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TO: Sy=d Arif, DEP Air Quality
FROM: Paul Dasst. Department of Comnmunity Affairs
SUBJECT:  DCA’s review of TECQ's 1964 10-Year Site Plan
DATE: 15-Jun-95

Pursuant to section 186,801, F. 8., the DCA recentiy performed a draft review of Tampa Elzctric’s
1994 10-Yeur Site Plan, Acco:dmg to the siatute we are to review 10-year site plans for
consistency with the State Comprehensive Plan. The foliowing passage from the draft review
pertains 10 the 10-year site plan’s consistency with Air Quaiity Policy 3 in the State Comprehensive
Plan;

Air Quality Policy 3: Reduce sulfur dioxide and gittagen exide emissiony apd mitigate their 287ects on
the natvra! aimd buman envircoment.

The requirements of Titde iV of the Clzan Air Act ere consistent with the direction of SCP Air Quality
Policy 3. TEC(r s ability to moet the Title IV requirements will determine its consistency with Air
Quality Poiicy ¥, TECU proposes (0 add 430 MW of new capacity in tae 1994-2003 forecast pericd. Of
this capasity, 254 MW wili be generaled trom couf gas. with fuel oil backup. and the remaining 182
MW will be geoemted from paturzl gas with fuel oil huckup. This new generation will cause additionn]
emissions of sultur dioxide 2ad pitrogen vxides from the TECO system, contnbuting to TECO's
decision, mentioned sbove, of mieting the Clean Alr Act regquirerents through purchase of exaission
alfowances wnd switchicy to tower-suliur-cuntent caals. The Depertment notas that TECO could have
redused a8 fenere sulfur diexids and aitrogea ohidos cutealons by choosiog natural gas rather than coal
Kus Tor its proposed Polk Power Staien Ueit | power puant.

The review was seat tc TECO for their comments. We recgived the followniy cominent o the
preceding passage.

Tamyw Electric Company does nor agree with the imeiication that future emissions of sulfur diexide and
nitrogen exides could have been auhstaatiaily reduced oy wang natural pay, instead of voal gas, for the
proposed Pelk Power Station Unit | The differential in sulfur content, and therefere suivir diodioe
enmissions betwenrn naturs! gus xnd the ool gas propesed o he burned io Unjt ! is minimal and the
ernissions of witrogen oxiis witl be contallod Wedevels vomparabie 1o that of tucurd gas.

We veauld T 12 heve your gotnion on s Are we carrest In aur assartion about natural gas, or
is TECOY corpzer™ Please cdll me at 388-3970%
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TECO offered commenis and corrections 1o the draft review of it3 1994 plan.
corrections have been incorporated into this fina! report. TECO's comments are reproduced
below.

vy,

TECQ's first comment refers to the foliowing passage from sectiun 15.8.2 of the
Department’s review:

Air Quality Policy 3: Reduce sultur dioxide and witrogen oxide emissions and mitigate their
effects on the natursl and human eavironment.

.. . . The Dyvpartment notes that TECO could have reduced its future sulfur Zioxide uad
citrogan oxides emissions by choosing naturel gas rather thau coal gas for its proposed Poik
Power Station Unit [ power plant.

TECO commented us follows:

Tampa Electtic Company does not agree with the implication that futurs smissions of sultur
dioaide aad nitvogen oxides could have been substantialy reduced by esing natiral gas, intead
of coal gas, for the proposed Polk Power Station Unit 1. Yhe differentisl in sulfue content, and
therefure wiur Sioxide emissions Detwien patural gas and the coal gae propasad to be burnad
in Unit | i micimal apd the emissions of nitrogen oxides will be vontrolied to levels
cumparahie 10 that of watural gus,

#  Departwent vedponse!

The discussion of the BACT determination for nitrogen oxides 1o appendiy D of the Final
Environmentai Impact Statement for the TECO Polk Power Station Unit I states that “The
eruission limit of 25 ppmvd wheo burning syngas is higher compared to 9 ppmvd when burning
NG [patural gas] in a combustion turbine due to the Gifference in composition and heat conient
bewsen the two fuels.” The EIS also states that, because of the uncertainty in actual system
performance gnd the high cost of 8 SCR coptrol system., the actual BACT for nitrogen oxides
tor Polk Unit | will be determined foilowing a data collection period. The Deperimeat
acknowiedges that testing may demonserate that Polk Unit [y actual emissions of nitrogen
oxides are l2ss than the projecied 25 ppouvd. Whether they will be less end whether they will be
us low s the 9 ppmvd “rom naturzl gas, howevar, reinsus £ be seen

Tabie 2 in tae BACT discumion i e EIS contatus projeted aunual emissions trom Polk
Power Staticn fur sutfur dinxide, pitrogen oxides, and other repuiaied air pollutants. Sulfur
divxpde emissions are projected as 2,469 tons per vear from the 260-MW LUinit 1 when burning
syngas as prunary fuel and a tole! O 720 tops per year {rom the two 220-MW combiged cycle
wnits burping nanirel gus us primary fuel Nitrogen oxides emissicas are projected as 1,923 tens
per year feom Unir | oo syagas aad ol of 1,308 toas pee vear from the two comhined ovele
uaity Op natural 2a
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HOLLAND & KNIGHT

Law Offices

315 South Calhoun Street Atlanta

Suite 600 Fort Lauderdale

P.O. Drawer 810 (ZIP 32302-0810) Jacksonville
Tallahassee, Florida 32301 L akeland
904-224-7000 Miami
FAX 604-224-8832

December 16, 1954

A Partnesship Including Protessional Corporations

Orlando

St Petersburg
Tampa
Washington, 0.C.
West Palm Beach

RECE!Y

DEC 19 1594

Mr. C. H. Fancy, P.E.

Chief, Bureau of Air Regulation

Department of Environmental
Protection

T™win Towers QOffice Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Bureau of

At Regulation

Re: PSD-FL-194(A) Polk County -- Polk Power

Station

Dear Clair:

Attached for your files is the affidavit of publication of the

Notice of Intent to Issue Permit Amendment for PSD-FL-194(A),

concerning Tampa Electric Company’s Polk Power Station. The Notice

was published in the December 3, 1994, edition of The_ Lakeland

Ledger.

Please let me Kknow 1f you have any guestions or require

additional information.

Sincerely,

HOL D & KNIGHT

I

wre

Attachment

cc w/o att:
Mr. Greg Nelson
Mr. Steve Jenkins
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-~ “AFFIDAVIT OF PUBLICATION

THE LEDGER
Lakeland, Polk County, Florida

Case No............ e,

STATE OF FLORIDA)
COUNTY OF POLK )

Before the undersigned authority personally appeared Robert Lee,

who on oath says that he is Classified Manager of The Ledger, a
daily newspaper published in Polk County, Florida; that the
attached copy of advertisement, being a

..Notice.of. Intent. to.Issue. Permit.... ...

in the matter of | ...
LDESDTELTLSA (A)
L L PR
Court, was published in said newspaper in the issues of . . .

- December--3 ;-

Affiant Turther says that said The Ledger is a newspaper
published at Lakeland, in said Polk County, Flnr_ida, and
that the said newspuper has heretofore been continuously
published in said Polk County, Florida, daily, and has been
entered s sceond class matter at the post office in Lakeland,
in said Polk County, Florida, for a period of one year next
preceding the first publication of the attached copy of adver-
tisement; and affiant further says that he has neither paid
nor promised any person, ficm or corporation any discuunlt,
rebate, conimission or refund for the purpose of securing this
advertisernent for giblication in the said newspaper.

W

Signedy, N
Classified Advertising Manager
by Robert E. Lee who is
personally khown to me
ird

Sworn 1o and subscribed before me this

BILLIE MCRLAN TR (/ﬂ
MY COMNESSIRN § GG 191354 & man

E:FISES: April 6, 1596 Notary Public

ST BILUE MORLAN

My Comtnission xpires
Holland & Knight
Acct. 12610

STATE OF FLORIDA
DEPARTMEN1 OF ENVIXONMENTAL PROTECTION
NOTICE OF INTENT TG ISSUE PERMIT AMENDMENT
PSD-FL- 194(4)

Ihe Depattment of Emarcnmentar Protechon (De
DOLMMEN} grees nofce cf Iy mient 0 Bsue a permy
omenument o lamea Eleciie Compony, Pos: Ofte o
Box V11, tamg Flonco 33861011, 19 tefiec: mou-
catons 10 The Cifectod source and an exlenson of
™A Bxpwgtion date This fockly congsts of o 260 mag-
awot (nel) ntegrated coal goshcaron comiirea
cyele (IGCC) source loca'ag approsmately 13 rrules
sau'nwest of Bartow, Palk County, Flonaa The moaih-
Colons nciugg the following mncreosing the sure ana
aperanng parameters of the ouslory boder, repiace.
ment of uncovared coal pes with Coal sIos OgLreas-
Ing NO= armussion lints for the 1GCC combushon fur-
©ne. manitoning requiarments Ior the auxliary boiler,
and pdating of applicable reguiatony requiremants
Madelng resulls show Ihat incraases in Lround el
concentrations ora lass 1han Pravention of Sgritcont
Datenarahon P50y sigrihicant Mpact levals Theso
EMISSIons wall nOT COuse of Contrbute 10 a viokation of
any ambient o qualty shondard e PSD Incremant

A panon whosa substannal nferests ore attected
Lialtg Depoihinent s proposed PRI OG G
{oMmenament) may patmon for an oamurkshiatn e pra-
ceeamg (haanng} in occordance with Secton
120 57, Flonda Ste'utes (FS) The petition musl con-
Terfi tha INformanon ot forth below and mus! be hieg

1ecenad) in 'he ollice of General Counsal of Ing

apariment ol 2500 Blor Stone Rooa Tokohassee,
Fronga 323692400, wi'ten 14 aavs ¢f punicomon of
1hdt nonce Pathoner shall Mol a CCpy ©f Mhe Cennhan
lo the copacant af he coaress iNACaed chave ot

© e hme of lbng Foduia (0 e O pelton within s

e penod Conshiute o warar of oy nght such
POIsaN Moy Nave ' request Gn admins'iaive delar-
MNGhOn (hWeonng) Lnder Section 12057, F§

