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The conxnents made on the draft report entitled "Healy Coal Firing 
at the TRW Cleveland Facility" are addressed below. 

1. "Out of curiosity, I plotted carbon conversion figures in this 
section against grind figures reported in the parametric test 
sumnaries (copy of plot attached). It is interesting to note 
that the larger grind runs showed equal, if not better, carbon 
burn out than for the finer grind runs. Perhaps we should look 
more closely at increasing grinder output through a coarser 
grind." 

Response: The carbon conversion versus coal grind plot is Indeed 
interesting and shows a definite trend. The trend shows that 
carbon conversion increases as the coal grind is made coarser. 
In order to better understand the reason for the observed 
variation, and its consequences, it is important to recall how 
carbon conversion is calculated from experimental data. Carbon 
conversion is calculated (see page 48) frcm carbon losses to the 
slag and fly ash. The data also shows (see table 5-7, page 51 
for example) that the carbon losses to the slag are much larger 
than carbon losses to the fly ash and accordingly, the observed 
trends can be understood by analysis of carbon losses to the slag 
only. These losses were calculated for every test by multiplying 
the amount of slag recovered (in pounds) by the carbon fraction 
in the slag. 

The carbon fraction in the slag results from chemical analysis of 
slag samples. For the perfonance coal, (where most of the data 
is available), slag samples and coal sieve analyses are available 
simultaneously for only three tests (H23, H36, H40). The 
measured carbon content is plotted, for these tests as a function 
of coal grind in Figure 5-3 page 53. It is observed that as the 
coal is made finer, the average carbon content of the slag 
actually increases. This by Itself would contribute to an 
increase in carbon losses as the coal is made finer. 

The slag recovered also varies with coal grind. The variations 
are shown for the performance coal, in Figure 5-9, page 65. Here 
it is seen that the slag recovery Increases as the coal grind is 
made finer. Furthermore a 70% through 200 mesh grind or finer 
yields slag recovery numbers in excess of 75%. This is the 
second reason for the observed Increase in carbon losses as the 
coal sire is decreased. 

These trends are consistent with our understanding of slag 
recovery. A finer coal results in better particle ccmbustion in 
the combustor and hence slag recovery is Increased. As the coal 
Is made coarser, the very large char particles are not captured 
which yields a decrease in slag recovery. However, these large 
particles are oxidired in the furnace so that although the carbon 
conversion in the ccmbustor decreases, the overall carbon 
conversion is increased as observed. 
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It can be concluded that for the 34 Inch ccmbustor a 70% through 
200 mesh coal grind or finer is required to achieve the desired 
slag recovery levels. For this coal size, carbon 1oSSeS were of 
the order of 1% which Is an acceptable level. A coarser grind 
would result in a significant decrease inslag recovery with a 
minor increase In overall carbon conversion (slag recovery 60% 
and 99.5% carbon conversion). 

2. "Limestone was added to the coal as a fluxing agent in test 
TBR 12 and resulted In a marked improvement in slag capture. The 
nature of this test needs to be discussed In more detail in the 
text and the potential application of the results to fly ash 
injection In the HCCP should be addressed." 

Response: Test TBR 12,dld result In improved slag recovery due 
to fluxing with limestone. However, the slag recovery number for 
this test may be artificially high due to the release of slag/ash 
accumulations (from previous tests) in the combustor on injection 
of the limestone. The results are thus inconclusive. 

DeoartmentefEnerav.PittsburahEnersu.TechnolosvCenter.Steven 
LLHeintz.dyqySt1& 
1. "Much of the description of the modifications to the Test 
Facility, in order to handle and fire Healy coals, Is marked 
proprietary information. TRW needs to review if all marked 
information Is properly ~proprietary and delete any truly - 
proprietary data. The final report must not contain any 
proprietary data." 

Response: Proprietary information has been removed frcm the 
report. 

2. "On page 4, "Loads as high as 3800 lb/hr were demonstrated 
using Healy performance coal." The corresponding Btu/hr and the 
percent of designed combustor heat release rate should also be 
included, since the combustor is rated in MMBtu/hr" 

Response: This corresponds to a heat input of 30.1 MMBtu/hr 
assuming a coal HHV of 7932 Btu/lb. System steam production was 
near 25300 lb/hr which included 2100 lb/hr generated by the flash 
tank (7% heat loss). 

"At the bottcm line of page 4, NOx emisilona ranged from 131 
t"o 270 ppm corrected to 3% stack oxygen (.20-.41 lbs/MUBtu). In 
the series tests reported, NOx emissions in ppm lo used and there 
is no conversion to lb/MMBtu carried out in the text of the 
report." 

Response: The equation to convert NOx fran ppfs to lbs/HMBtu is 
in Appendlx C, Equation 20. Furthermore, swmary tables have 
been modified to include NOx values in ppln as well as in 
lb/MHBtu. 
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4. "On page 7 and throughout the report, "TRW entrained coal 
combustion system", "TRW slagging coal combustion technology", 
and "TRW coal combustion system" were Interchangeably used. TO 
be consistent, it is better to use only one." 

Response: "TRW Coal Combustion System" has been selected and is 
used throughout the report. 

5. "Page 15 is not properly located" 

Response: Page 15 is now properly located. 

6. "On page 17, 'Note that no NOx ports, as shown, are 
installed." NOx ports should be defined in the report because 
other terms are normally used such as overfire air ports, etc." 

Response: To avoid confusion, this statement has been removed 
from the text as well as in the corresponding figure. 

