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November 1 1, 2009

South Coast Air Quality Management District
Attention: Rafik Beshai
Refinery and Waste Management Permitting
21865 Copley Drive
Diamond Bar, CA 91765-4182

Subiect: Additional Information Request for Watson Cogeneration Steam and
Electric Reliability Project, A/Ns 496922,496924, and 496925.

Dear Mr. Beshai,

This letter is the response to the additional information requests, made via our
Septemb er 23'o meeting with follow up emails on September 25th and October 23'd,
2009 for the above stated permit applications. The information requested is as follows:

Question l: Control Equipment Design Specifications - BP witl re-submit District forms (e.g.
Form 400'E-5 and Form 400-E-12) and any additional descriptive write-up with latest design
specifications. As we drbcussed, normally the District requires that the equipment vendor be
selected prior to submittal of an application for a Permit to Construct (PC). The specifications for
equipment planned to be installed would then be described in the apptication. We understand
that at this point the vendor for control equipment for the Watson fifth train has not yet been
selected. At this point, we would like to see the design specifications (with expected pertormance
specifications) for equipment BP will most likely select. Then BP woutd choose equipment with
pertormance specifications at least as stringent as the unit for which information was submitted.

Answer: The detailed design specifications are currently being prepared by the projects design
engineer. Once this data is finalized, updated SCAQMD forms 400-E-5 and 400-E-12 will be
submitted. Additional design data, including the vendor guarantees wilt also be provided to the
SCAQMD.

Question 2: lnformation in your application (Form 400-E-12) indicates that the rating of the gas
turbine is 94,000 kW, even though in the remainder of the apptication and in CEC literature the
gas turbine is described as an 85 MW unit. Should the permit equipment description for the gas
turbine reflect a rating of 94 MWe (net)?? Further in Table 3-2 of the application, the tisted net
output varies from 78,382 kW to 90,537 kW, indicating that under certain futt toad conditions net
electric output will exceed 85 MWe.

Answer: A revised form 400-E-12 has been included which correctly lists the net project
generation at 85 MW.



Question 3: The District has considered BACT for natural gas/refinery gas fired cogeneration
units. BACT standards, to which the new BP Watson cogeneration unit must comply, are stated
below:

The District agrees with BP's proposed standard for NOx of 2ppm @ 15% 02, |-hour
average.

BP originally proposed a limitation of CO of 4 ppm, 3-hour average. ln your repty of Juty
17, 2009, BP agrees to comply with a limitation of 3 ppm CO. The District proposes the
following BACT limitations for CO (note: both limits will be inctuded in the permit): 3 ppm
CO at 15o/" 02, 1-hour average; and 2 ppm CO @ 15o/o 02,S-hour average.

BP has proposed a limitation of total reduced sulfur content in the refinery fuel gas of 40
ppm, calculated as H2S (note: no averaging time is stated in the application). The
District now proposes the following BACT limitations for total sulfur content in the refinery
fuel gas (note: both limits will be included in the permit): 30 ppm Total Reduced Sulfur
calculated as H2S, 24-hour average; and 40 ppm Total Reduced Sutfur calculated as
H2S, 3-hour average. lt should be noted that blending of the refinery gas with natural
gas is permissible. Of course blending of refinery gas with natural gas would result in
reduced usage of refinery gas.

BP has proposed a limitation for VOC of 2 ppm. The District agrees with this and wilt
include the following limitation in the permit: 2 ppm VOC @ 1 5% 02, |-hour average.

BP has proposed a limitation for ammonia slip of 5 ppm. The District agrees with this and
will include the following limitation in the permit: 5 ppm NHg @ 15% 02, 1-hour average.

Answer: The project emissions for CO have been revised to reflect CO of 3.0 ppm 1-hour
average and CO oI 2.0 ppm on a 3-hour average. The attached project emissions tables reftect a
CO limit of 3.0 ppm.

The refinery is currently analyzing the ability to meet the 40 ppm (3-hour average) and the 30
ppm (24-hour average) sulfur limit.

Question 4: As you are aware, the District is under a permit moratorium from issuing permits
which involve an offset exemption under Rule 1304. Based on recent tegistative action in
Sacramento, the District expects that this moratorium witt remain in effect under January 1, 2OlO.
After January 1, 2010, the District will be able to issue permits which involve offset exemption,
such as Concurrent Facility Modification (as required by the Watson fifth train project). Therefore,
at the time that the Preliminary Determination of Compliance (PDOC) is required by the CEC
(November 25, 2009), this issue may not be resolved.

Answer: BP understands the current permit moratorium.

Question 5: Based on the component count in Table t-A-|3 (for existing Cogeneration tJnit No.
1), VOC emissions from fugitive components of 185 lbs/day - 30-day average - are expected.
ERCs for this increase, in addition to the emissions from the gas turbine/duct burner must be
provided (note: this rate must further be multiplied by an offset factor of 1.2). Therefore, it is
again requested that BP finalize the design and provide an accurate fugitive component count (for
equipment in gas/vapor, light liquid, and heauy liquid seruice), so that required ERCs for the VOC
emissions increase can be accurately determined. Of course, the fugitive components used in
the fifth train must meet current BACT standards.

Answer: An updated component count has been prepared for the new cogeneration unit and is
attached. lt is estimated that up to 90 percent of the valve components on the fifth train wilt



employ the use of bellow seals which meet current BACT standards. Based on the revised
component count, the emissions of fugitive VOCs from the fifth train will be 51.17lbs/day. After
appfying the offset ratio ol 1.2:1, the additional ERCs needed will be 61.4 lb/day. The calculation
methodology has been included with this response.

Question 6: The District understands that BP is willing to accept an annual NOx emissions limit
of 39.9 fons. This limit is below the "significant Emissions lncrease" level stated in District
Regulation XVll - PSD. Please provide details regarding how the annual emissions rafes stated
in the AFC are calculated (e.9. please write out the calculation to show the values of each
parameter). Further, emissions offsefs (i.e. ERCs) are based on monthly emissions divided by
30. Therefore, it is important to see details of the monthly emissions calculations (for
determination of required ERCs).

Answer: The annual NO* emissions will be limited to less than 40 tons per year. This emission
limit was calculated using the following formula and assumptions.

Annuaf NO' - (8720hrlyr.9.0 lb/hr) + (4cold starts * 211.24lblevent) + (12 hotstarts.21.324
fb/event) + (16 shutdowns. 12.848 lb/event) = 79,786.42lblyear = 39.8g tpy.

Assumptions:
r Annual NOx based on annual average temperature and average duct firing rate of 9 lb/hr.
r Each cold start is 3 hours with 4 events per year
. Each hot staft is t hour with 12 events per year
o Each shutdown is t hour with 16 events per year

This calculation methodology along with the calculation of the ERCs for each applicable pollutant
is included as an attachment.

Question 7: Please submit revised emissions tabtes for your application, based on the new
BACT standards which were communicated to BP in an e-mail message on September 18, 20Og
and with which BP has agreed to comply in wednesday's meeting.

Answer: The revised emissions tables for CO are included as an attachment.

Question 8: Tran Vo made a request of BP, at the CEC public meeting, to pertorm a BACT
analysis of SCONOX technology. Please submit either an amended BACT determination
addressing this technology, or a write-up which would be an addendum to the BACT
determination in the AFC. Typically, facilities have performed what is called top-down BACT
analysis, which includes the following elements: ldentify Available Control Technologies,
Eliminate Technically lnfeasible Options, Rank and Evaluate Remaining Technologies, and
Select BACT.

Answer: Please see the attached BACT analysis for SCONOx.

Question 9: Would BP be willing to instatt a SOx CEMS to monitor and record SOx concentration
at the exhaust stack of the cogen unit?? The application states that this is currentty not planned.
Since the cogen unit will be a major SOx source under RECLA\M, t do not think that not having a
SOx CEMS is in compliance with Rule 2011. I understand that the four existing cogen units are
all equipped with SOx CEMS. The reason that a SOx CEMS is requested is that this would be
used to measure totalSOx emissions from all fuels fired. The current plan is to measure fuel
sulfur in the refinery gas to show compliance with the BACT refinery fuet sulfur limit and to report
SOx emissions under RECLAIM. However, sulfur in the natural gas would not be accounted for.
Rule 2011, Chapter 2 requires a CEMS for each type of fuel fired on by a major SOx source.



Answer: BP will install a SOx CEMS to monitor and record SOx concentration data for the
proposed fifth train.

Question l0: BP sfates in the submittal that a CAM ptan is not required. The reason cited is that
CEMS will be used to monitor pollutant emissions. However, the permit wilt state a BACT timit for
VOC concentration, but there will be no CEMS to monitor VOC emissions. The permit witt include
a requirement to monitor and record the gas temperature at the intet of the SCR/Oxidation
Catalyst and to maintain the temperature above 500'F. The Oxidation Catatyst and temperature
monitoring and recording are subject to CAM.

Answer: A CAM plan will be submitted for VOC which will be controlled by the use of an
oxidation catalyst. As the District has proposed for a permit condition, the CAM plan will propose
that the monitoring of the oxidation catalyst as well as the use of a CO CEMs will be used as
indicators of proper operation of the oxidizer.

Please review the responses and attached additional data that was used to support our answers
to your questions. lf you have any additional questions or comments, please call me at (805) 56g
6555.

Cc:
Ross Metersky (BP)
John Shao (BP)
Miles Heller (BP)
Alan Seese (BP)
Scott Hawley (BP)
Eric Daley (BP)
Cindy Kyle-Fischer (URS)

Regards.
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South CoastAir Qualig lrtaragement Distric{
FORrf, 400-E-12
GAS TURBINE

MrilApplicatlon To:
SCAOMD

P.0. Box 49t14
Dianond Bar, CA 91765

Tel: (909)39$3385

wwwrqmd4ovThls form must a for a Permit h Consfudiooerate #orm 400A Form CEOA Plot Plan and .Stnel Fnrm
Pennlt to be bsued to (Brsiress name d oper*u t0 appear 0n penniil

BP West Coast Products LLC-BP Carson Refinery
Addrese where lhe equlpmentwt

2350 E. 23rd Stre-et ra Fhed Location , Varioug Locations

Manufacturer:

GE
ilodelib,:

7EA
Sodal No.:

Slze (based on Hlgher Fbatlng Value. HHV):

llanufecturer Maxtmum Input Rrting: 106-9.900 MMBTU/hr

Manufacturer Maxlmum Ouput Ratlng:. . MMBTU/trr 8500,0:00

kvlh

kwh

Function
{Cfie* a[ hdapply]

[l encncl Ceneration D Odving pumplGompressor

E Steam0eneration I ExhaustGaeRecovery

fl Emergenry Peaking Unlt

fl Other (specify):

Cycle Type
,l' Slmple Cycle

,d Combined Cych

Regenerative Cycle

Other (specify);

Combustion Type t Tubular Can.Annular Annular

Fuel
(Turbhe)

r NatunlGas i-' LPG t-" Dlgrsstel Gas.
r- Lrndllll Gas' i Propane .l Refinery Gas* Othef :
'(lf Digestu Gas, Landfill Gas, Rdn*y Gas, and/or O8rer ae drecked, attach fuel andysis indicating higha tnating value and sutfur
cmten0,

Heat Recovery Slsam
Qeoerator,(HRSG),

$eam TurHne Capaclg

Low Pr€ssur€ stoam output capaclty: tbrhr @

High Preseure $eam Output Capaclty:. tb/hr @

Superherted Steam Output Capaclty: 624000.0 g6a1y g

_ 0 F

0F

Duct Furner

MtnutSciurcr

JohnZink or equivalent

Model:

l{umbEr of burnen: 
I Ratlng of each burner (HHV}:

z I sro [fagsar{1;R" 'tsTAr-

a Low NOx (please attach manufacturer,r rpeciflcatlons)

Other:

Show all heat transfer surfaqe locatitns wih tre HRSG and temperatr:re grolile

Type:

Fuel
(D.rctBumsr)

i:' NaturalGas f' t-pC i DigesterGar.
i) Refinery Gas* {" LendfillGas' f propane ,- 00ref :
'(lf Digester Gas, Lardfill Gas, Refnery Gas, aodftr Otfer are chscked, dtach tuel aralysls indicaling higher hsating vahn and sulfur conbnt).

O South Coa$ A& Qualty MalagerEnr Dtstu, Form 400-E.12 i2006 0Z) Page I of 3



Air Pollutlon Control
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South Coast Air Quality Management Distict

GAS TURBINE

Startup Data
lfo' of Startupg per day: Ho. of Startups per yea n Dunllon of each startupl , * 'hours

Shutdo*n Data No' of Shutdowns per day: No. d Shutdowns p€r year Duntion of each shutdown: hourc

.Qtedrrn lnrl  Qhr r ldn*n

Polluhnts
Slerlup Emiosione Shutdown Emlssions

Pnr@l9/,%*y h/Hour Pmr@1f4%dy lblHour

Emlsslons Oata co

Pil10

SOx

NH3

Monitoring ard Reporti ng

Contin uous Emiss ion l{on itorln g Syctem (CEM S)
CEMS Make:

CEMS Modell

wlll the cEts be usod to meaoure both on'llne and startuplchutdown emisslons? I Yeg No
The Iollouing panmeten will be conlinuourty monitored:

E Hox El co EI oz

El Fuel Flow Rate fil Ammonia InJection Rate E Ottrer (specify)

El Ammonia Stck Concontration: Amrnonia CEMS Modsl

Ammonla CEIilS ffake

PERSON'S

TELEpHONENU1TBER: (310) 847-5652
FAxNul'lBERr (310) 847-5780

y1**lHHTbllj:TS T!'-{i!f.{tt-tiry.ln yq.ur qermll ap0licdion will le,consloerei i matter of prstic record and may be dMoeed to a,urra party. r you wisrr

Label his page "public copy." :

a uritterl iusdficalhn b{ fie confden[al{ty s{ eadl ctrrtidgluaf igm. fppenO hls b $e oonfidentid cooy. r ,'

to keep certain itsns as confldental, please corrplde ilre bllorrdnq steob:
(e) lrlalre a copy of any page conatnng oonnoentiar informjgon bianked out.. lao
!91 !*ettn ofuilalpag_e "conlidential.' circb dlcorfioaru mms on tle page.
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5.2.1.7 Criteria PollutanfEmissions

Tables 5.2-4, 5.2-5, 5.2-6, and 5.2-7 present data on the criteria pollutant emissions
expected from the facility equipment and systems under normal operating scenarios. The
manimum hourly emissions are based on either Case E-3 (36 degree F day with
maximum duct firing) or are based on cold start maximum hourly emission rate. A cold
start is defined as a three hour event with the turbine in BACT compliance during hour
three. The worst case day is defined at two cold starts (initial cold start failure then a
restart for a total of six hours) plus 18 hours of full load operation (Case E-3). The worst-
case day for VOC, SOz, and PMrorz.s is based on 24-hours of full load operation (Case E-
3).

