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APPENDIX 3.1A

Calculation of Maximum Hourly, Daily, and
Annual Emissions

The original AFC Appendix 8.1A is now Amendment Appendix 3.1A. Significant changes
have occurred with respect to proposed emissions and operational scenarios, and as such
this appendix presents updated emissions and operational data for the new facility site and
configuration.

Tables presented in this Appendix are as follows:

3.1A-1
3.1A-2
3.1A-3
3.1A4
3.1A-5
3.1A-6
3.1A-7
3.1A-8
3.1A-9
3.1A-10
3.1A-11
3.1A-12
3.1A-13
3.1A-14
3.1A-15
3.1A-16

Ammonia Slip Emissions

Turbine/HRSG Assumptions

HRSG Stack Sizing

Operating Emissions Scenarios and Support Data
Startup Emissions Summary

Combustion Turbine HAP Emissions

Cooling Tower Operational Scenarios and Support Data
Cooling Tower PM10 Emissions

Cooling Tower HAP Emissions

Fire Pump Engine Emissions and Specifications
Fire Pump HAP Emissions

Fuel Gas Analysis

Fuel Oil Analysis

Ambient Combustion Air Analysis Assumptions
Fuel Use Calculation

Short Term Emissions

In addition to the above tables, other miscellaneous support data for the device-specific
emissions calculations is also included in this Appendix.
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Table 3.1A-2
Russell City Energy Center
CTG/HRSG Assumptions
G G Plant Design Parameters a
Combustlon Turblne Manufacturer SWPC
Combustion Turbine Model 501FD
Stack Diameter, ft 18.00
Stack Height, ft 145
Sulfate Particulate Molecular Weight 134

Sulfate Parhculate Conversmn Rate in CTG 5%

_ Duct Burner Emissions =
Without PAG W1th PAG

NOx, Ib/MMBtu as NO , (HHV) 0.080 0.080
CO, Ib/MMBtu (HHV) 0.100 0.250
VOC, Ib/MMBtu as CH, (HHV) 0.020 0.050
PM,q, Ib/MMBtu (HHV) 0.015 0.015
Sulfate Part:culat Conversmn Rate in Duct Burner 0% 0%
Dilution Air S
Dilution Air Required'? {YesiNo No
Demgn Gas Temperature Upstream of Catalysts, deg. F 830
: . CO Catalyst Design Parameters :
CO Catalyst Required? (YeSINo) Yes
Design Outlet CO, ppmvd @ 15% O , 4.0
Design Qutlet VOC, ppmvd as CH; @ 15% O , 2.0
Minimum VOC Reduction across CO Catalyst 0%
Sulfate Particulate Conversion Rate across CO Catalyst 80%

NO, Catalyst Design Parameters
NO Catalyst Required? (Yes/No)
Design Outlet NO,, ppmvd @ 15% O,
Ammonia Slip, ppmvd @ 15% O ,

Sulfate Partlculate Conversmn Rate across SCR Catalyst
CT PM;o Assumptions

Natura! Gas - |bs/MMBtu (HHV)
Fuel Qil - Ibs/MMBtu (HHV)

Russell City Emissions Rev 5 in progress.xls 10f1 11/2/2006
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Russell City Energy Center
HRSG Stack Sizing

Table 3.1A-3

Stack Diameter, ft
Exhaust Flow, Ib/hr 4,038,946
Stack Temperature, deg. F 180
Exhaust Molecular Weight 28.39
Site Elevation, ft 95
Ambient Pressure, psia 14.69
Maximum Velocity, fps 75.0
Minimum Stack Diameter, ft 17.7
Selected Stack Diameter, ft 18.0
Actual Velocity, fps 72.6
Stack Height

Finished Grade to Top of Foundation, ft 0.5
Top of Foundation to Top of Breeching, ft 80.0
Stack Damper, ft 10.0
Stack Silencer, ft -