7. "On page 21, -..., the combustion gas is rich in CO and H2." 
CO may be because of incomplete combustion, why H2? What was the 
percentage in the combustion gas?" 

Response: Combustion gases contain CO and H2 because under 
substoichicmetric or fuel rich conditions, no oxygen fs available 
for further oxidation. CO and H2 measurements were not made in 
the combustor during the tests. 

8. "On page 30, "The coal was dried to a motsture level of lO- 
12x, . ..I) What was the orlglnal moisture content in the coal? 
Will the moisture content always be required to be reduced to lo- 
12% before flrlng In the TRW ccnnbustor for the designed boiler in 
the Healy project?" 

Response: The original moisture content of the coal was 23%. 
The 10-12X moisture content was limited by the air flow capacity 
of the system and the maximum allowable inlet temperature of the 
mill. Then 10-12X moisture content presented no signicant 
problems during the Cleveland testing. SO2 monitoring may have 
been affected. At this time, It La not known whether the moisture 
content will be requlred to be reduced to 10-12X in the Healy 
project. The hlgher moisture contents may affect coal 
preparation, grinding, end feeding, as well as cunbustlon 
performance, baghouse operation, and emissions monitoring. 

9. 'On page 33, 'As fed" coal is referred throughout this 
report. What is the difference between the term "As fed' used In 
this report and "As fired' cmnly used?" 

Response: The terms 'As fed" end "As flred" are the same. ‘AS 
fed" has been exchanged for "As fired" In the report. 

10. "On page 33, 'Usibelli Coal Mine, Inc., who also funded 
transportion of the coals to the test factlity." The cost of 
coal, limestone, end transportation were Healy Clean Coal project 



funded." 

Response: Appropriate changes have been made In the report. 

11. "On page 34, Table 5-1, why the totals of three out of four 
proximate and ultimate analyses are not 100 percent?" 

Response: The numbers were checked end the Healy performance 
coal average proximate analysis was found to be a little off. 
The corrections have been made. For the TBR coal proximate 
analysis, the sum is 100.01 because of round off. The same is 
true for the TBR ash analysis. 

12. "On page 55, carbon conversion. Although a formula was 
given for carbon converslon, several questions relating the test 
procedure and data ecquisltion must be asked. How were these 
slag and flyash samples collected. How can it be ensured that 
these samples were collected at the same time during the test, 
not the slag or fly ash generated during earlier holler tests or 
operation? Was there any bottom ash? Was the slag weighed in 
wet or dry?" 

Response: Generally, four samples were taken per test at roughly 
30 minute intervals. Slag samples were taken fra buckets (wet). 
The buckets were used for temporary storage prior to being dumped 
into the slag dumpster. The fly ash was taken from drums used 
for storage of the baghouse catch. The samples are assumed to 
reflect the given test, and not previous tests, due to the good - 
overall solids balances obtained per test. 

13. "On page 64, what Is the meaning of "The FCM tests ranged in 
slag recovery from 62 to 101X"?" 

Response: Slag recovery values greater than 100% can be obtained 
due to randon fluctuations in the slag layer. In addition, 
determination errors in the coal weight or slag weight may also 
result in values greater than 100%. 

14. "On page 101, NOx Emissions. Referring back to page 4, what 
is the corresponding NOx emissions in lb/WBtu?" 

Response: The NGx values in lb/MBtu have been included In the 
sutmnery tables for each test. 

15. "On page 106, Is there any physlcal meaning for calcination? 
How is this quantitatively related to limestone utillzatlon? How 
were [CaC], [CaSO4], and [CaC03] chemically determined?' 

Response: The physical meaning of calcination is the degree to 
which calcium in the limestone reacts to form calcium oxide. 
Calcium in the form of calcium sulfate is also counted since 
calcium oxide is the precursor to calcium sulfate. Limestone 
utilization, however, is the degree to which calcium In the 
limestone is converted to calcium sulfate. 



[CaO]/56 t [CaS04]/136 
calcjnation = -------------_-__----------------- 

[CaOl/56 + ICaS04]/136 + [CaCO3]/100 

[Cas04]/136 
Limestone = ---------------------------- 
Utilizatlon [CaO]/56 + [CaS04]/136 t [CaCO3]/100 

The method of determination of [CaO], [CeS04], end [CaC03] In the 
FCH has been Included in the report as Appendix E. 

,16. "On page 12, "Sulfur mass balance did not close while other 
mass balance closed well." Is this because of not enough 
measurements or wrong kind of measurcwnents?" 

Response: Moisture in the stack may have interfered with the SO2 
measurements. A coating of condensate may have formed on the In- 
situ probe, which scrubbed SO2 from the flue gas sample as It 
passed through the probe to the analyzer. This is why SO2 values 
measured in tests where no sorbent was injected may have been 
lower than calculated values based on sulfur In the coal. 

17. "On page 112, the conclusion on SO2 emissions is not given." 

Response: SO2 emissions were suspect, and thus this section has 
been removed. 

16. "On page 113, the TCLP regulatory limit for cadmium is 1.0 
MG/L." 

Response: The change has been made in the table. 

SQOB &WebsterEnalneerinaCotDoration. BLQo.tCrowder.Auautt 
2.4Aml 

1. "Please refer to the "Test Procedures for Healy Clean Coal 
Project Test Burn at TRW's Entrained Combustion Facility In 
Cleveland, Ohio", Rev. 1, February 20, 1991 and address whether 
the objectives (a through h] as stated in Section 1.1 therein 
were met. 

Response: The current objectives were discussed in presentations 
made to Stone a Webster the first quarter of 1991. The 
objectives concluded at the end of these presentations are 
reflected in this final report. 