Ihe Patihon shall contain the following intormation,
(0) Tha nome adaress, and telephone number of
aach palonar ne applicont s name and ndares
the Departmant Penmt fls Murber and the county in
which the projact 5 proposed, (D) o satement of
how and whan eoch pahhonar recaived notice of
tha Dapartment’s action or proposgd aclion (¢} &
stargment of how ecch pehfioner s substonhal infer-
8sls org affected by 1he Department's oction of fro-
posad achon, (d) A statemant of the matenal tacts
aispuled by Pevmoner i ony () A statement of tacis
which peltioner ¢ontends werrants reversal of o
cation of tha Depuitment's action or proposed
Qction, [f} A s'otement of which rules o siatutes et
Ionar Lontends raduile reversal or moddcaiion of g
Deportmant's ochon of proposes oction and Q) A
sfatemant of the tekel sougnt by the petitonel st
INQ precisely the achon patbioner ~on's the
Deporiment 10 itk with respect 1o e Depariment §
DCHON OF HEPOsEt GC hon

If ¢ paticn 8 had e oomingTaive hednng org-
Cats 11 gaugned lo lormulote ogency ochan
Accoraingly. the Deparment s fincl ocbon mo, be
gHtexent from e pesiton taken bie it i s Nonce
Poisons whose tubsian®ial nferests wit be affected by
Gy gachiren cf 'he Depasimen! with regard 1o the
oppcohonirequast have the ught ro pethon tg
Lacoma a pary 1o the proceeding The paliion must
£ontorm 13 he requirements speciied obove ong be
hled (recavad) wihin 14 days of pubhkcation of the
nefice in tha Qtfice of Gengral Counsel af the above
oaaress of the Deparment. Failure to pethon within
the ollowad fime frame conshiutes & waver of any
fight such person has 1o requast o heanng unger
Sachon 12080, F5, and to purlcipate as @ party g
this proceedry; Any subsaquant ntervantion will orily
ba al the opproval of the presdng officer upon
metion fiad pursuant 1o Rule 28-5 207, Flonga
Adminsirciive Code .

The opphicanon/tequests cre auoioble lor pubhe
NSDECTON dunng normal busingss hours, 800 am o
500 pm. Menday through Fiody. ercept legat hok-

davar,
Dapotment of Emaonmenta Protec on
Bureay of Ay AGhon
1S hiagneg Brve Sure 4
Talohased Flonaa 32301
Deparment of Emaonmantal Prarecton
Foultvaast Dstnet
3804 Coconut Pam Dive
B lompa Flordo 33619-8218
Any penon may send wrilen cormments on the
0posao achon o Mt John Brown at the
parment of Envronmental Protechan Bureau of
Alr Raguiation. Marl Stahon 5305 2500 Blaw Stora
Road, lallohasses, Flonaa 123%6-2400 All cominans
racowed wittin 14 days of the publcation ol this
notcs wil be considered In tha Deparimant’s Tinal
datarmination

K264-12 3 1994

K264
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TAMPA ELECTRIC COMPANY
POLK POWER STATION

DESCRIPTIONS OF SELECTED COMBUSTION
TURBINE AND AUXILIARY BOILER FOR
POLK UNIT 1

1.0 INTRODUCTION
Condition of Certification No. XII1.0.1 for the Tampa Electric Company Polk

Power Station requires that the following information shall be submitted to the
Florida Department of Environmental Protection (FDEP), Bureau of Air
Regulation within 12 months of certification:

“1. Description of the finally selected turbine and the auxiliary
boiler to be installed at the facility. The description shall
include the specific make and model numbers, and any
changes in the proposed method of operation, fuels, emis-
sions, or equipment.”

To address this requirement, this document provides the following information
for the selected combustion turbine and the auxiliary boiler for Polk Unit 1 at
the Polk Power Station:

2.0 Selected Combustion Turbine

2.1 Description of the GE Model MS7001F combustion turbine
2.2 Design enhancements for Polk Unit 1

3.0 Selected Auxiliary Boiler

3.1 Description of the ABCO packaged watertube boilers
3.2 Special design features for Polk Unit 1

4.0 Changes in the Operation, Fuels, Emissions, or Equipment for the
Combustion Turbine and Auxiliary Boiler Since Certification

4.1 Combustion turbine changes
4.2 Auxiliary boiler changes

G-TECPPS94.1/CTAB.1--101994



2.0 SELECTED COMBUSTION TURBINE
2.1 DESCRIPTION OF THE GE MODEL MS7001F COMBUSTION TURBINE

Tampa Electric Company has seiected the advanced General Electric Company
(GE) Model MS7001F combustion turbine for Polk Unit 1. This is the same
combustion turbine that was considered in the site certification process and
referred to as the advanced GE 7F turbine. The following commercial

brochures describe the seiected GE Model MS7001F combustion turbine.

G-TECPPS594.1/CTAB.2--101994
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GAS TURBINE REFERENCE LIBRAFIY%‘

The Design and ==

\\

Development of the
Advanced GE MS7001F
Heavy-Duty Gas Turbine

\

7160

D.E. Branat

Manager

Gas Turbine Engineering and Development
Turbine Technolegy Department
Schenectady, New York

INTRODUCTION
CONTENTS

The MS7001F gas turbine is a totally new 3600 rpm heavy-
PAGE duty design, directed at a broadly based application in the
60 Hz power generation industry. It has a simple-cycle iSO
INTRODUCTION . . .. ! rating of 141 MW with a heat rate of 9.995 Btu/kWh (LHV)
GENERAL DESCRIPTION .... 2 at a firing temperature of 1260C (2300F) on natural gas fusl.
This gas turbine has been designed for both simpie and
CYCLE SELECTION ....... .. 2 combined cyclte applications, and will operate on ail conven-
GAS TURBINE DESIGN .. .. .. 3 tionai gas turbine fuels. as well as coal-derived gas pro-
duced in an oxygen-blown integrated gasification combined-
ACCESSORY DESIGN .. .. .. 8 cycle (I GCC) instatlation. ln natural gas combinea-cycle ap-
plications, the total piant output will be in excess of 200 MW,
TEST PROGRAM ........... 9 with a heat rate less than 6828 Btu/kWh (LHV), depending
SUMMARY . ... ... .. ... . .. 10 upon the plant configuration and the type of steam cycle
salected. The 835C (1100F) exhaust temperature allows for

REFERENCES ... .......... 1" outstanding reheat steam conditions.

)
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The tecnnotogies associated with the Qas turbine have
Séen substanual agvancement aunng ine past decaae. This
Nas Deen ariven by economic consigeratlions. such as the

¥ rapId increase in the cost of enargy, as well as the accep-
tance of the gas turbine as a reliable source of power. Addi-
tionally, the cycie arrangement flexibility of the gas turbine
Wwith its progressive add-on feaiures ang its comparatively
low aemang on investment resources have mage the gas
turbine a very attractive alternative when electrical capacity
2Xpanston 1s being consigered or when a demana exists for
large amounts of thermal energy in conjunction with power
generation. These market forces have provided the
necessary impetus to drive a substantial investment in the
lechnologies associated with gas turbines, Materiais and
process developments have resuited in higher quality com-
ponents due to tighter process control, higher strength
alloys, and improved high-temperature coatings. Advanced
analytical methods coupled to improved understanding of
materials behavior have resuited in a considerable improve-
ment in the optimization of design. Recent developments in
our understanding of the combustion process have substan-
tially improved the emissions assaciated with elevated firing
temperatures. Advances in heat transfer. fluid flow, structural
and dynamic analysis. ang aerodynamics have ail set the
stage for a major development in the design of agvanced
heavy-auty gas turbines. This paper discusses the features
and charactenstics of a new heavy-duty gas turbine that
takes advantage of these latest technolagical advances.

GENERAL DESCRIPTION

Figure 1 illustrates the general configuration of the
MS7001F gas turbine. It consists of a singte rotor of boited
construclion supported by two 419 mm (165 in.) diameter,
four-element, tilting-pad bearngs, with tha output flange on
the compressor end. Thrust is absorbed by a 635 mm
(25in.) x 432 mm (17in.) tilting-pad thrust bearing with
eight shoes on both sides of the thrust bearing runner. The
thrust bearing load capability is 80.000 Ib in both fore ang aft
directions so as to allow flexbility in simple - and combined-
cycle applications.

The compressor is an 18-stage axial flow design with a
pressure ratic of 13.5; the turbine is a three-stage design

MS7001F GAS TURBINE

GT 17118 |

Figure 1

characlerizeo by being intermectate betweern full reaction
anaimouise. The exhaust aitfuser airecis the fiow of exnaust
gases axially into either an exnaust stack or a heat recovery
boiter.

The combustion system consists of 14 combustors
orientea ai a 13° angle. Each combustor 1s 356 mm (14 in.)
nominai diameter.

The stator casings are of horizontally-split aesign 1o pro-
vide ready access 1o the internal parts Quring maintenance
operanons. The inlet ana the torwarg and aft compressor
casings are of nodular cast iron. whiie the compressor
discharge and turbine shell casings and the exhaust frame
are steel fabrications.

The first-stage nozzle and the first-and second-stage
buckets are air cooled via internal cooling circuits sourced
from compressor discharge and the 17th compressor stage.
the second-and third-stage nozzies are cooled via external
circuits sourced from the 13th compressor stage. All buckets
are coated for corrosion protection.

CYCLE SELECTION

The gas turbine is a viable prime mover in the salection
of alternatives for power generation. This requires that a new
design accommodate a broad range of applications in-
cluding simple-cycte, cogeneration, combined-cycle, heat
recovery, and IGCC. For this reason.the cycle needs to be
balanced in pressure ratio 1o satisfy both simple- and heat
recovery-cycie reguirements.

Initiai studies over a range of firing temperatures indicated
that a vaiue of 1260C (2300F) represented a reasonable fir-
ing temperalure consistent with long component lives, ag-
vanced cooling methods, material capabilities, and effective
corrosion protective coatings. Given the selection of the fir-
ing temperature, it was then necessary lo select a cycle
pressure ratio. Figures 2 and 3 illustrate the basis for seiec-
tion of 13.5:1 as the design pressure ratio for this air cooted
machine n the simple-and combined-cycle moae.

