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In the past thirty years, ABC Oil inc. has established itself as one of the

premier oil companies in the Gulf Coast region, especially the Texas area.
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‘ However with the economy and lack of capital, ABC has been trying to

increase profits by cutting its budget through lay-offs and by selling less profitable
aspects of its company to other companies. | believe that ABC can increase
profits by simply changing its drilling practices. A new technology called solid
expandable tubulars, which utilizes plastic deformation of metals, has been
developed over the past decade and has been implemented over the past five
years. [f we begin to use this technology, it can lead to dramatic cost savings in
drilling wells.

The benefits of solid expandable tubulars are three fold. First, we can
“drill deeper vertical and farther extended-reach deviated wells.” S With this
technology we can design monodiameter oil wells that will require much less
materials and fewer hours of labor yet still produce as much oil as conventionally
drilled oil wells. Also with solid expandable tubulars, we can save old wells that
we could not capitalize upon because of unforeseen problems such as damaged
piping or unreachable reservoirs.
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Solid expandable tubulars were thf Royal Dutch Shell Oil
Company'’s engineers who in the early 1990’s realized that they needed to make
slimmer wells that would allow the same amount of oil flow while syﬁ retaining all
the strength and corrosion properties of the original piping in order to stay

competitive in the oil industry. The premise was to develop tubing that could be
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radical concept that would make the y more

efficient. In order to further study this technology, Shell partnered with
Halliburton to create the jointly owned companéﬁ Enventure Global 9@
Technology and with Baker Hughes to create E2Tech both of which specialized
in solid expandable tubular technology. However, “Shell eventually bought out

E2Tech and li d the [solid dable tubular] technology to
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Weatherford.”"® The technology was first implemented in 1998 and early 1999 by
Weatherford. This new technology was so successful that “[as] of December

2002, ded 102,000 [feet]...of .. pipe... in 180

(¢

installations [,]""* and solid expandable tubular technology continues to grow as
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Conventional Drilling

Conventional drilling is an i i that i i
g ple lay

of cement and steel in order to compensate for the pressure at each depth of

drilling. As figure 1 demonstrates, th ti ing process resembles a

B telescope facing upwards. A large hole “which is generally a maximum of %
twemy»‘six inch diz-lmeteZ"5 l drilled at the surf J. d drilling mud that has the
p gradi the wall of the hole is pumped down the hole in order
to equilibrate the pressure and debris fi th illi i When
the gradient pressure of the material that ds the hole changes, the first

part of the tubing is cemented into place and the next layer with a smaller

diameter, and different mud is started.
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sand and N not bring the debris to the

surface. If the mud has a lower f than the surroundings, a
blowout may occur in which the mud and drill string is shot out to the surface at
dangerous speeds. This process of using smaller and smaller pipes is continued
until it reaches the ideal depth and the oil is pumped out using a five inch

diameter tube. Problems arise when the gradient ch iscalculated

g

and new casing diameters tarted at higher depths th iginally planned.
Hence the well cannot be drilled to its ideal depth, and oil cannot be as easily
retrieved from the reservoir.

Solid Expandable Tubular Drilling

**Note: My paper focuses on the use of monodiameter but other systems such

as Openhole Linear System and Openhole Cladding Syst pandabl
tubulars. However yst are not the full realization of this technology. ***
Solid expandable tubulars allow a much more simplified method of drilling

and can create the ideal monodiameter drill line. A hole is drilled generally with

ateninch di Arill bi A : 4 41l th

Lo b dient ch S as
shown in figure 2. Then lid expandable tubular is put in the hole, cemented
into place, expanded to th rrect width: p hich i plained in the
next paragraph, and the protective shoe is pulled out illed out in order to lay

the next piece as shown in Figure 3. The tubular is expanded beyond the size of

the drill so that the same drill bit size may be used again. The process is
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hard to reach reservoirs can be accessed with this new technology.

The main concept is cold-working steel the required size down
hole. While this seems lik imple p ,“th y technical and
operation hurdles t when using cold-drawi in a down
hole environment.”® There are a few main concern ich i when
doing expansi i lined in the Stewart, et al. paper. First the

expanded tubular d diameter “without fracturing, bursting or

damaging the tubular’’. Second the expanded tubular in hydrauli
capabilities “to provid i i to burst and collapse loads in
service” " and have a “constant diameter and wall thickness of the expanded

tubular over the whole length of the expanded section.”” They also must be able
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and still “maintain integrity of expanding tubular

connections.””

