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/ Arrow's continuous duty oilfield gas
engines are built to excel at one of the
toughest, most demanding jobs ever
devised. Designed to operate on less-
than-ideal fuel sources allows for the
direct burning of poor quality fuel,
eliminating the cost and trouble of
having to treat the gas. Arrow Engines
utilize heavy fly wheels to provide
internal momentum for smooth, high
torque running at constant low RPM.

Ao wJEngines
Zi\ W@Eﬁ@ﬂ QU clity

v CONTINUOUS DUTY

v OILFIELD TOUGH

v B8RS FUELED

v ECONOMICAL OPERATION
v EASY MAINTENANCE

v SOLID STATE IGNITION

v SIZES FROM 5 - 73 BHP.
v 400 - 750 RPM

TS =45 KW

v LOW EMISSIONS

v AUTO START SYSTEM

For information call 800-331-3662 or visit us af www.arrowengine.com




Want to fully evaluate

deep, hot,
slimhole wells?
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Slimhole wells today are drilled to
axtrame depths in hostile downhole
environments that stretch technology
to its limits. Schlumberger meets the
challenge with the SlimXtreme* slim-
hole, high-pressure, high-temperatura
well logging platform, rated to 500°F
and 30,000 psi.

The SlimXtreme platform delivers a
full suite of real-time, speed-corrected
wiraline measurements in deep, hot

wells with boreholes as small as 3% in.

Contact openholeinfo@stb.com
to learn more.
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Technology Transforms Marginal FieI

By Kathy Shirley
Special Correspondent

TONKAWA, OK.—A mature oil field
in North Central Oklahoma could prove
the start of something big in small-vol-
ume oil and gas production.

Rural Kay County, a few miles west
of I-35, is an unlikely setting for high-
impact technology. Nevertheless, it is
where a small independent is successful-
ly demonstrating the merits of a poten-
tial new solution to a problem facing pro-
ducers everywhere: how to keep marginal
properties economically viable in the face
of escalating operating costs.

By all appearances, Tidewater Petro-
leum’s operation looks like countless
other older producing fields scattered
across oil country, but with one key ex-
ception: a small, unassuming generator
quietly chugs along transforming raw co-
produced “junk” gas into enough elec-
tricity to power the field’s production
equipment-and without any kind of field
processing to treat the gas before it en-
ters the generator’s engine.

The net result: gas that would other-
wise be flared is being put to work to
save thousands of dollars in annual op-
erating expenditures, assesses Carlos
Langston, Tidewater’s vice president. In
fact without it manv of the high water
cut stripper oil wells dotting the compa-
ny’s lease might not be pumping today,
he surmises.

“Qil prices are at about the same lev-
el they were in 1985, but lease expenses
have gone up tremendously since then.
Small operators cannot control many
cost variables, so we have to look at oth-
er ways to impact economics. By far,
electricity consumption has the most sig-
nificant impact on the bottom line,”
Langston says. “In Kay County, increas-
ing electric rates were putting our wells
in danger of falling below the economic
threshold, so our choices were to either
reduce that fixed monthly cost or plug
the wells.”

Generators fired by associated natu-
ral gas are not new, but what makes the
Kay County installation noteworthy is
that it uses smaller-scale induction gen-
eration technology coupled with an en-
gine capable of burning untreated cas-
inghead gas to drive lease equipment,
supplemented by utility power. That
combination not only removes the prob-
lem of what to do with uneconomic vol-

umes of co-produced and stranded gas,
but also makes on-site generation viable
for marginal wells.

Electric Costs

Electric service can account for 50
percent of lease operating costs, notes
John Gibson, vice president of engineer-
ing and manufacturing with Bossier City,
La.-based Global Power Systems, which
manufactures the induction generator.
“Small producers can get hit hard by
power costs. They consume significant
amounts of electricity, but not enough to
have the leverage to negotiate for lower
rates or avoid service interruptions,” he
explains. “Their costs can be onerous,
but they need electricity to produce, and
if they don’t produce, they don’t make
money. They feel they have no choice.”

