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Dominion Resources Services, Inc. Lg e o @
5000 Dominion Boulevard, Glen Allen, VA 23060 D@ml“lon

Web Address: wwnw.dom.com

August 24,2010

Ms. Amy Owens

Director, Valley Regional Office

Virginia Department of Environmental Quality
4411 Early Road

Harrisonburg, VA 22801

Re:Request for Prevention of Significant Deterioration Permit —
Supplemental Information
Virginia Electric and Power Company
Registration No. 81391
AIRS ID No. VA-187-00041

Dear Ms. Owens:

Virginia Electric and Power Company (Dominion) is pleased to provide additional information
requested by the Department of Environmental Quality (DEQ) to clarify and supplement our recent
submittals pursuant to the above-referenced permit. The contents of this submittal are itemized
below.

Control Cost Calculations and Revised Emissions Estimates

In our July 27, 2010 letter, we explained that it is not cost-effective to further increase the control
efficiencies for CO and VOC beyond what we proposed in our application. We are enclosing cost
calculations related to increased controls of CO and VOC. Also enclosed are summaries of the
expected annual emissions of PM resulting from the revised hourly PM emission rates proposed as
BACT for each scenario for this facility. These calculations are found in Enclosure A.

We also learned during discussions with Mitsubishi that the startup emission estimates in our April
2010 submittal were overestimated. The new data provided by Mitsubishi results in a significant
reduction in estimated annual VOC emissions, as well as a reduction in annual CO emissions. These
changes did not affect other emissions.

We are enclosing new Form 7 — Page 14 for each of the three turbine scenarios reflecting these
reductions in PM emissions, and the reductions in annual CO and VOC emissions from the
Mitsubishi scenario. The changes to these forms are italicized. Enclosures B, C, and D document
these changes to the Siemens, Mitsubishi, and GE scenarios, respectively.

Commitment Regarding Diesel Engine Operation
To address a separate concern, Dominion does not plan to test either of the diesel engines at this

facility while any one of the combined-cycle units is being started. Therefore, Dominion will accept
a permit restriction that will prohibit the testing of either stationary diesel engine during a combined-
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cycle unit startup. We will further restrict the testing of these engines to daylight hours between 9:00
AM and 5:00 PM. The simultaneous startup of a combined-cycle unit and the diesel engines does
not need to be permitted. Periodic operability testing of the diesel engines should not be otherwise
restricted during non-startup times for the combined-cycle units. These engines will need such tests
to ensure their availability during emergencies.

Ammonia Emissions

Dominion agrees to further restrict ammonia emissions from this facility to 2 ppm during steady-
state conditions with a maximum of 5 ppm during non-steady-state operations. As we stated in our
letter dated July 27, 2010 (with clarifications as noted):

For purposes of permit limits and compliance, Dominion defines “normal” operation as at
or above 60% load for Siemens and MHI turbines and at or above 50% load for GE
turbines, but that steady-state operation is based on a steady load for the duration of the
CEMs hour; ... defined as less than a 5% rate of [load] change ... [within the] hour.

Diesel Fuel Storage
Finally, we inadvertently omitted fuel storage for the two diesel engines in our application packages.
The Form 7 pages (applicable to all three scenarios) and associated emissions calculations are

enclosed as Enclosure E.

Please contact Andy Gates at 804-273-2950 or andy.gates@dom.com if you need additional
information or have questions concerning this submittal.

Sincerely,

ot WM Bis

Robert M. Bisha
Director, Environmental Business Support

Enclosures:  A: Cost-effectiveness calculations for additional reductions of CO and VOC
Revised annual emissions calculations and Page 14 of Form 7 for each scenario:
B: Volume I, Siemens
C: Volume II, Mitsubishi
D: Volume III, GE
E: Form 7 pages 8 and 9 showing diesel fuel storage tank and emissions calculations

cc: (via e-mail) Mr. Janardan Pandey, Valley Regional Office Air Permits Manager
Ms. Anita Riggleman, Senior Environmental Engineer
Ms. Tamera Thompson, Director, Permitting, DEQ Central Office



" Enclosure A: Cost-effectiveness calculations for additional reductions of CO and VOC




080°96% 18¥'9.6%" 009 0Z'L0L 0z'L0L 91/20 81L/20 J0A susuIg
ISL'ev$ | €45'v602$ 05°€Y- 00°6Z¢ 052/€ L'V160 veIG 02 HIN
§50'/81$ | STEOVY'L$ 0L'L 0. v8 ov'ee 91/.0 0Z/0L J0A 19
G0S'ze$ | v6L'TTCLS 09'2€ 076l 080T L1160 GZ/ISEL 09 ED)
(uoys) (1eahjg) 1s00 | - (akuoy) (1Aoy) (1fjuoy) (20 %S| @ Apuudd) (20 %51 © Apwdd) p Jasmoeynuey

