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Foraward

This document addresses safety concerns regarding the use of coiled tubing as it pertains to the preservation of personnel,
environment and the wellbore. The scope of this document is not intended to fully replace a standard practice manual or give
full detail of all safety procedures. The main contribution of this document is to provide further depth to the broad scope of
these basic practices to enhance the effectiveness of the industry. The practices discussed in this document pertain to a
normally-pressured and low-pressure wells on land or on fixed platforms/caissons in open waters. Westport Technology and
the authors of this document make no representation, warranty, or guarantee by publishing this material and hereby expressly
disclaim any liability or responsibility for loss or damage resulting from
municipal regulation with which this publication may be in conflict.

Acknowledgement

its use or for the violation of any fede~l, state, or

Coiled tubing has been a technology available for over thirty years, however, the application and use has expanded signifi-
cantly over the past 8 years due to improved materials, better handling, and transportation equipment. The expanded use has
improved procedures and reliability, though varied between company and business sectors. A number of companies will
benefit from access to the information contained in this manual and will be able to more reliably apply this technology to control
costs. Westport greatly appreciates the U.S. Department of Energy, National Petroleum Technology Office, in Tulsa for sup-
porting this project, The ultimate success will be measured through the transfer of this information to the industry, especially
with the help of the Petroleum Technology Transfer Council (PTTC) through their valuable services to the industry.

We would like to express our thanks to the number of production operators, setvice companies, and individuals who contrib-
uted their valuable time, data, and experience to making this document. Finally, Westport wishes to acknowledge the efforts
of Carl Cron, who was the original project manager. Carl passed away in 1998 during its development. It was Carl’s vision that
recognized the need for this manual and his strong persuasion that convinced a number of companies to contribute their
information and ideas for this project.

ExecutiveSummary

This document is provided to establish a general set of safety guidelines for coiled tubing intervention in low and normally-
pressured wells. It is not intended to serve as an operations manual to accomplish the myriad of activities possible with this
device. Rather, this manual hopes to add value for the production operator and service company by outlining the safety basics
augmented by operational experience to preserve the well-being of personnel and to preserve the environment and invest-
ment in each well. The content assumes a certain amount of familiarity with operations by the managers, superintendents,
engineers, and field personnel for whom this document was written. As per normal, the personnel involved with operations
should have well control training and equipment operations experience. The manual is not intended to address coiled tubing
operations in high pressure environment or coiled tubing drilling. This document has used some of the information outlined in
API Recommended Practice 5C7 as well as the vast operational experience of some operators and their lessons learned.
There are a number of quality documents which have served to make this well intervention method a high quality, dependable,
and unique solution. Westport Technology is committed to expanding the educational experience of the industry through this
document, workshops, and other manuals like the “Coiled Tubing Squeeze Cementing - Best Practices 0.’
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Wed Tubing Safety Manual

1.0 Well ControlEquipment(Ref API RP 5C7)

The well control equipment will be used for primary well
control and should be configured from the top to bottom as
follows:

a.

b.
c.
d.
e.
f.

9.
h,
i.

Stripper or annular-type presenter (An annular preventer
can also be installed below the Blowout Preventer [BOP]
stack depending on the operation.)
BOP (blowout preventer) Stack to consist ot
Blind ram (Optionally, use a blind/shear combination)
Shear ram (Optionally, use a blind/shear combination)
Kill line
Slip ram
Pipe ram
Flow tee and 2“ -5000 psi valve
Riser sections (optional depending on rig up configuration)
Two Way Sealing Valve (optional)

Notes:
● The blind and shear ram can be combined into a single
component as well as the pipe and shear ram.
● The kill line will not be used to take returns from the wellbore.
Instead, a flow tee should be mounted below the BOP stack
for flowback.
● The master valve of the wellhead should never be closed
to gain access to a well. If a swab valve is leaking, it should
be repaired prior to rigging up coiled tubing equipment.
Optionally, an additional two-way sealing valve can be added
to the wellhead. Ideally, this valve should be capable of cutting
the coiled tubing with minimal hanging weight.
● All connections from the wellhead to the BOP stack should
be flanged connections. The BOP should be mounted as
close as practical to the wellhead.
c Wellheads which have threaded connections (such as
multiple-completions), should consider changing out the tree
prior to the coiled tubing workover if at all possible. In the
event it is impractical to change out this type of wellhead, two
considerations are suggested. First, use a platform-style base
to rest the weight of the coiled tubing which will minimize
side-loading by the sway of crane support or independent
legs. Secondj incorporate a two-way sealing valve
immediately above the swab valve that has demonstrated
capability to cut the size, grade and maximum thickness of
coiled tubing to be used. Flanged connections and ring

gaskets should meatAPl Spec 16ASection Ill B and C. Quick-
connections are only appropriate for use on the bottom of the
stripper in low/normally pressured wells. When quick-
connections are used, an additional o-ring is advised to be
placed above the connection which can be rolled on in the
event the original o-ring is cut.
● Some ram components have been known to shear fracture
during a function/pressure test and have fallen into the
wellbore during operations. The body of the rams themselves
should be inspected periodically for integrity. The inside bore
of the well control stack should be visually inspected after a
function test of all rams to insure that they have actually
retracted as shown by the indicator pins.
● A function test should be made individually for each ram to
note that the appropriate ram has been actuated (to prevent
accidentally switching hoses during rig up),
● Flow tees should have a flange connection on the outlet.
Threaded connections do not effectively support the weight
which is inherently applied to this section of the riser.
● Some well flowbacks will bring back sand from the wellbore
which can erode the returns line. A visual and/or ultrasonic
inspection should be performed to insure the surface piping
is suitable for the operation.
● High coiled tubing rig ups above the wellhead can translate
high bending forces with relatively minor movement from the
injector head (even when supported by a crane or platform).
A periodic check of the Christmas tree bolts is advisable to
insure they have not worked loose during prolonged
operations.

1.1 Blind Rams

Blind rams should be able to provide an effective seal from
wellbore pressure below when the BOP bore is unobstructed.
Equalizing valves should be used when opening the ram with
differential pressure to prevent damage to the ram seal.

1.2 Shear Rams

Shear rams will be able to perform at least two cuts of the
specified coiled tubing size at the rated working pressure of
the well control stack. A function test of the shear rams should
be made every 120 days. The condition of the blades should
be verified after each cut. A test should be performed when
using conductor cable or concentric tubing.