- Langston says the situation is com-
pounded by the fact that most small op-
erators don’t understand the complex
utility cost structure. “Small producers
like myself get a bill every month and
just pay it, without looking at fuel sur-
charges, power adjustments or the dif-
ferent ratios that rates are calculated on.”

In Tidewater’s case, Kay County
Electric implemented a hefty rate hike
following a large ice storm that decimat-
ed electric lines in the area. “Our Kay
County lease produces 20 barrels of oil

a day or less per well, yet this area now
constitutes by far our highest-priced elec-
tric costs at $0.09-$0.10 per kilowatt
hour,” Langston remarks. “Not only did
it increase our costs, but the storm also
illustrated our vulnerability to power out-
ages. Operations were shut down for 100
days following the storm while electric
service was being restored.”

Tidewater’s average well produces
2,500 barrels of water to every 20 bar-
rels of oil a day. “These wells will pro-
duce for years and years if we can con-
trol operating costs to keep them in the
black,” Langston goes on. “But with the
rate hike, a well making water was no
longer profitable because of the electric-
ity required to run the downhole sub-
mersible pumps.”

Even smaller-volume wells can turn
a handsome profit at today’s pricing lev-
els. “A 20 barrel a day well can be a good
deal so long as all the profits are not
sucked into electric costs, which are un-
likely to go down,” Langston maintains.
“Wells like these are getting plugged
every day by small operators because of
high electric costs. That’s a big reason
why total oil production in Oklahoma is
declining 10 percent a year.”

Valuable Resource
The answer was in the 10 Mcf-15 Mcf

Since installing an induction generator system driven by a horizontal twin-cylinder en-
gine capable of burning untreated high-Btu associated gas, Tidewater Petroleum has
reduced lease electric costs by $2,000 a month in its Kay County, Ok., production op-
erations. The wells average 20 barrels of oil a day or less and have high water cuts.
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aday of associated gas being vented from
each stripper well on Tidewater’s Kay
County leases. “This was wasted gas be-
cause it wasn’t feasible to run a 12-mile
line to move such a small volume of gas
to a pipeline connection. But we realized
that if we could use this gas to generate
electricity, it would suddenly become be
a valuable resource,” ventures Langston.

Tidewater began looking at its op-
tions, and discovered that an induction
generator system was the best option.
That is where Global Power Systems
came in. Gibson explains that historical-
ly oil and gas applications have relied on
larger synchronous-type generators ca-
pable of providing electricity without be-
ing attached to a utility grid-typically in
instances where wells are located in re-
mote areas where utility power is not
available.

“They work great in the right appli-
cations, but synchronous generators are
not a good fit for every situation,” Gib-
son notes. “They are complicated and
their cost is often prohibitive in smaller-
sized operations.”

Tidewater also was uncomfortable
with having to completely disconnect
from the utility grid. “Running a syn-
chronous generator in conjunction with
the electric utility can pose dangers by
feeding excess power into the utility grid,
which can create all kinds of safety is-
sues unless you disconnect from the
grid,” he comments. “We could have
tried to sell excess power back to the util-
ity, but that is a long and involved process
and we would have no guarantees what
the utility would pay for that generated
power.”

Induction Generation

An induction generator, on the other
hand, cannot self-generate electricity in
a standalone mode, or create electricity
higher in voltage or frequency than the
referenced electricity it is connected to,
Gibson points out. It must be attached to
the utility grid to reference the type of
electricity to generate.

“An induction generator is nearly
identical to an electric induction motor.
It generates electricity when the engine
spins the generator above its synchro-
nous speed, or the speed at which the
shaft of an electric induction motor re-
volves when attached to the utility grid
with no workload present on the motor,”
he explains. “Since the utility grid pro-
vides all the excitation or reference volt-
age for the attached induction generator,
there is no need for complicated phase-
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matching or phase locking equipment.”

The technology was developed in the
1980s by Jim Barnes, a principal with
Global Power. Gibson says the induction
generation process is relatively simple
and safe, with external and internal faults
(power flow reversal, phase loss, phase
unbalance, etc.), as well as mechanical
faults (broken shaft, coupling slip, low
oil pressure, fuel loss, etc.) causing the
generator to disconnect from the com-
mercial power grid.