Last Disturbance to Test Ports, diameters 2.0
Test Ports to Stack Outlet, diameter 0.5
Minimum Stack Height, ft (above top of foundation) 135.0
Selected Stack Height, ft (above top of foundation) 145.0
Selected Stack Height, ft (above finshed grade) 145.5
Top of Stack Elevation, ft 155.0
Stack Height to HRSG Height Ratio 1.8

Russell City Emissions Rev 5 in progress.xls 10f 1 11/2/2006
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Russell City Energy Center
Startup Emissions Summary
Russell City Calculated Values
Cold Start
Start Duration, hours 6.0
[Maximum Hour {(worst-case turbine)
NO,, Ib/hr g97.2
€O, Ib/hr 1,348.8
VOC, Ibihr 14.9
PMsq, Ibihr 9.0
S0, Ibfhr 55
Total per Start (worst-case turbine)
NO,, Ibs 480.0
CO, Ibs 5,028.0
VOC, |bs 96.0
PM;g. Ibs 54.0
50;, Ibs 33.0
Warm Start
Start Duration, hours 3.0]
Maximum Hour {worst-case turbine)
NO,, Ib/hr 87.2
COQ, ib/hr 1,348.8
VOC, Ibihr 14.9
PM,g, Ibfhr 8.0
S0;, Ibhr 55
Total per Start (worst-case turbine)
NQ,, Ibs 240.0
CO, lbs 2,514.0
VOC, Ibs 48.0
PMyg, Ibs 27.0
80,, Ibs 16.5
Hot Start
Start Duration, hours 3.0]
Maximum Hour {worst-case turbine)
NO,, Ib/hr 83.8
CO, Ib/hr 1,154.2
VOC, Ibfhr 14.8
PM;g. Ib/hr 8.0
S0;, Ib/hr &5
Total per Start (worst-case combined)
NO,, Ibs 240.0
CO, lbs 2,514.0
VOC, Ibs 48.0
PMyq, Ibs 270
S0;, Ibs 16.5
Shutdown
Start Duration, hours 05|
Maximum Hour (worst-case turbine)
NO,, Ib/hr 289
CQ, Ib/hr 224.2
VOC, Ibihr 6.7
PMyg. Ibfhr 9.0
S0;, Ibhr 5.5
Total per Shutdown (worst-case combined)
NO,, Ibs 80.0
CO, Ibs 902.0
VOC, lbs 16.0
PMp, Ibs 45
50, Ibs 2.8
Russell City Emissions Rev 7 xls
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Table 3.1A-8

Expected Cooling Tower Particulate Matter Emissions

Project: Calpine-RCEC Tower Dimensions (optional)
Mfg: unk Deck Height: 0 Ft. AGL
# Cells: 9 Length: 0 Et.
acfm/Cell: 1632000 Width: 0 Ft.

Drift Loss: 0.0005 % Fan Exit Height: 60  Ft. AGL
Drift Frac: 0.000005 Exhaust Fan Diam: 32 Ft.
GPM: 141352  water circulation rate thru tower

Lb/hr: 70647730 water circulation rate thru tower
Operation Hours: 24 hrs/day 8575  hrs/year

Scenario: Estimated TDS in circulating water

TDS (mg/l) * : 8000
Cycles of Concentration: unk
Drift Loss (Ib water/hr): 353.2
Circulating Water Rate (gpm): 141352

Total PM Emissions: lbs/hr: 2.83 assumed to be PM10

Ibs/day: 67.92
tons/yr: 12.12
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Table 3.1A-10 EXPECTED INTERNAL COMBUSTION ENGINE EMISSIONS

Emergency Fire Pump Set - Liquid Fuel

Mifg: Clarke

Model: JW6H-UF40

Capacity: 2500 Gpm

BHP: 300  (useable HP)
RPM: 2350

Fuel: #2 Diesel

Fuel Use: 14.5 Gph

FuelHHV: 139350 Btu/gal

mmbtuw/hr: 2.02 HHV

# of Cyl: 6

Engine Design: CI

# of Exhaust Stacks: 1

Fuel Wt: 6.87 Lbs/gal

Fuel S: 0.0015 % wt.

