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ABSTRACT 

Current EPA emission factors (AP-42) for nitrogen oxides (NO,) from utility 

mal-fired boilers do not account for variations either in emissions as a function of 

generating unit load, or in designs of boilers of the same general type, particularly 

wall-fired boilers. N A  has recently compiled short-term NO, emissions data from 30 

units at 11 TVA coal-fired plants. These units include cyclone, cell burner, single wall, 

opposed wall, single tangential, and twin tangential boiler firing designs. In this study, 

the NO, emission rates from each boiler were calculated and compared with the 

calculated rate for each boiler type using AP-42. Additional recent NO, data (from 

non-TVA boilers) were also obtained from the literature, along with the data used to 

develop the current AP-42 emission factors. Analysis of all these data indicates that: 

(1) to varying degrees, NO, emissions increase with increasing load for all except 

single- and opposed wall-fired boilers; (2) using the current AP-42 quality rating 

scheme for the six boiler types, factoring in the TVA and recent literature data results 

in improved quality ratings for all NO, emission factors - "Aw (excellent) for those of 

four of the six boiler types, "B" (good) for those of cell burners, and "C" (fair) for those 

of opposed wall-fired boilers; and (3) there was no evident relationship between NO, 

emissions and fuel nitrogen content or fuel ratio (fixed carbon to volatile matter). 

ii 



TABLE OF CONTENTS 

Section 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

FIGURES ................................................ v 

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi 

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 CONCLUSIONS AND RECOMMENDATIONS ...................... 4 

Cyclone Furnaces . . . . . . . . . . . . . . . . . .  ....................... 4 

Cell-Burner Wall-Fired Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Horizontally Opposed Wall-Fired Units ........................... 5 

Single Wall-Fired Units ...................................... 5 

Single-Furnace Tangentially Fired Units .......................... 6 

Twin-Furnace Tangentially Fired Units ........................... 6 

3 BOILER POPULATION ...................................... 9 

TVABoilers .............................................. 9 

Non-TVA Boilers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

Boiler Type Characteristics ................................... 16 

Cyclone Furnaces ..................................... 16 
Cell-Burner Units ...................................... 16 
Horizontally Opposed Wall-Fired Units ...................... 17 
Single Wall-Fired Units ................................. 17 
Tangentially Fired Units ................................. 17 

Single-Furnace ................................... 17 
Twin-Furnace ................................... 17 

iii 



TABLE OF CONTENTS (CONTINUED) 

Section 

4 DATAANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

5 RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Cyclone Furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Wall-Fired Units ............................................. 24 

Cell-Burner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Horizontally Opposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
Single Wall-Fired . . . . . . . . . . . . . .  ....................... 29 

Tangentially Fired Boilers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

Single-Furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
Twin-Furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

OtherResubs ............................................. 43 

Effect of Fuel Nitrogen .................................. 43 
Effect of Fuel Ratio .................................... 43 

6 . EMISSION FACTOR RATINGS . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . .  47 

7 REFERENCES ............................................ 49 

APPENDIX 

A TVATESTDATA .......................................... A-1 

B TVACOALDATA .......................................... 6-1 

iv 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

LIST OF FIGURES 

NO. Emissions. Cyclone Furnaces .............................. 23 

Effect of Load on NO. From Cyclone Furnaces ..................... 25 

NO. Emissions. Cell-Burner Wall-Fired Units ....................... 27 

28 Effect of Load on NOr Emissions From Cell-Burner Wall-Fired Units . . . . . .  
NO. Emissions. Horizontally Opposed Wall-Fired Units . . . . . . . . . . . . . . .  31 

NO. Emissions. Single Wall-Fired Units . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Effect of Load on NOx Emissions From Single Wall-Fired Units . . . . . . . . .  35 

NO. Emissions. Single.Furnace. Tangential Units . . . . . . . . . . . . . . . . . . .  39 

Effect of Load on NO. Emissions from Single-Furnace 
Tangential Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

NO. Emissions. Twin.Furnace. Tangential Units .................... 42 

Effect of Load on NO. Emissions from Twin-Furnace Tangential Units . . . .  44 

NO. Versus Fuel Nitrogen .................................... 45 

NO. Versus Fuel Ratio ...................................... 46 

V 



LIST OF TABLES 

. Table 

1 AP-42 Emission Factors ...................................... 2 

2 Summary of Average NO. Emissions from TVA and Non-TVA Units . . . . . .  8 

3 TVA Boiler Population with NO. Emission Data ..................... 12 

4 Boiler Population From Current AP-42 Reference List 
and Literature Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

5 Summary of NO. Emissions Data for Cyclone Furnaces . . . . . . . . . . . . . .  21 

6 Summary of NO. Emissions Data for Cell Burner Units . . . . . . . . . . . . . . .  26 

7 Summary of NO. Emissions Data for Horizontally Opposed 
Wall-Fired Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

Summary of NO. Emissions Data for Single Wall-Fired Units . . . . . . . . . . .  32 

Summary of NO. Emissions Data from Single Furnace 
Tangentially Fired Units ....................................... 37 

10 Summary of NO. Emissions Data from Twin Furnace Tangentially 
Fired Units ................................................ 41 

11 Comparison of AP-42 Emission Factor Ratings ..................... 48 

8 

9 

vi 



SECTION 1 

INTRODUCTION 

The current AP-42' document provides emission factors to estimate 

nitrogen oxide (NO,) emissions from various coal-fired utility boilers burning 

bituminous and subbituminous coal. The emission factors, expressed as pounds of 

NO, per ton of coal burned, relate amount of NO, emitted to amount of fuel 

burned. 

Emission factors are provided for three major boiler types: cyclone. 

tangentially fired, and wall-fired utility boilers (Table 1). No emission factors are 

given for subclasses of these major boiler types, Le., for single- or twin-furnace 

tangential units; single wall-fired units; horizontally opposed wall-fired units; or cell- 

burner wall-fired units. 

The U.S. Environmental Protection Agency's (EPA's) Air and Energy 

Engineering Research Laboratory has initiated a study to determine whether the 

AP-42 document could be revised to include emission factors for each boiler 

subclass, and to account for factors such as boiler design and coal type. 

To this purpose, NO, emission data and corresponding operating conditions 

and coal information were obtained from the US. Tennessee Valley Authority 

(TVA) for 30 boilers a t  10 different N A  coal-fired plants in Alabama, Kentucky, 

and Tennessee. These units encompass all three major boiler types, and all 
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TABLE 1. AP-42 EMISSION FACTORS 

Emission Factor 
Utility Boiler AP-42 Section Applicable Ib of NOpon of 

Type Load Range coal* 

Cyclone 1.1 60 - 110% 37 

Tangentially Fired" 1.1 60 - 110% 15 

Wall-Fire8 1.1 60 - 110% 21 

'Includes single-furnace and twin-furnace units. 

blncludes single-wall, horizontally opposed-wall, and cell-burner units. 

r) Throughout this report, 1 Ib NO,/ton coal is the equivalent of 0.5 g NO&g coal. 
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subclasses in the tangential and wall categories. These data were summarized and 

then compared to NO, emissions data calculated from the AP-42 emission factor. 

Further analysis of the TVA data consisted of evaluating NO, emissions as a 

function of unit load. Initially, only NO, data from TVA units were to be evaluated. 

However, TVA data were limited for several boiler types, so it was necessary to 

include NOx data from non-NA units. 

The most recent NO, data were obtained through a literature search and 

from the seven references cited in the current AP-42 document that are the basis 

for the current AP-42 emission factors. These data were combined with the TVA 

data by specific boiler category and used to: (1) determine if the TVA data could 

be used to modify the AP-42 emission factors; (21 determine whether current AP- 

42 emission factors are consistent with measured values; (3) identify any trends, 

such as NO, as a function of load; and (4) determine new average NO, emission 

rates for each boiler subclass. 

Finally, a review of the emission factor rating was conducted to determine 

whether including additional data would improve the factor ratings for each boiler 

type. The rating is a measure of the quantity and quality of data used to generate 

the emission factors. 

3 



SECTION 2 

CONCLUSIONS AND RECOMMENDATIONS 

Based on the review and analysis of the NO, emission data from both TVA and 

non-TVA units, the following conclusions and recommendations for each boiler type 

are provided. 

CYCLONEFURNACES 

1. NOx emissions from 12 cyclone furnaces ranged from 0.79 to 
1.87 Ib/mBtu', with an average of 1.22 Ib/mBtu (33 IbAon). This average 
is 11 percent lower than the AP-42 rate of 1.37 IbhnBtu. However, the 
TVA units averaged 1.61 Ib/mBtu, which is 18 percent higher than the 
AP-42 rate, The non-TVA units averaged 1.1 1 Ib/mBtu. 

There is a correlation between NO, and unit load, Le., NO, increased 
with increasing load. 

The emission factor rating improves from "B" to "A" with these data. 

There are no correlations between NOx and fuel nitrogen or fuel ratio 
(fixed carbon to volatile matter). 

2. 

3. 

4. 

CELL-BURNER WALL-FIRED UNITS 

1. NO, emissions from five cell-burner units ranged from 0.71 to 1.7 

average is 55 percent higher than the current A?-42 rate of 0.78 Ib/mBtu. 
The TVA units averaged 1.53 Ib/mBtu, which is approximately twice the 

Ib/mBtu, with an overall average of 1.21 Ib/mBtu (33 IbAon). This I 

V) Throughout this report, "m" represents million, and 1 Ib/m Btu = 0.43 g/mJ. 
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AP-42 rate. The non-WA units averaged 1.02 Ib/mBtu. This clearly 
indicates that the cell-burner units should be in a separate category from 
other wall-fired boilers. However, data from more cell-burner units are 
needed to define the emission factor and improve the rating. 

There is a correlation between NO, and unit load, Le., NO, increases 
with unit load. 

There is no current emission factor rating for cell-burner units; however, 
these five units would be rated "B." 

There are no correlations between NO, and fuel nitrogen or fuel ratio. 

2. 

3. 

4. 

HORIZONTALLY OPPOSED WALL-FIRED UNITS 

1. NO, emissions from three horizontally opposed wall-fired units ranged 
from 0.69 to 1.24 Ib/mBtu, with an overall average of 0.94 Ib/mBtu 
(25 Ib/ton). This average is 12 percent higher than the current AP-42 
rate of 0.78 Ib/mBtu. The TVA units averaged 0.76 Ib/mBtu, which 
compares well with the AP-42 rate; however, the non-TVA units 
averaged 1.08 IWmBtu. This shows that horizontally opposed units may 
need a separate category; however, more data are needed to define the 
emission factor and improve the rating. 

There are not enough data to determine a correlation between unit load 
and NO, emissions. 

There is no current emission factor rating for horizontally opposed units; 
however, these three units would be rated "C." 

There are no correlations between NO., and fuel nitrogen or fuel ratio. 

2. 

3. 

4. 

SINGLE WALL-FIRED UNITS 

1. NOx emissions from 15 single wall-fired units ranged from 0.59 to 
1.12 IblmBtu, with an overall average of 0.85 lb/mBtu (23 Ibhon). This 
average is 9 percent higher than the current AP-42 rate of 0.78 Ib/mBtu. 
The TVA units averaged 0.81 IbhBtu, which is only 3 percent higher 
than the AP-42 rate, while the non-TVA units averaged 0.90 Ib/mBtu. 
There are sufficient data available to modify the emission factor for this 
category. 
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2. There is a correlation between NO, and unit load, with NO, increasing 
with increasing load. 

There is no current emission factor rating for single wall-fired units; 
however, these 15 units would be rated "A." 

There are no correlations between NO, and fuel nitrogen or fuel ratio. 

3. 

4. 

SINGLE-FURNACE TANGENTIALLY FIRED UNITS 

1. NO, emissions from 17 single-furnace tangentially fired units ranged 
from 0.38 to 0.75 IblmBtu, with an overall average of 0.56 IblmBtu 
(1  5 Ib/ton), which corresponds exactly to the current AP-42 emission 
rate. The TVA units averaged 0.48 Ib/mBtu, which is 16 percent 
lower than the AP-42 rate. The average for the non-TVA units was 
0.60 Ib/rnBtu. 

2. 

3. 

There is a slight increase in NO, as unit load increases. 

There is no current emission factor rating for this subclass; however, 
these 17 units would be rated "A." 

There are no correlations between NOx and fuel nitrogen or fuel ratio. 4. 

TWIN-FURNACE TANGENTIALLY FIRED UNITS 

1. NO, emissions from 12 twin-furnace tangentially fired units ranged 
from 0.55 to  0.72 Ib/mBtu, with an overall average of 0.62 IblmBtu 
(1 7 Ib/ton). This average is 11 percent higher than the AP-42 rate of 
0.56 IblmBtu. The TVA units averaged 0.62 Ib/mBtu and the non- 
N A  units averaged 0.63 Ib/mBtu. There are sufficient data to modify 
the emission factor for this category. 

There is a slight correlation between NO, and load with NO, increasing 
with increasing load. 

There is no current emission factor rating for :his subclass; however, 
these 12 units would be rated "A." 

2. 

3. 

4. There are no correlations between NO, and fuel nitrogen or fuel ratio. 
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Table 2 summarizes the average NO, emissions from TVA and non-TVA 

units for each type of boiler. 
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SECTION 3 

BOILER POPULATION 

TVA BOILERS 

Beginning in 1989, the TVA began measuring NO. emissions from its coal- 

fired utility boilers in order to develop a current emission inventory of 

representative boilers in its system. TVA used the data to formulate a strategy for 

complying with the Clean Air Act Amendments of 1990. Between 1989 and 

1991, 30 boilers a t  10 TVA coal-fired plants in Alabama, Kentucky, and Tennessee 

were inventoried for NO,, oxygen IO2), carbon monoxide (CO), carbon dioxide 

(CO,), and sulfur dioxide (SO,) by TVA Research and Development personnel. . 

Pata Co llection Procedu rg 

The test programs conducted on each boiler were relatively short in duration. 

Each unit was tested for approximately 8 hours and the data were then averaged 

for specific test conditions. Testing was conducted a t  or near full load, and at 

normal operating conditions. When possible, testing was also conducted at 

reduced load and a t  varying boiler oxygen levels; however, there are very limited 

data for these conditions. 

Measurements were taken after the air heater at a representative point in the 

duct with a single-point sampling probe. Gas was extracted from the duct through 

a heated probe and conveyed to a mobile CEM system through a heated sample 
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line. The following analyzers and measurement techniques were used to determine 

the gaseous constituents of the flue gas: 

Gaseous 
Constituent bnalvzer Techniaue 

NO, TECO Model lOAR or Chemiluminescence 
Beckman Model 955 

0 2  Beckman 755 Paramagnetic 

co Beckman 880 Nondispersive Infrared 

COZ Beckman 880 Nondispersive Infrared 

SO, Western Research Model 721 Ultraviolet Absorption 

Each analyzer was calibrated prior to the first test of the day with a zero gas 

and an upscale calibration gas (greater than or equal to the expected 

concentrations). Additionally, each analyzer was checked periodically during the 

test day and, if necessary, the calibration was repeated. The calibration gases 

were either EPA Protocol 1 or NBS standard quality. 

Data recorded from the control room instruments during each test were 

evaluated to determine whether the boiler was operating under steady conditions. 

If an upset occurred, data from that test were deleted from the data set. Data 

were also omitted from the data set if a calibration check showed excessive drift. 

Therefore, the data from each test period were subjected to the standard quality 

assurance/quality control procedures set forth in the Code of Federal Regulations 

Part 60' and were thoroughly screened for accuracy prior to any data analysis. 

These data sets were made available to EPA in the form of internal test reports and 

on diskette. 

There are a total of 30 boilers in the TVA data set. The boilers are 

categorized as cyclone (2 boilers); cell-burner (2 boilers); opposed wall-fired 

10 



(1 boiler); single wall-fired (9 boilers); single furnace, tangential (1 3 boilers); and 

twin furnace, tangential (3 boilers). 

Table 3 provides information on the TVA boilers that were tested. Each 

boiler was assigned an identification code to be used for graphing purposes in 

subsequent sections of this report. All the TVA boilers in Table 2 (1) are pre- 

NSPS, (2) fire bituminous coal, (3) have no controls for NO,, and (4) are dry 

bottom boilers except for the cyclone furnaces. 

NON-TVA BOILERS 

Table 4 contains data for the 34 boilers identified through the literature 

search and from references in the AP-42 document. The boilers are categorized as 

cyclone (10 boilers); cell-burner (3 boilers); horizontally opposed wall-fired (2 

boilers); single wall-fired (6 boilers); single-furnace, tangential (1 0 boilers); and 

twin-furnace, tangential (3 boilers). Data for these boilers were summarized by 

boiler type and added to the TVA data set for analysis. 

For the boilers referenced in Table 43, only data for tests conducted under 

normal operating conditions were analyzed. Data from tests conducted under low 

NO, conditions (i.e., low excess air, burners-out-of-service, overfire air in operation, 

etc.) were not used in the analysis. Units were added to the data set only if they 

were comparable in size to other units already in the data base. For example, units 

in the AP-42 references that were less than 30 MW were not included. 

11 
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BOILER TYPE CHARACTERISTICS 

CVCIO ne Fu maces 

Cyclone furnaces consist of a water-cooled horizontal cylinder in which the 

fuel is fired and heat is released at extremely high rates. Originally, the cyclone 

furnace was designed to burn troublesome coals that had high ash content and low 

ash fusion temperatures. These characteristics can make fuel difficult to burn in a 

conventional pulverized coal combustion ~ y s t e m . ~  

This type of firing has distinct advantages and disadvantages. The primary 

advantage is that troublesome coals can be burned economically. Other 

advantages include the ability to operate at lower excess air, low carbon loss with 

bituminous coals, higher boiler efficiency at full load, less total particulate matter 

emitted from the furnace, production of more suitable ash for landfill purposes, 

smaller furnace size, and low coal preparation costs (no pulverizers). In addition, 

cyclone furnaces are easily conveyed to burn other types of fuel. The main 

disadvantages include limited operating flexibility, high NO, emissions, high 

pressure drop, and high carbon loss (Western coals). Also, these furnaces cannot 

be retrofit with conventional low-NO,, burners. 

Cell-Burner Units 

In the 1960’s, economic considerations dominated boiler design and led to  

the development of the cell-burner. These units are a special category of wall-fired 

units in that (1) they are horizontally opposed, with two rows of burners on each 

wall, and (2) each burner consists of closely spaced vertical nozzles (2 or 3 nozzles 

in a cell). The burner produces a compact, intense flame compatible with the 

relatively small furnace volume. These compact furnaces produce high heat 

release rates and generally exhibit high NO, characteristics. 

16 



Jjorizontatlv ODOO sed Wall-Fired Units 

Horizontally opposed wall-fired units consist of several rows of standard 

circular burners on two opposed walls of the furnace. The burner spacing and the 

heat release rate are relatively the same as for the single wall-fired unit. 

Sinale Wall-Fired Units 

Single wall-fired units consist of several rows of standard circular burns on 

one wall (front or rear) of the furnace. 

Tanaentiallv Fired Units 

Single-Furnace-- 

A tangentially fired unit with a single-furnace boiler system consists of four 

corner windboxes containing separate, vertically stacked nozzles that emit distinct 

levels of fuel and air. This design promotes strong ignition near each corner. The 

bulk mixing process caused by the rotating fireball pattern ensures complete mixing 

of the fuel and air. The tangential design emits lower NO, than cyclone or wall- 

fired boilers. 

Twin-Furnace-- 

A tangentially fired units with a twin-furnace boiler system consists of one 

furnace as the superheat furnace and an other as the reheat furnace. Therefore, 

there are eight corner windboxes containing separate, vertically stacked nozzles 

that emit distinct levels of fuel and air. As with the single furnace, this promotes 

strong ignition near each corner and ensures complete mixing of the fuel and air. 

