Groton Generating Station

Groton, South Dakota

Owner/operator: Basin Electric Power Cooperative
This plant’s main claim to fame: It marks the commercial debut of GE’s 100-
MW LMS100 gas turbine-generator. According to Basin Electric, over the
unit’s first year of service it has demonstrated top-notch operating flex-
ibility in peaking, mid-range, and baseload service, thanks to capabili-
ties such as 10-minute cold start-ups and minimal impact on heat rate at
partial loads. In addition to hosting the first LMS100, Groton Generating
Station earns recognition as one of POWER'’s Top Plants for the attention

its design pays to reliability and resource planning.

By Dr. Robert Peltier, PE

iven the relatively long product life
G cycles in this industry, tracking the

progress of a new gas turbine from its
design through testing and first installation
takes endurance. But in the case of General
Electric’s LMS100, following the maturation
is worth it because the machine’s many in-
novations reflect significant changes in the
dispatching flexibility required of today’s
gas-fired peaking plants.

One feature of the LMS that immediately
gets your attention is the ability to synchro-
nize its entire 100-MW output from a cold
start in only 10 minutes. Another is its very
low heat rate of about 7,500 Btw/kWh, which
makes the unit suitable for providing spin-
ning reserve without generating excessive
pollution during start-up. Need to reduce
power? That's no problem, because the heat
rate remains fairly constant as output is ratch-

1. Mr. Big. The LMS100 is GE's first aeroderivative gas turbine rated higher than 100 MW,

Source: General Electric
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Table 1. The basic specs of the GE LMS100. Source: GE Power Systems

Operating mode

Half-power

Simple-cycle, with standard annular combustor (SAC) and water injection

Simple-cycle, with SAC and steam injection
Steam-injected gas turbine, for power augmentation
Combined-cycle

Efficiency
~50 MW 39%
103 MW 44%
105 MW 48%
112 MW 50%
120 MW 54%

Www.powermag.com

eted down toward half-load—every resource
planner’s dream.

GE Power Systems added the LMSI100
to its stable of gas turbine-generators late
in 2003 to address growing demand for ef-
ficient, mid-range (80 MW to 160 MW)
peaking capacity. GE answered the need by
carefully mixing and matching the best parts
of its aeroderivative and industrial machines.

New block on the skids

In the March 2004 issue of POWER, three
months after the introduction of the LM100
(Figure 1), we described it as follows: “[Its]
low-pressure (LP) compressor has exactly
the same parts as the first six sections of
the heavy-duty LP compressor in the MS-
6001FA power generation workhorse. But
the technologies used in its core—the high-
pressure (HP) compressor, combustor, and
HP turbine—first proved themselves in GE’s
LM aeroderivative products descended from
the CF6-class aircraft engine. But not every-
thing in the LMS is ‘something borrowed.’
Its two-stage intermediate-pressure (IP) tur-
bine and five-stage power turbine are based
on the latest GE aeroderivative technology,
and the latter was designed specifically for
the LMS100.”

It would be a huge oversimplification,
however, to consider the LMS100 the result
of checking off parts lists, Chinese menu—
style. For example, the systems engineering
needed to integrate disparate turbine compo-
nents with off-engine intercooling technol-
ogy was immense. But in this case, the end
justified the means: a nimble gas turbine able
to instantly respond to the needs of a dis-
patcher with a thermal efficiency far exceed-
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Table 2. Performance specs of a 60-Hz LMS100-based system, measured at its generator
terminals at ISO conditions (59F, 60% relative humidity, sea level). Source: GE Power Systems

Operating mode

Dry low emissions

Single annular combustor with water
SAC with steam

Steam-injected gas turbine

Heat rate (Btu/kWh)
98.7 MW 7,509
102.6 MW 71813
104.5 MW 7,167
112.2 MW 6,845

2. Ten count. In addition to meeting contract requirements during commissioning, Groton
Station's LMS100 also proved capable of achieving full power from a cold metal start within 10

ing that of a typical steam plant. Even at 50%
turndown, the LMS100 is still nearly 40%
cfficient—better than most gas turbines can
achieve at full power (Table 1).

Furthermore, the LMS100's low hot-day
lapse rate eliminates the need for inlet con-
ditioning and lowers the system’s operating
and ancillary capital costs. Whatever your
product’s performance and environmental re-
quirements, there seems to be a configuration
of the LMS100 to satisfy them (Table 2).

