Table 8.1A-1a







Summary of Startup Emissions Data - pounds per hour







Project
Notes
POC
CO
NOx
SOx
PM10

Crockett Cogeneration 
6/96 avg. 
6/97 avg. 
min run 
max run

Source Testsa

54
<1
<1
59

46
31
27
49

59
41
9
95

-
-
-
-

-
-
-
-

Crockett Cogeneration
FDOCb
170
385
160
-
-

SF Energy
FDOC
299
437
77
-
-

Sutter 
Cold Start 
Hot Start

From Westinghouse

-
-

838
902

175
170

-
-

-
-

Sutter 
Cold Start 
Hot Start

FDOCc

1.1
1.1

838
902

175
170

2.7
2.7

9.0
9.0

Westinghouse 
Cold Start 
Warm Start 
Hot Start

d

292
296
442

1722
1625
2142

183
221
217

3
3
4

28
25
33

Bechtel - DEC 
Cold Start 
Hot Start

From Westinghouse e

437
520

3317
7343

168
189

-
-

7
8

Used in AFC 
Cold Start 
Hot Start

f

16
16

838
902

80
80

1.3
1.3

12
12

Notes: 
aMinimum and maximum values are based on the six individual runs that comprise the two sets of tests. 
bPermit conditions have not been carried forward into the permit to operate, and are no longer in effect. 
cValues shown are from the engineering analysis; there are no proposed permit conditions for startup emissions limits in the proposed FDOC. 
d Westinghouse provided data for the DEC plant (3 turbines) on a lbs/start basis. The above lbs/hr values were calculated assuming a 3 hour starting period per turbine for a cold start; 2 hours for a warm start; and 1 hour for a hot start. Data do not reflect the performance of oxidation catalysts or CO catalysts. 
eBechtel estimates are 140 minutes for cold start for first engine; 40 minutes for cold start for second and third engines; and 30 minutes for hot start for each engine. 
fPOC values are two times full load emission rates. CO values are equivalent to values proposed for Sutter project. NOx values are 30 percent higher than the higher of the two Crockett test averages, rounded up to the nearest 5 lbs/hr. SOx and PM10 values are the full load emission rates.







Table 8.1A-1b







Summary of Startup Emissions Data - pounds per start per turbine







Project
Notes
POC
CO
NOx
SOx
PM10

Crockett Cogeneration 
6/96 avg. 
6/97 avg. 
min run 
max run

Source Testsa

71
1
<1
79

62
41
36
66

79
54
12
127

-
-
-
-

-
-
-
-

Crockett Cogeneration
FDOCb
340
770
320
-
-

SF Energy
FDOCc
299
437
77
-
-

Sutter 
Cold Start 
Hot Start

From Westinghouse

-
-

611
339

2932
1804

-
-

-
-

Sutter 
Cold Start 
Hot Start

Proposed 
FDOCd

3
1

2514
902

525
170

8
3

27
9

Westinghouse 
Cold Start 
Warm Start 
Hot Start

e

875
592
442

5167
3250
2142

550
442
217

8
5
4

83
50
33

Bechtel - DEC 
Cold Start 
Hot Start

From Westinghouse

1019
520

7740
3671

391
189

-
-

17
4

Used in AFC 
Cold Start 
Hot Start

f

48
16

2514
902

240
80

4
1

36
12

Notes: 
aData extrapolated from reported hourly values by ratio of 80/60. 
bValues based on maximum two hours per startup. 
cValues based on maximum one hour per startup. 
dValues based on maximum three hours per cold start, one hour per hot start. 
eWestinghouse provided data for the DEC plant (3 turbines). Data do not reflect the performance of oxidation catalysts or CO catalysts. 
fBased on maximum three hours per cold start, one hour per hot start.
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Notes for Table 8.1A-2
Calculation of Maximum Hourly, Daily and Annual Emissions

Calculation of Maximum Hourly Emissions

a.
Turbines/HRSGs

As hourly NOx, CO and POC emissions from the turbines are higher during startup than during full load operation, highest hourly emissions occur while one turbine is in startup mode. Except for startup, maximum hourly emissions from the turbines occur while operating at full load and 90EF with power augmentation and duct firing. Emissions under this operating mode are higher than under part load or low temperature operations as the duct burner operates only at full load and high temperature conditions. Emissions under full and part load conditions at maximum and minimum site temperature conditions are shown in Table 8.1B-2.

