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conTEnTS
DRIllIng SIDEwAyS
While multistage fracturing gets most of the attention 
in marking the technological achievement of solving the 
tight oil and shale gas production puzzle, horizontal drill
ing is equally responsible for that achievement.

Without the ability to accurately place the well later
ally through the formation, exposing many times the 
amount of the reservoir accessible to a single wellbore, 
the act of multistage fracking would not lead to economic 
production. 

Horizontal drilling itself is a combination of technolo
gies combined in such a way that it has become fast, 
reliable and extremely accurate. It involves everything 
from the right selection of drill bit, motor and navigation 
technology for the formation—all technologies under
going constant improvement—to the ability to constantly 
drive down the time, and therefore cost, incurred to drill 
each well.

A much “newer” technology than hydraulic fractur
ing, which dates back to the late 1940s, horizontal 
drilling has advanced dramatically in both techno logical 
capability and prevalence of wells drilled since the 
technique became commercial in the 1980s. As it has 
steadily climbed to represent about 70 per cent of all 
wells drilled in Canada, those improvements can be 
seen in increases in rates of penetration drilled, longer 
length wells and declines in cost per metre drilled. 

As part of the yin and yang of multistage fracturing 
combined with horizontal drilling, it has represented a 
technological leap that has been credited with increasing 
the world’s gas reserves by 32 per cent, making the U.S. 
the world’s biggest natural gas producer and handing 
Canada a greater than 100year supply of natural gas. As 
plentiful natural gas production has led to low natural 
gas prices, the shift of the technology to tight oil and wet 
gas producing formations, such as the reawakened Montney 
and Duvernay plays in Canada, is having a similarly large 
impact on North American oil output.

Considering all of the advantages entailed in drilling 
sideways through low permeability reservoirs, one 
wonders why it was not invented earlier. As the tech
nology to drill horizontal wells continues to advance, 
New Technology Magazine continues to look at new 
and improved ways of doing so.

www .newtechmagazine .com 
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The challenges of extended 
laterals in complex shale gas and 
tight oil formations—and the associ
ated costs—are spurring operators 
to find new ways to boost drilling 
performance and thus cut the number 
of drilling days.

The quest to optimize rate of 
penetration (ROP) on complex di
rectional drilling projects involves, 
among other things, selecting a bit 
that best matches the tools and sys
tem being deployed. An approach to 
choosing a bit now offered by Baker 
Hughes Inc. might sharply reduce 
the element of chance in the bit 
selection process.

In the Marcellus and Utica shale 
plays, operators have been shaving 
drilling time by an average of two 
days per well by using Baker Hughes’ 
pushthebit rotary steerable system 
(RSS) called AutoTrak and a new line 
of rotary drill bits specifically de
signed for the RSS they were using.

The custom drill bits used with 
the RSS “incorporate systemspecific 
features to compliment the tool’s 

drilling dynamics and optimize its 
drilling performance,” according to a 
Society of Petroleum Engineers paper 
presented by its principal author,  
Carmel El Hakam, an engineer at 
Baker Hughes, at a Calgary confer
ence in October. “Through successive 
bit design iterations, drilling per
formance with the RSS has steadily 
advanced with every horizontal job 
by reducing days spent drilling the 
curve and lateral sections.”

Bit features such as cutter profile, 
polished cutters, cutter exposure and 
gauge pad geometry were designed 
to match the steering mechanism. 
Polished cutters make for smaller cut
tings, reduce cutter balling, facilitate 
cuttings removal from the wellbore 
and improve ROP.

“The result was that cuttings 
were about half the size of standard 
cuttings. Another drill bit feature was 
an enhanced cutter profile to improve 
steerability and stability,” El Hakam 
said in an interview.

The drill bits that worked with the 
RSS tool used in northeast U.S. shale 

By Godfrey Budd

ROP
Directional drilling 
equipment makers 
offer enhanced tools to 
improve performance

boosting

 taking aim
Weatherford’s HyperLine 250 drilling motor 

incorporates the latest elastomer technology 
and design to deliver optimal power output, 

bit performance and well steerability.

HyperLine’s power section incorporates 
proprietary elastomers and advanced 

manufacturing techniques for longer 
performance and 
higher reliability.

4   New TechNology MagaziNe  S u P P Le M e NT |  N OVe M B e R 2014

horizontal drilling



plays were specifically designed for 
the curve and lateral applications in 
the Marcellus and Utica, and as a re
sult of the design process were able 
to significantly improve the perfor
mance of the design tool. The design 
of these shale play and system
specific bits was achieved with input 
from directional drillers, directional 
systems engineers and clients.

The development and application of 
this new line of custom drill bits was a 
key factor in the success and improved 
ROP of those operators in the Marcellus 
and Utica that were seeking to drill 
more efficiently. “You need to pick a 
bit that matches the system and tool 
you’re using. Since we know the tool 
very well, we have access to all the 
information about it, so we can match 
all the significant characteristics of the 
system,” El Hakam said.

The use of RSS itself in the Marcellus 
is somewhat unusual, let alone with 
a fleet of customized, complementary 
drill bits that functionally integrate 
the bit with the tool. “Most horizontal 
wells drilled in the Marcellus utilize 

conventional motor BHAs [bottom 
hole assemblies] to drill the curve and 
lateral sections,” notes the paper.

StaBLE DiRECtiOnaL DRiLLing
For many drilling projects, however, 
operators view positive displacement 
motors (PDMs) as a suitable system 
for directional drilling. “Even today, 
PDMs account for nearly 70 per cent 
of the directional drilling applica
tions. Increasingly, RSS systems are 
using motors to optimize drilling 
performance,” according to a recent 
Weatherford presentation on the 
company’s HyperLine downhole motors.

But PDMs are also associated 
with diminished bit lateral stability 
and spiralling causing poor borehole 
quality. Stabilizers have been used 
to mitigate these effects and were 
added with a connection on the rig 
floor. “As the stabilizer was near 
the drill bit, making up or breaking 
with tongs was difficult and time
consuming,” says Rick Morar, global 
directional drilling service line man
ager at Weatherford.

Also, stabilizers provided by out
side vendors and manufacturers were 
not always the best fit or were marred 
by poor engineering. Aside from dif
ficult make up/break up on the rig 
floor, some of the common issues are 
different blade count and tool length, 
no standard gauge outer diameter 
or profile definition and hardfacing 
material not optimized for abrasive 
formations. Also, blade design might 
be inconsistent in length and profile, 
resulting in poor contact area.

Weatherford’s response to these 
issues around stabilizers, or STBs, has 
been the introduction of a motor called 
the HyperLine 250 SRS. SRS stands for 
smoothpath rotating stabilizer. “The 
fully rotating STB is now part of the 
mud motor assembly. The STB improves 
the bit stability and drilling efficiency 
leading to longer bit life,” Morar says.

He points to other advantages of 
the new system. The integration of a 
fully rotating SRS on the bottom end of 
the motor provides optimum contact 
length and junk slot area, and better 
bit stability. It has minimum impact 

The E-Drive’s jointed assembly and elliptical 
shaped fins housed in a sealed cover 

produce minimal movement, 
reducing fatigue and allowing the 

motor to operate longer.

The HyperLine’s threaded 
bearing housing provides the 
flexibility for different 
stabilization configurations.
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on motor directional response, cuts 
spiralling and so improves hole quality, 
and reduces sliding time as the stabil
izer blades are always rotating.

A key design goal behind the 
HyperLine 250 SRS positive displace
ment motor is to provide an optimum 
and efficient method of additional bit 
centralization without losing any di
rectional capabilities. The HyperLine’s 
threaded bearing housing provides 
the flexibility for varying stabilization 
configurations. Protector sleeves, sep
arate outside diameter blade stabiliz
ers and kick pads can be interchanged 
easily at the drilling location.

For improved downhole inclination 
control and correction, Morar points 
to a stabilizer from Weatherford that 
was introduced in the last couple 
of years, the StableLine Adjustable 
Gauge Stabilizer. By adjusting the 
working diameter remotely, the 
stabil izer can be changed without 
tripping out of the hole. “That could 
save half a day,” Morar says.

He describes a scenario where 
the operator might switch stabiliz
ers. “Suppose you’re drilling tangent 
sections [and] you run an adjustable 
stabilizer, as you want to adjust your 
trajectory without having to slide, 
which is time consuming. You hy
draulically adjust the AGS [adjustable 
gauge stabilizer] to the desired blade 
position [retracted or extended]. Using 
this, you control the inclination of the 
wellbore, and it eliminates sliding.”

The stabilizer operates hydraulic
ally, using differential pressure across 

the tool to expand or collapse nine 
radially moving pistons.

Recently, mud motors like the 
HyperLine 250 SRS are being used 
to support a rotary steerable tool to 
provide some extra power and offset 
the need for more powerful top drives.

a tigHtER CURVE
Rotary steerable systems (RSS) were 
designed mostly for complex wells that 
were seen as difficult, and addressed 
the need for more horsepower in long 
laterals. “RSS has a lot of advantages 
but it’s not for every application. In the 
past, mud motors have been associ
ated with high dogleg [severity curve], 
but they tend to high tortuosity, which 
is not good for hole quality. RSS does 
a very smooth [path], one continuous 
curve. The challenge is to get high 
dogleg for the application,” says Jim 
Tilley, global rotary steerable products 
manager at Halliburton Company.