1.3 Slip Rams

Slip ramswill becapableof being used at the rated working
pressure of the well mntrol stack to hold the coiled tubing
when the pipe has a positive downward weight up to the value
of minimum tensile pipe yield. They should also be capable
of holding the pipe when there is negative weight (snubbing
mode) to a value of 50% of the minimum tensile pipe yield.

1.4 Pipe Rams

Pipe rams should be able to provide an effective seal from
wellbore pressure below for the appropriate size of coiled
tubing. Equalizing valves should be used when opening the
ram with differential pressure to prevent damage to the ram
seal.

1.5 Downhole Check Valves

This is an optional item for use in the bottom hole assembly.
However, if it is included, two valves should be used in
conjunction (or a dual valve) for redundancy in the event of
seal failure. Also, consideration should be given to the
potential plugging tendency of various types of valves. Flapper
type valves are less likely to plug because of greater cross-
sectional flow area. However, spring-type valves usually have
greatersuccess in controlling wellborefluid entry into the coiled
tubing because of greater strength of the springs used in their
construction. It should be noted that a flapper check valve
will normally not act as a positive seal in most cases. Valve
construction and maintenance greatly affect the potential to
serve this purpose. Consideration should be given to valve
type used if there will be greater operational risk from parted,
collapsed or broken coil. These possibilities are always
present to varying degrees in every operation, but should be
weighed against the ability of the valve to provide a positive
seal. Generally, a downhole check valve is used for all
operations when reverse circulation will not be performed.

If a check valve is not used, a contingency plan should be
prepared to handle the escape of wellbore fluids/gases at
surface in the event of a coiled tubing failure.

1.6 Two Way Sealing Valve

Although this valve is not mandatory, it is strongly suggested
to be included in the equipment inventory and the well control
equipment. This will serve as an additional barrier above the
swab valve of the wellhead. Many swab valves may have a
slow leak and are not designed to hold pressure from above,
This may complicate and extend the pressure test procedure.
Additionally, this valve should be capable of cutting the coiled
tubing with its gate and still effect a pressure seal.

2.0 Well ControlEquipmentfor HydrogenSulfide
Service

Well control equipment should comply with API
Recommended Practice 53, Section 9, when the equipment
may be exposed to fluids from hydrogen sulfide gas zones
that could result in the partial pressure of hydrogen-sulfide
exceeding 0.05 psia in the gas phase at the maximum
anticipated pressure.

Also, liberated hydrogen sulfide gas in the returns may
require routing them directly to the flowiine and production
facilities. Hydrogen sulfide detection monitors should be
located near the returns pit in two locations depending on
wind direction to facilitate detection.

3.0 GuidelinesforPlanningCoiledTubingOperations

3.1 GeneralConsiderations

a. Review the well file and other pertinent data to identify any
aspect of the completion or the well history that will affect
the coiled tubing entry. A current completion schematic is
critical. Identify the objective and prepare contingency
plans. The success of any operation depends on input
from all personnel involved and should be incorporated in
the program design. Conduct a pre-job meeting with the
contractor personnel. Determine equipment needs,
including any possibilities for contingency operations.

b, The subsurface safety valve (SSSV) should be pulled if it
is a wireline retrievable type. If it is not retrievable with
wireline, it should be isolated to prevent closure during the
job. It can be isolated with a check valve that is placed in-
Iine with on (or near) the wellhead. The check valve should
allow the hydraulic supply to remain connected in case there
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c.

d,

e.

f.

is a slow seal leak downhole. The pressure in this line will
increase due to thermal expansion and the check valve
assembly should include a bleed to prevent over-pressuring
the valve seals.
A gauge run to TD (total depth), with the largest drift
possible, is usually made by wireline prior to running coiled
tubing. The gauge run should include a tubing-end-locator
(TEL), if an accurate TD is desired. Compare the gauge
run TD tag to the TD referred to in the program and see if
there is a significant difference and whether it will effect
the program procedure.
Contingency plans should be in place. Hazard reviews
should be conducted for all non-routine operations. Refer
toAPl RP 5C7 (recommended practice for CT operations),
Appendix C, Emergency Response and Contingency
Planning,
Rig ups should be in compliance with the BOP
Requirement, in Section 3, and Section 6.8 (Well Control
Equipment) of API RP 5C7.
Refer to API RP 500B to ensure that all electrical codes
are adhered to.

3.2

a.

b.

●

●

Coiled Tubing Considerations

Run predictive models to determine weight and CTforces.
String weight is dependent on the length of CT, wellbore
geometry, WHP (Wellead Pressure), fluids in the CT and
tubing, and stripper psi. Run simulations for ail of the
anticipated conditions.

While RIH (Running in the hole) check actual weights
against simulations. If there are significant differences
determine the reason before proceeding further.

Coiled Tubing Condition

Fatiaue History

If there are high cycle areas it is suggested to check coiled
tubing ovality while RIH. This can be done with a set of
calipers and measuring the diameter in the x and y axis
of the coil.
A simplified way of measuring coiled tubing life is by
tracking cumulative footage in one direction across the
tubing guide arch. Some operators have adopted the

●

●

●

●

●

●

policy of changing out the coiled tubing reel after a
cumulative footage of 450,000 to 500,000 running feet
has been reached.
Computer programs are also available to track coiled
tubing life and can be used for predicting tubing forces.
Either method will require assumptions to be made for
derating the coiled tubing for the type of operations
performed.

Location and De-Ratinq of Field Butt Welds

Strict QA/QC must be adhered to during the welding
operations, and 50% fatigue de-rating of the weld is
recommended.
To effectively control the quality of each weld, periodic
test welds should be done each 30-60 days by the
individual welder and inspected by the coiled tubing
manufacturer. For completeness, the nondestructive test
and evaluation should accompany each weld during its
review by the manufacturer. In this manner, both the weld
and the inspection process can be scrutinized for
procedure and judgement. Each welder should originally
be certified by the coiled tubing manufacturer and use
this process to maintain the required skills level.
Alternatively, the coiled tubing manufacturer can provide
skilled welders as a planned event, but is impractical for
most field operations.
The welds will be much more adversely affected by fatigue
cycling than the base material. Therefore, they should
be cutout and re-welded long before the life of the coiled
tubing has been reached.
N is not recommended to weld coiled tubing of diameter
greater than 1.75” OD for use in well entry. The forces on
the welded areas have greater associated risk for large
diameter pipe when cycled through the drum, guide arch
and injector head.

