INTEROFFICE MEMORANDUM

Sensitivity: COMPANY CONFIDENTIAL Date: 20-Aug-1999 11:10am
From: Jeff Koerner TAL
KOERNER_J
Dept: Air Resources Management

TelNo: 850/414-7268 GIC 069

To: Tom Davis { tdavis@ectinc.com )
To: Paul Carpincne { carpinfix.netcom.com )

Subject: Hardee Power Station: New GE 7EA Combustion Turbine Project

Tom and Paul,

I received your updated information. For the DLN-1 combustor, it seems that GE
is reluctant to guarantee (O emissions lower than 25 ppmvd when also
guaranteeing a NOx emission standard of 9.0 ppmvd. I understand this is due to
a few site-specific installations that had problems meeting a similar lower
limit. However, GE was able to modify the combustor and meet the standard.

Although GE won't guarantee (yet) the lower CO emissions rates, the stack tests
certainly suggest that emissions rates much lower than 25 ppmvd are achievable
while meeting the 9 ppmvd standard. I believe your request to reduce CO
emissions standard to 20 ppmvd is reasconable and makes the installation of an
oxidation catalyst appear not quite cost effective in obtaining additional
reductions. In consideration of possible problems during the initial
installation including fine tuning the combustion turbine and perhaps medifying
the combustor, I recommend the following specific permit condition.

12. Carbon Monoxide (CO)

(a} Dry-Low NOx Controls: During the first 12 months after initial startup, CO
emissions shall not exceed 54.0 pounds per hour nor 25.0 ppmvd corrected to 15%
oxygen based on a 3-hour test average when firing natural gas in the cecmbustion
turbine. Thereafter, CO emissions shall not exceed 43.0 pounds per hour nor
20.0 ppmvd corrected to 15% oxygen based on a 3-hour test average when firing
natural gas in the combustion turbine.

{b} Water Injection: When firing low sulfur distillate cil in the combustion
turbine, CO emissions shall not exceed 46.0 pounds per hour nor 20.0 ppmvd
based on a 3-hour test average.

Please provide any comments.

Jeff
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FACSIMILE TRANSMITTAL

TECCS

Pl e e e MAILING ADDRESS:
702 Noxih Franklin P. 0. Box 111
Tampa, FL 33602 Tampa, FL 33601

Phone: (813) 228-1675
Fax: (813) 228-1360

PLEASE DELIVER IMMEDIATELY

TO: Mr. Jeffery F. Koerner, P.E.
FROM: Paul L. Carpinone
DATE: August 18, 1999

RE:. WA DEE Fower STATION

CT AP Proyec |
MESSAGE:

Oloase call £ Yos hare amy Guestiows

NUMBER OF PAGES (Including this cover page): {0
HARD COPY TO FOLLOW: YES
[F ANY PROBLEMS, CALL (813) 228-1675

CONFIDENTIALITY NOLK:
‘This mussage is interwded only for the use of the individual or entity to which it is addressed, and way eontain infarmation that is privileged,
comfidential an exumpt from disclosure under applicable law. 3f the reader of this message is not the wkended recipient, or the epvployee ar
agent responsible for delivering the messay to the interded recipient, you ane hereby notified that any dissemination, distribution or copving
of this communication is strictly prohibited. 1f you have received this communication in error, please notify us immudiably by telephone, and
eaturn the original mussage to us at the above address via the LS. Postal Service.
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HARDEE POWER
PARTNERS

August 18, 1999

BY FAX

Mir. Jeltery F. Kocrner, P.E.

Burcau of Air Regulation

New Source Review Section

Florida Department of Environmental Prolection
2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Re: FDEP File No. PSD-IFL-14(a);
TECO Power Services - Hardee Power Station;
Simple-Cycle (SC) CT2R Power Project

Dear Mr. Koerner:

Per our conversation, Llardee Power Partners (F[PP) hereby submits tevised BACT summary
sheets (see attached) bascd on achicving a lower carbun monexide (CO) concenwration 0l20
ppmvd during natural pas-firing for the proposed CT2B combustion turbine at Hardee Power
Slation.

As disoussed, HPP has requested from GE a lower guaranteed CO emission rate than the 25
ppmvd CO concentration specified in the submitted permit application for natural gas-firing.
The basis for this request was the finding that similar GE 7EA gos turbines, equipped with
a 9 ppm NOx tuned DIN-1 combustion system, could produce on average a lower CO
concentration than the 25 ppm guarantee level. la response to this request, however, GLS was
not willing to previde a puarantee for a lower CO emission cate, but would be willing Lo mnc
the combustion system, at the expense of HPP 16 a lower value while maintaining the 9 ppm
NOx emission concentration level.

As a result, HPP is willing to aceept a CO permit limit of 20 ppmvd during nataral gas-firing,
along with a revised permit condition that would allow C'12B to operate while modifications
or corrections, if nceded, atc being implemented. ‘Lhe condition would apply in the event
that the 20 ppmvd CO concentration level is exceeded during any annual compliance test.
‘This condition is heing requested as a contingency due to the time required by GE 10 manu-
tacture and ro-tune the combustion system (o achieve a lower CO level than the guaranieed
emission rate of 25 ppmvd, if such modifications become necessary. For your convenience,

HARDEE POWER PARTMERS, LTD. (B13) 228-1330
mO.Bax 111 TAmMAa, FL 336010111 FAX {B13} 228-1308
AN EQUAL OAPERTUNITY COMPANY HTTP:(//WWW TECO FOWERD ERYIOES.COY
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Mr. Koerner
August 18, 1999
Papc 2

! have attached proposed permit language revisions that we believe will allow us to uchieve
a tower CO emissions tate for this combustion turbine.

Your continued expedilious processing o the Hardee Power Stalion CT2B permit applica-
tion is appreciated. Please contact me at 8]3-228-4858, if there are any further questions.

Sincerely,

(ot o biaugumons

Paul L.. Carpinone
Dircctor, Environmentad

Attachments
Oven, FDEP, Tallahassee

. 8.
N. Curtin, H&K., lallahassce
W. Davig, ECT, Gainesville

cc:
L
-
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Professional Engineer Statement:
I, the undersigned. hereby certify. except as particularly noted herein®, that:

(1) To the best of my knowledge, there is reasonable assurance that the air pollutant

_amissions unit(s) and the air pollution control equipment described in this Application for

Air Permi1, when properly operated and maimained, will comply with ali upplicable
standards for control of air pollutant emissions found in the Florda Statutes and rules of
the Department of Environmental Protection; and

(2) To.the best of my kmowledge, any emission estimaies reported or relied on in this
application are true, accurate, and complele and are either based upon reasonahle
rechnigues available for calculating emissions or. for emission estimates of hazordous air
pollutants not reguluted for un emissions unit addressed in this application, based solely
upon the materials, information and calculations submitted with this application.

If the purpose of this application is to obtain a Title V source air operation permil (check
here [ v ], if so). T further certify that each emissions unit described in this Application for
Air Permly, when properly operated and maintained, will comply with the applicable
requirements identified in this application to which the unit is subject, except those
emissions units for which a compliance schedule is submitied with this application.

If the purpose of this application is to obiain an air conriruction permit for one or more
proposed new or modified emissions units (check here [ v |. ifs0), | further cerlfy that
the engineering features of each such emissions unit described in this application have
been designed or examined by me or individuals under my direct supervision and found to
be in conformity with sound engineering principles applicable to the control of emissions
of the air pollytants characterized in this application.

If the purpose of this application is to vbtain an initial air operation permit or operation
permit revision for one or more newly consiructed or modified emissions units (check here
[ ] ifso), [ further certify that, with the exception of any changes detailed as part of this
application, each such emissions unit has been constructed or modified in substantial
accordance with the information given in the corresponding upplication jor aly
construction permit and with all provisions contained in such permit.

ALY
PDate

* Ht;p‘ﬁﬁ'any@;gpﬁﬁdn to certification statement.
Cerﬁ"fifvggﬁt_idii{;g.,aﬁblicahle to Angust 1999 information submittal regarding the Hardee
Power Station Simple-Cycle Combustion Turbine Project.

DEP Form No. 62-210.90(1) - Form 4
Effective; 2/11/99

PAGE 4



Table 5-12.

Sumpoary of CO BACT Analysis (Revised 8/99)

Conimnl

Opcion

Emission Impacts

Emissign Rares Reduction  Capital Cost

Oxidation
catalyst

Basecline

Economic Impacis Energy Impacts Eavironmental [mpacts
Total Annuatized Cost Effectiveness Increase Over Toxic Adverse Envis.
Cost Over Baseline Bascline Impact Impact
(5iy1) (S/10m) (MMBtu/yr) (YiN) (Y/N)
123438 1,960 4,484 Y Y
N/A NA N/A NA NA

Basis: One GE PGT121 (FEA) CTG, 100-percert load for 7.884 hriyt gas-firing and 876 hr/yr oil-firing.

Sources: GE, 1999.
ECT, 1999,

D TPSHARDEENEWUNITPSDAPPFINALACPHTB.DOC 9081799

53014435 ¥3IMDd 003L:d1 TeS:¥T 66, 8180 Tv6 "ON Jid
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Tabtle 2. Hardee Power Station - CT2B {Revised 8/99)
CTG Operating Scenarios - General Electric PG7121(EA)
Natural Gas-Firing; Hourly Emission Rates

Ao

6.29E-0
4.4 B.OSEQS
4.66E-0

5.85E-05
Sy AT REO8
4. 40EO5

95 9 060 0550| 00693| 4.19E04 | 5.28E05

B0 0454 005721 34 6E08: | A 3EEO ¢

“0As DAyl 00879 3 Z0E04 | 4.03ED5

Q.63 57 0.72 0.65b 0.0826] 4.99E-04 | 629E-05

95 29.0 3.6%5 5
24075 30 181
22.0 2.77 5
Maxdmums 9.0 a5.0 4.41 24.3 45.6 5.7% 1.5 2.0 0.25

' Excludes sutfuric acid mist.
“ BRaged on ratural gas culfur content of 2.0 gr! 100 fC°.
I pased on 7.5% conversion of 50; to Ha50y.
“ Nazwiel gas comsustion, Table 1.4-2, AP-42, March 1998.
S Comected 10 15% 0.
Seurces: ECT, 1289,

GE, 1999,

o2 CT KRG ENTRD

5301A43S YIMOd 003L1:Q1 12:¢T 66« 81-680 tv6 "ON I3
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Table 6A. Hardee Powar Station - CT2B {Revised 8/99}
CTG Operating Scenarios - General Electric PG7121(EA)
Annual Emission Rates - Criteria Pollutants

cT2B

5 - Oil

73.1

43.0

199.3

NiA

N/A

T ibfhe) ]

CT28 5 - Gas 7.884 5.0 5.3 20.9 0.0005 0.0018
CT28 5 - Qil 876 10.0 4.4 51.9 22.7 0.055 0.024
Totals N/A 241 N/A 43.7 N/A 0.026

CT2E operating with natural gas-firing at a 90.0% capacity factor; 7,884 hours/year at base load {Case 5).

$301AM3S ¥IMOd 0031:q] 22:¥7 66, 81-80 Twe “°N T1I4

09€T 82 £18

CT2B operating with fuel oil-firing at 2 10.0% capacity factor; 876 hours/year at base load {Case 5.
S0, rates based on natural gas sulfur content of 2.C gr/100 f1°.

S0, rates based on fuel cil sulfur content of 0.05 wt. percent.

b=

Sowrces: GE, 199E.
ECT, 1999.
TPS, 1999,

ci2bids Arruaal BTG

24 398d



Table 8.C. Hardee Power Station - CT2B (Revised 8/99}

CT Exhaust Data - General Electric PG7121{EA)

Natural Gas-Firing: Simple-Cycle

C. Correction of GE CO and YOC Concentrations to 15% O,, dry

Sources: ECT, 1998,

c2bads

GE, 1999,

CO {ppmvd) 20.0 20.0 200 250 250 25.0 250 25.0 250
CO (15% O2) 186 19.8 199 24.1 242 24.0 240 24.1 24.3
VOG {(ppmvw) 14 14 14 1.4 1.4 14 14 1.4 14
VOC (ppmvd) | 15 15 15 15 15 15 15 15 15
VOC (15% O) || 15 15 15 14 15 15 14 15 15

FlowRatesNG-SC

B/17AG
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FILE No. 941

08-18 '99 14:23 ID:TECO POWER SERVICES 813 228 1360

EXHIBIT A REVISED §/]8/99

PROPOSED MODIFICATIONS OF CONDITIONS OF CERTIFICATION
HARDEE POWER STATION UNIT 2B
PA 89-25

EMISSION LIMITS AND STANDARDS

17.

The following table is a summary of the BACT determination and is followed by the
applicable specific conditions, Values for NOy are corrected to 15 % Oz on a dry
basis. These limits or their equivalent in terms of Ib/hr or NSPS umits, as well as the
applicable averaging times, are followed by the applicable specific conditions [Rules
62-212.400, 62-204.800(7}(b) (Subpart GG), 62-210.200 (Definitions-Potential
Emissions) F.A.C.]

PARGE 9

ULl PROPOSGD BACT LIMIT

Pipeline-Quality Nuturul Cius ‘ .
PM/PMio, VE ipeline Qualiy Ruturs] Cus 10 Bercent Opucity

2 ppmvd (Cian)
4 ppmvd {Fuel Qit)

YOoC As Above
202 ppwvd (Oas)
co As Ahave 20 ppmvi (Fue Cif)
Pipelime-Quality Natural Gas 2 2r 57100 1t (Gas)
|80, Low Sutfur Oil 0.05% S (Fuel Qif)
9 ppmw (Qus)
NOx PIN, W far E.0. limited fuel oil usage 42 ppmw (Fuel O} - 876 Houre/Yeur Max,
18. Nitrogen Oxides (NOx) Emissions:

When NOy monitoring data is not available, substitution for missing data shall be
handled as required by Title TV (40 CFR 75) to calculate any specified average time.

Whils firing Natural Gas: The emission rate of NOx in the exhaust gas shall not
exceed 9 ppm @15% O; (at ISO conditions) on a 24 hr block average us measured by
the continuous emission monitoring system (CEMS). In addition, NOx emissions
caleulated as NO; (at ISO conditions) shall not cxceed 32 Ib/hr and 9 ppm @15% O;
to be demonstrated by stack test. [Rule 62-212.400, F.A.C.]

While firing Fuel oil: The concentration of NOy in the exhaust gas shall not exceed
42 ppmvd at 15% O, on the basis of a 3 hr average as measured by the continuous
emission monitoring system (CEMS). In addition, NOx emissions calculated as NO;
(at ISO conditions) shall not exceed 167 lo/hr and 42 ppm E15% O, to be
demonstrated by stack test. [Rule 62-212.400, F.A.C.]

19. Carbon Munoxide (CO) Emissions: The concentration of CO in the stuck exhaust gas

(at [SO conditions) with the combustion turbine operating on_cithgr natural gas_or
digtillate fucl oil shall exceed neither 208 ppmvd nor_4384 Ib/hr to be demonstrated
by stack test using EPA Method 10. [Rule 62-212.400, F.A.C,]_Should any annual
test demonstrate that CO emissions exceed either 20 ppmvd or 43 [hr, the Permittee

submil ejther a request {or 4 permit mo ce schedute to
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submittal of the annual test results to the Dopartment, A compliance schedule, if |
submitted, shall describe the corrective action proposed to comply with the 20 ppmvd
; . 1ssion hmits and inelug iles impt ation. dates. Fi

compliance schedule.

