Isolation packer
Tubing
Sliding sleeve
Tubing
Seal assembly
Sump packer
Figure 41 - Running In



(31)packer is set


Isolation
packer is set


Figure 44 - Guns Firing
Figure 43 - Isolating
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Auger Gun System


Application


The auger gun system is
designed for use in unconsolidated
formations or in high fluid-loss
wells. The auger system allows for
perforating with maximum
underbalance without the risk of
the guns sticking due to formation
sand. The system has been
utilized successfully in deviations


as high as 104°. The system


incorporates an auger blade that
enhances cleanup of 
sand-producing wells by increasing the
fluid velocity in the wellbore. The
auger system also allows the well
to be prepacked with gravel pack
sand prior to moving the guns.


Running and Firing


Auger gun system components
are rated to a minimum of
6,000 ft-lbs (8,135 Nm) and are
torqued at the surface prior to
running downhole. Once at
depth, the packer is set and the
guns are fired using either a
mechanical or hydraulic firing
head. The well is then flowed at
maximum velocity to aid in


cleaning the perforations.


Prepacking the Well


After the completion string is
cleaned of debris, the prepack is
circulated downhole and then
injected into the formation until
a sandout pressure is seen at the
surface. The excess slurry is then
reversed out of the well through
the packer bypass.


Augering Out


The entire assembly is retrieved,
rotating out of the hole. This
rotation mechanically packs the
perforations as the assembly is
removed.



(33)Compensating
valve with disc


Auger gun
blank tubing
Mechanical
firing head
Auger perforating
gun
Filling
perforations
Prepacking
completed


Figure 45 - Running In the Hole
and Firing the Guns


Figure 46 - Prepacking the Well Figure 47 - Augering Out
Packer
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Firing Heads


Mechanical Firing Head


The mechanical firing head
detonates the TCP gun.
Detonation is by a detonating
bar, which strikes the hammer. A
reduced ID sub, immediately
above the firing head, prevents
accidental detonation.


Hydraulic Actuator Module


detonation of the TCP guns.
This module converts the
mechanical firing mechanism to
a mechanically-assisted,


hydraulically-actuated
mechanism.


Model B Hydraulic Firing Head


The Model B hydraulic firing
head is used to initiate


installed. Detonation is caused
by annulus pressure above the
packer.


Dual Firing Head


The dual firing head initiates
detonation of the 
tubing-conveyed perforating gun. It is
run below a mechanically set
packer with a crossover kit.


Figure 48 - Mechanical Firing Head Figure 50 - Model B Hydraulic Figure 51 - Dual Firing Head
 Firing Head


Figure 49 - Hydraulic Actuator
 Module



(35)Wireline-Conveyed Firing Head


This firing head is used to
initiate detonation of the TCP
guns while allowing them to be
run to depth unarmed.


Detonation can be accomplished
either by jarring down or by
releasing the running tool,
pulling out of the hole, and
dropping a bar from the surface.


Model RD Firing Head Adapter


The RD firing head adapter is
hydraulically actuated by tubing
pressure. It is used either as the
primary or as a backup firing
head.  It is compatible with all
firing heads, and may be run in
conjunction with them to form a
multiple firing system. Firing
pressure is  controlled using a


Model D Firing Head


The Model D firing head is
hydraulically actuated by tubing
pressure. It contains a rupture
disc and a time delay to allow for
well underbalancing. Detonation
is accomplished by pressuring the
tubing until hydrostatic pressure
and applied pressure rupture the
disc and initiate the time delay.



(36)Underbalancing Disc
Assembly


The underbalancing disc
assembly is used in a perforating
system to provide an economical
method of achieving an


underbalanced condition. The
tool includes a high-strength disc
that prevents communication
between tubing and tubing/casing


Heavy-Duty Underbalancing
Valve


The heavy-duty 
under-balancing valve is used in


conjunction with any mechanically
detonated TCP system. The valve
offers the ability to perforate
while underbalanced by running


the tubing either with a low fluid
level or when completely dry.
The valve is actuated by the
detonating bar as it moves
through the valve.



