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Ottawa: The first pre-engineered combmed cycle

The transition from fossil-fuel-fired
electric generation based on the
Rankine cycle to the Brayton cycle
began in 1939 with commercial op-
eration of the municipal power sta-
tion in Neuchatel, Switzerland

This was the world’s first successful use of a gas
turbine to drive an electric generator. The 4 MW
simple-cycle plant had an efficiency of 17.4%. It
was designated by ASME as Mechanical Engineer-
ing Landmark No. 135 in 1988.

Gas-turbine developments came quickly after
World War Il, motivated by the booming military
and commercial aviation industries. At General
Electric, a group of engineers who had partici-
pated in the design and development of aircraft
jet engines began work on a gas turbine suitable
for industrial and utility service.

While many of the metallurgical advancements
and technologies developed by the aviation indus-
try could be applied to land-based gas turbines,
ruggedness and long life, rather than light weight,
were the important design considerations for
power generation. The blending of jet-engine and
steam-turbine designs resulted in what came to
be referred to as heavy-duty gas turbines for on-
ground applications.

Perhaps the earliest use of these ruggedized en-
gines for electric generation was in GT-electric lo-
comotives. First demonstrated in 1948, Union
Pacific went on to purchase several dozen loco-
motives from ALCO (American Locomotive Co.)
with GE providing on-base gas-turbine power to
the motors for long rail deliveries in the West.

These machines soon fell out of favor with the
public because of the high-frequency noise gener-
ated by the gas turbines’ axial-flow compressors.
An inlet-silencing solution was not introduced un-
til late in the 1950s when gas turbines for rail ap-
plication already were being forced into
retirement.

By contrast, electric power producers welcomed
gas turbines, as did companies involved in gas/ oil

transmission where they were valued as drivers of
pumps and compressors. The first GT installed by
a US electric utility was applied in a combined cy-
cle at Oklahoma Gas and Electric Co’s Belle Isle
Station in 1949.

But this was not one of today’s combined cycles.
Energy in the exhaust gas from the 3.5 MW gas
turbine (a GE MS3001, a/k/a Frame 3) was used
to heat feedwater for a 35 MW conventional
steam unit. OGE doubled down on its innovation
in 1952, repowering another Bell Isle unit in the
same mannetr.

Most early combined-cycle systems were adapta-
tions of conventional steam plants with the GT ex-
haust serving as combustion air for their fully fired
boilers. The efficiency of this type of combined cy-
cle was about 5% to 6% higher than that of a sim-
ilar conventional steam plant. These systems
could use bare boiler tubes economically because
of the high mean temperature difference be-
tween the combustion products and the wa-
ter/steam.

Equipment to economically weld continuous spi-
ral fins to tubes was introduced to boiler manufac-
turers in 1958, enabling the next step in
combined-cycle design. So-called heat-recovery
combined cycles, capable of capturing the sensi-
ble heat in GT exhaust gas, were made possible
by welded finned tubes.




For engineers knowledgeable in thermodynam-
ics, this was big: Fueling a gas turbine with natural
gas and using its exhaust gases to make steam to
drive a steam turbine provides two prime movers
to generate electricity using only one unit of fuel.
This combined-cycle arrangement currently has
yielded the highest thermal efficiency of any heat
engine that has ever been produced, and is the
one preferred today by electric power producers.

The three leading suppliers of large combined-cy-
cle powerplants—GE Vernova, Siemens-Energy,
and Mitsubishi Power—all offer units with thermal
efficiencies in the 60% to 65% range.

GE introduced the pre-engineered combined cycle
to the electric power industry in 1967 under the
tradename STAG (STeam And Gas). Less than four
years later it had four competitors: Westinghouse
Electric Corp, Turbo Power and Marine Systems
Inc (a subsidiary of Pratt & Whitney), Turbodyne
Corp (affiliated with Brown Boveri-Sulzer Tur-
bomachinery Ltd and Worthington Turbine Inter-
national Inc), and Stone & Webster Engineering
Corp.

But GE had the only success story among the
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firms offering pre-engineered combined cycles.
Its first two systems were rated 11 and 21 MW,
both incorporating one gas turbine (Frame 3 for
the smaller unit, Frame 5 for the larger), one heat-
recovery steam generator (HRSG), and one steam
turbine/generator.

