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Abstract: The collapse of casing and tubing may lead to the loss of a well. Studies on this issue have
been of great interest to the oil industry. At present, we have the technology and systems that can
identify the most relevant contributing factors to this phenomenon, which permits development of
preventive measures that, will save significant economic resources. Collapse is a complex phenomenon
with a great many factors and parameters that influence its effect. The collapse phenomenon is
commonly attributed to suspected quality problems in the pipe. However, studies show there are a set
of causative factors, such as: Wear on casing, Wear due to buckling, Increased external pressure due to
temperature, Improper depressurization, Geostatic loads (Overburden) due to plastic formations and
tectonic activity, We can predict some of these factors and do preventive methods to reduce costs of
collapse, but some are not predictable and have huge costs to surmount them like what happened in
Kangan field because of unreliability of well situation.
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INTRODUCTION

Collapse is an unavoidable phenomenon. Recognize reasons of collapsing and use of standard and suitable
pipes and casings lead to have reliable drilling and well completion. Laboratory tests give this reliability. If
results of tests were appropriate, we can say that we predict collapse phenomenon and would we not see it? The
answer is no we will not. Because of the pipe quality is not a factor that contributes systematically to the
collapse problem. Here we tried to express Leading Factors and laboratory tests with examples of all over the
world that conduct to answer deduction.

General Concepts:

Collapse can be defined as the mechanical force capable of deforming a pipe as a result of external pressure.
Collapse is a complex phenomenon with a great many factors and parameters that influence its effect. The
classic theory of elasticity allows us to determine the main radial and tangential stresses that act upon the pipe.
(See figure no.1)
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API 5C3 offers four formulas, which are able to predict the minimum collapse resistance value for the type
of failure: elastic, transition, plastic and yield. (See figure no.2)

2E 1 Elastic Collapse
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Leading Factors:
The collapse phenomenon is commonly attributed to suspected quality problems in the pipe. However,
studies show there are a set of causative factors, such as:
Wear on casing
Wear due to buckling
Increased external pressure due to temperature

Improper depressurization
Geostatic loads (Overburden) due to plastic formations and tectonic activity

Wear on Casing:

This factor is associated with the spinning of joints that are run in the drill string and the number of
downhole trips that are made. (See figure no.3) The level of wear on the casing is in relation to:

Taking a long time when drilling

High dog leg severity

Stuck-pipe problem

The reduction of the pipe wall thickness results in a reduction of the pipe’s mechanical properties. Severe
wear on the casing has caused downtime, failed operations and loss of wells. For example, see figure no.4 and 5
and 6.

Other cases of wear include Muspac51, Cantarell4D (Mexico), CR 13 (Venezuela), among others.
That is why it is necessary to consider the wear factor in the design of casing whenever there are indications of
this possibility.

Wear Due to Buckling:

When casing is not cemented up to the surface, take into account how much tension is required to
adequately set the pipe in the wellhead slips. This tension value will be a factor of the pipe’s mechanical
properties, together with the changes in density and temperature in the subsequent drilling stage. (See Fig7)

During the anchoring operation, you must know the height to which the cementation reaches in the well
bore, plus determine the additional tension and elongation forces in the string, in terms of the factors that cause
buckling.

Change in internal-external fluid density

Change in the internal-external casing pressure

Change in temperature

Increased External Pressure Due to Temperature:

When the cementation of the casing does not reach the surface of the well bore, the drilling fluid that
remains exposed to the outside part will undergo a physical degradation of its phases through time and solids
will separate from liquids. This water may be exposed to temperatures that exceed the boiling point and may
subsequently evaporate. (See figure no.8)

When the well is flowing, the temperature of hydrocarbons will increase to the temperature of the oil
reservoir, this in turn will cause a heat transfer through the tubing to the packing fluid, which can reach the
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boiling point thus generating steam and increased pressure in the space known as the annulus. This pressure can
reach the value collapse. (See Fig 9) One case was in the Cann72 well in Mexico. (See Fig 10)

Improper Depressurization:

This phenomenon arises when running strings down hole and the annulus fills with packing fluid while the
interior of the pipe experiences gas pressure. This phenomenon becomes especially critical (suction effect) when
there are no hydrocarbons or salt water inside the pipe and it is completely empty while being subjected to a
maximum external load. This effect combines with improper depressurization that generates what is called a
“surge” (sudden high pressure) increasing the external load and resulting in collapse.

An example of this was seen in the Gabanudol well where the annulus opened improperly while the well
was experiencing surface pressures resulting in a surge, which was transmitted to the packer and on down to the
last length of tubing exceeding the nominal tensile strength of 12,080 psi thereby provoking a collapse. (See
figure no.11)

Overburdens Caused When Flowing through Plastic Formations and Tectonic Activity:

The drilling process moved down through formations such as shale, clay and salt deposits, whose chemical-
physical behavior are, for all intents and purposes, plastic (where the material pulls and flows toward the hole)
and provokes an overburden that is radially transmitted to the hole, which could cause a collapse of the casing.

Overburdens Caused When Flowing through Plastic Formations:

Upon reaching the last stage of the drilling down hole using a 57/8”drill bit and 1.75 gr/cc drilling fluid, a
salt overburden was experienced in the 5,301-5,419 meter interval. Even though this interval had been
previously covered with 7”casing, the salt generated a deformation in the pipe, nearly collapsing it (See figure
no.12) . The effect was quantified at nearly 30,000 psi at collapse. To prevent this deformation, it was necessary
to increase the fluid density to 2.03 gr/cc and run 5”contingency casing, thereby covering the salt affected zone
with two layers of casing and consequently reducing the wellbore to 4 1/8” (See fig 13).