Underbalancing Devices



(37)Model P-2 Hydraulic
Underbalancing Valve


The Model P-2 hydraulic
underbalancing valve is used in
conjunction with the PT or PRT
crossover kit and the hydraulic
firing head in the TCP system.
The valve offers the ability to


perforate while underbalanced by
running the tubing either with a
low fluid level or while


completely dry. The valve is
actuated by applying annulus
pressure above a set packer,
exposing the formation to the
underbalanced pressure and


sequentially firing the guns. A
built-in safety design prevents the
valve from opening unless packer
is set, and guns will not detonate
until valve opens.
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Underbalancing Devices


Upon detonation, gun pressure
and well hydrostatic pressure are
used to shift a sleeve, exposing
the formation to the 
under-balanced pressure.


Underbalancing Valve with
Knockout Plug


The underbalancing valve with
knockout plug is designed to be
used with a drop bar system. As
the detonation bar moves past the
plug, it is sheared, exposing ID
pressure to the inner sleeve.
Hydrostatic pressure will shift the
sleeve, exposing the formation to


Automatic Underbalancing
Valve


The automatic underbalancing
valve is a mechanical firing head/
underbalancing valve tool used
with the TCP system. The valve
allows perforation while
underbalanced by running the
tubing either with a low fluid
level or while completely dry.



(39)Compensating Valve


The compensating valve is used
in a TCP system to eliminate
solids  from the tubing above the
firing head. The tool provides a
chamber of clean fluid that is
isolated from the fluid in the
wellbore.


Ported Disc Assembly


The ported disc assembly serves
two purposes: first, it provides a
flow port, and second, it keeps
debris from falling onto the
mechanical firing head by means
of the disc.


After shattering the disc, the
detonating bar falls through clean
fluid to the firing head.


Figure 61 - Compensating Valve
Figure 60 - Ported Disc Assembly
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Gun Releases


Mechanical Gun Release Sub


The mechanical gun release sub
is used in the perforating system
to drop the guns. Once the guns
are released, the gun release sub is
fully opened. It has a chamfered
bottom for safe wireline tool
passage.


Model B Hydraulic Gun
Release Sub


The Model B hydraulic gun
release sub is used in the TCP
system to drop the guns. This
tool eliminates the need for a
wireline trip into the hole to
actuate a  mechanical-type
release. Release is accomplished
by dropping a ball on its seat and


Automatic-Release
Mechanical Firing Head


The automatic gun release is
designed to release the


perforating guns at the time of
gun detonation. Pressure from
the detonation actuates a release
mechanism. This allows the guns
to drop below the producing
zone prior to any sand-ups if


Figure 62 - Mechanical Gun Release Sub Figure 63 - Model B Hydraulic Gun
 Release Sub


Figure 64 - Automatic-Release
 Mechanical Firing Head



(41)PT Crossover Kit


This crossover kit is designed
for use with the Model B
hydraulic firing head. The
crossover kit can be installed in
retrievable packers. This tool
allows casing pressure above the
packer to communicate through
the packer assembly to the top of
the hydraulic firing head, and at


PRT Crossover/Disconnect Kit


The PRT model crossover/
disconnect kit incorporates an
additional disconnect feature.
Applying a preset torque to the
work string at a preset number of
right hand turns will cause the
crossover kit to disconnect below
the packer. Continued rotations
disconnect the string above the
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Miscellaneous Accessories


Tubing Swivel Sub


For directionally perforating
wells, the tubing swivel sub is
used in conjunction with
orienting lugs to assure proper
orientation of perforating guns.


Radioactive Tag Sub


The radioactive tag sub is placed
in the tubing-conveyed


Bottom Shot Indicator


The bottom shot indicator is
used in conjunction with the
tubing-conveyed perforating
system to indicate total
detonation of the perforating
guns. It is attached on the
bottom of the gun assembly and
provides a delayed signal


confirming complete detonation.