The value of high dogleg—providing 
a tighter curve in transitioning from 
vertical to horizontal—is straight
forward. It gets the bit into the pay 
zone closer to the heel of the well. That 
can translate into as much as an incre
mental 500 feet of productive contact 
with the reservoir. Another 500 feet in 
a milelong lateral equals nearly 10 per 
cent more pay zone access. Given that, 
as Tilley says, “a lot of wells in tight oil 
have light eco nomics,” that 500 feet 
could conceivably mean the difference 
between a profit and a loss on a well.

The particular advantage of using 
RSS for long laterals in shale gas or 

tight oil is that the vertical, curve 
and lateral can be drilled in one run 
unlike with mud motors, which often 
involve switching the drilling tool, 
and extra trips to do that, on the way 
to the toe of the lateral. “With a mud 
motor, you’re sliding and rotating at 
different intervals. You stop rotating 
when you steer. But with RSS, you’re 
always rotating, even when you 
steer,” Tilley says.

Although laterals average 3,000 to 
5,000 feet, 8,000 to 10,000 feet is now 
increasingly common. Tilley makes 
the point that by taking days off of 
drilling time, operators can improve 
the starting time for payback, noting 
that production curves in unconven
tional plays often have steep declines 
within the first year.

Halliburton’s GeoPilot RSS was 
first introduced around 2000, and 
many improvements in reliability have 
been made since then, Tilley says. The 
recently introduced GeoPilot Dirigo RSS 
has enhanced dogleg capabilities for 
drilling wells where high build rates are 
required, or where soft formations can 
limit build rate with some rotary steer
able systems. “We’ve increased the 
bend amount and changed the geom
etry and optimized the fulcrum point to 
get higher dogleg capability,” he says.

With longer laterals, RSS, some
times supported by mud motors, is 
increasingly the system of choice. 
“We’re seeing lots of takeup for the 
GeoPilot Dirigo, particularly in the 
U.S., where longer laterals are more 
common,” Tilley says. 

POLiSHED
0.446 DOC

nOn-POLiSHED
0.262 DOC

POLiSHED
0.600 DOC

nOn-POLiSHED
0.242 DOC

 CUttingS COmPaRiSOn
Baker Hughes’ custom PDC drill bits’ polished cutters help mitigate shale balling and packing off. Clearance limitations can cause cuttings to 
get stuck, with cutting size a critical factor affecting the hydraulic efficiency of the system. Polished cutters prevent the system from balling or 
packing off at twice the depth of cut (DOC) as standard non-polished cutters because the cuttings are half the size at more than twice the DOC.
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FRACTURE MODELING

To maximize unconventional resources,

divide the workload, but multiply the brainpower. 

With the new Halliburton CYPHERSM Seismic-to-Stimulation Service.

CYPHER service is the new way to assure maximization  

of your unconventional asset’s Net Present Value (NPV). 

It provides a customized Integrated Asset Model that 

identifies key reservoir attributes to enable drilling and 

stimulating the best wells first. Trial and error is significantly 

reduced. Learning curve times are slashed. It’s a more  

predictable, productive, and smarter way to optimize  

unconventional resource plays.

With the tailored approach of the CYPHER service,  

Halliburton collaborates with you to integrate all available 

resource data and geoscience modeling into a refined 

Integrated Asset Model that is continuously updated and 

validated. This ongoing calibration has led to enhanced  

profitability and synergistic efficiencies that have not  

previously been achieved in the industry.

What’s your unconventional challenge?
For solutions, visit halliburton.com/CYPHERservice

Solving challenges.™ HALLIBURTON
© 2013 Halliburton. All rights reserved.



ToTal producTion from unconventional plays in the United States 
will continue to grow until at least the early 2020s, the Daily Oil Bulletin 
reported in October. Overall, U.S. production of crude oil and con
densate from all unconventional plays is expected to reach about five 
million barrels a day by 2023, up from more than three million barrels 
a day last year. Natural gas liquids production from the same plays is 
expected to average around 2.2 million barrels a day through the 2020s.

The highest growth rate is forecast for the Permian Basin, which is 
in the “very early stages” of development as an unconventional play, 
according to Peggy Williams, editorial director at Hart Energy, the U.S. 
oil and gas publisher. Williams presented the figures at the 2014 Society 
of Petroleum Engineers (SPE) / Canadian Society for Unconventional 
Resources (CSUR) unconventional resources conference in Calgary.

Hart Energy expects output from the Permian Basin, where more 
than twice as many rigs are working as in either of the other big U.S. 
plays, will rise by 145 per cent from current levels before flattening 
out in the late 2020s. 

The big plays keep getting bigger, Williams said. “The well perfor
mance continues to improve in the Eagle Ford, the Bakken, in the Permian 
Basin and the Marcellus. We think a key reason is that the laterals are 
getting longer and the completions are becoming more effective.”

Williams reviewed the current status and remaining potential of 
the four big U.S. unconventional plays—the Eagle Ford, the Permian, 
the Bakken and the Marcellus—none of which is expected to reach 
peak output before 2020. The following are some of the key metrics 
for the four big unconventional U.S. plays. The statistics include only 
horizontal wells that are producing or capable of producing. All dollar 
amounts are U.S.

• Average estimated ultimate 
recovery (EUR) per well: 
530,000 barrels of oil 
equivalent (boe).

• Average well cost:  
$7.2 million.

• Average breakeven price: 
$44.92 per boe.

• About 10,200 wells that are 
producing or are capable of 
production.

• Oil gravity varies between 
37 and 57 degrees API. The 
average gravity is  
47 degrees.

• The three top horizontal 
drillers in the Eagle Ford are 
EOG Resources Inc. (1,433 
wells drilled), Chesapeake 
Energy Corporation (968 
wells) and Anadarko 
Petroleum Corporation 
(890 wells).

• The average cost per frac 
stage is about $97,000. 
Slickwater is the main 
completion technique.

• Operators are pumping 
about 400,000 pounds of 
sand per frac stage, or about 
11 million pounds per well.

• Hart Energy expects Eagle 
Ford production to average 
somewhere below two 
million boe a day this year 
and to grow by 31 per cent 
by 2020.

FOUR
U.S. unconventional plays expected to 
continue growth well into next decade

big
The

eagle ford

By Pat Roche

horizontal drilling
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• Average well EUR:  
477,000 boe.

• Average well cost:  
$6.6 million.

• Average breakeven price: 
$44.65 per boe.

• More than 3,100 horizontal 
producing wells have been 
completed in the Permian 
since 2010.

• Crude gravities range 
between 39 degrees and 
46 degrees.

• The Permian has multiple 
objectives. The primary 
horizontal target is the 
Wolfcamp, but there is 
also interest in the Trend 
area (the Spraberry Trend), 
Bone Spring (a tight sand 
play predominantly in the 
northern Delaware) and Clear 
Fork (another subsidiary play 
that occurs mainly in the 
Midland basin), according to 
Hart Energy’s Williams.

• The top three drillers of 
horizontal wells in the 
Wolfcamp are EOG with 
205 wells completed, Devon 
Energy Corporation with 183 
and EP Energy Corporation 
with 148.

• The average cost per frac 
stage ranges between 
$81,000 and $91,000. 
Slickwater is no longer 
the dominant frac, with 
companies experimenting 
with hybrids and crosslinked 
gels, said Williams.

• Permian production is 
estimated at roughly 
800,000900,000 boe a day 
for 2014. Forecasting a  
145 per cent increase, Hart 
Energy expects Permian 
unconventional output to 
hit more than two million 
boe a day by the time it 
peaks in 2030. 

• Average well EUR:  
446,000 boe.

• Average well cost: 
$8.5 million.

• Average breakeven price: 
$50.37 per boe.

• The average grade of the 
oil is 44 degrees API and 
the range is between is 39 
and 45 degrees. (Bakken 
statistics are for North 
Dakota and Montana, not the 
Canadian Bakken.)

• More than 8,700 wells have 
been completed in the U.S. 
Bakken since 2000. (This 
doesn’t include wells drilled 
in an older Bakken play in 
the 1990s.)

• The average cost per frac 
stage is $87,500. Operators 
are shifting to crosslink 
gel. Plugandperf is the 
most common completion 
technique.

• Sand remains the most 
common proppant in the 
Bakken, but the play has 
the highest use of ceramics, 
accounting for about 25  
per cent of the completions.

• The top three Bakken 
operators, based on 
producing wells completed, 
are Continental Resources, 
Inc. (1,152 wells), Hess 
Corporation (770 wells) 
and Whiting Petroleum 
Corporation (768 wells).

• Bakken output is forecast to 
grow by 25 per cent by 2020 
from current levels. 

• Average well EUR:5.4 billion 
cubic feet (bcf) equivalent.

• Average well cost: 
$6.6 million.

• Average breakeven price: 
$2.22 per thousand 
cubic feet.

