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Model

PG91138
PG9141E
PG9157E
PG9151E
PG9161E
PG9171E

PG9231EC
PG9301F
PG9311FA

[YF 1 GE-F9 2,8 55 0m,58 slodae 55 Oyt g (F-1) Joua

Ship Dates

1975-81
1978-81
1981-83
1983-87
1988-91
1991

2003 - Current

1996
1993-94
1994

1SO
Performance*
kW

86,200
105,600
109,300
112,040
116,930
123,450
126,100
165,700
209,740
223,760

Firing Temp
OF/OC

1840/1004
1955/1068
1985/1085
2000/1093
2020/1104
2055/1124
2055/1124
2200/1204
2300/1260
2350/1288

Air Flow
106 Ibs/hr
10° kg/hr

2.736/1.241
3.155/1.431
3.183/1.444
3.214/1.458
3.222/1.461
3.231/1.466
3.231/1.466
4.044/1.834
4.804/2179
4.819/2.186

Heat Rate
BTU/kWhr
kJ/KWh)

10,990/11,592
10,700/11,286
10,700/11,286
10,570/11,149
10,290/10,854
10,080/10,632
10,100/10,650
9,870/10,411
10,080/10,632
9,630/10,158

Exhaust Temp
°F/°C

945/507
953/512
968/520
877/525
980/527
998/537
1009/543
1,037/558
1,082/583
1,097/582
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6/1B 7THE 7HE  THE 9ME

32 (AthruG)  3/2J 51R 5/1P 52 2055F/ 711 2020F/ 2035F/ 2055F/ 9/1 2055F/ Total #

Adv Tech  AdvTech AdvTech AdvTech AdvTech 1123C BtoE 1104C 1112C 1123 BtoE 1124C Uprates

Year (FT1A) (FTID)  (FT3L) _ (FT3M)  (FT2C) (FT4L) (FT5X) (FT5C) (FT5Y) (FT5Q) (FT6X) (FT6Y) Shipped
1984 . . 4 2 . . . . . . - . 6
85 . 5 5 . . . . . . - . 10
86 6 . 4 . . . 2 . . - . 12
87 3 3 12 1 . . . . 19
88 5 4 9 4 . 1 . . . - . 23
89 3 2 5 2 . . . . . - . 12
90 4 . 5 24 2 1 . - 61
9 2 . 6 12 1 3 1 37
92 3 8 1 19 2 . 1 35
93 2 . . 13 4 . 2 4 1 1 27
94 1 1 . 7 3 4 5 . 1 . 22
95 . 2 . 4 4 2 8 . . 1 21
96 4 . 1 8 1 15 . 1 28
o7 4 3 1 2 10 4 1 . 1 1 - 1 37
98 . 2 . 2 1 1 5 1 - . 21
99 1 2 1 11 2 2 5 15 2 1 40
Total 38 18 33 139 67 7 21 16 59 4 5 4 411
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M59001 B/E Uprate Options MS9001E to  MS9001E to
Component Option1 Option2 Option3  Optiond  2020°F 20s5°F
Firing Temperature 1840°F 1905°F 1965°F 2020°F 2020°F 2055°F
Increase in Output 6.4% 126" 18.2% 24.1% 64%-104%  51%-155%
S1B 9E GTD111 E/A BLE X X X X X X
51N SE 2 Vane Chordal Hinge " X X X "
GTD450 Reduced Camber 1GV |86 degrees) H A X K ® "
52N 9E GTD222 Reduced Cooling X X X H
52B 9E GTD111 Air Cooled K X X X
S3N INT38 S ¥ "
Stg. 1 Shroud 1 Piece X X X X
5tg. 1 Shroud 2 Piece b
Stg. 3 Shroud (for 9€ Bucket Shroud) X %
GE Exhaust Frame and Blowers ® ¥ K
Slot-cooled Liners w/TBC X X X K
Extendor Combustion Upgrade % ® ¥ K
Stage 1/2 Wheel Spacer X X K
Nimonic™ Transition Pieces X X X " "
Inner Barrel Bore Plugs X X X X X X
Stage 2 Honeycomb Shrouds™** X X X H
Stoge 3 Honeycomb Shrouds™™** X X X
High Pressure Packing Brush Seal*** X X X X X H
#2 Bearing Brush Seal*™** X X X X X X

* Meed to have existing liners coated with TBC. This cost is not included in the package price.
** Non air-cooled buckets
*** Qptional - not required for Uprate
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1 Turbulated

2 Vane

% Intel Guide Vanes
4 Slot Cooled Liners
® Flow Sleeves
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CDC boreplugs

Inner Barrel Bore Plugs

The inner barrel/compressor discharge
casing includes a number of machined
holes, which allow for tuning of the
amount of compressor discharge flow to
the first forward wheel space. The
number of open/plugged holes varies
depending on the configuration of the
unit. Field testing has confirmed that all
of these holes may be plugged without
significantly impacting first forward
wheelspace temperature.