Only one turbine at a time will be in startup mode. Therefore highest hourly emissions from the turbines will occur when one turbine is starting up and the other is operating at full load with power augmentation and duct firing.

b.
Auxiliary Boiler

Maximum hourly emissions from the auxiliary boiler will occur while the boiler is operating at full load. Emissions under part load operation are lower than at full load operation, as shown in Table 8.1A-5.

c.
Emergency Generator and Fire Pump

The emergency generator and the fire pump will not operate simultaneously. Maximum hourly NOx and SO2 emissions will occur while the fire pump is operating; highest hourly CO and PM10 emissions occur when the emergency generator is operating. Emissions from these units are shown in Table 8.1A-6.

d.
Cooling Tower

Maximum hourly emissions occur while the cooling tower is operating at full capacity.

Calculation of Maximum Daily Emissions

a.
Turbines/HRSGs

As discussed above for the hourly emissions calculations, hourly NOx, CO and POC emissions are highest during startup. The operating conditions having the next highest hourly emissions are full load operation at 90EF with power augmentation and duct firing, followed by full load operation at 30EF. Duct burner operation will not exceed 16 hours a day. Therefore maximum daily turbine emissions will occur on a day when each turbine has one hot and one cold start, operates at full load with power augmentation and duct firing for 16 hours, and operates at full load without power augmentation and duct burning for the rest of the day. Again, both turbines will not be in startup mode simultaneously; there will be a two-hour period between starting the first and second turbines.

b.
Auxiliary Boiler

The auxiliary boiler will operate a maximum of 24 hours per day, although not at the same time as the turbines. As a worst case, however, simultaneous operation of the turbines and boiler is assumed. Maximum emissions occur at full load.

c.
Emergency Generator and Fire Pump

The emergency generator and fire pump will operate a maximum of one hour per day for testing, and the two units will not be tested on the same day. Therefore maximum daily emissions correspond to one hour of operation of the unit that has the higher emissions. 

d.
Cooling Tower

Maximum daily cooling tower emissions will occur while the cooling tower is in operation for 24 hours.

8.1A.1.3 Maximum Annual Emissions

a.
Turbines/HRSGs

Each turbine is assumed to have a maximum of 52 cold starts (156 hours) and 260 hot starts (260 hours) each year. Duct firing will be limited to the equivalent of 1500 full load hours per year per turbine. Therefore the calculation of maximum annual emissions from each turbine is based on the following assumptions:

156 hours of cold start operation
260 hours of hot start operation
1500 hours of operation with power augmentation and duct firing
6844 hours of operation at full load, 30EF

b.
Auxiliary Boiler

The auxiliary boiler will operate a maximum of 2000 hours per year. Maximum emissions occur at full load.

c.
Emergency Generator and Fire Pump

The emergency generator and fire pump will operate a maximum of 200 hours per year each. Annual emissions are based on this yearly operation.
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Table 8.1A-4
Ammonia Emissions Calculations

Calculation of ammonia emissions from the gas turbines and the auxiliary boiler is based on the proposed ammonia slip limit of 10 ppmvd.

Gas Turbines

Maximum hourly ammonia emissions from the gas turbines occur when the turbines are operating at 100 percent load with duct burners. Under these conditions, the exhaust flow rate has been calculated to be 710,359 dscfm at 12.10 percent O2. The 10 ppm ammonia slip rate at 15 percent O2 is calculated as:

10 ppm @ 15% O2 * 4.4852x10-8 lb/scf per ppm * 710,359 scf/min * (20.9-12.1)/(20.9-15) x 60 min/hr

= 28.43 lb/hr

Similarly, ammonia emissions without duct firing can be calculated to be 26.64 lb/hr. As each duct burner will operate a maximum of 1500 hours per year, maximum annual NH3 emissions from the gas turbines will be:

(1500 hrs * 28.43 lb/hr) + (7260 hrs * 26.64 lb/hr) = 118.6 tons/yr
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