This design also emits lower NO, than cyclone furnaces or wall-fired boilers. 

17 



SECTION 4 

DATA ANALYSIS 

r 

- 

The data from each boiler (TVA, AP-42 referenced data, and data from the 

literature search) were analyzed by the following methodology: 

1. 

2. 

3. 

The data from each boiler were categorized in a spreadsheet by AP-42 
boiler type and subclass. Data consisted of load (MW) and NO., 
(IblmBtul and were averaged for similar test conditions. For example, 
if there were 10 data points for a specific boiler taken near the same 
load ( + /- 5 percent), then the NO, emissions and unit load were 
averaged. The average values are reported in the summary tables for 
each boiler category (see Section 5). 

The percent load for each test average was calculated and the data 
from loads less than 60 percent were excluded because the AP-42 
factors are valid for loads of 60-1 10 percent only. 

The NO, values were then averaged for the entire data set and 
compared to the calculated emission rate. The difference between 
actual data and the calculated emission rate was then determined. 
The emission rate, Ib/mBtu, was calculated as follows: 

18 



A heating value of 13,500 Btullb was used to calculate the emission rates 

for all boilers types. The calculated emission rates are cyclone = 1.37 IblmBtu, 

wall = 0.78 IblmBtu, and tangential = 0.56 IblmBtu. 

Ib Ib 

Ib 

Average NO,, - - AP-42 NO,, - 

. mBtu J 

* 100 = Percent diierence mBtu 

AP-42 NO,, - 

4. The percent difference between the average NO, value and the 
calculated emission rate was calculated as follows: 

5. Bar graphs were generated for each boiler type category by using all 
available data. 
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SECTION 5 

RESULTS 

The results of the analysis of the NO, emission data from both N A  and non- 

TVA units for each boiler type are discussed in this section. The NO, emissions 

data for the TVA units given in Appendix A and 'fuel properties for the TVA units 

given in Appendix B. 

CYCLONE FURNACE 

The data used to determine the difference between actual NOx emissions 

and emissions calculated from AP-42 emission factors for cyclone furnaces are . 

summarized in Table 5. (Some of the data found in the AP-42 references did not 

specify unit load, but rather percent load tested.) 

The NO, data range from 0.79 to 1.87 IblmBtu, with an overall average of 

1.22 Ib/mBtu, which is 11 percent lower than the AP-42 emission rate of 

1.37 IblmBtu. This corresponds to an emission factor of 33 Iblton. The overall 

NO, emisqion rate averaged 1.61 IblmBtu for the TVA units and 1.1 1 IblmBtu for 

the non-TVA units. The complete data set is shown graphically in Figure 1 

(percent load is shown in for each boiler). 

20 
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There is a correlation between unit size and,NO, emission rate, with larger 

size units emitting higher levels of NO,. Data from eight cyclone boilers are shown 

in Figure 2. 

WALL-FIRED UNITS 

Cell-Burner 

Table 6 shows data from five cell-burner units ranging in size from 480 MW 

to 1300 MW The NO, data range from 0.71 to 1.7 IblmBtu, with an overall 

average of 1.21 IblmBtu, which is 55 percent higher than the AP-42 rate of 

0.78 IblrnBtu. This corresponds to an emission factor of 33 Iblton. 

The TVA cell-burner units averaged 1.53 IblmBtu, which is considerably 

higher than the overall average; however, the TVA units are the largest capacity 

units. The data from non-TVA units averaged 1.02 IblmBtu. The complete data 

set is shown in Figure 3 (percent load is shown for each boiler). 

Bearing in mind that this is a very small data set, there appears to be a 

correlation between capacity and NO, emissions. The largest unit (1300 MW) 

emits the highest NO,, and the smallest unit (480 MW) emits the lowest NO,. 

Figure 4 shows this correlation. 

Because this data set is so small, it is not evident whether there is a 

correlation between NO, and percent load. However, it is clear that cell-burner 

units emit substantially higher NO, than other wall-fired units and should not be 

included in this category. 
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Table 7 shows data from three horizontally opposed wall-fired units that 

range in size from 500 MW to 550 Mw. The NO, data range from 0.69 to 

1.24 IblmBtu, with an overall average of 0.94 Ib/mBtu, which is 21 percent higher 

than the AP-42 rate of 0.78 IblmBtu. This corresponds to an emission factor of 

25 Iblton. 

The TVA unit averaged 0.76 IblmBtu, which compares well with the AP-42 

rate. The remaining data set averaged 1.08 Ib/mBtu, which is considerably higher 

than the AP-42 rate. Because of the small size of the data set, it is difficult to 

determine any effect of unit capacity or percent load on NO, emissions. The 

complete data set is shown in Figure 5 (percent load is shown for each boiler). 

Sinole Wall-Fire(! 

Table 8 shows data from 15 single wall-fired units that range in size from 

105 MW to 340 MW. The NO, data range from 0.59 to 1.1 2 IblmBtu, with an 

overall average of 0.85 IblmBtu. which is 9 percent higher than the AP-42 rate of 

0.78 Ib/mBtu. This corresponds to an emission factor of 23 Ib/ton. The complete 

data set is shown in Figure 6 (percent load is shown for each boiler). 

The N A  units averaged 0.81 IblmBtu, which is only 3 percent higher than 

the AP-42 rate of 0.78 Ib/mBtu. The remainder of the data set averaged 

0.90 IblmBtu, which is 13 percent higher than the AP-42 rate. As shown in 

Figure 7, there is considerable scatter in the NO, emission data for units 200 MW 

and below. However, there is a trend of decreasing NO, with decreasing load. 

Also, the larger size units tend to emit the highest NO,. 
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TANGENTIALLY FIRED BOILERS 

Sinole-Furnace 

Table 9 shows data for 17 single-furnace tangential units that range in size 

from 125 MW to 400 MW. The percent loads tested in this data set range from 

60-100 percent. The complete data set is shown in Figure 8 (percent load is 

shown for each boiler). 

The NO, data range from 0.36 to 0.75 IblmBtu, with an overall average of 

0.56 IblmBtu, which corresponds exactly with the AP-42 rate. The TVA units 

averaged 0.48 IblmBtu, which is 16 percent lower than the AP-42 rate. The 

overall NO, emission average for the non-TVA units is 0.60 IblmBtu, which is 

slightly higher than the AP-42 rate. 

As shown in Figure 9, there is considerable variation in the NO, emissions 

from similar-size units. However, there is a slight trend of decreasing NO, 

emissions with decreasing load. 

Twin-Furnace 

Table 10 shows data from 12 twin-furnace tangential units that range in size 

from 200 MW to 800 MW. The NO, data range from 0.55-0.72 IblmBtu. The 

overall average for the complete data set is 0.62 IblmBtu, which is 11 percent 

higher than the AP-42 rate. This corresponds to an emission factor of 17 Iblton. 

The complete data set is shown in Figure 10 (percent load is shown for each 

boiler). 
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The TVA units averaged 0.62 IbhBtu, which is 11 percent higher than the 

AP-42 rate. The remainder of the data set averaged 0.63 Ib/mBtu, which again is 

higher than the AP-42 rate. 

As shown in Figure 1 1, there is less scatter in the NO, emissions from units 

Of similar size than with the single-furnace tangential units. There appears to be a 

Correlation between unit load and NO, emissions, with higher NO, being emitted 

from the larger units. 

OTHER RESULTS 

Effect o f Fuel Nitroaen 

Figure 12 represents NO, as a function of fuel nitrogen for the TVA data. 

No clear trend is shown because most of the data fall within 0.4-0.8 IblmBtu for 

fuel nitrogen values of 1.3-1.8 percent. The highest NO, is from the cyclone and 

cell units. The fuel analysis for the TVA units is given in Appendix B. 

Effect o f Fuel Ratio 

Figure 13 shows NO, as function of fuel tio for the TVA dc-- The Jel 

43 

ratio is the ratio of fixed carbon to volatile matter. Generally, NO, increases as the 

fuel ratio increases;” however, no clear trend can be established with the N A  

data. . I  
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SECTION 6 

EMISSION FACTOR RATINGS 

The AP-42 document rates emission factors for pulverized coal-fired dry 

bottom units and cyclone furnaces. Ratings are based on the number of units 

tested, as follows: 

A = 10 or more units (excellent) 
E = 6-9 units 
C = 2-5 units 
D = 1 unit (poor) 

The current AP-42 document shows an "A" Rating for pulverized coal, dry 

bottom boilers. This rating is deceptive in that it includes both tangentially fired 

and wall-fired boilers. The AP-42 references indicate that only seven tangentially 

fired boilers and seven wall-fired units were tested. The current rating for cyclone 

furnaces is "E." 

A comparison of the number of units and ratings for the AP-42-references 

boilers, the TVA boilers, and the boilers identified from the literature are shown in 

Table 11. This table shows that emission factor ratings can be generated for boiler 

subclasses by combining all the data. By doing so, "A" ratings are obtained for all 

subclasses except for cell-burners ("E") and horizontally opposed wall-fired boilers 

("C"). 
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tvr; :: mifi .  jer iot .  
i'ac teasireceGi c f  22:: 92, cry jas is ,  15 sei .  reacfnls  average: 
we: i :5 PIC. pericc. 
V;i, reastreeen: af CC, ;;c, cry basis, :: m. reaiings averajec 
cve: a :: pin. pericc. 
Var, aeasurener: (4: CO2, I cry  ;asis, 3 se:. r e a t i ~ g s  averaged 
c w  i :5 n:r.. pr:c.c,  
Va: ae;surecen: c f  NS, y o ,  Cry Saris, :5 ret. readings rveraqel 
wer i :: 6:: .  peris:. 
VG meassrerent a t  KC, p n ,  ccrrec:et t o  51 02, 3 sec. 
reaC::cz a v e r q :  ow: 6 : 5  w.r., psrioi. 
Erissior, XE, 13, I:/tBT~ (a::uaI!, ta:cciateC !ron VAN ?d ieasdrea~n:5. 
icissim ratc,  SC2, :L/nB?i, caitu:a:ec .!roc VAIi SCZ iea5ure~en:s. 
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COLBERT UNIT 4 

RESULTS 

A summary of t h e  t e s t i n g  1 s  l i s t e d  be low.  The data i s  shown 
is the a t tached  graph. 

3 / 7 / 9 0  UNIT 4 ESP I N L  Ef 

0909-0915 '198 3 . 4  7 . 9  
0915-0930 199  3 . 2  7 .9  4 5 4  0 . 6 5  
0930-0945 199 3 . 2  8 . 0  468 0 . 6 7  
0945-1000 199  3 . 2  8 . 1  463 0 . 6 7  

1030-1045  199 3 . 2  8 . 5  512 0 . 7 4  
1045-1100  1 9 8  3 . 2  8 . 5  4 7 1  0 . 6 8  
1100-1115 200 3 . 2  8 . 4  472 0 . 6 8  
-1 11 5 - 11 3 0 200 3 . 1  8 . 4  4 8 1  0 . 6 9  

Avk~ncms 200 3.2 8 .2  472 0.68 

1219-1230 1 2 5  4 . 1  9 .o 520 0 . 7 5  
1230-1245 125  4 . 1  9 .o 501  0 . 7 2  
1245-1252 1 2 5  4 . 2  9 .l SO0 0 .72  

1530-1545 1 2 5  4 . 5  9 .I 406 0 . 5 9  
1545-1600  125  4 . 6  9 .O 399 0 . 5 8  

AVEBAGES 1 2 5  4.3 9.0 475 0.67 

NOTES : 
(1) Average u n i t  load, recordod every 1 5  r i n .  from control  board, 

( 2 )  Average b o i l e r  02X.  recorded evory 1 5  =in.  from cont ro l  board. 

( 3 )  VAN measurement of 02X on a dry basis: 15-roc.  readings avoragod 

( 4 )  VAN measuremont of NO, ppm. corrocted t o  3X 0 2 :  15-soc. readings 

(s) Emission rate, NO, lb/mBtu, ca lcu la ted  from VAN NO aeasurenonts 

over a 15 min. per iod.  

averaged over a 1 5  min. poriod. 

and VAN x02.  
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COLBERT UNIT 5 

1630-idi: $57 2.0 :%E 6.96 47.7 12.:: 378 4% C.67 L O 5  
!64:-:700 %E 3.0 :27L 6.74 65.7 12,,3i 396 

fX AV6: 47: 3.5 1276 6.73 72.5 12.34 399 504 0.69 3.07 

!:I h i :  :oat recordet every 15 ain.  iror controi boar:. 
(2) 4verage bailer 02, reiordel every :5 i i n .  from 

ccntroi scard. 
(3) ?as ieasurenen: of Girt SC?, t r y  iasis, :5 s e i .  reatings averaged 

o m  i :5 i;~. aerioc. 
!.L! Va;, oeasmoect  c f  cuc: 22, ;:y i a s i r ,  !I se:. readings averaged 

cver a :: G:C. perioi .  
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COLBERT UNIT 5 

1!19-1:36 
1:30-1145 
1 :45-:20C 
:200-::1: 
12:5-:230 
:230-!245 
!245-:?0b 
!3CG-i3!8 

474 3.7 
L7L 3.7 
A t 4  3.: 
469 3.: 
470 2.: 
473 3.7 
473 5.7 
47: 5.7 

8.02 i4.4 1z.54 423 58E 0.E: 3.04 
7.97 19.3 il.52 42E 589 6.8; 2 . i 3  
8.0: 23.: ! l .C 423 587 0.80 3.!5 
7.98 24.2 i : . a  422 = *Er _. 0.W 3.14 
8.ti 25.e 1l.40 425 59c 0.81 3.12 
7.98 26.4 :;.:(I 42: 587 ?.E$ *._. 
7 . 9 4  25.3 422 si3 L a c  *. . . 
7.45 28.6 1i.38 424 5BE i1.90 3.10 

1 . t  

9 , I  

(:I h i :  !oa: reco:iec every :: ais. fro6 con:roi b a r d .  
(2) Average joila: D?, recsriee ererr :5 mie. iron 

contrci b w c .  
( 3 )  Van wasiremen: c! 6uc: $22, cry oasis, :5  sec. readings average6 

over a ! 5  Pin. perioi. 
(41 Van measuremen; o! cuc: 02, cry $asis, 15 sec. readings averaged 

over a ! 5  & i a .  ? ~ r i ~ i .  
(5) Van measxerefi: c! CC, p: ,  c r y  >isis,  1: 5ec. read:ngs average: 

ovei a :5 Q.:. w i o c .  
( 6 )  Van reasureoeni u f  3 2 ,  % t r y  b ~ s i s ,  :5 5ec. reaeings average6 

over i :: nin. pericc. 
(7) Van neasureoea: G! NC, ,vc,  try iasis,  :: 5ec. reai!ngs aviraget 

oye; a :: s::. ;erioc.  
(U )  Van measurelent 0‘ UJ, $e, torrec:et t o  3; 02, :: sec. 

reic:n;s averqec c;e: a :: *:a. w : o i .  
:9: Eaissior: rate,  Nfi, i 3 i o K C  G c L d ) ,  ca:cula:ec from VAN N5 crasurements. 
(:C; Erissios ra te ,  SC2, :iiSY, ca;cu:a!ed f r ~ c  VAK SO2 measurerents. 
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COLBERT UNIT 5 

C355-040i: 
0400-0.(:5 
04:5-0430 
0430-0445 
0445-0500 
C500-0515 
C5:2-0:::! 
0530-0525 

346 5 . 5  :::: 7.95 20.7 ::.5t 453 Z5? C.E: 3.04 
346 5 . 5  ;:47 8.02 21.4 ::.47 432 to: 0.35 3.:7 
348 5 . 7  i :9t  E.02 22.3 :I.4? 432 to: 0.82 2.:6 
3:: 5 . 7  ::4R 6.0: 2!.7 ::.4R 429 598 0.62 3.:? 
343 5.2 :!94 8.06 22.2 1:.46 427 596 0.82 . 3 . : 7  
343 5 . 2  :204 ?.9B 22.5 !i.56 429 595 0.8: ?.:e 
355 5 . 1  :2Oj 7.9e 23.6 ;!.Gi $29 555 0.E; 3.!7 
34E 5 . 2  :206 7.95 23.6 !I .64 426 54: C.?! >.:E 

...................................................................................................... 
;::E A V k  34t Z.4 ::$4 8.0: 22.3 :!.53 A X  59: $.E: :.:5 

( i )  Uci: ha:  reccrte: every :5 C:L. !roe. toctrol boarc. 
(2)  AveraGe $oiler 3:, r x o r t e t  ever: :E aifi. :roo 

tost:ol t G i T t .  
( 3 )  Van reasurerenf o i  cuii %I:, try i a ~ s ,  :5  set. readings average: 

over a :5 air,. per:;:. 
( 4 j  Van oes5c:ea~i: o' x c !  22, cry 3 ~ 5 : s )  :5  5%. readings average: 

cver a :5 ti:. pice. 
is'! Yar. aeisarene3: i '  X ,  p c ,  t:y :asis, :: sec. readinas averaged 

over a :: rin. pe-io:. 
!5) Vat seasJrement o f  3 2 ,  2 ? r y  basis, :5 5ei. readings average; 

over i I: P!L jeric:. 
(7)  Van eeasur~smt sf KB, p a ,  cry ba5i5, 15 set.  readings averaged 

ore: a : 5  E:L jeri;:. 
i R j  Va> neasirere-i o! ti;, ;.x, c:rrE:fet :a 31 22, I5 se:. 

reatings average: CYET i !: cir,.  perio:. 
(9 )  Eais5im : a x ,  Sf., ::/nBY (atfa;:!, iaitula:ec fro8 VAS SO aeasurew:is. 
( io)  Eaisri~:. rate,  SC:, lj/&STL, ca:ca:atel from VAh SC? ~eisu!eaen:s. 
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COLBERT UNIT 5 

OE45-0700 3 8  E.( 
0700-07:: 345 6.0 
07:5-673 g:? 6.0 
0730-076 E !  6 .  : 
076-080C 2:: 6 . :  
OEG3-08!5 3 i E  I._ 

08:5-083c 348 5 .2  
0 8 3 0 - 0 8 4 5 349 5.3 

5 -  

IO!? 
:a75 
IC76 
:079 

Z . ? i  2 . 2  10.58 
9-29 22.0 16.50 
9.3: 23.5 10.48 
9.24 24.0 16.56 

10:: 5.29 3 - 4  :c.5: 
:t77 9.23 25.5 10.5: 
:G83 9.22 26.: 11.54 
;OB0 9.25 27.2 10.52 

c.93 1.3 
2.0: 3,:s 
0.90 3.:i 
0.87 3.:: 
0.87 3.:: 
0.87 2*:4 
0.86 3.16 
0.5; 3 - 1 6  

(11 Onit  load recordEt every :: Pin. f ros  control  board. 
( 2 )  Average boiler 02, recordei  every 15 Din. frog 

cont ro i  boarc. 
!3) Van measuretest o f  duct SCT, l r y  baiis, 15 5ec. readings average6 

over a !: mi:. P E ~ ~ G G .  
( 4 )  Wan reasurerEsi a i  Ei lc t  c", cry >asis, :5 set. rea l i ngs  averaged 

over i :: e::. per;o:. 
5) ':ac measurerent P: C 5 ,  ;p ,  Gr) basis, :5 5ec. readings averaged 

over a !S w . ~ ,  periot. 
!E) Van a e a s u r e m i  c.i 3 2 ,  E :'ry ;a!is, 15 set. reacings average? 

we: i :: @in. iJer:o:. 
!7! Vaa,neassteien: c . i  %, pjr ,  ::y 5a5!s, :5 sec. reacings average6 

over i :: nin. x r i o c .  
(81 k n  oeasi:ew: o i  K:, pis,  :c-:eLiei i:. 37 02, 1: set,  

re;iings avi-agec m e r  a :: ein. perio i .  
:3! E P ; ~ S ~ G : ~  ri;e, !id, ;j/a8:i :aciual!, :a!a;la:ei froc VAN EO measireeeats. 
(!C) Enission rate ,  53:! !a/mi?, calcu:a:e: !roc VIN SO? reasurements. 
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COLEERT UNIT 5 

9/25/89 ESP INLZT - -  LOW LOAD 
F I G U R E S  5 6 6 

( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  ( 8 )  
T!ME LOAD BOILER VAN VAN VAN CEM CEM C EM 
P E R I O D  0 2  XO2 NO.DDm NO % 0 2  NO, DDm NQ 

D R Y  3% 0 2  lb/mBtu 3z 0 2  Ib/mBcu 
-2100  385 5 . 5  8 . 4  488 0 . 7 0  8 . 6  6 2 7  0 . 9 0  

2100-2115  384 5 . 3  8 . 4  486 0 . 7 0  8 . 7  653 0 .94  
2115-2130 384 5 . 4  8 . 5  477  0 . 7 0  8 . 7  6 5 8  0 . 9 5  
2130-2145  386 5 . 3  8 . 5  462 0 . 6 7  8 . 7  651  0 . 9 4  
2 1  45 -2200  385 5 . 3  8 . 5  460 0 . 6 6  8 . 6  643 0 . 9 3  

- 2 2 3 0  387 5 . 5  8 . 6  470 0 . 7 1  8 . 6  649 0 .93  
2330-2345  386 5 . 3  8 . 6  482 0 .69  8 . 6  646 0.93 
2345-2300 385 5 . 3  8 . 6  470  0 . 6 8  8 . 6  645 0 . 9 3  

AVEEAGES 305 5 . 4  0.5 4 7 5  0 . 6 9  8.6 6 4 7  0 .93  

NOTES: 
(1) Unit load tecordod evory 15 m1.n. from control board. 