• Slickwater fracs are most 
popular completion and plug
andperf is the most common 
technique. The average cost 
per stage is $92,000.

• The Marcellus has more 
than 5,500 producing 
horizontal wells, grouped 
mainly in two major areas: 
Northeast Pennsylvania 
is the dry gas area and 
the wet gas portion is in 
southwest Pennsylvania 
and also extends into Ohio 
and West Virginia (statistics 
don’t include the Utica 
shale, which overlies  
the Marcellus).

• The top three Marcellus 
operators are Chesapeake 
with 850 wells completed, 
Range Resources Corporation 
with 688 and Talisman 
Energy Inc. with 388.

• Hart Energy expects 
Marcellus production to grow 
to nearly 25 bcf equivalent a 
day by 2027 — a 58 per cent 
increase from 2014.

bakken

marcellus

permian basin

horizontal drilling
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hydraulic fracTuring of oil and gas wells dates 
all the way back to 1949 in Oklahoma, and it has been 
applied to millions of wells since then. But up until about 
a few decades ago, they were mostly vertical wells, lim
iting their ability to fracture very much of the targeted 
formation—making the process uneconomic for shale and 
tight formations.

Then along came horizontal drilling, with new tech
nologies to aim long lateral wellbores precisely through 
great lengths of extremely low permeability formations. 
Slicing the lateral into increasingly numerous segments, 
or stages, each of which could be isolated to blast frac
tures into the cementlike formations repeated along the 
length of the well, then provided a costeffective method 
to access oil and gas resources.

The difference between fracking a horizontal well 
compared to a vertical is dramatic. To drill a vertical well 
through a 100metre shale formation exposes just 100 
metres of formation to the wellbore. But by turning 90 
degrees and drilling laterally through the formation, to 
distances now surpassing three kilometres, drillers can 
expose 3,000 metres of the formation with a single well.

With the technology to hit a formation three or more kilo
metres deep and aim the well in real time through the sweet 
spots within the formation—which can then be fracked in 
dozens of stages along the length of that lateral—drillers 
have enabled the economic production of unconventional 
resources that has led to the socalled shale revolution.

The revolution has upended production forecasts, 
disrupted prices and markets, revitalized tired plays and 
other sectors of the economy, and shaken the geopolitics 
of energy security–and it shows little sign of slowing.

In Canada, to the end of August, a record number of 
horizontal wells were drilled, with the three most west
ern provinces seeing doubledigit percentage increases 

By Maurice Smith

technology
Horizontal drilling’s ability to access shale gas and tight oil 
continues to spread unconventional transformation

disRUPTive

 HORiZOntaL aSCEnDanCY
A record number of horizontal wells were drilled in 
Canada to the end of August, with the three most western 
provinces seeing double-digit percentage increases.
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from a year ago. Operators rig released 5,395 horizontal 
wells, excluding experimental/test wells, up from 4,802 
such wells a year ago, reported the Daily Oil Bulletin.

In Alberta, operators rig released 3,077 horizontal 
wells compared to 2,748 in the JanuarytoAugust per
iod last year, up about 12 per cent. There were 1,678 
horizontal wells drilled in Saskatchewan to the end 
of August, up 21 per cent from 1,390 in the yearprior 
period. And B.C. operators drilled 439 horizontal wells 
compared to 325 in the first eight months of 2013, a  
35 per cent increase.

The uptick is for good reason. The combination of 
hori zontal drilling and multistage fracking technologies 
has awoken the industry to phenomenal potential con
tained in western Canada’s more than a dozen shale and 
siltstone hydrocarbon bearing formations. In examin
ing just the five shale plays with the most immediate 
potential for production, the Alberta Energy Regulator’s 
resource appraisal group estimates they contain 424 billion 
barrels of oil, 3,424 trillion cubic feet (tcf) of natural gas 
and 59 billion barrels of natural gas liquids.

aStROnOmiCaL UnCOnVEntiOnaL POtEntiaL
In an Energy Briefing Note describing the ultimate po
tential for unconventional petroleum from the Montney 
Formation of B.C. and Alberta published by provincial 
and federal agencies last November, it was estimated 
the thick and geographically extensive siltstones of the 
Montney are expected to contain 449 tcf of marketable 
natural gas (4,274 tcf in place), 14.5 billion barrels of 
marketable natural gas liquids (127 billion barrels in 
place) and 1.1 billion barrels of marketable oil (142 billion 
barrels in place).

While the Montney has been the target of oil and 
gas exploration since the 1950s, the report—the first 
publicly released study to examine the marketable, un
conventional petroleum potential of the formation in any 
detail—noted, “Montney siltstones remained undevel
oped until 2005, when advances in horizontal drilling 
and multistage hydraulic fracturing made it possible to 
economically develop this extensive, unconventional 
siltstone resource.”

The bounty opened up by these new technologies 
are reflected in the turnaround in Alberta nonoilsands 
production volumes that had been in decline since 
peaking at 1.4 million barrels per day in 1973. Since 
bottoming out at about 460,000 barrels per day in 2010, 
production rebounded to 583,000 barrels per day in 
2013, a 27 per cent increase as the new techniques 
took hold. According to the Canadian Association of 
Petroleum Producers (CAPP), production will continue 
to climb for another 15 years, reaching close to 800,000 
barrels per day. (Bitumen production, also aided by 

horizontal drilling technology—in 
the form of steam assisted gravity 
drainage production—will climb 
even faster, roughly doubling oil
sands output over 10 years.)

In the U.S., the birthplace of the 
combined technologies to access 
unconventional resources, an even 
bigger transformation is taking hold 
as America surpasses Russia and 
Saudi Arabia to take on the mantle of 
largest oil and gas superpower. The 
country is nearing its own all time 
peak oil production of just over 10 mil
lion barrels per day reached in 1970.

U.S. production of tight oil has 
increased dramatically in recent 
years, from less than one million 
barrels per day in 2010 to more 
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 CRUDE COmEBaCk
A rig drilling for Statoil in North Dakota’s booming Bakken play. 
Oil production from the Bakken and Three Forks formations 
in North Dakota and Montana surpassed one million barrels per 
day in April. Advances in drilling technology, a better 
understanding of the geology, higher oil prices and the formation’s 
size and number of wells all contributed to higher production and 
to the potential for future growth, according to the U.S. Energy 
Information Administration.
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than three million barrels per day in the second half 
of 2013, the U.S. Energy Information Administration 
(EIA) reported in April. “However, growth potential and 
sustainability of domestic crude oil production hinge 
around uncertainties in key assumptions, such as well 
production decline, lifespan, drainage areas, geologic 
extent and technological improvement—both in areas 
currently being drilled and in those yet to be drilled,” it 
stated, prompting the development of high and low oil 
and gas resource case estimates, “to examine the ef
fects of alternate resource and technology assumptions 
on production, imports and prices.”

The EIA said improvements made to the National  
Energy Modeling System (NEMS) Oil and Gas Supply 
Module for its Annual Energy Outlook 2014 enhance its 
ability to capture rapid growth in tight oil production. 
“Specifically, EIA has implemented a more disaggregated 
representation of estimated ultimate recovery (EUR) 
that uses welllevel data aggregated to the county level 
within key producing regions to track the combined ef
fect of technology advances and the changing quality of 
resources being targeted on production per well, which in 
turn drives an analysis of EUR for wells in each region.”

While there is still a great deal of uncertainty in the 
projections of U.S. tight oil production, the EIA said its 
analysis reflects those uncertainties by varying key as
sumptions regarding the resource base and the rate of 
technology advances that lower drilling cost or raise its 
productivity across alternative cases. “As new informa
tion is gained through drilling, production and technology 

experimentation, NEMS projections for tight oil produc
tion will continue to evolve.”

The EIA’s low case forecast sees production reaching 
9.1 million barrels per day in 2017 before falling to 6.6 
million barrels per day in 2040. In the high case, growth 
in tight oil production continues for a longer period of 
time and overall production (not limited to that from 
tight sands and shales) increases to a record level of 
nearly 13 million barrels per day before 2035.

While there is more uncertainty about the potential 
for greater gains in production than about the potential 
for lower production levels, the EIA states “optimism 
about increased supply has been buoyed by recent 
advances in the production of crude oil and natural gas 
from tight and shale formations.”

The different scenarios result in significant variations 
in the share of net imports in total U.S. liquid fuels con
sumption, with important implications for Canada’s oil ex
ports. The proportion imported, which increased steadily 
from 27 per cent in 1985 to about 60 per cent in 2005, has 
fallen to roughly 40 per cent in 2012. In the EIA’s refer
ence case, the share met by imports continues declining 
to 25 per cent in 2016, and then begins a gradual increase 
starting in 2020, reaching 32 per cent in 2040. 

The net import share follows a similar trend in the 
low resource case, falling to 27 per cent in 2016 and 
then rising to 40 per cent in 2040. However, in the high 
resource case, net U.S. oil imports continue to decline 
through 2036 and remain at or near zero from 2037 
through 2040.PH
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DiSRUPtED FLOWS
Whether U.S. production, driven by unconventionals 
that have displayed disconcertingly high decline rates, 
surges to new highs or peaks as early as 2016 and 
resumes its longterm decline as many forecast, it has 
already left its mark. The growing abundance of light 
tight oil and shale gas has already roiled markets across 
the continent, upsetting decadesold transportation 
routes and reshaping many sectors of the economy. 