Page 2




Eempusng H/ARDEE POWER

= DA RTNERS RECEIVED

AUG 19 1999

BUREAU OF Al
August 18, 1999 R REGULATION

BY FAX

Mr. Jeffery F. Koerner, P.E.

Bureau of Air Regulation

New Source Review Section

Florida Department of Environmental Protection
2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Re: FDEP File No. PSD-FL-140(a);
TECO Power Services - Hardee Power Station;
Simple-Cycle (SC) CT2B Power Project

Dear Mr. Koerner:

Per our conversation, Hardee Power Partners (HPP) hereby submits revised BACT summary
sheets (see attached) based on achieving a lower carbon monoxide (CO) concentration of 20
ppmvd during natural gas-firing for the proposed CT2B combustion turbine at Hardee Power
Station.

As discussed, HPP has requested from GE a lower guaranteed CO emission rate than the 25
ppmvd CO concentration specified in the submitted permit application for natural gas-firing.
The basis for this request was the finding that similar GE 7EA gas turbines, equipped with
a 9 ppm NOx tuned DLN-1 combustion system, could produce on average a lower CO
concentration than the 25 ppm guarantee level. In response to this request. however, GE was
not willing to provide a guarantee for a lower CO emission rate, but would be willing to tune
the combustion system, at the expense of HPP, to a lower value while maintaining the 9 ppm
NOx emission concentration level.

As a result, HPP is willing to accept a CO permit limit of 20 ppmvd during natural gas-firing,
along with a revised permit condition that would allow CT2B to operate while modifications
or corrections, if needed, are being implemented. The condition would apply in the event
that the 20 ppmvd CO concentration level is exceeded during any annual compliance test.
This condition is being requested as a contingency due to the time required by GE to manu-
facture and re-tune the combustion system to achieve a lower CO level than the guaranteed
emission rate of 25 ppmvd, if such modifications become necessary. For your convenience,

HARDEE POWER PARTNERS, LTD. (813) 228-1330
P.O. . BOX 111 TAMPA, FL 33601-01 11 FAX (813) 228-1308
AN EQUAL DPRPORTUNITY COMPANY HTTP/WWW.TECOPOWERSERVICES.COM



Mr. Koerner
August 18, 1999
Page 2

I have attached proposed permit language revisions that we believe will allow us to achieve
a lower CO emissions rate for this combustion turbine.

Your continued expeditious processing of the Hardee Power Station CT2B permit applica-
tion is appreciated. Please contact me at 813-228-4838, if there are any further questions.

Sincerely,

Paul L. Carpinone
Director, Environmental

Attachments

ce: H. S. Oven, FDEP, Tallahassee
L. N. Curtin, H&K, Tallahassee
T. W. Davis, ECT, Gainesville

ey File
sSwD

NP5
EPA




4. Professional Engineer Statement:
I, the undersigned, hereby certify, except as particularly noted herein*, that:

(1) To the best of my knowledge, there is reasonable assurance that the air pollutant
emissions unit(s) and the air pollution control equipment described in this Application for
Air Permit, when properly operated and maintained, will comply with all applicable
standards for control of air pollutant emissions found in the Florida Statutes and rules of
the Department of Environmental Protection, and

(2) To the best of my knowledge, any emission estimates reported or relied on in this
application are true, accurate, and complete and are either based upon reasonable
techniques available for calculating emissions or, for emission estimates of hazardous air
pollutants not regulated for an emissions unit addressed in this application, based solely
upon the materials, information and calculations submitted with this application.

If the purpose of this application is to obtain a Title V source air operation permit (check
here [ v [, if so), I further certify that each emissions unit described in this Application for
Air Permit, when properly operated and maintained, will comply with the applicable
requirements identified in this application to which the unit is subject, except those
emissions units for which a compliance schedule is submitted with this application.

If the purpose of this application is to obtain an air construction permit for one or more
proposed new or modified emissions units (check here [ v |, if so), { further certify that
the engineering features of each such emissions unit described in this application have
been designed or examined by me or individuals under my direct supervision and found to
be in conformity with sound engineering principles applicable to the control of emissions
of the air pollutants characterized in this application.

If the purpose of this application is to obtain an initial air operation permit or operation
permit revision for one or more newly constructed or modified emissions units (check here
[ ] if'so), I further certify that, with the exception of any changes detailed as part of this
application, each such emissions unit has been constructed or modified in substantial
accordance with the information given in the corresponding application for air
construction permit and with all provisions contained in such permit.

rintre O, #l1olas

Date

* AttdcH anyséxception to certification statement.
Certification'is.applicable to August 1999 information submittal regarding the Hardee

Lt baeegn

Powér Station Simple-Cycle Combustion Turbine Project.

DEP Form No. 62-210.900(1) - Form 4
Effective: 2/11/99




Table 5-12. Summary of CO BACT Analysis (Revised 8/99)

Emission lmpacts Economic Impacts Energy Impacts Environmental Impacts
Emission Installed Total Annualized Cost Effectiveness Increase Over Toxic Adverse Envir.
Control Emission Rates Reduction Capital Cost Cost Over Baseline Baseline Impact Impact
Option (Ib/hr) (tpy) (tpy) 3 (8/yr) ($/ton) (MMBtw/yt) (Y/N) (Y/N)
Oxidation 4.3 18.9 170.2 1,368,919 323,438 1,900 4,484 Y Y
catalyst
Baseline 432 189.1 N/A N/A N/A N/A N/A N/A N/A

Basis: One GE PG7121 (7EA) CTG, 100-percent load for 7,884 hr/yr gas-firing and 876 hr/yr oil-firing,

Sources: GE, 1999.
ECT, 1999,

DATPS\HARDEEWEWUNIT\PS DAPPAFINALMACPHTB.DOC.9—081799



Table 2. Hardee Power Station - CT2B (Revised 8/99)
CTG Operating Scenarios - General Electric PG7121(EA})
Natural Gas-Firing; Hourly Emission Rates

1 igisear

0.72 0.655 0.0825 | 4.99E-04 6.29E-05

o 0B 08261000663 :4.01E-04: 1 :5.05E-056

0.53 0.486 0.0612 | 3.70E-04 4.66E-05
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19.6] 456

ot irase

2601 3.5 2401 Ta0.0

P

59 32.0 4.03 19.8 43.2 5.44 1.

L2 328 | a2 AR b g e s

24.0 3.02 241 39.0 a0 .

=4
o
0o W

o [|ovo |ooo |low::
A
e
N
@]
—
o

851 9 1oy

19.9 39.2 4.94 1.8 1.8 0.23
e 2460390y ARG T T RS e e 4 0018

24.3 36.0 4.54 | 1.5 1.2 0.1

a

=

<

o
WO ©

[3-]

Maximums 35.0 4.41 24.3 45.6 5.756 1.5 2.0 0.25

Excludes sulfuric acid mist,

Based on natural gas sulfur content of 2.0 gr/100 ft’.
Based on 7.5% conversion of S0, to H;50,.

Natural gas combustion, Table 1.4-2, AP-42, March 1998.
Corrected to 15% O,.

L

Sources: ECT, 1999.
GE, 1999.

ct2b.xls CT-NG 8/17199



Table 6A. Hardee Power Station - CT2B (Revised 8/99)
CTG Operating Scenarios - General Electric PG7121(EA)
Annual Emission Rates - Criteria Pollutants

VOC..

L thesiver i BT [ ey e
CT28 5 - Gas 1 7,884 32.0 126.1 43.2 170.3 1.8 7.1
CT2B 5 - Oil 1 876 167.0 73.1 43.0 18.8 4.5 2.0
Totals N/A 199.3 N/A 189.1 N/A 9.1

o Annual REEERE
coothesfye) g by S py) s bRy s tpyy Co(tpy)
CT2B 5 - Gas 1 7,884 5.0 19.7 5.3 20.9 0.0005 0.0018
CT2B 5 - Oil 1 876 10.0 4.4 51.9 22.7 0.055 0.024
Totals N/A 24.1 N/A 43.7 N/A 0.026

CT28B operating with natural gas-firing at a 90.0% capacity factor; 7,884 hours/year at base load {Case 5).

CT2B operating with fuel oil-firing at a 10.0% capacity factor; 876 hours/year at base load (Case 5).
SO, rates based on natural gas sulfur content of 2.0 gr/100 ft°.

S0, rates based on fuel oil sulfur content of 0.05 wt. percent.

hwh o=

Sources: GE, 1999.
ECT, 19889,
TPS, 1999.

ct2b xls Annual 8/17/99



Table 8.C. Hardee Power Station - CT2B (Revised 8/99)

CT Exhaust Data - General Electric PG7121(EA)

Natural Gas-Firing; Simple-Cycle

C. Correction of GE CO and VOC Concentrations to 15% O,, dry

-f~:3:3‘§.3:':f.f:¢‘ja"s """""
CO (ppmvd) 20.0 200 200 25.0 250 250 25.0 25.0 25.0
CO (15% O,) 19.6 19.8 19.9 24 1 242 240 240 24.1 24.3
VOC (ppmvw) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
VOC (ppmvd) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
VOC (15% Oy) 1.5 1.5 15 1.4 1.5 1.5 1.4 1.5 1.5

Sources: ECT, 1999.
GE, 1999.
FlowRatesNG-SC B/17/99

ct2b.xls




EXHIBIT A REVISED 8/18/99

PROPOSED MODIFICATIONS OF CONDITIONS OF CERTIFICATION
HARDEE POWER STATION UNIT 2B
PA 89-25

EMISSION LIMITS AND STANDARDS

17. The following table is a summary of the BACT determination and is followed by the

applicable specific conditions. Values for NOx are corrected to 15 % O, on a dry
basis. These limits or their equivalent in terms of 1b/hr or NSPS units, as well as the
applicable averaging times, are followed by the applicable specific conditions [Rules
62-212.400, 62-204.800(7)(b) (Subpart GG), 62-210.200 (Definitions-Potential
Emissions) F.A.C.]

POLLUTANT CONTROL TECHNOLOGY PROPOSED BACT LIMIT
Pipeline-Quality Natural Gas .
PM/PM;0, VE Good Combustion 10 Percent Opacity
2 ppmvd (Gas)
VOO As Above 4 ppde (FL]BI Oll)
205 ppmvd (Gas)
co As Above 20 ppmvd (Fuel Oil)
Pipeline-Quality Natural Gas 2 gr S/100 ft* (Gas)
50, Low Sulfur Oil 0.05% S (Fuel Oil)
9 ppmyv (Gas)
NOy DLN, WI for F.O., limited fuel oil usage 42 ppmv (Fuel Qil} - 876 Hours/Year Max.

18. Nitrogen Oxides (NOx) Emissions:

When NOx monitoring data is not available, substitution for missing data shall be
handled as required by Title IV (40 CFR 75) to calculate any specified average time.

While firing Natural Gas: The emission rate of NOx in the exhaust gas shall not
exceed 9 ppm @15% O; (at ISO conditions) on a 24 hr block average as measured by
the continuous emission monitoring system {CEMS). In addition, NOx emissions
calculated as NO, (at ISO conditions) shall not exceed 32 Ib/hr and 9 ppm @15% O,
to be demonstrated by stack test. [Rule 62-212.400, F.A.C]

While firing Fuel oil: The concentration of NOy in the exhaust gas shall not exceed
42 ppmvd at 15% O; on the basis of a 3 hr average as measured by the continuous
emission monitoring system (CEMS). In addition, NOx emissions calculated as NO,
(at ISO conditions) shall not exceed 167 Ib/hr and 42 ppm @i5% O to be
demonstrated by stack test. [Rule 62-212.400, F.A.C.]

19. Carbon Monoxide (CO) Emissions: The concentration of CO in the stack exhaust gas

(at ISO conditions) with the combustion turbine operating on_either natural gas_or
distillate fuel oil_shall exceed neither 205 ppmvd nor 4354 ib/hr to be demonstrated
by stack test using EPA Method 10. [Rule 62-212.400, F.A.C.]_Should any annual
test demonstrate that CO emissions exceed either 20 ppmvd or 43 [b/hr, the Permittee

shall submit either_a request for a permit modification or a compliance schedule_to

achieve the 20 ppmvd and 43 Ib/hr CO emission limits within thirty days following

Page |




submittal of the annual test results to_the Department. A compliance schedule, if |
submitted. shall describe the corrective action proposed to comply with the 20 ppmvd
and 43 lb/hr CO emission limits and include milestone implementation dates, Final

compliance with the applicable CO emission limits shall occur no later than 12

months from the date of Department approval of the permit modification rcguest or
compliance schedule.

Page 2
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

2 [ REGION 4
-] m g ATLANTA FEDERAL CENTER
% 6(5 61 FORSYTH STREET
V¢ ppot® ATLANTA, GEORGIA 30303-8960
AUG 1} 1999 RECEIVED
4 APT-ARB AUG 16 1999
Mr. A. A. Linero, P.E. BUREAU OF AIR REGULATION
Florida Department of Environmental Protection
Twin Towers Office Building
2600 Blair Stone Road

Tallahassee, Florida 32399-2400

SUBIJ: Application to Modify Certification for Hardee Power Partners, Ltd.
Hardee Power Station PA 89-25 located in Wauchula, FL

Dear Mr. Linero:

Thank you for sending an application to modify Hardee Power station as well as proposed
modifications to the Conditions of Certification dated June 4, 1999, for the above referenced
facility. The application is for a proposed installation of one simple cycle combustion turbine
(CT) with a nominal generating capacity of 75 MW. The CT will combust pipeline quality natural
gas as its primary fuel and distillate fuel oil as a backup fuel. As proposed, the turbine will be
allowed to operate 8,760 hours per year with up to 876 hours per year firing fuel oil. Emissions
from the proposed project are above the thresholds requiring Prevention of Significant
Deterioration (PSD) review for nitrogen oxides (NOy), carbon monoxide (CO), sulfur dioxide
(SO,) and particulate matter (PM/PM,,).

The combustion turbine proposed for the facility is a General Electric (GE) Model
PG7121 (EA) unit (frequently referred to as a GE 7EA turbine). The proposed best available
control technology (BACT) for NOy emissions is use of a dry low-NQOy (DLN) combustor.
Based on our review of the application, we have the following comments:

1. The proposed BACT limit, found on page 5-11, for particulate matter (PM,,) is 10%
opacity of visible emissions. This visible emissions opacity limit is proposed as a surrogate
for a BACT limit for particulate matter emissions rate. It is acceptable to use the 10%
opacity limit as a surrogate for monitoring and recordkeeping; however, the permit
conditions also should list the corresponding emission rate (i.c., 0.002 gr/dscf).

2, For your information, there is an inconsistency in the permit application regarding the
$/ton cost of CO oxidation catalyst control. On page 5-17, in section 5.4.3, the cost
effectiveness of oxidation catalyst control for CO emissions is listed as $1,644 per ton of
CO removed. However, in table 5-12 (pg. 5-21), cost effectiveness is listed as $1,551 per
ton of CO removed.