Table 5.2-4
Combustion Turbine/[IRSG Emissions for the Project

(Steady State Operation-Controlled)

Pollutant

Max Hour
Emission Factor and Emissions

Units (lbs)

Max Daily
Emissions

(lbs)

Max Annual
Emissions

(tons)
NO* 2.0 ppmvd tt.94 286.6 39.9

3.0 ppmvd 10.91 26r.8 48.96

SOx <=0.00285 lbs/mmBtu 6.84
PMrorz.s <=0.00661 lbs/mmBtu 10.0t 240.0 43.8

NHr
NO*
PMz.s
PMro
ppmvd

NH3 5.0 pomvd 265.2 48.4
Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2CfJig.
Notes:
CO = carbon monoxide (proposed 3.0 ppm l-hour and 2.0 ppm 3-hour)
CTG = combustion turbine generator
lbs/hr = pounds perhour
lbs/mmBtu = pounds per million British thermal units

= ammonla
= nitrogen oxide
= sub 2.5-micron particulate matter
= sub lO-micron particulate matter
= parts per million, volumetric dry (each of the values in this table has been corrected to l57o C,2)

SO* = sulfur oxide
VOC = volatile organic compound
Case E-3, 36 Deg Fl36Vo RH, maximum firing CTG and DB.
Non-startup or shutdown emissions for hourly and daily emissions. Annual emissions include startup/shutdown.
Cooling Tower PMro equals 0.33 lb/hr, 7.92lbslday, and 1.45 tons per
Annual NH3 emissions based on 11.05 lbs/hr.
I Net project increase of particulate matter (TSP, PMrcvz.s) is zero and will be capped under existing limit of l,z4
lbs/dav

Table 5.2-s
Combustion Turbine Startup and Shutdown Emissions

Parameter/lVIode

NO*, lbs/event

Cold Startu
211.24

Warm Startup
21.32

Shutdown

12.85
CO, lbs/event 300.6s 58.72 57.60



Table 5.2-s
combustion Turbine startup and shutdown Emissions

Parameter/lVIode

VOC, lbs/event

Cold Sta

9.95
Warm Shutdown

2.6r 4 . t l
PMto, lbs/event 30.0 7 . 1 6 9.34
SO*, lbs/event 20.52 3. r8 5.95
Event Time, minutes
(hours)

180 minutes (3
hours)

60 minutes (l hour) 60 minutes (1 hour)

Number of Events/Year t2 t6
Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2009.
Notes:
CO
lbs

= carbon monoxide
= pounds

NO* =
PMro =
SO" =

nitrogen oxide
sub lO-micron particulate matter
sulfur dioxide

VOC = volatile organic compound
Turbine startups on natural gas only. During the 3-hour cold start, BACT level emissions are expected during the
transition from hour two to hour three. DLN combustors operational at 50Vo turbine load. Warm start event assumes
26 minutes at full load with maximum duct burner operation. Shutdown event assumes that turbine is operating at full
load with maximum duct burner for 52 minutes prior to shutdown.

Table 5.2-6
Combustion Turbine/tIRSG Emissions for the Project (Including Base Load,

Cold and Warm Startup and Shutdown, Whichever is Greater)

Pollutant Emission Factor

Max Hour
Emissions

(lbs)

Max Daily
Emissions

(lbs)

Max Annual
Emissions

(tons)
NO* N/A 175.0 637.40 39.9
co N/A 210.0 797.59 48.96

VOCs N/A 4.20 99.84 t8.2
SOx N/A 6.84

Source:
Notes:

NO*
co
VOCs

watson cogeneration Steam and Electric Reliability project Team, 2009.

SO* =
PMro =

nitrogen oxide
carbon monoxide
volatile organic compounds
sulfur oxide
sub l0-micron particulate matter

PMz.s = sub 2.5-micron particulate matter
See Appendix I, Air Quality Data, for detailed emissions and operational data.
Annual emissions assume 8,720 hours with duct firing plus four cold starts (12 hours), 12 warm starts (12 hour), and 16
shutdowns (16 hours) per year.
tNet project increase of particulate matter (TSP, PMrryz.s) is zero and will be capped under existing limit of l,ZM
lbs/day



Table 5.2-7
Cooling Tower Emissions for the Project (Two Cells)

Max Hour
Emissions

(lbs)

Max Daily
Emissions

(lbs)

Max Annual
Emissions

(tons)Pollutant

PMrorz.s
TDS,

3575* 0.33 7.92 1.45
Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2008.
Notes:
*The TDS presented in the Air Section is greater than the TDS presented in the Water Section in order to be
conservative
PMro = sub lO-micron particulate matter
PMz.s = sub 2.5-micron particulate matter
Drift fraction - 0.001 percent
The existing cooling tower emissions (seven cells) will be reduced from 1.745 lb/hr down to 1.163 lb/hr through the
introduction of 0.001 percent drift eliminators.
Emissions are from the new cooling tower cells only, assuming operational time of 24hrlday and 8760tulyeu.

Table 5.2-8, Summary of Facility Emissions for the Project, presents a summary of the
total proposed facility operational emissions.

Table 5.2-8
Summary of Facility Emissions for the Project

637.40 39.9
CO r0.91 797.59 48.96

VOCs 4.16 99.84 r8.2
SO* 6.84 164.16 29.95
TSP 5.0 t20.0 2 l . g l

PMr/z.s 10.01 240.01 43.9 t
NH3 11 .05 265.2 48.4

Source:
Notes:
CO
NHr
NO*

watson cogeneration steam and Electric Reliability Project Team, z0flg.

= carbon monoxide
= ammonia
= nitrogen oxide

PMto = sub lO-micron particulate matter
PMz..t = sub 2.5-micron particulate matter
SO*
TSP

= sulfur oxide
= total suspended particulate

VOCs = volatile organic compounds
Including startup and shutdown emissions, and cooling tower pMro.
'TSP 

filterable portion as referenced in appendix s of 40 cFR part 5r.
I Net proiect increase of particulate matter (TSP, PMron.s) is zero and will be capped under existing limit of 1,244
lbs/day.

Table 5.2-9, Emissions Comparison of the Current Facility to the Project (Tons/Year)
compares the proposed potential to emit for the new Project to the inventoried actual
emissions for the current facility.



Table 5.2-9
Emissions Comparison of the Current Facility to the Project (Tons/Year)

Pollutant
Refinery Siter

Actuals
Project Increase,

PTE Total*
NO* 7r3.4 39.9 753.3
CO 432.r 48.96 481.06

VOCs 580.1 18.2 598.3.00
SO" 1221.3 29.95 1,245r.3

PMro 45.22 353.2
PMz.s 289.9 45.2 753.3

Source: watson Cogeneration Steam and Electric Reliability pdect Team, zCfJf.
Database, 8/2008, Facility Detail Risk Selection,2005 data.
Notes:
*Calculated emissions increases and decreases.
CO = carbon monoxide
NO* = nitrogen oxide
PMro = sub lO-micron particulate matter
PMz.s = sub 2.5-micron particulate matter
SO* = sulfur oxide

CARB Emissions Inventory

VOCs = volatile organic compounds
t 

Sour.., CARB Emissions Inventory Database, 8/2008, Facility Detail Risk Selection-20O5 data.
2 Actual PMron.s emissions will be capped under existing SCAQMD daily permit limit of l,2rlbyday. See Section
5.2.r . t .

A VOC service component listing for the natural gas and refinery gas fuel systems is
presented in Appendix I-A. These components are similar to those listed in the current
facility permit (#131003) as subject to Condition H23.3, which requires compliance with
Rule II73 and 40 CFR 60, subpart GGG. Fugitive VOC emissions from the refinery gas
portions of the listing are insignificant.
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Question 7 Support Data



5.2.7.1 Criteria PollutantEmissions

Tables 5.2-4,5.2-5,5.2-6, and 5.2-7 present data on the criteria pollutant emissions
expected from the facility equipment and systems under norrnal operating scenarios. The
maximum hourly emissions are based on either Case E-3 (36 degree F day with
maximum duct foing) or are based on cold start maximum hourly emission rate. A cold
start is defined as a three hour event with the turbine in BACT compliance during hour
three. The worst case day is defined at two cold starts (initial cold start failure then a
restart for a total of six hours) plus 18 hours of full load operation (Case E-3). The worst-
case day forVOC, SOz, and PMrop.s is based onZ4-hours of full load operation (Case E-
3).

Table 5.2-4
Combustion Turbine/tIRSG Emissions for the Project

(Steady State Operation-Controlled)

Pollutant

Max Hour
Emission Factor and Emissions

Units (lbs)

Max Daily
Emissions

(lbs)

Max Annual
Emissions

(tons)
NOr 2.0 ppmvd tI.94 286.6 39.9
co

VOC
3.0 ppmvd 10.91

4 .16
26r.8
99.8

48.96
2.0 ppmvd 18.2

SOx <=0.00285 lbs/mmBtu 6.84 164.2 29.9
PMrorz.s <=0.00661 lbs/mmBtu 10.0 240.0 43.8

NH3 5.0
watson cogeneration steam and Electric Reliability project Team, 2009.

= carbon monoxide (proposed 3.0 ppm 1-hour and 2.0 ppm 3-hour)

265.2
Source:
Notes:

co

NHr
NO*
PMz.s
PMro
ppmvd

CTG = combustion turbine generator
lbs/hr = pounds per hour
lbs/mmBtu = pounds per million British thermal units

= ammonra
= nitrogen oxide
= sub 2.5-micron particulate matter
= sub l0-micron particulate matter
= parts per million, volumetric dry (each of the values in this table has been corrected to l5clo C'2)

SO* = sulfur oxide
VOC = volatile organic compound
Case E-3, 36 Deg Fl36Vo RH, maximum firing CTG and DB.
Non-startup or shutdown emissions for hourly and daily emissions. Annual emissions include startup/shutdown.
Cooling Tower PMro equals 0.33 lb/hr, 7.92lbslday, and 1.45 tons per
Annual NH3 emissions based on I1.05 lbs/hr.
'Net pro.lect increase of particulate matter (TSP, PMrorz.s) is zero and will be capped under existing limit of l,2M
lbs/day

Table 5.2-s
combustion Turbine startup and shutdown Emissions

Parameter/lVIode

NO*, lbs/event

Cold Startup Warm Startu
211.24 2r .32

Shutdown

12.85
CO, lbs/event 300.65 58.72 57.60



Table 5.2-s
Combustion Turbine Startup and Shutdown Emissions

ParameterllVlode Cold Startup Warm Startup Shutdown
VOC, lbs/event 9.95 2.6r 4 . t l
PMto, lbs/event 30.0 7 . 1 6 9.34
SO*, lbs/event 20.52 3 . 1 8 5.95
Event Time, minutes 180 minutes (3 60 minutes (l hour) 60 minutes (1 hour)
(hours) hours)
Number of Events/Year t2 1 6

Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2009.
Notes:
CO = carbon monoxide
lbs = pounds
NO* = nitrogen oxide
PMro = sub l0-micron particulate matter
SO* = sulfur dioxide
VOC = volatile organic compound
Turbine startups on natural gas only. During the 3-hour cold start, BACT level emissions are expected during the
transition from hour two to hour three. DLN combustors operational at 50Vo turbine load. Warm start event assumes
26 minutes at full load with maximum duct burner operation. Shutdown event assumes that turbine is operating at full
load with maximum duct bumer for 52 minutes prior to shutdown.

Table 5.2-6
Combustion Turbine/tIRSG Emissions for the Project (Including Base Load,

Cold and Warm Startup and Shutdown, Whichever is Greater)

Max Hour Max Daily Max Annual
Emissions Emissions Emissions

Pollutant Emission Factor (lbs) (lbs) (tons)
NO* N/A t75.0 637.40 39.9
CO N/A 210.0 797.59 48.96

VOCs N/A 4.20 99.84 18.2
SOx N/A 6.84 164.16 29.95

PMrorz.s N/A 10.0 24ol 43.8
Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2009.
Notes:
NO* = nitrogen oxide
CO = carbon monoxide
VOCs = volatile organic compounds
SO* = sulfur oxide
PMro = sub lO-micron particulate matter
PMz.s = sub 2.5-micron particulate matter
See Appendix I, Air Quality Data, for detailed emissions and operational data.
Annual emissions assume 8,720 hours with duct firing plus four cold starts (12 hours), 12 warm starts (12 hour), and 16
shutdowns (16 hours) per year.
t Net project increase of particulate matter (TSP, PMroa.s) is zero and will be capped under existing limit of 1,244
lbs/day



Table 5.2-7
Cooling Tower Emissions for the Project (Two Cells)

Pollutant TI)S, mg[L

Max Hour
Emissions

(lbs)

Max Daily
Emissions

(lbs)

Max Annual
Emissions

(tons)
PMrorz.s 3575* 0.33 7.92 1.45

Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2008.
Notes:
*The TDS presented in the Air Section is greater than the TDS presented in the Water Section in order to be
conservative
PMro = sub l0-micron particulate matter
PMz.s = sub 2.5'micron particulate matter
Drift fraction - 0.001 percent
The existing cooling tower emissions (seven cells) will be reduced from 1.745 lb/hr down to 1.163 lb/hr through the
introduction of 0.001 percent drift eliminators.
Emissions are from the new cooling tower cells only, assuming operational time of 24fulday and 8760 hrlyeu.

Table 5.2-8, Summary of Facility Emissions for the Project, presents a summary of the
total proposed facility operational emissions.

Table 5.2-8
Summary of Facility Emissions for the Project

NO* tl.94 637.40
CO 10.91 797.59 48.96

VOCs 4.16 99.84 18.2
SO* 6.84 164.16 29.95
TSP 5.0 120.0t 2 l . g l

PMr/z.s 10.01 240.01 43.gt
NH3 11.05 265.2 48.4

Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2M9.
Notes:

CO = carbon monoxide
NHr
NO*

= ammonla
= nitrogen oxide

PMro = sub lO-micron particulate matter
PMz.s = sub 2.5-micron particulate matter
SO* = sulfur oxide
TSP = total suspended particulate
VOCs = volatile organic compounds
Including startup and shutdown emissions, and cooling tower pMro.
. 

TSP filterable portion as referenced in appendix S of 40 CFR part 51.
t Net proiect increase of particulate matter (TSP, PMrop.s) is zero and will be capped under existing limit of 1,244
lbs/day.

Table 5.2-9, Emissions Comparison of the Current Facility to the Project (Tons/Year)
compares the proposed potential to emit for the new Project to the inventoried actual
emissions for the current facility.



Table 5.2-9
Emissions Comparison of the Current Facility to the Project (Tons/Year)

Pollutant
Refinery Siter

Actuals
Project Increase,

PTE Total*
NO* 713.4 39.9 753.3
CO 432.r 48.96 481.06

VOCs 580.1 18.2 598.3.00
SO, 1221.3 29.95 1,2451.3

PMro 308 45.22 3fi.2
PMz.s 289.9 45.22 753.3

Source: Watson Cogeneration Steam and Electric Reliability Project Team, 2M9. CARB Emissions Inventory
Database, 8/2008, Facility Detail Risk Selection,2005 dara.
Notes:
*Calculated emissions increases and decreases.
CO = carbon monoxide
NO" = nitrogen oxide
PMro = sub l0-micron particulate matter
PMz.s = sub 2.5-micron particulate matter
SO* = sulfur oxide
VOCs = volatile organic compounds
t Sou..rt CARB Emissions Inventory Database, 8/2008, Facility Detail Risk Selection-2OO5 data.
2 Actual PMron.s emissions will be capped under existing SCAQMD daily permit limit of l,244lbs/day. See Section
5.2.1 . r .

A VOC service component listing for the natural gas and refinery gas fuel systems is
presented in Appendix I-A. These components are similar to those listed in the current
facility permit (#131003) as subject to ConditionHz3.3, which requires compliance with
Rule Il73 and 40 CFR 60, subpart GGG. Fugitive VOC emissions from the refinery gas
portions of the listing are insignificant.
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Analysis of BACT/LAER Technologies for N0, for Watson Expansion Project

State and federal regulatory programs require the implementation of emissions conhols for the
proposed Watson Cogeneration Expansion Project (WEP). South Coast AQMD rules require that
BACT be applied for each individual new emissions unit and pollutant emitting activity ut *hirh
a net emissions increase would likely occur. Individual BACT analysis and determinations may
be performed for each pollutant subject to a NSR/psD review.

The project must incorporate controls that are designed to meet Best Available Control
Technology (BACT) requirements for attainment pollutants and Lowest Achievable Emission
Rate (LAER) requirements for non-attainment pollutants. This section presents the NOx
BACT/LAER analyses, with proposed emission controls and limits for the project's new emission
units. The emissions unit covered by the BACT/LAER confrol technology review is the proposed
combustion turbine and associated HRSG duct burner.

BACT is defined in the SCAQMD NSR regulations (Regulation 13, Rule 1302)as follows:

BACT means the most stringent emission limitation or control technique which:

(l) has been achieved in practice for such category or class of source; or

(2) is contained in any state implementation plan (SIP) approved by the United States
Environmental Protection Agency (EPA) for such category or class of source. A specific
limitation or control technique shall not apply if the owner or operator of the proposed source
demonstrates to the satisfaction of the Executive Officer or designee that such limitation or
control technique is not presently achievable; or

(3) is any other emission limitation or control technique, found by the Executive Officer or
designee to be technologically feasible for such class or category of sources or for a specific
source, and cost-effective as compared to measures as listed in the Air Quatity Management Plan
(AQMP) or rules adopted by the District Governing Board.

LAER is not defined in the SCAQMD NSR regulations, but it should be noted that the District's
definition and implementation of BACT is, for all intent and purpose, LAER.