SIMPLE-CYCLE PARAMETERS

THERMAL ez |-
EFFICIENC Y

PALSSURE
Q&FrO B¢

[CL TN a3 P 2

7100 1740 2300

: oo o0
om = Ly IpEARS 1F
| aze 1 H . ]
9 140 0 138 160 are 9180
SPECIFIC QUTPUT IMW/PpPS) GT 15371

Figure 2
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COMBINED-CYCLE PARAMETERS
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Figure 3

When selecting cycle parameters for simpie-cycie applica-
tions. it is important to provide as high a power density for
the power plant as possible. in this regard the specific out-
put is a significant measure. The greater the output per
pound of air flow. the smaller the gas turbine. From Figs. 2
ang 3 it can be seen that the specific work peaks at approx-
imataly 14:1 for a firing temperature of 1260C (2300F).

Combined-cycle applications require a cycle configuration
that emphasizes thermal efficiency. With a firing
temperature of 1260C (2300F). the highest efficiency 15 ob-
tained at a pressure ratio of 135:1 in combined-cycle
application.

With the firing temperature and pressure ratic estan-
lished. optiminal compressor flow can now be determined.
Qf major consideration in this decision is the exit annulus
area of the turbine. Qnce a successiul design is concep-
tualized for the first turbine stage at a specific firing
temperature, it bacomes necessary 10 determine just how
large a last-stage bucket can be, while maintaining
mecnanical intagrity ana aerodynamuc perfermance. The
MSZ7001F utilizes GTD-111 as the alloy for all three turbine
buckets. GTD-111 is a derivative of Rene 80 with improved
hot corrosion resistance. it aiso has a 50 percent improved

creep strength and a 20 percent improvemant in 649C

{1200F) LCF capability over U-500. The strength of GTD-111,
together with a new aerodynamic turbine design with a
moderate exit Mach number. established the flow at 408
kg/sec (900 Ib/sec). The net result is a turbine efficiency
which s significantly higher than that of the MS7001E
turbine.

GAS TURBINE DESIGN

Compressor

The compressor for the MS7001F is an axial flow. 18-stage
compressor with extracticn provisions at stages 5§ ana 13.
The compressor aerogynamic and mechanical design
closely follows that of the 17-stage MS7001E (633 b/sec.
3600 rpm}. but with an additional zero stage. For conve-
nignce 1n maintaining this relationsnip, tne MS7001F com-

~rgsgor slages are rumpereg O througn 17 rater than i
‘nrougn 18.

The MS7001F comoressor was developed by first aontying
& scale ractor 10 the giameters of the M370C1E. then increas-
/ng ihe annuius area an acditional amount to achieve the
sesirea tlow. ang 1astly aaaing a zero stage. As a resuit. the
$1S7001F is aerogynamicalty simnar o the MS7001E. ang
most af the piading 1s intercnangeacie with the MS7001E ex-
ceot for lengtn. Stages O anc 1 have peen cesigneg for
operation in transonic flow using gesign practices applied by
the arcraft gas turbine aesigners. As a resuit of using ts
conservauve design approacn. variaple stators. n addition
to vanable intet guide vanes. are not required for surge con-
trol. The MS7001F compressor contains three exit guide
vane rows to straighten the tiow entering the compressor git-
fuser 1n order to enhance its performance.

Surge control of the compressor is accompiished througn
variable inlet guide vanes (VIGV) ang selective bleed at the
13th stage. When e unit is started. the VIGV are at their
minimum setting, and they are controlled during a pre-
scribed schedule as a function of corrercted speed as the
unit accelerates. At 100 percent speed the VIGV are full
open tor simple-cycle appiications: for combined-cycie ap-
plications, they are at an intermediate setting and then open
as a function of load and exhaust temperature to mainiain
maximum thermal efficiency. The 13th-stage bleed valves
close during startup when the generator breaker closes.

The low stage lcading, wnich has resulted in a very
rugged MS7001E compressor. is retaned in the MS7001F.
This has resuited in retention of a very high level of com-
pressor efficiency in the MS7001F.

Higher-strength ailoys have been applied in order 10 ac-
commodate the increased cOmpressor biade siresses.
Custom 450 stainless steel has been selectea for the VIGV
and stages O through B. A highet-strength version of AISI
403 with columbium addition is the alloy of choice in stages
9 through the exit guide vanes. The net result of the applica-
tion of these higher-sirength alloys is that the applied
stress/yield strength ratio is equivalent o that of the
MS7001E (Fig. 4). The apptication of Custom 450 wiil have
an additional benefit in corrosive environments. Field and
laboratory testing of this ailoy in very acidic sait en-
vironments (ph = 4) has demonstrated that it can be applied
without coaungs for corrosion protection. In these tests a
variety of coatings was apptied to AISI 403 angd custom 450
and compared with uncoated Custom 450. The field tests
were performed on MS7001E machines operating in in-
dustrial environments that had proven to be very aggressive
to NiCd copated AISI 403. Uncoated Custom 450
demonstrated a ciear superiority over any other non-Custom
450 basec system. as well as coated Custom 450 (Fig. 5).
Those coated systems. which appearead to be equivalent to
bare Custom 450 in the Laboratory tests, did not hold up n
the field tests. Erosion was the main cause of coating failure.
Of particular interest is the result wherein coated Custom
450 resulted in snorter hves than bare Custom 450. The
mechanics causing this dichotomy are not ungersiood at
this time and require further study.
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Figure 4

The dynamic behavior of compressor blading is of great
concern to the comprassor designer. For this reason, full-
scale wheelbox testing of the stage zero blading was per-
formed before the final design was committed to manufac-
turing. This testing was accompilished in GE's Gas Turbine
Deveiopment Laboratory low-prassure wheeibox facility.
This tacility permits the testing of fully-blaged. tull-scale
rotors up to 4.3 m (170 in.) diameter at rated machine speeqs
and pressures as low as two psia. The blades are in-
strumented to determine their dynamic response while be-
ing excited by air jets as a dynamic stimuius. Extensive ef-
forts have been applhed over the last decade to develop ad-
vanced computer-based predictive techniques that will ac-
curately predict the dynamic response of complex un-
shrouded compressor and turbine blading. The resuits of
this eftort are demonstrated in Fig. 6. where the predicted
and measured Campbell Diagrams are compared {or the 0
stage compressor blading, Not only is the prediction excep-
tially accurate, but it is clear that dynamic responses of the
blade are well clear of the torcing tunctions ot significance
at operating speed.

Turbine

The MS7001F turbine Is a three-stage design with the first-
stage bucket unshrouded and the second- and third-stage
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Figure 6

buckets equipped with integral Z-form tip shrouds. This new-
ly designed turbine is two percent higher in efficiency than
the MSTO01E turbine. Unlike the compressor, the MS7001F
turbine represents a totally new asrodynamic design with
zero exit swirl at full load and a moderate exit Mach number.
As a result of this conservative design approach, the turbine
15 capable of significant upraung.

Each of the three rotor stages consists of 92 investment-
cast buckets ot GTD-111 (Fig. 7). The first - and second-stage
nozzles are constructed of 24 two-vane, investment-cast
FSX-414 segments, and the third-stage nozzia ot 20 three-
vane, investment-cast FSX-414 segments. The first- and
second-stage buckets and all three nozzle stages are air
cooled. The first-stage buckst is conveclively cooled via
serpentine passages with turbulence promoters formed by
coring technigues during the casting process (Fig.8). The
cooling air leaves the bucket through holes in the tip as well
as in the trailing edge. The second-stage bucket is cooled
by convective heat transfer using Shaped Tube Electrode
Machining (STEM) drilled radial holes with all cooiing air ex-
iting through tha tip. The first-stage nozzie contains a for-
warg and aft cavity in the vane, and is cooled by a combina-
tion of film. impingement, and convection technigues (Fig.
9) In both the vane and sidewall regions. There are a total
of 5§75 holes In each of the 24 segments. The second-stage
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nozzie is cooled by a combination of impingement and con-
vection technigues while the third-stage nozzie i3 cooled by
convection. The advanced cooling techniques applied in the
MS7001F turbine components are the resuit of extensive air-
craft engine dewelopment, as wefl corrotative fieid testing
performed on cooled components in current production
heavy-duty machines. In addition, hot cascade tests were
pertormed on MS7001F first-stage components to validate
the heat transfer design assumptions. The efficient use of
cooling air made possibie by the advanced cooling methods
applied is further enhanced by the reduced vane surface
area of the first-stage nozzle, achieved by low solidity. The
particutar vane shape selected has also been developed for
aircraft engines. ang is illustrated in Fig. 9.

In order to further enhance the excellent hot corrosion and
oxidation resistance of GTD-111, all three stages of buckets
are coated. The first-stage coating is a patented allo¥ of Co,
Cr. Al, and Y, applied by the PLASMAGUARD M ow-
pressure plasma spray method. The second-stage bucket 1S
coated with a paterted alloy of Co, Cr, and Y, also applied
by the PLASMAGUARD low-pressure plasma spray method.
The thirg-stage bucket 15 coated with a high Cr coating,
which is applied by a pack process and is subsequently
given a diffusion heat treatment. The first-stage coating
possesses outstanding high-temperature, hot-corrosion
resistance with a 3X improvement over uncoated GTD-111.
The second-stage coating has been specifically developed

FIRST-STAGE
NOZZLE COOLING
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10 provige excepuonal resistance to both high- and low-
‘emperature not corrosion. The hign Cr coaung of the thira
stage focuses orncicailly on proviaing protection against
low-temperature hot corrosion,

The buckets ot all three stages are gesigned with long
shanks ang integral cover plates. These shanks provida for
isolauon of the gas path from the wneel rim and for
mechanical damping of the bucket system via seai/damping
pins located unger the platiorm ana in the cover plate eages.
This system. in compination with the interlocking bucket tip
Z shrouags. has proven very effactive and durable in similar
designs found in the MS7C01E and other production
machines. Careful attention has been given in designing the
bucket shank regaroing the transition between the bucket
airfoill root and the govetail to assure that high stresses are
avoided due to structural discontinuities.