SS9UBAI0AYT | pezienuuy | suononpsy D3a VA Buisny | suoissiwg jenuuy Jauang Jauang 3onqg yam ; Ajuo 19| ofjo43uod aurqanyg
3s0) jejol suoissiwy [ suolssiwg jenuuy | pasodoid juaing jong yum ; Ajluo 15 SHWT uoneJUAIU0D juejnjjod
Jenuuy : uoienjeas 3509 10§ pasodoud juaiing
: ‘suoneuadU0) BIAA VA

m:o:u:vE 90A PUe 0D 104 $]04JU00 [EUORIPPE JO SSAUBARIYD umoo [eonoy3odAH

Ayunod uasem. :o_:_Eoo




DOMINION WARREN COUNTY
. Control of CO Emissions from Natural Gas GE7FA Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.9 (CT only) and 1.7 {duct firing) ppmvd @ 15% O2 Economic Impact Relative to Proposed BACT of 1.35 (CT only) and 2.5 {duct firing) ppmvd @ 15%

[EMISSIONS REDUCTION EFFECTIVENESS |

» Baseline emissions (turbine only) 1.35 ppmvd @ 15% O, Proposed as BACT for non-startup/shutdown operation
« Baseline emissions (with duct firing) 2.5 ppmvd @ 15% O, Proposed as BACT for hon-startup/shutdown operation
) 230.80 TPY Proposed annual emissions limit including startup and shutdown
e Target emissions (turbine only) 0.9 ppmvd @ 15% 0, Hypothetical case to match Siemens CO concentration for non-startup/shutdown operation
e Target emissions (with duct firing) 1.7 ppmvd @ 15% O, Hypothetical case to match Siemens CO concentration for non-startup/shutdown operation
193.20 TPY * Annual emissions including startup and shutdown, reflective of above concentrations
. EMISSIONS REDUCTION V . 37.60 TPY ER ER = 37.60 TPY = 230.80 TPY - 193.20 TPY
|COST ESTIMATION PARAMETERS .
o Interest rate on capital expenditure 7% i
e Economic life of equipment 3yrs n : -
o Capital recovery factor - S 0.381 CRF  CRF =(if1100) * {[ 1 +(ir100) "}/ { [1 + (i100) I"- 1}
o : - CRF = 0.381 = (7/100)((1+(7/100))*3)/((1+(7/100))3-1)
-[CAPITAL COSTS

o DIRECT CAPITAL COSTS : : ] N

" w Purchased Equipment Cost: $1,980,000 ' PEC » Based on incremental cost and control provided by GE Energy as referenced in
. . Towantic Energy project submittals (two 7FA units)
+ Towantic information: $2,200,000 for 35,000 Ibs catalyst
+ Towantic CO incremental control from 2.0 to 0.9 ppm ( [1 - (0.9/2.0)] ~65% control)
« Assume control is proportional to installed catalyst
» Towantic is two units, scaling to three units at Warren gives $3,330,000 catalyst cost
and 525,000 Ibs of catalyst
« Incremental control needed for Warren to meet limits ( [1 - (0.9/1.35)] = 33% controf)
- Catalyst nesded for Warren = 52,500 Ibs catalyst * 0.33/0.55 = 31,500 Ibs catalyst

R ] « Catalyst cost = $3,300,000 * 31,500 / 52,500 = $1,980,000
= Installation Cost $396,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5: IC = 0.20 * PEC
Project Contingency $356,400 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5: PC =0.15*IC

a
DCC=PEC+IC+PC
Total Direct Capital Cost $2,732,400 DCC $2,732,400 = $1,980,000 + $396,000 + $356,400
e INDIRECT CAPITAL COST
$54,648 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5: ICC =0.02*DCC
e TOTAL CAPITAL COST
TCC=DCC+ICC