Detonation Monitor
(not shown)


The recorder, by use of
vibration and pressure sensing
devices, confirms detonation of
Baker Oil Tools tubing-conveyed
perforators. Typically a bottom
shot indicator also is used,
providing a positive indica-tion
of correct gun performance.


Figure 67 - Tubing Swivel Sub Figure 68 - Radioactive Tag Sub Figure 69 - Bottom Shot Indicator Figure 70 - Elastomeric Shock
 Absorber



(43)TING GUNS
TING GUNS
PERFORMANCE DA
TA
 - API RP 43 EDITION 5
PERFORMANCE DA
TA
 - API RP 43 EDITION 5
PHS Deg
MAX
PR (psi)
CHARGES
EXP TYP
CHG TYP
WT (gm)
CASING
CSG
OD (in)
CSG
WT (#/ft)
CSG GRD
SECTION 1
COMP STR (psi)
A
VG HL
DIA (in)
AV
G
PEN (in)
CHARGE  TYPE
60 60 60 60 60 60 60 60 60 60 45 45 45 45 45 45 45 45 45 45 45
22,000 22,000 22,000 20,000 20,000 20,000 20,000 20,000 17,000 17,000 17,000 17,000 17,000 17,000 17,000 14,500 14,500 14,500 14,500 12,000 12,000
RDX HMX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX RDX
D.P
.
D.P
.
G.P
.
D.P
.
D.P
.
G.P
.
D.P
.
D.P
.
D.P
.
D.P
.
G.P
.
G.P
.
G.P
.
D.P
.
D.P
.
G.P
.
G.P
.
D.P
.
D.P
.
D.P
.
G.P
.
16.0 16.0 16.0 23.0 23.0 22.7 23.0 23.0 32.0 36.0 22.7 22.7 22.7 20.5 20.5 32.0 32.0 32.0 32.0 32.0 61.0
4 1/2 4 1/2 4 1/2 4 1/2 4 1/2 5 1/2 5 1/2 5 1/2 7 7 7 7 7 7 7 9 5/8 9 5/8 9 5/8 9 5/8 9 5/8 9 5/8
11.6 11.6 11.6 11.6 11.6 17.0 17.0 17.0 32.0 23.0 32.0 32.0 32.0 32.0 32.0 47.0 47.0 47.0 47.0 47.0 47.0
L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80 L-80
6330 5350 6330 6790 6360 6033 6570 7030 7090 5007 6937 6382 6258 6070 6937 7730 8183 5776 5776 8047 6850
0.34 0.33 0.59 0.42 0.37 0.70 0.36 0.39 0.37 0.45 0.72 0.71 0.71 0.40 0.38 0.76 0.72 0.46 0.38 0.37 0.99
13.57 12.69 6.87 21.21 18.66 6.49 19.70 22.13 28.41 30.18 6.58 6.36 6.86 17.59 14.79 7.45 6.78 24.08 22.65 28.52 7.13
STEEL
PERFFORM PERFFORM
STEEL


PERFFORM PERFFORM PERFFORM


STEEL STEEL STEEL STEEL
PERFFORM AUGER & PF


STEEL
PERFFORM
STEEL
PERFFORM
STEEL
PERFFORM
STEEL
PERFFORM
60
120 LS 45 45 45 60 45
22,000 17,000 17,000 17,000 17,500 17,500 17,500
RDX RDX RDX RDX RDX RDX RDX
G.P
.
G.P
.
D.P
.
G.P
.
D.P
.
D.P
.
G.P
.
16.0 22.7 20.5 22.7 23.0 32.0 22.7
7 7 7 7 7 7 7
32.0 23.0 32.0 32.0 32.0 23.0 23.0
L-80 J-55 L-80 L-80 L-80 K-55 K-55
8920 8140 6003 6003 7140 8940 6290
0.42 0.74 0.34 0.66 0.41 0.47 0.79
5.14 7.56 16.69 6.96 21.10 23.69 6.53
PERFFORM
STEEL
PERFFORM PERFFORM
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