The tirst- and second-stage stationary shrouds are two
piece designs where the gas side inner shroud is separate
from the supgorting outer shroud in order to provide
freedom for expansion/contraction for improved low cycle
fatigue (LCF) life. The first-stage shroud is cooled by im-
pingement, film, and convective means.

Tha cooling circuit for the turbine componeants consists of
bath internal and external circuits (Fig. 10). The first- and
second-stage buckets, the first-stage nozzie and the first-
stage shroud are cooled by an internal cooling air circuit.
while the second- and third-stage nozzles are cooled by an
external cooling air circuit, The internal circuit is supplied by
17th stage and by compressor discharge air, and the exter-
nal circuit by 13th stage extraction air. The first-stage nozzle
and shroud coeling air is supptied from the compressor
discharge plenum housing 1he combustion transition
pieces. The bucket cooling is supplied by air flowing radially
inward at the 17th stage compressor wheel, hence through
15 hotes drilled axially through the distance piece, and then
over the forward face of the first-stage turbine wheel. The
bucket cooling air then flows through the bore af the first-
stage bucket wheel inlo the chamber betwesn the first- and
second-stage wheals to the root of the first- and secona-
stage buckets. This circuit also provides air to heat the bores
of the second- and third-siage wheeis anc to purge the
wheselspaces. as shown in Fig. 10. The externai circuit con-
sists of piping between the 13th stage extraction belt and the
turbina shell.

MS 7001F COOLING CIRCUIT
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Combustor

The MS7001F combustion system consists of 14 combus-
lion chambers with 356 mm (14 in.) nominal diameter com-
bustion liners. Transition pieces conduct the combustion
gases to the first-stage nozzie.

The liners are constructed in a manner identical to the
MS7001E liners (Fig. 11} but are 30 percent thicker and
213 mm (8.4 in.) shorter. This particular design provides for
extensive ang eftective film coocling ot the liner wall, as well
as penetrations for combustion and dilution air and for
cross-fire tube connections. The MS7001F liners are con-
structed of Hastelloy-X material, as are the cther product line
liners. with the addition of HS-188 in the lower 282 mm
(11.1in.} portion and the application of thermal barrier
coating 1o the internal surface. Thase additions provide for
improved high-temperature strength and a reduction of
metal temperatures and thermal gradients. A flow sleeve
surroungs the liner 10 provide a controlled flow path for the
combustion, dilution, and cooling air.

The liner cap represents a change cver the MS7001E
design in that it provides for six fuel nozzies in lieu of one
(Fig. 12). This multi-fuel nozzie arrangement was selected

- —as-a resuit of the superior field experience with a prototype

muiti-fuel nozzie system cn an operating MS7001B/C gas
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turbine in utility service with water injection for NO, con-
trol.i") This test, contirmed by extensive aboratory full-scale
combustion tests, clearly demonstrated the reduced com-
bustion noise (dynamic pressure} level achieved when
operating with muiti-fuel, as opposed to singie fuel nozzie
systems {Fig. 13). The noise reduction resuiting trom replac-
ing the single nozzia with a muiti-nozzie system reduced the
combustion system wear t0 the pcint whera combustion in-
spection intervais of the test machine could have been ex-
tended from 3,000 to 12,000 hr. Additionally, the application
of the multi-fuel nozzle concept resuits in a shorter flame,
contributing to the MS7001F combustion system being 23 in-
ches shorter than the MS7001E system. The six fuei nozzies
are mounted directly on tha combustion end cover such that
no maore piping connections are required than if a single fuel
nozzle were employed. This is accomplished through
manifotding integral with the cover (Fig. 14).

The transition piece is constructed of two major
assemblies (Fig. 15). The inner transition piece is surround-
ed by a perforated sleeve with the same general shape as
the transition piece. This perforated sleeve forms an imp-
ingement cooiing shell causing jets of compressor
discharge air to ba directed onto the transition piece body.
The air. after impinging on the transition piece body, then

COMBUSTION LINER CAP
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flows forward in the space between the impingement sieeve
and transition piece into the annuius between the flow
sieeve and the combustion liner. It then joins additional air
flowing through bypass holes provided in the flow sieeve to
provide the air for the compustion/cooling/dilution pro-
cesses. The aft frame ot the transition piece is cooled
through the action of compressor aischarge air {lowing
through holes arilled such that the air enters the main gas
streem as a film on the inside surfaced of the aft frame. The
impingement sieeve is tabricated of AISI-304 stainless steel.
the transition giece body of Nimonic 263, and the aft frame
of cast FSX-414. The internal surface of the transition piece
is provided with a thermal barrier ¢oating 1o minimize metai
temperatures and thermai gradients.

This combustion system has outstanding smoke
characteristcs (Von Brana number of 99) and exceptional
amissions performance. Water or steam is used to control
NO, to a levei consistent with U.S. EPA new Source Perfor-
mance Standards ang with most Califorma Air Qualty
Management District requirements.

The combustion system possesses two spark plugs in ad-
jacent compustors and two sets of redundant flame getec-
tors in agjacant combustors opposite from the spark plugs.
Ignition in ail chambers is accomplished by means of cross
firing. This redundant system has proven highly reliabte in
the combustion systams of other muiti-combustor
configurations.

Rotor

The MS7001F rotor is of bolted disk and shaft construction
and consists of two major groups: the compressor and
turbine.

The compresor rotor 1s made up of 16 bladed disks plus
a stub shaft on the forwarg ena and a disk/cylinder on the
att end. The rotor assembly is boited together by fifteen 76.2
mm (3 in.) diameter 12 Cr bolts located cn a $40 mm (37 in.)
diameter bolt circle. The blades are solidly retainead in the
wheel rims via dovetails ang fixea in gosition via spacers.
This form of attachment ang location has proven extremeiy
reliabie in over 3700 gas turbines in all types of service. The
forwarg stub shaft and the stage 1 through 15 disks are of

HICTMoV stees. wrile tne 16th- and 17th-stage rorging are ol
CrMoV steel, Siages 14 ana 16 are not spun at SDeeas N ex-
~ess of 5000 rom 1n arger to develgp compressive resigual
3iresses wnicn, Wwnen comoinea with the normai stresses
aue 10 centrifugal ioads ana thermai gragients. resuit in low
core siresses auring cperfaucen. These parts are also spun
3t —40C (~<0F) to ensure freegom from getrimental gefects.
This aggitional not spIn 1S IMIEC to the art ena of the com-
oTessor wnere larger ransient thermal graqients are ex-
nerienced. !ollowing the same practices appliea in the
MS7001E gas turbine.

The turbine rctor 15 consifuclea of three wneeis separateq
gy spacers and an ar bearing snaft. These are all boiteg to
the distance piece. The wheels and the forward spacer are
hot and cald spun 10 a fashion similar to that describea for
compressor disks. The main turbine bolting is of 12 Cr alloy
and consists of twelve 76.2 mm {3 in.) boits at a 1.12 m (44
in.) diameter boit circie. The distance piece is joined to the
first turbine wheet by thirty 50.8 mm (2 in.) diameter bolts ot
12 Cr alloy on a 1.12 m (44 in) diameter bolt circie. The com-
pressor and turbine rotors are jcinedg at the marriage joint by
thirty 50.8 mm (2 in.} diameter bolts of IN-718 alloy operating
on a 1.12 m (44 in.) diameter 0olt circte. The turbine buckets
are held in the wheei nm by means of fir tree aovetails. They
are retained in position by a 360° lock wire, which nests n
grooves machined in both the bucket and the wheel. This
positive. yet easily removed, system has been in use in an
MSE001 macnines produced.

The construction of the rotor provides rabbetted fits be-
ween each component {0 ensure precise and permanent
alignment. The bolt circle diameters have been made as
large as possible, without interfering with blade and bucket
dovetails, to produce a very rigid rotor. Only rigid body (rotor
deftection energies less than 60 percent of system energies
modes exist below 100 percent speed. The first flex mode 15
at 13 percent of operating speed. Unbalance response
calculations indicate a 100 percent speed margin of 8.3
mm/sec (0.33 in./sec). with a mid-span unbalance of a
W/N. with respect to the 12.7 mm/sec (0.5 in./sec) alarm.
limit. Analysis of the entire rator/bearing/stator system in-
dicates that no resonant condition exists within & percent o
the operating speed.

Stator

The MS7001F stator is of combined cast and fabricatet
construction. The inlet is grey cast iron, and the compresso:
casings are of ferritic nodular cast iron while the compresso.
discharge casing, turbine shell. exhaust frame. and com
bustion cuter casings are fabrncatea of SAS16 carbon steet

The inlet casing s simiar to the MSS001E (885 Ib/sec
3000 rpm) except that the bearing housing is integral wit!
the lower haif casing. (The MSB001E possesses a separat
bearing housing located within the inlet casing.)

The turbine shell suppors the second- and third-stag
nozzles cantilevered from the first: secona: ana thirg-stagr
shrouds in a fashion identical with the MS70(ME design:
The tirst-stage nozzie is aiso supported in a fashion identice



io"these macnines. it 1s Nela at its outer alameter N a retain-
ing ring assemoted to the turpine snell ang supportea at iis
inner aiameter by the compressor discnarge €asing.

The exnaust frame assembly supports the aft beanng as
well as the AlSI-347 exhaust diffuser. It is cooled by air sup-
pliea trom an off-base blower as 15 the pracuce with the
MS7001E family of gas turbines.

The gas turbine support system consists of four suppon
legs ana two gib blocks. The forwargd support legs are fixed,
white the aft support legs are pivotal. With this design, the
axial growth of both the rotor and stator 1s aft from the thrust
bearning forward support teg system. One gib 1s integral with
the forwargd compressor casing and the other integral with
the exhaust frame; both are iocated on the vertial center
plane of the unit. This methoa of support. together with the
integral No. 1 bearing and the centerline supporied No, 2
bearing, assures precise internal and external alignment
cantrol under all operating conditions.