There are two diff hods of i . The fi thod of

P ]

expansion is the more intuitive method of “stress controlled”” expansion where

the pipe has int I p dded to it till it exceeds the yield strength but still
remains well below burst rupture p . To predict the change, Stewart et
al. derived quation that relates the strain at the ultimate tensile strength

(&, ) to the percent change in the diameter, d, through the equation.

Sruax :%:{e:flJ-IOO [pet]. . 1)

where n is the strain hardening index and
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However, “st trolled” expansion is not reliable b it can lead to non-
ift pansion by exploiting fl in the steel itself. Also the maximum
{ using “st trolled” expansi g y far from the
goal of a y-five i depicted in Table 1 taken from Stewart,
et al.'s paper.
The other i ft d in solid expandable tubulars is

I
“strain controlled’ "expansion in which a mandrel isfoulled up by a string/}oushed

up by hy p y pumping fluid into the pipe below the

mandrel in-order-to-trerease-the-diametsr, or a combination of the two. An %
example of the mandrel pulling through the steel can be seen in figure 4 and

figure 5. Stewart et al.’s paper describes a method for determining the new

expansion by thi imati i i liner the strain hard
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From test results as seen in Table 1 and equation (1) and equation (3), a much
larger percentage i in di ter is achieved than in “stress controlled” L/Jw S
expansion.
The mandrel must also be ina in fashion in order to
ensure proper expansion. In order to facili he movement of the mandrels,
the mandrels are generally made out of ic in order to d fricti

between the metal and the mandrel or lubricated tool steel. Also between the tail
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and allows

f the mandrel through the tubular. This

phenomenon foll h ti “"'/"_'f:u he di of the mandrel

I
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Another factor to consider when making the mandrel is the angle it forms

with the tubular. Thi ti lating th: i-openi le o of the mandrel

shown in figure 6, diameter of ded and tube, and the

P! P P

force is given in Stewart et al.’s paper as with d as the initial diameter, o, as the

pressure, h ffici f friction, and t he initial wall thickness, and ., »as the
as xX-» D F
final diameter > co /
d V)A €
F=rndt d,(l+yctga)»[1—r]cosa7 50
op

in tension and

— [. #J
uetga

waya (6)
d
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in compression with 7. as the final wall thickness. If a small semi-opening angle

a is chosen, there will be a large expansion pressure because of increased
frictional forces, and the tubular would burst because “the expansion limit is

governed by burst rather than by the ductility limit of the material.”” A larger
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After the entire process of expansion is completed, the properties of the

newly formed piping h di t iginal properties. As reported
by Stewart et al.’s paper while yield gth and ultimate tensile strength
increase on the orders of seventy p ity percent, respectively, the
ductility d b longati t fract: d y fifty percent and
th in hardening d from 19.4 percent to only 1.4 percent. Table 2
gives ical dat; this experiment.
Cladding

Another use of thi lid expandable tubulars is cladding. Cladding the
solid expandable tubular can allow us to fix old pipes ) Id wells
(with still quite a bit of oil or natural gas) which h: i burst,
corroded, or otherwise b ble. The process is comparable to that of

putting a Band-Aid over a wound. First the tubular has rubber grips placed at its

@‘ that a proper seal will be created when the tubular is expanded.

h izt

Next th lid expandable tubular is placed in thi where

needed, and the tubular is expanded as seen in figure 7 and figure 8. Thisis a

h A afficiant fi 4 he ald thod ti

Y L Lo {ad E] Ll
itself.
Materials
WKl Hhe FrEtEal T st b alized
While p p )

they are readily available from companies such as Lone Star Steel and
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percent) is hed and tempered 80 grad bon steel produced from Lone

Star Steel and is seam welded.”® Two grades of expandable tubulars (K55 and

L80) compositions are shown in Table 3. A

welding

specifically made for expansion is used to create these tubulars. About three

-

percent is q p L80 type 13Cr I bing, and the
remaining is hot rolled pearlitic seamless steel. However, it should be noted that
while seamless tubulars can be used it is “more difficult to control the wall

thickness of

products compared to seam welded.”® The mandrel is
generally made of “high strength tool steel with yield strength of 250 to 300 KSI."®
The steel used for this material has a typical ASTM grain size of 10 or

11, and this does not change with expansion. However, “the grain size is not

specified; the suitability of the material is determined by [the] requi the
product's final hanical properties.”® The expansion p does not change
the body tored cUbic mi £ th terial outside of simply cold-

working the material as seen in figure 9.