Intemet Address (URL) » hitp://www.epa.gov
Recycled/Recyclable « Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 25% Postconsumer)




As indicated on page 2-4 of the permit application, Hardee Power is requesting allowable
excess emissions due to startup, shutdown or malfunction for up to 4 hours in any 24-hour
period. This proposal is inconsistent with FDEP’s preliminary determination for
Kissimmee Utility’s Cane Island Power Park (January 1999) which only allowed excess
emissions from a simple cycle combustion turbine for 1 hour in any 24-hour period.
Additionally, Hardeec Power will operate the new combustion turbine as part of their
baseload operation. Therefore, the reduced number of startups and shutdowns should
minimize the need for allowable excess emissions. Finally, it is the Environmental
Protection Agency’s (EPA’s) policy (see January 28, 1993 memo from John B. Rasnic to
Region 1) that BACT applies during all normal operations and that automatic exemptions
should not be granted for excess emissions, Startup and shutdown of process equipment
are part of the normal operation of a source and should be accounted for in the planning,
design, and implementation of operating procedures for the process and control
equipment. Accordingly, it is reasonable to expect that careful and prudent planning and
design will eliminate violations of emission limitations during such periods.

The new combustion turbine, which will fire No. 2 fuel oil as backup fuel, has the potential
to increase the throughput of the existing fuel oil storage tank. Any increase in VOC
emissions from the additional use should be taken into account when calculating the
potential to emit of VOC emissions. We realize the VOC emissions increase will be small
and do not expect it to cause any applicability changes; however, as a matter of
completeness, this increase in emissions should be included in all PTE calculations.

In the SCR cost analysis, an interest rate of 7.5 percent was used to calculate a capital
recovery factor. This interest rate may be appropriate for Hardee Power Station,
however, it should be noted that the OAQPS Control Cost Manual uses an interest rate of
7 percent.

The cost analysis for SCR uses NO, emissions of 9 ppm as the baseline and calculates the
cost effectiveness of using SCR with controlled NOy, emissions at an assumed level of 3.5
ppm. In other words, the applicant does not base tons per year reduced on a specific
control efficiency value. We note that the applicant’s approach yields a control efficiency
of about 61 percent, which is at the low end of the control efficiencies we have previously
seen for SCR control.

If you plan to use any portion of the applicant’s proposed permit conditions, we
recommend the phrase “per year” be changed to “per consecutive 12 months.”
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Thank you for the opportunity to comment on the Hardee Power Station permit
application. If you have any questions regarding these comments, please direct them to either
Katy Forney at 404-562-9130 or Jim Little at 404-562-9118.

Sincerely,

R. Douglas Neeley
Chief
Air and Radiation Technology Branch

Air, Pesticides and Toxics
Management Division
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Author: Kim Pierce at REGION4
Date: 8/12/99 2:12 PM
Priority: Urgent

TO: Karen Cody

Subject: TA RETURNED WITHOUT ACTICON- FOR KIM PIERCE

FYI.

Forward Header

Subject: TA RETURNED WITHOUT ACTION- FOR KIM PIERCE
Author: Barbara Grant at REGION4
Date: 8/12/1999 2:09 PM

Bridgett,
I received a RUSH TA for Kim stating that she was using a POV for
traveling to Lagrange. When you use POV, you must justify it in block

10E on the TA.

Please pick up the document immediately and make adjustments then
return to Budget's in box to be restamped and processed.

Thanks, bjg
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a““m ' UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
2 3 REGION 4
M § ATLANTA FEDERAL GENTER
81 FORSYTH STREET
ATLANTA, GEORGIA 30303-8960
4 APT-ARB

Mr. A. A. Linero, P.E.

Florida Department of Environmental Protection
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

SUBJ. Application to Modify Certification for Hardee Power Partners, Ltd.
Hardee Power Station PA, 89-25 located in Wauchula, FL

Dear Mr. Linero:

Thank you for sending an application to modify Hardee Power station as well as proposed
modifications to the Conditions of Certification dated June 4, 1999, for the above referenced
facility. The application is for a proposed installation of one simple ¢ycle combustion turbine
(CT) with a nominal generating capacity of 75 MW. The CT will combust pipeline quality natural
gas as its primaty fuel and distillate fuel oil as a backup fiel. As proposed, the turbine will be
allowed to operate 8,760 hours per year with up to 876 bours per year firing fuel oil. Emissions
from the proposed project are above the thresholds requiring Prevention of Significant
Deterioration (PSD) review for nitrogen oxides (NO,), carbon monoxide (CO), sulfur dioxide
(SO,) and particulate matter (PM/PM,,).

The combustion tusbine proposed for the facility is a General Electric (GE) Model
PG7121 (EA) unit (frequently referred to as a GE 7EA turbine). The proposed best available
control technology (BACT) for NOy emissions is use of a dry low-NQ, (DLN) combustor.,
Based on our review of the application, we have the following comments:

1. The proposed BACT limit, found on page 5-11, for particulate matter (PM,,) is 10%
opacity of visible emissions. This visible exissions opacity limit is proposed as a surrogate
for a BACT limit for particulate matter emissions rate. It 1s acceptable to use the 10%
opacity linit as a surrogate for monitoring and recordkeeping; however, the pernmit
conditions also should list the corresponding emission rate (i.e., 0.002 gr/dscf).

2, For your information, there is an inconsistency in the permit application regarding the
$/ton cost of CO oxidation catalyst control. Ou page 5-17, in section 5.4.3, the cost
effectiveness of oxidation catalyst control for CO emissions is listed as $1,644 per ton of
CO removed. However, in table 5-12 (pg. 5-21), cost effectiveness is listed as $1,551 per
ton of CO removed.

Intemet Address (URL) « httpfwww.apa.gov
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As indicated on page 2-4 of the permit application, Hardee Power is requesting allowable
excess emissions due to startup, shutdown or malfunction for up to 4 hours in any 24-hour
period. This proposal is inconsistent with FDEP’s preliminary determination for
Kissimmes Utility’s Cane Island Power Park (Jamuary 1999) which only allowed excess
emissions from a simple cycle combustion turbine for 1 bour in any 24-hour period.
Additionally, Hardee Power will operate the new combustion turbine as part of their
baseload operation. Therefore, the reduced number of startups and sbutdowns should
minimize the need for allowable excess emissions. Finally, it is the Environmental
Protection Agency’s (EPA’s) policy (se¢ January 28, 1993 memo from John B. Rasnic to
Region 1) that BACT applies during all normal operations and that automatic exemptions
should not be granted for excess emissions. Startup and shuidown of process equipment
are part of the normal operation of & source and should be accounted for in the planning,
deésign, and Tmplementation of operating procédufes for the process and &ontrol *~ ~
equipment. Accordingly, it is reasonable to expect that cateful and prudent planning and
design will eliminate violations of emission limitstions during such periods.

The new combustion turbine, which will fire No. 2 fuel oil as backup fuel, has the potential
to increase the throughput of the existing fuel oil storage tank. Any increase m VOC
emissions from the additional use should be taken into account when calculating the
potential to ermit of VOC emissions. We realize the VOC enmissions increase will be small
and do not expect it to cause any applicability changes; however, as a matter of
completeness, this increase in emissions should be included in all PTE calculations.

In the SCR cost analysis, an interest rate of 7.5 percent was used to calculate a capital
recovery factor. This interest rate may be appropriate for Hardee Power Station;
however, it should be noted that the OAQPS Control Cost Manual uses an interest rate of
7 percent.

The cost analysis for SCR uses NO, emissions of 9 ppm as the baseline and calculates the
cost effectiveness of using SCR. with controlled NO,, emissions at an assumed level of 3.5
ppm. In other words, the applicant does not base tons per year reduced on a specific
control efficiency value. We note that the applicant’s approach yields a control efficiency
of about 61 percent, which is at the low end of the control efficiencies we have previously
seen for SCR control.

If you plan to use any portion of the applicant’s proposed permit conditions, we
recommend the phrase “per year” be changed to “per consecutive 12 months.”
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Thank you for the opportunity to cosoment on the Hardee Power Statios permit
application. If you have any questions regarding these comments, please direct them to either
Katy Fomney at 404-562-9130 or Yim Little at 404-562-9118.

Sincerely, ‘

R. Douglas Neeley

Chief :

Air and Radiation Technology Branch

Air, Pesticides and Toxics
Management Division
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BURE_AU OF AIR REGULATION.

Tuly 22, 1999
ECT No. 990462-0100

SENT BY OVERNIGHT MAIL ON 7/22/99

Mr. Jeffery F. Koerner, P.E.
Bureau of Air Regulation
New Source Review Section

Florida Department of Environmental Protection
2600 Blair Stone Road

" Tallahassee, Florida 32399-2400

Re: Florida Department of Environmental Protection (FDEP)
File No. PSD-FL-140(a); PA89-25
TECO Power Services; Hardee Power Statlon CT2B Power Project

Dear Mr. Koemner:

On behalf of TECO Power Services (TPS), the following responses are provided to the items
raised in your July 15, 1999 correspondence: '

Item 1. Combustor Type and Description
The proposed combustion turbine CT2B, a General Electric (GE) PG7121 7EA unit, will be

equipped with GE’s DLN-1 combustor technology. GE technical 11terature describing the
DLN-1 combustor technology is included as Attachment .

Item 2. Combustion Control System Description

The GE 7EA unit will be controlled by means of GE’s SPEEDTRONIC™ Mark V gas
turbine control system. GE technical literature describing the Mark V control system is
provided as Attachment II.

Item 3. Manufacture Emission Guarantees

A written guarantee of NO, and CO emissions from the combustion turbine manufacturer

(GE) is provided as Attachment III. Performance curves illustrating NO, and CO emissions,
as a function of load are included inthe GE technical literature provided in Attachment 1.

An Equal Opporturuty/Affirmative Action Employer




Mr. Jeffery F. Koemner, P.E.
July 22, 1999
Page-2- .

Item 4. Emissions Test Data for a Similar GE 7EA Unit

A copy of stack test results for a similar GE 7EA unit (1.e., dual-fuel, DLN-1 combustor unit) -
1s provided as Attachment IV. These test results were obtained from two GE 7EA units
located at the Panda-Brandywine Cogeneration Facility in Brandywine, Maryland.

‘Item 5. Dispersion Modeling Output Files

It is understood that electronic copies of the dispersion modeling output files are no 1onger
requlred

As advised in my e-mail message to you today, Table 7-13 (dispersion modeling summary)
of the submitted application inadvertently indicated the unadjusted model results (i.e., based

- on a nominal 10.0 g/s emission rate) rather than the adjusted model results. Accordmgly,

Attachment V provides a revised version of Table 7-13. Note that the correct, -adjusted

model results are considerably lower than the unadjusted concentrations.

“Your continued expeditious processing of the TECO Power Services Hardee Power Station
CT2B project will be appreciated. Please contact me at 352/332 6230, Ext.351, if there are”

any further questions.

Sincere]y,

' ENVIRONMENTAL CONSULTING & TECHNOLOGY, INC.

Thomnts Qe

Thomas W. Davis, P.E.
Principal Engineer

Attachments

cc: Mr. Paul Carpinone, P.E., TPS
- Mr. Lawrence Curtin, Holland & Knight

Cen PP
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. Environmentel Consuliting & Technology, Inc.




ATTACHMENT I

GE DLN-1 COMBUSTOR
TECHNICAL LITERATURE
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DRY LOW NO, COMBUSTION SYSTEMS FOR
GE HEAVY-DUTY GAS TURBINES

L.B. Davis
GE Power Systems
Schenectady, NY

ABSTRACT

State-of-the-art emissions control technology for
heavy-duty pas turbines is reviewed with emphasis on
the operating characteristics and field experience of
Dry Low NO(DLN) combustors for E- and F- tech-
nology machines. The lean premixed DLN systems
for gas fuel have demonstrated their ability to meet
the ever-lower emission levels required today. Lean
premixed technology has also been demonstrated on
oil fuel and is also discussed.

INTRODUCTION

The regulatory requirements for low emissions
from gas turbine power plants have increased during
the past 10 vears. Environmental agencies throughout
the world are now requiring even lower rates of emis-
sions of NO, and other pullutants from both new and
existing gas turbines. Traditional methods of reduc-
ing NO, emissions from combustion turbines (water
and steam injection)are limited in their ability to
reach the extremely low levels required in many lo-
calities. GE’s involvement in the development of both
the traditional methods (References 1 through6) and
the newer Dry Low NO(DLN) technology
(References 7 and 8) has been well-documented. This
paper focuses on DLN.

Since the commercial introduction of GE’s DLN
combustion systems for natural-gas-fired heavy-duty
gas turbines in 1991, systems have been installed in
more than 145 machines, from the most modem F
technology (firing temperature class of 2400 F/1316
C) to field retrofits of older machines. As of August
1996, these machines have operated more than one
million hours with DLN; more than 290,000 hours
have been in the F technology. To meet marketplace
demands, GE has developed DLN products broadly
classified as either DLN-1, which was developed for
E-technology (2000 F/1093C firing temperature
class) machines, or DLN-2, which was developed
specifically for the F technology machines and is also
being applied to the EC, G and H machines.

Development of these products has required an
intensive engineering effort involving both GE Power
Systems and GE Corporate Research and Development.
This collaboration will continue as DLN is applied to the
G and H machines and combustor development for Dry
Low NO, on oil (“dry 0il”} continues.

This paper presents the current status of DLN-1
technology and experience, including dry oil, and of
DLN-2 technology and experience. Background in-
formation about gas turbine emissions and emissions
control is contained in the Appendix.

DRY LOW NOy SYSTEMS

Dry Low NOy Product Plan

Figure t shows GE’s Dry Low NO, preduct of-
ferings for its mew and existing machines in three
major groupings. The first group includes the
MS3000, MS5000 and MS6001B products. The 6B
DLN-1 is the technology flagship product for this
group and, as can be noted, is available to meet 9
ppm NQ, requirements. Such low NQO, emissions are
generally not attainable on lower firing temperature
machines such as the MS83000s and MS3000s be-
cause carbon monoxide (CO) would be excessive.

The second major group includes the MS7000B/E,
MS7001EA and MS9001E machines with the 9 ppm
7EA DLN-1 as the flagship product. The dry oil pro-
gram focuses initially on this group.

The third group combines all of the DLN-2 prod-
ucts and includes the FA, EC, G and H machines,
with the 7FA product as the flagship.

As shown in Figures 2 and 3, most of these prod-
ucts are capable of power augmentation and of peak
firing with increased NOy emissions. With gas fuel,
power augmentation with steam is in the premixed
mode for both DLN-1 and DLN-2 systems. Power
augmentation with water is in the lean-lean mode for
DLN-1 and in the premixed mode for DLN-2.

