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HOUSTON–The domestic industry is
on pace to drill more than 38,000 wells
this year–the most drilled in any calen-
dar year since the mid-1980s. And with
crude oil in the $60-a-barrel range and
natural gas wellhead prices averaging
about $6 an Mcf throughout 2005, pro-
ducers are able to justify deeper and more
challenging projects that are pushing the
boundaries of existing tubular and con-
nection technologies.

New tubular technologies must over-
come higher formation pressures, more
corrosive environments, hotter downhole
temperatures, ultradeep offshore condi-
tions, and higher tensile loads than ever
before.

Another result of higher commodity
prices is that smaller reservoirs are now
being pursued that require cost-effective
solutions such as casing drilling and tub-
ingless completions. Tubular materials
and connection technologies are also be-
ing developed to meet these challenging
requirements. The demands of high-pres-
sure/high-temperature sour wells have
been addressed in numerous papers, ar-
ticles, dedicated forums and workshops,
and remain a major emphasis for tubular
providers.

Higher pressures lead to either thick-
er wall pipes or higher-strength steels.
The use of higher-strength steels is lim-
ited in the presence of hydrogen sulfide
gas with water and temperatures less than
150 degrees. The presence of H2S and wa-
ter lead to sulfide stress cracking (SSC),
such that steels fail in a brittle manner
rather than by yielding.

Lower-strength steels could be used to
avoid SSC, but lower-strength steels can-
not survive the higher pressures encoun-
tered. Another factor to consider is that with
the higher downhole pressures, the yield
strength derating of the pipe steels must be

considered. Derating is a function of the
application temperature as well as usable
yield strength in the presence of H2S. For
example, the total stress limit for a 110 ksi
in a 1 percent H2S aquatic solution, and
temperatures less than 150 degrees should
be kept below 60 percent to avoid SSC.

Such a dramatic derating severely limits
the working pressure of the tubes. The in-
duced stresses in the threaded connections
because of makeup must also be considered.
The methodology for qualifying materials
for sour service is defined in NACE TM0177
as standard SSC test methods A, B, C and
D. The most commonly used are Method A,
which is a pass/fail criteria, and Method D,
which is a crack propagation measurement
test.

Sour Service HP/HT Pipe
In prior years, sour service-rated car-

bon steels were offered in yield strengths
up to the 90-95 ksi range. Today, mill pro-
prietary sour service grades are tested
and fully accepted by producers, and the
American Petroleum Institute is working
to sanction some of the newest grades,
such as SS110 products. But even these
higher-strength steels are not sufficient
for wells with working pressures in the
18,000 psi range.

The first choice in overcoming these
pressures would be to make the pipe thick-
er, but the thicker the pipe wall, the hard-
er it is to achieve consistent through-wall
material properties throughout the heat
treating processes. Thicker pipes also re-
quire thicker coupling materials, which
are even more difficult to manufacture. A
rule of thumb is that the coupling stock
needs to be roughly two times the thick-
ness of the pipe. So even if a sour service
pipe of 1.250 inches can be obtained, sour
service coupling stock is limited to rough-
ly 2.000 inches, making it impossible to
achieve a 100 percent tensile efficiency in
the connection.

Ultrahigh-strength tubes require very
specific chemistries and heat-treating

processes, but they can accommodate high-
er working pressures even in the presence
of sour environments, and can offer cost-
effective alternatives to high chrome and
nickel-based alloys. To achieve even high-
er working pressures in sour environments,
several manufacturers are now working on
SS125 grade materials.

Another important achievement is the
ability of the pipe mills to perform wall
mapping during pipe production. This al-
lows the rolling mills to more precisely
control wall thickness during production,
and is a benefit to the user in two ways.
First, the finished pipes can be guaran-
teed to have minimum wall thickness of
90 percent or greater, giving greater pres-
sure limits than the standard 87.5 percent
API wall thickness tolerance.

Second, with wall mapping, and indi-
vidual joint traceability, the drilling en-
gineer can actually select specific joints
for specific regions in the well. For ex-
ample, thicker pipes can be placed where
the casing wear is expected to be most se-
vere, or near the bottom of the well where
collapse pressures are greatest.

‘Super’ 13Cr, Expandables
While the presence of carbon dioxide

dictates the use of 13Cr steels, the addi-
tional presence of H2S and higher pres-
sures again require advanced technolo-
gies. The addition of nickel and other
alloying elements to 13Cr chemistries has
enabled several manufacturers to achieve
limited or mildly sour service capabili-
ties in 13Cr steels, up to 110 ksi SMYS.

These high-strength steels are com-
monly referred to as “super” 13Cr. Even
higher 13Cr yield strengths (up to 125 ksi)
are being perfected. In addition to push-
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ing these materials to higher yield
strengths, manufacturers are now able to
offer the tubes in larger outside diameters
(up to 10 inches) to cope with high-pro-
ductivity gas wells in particular. These new
grades and sizes are permitting producers
to drill and complete wells that would not
have been possible only two years ago.