The city of Ottawa, Kansas, commissioned the
first STAG unit (11 MW) in 1967 (a model 103)
and opened the proverbial flood gates for pre-en-
gineered systems, with unit sizes growing expo-
nentially in short order.

For example, Jersey Central Power & Light or-
dered the first multi-shaft STAG unit (four gas tur-
bines, one steam turbine), rated at 340 MW in
1971. By the end of 1974, 15 more STAG systems
(single- or multi-shaft configuration) were ordered
by eight utilities, the largest of which had eight
gas and two steam turbines with the capability to
produce nearly 600 MW.

The bottom line is that the industry-wide com-
bined-cycle “movement” launched by a small mid-
western municipal utility was installing power-
generation systems 50-fold larger in less than a
decade.

. Startup of the STAG 103 is semi-automatic. More spe-

cifically, many of the functions and operating se-
quences are manual with several sub-loop operations
automatically sequenced and performed. Startup
permissives include having turning gear “off” and key
equipment in operation.

The unit then is cranked for starting by a 250-hp elec-
tric motor. When it reaches about 25% of rated
speed, retractable spark plugs ignite the fuel/air mix-
ture in four of the six combustion chambers. Crossfire
tubes ignite the combustible mixture in the unfired
chamber in each bank.

Ignition is maintained for a short period. When com-
bustion becomes self-sustaining, the unit automati-
cally comes to the so-called warm-up condition with
the HP turbine set held at reduced speed and firing
temperature until steam is produced and all re-
quired pre-acceleration conditions are in effect. At
that point, the gas turbine acceleration is initiated
manually and the STAG 103 comes up to governing
speed. The generator is synchronized manually.




Ottawa paves the way to commercial success

Ottawa demonstrated the efficacy of
a pre-engineered combined cycle of
relatively simple design for producing
electric power reliably and at low cost
in baseload service. Its power train,
consisting of a starting motor,
MS3002 gas turbine, reduction gear,
axial-flow steam turbine, and genera-
tor powered by both the gas and
steam turbines, is base-mounted,
with components arranged in tandem
on a single shaft

The unit generated 11.5 MW at the unusually low
net plant heat rate (for that time) of 11,280
Btu/kWh, vyielding an outstanding thermal
efficiency of 30.25%. The careful integration of
proven components, a STAG feature, contributed
to the plant’s low installed cost—quoted at $1.745
million.

Important to note is that Ottawa’'s guaranteed
heat rate, based on the higher heating value of
natural gas, 1,000-ft. elevation, and 80°F ambi-
ent, was a 12% to 18% improvement over compa-
rable steam plants. Recognhize that Ottawa was
designed prior to acceptance of ISO standards
which calculate GT performance based on a sea-
level location, 59 °F ambient, and 60% relative hu-
midity.

Ottawa’s STAG Model 103 has a two-bearing, stat-
ically excited, air-cooled generator with the gas
turbine coupled to the forward end and the multi-
stage steam turbine to the aft end. The latter,

Ambient
air in

Coupling

Starting (
motor !

which has 14-in. last-stage blades, has no throttle
control valves. They are unnecessary as steam
pressure varies over the load range in direct rela-
tion to the GT exhaust temperature.

This results in a constant volume flow of steam
entering the unit during normal operation. The
steam inlet is equipped with a stop valve and mo-
tor-operated trip throttle valve for control during
starting, and complete protection in the case of a
full-load or overspeed trip.

The steam turbine exhausts axially to a floor-
mounted condenser. A single-cell induced-draft
cooling tower and full-size circulating-water pump
supply the total cooling-water flow requirement of
the condenser, gas turbine, generator, and all
Rankine cycle accessotries.
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An extended-surface heat-recovery steam generator
recovers thermal energy from the nominal 970 °F gas-
turbine exhaust gas to produce 46,500 Ib/hr of 400-
psig/820°F steam—assuming the unfired HRSG re-
ceives the design-basis exhaust-gas flow of 382,500
Ib./hr. and feedwater at 110°F. Demineralized
makeup water is supplied to the HRSG. Note that the
HRSG, as well as the gas and steam turbines, were
made by GE.