While still dwarfed by Canadian exports heading 
south, U.S. petroleum exports, mostly to Canada, have 
surpassed 250,000 barrels a day, reaching a 15year 
high as rapidly growing production from plays like the 
Bakken of North Dakota and Montana and the Marcellus 
and Utica shale gas plays in the Northeast U.S. flood 
the market, elbowing out western Canadian oil and gas 
supplies to eastern markets.

The Bakken surpassed one million barrels of light crude 
per day in April, while shale gas out of the Marcellus from 
Pennsylvania and surrounding states has skyrocketed 
from barely two billion cubic feet per day five years ago 
to 16 bcf today, representing about 20 per cent of U.S. 
natural gas production and surpassing output from all 
of Canada (13.9 bcf, according to CAPP).

While perhaps not good for western Canadian 
producers tied mostly to North American markets, it is 
a boon for industries that can benefit from lower cost 
inputs of oil and gas products. Nova Chemicals Corp., 
for example, has recently begun sourcing previously 
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scarce ethane for its Joffre, Alberta petrochemical facil
ities from North Dakota’s Bakken, giving the company 
the confidence to invest in a new $1 billion polyethylene 
unit. Similarly, new supplies of ethane from the booming 
Marcellus prompted a $250 million upgrade to Nova’s 
facility near Sarnia, Ontario. 

Elsewhere, Suncor Energy Inc. and Valero Energy 
Corp. have imported lower priced U.S. crude for their 
refineries in Quebec, while fertilizer manufacturer IFFCO 
Canada Enterprise Ltd. has announced construction of a 
$1.6 billion plant also in Quebec to utilize lowcost gas. 
In the U.S., Gulf Coast refiners are adding as much as 
700,000 barrels per day of refining capacity to process 
the increased volumes of tight light oil as some experts 
predict the country is set to become a net exporter of 
gasoline for the first time.

In the U.S., consultancy IHS said supply chain indus
tries for unconventional oil and gas production now sup
port more than 500,000 jobs and will represent more than 
40 per cent of all unconventional oil and gasrelated jobs 
by 2025. Supply chain industries include manufacturers 
of steel pipe, construction equipment, railcars, sand and 
gravel producers, and professional and technical labour.

In addition to jobs supported, IHS said supply chain 
industries will contribute more than $16 billion (US) in 
government revenues in 2015 (up from $13 billion in 
2012) and rise to about $23 billion in 2025. Total gross 
output from this group of industries is expected to grow 
from $145.7 billion in 2012 to $205.9 billion in 2025, 

contributing the equivalent of nearly one half a per cent 
total U.S. gross output each year.

“It is an important part of the story that the uncon
ventional oil and gas producers sit atop long and diverse 
supply chains that run through the U.S. economy,” said 
Brendan O’Neil, managing director, consulting, IHS 
Economics and Country Risk. “The growth in uncon
ventional production has become an important source 
of economic activity for these industries at a time when 
many of their other primary markets were experiencing 
decline as a result of the Great Recession.”

PRiCE mODERatiOn
Energyintensive industries all benefit from lower costs. 
While relatively small on the world stage, the deluge of 
North American oil and gas production made possible 
by horizontal drilling and fracking has had an important 
moderating effect on prices, according to the EIA. With 
relatively stagnant production elsewhere amid supply 
disruptions in the Middle East and North Africa, the 
price of oil would have surged to $150 per barrel if not 
for unconventional production, EIA chief Adam Sieminski 
said in September.

While outages elsewhere have removed about three 
million barrels per day from world markets, unconven
tional production from places like North Dakota, which 
Sieminski said could eventually hit two million barrels 
per day, has more than compensated for that loss. U.S. 
unconventional production has grown to more than 
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four million barrels per day from a decade ago, he noted. 
Production from Texas has more than doubled in just 
four years, to 1.96 million barrels a day last year, reach
ing its highest since 1987.

Sieminski said it is difficult to predict how much 
impact further technology improvement will have in 
stretching out the shale revolution. “Our current model
ling shows production in the Bakken continuing to climb, 
and then peak off. But the technology still seems to be 
in the early stages. Modelling changes in technology 
seems to be the hardest thing to do,” Sieminski said in 

an interview with Reuters 
in September.

Predictions the tread
mill effect created by the 
high early decline rates 
seen in unconventional oil 
and gas production, neces
sitating more and more 
wells to be drilled just to 
maintain existing output 
levels, will see peak pro
duction reached as early 
as 2016 appear to be con
tradicted by ever higher 
production rates, suggest
ing continued advances 
in technology could allow 
producers to outrun that 
treadmill effect, at least in 
the short to medium term.

Wood Mackenzie, a con
sultancy, said in September 
that there continues to 
be great potential for 
surprises to the upside in 
production of U.S. tight oil, 
according to its latest inte
grated analysis. “Growth 
in U.S. tight oil continues 
to impress as development 
technology and techniques 
have yet to mature beyond 
adolescence,” commented 
Phani Gadde, senior North 
America upstream analyst 
for Wood Mackenzie.

He said additional 
volumes from enhanced 
oil recovery will come on 

stream after 2020, and could add 1.5 to three million bar
rels per day by 2030, up to 25 per cent more oil than is 
being forecasted today. These technologies are in early 
test phase and not commercial yet, but indicators suggest 
up to a 100 per cent increase in recovery rates. There are 
pilot tests that are underway with operators like EOG 
testing it out in the Eagle Ford, Gadde said.

“This is going to happen, like horizontal drilling and 
fracking, leading to another stepchange in production 
technology,” added Skip York, principal analyst, Americas 
Downstream, Midstream & Chemicals for Wood Mackenzie. 

“Growth in 
U.S. tight oil 
continues to 
impress as 
development 
technology 
and 
techniques 
have yet 
to mature 
beyond 
adolescence.”
— Phani Gadde, 
senior North America 
upstream analyst, 
Wood Mackenzie.
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fRAckIng’S ImpAcT
There is little question multistage fracturing technology, com
bined with horizontal drilling, has fundamentally reshaped the 
North American oil and gas industry. From a generally declin
ing rate of production—with the exception of the oilsands—
North America has turned around to become the world’s 
premier producer in the span of a decade, due mainly to the 
spread of the technology to basins across the continent.

In recent years, increases in North American oil produc
tion have surpassed the increase in worldwide demand, 
keeping prices stable while reducing U.S. import demand 
to levels not seen for 25 years. In Canada, the technology 
has helped to revive mature plays, turned around the long
term declining trend in nonoilsands crude production and 
opened up the potential for liquefied natural gas exports.

Despite the turnaround, the high decline rates—up to 
70 per cent within the first year of production—in uncon
ventional oil and gas plays have raised concerns the indus
try couldn’t maintain higher levels of production for long.

But here again, technology offers a solution. While 
horizontal drilling and multistage fracking are technologies 
that have been commercial for years, their application still 
leaves plenty of room for advancement. As some of that 
advancement—in technology, in techniques and in learn
ings as they progress—seeps into the industry, we are 
already seeing its impact.

The U.S. Energy Information Administration reported 
the growth in production from shale resources was driven 
by drilling efficiency, as productivity of wells is steadily 
increasing in many basins because of the increasing preci
sion and efficiency of drilling and fracturing technology.

It reported in September, for example, that “Increased 
drilling and improved drilling efficiency have led to significant 
crude oil production increases in the Eagle Ford region in 
southern Texas. These increases have occurred despite the 
region’s relatively high well decline rates. However, by offset
ting the natural declines through the use of new recovery 
techniques, further production increases are possible.”

Clearly, the technological breakthroughs that led to 
the transformational impact on oil and gas production in 
North America are continuing to progress. In this supple
ment, we examine some of the leading edge technologies 
coming into the market, and at the impact they continue 
to have on the oilpatch.
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new Technology that helps oil and 
gas companies do business more ef
fectively is front and centre for major 
international oilfield services com
panies, which have recently brought 
technologies to the market that are 
aimed at helping energy companies 
in their ongoing quest to increase ef
ficiencies and impact the bottom line. 

Baker Hughes Inc.’s MaxPerm 20A 
friction reducer has been designed to 
improve the efficiency of slickwater 
fracturing operations, minimizing 
surface horsepower requirements 
while improving permeability and 
viscosity. A high molecular weight 
synthetic polymer used for slickwater 
fracturing, linear gel replacement and 
foamed applications, MaxPerm 20A 
is designed to break more efficiently, 

minimizing formation damage. It’s 
been engineered with oxidizable 
linkages at regular intervals along the 
polymer’s backbone, resulting in a 
controlled breaking mechanism.

“This allows us to break the poly
mer efficiently and the result is a very, 
very clean system,” says Ron Plasier, 
Baker Hughes technical director for 
pressure pumping, Canada. “Because 
we can break it so efficiently, we can 
use it at higher loadings and not cause 
any damage to the formation. The 
main benefit of this polymer is its ver
satility, because it breaks so clean. 