Collapse performance of casing is an-
other limiting factor for HP/HT wells.
While API 5CT provides the drilling en-
gineer with guidelines regarding the min-
imum collapse performance of OCTG
pipes, high-collapse proprietary grades
guarantee enhanced collapse perform-
ance up to 30 percent over API values.
Achieving such enhanced performance is
accomplished through a more complete
understanding of collapse-influencing pa-
rameters and a better controlled manufac-
turing processes. Such higher collapse
products are perfectly suited for explo-
ration wells where additional safety mar-
gins are welcome while drilling through
uncertain formations, in riser systems for
ultradeep offshore wells, and in slim well
designs where high collapse ratings com-
pensate for the need to optimize each gain
of wall thickness.

Higher grades in solid expandable
tubulars have also been developed that al-
low longer, deeper strings to be run and
expanded. Current technology provides
expandables up to 80 ksi, including sour
service and 13Cr materials, and sizes to
133/8 inches in outside diameter. Depend-
ing on the application, solid expandable
tubulars may be run as casing patches, ex-
pandable liners through difficult forma-
tions, and as an alternative to convention-
al casing programs.

Expandable casing allows the bore
hole to be maintained to a greater depth,
and in some cases, drilling to total depth
could not be accomplished without SET
casing strings. The ultimate goal for ex-
pandable tubulars is to be able to com-
plete the well with a single casing size
from surface to TD. This monobore de-
sign would save time and money for the

operator, and allow smaller, less-expen-
sive rigs to be utilized for deeper drilling
applications.

Expandable tubulars also require spe-
cialized connections that can not only
survive the expansion process, but also
provide reliable sealing capabilities. Ex-
pandable connections are now available
that provide liquid or gas sealing after
expansion. Figure 1 shows a schematic
of a gas-tight, after-expansion connec-
tion.

Threaded Connections
Advancements in tubular capabilities

would be of little use without a method of
connecting the joints at the well site. In-
novative designs in threaded connections
are also available to meet the performance
levels achieved by these new-generation
tubulars. Wall thickness limitations of sour
service coupling stock have been ad-
dressed with both threaded-and-coupled,
as well as integral connection designs that
are able to provide full internal and exter-
nal pipe body pressure performance.

Integral connections, such as flush
joints and semi-flush (expanded box)
joints, have been tested and fully quali-
fied for sour service applications. Sour
service materials such as T95 and 110SS
grades require stress relieving after ex-
pansion and swaging of the pipe ends.
Integral connections often incorporate
two metal seals that act independently to
seal against internal and external pres-
sures.

These connections eliminate the need
for coupling stock altogether, but provide
connection joint strengths less than the
pipe body yield strength. Often, these
connections are run as liner/tieback com-
bination strings. Validation of swaged and
stress-relieved pipe ends on “super” 13Cr
materials is under way with results ex-
pected later this year. Until these proce-
dures are fully validated, the user should
exercise caution in using stress-relieved
connections with these materials.

Other options exist with unique thread-

ed and coupled designs that utilize thin-
ner-walled coupling stock while still pro-
viding connection joint strengths equal to
the pipe body yield strength. These con-
nections enable the operator to run longer
strings of fully-rated sour service heavy
wall tubes than possible with integral con-
nections. By utilizing the pin nose of one
connection as the torque shoulder for the
opposite member, the need for the cou-
pling to have a machined torque shoulder
is eliminated.

This allows the use of thinner walled
coupling stock that can be heat-treated to
sour service grades such as SS110. These
connections have been tested on tubes
with wall thicknesses in excess of 1.000
inches and to gas pressures of more than
27,000 psi. Figure 2 shows such a connec-
tion threaded on 7.970-inch casing with a
1.125-inch wall thickness.

Other considerations, such as high an-
nular pressures, dictate connection de-
signs that are specifically developed with
external pressures in mind. One such ex-
ample is a threaded-and-coupled connec-
tion with an internal metal seal at the pin
nose combined with a second, mid-con-
nection metal seal (Figure 3). The sec-
ond metal seal is specifically designed to
work against extreme external pressures
from trapped annuli or formation pres-
sures. When the application includes sour
conditions as well as high external pres-
sures, the coupling O.D. can be reduced
to overcome the wall thickness limita-
tions for sour service coupling stock.

Oriented Connections
Today’s offshore “smart well” com-

pletions require a new generation of con-
nections that can be oriented to produce
a specified axial alignment across one or
several connections (Figure 4).

Stacked configurations with chemical
injection mandrels, downhole pressure
and temperature gauges, and subsea safe-
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ty control valves, among other applica-
tions, are usually assembled prior to ship-

ping offshore. Since these components
are manufactured by different companies
and at different locations, the threads are
machined randomly with regard to a spe-
cific axial reference.