Fuel S: 0.10305 Lbs/1000 gal
SO2: 0.2061 Lbs/1000 gal

Efs (g/bhp/hr) (1) Lb/Hr
NOx 4.27 2.82
Co 0.33 0.22
VOC 0.32 0.21
PM10 0.12 0.08
SOx 0.005 0.00
SOx (fuel S Calc) . 000
Efs(lb/mmbtu) Lb/Hr
NOx 0 0
CO 0 0
VOC 0 0
PM10 0 0

Stack Data (per stack)

Height: 15
Diameter: 0.5
Temp: 738
ACFM: 2058
02: unk
H20: unk
DSCFM: unk
Area: 0.197
Velocity: 10437

Max Daily Op Hrs:
Max Annual Op Hrs:

Lb/Day
2.82
0.22
0.21
0.08
0.00
0.00

Lb/Day
0

0
0
0

Ft.

Ft.

deg F

at stack temp
%

%

at STP
Sq.Ft.
Ft/Min

52

Tons/Yr
0.0734
0.0057
0.0055
0.0021
0.0001
0.0001

Tons/Yr
0

0
0
0

(1) EFs differ from Calpine sheet. Values used represent the latest values for this engine model.

c:/spsheets/ICEpumpLig. xls



Table 3.1A-11

Liquid Fuel IC Engine Air Toxics Emissions Calculations

Engine Service:

Fuel Type: Diesel
Gal/Hr: 14.5
Mgal/Hr: 0.0145
Mgal/Yr: 0.754

Substance
Acenaphtene
Acenapthylene
Anthracene
Benzo-a-anthracene
BaP
Benzo-a-fluoranthene
Benzo-ghi-perylene
Benzo-k-fluoranthene
Chrysene
Dibenz-ah-anthracene
Fluoranthene
Fluorene
Indeno-123cd-pyrene
Naphthalene
Phenanthrene

Pyrene

Ethylbenzene

13 Butadiene
Acetaldehyde
Acrolein

Benzene
Formaldehyde
Propylene

Toluene

Xylenes

Hexane

Arsenic

Beryllium

Cadmium

Hex Chromium
Copper

Lead

Manganese

Mercury

Nickel

Selenium

Zinc

Diesel PM

Fire Pump

EF
1bs/Mgal
6.71E-04
1.02E-03
2.23E-04
9.60E-05
7.90E-05
1.12E-04
9.00E-05
7.83E-05
1.30E-04
8.20E-05
3.30E-04
9.65E-04
8.45E-05
1.60E-02
3.54E-03
2.64E-04
6.76E-03
0.0E+00
3.47E-03
1.07E-03
1.81E-01

- 5.10E-02

- 3.41E-01 -
 6.10E-02
 2.10E-02

1.39E-03
1.60E-03
0.0E+00
1.50E-03
1.00E-04
4.10E-03
8.30E-03
3.10E-03
2.00E-03
3.90E-03
2.20E-03
2.24E-02

Max Hrs/Day:
Max Hrs/Yr:

Ibs/hr
9.73E-06
1.48E-05
3.23E-06
1.39E-06
1.15E-06
1.62E-06
1.31E-06
1.14E-06
1.89E-06
1.19E-06
4.79E-06
1.40E-05
1.23E-06
2.32E-04
5.13E-05
3.83E-06
9.80E-05
0.0E+00
5.03E-05
1.55E-05
2.62E-03
7.40E-04
4,94E-03
8.85E-04
3.05E-04
2.02E-05
2.32E-05
0.0E+00
2.18E-05
1.43E-06
5.95E-05
1.20E-04
4.50E-05
2.90E-05
5.66E-05
3.19E-05
3.25E-04