EPA recommends using a "top-down" approach for determining BACT and LAER. This
approach essentially ranks potential control technologies in order of effectiveness and ensures
that the best technically and economically feasible option is chosen. As described in EPA's New
Source Review Workshop Manual,draft, October 1990, the general methodology of this approach
is as follows:

Identifu potential control technologies, including combinations of control technologies,
for each pollutant subject to NSR-PSD review.
Evaluate each control technology for technical feasibility; eliminate those determined to
be technically infeasible.
Rank the remaining technically feasible conhol technologies in order of control
effectiveness.
Assume the highest-ranking technically feasible control represents LAER/BACT, unless
it can be shown to result in adverse environmental, energy, or economic impacts. LAER



determinations do not typically include an economic impact evaluation.
. Select BACT/LAER.

EPA and State maintained RACT/BACTiLAER Clearinghouses (RBLCs) are considered as
principal references for identifoing potential control technologies and emission rates used in past
permitting of similar sources. These databases were queried for entries since January 2000
involving combustion turbines and duct burners, cooling towers, and boilers. The emission rates
proposed in this permit application apply with and without duct firing. Also, the duct burner and
combustion turbine have a common release point and the duct burner cannot operate independent
of the turbine, thus, the BACT/LAER analyses are conducted for the combined emission rates of
the combustion turbine and duct burner. The emission rates proposed are consistent with the
entries in the various State and EPA databases for past (post-2000) BACTiLAER evaluations,
especially those for sources with similar MMBtu/hr and MW ratings.

The "top-down" procedure is followed for the BACT/LAER analyses for the pollutants evaluated
in this analysis, with a focus on identifuing emission limitations or control technologies that are
achieved in practice and technically feasible.

The proposed WEP turbine/HRsc BACT as delineated in the AFC and AQMD application is as
follows:

. NOx

. c o

. VOC
' PM16/PM2.5
. SOx
' NHI

2 ppm @ 15% 02
4 ppm @ 15% 02
2 pp^ @ 15% Oz

DLN and SCR
CO Catalyst
CO Catalyst

Clean fuels (Natural gas and refinery gas)
Clean fuels (Natural gas and refinery gas)
5 ppm @ 15% 02 (ammonia slip)

The discussion which follows presents the BACT/LAER analyses and proposed NO* limits and
controls for the turbine/HRsc duct burners.

NOx BACT/LAER Analysis for the Combined Cycle Units

Analysis of Control Requirements for Nitrogen Oxides

l. Identifu Potential Conhol Technologies

The baseline NO* emission rates for this analysis use the GE 7EA guarantee of 9 ppmvd @ 15%
Oz for the combustion turbines and the HRSG duct burners, i.e., turbines with DLN combustors,
and HRSGs with low NO* burners. These emission rates provide a comparison for the evaluation
of conhol effectiveness and feasibility. The maximum degree of control, which results in the
lowest NO* emission rate, is a combination of dry low-NO* combustors (DLN) for the turbines
and low-NO* burners (LNB) for the duct burners in conjunction with either selective catalytic
reduction (SCR) or SCONOx.

The formation of NO* from the combustion of fossil fuels can be attributed to two basic
mechanisms - fuel NO* and thermal NO*. Fuel NO* results from the oxidation of organically
bound nitrogen in the fuel during the combustion process, ffid generally increases with increasing
nitrogen content of the fuel. Because natural gas contains only small amounts of nitrogen, little
fuel NO* is formed during combustion. The vast majority of the NO* produced during the
combustion of natural gas is from thermal NO*, which results from a high-temperature reaction



between nitrogen and oxygen in the combustion air. The generation of thermal NO* is a function
of combustion chamber design and the turbine operating parameters, including flame
temperature, residence time (i.e., the amount of time the hot gas mixture is exposed to a given
flame temperafure), combustion pressure, and fueUair ratios at the primary combustion zone. The
rate of thermal NO* formation is an exponential function of the flame temperature.

The reduction of NO* emissions can be achieved by combustion controls and post-combustion
flue gas treatment. Combustion modifications for turbines include both wet and dry combustion
conhols. Wet and dry combustion controls act to reduce the formation of NO* during the
combustion process, while post-combustion controls remove NO* from the exhaust stream after it
is generated. Thus, potential NO* control technologies for the combustion turbines and duct
burners include the following:

Wet combustion controls
. Water injection
. Steam injection

Dry combustion controls
' Dry low-NO* combustor design (with low-NO* burners for the duct burners)
. Other combustion modifications
. Catalytic combustors (e.g., XONON)

Post-combustion conhols
. Selective catalytic reduction (SCR)
. Selective non-catalytic reduction (SNCR)
. Non-selective catalytic reduction (NSCR)
. SCONOx

2. Evaluate control rechnologies for Technical Feasibility

The perfornance and technical feasibility of each "category" of NO* controls listed above are
discussed separately. Wet and dry combustion modifications as they are applicable to
combustion turbines are discussed first (duct burner controls are achieved with the use of low-
NO* burners). A detailed discussion of post-combustion controls, which can control emissions
from both the combustion furbines and duct burners, follows.

Wet Combustion Conhols - Water and Steam Iniection

Injecting water or steam directly into the turbine combustor are common NO* control techniques
for combustion turbines. The principle behind wet injection techniques is to lower the flame
temperafure in the combustor, which reduces the formation of thermal NO*. Specifically, water
or steam is injected into the primary combustion chamber to provide a heat sink that lowers the
peak flame temperature of combustion. Because water acts as a better heat sink than steam (due
to temperature and latent heat of vaporization), more steam is required to achieve an equivalent
level of NO* reduction. The injected water or steam exits the turbine as part of the exhaust.

The perfonnance of wet controls is primarily dependent on the water- or steam-to-fuel ratio, with
NO* emissions decreasing as the water- or steam-to-fuel ratio increases. Additional factors
affecting the level of control are the combustor geometry and the design and location of the
injection nozzle(s). In order to maximize NO* reductions, there must be a homogeneous mixture
of water droplets and fuel in the combustor. This homogeneous mixture is only achieved through



the proper atomization and injection of the water within the turbine combustor region. Typically,
for gas-fired turbines, steam injection can reduce NO* emissions to levels of 15 to 25 ppmv @
l5o Oz. Emission rates for water injection are higher due to the inability to achieve a
homogeneous mix of water and fuel in the combustor and are usually around 25 to 45 ppmv @
l5%o Oz.

Although the quenching effect of the water or steam lowers the peak flame temperature and thus
reduces NO* emissions, it can also increase CO and hydrocarbon emissions, decrease combustion
efficiency, and increase maintenance requirements. Due to incomplete combustion, CO and
hydrocarbon emissions can increase as the water- or steam-to-fuel ratio increases. The reduction
in efficiency also can increase with increasing water- or steam-to-fuel ratios and is typically
greater for water injection (due to the heat of vaporization). For some turbines, due to the
injection of water or steam into the combustor, increased wear and erosion in the hot section of
the turbine can result in increased maintenance and downtime.

Water and steam injection have been used on gas-fired turbines in all size ranges for many years.
Where both systems are available, steam availability at the site and other economic factors
usually determine which system is used. These NO* control technologies are widely available
and are technologically feasible.

Dry Combustion Confiols

Dry combustion controls reduce NO* emissions without wet injection systems. Combustion
modifications to reduce NO* formation include lean combustion, reduced combustor residence
time, lean premixed combustion, and two-stage ncVlean combustion. Lean combustion uses
additional excess air (greater than stoichiometric air-to-fuel ratio) to cool the flame and thus
reduce thermal NO* formation. Reduced combustor residence times are achieved by introducing
dilution air between the combustor and the turbine hot section. The rate of thermal NO.
formation is reduced because the combustion gases are athigher temperatures for a shorter time.
The principle behind lean premixed combustion is to premix the fuel and air prior to combustion
in order to provide a homogeneous airlfuel mixture, which acts to reduce the combustion
temperatures, and thus thermal NO*. Riclr/lean combustion uses a fuel-rich primary stage,
quenching, and then a fuel-lean secondary stage to reduce NO* formation, however, this type of
control is currently not very common.

Currently, the most widely used combustion controls are dry low-NO* (DLN) combustors, which
use lean premixed combustion to reduce the formation of thermal NO*. Prior to the development
of premix based dry-low NO* combustors, fuel and air were injected separately into the turbine's
combustor section where oxygen in the combustion air needed to support the combustion process
diffused to the flame front located at the combustor's fuel burner. Simply put, the combustion
occurred in a diffusion flame similar to that of a Bunsen burner, The result of this approach was a
range of fuel-to-air ratios over which combustion occurred and a corresponding range of flame
temperatures. The dry-low NOx combustion process works to reduce the amount of thermal NOx
that is formed by lowering the overall flame temperature within the turbine combustor by
premixing the fuel and air at controlled stoichiometric ratios prior to combustion.

DLN combustion is effective in achieving NO* emission levels comparable to the levels achieved
using wet injection without the need for large volumes of purified water or steam. An increase in
CO emissions can result from lower NO* emission rates (in the range of 9 ppmv). However,
negligible increases in CO are associated with controlled NO* emission rates around 9 ppmv (the
level for the proposed turbines before subsequent control). Thus, the increases in CO and VOC



emissions that result from wet injection are not a factor with such DLN systems. Several turbine
vendors have developed DLN systems for their turbines, therefore this technology is considered
technically feasible.

Catalytic combustors use a catalytic reactor bed mounted within the combustor to burn a very
lean fuel-air mixture. This technology has been commercially demonstrated under the trade name
XONON in a 1.5 MW natural gas-firedturbine in Santa Clara,California. Commercial
availability of the technology for a200 MW GE Frame 7 natural gas-fired turbine was recently
announced. The technology has also been announced as commercially available for some models
of small turbines (around l0 MW or lower).

The combustor used in the Santa Clara demonstration engine is generally comparable in size to
that used in GE Frame 7F engines. The technology has not been announced commercially for the
engines proposed for this project, thus a commercial quotation for the use of XONON is not
available from the supplier, Catalytica Corporation. No turbine vendor, other than General
Electric, has indicated the commercial availability of catalytic combustion systems at the present
time. Furthermore, in 2001, GE indicated to the developers of the Pastoria Energy Project in
California, that XONON technology for large combustion turbines such as the 7FA, would not be
available for another 5-7 years. In the fourth quarter of 2002, Catalytica Corporation announced
its first commercial operation of a catalytic combustion system on a 1.4 MW Kawasaki turbine.
We conclude, that scale up of the system for turbines such as those proposed for WEP, is stitl
several years into the future. Consequently, catalytic combustion controls are not considered
commercially available for this project's turbines and are not discussed further.

Post-Combustion Controls

. Selective Catalytic Reduction (SCR)

The SCR process is a post-combustion control technology in which injected ammonia reacts with
NO* in the presence of a catalyst to form water and nitrogen. The catalyst's active surface is
usually a noble metal, base metal (titanium or vanadium) oxide, or a zeolite-based material. The
geometric configuration of the catalyst body is designed for maximum surface area and minimum
back-pressure on the turbine. An ammonia injection grid is located upstream of the catalyst body
and is designed to disperse arnmonia uniformly throughout the exhaust flow before it enters the
catalyst unit. The desired level of NO1 emission reduction is a function of the catalyst volume,
ammonia-to-NO* (NHrA.{O*) ratio, and temperature (450 F to 850 F typical range dependent upon
type of catalyst). For a given catalyst volume, higher NHrA{O* ratios can be used to achieve
higher NO* emission reductions, but can result in undesired increased levels of unreacted NHr
(called ammonia slip).

The SCR catalyst is subject to deactivation by a number of mechanisms. Loss of catalyst activity
can occur from thermal degradation if the catalyst is exposed to excessive temperatures over a
prolonged period of time. Catalyst deactivation can also occur due to chemical poisoning.
Principal poisons include compounds of arsenic, sulfur, potassium, sodium, and calcium. In
applications where natural gas is fired, a catalyst life of 5 to 6 years has been demonstrated.

SCR has been demonstrated effective at numerous installations throughout the United States.
Typically, SCR is used in conjunction with other wet or dry NO* combustion controls (e.g.,
DLN). Because SCR is a post-combustion control, emissions from both turbines and duct
burners can be controlled. SCR requires the consumption of a reagent (ammonia or urea) and
requires periodic catalyst replacement. Achieved levels of NO* conhol equal to or slightly



greater than9Do/o can be achieved.

. Selective Non-catalytic Reduction (SNCR)

SNCR is another post-combustion technology where NO* is reduced by injecting ammonia or
urea into a high-temperature region, without the influence of a catalyst. The SNCR technology
requires gas temperatures in the range of 1200"F to 2000"F. The exhaust temperature for the
proposed turbines ranges from 1030"F to 1135'F, which is below the minimum SNCR operating
temperature. Thus, some method of exhaust gas reheat, such as additional fuel combustion,
would be required to achieve exhaust temperatures compatible with SNCR operations. SNCR is
most commonly used with boilers, and there are no entries in the RBLC indicating the use of
SNCR for turbines. SNCR is considered technologically infeasible for this project due to the
temperature considerations. However, even if SNCR were technically feasible, it would not be
able to achieve NO* reductions comparable to SCR.

o \[onselective Catalytic Reduction (NSCR)

NSCR uses a catalyst without injected reagents to reduce NO* emissions in an exhaust gas
stream. Typically, NSCR is used in automobile exhaust and rich-burn stationary IC engines, and
employs a platinum/rhodium catalyst. NSCR is effective only in a stoichiometric or fuel-rich
environment where the combustion gas is nearly depleted of oxygen, and this condition does not
occur in turbine exhaust where the oxygen concentrations are typically between 14 and l6Yo.
consequently, NSCR is not technologically feasible for this project.

r $CONOx

The SCONOx system uses a proprietary potassium carbonate coated oxidation catalyst to remove
both NOx and CO. SCONOx is a relatively new system initially marketed and produced by Goal
Line Environmental Technologies that began commercial operation in California at the Federal
Plant owned by the Sunlaw Cogeneration Partners in December 1996. Other vendors, such as
EmeraChem, are now marketing and supplying the next generation of this technology. According
to a press release from December 1999, for gas turbine installations larger than 100 MW, ABB
Alstom Power is Goal Line's exclusive licensee for SCONOx.

The combustion turbine at the Federal facility is a GE LM-2500 that is approximately 23 MW in
size, roughly one-eighth the size of each of the three combustion turbines proposed for this
project. The application of the SCONOx system at the Federal Plant is the second-generation of
the technology. The first generation was a pilot unit application that operated for ten months at
another nearly identical GE LM-2500 based facility, the Growers facility, also owned by Sunlaw
Cogeneration Partners. The SCONOx catalyst used at the pilot facility was transported to the
Federal facility when the pilot unit was taken out of service.

Two power plant projects in California proposed by PG&E Generating Company have recently
proposed the use of SCONOx for NO* control, although both projects included switching to SCR
as a contingency in their permit applications. The La Paloma Generating Project is a merchant
plant that originally proposed using SCONOx on one out of its four turbines, although follow-on
decisions were made to apply SCR to all four turbines. The University of California at San Diego
cogeneration project is equipped with SCONOx. This turbine is a Solar Titan DLN unit rated at
12.9 MW, and is required to meet a NOx limit of 2.5 ppm @ lsyo O2on a 3 hour basis. In
addition, the City of Redding Electric Department (REU) currently operates an Alstom turbine
rated at -43 MW. This unit is also required to meet a NOx limit of 2.5 ppm @ 15% C,2.



The SCONOx system does not use a reagent such as ammonia but instead utilizes natural gas as
the basis for a proprietary catalyst regeneration process. The NO present in the flue gas is
reduced in a two-step process. First, NO is oxidized to NO2 and adsorbed onto the catalyst. For
the second step, a regenerative gas is passed across the catalyst periodically. This gas desorbs the
NOz from the catalyst in a reducing atmosphere of hydrogen (H2) which results in the formation
of Nz and water (HzO) as the desorption products. For the regeneration/desorption step to occgr
there must be no oxygen (O2) present during this step. The CO present in the flue gas is oxidized
to COz as part of the SCONOx process.