Corrosive Fluid History

If the CT has been stored for an extended period without
proper purging and protection then internal corrosion is likely.
After an acid job, it is recommended that the reel be flushed
with a neutralizing solution (caustic soda or soda ash), inhibited
and then purged with nitrogen. A cap (with a valve) should be
placed on both ends to prevent loss of the nitrogen blanket. It

Coiled Tubing Safety Manual Page 3



is not sufficient to flush with diesel after an acid job since this
will not effectively dilute the acid, or stop it from spending
itself on the coiled tubing. There are a wide variety of acid
corrosion inhibitors whose temperature limit will affect the
concentration to be used. An added measure of protection
can be achieved by pumping a small volume of inhibitor
through the coiled tubing prior to well entry.

Surface damaqe

Surface marks can reduce fatigue life by 50% (or more).
Chain alignment and wear of the gripper blocks can cause
this type of damage. It is critical that the tubing guide arch is
properly aligned with the centerline that the coiled tubing takes
through the injector chains. Most coiled tubing unit
manufacturers suggest that this be done with approximately
1000 of coiled tubing in the hole when it is ‘pipe hea~. It is
not sufficient to make this alignment with a solid bar while the
injector is on the ground and being connected to the guide
arch. This is typically difficult to do during operations since
the injector head is difficult to access after it is rigged up and
the job is in progress.

c. Does the CT need to be pigged or drifted prior to RIH?
Determine if the coil had been welded recently and pigged
afterward. Or, cement was pumped through the coil
recently and wasn’t sufficiently cleaned up afterwards.

d. Friction reducers can lower the circulating pressures
encountered during a job and will ease the normal strain
of operating conditions. The choice of reducers should
be evaluated for the type of job petiormed. Formation
damage can bean issue with these additives and may
affect the performance of corrosion inhibitors.

e. CT safety factors:

Tensile: Generally 70-80% but is dependent on the overall
risk level of the program.

Burst Stay below 4000 psi circulating pressure in order
to minimize pipe fatigue. Depending on the CT size and
yield strength, higher pressures can be used under
extreme circumstances.

The maximum allowable static pressure should not be
higher than the maximum test pressure and is typically
no more than 4500 psi. When in static conditions consider
the burst loading along the entire length of the string.

Collapse: Collapse rating is a function of tensile load
and CT oval’ity. It is necessary to refer to stress ellipse
diagrams which accountfortensile loads; however, ovality
is not considered. Ovality can dramatically reduce the
collapse resistance. API RP5C7 (RP for Coiled Tubing
Operations in Oil and Gas Well Services) has recently
published collapse de-ratings for ovality (Table 6).
Remember that the worst case collapse conditions aren’t
always at the surface.

f. A BHA (bottom hole assembly) diagram with all fishing
dimensions should be made prior to RIH. Dual check
valves should be run unless reversing operations are
anticipated. The check valves prevent flow up the CT in
the event that a leak develops at surface. It is also
generally a good idea to run a hydraulic disconnect.
Ensure that the BHA does not have anysquareshoulders
that could hang up when POOH (pulling out of the hole).

g. Coiled tubing failures can occur while snubbing into high
pressure wells (approximately 1500 psi or greater).
Negative weights combined with operatorerrorand weight
indicator malfunction can result in crimped CT in large
lubricators or between the stripper and the injector chains.
Injector pressure should be selected to balance between
potential for damaging the coiled tubing if an obstruction
is encountered and the possibility of being blown out of
the hole if the chains lose the ability to grip the pipe.

h. Running speeds should be dependent on well conditions
and operator experience. Recommended maximums are
100fpm into the hole and 150 fpm out of the hole, slowing
down at any restrictions. Lower values can be used
depending on well conditions and/or company policy.

i. It is recommended to pump at least minimum rate while
in the hole to keep the coil full. With the CT overbalanced
relative to the tubing, the fluids will drain. A dry mil with
checks in place can then be subject to collapse.
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3.3 Well Operations

3.3.1 Initial Coiled Tubing Entry

Coiled tubing well entry will be easier if WHP is reduced
below 1800 psi by pumping fluid into the well immediately
prior to the RIH. If this is not possible or practical, evaluate
the ability to grip the coiled tubing with the injector chains to
prevent behg blown out of the hole. As coiled tubing becomes
‘pipe hea~, this possibility decreases. Maximum applied
weight at the end of the coiled tubing should not be higher
than 3000 pounds to prevent permanently buckling the coiled
tubing in wells that are vertical, or nearly vertical. In deviated
wells, this figure may increase depending on the tubing force
analysis and helical buckling tendency.

3.3.2 Cleanouts

On average, this is the most common use for coiled tubing
in the industry. The preservation of the wellbore for the
purpose of this discussion pertains to preventing stuck pipe
and requires nearly complete transpofi of the solids to surface.
To achieve this, the circulated fluid has to be pumped at a
rate capable of overcoming the settling tendency of the solid
particles obstructing the wellbore. Several factors can affect
solids transport.

Lost Circulation and Bridaes

Removal of a sand/solid bridge can create a temporary
situation of lost circulation. This may allow the solids which
have been brought only part of the way to surface to fall freely
and stickthe coiled tubing. Continuous movement of the coiled
tubing will physically distribute the sand to prevent stuck pipe.
It is important to continue to reestablish circulation. Also, the
rate of penetration and control of the accumulated solids in
the weilbore will help minimize the chance of sticking the coiled
tubing. Therefore, a set penetration rate should be followed,
independent of how ‘SOW the fill might be. A short trip should
also be incorporated in the process to help remove the jetted
solids. A calculation should also be made to monitor the total
suspended solids at any given time to prevent accidental
increase above the amount that can be supported by the fluid.
Visually monitoring returns at surface is extremely helpful in
identifying lost returns and responding by pulling the coiled

Horizontal Well Cleanouts -A Special Problem

Solids are only required to settle the diameter of the
completion before a bedding plane develops. One effective
method to prevent becoming stuck in the horizontal section
during a cleanout is to jet a limited interval (usually no more
than 50 feet) and follow immediately with a short trip until the
wellbore deviation decreases to 40° or less. Sand entry into
this type of completion can be a sign of significant mechanical
damage that could result in free-flowing sand and/or allow
the coiled tubing to exit the completion. For this reason, it is
advisable to use slim-hole assemblies to perform the cleanout.