Ibs/yr
5.06E-04
7.69E-04
1.68E-04
7.24E-05
5.96E-05
8.44E-05
6.79E-05
5.90E-05
9.80E-05
6.18E-05
2.49E-04
7.28E-04
6.37E-05
1.21E-02
2.67E-03
1.99E-04
5.10E-03
0.0E+00
2.62E-03
8.07E-04
1.36E-01
3.85E-02
2.57E-01
4.60E-02
1.58E-02
1.05E-03
1.21E-03
0.0E+00
1.13E-03
7.54E-05
3.09E-03
6.26E-03
2.34E-03
1.51E-03
2.94E-03
1.66E-03
1.69E-02

5

tons/yr
2.53E-07
3.85E-07
8.41E-08
3.62E-08
2.98E-08
4,22E-08
3.39E-08
2.95E-08
4 90E-08
3.09E-08
1.24E-07
3.64E-07
3.19E-08
6.03E-06
1.33E-06
9.95E-08
2.55E-06
0.0E+00
1.31E-06
4.03E-07
6.82E-05
1.92E-05
1.29E-04
2.30E-05
7.92E-06
5.24E-07
6.03E-07
0.0E+00
5.66E-07
3.77E-08
1.55E-06
3.13E-06
1.17E-06
7.54E-07
1.47E-06
8.29E-07
8.44E-06

see IC Engine calc sheet for PM10 emissions

EFs: CARB-CATEF Database (mean values for source type and category)
Metals EFs from VCAPCD, 1/8/96



JW6H-UF40 (JDFP-06WR)

EIRE PUMP DRIVER

EMISSION DATA

7o compiete an application for a Fermit to Operate, the following dala is provided,

Lean [
Turbocharged & Aftercooled

Diesel Oil - 1w

No
Ho

RPM BHP  GAUHR

Surtue Cheovide Dased o 86

i

R T

U fsa seasine of ol par

of Tieing BEVARD fur Baeg

i

# of {otad hpdrecarkons, includy

fur content o sl [by weight

i

ey O (e ot i on cOmpanson with pre T OGS,

g Mo Matfare M rhoris (INMHUE

5. neiding FM s,

GBORTH Base Model Engine Manufactured by John Desre Co

13424 RE

B ALIGET KUK

CLARKE

FIRE PROTECTION PRODUCTS
FUEEAST K F
AT OH 45

- ki covaery from Exfaust
- Eernssicn Conlred Dowes
FUEL AIRIFUEL GRAMSE [ HP | HR i EXHAUST
RATIO RHEC™ NOx co 50, PART™ O, %p CFR
(L/MR) “ch {rfming
15092 22049 (L 14 ag (.24 niy a0y & 1030 (5584 1276 (26)
15511y 2005 .08 &7 0.2% G314 .07 A8 A55(457) 14508 (43)
L2538 3aAT (15 H 037 LI B D 12.3 PR (A0 1740 (498
BO% 148 {645 4047 L4 B &2 o2 b noa RGO TIE O30 2058 58
5, some of the ateve dara may Nave been sxiwdated o thie best avaitalie tosr

TIMING

RETARD"

Q.

a7

15

8



CLARKE

Basic Engine Description
Engine Manufacturer.. .
lgnition Tvpe . ..
Murnber of Cylinders ..
Bore and Stroke .
Disptacement - in.* (L}
Comprassion Ralio. .
Yalvas per eylinder -

Combustion System

Engine Type.. ...
Agpiration.
Firng Order (CW F’Lulailcnu

Charge Air Coaling Type. ...
Ratation (Viewed from Front) -

Engine Crankcase Vent Systemn . . .. .

Installation Drawing......

Cooling System

Engine H,0 Heat -Bluisec (kW) ...

Engineg Radiated Heal -

inyqreamd, .

inlake
Exhaust.