“What makes it unique, is that it 
allows us to increase concentrations 
of the polymer, ultimately increasing 
viscosity—and that gives us versatil
ity in several applications, like slick

water hybrid fracs. You can continue 
to increase the volume of MaxPerm 
per cube of fluid, and that polymer 
concentration keeps getting higher 
and higher viscosities. This can re
place how slickwater hybrid fracs are 
being pumped. You won’t need a hy
dration unit, because this product hy
drates in seconds, whereas guar will 
hydrate in minutes. You can make the 
decision to go to the higher viscosity 
portion of a hybrid frac in a matter of 
seconds, because of that hydration 
time for the MaxPerm product.”

Kevin Cooney, Baker Hughes team 
lead, Fracture Design, describes 
MaxPerm 20A as the next generation 
of friction reducers. “When we break 
it, we can ramp up viscosity with the 
polymer, then break it to nothing,” he 
says. “The tangible benefits are that 
we can have more retained permea
bility in the formation once we’re 
done. The way it works is in a oneto
one relationship: every increment in 
permeability means a direct increment 
in production.”

Where MaxPerm 20A will show 
the most value to clients is in its abil
ity to reduce friction, Cooney notes. 
“Ultimately, by reducing friction, 

By Jacqueline Louie

cRaFTing a
better frac

“From an application perspective, you can use it 
to further reduce friction in addition to what a 
regular friction reducer can do. It’s like having 
a better mouse trap.”

— Kevin Cooney, Baker Hughes team lead, Fracture Design
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companies will be that much further 
ahead in their operations, because 
they’ll be able to stimulate more res
ervoir per fracturing event. It’s about 
having four sets of perforations per 
horizontal interval instead of three 
or drilling and completing a 41/2
inch well where they used to have 
a 51/2inch—clients can finish their 
wells that much faster and that much 
cheaper. From an application perspec
tive, you can use it to further reduce 
friction in addition to what a regular 
friction reducer can do. It’s like having 
a better mouse trap.”

Field trials conducted in western 
Canada in the past year showed 
that MaxPerm 20A reduced friction 
pressures by up to 85 per cent, de
creasing surface horsepower require
ments—with lower operational costs 
and a smaller environmental footprint 
as a result. 

MaxPerm 20A acts as a linear 
gel replacement at higher loadings, 
allowing slickwater hybrid fracs to 
be pumped without a hydration unit. 
Additionally, the technology is ap
plicable to foamed applications, and 
its low pour point allows the friction 
reducer to be used in cold weather 
applications. 

Since January, Baker Hughes has 
pumped more than 700,000 litres 
of MaxPerm 20A Friction Reducer 
in Canada, and Plasier expects that 
number will exceed one million litres 
by yearend. “Most of our clients love 
it—we’re getting a lot of repeat busi
ness,” Plasier says.

Adds Cooney: “We haven’t experi
enced anyone who has used the prod
uct who has gone back once they’ve 

got a feel for it. When they see what 
it can do, they’re jumping in with both 
feet. They’ve taken this product and 
replaced all other friction reducers 
with it, except for the specialty ones.” 
There is also an option to use MaxPerm 
20A in tandem or as a replacement for 
viscoelastic surfactant.

PUtting On tHE PRESSURE
Halliburton is another company that’s 
been seeing a warm welcome from 
the market for a new technology. Its 
RapidStart Initiator CT (Casing Test) 
sleeve is all about greater efficiency 
and effectiveness—which translates 
into reduced risk for operators, as well 
as more time and money.

The RapidStart Initiator CT 
sleeve is a new technology designed 
to improve multistage fracture hori
zontal well economics, by providing 
completion reliability and efficiency 
while allowing operators to verify 
casing integrity before fracturing 
operations occur.

With unconventional reservoirs, 
“anything you can do as a cost cut
ting measure is beneficial,” says Sean 
Canning, Halliburton frac sleeve sys
tems product manager, who is based 
in Houston. “By reducing time, it 
allows operators to be more efficient 
and more effective, and still comply 
with government regulations. It trans
lates further down the road to dollar 
savings, and operators see a quicker 
return on their investment.”

The pressureactuated toe 
sleeve—which enables operators to 
complete a casing test on the system 
and establish injection into the forma
tion—eliminates additional steps and 

mitigates the risk created by standard 
toe sleeves, while allowing for the 
creation of the initial fluid flow path 
in both plug and perforate, and multi
stage fracture applications. 

It can be used on both horizontal 
and vertical oil and gas wells, al
though the primary driver is horizontal 
unconventional completions.

“In many instances, when you run 
horizontal you end up with a closed 
system. You can apply pressure, but 
there is no flow by applying pres
sure,” Canning says.

The RapidStart Initiator CT sleeve 
allows operators to achieve flow at 
the toe of the well while in a closed 
system. How it works: An operator 
applies pressure from the surface 
to the completion string to start the 
sleeve opening process. On activa
tion, the tool begins the metering 
process. Fluid transfers from one side 
of the chamber to the other through 
microhydraulics “metering,” until 
fluid bypass is allowed around the 
metering chamber. On completion 
of the metering process, the sleeve 
slams open.

The tool’s main differentiator lies in 
its microhydraulics, Canning says. In 
the event of a leak, the sleeve allows 
the operator to shut down and bleed 
off pressure at surface. Once the oper
ator has corrected any issues topside, 
they can once again apply pressure 
and the tool will start metering again. 
“We give operators a second chance.”

An additional benefit comes in 
the regulatory area, Canning notes, 
where government regulations come 
into play. “If you are compliant or 
exceed compliance, it allows more 
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A case study of Baker Hughes’ 
MaxPerm multi-purpose additive, 

applied in multistage horizontal 
wells in a liquids-rich area of the 

South Texas Eagle Ford shale, 
confirmed that the MaxPerm 

wells delivered markedly 
improved production compared to 

previously treated offset wells.
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opportunities down the road, be
cause you are building confidence in 
the company.” 

Halliburton’s RapidStart Initiator 
CT sleeve allows operators to con
duct a casing integrity test before 
stimulation, and achieve compliance 
with Directive 83, an Alberta Energy 
Regulator requirement that companies 
validate casing integrity prior to 
stimulating the wellbore. Similar regu
lations exist in the U.S., where compli
ance requirements vary, depending on 
the state.

“We identified a need and de
veloped a tool that will allow oper ators 
to meet or exceed those requirements, 
and be proactive instead of reac
tive,” Canning says, noting that the 
RapidStart Initiator CT sleeve allows 
operators to conduct a 30minute test 
at maximum total pressure. 

Halliburton designed its tool to give 
operators the ability to achieve a true 
casing integrity test, by evaluating the 
casing string’s mechanical integrity 
without exceeding the test pressure.

The RapidStart Initiator CT sleeve 
helps operators eliminate the need to 
exceed casing test pressures to open 
the tool, while conducting pressure 
testing of the casing and establishing 
a fluid flow path, without interven
tion. “This saves time and the cost of 
the intervention to achieve the same 
goal,” Canning says. “It can reduce 
the completions cycle time, and it 
reduces quite a bit of the risk associ
ated with the standard methods of 
performing the same task.”

The RapidStart Initiator CT sleeve 
can be used with cement or open hole 
isolation packers, in plug and per
forate applications, or in frac sleeve 
completions. 

Commercially available since 2013, 
the RapidStart Initiator CT sleeves 
have been used in the Montney in 
Canada and throughout the U.S., in 
the Eagle Ford, Permian, Granite 
Wash, Mississippi Lime, Marcellus, 
Utica, DJ Basin and the Bakken, as 
well as in California.

“We’ve had great success with 
the tool,” Canning says. “Several 
operators have standardized using 
the tool when it meets their well 
requirements.”

As it expands internationally with 
the RapidStart Initiator CT sleeve, 
Halliburton is fielding requests for the 
tool from companies that are active in 
areas where there are unconventional 
shale plays, including Argentina, 
Australia, China and Europe.

OPtimiZing RESERVOiR COntaCt
As horizontal drilling and fracking 
technology advances, the market 
is becoming constrained by long 
wellbores and the time intensive 
nature of hydraulic fracturing. This 
constraint leads to compromises in 
production that favour lower cost 
and shorter time frames over ef
fectively stimulating the reservoir to 
maximize production, according to 
Schlumberger Ltd.

As illustrated by production 
logs, these compromises lead to the 
majority of perforation clusters not 
contributing to production and a high 
variability of results. The lack of a 
viable technique to effectively re
fracture these long wells to capture 

previously passed up reserves cre
ates additional challenges.

Schlumberger’s solution is its 
BroadBand Sequence fracturing tech
nique, which uses a new diverting tech
nique made of fully degradable fibres 
and particles. BroadBand Sequence 
uses a small concentrated diverting 
pill to temporarily shut off fractures, 
allowing for isolation on demand. This 
tem porary isolation ensures effective 
reservoir stimulation by shutting off 
injection to existing fractures and divert
ing fluid to generate new fractures, thus 
increasing production potential.