Fluid Viscositv Degradation

Viscosity enhancement of water-based fluids or foam is a
common pradlce to improve their ability to suspend and
transport solids. Temperature, pressure and contamination
with hydrocarbons can affect the ability of these products to
perform their intended function. Xanthan or guar polymer
gels are adversely affected by high temperature and
hydrocarbon contamination, whereas nitrifiedfoam is affected
by temperature, pressure and hydrocarbon contamination. As
the fill is removed to the level of the perforated interval,
hydrocarbons can begin to contaminate the foam orgel without
any indication at surface. As the gel viscosity decreases or
the foam quality is lost, the solids setiing velocity increases
and can stick the coiled tubing.

Returns to the Flowline

Some operators have made ita policy to take returns directly
to a flowline instead of an open tank to minimize potential
environmental impact or personnel injury due to escaped gas/
hydrogen sulfide. In this situation, it iscritical to have a method
to monitor returns and sand content continuously to respond
to lost returns and solids settling. The on-site production test
separator or a sand separator will serve this function. The
advantage of this option is to limit the amount of surface
equipment and an added measure of safety in the returns
flowback. The disadvantage isthat retumsfiuid contentlquality
and sand concentration are dficult to sample effectively. lnline
flowmeters will be susceptible to damage from small amounts
of sand contained in the returns.
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4.0 PressureTesting 4.1,4 Minor Disassembly and Inspection
(lnspectionlRequirements/Procedure)

a.
The generally accepted procedure is to pressure test with

non-flammable, non-energized fluids. It is not recommended
to pressure test with nitrogen gas. Leaks detected in this
type of environment are slow to bleed down and have the
potential for injury to personnel. Please refer to the chart in
Appendix 1 fortime-related reference of the following pressure
testing guidelines.

b,
4.1 Blowout Preventers

4.1.1 General Pre-Job Inspection

a. Check hoses for wear, kinks, worn spots, and general
condition. c.

b. Confirm configuration of rams (i.e.; blind shear, pipe, slip
ram placement).

c. Check BOP system operating pressure.
d. Confirm proper hydraulic fluid (summer/winter) is in use.
e. Check that all isolation valves are open.

4.1.2 Function Test

a. Should be performed before each job
b. Close andopen each ram. Record time required to function.

Be sure pipe rams are functioned on pipe and not empty
bore.

c. Maximum allowable function time is 30 seconds. If longer
than 30 seconds is required then the testis considered a
failure and the unit should be returned to the shop until
repairs are made.

Time-related inspection
Should be performed at tubing change-out or every 30 days,
whichever is less. BOP should be broken open and ram
packers, ram seals, bonnet gaskets, slips, and shear blades
visually inspected and replaced if worn or damaged. Slips
and shear blades should be replaced if evidence of wear,
flat spots, pitting, or corrosion is noted. Equalizing valve
seals and packing should be changed.
Incident-related inspection
Should be performed each time shear rams or slip rams
are used to hold or cut pipe,
Shear blades or slip inserts (whichever were used) should
be replaced. Ram packers, ram seals, and bonnet gaskets
should be inspected and replaced as needed.
Pre-job pressure test should be performed after each
disassembly.

4,1.5 Disassembly and Inspection

a. llme-related Inspection
Should be performed every 12 months and should include
complete disassembly of all BOP components. All seals and
packing should be inspected and replaced if evidence of
wear or damage is noted.

b. Incident-related inspection
Should be performed on the affected BOP component any
time leakage is detected between hydraulic chambers or
well/test fluid leaks through weep hole.

c, Pre-job pressure test should be performed after
disassembly.

4,2 Accumulator
4,1.3 Pressure Test

a.
a. Should be performed weekly
b. Test each ram (from below) to 200 psi and to the rated

working pressure of the BOP or X-mas tree, whichever is
lower.

c. Pipe rams should be tested to lesser of BOP, X-mas tree, b.
or collapse rating of pipe used for testing.

d. Test hydraulic cylinders (with hydraulic fluid) to BOP
operating system pressure. Monitor opposing hydraulic c.
chambers for leakage.

Sizing of Accumulator bottle system
The Accumulator bottle system should be sized to provide
twice the necessary volume to open and close each ram in
the BOP stack without lowering the Accumulator pressure
to less than 200 psi above pre-charge pressure.
Recommended pre-charge and BOP operating pressure
The BOP operating pressure should be 2500-3000 psi with
pre-charge pressure of 1000 psi,
Accumulator operation and safety recommendations
All Accumulator bottles should have valves for isolatina
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individual bottles from Accumulator system in event of leaks
or damage.
Guards (removable) should be installed over the pre-chatge
connections ofAccumulatorbottles. Gauge and necessary
connections for checking pre-charge pressure should be
kept on unit.

d. Checking pre-charge pressure
Isolate Accumulator system from hydraulic system and
closing unit. Drain hydraulic fluid from bottom of
Accumulator bottles to hydraulic reservoir. Install gauge in
top of bottles and check pre-charge pressure. Pressure
should not be lower than 950 psi or greater than 1100 psi.

e. Isolation Valve
There should bean isolation valve between the Accumulator
system and the main hydraulic source that can be closed
to allow for testing of the Accumulator bottles.

4.3 Remote Hydraulic System Tie-in

a. Each unit shall have an easily accessible point to tie-in an
auxiliary hydraulic source in the event of a total hydraulic
system failure.

4,4 General Requirements

a. All personnel on unit should be familiar with operation,
maintenance, and repair of Blow-Out Preventers,
Accumulator, and Closing Unit.

b. An Instruction/Operation Manual (with schematic drawings)
for the BOP stack in use on that unit and a record book of
BOP tests and repairs should be kept on the unit.

4.5 Daily Pressure Test

a. With the end of the coil above the BOPS, pressure up to
400 psi through the coil, for the low pressure test. This will
apply pressure to and test the surface lines, coil, pack-off,
BOPS, lubricator, and the tree connection. Hold for 5
minutes and inspect all connections for visible leaks. When
the low pressure test is OK, increase the pressure to 4000
psi for the high ptessure test and hold for 10 minutes. Again,
look for leaks and a pressure decline. If a significant
pressure decline is seen, but no leaks are visible, the swab
valve is leaking. A two way sealing valve maybe needed
to be placed below the BOPS since many wellhead valves

are not designed to hold pressure from above. Bleed off
the pressure when the test is OK. This pressure test should
be performed before running in the hole on all jobs and as
a first step during the weekly BOP pressure test.