In order for the SCONOx technology to work properly, inleVoutlet dampers must continuously
isolate a portion of the catalyst blocks for regeneration. The SCONOx potassium carbonate layer
has a limited adsorption capability and requires regeneration about once every l5 minutes in
normal service. Each regeneration cycle requires approximately 3 to 5 minutes. The regenerative
gas is passed through the isolated portion of the catalyst while the remaining catalyst is left open
to the flue gas flow. After the isolated portion is regenerated, the next set of dampers must close
and isolate the next section of catalyst for regeneration. This cycle is continuously repeated.
Assuming a four (4) section catalyst, and regeneration times of 15 minutes per section, results in
approximately 35,000 regeneration cycles per year.

At the Federal Plant the regenerative gas is produced from natural gas by processing it through a
separate skid mounted processing unit. The resulting regenerative gas is approximately 3 percent
nitrogen, 1.5 percent CO2, and 4 percent H2, with steam making up the balance. Steam is used to:
(l) dilute the regenerative gas hydrogen concentration below the lower explosive level; (2) act as
a carrier gas; (3) promote the purging of the catalyst bed of the oxygen containing flue gas; and
(4) promote even distribution of the regeneration gas throughout the catalyst bed.

Goal Line has tested several methods for producing regeneration gas, including a one step method
where steam, natural gas, and air are reacted at 900"F using an auto-thermal process. This
process failed to produce consistent results and was abandoned. Goal Line has stated that in
future applications, the regeneration gas will be generated in the HRSG at a temperature of
approximately 600 "F. This modified system to produce regeneration gas, and to our knowledge,
has not been tested on any commercial applications and as such is not yet demonshated in
practice.

Because the active regenerant gas is hydrogen, the regeneration process must be performed in an
atmosphere of low oxygen to prevent dilution of the hydrogen. In practice, the oxygen present in
the exhaust gas of combustion turbines is excluded from the catalyst bed by dividing the catalyst
bed into a number of individual cells or compartments that are equipped with front and rear
dampers that are closed at the beginning of each regeneration cycle. Obtaining a good seal with
the dampers is key to: (1) preventing oxygen in the flue gas from disrupting the regeneration
process, and (2) evenly distributing the regeneration gases across the catalyst.

Complete regeneration of the SCONOx catalyst system is dependent upon the proper functioning
and sealing of these sets of dampers approximately four times each hour. Incomplete
regeneration of the catalyst results in decreased system performance which in-turn results in
increased NOx emissions. Based on an article by Goal Line (Campbetl et al, February lggT),
probably the most important cause of reduced performance in the pilot unit was poor distribution
of regeneration gas over the catalyst. As a result, several design changes were incorporated into
the system located at the Federal Plant.



The SCONOx catalyst is very susceptible to fouling by very small amounts of sulfur in the flue
gas. Sulfur causes the catalyst to loose activity. The impact of sulfir is minimized by a sulfur
absorption catalyst, called SCOSOx, located upstream of the SCONOx catalyst. First, the SOz is
oxidized and absorbed on to the catalyst. The SO3 is then desorbed from the catalyst as part of
the SCONOx regeneration process. The resulting byproduct of the regeneration is eithei H2S (for
systems located in the HRSG where the flue gas temperature is below 450 'F at the catalyst) or
SOz (for systems located in the HRSG where the flue gas temperature is above 450'F). This will
be a very important factor in the application of this technology to WEP as the turbines fire a
mixture of natural gas with refinery gas. Refinery gas BACT for sulfiy is presently at alevel of
32 ppm, which is approximately 8 to l0 times higher than natural gas sulfur content in pipeline
grade (PUC quality) gas.

In the case where HzS is formed, it is converted back to SOz using an additional subsystem and
directed into the exhaust downstream of the catalyst. In the case where SOz is the byproduct, it is
directed into the turbine exhaust downstream of the catalyst. For a new construction project, the
system would be placed in the HRSG at a point where SO2 would be the primary product of the
SCOSOx system.

According to Goal Line/ABB, the catalyst requires periodic washing at least annually. The
"washing" consists of removing the catalyst modules from the unit and submerging iach module
in a vessel containing potassium carbonate. Thus, the adsorbent portion of the SCONOx process
must be revitalized or replaced at least annually. For units the size of the proposed turbines, total
required "wash" time could be on the order of seven (7) days per turbine per wash cycle
(including the time to allow safe entry to the HRSG). There are three options available for
carrying out this washing:

o Jo shut down the unit for approximately one week to clean the catalyst. Shut down
includes a two-day cooling period prior to personnel entering the HRSG. Unbuttoning
and entry into the HRSG. Dismantling of the catalyst support structure to allow the
catalyst to be removed. Removal and dipping of the catalyst and then placement back
into the HRSG. The actual logistics and design requirements of accomplishing this task
on a unit the sizes of the proposed units are not yet known. In addition, this approach has
the disadvantage of eliminating the ability to produce power during the outage.

o ftemoval of the unit while on-line and replacement with clean catalyst while the other
catalyst is washed. This approach is impractical in light of the need to assure that all
damper seals maintain I00% integdty during the removal. The logistics associated with
performing this operation on an application with units the size of the proposed units is
also several fold more complicated because of the need to maintain tighidamper seals
where one side is at operating temperature and the other is at ambient in order to allow
worker access. Several safety issues would also have to be overcome. This approach
also requires that a spare catalyst set be purchased and stored. Thus, additional itorage
facilities would also be required.

o Bring the catalyst off-line only long enough to permit removal of the used catalyst and
replacement with a spare catalyst set. The removed catalyst is then washed and prepared
for placement back in service at the next wash outage.

Any of the above operations will require several days to shutdown and cool the HRSG and
SCOSOX/SCONOx sections to the point that the catalyst can be handled safely. Then each
catalyst section will have to be removed, washed, dried, and put back in the HRSG before the
units can startup again.



Commercially quoted NO* emission rates for the SCONOx system range from 2.0 ppm on a 3-
hour average basis, representing a 78o/o reduction, to 1.0 ppm with no averaging period specified
(96% reduction). Recent system quotes from ABB Alstom Power for a GT26 turbine (rated at
274 lMW) indicated a conhol efficiency ranging from 75Yo to 80yo, i.e., NO* ppm reductions from
20-25 ppm to 5 ppm. Because it has only been applied at two relatively small combustion
turbine facilities, there are several long-term operational concerns that exist with the SCONOx
system. Although technical concerns exist, the SCONOx system will be considered
technologically feasible for the purposes of this analysis. Thus, based on the information in this
section, the following NO* control technologies are technologically feasible for the proposed
project:

. Water injection

. Steam injection
' Dry low-NO* combustors (low-NO* burners for the duct burners)
. Selective Catalytic Reduction (SCR)
' SCONOx

3. Rank Technically Feasible Control Technologies by Conhol Effectiveness

The technically feasible control technologies listed above are ranked by NO* control effectiveness
in the traditional "top-down" format in Table l.

Table I NO" Control

4. Evaluate Most Effective Controls

For large gas turbines such as those proposed, water and steam injection have been largely
superseded by dty low-NO* combustors, due to the superior emission control performance and

echno es Ranked bv Effectiveness

NO, Control
Alternative Available

Technically
Feasible

NO, Emissions
(@,l5o/o O'l

Environmental
Impact

Energy
Imnacts

Selective
Catalytic

Reductionu
Yes Yes

80-90% reduction
2 - 2.5 ppm Ammonia slip

Decreased
Efficiency

SCONOx Yesb Yes"
75-90% reduction

2 - 2.5 ppm

Reduced CO;
potential

reduction in
VOC

Decreased
Effrciency

Dry Low-NO*
Combustors Yes Yes 9-25 ppm Reduced

coA/oc
Increased
Efficiency

Steam Injection
Yes Yes l5 - 25 ppm

Increased
coA/oc

Increased
Efficiency

Water Injection Yes Yes 25-42 ppm Increased
coA/oc

Decreased
Effrciency

a Used in conjunction with wet or dry combustion controls.
The availability of commercial guarantees for utility-scale projects is undetermined.
This technology has been used on two small gas turbines; it has not been demonstrated on utility-scale

gas turbines.

b
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increased efficiency. The proposed project plans to use dry low-NO* combustors for the
combustion turbines, thus no further discussion of water injection, steam injection, or dry low-
NO* combustors is necessary. The duct burners will be equipped with low-NO* burners, which
also represent a high level of emission conhol performance.

The level of NO* control for SCR and SCONOx is essentially equivalent. However, the
SCONOx process is much more complex both chemically as well as mechanically than the SCR
technology. The principal differences between the two technologies are associated with whether
the low emission levels proposed have been achieved in practice, the cost-effectiveness in
achieving these levels, and secondary environmental impacts.

Table 2 compares the two processes. The SCR catalyst needs to be located in the appropriate
section of the HRSG and maintained at the proper temperature. An SCR system also requires
ammonia to be injected upstream of the catalyst with good mixing and even distribution. By
comparison, the SCONOx process is much more complex in that the catalyst requires continuous
regeneration, not just the presence of a reducing agent in the flue gas. Unlike SCR, the
regeneration process for SCONOx requires a separate process to generate the regeneration gas
and the catalyst must be separated from the flow of hot flue gas, during operation of the unit, for
the regeneration process to occur. Thus, the need for the isolation louvers and the ability to
frequently remove the SCONOx catalyst for washing.

Each SCONOx catalyst block also has inlet and outlet piping for the regeneration gas. In order to
control flow of the regeneration gases, each inlet and outlet pipe has a set of electronically
actuated valves. As such, each catalyst section has several actuators and valves that need to
properly function and be maintained. In contrast, the SCR ammonia distribution system requires
one automatic ammonia flow control valve and a set of manually adjusted valves used as part of
the initial tuning of the ammonia injection grid. As a result, relative to the well-demonstrated
application of SCR to natural gas-fired sources, the SCONOx processes will have a lower
availability and higher operating and maintenance costs for the following reasons:

' The mechanically complex nature of the isolation louvers and positioners;
. The mechanically complex regeneration gas valving system; and,
' The added catalyst regeneration/replacement step (potassium carbonate solution

washing).

able 2 Comparison of SCR and SCONOx Removal Technolo

Process Parameters SCR SCONOx SCONOx
NOr

Reduction
CO Reduction NO, Reduction

Catalyst Yes Yes Yes
Reducing agent &
equipment Yes No Yes

Mechanical seals,
positioners. and valves

No Yes Yes

Catalyst replacement
3-5 years 5 years

l" Row 7-10 years
znd - 3'd Rows

30 vears
Catalyst regeneration NA NA At least annually
By products/ wastes NHr slip None Potassium solution
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Evaluation of Achieved in Practice

However, the South Coast Air Quality Management District (SCAQMD) has established criteria
for detennining when control technologies should be considered AIP for the pu{poses of BACT
evaluations. SCAQMD's BACT Scientific Review Committee has recently reviewed a proposed
clarification of those criteria, which include the following elements:

Commercial Availabilitv: At least one vendor must offer this equipment for regular or full-
scale operation in the United States. A perforrrance warranty or guaranty must be available
with the purchase of the control technology, as well as parts and service.

Reliability: All control technologies must have been installed and operated reliably for at
least six months. If the operator did not require the basic equipment to operate daily, then the
equipment must have at least 183 cumulative days of operation. During this period, the basic
equipment must have operated (1) at a minimum of 50% design capacity; or (2) in a manner
that is typical of the equipment in order to provide an expectation of continued reliability of
the control technology.

Effectiveness: The control technology must be verified to perform effectively over the range
of operation expected for that type of equipment. If the control technology will be allowed to
operate at lesser effectiveness during certain modes of operation, then those modes of
operation must be identified. The verification shall be based on a perfonnance test or tests,
when possible, or other performance data.

Technologv Transfer: BACT is based on what is AIP for a category or class of source.
However, USEPA guidelines require that technology that is determined to be AIP for one
category of source be considered for transfer to other source categories. There are two types
of potentially transferable control technologies: (1) exhaust (backend) controls, and (2)
process controls and modifications. For the first type, technology Fansfer must be considered
between source categories that produce similar exhaust streams. For the second type,
technology hansfer must be considered between source categories with similar processes.

Achieved in Practice Criteria Evaluation for SCR

SCR has been achieved in practice at a multitude of gas turbine installations throughout the
world. This technology has also been demonstrated on large gas turbines through stack testing
and continuous emissions monitoring systems (CEMS) at numerous facilities. SCR technology
has been making continued advances over the past few years, with many facilities in operation
and meeting low NO^ permit limits of 2-3 ppm. There are numerous facilities operating at higher
NO- (2.5-5 ppm) concentrations and experience from these facilities has allowed manufacturers
to gain a better understanding of operations to optimize NO* reduction, sizing of catalyst systems,
reagent distribution, and process and control systems.

The following is an evaluation of the proposed AIP criteria as applied to the achievement of
extremely low NO* levels using SCR technology to control both turbine and duct burner
emissions.
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Commercial Availability: There are numerous manufacturers of SCR catalyst systems and
standard commercial guarantees are available. Guaranteed NO* levels in the range of 2-5
ppm for turbines are commonly available.

Reliability: There are numerous similar installations operating with SCR control systems
throughout California and the United States. This technology has been available for years
and has demonstrated the ability to meet low NO* emission rates. There has not been
evidence of adverse effects on overall plant operations and reliability from SCR system
operating at these levels.

Effectiveness: SCR technology has been demonstrated to achieve NOx levels below 3 ppm
(typical pennit limits range from 2-2.5 ppm).Due to system design (SCR inletNO* levels in
excess of those for which the SCR system was designed that caused tripping from pre-mix to
diffusion mode), short-term excursions have resulted in NO* concentrations above 3 ppm.
However, these excursions have not been associated with diminished effectiveness of the
SCR system. Consequently, as with most control systems designed to reduce emissions to
very low levels, the application of SCR should reflect the potential for infrequent NO*
excursions under specified conditions.

Technology Transfer: SCR has been demonstrated on numerous similar installations, and is
therefore not a situation of technology transfer.

From the above discussion, SCR technology is considered to be achieved in practice. The
technology is capable of achieving NO* levels of 2-2.5 ppm. The current BACT/LAER
guidelines used by EPA Region IX indicate that NO* levets of 2.0 ppm on a I or 3-hour average
basis are considered BACT/LAER for utility-scale gas turbines (without supplemental firing).
The achievement of NO* concentrations at these levels, on either a short term or long term basis,
have been demonstrated in practice over a wide range of turbine sizes and operational cycles.
Thus, the proposed NO* emission rate for the combustion turbines and duct burners of 2.0 ppm on
a 1-3 hour average basis with the application of DLN combustors, DLN burners (HRSG) and
SCR meets BACT/LAER.

Achieved in Practice Criteria Evaluation for SCONOx

The SCONOx system has only been operationally applied to relatively small combustion turbine
facilities. i.e., less than 50 MW. As a result, there are several long-term operational concerns that
exist with the SCONOx system. The SCONOx isolation louvers are moving parts in the flue gas
stream that will require more frequent maintenance than any SCR components. In fact, no other
combustion turbine systems or boilers have damper systems that require frequent operation from
a fully open to a fully closed position.

Louver and damper systems are subject to mechanical and thermal stresses and strains that result
from changes in temperatures associated with startup and shutdown as well as normal fluctuations
in operating temperatures during load changes or changes in steam demand. These
thermaVmechanical stresses result in operating and maintenance problems that are magnified with
increases in scale. It should be noted that the change in placement/position of the SCONOx from
the Federal facility location where the operating temperature is 320 oF to the Goal Line stated
preferred, undemonshated, location where the operating temperature will be 550 to 650 "F will
increase the challenges associated with maintaining good seals during regeneration.

Another issue of concern is long-term catalyst availability and pricing. The SCONOx catalyst is
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a proprietary catalyst produced and available through only Goal Line/ABB, unlike SCR catalysts
that are available through multiple suppliers that guarantee competitive pricing and availability.
While Goal Line/ABB guarantees a catalyst tife of three years, this catalyst life has not yet been
commercially demonstrated over multiple applications, since only a single unit has been operated
over that length of time. It is important to note that although SCR catalysts are now well
demonstrated, during the first three years of operation on the initial five (5) combustion turbine
applications in the U.S. there were numerous catalyst change outs. Also, vendor guarantees are
only good for replacement of the catalyst. The guarantee does not:

. Pay for lost revenues associated with downtime;
' Pay for the cost of any penalties resulting from any exceedence of a permit limit;
' Pay for the cost of removing SCONOx and replacing it with an SCR system; and,' 

;*ffii#,::}:#lii}t1,lH+j;i:''"l,'j;T,TJ,#:'*il i"i#x::il'
All of these risks and their associated costs would be borne by the proposed project.