$2,787,048 TCC  $2,787,048 = $2,732,400 + $54,648
[OPERATIONAL COSTS
e DIRECT OPERATIONAL COSTS
$ 0.0879 /kWh EIA average price for retail electricity sales in Virginia, 2010, all sectors
m  Electricity Unit Cost hitp:/iwww.eia.doe.gov/cneaf/electricity/epm/table5_6_b.htmi (data through 3/2010)
w Net Output Reduction from Installation 75 kW + Based on Towantic data
S . » Towantic: 50 kW net plant incremental reduction for 2 units, Warren is 3 units
a Electricity Cost $57,750 Jyr Ce $57,750 = $0.0879/kWh * 75 kWh/hr * 8,760 hrfyr
» Labor Costs
+ Operator $8,213 fyr Ci Estimate: $15/hr * 547.5 hrlyr
+ Supervisor $1.232 Hyr Cis Estimate: 15% of operator labor
.+ Maintenance $2,464 fyr Cim Estimate: 30% of operator labor
+ Total Labor Cost $11,908 fyr G Ci = Co*Cis* Cim
Cl=$11,908.13 = $8,212.50 + $1,231.88 + $2,463.75
= Maintenance Materials $2,464 fyr Ca Estimate: 100% of maintenance Iabor cost
‘w Total Direct Operational Cost $72,122 Iyr DOC DOC=C.+Ci+Cp
DOC = $72,122 = $57,750 + $11,908 + $2,464
Warren County Cost Effec!viveness CO-VOC 8-16-10 (2).xIsx . 8/18/2010

Warren County GE CO Page 2 of 10




- DOMINION WARREN COUNTY

Control of CO Emissions from Natural Gas GE7FA Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.9 (CT only) and 1.7 (duct firing) ppmvd @ 16% 02 Economic Impact Relative to Proposed BACT of 1.35 (CT only) and 2.5 {duct firing) ppmvd @ 15

- & INDIRECT OPERATIONAL COSTS

» Overhead

. i $4,451 Iyr 0] 44% of direct labor cost + 12% of maintenance labor cost

= Administration $55,741 Iyr A 2%of TCC :

= Insurance ) $27,870 A ! 1% of TCC

n Total Indirect Operational Cost $88,063 Iyr 10C - 10C=0 +A+]

© - |OC = $88,063 = $4,451 + $55,741 + $27,870
e TOTAL OPERATIONAL COST $160,185 Iyr TOC TOC =DOC +10C »
) TOC = $160,185 = $72,122 + $88,063
[ECONOMIC IMPACT

¢ ANNUALIZED CAPITAL COST $1,062,009 Jyr ACC ACC =TCC * CRF

’ ’ ACC = $1,062,009 = $2,787,048 * 0.381
¢ TOTAL OPERATIONAL COST. $160,185 lyr TOC See above
« TOTAL ANNUALIZED COST $1,222,194 Iyr TAC TAC = ACC +TOC .

) “ TAC = $1,222,194 =-$1,062,009 + $160,185
e EMISSIONS REDUCTION 37.60 TPY ER See above
$32,505 Jton C-E C-E=TAC/ER

COST-EFFECTIVENESS
. : reduction

C-E = $32,505 = $1,222,194 / 37.60

. NOTE:
- 1. "EPA Manual" refers to the EPA Air Pollution Control Cost Manual

Warren County Cost Effectiveness CO-VOC 8-16-10 (2).xlsx
Warren County GE CO

8/18/2010
Page 3 of 10




DOMINION WARREN COUNTY

Control of VOC Emissions from Natural Gas GE7FA Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.7 (CT only} and 1.6 (duct firing) ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 1.0 (CT only) and 2.0 (duct firing) ppmvd @ 15%

[EMiISSIONS REDUCTION EFFECTIVENESS

o Baseline emissions (turbine only)
2.0 pemvd @ 15% O3

) « Baseline emissions (with duct firing)
. . - 9240 TPY

o Target emissions (turbine only)

. Tz_argetfemissigns (with duct firing) 1.6 ppmvd @ 15% O,

1.0 ppmvd @ 15% O,

0.7 ppmvd @ 15% 02,

Proposed as BACT for non-startup/shutdown operation
Proposéd as BACT for non—startup/shutdown operation
Proposed annual emissions limit including startup and shutdown

Hypbthetical case to match-MHI VOC concentration for non-startup/shutdown operation
‘Hypothetical case to match MHI VOC concentration for non-startup/shutdown operation