IFire Protection Products

JW6EH-UF40 (JDFP-06WR)
INSTALLATION & OPERATION DATA

odohin Desre Co
... Comprassion (Diesel)
4.58 {116) =

. 5.06 (129
LAG6 (8.1)
4

Direct Injection
In-Ling, 4 Stroke Cycle
.. Turbocharged
1-5-3-6-2-4
. Raw Water Cooled

Clockwisa. ...

e S Slandand
Counter-C Eock'vm&. - Not Avattable
o Open
D485
3470 1769 2100 2350
S A R e s 17 (1550 154 (162 B2 (171 156 {164}
BrufSec (kWY 26 {27) 30 (32) 32 (34) 32(34)

HMeat Exchangar Minimium Flow

BO°F {(157°C) Raw H.0 . galimin, (Limin.}. 12 (45) 15 (57} 17 {6} 21 (79}
95F (35°C) Raw H.O - gablmin, (Limin b o 19 {723 23 (BT 29 {110} 3141171
Heat Exchanger Maximum Cooling H.0O
Inlet Pressure - 16 4n* (kKPa) Lo B0
Flaw - gal /min {Limin. ; . ... BO (302)
I hermaostat, Sart to Cpen - {n] i iy SR Rl R s et o0 LR G
Fully Opened - °F (¢ CJ..._ A £ A R s L LROZ (99)
Engine Coolant Capacity - qt. {L). - 23(27)
Coolant Fressurs Cap - Iban. ngaJ Lo 10(69)
Faximurn Engine H,0 Temperature - F {"Ci 200 (93
Minimum Enging Hx0 Temperature - °F {7C). 180 (71
Elgctri m-DC
System Vaoltage (Nominal). ; R R R S LR
Battery Capacily for Arnmenta Acrue ‘12 F [(} C}
YVoltage (Nominaly . . L. T Rt b
Qty per Battery Bank .. i o |
SAE size perdBET. il il nGi i el L BODGO0
COAE O°F (187C) . Vo BOD
Reserve Capaculy Min. -0 430
Battery Cable Circuit®, Max I%ﬂsns!al'lt‘aa anm L Daoiy
Batlery Cable Minimum Size
012000, Crcuit® Length...... .o e 00
121 - 160 in. Circuit® Length.. .. 000
161 - 200 In. Chreuit™ Lengthr. i . CoOG
Charging Alternator Qutpt - Amip 40
Starter Cranking Armps - £ 80°F { 4 495

MOTE: This enging is Intendend For Indoor Installation Or In A Weatharproof Enclosurs,

‘DDS‘b-.fe zma \.fpgahm .,obape t"ombmm} Langth

(Coariiniied?



CLARKE

JWEH-UF40 (JDFP-06WR)

Fire Protection Producis

INSTALLATION & OPERATION DATA (Continued)

Exhaust System
Exhaust Flow - ft. i
Exhaust Tamparaturs - R SN R RS WS AT SR # U
faximum Allcwable Back Pressure - in. B0 (kPa; ..o
Mirmmurn Exhaust Pipe D, - in, (o)™

Fuel System
Fuel Consumption - galdr (Lhr).. ..
Fuel Return - gal fhe. (L),
Total Supply Fuel Flow - gl b (Lihe ) o
Fuel Pressure - Ibin * (kPay.... ...
Wi Line Size - Supply - in. (mm)

Mirgmum Line Size - Retuen - oo dmm)™. .

Maxinum Allowable Fusl Pump Suclion
With Clean Filter - in. Hx0 (mH.0) y
Maximuen Aliowable Fuel Haad above Fuel pump, &

Heater System
Jacket Walter Heater, ;
Wattage (Nominal).
Voltage - AC, 1P,
Optional Voltage - AC, 1P,
Lubre Cil Heater Wattage
IRequirad Cpliar When Ambignt s Below 40°F (470 ...

Induction A em
Air Cleaner Type
Alr Iritake Reslriction M‘lmnum Li!Yli

Dirty Ajr Cleanser - in Ho0 (xPa) i
Clean Air C‘tea;w:-iz} [ LR <2 | T —
Lngine Air Fiow -

it Yenin. gmsmingy.