( 2 )  Average boi lor  02%.  rocordod ovory 1 5  min. f rom control board. 

( 3 )  VAN measurement o f  0 2 %  on a d ry  basis; 15-roc. roadings averaged 

( 4 )  VAN measuremont o f  NO, ppm. cor rec ted  t o  3% 0 2 :  15-sec.  readings 

( 5 )  Emission rat.. NO, l b / m B N .  ca lcu la tod  from VAN NO measurements 

( 6 )  CEM moasuromont o f  02%.  actual. basis. road on a 15-min. basis 

( 7 )  CEPl measuremont of NO, ppm, corroctod t o  3% 0 2 .  read on a 1.5-min. 

( 8 )  Emission ra te .  NO. l b / m B N .  calculatod from CEM NO and CEM 1 0 2 .  

over a 15 mtn. poriod. 

averagod ovor a 1 5  lain. poriod. 

and VAN %02.  

from s t r i p  char t  in cont ro l  room. 

basts from s t r i p  chart  in control  room. 
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CUMBERLAND UNIT 1 

RESULTS 

The results of the testing are as follows: 

UNIT 1 
7/6/89 rn f i  V C 
PEN00 0 2  102 NO. PPH NO f02 N0.PPH NQ 

ia00-12i5 1020 6.3 8.0 1156 1.7 8.1 855 1.2 
1x5-1230 1016 6.6 8.2 1157 1.7 7.3 848 1.2 
1230-1245 1015 6.4 8.3 1152 1.7 8.1 833 1.2 
1245-1300 1015 6.5 8.3 1145 1.7 7.3 805 1.2 

1315-1330 1030 6.7 8.3 1124 1.6 8.1 900 1.3 
1330-1345 1015 6.5 8.4 1133 1.6 8.1 809 1.2 
1345-1400 1010 6.7 8.4 1120 1.6 8.1 855 1.2 

AVERAGE 1015 6.5 8.3 1140 1.7 7.9 845 1.2 

DRY 3% 02 L B / M B N  DRY DRY 

1300-1315 1015 6.5 8.2 1125 1.6 8.1 855 1.3 

UNIT 2 
6/27/09 
T I H E  LOAD B O U R  VAN VAN VAN CEH &H CEfl 

1200-1215 1223 -4.2 6.7 1012 1.4 6.1 935 1.3 
1215-1230 6.6 1003 1.4 
1245-1300 6.6 1106 1.5 
1300-1315 1235 4.2 6.5 1055 1.5 6.1 935 1.3 
1315-1330 6.5 1030 1.5 
1345-1400 6.7 1055 1 .5 
'400-1415 1235 4.2 6.7 1064 1.5 6.5 961 1.4 
15-1430 6.8 1066 1 .5 1 30-1445 1236 4.0 6.9 1065 1.5 6.5 921 1.3 

AVERAGE 1230 4.2 6.7 1050 1 .5 6.3 938 1.3 

02 XQ2 NO.PPH NO %02 N O m  NQ 
DRY 3% 02 LBIHBTU DRY 3% 02 L B / W  
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CUMBERLAND UNIT 2 

U N I T  2 
6 /29 /89  
TIME' LOAD BOILER VAN VAN VAN CEM CEM C W  
PERIOD 0 2  Z 0 2  N 0. PPM NO % 0 2  N O.PPM N 0 

P R Y  3% 0 2  LB/MBT 'J DRY 3% 0 2  LB/MBT U 
4 . 4  6 . 7  1 0 2 1  1 . 5  6 . 7  894 1 . 3  9 4 5 - 1  000 

1 0 0 0 - 1  015 
1015-1030 
1100-1115 
1115-1130 
1245-1300 
1300-1315 
1315-1330 
1330-1345  
1345-1400 
3 415-1430 
1430-1445 
1 4 4 5 - 1  500 
1500-1515 
1515-1530 

3 0 -1 545 

1285 

1294 
1292 
1292 
1294 > 293 
1298 
1294 
1298 
1309 
1302 
1293 
1293 
1293 
1 2 8 1  

,1290  

AVERAGES 1295 

4 . 4  6 . 7  
4 . 3  6 . 5  
4 .l 6 . 4  
4 . 1  6 . 3  
3 . 7  5 . 7  
3 . 6  5 . 7  
3.4 5 . 7  
3 . 6  5 . 6  
3 . 4  5 .5 
4 . 1  6 .O  
4 . 0  6 . 2  
4 . 2  6 .l 
4 . 0  6 .l 
4 . 2  6 . 1  
4 . 7  6 .6  

4 . 0  6 .l 

1003 
9 7 2  

1052  
1019 

989 
1011 
1009  

996 
989 

1014 
1016  
1004 

995  
9 8 7  
9 8 0  

1005 

1 . 4  6 .5  921  1 . 3  
1 . 4  6 . 5  9 2 1  1 . 3  
1 . 5  6.2 902 1 . 3  
1 .5 6 . 2  9 4 1  1 . 3  
1 . 4  6 . 2  9 4 1  1 .3  
1 . 4  6 .2 902 1 . 3  
1 . 4  6 . 2  902 1 .3  
1 . 4  6 . 2  902 1 . 3  
1 . 4  
1 . 4  6 .5  1001 1 . 5  
1 .5 6 . 5  974 1 . 4  
1 . 4  6 . 7  974 1 . 4  
1 . 4  6.7 934 1.3 
1 . 4  6 . 7  934 1 . 3  
1 . 5  6 . 7  934 1 . 3  

1 . 4  6 . 5  932 1 .3  

CONCLUSIONS: 

The conclusions from the NOx testing are as follows: 

1. C E n  and Van correlated well for Unit 2: however, CEn reads approx 
imately 0.5 lb/lPbtu lower than the Van for Unit 1. 

2 .  A t  reduced load (124'0 H W )  on Unit 2 .  NOx emissions were slightly 
, higher than at full load. ?his is probably due to the higher boiler 0 
levels at reduced load. 

3 .  At reduced load (1015 IbJ)  on Unit 1. NOx emissions were high. 
Again, this is probably due to the extremely high boiler 02 levels. 

4 .  Reducing boiler 0 2  on Unit 2 from 4.4 to 3.6 % showed slight 
reduction of NOx. 
operational factors to be considered. it may be difficult to see a 
significant reduction in NOx when boiler 0 2  is reduced. , 

However, on a unit of this size with so many other 



GALLATIN UNIT 1 

RESULTS 

UNIT 1 
7/12/09 (1) (2) ( 3 )  (4) (5) (6) ( 7 )  ( 8 )  
TIME 4 0 BO V N  C C CE 
PERIOD 02 x02 NO. PPM NO x02 N O.PPM NO 

0845-0900 7.4 244 0.35 
0900-0915 7.4 240 0.34 
0915-0930 262 3.0 7.1 227 0.33 5.7 304 0.43 

101 5 -1 030 263 2.8 7.0 231 0.33 5.5 263 0.37 
103 0 -1 045 262 2.9 7.0 240 0.34 5.5 263 0.37 
1045-1100 262 2.8 7.2 248 0.36 5.6 258 0.37 
1100-1115 262 2.8 7.1 239 0.34 5.6 252 0.37 

1115-1130 262 2.9 7.1 236 0.34 5.6 252 0.36 
1130-1145 263 2.9 7.1 233 0.33 5.6 246 0.35 
1145-1200 263 3.0 7.1 231 0.33 5.6 246 0.35 
1200-1215 263 3.1 7.0 220 0.33 5.6 258 0.37 

PRY 3% 0 2  LB/M BTU DRY 3% 02 L B / M B N  

iats-1300 
\3'0 0 - 1 3 1 5 
1315-1330 
1330-1345 
1345-1400 
1400-1415 
1415-1430 
1430-1445 

262 3.0 7.0 232 
262 2.8 6.9 226 
263 2.7 6.9 222 
262 2.4 6.8 216 
262 2.3 6.7 222 
262 2.3 '7.0 226 
262 2.7 7.2 230 
262. 3.2 7.2 227 

0.33 
0.32 
0.32 
0.31 
0.32 
0.32 
0.33 
0.32 

5.6 251 0.36 
5.5 250 0.36 
5.5 250 0.36 
5.3 247 Q.35 
5.3 191 0.32 
5.3 197 0.32 
5.4 217 0.31 
5.6 264 0.38 

2200 -2215 152 4.2 8.2 254 0.36 7.1 237 0.36 
2215 -2 230 149 4.1 8.2 250 0.36 7.0 235 0.34 
2230-2245 148 3.9 8.1 245 0.35 7.1 233 0 -33 
2245-2300 149 4.0 8.2 251 0.36 7.2 231 0.33 
2300-2315 150 4.2 8.2 250 0.36 7.2 232 0.33 
2315-2330 151 4.1 0.2 252 0.36- 7.2 229 0.33 

Uni t  load recordod every 15 min. from control board. 
Average bollor 02 from suporheat and reheat furnaces, recorded 
every 15 min. from control board. 
VAN measurement of I; 02 on a dry basis; 15-sec. readings averaged 
over a 15 min. period. 
VAN measurement of NO, ppm. corrected to 3% 02; 15-sac. readings 
averaged over a 15 min. period. 
Emission rate,  NO, lb/mBTU. calculated from VAN NO measurements 
and VAN 102. 
CEn measurement o f  I; 02 on a dry basis, read on a 15-min. basis 
from s tr ip  chart i n  control room. 
CEM measurement of NO.' Qpm. corrected t o  31 02. read on a 15-min. 
basis from s tr ip  chart i n  control room. 
! h i s s i o n  rate,  NO. Ib/mBTU. calculated from CEH NO and CEM x02. 
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GALLATIN UNIT 1 

(11 ( 2 )  (31 
TI I(g LOAD BOlLglc so1 

, n u  02 PR,dKY 

0930-0945 262 2.7 1717 
0945-1000 262 2.7 1712 
1000-1015 262 1.6 1726 
1015-1030 263 1.7 1716 

Gallatin Unit 1, c DPET, '260 1Iy 

1045-1100 
1100-1115 
lll5-1UO 
1130-1145 
1145-1200 

I;L)0-1245 
U45-1300 
1300-1315 
1315-1330 

1330-1345 
1345-1400 
1400-1415 
1U5-1430 

263 2.1 
261 2.1 
2b3 2.8 
261 2.1 
2b2 2.) 

25¶ 2.) 
160 1.1 
251 2.8 
258 1.1 

259 2.1 
2bO 2.1 
25) 2 3  
259 3.1 

1736 
17% 
1753 
1751 
1772 

1745 
1158 
1137 
17Zl 

1121 
1743 
1146 
1735 

5.7 
5.8 
5.7 
5.1 

5. b 
5.4 
5.4 
5.3 
5.2 

5.4 
5.4 
5.5 
5.5 

5.5 
5.4 
5.3 
5.3 

13 
13 
13 
13 

l3 
12 
11 
11 
ll 

10 
10 
9 
9 

9 
0 

13.26 
13.14 
13.17 
13.23 

13.40 
13.b3 
13.10 
13.75 
13.11 

u.n 
13.U 
U.48 
U.40 

13.40 
l3.H 

8 U.12 
8 13.63 

321 
334 
340 
345 

353 
359 
368 
362 
35¶ 

360 
35) 
3bO 
362 

363 
36b 
365 
311 

3 II 
396 
401 
401 

413 
415 
415 
415 
410 

415 
413 
417 
410 

422 
4z1 
418 
3b5 

0.55 
056 
0.57 
0.58 

0.5) 
0.5) 
0.5) 
0.5) 
0.58 

0.59 
0.M 
0.59 
0.b0 

0.60 
8 .U 
0.5) 
8.51 
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GALLATIN UNIT 2 

08-01-1390 1801OU10 

Gallatin Unit 2, D hlct, '25s nu 

I l l  (21 ( 3 )  (4 )  ( $ 1  
T1IIB LOAD Boxm sot 02 Q) 

m 02 pg..dty %,dry m,d~ 

0815-0830 255 3.2 1 7 U  5.4 11 

0130-0145 255 3.2 1712 5.4 19 

0845-0900 . 255 3.3 1114 5.4 19 

0900-0914 254 3.3 1167 5.5 19 

(91 
wo 

1D/Y)tU 

0.51 

0.59 

0 . U  

0.61 
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GALLATIN UNIT 3 

1000-1015 255 3.1 1632 6.0 21 12.99 341 4l ' l  0.59 

1015-1030 260 4.0 1659 6.0 121 13.13 339 405 0.51 

1030-1045 252 4.1 1639 6.1 23 12.15 341 413 0.59 

1045-1100 254 4.0 1652 6.0 26 12.94 340 401 0 . 9  



JOHN SEVER UNIT 2 

084:-C90f 200 2.60 1030 5.9: 22 13.02 389 464 0.U 

0300-091s 200 - 2.60 :a26 5.33 22 13.02 3BB 463 3.65 

!0-17-!?990 
X H N  BVXR UKIT 2 REHEAT NRNdCE TEST 2 

1018-1030 200 2.55 1071 4.98 42 15.12 291 327 C.4 i  

1030-1045 197 2 . 8  :157 3.71 sa .:s.R 30s 318 0.45 

1065-3100 198 2.55 1165 3.51 32 15.72 32k 334 0.41 

1100-111s 193 2.60 :I61 3.44 32 15-72 325 333 0.c 

(1) Unit ioad ret:::cd every !S ain. !rea car,trol board. 
(2) herape boiler 02, recorded every 1: i i n .  from 

3) Van leassremea! oi duct 512, Cry basis, 15 SK. readings averaged 
eyer a : 5  sin. p e r i d .  

(41 'Jan ieasuram: 3: duct 32, dry basis, 15 sec. readihgs i v e r i g e d  
over a 1 5  rin. period. 

3) Van arasureaen! o f  CO, pp#, ery ba515, 13 set. reaticgr averaged 
over a 15 rih.  period. 

(6) Var, seiscreien: tf 3 2 ,  I bry basis, 15 set. readings averaged 
ove: a 15 air,, serioc. 

i:) Van aer5uremen: e( KD, >pa, dry basis,  15 set. readings averapzt 
over a 15 cis.. period. 

(8) Van r~rsurcaen! 0: NO, jpc, corrected :c 31 02, :5 set. 
rezdicgs averaged over a 15 rin. period. 

(9: 31issiaa r i f e ,  NO, IbhBTU,  i a l u l a i e d  fro# VP% !3 aeasurments 
and VAN ZC?. 

<Ofl:r?: b Q Z d .  
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JOHN SEWER UNIT 3 

230-1?40 200 3.05 :I@: 4.30 22 13.97 4kl 530 L7: 

:0-11-:990 
JOHN SEVIER I" 3 PCIEAT NRNCE T X  d 

1300-1315 200 3.25 l l l l  7.46 :9 11.60 3k3 656 0.65 

1315-!330 200 3 . E  :!2s 1.42 :B .!!.Kt 348 46: 0.66 

130-1340 . 200 3.25- 1118 7.47 I8 li.55 3k9 464 0.C6 

(1) Unit load record& every :5 rin. from control board. 
(2) Average boiler 02, recorded every 15 rin. fro1 

coatrol board. 
(3) Van ieasureaent of du:f 502, dry :asis, :Z 5e:. readings averagei 

over a 15 i i n .  period. 
( 4 )  Van reasureient o f  duct 02, dig basis, 15 5ec. rialings averaged 

cver a 15 ain. period. 
(5) Van reasarcaent o f  C3, PPI, dry ba5i5, 15 set. readings averaged 

over a IS ain. pcriot. 
(6 )  Van reasureacnt of M12, 2 dry bids, !5 set. readings averaged 

over a :C, l i a .  period. 
3) V i n  ieasurcciat o f  NC, par, Cry oasis, 15 5ec. readings averaged 

Gver a 15 rin. period. 
(8) V a  ieasureaent o f  NO, ppi, corrxted to 31 02, :S 5 ~ .  

readings averiget over a :S rin. period. 
(9) 5 i s s ion  rate, NE, 1S/rBTU, caltu!ated fror VAt IO r*aswements 

and VAN M2. 

, .  



JOHN SEWER UNIT 4 

10-11-1990 
JOHN %VIR UNIT 4 S W R  HEATER 3UCT TEST i 

0730-0745 200 2.W 1023 

0745-0800 200 2.35 !015 

0890-0815 ZOC 3.30 1017 

08:5-3830 2@ 3-05 1018 

!0-1:-!S90 
JOAN SEVIE? UNIT 4 REHEAT OW7 TEST 2 

0900-0915 200 3.05 1249 

0915-0930 200 3.X 1243 

0930-0945 200 3.35 !213 

0945-!000 200 3.25 1253 

( 4 )  ( 5 )  (6) (7) (8) (9) 
O? co c02 KG Nrl NO 

Z,dry pp,d:y %,dry ppc,dry e 31 02 ib l rb tu  

5.60 :2 !2.4 

5.80 21 12.2 

5.70 2: 12.3 

5.80 2! 12.3 

5.34 21 12.73 

5.22 21 12.07 

5.30 21 12.81 

5.21 n 12.92 

374 

317 

370 

377 

392 

395 

392 

396 

L!! tinit load recorded every 15 rin. f r o i  control hoard. 
C) Average boi ier  (12, reco:ded evrry 15 rin. !roc 

contro! bout.  
Van ieasureffient of  duct SC2, dry basis, 15 SK. readings a v s q e d  
over a !5 cin. 2eriod. 
Van ieasoreirnt 51 duct 02, dry basis, ;5 sec. rcadicgs averagsd 
O V E ~  L fS 113. ?eriod. 
Van i e a s u r e m t  o f  CC, ppa, dry basis, 15 sec. c ~ i s i q s  averapd 
over 5 15 zic. period. 
Van 8eascreiect of XI?, 1 dry Oisis, i5 le:. readitgs averaged 
over a 15 i i n .  period. 
Van ieasureeent o f  No, ppc, dry basis, 15 set. readings averaged 
over a 15 sin. aeriod. 

