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Dear Ms, 8frachan: . RECD.

NO, EMISSIONS REDUCTIONS FROM GENERAL ELECTRIC LMé6000 COMBUSTION TURBINE
GENERATORS .

The Commission staff recognizes that the availability and cost of air pollutant emission offsets in the Sacramento
area may have a significant effect on SMUD's ability to successfully complete its planned cogeneration facility at
Procter & Gamble. To assist you in your efforts in balancing the availability of affordable offsets with methods to
reduce your project's emission liabilities, we are providing the enclosed article, which describes the ability of the
General Electric LM6000 combustion turbine generator (CTG) to achieve NO, emissions concentrations as low as
25 ppm, as compared to the 40ppm level proposed in the Procter & Gamble Application for Certification. The off-
the-shelf CTG uses only water injection to control NO, emissions, although increases in water injection into the CTG
combustors to control NO, emissions can affect water use and CTG performance and maintenance intervals.

The names and phone numbers of individuals who may be of assistance to you in evaluating this information, since
they. are involved in the projects mentioned in the article, are:

Stewart and Stevenson Operations Mark Axford

Lake Cogeneration Facility Stewart and Stevenson
Umatilla, FL ‘ Houston, TX

(904) 669-3288 ) (713)'868-7650

Jeff Canon, Plant Manager

Stewart and Stevenson Operations
Pasco County Cogeneration Facility
Dade City, FL

(904) 523-0062

Matt Layton, of our Air Quality staff, has already discussed this information briefly by phone with Stuart Husband
of your staff. Ifyour staff has any additional questions regarding the information provided, please call Matt-at (916)

654-3868.
Sincerely,
arrel "H" Woo
Regulatory Project Manager
Enclosure

cc: Service List PROOF OF SERVICE (BLVISED—_) FIL
S ORIGINAL. MATLED FROM SACRAMENTO ovij%:pc



process include media and cartridge filters,” HAM Teatures, training

reverse-0smosis units, vacuum degamﬁgzé
and mixed-bed demineralizers. /

Gas-turbine technolo

The gas turbines are cribed as
advanced-class machines with 146-MW net
outpyt and 2300F firipg y¢émperature. Some

/de§{gn features: 16-ftage, axial-flow com-
Wssor with through-bolted design, com-
“Zessor-blade locking mechanism,
sor-blade ringg to ease ali
optimize tip clearances, variaple-inlet guide
vanes, turbine blades that afe individually
removeable/in the field, four-stage turbine
with three cooled stagés, and combustor
wuh 16 urners. Vane$ in the first row can
mdved with ¢ s‘)/ clinder covers in place.
Sl/dce commigsioning, the four gas tur-
bings have exhibited 97-99% availability. -
wever, thé gas-turbine’s air separator
Fequired sxgniﬁcam design iteration.
+ This coftponent is a rotatipg cylinder
which/provides a sealed pdth for rotor
cooljfig air to flow into the/rotor. Cracking
observed at the/interference fit
tween the air separator and the first-row
turbine disc. Essentially, the component
was underdesigned for the stresses it expe-
riences. ’

The redesigried piece, with changes to &%

the way it fité and seats into the turbine

disk, has now operated for thousands of

hours in all four machines with no inci-
dent. Lauderdale personnel describe the
redesign as having achieved “excellent
performance.”

Other minor adjustments were made to
the gas turbines. To illustrate: At the 3500-

Paul Plotkif, unit manager. notes that
the same people who operated the original
Units 4 and 5 now operate the combined

cycles. Thirty man-months of effort were

spent in developing the appropriate train-

aviucvAllg Minimum le-cycle costs.”

asks and to stock spare parts.