2. "What percent (by weight) carbon was in the slag resulting 
from the Two Bull Ridge coal?" 

Response: ~The average carbon content in the slag for TBR tests 
was 2.76%. The average carbon content In the flyash for the TBR 
tests was 0.79%. The values are given in Table 5-6 of the 
report. 



3. "Per page 112, add the paragraph following the last bullet 
under "SO2 Emissions and Sulfur Balance" to the "Conclusions", 
Section 2.5." 

Response: SO2 measurements were suspect, and thus not included in 
this section. 

4. "Please deflne the term "Equivalence Ratio"." 

Response: Equivalence ratio is the amount of air entering the 
combustor relative to the amount of air required to oxidize the 
coal stoichiometrically. 

5. "Change: "Load 20 Btu/hr" to "Load 20 UMBtu/hr"" 

Response: The correction has been made In report. 

6. "In the first line under "Cooling Loads", change: "heating 
value" to "higher heating value" if correct to do so." 

Response: The correction has been made in the report. 

7. "According to the Cleveland Test Logic Diagram, Table 1 of 
the 2/20/91 Cleveland test procedure, TRW was going to determine 
whether fluxing was necessary. Please describe how this 
determination was made for the Two Bull Rldge Coal. The first 
paragraph on page 64 states that fluxing was tried after 
accumulations had formed and that it had little influence on 
reducing slag thickness, but if fluxing Is introduced from the 
start, slag accumulation should be preventable. Please provide 
the following additional information: 

1. Describe the nature (location(s), quantity, and consistency) 
of the slag accumulation in the canbustor just before fluxing. 

2. Provide the limestone injection rate (If different than 5 
percent of the coal flowrate), the coal flow rate while fluxing, 
and the duration of the two fluxing tests. 

3. Why was fluxlng not introduced before a large accumulation of 
slag build up occurred?" 

Response: Fluxing was to be initiated If slag tap plugging was a 
problem. This was not a problem during the period of performance 
coal testing. Fluxing was used during some TBR coal tests 
because of indlcetions of slag tap plugging due to high slag 
viscosity and low phi. Slag tap plugging did not occur with the 
TBR coal at higher loads and higher phi. Fluxlng was also 
initiated to see what would happen to the slag/ash accumulations 
in the slagging stage. Results were inconclusive because of 
short test duration. 

a. "Page 95, Section 5.4.3, Wain Combustor Operation, second 
bullet: Could this be changed to read es follows? The difference 
in exit section heat fluxes between the Healy coal and the Ohio 



coal 1s believed to be primarily due to a difference in the slag 
T250 values because the slag layers were observed to be 
"completely" melted (glassy), and must have reached the slag T250 
values. Assuming the cusblned convection-radiation heat transfer 
coefficient between the combustion gas and the slag fluid surface 
would be approxlmately equal for either coal's combustion gas, 
the lower heat flux for the Healy coal might be attributed to a 
smaller temperature difference between the combustion gas and the 
higher liquid slag surface temperature due to its hlgher T250." 

Response: Appropriate changes have been made in the report. 

9. 'Third bullet, last sentence: Could this be addended as 
follows? This is because of the large ash accumulations observed 
post test for the Healy coals. These accumulations created a 
large resistance to conduction between the slag-gas surface and 
the tube outer surfaces." 

Response: Appropriate changes have been made in the report. 

10. "Page 112, Sectlon 5.4.3.,..., at end of section there Is 
the following: "In conclustion on SO2 emissions:, complete the 
statement or delete." 

Response: The words "In conclusion on SO2 emissions:" have been 
removed. 
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1. ABSTRACT 

A test burn of two Alaskan coals was conducted at TRW's 
Cleveland test facility in support of the Healy Clean Coal 
Project, as part of Clean Coal Technology III Program in 
which a new power plant will be constructed using a TRW Coal 
Combustion System. This system features ash slagging 
technology combined with NO,, and SO, control. The tests, 
funded by the Alaska Industrial Development and Export 
Authority (AIDEA) and TRW, were conducted to verify that the 
candidate Healy station coals could be successfully fired in 
the TRW coal combustor, to provide data required for 
scale-up to the utility project size requirements, and to 
produce sufficient flash-calcined material (FCN) for spray 
dryer tests to be conducted by Joy/NIRO. The tests 
demonstrated that both coals are viable candidates for the 
project, provided the data required for scale-up, and 
produced the FCM material. 

This report describes the modifications to the test facility 
which were required for the test burn, the tests run, and 
the results of the tests. 
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2. EXECUTIVE SDMMARY 

TRW conducted a test burn of two Alaskan coals in support of 
the Healy Clean Coal Project, as part of a DOE Clean Coal 
Technology III Program in which a new power plant will be 
constructed using a TRW Coal Combustion System. The TRW 
system will meter and fire the coal under conditions which 
suppress NOx emissions. It will also function in 
conjunction with the furnace as a limestone calciner. A 
back-end spray dryer will utilise the calcined limestone to 
reduce sulfur emissions to the required limit. 

The tests, funded by the Alaska Industrial Development and 
Export Authority (AIDEA), and TRW, were conducted between 
March 29 and June 7, 1991 at the TRW coal combustion test 
facility in Cleveland, Ohio. This test facility consists of 
a TRW Model 35 coal combustion system integrated with a 
29,000 lb steam/hr Keeler boiler. The coal firing capacity 
of the facility was increased specifically for these tests 
to accommodate the lower heating value of the Alaskan coals. 
Improvements in technology and equipment were also 
incorporated. 