437 

446 

447 

447 

45! 

450 

449 

453 

0. K2 

0.64 

0.M 

0.64. 

0.64 

0.64 

0. M 

0.64 

(8) Vaa ieasureaent a i  NO, ppi ,  corrected t o  31 02, 15 EX. 
readings averaged over a :5 i i n .  period. 

(9) ia ission rate, NO, lbliBTU, calculated f r o i  V A I  N3 aeasureuents 
and YAY XO?. 
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;3:(.-1'?30 
?KC-0645 
C35-09OC 
0966-19!5 
09!5-0930 
0930-0945 
0945-1000 
1000-1015 
1051030 
1030-1045 
i04:-1: 10 

6.9 8% 9.65 22.2 3.12 229 37; 6.52 :.5? 4 . : ~  (I= $0 
L:.OC 6.4 e94 5.64 22.6 9.85 24:  38: 0.5: :.x 4.25 

31' :Loo 6.9 9:4  9.6: 23.: 9.25 25 : ,. 0.2 2.76 4.3: 
45.00 6.9 909 0.63 22.1 9.90 245 387 0.52 2.75,~.3: 
45.00 7.0 9;4 9.54 21.6 9.93 24: 319 0.52 2.74 4.30 
45.00 1.2 902 9.64 22.4 9.8: 239 319 0.52 2.73 4.22 
45.00 7.2 878 9.87 21.3 9.55 221 358 0.49 2.71 4.39 
45.00 7.2 812 9.9: 21.3 .9.49 214 341 0.48 2.10 4.39 

45.00 6.9 849 10.03 21.0 9.23 194 326 3.45 2.66 k.36 
C . 0 0  6.9 831 10.25 62.7 9.01 203 340 0.47 2.66 4.45 

.-. 

k5.00 6.9 a57 10.03 21.0 9.30 209 344 0.41 2.69 4.41 

(1) Unit !oat recorded every 15 rin. froi control boare. 
(2) Average boiler 02, recorded every 15 iin. fro# 

contra! board. , 

(3) Van reasurcrent of duct 502, dry basis, IS set. readings averaged 
over a 15 rin. period. 

(4) Van rrasureicnt o f  duct 02, dry basis, IS set. readings averafed 
over a 15 i i n .  period. 

(5) Van measurement of W, p p i ,  dry basis, 15 ut. readings averaged 
over a 15 i i n .  period. 

(6: Van wasuremnt of W2, Z dry basis, 15 set. readings averaged 
over a 15 tin. period. 

(7j Van ieascrerent of NO, ppr, dry basis, 15 set. readings averaged 
over a 1: i i n .  period. 

(81 Van neascrerent of NO, p p i ,  corrected t o  31 02, IS set. 
reacings averaged over a 15 rin. period. 

(9) 5ission rate, NO, :b/dTU (actual), calculrtec :rei WAY Y I  reasureients. 
(:O) 'Eaission rate, SC2, IbliETU, calculatcc f ror  VAN SO2 ieasurerents. 
(1:) Van ieasureren: of 502, !b/rbtu, corrected t o  31 02, !S set. 

rcacings iverapcd over a IS i i n .  period. 
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JOHNSONWLLE UNIT 1 

::c 4 . 3  

i.? 
: : L  4.3 

6.3 . .4 
1:4 4.3 
:14 4.2 
ii4 4.2 
114 4.2 
115 4.0 
115 4.0 
ii4 4.1 
i14 k. 

... 
I.? 

< .  

1082 
:cc3 
lO8S 
:mi 
1077 
I079 
1081 
:OB3 
1078 
lDB2 
1075 
1070 

6.96 
6.75 
6.82 
6.84 
6.85 
6.79 
t.78 
6.76 
6.76 
6.77 
6.78 
6.76 

I' i ::*7: l!: I' ?% c.54 2.63 ?.36 
29.: !:.e! 293 ?71 3.5: 2.64 2.3~ 
2E.2 ::.78 29s 36U 0.2 L E :  ? 7 2  
20.B 11.73 203 385 0.53 2.5? 2.35 
26.5 11.71 300 382 0.52 2.61 3.32 
28.2 !1.80 295 374 0.51 2 . U  3.30 
31.1 ::A7 295 373 0.51 2.61 3.30 
30.4 i1.91 296 375 0.51 ' 2.61 3.30 
28.0 11.97 298 376 0.52 2.60 3.29 
38.1 11.98 291 372 0.51 2.61 3.30 
3.9 12.02 298 377 0.52 2.59 3.28 
k5.1 11.99 299 378 0.52 2.58 3.26 

-". 

--_---_____--_____-------------------------------------.---------------------------------- 
AVERASE i 1 4  4.2 !OBI 6.80 31.2 11.86 298 378 0.52 2.61 3.31 

Unit  load recorded every 15 i i n .  from cont ro l  beard. 
4verage b o i l e r  MI recorded every :5 r i n .  f r o i  
control  b o u t .  
Wan leasurelent of duct S02, Cry b%is, !5 sec. readings weraged 
over a :5 i i n .  p e r i d .  
Van leasurelent o f  duct 02, dry basis, I5 sec. readings averagea 
over L IS min. p t r i d .  
Van . leasureient of CO, ppi, Gry basis, 15 rec. readings averaged 
over a 15 i i n .  period. 
Van wasurmen: of C02, 2 dry basis, :5 sec. readings averaged 
over a 15 ain. period. 
Van leasurelent of KO, p p i ,  dry basis, :5 set. readings averaged 
over a 15 i i n .  period. 
Van ieasureieni  of NO. DDB. torretied t o  3l 02. 15 set. . .. . 
readings averagea over a IS i i n .  per iot .  
i i i s s i c n  rate, NO, Ib l iBTU (actual), calcu!ated f r a  VAN NO ieasurmentr. 

(3) Et iss ion  rate, S02, IbliBTU, calcuiated f r o i  VAN Sa? iearureientr .  
( : I )  Van ieasureient of SO2, :blrotu, corrected t o  32 02, IS 5ec. 

reat iags averaged over i !S i i n .  per io t .  
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JOHNSONVILLE UNIT 2 

04-10-1990 141oUy26 SlilMltV 

J'Villr Unit 2 ESP h t l r t  High Loat 

(1) 
LOID 
m 

-126 
'126 
-126 

127 
127 
127 
121 

127 
127 
127 
128 

121 

123 

122 
I22 
I22 
I22 

in 

7.39 
1.39 
7.53 

3.10 7.79 
3.10 7.82 
3.20 7.82 
2.80 - 7.74 

3.00 1.b7 
2.M 7.71 
3 3  1.11 
3.31 7.m 

4.M 8.50 

4.39 8.S 

4.40 8.10 
4.44 8.oQ 
4.30 8.13 
5.10 8.01 

4.70 s.n 

J'Villr hit 2 ESP kth t   or bad 

2134-2143 4s 9.30 12.1) 
21*m 43 Y.30 l2.W 
2100-221s 4s 9.s aY2 
2213--2130 43 9.44 I2.N 

631 11.14 
b73 L l b  
s27 11.6 

b26 10.S 
510 10.97 

713 10.58 

Eb6 IO.bl 
938 10.11 
a21 11.23 
(13 11.17 

sa 1o.m 

a3 11.12 
1 6  11.20 
IU 11.11 

io( i1.02 
I31 11.0 
234 11.04 
444 11.00 

19 1-11 
Eo 1.13 
I) 7.14 
I Y  7.13 

201 

180 

329 
342 
3(0 
334 

lbl 
164 
1 s  
159 

io0 

I14 
I74 
111 

113 

ILS 
lb7 

in 

2% 
241 
24b 
250 

21b 
214 
194 

354 
3b8 
3n 
359 

2-34 
239 

233 
ni 

181 
I87 
184 

I17 
1Y I 
181 
l(0 

no 
iu 
as 
as 

2& 0.11 
263 0.40 
258 0.37 

Ce, 0 . 0  b.50 
502 0.72 L.50 
SO 0.n b.50 
(87 0.10 b.50 

311 0.31 b.40 
Z'4 0.34 b.40 
314 0.33 b.50 
31) 0.33 b.43 

Zb9 0.39 b.40 
2% 0.40 b.50 
266 0.30 b.bO 

274 0.b b.Y 
w 0.a 6.Y 
n3 0,s 6.60 
a¶ 0 . L  b.60 

nr 0.1) 6.10 

sm 0.m 7.10 
SYO 0.80 b.W 

8 7  0.83 1.20 

$01 s(12 
YYII Lainuru 

920 2.60 
920 2.60 
920 2.50 
no 1.50 

m 2.50 
920 2.50 
wo 2.w 
907 2.53 

YlO 2.50 
Y I O  2.40 

9oo 2.40 

wo 2.50 

9w 2.40 
9w 2.40 

OOO 1.70 
yo0 2.10 
#Q 2.# 
Y l O  1.50 
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JOHNSONVILLE UNIT 2 

(1) (31 (4) 
WlLEll 02 co 

02 x dry I D #  ory 
3.00 1.s 481 
3.30 7.48 421 
3.30 7-57 #I 
3.10 7.59 434 
3.10 7.63 431 

(5) 6) (7) 
COZ M M 

11.72 162 I14 
11.66 1U 174 
11.61 163 171 
1136 W5 171 
11.90 IU 177 

dry I D 1  Wt 001 d f l  

75 



. .  

JOHNSONVILLE UNIT 3 

1300-1315 
:3:5-1333 
! 330- 1345 
1345-1400 
1400-1415 
:C:5-1430 
1430-1445 
1445-15OC 
:500-:515 
:515-1530 
1530-1545 
154s-i6oo 

b 
121 
122 
:22 
:?2 
121 
121 
122 
1 22 
122 
123 
121 
121 

5.6 1066 7.26 63.8 11.70 
5.6 1066 7.28 51.7 11.67 
5.6 . 1068 7.24 54.5 11.78 
5.6 :071 7.24 50.6 11.90 
5.6 . 1071 7.25 47.2 11.97 
5.6 1069 7.20 73.9 12.08 
5.4 1069 7.22 49.3 12.07 
5.6 106b 7.21 42.0 12.03 
5.6 1075 7.20 25.6 12.06 
5.6 1068 7.26 25.1 12.08 
5.6 1076 7.23 25.2 i2.:1 
5.6 1075 7.15 32.7 12.24 

262 
269 
266 
269 
268 
267 
268 
277 
313 
305 
296 
298 

343 
3% 
348 
352 
351 
348 
350 
362 
409 
400 
388 
387 

0.17 2.66 3.49 
0.48 2.67 3.50 
0.48 2.66 3.48 

0.48 2.67 3.50 
0.48 2.66 3.47 
0.48 2.66 3.48 
0.50 2.65 3.46 
0.56 2.67 3.49 
0.55 2.67 3.50 
0.53 2.68 3.51 
0.53 2.66 3.46 

0.48 2.68 3.5; 

AVERAGE 122 5.6 1070 7.23 45.1 11.97 280 366 0.50 2.67 3.49 

hi: l ~ d  recorded every :5 @in. from control board. 
Average b o i h  02, recorded wcry 1 5 ’ ~ i n .  froi 
control board. 
Van ieasurcient of  duct SM, dry ba5i5, IS sec. readings avcraged 
over a 15 i in .  period. 
Wan measurerent of duct 02, dry basis, :S 5ec. readings avcraged 
over a 15 ein. period. 
Van. ieasurcicnt of  W, PPI, dry basis, 15 rec. readings averaged 
over a 15 rin. period. 
Van ceasureient of 3 2 ,  2 dry ba5i5, 15 sec. readings averaged 
OW a 15 rin. period. 
Van ieasureient of YO, ppi ,  d r y  basis, :5 sec. rcadinps avcraged 
over a !5 rin. period. 
Van ieisureient of NO, ppi ,  correrred t o  32 02, 15 sec, 
readings averaged over a 15 air. ;eriod. 
Emission ra te ,  NO, W d T U  (actual), ca:cu:rted from VAN ID ieasurcren:r. 

( : O J  Eiission rate, 502, I b / i B X ,  calculated fro8 VAN SC:‘ ieasurE6eil:s. 

(::I Var, measaremen: c: SC:, :b/ib:i+ iorrec:Pt :o 31 C;, :: sec. 
reacings averaged over 4 :5 i i n .  perioc. 
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JOflNSONVlLLE UNIT 3 

ca::-!m 
@9D?-??!: 
C 9 : s - O 5 S G  
0930-0545 
0945-!000 
1000-101: 
:0:5-1030 
1030-1045 
1045-: 100 
::oo-:::: 
::15-1:30 
!:30-!!45 

&E 
CG 
46 
46 
47 
47 
41 
47 
47 
47 
18 
48 

702 
73: 
7:7 
737 
738 
740 
740 
729 
722 
72: 
728 
725 

::.P i i .5  a.07 
!:.Et !7.7 8.0; 
!:.63 !8.3 8.0: 
11.51 !8.3 8.04 
ii.55 18.2. 8.07 
11.54 18.4 8.06 
11.49 18.2 8.iO 
11.50 3.4 8.08 
11.48 18.3 8.i2 
11.50 18.5 8.:0 
!1.43 18.5 8.19 
11.37 I8.G 8.26 

255 

255 
256 
257 
255 
259 
263 
263 
260 
265 
260 

ecc Ab" 

490 

490 
489 
489 
485 
491 
498 
498 
492 
499 
485 

- 
0.67 .?.sa 6.96 

0.67 2.6: Z . : 6  
C.67 2.71 5.20 
0.67 2.69 5.14 
0.67 2.69 5.12 
0.67 2.69 5.13 
0.68 2.68 5.08 
0.68 2.64 5.01 
0.69 2.61 4.93 
0.68 2.61 4.95 
0.69 '2.62 4.92 
0.67 2.59 4.84 

AVER A 6 E 17 )IO 729 1i.52 18.2 8.10 259 491 0.68 2.65 5.04 

(1) .Unit load recorded every 15 rin. from control bard.  
(2) Average boiler 02, recorded every 15 rin. frm 

contro! board. 
(3) Van reasurcient of duct S02, dry basis, 15 set. readings, averaged 

over a 15 iin. peric!. 
(4) Van ieasureient of duct 02, t ry  basis, 15 sec. readings averaged 

over a 15 i i n .  period. 
(5) Van ieasureient of CO, p p i ,  t ry  basis, 15 set. readings averaged 

over a 15 i i n .  period. 
(6i Van ieasureient of CO2, 1 t r y  basis, :5 set. readings ireragel 

over a :5 tin. period. 
(7) Van ieasureient of NO, ppi ,  dry  basis, 15 set. readings averaged 

over a !5 o in .  periot. 
(8) Van ,ieasureient of NO, pp i ,  corrected t o  31 C2, 15 set. 

rcicings averaget over a 15 rin. period. 
(91 h i s 5 i o n  rate, NO, h / i E T L I  (actus!), ta1tula:cd f r o i  VAN NO i eawerents .  
( ! O !  hiss ion  rate, 502, !b/mE:Ll, ca1cu:ated f r o i  VAK 512 reasureoe6ts. 
(::I V i a  aeaswenen: o f  532, :b/r>;z, ccrrected :o 31 S2, :5 sei. 

readings sveragec over a !5 sin. period. 
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:036-1045 
1045-1100 
:!00-:130 
1 ! 15- 11 30 
1:30-:1<5 
!142-1200 
1200-:2:5 
12:5-1221 

AVERAGE 

107 f 

107 4 
:07 f 

107 4 
107 t 
107 f 

:07 4 
107 4 

107 4 

--------______-_-. 

1 6 4  
1146 
1171 
X76 
1154 
115: 
!IC! 
1!33 

1142 
.--____ 

6.51 
6.80 
6.53 
6.49 
t.58 
6.61 
6.65 
6.64 

6 .U  
.---- 

573.2 11.40 
464.9 12.25 
583.8 12.39 
640.7 2.31 

525.2 :2.:6 
561.6 12.08 
408.3 12.03 

85.3 12.22 

224 
230 
220 
216 
224 
224 
225 
229 

541.7 12.11 224 

Unit !o ld  recorded every 15 iin. fror contro! board. 
hverage joiier 02, recordet every 15 i i n .  f r a  
ccatro: board. 
Van ieasureien: 0: duct SC2, d r y  basis, I5 set. redings avwagget 
p i e :  a ;5 i i n .  period. 
Via neasureient of duc t  02, dry basis, 15 set. rercings JVeraged 
over a !S cin. period. 
Van measuremeat of CO, p p ,  dry basis, 15 sec. reaoifiks averagec 
wer  i :: Gin. p t r i d .  
Vir, r eas~re i en t  o f  32, Z dry basis, !5 Sec. rtatings averaged 
over a : 5  cia. atr iot .  
Van i ea s~re i en t  o f  NO, PPI, dry basis, :5 sec. reatings averaged 
over a :: sir,. p e r i d .  
Van teasarelent 0: I D ,  ?pa, corrected t c  31 2, 2 set .  
reac:ngs averaged over a IS i in .  perioc. 
Emission rate, 10, IblnBiU ( a h a : ) ,  ca1cu:atcd !ror VAN KI iearureients. 
hission rate, SO& IblaBTU, caicuiated f ra t  VAh. SO2 ieasureients. 

70 

279 
292 
214 
268 
280 
281 
282 
287 ---- 
ma 

0.30 2.53 

0.31 2.77 
0.37 2.78 
0.38 2.15 
0 . 3  2.74 
0 . 3  2.73 
0.39 2.71 

0.10 2.77 

0.38 2.72 



4L I 65; :?.41 2 . 2  6.33 250 44: 0.6: 2.23 
LL t 736 ::.Z 2 . 2  8.64 257 476 0.6: 2.50 
t t  + i?i ::.?5 2.: E.60 255 475 G.t: 5.57 
44 * 73? !:.% 22.5 8.58 253 47! 9.65 2.6: 
44 i 735 :;.3C 22.1 6.58 250 466 C.6L 2.62 
44 * 740 1:.2 22.4 8.59 249 461 0.6; 2.62 
44 * 738 !1.21 22.5 8.59 248 158 0.63 2.60 
44 * 736 Z.2: 23.2 8.55 248 455 0.63 2.59 

(!I Unit load recorded every :5 iin. froc tontro: board. 
(2) Average boi:er 02, retorted every 15 cia. !roe 

control board. 
(3) Van ieasureient of duct  502, dry usis, 15 set. readings rvcraged 

over a 15 i i n .  period. 
(4) ' Van ieasurcicnt of duct 02, dry basis, 15 SCC. rcadings avcragcd 

over a 15 iin. period. 
(5) Van ieasurcient of M, ppi ,  dry basis, :5 scc. readings avcragcd 

over a 15 i i n .  period. 
(6) Van icasureient of C02, 2 dry  basis, 15 set. readings averaged 

over a 15 i i n .  period, 
:7) Van eeasurcient of NO, ?p i ,  dry  basis, 15 ret. readings arcraged 

over i 15 iin. period. 
(8) VaK measureient of  II?, PPI, torretied t o  32 02, :5 sec. 

readings averaged over a 15 p:n. perio:. 
( 9 )  Eiission rate, NO, :b/iB:ll (a tka:) ,  talts!atcd from VAY NO ieasureientr. 
(10) Eoission rate, 502, ! a / d T C ,  caitu!atel ! rc i  VAN EO2 ieasureients. 

!*! ' 'BA3 DATA 
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JOHNSONVILLE UNIT 5 

! n C  .*. 
: c: 

; c5 
:os 
:Os 
:os 
; 05 

. i. 2 
_I" 

. rc :  ..", 7.04 430.4 iZ.76 ..'* 7.2: 587.P 2.37 
_.., 7.23 390.6 ::.Y 
:1:5 7.22 3BC.5 :1.93 
:i25 7.3: 13.9 ::.e9 
1:2: 7.29 423.2 ii.90 

!:07 7.27 123.2 11.93 

. I * .  