The MS3002F consists of a so-called HP turbine set—
it incorporates a 14-stage axial-flow compressor, com-
bustion section, and HP turbine—and the LP turbine,
which is connected to the generator. HP turbine inlet
temperature is 1600°F when the unit is at baseload.
Exhaust gas exiting the HP section flows through vari-
able-area, second-stage nozzles before entering the
LP turbine.

The two-shaft gas turbine, most commonly applied in
gas-compression and pumping service, is particularly
well-suited to a combined-cycle application because of
its exhaust-temperature control feature. By varying the
angle of the second-stage nozzles, it is possible to
maintain nearly constant exhaust temperature (and
steam conditions) over much of the load range. Part-
load performance is improved considerably by holding
the steam conditions constant.

The HP turbine set has three bearings and turns 6900
rpm; the two-bearing LP turbine, which operates at a
nominal 6000 RPM at rated load, is connected to the
3600 RPM generator through a reduction gear. The
generator is rated 13.5 MVA, 12.5 kV, 0.85 pf.

Once synched to the grid, the LP turbine shaft has to
run at precisely 5979 rpm for the generator to produce
60-Hz power. When load is increased or decreased, HP

Maintenance History

The most recent borescope inspection, conducted by PAL
Turbine Services about a dozen years ago, found no sur-
prises and concluded that the gas turbine was fit for duty.

The last hot-gas-path inspection had been conducted
early in 2001.. At that time, maintenance personnel found
the engine dirty but in good condition, especially consid-
ering the number of hours since the previous overhaul.
Some erosion of compressor blades was noted and the
HP- turbine bucket tips had rubbed on the lower shroud
blocks. Plus, all buckets were frozen in the dovetail fits.
The rotor was overhauled in a Houston shop.

Work also was required in the combustion section. Small
cracks in liners and transition pieces required repairs, and
there was other heat-related damage as well. Bearing
wear was in evidence, too. The load-carrying surfaces of
journal bearings 1, 2, and 3 were repoured after

turbine speed and the variable-area, second-stage
nozzles respond to maintain LP turbine speed.

Combustion system for the MS3002F is unique. There
are three combustors on each side of the engine. Two
of the three chambers on each side have spark plugs;
the third has a flame detector.

The STAG 103 came equipped with dual-fuel capabil-
ity. When the combined cycle was installed, the city
generated all of its power, which it did until 1979, with
the GE unit in baseload service. Once Ottawa began
purchasing power from the grid, the STAG 103 was rel-
egated to peaking service and the faster-starting recip
engines (two rated 6 MW, one 3.6 MW and one 3 MW),
better suited for this type of service, were dispatched
ahead of it. The engines can be at full power in five
minutes; it takes the STAG 103 about 45 minutes for
a cold start.

The accessory base contains the necessary auxiliaries
to start and operate the unit. An ac starting motor is
coupled through an accessory gearbox to the HP tur-
bine shaft at the compressor end. Motor-driven lube-
oil pumps, lube-oil cooler, and oil filter are located
above the oil reservoir.

The original control system had at its heart a mechan-
ical/hydraulic control device known as a Fuel Regula-
tor, manufactured by Young & Franklin. It controlled
fuel flow, and the power output of the LP turbine. HP
turbine speed was controlled by another Y&F device: a
nozzle regulator. In 1992, Ottawa upgraded to a Wood-
ward NetCon control and protection system to improve
starting reliability. Conversion of the gas turbine from
dual fuel to gas-only was accomplished at this time as
well.
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Epilogue

The Ottawa combined cycle was the first of only
two STAG 103s made by GE. The second was in-
stalled by the City of Hutchinson, Minnesota in
1971. Industry demand at that time was for larger
power generation systems. In fact, after 1972, no
pre-engineered combined cycles smaller than
100 MW were ordered by US utilities. Economy of
scale ruled.

Ottawa logged only about 11,000 operating hours
after hitting its 100,00 hour milestone at the end
of 1993. This industry icon was retired in place in
2020, after spending two decades in standby ser-
vice. It was started periodically for training and
equipment-preservation purposes.