The tests were designed to provide data that will form the 
basis of the scale-up and design of the combustor and other 
systems for the Healy Clean Coal Project. The tests also 
provided calcined material to enable Joy/NIRO to perform 
pilot plant tests, planned for September, for design of the 
spray dryer system. 

2.1 Objectives 

The objectives of the tests were to: 

1. Evaluate combustion system operation and 
performance using selected Alaskan (Usibelli) 
coals. 

2. Collect a 5-ton lot of flash-calcined baghouse 
catch material (FCM) from the flue gas stream 
and prepare for shipment to NIRO in Denmark for 
spray dryer tests. Limestone from Alaska was 
injected into the oombustor/furnace interface. 

2.2 Approach 

The approach to this project required making necessary 
modifications to the test facility, then to conduct a series 
of tests on the Healy coals. 

Facility modifications were required to handle higher coal 
flow rates necessitated by the low heating value of the 
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coals, and to address safety concerns arising from the high 
volatility of the coal. Modifications were also made to 
prevent pulverised coal agglomeration and/or accumulation 
during transfer. This applied to both the pulveriser sweep 
air system and to the coal feed transport and recycle 
systems. System lightoff methods and precombustor design 
were modified to obtain operability and performance 
consistent with safe boiler firing practices. 

2.3 Accomplishments 

The test series: 

1. Established facility operations for the Healy coals 
(coal preparation system operation and mill 
capacity) 

2. Evaluated the coals in terms of grinding and 
handling characteristics, and combustion and 
slagging characteristics. 

3. Produced 5 tons of FCU for the Joy/NIRO spray dryer 
tests. 

Specifically under this program, TRW accomplished the 
following: 

1. Achieved safe and stable operation of the coal feed 
system. 

2. Established successful coal preparation, handling, 
and feed systems operation on the Alaska coals. 

3. Achieved successful precombustor operation. 

4. Conducted 10 parametric tests using Healy 
Performance coal. 

5. Collected 5 tons of FCM in 42 ,separate runs. The 
lot was shipped to NIRO in Copenhagen, Denmark. 

6. Conducted 10 parametric tests using Healy 
performance coal, and Two Bull Ridge (TBR) coal. 

2.4 Results 

2.4.1 Facility Operations 

During the test program, over 350 tons of Healy coal were 
handled by the Cleveland test facility wi;;;;,z;y 
indication of coal smoldering or fires. 
preparation and feed systems were operated without any 
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adverse incidents throughout the lo-week period of using 
Healy coal. The CO2 inverting system was used only when the 
system was idle. Use of the CO2 deluge system to quench 
smoldering or burning coal was never required. 

The capacity of the Kennedy Van Saun (KVS) ball mill was 
found to be limited to 0.8 ton/hr, necessitating that tests 
be of short duration and/or be conducted at reduced loads. 
This indicated a Hardgrove Grindibility Index of 25 
according to KVS. High erosion characteristics during 
transport were observed for the Healy coal as compared to 
Ohio coal. 

Coal flow rates as high as 3800 lbs/hr were demonstrated 
using Healy performance coal. This corresponds to a heat 
input of 30.1 MMBtu/hr (million Btu/hr) assuming a coal HHV 
of 7932 Btu/lb. System steam production was near 25,300 
lbs/hr which included 2,100 lbs/hr generated by the flash 
tank (7% heat loss). Operation during the test program 
demonstrated safe and stable operation of the coal feed 
system including: 

. Safe storage of pulverised coal in the surge bin 
which was used as an accumulator 

. Controllable coal flow rate and split 
- . Smooth, repeatable light-offs during all of over SO 

tests 
. Prevention of coal agglomeration and accumulation 

in the coal transport lines. 

2.4.2 Precombustor and Main Combustor Operation and 
Performance 

The tests with the Healy performance coal established the 
operational characteristics of the precombustor and 
combustor. Stable precombustor operation was achieved with 
a precombustor coal flow rate of up to 1500 lb/hr. Slag 
recovery efficiency was excellent, with most of the tests 
falling in the range of 80 to 902. The slag tap remained 
open and free-flowing under all oombustor conditions tested, 
down to as low as 12.5 MMBtu/hr (3 to 1 turndown). There 
was evidence of ash accumulations at the head end of the 
main combustor and in the exit of the precombustor. 
Although the accumulations were cleaned out after intervals 
of six or seven tests to reduce pressure drop, the 
accumulations did not appear to adversely affect combustion 
performance. There were also accumulations of slag in the 
slag recovery section exit and accumulations of ash in the 
furnace. These accumulations can be expected to be greatly 
reduced at Healy due to higher preheat temperatures, larger 
combustor size, and higher load operation without frequent 
shutdown. 

4 



Carbon losses were low (averaging 1.14% of the total input 
carbon), with 0.07% lost out the baghouse and 1.07% lost out 
the slag tap. NOx emissions ranged from '131 to 270 ppm 
corrected to 3% stack oxygen (0.20 - 0.41 lb/MMBtu). 

Solids balances measured on the FCM collection tests were 
excellent and repeatable to within 10% of closure, giving 
increased confidence in the slag recovery efficiency and 
carbon loss results. 

The heat absorbed by the combustor was 6 to 13% of the heat 
input, dependent primarily upon combustor load. 

The temperature of the combustion gas exiting the furnace 
was measured with a~ high velocity thermocouple (HVT) probe. 
Furnace exit temperature ranged from 1900 to 2200’F over a 
load range of 25 to 31 MMBtu/hr. 