84.70 TPY Annual emissions includihg startup and shutdown, reflective of above concentrations
. EMISSIONS REDUCTION 7.70 TPY ER ER =7.70 TPY = 92.40 TPY - 84.70 TPY
[COST ESTIMATION PARAMETERS )
o Interest rate on capital expenditure 7% T
‘e~ Ecoriomic life of equipment 3.yrs N : ' :
‘e Capital recovery factor - 0.381 CRF CRF = (i100)*{[ 1+ (1100} }/{[1 + (ir100) -1}
CRF = 0.381 = (7/100)*((1+(7/100))*3)/((1+(7/100)j*3-1)
[CAPITAL COSTS
e DIRECT CAPITAL COSTS .
» Purchased Equipment Cost: $2,357,000 PEC + Based on incremental cost and control provided by GE Energy as referenced in
Towantic Energy project submittals (two 7FA units)
+ Towantic information: $2,200,000 for 35,000 Ibs catalyst )
*» Towantic VOC incremental control from 1.2 to 0.7 ppm ( [1 - (0.7/1.2)] ~42% control)
» Assume control is proportional to installed catalyst
« Towantic is two units, scaling to three units at Warren gives $3,330,000 catalyst cost
and 525,000 Ibs of catalyst
« Incremental control needed for Warren to meet fimits ( {1 - (0.7/1.0)] = 30% control)
+ Catalyst needed for Warren = 52,500 Ibs catalyst * 0.30/0.42 = 37,500 Ibs catalyst
} « Catalyst cost = $3,300,000 * 37,500/ 52,500 = $2,357,000
= Installation Cost $471,400 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5: IC =0.20 * PEC
» Project Contingency $424,260 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5: PC=0.15*1C
DCC=PEC+IC+PC
n Total Direct Capital Cost $3,252,660 DcC $3,252,660 = $2,357,000 + $471,400 + $424,260
~-e. INDIRECT CAPITAL COST $65,053 IcCC EPA Manual, Section 4.2, Chapter 2, Table 2.5: ICC = 0.02 *DCC
o TCC=DCC+ICC
o TOTAL CAPITAL COST $3,317,713 TCC $3,317,713 = $3,252,660 + $65,053
[OPERATIONAL COSTS
e DIRECT OPERATIONAL COSTS
$ 0.0879 /kWh E|A average price for retail electricity sales in Virginia, 2010, all sectors
= Electricity Unit Cost hitp://www.eia.doe.gov/cneaflelectricity/epm/table5_6_b.html (data through 3/2010)
» Net Output Reduction from Installation 75 kW Based on Towantic data
’ Towantic: 50 kW net plant incremental reduction for 2 units, Warren is 3 units
= Electricity Cost $57,750 lyr Ce $57,750 = $0.0879/kWh * 75 kWh/hr * 8,760 hriyr
» | abor Costs
+ Operator $8,213 fyr Ci Estimate: $15/hr * 547.5 hrlyr
+ Supervisor $1.232 Jyr Cis Estimate: 15% of operator labor
+ Maintenance $2,464 fyr Cim Estimate: 30% of operator labor
+ Total Labor Cost $11,908 fyr G C = G+ Cis*+ Cim
Cl=$11,908.13 = $8,212.50 + $1,231.88 + $2,463.75 -
_» Maintenance Materials $2,464 Iyr Cn Estimate: 100% of maintenance labor cost
= Total Direct Operational Cost $72,122 Iyr poc DOC=C.+C+Cp

. Warren County Cost Effectiveness CO-VOC 8-16-10 (2).xIsx

- Warren County GE VOC

DOC = §72,122 = $57,750 + $11,908 + $2,464

8/18/2010
Page 4 of 10



DOMINION WARREN COUNTY

Contro! of VOC Emissions from Natural Gas GE7FA Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications

‘to Achieve 0.7 (CT only) and 1.6 {duct firing) ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 1.0 (CT only) and 2.0 (duct firing) ppmvd @ 15%

o INDIRECT OPERATIONAL COSTS

u Overhead $4,451

Iyr o} 44% of direct labor cost + 12% of maintenance labor cost
w Administration $66,354 fyr A 2%of TCC
= Insurance $33,177 Nyr | 1% of TCC
w .Tdtal Indirect-Operational Cost $103,983 Iyr [[o]¢] I0C=0+A+]| o .
’ ’ ’ 10C = $103,983 = $4,451 + $66,354 + $33,177
-» TOTAL OPERATIONAL COST $176,105 Iyr ' Toc . TOC =DOC +1i0C .
’ : TOC = $176,105 = $72,122 + $103,983
[ECONOMIC IMPACT —
. ANNUALIZED CAPITAL COST $1,264,220 Iyr ACC.  ACC=TCC*CRF’
’ ‘ ACC = $1,264,220 = $3,317,713 * 0.381
¢ TOTAL OPERATIONAL COST $176,105 fyr TOC See above
. TOTAL‘ANNUALIZED COST $1,440,325 Iyr TAC TAC = ACC + TOC
b ’ TAC = $1,440,325 = $1,264,220 + $176,105
o EMISSIONS REDUCTION 7.70 TPY ER See above
COST-EFFECTIVENESS $187,055 /ton C-E C-E=TAC/ER
. reduction C-E = $187,055 = $1,440,325/7.70
NOTE:
1. “EPA Manual" refers to the EPA Air Pollution Control Cost Manual
Warren County Cost Effectiveness CO-VOC 8-16-10 (2).xlsx 8/18/2010