Meeting the need, quickly

Basin Electric Power Cooperative (BEPC)
took delivery of the first LMS100 off the
production line in late 2005 to anchor its
new Groton Generating Station in South
Dakota (Figure 2). Basin Electric (www
.basinelectric.com) is one of the largest
electric generation and transmission cooper-
atives in the U.S. Its core business is gener-
ating electricity and delivering it wholesale
to 124 member systems that serve about
2.5 million consumers in nine states: North
Dakota, South Dakota, Montana. Wyoming,
Minnesota, Nebraska. Towa, Colorado, and
New Mexico. Groton Station was built as a
mid-load resource, to help meet the member
systems’ growing demand for summer and
winter peaking power.

Site preparation at Groton began on Au-
gust 1, 2005. Four months later, the first
production LMS100 left GE’s Jacintoport
factory near Houston for a barge trip down
the Houston Ship Channel and up the Mis-
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minutes. Courtesy: Basin Electric Power Cooperative

sissippi River into Minnesota. From there,
it was trucked to the project site. Follow-
ing the unit’s first firing on April 19, 2006,
plant commissioning took just two months.
On July 1, 2006, Groton Station was placed
in commercial service following successful
demonstrations of its synchronous condens-
er’s operation and tests of its output, heat
rate, and emission levels.

Paul Sukut, a senior VP and the deputy
general manager of Basin Electric, empha-
sized at the September 21 plant dedication
that the co-op will continue to rely heavily on
Groton Station to meet its members’ growing
need for power. “[Doing so] is so important
that our board has authorized development
of a second unit here, to be ready by 2008,”
he said (see box).

The natural gas that Groton Station burns
comes from the Great Plains Synfuels Plant
near Beulah, N.D. Still the only commer-
cial-scale coal gasification plant in the U.S.,
it is owned and operated by Dakota Gasifi-
cation Co., a subsidiary of BEPC. The gas
is transported from North Dakota to South
Dakota by the Northern Border pipeline. and
then to the Groton plant by a 12-mile-long
tap. Groton’s output is delivered to an exist-
ing substation operated by the Western Area
Power Administration (WAPA), the unit’s
dispatch agent.

Flexible prime mover
The LMS100 at Groton Station is a “PA™
model (with a single annular combustor)

Twice as nice

In January 2007, Basin Electric Power
Cooperative announced its intention to
install a second LMS100 gas turbine at
Groton Generating Station by the end of
this year. The second unit, which will be
a duplicate of the first, but without the
synchronous clutch, is scheduled to be
operational in June 2008.

“This second order builds on the suc-
cess of our first LMS100 installation and
Basin Electric’s confidence in GE’s tech-
nology and service,” said Dr. Charles
(Chip) Blankenship, general manager
of GE Energy’s aeroderivative division.
“We are pleased to continue our strong
relationship with Basin Electric and its
Groton power plant and to further help
meet the increasing needs of the co-
op’s customers.”

According to Dick Shaffer, a mechani-
cal engineering supervisor and project
coordinator at Basin Electric, the last
permit needed before construction of
the second unit could begin—a Finding
of No Significant Impact—was received
on April 26. “Construction was delayed
until early June due to wet conditions
in the area, but now that things have
dried up a bit, we're well under way,”
Shaffer said.

configured for water injection for NO, con-
trol. Although the unit also can burn oil, Gro-
ton apparently has no immediate plans to do
50, based on the absence of an on-site fuel oil
tank. About 75 gal/min of water taken from
an underground potable water pipeline near
the project site meets the needs of the water-
injection system and the turbine’s evapora-
tive cooler.

One of the keys to the excellent part-load
efficiency of the LMSI00 is its intercooler.
It increases the turbine’s efficiency by pre-
cooling the air supply for the high-pressure
compressor. Thermal Engineering Interna-
tional (USA) Inc., a subsidiary of Babcock
Power Inc. (www.babcockpower.com), de-
signed and supplied the intercooler. Its shell
and internals were made entirely of stainless
steel to combat corrosion. Meanwhile, the
unit’s design itself minimizes transport of
foreign objects into the turbine’s high-pres-
sure compressor and combustion sections
(Figure 3).

The design of the overall gas turbine
plant produces flexibilities that steam plant
operators can only dream of. A single-shaft
machine, the LMS100 is equipped with a
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3. Heavyweight. The stainless steel in-
tercooler (at the right of the bypass stack) at
Groton Station weighs more than 100 tons.
Courtesy: Basin Electric Power Cooperative

synchronous clutch between the hot-end
output flange and the generator shaft flange.
Engaging it enables Groton operators to pro-
vide VAR (volt-amperes reactive) support
to WAPA when required. The clutch further
increases the unit’s operating flexibility by
allowing the turbine to be decoupled from
the generator while operating at idle speed,
after the unit has been synchronized to the
grid. The turbine then can be accelerated to
produce more power by engaging the clutch
and generator at synchronous speed (there is
no gearbox).