4.6 Weekly BOP Function/Pressure Test

a.

b.

c.

d.

e.

f.

9

Perform step 1 above. Record the function and pressure
test information.
With the end of the coil still above the BOPS, pressure
through the coil to 400 psi and close the blind ram (or the
top set of blind/shear rams). Bleed the pressure off from
above the ram. The WHP should read 400 psi and the
lubricator pressure (CTP) should read zero. Hold the
low-pressure test for 5 minutes. Open the blind ram (or
the top blind / shears) and pressure through the coil to
4000 psi, close the rams and bleed off the pressure above
the them. The W1-tP should read 4000 psi and the
lubricator pressure should read zero. If the WHP drops,
but the lubricator pressure remains zero, the swab valve
is leaking.
Equalize the pressure across the blind rams and open
the blinds, Check the shear rams (or the lower set of blind
/shear rams) with the same procedure.
Run the coil into the BOP stack and lightly tag the closed
swab valve gate and pick up 1 foot, Ensure that coiled
tubing is across the pipe rams and that the right size of
pipe rams are in the BOP’S. Close the pipe rams,
Pressure up through the coil to 400 psi. The coil pressure
should read 400 psi and the lubricator pressure above
the pipe rams should remain at zero. If the lubricator
pressure remains zero, but the coil pressure bleeds off,
the swab valve is leaking. This maybe able to be corrected
by greasing the valve, but may require a two way sealing
valve to be installed below the BOPS.
Increase the pressure to 4000 psi for the high pressure
test. The coil should remain at 4000 psi and the lubricator
above the pipe rams should read zero.
Equalize across the pipe rams and then open them,
Function test the slips and record opening and closing
times. The opening / closing times of all the BOP rams
should also be recorded during the pressure testing. A
closing time greater than 40 seconds is not acceptable
(all the rams usually close in 5-15 seconds, times are
longer in very cold conditions).
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NOTE
“ Be careful when pressure testing that the coil is not

subjected to a collapse pressure. This is especially true
when check valves are installed. The bottom part of the
coiled tubing should be visually inspected after the pipe
ram pressure test to insure that it has not collapsed,

“ Additionally, after step (e) of the BOPtest, it inconvenient
to test the check valves if they are installed in the string.
Bleed the pressure below the pipe rams to 2000 psi and
then bleed off the CTP and see if the WHP follows. The
CTP should be bled to around 100 psi and blocked-in.
Watch to see if the CTP builds and the WHP drops,

If the BOPS function and pressure test OK, then install
the fusible cap on the surface safety valve (SSV) and
run in the hole (RIH).

5.0 Emergency Procedures

In each of the following conditions, when a ram is closed, it
should also be locked manually to prevent accidental opening
in the event of a hydraulic system pressure failure.

5.1 Power Pack Failure

a. Hang off coiled tubing in slips and manually lock.
b, Close pipe rams and manually lock.
c. Apply the reel brake if it is not fail-safe applied.
d. Maintain circulation if required.
e. Repair or replace he power unit and resume operations.

5.2 Collapsed Coiled Tubing

Coiled tubing will collapse wheneverthe differential pressure
exerted against the OD exceeds the collapse limitof the pipe.
This limit is also determined by the tensile load applied to the
coiled tubing at the time and the overall condition of the pipe.
A collapse condition generally occurs just below the stripper
assembly and is often detected by a sharp increase in pump
pressure while pumping down the coiled tubing.

When coiled tubing collapsed, it will flatten, resembling a
thin oval cylinder with the center touching. This increase in
OD is usually greater than the wear bushing ID in the stripper
assembly, and the collapse will usually be halted at the
stripper, If the collapsed portion does make it into the stipper

assembly, be cautious of discharged pressure as the stripper
element will not effectively seal on the pipe.

Note:
“ Pipe should be checked periodically with calipers to

determine the ovality while running in, or pulling out of
the hole.

. Pipe with greater than 3% ovality should be derated or
retired to prevent collapse during operations, The
maximum acceptable is 6% which should not be run.

. Tubing integrity monitors can also be used to verify the
condition of coiled tubing during operations.

5.2.1 Collapse with Coiled Tubing Shallow in the Well

a.
b.

c.

d.

e.

f.

9.

Kill the well if it is not already dead.
Release the stripper element pressure, and remove the
stripper elements and retaining bushings.
Pick up the coiled tubing slowly to determine the top of
the collapsed pipe.
Attempt to pull the collapsed portion of pipe through the
injector very slowly while adjusting the chain pressure to
the orientation of the collapsed pipe. Spool the collapsed
pipe onto the reel.
While pulling out of the hole slowly, watch for the transition
section to undamaged pipe.
Reassemble the stripper assembly and finish pulling out
of the hole.
Replace coiled tubing, and determine the cause of
collapse before entering the well again.

5.2.2 Collapse with Coiled Tubing Deep in the Well.

a.
b.

c.

d.

;“

9.

Kill the well if it is not already dead.
Release the stripper element pressure, and remove the
stripper elements and retaining bushings.
Pick up the coiled tubing slowly to determine the top of
the collapsed pipe.
Run back into the hole with the coiled tubing until the
undamaged portion of the pipe is across the well control
stack components.
Close the pipe and slip rams, and manually lock.
Relax the injector chains to verify that the slip rams are
holding.
Cut the coiled tubing above the injector.
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h.

i.

j.

k.

1.

m.

n.
o.

P.

%
r.

Open the injector chains. Remove the injector from the
coiled tubing, and set it off to the side.
Attach a full tube clamp to the coiled tubing directly above
the well control stack.
Connect the crane or traveling block to the clamp and
open the pipe and slip rams.
Slowly pull the coiled tubing out of the well to the maximum
height of the crane or block.
Attach a collapsed tube clamp to the coiled tubing directly
above the well control stack, and cut the tubing above
the bottom clamp. Connect the crane, and pull the
collapsed coiled tubing out of the well.
Continue alternating pulling, clamping, and cutting the
coiled tubing until all of the collapsed section has been
removed from the well and the transition section to
undamaged pipe is located above the well control stack.
Ensure that there is enough competent pipe above the
well control stack to thread the coiled tubing through the
stripper and injector.
Close the slip rams, and remove the clamp,
Install and secure the injector onto the coiled tubing. Apply
hydraulic pressure to the inside chains, and switch the
injector to the extraction mode Open the slip rams.
Either connect the end of the coiled tubing to the other
section of coiled tubing on the reel with a connector or
install a valve onto the end of the coiled tubing and begin
a new wrap on the reel.
Reinstall the stripper bushings and elements.
Finish pulling out of the hole, and replace the reel.
Determine the cause of collapse prior to entering the well
again.