The flash-calcined material collected for the Joy/NIRO tests 
was analyzed for level of calcination (percentage of calcium 
carbonate that oxidised to calcium oxide). Calcination 
ranged from 50 to 90%. Calcination for the first 11 FCM 
collection tests was lower (50 to 60%) than for the last 31 
FCM tests (80 to 90%). 

The tests with the Two Bull Ridge coal showed slightly 
decreased combustor performance as with the Healy 
Performance coal. Carbon losses were similar, as well as 
NOx emissions. CO levels were higher. Slag recovery was 
less due to the higher Tr,,,, of the TBR coal. 

2.5 Conclusions 

The Healy coal test burn demonstrated that the Healy 
performance coal and the Two Bull Ridge coal can be 
effectively burned in TRW's coal combustion system. The 
coal was handled, pulverized, and fed safely and reliably in 
the Cleveland test facility coal preparation and feed 
systems. Good to excellent combustion performance was 
achieved with both coals as inferred by carbon losses. Slag 
capture was excellent with the performance coal (85%). Slag 
capture with the TBR coal was less (45%). This is 
attributed directly to the higher Tn,, (2900 vs 2750-F) of 
the TBR coal. The larger combustor size and higher preheat 
temperature (650 vs 400-F) which will be present at Healy 
will accommodate the TBR coal. Low NOx emissions was also 
demonstrated. Finally, the tests demonstrated that FCM for 
the Joy/NIRO spray dryer SOx capture system can be produced 
by the TRW Coal Combustion System using Alaska coal and 
limestone. 
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3. INTRODUCTION 

The Healy Clean Coal Project (HCCP) is a joint project of 
the Alaska Industrial Development and Export Authority 
(AIDEA) and of the U. S. Department of Energy (DOE). An 
advanced coal-fired power plant will be constructed in 
Healy, Alaska. In this project, TRW Coal Combustion System 
will interface with a Foster Wheeler boiler, and a back-end 
spray dryer supplied by Joy/NIRO will utilise flash-calcined 
limestone to control sulfur emissions. 

Technical issues associated with the design and operation of 
the coal combustion system include: 

. Effects of coal properties 

. Two-phase flow cooling of the combustor shell 

. Scale-up from Model 35 combustion system 

An approach has been taken which mitigates the risks 
associated with each of these issues. In particular, for 
the issues which relate to the effects of coal properties 
and scale-up, the decision was made to conduct a series of 
tests at TRW's Cleveland test facility using Healy coals. 

The properties of Healy coals are typically low in sulfur, 
high in volatiles, high moisture, high ash content, and high 
ash T,,,. Coals with this combination of properties, and the 
ensuing low heating value, had not been tested before in the 
TRW Coal Combustion System. Accordingly, the first goal of 
the test series was to obtain operational data. 

. The high volatile content is advantageous from a 
combustion view point, but it increases the hazards 
associated with handling, preparation, and feeding. 

. The high ash content and high Tz5 affect primarily the 
slagging and slag tapping charac e eristics of the 
combustor and the heat rejection to the cooling system. 
The operating conditions are also affected, in 
particular, the required coal flow split between the 
precombustor and the main oombustor as well as the main 
combustor equivalence ratio. 

The second goal was to conduct a series of tests with 
representative Healy coals to establish a database to be 
used for scaling to 350 MMBtu/hr during the design phase of 
the Healy Clean Coal Project. 
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At the same time, flash-calcined material (FCM) would also 
be produced using an Alaskan limestone. The FCN sample 
would be later used by Joy/NIRO during pilot plant tests. 
The results of these tests would be used by Joy/NIRO during 
the design of the Healy back-end clean-up system. 

The project team participating in the Healy Clean Coal 
Project includes AIDEA; DOE: Golden Valley Electric 
Association, the Healy power plant owner; Usibelli Coal 
Mine, Inc., the coal supplier; TRW, the coal combustion 
system supplier: Foster Wheeler Energy Corporation, the 
boiler supplier: Joy/NIRO, the spray dryer system supplier: 
and Stone and Webster Engineering Corporation, the project 
architect/engineer. The project team participated in the 
test burn by reviewing test plans and procedures, supplying 
coal and providing storage advice (Usibelli), being on-site 
during tests (Stone and Webster, Joy/NIRO), and receiving 
test data and solid samples. 

3.1 OHJECTIVES 

The objectives of the Cleveland tests were to: 

1. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

2. 

Evaluate TRW Coal Combustion System 
performance at reduced scale using selected 
Alaskan coals. Data obtained were: 

Coal grindability 
Pulverised coal handling/safety 
Coal feed system operations 
Combustion efficiency 
Slag removal efficiency 
Combustor cooling loads 
NO, emissions 
Furnace temperatures 
Flyash characteristics 
Limestone calcination 

Collect 5 tons of flash-calcined material 
(FCH) from the flue gas stream by injecting 
limestone from Alaska into the 
combustion/furnace interface. The FCM 
collected by the baghouse would be packaged for 
the Joy/NIRO spray dryer test work at NIRO’s 
test facility in Copenhagen. 

3.2 APPROACH 

The overall approach for the test bum was to test the 
selected Healy coals at TRW's Coal Combustion System Test 
Facility in Cleveland, Ohio. 
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The steps taken to conduct this test burn were to: 

1. Procure the Healy coals from Usibelli Mine, Inc. in 
Alaska and transport to a store near the test facility. 

2. Modify the Cleveland Coal Combustion System Test 
Facility as required to perform tests on Healy coals. 

3. Perform tests designed to provide the data and the FCM 
sample as described in the objectives. 

4. Analyse the test data and prepare the final report. 
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4. CLEVELAND FACILITY 

4.1 Description of Cleveland Facility 

The TRW Coal Combustion System Test Facility is located 
in the Argo-Tech manufacturing plant in Euclid, Ohio. The 
facility was originally owned by TRW, and then sold to Argo- 
Tech. The test facility is currently leased and operated by 
TRW. The test facility is a commercial application of the 
combustion system, instrumented for testing. It provides 
process steam to the manufacturing plant during operation. 