Warren County GE VOC

Page 5 of 10




DOMINION WARREN COUNTY

~ Control of CO Emissions from Natural Gas MHI 501G Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.9 (CT only) and 1.7 (duct firing) ppmvd @ 15% O2 Economic impact Relative to Proposed BACT of 1.5 (CT only) and 2.4 (duct firing) ppmvd @ 15%

[EMISSIONS REDUCTION EFFECTIVENESS

« Baseline emissions (turbine only)

" e Baseline emissions (with duct firing)

‘e Target emissions (turbine only)
o Target emissions (with duct firing)

1.5 ppmvd @ 15% O,
2.4 ppmvd @ 15% O,
372.50 TPY

0.9 ppmvd @ 15% O,
1.7 ppmvd @ 15% O,

Proposed as BACT for non-startup/shutdown operation
Proposed as BACT for non-startup/shutdown operation
Proposed annual emissions fimit including startup and shutdown

Hypothetical case to match Siemens CO concentration for non-startup/shutdown operation
Hypothetical case to match Siemens CO concentration for non-startup/shutdown operation

329.00 TPY Annual emissions including startup and shutdown, reflective of above concentrations
o EMISSIONS REDUCTION 43.50 TPY . ER ER = 43.50 TPY = 372.50 TPY - 329.00 TPY
[COST ESTIMATION PARAMETERS
_ » Interest rate on capital expenditure 7% - i
o Economic life of equipment 3yrs n . B
" Capital recovery factor 0.381 © CRF  CRF=(if100) * {[ 1+ (i1100) I"}/{ [T + (1100) "~ 1}
o ) : i CRF = 0.381 = (7/100)*((1+(7/100))*3)/((1+(7/100))*3-1)
[CAPITAL COSTS
.« DIREGT CAPITAL COSTS
» Purchased Equipment Cost: $3,467,000 PEC « Based on iricremental cost and control provided by GE Energy as referenced in
- Towantic Energy project submittals (two 7FA units)
+ Towantic information: $2,200,000 for 35,000 lbs catalyst
» Towantic CO incremental control from 2.0 to 0.9 ppm ( [1 - (0.9/2.0)] ~55% control)
» Assume control is proportional to installed catalyst
« Towantic is two units, scaling to three units at Warren gives $3,330,000 catalyst cost
and 525,000 Ibs of catalyst
» Need to correct for larger MHI turbine exhaust flow of 1,430,000 acfm
« Catalyst needed for 3 MH! units = 525 000 Ibs * 1,430,000 acfm / 980.000 acfm
resuits in 75,833 Ibs catalyst and cost of $4,767,000
« Incremental control needed for Warren to meet limits ( [1 - (0.9/1.50)] = 40% control)
+ Catalyst needed for Warren = 75,833 Ibs catalyst * 0.40/0.55 = 55,152 Ibs catalyst
» Catalyst cost = $4,767,000 * 55,152 / 75,833 = $3,467,000
s Installation Cost $693,400 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5: IC =0.20* PEC
= Project Contingency $624,060 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5: PC=0.15*1IC
. DCC=PEC +IC +PC
= Total Direct Capitai Cost $4,784,460 DCC  $4,784,460 = $3,467,000 + $693,400 + $624,060
o INDIRECT CAPITAL COST $95,689 icc EPA Manual, Section 4.2, Chapter 2, Table 2.5: ICC =0.02 *DCC
TCC=DCC+ICC
-« TOTAL CAPITAL COST $4,880,149 TCC $4,880,149 = $4,784,460 + $95,689
[OPERATIONAL COSTS |
« DIRECT OPERATIONAL COSTS
$ 0.0879 /kWh EIA average price for retail electricity sales in Virginia, 2010, aif sectors
u Electricity Unit Cost http:/iwww.eia.doe.gov/cneaf/electricity/epm/table5_6_b.htm! (data through 3/2010)
s Net Output Reduction from Installation 91 kW + Based on Towantic data and difference between Warren GE and MHI 1SO plant outputs
. + Towantic: 50 kW net plant incremental reduction for 2 units, Warren is 3 units
« Warren county GE option {SO = 1060 MW, MH! option ISO = 1280 MW
» Net output reduction = 50 kW * (3/2) * (1280 MW/ 1060 MW) = 91 kW
s Electricity Cost - - $69,736 fyr Ce $69,736 = $0.0879/kWh * 91 kWh/hr * 8,760 hr/yr
- Labor Costs
"+ Operator $8,213 fyr Cio Estimate: $15/hr * 547.5 hriyr
+. Supervisor $1,232 Jyr Cis Estimate: 15% of operator labor
+ Maintenance $2,464 Jyr Cim Estimate: 30% of operator labor
+ Total Labor Cost $11,908 Jyr G G =Co*Ce*Cp
Cl=$11,908.13 = $8,212.50 + $1,231.88 + $2,463.75
= Maintenance Materials $2,464 Hyr Cn Estimate: 100% of maintenance labor cost
u. Total Direct Operational Cost $84,108 Iyr DOC DOC=C.+C +Cp