Increased operational efficiency 
can be achieved as bridge plugs can 
also be replaced by this technique. 
BroadBand Sequence also presents 
potential solutions for problematic 
wells where existing techniques 
fall short, including collapsed pipe, 
casing integrity problems, openhole 
sections left due to stuck casing and 
wellbores that already have multiple 
open perforations (a refracturing 
scen ario). The technology, now avail
able in Canada, has proven successful 
in over 50 applications with low risk 
of complication to surface or down
hole operations as the material is 
fully degradable, says Schlumberger. 

 OPtimaL RESERVOiR COntaCt
Schlumberger ’s BroadBand Sequence fracturing 
technology uses an engineered composite fluid 
containing a blend of fibres and different sized 

particles to isolate fractures temporarily, enabling 
treatment of unstimulated zones.

Im
A

G
E:

 S
c

H
Lu

m
B

ER
G

ER

6   New TechNology MagaziNe  S u P P Le M e NT |  N OVe M B e R 2014

multistage fracking



Im
A

G
E:

 S
c

H
Lu

m
B

ER
G

ER

is an innovative completion technology from Logan 
Completion Systems that is especially designed for produc-
ers who are tackling multi-stage fracs. One-trip installation 
for faster completion times and frac valves with fully 
removable ball seats post-fracturing — without milling  
or drilling — reduces well costs, improves production, 
and maximizes your profits. The key feature of the 
MultiStim System is the use of the full-bore inner diameter 
which allows conventional tools to be run after the seats 
are removed. Cementing, or plugging and perforating 
operations are not required. MultiStim is suited to 
extended reach horizontal wells. Sleeves can be selectively 
opened and closed post-fracturing to allow customized 
stimulation, testing or production management of the 
entire wellbore for the life of the well. The MultiStim 
Fracture Isolation Liner System and MultiStim Cup Frac 
Tool System (a straddle cup system) are suitable for acid, 
proppant or energized fracturing operations in all types  
of formations. Contact us for complete details.

www.logancompletionsystems.com

635 8th Avenue Southwest, Suite 850
Calgary, Canada T2P 3M3
403.930.6810 | Fax 403.930.6811 

with Removable Ball Seats 
and Shiftable Sleeves

MultiStim

Multi-Stage 
Fracturing

Ball seats successfully 
retrieved from a recent 
nine-stage frac
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By Godfrey Budd

high-Tech
WaterWorks

heating in Canada’s bitterly cold 
winters could pose an almost insur
mountable challenge.

The drawbacks, however, of 
these new tanks included weight 
and the poor insulating proper
ties of steel—although even early 
systems had some insulation. A 
steel panel could weigh around 
6,500 pounds, says Darrell Rairdan, 
general manager for EcoPond tanks 
at Strad.

As he points out, panels for the 
company’s EcoPond Composite 
(EPC) tank systems weigh in at a 
little over onethird that amount—
around 2,500 pounds. Depending 
on the size of the storage system, 
panel weight varies slightly.

Prompted in part by growing 
customer concerns around frac water 
management, Strad engineered a 

ManageMenT of waTer for well 
completions has been a growth 
industry in recent years as a conse
quence of the burgeoning demand 
for multistage horizontal fractures. 
These hydraulic frac operations often 
require large amounts of water on
site ready to be pumped downhole—
at just the right temperature.

That means tanks and heaters, 
and the service sector is deliver
ing product with a strong focus on 
including robust stateoftheart 
systems that include reliability 
and efficiency.

The rapid evolution of large 
capacity rig site water storage systems 
is a case in point. As a growing per
centage of frac jobs began requiring 
larger amounts of water that first had 
to be trucked and stored, the con
ventional 400barrel frac tanks that 

industry had been using for decades 
were proving inadequate to the need. 
That has prompted com panies like 
Strad Energy Services Ltd., Astro 
Thermal Tec Ltd. and Western 
Manufacturing Ltd. to develop their 
own unique solutions to the task.

The upshot for Strad was the 
development of a design that could 
be seen as an extension of spill 
containment. It consisted of curved 
steel panels that locked together 
and could be assembled on site 
in a matter of hours and, in some 
instances, hold around 40,000 
barrels—instead of 400. Besides 
capacity, using one of these tanks 
could make managing the heating 
side of the equation easier than 
with a dozen or more 400barrel 
units. With some jobs needing more 
than 50 400barrel tanks, efficient 

On-site fluid management sector getting 
the state-of-the-art solutions it wanted

8   New TechNology MagaziNe  S u P P Le M e NT |  N OVe M B e R 2014

multistage fracking



PH
O

TO
S:

(L
Ef

T)
 S

TR
A

D
 E

N
ER

G
y

 S
ER

v
Ic

ES
 L

TD
.; 

(R
IG

H
T)

 A
ST

R
O

 T
H

ER
m

A
L 

TE
c

 L
TD

.

 H2O StORagE OPtiOnS
Left: A Strad EcoPond composite water tank 
set up in Colorado. Made of composite 
panels, the lightweight modular tank system 
is built for strength and durability.

Right: Utilizing patented exhaust heat 
collection technology, Astro Thermal’s non-
pressurized water heater system can reach 
up to 95 per cent operational efficiency.

15 feet—and holds 28,125 barrels. It 
has a diameter of 116 feet.

The patented panel system in
cludes aluminum tongueandgroove 
connector sets that run the height of 
each panel, and are integral to each 
panel. The EPC’s proprietary inter
locking system allows for an instal
lation process that requires no bolts, 
pins or clips. “The composite panels 
have no separate or loose parts,” 
Rairdan says.

The biggest tank size has 16 
panels and is 180 feet in diameter. 
The most popular, he says, holds 
18,800 barrels.

Although the EcoPond, like other 
similar systems, requires a picker on
site for installation, it is the only one 
that is made from a composite,  
Rairdan says. Its lighter weight 
means that it can be transported on 
a single truck, which makes it more 
suitable than its steel counterparts 
for airlifting to remote areas.

An insulating cover floats on the 
water and each panel has an insula
tion factor of R12. “You can hook 
a heater up to a tank and heat the 
water up 40 degrees Celsius when 
you need to,” Rairdan says.

EnERgY SaVingS
Heating water tanks that supply frac 
jobs, as well as for pipeline testing 
and other applications, is what a 
small company based in Brooks is all 
about these days. Its development of 
patented technology and the claim 
of 95 per cent operational efficiency 
for its recentlydeveloped line of 
custombuilt water heaters distin
guish Astro Thermal Tec Ltd. as very 
much in sync with the priorities in 
today’s oilpatch.

containment solution that sidestepped 
the need for lots of small storage 
tanks and the attendant setup time 
and costs. The company’s modular 
storage tank system consists of panels 
of composite that are designed for 
strength and durability.

The EcoPond system was de
veloped inhouse at Strad in 2012. 
“The biggest challenge was finding 
a place to do nondestructive and 
destructive testing. There are lots for 
steel, but a limited number of places 
for composite. This is an unusual ap
plication for composite,” Rairdan says.

All panels are 2.5 inches thick and, 
for three out of the four available 
tank sizes, which range from 9,600 to 
45,000 barrels, are 10 feet high. The 
second biggest EcoPond package has 
two sets of panels—one 10 feet high 
and one five feet, for a total height of 

The development of the heater, 
whose efficiencies owe something to 
the company’s patented exhaust heat 
collection system, came about be
cause of a realization that operators 
and others were dissatisfied with ex
isting largevolume heating systems 
and wanted something better. With 
decades of experience working with 
pressurized water heating systems, 
people at Astro Thermal went to 
work and developed a scalable non
pressurized water heater. “It’s not 
a boiler, so no special certificate is 
required,” says Lloyd Burt, one of the 
partners at Astro Thermal.

As Burt describes it, though, the 
system is clearly a heavy hitter in the 
heating department. “A 42,000barrel 
tank typically takes about two days 
to raise the temperature by about 40 
degrees Celsius with one of our heat
ers,” Burt says.

For fracwater heating jobs of this 
sort, a big Astro Thermal heater can 
deliver 25 million British Thermal 
Units (BTU) of heat. “The principle 
is a combination of radiation heat 
and direct contact. It is a direct 
contact heater. Water is directed into 
the stack where there’s a packing, 
and that’s patented. The water has 
direct contact with it and takes the 
heat from it. The water also scrubs 
CO

2
 from the exhaust. The radia

tion part of the system is via the 
burner itself making contact with a 
corrugated area containing flowing 
water,” Burt says.

Most of the company’s units are 
working for clients in oil and gas who 
need frac water heating. Its patented 
heaters have been sold in western 
Canada as well as North Dakota and 
Montana, where hydraulic fracking 
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of the Bakken and Three Forks for
mations have boosted oil production 
to over one million barrels per day 
this year.

Burt makes the point that claims 
of efficiencies need to be treated with 
caution, even skeptically, unless they 
are properly backed up. For example, 
a claim of “85 per cent efficiency” 
might refer only to the burner, not 
the entire heater itself. He observes 
that a good indicator of a heater 
system’s effective utilization of fuel is 
in the amount of heat escaping it. He 
says of a large Astro Thermal heater, 
“When it’s running full bore with 
25 million BTU input, you can stand 
above the stack. It’s cold. It’s only 
about six degrees Celsius above the 
incoming water temperature.”