Masrmum Allowable Temperature f.Aar To Engmv Inlrt; - F {"C}"“

Lubrication System
Qi Pressurne - nommial - 807 a0
In Pan Ol Ternparature - “F {(PCh e
Ol Pan Capacity - Hign - gt. (L}, . b ait e e L
Tolal Oif Capacity with Filtar - b (L)oo

Performance
BMEP - b /inf (kPa)......
Piston Speed - ftmin (m/min).. ...
Sound Pressure Level - dB(AY @ 1,
Powar Curve,

upply or Roirlm {m,
FUBLEIMAE MIEDOI SIZE . coii v oy dois navtoimi i s S B s S e b Ty S S0

130 {54y

L2681 (1B00)

1470 1760 2100 2350
1276 (36} 1506 (43) 1740 (49} 2088 (58)
S 1030 (540)  B55 (443 TP {396 T35 (302)
1947 2668 28(7.1) 30 (/5
500120 500127 500127 50127
1349)  185(51)  14(33) 145
63 (238) 0? (237) 62235 615 (233
78 {288) 6(286] 76 (286)  76(288)

25-35 f1'?2--24'!}

.50 Seh. 40 - Black

37 Seh. 40 - Black

L3 {083

927
3

... Standard
.. 2500
. 230 (+3%, -10%)

115 (+5%, -10%)

150
- Indoors Service Only - Washalis
13030 14 {353 153 16 {4.0%

340.7)
480 (13)

4{1.0)
615 (17}

6(1.5)
160 (22)

b )
923 (26)

30-55 (207-37%)

. 180-220 (8B-104)
0. 32 (30)
C34 (32

263 {181
1484 {452)

228 (1872
1771 (B4

204 (1406)

1240 (378) 1982 {604)

CODA - WOG4 - 02

" Based On Nooannal System, Fisw Analysis Must Be Dose To Assure Adharance To Svstem Limifalicns

(Miremum Exbavist pips Oiamgtors basod on 15

taat aof pipa. one albow, and @ sitencer

[rRESUR Hi0g NG GreEr than ane half the max. aliowalie bhack prassura.}

=t Rewiew For Powar Deratan IF Air Entering Eaging Excaads *F7F (3570

CABMZTRE
LA R

MOTE: This enging is Intendend Far Indacr Installation Or In A Weatherproof Enciosure.
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- = CALPINE

C

Table 3.1A-14

Russell City Energy Center
Assumed Ambient Air Analysis
Ambient Air
1}
Mole % th?lleecL/:I:r Mass % | Molecular
(dry) Weight (dry) Weight
N, 78.04% 21.862 75.47% 28.013
0, 20.99% 6.717 23.19% 31.999
CO, 0.03% 0.013 0.05% 44010
Ar 0.94% 0.376 1.30% 39.948
Total 100.00% 100.00% 28.967
Russell City Emissions Rev 5 in progress.xls 10f1

11/2/2006



Table 3.1A-15 FUEL USE CALCULATIONS

Russell City Energy Center

Turbines and HRSG Duct Burners

Fuel Type: Natural Gas

Btu/scf: 1023
Heat Input Ratings
Turbine:
HRSG:
Operating Hours
Turbine:
HRSG;
Fuel Use
Turbine:
HRSG:
Number of Units:
Total
Fuel Use

HHV
Equivalent mmscf/hr
2039 mmbtu/hr 1.993
200 mmbtu/hr 0.196
2.189 Subtotal
hrs/day hrsfyr
24 8364 (includes startup/shutdown hours)
10 4000

mmscf/day  mmscflyr

4.78E+01 1.67E+04

1.96E+00  7.82E+02

498E+01 1.75E+04 Subtotals

2

- mmscffhr - mmscf/day  mmscffyr

Annual fuel use for the turbines/HRSGs will meet the previous facility limit of

33899.4213 mmscfiyr.
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