5.3 Coiled Tubing Stuck in the Hole

When the pipe is unable to be moved freely with a force of
80% of the tensile yield, the pipe is stuck due to one of two
reasons. Friction sticking is due to a tortuous weilbore or
buckled production tubing. Mechanical sticking can be the
result of solids accumulation around the coiled tubing or
downhole tools becoming lodged in the completion.

5.3.1 Friction Stuck Coiled Tubing

Preventing friction stuck coiled tubing begins in the job
planning by identifying wellbore paths that have areas of

dogleg severity (DLS) that can inhibit the free movement of
pipe. Normally a relatively high DLS (10 -15 deg/100’) can
be tolerated if it exists in an isolated area. However, if they
are widespread in the completion, even a moderate DLS can
frictionally stick the coiled tubing. The drag weigh forces can
be modeled to determine if there will be a problem. While
performing the operation, frequent weight checks (each 500’)
will help identify a problem before it becomes severe. This
can also be a problem in dual or triple completions even if
there is no obtious DLS problem.

a.

b.

c.

d,

e.

f.

Apply 80% of the tensile yield to the pipe and maintain that
force for a minimum of 30 minutes.
If possible, continue to maintain circulation by pumping at
low ratelpressure to minimize the coiled tubing pressure.
Pump friction-reducing additives such as polymergelj diesel
or beads down the coiled tubing or down the coiled tubing
- production tubing annulus. If pumping down the CT/PT
annulus, limit the pressure below the collapse rating of the
coiled tubing.
Displace the well to heavier fluid to provide increased
buoyancy.
Additional buoyancy can be achieved by displacing the
coiled tubing to nitrogen. Note that collapse pressure
conditions have increased when changing the fluid/gas
displacement of the wellbore and coiled tubing.
Mechanical movement can be induced without the use of
hydraulic jars in the tool string. See “Notes” at the end of
Section 4.3.

5.3.2 Mechanically Stuck

If the weight indicator load does not decrease after applying
a tensile load of up to 80% of pipe tensile yield rating, it is
likely that the coiled tubing is mechanically stuck. Attempt to
lower the coiled tubing into the well to determine if it is actually
stuck at that point or if it is unable to pass through a restriction
or upset in the completion pipe.

If the coiled tubing can be moved downward, then determine
the following:

a. If the pipe (or tools) could have been bent or buckled by
setting down excessive weight or running into an
obstruction.

b. Review the well sketch for any obstructions or restrictions
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c.

that may present problems for movement of coiled tubing
or downhole tools.
Mechanical movement can be induced without the use of
hydraulic jars in the tool string. See “Notes” at the end of
Section 5.3.

The following options may exist to retrieve the coil:

a.
b.

c.

d.

e,

f.

9,

h.

Continue circulation if possible.
Wok the coil in the opposite direction from the way you
were going, when it was discovered the coil was stuck. If
a few feet of progress is made in that direction, begin
working the coil back the other way. Try working the coil
down afewfeet, then try the up direction again. Gradually
increase the overpull or set down weight in each cycle
rather than going to maximums all at once.
Often times coil circulation is lost to the surface due to the
solids buildup. If circulation can be attained across the
solids build-up, consider pumping a high viscosity sweep
to help string the solids out. The goal is to string out the
solids to reduce the friction load so the coil can be moved.
A “sand arch” around the coil has tremendous gripping
power.
Avoid working the coil over the gooseneck with high coil
pressure, as this drastically reduces the number of cycles
that can be petiormed before suffering permanent coil
fatigue (ballooned pipe). Check the coil history to get an
idea how much the coil, which is currently across the
gooseneck, has been worked on other jobs. Take careful
note of any prior fishing jobs or stimulations where the coil
has been reciprocated many times.
Try to increase the differential hydraulic pressure across
the solids bridge by flowing the well harder, increasing gas
lift or surging the well while continuing to work the coil.
If fluid can be injected, consider pumping in gas or nitrogen
down the tubing-coiled tubing annulus to form a gas cap.
Then surge the well down the wing valve to apply a high
upward differential pressure across the problem debris,
again while working the coiled tubing.
If fluid can be injected down the coiled tubing-tubing
annulus, this can be used in conjunction with working the
pipe. Avoid pumping at pressures close to the collapse
rating of the coiled tubing.
Always keep track of coiled tubing cycles over the
gooseneck. Do not work the pipe excessively if no progress

i.

j.

k

is being made. Work to change the down hole conditions
to increase the chances of freeing the pipe. Then resume
working the pipe again.
Once progress is made, always continue circulating while
working the pipe back up the hole slowly.
Consideration can be given to spotting acid across the
problem debris if you feel it is even partially acid soluble.
A minor “mechanical movement” can be achieved without
the use of jars by removing one of the three pump suction
valves from the ttiplex pump to induce hydraulic jacking
through the coiled tubing. The pulses created can contribute
to solving both mechanical or friction stuck coiled tubing.
However, this o@ion should be used with caution due to
the inherent cvclirw effects imposed on the coiled tubing at
surface.

If the coil cannot be retrieved:

1. If there is a tool string that can be released, pump a ball to
release the hydraulic disconnect if it is determined that the
BHA is getting hung up.

m. Kill the well, cut the coiled tubing at the surface and run a
free point tool to determine the depth to the stuck point.
Follow normal fishing procedures to remove the coiled
tubing.

5.3.3 Mechanically Stuck without Circulation

a.

b.

Pump the killweight fluid down the coiled tubing. If it is not
possible to pump down the coiled tubing, attempt to pump
the kill weight fluid down the annulus (at pressures below
the collapse pressure of the coiled tubing).
Cut the coiled tubing at sutiace and run a free-point tool.
Follow normal fishing procedures.

5.4 Leak in Riser or Connections Below the Well Control

a.

b.