Burt contrasts this with a conven
tional boiler stack where temperatures 
range around 500 degrees Celsius.

His company’s largecapacity heater 
has “a specialized burner nozzle that 
uses compressed air and the fuel source 
for better combustion to create a fireball 
to occupy and heat the burner box.”

The heaters can run on diesel, 
natural gas or propane and were first 
commercialized in 2010. No external 
sparking can occur, “So no firewatch 
is needed,” Burt says.

The 25 million BTU heaters weigh 
12,500 pounds and are designed to 
run 24/7. Performance tests as well 
as feedback from clients show that 
the units are miserly fuel consumers 
compared to some of the competi
tion. In one instance, Burt says, an 
operator running a heater for 
100 days saw fuel savings of 
$800,000.

WHaLE OF a tank
Heaters reduce their environ
mental footprint largely by im
proving efficiencies in fuel use. 
Storage and water containment 
systems, on the other hand, can 
reduce theirs in part by taking 
up less space on the highway and per 
unit of fluid stored at a site.

Western Manufacturing Ltd., a 
Grande Prairiebased company, has 
come up with its answer to round 

tanks and conventional 400barrel 
storage units with a rectangular 
system that can hold 1,447 barrels 
per unit. “It is rectangular to allow us 
to max the volume we store,” says 
Lonny Thiessen, president, chief ex
ecutive officer and founder of Western 
Manufacturing.

Apart from its name, probably 
every thing else about the Whale 

 SQUaRing tHE CiRCLE
Western Manufacturing used computer finite 

element analysis to create an effective 
rectangular water tank design capable of 

withstanding the pressures of the fluid as well 
as the traditionally round design.

Next GeNeratioN “Set it & Forget it” MultistaGe CoMpletioN

Features aND BeNeFits
• Large Bore

• Simple Design

• Drop Balls Optional

• Rated for up to 600°F

• Rated for 10,000 psi (68.9MPa)  
• Internal Pressure Assisted  
 Anchoring

• Proven Technology

• Easily Milled if Required

DsithrutuBiNG.com                     wellveNtioN.com24 Hour Toll-free DispaTcH: 1-855-346-9788

Red deeR  •  CalgaRy  •  WeybuRn  •  gRande PRaiRie  •  Houston  •  Minot  •  Midland  •  san antonio

i N t r o D u C i N G

cASING SIZE cASING WEIGht cASING ID tooL oD tooL ID 

in (mm) lb/ft (kg/m) in (mm) in (mm) in (mm)

4.5 (114.3)

9.5 - 13.5 
(14.14 - 20.09)

3.920 - 4.090 
(99.60 - 103.90) 3.750 (95.25) 2.668 (67.77)

15.1 (22.47) 3.826 (97.20) 3.600 (91.44) 2.500 (63.50)

5.0 (127.0)
15.0 - 21.4 

(22.32 - 31.85)
4.126 - 4.408 

(111.96 - 104.80) 3.968 (100.79) 2.668 (67.77)

5.5 (139.7)

13.0 - 17.0 
(19.35 - 25.30)

4.892 - 5.044 
(124.30 - 128.12) 4.532 (115.11) 3.000 (76.20)

17.0 - 23.0 
(25.30 - 34.23)

4.670 - 4.892 
(118.60 - 124.30) 4.438 (112.73) 3.000 (76.20)

23.0 - 26.0 
(34.23 - 38.69)

4.548 - 4.670 
(115.50 - 118.60)

4.250 (107.95) 2.668 (67.77)
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should be taken seriously. It was de
veloped over the past couple of years 
and is now seeing brisk demand from 
outfits renting equipment to the oil
patch, Thiessen says.

The advantages of a storage sys
tem that holds almost four times the 
amount of a 400barrel tank include 
reduced transportation costs and 
little or no need for lots of manifolds 
to connect individual storage mod
ules. “There’s few potential leaking 
hoses and less labour needed at the 
site. No bed truck or crane is needed 
to set up,” Thiessen says.

He points to some benefits. “When 
you have larger units and less of 
them, it becomes more economical to 
install heating equipment, as well as 
hightech level gauging and temper
ature monitoring. We offer a bolton 
solution that gives the user access to 
information on tank levels through a 
web browser,” Thiessen says.

The Whale went commercial 
in May.

Largevolume fluid storage 
systems that are portable have 

traditionally been built in the round 
as strength is more easily achieved 
that way. So development of the 
rectangular Whale had its share of 
hurdles to clear. “The challenge was 
to build a rectangular tank that could 
withstand the pressures of the fluid. 
Computer FEA (finite element analy
sis) enabled an effective design. We 
have utilized a patentpending uni
body design to achieve our goals,” 
Thiessen says.

He concedes that when really 
large volumes are needed, “The C
ring might be the solution.”

But when frequent moves are part 
of routine operations, he says the 
Whale is likely the better choice, add
ing that it is a natural fit anywhere 
that temporary largevolume heated 
storage is needed. 

 SECOnDaRY COntainmEnt
Western Manufacturing’s Spil-Blok 

secondary containment system is 
constructed with lightweight aluminum 

structural components and a geomembrane 
with high puncture and tear resistance.

Your Problems
❱  Interwellbore Communication
❱   Risk of Blowouts, Spills, Groundwater  

Contamination
❱  Liability Issues and Risk Mitigation

Your Solution
Offset Frac Monitoring  
from Surface Solutions
❱  Quick, Cost-effective, Reliable, Accurate
❱  Real Time Streaming Data, Secure, Recorded

Directive 083 Compliance

www.surfacesolutions.ca    info@surfacesolutions.ca    780.538.1074
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Calfrac is a leader in sustainable and eco-friendly technologies 

and practices. Our GREEN CHEMISTRIES and fluid systems 

are tailored to unlock our customer’s valuable reserves. These 

chemistries are environmentally friendly and safe for our 

employees and the communities we operate in. 

We are compliant with all regulations and we continuously 

evaluate the opportunities for green technology and how it may 

make the future brighter.

DEVELOPING A GREENER FUTURE, TODAY

“WE’RE BREAKING NEW GROUND…. EVERY DAY”

www.calfrac.com
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wesTern canada’s fracTuring service ouTfiTs 
are continuing to respond with new tools to meet the 
challenges of completions in today’s increasingly impor
tant unconventional oil and gas sector in which, more and 
more often, “complexity” is the salient descriptive.

A new casing sleeve from NCS Energy Services is 
designed to give operators more flexibility in fracturing 
operations. Part of the company’s GripShift line of casing 
sleeves used in annular fracs, the “closable” provides 
the option of fracking stages out of sequence, and allows 
for the closing and reopening of selected intervals, as 

life of the well, and it’s an advantage if you can reisolate 
intervals that were previously open,” he says.

For completions, the closable works like the com
pany’s other standard GripShift sleeves. That is perhaps 
one of the reasons that the closable is attracting atten
tion with over 1,400 deployed since it was introduced 
earlier this year. “Today, some operators are replacing 
their entire sleeve inventory with the closeable model. 
You can shift the sleeve open, do the frac, then close. By 
shutting the sleeve, we eliminate hydraulic communica
tions between stages, and therefore eliminate crossflow 

By Godfrey Budd and Carter Haydu

completions
Frac service outfits’ new technologies target 
efficiency and accommodate complexity

TOOl Time FOR

needed, over the life of the well, without having to use a 
workover rig.

“The application of closables can enable an increase 
in frac complexity in reservoirs that fracture in a dendritic 
manner. You could frac [stages] one, three, two, five, four 
et cetera. You could close sleeves individually and then 
open them to meet the requirements of the more complex 
sequence,” says Eric Schmelzl, vicepresident, strategic 
business at NCS.

“Hitherto, sleeves opened and that was it and the frac 
proceeded. Sleeves stayed locked open. You look at the 

between stages. Operators are seeing as a result 
little or no proppant flowing back into the wellbore,” 
Schmelzl says.

Some operators have been using the new closeable 
sleeves to selectively produce specific segments of a well. 
This allows them to check individual sections within the 
well once it is producing.

The NCS closeable sleeve allows operators to selec
tively shut off water production, unwanted gas produc
tion and thief zones. It also allows them to selectively 
restimulate underperforming zones while securing the 

 CLOSaBLE aDVantagE
NCS’s new closable casing 

sleeves allow for the closing 
and re-opening of selected 

intervals, creating the ability 
to re-isolate previously open 

intervals without the necessity 
of bringing in a work-over rig.

Frac ports Inner barrel Outer barrel Locator profile

Locator profile

open

closed
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Since the technological keys for unlocking unconventional re-
sources like tight oil and shale gas were first developed more 
than a decade ago, a widening range of increasingly well- targeted 
and sophisticated tools and devices has hit the market. But 
these technological assists tend to work best when they are 
properly applied to address a specific issue, in a well or forma-
tion, which has been correctly identified. Simply throwing more 
“jewelry” at a problem down hole won’t necessarily solve it.