N
12 PLUBS STAKE
PLACES PER PLUG SECURELY
LOCKING [N PLACE

The reduction in flow results in a
0/ -
performance improvement (+0.4% +0.40% : Output

output and -0.2% heat rate). -0.20% : Heat Rate
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1 Crossfire Tubes
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MS9001B-E Uprates MS9001E - 2020°F MS9001E - 2055°F
I I ] v
Original T, [*F) 1840 1840 1840 1840 1955 1985 2000 1955 1985 2000 2020 2055
Original T1, [*F) 1840 1905 1965 2020 2020 2020 2020 2055 2055 2055 2055 2055
Increase in Output
% % % % % % % % % %
Increase in Firing Temperature - 6.7 128 18.2 65 40 27 95 7.0 57 35 05
and Controls Medification
Bore Plugs 033 0.33 0.33 033 04 0.4 0.4 0.4 0.4 0.4 04 0.4
C450 IGVs (34 degrees] 43 43 43 43 15 15 15 15 15 15 - -
Additional 2° - IGV 0.4 0.4 04 04 04 04 0.4 0.4 0.4 0.4 04 04
Rototed 538 - - 06 0.6 - - - 0.3 0.3 03 03 -
GTD-222 52N - -1.0 -1.0 -1.0 - - - 10 10 10 10 10
Haynes HR-120 Cne Piece - - - - - - - 0.0 0.0 0.0 0.0 09
Stoge 1 Shroud
Exhaust Frame Blowers - - - 0.2 - - - - - - - -
Air Cooled 528 - - 165 165 - - - - - - - -
52B Shrouds with Honeycomb Seals - 035 035 035 - - - 0.35 0.35 0.35 0.35 0.35
53 Shrouds with Honeycomb Seals - - 0.15 0.15 - - - 0.15 0.15 0.15 0.15 015
HPP Brush Seals 10 10 10 10 10 10 10 10 10 1.0 10 10
No. 2 Bearing Brush Seals 03 0.3 03 03 03 03 03 03 03 03 03 03

Total Effect on OQutput 6.4 12.8 18.2 241 10.4 7.8 6.4 15.5 12.9 115 76 5.1
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Original TF *F)
Original TIF I°F)

Increase in Firing Temperature
and Controls Modification

51N Chordal Hinge

Bore Plugs

G450 1GV's (B4 degrees)

Additional 2° - 1GV

Rotated S38-

GTD-222 S2N

Haynes HR-120 One Piece

Stage 1 Shroud

Exhaust Frame Blowers

Air Cooled 52B

52B Shrouds with Honeycomb Seals
53 Shrouds with Honeycomb Seals
HPP Brush Seals

No. 2 Bearing Brush Seals

Total Effect on Heat Rate

-19
0.2
-0.7
0.2

MS90018-E Uprates MS9001E - 2020°F MS9001E - 2055°F
1l ] v
1840 1840 1840 1955 1985 2000 1955 1985 2000 2020 2055
1905 1965 2020 2020 2020 2020 2055 2055 2055 2055 2055
Decrease in Heat Rate
% % % % % % % % %
-11 -2.0 -2.6 -0.6 -0.27 -0.15 -0.77 -0.54 -0.42 -0.27 -
-19 -19 -19 - - - -0.25 -0.25 -0.25 -0.25 -0.25
-0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2
-0.7 -0.7 -0.7 -0.28 -0.38 -0.38 -0.38 -0.38 -0.38 - -
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
- 06 06 - - - 0.28 0.28 0.28 0.28 -
-0.4 -0.4 -0.4 - - - -0.4 -0.4 -0.4 -0.4 -0.4
- - - - - - 0.0 0.0 0.0 0.0 -04
- - 01 - - - - - - - -
- 11 11 - - - - - - - -
-0.35 -0.35 -0.35 - - - -0.35 -0.35 -0.35 -0.35 -0.35
- -0.15 -0.15 - - - -0.15 -0.15 -0.15 -0.15 -0.15
-0.5 -0.5 -0.5 -0.5 -0.5 -0.5 v -0.5 -0.5 -0.5 -0.5
-0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2
-4.3 -4.8 -5.5 -1.6 -13 -1.2 -3.2 -3.0 -2.9 -2.4 -2.2
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MS9001E 2055°F Uprate Requirements