ACCESSORY DESIGN

The MS7001F accessories are all electrical motor ariven.
Each mayjor system 15 designed to be instatied on a separate
skid. except the fuel gas stop ratio vaive, which 1s installed
on the lube-oil skid. The skids. together with their functions,
are listed in Table |

The decision 10 use separate skids for each system was
made to provide the greatest piant arrangement flexibility,
the easiest maintenance accessibility and improved reliabili-
ty. The skids are designed for indoor or outdoor construc-
tion. When supplied with lagging, all panels are hinged so
that the sides can be compietely opened to {acilitate servic-
ing and cbservation. In addition the iagging can be simply
litted from the skid in a straight pull after unbolting it from
the base. Nothing is mounted o the inside of the lagging ex-

cepl the vent tan. All gages can be convenentty read from
‘he guisige o! the skig without restriction.

With respect to maintenance. sufiicient space 1s orovigea
50 that any component may be serviced directty without hav-
ing to remove piping of other components. Filters ang
coolers are orientea vertically so that they can be serviceg
by vertical pulis. All components and flanges are iocated
cutside the skid base so that this constrained area need not
be accessed for any service or maintenance funcuon.

A typicai plant arrangement 1s shown in Fig. 16. In this ar-
rangement, the skids ang the turbine/generator are located
on grade with a side iniet. Other infet contigurations are
avallable inciuding overhead and underneath. Customer
preference will dictate this, a well as other configurations,
with the prime concern being ready crane coverage without
the necessity of removing or avoiding ducting and
machinery. The flexibility of seli-contained skids also allows
arrangements 1o suit customer needs and to provide suffi-
cient lay down space for overhaul. All accessory systems,
except for the starting skid. may be placed in a basement 5o
that a classic turbine hall configuration can be acomplished.

The gas turbine s coupled to the hydrogen-cooled
generator using a rigig coupling. The 2200 hp starung motor
is connectad to the generator ceoilector end through a torque
converter {Fig. 17). A normal start cycle for this configuration
is 12 minutes to fuil-speed no-load. followed by 18 minutes
to full load, for a total stantup time of 30 minutes. Two
combined-cycle arrangements are available, singie-shaft
and muiti-shaft. In the single-shaft arrangement, the steam
turbine is interposed between the gas turbine ang the
generator. in this arrangement. it is only necessary 10
ramove the starting skid to service the generator: the steam
turbine being left in place. In the muiti-shaft arrangements,
one or mare gas turbines are utilized to generate steam to
drive a single steam turbine which drives a generator that is
divorced trom that driven by the gas turbine.

MST001F CONTROLS AND ACCESSORY SKIDS

Skid Size | Function

Lube oil 11" x 34° ! Supplies cooled & filtared lube, sealing and hydraulic oil to turbine & generator,
contains fuel gas stop & control valves

Liquid fusl " x 37 i Supplies filtered liquid fue! to gas turbine

Atomizing air 1" x 16’ | Supplies atomizing air for combustion

Cooling fan 11 x 16" l Suppties ventilation and exhaust frame cooling air

Cooling water (2) | 11" x 38’ ' Suppties cooling water for lube oil, atomizing air. & generator

Water injection : 11" x 28 : Suppties treated water for NQy control

Starting i 7' x 10 ' Contains starting motor & torque converter

Air processing ! 5 x g Suppiies air to pulse-ciean the inlet filters

Control cab | 117 x 1t : Contains the turbine & generator controt panels and DC supply

Excitation ' 10" x 13" Supplies & reguiates the generator fietd current

VGT 851
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POWER PLANT ARRANGEMENT
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MS7001F ARRANGEMENT WITH
HYDROGEN-COOLED GENERATOR

Figure 17

TEST PROGRAM techniques in order to accurately predict three dimensional

) L viscous {luid dynamics. boundary layer heat transfer.
lh;’;?p:ii'gqe(;ftt:fogiﬁ‘mF gas turbine is supported by a dynamic response of blading.rdynamlc _response of compiex
' systems and comptex material behavior. Where practical.

Phase | — Fundamental studies and component tests the result of these advanced analytical tools were checkeg
Phase Il — Factory prototype test on models and components lo ensure the accuracy of the
Phase ill — Fieid prototype test predictions. One example was cited in reterence to the 0"
compressor blade dynamic response (Fig. 6). Other ex-

The Phase | effort has included the development and ap- amples include hot cascade testing of the first-stage nozzte
piication of advanced analytical methods ang computer and liquid crystal studies of the first-stage nozzie ang bucket




-0 venty heat transter assumptions. flow tesung of the rotor
cooiing circull ang other components. materals benavior
‘esting unger calculated strain/ume/temperature cycles.
aynamic response. wneelbox testing of all turbine buckets.
2xnaus! system flow testing, ana maintainapility stuaies. A
malor aevelooment etfort was (involvea n ai aspects of the
compustor design. The multi-combustor concept allows fuil
machine conagitions to be appiied to an inaividual combustor
unaer !aboratory conditions. This nas permitteéa compiete
ana thorougn aeveiopment of the MS7001F combustor prior
10 actuaily operating the machine. Because of this. great
contidence in both the aeroaynamic performance.
mechanical integrity, and emissions performance of this key
system was demonstrated early in the program.

Also incorporated in the Phase | effort has been field
testing of selected materials and configurations in order 10
gain both manufactunng and gperating experisnce. includ-
ed n this effort has been the field testing of impingsment-
cooled transition pieces. application ot N-263 in transition
pieces. advanced bucket coating systems. thermal barrier
coalungs, ang new compressor blade materials.

The Phase il test effort is largely aimed at verifying the

compressor performance and obtaining component and -

system pertormance and operating data. Durning this phase.
a tull compressor map will be determineq; including surge
margin. Also, during this phase. extensive rotor and stator
instrumentation will be included to measure temperatures.
pressures, hot gas path profiles, blading dynamic behavior,
and system dynamic behavior.

The test configuration for this phase is illustrated in Fig.
18. The lcad is provided by a 17-stage MS7001E axiai flow
compressorwhich is capable ot absorping 80 percent of the
MS7001F output. Full rated firnng temperature wil be
achieved by throttling the machine flow at the compressor
intet. The MS7001F compressor will be mapped. and the
surge margin contirmed, by a combinauoen of means n-
cluding vanabie speed operation, variable flow through iniet
guide vane. and threttling moduiation and variabte pressure
ratio through injection of load compressor flow into the com-
pressor discharge upstream of the combustor. Stage by
stage. as well as overall performance, wiil be determined.

FACTORY PROTOTYPE TEST
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The Phase Il test perioc is piannea for cne year guration.

The Phase it test invoives a full loaa test at a customer
site. [n preparation for this, the tactory prototype unit wiil be
refurpisned wih a new rotor. The new Phase (Il rotor wik
have more extensive lurbine-end mstrumentation ang (ess
exlensive Compressor instrumentation than the Fhase i
rotor isee Table |1). The primary cpjective of the Phase il test
is to verify all gesign ana performance paramelers. exclusive
of gevetoping a full range compressor magp., whnich will be ac-
complished in Phase Il. Metal. cooling circuit. ang gas path
temperatures; cooling circuit and cycie pressures: compo-
nent and system dynamic behavior will all be determined
under both transient ana steady state conditions. Cycle and
emissions performance will also be determined under nor-
mal steady state conditions.

Each of the component and system data bases developed
during Phase i and Phase Il will be compared with the
analyticat predictions before the MS7001F design will be tul-
iy validated for commercial application.

Table il
MS7001F PROTOTYPE TEST INSTRUMENTATION
Factory Test Field Test
Compressor
Dynamic pressure/strain 106 40
Temperature 230 50
Pressure 248 a5
Combustor
Dynamic pressure/strain B2 20
Temperature 310 200
Pressure 148 70
Turbine
Dynamic strain 36 60
Temperature 1256 700
Pressure 321 240
Bearings
Temperature 57 50
Pressure 14 20
Accessories
Dynamuc strain 10 30
Temperature 54 100
Pressure 120 160
SUMMARY

This paper has presented the gesign approach. con-
figuration. ang appucation of a tetally new heavy-auly gas
turcine. The development of this turbine system has ab-
soroed well over 300 man-years of direct gesign etfort pius
extensive supporting developmental effort. It will have in-
volveda some nine years from the gleam in the engineer’s eye
to the proguction of economicat ana reliable power on the
first customers grid. It has been nuriured aunng a penog ot




Jncertain energy cost. INCreasingry tighter environmental REFERENCES
sianoaras and 1agging 10aa growin. However, It acoears that.
aven as It \$ makKing its gebul. an awareness 1s Jeveloning

! {1] “Hign Rehapmty Gas Turoine Comousuan Froject.
in poth geveioped ana Qevetcning societigs inat erficient.

Electric Power Hesearcn institute. EFRI AP-3885. Prol-

ciean. ana renaple power ceneratgn s essenual to neaithv 2ct 1801-1, Finar Report.may 1985,

aconomies. From this reaihzauon. nen. ine MS7001F is oe- - :

g tntrogucea with the conilgence tnat 1ts coninouton to 2] "GE IPEEDTRONIC™ “tark 1V Cantror System.’
orogress in power generanon simple-cvcle, combinea-cvelie 1984 State or the Art Seminar. GER-3426 {Avanable
3ng the ntegraled gasincaticn comoinea cycle moges will from GE Ccompany. Turbine Susiness Ooeranon.

ve tirmly establisnead. Schenectaqy. New York),



MS7001F ADVAN CLED DESIGN GAS FURBINE
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[nevery respect — cuthut. efficiency. reliability.
availability and ease of maintenance — (hie new MSTOOIF
heaty-auty gas turhine uumer]orms ail previous machunes.
Projections of 98 % reliability, 95% ava:tabzht\ 3000 hours
mean time between failures (. WTBF) and in excess of 30 % cvcle
efficiency in combined-cycle operation dramatically underscore
its inherent superority.

Nominallvrated at 140 MW with a firing temperature of
2300°F, the 7F gas turbine has been designed to meet 60Hz
power generation needs for reliable. efficient performance under
peaking and baseload operation while utilizing a wide variety
of fuel options.

The 7F gas turbine is designed to operate efficiently on
natural gas. distillate fuel. or the medium-Btu gas fuel provided
In the IGCC mode of installation. As a result. it is the ideal
machine to make phased capacity additions — the progressive
generation (PROGEN™) concept — realistically viable for
electric utilities. The 7F machine is also the most efficient and
cost-effective choice for large industrial systems. [t provides
opportunities for increased economic benefits in industries such
as chemical processing, petrochemical refining and oil recovery,
where there 1s a demand for large amounts of thermal energy
in conjunction with power generation.