Warren County Cost Effectiveness CO-VOC 8-16-10 (2).xisx

Warren County MHI CO

DOC = $84,108 = $69,736 + $11,908 + $2,464

8/18/2010
Page 6 of 10




DOMINION WARREN COUNTY

Control of CO Emissions from Natural Gas MHI 501G Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.9 (CT only) and 1.7 {duct firing) ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 1.5 (CT only) and 2.4 [duct firing) ppmvd @ 15%

. -» INDIRECT OPERATIONAL COSTS

$4,451 iy o)

= vaerhéad 44% of direct labar cost + 12% of maintenance labor cost
» Administration $97,603 /yr ’ A 2% of TCC ’
w ‘Insurance $48,801 /yr | A 1% of TCC
» Total Indirect Operational Cost '$150,856 Iyr {o]ed I0OC=0+A+|
o . : 10C = $150,856 = $4,451 + $97,603 + $48,801
e TOTAL OPERATIONAL COST $234,964 'Iyr' © TOC TOC =DOC +10C" .
’ TOC = $234,964 = $84,108 + $150,856
[ECONOMIC IMPACT _
o ANNUALIZED CAPITAL COST $1,859,589 Iyr ACC  ACC =TCC *CRF ‘
Lo ACC = $1,859,589 = $4,880,149 * 0.381
» TOTAL OPERATIONAL COST $234,964 Iyr TOC See above -
¢ TOTAL ANNUALIZED COST $2,094,553 lyr TAC. TAC=ACC+TOC
’ TAC = $2,094,553 = $1,859,589 + $234.96_4 .
o EMISSIONS REDUCTION 43.50 TPY ER See above
COST-EFFECTIVENESS $48,161 Jton C-E C-E=TAC/ER
| : reduction

C-E = $48,151 = $2,094,553 / 43.50

" NOTE:
1. "EPA Manual” refers to the EPA Air Pollution Control Cost Manual

Warren Couﬁty Cost Effectiveness CO-VOC 8-16-10 (2).xIsx
Warren County MHI CO

8/18/2010
Page 7 of 10




DOMINION WARREN COUNTY

Control of VOC Emissions from Natural Gas Siemens SGT6-5000F Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.7 (CT only) and 1.6 (duct firing) ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 0.7 (CT.only) and 1.8 {duct firing) ppmvd @ 15% O.

[EMISSIONS REDUCTION EFFECTIVENE_SS

o Baseline emissions (turbine only)
e Baseline emissions (with duct firing) |

o Target emissions (turbine only)
o Target emissions (with duct firing)

0.7 ppmvd @ 15% O,
1.8 ppmvd @ 15% O,
107.20 TPY

0.7 ppmvd @ 15% O
. 1.6 ppmvd @ 15% O,

Propos'ed as BACT for non-startup/shutdown op_erétion
Proposed as BACT for non-startup/shutdown operation
Proposed annual emissions limit including startup and shutdown

_"Same concentration as MHI for non-startup/shutdown operation

' Hypothetical case to match MH!I VOC concentration for non-startup/shutdown operation .