The manufacturing plant originally received steam from 
three stoker-fired watertube Xeeler boilers. These boilers 
were converted to oil and gas operation in the late 1960's, 
then mothballed in the 1970's. In 1905, Unit No. 3 was 
converted to fire pulverized coal using the TRW coal 
combustion system. The combustor/boiler unit, rated at 
29,000 lb/hr, produces saturated steam at 100 psig. It 
presently operates under an Ohio EPA permit for sulfur 
dioxide and nitrogen oxide and has burned a wide range of 
coals; low, medium, and high-sulfur bituminous, low-volatile 
low-sulfur anthracite, and low-sulfur, high-volatile, high- 
ash subbituminous coal. 
range of 2300 to 2850'F. 

These coals have featured a TzsD 

The facility consists of the coal preparation and feed, 
limestone feed, combustor, boiler, and auxiliary systems. 
Figure 4-l is a plan view of the Cleveland facility. 

4.1.1 Coal Preparation and Feed Systems 

Coal up to 1 l/4 inch x 0 inch size was received by the 
TRW test facility and pulverized to a nominal 70 to 802 
through 200 mesh, transported to a surge bin, and fed to the 
combustor system. Figure 4-2 shows a schematic of the 
system. 

The coal preparation system includes a KVS ball mill 
with gas-fired sweep air to dry and carry the coal to the 
surge bin. The as-received coal moisture content was 23%. 
The coal was dried to a level of 10-122. The drying process 
was limited by the air flow capacity of the system and the 
maximum allowable inlet temperature of the mill. A 
classifier with a return leg to the mill allows control of 
coal particle size distribution. A baghouse separates fines 
from the sweep air stream: the fines are continuously added 
back to the coal in the surge bin. For the Healy coal 
tests, the existing CO2 
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inverting system was upgraded and a deluge system installed 
for fire prevention and quenching. A CO monitoring system 
was implemented at the baghouse exit to indicate presence of 
coal smoldering or fires. 

The coal feed system includes a surge bin with 
vibrating bin bottom to assure coal availability from the 
bin. The surge bin collects pulverized coal from the coal 
preparation system. It provides the capacity which allows 
for separate control of pulverizer output and coal feed to 
the combustor system. The surge bin was also used as an 
accumulator on the Healy coals. 

The surge bin supplies coal to a drag-chain-type feeder 
which controls and meters the coal flow. An adjustable 
splitter divides the coal flow into two streams, one to the 
precombustor, the other to the main combustor. The coal is 
transported to the coubustor, located 200 feet away, via 
carrier air at an air-to-fuel ratio ranging from 0.5 at 
light-off to 1.5 for the Healy tests. 
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4.1.2 Limestone Feed System 

Pulverized limestone was used in the TRW Coal 
Combustion System for sulfur capture or fluxing to control 
the T250 of the ash. Limestone is received at the plant 
preground to the size required (at least 70% through 200 
mesh). Limestone is stored on site in bags or in 30-ton 
tanker trucks. In operation, the limestone is transported 
pneumatically to a 4-ton storage tank with a vibrating bin- 
bottom which supplies the drag-chain-type weigh feeder with 
a smooth, steady supply of limestone (Figure 4-3). The 
weigh feeder monitors and controls the limestone flow rate. 
The flow stream can be split with an adjustable splitter. 
The limestone drops through the splitter into two eductors. 
Carrier air transports the limestone through l-1/2 inch 
lines to the limestone injectors and/or the fluxing line. 
This system is very similar to the coal feed arrangement. 

Figure 4-4 shows two injection locations available for 
sulfur capture: the centerline injector and/or the 
peripheral nozzles. The centerline injector is installed in 
the back wall of the combustor exit duct leading to the 
boiler, on the centerline of the duct. The peripheral 
nozzles are eight equally-spaced nozzles located around the 
periphery of the secondary burner. For the Healy tests, the 
FCM collection tests were conducted with the limestone 
injected through the centerline injector, except for one 
test in which the limestone was injected through the 
nozzles. Previous tests on bituminous coal with sulfur 
content ranging from 1 to 3% demonstrated that for high- 
sulfur coal, splitting the limestone flow equally between 
the two injection options gave the optimum sulfur capture. 

Limestone was used to flux the ash in two tests on the 
Two Bull Ridge coal. During these tests, limestone was not 
used for sulfur capture. To that effect, limestone was 
injected into the main combustor coal feed line upstream of 
the coal injector. The limestone flow rate for fluxing was 
about 5% of the coal flow rate. No problems were 
encountered with the operation of the fluxing system nor the 
combustion system during fluxing. 

13 



. 

14 



f- 

15 



4.1.3 TRW Coal Combustion System 

The TRW Coal Combustion System includes a precombustor 
and a main combustor as shown in Figure 4-5. A photograph 
of the installation is included. 

The precombustor provides high-temperature air to the 
main combustor for ignition by burning 25 to 50% of the coal 
stoichiometrically, then mixing with the remaining first 
stage air. Mounted tangentially on the main combustor, the 
precombustor is a water-cooled refractory lined cylinder 
approximately one-fourth the size of the main combustor. 
Coal is injected axially along the precombustor centerline. 
The remaining first stage combustion air is added to the 
precombustor exhaust gases. These hot gases then enter the 
main combustor, forming a swirling flow pattern. 