Primarv areas of new design are
in the axial-flow compressor: the

SigniﬁEéii"t ‘Advances multi-fuel-nozzie combustors:

In Turbine Technology

To achieve the higher perform-
ance standards of the 7F gas
turbine. GE engineers utilized
major technological advances
based on concepts tested and
proven in the Companv’'s aircraft
engine business. heavy-duty gas
wrbine iaboratories. and the GE

Corporate Research and Develop:

ment Center. [hese include the
developmentofadvanced
cooling techniques; speciai high-
strength allovs and improved
high-temperatwre coanngs; and
component and svstem dvnamic
testing, enabling extensive
aerndvnamic and mechanical
design refinements.

the first-stage nozzle and buckets:
the off base accessorv arrange-
ment: and the front-end drive
which allows the use of an axial
exhaust to enhance heatrecovery
applications.

Increased Output.
Higher Efficiency

The new 7F machine’s advanced
etficitency wili vield signiticant tuel
savings over the iife of theunit,
In addition. reliability is extremely
high due to us designed-in capa -
bility to permit maintenance and
repair while the machine 1s
running. For exampie. the off-base
accessory skids incorporate
redundant compaonents arranged
to tacilitate replacement of parts
without shutting down the unit
orinhibiting its ability to carry
a full load. The design of the
entire 7F gas wurbine including
the accessories. focuses on
enhanced sisual inspection and
case ol mamtenance.




Optimal Performance With
Add-On Capability O
The MS7001F is GE's first major i

new combustion design since
1980. Five years in development

and pretest, it is based upon he MS7001F
principles proven during the rotor 15 of
design and manufacture of over expertence.proven
4000 GE combustion turbines bolted disk and shaft
in successful operation around constructionand
the world. consists of two major
The new 7F turbine is the first sections: the compres-
machine to effectively close the sor and the turbine.
loop on the flexible PROGEN The compressor rotor
planning option of progressive with its 18 bladed
capacity addition over a period disks is ready for
of years with operation in three assembly to the
modes: Simple-cycle; Combined- GT17099 3-stage turbine.
cycle; and Integrated Gasification

Combined-Cyde

In simpie-cycle applications
using natural gas as fuel, the 7F is
nominaily rated at 140 MW with a
firing temperature of 2300°F and
an exhaust temperature of 1100°F.
In combined-cycle operation
burning natural gas, the totai plant
output is in excess of 200 MW. At
1100 °F, the exhaust temperature
is high enough to justify a reheat
steam cycle. Thus, the 7F is a cost-
effective machine for peaking
service, with the added capability
1o provide major fuel savings
in baseload combined.-cycie
operations. Further, the machine—
will operate effectively on the
medium-Btu gas derived from
coal in an integrated gasification
combined-cycle (IGCC) mode
The availability of the advanced-
design MS7001F turbine
with modular add-on capability
increases flexibility and re-
duces investment risk in meeting
power generation needs into
the nextcentury.




REIIABLE
SIMPLE-CYCLE
= OPERATION

With 70% higher output than the proven MS7001E, the
7F gas turbine is the one machine that can best provide the
additional power needed to meet peak demands expeditiously
and economically. .

The increase in efficiency of a full two percentage points over
the former design represents potential savings of literally
mallions of dollars in operating economies. For example, when
installed in simple-cycle mode to serve peaking needs, a 7F
gas turbine can potentially save 5200 barrels of il or 28
million cubic feet of gas each year over the projected 25-year
service life of the machine.

In addition to higher eﬁiczency, the 7F machine provides
greatly improved reliability due to the redundant design
of the controls and accessories systems as well as the auxiliary
power supply.

The 7F machine provides the opportunity to add large

""" ""blocks of power relatively fast. GEunll be able to build and erect
a 7F simple-cycle plant and have it operating to meet demand
within 24 months from date of order.

O 5
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UL components of
the MS7001F

Zas turbine were exten-
' sively tested during
' ) development. Testing
of the first production
unst began in the
springof 1987




EFFICIENT
COMBINED-CYCLE
OPERATION

Because of its higher riring temperature and its higher
vxnaust temperature ([ I00°F), the 7F machine produces higher
rated steam conditions. \When the exhaust is passed through a
heat recovery steam generator to power a steam turbine generator
in the combined-cycle mode. fuel-to-electric-output energy
efficiency exceeding 50% (LHV) is viable for the first time.

The front-end-drive design and axial exhaust configuration
of the 7F turbine are ideally suited to in-line plant arrangement
Jor simple- or combined-cycle operation, with the benefit of
eliminating an elbow section upstream of the boiler.

In addition — like other GE gas turbines in over 56
combined-cycle plants worldwide — the 7F machine is designed
to be environmentally clean. The combustion system has
outstanding smoke characteristics and exceptional emissions
performance. Water or steam is used to control NOx to a level
consistent with US. EPA New Source Performance Standards

and with most California Air Quality Management District =~ ™~

requirements. Installed in combined-cycle mode for mid-range to
baseload operation, the 7F gas turbine will operate with a clear
stack and at emission levels that can meet the most stringent
pollution control standards.

CTi18312

irginia Power

Company s
installing the first 7F
£as turbme in com-

" 77 bined-cycle operation.

In addition to high
efficiency and low

capital costs, the utl-

ity cites turnkey
construction and 7
warranied -

ance by GE as major
factors in selecting

the 7F machine.




PROVEN
IGCC OPERATION 55

The 7F gas turbine inherently has the capability to effi-
ciently utilize the medium-Btu gas produced in coal gasification
systems. This fuel flexibility is a major advantage of the 7F
machine, giving utilities the option of adding gasification equip-
ment in the future as the third and final step in the PROGEN
system concept. With coal being the most abundant fossil energy
resource in the United States, this capability provides inherent
protection against fluctuations in fuel availability and price.

As a participating partner in the Cool Water Coal Gasifi-
cation Project near Daggett, California, GE has been instru-
mental in demonstrating the practicality of producing power
cleanly and efficiently with gasified coal as a fuel. The
nation’s first commercial coal gasification plant, Cool Water
began operation in June 1984, producing clean synthesis
gas from 1000 tons of coal each day to generate up to
120 megawatts of electricity.

The experience gained in this pioneering project spon-
sored by the Electric Power Research Institute puts GE in
the optimal position to assist in long-term IGCC power
plant planning, installation and operation.

his 100 MW

combined-cycie
power plant located
in southern Califor-
nia burns clean gas
derived from a coal
gusification process.

CTIIs00
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ADVANCED DESIGN

FEATURES

Significant advances in all elements of gas turbine design
technologies have been made in recent years. These developrments
have made feasible the design of the new MS7001F heavy-duty
gas turbine, while maintaining the design life standards of the
experience-proven MS7001E machine.

Higher Firing Temperature

The firing temperature of the
7F gas turbine has been elevated
from MS7001E's 2020°F to 2300°F,
permitting the achievement of
a2% increase in efficiency and a
70% increase in output.

New Cooling Techniques
To accommodate the higher
firing temperature, the 7F
turbine employs advanced
cooling techniques developed
by GE foraircraft engines. —

used in the MS7001E gas turbine,
except they are 30 % thicker and
over eight inches shorter. This
new design provides for extensive
and effective impingement
cooling of the liner wall with the
higher firing temperature.
Theliner cap incorporates
six fuel nozzles. This reduces
both noise and combustion wear,
extending combustion inspec-
tion intervais bevond those
associated with single-fuel-nozzle

The first-and second-stage —

buckets of the M§7001F as

well as all three nozzle stages
‘are air-cooled. The first-stage
bucket is convectively cooled by
means of serpentine passages
with turbulence promoters
that are formed during the
casting process. The cooling air
leaves the bucket through

holes in the tipas well as in

the trailing edge.

New Combustion Liner Design
The MS7001F combustion

system consists of 14 combustion

chambers with 14-inch nominal

diameter combustion liners.

These liners are constructed in

a manner stmilar to the liners

G

- -combustors.

Additionally, the muiti-fuel
nozzle concept resuitsin a
shorter flame which contributes
to the overall 7F combustion
system {including the transition
piece) being 23 inches shorter
than the MS7001E systemn,

New Compressor Design

The MS7001F compressor's
aerodynamic and mechanical
design closely follows that of the
17-stage MS7001E (633 lb.fsec.,
3600 rpm), but with an added
zero stage and increased annulus
area. The first two stages of the 7F
compressor have been designed
for operation in transonic flow,
eliminating the need for variable

GTITI™M
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stators for surge control, The 7F
COMmpressor contains three exit
guide vane rows to straighten out
the flow leaving the compressor
and enhance its performance.

New Turbine Design

The 7F wurbine features an
effective aerodynamic design
with zero exit swirl at full load
and a moderate exit Mach
number, To facilitate combustion
inspection, two large manwavs

- —aredesigned into the-turbine

shell. By means of these enlarged
openings in the combustor butk-
head, each combustion chamber
can be serviced without affecting
the adjacent chambers.

Proven Generator Design

The 3600 rpm hydrogen-
cooled generator utilizesan
experience-proven design
incorporating completely self-
contained ventilation systems
to protect against dirt, moisture
and other contaminants. The
high initial response of the static
excitation system minimizes
voltage fluctuations. No moving
parts are required, resulting in
high machine reliability.




ACCESSORY
SYSTEM AND
CONTROLS

Each ot the major accessory
svstems ot'the MS700E vas
turbine 1s destgned to be instailed
enaseparate skid utiiizing
clectric-driven auxtharnies. This
JTeatly improves crane coverage
and working space around
piping.valves and components,
A signiticant benerit ot this
arrangement s the ability to
utilize redundant components
such as fuel and lube otl pumps,
fans. filters and heat exchangers.
In most cases. individual
components can be replaced
without the need to remove
unassociated piping, wiring or
adjacent components.