In addition to perforrnance-related concerns about the SCONOx system, there are several specific
concerns regarding applying the SCONOx system to this project. Applying the system on a unit
that is 2-3 times larger than current full-scale application would require a major redesign of the
dampers. The dampers at the Federal Plant are l0 feet wide. The HRSG for this project would
be approximately 30-feet wide.

A width that is 3 times greater than that previously demonstrated results in concerns about
designing dampers that provide an adequate seal when fully opened and closed during the
numerous regeneration cycles required (i.e., as many as 35,000 times per year). This concern is
heightened for an application at temperatures greater than those at the Federal Plant. In addition,
potential interferences between damper actuators and the regeneration gas injection system would
need to be resolved, as well as issues on attaining and maintaining cross flow dishibution of
regeneration gas across a 30 foot catalyst section.

In an independent evaluation of SCONOx conducted by Stone & Webster, Independent Technical
Review - SCONOx Technologt and Design Review, from February 2000, it is reported that the
initial operation of the SCONOx system at the second installation - the Genetics Institute turbine
facility in Massachusetts - resulted in a rapid loss of performance due to poor operation of the
regeneration system. The problem was traced to mechanical deficiencies, such as seal and gasket
leakage, and numerous corrective actions were necessary. Further changes to the overall system
included adding an external reformer and adding a sulfur filter to remove sulfur from the gas that
feeds the external reformer. Moreover, Stone & Webster reports that a number of damper/seal
design changes have been proposed by ABB based on results from testing of the system.
Furthermore, the Stone and Webster analysis also reports that "no subsequent testing of the
redesigned components has occurred to determine if the problems have been solved. Because of
feasibility of the "scale-up" of the SCONOx system for large furbines has not been demonstrated,
we do not consider SCONOx to be a viable control alternative for NOx" (CARE Comments,
EAEC PDOC, 2002).

Data presented in the BACT analysis for the Orange Grove Project AFC (TRC Consultants,
Appendix 6.2-l) indicates that SCONOx still has much higher capital and operating costs as
compared to and SCR/CO Catalyst equipped unit, while NOx limits in the range of 2-2.5 ppm are
achievable by both technologies.

I(
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Data presented in the FMPA Combustion Turbine BACT Analysis prepared for the Florida DEP
(October 2004) indicates that "the application of this technology is currently limited to natural gas
combined cycle combustion turbine units under 40 MW".

Data presented in the BACT analysis for the Sierra Pacific Industries Biomass-Fired
Cogeneration project (Geomatrix Consultants, May 2007), indicates that a search of BACT
applications for SCONOx revealed that the technology had only been applied to small-to-medium
sized gas turbines. This is consistent with current data that shows the largest turbine to actually
employ and operate a SCoNox system is rated at -43 MW (Alstom unit).

Additionally, it is noteworthy that the Blue Ridge Environmental Defense League in its
comments regarding the proposed Henry County Power, LLC facility (1100 MW gas fired plant)
dated March 2002 indicates that SCONOx only guarantees NOx levels down to 2 ppm @ 15%
Oz.

Demonstration project results obtained for the City of Redding Alstom turbine indicated the
following:

' The SCONOx unit installed on the 43 MW Alstom GTX 100 turbine was a demonstration
unit only. The demonstration program lasted three (3) years.

' The unit NOx limit is 2.5 ppm @ lsoh 02. The demonstration project was allowed under the
premise that the unit would be required to limit NOx to 2.0 ppm at the end of the program.

' District review of the demonstration program data supplied by the City of Redding electric
department resulted in the following conclusions on the part of the Shasta County AQMD.

1. The average NOx concentration during the first three years of operation was 1.24 ppm. The
average NOx concentration in June 2004 was 2.0 ppm, and the average NOx concentration in
January 2005 was 2.8 ppm.

2. Unit 5 NOx emissions exceeded the District permit limit of 2.5 ppm for 28.02 hours over the
first three years of operation, with a majority of this time exempted from Dishict enforcement
action per the Excess Emissions rule.

3. Unit 5 NOx emissions exceeded the demonstration limit of 2.0 ppm for 296 hours over the
last2 years.

4. Maintenance and repairs on the existing emission control system began shortly after facility
startup and are continuing to the present (6-23-05). The re-design of the emission control
device originally centered around the reformer reactor gas production and has currently led to
the catalyst and sulfur poisoning of the catalyst.

5. SCONOx catalyst washings have occurred at a frequency several time higher than anticipated
during the three years of operation. These additional washings, undertaken for the sole
purpose of maintaining NOX emission limits, have resulted in substantial downtime for Unit
5 .

6. Load summary data indicate that Unit 5 has been operated at24 MWs or less for over 60% of
total operating hours.

7. "... the District has determined that Redding Power is not able to reliably and continuously
operate while maintaining the NOx demonstration timit of 2.0 ppmvd @ 15% 02. The NOx
emission limit in the PTO and the Title V permit shall remain unchanged from the2.5 ppmvd
l-hour rolling average @ 15% C,2.

Our review of the data submitted by REU to the Shasta AQMD on 6-13-05 on the results of the
demonstration program show the following:
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. The unit has rarely operated during the last 2 years.
' Approximately 64.5% of operating time is at load levels less than or equal to -24-25 MWs.
' Approximately 75.2% of operating time is at load levels less than or equal to -32-34 MWs.
' Maintenance and repairs noted for the period 612002 to 312005 included such items as; (l)

damper seal gasket leakage, (2) steam reformer reactor replacement, (3) steam heater design
temperature insufficient for regeneration (required heater installation to raise temperature),
(4) regeneration distribution plate design was unsatisfactory (re-design was required), (5)
sulfur filter on steam reformer was undersized (required larger filter), (6) regeneration
purging required to reduce catalyst poisoning , (7) a second layer of SCOSOx catalyst was
required to prevent SCONOx catalyst poisoning, and (8) the SCONOx regeneration gas
supply valves were upgraded to Class 6.

We conclude that the less than stellar operation of the SCONOx system on a turbine that rarely
operates at loads close to base load may well be indicative of system operational problems upon
scale-up to larger turbines which will operate at base load conditions.

The following is an evaluation of the proposed AIP criteria as applied to the achievement of
extremely low NO* levels using SCONOx technology.

Commercial availabilitv: SCONOx is available through only a small number of vendors and
has been applied to a very limited number of small sized projects. Due to the lack of
information in the public domain, there are still questions regarding whether SCONOx
technology is presently available with standard commercial guarantees for NO* levels as low
as 2.0 ppm, with current facilities using SCONOx showing NOx limits at 2.5 ppm. Repeated
requests to EmeraChem (Goal Line Environmental Technology SCONOx vendor) for a
listing of gas turbine projects rated at greater than 50 MW using SCONOx has produced no
data to date. Another concem is whether the guarantee will be passed on by the HRSG
vendors. Also, it is questionable that the system will be able to achieve 2-3 ppmcontrolling
both the turbine and duct burner emissions, especially on a system with a large number of
duct burners. In addition, the WEP proposed firing of a mixture of refinery gas and natural
gas will present catalyst poisoning and reliabitity issues not confronted by a simple natural
gas fired turbine/[IRSG unit.

Thus, numerous questions exist regarding the availability of a commercial guarantee for
SCONOx. There are also numerous questions regarding scale-up of a SCONOx system to
units of the size proposed for this project, consequently, problems associated with installation
and operation have to be anticipated. As previously mentioned, even if a commercial
guarantee is available, it does not cover the loss of revenue associated with downtime and the
potential need to replace the SCONOx system with a SCR system if the required emission
level cannot be achieved.

Reliability: Due to the fact that the SCONOx system has not been installed and operated for
an extended period of time on a utility-scale turbine, serious questions exist regarding the
reliability of the system on such an installation. There have also been numerous design
changes since the original SCONOx installation at the Federal plant. As witnessed in the
Stone & Webster report, there have been problems at the Genetics Institute facility that have
also required redesign. Consequently, the system that would be applied to a utility-scale
application would also likely require design changes, thus, the reliability of the SCONO*
system is substantially unknown.
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Effectiveness: The analysis contained in Calpine's Metcalf Energy Center AFC demonshates
that the effectiveness of the SCONOx system to meet a2-3 ppm limit on a consistent basis
without exceedences is in question. Also, there have been numerous design changes
associated with the SCONOx system and as such it is uncertain as to whether the actual
system that would be installed on a larger, utility-scale turbine has been subjected to
performance testing. From the available data, if SCONOx technology were to be used to
achieve exfemely low NO* levels, it would be necessary to include permit conditions that
would allow for the potentially frequent NO* excursions under certain conditions.

Technology Transfer: SCONOx technology has been found to be capable of achieving
extremely low NO* levels by SCAQMD and EPA (although the data from the Federal facility
does not support this conclusion for an extended period of time, without numerous
exceedences). The SCONOx system has not been installed on a utility-scale turbine, and
serious technical concerns have been enumerated in this application regarding such a scale-up
of the technology. While it is not fair to regard this as technology transfer, it is fair to say
that SCR has been installed on a large operating fleet of similar installations and is a more
demonsfrated technology.

In summary, the evaluation concludes that the SCONOx process is not commercially
demonstrated on larger, utility-scale turbines and the economic risks to the project versus SCR
are considerable. This is because the moderate temperature SCONOx process (post-HRSG
location) has not been commercially demonstrated on units the size of the proposed project, and
the high temperature SCONOx process (mid-HRSG location) proposed by the developers for
large turbines has not been commercially demonstrated on any size unit. The significant
technicaVeconomic risks are a result of the following:

' No commercial demonstration of the SCONOx catalyst operation/regeneration at
the mid-HRSG location proposed by the developers for large combustion turbine
units like the proposed units;

' No commercial demonstration of the regeneration gas system proposed by the
developers for large combustion turbine units like the proposed units;

' No cornmercial demonstration of the technology on large turbines firing refinery
gas or a mixture of natural gas and refinery gas;
No commercial demonstration of a much larger more complex damper system
needed to apply the SCONOx technology to very large CT/HRSG systems
(concerns here are related to size, complexity, and placement of a damper system
into a higher temperature position of the HRSG (i.e., 650 oF versus 350 "F)); and,
The additional complexity of the SCONOx technology when compared to SCR.
This additional complexity will result in lower project availability and could
impact revenue generation as well as impacting the steam host operations (BP
Carson Refinery).

Select LAER/BACT

Based on the analysis presented, either SCR or SCONOx is generally considered capable of
achieving NO* levels of 2.0-2.5 ppm for combustion turbines. However, technical concerns are
associated with the use of SCONOx. LAER for NO* is considered to be the use of either SCR or
SCONOx systems in conjunction with dry low-NO* combustors to achieve NO* levels for the
combustion turbines of 2.0-2.5 ppm on a 1-3 hour average basis. The proposed project will have
duct burners in the HRSG (low-NO. design), consequently, the proposed BACT rate needs to
take this supplemental firing into account. Consequently, a NO* level of 2.0 ppm on a I or 3-

t 6



hour average basis is proposed, which is consistent with the lowest emission rates contained in
the RBLCs, and found in other recent permitting approvals for similar sized power plants. Due to
the technical concerns related to the use of SCONOx and the increased cost, the project proposes
the use of SCR technology to meet this emission rate. Thus, the proposal is consistent with the
LAER requirements for NO*.

Tables 3 and 4 present the cost-effectiveness analysis. As shown in Table 3, the total annualized
costs for SCR (per turbine/HRSG) are $2.62 million (approximately $3400iton NO* removed).
Table 4 presents the total annualized costs for SCONOx, which are $6.46 million (approximately
$8400/ton of NO* removed). This value is not cost warranted and it is well above the DAQ
recent BACT determinations cost values.

Based on these tables, the annual incremental cost of SCONOx is $3.S4 million per year per
turbine, or over $l1.5 million per year for the facility. Consequently, SCONOx is not cost-
effective when compared to SCR.

The combined capital cost of the SCR and CO catalyst systems is approximately $5.9 million,
while the SCONOx capital cost is approximately $12.88 million. Annual costs for the SCR and
CO catalyst systems are estimated at $3.1 million, as compared to the SCONOx annual costs of
$6.46 million. The combined control costs for the SCR and CO catalyst systems is approximately
$4800/ton, while the control costs for the SCONOx system for both NO* and CO is estimated at
$5800/ton. Table 3 presents a comparison of SCR versus SCONOx system costs.

Table 3 S f NO. BACT Evaluation R Its*o x a esu

Control Capital Cost Annualized Cost

SCR
$4,493,300 $2,617,040

SCONOx $12,880,000 $6,458,406
* All costs are presented on a per gas turbine/HRSG basis

The applicant proposes to use SCR technology to meet a:

NO" level of 2.0 ppm on a I-3 hour average basis for the combustion tarbines and duct burners
with an ammonia slip level of 5 ppm during the steady state unit operation

This proposal is consistent with BACT/LAER requirements and with emission rates found in
numerous RBLC databases, as well recent permitting actions for similar sized power plants.

The cost analysis data presented for the NO* and CO control systems is based upon the guidance
providedby EPA-OAQPS in"OAQPS Control Cost Manual, 5'h Edition, February I996, EPA
453/8-96-001".In addition, system specific data derived from the manufacturer or taken from
literature sources for similar systems was used to supplement the OAQPS cost analysis
procedures. Table 4 delineates a summary of other relevant data used in the cost analyses.
Additional references are given on the individual cost tables.

able 4 emental Economic Cost Factors
Cost Factor Value

Interest Rate 7% (OMB recommended value)

t 7



Conhol System Life 15 years
Natural Gas Cost $0.0041/scf
Electricity Cost $0.0527lkwh
Labor Cost
Operator and Maintenance

$41.50/hr

Source: Cunant Creek Power Plant Air Application, PacifiCorp -2003, ECT-2003.
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Redding Electric SCONOx Data
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March 15,2005

Russ Benneft, Safety and Environmental Coordinator
Redding Electric Utility
P.O. Box 496071
Redding, CA 96049-6071

Unit 5 Oxidee of Nitrogen Ilemonstration Limit

Dear Mr. Bennett:

Condition C.7 ofRedding Power Plant Title V permit #03-TV-0? requires that Redding Power shall install, operaten
and maintain the Unit #5 SCONOx system in a manner designed to achieve a Demonstration NOx Limit of 2.0
ppmvd, I hour rolling average @15%02 and in conformanc€ with the SCONOx vendor's procedures. The condition
also requires Redding Power to conduct the demonstration program for a three-year perid, The thrce-year period
concludes on June 1,2005.

In order for the District to evaluate the feasibility of the demonsffation limit, please submit the following Unit #5
information forthe period of June 2,2002,1o June 1,2005:

Periods of NOx emissioru l-hour rolling average over 2.5 ppm

Periods of NOx emissions l-hour rolling average over 2.0 ppm

Recap of all maintenance and repair performed on the SCoNox system

Any upsets or malfunctions to the SCONOx system that were not required to be called in to the
District under Rule 3: l0

e. Any other information relative to the SCONOx system installation, operation and maintenance
during this period including the turbine oparating rate

Please submit this information to the District by July l, 2005. If you have questions regarding this matter, please
contact me at ?25-5674.

Sincerely,

Ross Bell
Air Quality District Manager

RB/eg

a.

b.

c.

d.



+rr-+-rt

$hasta Gounty

1 .

2.

D Suite 201

(530) 225-5787
FAX: (530) 225-5413

IJl\rIT 5 DEMONSTRATION LINtrT, PTO# OO.PO-3g CONDITION # 26

The Shasta County Air Quahty Management District pistrict) is in receipt of your letter dated Jrine
13, 2005, with the data attached regarding the Unit 5 Oxides of Niuogen (NOx) Demonstration
Limit. This information gathering was a result of District oversight of your demonstration program
regarding an NOx limit of 2.0 ppmvd atLSTo oxygen as contained in note I of Condition 26 of the
District-issued permit.

With review of the above infonnation and routine reports submitted to the District, the following
findings are made:

II.527 tons of NOx were emitted by Redding Power's Unit 5 during the first three
years of operation.

The average arithmetic NOx concentration during the first three years of operation
was 1.24 ppmvd at I SVo oxlSen. The average NOx concentration during the month
of June 2004, was 2.00 and during the month of January 2005, it was 2.8 ppmvd
@15Vo C2.