Induction generators are also much
easier to maintain and repair. “This is the
lowest common denominator in terms of
simple technology. A lot of people ex-
pect to see something out of Star Trek,
but the local pumper and electrician can
take care of this generator,” Gibson re-
lates. “That is a key component, because
if the goal is to lower operating expens-
es, then existing employees must be able
to handle maintenance and repairs. All
the parts in the electrical panel are off
the shelf, except for one circuit.”

In the event a failure does occur or
equipment load exceeds the generator’s
capacity, power from the grid is stand-
ing by. “We designed the system with a
fail-safe, so that if a problem occurs,
power from the utility will flow right
through the generator system,” he says.
“There is no downtime, which is a ma-
jor issue for small operators.

“Also, if a big motor kicks on that ex-
ceeds load capacity, additional power
from the utility grid will handle that re-
quirement,” he goes on. “Induction gen-
erators provide the best of both worlds:
the utility feeds in when a big power
surge is required, and when the load
comes down, it defaults back to the gen-
erator and the utility gets backed off the
wire. There is no need to pay for gener-
ator capacity you don’t need.”

Given these advantages, Langston
says Tidewater decided induction gener-
ation was the way to go. “The system
cannot totally replace the electric utility,
but it dramatically reduces the amount
of power purchased from the utility, cut-
ting per-Kwh costs by up to 90 percent,”
he enthuses.

Durable Engine

Initially Tidewater experimented with
induction generators that used convention-
al internal combustion engines, but a prob-
lem cropped up almost immediately be-
cause the engines were too fuel-sensitive
to handle the gas from the Kay County
wells. “Every lease has different qualities
of gas with wide variations in Btu content,

§ 'I-'ﬂ'l.‘ﬂu
Our wells produce 1,400 Btu gas,”
Langston states. “We needed a durable en-
gine that could tolerate the rich gas, but be
reliable and simple to maintain. This lease
is in the middle of nowhere. It can be ex-
pensive and take days to get service per-
sonnel on location.”

To combat the gas content require-
ments, Tidewater purchased an amine
chiller unit to lower the temperature of
the feed gas and extract liquids. “The unit
itself cost about $60,000, and we had all
kinds of trouble with it. If it would have
failed for any reason, it could have ru-
ined the engines. We decided treating the
gas was not the answer,” he says.

So Global Power went in search of an
engine that could burn low-quality gas.
“Stranded oil field gas, landfill gas and
abandoned coal mine gas is often of such
low quality that an operator could never
justify the cost of processing or treating
in order to sell it,” observes Gibson.
“Over the years, scores of operators have
called with small electrical loads and re-
ally nasty, really rich wellhead gas that
we could not accommodate. Tidewater’s
situation made us realize the large num-
ber of leases out there that could benefit
from a generator system, but have the
same gas quality problem.”

Several years ago Global Power had
talked with Tulsa-based Arrow Engine
Co. about using Arrow’s engines for
smaller generating applications, instead
of big industrial motors. “When we re-
alized there was a market for an induc-
tion generation system for leases with
low electrical needs and small amounts
of associated gas, we gave Arrow anoth-
er call,” Gibson says. “When we learned
Arrow’s biggest 4-cycle engine can burn
1,500 Btu gas with up to 1 percent of un-
treated hydrogen sulfide straight through
the engine, we knew we found our solu-
tion.”

The result is an induction generator
powered by an Arrow’s C-255 slow-
speed, heavy-duty horizontal twin-cylin-
der four-cycle engine. According to Bob
Fornell, sales consultant at Arrow En-
gine, the C-255 has a 700-750 rpm range
and a 7.5-to-1 compression ratio. The
low compression ratio, slow speed, and
heavy-duty combustion chamber give
the 60-horsepower, 4,000-pound engine
a wide fuel tolerance.

“The engine and induction generator
combination allows operators like Tide-
water to take natural gas that would oth-
erwise be wasted and pose an environ-
mental nuisance, and turn it into useful,
saleable power,” Fornell comments. “To



accomplish that goal, the engine has to
be reliable, dependable and extremely
durable—just like the electricity in your
home, When you flip the switch, and the
power is there,” he says.