GTD-111 Equiaxed BLE Stage 1 Bucket

2 Vane Chordal Hinge Stage 1 Mozzle
GTD-111 Air-Cooled Stage 2 Buckets
GTD-222 Reducead Cooling Stage 2 Nozzle
IN-738 Stage 3 Bucket

GTD-222 Stage 3 Nozzle

HR-120™ Improved Stage 1 Shroud Blocks
GTD-450 Reduced Camber IGVs
Nimonic-263™ Transition Pieces, TBC Coating
Thick Slot-Cooled Liners with TBC

Exhaust Isotherm Temp Limit Upgrade,
Exhoust Frame Upgrade/100 HP Blowers
Inner Barrel Bore Plugs

[YFlcaled ) ¥+ 00 & bod Liul8l e (o8 shariojli (A-Y) Jos

FTel
Fs2]
FS2F
F51P
FS2K
FS1R
Fs2Y
FTEB
FRI1U
FRI1U

FSIW/F52D
Fs25

Most requirermnents are part of normal maintenance plans.

Improve performance with uprate parts in place of normal spares.
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Energy . Energy Energy Energy Energy
sources ' change distribution storage usage
Regrerive |

Photovoltaics: Nano-optimized
cells (polymeric, dye, quantum
dot, thin film, multiple junction),
antireflective coatings

Wind Energy: Nano-compos-
ites for lighter and stronger
rotor blades, wear and corro-
sion protection nano-coatings
for bearings and power trains
et

Geothermal: Nano-coatings
and -compositas for wear
resistant drilling equipment

Hydro-/Tidal Power: Nano-
coatings for corrosion protection

Biomass Energy: Yield opti-
mization by nano-based pre-
cision farming {nanosensors,
controlled release and storage
of pesticides and nutrients)

Wear and corrosion protection
of oil and gas drilling equip-
ment, nanoparticles for impro-
ved oil yields

Nano-composites for radiation
shielding and protaction
(personal equipment, container
etc.), long term option for
nuclear fusion reactors

Heat and corrosion protection
of turbine blades (e.g. ceramic
or intermetallic nano-coatings)
for more efficient turbine
power plants

Thermoelectrics

Nanostructured compounds
(interface design, nanorods)
for efficient thermoelectrical
power generation (e.g. usage
of waste heat in automobiles
or body heat for personal
alectronics (long term))

Fuel Cells

Nano-optimized membranes
and electrodes for efficient fuel
cells (PEM) for applications in
automobiles/mobile electronics

Hydrogen Generation

Nano-catalysts and new pro-
cesses for more efficient
hydrogen generation (e.g.
photoelectrical, elektrolysis,
biophotenic)

Combustion Engines

Wear and corrosion protection
of engine components (nano-
composites/-coatings, nano-
particles as fuel additive etc.)

Electrical Motors

Nano-composites for supercon-
ducting components in electro
motors (&.g. in ship engines)

High-Voltage Transmission:
Nanofillers for electrical iso-
lation systems, soft magnetic
nano-materials for efficient
current transformation

Super Conductors: Optimized
high temperature SC's basad
on nanoscale interface design
for loss-less power transmis-
sion

CNT Power Lines: Super con-
ducting cables based on
carbon nanotubes (long term)

Wireless Power Transmission:
Power transmission by laser,
microwaves or electromag-
netic resonance based on
nano-optimized components
(long term)

Nanosensors (.g. magneto-
resistive) for intelligent and
flexible grid management
capable of managing highly
decentralised power feeds

Efficient heat in- and outflow
based on nano-optimized heat
exchangers and conductors
(e.g. based on CNT-composi-
tes) in industries and buildings

Batterries: Optimized Li-ion-
batteries by nanostructured
electrodes and flexible, caram-
ic separator-foils, application
in mobile electronics, auto-
mobile, flexible load manage-
ment in power grids (mid term)

Supercapacitors:
Nanomaterials for electrodes
{carbon-aerogels, CNT,
metall{-oxides) and elektrolytas|
for higher energy densities)