The GE DLN systems integrate a staged premixed
combustor, the gas turbine’s SPEEDTRONICTM
controls and the fuel and associated systems. There



GER-3568F

Gas Distillate
Turbine Model NO, (ppmvd) | CCO (ppmvd) Diluent NO, {(ppmvd} | CO (ppmvd) Diluent
MS3002 (J) - RC 33 25 Dry Not Available
MS3002 (J) - SC 42 50 Dry
MS5001P 42 50 Dry 65 20 Water
MSS001R 42 50 Dry 65 20 Water
MS5002C 42 50 Dry 65 20 Water
MS6001B 25 15 Dry 42 20 Water
9 25 Dry 42 30 Water/Steam
MS7031B/E Conv. 25 25 Dry 42 30 Water
MS7001EA 25 15 Dry 42 20 Water
15 25 Dry 42 30 Waler/Steam
9 25 Dry 42 30 Waler/Steam
MS9001E 35 15 Dry 42 20 Water
25 25 Dry 42 20 Water
25 25 Dry 90 20 Dry
MS6001FA 25 15 Dry 42/65 20 Water/Steam
MS7001FA 25 15 Dry 42/65 20 Water/Steam
9 9 Cry 42/65 30 Water/Steam
MS7001H 25 15 Dry 42/65 20 Water/Steam
9 9 Dry 42165 30 Water/Steam
MSS001EC 25 15 Dry 42/85 20 Water/Steam
MS9001FA 25 15 Ory 42/65 20 Water/Steam
MS9001H 25 15 Dry 42/65 20 Water/Steam
Notes: 1. No, levels are at 15% oxygen. Ambient range 30 F/-1 Cto 100 F/30 C GT24T17E

Figure 1. Dry Low No, product plan

are two principal measures of performance. The first of these levels across the load range of the gas tur-
is meeting the emission levels required at base load bine.
on both gas and oil fuel and controlling the variation The second measure is system operability, with
NO, NO, at Co
Turbine @15% O,| Operating Maximum | Max D/F | Max D/F
Model (ppmvd) Mode Diluent | Diluent/Fuel | {(ppmvd} | (ppmvd)
MS6001(B) S Premix Steam 2.5/1 9 25
Lean-Lean | Steam 2.5/ 25 15
25 Premix | Steam 2.5/1 25 15
Lean-Lean | Water 1.5/1 25 15
Lean-Lean | Steam 2.5/1 25 15
MS7001(EA) 9 Premix Steam 2.51 9 25
Lean-Lean | Water 1.5/1 25 15
Lean-Lean | Steam 2.5 25 15
25 Premix | Steam 2.5/1 25 15
Lean-Lean | Water 1.5/1 25 15
Lean-Lean | Steam 2.5/1 25 15
MS7001(FA) | 25 Premix | Steam 2.1/ 25 15
GT24556A .ppt

Figure 2. DLN power angmentation summary - gas fuel

2
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NO,-Base
(ppmvd)

NO,-Peak
(ppmvd)

CO-Base
(ppmvd)

CO-Peak
(ppmvd)
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9
25

18
50

25
15
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MS7001(EA)

9
25

18
50

25
15

MS7001(FA)

25

35

15

MS9001(E)

25

40

15

| o~ o b~

GT24557A .ppt

Figure 3, DLN peak firing summary - gas fuel

emphasis placed on the smoothness and reliability of
combustor mode changes, ability to load and unload
the machine without restriction, capability to switch
from one fuel to another and back again, and system
response to rapid transients (e.g., generator breaker
open events or rapid swings in load). GE’s design
goal is to make the DLN system operate so the gas
turbine operator does not know whether a DLN or
conventional combustion system is installed (i.e., its
operation is “transparent to the user”). As of August
1996, a significant portion of the DLN design and
development effort has focused on system operability.

Design of a successful DLN combustor for a
heavy-duty gas turbine also requires the designer to
develop hardware features and operational methods
that simultaneously allow the equivalence ratio and
residence time in the flame zone to be low enough to
achieve low NQO,, but with acceptable levels of com-
bustion noise (dynamics), stability at part load op-
eration and sufficient residence time for CO burn-out,
hence the designation of DLN combustion design as
“four-sided box” (Figurc 4).

A scientific and engineenng development program
by GE’s Corporate Research and Development Cen-
ter, Power Systems business and Aircraft Engine
business has focused on understanding and control-
ling dynamics in lean premixed flows. The objectives
have been to:

» (Gather and analyze machine and laboratory data
to create a comprehensive dynamics data base
+ Create analytical models of gas turbine com-
bustion systems that can be used to understand
dynamics behavior
« Use the analytical models and experimental
methods to develop methods to control dy-
namics
As of August 1996, these efforts have resulted in a
large number of hardware and control features that
limit dynamies, plus analytical tools that are used to
predict system behavior. The latter are particularly
useful in correlating laboratory test data from full
scale combustors with actual gas turbine data.

DLN-1 System

DLN-1 development began in the 1970s with the
goal of producing a dry oil system to meet the United
States Environmental Protection Agency’s New
Source Performance Standards of 75 ppmvd NO, at
15% O,. As noted in Reference 7, this system was
tested on both oil and gas fuel at Houston Lighting &
Power in 1980 and met its emission goals. Subse-
quent to this, DLN program goals changed in re-
sponse to stricter environmental regulations and the
pace of the program accelerated in the late 1980s.
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Figure 4. DLN technology - a four-sided box

DLN-1 Combustor

The GE DLN-1 combustor (shown in cross section
in Figure 5 and described in Reference 8) is a two-
stage premixed combustor designed for use with
natural gas fuel and capable of operation on liquid
fuel. As shown, the combustion system includes four
major components: fuel injection system, liner, ven-
tur1 and cap/centerbody assembly.

These components form two stages in the com-
bustor. In the premixed mode, the first stage thor-
oughly mixes the fuel and air and delivers a uniform,
lean, unburned fuel-air mixture to the second stage.

The GE DLN-1 combustion system operates in
four distinct modes, illustrated in Figure 6, during
pre-mixed natural gas or oil fuel operation:

Mode Operating Range
Primary Fuel only to the primary nozzles.

Flame is in the primary stage only.
This mode of operation is used to ig-
nite, accelerate and operate the ma-
chine over low- to mid-loads, up to a
preselected combustion reference
temperature.

Fuel to both the primary and secon-
dary nozzles. Flame is in both the
primary and secondary stages. This
mode of operation is used for inter-

Lean-Lean

Figure 5. DLN-1 combustor schematic

mediate loads between two pre-
selected combustion reference tem-
peratures.
Fuel to the secondary nozzle only.
Flame is in the secondary zone only.
This mode is a transition state be-
tween lean-lean and premix modes.
This mode is necessary to extinguish
the flame in the primary zone, before
fuel is reintroduced into what be-
comes the primary premixing zone.
Premix Fuel to both pnimary and secondary
nozzles. Flame is in the secondary
stage only. This mode of operation is
achieved at and near the combustion
reference temperature design point.
Optimum emissions are generated in
premix mode.

The load range associated with these modes varies
with the degree of inlet guide vane modulation and, to
a smaller extent, with the ambient temperature. At
ISO ambient, the premix operating range is 50% to
100% load with IGV modulation down to 42 De-
grees, and 75% to 100% load with IGV modulation
down to 57 Degrees. The 42 Degrees IGV minimum
requires an inlet bleed heat system.

If required, both the primary and secondary fuel
nozzles can be dual-fuel nozzles, thus allowing auto-
matic transfer from gas to oil throughout the load
range. When buming either natural gas or distillate
oil, the system can operate to full load in the lean-
lean mode (Figurc 6} and in the pre-mixed. Power
augmentation with water is the most common reason.

The spark plug and flame detector arrangements in
a DLN-1 combustor are different from those used in
a conventional combustor. Since the first stage must
be re-ignited at high load in order to transfer from the

Secondary
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Figure 6. Fuel-staged Dry Low NOx operating modes

premixed mode back to lean-lean operation, the spark
plugs do not retract. One plug is mounted in a pri-
mary zone cup in each of two combustors. The sys-
tem uses flame detectors to view the primary stage of
selected chambers (similar to conventional systems),
and secondary flame detectors that look through the
centerbody and into the second stage.

The primary fuel injection system is used during
ignition and part load operation. The system also in-
jects most of the fuel during premixed operation and
must be capable of stabilizing the flame. For this rea-
son, the DLN-1 primary fuel nozzle is similar to
GE’s MS7001EA multi-nozzle combustor with mul-
tiple swirl-stabilized fuel injectors. The GE DLN-I
system uses five primary fuel nozzles for the
MS6001B and smaller machines and six primary fuel
nozzles for the larger machines. This design is capa-
ble of providing a well-stabilized diffusion flame that
burns efficiently at ignition and during part load op-
eration.

In addition, the multi-nozzle fuel injection system
provides a satisfactory spatial distribution of fuel

flow entering the first-stage mixer. The primary fuel-
air mixing section is bound by the combustor first-
stage wall, the cap/centerbody and the forward cone
of the venturi. This volume serves as a combustion
zone when the combustor operates in the primary and
lean-lean modes. Since ignition occurs in this stage,
crossfire tubes are installed to propagate flame and to
balance pressures between adjacent chambers. Film
slots on the liner walls provide cooling, as they do in
a standard combustor.

In order to achieve good emissions performance in
premixed operation, the fuel-air equivalence ratio of
the mixture exiting the first-stage mixer must be very
lean. Efficient and stable burning in the second stage
is achieved by providing continuous ignition sources
at both the inner and outer surfaces of this flow. The
three elements of this stage comprise a piloting flame,
an associated aerodynamic device to force interaction
between the pilot flame and the inner surface of the
main stage flow, and an aerodynamic device to create
a stable flame zone on the outer surface of the main
stage flow exiting the first stage.
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Figure 8. DL.N-1 gas fuel system

The piloting flame is generated by the secondary
fuel nozzle, which premixes a portion of the natural
gas fuel and air (nominally, 17% at full-load opera-
tion) and injects the mixture through a swirler into a
cup where it i1s bumed. This flame is stabilized by
burning an even smaller amount of fuel (less than 2%
of the total fuel flow) as a diffusion flame in the cup.
The secondary nozzle, which is mounted in the cap
centerbody, is simple and highly effective for creating
a stable flame.

A swirler mounted on the downstream end of the
cap/centerbody surrounds the secondary nozzle. This
creates a swirling flow that stirs the interface region
between the piloting flame and the main-stage flow
and ensures that the flame is continuously propagated
from the pilot to the mnner surface of the fuel-air
mixture exiting the first stage. Operation on oil fuel is
similar except that all of the secondary oil is burned
in a diffusion flame in the current dry oil design.

The sudden expansion at the throat of the ventun
creates a toroidal recirculation zone over the down-
stream conical surface of the venturi, This zone,
which entrains a poertion of the venturi cooling air, 1s
a stable buming zone that acts as an ignition source
for the main stage fuel-air mixture. The cone angle

Figure 9. MST001EA/MS9001E DLN-1 combustion
system performance on natural gas fuel
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Figure 10. MS6001B DLN-1 emissions
performance on natural gas fuel

and axial location of the venturi cocling air dump
have significant effects on the efficacy of this ignition
source. Finally, the dilution zone (the region of the
combustor immediately downstream from the flame
zone in the secondary) provides a region for CO
burnout and for shaping the gas temperature profile
exiting the combustion system.

DLN-1 Controls and Accessories

The gas turbine accessories and control systems
are configured so that operation on a DLN-equipped
turbine is essentially identical to that of a turbine
equipped with a conventional combustor. This is ac-
complished by controlling the turbines in identical
fashions, with the exhaust temperature, speed and
compressor discharge pressure establishing the fuel
flow and compressor inlet guide vane position.

A turbine with a conventional diffusion combustor
that uses diluent injection for NO, control will use an
underlying algorithm to control steam or water injec-
tion. This algorithm will use top level control van-
ables (exhaust temperature, speed, etc.) to establish a
steam-to-fuel or water-te-fuel ratio to control NO,.
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Figure 11. MS7001EA/MS%001E DLN-1 combustion
system performance on distillate oil

In a similar fashion, the same variables are used to
divide the total turbine fuel flow between the primary
and secondary stages of a DLN combustor. The fuel
division is accomplished by commanding a calibrated
splitter valve to move to a set position based on the
calculated combustion reference temperature (Figure
7). Figure 8 shows aschematic of the gas fuel system
for a DLN-equipped turbine.

The only special control sequences required are
concerned protection of the turbine during a generator
breaker-open trip, or flashback, from the second
stage to the first stage during premixed operation.
When either the breaker opens at load or flashback is
sensed by ultraviolet flame detectors looking into the
first stage, the splitter valve is commanded to move
to a pre-determined position. In the case of a flash-
back, the control system can execute an automatic
sequence to return to premixed, full-load operation.

DLN-1 Emissions

The emissions performance of the GE DLN sys-
tem can be illustrated as a function of load for a
given ambient temperature and turbine configuration.
Figures 9 and 10 show the NO, and CO emissions
from typical MS7001EA and MS6001B DLN sys-
tems designed for 9 ppmvd NO, and 25 ppm CO
when operated on natural gas fuel. Note that in pre-
mixed operation, NO, is generally highest at higher
loads and CO only approaches 25 ppm at lower pre-
mixed loads.

Figures 11 and 12 show NO, and CO emissions
for the same systems operated on oil fuel with water
injection for NO, control, rather than premixed oil.
These figures are for units equipped with inlet bleed
heat and extended IGV modulation, NO, and CO
emissions from the DLN combustor at loads less than
20% of base load are similar to those from standard
combustion systems. This result is expected because
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Figure 12. MS6001B DLN-1 emissions
perfermance on distillate oil fuel

both systems are operating as diffusion flame com-
bustors in this range. Between 20% and 50% load,
the DLN system is operated in the lean-lean mode,
and the flow split between the primary fuel nozzles
and secondary nozzle is varied to give the decreasing
NO, characteristic shown.

From 50%to 100%load, the DLNsystem operates
as a lean premixed combustor. As shown in Figures 9
through 12, NO, emissions are significantly reduced,
while CO emissions are comparable to those from the
standard system.

DLN-1 Experience

GE’s first DLN-1 system was tested at Houston
Lighting & Power in 1980 (Reference 7). A proto-
type DLN system using the combustor design dis-
cussed above was tested on an MSOO01E at the
Electricity Supply Board’s (ESB) Northwall Station
in Dublin, Ireland, between October 1989 and July
1990. A comprehensive engingering test of the pro-
totype DLN combustor, controls and associated sys-
tems was conducted with NO, levels of 32 ppmvd (at
15% O3) obtained at base load. The results were in-
corporated into the design of prototype systems for
the MS7001E and MS6001B.

The 7E DLN-1 prototype was tested at Anchorage
Municipal Light and Power (AMLP) in early 1991
and entered commercial service shortly afterward.
Since then, development of advanced combustor con-
figurations have been carried out at AMLP. These
results have been incorporated into production hard-
ware.

The MS6001B prototype system was first oper-
ated at Jersey Central Power & Light’s Forked River
Station in early 1991. A series of additional tests
culminated in the demonstration of a 9 ppm combus-
tor at Jersey Central in November 1993.
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Figure 13. DLN-2 combustion system

As of August 1996, 28 MS6001B machines are
equipped with DLN-1 systems. In total, they have
accumulated more than 370,000 hours of operation.
There are, in addition, four MS700IE, -eight
MS7001B-E, 26 MS7001EA, 18 MS9C01E, one
MS5001P and three MS3002] DLN-1 machines that
have collectively operated for more than 350,000
hours. Excellent emission results have been obtained
in all cases, with single-digit NO, and CQOachieved on
several MST700IEAs. Several MS7001E/EA ma-
chines have the capability to power augment with
either massive water or steam injection,

Starting in early 1992, eight MS7001F machines
equipped with GE DLN systems were placed in
service at Korea Electric Power Company’s Seoin-
chon site. These F technology machines have
achieved better than 55% (gross) efficiency in com-
bined-cycle operation, and the DLN systems are cur-
rently operating between 30 and 40 ppmvd NOy on
gas fuel (the guarantee level is 50 ppmvd). These
units have operated for more than 150,000 hours.
Four additional F technology DLN-1 systems have
been commissioned at Scottish Hydro's Keadby site
and at National Power’s Little Barford site. These 9F
machines have operated more than 20,000 hours at
less than 60 ppm NO,.