,... 

ii:o 7.33 400.9 i:m 

:95 
: 0 i  
?E 
23: 
206 
208 
2:o 
209 

*c  . 
-3. 

z a  
-7* '( + 
271 
27: 
273 
276 
274 

c.34 2.59 
0.17 :.E? 
f.27 2.86 

0.i7 2.U 
0.37 2.81 
0.38 2.79 
0.38 2.77 

0.37 2 2 :  

(:I Onif  :oa2 recorded every 15 i i n .  f r o i  con t ro l  board. 
(2) Average b o i l e r  02, recordet every !5 i i n .  froi 

cont ro l  board. 
(3: Van reasureient 0:  duc: 502, dry basis, :5 sec. readings averaged 

over a :5 sin. p r i o d .  
(41 Van ieasureient of duct 02, dry basis, 15 set. readings averaged 

over a IS pin. period. 
(5) Van ieasureient o f  CO, ppi, dry basis, IS ret. readings averaged 

over a 15 i i n .  period. 
.(6) Van ieasure ien t  o f  cO2, 2 d r y  basis, :S set. readings averaged 

over a 15 i i n .  period. 
(7) Van ieasureient of NO, PPI, dry basis, 15 set. readings averaged 

over a !5 i i n .  period. 
(8) Van ieasure ien t  of 10, ppm, corrected t o  32 02, 15 sec. 

rea t ings  averaged over a 15 i i n .  period. 
( 9 )  irissioa rate, SC, :b/iB?U (actuai), ca lcu la ted  from VAN MU i easurnents .  
(!2) Ecissioa rate, 502, I U i B T U ,  ca1cu:a:ed f r o i  VAN SO2 measurements. 

(f! BAD DATA 
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JOHNSONWLLE UNIT 6 

5 .4  
5.4 

::9 ".- 
2 0  :.1 
:1s 4.9 
:26 4.9 
: 20 4.9 
:20 4.9 

. . C  

..L 

... 

.., 
c ,  

; : rr  
:1SE 
:It: 
!:78 
::6C 
1193 
1201 
1208 

6.96 LE.: 2.2 
7.0: 49.8 : L O ?  
6.96 5O.C :!.98 
6.94 60.6 :1.99 
6.95 19.7 i2.50 
6.97 89.0 2.5b 
6.95 85.9 12.57 
6.94 98.7 12.53 

%? 
266 

277 
267 
270 
269 
270 

~,-. 
. I .  

-.. 
",C 

36: 
315 
3:: 
3s; 
346 
345 
34: 

c.:7 1.76 
0.:: 2.e: 
$.<E 2.e: 
C.49 2.67 
6.47 2.84 
0.47 2.92 
!I.'?. 2.93 
0.41 2.95 

1:) h i t  load recorced every 15 #in. !roi control board. 
(2) Average boi!er 02, recorded every :S sin. froi 

con:ro: board. 
(3)  Van ieasureient of  duct S02, dry  basis, 15 sec. readings averaced 

over a I5 i i n .  period. 
(41 Van icrsureient of t uc t  02, dry basis, 15 set. readings averaged 

over a 15 iin. period. 
(5) Van ieasureient of CO, p p i ,  dry basis, 15 sec. readings averaged 

over a 15 i i n .  period. 
(61 Van teasurerent o f  CO2, 2 d r y  basis, 15 sec. readings averaged 

over a 15 iin. period. 
17)  Van ieasureeent of NO, pp i ,  dry basis, 15 set. readings averaged 

over a 15 i i n .  periot. 
(8) Van reasureien: of NO, ppa, ccrretted to  32 02, 15 sec. 

readings averaged over a 15 i in .  period. 
19) Eiissfan rate, 13, Ib/mBTLI (actual), calcuiated f ro i  VAN NO ieasureients. 
:13) Eii$rion rate,  502, iDiiBBTU, cr:culated frm VAN SO2 ieasureients. 
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c c  +a .. * 
LE 5.6 
49 "." 
48 5.5 
48 5.5 
48 5.5 
4a 5.5 
48 5.5 

e t  

892 
92: 
9EZ 
998 
1014 
1012 
1009 
1006 

E.4r X . 6  
8.27 :S6.3 
6.24  19E.3 
8.23 L7C.3 
8.16 i63.6 

8.f8 167.8 
a.16 172.7 

a.22 162.0 

;:.2c 

!1.!9 
:1*2:. 
11.19 
11.15 
11.13 
::.:5 

,. ", 
,.a. : 

3: 
:7: 

:75 
174 
173 
171 
175 

. y 

. I .  

..c '"9 
247 
2c4 
247 
244 
243 
245 
24h 

3.36 :.i5 
0.34 2 - 6 5  
0.32 2.6: 
0.34 2.68 
c.33 2.1: 
0.33 2.71 
0.34 2.70 
0.34 2.70 

( i )  Unit load recorded every 1: i i n .  froi  tontro! board. 
(2) Average boiler 02, recorded every 15 i i n .  f r o i  

tont ro!  boar& 
(31 Van ieasureient of duct 502, dry basis, IS set. readings averaged 

over a :5 i i n .  period. 
(4) Wan i rasure ien t  o f  duct 02, dry  basis, 15 set. readings averaged 

over a 15 i in .  period. 
(51 Van ieasure ient  of u1, p p i ,  dry basis, 15 set. readings averaged 

over a 15 i i n .  period. 
(6) Van measurement of CD2, 2 d r y  basis, 15 5ec. r e a d i n p  averagec 

over a 15 i i n .  period. 
(7) Van icasureient of WO, p p i ,  dry basis, 15 set. readings averaged 

over a :5 i i n .  periot.  
(8) V i a  ieasare ient  of NO, ;pi ,  corrected to 32 02, 15 5ec. 

readicgs averaged over a 15 rin. perio6. 
(9) E i i s s i o n  rate, NO, :!I/~BX (actual), calcu!ated fror VAN NO ieasurr ient r .  
(10) E i i s s i o n  rate, 502, IbliBTU, ta:cu:ated from VAN SO2 recsurments.  
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. JOHNSONVILLE UNITS 3 AND 7 
JOHNSOIVILLE UNIT 3 k UNIT 7 

J'VILLE UNIT 1 ESP OUT 

0800-0815 48 * 608 11.2 17 6.92 274 so2 0.73 a t  

081s-0830 40 * 636 11.1 18 7.00 274 499 0.73 9.6 IM 

0850-0845 49 t 652 11.0 19 7.17 277 490 0.73 t t  

0845-0900 83 6 731 10.3 84 8.02 ZS2 . 422 0.62 9.6 750 

09Oo-Wl5 Bo * 844 8.7 1W 9.70 26S 388 0.n t t  

091m30 80 t 83s 8.8 21 9.64 283 421 0.61 7.9 9W 

1W161S A t E44 10.3 12 8.09 m R9 0.81 t t  

1611-163 7S t 808 10.6 12 7.69 taB %9 0.63 t t  

1630-164S A t m 10.8 11 7.s 327 m 0.04 t t  

1645-1700 A t 800 10.7 11 1.62 324 sss 0.a a t  

(1) hit lord r ecad id  nuy 15 rin. frm catrol board. 
(2) Amape boiln 02, recordcd m r y  15 rie. I r a  

catrol board. 
(3) Vu wrsorewnt of (uct SO& dry Lais, fi yc. rNdiaps nrbgrd 

owr a 15 t in.  period. 
(4) Vu r r v r m t  of duct 02, dry kdi, 1S Y(. rdirgs  am@ 

an a 15 ria. paid. 
(5) Vu mmrmnt of CO, ne, dry basis, IS Y(. r d i e g s  r m r w  

over a IS @in. period. 
(6) Vu wawrmnt of COZ, Z dry basis, IS w. rlrlirp m r q d  

an a 1) ein. period. 
(7) Vu naswant of I), BPI, dry basis, IS w. rediegs e n r y r d  

OVN a 1S ria. period. 
if) ''a wawremt of I)' ppe, corrected to 3I 02, IS wc. 

eadinps avrra9cd owr a IS ria. period. 
(YJ bissia rate, I), IblrlN, calcdattd f r a  VU W r ~ w r m t s  

and VU 202. 
(IO) Cocltrol roM redings of 202 rrd Sm, lpr, I ra  strip t k r t  

on IS einute intervals. 

- 
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JOHNSONVILLE UNITS 8 AND 10 

J'VIUE WIT E '130 RU 

omwwo 130 4 

0900-0915 130 * 
W l M O  130 * 
om4940 130 . L 

J'VILLE UIT 10 '13s IIY 

ws- llw 134 I 

1100-111s 13s 

1111-1130 I34 4 

1110-114s 13s 4 

114S-1200 I34 8 

1000 

1037 

lM8 

10% 

1lOB 

I026 

IO31 

1035 

Io= 

7.1 

7.1 

7.6 

7.6 

6.5 

7.6 

7.s 

7.1 

7.4 

a 10.8 

23 IO.¶ 

2s 11.1 

2s 11.1 

166 12.3 

11.2 

36 11.3 

36 11.4 

37 11.9 

513 

520 

520 

524 

(65 

m 
m 
s 

(1) b i t  h d  rrtordrd m y  1s do. (101 Control k u d .  
(2) h r a p  boiler a, rwordrd my IS rin. f r r  

canlrol board. 
(3) Vu msuremat of duct 502, dry h i s ,  IS SK. readings mrrprd 

owr J 1s rim. Wid. 
(4) Vu msurnmt  of duct 02, dry  k s l s ,  IS SK. rrllinp mt4d 

owr I IS aio. mid. 
(SI Vu msnrrnt of a, ppc, dry basis, IS SK. rediip mt4d 
ow J 1S ria. mid. 

(6) Van m w r m t  of Cm, 3 dry brsis, 1S sac. radiap enrrpd 
w J 1S ein. pnid. 

(7) Om n i w r r r n t  of Io, ppa, dry h i s ,  1S SK. nrlinp rrn4d 
w J 15 di. period. 

( 8 )  Vu msnremt of 0, ppi, corrected to 32 02, 1S SK. 
reading mr4d ovir J 15 ein. period. 

( 9 )  tission rite, 0, IblJTU, calcdated troa VY n mist- ente 
ud VM m. 
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694 

703 

701 

703 

m 
109 

m 
7M 

707 

0.99 

1.01 

1.00 

1.01 

0.12 

1.02 

1.01 

1.01 

1.01 



Johnrowillr Unit 10 ESP Outlot 

(1) 0 
TIHE LOAD BOILER 

r(w xu2 
11/07/09 

2040-2110 

2110-2140 

2140-2149 

21so-2po 

2p0-pSO 

120 a3 
121 3.2 

122 3A 

lpz. ' 27 

1m 3x) 

122 3.1 

120 3.4 

120 ai 
121 Y 

5.35 493 

a04 m 
%92 m 
767 664 

756 644 

7Ao 6s4 

734 6% 

7ai 633 

7.60 603 

0.71 

a72 

486 

09% 

a93 

a54 

as 
a91 
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KINGSTON UNIT 4 

2/23/90 U N I T  4 

( 1 )  ( 2 )  ( 3 )  (4) ( 5 )  (6) (7) 
TIHE LOAD BOILER VA N VAN VAN VAN VAN 
YEHI OD 02 %02 NO. DD m NO co . DD m co1. 8 

P R Y  3% 0 2  LB/mBtu DRY DRX 
1030-1 045 145 4.2 6.7 488 0.70 19 .o 11 .65 
1045- 1100 145 4.2 7.0 506 0.72 18 .o 11 .48 
1100-1115 145 4.2 6.7 513 0.73 18.2 11.62 
1115 -1130 145 3 . 9  6.7 509 0.73 18.4 11.60 

11 4 0 - 1  145 145 3.9 6.7 519 0.74 18.8 11.71 
1145-1200 145 4.1 6.7 508 0.73 is .0 11.58 
1200-1 215 145 4.5 6.7 509 0.73 18.7 11 .67 

AVERAGES 145 4.1 6.7 507 0.73 18.6 11.62 

NOTES : 
(1) Unit load,  recorded every 15 min. from control board. 

( 2 )  Boiler 02%. recorded every 1 5  mln. from control board. 

( 3 )  V.9N measurement of 02% on a d r y  basis; 15-sac. readings averaged 
over a 15 mln. period. 

(4) VAN measurement of NO, ppm. corrected t o  3% 02; 1s-sec.  readings 
averaged over a 1 5  min. per iod.  

( 5 )  Emission r a t e .  NO, lb/mBtu.  ca lcu la ted  from VAN NO measurements 
and I02. 

(6) Van measurement of CO. ppm, d r y  basis. 15-sec.  readings averaged 
over a 15-mln. period. 

(7) Van measuremenL o f  C02 .  ppm, d r y  basis. 15-sac.  readings average 
over a ~ S - m i r i .  period. 

CO analyzer out of se rv ice  u n l l l  3/14/90, 0950 .  

- 9  Assumed moisture content = 7% 
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KINGSTON UNIT 5 

3/13/90 U N I T  5 

TIHE LOAD B OILER VAN VAN VAN VAN VAN 

PRY 3% 02 tB/mBtu DRY DRY 
PEHlOD 02 % 0 2  no.vDm no co . DDm c02. % 

7.0 429 0 -61 11.84 3.2 
2.9 
7.9 
2.9 

2.9 
2.9 
2.9 
3.0 

2.7 
2.9 
3.2 
2.7 

2.8 
2.7 
2.8 
2.9 

2.9 

081 5-0830 
0830-0845 
0845-0900 
0900-091s 

200 
200 
200 
200 

200 
200 
200 
200 

200 
200 
200 
200 

200 
200 
200 
200 

200 

7 .I 
7.2 
7.2 

7.2 
7.2 
7.2 
7.3 

7.2 
7.3 
7.3 
7.4 

7.3 
7.4 
7.4 
7.4 

7.3 

429 0.61 12.15 
431 0.62 
430 0.62 

428 0.61 
429 0.61 
424 0.61 
431 0.62 

431 0.62 
433 0.62 
434 0.62 
436 0.62 

442 0.63 
435 0.62 
434 0.62 
434 0.62 

432 0.62 

11.91 
11.87 

'11.89 
11.77 
11.82 
11.63 

11 :59 
11 - 5 5  
11 .73 

, 11.70 

11.58 
11.64 
11.69 
11 .f9 

11.75 

091 5-0930 
0930-0945 
0945-1 000 
1000-1015 

1030.1 045 
1045-1100 
1100-1115 
1115-1130 

1145-1200 
1200-1215 
121 5-1 230 
1230-1245 

AVERAGE 

3IME L O M  BOILER VAN VAN VAN VAN VAN 
PER1 OD 0 2  LO2 IPO.ma RO co .Dam c02. t 

P H Y  3% 02 LWhRtu DRY UBY 
0830-0845 200 3.0 7.3 457 0.6s 11.70 
0845-0900 200 2.8 7.4 464 0.60 

0.68 
0.66 
0.67 

0.67 
0.66 
0.67 
0.69 
0.68 

0.66 

11.69 
11.49 
11 .84 
11.83 

0900-0915 
0915-0930 
0930-0945 

0950-1000 
1000 -1 015 
101 5- 1030 
1030-1045 
1045- 11 00 

AVERAGES 

200 3.0 
200 2.9 
200 2.9 

200 3.0 
200 3.0 
200 3.0 
200 3.2 
200 3.0 

200 3.9 

7.4 472 
7.3 458 
7.3 466 

7.3 466 
.7.3 464 
7.3 470 
7.2 479 
7.3 476 

7.3 467 

16.5 11.70 
19.9 11.79 
18 .I 11 .75 
17.5 11.82 
17.6 11 .92 

18.0 11.75 
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PARADISE UNIT 3 

2018-2030 972 3.5 2112 5.06 41.4 13.31 1198 1353 1.8s 4.54 

2030-2045 966 3.6 2110 s.07 44.9 i 3 . s  11% is1 1.8s 4.51 

2045-20050 903 3.1 2084 15.25 47.0 13.19 1141 1304 1.79 4 . 3  

i i 1 5 - i ~ ~  90s 3.6 2116 s.20 s8.s 12.n 1094 12% 1.11 4.19 

2145-2200 898 3.6 2108 S.21 61.4 12.61 1083 1.69 4.S 

2200-2213 892 3.5 2111 S.21 66.1 12.51 1081 1233 1.69 4.159 

2306-2315 791 1.7 2059 5.48 80.1 12.13 9S7 1110 1 3 2  4.55 

2315-2330 799 3.1 2055 S.4S 85.2 12.09 X4 1111 133 4.S 
. .  

2330-230 193 3.1 2043 5.M 86.1 11.S %l 111s 1.51 4 3 1  

AVERAg 880 3.6 2089 S.27 63.4 12-67 LOA 1229 1.U 4.55 

(1) Unit lord recorded wiry IS rin. frw control hoard. 
(2) Average b o i l a  02, rnmdrd mry IS rin. frm 

control board. 
(3) Van wasurrrent of duct m, dry buis, 15 we. reading8 anrrprd 

onr a 15 ria. period. 
(4) Van waturrrent of duct 02, dry basis, IS we. rrrdingt amaged 

over 15 ria. period. 
Van NaSUrfad O f  a, PPI, d r y  bash, 15 (C(. rradiigs aVWJgfd 
over a 115 ria. period. 

(61 Van utsurnmt of CO2, I dry basis, 1S we. rradiaqs anraqed 
over a 15 ria. pnid. 

(1) Van waturlrrnt of ID, )piI  d r y  basis, 13 SK. rmdilps twrrqed 
over a IS rim. period. 

( 8 )  Van warurnmf of ID, )paI corrected to 3I 02, 1S w. 
readings averqrd over a 115 ria. period. 

(9) b i s s i a  rate, 10, 1blrlTU (JCtIUl), calculrtrd frw VU ID rrsurrwnts. 
(10) Eiission rate, SO2, IblrBTU, trltulatrd frw VU SO2 wasurmnts. 