With the hot gases from the precombustor, the balance 
of the coal is injected into the main combustor which 
operates in a substoichiometric, slagging mode. Combustion 
stoichiometries from deeply sub to complete can be used. 
The main combustor is a water-cooled cylinder inclined at a 
15' angle towards the slag tap with a tangential air inlet 
and a centered exit baffle. The tangential air inlet and the 
baffle promote proper mixing and an internal vortex flow 
pattern for rapid combustion (Figure 4-6). The coal 
injector, located at the head end, injects coal in a conical 
pattern axially along the main combustor centerline. 
Multiport injectors have also been successfully used. 

Fifty to seventy-five percent of the coal is injected 
into the main combustor where it is entrained by the hot, 
swirling combustion air from the precombustor and burned in 
flight. Ash contained in the coal is converted to molten 
slag and centrifuged to the combustor walls, forming an 
insulating slag layer. The fluid slag flows by gravity down 
the main combustor to the slag tap, and then into the water- 
filled slag tank where it is quenched, and fractured into 
pebble-sized particles. The slag is removed from the slag 
tank with a drag chain conveyor and dropped into a bin for 
disposal (Figure 4-7). 
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The hot combustion gases enter the slag recovery 
section which provides additional residence time for 
combustion and additional slag recovery. When the main 
combustor operates at substoichiometric (fuel-rich) 
conditions, the combustion gas contains CO and H2. The 
gases are ducted to the furnace via a water-cooled duct. 
Secondary air is added at the interface of the furnace so as 
to yield a stoichiometry in the range 1.1 to 1.4. The 
secondary air is introduced through an annulus in the 
windbox surrounding the combustor hot gas duct. Combustion 
is completed in the boiler's furna~ce. 

4.1.4 Soiler System 

The Keeler boiler is divided into furnace and convective 
sections as shown in Figure 4-8. The exit of the TRW 
combustor interfaces with the boiler at the front face of 
the furnace section. The furnace section of the boiler 
(only 402 water-cooled) is refractory-lined, providing a hot 
combustion zone. The convective passes of the boiler cool 
the gases to 500 to 700’F prior to entering a tubular air 
preheater, which preheats the combustion air to a maximum of 
430%. 

The boiler is a balanced-draft system with forced and 
- induced draft fans. The balance point is located inside the 

boiler. A baghouse with Cortex bags removes particulates 
from the gas stream before exhausting out the stack. 
Emissions (sulfur dioxide (SO*), nitrogen oxide (NO), carbon 
monoxide (CO), and oxygen (Or)) are monitored continuously 
at the stack using in-situ analyzers. SO2 and NOx are 
measured by a Lear-Siegler instrument using second 
derivative spectroscopy. A zirconium oxide analyser 

zasures 02' 
and an infra-red absorption analyzer measures 

. 

4.1.5 Auxiliary Systems 

The combustor is cooled by pressurized sub-cooled water 
which is flashed to steam in a flash tank. The pressure in 
the cooling jackets is near 650 psig. The flow rate of the 
combustor cooling water and its temperature rise is measured 
to determine combustor heat absorption. 

The operation of the combustor and boiler systems are 
controlled and monitored by a computerized distributed 
control system. The control room contains two computer 
modules and a printer. The system is customized for the 
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TRW combustor and includes alarms as well as automatic main 
fuel trips to shut down the combustor in the case of 
potentially hazardous conditions. 

Three types of data can be retrieved from the system: 

1. Instantaneous conditions of the system. 

2. Current trends of up to six measurements. 

3. Historical trends of measurements. 

4.2 Facility Modifications for the Healy Test Burn 

The Healy test program could not have been conducted 
without making a number of facility and equipment changes to 
the Cleveland Test Site. Many of these modifications were 
required to deal with the large change in Healy coal 
properties compared to other coals which the facility had 
been recently handling. Modifications were needed to: 

. handle higher coal flow rates necessitated by the 
low heating value of the coal. 

. address safety concerns arising from the high 
volatility of the coal. 

A number of issues pertaining to system operation and 
performance had been carried over from previous test 
activities. Additional modifications were required to: 

. resolve coal feed control problems. 

. provide a high level of system lightoff 
reliability. 

. improve system performance. 

The installation of a new coal feed system had been 
undertaken prior to the implementation of the Healy test 
bum. Upgrading of the system.,was required to meet Healy 
requirements. 

A brief description of each of the modifications at 
Cleveland prior to the Healy test burn and the reason for 
their implementation is presented in the following sections. 

4.2.1 COAL PREPARATION SYSTEM 

4.2.1.1 System Safety 
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Because of the high volatility of the Healy coals, 
provisions for fire prevention and fire fighting were 
installed in the coal preparation plant. CO2 was used for 
inverting and was available for suppressing smoldering or 
fires if required. Water was available for use as a last 
resort. CO and temperature levels were monitored to 
determine system status. Steps taken to improve coal feed 
control and to control relative humidity also improved 
safety. 

CO2 inverting 
idditional lines for flowing CO2 gas from the existing CO2 
dewar system were installed in strategic locations for 
inverting the system after shutdown. 

CO2 deluge CO2 deluge 
in emergency high pressure CO2 deluge system was installed in emergency high pressure CO2 deluge system was installed 
for immediately backfilling the entire system. Activation for immediately backfilling the entire system. Activation 
required pulling a single handle outside the building in the required pulling a single handle outside the building in the 
event of an emergency. event of an emergency. 