Reliability by redundancy
Redundancy was carefully engineered into
the design of the gas turbine controls. The
Mark Vle TMR (triple modular redundant)
control system uses triplex sensors that en-
able true “voting”™ logic. Each of the three
signals is routed to its own I/O block, elimi-
nating single-point failure modes. Each
I/O block also communicates with multiple
control processes through two independent
networks. As you might guess, each block
is powered by two separate uninterruptible
power supplies that keep the control system
running if AC power is lost.

Redundancy in the design of the pack-
age auxiliaries also was well thought-out.
As one example, the mineral lube oil and
turbine hydraulic systems include redun-
dant AC pumps with a backup DC pump. In
addition, all fluid filter systems are duplex,
the intercooler uses dual 100%-duty circu-
lation pumps, and ventilation of the turbine
enclosure is by redundant fans. GE has set
the following very ambitious targets for a
“mature” LMS100 package: 99.2% reli-
ability and 97.1% availability. Both appear
achievable: the “Entry into Service” (EIS)
numbers for the first packages were within
one or two percentage points of the mature
targets.

During the day, Groton Generating Station
needs just two on-site staffers: an operator
and a maintenance technician. The plant also
was configured to respond to remote stari-
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4. Teamwork pays off. Key members of the Basin Electric team that commissioned
the first LMS100 gas turbine include (from left to right): Chris Goettle, Craig Muilenburg, Dick
Schaffer, Heath Lessard, and Curtis Fink. Courtesy: Basin Electric Power Cooperative

up signals sent to BEPC’s coal-fired Leland
Olds Generating Station in North Dakota.

The usual suspects

According to Dick Shaffer, a mechanical en-
gineering supervisor and project coordinator
at Basin Electric, the building, commission-
ing, and start-up of Groton Generating Sta-
tion had the normal complement of expected
and unexpected difficulties. “Because this
was the first commercial LMS100 instal-
lation ever, we knew there would be some
problems we'd have to work through.

“One of the first was an abnormally high
water table, caused by heavy rainfalls, when
the foundation was poured. We also forgot to
install a few pipes, conduits, and cables here
and there, the result of drawing revisions. A
later problem took the form of ruptured tubes
in the intercooler; when we took delivery of
it in February 2005, there was water trapped
inside.

“Finally, the triple redundancy designed
into critical instruments meant that it took
three times as long to calibrate them. Making
matters worse, the control system is extreme-
ly sophisticated and must communicate with
several offsite entities, such as GE Cincinnati
and Houston, and Basin Electric’s Leland
Olds Station and headquarters. Other than
those site-specific issues, however, I'd have
to say that this project wasn’t much more dif-
ficult than a project of similar type and size.

“It's a testament to the skill of our com-
missioning team [Figure 4] that during its
first year of operation the LMS 100 performed
very well, considering it’s serial number one.
As for the unforeseen operational issues that

have naturally arisen, GE has been very dili-
gent about resolving them. I'm certain that
the company is already applying the lessons
learned at Groton to its design of next-gen-
eration models of the LMS100.”

At press time, Groton Station plant had
logged more than 303 starts and 991.1 hours
of operation. Its starting reliability has been
an excellent 75.2% since the resolution of an
early clutch vibration problem. The plant is
expected to operate at an average 10% capac-
ity factor, running a few days a week during
the winter and a bit more in peaking mode
during summer months. This July, the plant
ran 16 days.

Proving the skeptics wrong

Jeff Nelson, general manager of East River
Electric Power Cooperative, a BEPC mem-
ber, said during the plant’s dedication cer-
emony that Groton Station is one result of
“the late-1950s vision that led to the forma-
tion of Basin Electric to supplement the fed-
eral power then available in the upper Great
Plains. As it turned out, BEPC launched
rural electrification in the Dakotas. Then,
many doubted that rural folks would be able
to put together a power supply network like
we now have and manage their own energy
future. Let me tell you: the doubters were flat
wrong.”

Nelson went on to say, “Groton Station
joins what is already a remarkable fleet of
power plants whose sole purpose is to make
electricity secure and affordable to rural cus-
tomers in the upper Great Plains. It’s BEPC’s
and our first priority, and one that we con-
tinue to focus on.” m
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