Chemical Energy

Hydrogen: Nanoporous mate-
rials {organometals, metal hy-
drides) for application in micro
fuel cells for mobile electronics,
or in automobiles {long term)

Fuel Reforming/Refining:
Nano-catalysts for optimized
fuel production (oil refining,
desulphurization, coal lique-
faction

Fuel Tanks: Gas tight fuel
tanks basad on nano-com-
posites for reduction of hydro-
carbon emissions

Thermal Energy

Phase Change Materials:
Encapsulated PCM for air
conditioning of buildings
Adsorptive Storage:
Nano-porous materials (e.g.
zeolites) for reversible heat

storage in buildings and
heating nets

Nanoporous foams and gels
(aerogels, polymer foams) for
thermal insulation of buildings
or in industrial processes

Air Conditioning
Intelligent management of
light and heat flux in buildings
by electrochromic windows,
micro mirror arrays or IR-
reflectors

Lightweight Construction

Lightweight construction ma-
terials using nano-composites
(carbon nanotubes, metal-
matrix-composites, nano-
coatad light metals, ultra

pel concrets,
polymer<omposites)

Industrial Processes

Substitution of energy inten-
sive processes based on
nanotech process innovations
(2.9. nano-catalysts, self-
assembling processes etc.)

Lighting

Energy efficient lighting sys-
tems (e.9. LED, OLED)
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N,
l, *CH,, CO, H,, etc.
Air paration SGe)
Gas Generator
HP IP LP
Flexible Fuels, including: ¢ LA Multi-stage
- High CO2 gas ¢V° Turbines
- Flare gas Recycle Water _ HX
- Non-merchant associated gas
Direct A
C.W.
EOR, ECBM, or Excess
Sequestration Water
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Hole Leak rate (Ihyy/h) at steam temperature of 500°F
diameter Steam pressure (psig)

(in.) 50 100 150 200 250 300 350
1/8 23 41 59 77 96 119 134
1/4 91 163 235 308 382 478 536
38 206 366 529 693 860 1.075 1,207
12 366 651 940 1.232 1,528 1.912 2,145
3/4 822 1.463 2,115 2.773 3.438 4,302 4.826
100 1462 2.603 3761 4.929 6.112 7.648 8.380
125 2285 4.071 5.876 7.702 9.551 11,949 13.406
150 3,290 5.862 8.462 11.091 13,753 17.207 19.305
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o Heat transfer from uninsulated pipe exposed to 10-mile/h wind and 70°F amhbient
Nominal [Btw/(h linear ft)]
pipe
diameter Process fluid temperature (°F)
(in.) 200 400 600 800 1,000 1,200
12 274 731 1,279 1,963 2,865 4,030
1 354 959 1.712 2.694 3,995 5,708
2 514 1.416 2,591 4,167 6,324 9,247
3 708 1.849 3425 5.603 8,619 12,728
4 845 2,352 4.132 6.838 10,605 15,776
5 982 2.751 5.126 8.103 12,671 18.938
6 1.107 3,128 5.868 9.726 14,692 22,0535
8 1.336 3.824 7.237 12.089 18.973 27.785
10 1.575 4.532 8.642 14.543 22,945 34498
12 1,792 5.183 9.932 16.826 26.678 40,274
16 2135 6.210 12.009 20.491 32,705 49.623
20 2.534 7.443 14.509 24932 40,034 61.039
24 2.934 8.699 17.078 29315 47.283 72,352
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Manual control

Poor control is causing wastage of
boiler water through excessive blowdown

mneener 0TI allovidble TOS

Boiler water TDS

Boiler water TDS

b

Automatic TDS control

TDS controlled accurately, near to maximum level,
minimising blowdown, yet avording carryover and
foaming caused by high TDS level.

Maximum allowable TDS

Time

Time
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Blowdown Heat recovered, million Btu per hour (MMBtu/hr)
Rate,% Boiler Steam pressure psig
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Overall Performance Improvement

BRPM  Bucket =~ BucketOnly  Bucket & Diaphragm

3600 20" (508mm) 0.1 to 0.4% 0.25 to 1.0%
23" (584mm)  0.25 to 0.75% 0.5 to 1.0%
26" (660mm)  NA 1.0%
30" (762mm)  0.6% 1.0%

3000 26" (660mm) NA 1.0%

1800 43" (1092mm) 0.75% 1.0%

NA = Not Applicable
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2- looking forward
% foresight program
“- outward looking
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