) ) ©101.20 TPY ‘Annual emissions ihcluding startup and shutdown, ref_fectfve of above concentrations
DT . ) reducing emissions with duct burner by 11% to reflect 0.2 ppm reduction
s EMISSIONS REDUCTION 6.00 TPY. ER’ ER = 6.00 TPY =107.20 TPY - 101.20 TRPY.
‘ [COST ESTIMATION PARAMETERS
= _Interest rate on capital expenditure 7% i
¢ Economic fife of equipment 3yrs” n : . o
* Capital recovery factor 0.381 CRF CRF = (if100) *{[ 1 + (i1100) "}/ { [1 + (1100) " - 1}
: CRF = 0.381 = (7/100)*((1+(7/100))*3)/((1+(7/100))*3-1)
[CAPITAL COSTS
o DIRECT CAPITAL COSTS . .
= Purchased Equipment Cost: $864,000 PEC » Based on incremental cost and confrol provided by GE Energy as referenced in
: Towantic Energy project submittals (two 7FA units)
* Towantic information: $2,200,000 for 35,000 Ibs catalyst
» Towantic VOC incremental control from 1.2 to 0.7 ppm ( [1 - (0.7/1.2)] ~42% control)
» Assume control is proportional to installed catalyst
+ Towantic is two units, scaling to three units at Warren gives $3,330,000 catalyst cost
and 525,000 ibs of catalyst
* Incremental control needed for Warren to meet limits ( [1 - (1.6/1.8)] = 11% control)
+ Catalyst needed for Warren = 52,500 Ibs catalyst * 0.30/0.42 = 37,500 [bs catalyst
. » Catalyst cost = $3,300,000 * 37,500/ 52,500 = $2,357,000
» Installation Cost $172,800 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5: IC =0.20 * PEC
w Project Contingency $155,520 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5: PC=0.15*1C
= Total Direct Capital Cost $1,192,320 DCC  $1,192,320 = $864,000 + $172,800 + $155,520
+ INDIRECT CAPITAL COST $23,846 IcC EPA Manual, Section 4.2, Chapter 2, Table 2.5: ICC = 0.02 * DCC
TCC =DCC +ICC
e TOTAL CAPITAL COST $1,216,166 TCC $1,216,166 = $1,192,320 + $23,846
[OPERATIONAL COSTS -
o DIRECT OPERATIONAL COSTS
$ 0.0879 /kwh EIA average price for retail electricity sales in Virginia, 2010, all sectors
= Electricity Unit Cost http://iwww.eia.doe.govicneaf/electricity/epm/table5_6_b.htmi (data through 3/2010)
= Net Output Reduction from Installation 75 kW + Based on Towantic data; assumed Siemens similar to GE
» Towantic: 50 kW net plant incremental reduction for 2 units, Warren is 3 units
:- Electricity Cost $57,750 Iyr Ce $57,750 = $0.0879/kWh * 75 kWh'hr * 8,760 hriyr
» Labor Costs
+ Operator $8,213 fyr Cio Estimate: $15/hr* 547.5 hrlyr
. Supervisor $1,232 fyr Cis Estimate: 15% of operator labor
+ Maintenance $2,464 lyr Cim Estimate: 30% of operator labor
+ Total Labor Cost $11,908 /fyr Ci Ci = Cpo+ Cis+ Cim
Cl=$11,908.13 = $8,212.50 + $1,231.88 + $2,463.75
» Maintenance Materials $2,464 Iyr Cm Estimate: 100% of maintenance labor cost
= Total Direct Operational Cost $72,122 Iyr DOoC DOC=C.+C+Cpy
DOC = $72,122 = $57,750 + $11,908 + $2,464
« INDIRECT OPERATIONAL COSTS
w Overhead $4,451 lyr o 44% of direct labor cost + 12% of maintenance labor cost
. = Administration $24,323 Iyr A 2% of TCC
= Insurance $12,162 fyr 1 1% of TCC
= Total Indirect Operational Cost $40,936 lyr [{o]¢] I0OC=0+A+}
’ ) . 10C = $40,936 = $4,451 + $24,323 + $12,162
¢ TOTAL OPERATIONAL COST $113,058 Iyr TOC TOC =DPOC +10C

Warren County Cost Effecfiveness CO-VOC 8-16-10 (2).xlsx
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bOMINION WARREN COUNTY
Control of VOC Emissions from Natural Gas Siemens SGT6-5000F Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.7 (CT only) and 1.6 (duct firing) ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 0.7 (CT only) and 1.8 (duct firing) ppmvd @ 15% O

TOC = $113,058 = $72,122 + $40,936

Warren County Cost Effectiveness CO-VOC 8-16-10 (2).xisx 8/18/2010
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DOMINION WARREN COUNTY
Control of VOC Emissions from Natural Gas Siemens SGT6-5000F Combined Cycle Plant via Larger Oxidation Catalyst and Associated System Modifications
to Achieve 0.7 (CT only} and 1.6 (duct firing} ppmvd @ 15% 02 Economic Impact Relative to Proposed BACT of 0.7 (CT only) and 1.8 (duct firing} ppmvd @ 15% O.