(5) 
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PARADISE UNIT 3 

0812-0830 
0830-0845 
0845-0900 
09060915 
0915-0930 
0930-0945 
0945-1000 
1000-1015 
1015-1010 
1030-1015 
1045-1100 
1100-1115 
1115-1130 
1130-1145 
1145-1200 
1200-1215 
1215-123 
1230-1245 
1245-1300 
130-1315 
133-1330 
1330-1345 
1345-1404 

1043 
1045 
1046 
1046 
1046 
1046 
1047 
1046 
1046 
loso 
1048 
1047 
1047 
1047 
1046 
1044 
104s 
1041 
1043 
1041 
1042 
1042 
1040 

3.6 
3.6 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.1 
3.5 
3.5 
3.5 
3.3 
3.6 
3.5 
3.5 
3.5 
3.4 
3.5 
3.4 
3.5 

1554 
1597 
1595 
1MH 
1611 
1610 
1594 
1583 
ls6s 
1% 
1569 
IS2  
1589 
1599 
1614 
1616 
1639 
1657 
1676 
1706 
1m 
1158 
in2 

5.25 
5.36 
5.35 

5.31 
5.32 
5.75 
5.35 
5.35 
5.41 
5.46 
5.44 
5.41 
5.37 
5.38 
5.42 
5.41 
5.37 
5.35 
5.30 
S.38 
5.31 
5.34 

5.n 

20.2 13.44 
21.3 13.92 
21.5 13.93 
21.6 14.00 
21.9 11.97 
22.1 13.97 
22.1 13.97 
22.1 14.00 
22.6 14.01 
22.5 13.97 
22.7 i3.n 
22.7 13.% 
22.8 13.W 
11.0 13.94 

22.9 13.53 

22.6 14.00 
22.3 14.04 
22.5 14.12 
22.3 14.08 
22.7 14.14 

11.0 13.91 

22.7 13.s 

22.e 14.11 

1196 
1236 
1235 
1244 
1214 
1109 
1 1 s  
1191 
1182 
1161 
1149 
1155 
iin 
iiu 
1137 
1139 
1139 
1141 

1204 

1221 
1217 

tin 

i i m  

1x7 
1423 
1421 
1421 
1392 
1388 
1378 
1370 
1359 
1344 
1331 
1336 
1337 
1336 
1332 
1315 
1315 
1321 
lw) 
13M 
1370 
1400 
1399 

1.87 
1.95 
l a %  
1.9S 
l.Yl 

1.89 
1.w 
1.86 
1.M 
1.a 
1.83 
1.83 
1.83 
1.83 

1.90 

1.m 
1.m 
i.ei 

1.m 
1.85 

1.88 
1.9 
1.92 

3.38 
3. 50 
3.49 
3.49 
3 3 2  
3.52 
3.49 
3.47 
3.43 
3.44 
3.46 
3.49 
3.49 
3.51 
1.H 
3.56 
3.61 
3.64 
3.67 
3.73 
3.79 
3.w 
3.85 

AVERA6E 1045 3.5 16ZS 5.36 22.3 13.97 1186 1364 1.87 3 3  

(10) birrion ratel Un, IblrBTU, crlcalitrd frw VU sa? wrwrwats. 
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PARADISE UNIT 3 

1002-1015 971 
1015-1030 97 I 
1030-1045 976 
1045-1100 972 
1131-1145 910 
1145-1200 967 
1231-1245 976 
1245-1Mo 971 
13M-131S 9lS 
1315-1330 911 

1345-1400 974 
1440-1415 918 
141S-1430 971 
1430-1441 978 
1445-1w 975 

1515-1s30 no 
lSIQ-IS43 911 

1 a c - i ~ ~  9 n  

isoo-isis gn 

3.5 
3.7 
3.6 
3.7 
3.s 
3.5 
3.5 
3.6 
3.7 
3.7 
3.1 
3.6 
3.6 

. 3.7 
3.6 
3.1 
3.7 
3.9 
3.6 

1859 
1862 
1873 
1926 
1918 

1966 
19S 
1970 
1910 
1961 
1%9 
1964 
1964 
19% 
1952 
1949 
19S 
I914 

1990 

5.08 30.6 13.25 
5.14 33.3 13.21 
5.24 36.8 13.15 
5.06 41.3 13.31 
1.08 28.4 13.34 
S.06 36.2 13.35 
S.18 26.2 13.20 
5.28 32.5 13.12 
5.18 3 7 3  13.20 
S.24 42.5 13.17 
S.24 Sl.6 13.15 
S.20 55.0 13.19 
S.22 633 13.19 
5.21 62.6 13.n 
s.n 71.9 13.26 
5.n n.s 13.24 
5.29 86.2 13.21 
190 W.0 13.10' 
S.11 . Yl.1 13.33 

903 
987 
990 
917 
990 

1002 
losB 
1084 
1099 
1064 
1059 

10% 
I098 
1094 
Iw18 
1086 
1015 

ion 

iin 

1111 LS2 4.00 
1120 133 4.02 
1130 1.55 4.08 
1036 1.42 4.14 
1119 1.57 4.16 
1132 1.55 4.28 
1203 1.6s 4.26 
1241 1.70 4.27 
1250 1.71 4.27 
1216 1.67 4.29 
1209 1.66 4.28 

1244 1.11 4.27 
1251 1.11 4.17 

1246 1.11 4.26 

I233 1.6) 4.27 
1274 1.75 4.26 

im 1.67 4.21 

im 1.71 

IH( 1.10 4.2s 

AKRM 973, 3.6 1918 5.19 52.6 13-23 1OS1 . 11% 1.64 4.22 

(1) h i t  lo rd  rrordrd nny 15 u p .  f r a  coatrol borrd. 
(2) AvtrJge boiler 02, rrordrd awry 15 rin. frm 

(3) Van uasnrmnt of duct SO& dry basis, 15 &c. rrldinps avrrqrd 
over J IS rin. period. 

(4) Van nasurnent of duct 02, dry kris, IS wc. r r d i q r  rVmped 
owr a IS ria. prr id .  

ow IS ria. period. 
(6) Vu wasurnat of W2, L dry basis, IS wc. readings r m q r d  

over a IS air. period. 
(1) Vm nawcrcal of 10, ~ r ,  dry basis, IS YC. rradiagr avnrprd 

over a 15 ria. prrid. 
(0) Van uasurnrnt of 10, ppi, cwrRtrd to 3Z 02, If wc. 

readings rvrrqrd over J IS ria. period. 
(9) t i s r ion  rate, UI, IblrBTU (actual), calculated I r a  VU 10 wrsureunts. 
(10) 

control bMfd. 

(5) V U  wJW@Ullt O f  fD, #0, hl basis, 1s S K .  r radigs  amqrd 

hission rat@, #n, IblrlTU, dCUhtrd ffm VU SO2 MlSErmt8. 
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0809-0815 

0815-0830 
0830-0845 
0845-0900 
0900-09 I 5  
0915-0930 
0930-0945 
0945-1000 
1000-1015 
1015- 1030 
1030- IO45 
1045-1 IO0 
1100-I I 15 
I I 15- I I 2 6  
1200- I215 
1215-1230 
1230- I245 
1245-1 300 
1300-1315 
1315-1 330 
1330-1 34s 
1345- I 4  I O  
1430-1445 
1445-1500 
I500- I S  15 
1515-1530 
1530-1545 
1545-1600 
1600- I615  
1615-1630 
1630- I645  
1645- I100 
1700-111 I 

153 
I 5 3  
I 5 3  
I S 3  
I S 3  
I 5 6  
I 5 6  
I 5 6  
I 5 6  
I 5 6  
I55 ' 
I 5 6  
I55 
I 5 6  
I 54 
I55 
I54  
I54 
I54 
I 54 
IS3 
153 
I 5 2  
I53  
153 
153 
I 5 2  
I52 
I 5 2  
I 5 2  
I 5 2  
I 52 
15A 

2 . 4  
2 . 4  
2.4 
2 . 4  
2 . 4  
2 .3  
2.3 
2 . 3  
2 . 3  
2 . 4  
2.3 
2 . 3  
2 . 2  
2 . 5  
2 . 6  
2 . 6  
2 . 3  
2 .6  
2 .6  
2.6 
2.6 
2.6 
2.6 
2.6 
2.4 
2.5 
2 . 1  
2.6 
2.4 
2 . 6  
2.6 
2.6 
2.4 

4 I 6  
428 
428 
425 
426 
42 I 
42 I 
417 
416 
416 
4 I 6  
4 I 4  
4 I 4  

412 
400 
403 
401 
375 
399 
398 
397 
397 
426 
426 
428 
4 2 1  
426 
425 
425 
425 
426 
428 
428 

6.84 
6 .80  
6 .16  
6.80 
6.18 
6 .85  
6.83 
6 .91  
6 .87  
6 . 8 0  
6.80 
6.80 
6.15 
6.78 
6.99 
7.04 
1.03 
7.65 
6.92 
6 .98  
6.99 
7.00 
6.04 
6.06 
6.03 
6.06 
6.09 
6.m 
6.06 
6.04 
6.06 
6.00 
6 .02  

'22.8 11.89 
23 .5  11.97 
24.4 12.12 
24.5 12.19 
24.4 12.28 
24.6 12.27 
25.2 12.34 
24.5 12.30 
2 4 . 6  12.32 
25.2 12.40 
2 5 . 6  12.46 
25.2 12.48 
25.9 12.57 
26.4 12.59 
26.4 12.33 
26.3 12.31 
26.2 12.36 
26.3 11.11 
27.1 12.45 
2 6 . 1  12.35 
27.1 12.32 
21.1 12.30 
31.4 13.13 
30.9 13.09 
31.5 i3 .00 
31.9 13.03 
32.0 12.99 
31.8 12.95 
32.4 12.96 
32.8 42.96 
32.4 12.93 
32.9 13.00 
33.4 12.96 

411 
410 
476 
480 
482 
486 
485 
487 
489 
488 
490 
489 
489 
490 
491 
498 
499 
460 
504 
502 
4 9 1  
496 
4 8 1  
492 
481 
486 
490 
49 I 
489 
49a 
489 
489 
400 

u n l t  to ld  recordld every I5 8111. fro8 contro l  board. 
Average botlw 02. reemad every I5  .In. from 
control b o l d .  
v n  u a r v . m t  of  duct  SO2. #ru b n l r .  IS see. r e r d l n g r  ereraged 
over e I 5  m~n.-pwlod. 
v n  meerwr .wnt  of duct  02. 6 y  bealr. 15 sac. reedlngs averaged 
over e 15 mln. pwlod. 
vm u e a u r n e n t  of CO. p p .  dry M i l a .  I S  see. r e w i n g s  mvereged 
over e I S  .In. perlod. 
Van meaaurnent  o f  COZ, II 6 y  bel l i .  I S  a=. reed lngr  e w a g e d  
over e IS 8111. prrlod. 
V m  m e e r u r n m t  o f  K). p p .  dry beslr. 15 sec. reedinga w e r e g a d  
over a  I S  .In. pwlod. 
v n  n e a u r n e n t  of NO. p p .  cor rec ted  t o  3# 02.  I S  lac .  
reedlnga erereged over e 15 m i n .  p r r I W .  
Emrrrlon r e t e .  NO. Ib/.BTU (ectuwl). e e l c u l e t d  from V U  I*I meeaurnentr. 
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606 
596 
60  I 
609 
610 
618 
616 
62  I 
623 
618 
62  I 
620  
618 
62  I 
632 
642 
64 3 
620 
644 
644 
638 
630 
586 
592 
5.5 
9 6  
592 
592  
589 
590  
589  
Y l  
5 8 1  

0 .79  
0 .17  
0 .78  
0 .19  
0 .79  
0.80 
0.80 
0.81 
0.81 
0.80 
0.80 
0.80 
0.80 
0.80 
0.12 
0.83 
0.83 
0.80 
0.83 
0.83 
0.13 
0.93 
0.16 
0.11 
0.16 
0.16 
0.11 
0 .11  
0.76 
0.76 
0.16 
0.16 
0.16 



IIIS-I130 
l130-I 145 

I 145- 1200 
1200- I2 I S  

1228- I245 
1245-1300 
1300-1 315 
I3 15-1 330 
1330-1 345 
1345- I400 

1400-1422 
1432-1445 
1445- I500 
1540-1600 
1600-1615 
1615-1630 
1630- 1645 
1645-1100 
1100-1115 
1715-1730 
ll30-ll45 
1145- I800 
1800- I815 
1815-1830 
1830-1845 
1900- I9 I5 

I58 
I 5 7  
I53 
155 
IS4 
I51 
I55 
I 51  

I 52  
I52  
151 
151 

153 
I 3 1  
I 3 9  
I 3 7  
I 3 7  
I 3 8  
I 31 
131 
141 

142 
143 

I38 
I40 

I43  

2 .  I 
1.8 

2.0 
2 .  I 
1 .9  
1.8 
1.9 
1.8 
1.5 
2.0 
2 .  I 
I . 9  

.I.% 
I . 6  
2 . 3  
2.0 
2 . 0  
2 .9  
2.1 
2.4 
2.4 
2.0 
2 .6  
2.8 
2 .1 
2.8 

423 
441 
441 
4 4 3  

455 
4 56 
460 
457 
446 
441 
44 I 
458 

453 
445 
445 

4 39 
411 
420 
426 
423 
411 
421 
4 I1 
4 I1 
a I9 

452 

6 . 2 3  
6 . 4 1  
6.44 
6 .41  
6 .23  
6 .  I 9  
6 .16  
6 .  I 9  
6 .36  
6 .25  
6 .29  
5 .60  
5 .67  
5.32 
5.54 
5 . 4 1  
5 .62  
6. I 4  
6. I9 
6 . 0 1  
6.01 
6 . 2 1  
6. I 4  
6 . a  
6.22 
6. I8 

2 4 . 0  
2 4 . 6  
24.5 
2 4 . 3  
2 5 . 2  
2 5 . 5  
25 .3  
2 5 . 1  
25 .0  
2 4 . 9  
2 5 .  I 
2 5 . 6  
25 .4  
2 5 . 8  
2 5 . 5  
2 6 . 0  
2 5 . 8  
2 4 . 1  
24.  I 
24 .0  
2 4 . 0  
21 .6  
23.6 
21.4 
21.4 
23.5 

( I )  U n l t  load r e c o r d e d - e v e r y  15 *In. from c o n t r o l  board. 
(2) I r e r e g e  b01ler 02. r e c a r 6 a a  e v a y  I5 .In. fro. . 

c m t r o l  bOOa. 

12.10 
12.82 
12.14 
12.67 
12.91 
13. I5 
13. I9 
1 3 . 3 1  
1 3 .  I 6  
I3.01 
12.91 
13.69 
13.51 
1 3 . 5 1  
11.30 
11.27 
13.16 
12.10 
l2.6E 
12.83 
12.88 
12.65 
12.17 
12.16 
12.11 
12.m 

461 
486 
485 
480 
453 
456 
452 
450 
451 
445 
448 
480 
485 
452 
468 
461 
472 
494 
4 9 1  
494 
494 
499 
503 
SO2 
sc2 
502 

( 3 )  ven m e e i m n m t  of duct SU2. dry bosh.  IS sac. reea lngs  m u l g e d  
over e IS *In. p u l o d .  

( 4 )  van wesvI.nt of a t  02. b y  &SIB. IS see. raidlngl a v w r g e a  
over e IS *In. pula# .  

( 5 )  van uasurmt of CO. p p .  b y  b a i l s .  IS see. r e l d l n g l  e v a r e y a  
over a I5 .In. pulod. 

(6 )  V n  ~ a s u r m +  of co1. I b y  Mal#. I5 sm. rawlny a r e r a g a  
o w  a I S  *In. pr lod .  

( 1 )  van measurment of 10. p p .  b y  b a s l s .  IS sac. reldlnga rwegd 
over e 15 *In. p e r l o d .  

(0 V n  meeruaent of 10. p p .  Corrmted t o  3S 02. I 5  sac. 
readings avereya o v u  a 15 .In. p a l o d .  

( 9 )  h i i s i o n  r a t e .  NO. lb/@N (actual). u l c u l m t d  fro. VAN Io meesurnmta. 

569 
600 
600 
592 
552 
554 
54 9 
54 1 
555 
542 
549 
56 I 
569 
S I 9  
545 
531 
552 
599 
6a4 
595 
596 
610 
609 
610 
61 I 
610 

0 . 1 8  
0 .82  
0.82 
0.81 
0 .16  
0 .16  
0.15 
0.15 ' 

0.16 
0 .14  
0.15 
0 . 1 1  
0.18 
0.11 
0.15 
0.14 
0.16 
0.8T 
0.83  
0.12 
0.82 
0.84 
0.83 
0.84 
0.14 
0.84 



SHAWNEE UNIT 6 

SMUNB 

UNIT 6 
*mi 02 CO NU w2 NO NU NU 

DATE TIN TU? 10 nu WlbM 02 a a r v  DM a r v  DM YCL 8 arv ODB orv  arv D I D / M ~ ~ *  ......................................................................................................... 
12-U5-0Y 11 l l /1211 

12-05-89 1414/1513 

12-06-89 0830/0909 

12-06-89 1415/1515 

12-06-89 1633/1731 

12-06-89 1803/1905 

12-07-89 0104/0146 

12-07-89 0916/1004 

1044/1117 

11-of-I9 1344/1412 

WIT I 

12-12-19 0935/1001 

12-11-69 1106/1131 

12-12-89 1214/1224 

12-12-89 1225/1246 

12-12-89 '1321/1400 

12-l4-M lZl9/1297 

12-1449 1)ow1us 

12-14-89 1419/1453 

A 

B 

C 

D 

Y 

P 

G 

m 
E8 

15* 

154 

149 

150 

67 

67 

70 

69 

s- 

-- 

1.36 b. lY 23.IU 

3.10 6.35 25.27 

3.01 6.48 23.39 

2 6  5.55 20.55 

6.10 ' 9.51 19.31 

6.08 9.35 10.42 

5.16 9.44 23.12 

5.20 (.?I 14.14 

1.43 21.Y1 

485.26 

456. b1  

411.97 

456.24 

361.89 

351.77 

312.44 

361.96 

271.31 

11.18 

13.55 

12.51 

13.53 

10.18 

10.32 

10.28 

10.87 

11.1s 

j1  I .  7Y 

4YU.YU 

4*Y .41 

49u.5u 

390.20 

315.78 

400.4'1 

319.20 

299.26 

bbU.82 

6U3.12 

5)1. I* 

Sl1.18 

6 1 1 . U  

596.18 

b21.71 

571.78 

428.66 

U.Y*  

U.Ub 

U.8U 

0.81 

0.11 

U.86 

0.9U 

0.U3 

0.u 

AA 154. 2.36 5.40 79.87 414.14 13.66 445.31 513.11 0.73 

A 150 2.42 6.21 20.70 442.54 13.33 475.14 582.07 u.n 

8 149 1.1'1 3.50 31.34 401.19 1J.92 4J1.3Y 300.89 U.11 

'C 146 1.21 4.92 167.01 33.00 14;36 411.13 460.95 U.66 

D 141 1.43 5.J2 44.17 406.27 13.72 436.15 501.4U U . l l  

I 143 3.27- 7.04 28.31 418.22 AZ.21 51b.17 bb9.b) U.94 

a 4 . u  8.14 n.7~ 333.61 u.ii w . 7 9  * . a b  o.14 

% - 71 4.44 Is11 #sb) )1#s# 10.31 352.7l 49).10 (1.'11 

11 I 1  1.3) 7.35 34.43 217.00 11.7) l88.w 4 r . n  #&. 



SHAWNEE UNIT 9 

SHAYNEE UNIT 9, A I R  HEATER OUTLEl 

AVERASE FOR EACH TEST PERFORNEB 011 5/11/89. 