Hutchinson’s STAG 103 was taken out of service
in 2019 and now is being dismantled.

Today the city of Ottawa (pop. 12,625 in 2020)
purchases most of the power for its 6400 meters
from the Grand River Dam Authority, Western
Area Power Administration, Southwestern Power
Administration, Kansas Municipal Energy Agency
(Marshall Wind Farm), and the Buckeye Wind En-
ergy Center. The municipal’s four engines remain
in standby service. The city also owns a 5.2 MW
share of Dogwood Energy Center located in Pleas-
ant Hill, Missouri. Dogwood Energy is a 650 MW
efficient and clean combined-cycle natural gas
fired facility.

Ottawa receives 161 power at two of its three in-
terconnections and 35 kV power at the third,
which is located at the generating plant. Distribu-
tion throughout the city is via 12.4 and 4.6 kV
lines.

HISTORIC MECHANICAL ENGINEERING LANDMARK

OTTAWA GAS TURBINE
COMBINED CYCLE POWER PLANT, 1967

THE CITY OF OTTAWA, KANSAS, 11 MW GAS TURBINE COMBINED CYCLE
POWER PLANT (GTCC), CONSISTING OF THE VERY FIRST GE COMBINED
CYCLE, TWO-SHAFT, FRAME 3 GAS TURBINE, A HEAT RECOVERY STEAM
GENERATOR, AND A GE LYNN STEAM TURBINE AND GE ELECTRIC
GENERATOR, STARTED OPERATION IN 1967.

THIS WAS THE WORLD’S FIRST PRE-ENGINEERED GTCC TO ENTER
SERVICE. USING ONLY ONE UNIT OF FUEL TO POWER ITS TWO HEAT
ENGINES, GTCCs PRODUCE SOME OF THE HIGHEST POWER PLANT
THERMAL EFFICIENCIES YET ACHIEVED BY HUMANKIND.
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Since the invention of the wheel, mechanical inno- ASME OFFICERS
vation has critically influenced the development of
civilization and industry as well as public welfare,
safety and comfort. Through its History and Herit-
age program, the American Society of Mechanical
Engineers (ASME) encourages public understand- ASME HISTORY AND
ing of mechanical engineering, fosters the preser- HERITAGE COMMITTEE
vation of this heritage and helps engineers
become more involved in all aspects of history.
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In 1971 ASME formed a History and Heritage Com- Thomas H. Fehring, P.E., Secretary
mittee composed of mechanical engineers and Marco Ceccarelli, Ph.D.
historians of technology. This Committee is Martin C. Ross, P.E.
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particular significance. For further information,
please visit http://www.asme.org Corresponding Members
John C. Blanton, Ph.D.
LANDMARK DESIGNATIONS John K. Brown, Ph.D.
There are many aspects of ASME's History and Scott Davidson, P.E. (Ret.)
Heritage activities, one of which is the landmarks Elisabeth Deeb
program. Since the History and Heritage Program Michael lden
began, 282 artifacts have previously been desig- Francis C. Moon, Ph.D.
nated throughout the world as historic mechanical Bernard Nagengast
engineering landmarks, heritage collections or
heritage sites. Each represents a progressive step Emeritus Members
in the evolution of mechanical engineering and its J. Lawrence Lee, P.E.
significance to society in general. Richard I. Pawliger, P.E. (Ret.)

Herman H. Viegas, P.E. (Ret.)

The Landmarks Program illuminates our techno-
g Robert M. Vogel (Ret.)

logical heritage and encourages the preservation
of historically important works. It provides an an-

notated roster for engineers, students, educators, ASME STAFF
historians and travelers. It also provides reminders Karen E. Russo, Director of
of where we have been and where we are going Operations and Communications

along the divergent paths of discovery.

ASME helps the global engineering community de-
velop solutions to real world challenges. ASME,
founded in 1880, is a not-for-profit professional or-
ganization that enables collaboration, knowledge
sharing and skill development across all engineer-
ing disciplines, while promoting the vital role of
the engineer in society. ASME codes and stand- A .y
ards, publications, conferences, continuing educa- I eetl]
tion and professional development programs e

provide a foundation for advancing technical SETTING TEE STANDARD
knowledge and a safer world. . -