The roofs of all skids and the
turbine enclosure are simpiy
bolted to the side panels, per-
mitting easv removal and over-
head access. tacilitated by the tact
that no equipmentis supported
from the root. In addition. all
gauges can be conveniently read
from outside the skids.

o T17283

he 7F machine utiiizes the
advanced SPEEDTRONIC™
MARK IV Control Svstem. con-
sisting ot redundant computer
~ections with a video «iisplav and
membrane switch operator inter:
tace. The svstem can be ennanced
tor remote control and condition
monitoring by the addition of
the DATATRONIC™ Informaton
and Control Svstem.

The SPEEDTRONIC MARK 1V
Control System utiiizes three
control sections which are iso-
lated from each other. A fourth
computer reguiates the data
exchange between the three pri-
mary control sections. In this
wayv, there is no common tie
between the controls that could
cause a failure to all the sections
atone time.

Redundant sensors are
mcluded in the svstem to increase
control availability tor turbines
in applications where sensor
failures are more likely and

repiacement mav not be possible
while the turbine s operaune.

On-ine diagnostics jocate
and identiry fauits, which can
then be isoiated and repaired
without distupton to the wr:
hine operation,

Failure rates have been reduced
by decreasing the number of
¢lectronic components directly
controlling the turbine Most
tailures can be serviced on-line
without the system being upset,
shut down or tripped.

The 16-bit microprocessors
used in the Mark IV Control have
gready reduced the large, com-
plex. costlv and less reliable
svstems required in the pasctor
three.channel redundancy.

; ore than [ 50)
4 displavs can be
called up from the
SPEEDTRONICY
MARK IV Control
System’s memory. A
drawer-mounted - - -
printer can produce a
hard copry of anv
display A CRT
located right tn the
center of the control
panel provides a
broad overview of
current operating
conditions. A series of
membrane switches
on a central pad
enables the operator
to run the turbine
and also to select
detailed displavs o
investigate partt-
rular conditions
af interest.

11
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Compressor

(1) Load Coupling — Short, rigid
coupling direcdy connected to
generator coupling. (2) Axial/Radial
Inlet Casing -+ Proven design
provides uniform iniet flow to com-
pressor. (3) Journal Bearings —
Bearings are tilting-pad type for
improved rotor stability. (4) Com-
pressor Blading — Evoiution from
7E compressor with a zero stage
added. Blade lengths increased for
added flow. Blade material has
been upgraded. (5) Compressor
Design — Based on proven axial-
flow design. Casing materia]
upgraded to accommodate higher
temperature and pressures.

(6) Rigid Forward Support —

In combination with the forward
thrust bearing, limits thermal expan-
sion of gas urbine into generator.

{7) Wheei Construction —
Machined to nearly constant stress
cross-section with contact faces at
maximum diameter for high rotor
stiffness. (8) Through-Boit Con-
struction — Large boits at maxi-
mum boit circle provide rigid rotor
with required torque capability for
front-end drive

Turbine Stator Casings

(9} Horizontally Split — All casings
split on horizontai centerline with
through-bolting to facilitate
maintenance.

Combustion System

{10) Combustor Bulkhead —
Combuster outer cans attached over
elongated holes in combustor bulk-
head to permit removal ot transition
piece without iifting turbine shell.

(11) Top and Bottom Manway
Access — Permits an aiternate way
for removing the transition piece
and Stage | nozzle without lifting
turbine shell. (12) Inlet Orienta-
tion — Available in up, down or
side arrangement. (13) Fuel
Distribution — Single fuel line
connection for each combustor en
cover. (14) Reverse Flow Combus-
tion Chambers — Supplement the
impingement- and film-cooling

of the liners and transition pieces.
prolonging parts life (15) Impinge
ment-Cooled Transition Piece —
Separate perforated shieid around
rransition piece causes compressol
discharge air to impinge on and
effectively cool the transition piece

Turbine
{16) Nozzie Design — Sidewalils
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2) (3) (3
. T

and internal surfaces of vanes
impingement-ccoled with com-
pressor discharge air. (17) Stage 1
Stationary Shroud Design — Gas
path insert of high-temperawre
alloy, extensively impingement- and
film-cooled and coated for main-
tenance of tight clearances with the
Stage 1 bucket tip. (18) Bucket
Design — Stage | bucket usesa tur-
bulated serpentine-cooled design
with trailing edge bleed cooling,
hased on aircraft engine technology.
Stage 2 uses turbulated radial
cooling holes. Stage 3 is uncooled.
Stages 2 and 3 have integrat Z-lock
shrouds for vibration controi. and
all three stages have long shanks for
vibration control and isolation of
gas-path temperatures from the
turbine wheels.

(7)(8)(13)09) (5 (1n(6) (17) (18

|
I
|
}
1
|
.

Exhaust

(19) Exhaust Diffuser — Straight
axial (permitted by front-end drive)
is insulated for thermal stability and
reduced heat loss from exhaust
before entering heat recovery system.
{20) Exhaust Thermocoupies —
Three sets of 9 thermocouples each
supply signals to each of the three
SPEEDTRONIC MARK [V com-
puters. The thermocoupies are used
for control and also for monitoring
the combustion svstem.

Generator

(a) Hydrogen Cooled Generator —
Experience-proven design incor-
porates completelv self-contained
ventilation system (o protect against
dirt. moisture and other contami-
nants. Generator operates at

3600 rpm. (b) Static Exciter -— The

oy aed

ADVANCED TECHNOLO
HEAVY.DUTY GAS TURBINE &

high initial response will minimize
voltage fluctuaticns during system
disturbances. Static excitation
systemn has no bearings or other
moving parts. resulting in high
machine reliabiiity. (¢} Hydrogen
Cooler — Hydrogen has a thermal
conductivity of nearly seven times
that of air, and its ability to transfer
heat through forced convection is
about 50% better than that of air.
Also with hydrogen cooling, there is
practically no deterioration of the
stator winding insulation because
of corona. (d) Torque Converter —
Permits the etimination of a
turning gear by acting as a hvdraulic
turning device during cooldown.
(e) Starting Motor — 2200 hp
motor connected to the generator
collector end provides normai total
start ovcle of 30 minutes to baseload.

ECUELS) 2L I
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. A CONTINUING
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2.2 DESIGN ENHANCEMENTS FOR THE COMBUSTION TURBINE FOR POLK
UNIT 1

The following provides a description of the design enhancements for the GE

Model MS7001 F combustion turbine which wiill be incorporated for Polk

Unit 1.

Combustion Turbine

Firing temperature was increased to 2,350 degrees Fahrenheit (°F)
Increased pressure ratio in compressor

Optimizing cooling for nozzles in the three turbine stages and
buckets in the first two stages

Compressor casing made into a single span casing

Eliminated 5"-stage compressor bleed; added 9™-stage bleed
Shortened and repositioned 9"-stage compressor blades on the rotor
Fifteenth-stage compressor wheel material changed to CrMoV;
same as 16™ stage

Revised combustion system components:

©  Flow sieeve design

o Cast combustion cover

o  Revised baffle plate design

o  Cast transition piece aft frame

Larger combustion cans to accommodate higher flows of fow-
British-thermal-unit (Btu) syngas

Nozzles and connections on combustion cans for admitting and
blending nitrogen for nitrogen oxides (NO,} control

Auxiliary Equipment

Packaged modules consisting of:

Interconnecting module housing gas and purge vaives, flow divider,
lube oil feed and drain, and water injection equipment with shorter
iengths of piping.

Accessory module housing the lube oil, atomizing air and liquid fuel
systems.

Packaged electrical and electronic control compartment containing
the Mark V Speedtronic turbine control, generator control panel,
EX-2000 excitation system, direct and alternating current (DC and
AC) motor controllers, battery charger, and batteries eliminating the
field interconnections and debugging of these systems.

G-TECPPS94.1/CTAB.3--101994




3.0 SELECTED AUXILIARY BOILER
3.1 DESCRIPTION OF THE ABCO PACKAGED WATERTUBE BOILER
Tampa Electric Company has selected an ABCO Industries, Inc., "D"-type

packaged watertube boiler system for Polk Unit 1. The auxiliary boiler system

includes the following components:

Watertube Boiler

The watertube boiler is an ABCO Industries, Inc., "D"-type with “membrane”
wall radiant furnace section and bare tube convection section. The unit s sized
for steam at 415 pounds per square inch gauge (psig) operating pressure
downstream of the steam stop-check valve. The design pressure is 475 psig.
The burner plenum frame mounts directly to the front wall of the radiant

section.

The boiler has two major design features for achieving reduced emissions:

1. Prevent furnace gases from short circuiting the furnace. The ABCO
boiler accomplishes this by making the division wall between the
furnace and convection section of the membrane construction, thus
gas tight so leakage does not occur.

2. Maintain as cold a fire box as possible. NO, production is a
function of temperature. Seventy to 80 percent of NO, formation
during combustion occurs in the initial 30 to 40 percent of the
furnace volume. The ABCO water cooled membrane wall design,
including the water cooled furnace front wall maintains low fire box

temperatures and thus helps minimize NO, formation.

Casing

The radiant furnace section is of membrane wall construction
covered with 3 inches of mineral fiber insulation and protected by
a 0.04-inch corrugated aluminum lagging. The membrane wall

provides gas tight construction, thereby eliminating the potential for

G-TECPPS94.1/CTAB.4--101984




corrosion of the casing. The rear target wall and burner front walil
of the radiant section also utilize carbon steel membrane tubes that
cover 100 percent of the area of the walls. The front and rear walls
are gas tight with the roof, floor, and sides. A hinged 15- by
18-inch door is provided for access to the radiant section. Three
“forced”-air cooled observation ports are provided: (1) in the burner
for observation of the furnace, and (2) in the rear wall for observa-

tion of the flame.

Drums

A 42-inch inside diameter {I.D.) upper drumand a 30-inch 1.D. lower
drum, each with an elliptical manway in each end, are provided.
The steam drum internais include distribution piping for feedwater,
chemical feed, and continuous blowdown. Three-stage separation
is provided with primary separation by means of baffles with
secondary separation utilizing cyclone separators and final separa-
tion by a V-bank chevron-type separator to give 0.2 ppm or less
solids in the steam based on American Society of Mechanical Engi-
neers {ASME}-recommended boiler water quality. Exposed portions
of the steam and water drums are covered with 3 inches of mineral

fiber insulation protected by 12-gauge carbon steel lagging.