(2) (PPR) 
TIRE 02 CO 

0930-1030 5.98 76.18 

1115-1215 6.50 28.21 

1248-1330 6.46 26.92 

1335-1420 6.47 28.63 

1442-1514 6.36 32.03 

12.87 436.37 522.81 165.00 2.78 1lS.09 6S.M 161.75 644.34 1 

11.94 430.95 u5.16 1l3.00 3.22 118.22 649.21 166.57 641.54 1 

12.01 438.89 543.30 moo 3.26 120.57 w.00 iu.00 w.15 

12.07 4 1 3 . ~ 7  w~oo iw.00 3.01 122.05 w.97 167.13 w.6~ 

12.01 435.92 539.98 1W.00 3.13 121.34 6SS.00 161.11 645.00 

94 



WIDOWS CREEK'UNIT 7 

RESULTS 

U N I T  7 SCRUBBER INLET 
4/5 /90  
See notes: (1) ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  ( 8 )  
TIME LOAD BOILER VAN VAN VAN VAN VAN VAN 
PERIOD 0 2  LO2 N 0 ,vvm NO co c02 so2 

DRY 3% 02  lb/mBtu PPM z PPH 
WET DRY DRY DRY 
44 0 0 .68  22 1 1 . 8  1872 1000-1015 

1015  -1 030 
1030  -1 045 
1045-1055 

1130-1145 
1145-1200 

AV ERAGES 

1250-1300 
1300-1315  
1315-1330  
1330  -1 345 
1345-1400 

AVERAGES 

491 
490 
502 
494 

488 
4 9 1  

493 

310 
3 1 1  
293 
296 
3 09 

304 

2 . 6  
2 .6  
2 . 3  
7 . 8  

2 . 9  
2 . 5  

2.6 

3 . 3  
3 .e  
4 . 1  
4 . 3  
4 .I 

4 .O 

6 . 4  
6 . 5  
6 . 6  
7 . 2  

7.1 
7 .4  

6 .9  

8 . 7  
8 . 6  
9 .3  
8 .e 
9 . 1  

8 . 9  

448 0 .69  
456 0.70 
485 0 .75  

486 0 .75  
4 79 0.75 

466 0 -72  

430 0 . 6 7  
434 0 . 6 7  
463 0 .72  
450 0.70 
469 0 .73  

449 0.70 

23 
23 
22 

23 
2 4  

23 

1 3  
16 
1 6  
16 
1 6  

16 

11 .9  
1 1 . 7  
1 1 . 6  

1 1 . 6  
11 .5  

11.7 

1 0 . 2  
1 0 . 3  
10 .l 
10 .l 
10.1  

1 0 . 2  

~~ 

1946 
1955 
1953 

1714 
1758 

1866 

1557 
1608 
1583 
1586 
1614 

1590  

NOTES : 
(1) U n i t  load recorded evory 1 0 - 1 3  min. from control board. 
( 2 )  Average b o i l o r  0 2 %  from superheat and reheat furnaces. recorded 

( 3 )  VAN measuremont of 02% on a dry basis. average of 10-second read- 

( 4 )  VAN measurement of NO, ppm. correctod t o  3% 0 2 :  aver-  

( 5 )  Emission rate. NO, lb/mBtu. calculated i ron VAN NO measurement.s 

( 6 )  VAN measurement of CO. ppa. on a dry basis, average of 10-second 

(7, 

~ 8 ' )  VAN measurement of 502, ppn, on a d r y  basis, average of 10-seconl 

every 1 0 - 1 5  nin. from control board. 

i ngs .  

age of 10-second readings. 

and VAN f 0 2 .  

readings.  
VAN measurement of C 0 2 .  f ,  on a dry basis. average of 10-second 
readings. 

readings.  95 



WIDOWS CREEK UNIT 8 

RESULTS 

UNIT 8 SCRUBBER INLET 

(1) ( 2 )  (3) (4) ( 5 )  (6) (7) (8) 
-l-/M.lC LOAD BO1 LER VAN VAN VAN CEM cEn CE& 
FER1 OD 02 %02 H O.DDm NO %02 NO.bvm NO 

DRY 3% 02 1 b/raBr u 3% 02 1 b/ 
m- WET 
368 0.57 10.0 286 0 . 4  0940-0950 

0950-1000 
419 3.4 7.6 
419 3.4 7.5 

1020-1 030 
1030-1050 
1050-111 0 
11 10.-1125 

1140-1150 
1150-1210 
1210 -1230 
1230-1245 

AVERAGES 

406 3.2 7.4 
418 3.3 7.6 
430 2.8 7.5 
435 3.4 7.5 

414 3.2 7.6 
403 3.3 7.3 
422 3 . 3  7.6 
418 3.2 7.5 

4i8 - 3.2 7.5 

. .  
365 0.56 10.0 286 0.4 

364 0.56 10.0 295 0.4 
3 74 0.58 10.0 286 0.4 
3 71 0.57 10.0 286 0.4 
370 0.57 10.0 286 0.4 

379 0.58 10.0 286 0 -4 
361 0.56 10.0 286 0.4 
3 70 0.57 10.0 '278 0.4 
3 68 0.57 10.0 278 . 0.4 

369 0.57 10.0 285 0.4 

. 
96 



WIDOWS CREEK UNIT 8 

UNIT 8 SCHUHREH lNLET 
8/31/09 
See notes: ( 1  ) ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  (l3 1 
TIME LOAD BOILER VAU VAN VAN CEM CEM CEM 
PEHl OD 02 %02 u0.vvm NO % 0 2  u 0. ~ v m  NO 

P R Y  1 b / m B t  u 3% 0 2  1 b / m B t  u 3% 0 2  
WET WET 

0830-0850 420 3.4 7.8 380 0.59 10.0 286 0.45 
0850 -0910 414 3.4 7.8 376 0.58 11 .0  252 0.39 
0930-0940 4 1 4  3.7 7 . 9  390 0.60 12.0 306 0 . 5 5  

AVEHAGES 416 3.5 7.8 382 0.59 11.0 296 0.46 

1015-1030 300 4.0 9 . 1  375 0.58 12.0 270 0.43 
1030-1 0 5 0  305 3.9 0 .3  348 0.54 12.0 270 0.43 

1050-11 
1110-11 
,130-11 

1 0  295 3 . 6  0.2 338 0.52 12.0 270 0 . 4 3  
30 293 3 . 5  8 . 2  336 0.52 12.0 270 0.43 
50 300 3.6 8.1 333 0.51 12 .0  260 0.43 

1x0-1230 294 3 .5  8 . 0  339 0.52 12.0 270 0.43 
230-1250 295 3.4 7 . 8  333 0.51 12.0 270 0.43 

AVERAGES 297 3 .6  8 .2  343 0.53 12.0 270 0.43 

NOTES : 
U n i t  load r e c o r d e d  ove ry  10-15 min. from control  board. 
Average boiler 0 2 %  from supe rhea t  and  reheat furnacos, r eco rded  
every 10-15 mln. from control board. 
VAN measurement of 02% on a dry basis, avorago of 10-socond readings 
VAN measuroment of NO, ppln. c o r r o c t o d  t o  3% 02:  average o f  1 0 - s e -  
cond readings. 
Emlssion rat.. NO, l b / m B t u .  calculated from VAN.NO measurements 
and VAN %02. 
CEM measuroment o f  02%.  s t a c k  condltlons. road ovory 10-15-min. 
from st r ip  chart in control room. 
CEn measurement of NO, ppm. corroctod t o  3% 0 2 ,  road every 
10-15-min. from s t r ip  chart i n  control room. 
Emission rate. NO, Ib/mRtu. calculatod from CEU NO and CEn z02. 
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Date: 3-8-90 ALLEN UNIT 1 

REPORT OF ldlALYSIS - COAL ANALYSIS REPORT 
TENNESSEE VALLEY AUTHORITY 

CQpraAL LABORATORIES - CHATTANOOGA POWER SERVICE CEUTER 

Date Sampled 
Laboiatory UO. 

Allen Unit 11 

1-10-90 
90-1526 

Air Dry Moisture 10.1 
Residual Moisture 2.3 
Total Moisture 12.2 

Proximote Analysis 
X Volatile Matter 37.4 
X Ash 9.2 
X Pixed Carbon 53.4 
X Total Sulfur 2.56 
Btullb 
Aa Received 
Dry 13,312 
A and MF 14,663 

Ultimate Analysis 
X Carbon 74.5 
X Hydrogen 4.9 
X Uitrogcn 1.6 
a O m e n  7.24 

POnM O P  s 
X Sulfate 
X Pyritic 
X Organic 
X Total 

Grindability Index 

X Chlorine 

UOTE: AU romlta are on dry barb unloaa atatod othwwia.. 

Analyzed by: BCH/ASC (0917L) 

Date Analyzed: 3-6-90 

Diatributlon: 

BCH: EMU 
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COLBERT UNIT 3 AND 5 
Date: uovamber 8 .  1989 

RSPORT OF WALYSIS - COAL AUALYSIS REPORT ' 

TE"ESSEE VALLKY AUTHORIlY 
C m  LABOPATORIBS - CHArrABOOCA M R  SERVICE CXUTER 

Sample Identity CFP Unit $5 CPP Unit a'3 

Dato Sampled 9-25-09 
Laboratory Uo. 90-0007 

Air DL-Y noisture 6.0 
Etoridual Xoirtura 2.6 
Total Xoistura 9.2 

Proximat. Analysis 
% Volatilo Mattor 37.5 
% &h 12.6 
1, ?ixd Carbon 49.9 
%Total Sulfur 2.55 
Btullb 

& Rocaived 

A and U? 14,530 
D r l  12,702 

' Wltht. Analysi9 
% Cubon 71.1 
% Hydro8.n 5.0 
% Ilitro8.n 1.4 
% oxygen 7.35 

% sulfat. 
% Pyritic 
% omulic 
% Total 

? o m  of s 

Grindability I d o x  

% Chlorini 

9-28-09 
9 0 4 0 0 8  

6.0 
2.5 
8.4 

37.4 
12.9 
49.7 

2.52 

12.597 
14,466 

70.7 
4.9 
1.4 

. 7.58 

C 

Diatribution: 
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hte: 3-21-90 

Sample Identity 

COLBERT UNIT 4 

REPORT OF MIALYSIS - COAL MIALYSIS REPORT 
TEUMESSEE VALLEY AUTHORITY 

CENTXAL LABORATORIES - CHATTANOOGA POWER SERVICE CEUTER 

Colbert 
Unit 14 
"BOX TEST" 

Date Sampled 
Laboratory No. 90-2390 

A i r  Dry Uoisture 12.0 
Residual Hoisture 3 . 1  
Total Moisture 15.3 

Proximate Analysis 
X Volatile Matter 31.5 
X Ash 9.1 
X Fixed Carbon 53.4 
X Total Sulfur 2.21 
Btu/lb 

A# Received 
D W  13,249 
A and UP 14,582 

Ultimate Analysis 
X Carbon 14.9 
X Hydrosen 5.0 
X Uitrosen I. 1 
% OXY6ell 1.09 

F o n ~  of S 
X Sulfate 
X Pyritic 
X O-anic 
X Total 

Grindability Index 

X Chloriae 

MOTE: All rmrultr arm on dry basis Unl.88 statad otherwise. 

Analyzed by: BEH (104SL) 

Date Analyzed: 3-22-90 

Dirt ribu t ion: 

BCH: WQl 101 



Ausuot 14, 1989 

slmplo I d e n t i t y  

Dato Somplod 
Laboratory Ilo. 

Air Dry  I l o i a t u n  
Paddual Iloiatum 
T o t a l  Hoiaturo 

Proximato h a l y s i a  
% Vola t i l o  Mattar 
% Aah 
% I i x d  Carbon 
% Total S u l f u r  
Btu/lb 
Aa mc0iv.d 
m 
A & =  

U l t h t o  Analyaia 
% Carbon 
% Hydroson 
% Ilitrogon 
% 0ws.n 

lorma of s 
% S u l f a t o  
% Pyri t ic  
% O r & d C  
% Tot.1 

G r i n d a b i l i t y  I n d u  

% Chlorino 

CUMBERLAND UNITS 1 AND 2 

FEPORT OF ANALYSIS - COAL W A L Y S I S  RBPORT 
TEUUESSEE VALLEY A U T H O R I E  

CEUTEAL LABORATORIES - CHARWOOCA POW3 SEUVICE CEUTER 
STOCK EHISSIOU TEST - " B E R L M R )  FOSSIL P U "  

Unit 2 

2nd S h i f t  

6/30/89 

PtfSl-BuS 

89-3317 

2.8 

40.8 
9.6 
49.6 
3.27 

13.095 
14.480 

13.0 
5.2 
1.6 
7.33 

.12 

Unit 2 
PL-352-BuS 
3rd Shi f t  

6/30/89 
89-3318 

3.s 

39.8 
9.9 
50.3 
3.06 

13,056 
14,498 

13.1 
5.2 
1.6 
1.14 

.12 

Unit 1 

2nd S h i f t  

7/1/89 
,894319 

PL-360 

3.4 

40.2 
9.8 
50.0 
3.17 

U.064 
14,489 

19.1 
5.1 
1.6 
1.23 

.12 

IOTE: All maulta u. on dry bui. mloaa 0t.W othnriao.  

102 



Date: &gust 14, 1989 CUMBERLAND UNIT 2 

Samph Identity 

lata Samplsd 
aboratocy uo. 

iir D r y  loiatur. 
!**idud Moiatura 
'Otal Mistum 

'roximat. Analysis 
t VOl.ti1. Matt.r 
% Ash 
% ?ixed Carbon 
%total Sulfur 
Btu/lb 
As u.c.iv.d 
w 
A M d  

ltht. Analysir 
% Cubon 
% Hydrogm 
t Uitrogm 
u OXygM 

0- of s 
X Sulfat. 
t Pyritic 
t organic 
% total 

rindability Indox 

Chlorin. 

REPORT OF ANALYSIS - COAL ABALYSIS REPORT 
TEMSeSSEE VALLEY AUTHORITY 

C W R A L  LABORATORIES - CHAIIM100CA W M R  SKRVfCK CEMIER 
STOCK ~ I S S f O l l  TBST - CUnBERLAMD mSS1L PLUT 

Unit 2 Unit 2 Unit 2 Unit 2 
PL-344-BuS PL-345-BUS PL-346-BUS PL-348-8US 
2nd Shift 2nd ShiPt 3rd Shift 2nd Shift 

6/21/89 6/28/89 6/28/09 6/29/89 
89-3312 89-3313 89-3314 89-3315 

2.4 2.3 2.3 2.6 

40.6 
9.4 
50.0 
3,.17 

13,016 
14.469 

73.3 
5.2 
1.6 
7.33 

40.9 
9.2 
49.9 
3.10 

l3.190 
14,529 

73.5 
5.3 
1.6 
7.30 

40.7 
9.2 
50.1 
3.14 

13,187 
14.525 

73.7 
5.3 
1.b 
7.06 

.12 .11 .11 

40.5 
10.0 
49.5 
3.25 

13.089 
14,537 

73.0 
5.2 
1.6 
6.95 

Unit 2 
PL-349-8US 
3rd Shift 

6/29/89 
89-3316 

2.5 

40.6 
9.8 
49.6 
3.25 

13,037 
14,461 

72.7 
5.2 
1.6 
7.45 

.12 .12 

mlyred by: B i l l i .  tUd8oa/llqb.rt Dr8nnm (3593C) 
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'GALLATIN UNITS 1 AND 2 
Date: h g u s t  3, 1989 

Sample Identity 

Date Sampled 
Laboratory Uo. 

A i r  Dry Moisture 
P.sidua1 Moisture 
total Moirturo 

proximt. m l y s i a  
8 v o ~ a t i ~ o  m t t o r  
X Ash 
8 Iixod Carbon 
%Tota l  Sulfur 
Btu/lb 
*I B0c.iv.d 
or7 
A md Lp 

ULtimte mlysl.ia 
% carbon 
X Hydr0g.n 
8 Yitrogm 
X o m e n  

to- of 8 
8 Sulfat. 
8 P y r i t i c  
8 O t t u r i c  
8 Tot81 

Grindability I n d u  

8 Chlortno 

W O R T  OF MlALYSIS - COAL WALYSXS m O R I  
TEUKESSEE VALLEY AUTHORITY 

CtUTRAL LABORATORIES - CHATTM1OOCA POWER SERVICK C m e B  

ca l la t in  # l  a l l a t i n  C2 

7/10/89 
89-3219 

2.5 

34.8 
11.2 
50.4 
3 . u  

12,919 
14.545 

12.4 
4.9 
l.b 
b.7S 

1/11/89 
89-3280 

2.3 

18.9 
8.7 
S2.4 
1.01 

13.42.S 
14,704 

74.9 
s.1 
1 . 7  
b 3 9  
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GALLATIN UNIT 2 
Date: August 24, 1990 

mmRT OF AEALYSIS - COAL AlPAtYSIS mom 
TEU'MESSSE VALLgY AUTHORITY 

CE". LABORATORIBS - CIiATTAMOOCA POWER SERVICE CEWTER 

Sample Identity Callatin 
c-2 
unit I2  
coal Scales 

Date S.mD1.d 8/1/90 
Leboratory IPO. 90-4676 

Air Dry Moisture 6 . 6  
Remidual Moistun 3.1 
Total  Moisture 9.5 

Proximate Analysis 
8 Volatile Utter 
% Ish 10.6 
% ? b e d  Carbon 
%Total  Sulfur 2.65 
Btul lb  
Ir Received 
m 13.301 
A urd M? 14.883 

P l t h n t e  AMlysi. 
8 Carboa 73.9 
% Xydrogan 5 .1  
% ritrosm . 1.5 
8 ow8- 6.25 

P o r n  of 8 
8 sulfate 
t pyritic 
8 orculic 
% Total 

Grindability Iab.r 

AM1YZt.d by: B i l l i .  I h r d s O .  L. Jr. (4317C) 

Date h8lyr.d: 8/17/90 
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Data: 12/28/90 

Sample Identity 

Data Sampled 
Laboratory YO. 

Air Dry Hoioturs 

Roddual Xoisture 

Total Hoistura 

PmXfmota hLn.ly8i8 
X Volatila Hattar 
X Ash 
X ?hod Carbon 
% Total Sulfur 
Btu/lb 

AJ 8.eaivad 
Dy 
A and MF 

U I t f m o t O  dnaly8iS 
X Carbon 
% Hydrogua 
X Pitrogan 
% oxygm 

? o m  of s 
z su1f.t. 
z Pyri t ic  
% 0 r g . I L I C  
% Total 

Grindability I n d u  

1L Chlorine 

JOHN SEWER UNITS 2, 3, AND 4 

REPORT OF M h Y S I S  - COAL N U Y S I S  REPORT 
TXWESSBE VALLSY H O R I T Y  

CKUTRAL LABORATORIES - W 7 T M I O O C A  POWER SERVICE CEUTER 

SW-Unit 3 

10:45-2:OO 
10-11-90 
91-0183 

5.6 

1.1 

6.6 

35.2 
10.0 
54.8 

2.07 

13.665 
l5.105 

76.7 . 
5.1. 
1 .7  
4.43 

SgY-unit 4 

7:30-10:00 
10-11-90 
91-0184 

6 .5  

1 .1  

7.5 

35.1 
8.7 

56.2 
1.82 

13 978 
U.309 

78.1 
5 . 1  
1.8 
4.48 

SEV-Unit 2 

10-17-90 
91-0365 

3.1 

1.3 

6 . 1  

35.6 
9.7 

54.7 
1 . 7 1  

13.613 
U.080 

76.5 
5 .0  
1 . 7  
5.39 

Analyzad by: BQI:n80574C) 
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JOHNSONVILLE UNIT i o  
Date: kcombar 7 ,  1989 

1tfiP.t. kUlySi8 
z carboa 71.6 
'x Hydrogen 4.8 
% nitrogal 1.s 
% orcnm 8.6s 

D m  of 8 

i Pyritic 
% manic 

i Sulfate 

% to ta l  

:indability I n d u  

ChLorku 

m: u1 mN1b .f. 08 b U i S  W l h S S  S b t d  0 t h O d . O .  

u1yz.d by: B i l l l o  Hudson/A. 8cott Gary 0896C) 

REPORT OP AMLYSIS - COAL MTALYSIS REPORT 

CtBTBAL LABOBATORIES - CUTTAUOOCA POW3 SWVICE CZETEB 

S.mple Identity 

ate S.mp1.d 
boretory uo. 

Johnsonville 
Unit no. 10 
from Coal Scale 

11/7/89 
90-0721 
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Date: 3-26-90 

sample Identity 

Date Sompled 
Laboratory UO. 

KINGSTON UNIT 5 

REPORT OF ANALYSIS - COAL ANALYSIS REPORT 
TEUUESSEE VALLEY AUTHORITY 

C m  LABORATORIES - CHATTAMOOCA POWER SERVICE CENTER 

K Unit t 5 
ABC Scales 
1:oo p.m. 