The combustion laboratory testing and field op-
eration have shown that the DLN-1 system can
achieve single digit NO, and CO levels on E technol-
ogy machines operating on gas fuel. Current DLN-1
development activity focuses on four goals:

+ Application of single-digit technology to the
MS6001B, MS7001EA and MS9001E

+ Application of DLN-1 technology for retrofit-
ting existing field machines (including
MS3002s and MS5000s, some of which will
require upgrade before DLN retrofit)

Figure 14, Cross-section of a DLN-2 fuel nozzle

+ Completing the development of steam and wa-
ter power augmentation as needed by the mar-
ket

+ Completing the development of dry oil DLN-1
products.

DLN-2 SYSTEM

As F-technology gas turbines became available in
the late 1980s, studies were conducted to establish
what type of DLN combustor would be needed for
these new higher firing temperature machines. Stud-
ies concluded that that air usage in the combustor
(e.g., for cooling) other than for mixing with fuel
would have to be strictly limited. A team of engineers
from GE Power Generation, GE Corporate Research
and Development and GE Aircraft Engine proposed a
design that repackaged DLN-1 premixing technology
but eliminated the venturi and centerbody assemblies
that require cooling air.

The resulting combustor is called DLN-2, which is
the standard system for the 6FA, 7FA, 9FA, 9EC,
7G, 7TH, 9G and 9H machines. Fourteen combustors
are installed in the 7FA and 9EC, 18 in the 9FA, and
six in the 6FA. These combustors, for all but the
7FA, are not scaled, but are full-size 9FA combus-
tors; the 7FA is slightly smaller.

DLN-2 Combustion System

The DLN-2 combustion system shown in Figure
13 is a single-stage dual-mode combustor that can
operate on both gaseous and liquid fuel. On gas, the
combustor operates in a diffusion mode at low loads
(< 50% load), and a premixed mode at high loads (>
50% load). While the combustor can operate in the
diffusion mode across the load range, diluent injec-
tion would be required for NO, abatement. Qil op-
eration on this combustor is in the diffusion mode
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Figure 15. External view of DLN-2
fuel nozzles mounted

across the entire load range, with diluent injection
used for NOy, control.

Each DLN-2 combustor system has a single
burning zone formed by the combustor liner and the
face of the cap. In low emissions operation, 90% of
the gas fuel is injected through radial gas injection
spokes in the premixer, and combustion air is mixed
with the fuel in tubes surrounding each of the five
fuel nozzles. The premixer tubes are part of the cap
assembly. The fuel and air are thoroughly mixed,
flow out of the five tubes at high velecity and enter
the burning zone where lean, low- NO, combustion
occurs. The vortex breakdown from the swirling flow
exiting the premixers, along with the sudden expan-
sion in the liner, are mechamsms for flame stabiliza-
tion. The DLN-2 fuel nozzle/premixer tube arrange-
ment is similar in design and technology to the secon-
dary nozzle/centerbody of a DLN-1. Five noz-
zle/premixer tube assemblies are located on the head
end of the combustor. A quaternary fuel manifold is
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Figure 16. Fuel flow scheduling associated
with DLN-2 operation
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located on the circumference of the combustion cas-
ing to bring the remaining fuel flow to casing injec-
tion pegs located radially around the casing.

Figurc 14 shows a cross-section of a DLN-2 fuel
nozzle. As noted, the nozzle has passages for diffu-
sion gas, premixed gas, oil and water. When mounted
on the end cover, as shown in Figure 15, the diffusion
passages of four of the fuel nozzles is fed from a
common manifold, called the primary, that is built
into the end cover. The premixed passage of the same
four nozzles are fed from another internal manifold
calied the secondary. The premixed passages of the
remaining nozzle are supplied by the tertiary fuel
system; the diffusion passage of that nozzle is always
purged with compressor discharge air and passes no
fuel.

Figure 15 shows the fuel nozzles installed on the
combustion chamber end cover and the connections
for the primary, secondary and tertiary fuel systems.
DLN-2 fuel streams are:

* Primary fuel — fuel gas entering through the
diffusion gas holes in the swirler assembly of
cach of the outboard four fuel nozzles
Secondary fuel — premix fuel gas entering
through the gas metering holes in the fuel gas
injector spokes of each of the outboard four
fuel nozzles
Tertiary fuel — premix fuel gas delivered by the
metering holes in the fuel gas injector spokes
of the inboard fuel nozzle

* The quaternary system — injects a small

amount of fuel into the airstream just upstream
from the fuel nozzle swirlers

The DLN-2 combustion system can operate in
several different modes.

Primary

Fuel only to the primary side of the four fuel noz-
zles; diffusion flame. Primary mode is used from ig-
nition to 81% corrected speed.

Lean-Lean

Fuel to the primary (diffusion) fuel nozzles and
single tertiary (premixing) fuel nozzle. This mode is
used from 81% corrected speed to a preselected com-
bustion reference temperature. The percentage of
primary fuel flow is modulated throughout the range
of operation as a function of combustion reference
temperature. If necessary, lean-lean mode can be op-
erated throughout the entire load range of the turbine.
Selecting “lean-lean base on” locks out premix op-
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eration and enables the machine to be taken to base
load in lean-lean.
Premix Transfer

Transition state between lean-lean and premix
modes. Throughout this mode, the primary and sec-
ondary gas control valves modulate to their final po-
sition for the next mode. The premix splitter valve is
also modulated to hold a constant tertiary flow split.

Piloted Premix

Fuel is directed to the primary, secondary and ter-
tiary fuel nozzles. This mode exists while operating
with temperature control off as an intermediate mode
between lean-lean and premix mode. This mode also
exists as a default mode out of premix mode and, in
the event that premix operating is not desired, piloted
premix can be selected and operated to base load.
Primary, secondary and tertiary fuel split are con-
stant during this mode of operation.

Premix

Fuel is directed to the secondary, tertiary and
quaternary fuel passages and premixed flame exists
in the combustor. The minimum load for premixed
operation is set by the combustion reference tem-
perature and IGV position, It typically ranges from
50% with inlet bleed heat on to 65% with inlet bleed
heat off. Mode transition from premix to piloted pre-
mix or piloted premix to premix, can occur whenever
the combustion reference temperature is greater than
2200 F/1204 C. Optimum emissions are generated in
premix mode.

Tertiary Full Speed No Lead (FSNL)

Initiated upon a breaker open event from any load
greater than 12.5%. Fuel is directed to the tertiary
nozzle only and the unit operates in secondary FSNL
mode for a minimum of 20 seconds, then transfers to
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Figure 17, DLN-2 gas fuel system

lean-lean mode.

Figure 16 illustrates the fuel flow scheduling asso-
ciated with DLN-2 operation. Fuel staging depends
on combustion reference temperature and IGV tem-
perature control operation mode.

DLN-2 Controls and Accessories

The DLN-2 control system regulates the fuel dis-
tribution to the primary, secondary, tertiary and qua-
ternary fuel system. The fuel flow distribution to each
combustion fuel system is a function of combustion
reference temperature and IGV temperature control
mode. Diffusion, piloted premix and premix flame
are established by changing the distribution of fuel
flow in the combustor. The gas fuel system (Figure
17) consists of the gas fuel stop/ratio valve, primary
gas control valve, secondary gas control valve premix
splitter valve and quaternary gas control vatve. The
stop/ratio valve is designed to maintain a predeter-
mined pressure at the control valve inlet.

The primary, secondary and quaternary gas con-
trol valves regulate the desired gas fuel flow delivered
to the turbine in response to the fuel command from
the SPEEDTRONICTM controls.

The premix splitter valve controls the fuel flow
split between the secondary and tertiary fuel system.

DLN-2 Emissions Performance

Figures 18 and 19 show the emissions perform-
ance for a DLN-2 equipped 7FA/9FA for gas fuel
and for oil fuel with water injection.

DLN-2 Experience
The first DLN-2 systems were placed in service at
Florida Power and Light’s Martin Station with com-
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Figure 18. Emissions performance for DLN-2-
equipped 7FA/9FA for gas fuel
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Figure 19. Emissions performance for DLN-2-
equipped TFA/9F A for oil fuel with water injection

missioning beginning in September 1993, and the
first two (of four) 7FA units entering commercial
service in February 1994, During commissioning,
quaternary fuel was added and other combustor
modifications were made to control dynamic pressure
oscillations in the combustor.

As of August 1996, 23 DLN-2 7FA and 17 9FA
units are in commercial service. They have accumu-
lated more than 150,000 hours of operation. Of these
units, 11 are dual-fuel units, and the remainder are
gas-only.

CONCLUSION

GE’s Dry Low NO, Program continues to focus
on the development of systems capable of the ex-
tremely low NO, levels required to meet today’s
regulations and to prepare for more stringent re-
quirements in the future. New unit production needs
and the requirements of existing machines, are being
addressed. GE DLN systems are operating on more
than 145 machines and have accumulated more than
one million service hours. More than 200 DLN sys-
tems have been either put into service, shipped or
placed on order. GE is the only manufacturer with F
technology machines operating below 25 ppmvd.

APPENDIX

Gas Turbine Combustion Systems

A gas turbine combustor mixes large quantities of
fuel and air and bums the resulting mixture. In con-
cept the combustor is comprised of a fuel injector and
a wall to contain the flame. There are three funda-
mental factors and practical concerns that complicate

11
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the design of the combustor: equivalence ratio, flame
stability, and ability to operate from ignition through
full load.

Equivalence ratio

A flame bumns best when there is just enough fuel
to react with the available oxygen. With this stoi-
chiometric mixture (equivalence ratio of 1.0) the
flame temperature is the highest and the chemical
reactions are the fastest, compared to cases where
there is either more oxygen (“fuel lean,” < 1.0) or
less oxygen (“fuel rich,” > 1.0) for the amount of fuel
present,

In a gas turbine, the maximum temperature of the
hot gases exiting the combustor is limited by the tol-
erance of the turbine nozzles and buckets. This tem-
perature corresponds to an equivalence ratio of 0.4 to
(.5 (40 to 50% of the stoichiometric fuel flow). In the
combustors used on modern gas turbines, this fuel-air
mixture would be too lean for stable and efficient
burning. Therefore, only a portion of the compressor
discharge air is introduced directly into the combus-
tor reaction zone {flame zone) to be mixed with the
fuel and bumed. The balance of the airflow either
quenches the flame prior to the combustor discharge
entering the turbine or to cool the wall of the com-
bustor.

Flame Stability

Even with only part of the air being introduced
into the reaction zone, flow velocities in the zone are
higher than the turbulent flame speed at which a
flame propagates through the fuel-air mixture. Spe-
cial mechanical or aerodynamic devices must be used
to stabilize the flame by providing a low velocity re-
gion. Modern combustors employ a combination of
swirlers and jets to achieve a good mix and to stabi-
lize the flame.

Operational Stability

The combustor must be able to ignite and to sup-
port acceleration and operation of the gas turbine
over the entire load range of the machine. For a sin-
gle-shaft generator-drive machine, speed is constant
under load and, therefore, so is the airflow for a fixed
ambient temperature. There will be a five- or six-to-
one turndown in fuel flow over the load range, and a
combustor whose reaction zone equivalence ratio is
optimized for full load operation will be very lean at
the lower loads. Nevertheless, the flame must be sta-
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Figure Al. MST001EA Dry Low Nox combustion chamber

ble and the combustion process must be efficient at
all loads.

GE uses multiple-combustion chamber assemblies
in its heavy-duty gas turbines to achieve reliable and
efficient turbine operation. As shown in Figure A-1,
each combustion chamber assembly comprises a cy-
lindrical combustor, a fuel injection system and a
transition piece that guides the flow of the hot gas
from the combustor to the inlet of the turbine. Figurce
A-2 illustrates the multiple-combustor concept.

There are several reasons for using the multiple-
chamber arrangement instead of large silo-type com-
bustors:

+ The configuration permits the entire turbine to
be factory assembled, tested and shipped with-
out interim disassembly

* The turbine inlet temperature can be better
controlled, thus providing for longer turbine
life with reduced turbine cooling air require-
ments

+ Smaller parts can be handled more easily dur-
ing routine maintenance

+ Smaller transition pieces are less susceptible to
damage from dynamic forces generated in the
combustor; furthermore, the shorter combus-
tion system length ensures that acoustic natural

frequencies are higher and less likely to couple
with the pressure oscillations in the flame

+ Smaller combustors generate less NO, because
of much better mixing and shorter residence
time

+ As turbine inlet temperatures have increased to
improve efficiency, the size of the combustors
has decreased to minimize cooling require-
ments, as in aircraft gas turbine combustors

» Small can-type combustors can be completely
developed in the laboratory through a combi-
nation of both atmospheric and full-pressure,
full-flow tests. Therefore, there 1s a higher de-
gree of confidence that a combustor will per-
form as designed across all load ranges before
it is installed and tested in a machine.

Gas Turbine Emissions
The significant products of combustion in gas tur-
bine emissions are:
* Oxides of nitrogen (NO and NO,, collectively
called NO,)
+ Carbon monoxide (CO)
» Unburmed hydrocarbons or UHCs (usually ex-
pressed as equivalent methane (CH,) particles
and arise from incomplete combustion)



» Oxides of sulfur (50; and SO;) particulates,

Unbumed hydrocarbons include both volatile or-
ganic compounds (VOCs), which contribute to the
formation of atmospheric ozone, and compounds,
such as methane, that do not.

There are two sources of NO, emissions in the ex-
haust of a gas turbine. Most of the NQy is generated
by the fixation of atmospheric nitrogen in the flame,
which is called thermal NO,. Nitrogen oxides are also
generated by the conversion of a fraction of any ni-
trogen chemically bound in the fuel (called fuel-
bound nitrogen or FBN). Lower-quality distillates
and low-Btu coal gases from gasifiers with hot gas
cleanup carry various amounts of fuel-bound nitrogen
that must be taken into account when emissions cal-
culations are made. The methods described below to
control thermal NO, emissions are ineffective in con-
trolling the conversion of FBN to NO,.

Thermal NO, is generated by a chemical reaction
sequence called the Zeldovich Mechanism (Reference
6). This set of well-verified chemical reactions pos-
tulates that the rate of generation of thermal NO, is
an exponential function of the temperature of the
flame. The amount of NO, generated is a function of
the flame temperature and of the time the hot gas
mixture 15 at flame temperature. This tumns out to be
a linear function of time, Thus, temperature and resi-
dence time determine thermal NO, emissions levels
and are the principal variables that a gas turbine de-
signer can adjust to control emission levels,

For a given fuel, since the flame temperature is a
unique function of the equivalence ratio, the rate of
NO, generation can be cast as a function of the
equivalence ratio. Figure A-3, shows that the highest
rate of NO, production occurs at an equivalence ratio
of 1.0, when the temperature is equal to the stoi-
chiometric, adiabatic flame temperature.