Tubes

The boiler tubes are 2 inches outside diameter {0.D.) by 0.105 inch
by SA-178A and use an in-line tube arrangement. The tubes will be
attached to the drums by rolling and flaring. Tube holes have a

single groove.
Economizer
A vertical gas flow, horizontal, finned tube economizer is located at the boiler

outlet. The economizer wiil be supported by a galvanized structural steel

G-TECPPS24.1/CTAB.5--101994




frame. The economizer casing will be insulated and covered by a 0.04-inch
aluminum lagging. Also included:
® Duct between boiler outlet and economizer, with access door.

] Expansion joint.

Stack
The stack, 44-inch |.D., will terminate 75 feet {ft} abovegrade and will be

located on top of the economizer.

Burner
To meet the heat input plus emissions requirements, the boiler is equipped with
a Coen Company low-NQ, burner system, which includes:

®  Burner CPF1LN-32

® Windbox inlet damper

® Qil pilot, electrically ignited

L] Valve trains

® Flame management system with Allen Bradley SLC 500 programma-

ble logic controller
] First-out annunciator

¢  Flue gas recirculation system

The following duty specification and commercial brochure provide additional

information on the ABCO packaged watertube boiler.

G-TECPPS24.1/CTAB.6--101994
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DESIGN AND OPERA NDITY

D PECIFICATION

IGN ST ARD

The design, material and workmanship of all pressure parts shall be in striet conformity
with the rules and reguiations in effect at the date of contract as required by:

The A.S.M.E. BOILER AND PRESSURE VESSEL CODE, SECTION L

1.
2. The laws of the State of Flonda.
3 Requirements of the HARTFOK D  Steam Boiler Inspection and

Insurance Company, under whose inspection the pressure parts of each
unit shall be constructed.

This boiler wiil be used for intermittent service, generally for piant black-start following
maintenance shutdowns. It shall be designed for starting and continuous operation
without extended utilities except as listed below (fuel and boiler feedwater).

Design Steam Capacity & 160 romr.

Maximum Continuous Load Steam Capacity 9% 16 Lb/Hr.
Design Pressure ~ A90 _ pSIA
Operating Pressure 430 _PSIA

452 °F

Steam Temperature
Eo _7_2 40 °F

Feedwater Suppiy Temperature

BOTLER FEEDWATER

Source Boiler Feedwater Treating Plant

Treatment Demineralized (for high pres. boilers)

Pressure 150 PSIG
Temperature 40-200 °F
Typical Analysis:

Conductivity 0.1 uMHO/em
Total Dissoived Solids 0.005 PPM(Na)
Sig, 0.010 mg/i

pH 6-8




FUEL ANALYSIS

Type
Pressure at Bumner
Temperature at Burmer,

Specific Gravity

Flash Point

Pour Point

Minimum Heating Value:
LBRv
HHYV

min
max

No. 2 Fuei O1l

45

40

100

0.876

100

20

129.811

137,600

PSIA
°F
°F

°F
°F

Btu/gal
Btu/gal
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ABCO Inaustries. Inc. specializes
in custom designed hoiier svstems.
Whether stimulated bv the latest
environmental emissions standards,
client requirernents or advances
in engineering, \we continually provide
leading edge technology in our products.
We have designed an even more efticient,
longer lasting watertube boiler to meet
our customer’s most stringent emtissions
standards. Customers and competitors
alike say our 100% membrane wall
design is the best they have seen. We
are becoming the American standard
for packaged watertube boiler
i water cooe® = construction ;nd‘proud[y present
¢-1'c.wi2r‘l of sudex. roof. floor. pront . our latest design in the D-type
and rear walls protides marimum om oo - Packaged Watertube- Boiler:

conoling surtdce and mimmum long
ferm mawmtenance due to the clunination of refractory. \djacent membranes
of adl furace und outhoard coneetion tubes are welded together to form

w gas tight water eonled panci. The membranes are attached to the tubes

vig contintiouws submersed are welds on cach side 10 wssure maximun heat
transter and minimum wde wail and membrane temperatures. This

I'uly water cooled > 29

¢ Each package is individually

pret‘cl'rtrx the short-cereuit of hot furmace mases o the convection zone and engineered to meet your specific
eliminates condensation and corrosion hetween tubes and onter casing. application.
Primn
e Low CQO & NOx emissions as required; e
: : high ¢
simpiy tell ABCO engineers vour permit ot ch
requirements. requir
britlion
. . . distrib
+ Baffle wall is of membrane construction resulting for e
in absolute zero leakage to the convection zone; and cu

essential for NOx, CO and UHC control.

* Steamn generating capacities from 10,000
through 225,000 pph available. Pressures to
1200 psig. Superheat temperatures to 900°F.

: o Traditional refractorv replacement 1s necessary every
ST 2-3 vears, while replacement of ABCO's tuil membrane
i ' ' steel wall is totallv a runction of the water treatment
) system and is no more frequent than replacement
of boiler tubes.

Leantonzers avauable to ontimize CHRCICNen.
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<IN TPCC eXDINsIon

A JITESSHIe N7y M ASME Constructlon

at full aceess to the underside FM, IRl & NFPA optional.

if the fumace floor. (Corrugated outer cover
-tandard for tube aecess with optional hard

-asng avaable. Observation ponts allow e Complete factory
cl et of the fire sd. assemblv and hydrostatic
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3.2 SPECIAL DESIGN FEATURES FOR POLK UNIT 1

The following special design features have been incorporated into the auxiliary

boiler system for Polk Unit 1:

Boiler equipped with a low-NQO,, burner.

Flue gas recirculation to reduce NO, production.

Extended surface economizer to increase unit efficiency.

Furnace conservatively designed with low heat release rates and

lower furnace temperatures that reduce NO, production.
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4.0 CHANGES IN THE OPERATION, FUELS, EMISSIONS, OR EQUIPMENT FOR
THE COMBUSTION TURBINE AND AUXILIARY BOILER SINCE CERTIFICA-

JION
4.1 COMBUSTION TURBINE CHANGES

No changes in the operation, fuels, or equipment for the combustion turbine for

Polk Unit 1 have been made since the certification of the Polk Power Station.

As described in the Postcertification Design Update document submitted to
FDEP in May 1994, NO, emissions from the Polk Unit 1 combustion turbine
have been decreased since certification to partiaily offset increases in NO,
emissions from the sulfuric acid {H,S0,) ptant and auxiliary boiler due to design
updates. Tables 4-1 and 4-2 show the decrease in NO, emissions from the

combustion turbine.

4.2 AUXILIARY BOILER CHANGES

No changes in the fuel for the auxiliary boiler for Polk Unit 1 have been made
since certification of the Polk Power Station. As described in the Postcertifica-
tion Design Update document, the operation, equipment, and emissions for the

auxiliary boiler have been changed based on current detailed design efforts.

The proposed auxiliary boiler for the Polk Power Station facility will furnish the
steam required for aspiration of the startup and process burners during startup
and change-out of the gasifier, the steam required to start up the air separation
unit and H,S0O, plant, and the seai steam for the steam turbine seals. Based on
updated steam requirements for the project determined during detailed design,
the size of the unit needed to be increased compared to the size of auxiliary
boiler indicated in the Site Certification Application (SCA). The updated steam
demand is now established at 98,160 pounds per hour {lb/hr} {120 million
British thermal units per hour [MMBtu/hr]} versus approximateiy 35,000 Ib/hr
{49.5 MMBtu/hr) as originally estimated.
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Table 4-1. Summary

Updates

of Criteria Pollutant Emission Changes Due to Design

Change In Pollutant Emission Rate {tpy}

Emission Source S0, NO, PM Cco vOoC
IGCC CT 0.0 -11.1 0.0 0.0 0.0
Thermal oxidizer -154.2 -3.5  -51.7 0.0 0.0
H,S0, plant 154.2 41.6 56.1 6.1 3.5
Auxiliary bailer 9.9 12.6 11.0 15.8 3.9
Coal handling 0.0 0.0 -1.1 0.0 0.0

TOTAL 9.9 39.6 14.3 21.9 7.4

Source: ECT, 1994.
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Table 4-2. Summary of Annual NO, Emissions

NO. Annual Emission Rate {tpy)

Before After
Emission Source Update Update Change
IGCC CT 1,044.0 1,032.9 -11.1
Auxiliary boiler 4.0 16.6 12.6
Thermal oxidizer 11.4 7.9 -3.5
H,SO, plant 0.0 41.6 41.6
Total 1,059.4 1,099.0 39.6

Source: ECT, 1994.
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New operating modes for the auxiliary boiler were established at 3,000 hours
per year for full load operation and up to 8,760 hours of standby (no load)
operation versus 1,000 hours of operation and no standby operation estimated

in the preliminary designs.

The auxiliary boiler was relocated to provide minimum safe distances from the
fuel oil tanks and the heat recovery steam generator (HRSG) stack platform and

to accommodate space requirements for equipment in the vicinity of the boiler.

Table 4-1 shows a summary of the criteria pollutant emission changes, and Ta-
ble 4-2 shows a summary of the changes in annual NO, emissions for the com-
bustion turbine and the auxiliary boiler is due to the design updates. Table 4-3

provides updated emissions and stack parameters for the auxiliary boiler.
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Table 4-3. Updated Emissions and Stack Parameters for the Auxiliary Boiler

{EP 12}
Short-Term Annualized*
Pollutant Ib/hr g/sec tpy g/sec
Emissions
PM 7.0 0.88 12.5 0.358
S0, 6.4 0.81 11.2 0.324
NO, 8.6 1.08 16.6 0.478
CO 5.3 0.67 18.0 0.529
vOC 2.6 0.33 5.1 0.147
Lead 0.007 0.0009 0.0137 0.0004
Stack Parameters
Stack height 75 ft | 22.9 m
Stack exit temperature 375°F 464 K
Stack exit velocity 50 ft/sec 15.2 m/sec
Stack diameter 3.7 ft 1.12 m

Note: Ib/hr =pounds per hour.
m =meter.
K =Kelvin.
ft/sec =feet per second.
m/sec =meters per second.

* Annualized emissions based on 3,000 hr/yr of full operation and 5,760 hr/yr
of standby operation.

Sources:Texaco, 1992,
ECT, 1994.
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