ECONOMIC IMPACT :
o ANNUALIZED CAPITAL COST ’ $463,422 lyr ACC ACC =TCC *CRF
’ . : : ACC = $463,422 = $1,216,166 * 0.381
¢ TOTAL OPERATIONAL COST o $113,058 Iyr TOC See above
o TOTAL ANNUALIZED COST $576,481 fyr " TAC TAC = ACC +TOC .
) : . : . TAC = $576,481 = $463,422 + $113,058
. EMISSIQNS REDUCT]CN . ] 6.00 TPY ER = Seeabove
COST-EFFECTIVENESS . - © . . $96,080 jton . C-E . C:E=TAC/ER .~
: - - - _reduction - .C-E = $96,080 ='$576,481/6.00
NOTE: -
1. "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
8/18/2010
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Enclosure B: Revised annual 'emis_sioné calculations and Page 14 of Form 7 for Volume I, Siemens




AIR PERMIT APPLICATION

General information
CHECK ALL FORMS THAT APPLY AND LIST ALL ATTACHED DOCUMENTS.

MAP.AND LOCALITIES LIST (information), Pages iii-vi _0 PAST ACTUAL ANNUAL CRITERIA POLLUTANT EMISSIONS, Page 15
CONFIDENTIAL INFORMATION, Page vii-viii ___ TOXIC OR HAP EMISSIONS, Page 16 (one form /Volume)
FORMULA-BASED HAZARDOUS AIR POLLUTANT INFORMATION, Page ix __ OTHER REGULATED EMISSIONS, Page 17 {one form/Volume)
HAZARDOUS AIR POLLUTANT L‘.IST (information), Pages xi-xii ___ OPERATING PERIODS, Page 18 (one form/Volume)

__REQUEST FOR LOCAL GOVERNMENT CERTIFICATION FORM, Page xiii LIST ATTACHED DOCUMENTS

__ CONTENTS AND DOCUMENT CERTIFICATION, Page 1 __ MAP of SITE LOCATION

__ GENERAL INFORMATION, Page 2 __FACILITY SITE PLAN

__ GENERAL INFORMATION (continued), Page 3 __ PROCESS FLOW DIAGRAM/ISCHEMATIC

__ FUEL-BURNING EQUIPMENT, Page 4 (one form in each Volume of application) __ MSDS or CPDS SHEETS

__ PROCESSING, Page 5 {one form in each Volume of application) _X_ESTIMATED EMISSIONS CALCULATIONS

__INKS, COATINGS, STAINS, AND ADHESIVES, Page 6 _ STACKTESTS

__ INCINERATORS. Page 7 ___ AIR MODEL DATA

_1_VOLATILE ORGANIC COMPOUND/PETROLEUM STORAGE TANKS, Page 8
1 VOLATILE ORGANIC COMPOQUND/PETROLEUM STORAGE TANKS -

CONTINUED, Page 9

.0 LOADING RACKS AND OIL-WATER SEPARATORS, Page 10

__ STACK PARAMETERS AND FUEL DATA, Page 11 (one form in each Volume of application)

___AIRPOLLUTION CONTROL AND MONITORING EQUIPMENT, PAGE 12 (one form/Volume)

__ AIR POLLUTION CONTROL/SUPPLEMENTAL INFORMATION, PAGE 13 (one form/Volume)

_3_PROPOSED MAXIMUM CRITERIA POLLUTANT EMISSIONS, Page 14 {one form/Volume)

Note added form sheets above; also indicate the number of copies of each form in blank provided.

DOCUMENT CERTIFICATION FORM
(see other side for instructions)

I certify under penalty of law that this document and all attachments [as noted above] were prepared
under my direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or persons who
manage the system, or those persons directly responsible for gathering and evaluating the information, the
information submitted is, to the best of my knowledge and belief, true, accurate, and complete. | am aware that
there are significant penalties for submitting false information, including the possibility of fine and imprisonment
for knowing violations.

I certify that | understand that the existence of a permit under [Article 6 of the Regulations] does not
shield the source from potential enforcement of any regulation of the board governing the major NSR program
and does not relieve the source of the responsibility to comply with any applicable provision of the major NSR
regulations.

SIGNATURE: (;’Z////; /7/1//%? DATE: 5!34!30!0

NAME: Robert B. McKinley s
TITLE: Vice President, Generation Construction REGISTRATION
COMPANY: Virginia Electric and Power Company NUMBER: 81391

References: Virginia Requlations for the Control and Abatement of Air Pollution (Requlations), 9 VAC 5-20-230B and 9 VAC 5-80-1140E. See reverse
of this form for instructions.

Page Revised March 15, 1996 Page 1 Form 7
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~ Enclosure E: Form 7 pages 8 and 9 (applicable to all scenarios) and diesel storage tank emissions
- calculations ' : ' :
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