When it comes time to buck these
components together in a single assem-
bly, control lines, injection ports, and var-
ious cross-connection fittings must be
aligned along a common axis. Figure 5
shows a typical safety valve and pressure
and temperature assembly to be aligned
on a common centerline.

The tolerance on this axial alignment
can be as small as ±5 degrees, which for
a 41/2-inch assembly would be slightly
more than 3/16 of an inch. Through propri-
etary measurement and machining tech-
niques, orienting pup joints and couplings
are available with tolerances as small as
±2.5 degrees, although it should be noted
that the cost of these oriented connections
is somewhat inversely proportional to the
required accuracy. Therefore, the user
should specify actual alignment require-
ments in line with needed orientations and
not overspecify the requirements.

Other applications for oriented connec-
tions include orienting gas lift mandrels
along a common axis to conserve hole
space, and screens and gravel packs. For
screens and gravel packs, oriented con-
nections can be machined on full-length

tubes for screens so that all of the connec-
tions make up to the same (within a toler-
ance) axial position. This allows the screen
joints to be run in any sequence and still
ensure that the jumper connections work
between the external shunt tubes.

Dope-Free Connections
One particularly interesting technol-

ogy now available is threaded connec-
tions that do not require thread compound
(pipe dope). Eliminating the pipe dope
from the connections is attractive in terms
of protecting the environment as well as
cost savings.

Many thread compounds originally
contained lead and other heavy metals to
prevent galling. In the past several years,
environmentally friendly “green” dopes
have been developed to replace the lead-
based compounds. These have worked
well for API 8rd and buttress connections,
but many contain significant levels of
Teflon and are not generally preferred for
premium metal seal connections.

The latest technologies for premium
metal seal connections have eliminated
these pipe dopes altogether, enabling both
“no-discharge” and “rig-ready” practices
(Figure 6). Some of the more significant
advantages of these dope-free connec-
tions are reduced handling costs since the
connections do not have to be cleaned and

Connection requiring
specific orientations

(±5 degrees)

Safety Valve and Pressure/
Temperature Assembly Aligned 

On A Common Centerline

FIGURE 5
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redoped prior to running, cleaner well
bores, which reduces costs and nonpro-
ductive time required to flush the pipe
dope from completion strings, no plug-
ging of screens, gravel packs or forma-
tions because of pipe dope, and a cleaner
and safer working environment.

With advancements in casing drilling
and the growing use of the technology,
specialized connections have also been
developed for casing drilling applications.
Fatigue is a primary factor to consider with
casing drilling connections. Modifications
to the thread forms and using torque shoul-
ders reduce the stress levels in the con-
nections and provide greater fatigue life.
Casing drilling connections are available
in both threaded-and-coupled and integral
versions. These connections have gener-

ally been used as hydraulic or liquid tight,
but fatigue-resistant metal seal connec-
tions are also available for gas sealing ap-
plications.

Riser Connections
Advancements are also being made in

drilling and production riser connections.
Threaded-and-coupled riser connections
have proven to be a very cost-effective
alternative to the weld-on versions. These
connections allow the use of higher-grade
or sour service steels that are not possi-
ble with welding. The ability to use high-
er-grade steel also reduces weight, which
translates directly into cost reductions for
offshore production facilities.

With greater water depths, the influ-
ence of seawater intrusion into the con-
nection becomes a greater concern, par-
ticularly when considering long-term
production applications over 20 or more
years. The deeper water pressures could
force the seawater into the thread forms
and create corrosion and subsequent stress
corrosion cracking, which could lead to
premature fatigue failure. Since these phe-
nomena are very time-dependent and dif-
ficult to replicate or model in physical test-
ing, the philosophy is to prevent the
seawater from entering the connection by
adding an external environmental sealing
mechanism to the connections.

Elastomers or some type of “O” rings

have been historically used for these ex-
ternal environmental seals, but newer con-
nection designs incorporate metal-to-met-
al sealing technology to exclude seawater.
These metal seals eliminate the need for
a seal ring while providing a positive seal.

In general, the current demand and
market conditions are pushing the indus-
try to find and produce oil and gas in
deeper and more hostile environments.
This requires and justifies investments in
developing new and more efficient ways
to achieve these goals.

Expandable tubes with gas-tight con-
nections, new grades and new connec-
tions for sour service, and specialized
connections for smart wells and risers are
all targeted to the most challenging proj-
ects ever attempted. New technologies,
such as drilling with expandable casing,
are now being considered that will allow
even more possibilities. Tubulars and con-
nections are no longer considered mutu-
ally exclusive structures, but rather inter-
connected components in an integrated
system.

Manufacturers are working to develop
and implement the tubular and connection
technologies that enable the producers to
push the boundaries even further. This,
however, is not a time for the industry to
savor what it has already done, but rather
to consider what it can do in the future.�
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FIGURE 6
51/2-inch Dope-Free Connection