3. Unit 5 NOx emissions exceeded the District limit of 2.5 ppmvd @ l|Vo 02 for 28.02
hours over the last three years of operation. Four minutes of this exceedance time
was not exempted by District Rule 3:10, Excess Emissrons.

4. Unit 5 NOx emissions exceeded the Demonsffation limit of 2.0 ppmvd@ I54o O2 for
296 hours over the last two vears.

DEPARTMENT OF RESOURCE MANAGEMENT
1855 Placer Street, Redding, CA 96001

Russ MulI, R.E,H.S., A.I.C.P.
Director
Richard D. Barnum
Assisanr Director

June 23, ?005

Russ Bennett
Safety and Environmental Coordinator
Redding Electric Utility
P.O. Box 496071
Redding, CA 96049-6071

Dear N{r. Bennett:

8 Suic, I|t 3 Suttu lo3 E Suirr,to:
AIR QUALITY IvIANAGEMEI.|T DISTRICT BUILDING DMSlOlr PLAIINING DIvlsiON
(s30) 22s-5674 (530) 225.161 (530) 225-5532
FAX: (530) Z2S-5237 FN(: (530) 245468 F.rJ(: (530) 245-6468

D suite2M
ADMIMSTRATION & COMMI.JNITY EDUCATION
(530) 125-5789
FLt; (53O)-225-58C7

Toll Free Access Witbin Shasta Counr,v l-800-528-2850
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Maintenance and repairs 9n the existing emission control system began shortly after
start up and are continuing to the present. The redesign of the emission control
device onginally centered around the retbrmer reactor gas production and has
currently led to the catalyst and sulfur poisoning of the catalyst. Additional S COSOx
catalyst was added to the conrrol device during the April 2005, outage.

SCONOx catalyst washings have occurred at a frequency several times higher than
anticipated during the three years of operation. These additional washings, for the
sole purpose of maintaining NOx emission limits, have resulted in substantial
downt'me for LTnit 5.

7. Load summary data indicate that Llnit 5 has been operated at24 megawatts or less
for over 607o of total operating hours, Unit 5 is designed for 43 megawatts.

Based on the above findings, the District has determined that Redding Power is not able to reliably
and continuously operate while maintaining the NOx demonstration Iimit of Z.}ppmvd @ ISV, 02.
The NOx emission limit in the Permit to Operate and the Titte V permit shall remain unchanged
from the2.5 ppmvd l-hourrolling average @ LSVo O2. Note 1 on condition 26 ofDistrict issued
Perrnit to Operate #00fO-39 and note 2 on Condition C7 of Title V Permit # 03-TV-02 that refer
to the NOx demonstration limit will be removed as these permits are renewed.

Hyou have any questions regarding this determination please contact me at 225-5674.

Ross Bell
Air Qualiry District Manager

RB/dd

J .

6.
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REDDINC
ELECTRIC
UTILITY

CITY OF REDDINC

twtma..Wltul

Mr. Ross Bell, Air Division Manager
Shasta Coung Dept. of Resource Management
Shasta Air Quality Management District
1855 Placer Street, Suite 101
Redding CA 96001

Re: Unit 5 Oxides of Nitrogen Demonstration Limit

rrBQ
KLw

June  13 ,2005

CODE: E-020-010-000

JUi{ 1 3 20c5

RECEIVED
JUN 1 tt Z00S

SHASTA CouNryAQMo

Enclosed are Attachments A through E to provide the information you requested in your 3/15/05
letter.

Attachment A is summary of the Unit 5 periods of NOx emissions one-hour rolling average over 2.5
ppm compiled frorn the monthly reports submitted to your office.

Attachment B is a summary of the Unit 5 periods of NOx emissions one-hour rolling average over
2.00 ppm, Our Data Acquisition and Handling Systern (DAHS) is not programmed to calculate or
record these periods. The periods reporled were obtained by extracting the raw minute data from
the DAHS. The data was then corrected to 15 percent 02 and evaluated month to month with
spreadsheet software to calculate the periods of excess emissions. Only data with normal NOx
CEMS monitoring codes were used in the 60-minute rolling average. Data prior to May 6, 2003 was
not readily available and not included in the evaluation. The periods reported may have occurred
during the start up and shut down of the unit.

Attachment C is a recap, provided by Alstom, of all maintenance and repairs performed on the
SCONOX system.

Attachment D is a summary of upsets or malfunctions to the SCONOX system that were not covered
in Attachment C or reported to your office.

Attachment E is a summary of additional information relative to the SCONOX system installation,
operation, and maintenance not presented in Attachments A through D.

tf you have any questions, please call.

Sincerely,
J,-'/

flx f>L]'1-l/L
Russ Bennett
Safety & Environrnental
Complian ce Coordinator

C: Jeff Adkins, Sierra Research

77l Cl,pness AvENUE . PO. Box 496071 . Rrddiriq, Cntifonr,rin g6}4g.b07l
,r0.rr9.nOO . Fnx r7O.rJg.n89 . neddit<;elecrxicurilirv.corrn

tbrlrinq Togrrhrn ro Inpnov: Our C,orrnuriry



Response to 3/15/05 Shasta Counfy AQMD Information Request
"IJnit 5 Oxides of Nitrogen Demonstration Limit"

Attachment A, Page 1 of 2

Periods of Nox emissions l-hour rolling average over 2.5 ppm Us% Az)

6/18/02 from I 1 :34 am to 1 : l5 pm (Repofied however, occr,rrred during start up).

No periods of excess emissions in July 2002.

8ll2/02 starting at4:29 pm and lasting for I hour. 53 minutes.
8l13/02 starting at 4:70 prn and lasting for 42 minutes.
8/15102 starting at 3: 14 pm and lasting for I 8 minutes.
8/16/02 starting at 5:28 pm and lasting for I hour, 40 minutes.

914/02 starting at 10:30 am and lasting for 21 minutes.
9/18102 starting at 12:52 pm and lasting for 15 minures.

10Jl/02 starting at7:57 am and lasting for 39 minutes.
l0ll/02 starting at 9:11 am and lasting for I hour, 24 minutes.
1al2/02 starting at v:M am and lasting for 5 hours, 50 minutes.
1012/02 starting at l:43 pm and lasting for 6 minutes.
1012102 starting at4:06 pm and lasting for I hour, 5 minutes.
l0lltl02 starting at3:57 pm and lasting for t hour, 6 minutes.
10llll02 starting at 5:03 pm and lasting for 28 minutes.
10/14/02 starting at 5:01 pm and lasting for l0 minutes.
l0ll4/02 starting at 5:49 pm and lasting for t hour, 48 minutes.
10118/02 starting at 8:04 pm and lasting for 4 minutes.
10/18/02 starting at 9:52 pm and lasting for 25 minutes.

No periods of excess emissions from November 2002 to Februarv 2003.

3/18/03 from 7:27 amto I:36 arn.
3/18/03 from 1:52 am to 1:59 am.
3it8l03 from 8:02 am to 8:07 am.
3ll8l03 from 8:42 am to 8:53 am.

No periods of excess emissions from April 2003 to May 2003.

6/9/03 starting at 10:09 am and lasting for 3 hours, 14 minutes.
6/26/03 starting at 5:13 pm and lasting for 5 minutes.
6/26/03 starting at 5: 19 pm and lasting for 6 minutes.

No periods of excess emissions from July 2003 to August 2003.

9ll4/03 starting at 12:05 pm and lasting for 52 minutes.



Response to 3/15/05 Shasta County AQS{D Information Request
"Unit 5 Oxides of Nitrogen Demonstration Linittt

Attachment A, Page 2 af 2

10120103 from 3:07 pm to 3:25 pm.

No periods of exoess emissions frorn Novernber 2003 to December 2003.

l/3/20M shrting at 5:36 pm and lasting for 46 ndnutes.

2/20/04 starting at 7:41 am and lasting for 29 minutes.

No periods of excess emissions from March ?A04 to June 2004.

7/LA04 starting at12:56 (Pacific Standard Time) and lasting for 18 minutes.

No periods of excess emissions from August 2004 to October 2004.

| | IUM starting at 7 :34 pm (Pacific Standard Time) and lasting for I 0 minutes.

lzlllM starting at6:34 pm (Pacific Standaxd Time) and lasting for I minute.
l2ll/04 starting at 6:40 pm (Pacific Shndard Time) and lasting for 2 minutes.
lAU04 starting at 6:47 prn @acific Standard Time) and lasting for 1 minutc.

1/5/05 starting at 10:53 am (Pacific Standard Time) and lasting for 12 minutes.

No periods of excess emissions February 2005.

3BA/05 starting at 4:11 pm @acific Standard Time) and lasting for one hour.

No periods of excess emissions from Marsh 2005 to June 1, 2005.



Response to 3/15i05 Shasta County AQMD Information Request
sUnit 5 Oxides of Nitrogen Demonstration Limit"

Attachnent d Page I of 2

Periods of NOx emissions l-hour rolling average over 2.5 ppm (lsyo OZ)

6/l8l02from ll:34am to 1:15 pm (Reported however, osclrrredduring startup). 9**rl'/t 1'*;r It I

No periods of excess e,missions in July 2002.

8/12/02 starting at4:29 pm and tasting for I hour, 53 rninutes. i h. f '"V r f 3
Tll3il0?sffiinpaffi;1
Sllll}zstarting at3:l4pm and lasfi.g for 18 minutes. 4L
8/16102 starting at 5:28 pm and lasting for t hour, 40 minutes. i$

l a D
9 /4/02 starting at I 0 :3 0 ann and lasting for 2l minutes , L t
9/18/02 starting at L2:52 pm and lasting for 15 minutes. r 5

l0ll/02 starting at7:57 am and lasting for 39 minutes. 3r1
10/1/02 starting at 9:1 1 am and lasting for I hour, 24 minutes. 6 i iI s ?l0l2l02 starting at7:44 am and lastrng for 5 hours, 50 minutes. il: 0 t 'rD
10/2/02 starting at 1 :43 pm and lasting for 6 minutes. r r I r 1' {,
10/2/02 starting ar4:06 pm and lasting for I hour, 5 minutes. (1 l Ld Li
l0/ll/02 starting at3:57 pm and lasting for t hour, 6 minutes. { r{ Ia6 L6
t0/11/02 starting at 5:03 pm and lasting for 28 minures. i,i : r,t r-4
10/14/02 startingat5:0l pmandlastingfor lOminutes. ii:r,,{ f 0
10/14/02 starting at5:49 pm and lasting for t hour,48 minutes. l{,r f' f cS
tO/18/02 starting at 8:04 pm and lasting for 4 minutes. iL: ;L 

tl-

l0/18/OZ starting at 9:52 pm and lasting for 25 nrinutes. 5 h'i dA L 5

No periods of excess emissions from Novernbet 2002 to February 2003.

3/18/03 from 1:27 amto 1:36 am. it,i /"*
3/18/03 from 1:52 am to 1:59 am. i
3/L8103 from 8:02 am to 8:07 am. I
3/18/03 from 8:42am to 8:53 am. V 3 Z

No periods of excess emissions from April 2003 to May 2003.

6/9103 starting at 10:09 am and lasting for 3 hours, 14 minutes. \0 \ t0 iq I
6/26/03 starting at 5:13 pm aad lasting for 5 minutes. s i-r"l/"^ t
6/26t03 starting at 5: 19 pm and lasting for 6 minutes. r \ E

No periods of excess emissions frorn July 2003 to August 2003.

9/L4/03 starting at 12:05 pm and lasting for 52 minutes. :- | I &z S Z



Response to 3/15/05 Shasta County AQIID Information Request
"unit 5 oxid es 

;.t#ll"'rT L'-TlTff 
ti on Limit"

1,0/20/03 from 3:07 pm to 3:25 pm. S tz,,t

No periods of excess emissions from November 2003 to December 2003.

l/3/2004 starting at 5:36 pm and lasting for 46 minutes. , q

2/20/04 starting at 7:41 am and lasting for 29 minutes. ?_ 1 I 1 |

No periods of excess emissions from March 2004 to June 2004.

7 /L2/04 starting at 12:56 (Pacific Standard Time) and lasting for 18 minutes. i h-f

No periods of excess emissions from August 2004 to October 2A04.

L{4

L?

\Llzl}4starting at 7:34pm @acific Standard Time) and lasting for l0 minutes. g L"/i- l 0

t 4

t4

12/1104 starting at6:34 pm (Pacific Standard Time) and lasting for 1 minute.
12/1104 starting at 6:40 pm @acific Standard Time) and lasting for 2 minutes.
12/1104 starting at6:47 pm (Pacific Standard Time) and lasting for I minute. tl ,, !t

l/5/05 starting at 10:53 am (Pacific Standard Time) and lasting for 12 nrinutes. az i 'f I

No periods of excess emissions February 2005,

3/30105 starting at 4:71 pm (Pacific Standard Time) and lasting for one hour. t W-

No periods of excess emissions from March 2005 to Jr:ne 1,2005.

Ll

-e rc^ ie l t
,r..ik*l rt

t L
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Response to 3/15/05 Shast Counfy AQX{D Information Request

"Unit 5 Oxides of Nitrogen Demonstration Limit'o
Affachment B, Page I of 3

Periods of NOx emissions l-hour rolling average ot'er 2.00 ppm (f5% 02)
rotal time over 2.00 ppm 1-hour rolling average (Hours): 296
Start Stop Minutes Stan Stop Minutes

5112103 8:2? 5ll2l03 1l:27 185 9126103 10:43 9126103 I l:26 4
6't9103 l0:00 619103 l3:33 v{ L I J 9126103 16:02 9126i03 16:05 J

6110/03 10:46 6110/03 1l:22 36 9i30l03 1 l:49 9/30/03 2l :03 554
6/10/03 16:26 6/10103 18:55 149 10,'13103 7:08 10/ i3/03 8:01 53
6l l l t03 l0:07 6i  t  1103 10:55 48 l0 /15/03 14:57l0/15/ '03 15:08 n--6tr 

v03-I630 --6lT170316:50 -n '19/Tyf0B I lruO1UlT9t05TT.A3 -63

6/12103 9:38 6ll2l03 9:52 14 10120/03 I l:09 10120103 15:45 ig |t 'dr-f 27(
6il2/03 15:05 6112i0315:52 47 10/20103 18:04 10/20/03 l8:  I6 l2
6125/03 l5:53 6l?5/03 17:30 9'7 10124'03 l2:04 1012410313:59 l l
6,!26103 15:02 6126/03 l8:08 .>-t6 il.*,f I86 l1l4/03 9:25 1lt4i03 9:30
7/UA3 10:50 7/ l /03 13:03 l ;13 l l i4/03 I  l :53 Il i4,t03 I 1:54 I
712i03 9:18 7/2/Q3 11:26 r28 1l l4!0317:42 ll/4/03 17:46 4

7/8/03 18:59 718/03 19:12 l 3 1I/17/03 7:33 l l / 1 7 / 0 3  I  l : 1 6 223
7l l0/A3 I  8:12 7/10103 19:12 60 12/17/03 14:17 12117/03 15:20 6
7ll1103 19:01 Tt l l /03 20:15 74 12/17103 15:34 l2l17l03 I  5:50 IC

8i5i03 8:54 8/5/03 8:57 12i27/03 5:5'l 12127 !03 6:15 r8
8/5/03 9:28 8/5/03 9:40 t2 12127103 18:09 12127/03 19:26

8/5i03 10:01 8/5i03 1 l:09 68 12/?8103 17:44 12/28103 18:47 6
8/7/03 8:09 8/7103 8:27 1 8 11310414:53 1 i 3 0 4 1 8 : 5 9 \L snal 24a
817103 8:36 8/7103 12:31 235 rl4104 20:49 l /4104 21 :01 12

8/7103 l5:20 8/7,t03 15:32 T2 l l5/M 7:39 l /5104 7:56 l'l
8/7103 15:49 817/03 16:07 r 8 I l5 /0410:59 l /5 /04  1 l :00 I

S,,',14i03 13:20 8il4i03 13:24 4 Li5l04 1 l :03 l l 5 0 4  1 1 ; 0 8
8/25103 10:30 8/25/03 11:30 60 l15/04 1 1:29 1/5104 t2:24 55
8/25103 1 1 :5 l 8 /25 iO3 l4 :31 r60 Ll5 iQ4 12:30 I / 5104  12 :31
8126i03 i0:38 8/26103 l2:31 t 1 3 1t5/0412:35 l /5104 12 :45 I
8/28/03 9:20 8/28/03 9:35 15 115104 17:17 115/04 i  8:33 7(