Tectonic Activity:

A casing collapse occurred in gas producing well with about 2.5 million cubic meters per day gas flow rate
at a depth of 216 ft due to tectonic movements. As a result, the well blew out. The well Kangan-23 is located on
the southern flank of the Kangan structure and was expected to have collapse problem at shallow depth from
observed seepages around the well. The Kangan-23 was a gas producer well with 1900 psi flowing wellhead
pressure and shut in tubing pressure was 2800 psi. The flowing wellhead pressure suddenly dropped from 1900
psi to 880 psi and an immediate decision was made to close the well. After two days the well pressure had
dropped even more that is illustrated in the table no.1.

After investigating the evidence showed there was sever casing damage from 60m-300m. The 7" tubing and
the casing in the well was damaged and connected to each other and to formation behind the casing. This cause
the underground blowout and the gas from tubing flowed in the shallow formations. (See fig 14 and fig 15).The
presence of many lateral and linear faults in situation of wells no.15 and 16 and 17 and 19 and 23 and 24 and 25
increased tectonic activity but absence of appropriate cementing behind casing of well#23 and low resistance of
it’s casing occurred collapse. Perfect survey before drilling of well #23 could recognize a geologic situation that
is capable of tectonic activity and required a special casing design and conducting laboratory tests and special
cementing program with appropriated materials. Tectonic activity is capable of collapse and blowout in result.
Therefore well situation reliability is important. Collapse phenomenon makes blowout and knowing well
situation reduces costs of drilling extra wells for control blowout of well.

Another example is what happened in December 2009 at well#104 in Maron field at Ramshir oil reservoir.
It was oil producing well and because of tectonic activity, casing and liner of it collapsed at around 670 meters
depth. In the result, this well barred and gas and oil blew out from another path.

Laboratory Tests:
Description of Equipment:

Two common simulators use to conduct collapse tests in real time. The sample is placed inside a tank and
the external water pressure is increased until the pipe collapses. The results of collapse tests are illustrated in
figure no.16-18

Conducting Tests:

The eighth test consisted of inserting the 7”pipe inside the 9 5/8”pipe using wooden shims, simulating the
absence of cement between the two pipes. Once the pipes had been joined, the test sample was placed inside the
testing machine tank. Wooden shims to hold the two pipes apart were inserted after the pipes had been placed in
the testing machine tank. The point of collapse was 7,511 psi when the 9 5/8 pipe caved in on the 7”pipe with
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enough force to deform it. The deformation caused by the collapse of the 9 5/8”pipe did not allow for the 7”pipe
to be pulled out.

What should We do to Reduce Cost of this Phenomenon?

Complete geologic survey before drilling wells

Laboratory tests to choose appropriate casings and pipes

Run MLT log to understanding well situation

Appropriate casing design

Appropriate cementing program

Attention and rigor of driller
Attention that the situation of drilling the well is capable for tectonic activity and therefore done predictive
methods

Conclusions:

The overall results demonstrated that the pipe quality was not a factor that contributed systematically to the
collapse problem.

This phenomenon is much more closely related to: casing wear, buckling, increase in external pressure due
to temperature, improper depressurization, overburden due to flow of plastic formations and tectonic activity.
The importance of adhering to appropriate drilling procedures crucial to minimizing the leading factors in
collapse should be emphasized.

The test conducted on the set of cemented 9 5/8”and 7”pipes demonstrates that proper cementing of pipes
increases their collapse resistance.

Figures and Tables:

Fig. 1: Radial and tangential stresses that act upon the pipe horizontal schematic.

16 -
“ L
13 L
12 — Average plastic collapse
an |
o
8 10 L
:h ? L
o . 5 Initial plastic-elastic collapse
=2
2 | Minimr -~ modes
g_ & _'N.m i . Average elastic collapse
2 .| \
o Minimum plastic-
8 * |elastic collapse Minimum elastic collapse
a | /
2
: Transition collapse
0 1 1 L 1 L 1 1 1 1
10 12 14 168 18 20 22 24 26 28 30
Diameter/thickness ratio

Fig. 2: Radial and tangential stresses that act upon the pipe vertical schematic.
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Fig. 3: Effect of high dog leg severity.
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Fig. 12: One case was in the Cann72 well in Mexico.
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Fig. 13: Collapse in tubing.
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Fig. 15: Salt layer that have high pressure.
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Fig. 16: Salt layer that have high pressure.
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Fig. 17: Salt layer that have high pressure.
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5th Test
7" casing pipe TAC-110, 35 Ib/ft inside of a 9 5/8” casing TAC-110, 53.5 Ib/ft.,
properly cemented, Reached a pressure of 18,604 psi without collapsing.
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Fig. 18: 2 salt layer that have high pressure.

Table 1: Information of system.

[ Before collapse

e It was a Gas Producer well

¢ Production Rate was 2.5 MSCMD

¢ Flow Rate = 1900 psi

s  Well Head closed pressure = 2800 psi

* A 5000 psi Well Head & X-Mass Tree was mstalled.
| After Collapse

s Flow Rate decreased suddenly and pressure decreased from 1900 psi to 880 psi
* Decided to shut in the well

*  The pressures after the (9th. Oct. 2005) collapse:

Wellhead Pressure: 880 psi

9 5/8” x 7° Annular Pressure: 550 psi

13 3/8” x 9 5/8” Annular Pressure: 270 psi

*  Observed seepages and crakes around the well (In radius of 150 meters)
s After two days (11th, Oct. 2005) the pressures dropped to:

Wellhead Pressure: 145 psi

9 5/8” x 7" Annular Reassure: 145 psi

13 3/87 x 9 5/8” Annular Pressure: 180 psi
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