3-13-90 
90-2516 

Air Dry Moisture 5.4 
bsidual Moisture 1.6 
Total Moisture 6.9 

Proxhte ~nalysis 
X Volatile Matter 31.2 
Z Ash 11.2 
X Fixed Carbon 51.6 
X total Sulfur 1.55 
Btu/lb 

As Received 
Dry 13.278 
A and HF 14,950 

U l t h t e  Analysis 
X Carbon 14.2 
X Hydrogen S.0  
X Uftrogen 1.1 
X Oxygen 4.55 

lonu8 of s 
Z Sulfato 
X Pyritic 
X Omanic 
X Total 

Grindability Index 

Z Chlorine 

Analyzed by: BCH (tO3lL) 
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Date: b y  10, 1991 SHAWNEE UNIT 2 

. REPORT OF ANALYSIS - COAL ANALYSIS REPORT 
TEMJESSEE VALLEY AUTHORITY 

CEUTRAL LABORATORIES - CIU'PTWOOCA POUEB. SEEVICE CENTER 

SPmple I d e n t i t y  S2-C-1045-1445 S-6007H S-6008H S-6009H S-601OM 
Unit 2C Hill Unit 28 H i l l  Unit 26 H i l l  Unit 28 Hill Unit 28 Hi 
1045-1445 0900-1130 1215-1515 1000-1100 1200-1300 

Date Sampled 2/26/91 2120191 2120191 2 I 2  11 9 1 2 / 2 1 / 9 1 
Laboratory No. 91-2997 91-2998 91-2999 91-3000 91-3001 

Air Dry Moisture 3.6 
Rasidual Hoioture 1.9 
To ta l  Hoioture 5.4 

7.9 8.3 6.3 ,5.8 
2.3 2.2 1.5 1.3 
10.0 10.3 7 . 7  7.0 

Proximate Analysis 
X V o l a t i l e  u t t e r  34.4 34.7 34.8 33.5 33.8 
Z A8h 9.7 11.3 11.0 9.5 9.6 
% Fixed Carbon 55.9 54.0 54.2 57.0 56.6 
I Total Sulfur .61 .69 .70 .62 .61 
B tu l lb  
Aa Racsived 
DrJr 13,559 13.027 13,072 13,604 13,664 
A urd M 15,012 14,679 14,694 15,039 15,119 

PRUMta Afulysio 
Z Carbon 76.6 
I Hydrogen 5.0 
X Yitrogen 1.4  
-n- 6.63 

74.3 74.5 17.3  17.3 
4.8 4.9 4.9 4.9 
1.5 1.4  1.4 1.4 
7.41 7.50 6.28 . 6.19 
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Date: m y  10, 1991 SHAWNEE UNIT 2 

. REPORT OF ANALYSIS - COAL ANALYSIS REPORT 
TEUUESSEE VALLEY AUTHORITY 

CEKTTRAL LABORATORIES - CHATTANOOGA POWER SERVICE CENTER 

Sample I d e n t i t y  S-Unit 2 
Raw Coal 
RPT A-1 

Date Sampled 
Laboratory Uo. 

3/20/91 
91-3003 

Air Dry Moirtura 6.1 
Roridual Moisture 1.9 
Total  Moisturo 7.9 

Proxinuto Analysis 
% V o l a t i h  Matter 34.8 
% L b  10.3 
% Tixod Carbon 54.9 
% Tota l  S u l f u r  .69 
Btu/lb 

L P.e.iv.4 
DW 13,322 
A m6 HF 14,851 

U l t h t .  h o l y r i s  
% Carbon 75.1 
% Hydrogon 5 .0  
% Ui t rogm 1.5 
% 0Yt.n 6.81 

S-Unit 2 
BPW coni 
PT A2 
9:30 - 3:OO 

3/21/91 
91-3004 

7.7 
1.9 
9.5 

. 34.5 
10.2 
55.3 
.69 

13,283 
14,191 

1s.7 
4.9 
1.5 
7.01 

110 

S-Unit 2 
Raw Coal 
PT A-3 
3 :OO - 6:OO 

3/21/91 
91-3005 

5.0 
2.5 
7.4 

34.9 
11.8 
53.3 
.63 

12,951 
14,683 

13.8 
4.9 
1 . 4  
1.41 

42 
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bh: 2-28-90 SHAWNEE UNIT 6 

S h r U  

5. Unit  6 S. Unit  6 5. Unit 6 5. Unlt 6 5. Unit  6 
last I T a t  2 T a t  3 last M T a t  BB 

12-5-89 12-5-89 1 2 6 - 8 9  12-7%9 .2-7-89 
9o-inJ 90-lt24 90-1225 90-1226 90-1227 

I .a I .7 2. I I .J 1.3 

12.8 11.1 15.8 

.m -67 .m 

74.4 74.6 n. J 
4.7 4.7 4.7 
1.4 I .4 1.J 
6.00 5.53 7.8 

14.7 

-67 

73.5 
4.5 
I .J 
5.55 

72.7 
4.4 
1.1 
5. IO 
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h: 2-28-90 SHAWNEE UNIT 6 

- 
5. Unit 6 S. Unit 6 5. Unit  6 S. Unit  6 -1. ldmti4y S. Un i t  6 

T a t  0 T a t  E T a t  F T a t  6 T a t  n 

124-89 124-09 1 2 4 4 9  12-749 12-749 
90-1228 90-1229 90-1250 90-1231 90- I232 

I .6 2.4 2. I 2. I 2. I 

13.6 13.7 15. I 16.0 15.7 

.m .ta .64 .64 .65 

72.7 
4.8 
1.3 
6.90 

73.7 73.0 n. I 
4.7 4.5 4.6 
1.3 1.2 . 1.3 
5.92 5 3 6  5.36 

72.4 
4.6 
1.3 
5.35 
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SHAWNEE UNIT 8 
Date: 3-5-90 

S w l e  Identity 

Data Sampled 
Laboratory No. 

Air Dry Moisture 
Uasidual Moisture 
Total Moisture 

Proximate Analysis 
Z Volatile @latter 
Z Ash 
X Fixed Carbon 
Z Total Sulfur 
Btullb 

AJ Uaeeived 
Dry 
A and UP 

Ultimata Analysis 
Z Carbon 
Z Hydrogen 
X Uitrogen 
X Oxygen 

lo- of 8 
X Sulfate 
% pyritic 
Z Or&anie 
% Tot81 

Crindability Indax 

X Chlorine 

WPOm OF AUALYSIS - COAL AUALYSIS REPORT 
TRnreSSEE VALLEY AUTHORITY 

CENTRAL LABORATORIES - CHATTWOMA POWER SERVICE CWTEX 

g. Unit 8 I. Unit 8 
Coal Faeders Coal Feeders 
A ‘A-1 

12-12-89 12-1-49 
90-1313 . 90-1314 

2.2 3.1 

10.9 12.9 

.60 .71 

73.4 
4.6 
1.4 
9.10 

72.7 
4.5 
1.4 
7.79 

S. Unit 8 S. Unit 8 
Coal Feeders Coal Feeders 
B 5 
12-12-89 12-14-89 
90-1315 90-1316 

2.0 3.2 

9.8 12;s 

.62 .70 

74.7 
4.8 
1.4 
8.68 

Anslyzed by: Bcn/ASC (0901L3) 

BCH: 81Ql 
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Page 2 of 2 

SHAWNEE UNIT 8 
Date: 3-5-90 

W O R T  OF ANALYSIS - COAL AllALYSIS REPORT 
TEMNESSEE VALLEY AUTHORITY 

CEUTRAL LABORATORIES - CHATTMOOCA POWER SERVICE CEUTER 

Sample Identity 

Doto Somplod 
Laboratory Mo. 

A i r  Dry Moisture 
B.oidu.1 Moisture 
Total Iloisture 

Proximato Analysis 
% Volatilo Matter 
% Aah 
% Fixod Carbon 
% to ta l  Sulfur 
Btu/lb 

A# Eocoived 
Dry 
A and wp 

UitimAt. ku1y.i. 
% Csrbon 
% Hydrogen 
% Mitro&on 
% m e n  

?Omla  of 8 
% Sulfate 
% Pyritic 
% Organic 
% Total 

Grindability Index 

i Chlorino 

1. Unit  8 S. Unit 8 
Coal Feeder Coal Feeder 

12-12-89 12-12-89 
90-1317 90-1318 

1.8 2.0 

9.8 9.8 

.62 .69 

74.7 
4.8 
1.5 
8.58 

74.b 
4.9 
1.5 
8.51 
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Sample Identity 

WIDOWS CREEK UNIT 7 

m m  
TKUUESSEB VALLEY AUTHORITY 

CmmALtABO RATORIES - CHArZAUOOGA W Y B R  SERVICE CKU7!ER 

Date Spmplod 
Laboratory i o .  

Air Dry Ibisturn 
Ra8idu.l lloisturo 
Total b i 8 t U t r  

P C O X h t 8  b L n . l Y 8 h  
%volat i le  matter 
% Aob 
% lixd Carbon 
%Total  Sulfur 
Btullb 

Ao 1.c.iv.d 
D V  
A and UT 

U l t h t .  kuly8fO 
% Carbon 

HYdr0s.n 
X Witreson 
% O v 6 . n  

P O W  Of s 
% brlfat. 
% Pyritrc 
% 0 r g . n i C  
X Total 

Grindability I n d u  

% Chlorine 

Yldowo Crook Stoam Plant 
U n i t  1 

4/5/90 
90-3045 

7.2 . 
1.5 
8.6 

16.1 

3.87 

12,300 
14.617 

68.7 
4.6 
1.5 

S.2¶ 

Date of A ~ l y o h  5/14/90 

Ana1yr.d by: Dillio C. Ilud.on/A. Scott C a r y / l r y  1. C u d  (149081 
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REPORT NO. 2. 

EPA-600 /R-92-242 

Evaluation of Nitrogen Oxide Emissions Data f rom 
TVA Coal-Fired Boilers 

TITLE AND SUBTITLE 

3. RECIPIENT'S ACCESSIOHNO. 

5. REPORT D A T E  

December 1992 
6. PERFORMING ORGANIZATION CODE 

PERFORMING OROANIZATION N A M E  A N 0  ADDRESS 
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8. PERFORMING ORGANIZATION REPORTNO. 
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10. PROGRAM ELEMENT NO. 
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14. SPONSORING AGENCY CODE 
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AEERL project officer is Julian W. Jones, Mail  Drop 62, 919/ 5. SUPPLEMENTARY NOTES 

541- 24 89. 

5.ABSTRACT The report  gives resul ts  of a study during which nitrogen oxide (NOx) emis- 
sion r a t e s  f rom 30 boilers at 11 TVA coal-fired plants were calculated and compared 
with the calculated r a t e  for each boiler type using EPA emission factors (AP-42). 
Current AP-42 emission factors for NOx f rom utility coal-fired boilers do not 
account fo r  variations in  either emissions as a function of generating unit load. or 
designs of boilers of the same general type, particularly wall-fired boilers. TVA 
recently compiled short-term NOx emissions data f rom 30 units a t  11 TVA coal-fired 
p lan ts .  These units include cyclone, cell-burner, single-wall, opposed-wall, single- 
tangential, and twin- tangential boiler firing designs. Additional recent NOx data 
(from non-TVA boilers) were  also obtained f rom the l i terature ,  along with the data 
used to develop the current  AP-42 emission factors. Analysis of these data indicates 
that: (1) to varying degrees, NOx emissions increase with increasing load for all but 
single- and opposed-wall-fired boilers; (2) using the cur ren t  AP-42 quality rating 
3cheme for  each of the six boiler types, factoring in the TVA and recent l i terature 
i a t a  resu l t s  in  improved quality ratings for  all NOx emission factors: and (3) there 
N a s  no evident relationship between NOx emissions and fuel nitrogen content or fuel 
ratio (fixed carbon to volatile matter). 
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RESULTS 

The results of the t ea t ing  are as follows: 

7/6 9 k 
xi&-- ' LOAD BOILER VAN VAN VAN CEM CBM CEM 
FEN00 02 %02 NO.PPM NO X02 NO.PPH NQ my 3% 02 LB/MBTV DRY DRY LB/MBN 
1aoo-izis 1020 6.3 8.0 1156 1.7 8.1 855 1.2 
IUS-1230 1016 6.6 8.2 1157 1.7 7.3 848 1.2 
1230-1245 1015 6.4 8.3 1152 1.7 8.1 833 1.2 
1245-1300 1015 6.5 8.3 1145 1.7 7.3 805 1 . 2  - ._ 
1300-1315 1015 6.5 8.2 1125 1.6 8.1 855 1.3 
1315-1330 1030 6.7 8.3 1124 1.6 8.1 900 1.3 
1330-1345 1015 6.5 8.4 1133 1.6 8.1 809 1.2 
1345-1400 10.10 6.7 8.4 1120 1.6 8.1 855 1.2 

AVERAGE 1015 6.5 8.3 1140 a 7.9 845 1 .2 

GZ3 
6/27/89ud' 
TIME. LOAD B 01 LER VAN VAN VAN C E M B  m 
H R  I OD 02 %02 NO.PPM NO z02 m . w n  NQ 

Y. 

m y  3% 02 LB/MBTU DRY 3% 02 LB/MBN 
1200-1215 1223 -4.2 6.7 1012 1.4 6.1 935 1.3 
1215-1 230 6.6 1003 1.4 
1245 -1 300 6.6 1106 1.5 
1300-1315 1235 4.2 6.5 1055 1.5 6.1 935 1.3 
1315-1330 6.5 1030 1.5 
1345-1400 6.7 1055 1.5 
'400-1415 1235 4.2 6.7 1064 1.5 6.5 961 1.4 
15-1430 6.8 1066 1.5 
30-1445 1236 4.0 6.9 1065 1.5 6.5 921 1.3 

AVERAGE 1230 4.2 6.7 1050 e 6.3 938 1.3 

I 

CUMBERLAND UNIT 1 
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CUMBERLAND UNIT 2 

< UNIT 2) 
6/29/89 , -  I 
TIME LOAD BOILER VAN VAN VAN CEM CEM CElM 
PERIOD 02 %02 N 0. PPM NO 202 NO.PPM NO 

PRY 3% 02 LB/MBTU DRY 3% 02 LB/MBTU 
4.4 6.7 1021 1.5 6.7 894 1.3 945-1000 

1000-1015 
1015-1030 
1100-1115 
1115-1130 
1245-1300 
1300-1315 
1315-1330 
1330-1345 
1345-1400 
1415-1430 
1430-1445 
1445-1500 
1500 -1 515 
1515-1530 
1530-1545 

AVERAGES 

CONCLUSIONS: 

1285 
1290 
1294 
1292 
1292 
1294 
1293 
1298 
1294 
1298 
1309 
1302 
1293 
1293 
1293 
1281 

1295 

4.4 6.7 
4.3 6.5 
4 .I 6.4 
4 .I 6.3 
3.7 5.7 
3.6 5 . 7  
3.4 5.7 
3.6 5.6 
3.4 5 .5 
4.1 6 .O 
4.0 6.2 
4.2 6.1 
4 . O  6.1 
4.2 6.1 
4.7 6.6 

4.0 6 .l 

1003 
972 
1052 
1019 
989 
1011 
1009 
996 
989 

1014 
1016 
1004 
995 
987 
980 

1005 

1.4 
1.4 
1 .5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1 .5 
1.4 
1.4 
1.4 
1.5 

6.5 921 1.3 
6.5 921 1.3 
6.2 902 1.3 
6.2 941 1.3 
6.2 941 1.3 
6.2 902 1.3 
6.2 902 1.3 
6.2 902 1.3 

6.5 1001 1 .5 
6.5 974 1.4 
6.7 974 1.4 
6.7 934 1.3 
6.7 934 1.3 
6.7 934 1.3 

6.5 932 1.3 

The conclusions from the NOx testing are as follows: 

1. C W  and Van correlated well for Unit 2: however. CEM reads appr 
imately 0.5 lb/mbtu lower than the Van for Unit 1. 

2. At reduced load (124'U )Iw) on Unit 2, NOx emissions were slight1 
higher than at full load. This is probably due to the hlgher boiler 
levels at reduced load. 

3. At reduced load (1015 W&]) on Unit 1. NOx emissions were high. 
Again, this is probably due to the extremely high boiler 02 levels. 

4. I 
reduction of NOx.  However. on a unit of this size with so many other1 
operational factors to be considered. it may be difficult to see a I 

significant reduction in NOx when boller 02 is reduced. 

~ 

Reducing boiler 02 on Unit 2 from 4.4 to 3.6 X showed slight 
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Ausust 14. 1989 

Srmple Identity 

Dah Sampled 
Laboratory no. 

l i r  D q  m i a t u n  
Emidual Moisture 
Total Moisture 

Proximata Analysis 
% V o h t i h  mttmr 
% Ash 
% ? i x d  Carbon 
% T o t a l  Sulfur 
Btu/lb 
As E a C . i V d  

m 
A d 1 p  

U l t h t .  h 1 y a i . S  
% carboa 
% Hydrogen 
X Eitrogen 
% ows- 

?oms of s 
X Su1f.t. 
% Pyritic 
X O r g u l i c  
X Total 

Grindability I n d u  

% Chlorina 

CUMBERLAND UNITS 1 AND 2 

RePORT OF W U Y S I S  - COAL W M Y S I S  REPORT 
;EU?JESSEE VALLEY A I J T H O R I Y  

STOCK MISSIOU TEST - CUMBERLAND FOSSIL PUNT 
LABORATORIES - CHAITMTOOGA POWER SERVICE CEUTER 

Unit 2 
PL-351-BUS 
2nd Shift  

6/30/89 
89-3311 

2.8 

r.O.8 
9.6 
49.6 
1.27 

U.095 
14,480 

71.0 
5.2 
1.6 
7.33 

Unit 2 
PL-352-Bus 
3rd Shift 

6130189 
89-3318 

3.5 

39.8 
9.9 
50.3 
3.06 

13.056 
14,498 

71.1 
5.2 
1.6 
7.14 

.tz .l2 

2nd S h i f t  

1/7/89 
89-3319 

3.4 

40.2 
9.8 
50.0 
3.17 

14.489 

71.1 
5.1 
1.6 
7.21 

.12 
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Date: August 14, 1989 CUMBERLAND UNIT 2 

REPORT OF ANALYSIS - COAL WALYSIS REPORT 
TEUNESSEE VALLEY AZITHORITY 

Sample Identity Unit 2 Unit 2 Unit 2 unit 2 
PL-344-BuS PL-WS-BuS PL-346-BuS PL-348-BU+. 
2nd Shift 2nd Shift 3rd Shift 2nd Shift 

Date Samp1.d 6/21/89 6/28/89 6/28/89 6/29/89 
Laboratory UO. 89-3312 89-3313 89-3314 89-3315 

Air D r y  Hoisture . Rasidual Moisture 
Total lcointuro 

Proxhate ~n8lysis 
. X Volatih Matter 

X &h 
X Fixed Carbon 
Xtot.1 Sulfur 
Btu/lb 

Aa 8.c.iv.d 
Dry 
A and MF 

Ultimate Analysis 
% CArbon 
X Hydrogmn 
X uitr0g.a 
X ow&- 

loma of s 
5 Su1f.t. 
X Pyritic 
X organic 
X 1ot.l 

Grindability Indmx 

X Chlorine 

2.4 

40.6 
9.4 
50.0 
1.17 

73.3 
5.2 
1.6 
7.33 

.12 

2.3 

40.9 
9.2 
49.9 
3.10 

13,190 
14,529 

73.s 
5.1 
1.6 
7.30 

.ll 

2.3 

40.7 
9.2 
50.1 
3.14 

13,187 
14,525 

73.7 
s.3 
1.6 
7.06 

. 11 

2.6 

40.5 
10.0 
49.5 
3.15 

13,089 
14,537 

73.0 
5.2 
1.6 
6.95 

.12 

Unit 2 
PL-349-BuS 
3rd Shift 

6/29/89 
89-3316 

2.5 

40.6 
9.8 
49.6 
3.15 

13.037 
14,461 

72.7 
s.2 
1.6 
7.45 

.12 

m: All rarulta u. ea dry basis unless atatd otharuiam. 

Ana1yr.d by: Billh Hudsonl8aba-t B r u u l r a  (3593C) 
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