Stack

This is usually manifested by a drop in pump pressure, It
is advisable to verify the source of the problem before
continuing with the job to minimize the potential problems.
Displace the coiled tubing with water or another kill weight
fluid. This will help prevent oil/gas entry into the coil. Begin
pullingout of the hole and continue pumping killfluid through
the coiled tubing, This will minimize the environmental
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impact of fluid spray. If possible, use a covering to help
contain the spray as the hole is brought above the well
control stack. When the end of the coiled tubing reaches
the well control stack, close the master valve and replace/
repair the leading riser section.

c. Watch for the possibility of the coil not being able to pass
the stripper bushing. This is a sign of severe damage and
will require killing the well and cutting the coil.

d. If it is unsafe to pull out of the hole, with surface pressure
present, kill the well. Resume pulling out of the hole.

e. Once the leak has cleared the well control stack, revert to
the section “Leak in the Coiled Tubing (Above the Stripper).”

5.5 Leak in the Coiled Tubing (Above the Stripper)

Very high compressive loads can be achieved when first
starting to RIH with coiled tubing, so extreme care should be
taken to prevent crumpling the coiled tubing.

a.
b.

c.

d.

e.

f.

Stop moving the coil and shut down the pump.
Inspect the hole. If it is a pinhole, or if there is only minimal
leakage or flow, continue to pull out of the hole. Placing
the leak onto the drum will help contain the spill.
If the hole is large and leaks significantly, it may not be
possible to mntinue spooling the coiled tubing. If the check
valves hold pressure, the damaged section of the coiled
tubing can be cut and reconnected to continue spooling.
If the check valves do not hold or if they have not been
used, pick up off bottom, set the slips and cut the coiled
tubing with the shear rams (Note: Use the lower blind/
shear rams if there are two sets in the well control stack).
Pick the coiled tubing up above the upper blind/shear ram
and close the rams.
Initiate a kill procedure through the kill line(down the coiled
tubing left hanging in the slips) to eliminate the surface
pressure.
When the well is dead, pull out of the hole and repair or
replace the coiled tubing string,

Note: If there is acid in the coil, it should be displaced to the
wellbore with water while pulling out of the hole.

5.6 Leak in the Coiled Tubing Downhole

This condition is characterized by a decrease in pump
pressure that could be caused by a leak in the coiled tubing
connector (or bottom-hole assembly) or a leak in the coiled
tubing itself. Either case can lead to a fish being left in the
hole and jeopardize the completion.

a,

b.

c,

Stop pumping and observe the pressure on the coiled
tubing.
If there is no pressure on the annulus, then pull out of the
hole while pumping slowly and repair or replace the coiled
tubing or the downhole component of the tool string which
caused the problem.
If the leak is found to be in the coiled tubing while pulling
out of the hole, and it cannot safely continue to pull out of
the hole, the well has to be killed.

5.7 Buckled Coiled Tubing Behveen the Stripper and

a.
b.
c.

d.
em

Injector

Close the slip rams and manually lock them.
Close the pipe rams and manually lock them.
Close the shear rams and manually lock them. Cut the
coiled tubing.
Pick up the coiled tubing 2 feet and close the blind rams.
Pull the coiled tubing out of the hole, and if necessaty, kill
the well to retrieve.

5.8 Uncontrolled Descent of Coiled Tubing

a,

b.

b.

d.
e.

f.

Apply additional pressure to the stripper assembly and
simultaneously close the pipe rams.
Increase the velocity of the chains (in the same direction
as the pipe) to closer match the speed of the coiled tubing
Tailing” into the well. This will help relieve the loss of friction
between the chains and the pipe. Attempt to increase the
injector’s inside chain pressure to stop the uncontrolled
movement of pipe.
Once the pipe has stopped falling through the chains, slowly
reduce the chain speed and come to a complete stop.
Close the slip rams and manually lock them.
Once the pipe has stopped, close the pipe rams and inspect
for damage to the chains or pipe.
Observe pump pressures and circulation rate to determine
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9,

h,
i.

j.

k.

if there is any damage to the bottom of the coiled tubing,
such as a crimp, kinks, or buckling.
Pump the hydraulic cylinders open on the injector chain
skates.
Inspect the chain blocks and remove any debris.
Reset the inside (and outside) chain pressures to the
proper settings. Verify the proper alignment and spacing
between the chains. If necessary, replace the chains or
individual gripper blocks as necessary to prevent damage
to the coiled tubing while pulling out of the hole. If no
additional chains or gripper block inserts are available,
the chains can be material on site to facilitate better grip.
(Use material such as sodium chloride, potassium chloride,
sand, etc.)
[f the well is under control and there are no mechanical
problems, then open the pipe rams and slip rams. Change
the stripper element if necessary.
Pull out of the hole slowly to determine if the end of the
coiled tubing can be pulled inside of the production tubing.
Pullcompletelyout of the hole to inspect the coiled tubing
completely for external damage that may have been
caused by the slips or chains during descent.

5.9 Uncontrolled Ascent Out of the Well

a.

b.

c.

d.

e.

f,

9.

h,

Apply additional pressure to the stripper assembly and
simultaneously close the pipe rams.
Increase the velocity of the chains (in the same direction
as the pipe) to closer match the speed of the coiled tubing
“falling”into the well. This will help relieve the loss of friction
between the chains and the pipe. Attempt to increase the
injector’s inside chain pressure to stop the uncontrolled
movement of pipe.
If these attempts are unsuccessful put the injector motors
in neutral and close the slip rms.
Once the pipe motion is halted, close the pipe rams and
slips, if not already closed.
Pump the hydraulic cylinders open on the injector chain
skates.
Inspect the chain blocks and remove any debris.
Reset the inside and outside chain pressures to the proper
settings.
If the well is under control and there are no mechanical
problems, then open the pipe rams and slip rams. Change
the strhmer element if necessary.

i.

j.

k.

Reduce the hydraulic pressure on thestripperelement and
pick up the coiled tubing enough to inspect the areas of
pipe held by the slips.
Determine whether it will be necessary to repairkeplace
that section of coiled tubing prior to resuming the pipe
extraction. Be extremely cautious while checking the area
of pipe held by the slips since the pipe maybe weakened
and may fail with high-surface pressure present.
Continue to pullout of the hole and close the master valve.
Determine the cause for the uncontrolled movement of pipe
prior to entering the well again. Replace orrepairthe coiled
tubing string as required.