8/28103 l2:00 3729/03 12:29 29 1i5i04 23:14 l /5/04 23:18 4
9/l/03 22:21 9llt03 22:57 36 llsl04 23:20 115104 23:33 1 a

L J

92 ,03  8 :12 9!?103 9:49 97 l15!04 23:39 ll5/04 23:41
912103 I0 :13 9 2 1 0 3  l 0 : 1 8 l ll5l04 23:44 l i5 l04 23:53 9
912103 10:52 9t2/03 l0:59 7 116t04 f :57 ll6104 4:55 5 8
912i03 17:14 9/2iA3 fi:20 6 l l \ lW l6 :10 11810416:12
9/2/03 17:32 912i03 17:59 1 1 l l8 l04l6:34 l l8 l04 l6:35 I
912/03 20:46 912/03 2l:45 s9 1,t8lM 16:40 Il8/04 l6:42
9,t6/03 l7:05 916103 I7 12 1/8/04 19:5i l/8/04 20:58 61
919/03 7:44 9/9/03 8: I 0 }A 7,t2I104 7:39 1!?l lM 9:28 i09

9/11,t03 16:04 9/ l l /03 l7:38 94 2/7 t0114:57 2i7, t0417:27 r50
9i l4/03 I  1:38 9,1,4103 13:34 tt- 1 1 6 2l13/0411:42 213104 12:07 2s
9ll4/03 16:55 9ll4l03 17:57 62 2/1310413:042/1310414:02 58
9116/03 t4:36 9 ! 1 6 1 0 3 1 5 : 1 5 -79 2l14/0417:41 2l l4 l04 l8:34 )
9/18103 10:35 9/18/03 14:27 232 2 i16104 l4 :08 2i16104 I7:31 20
9122/03 16:53 g/??,/03 1g:27 94 f,/18,/04 16:23 2/18/04 22:30 _1b i

9i23103 14:32 9i23/03 2l37 425 2r '20104 7;18 2r'20i04 8:?5 ]-q tlz^r{ 61



Response to 3/15i05 Shast Counfy AQMD Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit"

Attachment B, Page 2 of 3
Periods of Nox emissions l-hour rotling a\rerage over 2.00 ppm (L5% o2)

Staft Stop Minutes Start Stop lvfinutes
2l25lW 14:47 2t25104 14:59 t2 11i  l1 /04 5:00 11i  i  l /04 5:07
2t26lW 12:05 2t26/0414:13 t28 l I l I l t04  6 :17 l l / l l /04 6:19 2

412i04 l0:44 412104 II:44 60 ILl l l l04 6:32 l1 /1 I /0^4  6 :33 I
4!2/04 l8:12 4 1 2 0 4 1 9 : 2 0 68 I  l l l  l  i 04  6 :38 l1 / l  l /04  6 :40
4/2t04 30: 15 4i2!04 20:36 2 l 1 l / 1 3 0 4  4 : 5 2 l l /1304 4 :57--?dtrc4_tTtg --'4-R-/A+19:r2 ----113 rt/13/0{13:03-Tr11i70415A9 -16-6

41410415:55 44104 l8 :05 130 1ll19l04 12:41 Lllr9l04 12:47 E
4/5104 l3:01 4/5lM l5:35 154 Ili23t04 9:59 I I l23 /0410:10 i l
4 l19lM 7:31 4 / 1 9 0 4  l 0 : 5 ? 206 11,t24!04 18:06 11124i04 l8:1-q

4t2lt012L:27 4l2l l04 2l :39 l 2 11i24i04 18:34 11124,04 18:53 l 9
4l25lH l0:45 4/25/04 I  l :15 _1U 11124/04 79:12 l1/24/01 19:25 I
412810414:104/28104 16:54 r64 I l !2410419:49 1112410419:58 9
5!2lM 18:24 5t2104 20:30 126 11124104 20:?6 1l/24i04 20:36 I
5i I l /04 9:43 5 i  1 1 i 0 4  1 l : 5 0 rzi Il!24t04 ?0:43 1124104 21:51 6i
6l4lM l5:22 6 i1 i0416:30 68 l l l27l04 7:55 1I/27i04 7:59
6ll1l04 6:57 6/11/04 7:58 6 I l l l28l04 18:10 II128/0419:05 55

6ttl/04 10:22 6111l0411:32 70 lll29/04 12:57 11129104 13:47 50
6i l l /M l5:37 6 l l I l0417:05 8 i I I l29l04 14: l  I 1129104 14:14
6l14/04 6:33 6!14104 8:25 112 l l !29101 14:41 1I/2910414:57 i 6
7/12104 9:32 7/72iM 14:49 it 1t2.f317 1 1 t 2 9 0 4  l 5 : 1 9 11/29/M l5:24 )
8r'8/04 8:36 8i8/O412:16 2?A lI i29/0417:03 11/2910418:54 11r

9l l I l04 9:23 9/ll l04 9:45 22 12/1104 7:52 l2l1l04 9:47 .t+ 3, 1&,?17
9l l3/04 i0:14 9/13104 1 l :07 53 1? l l /04  10 :05 12i110411:24 79
9,114104 7:36 9  1 4 0 4  8 : 3 7 61 12!1t04 17:50 12i1 ' t04 2l :59 ?49
9/17/04 O:21 9i l7 lo l  1 :17 53 l2/2t04 9:49 12/2/04 1 1:09 80

9/2310415:36 9/23104 17:03 6 / l 2 l? t0418:09 12/2 /0418:17 8
9/23/M 17:21 9/23104 18:18 ) / 122104 18:34 12/2104 l8:44 IC
9/24 /M l0 :17 9 2 4 1 0 4  I  1 : 3 5 78 l2 l3 /0410:50I2/3i04 11:06 I b

924/M 13:24 9 i2410414: i9 55 12i4i04 20:59 12/410122:08 69
9/24tM 18:21 924M 19:26 65 12!12/0416:51121120416:52 I
9/261M l5:49 9/26/0416:24 35 WWA4l6 :54 l2l l2l04 17:09 l :

9/27lM 16:02 9t27/0415:14 t2 12113104 I  1 :19 t2ll3/04 12:44 85
9/27lM l6:35 9/27i0417:04 79 l2i l4 l0a 7:16 1214/04 8:07 5 1
9i30/M 19:03 913010419:08 ) 12,114104 9:28 r2lI4/04 9:52
l } t t /M 10:56 10/1104 12:27 91 I2iI4/44 9:55 l7ll4/0a 9:56 I
l l l l /04 9:20 LliI/04 13:22 242 l2 l t4t04 9:59 r} l t4l04 10:15 1 {

l1 l1 /04  l416 l I /110411:03 1,67 1211410415:00121404 15 :12 t2
l l l l i04 19:30 l I l l /04  ?1 :14 104 12,14104 75:24 12t14/041.5:47 23
l l /2/0414:36 l1!2i04 21:20 l, ,i-J 4M l2l l4l04 1l:36 Iz, t l4 l04 17:37 I
11/5104 I 1:52 t l l5l0414:0'l 1 3 5 12114!0417:39l2l l4 l04 I8:03 24

I l i8l04 5:44 l1/8/04 8:07 I43 121410418:0512114104 18:28
Il/t l /04 l:06 l1 l l  l /04  1 :08 2 W U / 4 4 1 8 : 4 1 12114104 19:01 2C
l l / 1 1 / 0 4  l : 1 0 I  1 i  1  l iM 1 :26 16 12 i1410419:14I? i I4 t04  19 :15
1 l i  l1 /04  a :28 1 1 i 1 1 r 0 4  4 : 4 1 l a 1?|14i01 19..17 I?/H|A4 19:33 16



Response to 3/15/05 Shast County AQI\{D Information Request
"Unit 5 Oxides of lt{itrogen Demonstration Limit"

Attachment B, Page 3 of 3
Periods of I{Ox emissions l-hour rolling at'erage over 2.00 pprn (15% 02)

Start Stop Minutes Start Stop Minutes
1211410419:4512/14104 23:33 228 1/5/05 18:06 1/5 /05  l8 :14
72/1504 6:54 12115/04 7:57 63 1/5 /05  l9 :51 1i5l05 20:36 45
1211504  9 :15 lZil5l0410:47 92 1/6/05 l8:43 I16105 i8:44 I

I2ll5l0412:35 12/1510412:47 I2 l16105 18:46 l/6/05 19:30 44
12/1510413:0112/15/04 13:02 I l/7/05 2l:53 I/7105 22:02 9
L.! . t  L) tu+ I  I :45

-TT|TJ!M1g,-4?j ----6-S --177/05-zTt',E--T/7/05-23:25

l 2 l15 /0418:50l2 l ls l0419:05 l 6 l l9 l05 7:05 l/9/05 8:08 6
12115/0419:09l2ll5l04 19:12 ,)

I i9l05 8: I 3 119/05 9:32 79
1,2 i15 /0419:16l2lrsl04I9:38 22 Li9/05 9:35 l/9/05 9:48 1 3
l2ll5l04 19:40 l2ll5l04 19:44 4 l t9 l05 10:05 I 1 9 l 0 5  I 0 : 1 6 l i
l2ll5l0419:46 l2l15l04 22:16 150 l l9 l05 10:31 1!9/05 10:46 1 5

12t16104 6:17 l2ll6,t04 7:35 48 1/9i05 l0:58 l l9 /05 12:10 72
l2 l16lM 8:50 lzt16/0410:00 70 1/10i05 8:05 l /10105 8 :18 13

12116/M 19:14 l2l)61A4 22:10 176 1/10 /05  l0 :21 1/l0/05 10:36 l :

12i17/04 7:04 l2l l7,r04 7:59 55 1/10/05 10:48 l i  l 0 /05  I  1 :01 l 3
12117lM 10:03 I2t17l04 1 1:09 66 l r l0 /05  11 :24 1 l l0 /05  I  1 :25 I
12/17|C4 l5 17 12117 M 15:58 1 l l i  1 0 / 0 5  1 l : 5 0 1i  10i05 I  l :53
12/17 /A418:5112 i17  0418:53 1 l i l0/05 12:12 1i10i05 l2 :21 L

12/17/M 19:14 12/17lO4 2l:22 128 l /10/05 17:21 1 i l0105 17 :25 A

12/17/04 22:02 l2llTlM 22:19 n 1,/10/05 17:34 1 i10105 I9 :49 1 3 5
12/18104 6:49 1211810410:22 2t3 l i l2 l05 7:01 l l12/05 10:38 211

12i18/0410:5512/18104 12:07 72 l /13 i05  5 :55 l /13/05 7:55 r2c
l2!18/M 20:53 12!18!04 ?2:12 79 1r'13i05 8:02 i / 1 3 / 0 5  8 : 1 5 t n

I J

12120/04 12:51 122004 14:01 70 li  13/05 8:30 l /13 i05 8:41 1 l
12/20/04 17:40 W2A!04 22:06 266 l /13i05 8:43 l/13/05 8:44 I
12/21104 8:51 1 2 / 2 1 0 4  1 0 :  l 3 82 l /13 /05  8 :48 l l13l05 l2:03 19 i

12121/M l7:50 12/2110419:55 r25 l l13105 22:29 Il13l05 23:07 3 8
12/21/04 20:50 l2/?1lM 21:23 n a

J J I /14105 15,24 l i14/05 l6:28 64
12/22/04 8:03 1222104 8:14 4 1 l/1605 13:37 L i l6 l05  16 :14 t5'l
12/22/04 9:02 l2 l22lW l0: l  I 69 l l16105 l8 :01 l i16/05 20:51 na

12/22/0418:09I2l2Zl04 20:52 163 1/18 /05  13 :35 l / l  8/05 16:43 1 8 t
t2123/04 8:06 l2l?3104 9:30 84 1i30i05 9:20 l i30l05 l2: i6 17c

12128,0418:0612!?8!04 l8:23 t-l 2,/3i05 14:20 2/3i05 17:01 1 6 1
12/2810418:261212804 18:44 r8 2/8/05 13:52 218t05 14:29 J I

12/28/0418:5412!28/0419:08 1 4 2!8|05 l8:58 ? i8 i05  19 :17 l 9
r2/28/M 19:25 12!28104 19:40 15 29105 7:42 2i9i05 8:55
12128/04 19:52 12128!M 19:56 A 2/11 /05  7 :58 2,/11105 10: l  I I J J

1230104 7:22 lZi-q0104 8:19 ) t 3/30i05 l5:00 3i30l05 l6:59 tlo ,t".,f Llg
L l5 /05  l0 :13 1,5/05 I  1:55 i02t )
I l5 i05 l3 :03 1/5105 l3:  I  I 8
Lr5 /05  13 :32 l/-5/05 l3;37
l l5 l05  l5 :49 1i5l05 15:56 7
l l 5 /05  t6 :16 l /5/05 16:20 4
l /5 /05 17:41 l lS lOS 17:45 4



Response to 3/15/05 Shast County AQMD Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit'

Attachment B, Page 1 of 3
Periods of NOx emissions l-hour rolling average over 2.00 pprn (15% o2)

Iotal time over 2.0A ppm l-hour rolling average (Hours): 296
Start Stop Minutes Start Stop Minutes

5/12103 8:22 5l|2l03 lI.27 185 9/26103 10:43 9/26103 ll:26 43
6/9103 l0:00 6/9/03 l3:33 213 9/26103 16:02 9/26/03 I6:05 a

J

6ll0l03 10:46 6l10/03 Il.'22 36 9/30103 11:49 9/30/03 2l:03 s54
6110103 16:26 6/10rc3 18:55 t49 f i f i3,/Ai 7:08 10/13/03 8:01 5
6llLl03 l0:07 6ll l l03 10:55 48 l0/1510314:5710/15/03 15:08 1 l
6l l l l03 l6:30 611l /03 l6:50 20 1,0/19103 11:00 l0/19/03 l2:03 63
6112103 9:38 6/12103 9:52 l 4 1,U20103 l1:09 10/20/03 l5:45 27(

6112103 15:05 6l12/03 15:52 47 10/20103 18:04 10120/03 18:16 t2
6/25103 I5:53 6125/03 17:30 97 10/24103 1,2:04 10124/03 13:59 I  l 5
6/26103 15:02 6/26/03 18:08 186 ll/4103 9:25 tU4/03 93A
7/1103 10:50 7ll /0313:03 133 1 l l4 l03  1 l :53 1114103 1 l :54 I
7/2/03 9:18 712103 rl:26 r28 1ll4l03 1,7:42 Il/4/03 17:46 4

718103 18:59 7/8103 1912 t3 l l l l7l03 7:33 l l /17/03 I  l :16 223
7/10103 18:12 7ll0l03 19:12 60 l2l l7l0314:17 12/17103 15:20 63
7 l l l l 0319 :01 Tl l l /03 20:15 74 12/17103 15:34 l2l l7/03 15:50 T6

8/5/03 8:54 8/5/03 8:57 3 l2l27lO3 5:57 12/27/03 6:15 I
8/5/03 9:28 815/03 9:40 t2 t2/27103 18:09 12/27/03 19:26 7i

8/5103 l0:01 8/5/03 I 1:09 68 12/28103 17:44 12/28/03 18:47 63
8/7/03 8:09 8/7/03 8:27 1 8 I13l0414:53 l13/04 l8:59 24C,
8/7/03 8:36 8/7/03 12:31 235 l14/04 20:49 l /4/04 2l :01 I2

817103 l5:20 817/03 l5:32 t2 UslM 739 l l5l04 7:56 I
8/7103 15:49 8/7/03 16:07 1 8 tlslM 10:59 l/5/04 11:00 I

8/14103 13:20 8l14/03 13:24 4 I l5104 1 1:03 ll5l04 1 l:08
8/25103 10:30 8/25103 1l:30 60 I l510411:29 ll5/04 12:24 55
8/25103 I I :51 8/25/03 14:31 16C l/5/04 l2:30 l/5/04 12:31 I
8126103 l0:38 8126/03 12:31 1 1 3 l l510412:35 l/5/04 12:45 10
8128/03 9:2O 8/28/O3 9:35 1 5 l l5 l041.7:77 l /5/0418:33 76