Early experience s:’{gfgests that the .
il

efforts in the RAM area-

pay handsome
dividends to the plant. m '

PASCO COUNTY COGENERATION FACILITY
First-of-a-kind aero
turbines hoost cogen-
plant performance

LMB000 gas turbines with water injection for NOy control

make their US debut. Inlet-air chilling and zero-discharge water

management round out the innovations at this Florida facility

IREEER. cpending on the yardstick used,
B the two LM6000 aeroderiva-
B tive gas turbines (POWER spe-

-

R cial report, “Gas Turbines,”

; Pasco County combined-cycle
(CC) cogeneration facility (Fig 1), Dade
City, Fla, were the first to see commercial
service in the US. The pioneering unit began
operation in 1992 at a site in Canada
(POWER, February 1993, p 64). In simple

slightly compared to steam
injection. but causes a drop in
efficiency of 2.4 percentage
points compared to steam injec-
tion, and a drop of 1.1 points
compared to a turbine equipped

$ February 1992) installed at the

cycle, this is regarded as the most efficient
gas-turbine design in the. world—nominally
41-42% when the machine fires natural gas
and various site constraints are favorable.
But as reflected at Pasco, the compact, pow-

erful gas turbine is dwarfed by other plant .

systems necessary today to get the most out
of a natural-gas-fired plant and meet envi-
ronmental requirements.

To maximize output—and electric power
sales—during the hot Florida weather, engi-

Power, April 1954

with a dry, low-NOy combustor. . o
Water injection also penalizes
heat rate by reducing the tem-
perature of the gas-turbine
exhaust. reducing steam super-
heat temperatures.

To accommodate the lower

- exhaust temperature. the fol-

lowing features were included
in the superheater design:

= Multistage- superheater
with interstage attemperation.,

m Redundant thermocouples
added ro superheater tubes on
outlet side to monitor metal temperatures.

1 Seamless tubing materials for the head-
ers and tubes.

~~#5%¢tended surface used in all super-

sections. consisting of Type 409

Zero discharge is forgiving
Plant designers describe the zero-dis-

: 'Rmnces Consarvat:on‘Co -

charge water system as simple—at least

with respect .to other zero-discharge sys-'-
tems—and forgiving. It is based on two"

separate and hydraulically isolated.cooling

loops. The first rejects 93% of the con-,

denser heéat. the second loop the balance.

Among other things. this innovative design’

isolates high-mineral-content water to a
small portion ot the overall cooling loop.

Reportedly, 200 overall cycles
of concentration are achieved in
the system.

Softened blowdown from the
first loop and regeneration
wastes from the demineralizers
provide makeup demand of the
second wastewater-treatment
loop. Blowdown from the sec-
ond loop serves as makeup to a.
steam-fed calandria-type crys-
tallizer, where it is reduced to a
salt cake at an average rate of
110 Ib/hr, peaking at 180 lb/hr.

A portion of the return cool-
-ing water from the steam-tur-
bine condenser passes through a
" titanium-constructed plate-and-
frame heat exchanger where it
transfers heat to the second
cooling loop. This secondary loop \'C_]CCtS
about 7% of the condenser heat load.

Bécause of the' relanvelv high fluctua-
tion in demineralized water demand. a
recirculating system is installed between

_ the demineralized water tank and the dem-

meralxzer system. Solids from the water
treatment system are trucked off site to a

“landfill. »
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neers installed two stages of inlet-air chill-
ing on the front end of the plant. And, high-
capacity duct burners are installed ahead of
the heat-recovery steam generator (HRSG)
to meet the fluctuating needs of the Lykes
Bros citrus processing plant, the thermal
host for the facility. Fuel-gas inlet require-
ments of the gas turbine dictated use of a
plant-side compressor to boost the pressure
from the supply value of 550 to 630 psig.
Peoples Gas Co, a co-owner, supplies the
fuel from its Dade City/Lakeland supply
line.

Water injection into the gas-turbine
combustor also helps to keep NOyx emis-
sions in check. But space has been left
inside the HRSG for future addition of a
selective catalytic reduction (SCR) unit for
more NOyx removal, or_CO catalyst. In
addition, the gas turbine has provisions for
conversion to a dry low-NOy combustor if
considered cost-effective. Finally, to meet
the strict demands on water usage in Flori-
da, the facility employs an innovative zero-
discharge water-management system.

Officials from the other co-owner, North
Canadian Power Inc, Santa Ana, Calif, report
that all the performance guarantees have
been met. And gas-turbine operation has met
the expectations of the owners, although
problems with flutter of the fifth-stage low-
pressure-turbine blades and thrust-bearing
problems had to be worked out first. Heat
rate for the facility ranges from 7160
BtwkWh to 7926 Btw/kWh, depending on
the amount of steam exported. NOy emis-
sions are below the permitted level of 25
ppm. The plant went commercial last July, 18
months after groundbreaking.