To the left of the maximum temperature point
(Figure A-3), more oxygen is available (the equiva-
lence ratio is less than 1.0) and the resulting flame

P

Figure A2. Exploded view of combustion chamber
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temperature is lower. This is a fuel-lean operation.
Since the rate of NO, formation is a function of tem-
perature and time, it follows that some difference in
NO, emissions can be expected when different fuels
are burned in a given combustion system. Since dis-
tillate oil and natural gas have approximately a
100F/38 C flame temperature difference, a significant
difference in NO, emissions can be expected if reac-
tion zone equivalence ratio, water injection rate, etc.
are equal.

As shown in Figure A-3, the rate of NO, produc-
tion dramatically decreases as flame temperature de-
creases (i.e., the flame becomes fuel lean). This is
because of the exponential effect of temperature in
the Zeldovich Mechanism and is the reason why dilu-
ent injection (usually water or steam) into a gas tur-
bine combustor flame zone reduces NGO, emissions.
For the same reason, very lean dry combustors can be
used to control emissions. This is desirable for
reaching the lower NO, levels now required in many
applications.

There are two design challenges associated with
very lean combustors. First, care must be taken to
ensure that the flame is stable at the design operating
point. Secondly, a turndown capability is necessary
since a gas turbine must ignite, accelerate, and oper-
ate over the load range. At lower loads, as fuel flow
to the combustors decreases, the flame will be very
lean and will not burn well, or it can become unstable
and blow out.

In response to these challenges, combustion system
designers use staged combustors so a portion of the
flame zone air can mix with the fuel at lower loads or
during startup. The two types of staged combustors
are fuel-staged and air-staged (Figurc A-4). In its
simplest and most commeon configuration, a fuel-
staged combustor has two flame zones; each receives
a constant fraction of the combustor airflow. Fuel
flow 1s divided between the two zones so that at each
machine operating condition, the amount of fuel fed
to a stage matches the amount of air available.

An air-staged combustor uses a mechanism for di-
verting a fraction of the airflow from the flame zone
to the dilution zone at low load to increase turndown.
These methods can be combined.
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Emissions Control Methods

There are three principal metheds for controlling
gas turbine emissions:

* Injection of a diluent such as water or steam
into the buming zone of a conventional
(diffusion flame) combustor

» Catalytic clean-up of NO, and CO from the
gas turbine exhaust (usually used in conjunc-
tion with the other two methods)

+ Design of the combustor to limit the formation
of pollutants in the buming zone by utilizing
“lean-premixed” combustion technology.

The last method includes both DLN combustors
and catalytic combustors. GE has considerable expe-
rience with each of these three methods.

Since September 1979, when regulations required
that NO, emissions be limited to 75 ppmvd (parts per
million by volume, dry), more than 300 GE heavy-
duty gas turbines have accumulated more than 2.5
million operating hours using either steam or water-
injection to meet or exceed these required NO, emis-
sions levels, The amount of water required to accomn-
plish this is approximately one-half of the fuel flow.
However, there is a 1.8% heat-rate penalty associated
with using water to control NO, emissions for oil-
fired simple-cycle gas turbines. Qutput, increases by
approximately 3%, making water (or steam) injection
for power augmentation economically attractive in
some circumstances (such as peaking applications).

Single-nozzle combustors that use water or steam
injection are limited in their ability to reduce NO,
levels below 42 ppmvd on gas fuel and 65 ppmvd on
oil fuel. GE developed multi-nozzle quiet combustors
(MNQC) for the MS7001EA and MS7001FA capa-
ble of achieving 25 ppmvd on gas fuel and 42 ppmvd
on oil, using either water or steam injection. Since
October 1987, more than 26 MNQC-equipped
MS7001s that use water or steam injection have been
placed in service. One unit that uses steam injection
has operated nearly 50,000 hours at 25 ppmvd
NO,(at 15% O9).

Frequent combustion inspections and decreased
hardware life are undesirable side effects that can
result from the use of diluent injection to reduce NO,
emissions from combustion turbines. For applications
that require NO, emissions below 42 ppmvd (or 25
ppmvd in the case of the MS7001EA or MS7001FA
MNQQC), or to avoid the significant cycle efficiency
penalties incurred when water or steam injection is
used for NO, control, one of the other two principal
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Figure A3. Rate of thermal Nox production

methods of NQO, control mentioned above must be
used.

Selective catalytic reduction (SCR) converts NO
and NO; in the gas turbine exhaust stream to mo-
lecular nitrogen and oxygen by reacting the NO, with
ammonia in the presence of a catalyst. Conventional
SCR technology requires that the temperature of the
exhaust stream remain in a narrow range (550 F to
750 F or 288 C to 399 C) and is restricted to appli-
cations with a heat recovery system installed in the
exhaust. The SCR is installed at a location in the
boiler where the exhaust gas temperature has de-
creased to the above temperature range. New high-
temperature SCR technology is being developed that
may allow SCRs to be used for applications without
heat recovery boilers.

For an MS7001EA gas turbine, an SCR designed
to remove 90% of the NO, from the gas turbine ex-
haust stream has a volume of approximately 175 cu-
bic meters and weighs 111 tons. It is comprised of
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Figure A4. Staged combustors




segments stacked in the exhaust duct. Each segment
has a honeycomb pattern with passages that are
aligned in the direction of the exhaust gas flow. A
catalyst, such as vanadium pentoxide, is deposited on
the surface of the honeycomb.

SCR systems are sensitive to fuels containing
more than 1,000 ppm of sulfur (light distillate oils
may have up to 0.8% sulfur). There are two reascns
for this sensitivity: first, sulfur poisons the catalyst
being used in SCRs.

Secondly, the ammonia will react with sulfur in the
presence of the catalyst to form ammonium bisulfate,
which is extremely corrosive, particularly near the
discharge of a heat recovery boiler. Special catalyst
materials that are less sensitive to sulfur have been
identified, and there are some theories as to how to
inhibit the formation of ammonium bisulfate. This,
however, remains an open issue with SCRs,

More than 100 GE units have accumulated more
than 100,000 operating hours with SCRs installed.
Twenty of the units are in Japan; others are located in
California, New Jersey, New York and several other
eastern U.S. states. Units operating with SCRs in-
clude MS9000s, MS7000s, MS6000s, LM2500s and
LM5000s.

Lean premixed combustion is the basis for
achieving low emissions from Dry Low NO, and
catalytic combustors. GE has participated in the de-
velopment of catalytic combustors for many years.
These systems use a catalytic reactor bed mounted
within the combustor to burn a very lean fuel-air
mixture. They have the potential to achieve extremely
low emissions levels without resorting to exhaust gas
cleanup. Technical challenges in the combustor and
in the catalyst and reactor bed materials must be
overcome in order to develop an operational catalytic
combustor. GE has development programs in place
with both ceramic and catalyst manufacturers to ad-
dress these challenges. GE does not believe commer-
cial systems employing this technology will be avail-
able in the near term.

15
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Gas Turbine Control System

The SPEEDTRONIC" Mark V gas trbine contral system is a state-of—the~
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care of this systeyn is the thres separate but idersical contrallens called <R,
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the data neaded ™ generate anputs to the twhine. Fraective afputs are
roued through the <P> protective module consisting of wiple recundate
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. The three control processars, <>, <S>, and <>, acquire data from triplo-
redurxiant sensces as well as fraom dual or singe sensors. All critical sensors
for camtimxous controls, as well as protection, are friple-redundant. Qthex
. sensoxs are dual or single devices farmed out to all three cortrol processars.
The exiremely high reliahility achievd by TMR control systerts is due in
considerable rreasire 1o the use of triple sensors far all critical parameners.

2421 ' Bectronics

. All of the microprocessar—based contrals have a modular design for ease of
;mmmammmmﬁwmma
jmamy.Mnﬁ;icniaq:mmmdcinexhwndl«Mﬂdn
distribate  the pooessing for  maximum  perfarmance. Individual
micopracessors e dadicated to specific VO assigrmersts, application
. software commurications, etc., and the processing is performned in a real-tirme,
' mﬂﬁ—mkingqnnﬁ::gayﬂnn(hmxﬂaﬂimsbﬁuumﬂmmﬂdkr’sﬁve
. cards is acconplished with rbbon cables and gas-tight commectors.
Comnumication hetween individual controllers is perfonmed on high—speed

3422 | Shared voting

: Sdimelrrplammdﬁ!ntTdaama(SIFT)atﬂtEudmevmmgam
, wilized by the SPEEDTRONIC Mak V TMR oontrol systern. At the
beginming of cach computing tine frarme, each contraller independently reads
. i sepsors and exchanges this data with the data from the other two
" cotrollers. The median value of cach smalog inpat is calculated in each
. cortroller and then uesd as the resultant contral paraneter for that controller.
Diagnostic algorithms monitcor a predefined deadbend for each analog input to
each controller, and if one of the analog inputs deviates fram this deadhand, a
dirgnostic alarmis initiated to achvise naintenance persormel.

. Coract inpuss are voted in a simmilar marmer. Each contact input connects to a
m@ammﬁunaﬂwpnaﬂdwmdwmmhwmw
camt optically isclates the 125 ar 24 V de i, and then a dedicatex 80196
processor in each cad time starrps the input. to within 1 ms resclution. These
sigﬂsmﬂmtwmﬂﬁdm&n&,&_md@&ﬁdhsfwwﬁng
and exeartion of the application software. This technique climinates any single
Mﬁﬁlmmmmcmsﬂanmmmmfa
cartain functians such as low lube Gl pressure are commecter to three separate
mﬂmmsmﬂﬂmhﬁﬁdnnymwm&ﬁsmmn
multiple failures of conmact or analog inpuis can be accepted by the contral
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:symnudﬂmmuirgmmnipmmdﬂmnanydﬁe&ma
. 2onrolless as long as the failures are por fram the sane crauit,

- Ancther form of voting is acoomplished through hardware voting of amalog
. cutputs, Theee coil sexvos an the valve actwators are scpavately driven fram
. each comroller, and the position feexdhack is provided by three LVDTs. The
' noarel position of each valve is the average: of the three commands from <R,
<S>, ared <T>. The resultant averaging circuit has sufficiert gain to override a
. gross faihwe of any camroller, sich as a controller o being driven to
" sanuration, Dlagnostics rmoniter the: servo aoil axrens and the I¥ A converters
 in addition to the LVDTs.

3423 'PC Based Operator Intorface

' . “The opcrator irterface, <I>, consists of a PC, color momitor, aursor positianing
" devioe, keyhoard, and printer. The keyboard is pritnarily used for maintenance
. such as editing application software or alacm rressages. While the keyboard is
It necessary, it is  conversient for accessing displays with dedicated function
. keys and adjusting setpoints by entering a mureric value rather than issuing a
. menual mise/lower oommand. Setpoint and logic camrands require an imitial
. selectian which is fallowed by a confirming execute cammand.

The operator intexface ¢an be used as the sole imerface ar as a local
mainterzmee work: station with all operator contral and monitoding. coming
~ fromcarmmunication links with a plant distdbuted cantral systermn (DCS).

3424 Direct Sorsor Interface

- Toput/oape (VO) is designed for divect interface 1o nrhine and gererator

. devices such as theprooouples, RIDB and vityation sensors, flame sensors,
and proximity probes, Direct monltaning of these senaors elirminates the orst
arxl patergial reliability factars assoriated with inferposing transchacers andd
insturmentation. All of the resultant dafa is visible to the operatar fram the
SPEEDTRONIC Mark V operatar interface.

In addition, the canmunication link enables the resultant data to be  visible
froma plant Disributed Comtrol Systeyn (DICS) systermn,

GE PROPRIETARY INFURMATION Turbine-Generalor Page 3.37
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3425 ﬁuuqn Diagnostics

Mhe control system has exqensive built—in diagnostics and inchades *‘power—
13y, badkgromd and memmally initiatsd diagnostic routines  capable of
-dentifying bath oontrol pemel, sepsor, and atput device faults. These fanlts
. are identified down o the: board level for the paned, and to the cirauit level for
. the senscr or actizator conpaness. On-line replacerment of boards is made
. passibie by the triply. redundent design and is also available for those sensors
}atne;hysidmssan:laymﬁsdaﬁmmfeasiblc

3426 imwmm

* The pdmary paint of conmal for the generator is though the operstor interface.
Howewver, the comral systern is integrated with the EX2000BR. brushiess
SPEEDTRONIC Mark V is usad to coatral negavatt onpx and the
EXONO0BR is used 1o oontral megavar autput. The genarator oontrol panel is
used to provide pritrary protection for the geperator, This protection is furnther
_augmemed by protection featues located in the EXXO00BR and the
'  SPEEDTRONIC Mark V.

3427 Synchronizing Control and Monttoring

coinction with the <R, <S>, and <> cantrdllers. The corgralleys megch

- gpeed apd valtage and issue a comyand to Close the bweaker based on a
- peedefined breaker closure time. Diagnostics momitor the actoal  breaker
closure ture and self-comect each conomand,

Arncrher featire of the systern is the ability to synchartize manually via the
cporatey intexface inslead of using the traditianal synchroscope on the

generatar progective pand. Operators can choose ane additional mede of
q:aaﬂmtwal@ng&nmmrmmﬁmmﬂymw
and voltage, but waits for the oparator to review all pertinent data on the CRT
display befare issuing a brealer close cammand.
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3428 rkchitndua |
. The SPEEDTRONIC Mark V ool configuration diagram degicts several

- acivartages for increasexd refiability and ease of interface. For exanple:
‘= Multiple unit controd froma single <@ '
e Baeup dispiay wired direcily to <R <S5, and <T> conmrollers

:- PCinterface to plant DCS systemn

5. Hard wire protective signal from <R <S5 <T5> oartrallers

{. Additional protective processars <X, <Y, <Z>

* The protective block diagram shows the built in recimdancyfeliahility of the
-mcmvmmﬁrmfm“m
~ condition requiring a trip of the urit, the fint line of defensc All three
| pimary overspoed profection via the <R, <S>, and <> controllers. ot of
i sigrals then pass 1o the <P>pratective srodule trip cand where two The
‘ gﬁawﬁngmmormsaﬁng&nmﬁﬁﬂmympm- v
cortrol pacommant corct which sorlarty sere e inclependert 1 gl

- the<P>praective mochle trip cand for voting,
: Page 3.39
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July 22, 1999 0-305-04
Eric Booth

Enron Enginecring & Construction Company
333 Clay Street, Suite 400
Houston, TX 77002-7361

Subject: TECO Power Services
Emissions Guarantees

Dear Eric:

The Genera! Electric dual fuel fired PG7121 EA Combustion Gas Turbine, purchased for
TECO Power Services Hardee Power Station CT-2B has guaranteed emissions of NOx at

9 ppm (@15% 02) and CO at 25 ppm while operating on natura! gas fuel, between 65 and
100%load, corrected to 59°F and 60% relative humidity. It is oxpected that the gas

turbine will not exceed these emission levela over the life of the unit, as long as GE’s
maintenance practices are followed. ,

In addition, there have been ar least seven 7EA gas turbines with DLN-1, Dua! Fuel
combustion systems, that have proven to meet guarantees of 9 PPM NOx and 25 PPM CO
in the last five years. '