8/28103 l2:00 8128/03 12,,29 29 l l5l04 23:14 I l5/04 23:18 a

911103 22:21 9n/A3 22:57 36 l/5/04 23:20 ll5/04 23:33 13
9/2/03 8:12 912/03 9:49 97 ll5l04 23:39 l/5/04 23:41 2

912103 l0:13 912/03 10:18 ll5104 23:44 I/5/04 23:53 c

912103 10:52 9/2/03 l0:59 l/6/04 3:57 I/6/04 4:55 5 8
912103 17:14 9/2/03 17:20 6 l /810416:10 l18/04 16:12 ,j

912103 17:32 9/2/03 17:59 27 Y8lA416:34 l18/04 16:35 1
912103 20:46 9/2/03 2l:45 59 1/8104 16:40 l/8/04 16:42
916103 17:05 9/6/03 l7:12 I l l8 l0419:57r l/8/04 20:58 61
9/9103 7:44 919103 8:10 26 ll2ll04 7:39|r ll2l/04 9:28 109

9/lll03 16:04 9lll/03 17',38 94 21710414:5712/7/04 17:271 l5c
9/14103 I l:38 9lA/43 13:34 116 2ll3l04 Il:42|l 2lI3/04 1207|. 25
9/14103 l6:551 9/14/03 17:57 62 2/t310413:0412/13/04 14:021 5 8
9/16103 14:361 9116/03  l5 :151 39 2l14lW 17:4l l 2 /14 /0418:341 53
9/18103 l0:351 9/18/03 14'.271 232 2/1610414:0812116/04 l7:31 | 20
9/22103 16:531 9/22/03 18:271 94 2l l8/M 16:231 2/78/04 22:301 36i
9/23103 14:32|' 9123/03 2l:371 425 2120/04 7: 18 | 2/2O/04 8:25|. 61



Response to 3/15/05 Shast County AQN{D Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit"

Attachment B, Page 2 of 3
Periods of NOx emissions I-hour rolling average over 2.00 ppm (15% 02)

Start Stop Minutes Staft Stop Ivlinutes
?12504 14:47 2125104 14:59 T2 I  1 i  I  l /04 5:00 t l l l l l 04  5 :47
2/?6;04 l2:05 2t26i04 l4:13 1 2 8 I  l / 1 1 1 0 4  6 : 1 7 I  l i  I  l / 0 4  6 : 1 9 ')

4i2!04 l0:44 4i2i01 I  l :44 6C I  1 ' l  l /04  6 :32 I l i  I  l i  04 6:33 I
4 i 2 0 4  l 8 : 1 2 4,'2, '0419:?0 68 I l l l  l /04 6:38 I li I U04 6:40
412104 20: 15 4t2104 20:36 ? 1 1 1 l . 3 t 0 1 1 : 5 2 1,1 131041:57
41f104 17 :19 4/3 /0419:12 l t . l l 1 /13 /04  l3 :03 I l t13 /0415:49 r66
414104 l5:55 414104 18:05 130 l l l 19 l0412:41 11l l9 l0412:47 6
415,!04 l3:01 415i04 i5:35 1 5 4 l1/23/04 9:59 l l t23l04 10: l0 l l
4/19/04 7:31 4!19!04 10:57 206 11124/0418:06l l124/04  l8 :13

4i21,t04 2l:2'l 4 i? l , tM 2l  r39 T2 l l i 24 l04 l8 :34 11124/04 18:53 1 9
4i25104 l0:45 4125!04  1 l :15 30 1t /24 i04  1912 I 1i24,104 l9:25 l 3
4 1 2 8 0 4 1 4 : 1 04128104 l6:54 164 ll l24l0419:49 l l t '2110419:58 9
5/2104 18:24 512104 20:30 r26 lt/24/04 20:26 llt24/04 20:36 l 0
5nt/04 9.43 5l l l l04 1 1:50 127 Ill24l04 20:43 11.124t04 2l :51 6t
614i0415:22 6 i1 i0416:30 68 11 27i04 7:55 1l  i27104 7 :59 4

6!Il l04 6:-\1 6i l  l i04 7:58 6r 1 1 i 2 8 l 0 4  1 8 : 1 0 11i28i04 i  9:05 5 i
6 ! l l ! 04  i 0 :12 6i '1  l , '04 l1 :32 70 l1 /29 !0112:57lU?9144 13:47 5C
6/ l1 i@ 15:37 6,r l  l l04 17:05 88 I 1 i 2 9 i 0 4  l 4 : 1 1 l l i29l04 14: l4
6ll4l04 6:33 6i14l04 8:25 lt2 11129t04 l4:41 l l l29l04 14:57 i 6
7tI2/O4 9:32 7/1210414:49 317 l l /29104 l5 :  l9 17129/0415:24

8/8/04 8:36 8i8/04 12:16 220 I l l 2 9 l 0 4 l 7 : 0 3 LI/29/04 l8:5-1 1 i 1
9i  11r04 9:23 9/l l i04 9:45 1 ) I2 l l l04 7:5? l? i I l04  9 :47 t l

9 ! 1 3 O 4  l 0 : 1 4 9i13t{Jc" I l:07 53 I2 l l l04 l0:05 r?l1l04 1l :24 79
9 1 1 4 0 4  7 : 3 6 9l l1 i04 8:37 6 l 1 ? 1 t 0 4  l 7 : 5 0 12i  I  i04 21 :59 ?49
9117iO4 O:24 9 , t 17 i04  l : 17 s3 l2i2. io4 9:49 L2!2/04 I l :O9 8r

9,2310415:369n3 iA4 l7 :03 87 l2l2l04l8:09 t 2 2 1 0 4 1 8 : 1 7
9 2 3 0 4  1 7 : 2 1 9/23104 l8:18 57 12/2104 18:34 121210418:44 I
912404 10:17 9121104 1 l :35 78 12,t3104 10:50 I2l3l04 11:06 I
9/241M 13:24 9l?4104 l4:19 _s5 lzt4104 20:59 l2l4i04 22:08 69
9/24104 l8:21 9/24t04 l9:26 65 l2i  l2r '04 I  6:51 1?!12104 16:52 I
9/26i04 l5:49 9i26!04 16:24 35 12i12i0116:54lzt12lQ4 17:09 l 5
9/27 t04 l6:02 9127 i04 16:14 t2 12/13 !04  I  i :19 12t13/04 12:44 85
912710416:359127 04 17:04 29 12 14104 7 :16 I2l l4104 8:07 51
913010419:039130,0419:08 5 1214104 9:28 LZt l4 lM 9:52 24
l 0 i l /04  l0 :561 l0i I /04 12:27 9 1 l2;14104 9:55 12,t14,!04 9:56 I
11 / l  lM 9 :20J l1/1,/04 13:22 242 Dil4/44 9:59 1 2 i 1 4 / 4 4 1 0 : 1 5 l 6

I  l r ' 1 / 0 4  l 4 : l 6 l I  l , i  l /04 l7:03 t6'l lz i14!0415:00 12114/04  15 :12 I
l l i l , t0419:301 l lr '1r04 21:L4 104 12i14.104 15:24 12i14!01 I -5:47 23
l l12 ;04  14 :361 1ll2i04 21:201 404 l? /14104 17 :36 1211404 17 :37
l1 l5 l04  I  I  :521 11l5l0414:071 r35 12i14104 L7:39 12/14104 i 8:03 | 1 A

L 1

l l l8l04 5:44|. 1l /8104 8:071 r43 12114!04 18:05 I2 l l4 l04 18:281 ! )

I  l / l  l / 0 4  l : 0 6 1 1 1i i l /f.)4 1 :081 2l l2,rl 4i04 1 8:4 I 12 i14"04 19 :01 2C
l l l l  l / 0 4  l : 1 0 1 l l : l l , / 0 4  i : 2 6 1 161 l 2 t '1410419: la lI 2 i l 4 1 0 4  1 9 : 1 5 1 1
1 l ! n n 4 4 : 2 8 11 1 i  1 1 r 0 4  4 : 4 1 l 3 l l ? i74 , '04  19 :  t  7 l 1214,t04 i9:-331 16



Response to 3/15/05 Shast County AQMD Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit"

Attachment B, Page 3 of 3
Periods of Nox emissions l-hour rolling average over 2.00 ppm (15% o2)

Start Stop Minutes Start Stop Minutes
l2l14lW 19:45 l2l14/04 23:33 228 l /5/05 18:06 1/5/05 l8:14

12/15/04 6:54 12/15/04 7:57 63 l l 5 l05  19 :51 l/5105 20:36 45
12/15/04 9:15 12/1510410:47 92 116105 l8:43 I/610s l8:M I

l2ll5l04 12:35 12115/0412:47 t2 116/05 18:46 I/6105 l9:30 44
r2 l l5 l04 l3:0112/15/04 73:02 I 117105 21,:53 ll7l05 22:02
12/15104 17:43 l 2 l l5 /0418:48 65 l,l7/05 22:05 1/7105 23:25 8C
1211510418:5012lI5lM 19:06 16 Ll9l05 7:05 l /9/05 8:08 63
1211510419:0912/15/0419:12 J 1.19105 8:13 l/9105 9:32 79
12/15/0419:16t2/15/0419:38 22 I19l05 9:35 l19/05 9:48 I
1211510419:40l2 l15/0419.44 4 l l9/05 10:05 l/9/05 10:16 I I
12/15/0419:4612/15/04 22:76 l5c l l9 l05 l0:31 1,/9/05 10:46 1 5
12/16104 6:47 l2l16/04 7:35 48 l/9/05 10:58 l /9105 I2 :10 72
12/16/04 8:50 12/1610410:00 70 1/10/05 8:05 1/10/05 8:18 I

r2l16104 L9:14 l2l16104 22:10 t76 U10/05 10.21 1ll0l05 10:36 I J
12/17104 7:04 12/17/04 7:59 55 ll10105 10:48 l lrcl0s I 1:01 I

12/17/0410:0312/17/04 I 1:09 66 l/10/05 ll:24 ll lAl0S ll:25 I
l2l17l04 15:17 12/1710415:58 4 l l l10 /05  1 l :50 1/10/05 I  l :53
1211710418:5112/1710418:53 2 l /10105 12:12 ll10/05 12',21 9
12/17104 19:14 12/17104 2l:22 r28 l l10/05 17:21 1ll0l05 17:25 A

12/17104 22:02 12/17/M 22:19 l 7 1/10105 17:34 ll10/05 19:49 1 3 5
12/18104 6:49 I2ll8/0410:22 213 Lll2l05 7:01 l l I2/05 l0:38 2l '1

12/18/0410:5512/18/0412:47 72 l l73105 5:55 Ul3/45 7:55 t2(
l2ll8l04 20:53 L2ll8l04 22:12 79 1ll3l05 8:02 l /13 /05  8 :15 I
12/20104 12:51 12/20/0414:01 70 1/13/05 8:30 l /13/05 8:41 t 1
L2/2O/0417:4012120/04 22:06 266 l/13/O5 8:43 l/13105 8:44 I
l2l2ll04 8:51 12/21/0410:13 82 1ll3l05 8:48 ll13/05 12:03 195

12/2110417:5012/2110419:55 t2s l /13105 22:29 Il13/05 23:07 3E
12/21104 20:50 l2l2ll04 21:23 33 I/14/05 15:24 1114/05 16:28 64
12122/04 8:03 l2/221M 8:44 4 1 I/16/05 13:37 ll l6/05 l6:141 t5'l
12/22/04 9:02 12/22/0410: l l 69 l /16/05 18:01 ll16/05 20:51 174

1212210418:0912/22/04 20:52 163 1/18/05 13:35 Il18/05 16:431 t 8 t
I2/23/M 8:06 12/23104 9:30 84 ll30/05 9:20 I/30/05 12:16|r 17c

12/2810418:0612/28/04 l8:23 1 7 213/05 14:20 2/3105 17 :01 | l 6 l
l2/281M 18:26 12/28104 18:44 l 8 218/05 13:52 2/8/05 14:29 3'1
12/2810418:5412/28/0419:08 t4 218/05 18:58 218105 19:17 I 9
12/2810419:2512/2810419:40 l 5 219105 7:42 2/9/05 8:55 73
12/28104 19:52 12/2810419:56 4 ilfi|A| 7:58 2 l l l l 05  10 :11 133
12/30/04 7:22 12130104 8:19 57 3/30/05 l5:00 3BA/05 16:59 1 t 9
l /510510 : i3 l l /5105 1 1:55 r02
1/5105 13:031 l l 5 1 0 5  l 3 : 1 1 8
1/5105 13:321 rlslos 13371 5
l/5105 15:491 l /5/05 15:561 7
l /5/05 16: l6 l l/5105 16:201 4

l/5/05 17:45ll 4l



Response to 3/15/05 Shasta County AQMD Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit"

Attachment C, Page I of 2

Unit 5 SCONOX Maintenance & Repairs Since 0612002.



ALSTC}M

lPo*er Environment

I 
Env;ronmenrol Conirol Systems

I

MEMOMNDUM

Dofe: 3/24/2005

Subiect: Unit 5 SCONOx Moinlenonce & Repoirs Since 06/2002

1409 Ccnferpoint Blvd.
Knoxville, TN (USA) 37932-1962
Tcl: 865 693-7550
For 865 694-5203
www, power,o lstom.com

AISTOM Po,,rer Environmenl
Heod Office 25 Avenue Klsber
751 l6 Porir (Fnrnce)
Tql :  +33 I  4755 ?000
Fon +33 | 47 5525 62

Mo intenonce/Repoir Reosons & Results

I 10/2002 Domper seol gosket Excessive leokoge found on the originol seol
gosket. A new type of seol gosket wos used io
reploce the oriqinol qosket.

2 10/2002 Steom Re{ormer Reocfor The originol reformer resctor wos nof equipped
with relief volve, reoctor bulged during
commissioning. New reoctor instolled to reploce
the originol, with better occess for mointenonce.

3 0 r /2003 Steom Heoler Design iemperoture wos insufficient for the
regenerotion gos production. Reforming
ternperofure increosed by 60'F with heoter.

4 05/2003 Regen Distribution Plote Fluid dynomics study shows thof the originol
design wos unsotisfoctory. New distribution
plote wos desiqned.

5 r 0/2003 Lorger Sulfur Filter for the
Steom Reformer

Originol suffur filter wos undersized. A 12ux4'
sulfur filfer wos instolled ro reploce the originol
8"x4'f i l ter.

6 03/2005 Regenerotion Purge Lotest pilot plont study found thot cotolyst
poisoning will be reduced by 2/3 by purging
operotion, ond regenerotion consumption of
sfeom ond noturol gos con be significontly
reduced.

7 04/200s 2d Loyer SCOSOx Cofolyst Trouble-shooling efforts found thot one loyer of
SCOSOx cololyst wos insufficient to prevent
SCONOx cotolyst poisoning, znd loyer SCOSOx
cotolyst will be odded.



Response to 3/15/05 Shasta County AQMD Information Request
"Unit 5 Oxides of Nitrogen Demonstration Limit"

Attachment D

Summary of upsets or malfunctions not reported or covered in Attachnrent C.

The SCONOX regen gas supply valves were upgraded to Class 6 valves.



Response to 3/15/05 Shasta County AQMD Information Request
"Unit 5 Oxide,s of Nitrogen Demonstrefion Limit"

Attechment E, Page I of l0

Addifional lnformrfion relative to the SCONOX system installation, operation end
maintenance not presented in Attachment A through D.

To daie, the SCONOX catalyst has been washed on eleven occasions. All three layers of
SCONOX catalyst were washed on 2 of the washings, only the first layer of SCONOX
catalyst was washed on 8 of the washings, and the SCOSOX has never beqr washed.

An additional layer of SCOSOX catalyst was added duing the April 2005 Outage.

Attachment E includes yearly load evaluations using DAHS softiryare programmed to
perform the load analysis required by 40 CFR 75, Appendix A. The load evaluations
show that Unit 5 has been mostly ntn at low loads.

Attachment E includes eopies of the operators Start/Start log for Unit 5.
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Unit 5 Startup/Shutdown Log
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Unit 5 Startup/Shutdown Log
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I, Cindy Kyle-Fischer, declare that on November 18, 2009, I shipped by Federal Express from
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Energy Commission. The original document, filed with the Docket Unit, is accompanied by a
copy of the most recent Proof of Service list, located on the web page for this project at:
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