Another interesting note: Pasco has a
twin. Its sister plant, the Lake cogen facility,
is located around 80 miles away in Umatil-
la, Fla. Also owned by North Canadian
Power Inc, Lake provides steam to the
Golden Gem Growers citrus processing
plant. Both plants were constructed simulta-

neously and went commercial the same day.

For pioneering the commercial applica-
tion of an important gas-turbine technology
and relevant subsystems. Pasco and Lake
receive POWER’S 1994 Powerplant Award.

Basic design :
Two gas-turbine/HRSG trains supply one
steam turbine/generator. Output of each gas
turbine/generator is 42.5 MW, of the steam
turbine/generator 28 MW, for a total net
plant capacity of 108 MW. No. 2 oil is the
backup fuel and a two-day supply at full
load is provided in on-site storage. Thermal
output requirements vary considerably

—from 15,000 to 200,000 Ib/hr of 200-psig.

steam—and correspond to the harvesting
and processing of citrus crops. The duct
burners are sized to produce the maximum
required steam flow with one gas turbine out
of service. '

Gas-turbine performance falls off at
high inlet air temperatures. To maintain
output in hot weather, the plant employs a
1500-ton absorption chiller and two 1250-
ton electric centrifugal chillers to keep
inlet air between 48 and 51F. The absorp-
tion unit operates when ambient tempera-
ture is between 51 and 73F; the electric
chillers are staged into operation when
temperatures climb to from 73 to 95F.
Because the LM6000’s optimum air-inlet

temperature is 51F, steam coils are placed

in the inlet duct for those.periods when
ambient temperatures fall below 51F.
HRSGs (Fig 2) include superheater,
evaporator, and economizer sections. High-
pressure 800-psig/83SF superheated steam
feeds the steam turbine/generator, 100-psig
intermediate-pressure (i-p) steam is direct-
ed to a steam-turbine induction port, and
low-pressure (l-p) steam is used for deaer-
ating. An integral deaerating feedwater
heater is mounted above the 1-p steam
drum, and discharges directly into the
drum. Steam extracted from the turbine at

"1. The 108-MW, combined-cycle facility

210 psig supplies the juice plant and the
absorption chiller. A steam-bypass system
is available to dump the full steam flow.

Sliding-pressure control is incorporated
into the HRSG and the steam turbine/gener-
ator to accommodate the varying thermal
output while maximizing electric sales.
Sliding pressure control functions between
550 and 900 psig. Also, the condensing sys-
tem is integrated with the zero-discharge
water treatment system. In effect, a staged
cooling loop, utilizing the main cooling
tower, is optimized with a second smaller
tower that accepts the recycle waste blow-
down flows.

To further accommodate sliding-pres-

'sure operation, the HRSG was designed

for 10:1 minimum turndown. This
required that (1) the I-p evaporator be
equipped ‘with a backpressure control
valve to create the necessary pressure drop
and reduce the circulation ratio; (2) the
evaporator steam drums be oversized, to
54 in. diameter for the i-p drum and 72 in.

.diameter for the h-p drum; and (3) low-

water cutoffs for the evaporators be
extended by 18 in. below normal water
level to handle transients.

Noise, rain stay in. Noise attentuation
and the requirement to collect all rainwater
in an evaporation pond posed constraints
on equipment siting. Utility inter-tie equip-
ment is located over the storm-water reten-
tion basin, other intertie equipment is
housed in the utility switchyard, and the
dump condenser is placed outside the pow-
erthouse building. Reverse-osmosis and
demineralizing equipment is located on the
second floor of the building. One side of
the HRSG is baffled externally to maintain

the required maximum sound level of 65

dB at the property line.
NO, penalties

Water injection to the gas turbine for con-

trolling NOx emissions elevates output

with first LMB00Os in the US meets arduous
demands of a Florida-based cogeneration
facility (left) :

2. HRSG design (above) includes special
features to accommodate the thermal output
fluctuations of the plant and the lower
exhaust temperature from the gas turbine
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