The timing, or duration, of some types of operational tactics 
is now being increasingly seen as a potentially important fac-
tor in the ultimate recovery equation. A question that many be-
lieve needs further research is whether injected fluid left behind 
following large fracture treatments inhibits well performance.

“Extended shut-ins after completion fracs with fluid in the 
fracture have been viewed as not the best practice. But lots of 
evidence indicates that shut-ins may be of benefit. Evidence has 
kept mounting that certain wellbores in some reservoirs have 
benefited from frac fluid staying in,” says Robert Hawkes, cor-
porate director for reservoir solutions at Trican Well Service Ltd.

wellaimed modifications and new designs of equipment 
and systems. The CoilJet technique, which uses coiled 
tubing for sand abrasive perforating, followed by fractur
ing via coiled tubing and the casing annulus, has evolved 
into the annular sleeve systems that are now being 
widely used in key basins, including the Bakken, Viking, 
Cardium and Montney.

Since the start of year, Calfrac Well Services has com
pleted four highrate annular sleeve slickwater fracs in 
the Cardium formation.

Good job designs and equipment selection allowed for 
annular rates in excess of 7.5 cubic metres per minute, 
while maintaining service delivery and superior coiled 
tubing equipment performance in an extremely abrasive 
environment as the earlier erosion limits were surpassed, 
according to a release from Calfrac in September.

At the same time, the company announced the recent 
completion of a 15,000 pounds per square inch highpressure 
annular frac in the Montney using a specially designed 
twoinch highpressure, hightemperature (HPHT) coiled 
tubing string. “Because of limitations in the past, CT [coiled 
tubing] was used in lower pressure wells, which limited the 
pumping for a frac and the ability to place sand. There were 
limits to the speed that frac fluid with sand could go down a 
pipe because of the erosion risk. The most we could do was 
40 to 45 feet per second—so [it was used in] lower pressure, 
lower rate wells, in the Bakken, Viking, Shaunavon. That’s 
where CoilJet was used mostly,” says Eric Plante, coiled 
tubing manager for the Canadian division at Calfrac.

He says that fitforpurpose specialized equipment is 
what has made a difference. “We’ve been able to stretch 

refining The process The view of Hawkes, as well as others in the industry that 
the company is in contact with, is that reservoir properties such 
as permeability, porosity, pore pressure, capillary pressure and 
relative permeabilities are only preliminary parameters for reser-
voir estimation and production forecasting. Detailed physics of 
rock/fluid interaction are now increasingly seen as necessary 
for designing and optimizing fracturing and treatment fluids in 
very tight reservoirs.

To get a better handle on these issues, Trican has launched 
what it calls the Montney Frac Academy. The cornerstone of this 
is a Montney industry consortium that the company is coordin-
ating, “to investigate the link between rock and fluid interaction 
during extended shut-in time, or what the industry has coined 
soak time, and its impact on well performance. Understanding 
these linkages will enable better stimulation and flowback de-
sign, leading to long-term well performance and estimated 
ultimate recovery,” according to a company announcement.

Participants in the Montney Frac Academy, whose work, 
it is hoped, will augment the linkages between fracturing and 
reservoir engineering, will contribute data from up to 10 wells, 
with a minimum of one cored well, as well as receive summar-
ized data from the wells provided by other participants. The 
academy’s program is two years in length, starting this fall. The 
membership fee is $200,000 per year. “There are even clients 
with no Montney wells who want to participate,” Hawkes says.

 HigH-PRESSURE PERFORmanCE
Calfrac’s CoilJet fracking technique has undergone enhancements to 
allow for high-rate annular sleeve slickwater fracs with a specially 
designed high-pressure, high-temperature coiled tubing string.

wellbore above. “It’s also being used to identify water 
inflows,” Schmelzl says.

It is too soon to tell for sure, he says, “But I’m confi
dent that the [closeable] sleeves will have a long service 
life over the life of the well.”

StREtCHing BOUnDaRiES
An approach with some history behind it has been 
setting some milestones recently doing frac jobs in 
challenging environments, in large part thanks to some 

tWO-YEaR ‘FRaC aCaDEmY’ aimS tO 
imPROVE LinkS BEtWEEn FRaC DESign 
anD RESERVOiR EnginEERing
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Soak time is a practice in which wells are shut-in for a 
number of days, weeks or even months to remedy water 
blockage issues. The academy wants to develop better 
estimates of an optimum soak time for a given reservoir.

To do this, it will first analyze extensive field data. 
Second, it will conduct petrophysical, petrographical 
and geo mechanical measurements on representative core 
samples. The results of lab and field analysis will be used 
toward developing a numerical solver to assist in the pre-
diction of well performance under varying fracturing and 
flowback scenarios.

The Montney is seen as a rich and representa-
tive research source for unconventional oil and gas 
as over 3,000 wells have been drilled there. Pointing 
to the Montney’s very substantial estimated recov-
erable reserves detailed in a 2012 National Energy 
Board report, Hawkes says there’s a strong business 
case for a better understanding of the formation. He 
says the Frac Academy’s findings, “could be applic-
able to shale gas and light oil reservoirs in sever-
al, perhaps all, unconventional plays, especially in 
tight reservoirs with complex pore-throat geometry.” 
Pore-throat geometry can be a factor in permeability. 

 By Godfrey Budd

the boundaries and use CoilJet in the Cardium and Montney, 
which require higher pressure and a higher rate of frac 
pumping—up to 5560 feet per second,” Plante says.

The higher rate also allowed for the use of slickwater, 
instead of a gel, on some jobs in the Cardium, he says.

Various tweaks to the CT string design have been 
playing an important role in raising the bar for CoilJet 
systems. Designing a coil string so that it tapers toward 
the downhole has been one of them. The use of un usually 
heavygauge steel has been another. “The CT string 
design has sometimes used quarterinch thick steel. Then 
it’s got to bend enough for a spool—but you want them to 
last,” says Plante.

He points to a couple of benefits obtained using a CT 
in highpressure fracs. “Having a CT string in the well
bore gives you a circulation path if the well screens out. 
Also, with a CT string, you have better control and more 
information on what’s happening in the wellbore.”

PLUgLESS FRaCS
In the Horn River Basin of northeast British Columbia, 
Nexen Energy ULC says it has “broken a paradigm” with 
what the company calls “plugless fracturing,” which 
data suggests could improve the efficiency and speed of 
operations.

“Ever since I have been in the business, I have been 
told that you have to set some physical isolation between 
the frac that you pumped and the frac you are about to 
pump,” says Peter Chernik, Nexen program manager for 
northeastern B.C. shale gas. “We have discovered in the 
Horn River that you do not need to do that.”
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Quantitative
 meets

 Qualitative
EV Downhole Video’s new

Integrated Video Caliper system  gives 
you the ability to capture the quantitative 
data of a caliper with the qualitative 
data of a HD color camera all in one run.

www.evcam.com
403.263.6144 / canadasales@evcam.com
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Conventional plugandperforate fracking requires 
time, effort and risk, says Chernik, but Nexen has realized 
there exists a “dynamic conversion process” between the 
job done and the one about to occur that can reduce the 
time, effort and risk, but produce results very similar to a 
successful plugandperf.

“From a pumping perspective, one of the things we 
have learned is there is variability in every frac in terms 
of how it pumps, but the plugless jobs all fall within the 
range of conventional plugandperfs.”

Cutting its execution time in the Horn River Basin by 
about 50 per cent over a 
fouryear period, complet
ing 18 wells in two weeks 
less time thanks to con
tinuous operations, Nexen 
sees increasing efficiency 
as necessary due to the 
extremely tight economics 
associated with producing 
in that region.

Aside from the benefit 
of saving money by avoid
ing drill issues associated 
with plugandperf, with 
plugless fracturing, oper
ators avoid limitations to 
how far they can push 
horizontals, and there are 
other benefits such as the 
speed at which crews can 
conduct a job, Chernik 
told a Canadian Society for 
Unconventional Resources 
luncheon in Calgary in 
September.

Nexen typically conducts 
slickwater fracs in the Horn 
River, with 200 tonnes per 
day of sand per frac, ac
companied with 2,500 cubic 
metres of water per frac.

“Our wells are getting 
longer, and we have the 
potential to get even farther 
to reduce the number of 
pads that we require,” adds 
Chernik. Whereas the com
pany once required 20 well 
pads for 20 single wells, now 

the company can put 20 wells on a single pad, which reduces 
the degree of development necessary for a similar amount 
of production.

“I think our disturbance will be onethird of what it 
used to be with the old singlewell concept.”

Chernik said: “Here is the reality: We have to compete 
in a very low gas price environment; where we are, it is 
very dry and there are no liquids. The long and the short 
of it is that we must accomplish more for less, and we 
have to make our wells as productive as we can so we 
can do that.” 

“From a pumping 
perspective, 
one of the 
things we have 
learned is there 
is variability in 
every frac in 
terms of how it 
pumps, but the 
plugless jobs 
all fall within 
the range of 
conventional 

plugandperfs.”
— Peter Chernik, 
program manager for 
northeastern B.C. shale 
gas, Nexen Energy ULC
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