If the coiled tubing is blown out of the stripper assembly,
close the blind rams and master valve as quickly as possible.

5.10 Stripper Leaks

Stripper leaks are a common occurrence and are affected
bymany factors such as stripper hardness, coil smoothness,
effectiveness of the coil lubrication system, and the stripper
pressure that is used. Without adequate lubrication, strippers
can completely grip the coil while going in the hole. This can
cause coil failure between the stripper and the injector head
chains. The standard coil lubrication procedure used to consist
of lubricating the coil with diesel at the spool. To reduce the
environmental impact of dripping diesel on the ground, the
stripper housing can be and fitted with a small lubrication orifice,
so lubrication can be done right at the stripper. This has the
advantage of placing the lubrication where it is needed and
the disadvantage of not being able to visually verify adequate
lubrication.

5.10.1 Small Stripper Leaks

If a small leak develops the stripper pressure can be
increased until it stops. Do not allow even a small leak to
continue, because it will cut the elements and become more
severe.

If the leak cannot be stopped by stripper hydraulic pressure,
and the coil cannot be pulled out, the stripper should be
changed out immediately.

Page 72 Coiled Tubing Safety Manual



5.10.2 Stripper Replacement

a.

b.

c.

d,

e.

f.

9.

Note the current string weight, set the slips on the coil,
and either slack off coil weight or pickup (depending upon
whether current weight is positive or negative) from 3000-
5000 Ibs to be sure the slips are holding. Manually lock in
the slips.
Set the tubing rams and be sure the rams are holding by
bleeding off above them. Manually lock the rams.
Bleed off the pressure in the well control stack through

the kill line.
Change out the stripper as per the manufacturer’s
procedure.
Energize it to the proper pressure setting based on the

wellhead pressure. The stripper can be pressure tested
by pumping through the kill line.
Equalize the lubricator pressure with the wellhead
pressure.
Unlock and open the tubing rams. Set the string weight to

the previous value and unlock and open the tubing slips.
Proceed with normal operations.

5.11 O-Ring Leaks

If an O-ring or chevron seal between the BOP stack and
the stripper fails, always close the tubing rams first. The coil
depth and leak severity should be considered when
determining the next step.

a.

b.

c.

d.

e.

Stop the coil and note the current string weight, set the
slips on the coil.
Set the tubing rams and manually lock. Bleed off the
lubricator.
Back off the quick union where the O-ring is leaking and
walk the injector head up the tubing, by operating the
injectors if running the coil in the hole slowly, while raising
the trolley hoist, to help support the total injector head
and guide arch weight.
Repair the O-ring with a standard O-ring patch kit or if a
spare O-ring is already on the lubricator, roll it down into
place.
Walk the injector head back down and make up the quick
union.

f.

9.

h.

Flow the well to decrease the WHP. Pressure test the
new O-ring to a value comparable to the current wellhead
pressure.
Set the string weight to the original setting. Unlock and
open the slips.
Equalize across the tubing rams and open them. Pull out
of the hole to change out the patched O-ring. If a spare O-
nng was rolled into place, continue with CTU work.

6.0 EquipmentLayoutandSite Preparation

a.

b.

c.
d.

e.

f.

9.

h.

One of the best methods to minimize risk and reduce cost
of an operation is to perform a wireline gauge run prior to
running coiled tubing in a well.
Fluid and nitrogen pump discharge and pressure release
valves should be directed away from normal personnel
work areas.
Fluid pans should be used under all pieces of equipment.
Wellbore returns should be routed to surface tanks away
from combustion sources or taken directly to a permanent
flowline.
Sand or other solids should be disposed of in an
environmentally approved method to prevent future
contamination. Typically, solids will be washed to remove
the hydrocarbons before being stored in a container for
disposal. Care should be taken to monitor solids for
radioactivity to determine any special disposal needs.
Liquid nitrogen tank and hoses should be protected from
leaking which could affect platform decking and structural
Support.
Surface hydraulic master valves should be isolated with a
lead fusible cap to prevent closing unless in the event of a
fire.
Downhole hydraulic safety valves should be isolated at
surface with a check valve mounted in-line on/near the
wellhead. This will prevent inadvertent closure in the event
of loss of hydraulic system pressure or if the valve seals
have a slow leak.
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Pressure Testing Time-Table
from Section 4

T&..a .4’ T-t I Prs. Tnh I lhilv I WeeMv I Monihlv
Syp GVa A-% I ..” e--- , ---,

General Inspection On-site PeriodicalIy

[Section 4.1.1) during operation
(especially BOP
system pressure)

Function Test After rebuild BOP On-site for 7+ day Shear rams to be

(Section 4.1.2) (in shop) operations tested with highest
During rig up grade of CT to be

used

Pressure Test During rig up On-site for 7+ day

(Section 4.1.3) operations

(aft~each
incident)

Minor D_embly
(Section 4.1.4) Pre-job pressure test 30 day max

after each disassembly between
(Depending on inspections

severity of service, (or after each
thiS should be incident)

performed each job)

D-embIy and (Maximum time
Inspection 12 months)
(Seetion 4.1.5)

(after eac;incident)
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1. Stab the coiled tubingintothe injectorhead. Insure proper alignmentof the guide arch to the injectorhead.
Improper atiinment can severely damage the coiled tubingand injectorchains. Inspectthe stripperbushingto
insure there is the proper clearance between it and the soiledtubingas defined by the manufacturer. Functiontest
the stripper.

2. Connect the hydraulic hoses to the well controlslack end performa functionteat of each ram independently.
Viiy insure each ram controlaotualtyfunctionsthe proper ram and thst each one fuiiy retracts..

3. Poaitiirr the two way sealing valve, optionaipipe rem end fiowtee on top of the weil. Furrotiontest the pipe ram and
vfauaflyim_the bore to insure if fully retracta

Oiacfram1
Typicai Equipment Layout

And
Preliminary Stapa
of Pressure Test



Bleed Ltne

—

7$(
N2

- Pump

m

Batch M~er

x
Phxd
Pump

Fkxd
Tank

Bleed Lme

1. Positionthe coiled tubinginjectorhead and BOPSover the well.
2. Perform system pressure test as per Section 4.
3. Thii showsthe killline attachedfor the rig ups that requireit.

Dtsarsm 2
Equipm::Rig Up

PressureTest
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