Sincerely,

Quut

arst
jéct Manager
cc. W Turnipseed, NEPCO
DW Ross, TECO Power Services
TECO002

- 07,22 99 11:25
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Specialists in Air Emissions Technology

P.O. Box 12291 « Research Iriangle Park, North Carolina 27709-2291
(919) 781-3550 « (800) 486-3550 + Fax (919) 787-8442

VOLUME 1
TEXT AND APPENDIX A

PERFORMANCE AND COMPLIANCE TESTING
REFERENCE NO. 15533

PANDA-BRANDYWINE COGENERATION FACILITY
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Panda-Brandywine Cogeneration Facility

Brandywine, Maryland El-15533
TABLE 1-2
TEST LOG
UNIT NO. 1 STACK - NO. 2 FUEL OIL
OCTOBER 1996
Test - ‘Sampling 1 Test.. . Te " FlueGas. | .Volumetric Alr
‘Condition Objective” ] ~ ‘Method - “Composition Flow Rate
PERFORMANCE TESTS
No. 2 Fue! Ol B /CO, 80y, | EPA 34, 6C, 10/09 1-0-CEM-1 1-O-CEM-1 1-0-M5/8-1
NQ,, CO, & 7E, 10, & 10/09 1-O-CEM-2 1-0-CEM-2 ~ 1-O-MS5/8-2
THC 254 10/09 1-O-CEM-3 1-0-CEM-3 1-0-M5/8-3
Particulate, EPAS 10/09 1-O-M5/8-1 1-0-CEM-1
8O, 50y, & &s 10/09 1-0-M5/8-2 1-0-CEM-2 NA
Hp SOy 10/089 1-0-M5/8-3 1-0-CEM-3
COMPLIANCE TESTS
No. 2 Fuel Oil /00 & EPA 10/09 1-0-100-1 1-0-100-1 Fuel Analysis
100% Load NO, 20 10/09 1-0-100-2 1-0-100-2 &
10/09 1-0-100-3 1-G-100-3 Process Data
No. 2 Fuel OlI G /CO & EPA 10/09 1-0-75-1 1-0-75-1 Fuel Analysis
75% Load NCL 20 10/09 1-0-75-2 1-0-75-2 &
10/09 1-0-75-3 1-0-75-3 Process Data
No. 2 Fuel Ol O /CO & EPA 10/09 1-C-50-1 1-0-50-1 Fuel! Analysis
50% Load NO, 20 10/09 1-0-50-2 1-0-50-2 &
10/09 1-0-50-3 1-0-50-3 Process Data
No. 2 Fuel Ol Qo /CO & EPA 10/09 1-0-30-1 1-0-30-1 Fuel Analysis
30% Load NCL 20 10/09 1-0-30-2 1-0-30-2 &
10/09 1-0-30-3 1-0-30-3 Process Data
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Panda-Brandywine Cogeneration Facility

Brandywine, Maryiand El-15533
TABLE 1-3
TEST LOG
UNIT NO. 2 STACK - NATURAL GAS
SEPTEMBER 1996
Test <} ::Sampiing; - Test st Ry i i FlueGas | Volumetric Air
Condition - Objective ©:| " -Method ‘Date” | ‘Numbers .- .-] - Composition Flow Rate
PERFORMANCE TESTS
Natural Gas O /CC,, SO, | EPA3A,6C, 9/25 2-NG-CEM-1 2-NG-CEM-1 2-NG-M5/8-1
NO,,CO.& | 7E 10,& 9/25 2-NG-CEM-2 2-NG-CEM-2 | 2.NG-Ms/8-2
THC 25A /25 2-NG-CEM-3 2-NG-CEM-3 2-NG-M5/8-3
Particulate, EPAS 8/25 2-NG-M5/8-1 2-NG-CEM-1
80;, 805, & &s 9/25 2-NG-M5/8-2 2-NG-CEM-2 NA
H S0y 9/25 2-NG-M5/8-3 2-NG-CEM-3
COMPLIANCE TESTS
Natural Gas Q/CO & EPA 9/27 2-NG-30-1 2-NG-30-1 Fuel Analysis
30% Load NQ, 20 9/27 2-NG-30-2 2-NG-30-2 &
9/27 2-NG-306-3 2-NG-30-3 Process Data
Natural Gas 0 /CO & EPA 8/27 2-NG-50-1 2-NG-30-1 Fuel Analysis _
50% Load NQ, 20 8/27 2-NG-50-2 2-NG-30-2 &
9/27 2-NG-50-3 2-NG-30-3 Process Data
Natural Gas O:/CC & EPA 9/27 2-NG-75-1 2-NG-30-1 Fuel Analysis
75% Load NQ, 20 a/27 2-NG-75-2 2-NG-30-2 &
9/27 2-NG-75-3 2-NG-30-3 Process Data
Natural Gas 0, /COp & EPA 9/27 2-NG-100-1 2-NG-30-1 Fuel Analysis
100% Load NG, 20 9/27 2-NG-100-2 2-NG-30-2 &
9/27 2-NG-100-3 2-NG-30-3 Process Data
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Panda-Brandywine Cogeneration Facility

Brandywine, Maryland El-15533
TABLE 1-4
TEST LOG
UNIT NO. 2 STACK - NO. 2 FUEL OIL
OCTOBER 1996
Test: .. ‘Flue'Gas ‘- |":Volumetric Alr .
:Condition - Compeoslition - " - Flow Rate
PERFORMANCE TESTS
No. 2 Fuel OIl & /C0z, SOy, | EPA3A, 6C, 10/10 2-0-CEM-1 2-0-CEM-1 2-0-M5/8-1
NQy, CO. & 7E, 10, & 10/10 2-0-CEM-2 2-0-CEM-2 2-0-M5/8-2
THC 25A 10/10 2-C-CEM-3 2-0-CEM-3 2.0-M5/8-3
Particutate, EPAS 10/10 2-0-M5/8-1 2-0-CEM-1
50;, 505, & &8 10/10 2-0-M5/8-2 2-0-CEM-2 NA
H SCy 10/10 2-0-M5/8-3 2-0-CEM-3
COMPLIANCE TESTS
No. 2 Fuel| Ol & /CC; & EPA 10/14 2-0-301 2-0-30-1 Fuel Analysis
30% Load NQ, 20 10/14 2-0-30-2 2-0-30-2 &
10/14 2-0-30-3 2-0-30-3 Proﬁess Data
No. 2 Fuel Oll 0:/CO, & EPA 10/14 2-0-50-1 2.0-50-1 Fuel Analysis
50% Load NQ, 20 10/14 2-0-50-2 2-0-50-2 &
10/14 2-0-50-3 2-0-50-3 Process Data
No. 2 Fuel Oll 0, /CO, & EPA 10/14 2-0-75-1 2-0-75-1 Fuel Analysis
75% Load NQ, 20 10/14 2-0-75-2 2-0-75-2 &
10/14 2-0-75-3 2-0-75-3 Process Data
No. 2 Fuel Oll & /CO; & EPA 10/10 2-0-1001 2-0-100-1 Fuel Analysis
100% Load NO, 20 10/10 2-0-100-2 2.0-100-2 &
10/10 2-0-100-3 2-0-100-3 Process Data
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Panda-Brandywine Cogeneration Facility
Brandywine, Maryfand

El-15533

TABLE 1-5
TEST PARTICIPANTS
UNIT NOS. 1 AND 2
SEPTEMBER AND OCTOBER 1996

{ Jeff Jacobsohn

Test Coordinator

Al Vaught
Test Observer

William H. Harris
Project Director

Julie R. Ruff
Project Manager

James E. Daley
Sampling Team Leader

Michael S. Riedel
Sampling Team Leader

Danny L. Speer
Sampling Team leader
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Panda-Brandywine Cogeneration Facility
Brandywine, Maryland El-15533

2.0 SUMMARY OF RESULTS

2.1 Presentation

Tables 2-1 and 2-2 present the performance test results versus the permitted limits for
Unit No. 1 and Unit No. 2, respectively. The compliance test results for Unit No. 1 are presented in
Tables 2-3 and 2-4 and Unit No. 2 compliance test results are presented in Tables 2-5 and 2-6.
Detailed test results are presented in Volume 1, Appendix A; field data is give!'\ in Volume 2,
Appendix B; and analytical data can be found in Volume 2, Appendix C.

2.2 Cyclonic Flow Checks
A cyclonic flow check was performed at each sampling location to determine if any
cyclonic flow existed. Average yaw angles of < 3 ° were measured, indicating acceptable

locations with respect to EPA Method 1 requirements.

2.3 Compliance (EPA Method 20) Tests

Each combustion turbine was tested according to the requirements of Subpart GG of 40
CFR, Part 60. These requirements included the determination of exhaust gas NQ, concentrations
{(ppm NQ, corrected for dilution to 15% O,) and in terms of pounds NQ, (as NG.) per hour at four
load conditions. To measure the NQ, emissions on a pound per hour basis, average exhaust gas flow
rates were calculated for each run using EPA Method 19 and fuel flow rate and heat content information.

The correction of NO, concentration to 1SO standard ambient conditions (58 °F
temperature, 0.00633 g H,0/g air absolute humidity} prescribed under Subpart GG was not
applied, since these parameters are accounted for in the NQ, control water injection algorithm.
The Speedtronic Mark V control system automatically adjusts water injection rates, based on
current ambient conditions and operating load, to limit NQ, concentrations to levels expected
when operating at the current load under ISO standard conditions. Further correction to 1SO

conditions would have been redundant.



Panda-Brandywine Cogeneration Facility

Brandywine, Maryland El-15533
TABLE 2-1
PERFORMANCE TEST RESULTS VERSUS PERMITTED LIMITS
UNIT NO. 1 STACK
SEPTEMBER AND OCTOQBER 1996
©f oRepd. | - Rep2 |’ ‘Rep3 e
NATURAL GAS . '
Concentration, ppmvd @ 15% O
Nitrogen Oxides as NO., 7.2 79 7.7 7.6 9
Emission Rate, Ib/hr
Carbon Monoxide 23.3 19.8 16.6 19.9 59.00
Nitrogen Oxides as NO,, 281 298 289 289 35.0
Particulate 2.79 0.666 2.45 1.97 7.0
Sulfur Dioxide {EPA 5/8) 20.0 23.0 17.8 20.3 29.0
Sulfur Dioxide (EPA 6C) 0.5 05 0.0 0.3 29.0
Sulturic Acid Mist 1.87 1.16 2.7 1.91 3.0
Totai Hydrocarbons as C 0.22 1.19 1.07 0.83 2.0

Concentration, ppmvd @ 15% O,

Nitrogen Oxides as NO,

47.9

40.2 40.2 42.8 © 54
Emisslon Rate, Ib/hr

Carbon Monoxide 0.0 0.0 0.5 0.2 71.0
Nitrogen Oxides as NO,, 194.6 168.0 163.9 1755 239.0
Particulate 3.06 3.68 9.90 5.55 15.0
Sutfur Dioxide (EPA 5/8) 31.0 33.2 331 32.4 54.0
Sulfur Dioxide (EPA 6C) 25.2 299 28.6 27.9 54.0
Sulfuric Acid Mist 3.83 4.47 4.55 4.28 6.0
Total Hydrocarbens as C 1.78 1.57 1.1 1.49 5.00
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Panda-Brandywine Cogeneration Facility

Brandywine, Maryland El-15533
TABLE 2-2
PERFORMANCE TEST RESULTS VERSUS PERMITTED LIMITS
UNIT NO. 2 STACK
SEPTEMBER AND OCTOBER 1996
il iRep A o P Lierrrr:;tn

'NATURAL GAS', © ;2 . " . el
Concentration, ppmvd @ 15% O,

Nitrogen Oxides as NO., 88 83 8.8 8.6 9
Emission Rate, Ib/hr

Carbon Monoxide 14.3 14.3 15.1 14.6 59.00

Nitrogen QOxides as NO» 32.2 30.1 32.6 31.6 35.0

Particutate 2.67 3.99 1.33 2.66 7.0

Sulfur Dioxide (EPA 5/8) 16.5 23.2 21.0 20.2 28.0

Sulfur Dioxide {(EPA 6C) 0.0 0.0 1.1 0.37 29.0

Sulturic Acid Mist 2.38 1.91 3.72 2.67 3.0

Total Hydrocarbons as C 0.22 1.07 0.66 0.65 2.0

‘NO. 2 FUEL OIL

Concentration, ppmvd @ 15% O,

Nitrogen Oxides as NO,, 46.3 46.6 45.0 45.0 54
Emisslon Rate, Ib/hr

Carbon Monoxide 0.7 0.0 0.0 0.2 71.0
Nitrogen Oxides as NO., 182.2 192.0 192.5 188.9 239.0
Particuiate 0.932 6.88 5.42 4.41 15.0
Sulfur Dioxide (EPA 5/8) 3z2.0 33.4 346 33.3 54.0
Sulfur Dioxide (EPA 6C) 8.6 12.7 . 16.3 12.5 54.0
Sulfuric Acid Mist 3.n 3.61 3.30 3.34 6.0
Total Hydrocarbons as C 1.08 1.27 117 1.17 5.00




Panda-Brandywine Cogeneration Facility

Brandywine, Maryland EI1-15533
TABLE 2-3
COMPLIANCE TEST RESULTS
UNIT NO. 1 STACK - NATURAL GAS
SEPTEMBER 1996
‘Natural Gas " 'Rept i} " 'Reg Average .| Permit
wnalads : ; : .Limit
100% LOAD'(9/26/96) . . - o i PR ' :
Sample Time 1815 - 1831 1848 - 1904 1912 - 1928 - -
Load, MW 77.28 77.28 77.27 77.28 --
ppmvd NO, 6.7 6.9 7.0 6.9 --
ppmvd NG, @ 15% O; 6.8 7.0 7.1 7.0 9
Fiow Rate, dscth 2.89E+07 289 E+07 2.89E+07 289E+07 --
Ib NQy /hr 23.04 23.62 2412 23.59 35.0
75% LOAD:(9/26/96) i
Sample Time 1943 - 1959 2007 - 2023 ! 2031 - 2047 - -
Load, MW 69.95 70.09 70.20 70.08 --
ppmvd NO, 7.5 7.4 7.4 7.4 --
ppmvd NO, @ 15% O 7.4 7.3 7.3 7.3 g
Flow Rate, dscfh 259 E+07 2.60 E+07 259 E+07 259 E+07 - -
b NG, /hr 23.06 22.92 22.78 2292 35.0
:50% LOAD (9/27/96).- " ivi it - . o e wf]
Sampie Time 0730 - 0746 0754 - 0B10 0818 - 0834 .-
Load, MW 65.57 65.45 64.96 65.33 --
ppmvd NO, 7.7 7.5 7.4 7.5 --
ppmvd NQ, & 15% O 7.8 7.6 7.5 7.6 9
Flow Rate, dscfh 256 E+07 2.52E+07 2.50 E+07 253 E+07 --
Ib NO, /hr 23.39 22.49 22.09 22.66 35.0
-30% LOAD:{9/27/96) - S mmime e - ey E
Sample Time 0850 - 0906 0914 - 0930 0938 - 0954 --
Load, MW 60.29 59.96 60.21 60.15 --
ppmvd NO, 7.7 7.9 7.7 7.8 --
ppmvd NG, @ 15% O 7.7 7.8 7.7 7.7 9
Flow Rate, dscfh 2.34 E+07 2.34 E+0Q7 2.34E+07 234 E+07 --
Ib NQ, /hr 21.62 21.94 21.46 21.67 35.0

24




Panda-Brandywine Cogeneration Facility

Brandywine, Maryland

El-15533

TABLE 2-4

COMPLIANCE TEST RESULTS
UNIT NO. 1 STACK - NO. 2 FUEL OIL

OCTOBER 1996

'75% :OAD.(10/09/96!