The C series engines date to the 1940s,
when they were developed to work with
oil field pumping units and run on field-
quality produced gas, offers Fornell.
“The engine was designed with a less-
than-ideal fuel source in mind,” he says.
“If you can burn poorer-quality fuel di-
rectly, you eliminate the cost and trou-
ble of having to treat the gas.”

There’s also an environmental advan-
tage, Gibson adds. “It has historically
been difficult to catalyze air emissions
on slow-speed, low-compression en-
gines, because exhaust temperatures are
not hot enough to use non-selective cat-
alyst systems,” he explains. “Under full
load and at maximum power, the C-255
produces a £900 degree exhaust temper-
ature, making it relatively simple and in-
expensive to deal with emissions.”

New Economic Picture

From Tidewater’s perspective, how-
ever, the only thing that really mattered
is whether the system would work in its
Kay County operations. After Global
Power and Arrow Engine built and test-
ed the first 40-kilowatt system at Arrow’s
Tulsa manufacturing facility, it was in-
stalled last September on Tidewater’s
lease.

“The cost benefits have been signifi-
cant, completely changing the economic
picture,” Langston reports. “In fact, the
system is performing so well that we
have ordered a second unit to provide ad-
ditional power at this lease. Previously,
if oil prices dipped below $22 a barrel,
this lease was a loser without some dras-
tic measures to reduce electric costs.
Now these wells would stay in the black
at considerably lower oil prices.”

Total system cost was about $50,000,
and Langston says his company esti-
mates payout within 24-36 months. “We
went to our bank, Summit Bank, and
showed them what the system can do, the
cost savings we would realize, and the
anticipated payout, and the bank was
happy to finance the deal,” he expounds.
“Anybody who can afford to buy a new
car these days can afford one of these
systems. We are just a small producer op-
erating 70 wells in Oklahoma. If we can
do it, anybody can.”

In terms of reduced utility electric
consumption, Gibson says it has been
difficult to nail down the savings because
of the complicated nature of the Kay
County Electric billing system. The co-
op buys power from other generators and
resells it to its customers, which creates

variability in power costs. He says he met
with electric company officials in Feb-
ruary to try to determine Tidewater’s us-
age and cost savings.

“The co-op’s fuel costs are all over
the place. For example, in 2000, Tide-
water’s power cost adjustment was $17.
Today, it is about $400. Based on the fig-
ures we obtained, we determined that
Tidewater’s power factors were low and
it was being penalized for that. Once all
adjustments are factored in, Tidewater is
saving nearly $2,000 a month. That’s the
difference between profitability and
plugging the wells,” Gibson asserts.

Compared to paying up to $0.10 per
kilowatt hour, the system enables opera-
tors to reduce electric costs to the range
of $0.02/Kwh during system payout and
to below $0.01/Kwh after paying off the
equipment, Gibson evaluates. “Plus,
there is residual value in owning the gen-
erator system,” he notes. “It is skid-
mounted, so the operator can move it to
another lease at any time or even sell it
should he no longer need the unit.”

For even the smallest of operators,
Langston says they system can make
sound economic sense. “As utility costs
continue to escalate, I think a growing
number of small companies are going to
begin reaching the same end of the road

that we did. There is too much liability
and exposure to continue operating a mar-
ginal lease that is not making money. This
technology is a means to change the whole
equation for marginal leases,” he states.
“We intend to buy more units and put them
on all our leases where we can reduce
power costs and achieve payout in 24-36
months. In fact, our second unit will be
installed in March.”

In fact, Langston reports that Tidewa-
ter is now negotiating to purchase two
leases where it can immediately apply
the technology to make the operations
profitable. “There are numerous margin-
al properties all over the country where
this power generation system could make
all the difference in economics,” he re-
marks. “There is no reason other opera-
tors cannot do the same thing that we are
doing.”

Fornell agrees, noting the system’s
potential will only grow as producing
fields continue to age. “Everybody has
a story to tell about a lease where there
is stranded gas and prohibitively high
electricity rates,” he concludes. “This is
definitely a case where two plus two
equals six; the whole is much greater than
the individual parts. When applied cor-
rectly, it is a win-win situation that keeps
marginal fields producing.” a
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