Th in drawback to th terial required for solid expandable tubulars
and the mandrel has been limited for use only in sweet wells and will not work in

sour wells. The definition of sour wells ing ger website is

a well “with sulfur or sulfur compounds, especially hydrogen sulfide.” Hydrogen
sulfide is a major problem in oil wells because it leads to hydrogen sulfide
cracking which is “a type of spontaneous brittle failure in steels and other high-

strength alloys when they are in contact with moist hydrogen sulfide and other
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sour service wells, p

to date. In laboratory tests with a simulation of sour well conditions, expanded

Sl : AR : M .. after strain agi +

¥ el

121°C for 14 days (336 hours) and at 175°C for 5 hours."'® Besides hydrogen

i ; + o it S iaible reduct
P P glig
in corrosion resist dh ly been an issue. Wh d
become an issue in the well, the 13Cr L80 tubulars are expanded.
Cost Savings
The cost saving using expandable tubulars i dinary and will easily

make up for the extra cost of expanding the tubulars, primarily because of the
size difference of the monodiameter holes compared to conventional holes. First
monodiameter wells require much smaller rigs which leads to fewer emissions,

ich t0: 18 0 doll

fewer workers, and fewer hours of upkeep p V

a day per well. Also with monodiameter holes, th: i illing f

cheapened. As given in | from Shell Oil Company, “reductions

tlined [as] drilling location footprint size [reduced] by up to 75%, drilling
mud use [reduced] by 20%, drill cutting [reduced by] up to 50%, [amount of]
cement [ used reduced] by 50%, [amount of] steel [used reduced] by 55%, [ and

11 ri Feask Y 400”.n12 Other

11g

saving could be about 400,000 dollars per well drilled; however, “actual saving

b 85 000 doll diiatathal " " PRGN
were t 85, with the new
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approximately $290,000 per well.

Future of this Technology

According t ior Staff Research Metallurgist at
Shell International Exploration ducti ho has worked on solid
pandable tubul. i the beginning, the only large obstacles is these

tubulars poor performance in sour wells. However, the oil industry is currently

developing solid dable tubul h work for sour service, and they

(9

: SR
creating these tubulars.

continue to improve the material

Also, they are currently working on ways to improve pipe ductility and to increase

collapse after expansion. He is “quite optimisti this technology will continue
to change the way wells are constructed.” ®

Conclusion

| believe that ABC Oil should i in thi technology for three

reasons. First although th adds steps to drilling a well, the

savings return will pay for itself quickly. Next, it has been proven to work in

tless mpl d tudi tside th listed h Finally if we
use this new technology, we can start to improve our image to show that we are

a company of the new millennium that uses new, cleaner, and improved

technology as shown through th duction i ial d pollutants.
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tress controlled Strain controlled

Material Maximum n radial expansion expansion (tension)

Maximum & Maximum &
Low-carbon steel 0.20 105 33
Interstitial-free steel 30 16.2 525
High-strength low-allow steel 0.18 94 296
Dual-phase (TRIP) steel 0.25 133 426
Austenitic stainless steel 0.50 284 97.3
Ferritic stainless steel 0.23 122 387
Duplex stainless steel 0.15 78 243

Taken from Stewart et al.’s paper)
TABLE 2 X42 tubular
As received Expanded (25 pct in OD)
Axial Transverse xial Transverse

Yield stress [MPa] 357 355 621
Ultimate Tensile Stress [MPa] 472 463 617 587
Strain to fracture [pct] 401 424 205 225
Uniform strain [pct] 196 194 14 14
Strain hardening index 0.18 0.18 0.014 0.014
Failure strain 05 0.5 - -
(Taken from Stewart et al.’s paper)
TABLE 3 Steels Studied
Element Grade K-55 Grade L-80
Cc .35 23-27
Cr .07 <02
Ni 01 <.02
Mo A3 <01
Mn 135 93-1.34
Si 27 22-27
P 014 010-.015
S .004 03
Ti 001 001-.010
Nb <.006 <.005
Cu 0.01 <.02
v .001 <.048
Al 028 044-.048

(Taken from Mack's “How In Situ Expansion Affects Casing and Tubing Properties”)
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Figure 3. Th tii drilling with solid expandable tubulars
(Taken from “Solid expandable Tubulars are enabling technology” Drilling
Contractor March/April 2003 issue)

Figure 4. Expand/ng section of a tubular with a zircon ceramics headed
expansion mand)
(Taken from Stewart et al.’s paper)
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Figure 6. Semi-angle Alpha
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Figure 7. A view of th ti lid expandable tubular
(Taken from Stewart et al.’s paper)

Figure 8. A cr ional view of a
(Taken fi S t al.’s paper)





[image: image18.jpg]Figure 9. View of grain structure of expandable tubular
(A) before expansion (B) after expansion.
(Taken from Corrision Basics at Odessa.edu.)