'?fbef'éz.iﬁ!l%!':Qi! S 0 Flep1 Average
100% LOAD (10/09/86) 5 = o0 . i BRI S
Sample Time 0830 - 0846 1120 -1136 1400 - 1416 --
Load, MW 79.35 77.87 76.56 77.93 - -
ppmvd NO, 50.5 43.3 41.2 45.0 --
ppmvd NO, @ 15% O 48.5 40.6 38.1 42.4 54
Flow Rate, dscfh 297 E+07 295 E+07 2.84E+07 2.92 E+07 --
Ib NQ, /hr 179.12 152.45 139.37 156.98 238.0

1611 - 1627

Sample Time 1633 - 1€49 1655 - 1711 --
Load, MW 70.01 70.06 70.18 70.08 - -
ppmvd NO, 436 44.5 44.3 44 1 --
pprmvd NO, @ 15% O; 40.8 41.4 41.0 41.1 54
Flow Rate, dscfh 2.61 E+07 2.61E+07 261E+07 2.61 E+07 --
Ib NO, /hr 136.18 138.72 137.71 137.54 239.0
°50% LOAD (10709/96) = .77 iy
Sample Time 1726 - 1742 1750 - 1812 1818 - 1834 - -
Load, MW 64.94 65.25 £65.23 65.14 --
pprmvd NQ, 44.9 44.5 43.4 443 --
ppmvd NO, @ 15% O; 41.9 41.7 40.6 41.4 b4
Flow Rate, dscth 246 E+07 244 E+07 247 E+07 246 E+07 --
Ib NG, /br 132.04 129.80 127.70 129.85 239.0
30%L0AD (10/09,96) e I
Sample Time 1844-1900 | 1906-1922 | 1928- 1944 -
Load, MW 60.37 60.22 60.27 60.29 --
ppmvd NQ, 43.9 43.3 427 43.3 --
ppmvd NO, @ 15% O 419 41.4 409 41.4 54
Flow Rate, dscfh 234 E+07 235E+07 235E+07 2.35E+07 --
b NG, /hr 122.70 121.21 119.84 121,25 239.0
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Panda-Brandywine Cogeneration Facility

Brandywine, Maryland E1-15533
TABLE 2-5
COMPLIANCE TEST RESULTS
UNIT NO. 2 STACK - NATURAL GAS
SEPTEMBER 1996
“Natural Gas . ~-Average -] - PLie::tn
"100% LOAD(9/27/96) ... .. - ol
Sampile Time 1057 - 1113 1121 - 1137 1145 - 1201 - -
Load, MW 75.91 75.80 75.41 75.71 --
pprmvd NO, 8.9 8.8 8.9 8.9 - -
ppmvd NQ, @ 15% O 8.7 8.6 87 8.7 g
Flow Rate, dscth 2.66 E+07 2.66 E+07 2.65 E+07 266 E+07 --
Ib NQ, /hr 28.10 27.98 27.96 28.01 35.0
.75% LOAD'(9/27/98)
Sample Time 1215-1231 | 1239-1255 | 1303 - 1319 .-
Load, MW 70.25 70.07 70.19 7017 --
ppmvd NQ, 59 8.7 59 5.8 --
ppmvd NO, @ 15% O, 5.9 58 6.1 59 g
Flow Rate, dscth 256 E+07 2.56 E+07 255 E+07 256 E+07 --
ib NQ, /hr 17.89 17.52 17.93 17.78 35.0
50% LOAD(9/27/98) TR
Sample Time 1335 - 1351 1359 - 1415 1423 - 1439 --
Load, MW 65.45 65.54 65.13 65.38 -~
pprvd NO, 6.6 6.9 7.0 6.8 -~
ppmvd NQ, @ 15% O 6.7 7.0 7.1 6.9 S
Flow Rate, dscth 242 E+07 2.42E+07 241 E+07 242E+07 -~
Ib NQy /hr 1912 19.80 2017 19.70 35.0
30% LOAD:9/27/96) .. . . .l L :
Sample Time 1454 - 1510 1518 - 1534 1542 - 1558 - -
Load, MW 60.47 58.87 60.30 60.21 --
ppmvd NQ, 6.6 6.8 6.9 6.8 --
ppmvd NQ, @ 15% O, 6.6 6.8 6.9 6.8 9
Flow Rate, dscfh 225 E+07 224 E+07 224 E+07 2.24 E+07 --
Ib NC, /hr 17.78 18.30 18.47 18.18 35.0

26




Panda-Brandywine Cogeneration Facility

Brandywine, Maryland

El- 15533

TABLE 2-6

COMPLIANCE TEST RESULTS
UNIT NO. 2 STACK - NO. 2 FUEL OIL

OCTOBER 1996

No..2 Fuel Ol

-100% LOADI(10/10/96) _ SR

Sample Time 1200 - 1216 1445 - 1501 1730 - 1746 - -
Load, MW 78.78 78.71 79.14 78.88 --
ppmvd NQ, 471 47.0 46.0 46.7 --
ppmvd NO, @ 15% O, 448 454 43.9 44.7 54
Flow Rate, dscfh 283 E+07 2.83E+07 290 E+07 285E+07 --
Ib NO, /hr 159.23 158.86 159.15 159.08 239.0
5% LOAD (10/14/98)

Sample Time 1128 - 1144 1148 - 1205 1210 - 1226 - -
Load, MW 70.09 70.24 70.14 70.16 --
ppmvd NO, 48.4 49.9 49.1 49.1 --
ppmvd NO, & 15% O 45.5 47.3 46.6 46.5 54
Flow Rate, dscfh 2.53 E+07 254 E+07 255 E+07 254 E+07 --
b NQ /hr 146.14 151.04 149.40 148.86

-50% LOAD:(10/14/98) L ’

Sample Time 1013 - 1029 1034 - 1050 1056 - 1112 --
Load, MW 65.03 64.93 65.01 64.99 --
ppmvd NO, 498 51.7 52.2 51.2 --
ppmvd NO, @ 15% Oy 46.5 48.0 48.5 47.7 54
Flow Rate, dscth 235E+07 2.36 E+07 235E+07 235E+07 --
b NG, /hr 140.09 145.49 146.32 143.97 239.0
30% LOAD (10/14798) 7 .- 7 LI e et o
Sample Time 0852 - 0908 0914 - 0830 0945 - 1001 --
Load, MW 60.16 60.47 60.24 60.29 --
ppmvd NO, 50.0 48.8 52.3 50.4 -~
ppmvd NO, @ 15% O 48.9 47.2 49.8 48.7 54
Flow Rate, dscth 231 E+Q7 2.32E+07 2.29E+07 2.31 E+07 --
b NQ, /hr 137.60 135.41 143.32 138.78 239.0




ATTACHMENT V

REVISED TABLE 7-13



Table 7-13. 1SCST3 Model Results—Maximum Criteria Pollutant Impacts

Averaging Maximum Impact Significant Impact
Pollutant Time (ng/m?) (ng/m)

NO, Annual 0.011 1.0
CcO 8-hour 0.7 500
1-hour 5.2 2,000

PM Annual 0.002 1.0

24-hour 0.07 5.0

SO, Annual 0.003 1.0

24-hour 0.23 5.0

3-hour 1.74 25.0

Source: ECT, 1999,

7-15
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INTEROFFICE MEMORANDUM

Date: 21-Jul-199% 09:45am
From: Tom Davis
tdavisfectinc.com

Dept:

Tel No:
To: Jeff Koerner ( Koerner J@dep.state.fl.us )
CC: Chris Carlson ( Carlson_ C@dep.state.fl.us )

Subject: - no subject (01JDTLIQNZ609BVDS6E) -

Jeff,

I have reviewed summary Table 7-13. Except for NO2, it locks like I used
the unadjusted model results (based on a nominal 10.0 g/s emission rate}
rather than the correct adjusted rates shown in Tables 7-5 through 7-12.
Alsgo, the 1- and 8-hr CO results were reversed. I will send you a corrected
Table 7-13 with the response package to your 7/15/99 letter (probably going
out to you today).

Tom Davis
Environmental Consulting & Technology, Inc.

Voice: (352} 332-6230, Ext. 351
Fax: {352} 332-6722
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Department of
Environmental Protection

Twin Towers Office Building
Jeb Bush 2600 Blair Stone Road David B. Struhs
Governor Tallahassee, Florida 32399-2400 Secretary

July 15, 1999

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

Richard E. Ludwig, President
TECO Power Services

702 North Franklin Street
Tampa, FL. 33602

Re:Request for Additional Information
Permit No. PSD-FL-140(a)
TECO — Hardee Power Station (PA-89-25)
Modification to Construct Additional 75 MW Gas Turbine

Dear Mr. Ludwig:

On June 18, 1999, the Department’s Bureau of Air Regulation received your application and
complete fee for a PSD construction permit to add a 75 MW combustion turbine to the Hardee
Power Station. Our review of the application is being conducted in parallel with the other

¥ Department programs as required by the Power Plant Siting Act. We will also provide a
Sufficiency Review through the Office of Power Plant Siting.

The application is incomplete. [n order to continue processing your application, the
Department will need the additional information requested below. Should your response to any
of the below items require new calculations, please submit the new calculations, assumptions.
reference material and appropriate revised pages of the application form.

. Specify the model of dry low-NOx, dual-fuel combustors that will be installed on the General
v Electric Model 7EA combustion turbine. Also, describe the combustion process using this
. specific combustor technology from startup to base load operation.

hJ

Specify the control system that will control the combustion process. What parameters are
' input to this control system? What processes and functions are controlled by this system?

Provide letter from the manufacturer stating that the guarantees for CO / NOx emissions (25 /
9 ppmvd at 15% oxygen) are for continuous operation with dual-fuel combustors. Also,
provide manufacturer performance curves showing the CO and NOx emissions
characteristics from startup to 100% base load for the combustion turbine.

L3

4. Provide the test results summary (CO, NOx, and VOC) for a similarly designed, existing
General Electric 7TEA Model PG7121 conducted within the last two years.

“Protect, Conserve and Manage Fiorida’s Environment and Natural Resources”

Printed on recycled paper.



|

Mr. Richard E. Ludwig

Request for Additional Information
Page 2 ofiZ

July 15, 1999

5. Provide the modeling output files on computer diskette.

The Department will resume processing your application after receipt of the requested
mformatlion Rule 62-4.050(3), F.A.C. requires that all applications for a Department permit
must be certlﬁed by a professional engineer registered in the Statc of Florida. This requirement
also apphes to responses to Department requests for additional information of an engineering
nature, TA new certification statement by the authorized representative or responsible official
must accompany material changes to the application. Rule 62-4.055(1), F.A.C. now requires
applicants to respond to requests for information within 90 days. If there are any questions,
please chll me at 850/414-7268. Matters regarding modeling issues should be direct=d to Chris

Carlson‘(meteorologist) at 850/921-9537.

mwé-M

| Jeffery F. Koerner, P.E.
| New Scurce Review Section

ce: Mr. Thomas W. Davis, ECT

Mr. Paul L. Carpinone, TECO

EMr. Buck Oven, Siting Office

Mr. Gregg Worley, EPA

Mr. John Bunyak, NPS

er. Phil Barbaccia, SW District - DEP



INTEROFFICE MEMORANDUM

Date: 08-Jul-1999 06:19pm
From: Ellen Porter

Ellen Porter@nps.gov
Dept:
Tel No:

To: linero a ( linero_aldep.state.fl.us )
To: keerner j ( kocerner jl@dep.state.fl.us )
To: holladay c { holladay c@dep.state.fl.us )
ccC: Don_ Shepherd { Don_Shepherd@nps.gov )

Subject: Hardee Power Station

We are pleased to see that Hardee's new simple-cycle turbine will meet a NOx
emission limit of 9 ppm when burning gas.

We agree that because of the distance of the project from Chassahowitzka (130
km} and the types and amounts of emissions (NOx=199 tpy; PM=24 tpy; S02=44 tpy),
there is low potential for impacts to the Class I area. We have no further
comments. :



Department of
Environmental Protection

Twin Towers Office Building
Jeb Bush 2600 Blair Stone Road David B. Struhs
Governor Tallahassee, Florida 32399-2400 Secretary

June 24, 1999

Mr. Gregg Worley, Chief

Air, Radiation Technology Branch
Preconstruction/HAP Section
U.S. EPA — Region IV

61 Forsyth Street

Atlanta, Georgia 30303

Re: Hardee Power Station PA 89-25
Modification of Certification

Dear Mr. Worley:

Enclosed for your review and comment is an application for the above-mentioned project.
The applicant proposes to install a General Electric Model PG7121 combustion gas
turbine with electrical generator rated at 75 MW. The unit will operate in simple cycle
mode and be fired primarily with natural gas and have low sulfur distillate oil as a
backup. The proposed BACT emissions were 25/20 ppmvd of CO and 9/42 ppmvd of
NOx for gas and oil firing.

Your comments can be forwarded to my attention at the letterhead address or faxed to the
Bureau at 850/922-6979. If you have any questions, please contact Jeff Koerner at
850/414-7268. '

Sincerely,

5;;4@5' e/

A. A Linero, PE. ﬁ,t/

Administrator
New Source Review Section

AAL/kt
Enclosures

cc. Jeff Koerner, BAR

“Protect, Conserve and Manage Florida’s Environment and Natural Resources”

Printed on recycled paper.



: Department of
12, Environmental Protection

Twin Towers Office Building

Jeb Bush 2600 Blair Stone Road David B. Struhs
Governor Tallahassee, Florida 32399-2400 Secretary

June 24, 1999

Mr. John Bunyak, Chief

Policy, Planning & Permit Review Branch
NPS-Air Quality Division

Post Office Box 25287

Denver, CO 80225

Re: Hardee Power Station PA 89-25
Modification of Certification

Dear Mr. Bunyak:

Enclosed for your review and comment is an application for the above-mentioned project.
The applicant proposes to install a General Electric Model PG7121 combustion gas
turbine with electrical generator rated at 75 MW. The unit will operate in simple cycle
mode and be fired primarily with natural gas and have low sulfur distillate oil as a
backup. The proposed BACT emissions were 25/20 ppmvd of CO and 9/42 ppmvd of
NOx for gas and oil firing.

Your comments can be forwarded to my attention at the letterhead address or faxed to the
Bureau at 850/922-6979. If you have any questions, please contact Jeff Koerner at

850/414-7268.
Sincerely,
A. A Linero, PE. 7D/L/

Administrator
New Source Review Section

AAL/kt
Enclosures

cc: Jeff Koerner, BAR

“Protect, Conserve and Manage Florida's Environment and Natural Resources”

Printed on recycled paper.
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