. Water lines 
Water lines with connections for attaching a flexible water 
hose were installed to strategic equipment in case of need 
for fighting a fire and/or coal smoldering. 

. Sample system 
Sample lines and a continuous monitoring system were 
installed for constant monitoring of CO and CO2 in the 
system. 

4.2.2 Coal Feed System 

4.2.2.1 Pulverised Coal Surge Bin 

Increased coal storage capacity was needed in the surge 
bin. A larger (3000-lb capacity) surge bin was installed. A 
vibrating bin-bottom (provided by Vibrascrev) was also 
installed to assure a stable flow of coal to the weigh 
feeder. The bin-bottom was enclosed inside the tank 
providing a unit meeting the NFPA 50-psig design pressure 
requirement. CO2 inverting was continuously maintained in 
the dead space between the bin-bottom and tank walls. The 
tank interior was inverted only when the,system was off for 
more than several hours. Coal was left in the surge bin 
only when necessary. 

. Structure modification 
The existing mounting structure was changed to contain and 
support the larger/heavier surge bin. Personnel access 
grating, etc., was modified as required. 
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. Indicators 
A new vertical mounting arrangement for the indicators used 
to monitor the coal level in the surge bin was installed. 
The existing electrical wiring/DCS logic arrangement was 
used. 

. Bin-bottom vibrator 
A second vibrator was added to the bin bottom. The bin- 
bottom vibrators required removal for adjustment. Setting 
the new and or original vibrators at different outputs 
provided three available vibration levels by switching one, 
the other, or both units on, without the need to remove the 
vibrators for adjustment. The lowest available level of 
vibration provided the best coal flow stability and was used 
during the test series. 

Atmospheric vent 
ihe existing vent to the sweep air system was removed. A 
new atmospheric vent to ground level outside the coal 
preparation building was installed. This vent was open 
during most of the testing. 

4.2.2.2 Weigh Feeder/Splitter/Transport/System 

A Vibrascrew mass weigh system enclosed in a safety 
vessel meeting the NFPA requirements had been installed 
prior to Healy. It provided sufficient output to meet Healy 
requirements. CO2 inverting was continuously maintained 
within the safety vessel. Changes to the feeder were made 
to improve its performance. A new enlarged splitter 
assembly was required. 

. Coal sample port 
A pipe and valve was installed for sampling pulverised 

coal immediately below the isolation gate valve positioned 
between the surge bin and feeder. 

. Exit transitions 
New upper and lower feeder exit transitions were made with 
steeper sides to prevent coal accumulations on their 
surfaces. Small coal accumulations had affected the weigh 
feeder load cell reading. This reading provided system 
stability as well as coal density data. 

. Feeder drag chain 
Metal drags of larger cross section were installed on the 
drag chain to increase the area of the feed channel swept by 
the drags. Drag chain speeds up to 25 ft/min appeared to 
provide stable coal flow without this modification. 
Incorporating the change provided stable flow at the maximum 
speeds of 40 ft/min required during the Healy test program. 
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Feeder inlet box 
ghrouds previously employed within the feeder inlet box to 
help assure coal supply to the drag chain, were eliminated. 

. Splitter/eductor assembly 
A larger splitter/eductor assembly was designed, fabricated, 
and installed. The assembly included new three-inch and 
four-inch Foxy Eductor Assemblies. Three sets of different-' 
sized nozzles were available. Changing nozzles had little 
effect. 

. Transport Lines 
New carbon steel schedule SO three and four inch lines were 
installed for conveying precombustor and main combustor 
coal, respectively. The transport lines required about 5.5 
equivalent 90 degree bends and over 200 feet of length. 
Approximately the last 30 feet of both lines was stainless 
steel. All bends were short radius flanged at both ends for 
quick access for line inspection and/or clean out. Coal 
coating in the lines never exceeded a very light dusting 
after relative humidity control and grounding was provided. 

The end of the main combustor line was initially 
installed at a 45 degree angle from plant ceiling to floor. 
This was changed to vertical after a large deposit of coal 
was found at ground level in the line. 

A connection was provided in the main combustor recycle 
line for discharging coal to a guppy storage system. A 
return line was installed for returning coal from the guppy 
to the surge tank. The need for these lines was later 
negated by a decision not to use the guppy system. 

. Diverter Valves 
Special three-way air-operated ball valves were installed to 
divert coal flow from recycle to firing. The valves were 
returned to the recycle position after shutdown. These 
valves retain constant flow area at all ball orientations. 
The air operators were modified to require only a few 
seconds transition time from the recycle to the firing 
position. This minimised coal accumulation at the valve 
during the transition period. The shortened time provided 
very smooth lightoffs. 

. Fire Valves 
Special two-way air-operated ball valves were installed as 
fire valves. Each valve vas opened prior to cycling its 
corresponding diverter valve. This technique assured that 
carrier air flow was never intermittently combined with 
coal. This avoided intermittent flame failure at light-off 
which had previously been a problem. 
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Back Purge 
&I enlarged back purge air supply system was required to 
supply sufficient flow to adequately clean the transport and 
recycle lines during back purging. Back purge operations 
were carried out first through the precombustor transport 
line, splitter assembly, and the main combustor recycle 
line. Both diverter valve positions were then reversed and 
the procedure performed through the main combustion 
transport line, splitter assembly, and precombustion recycle 
line. 

4.2.3 Limestone Feed System 

The Vibrascrew limestone feed system already installed 
did not require any modification for this program. Catch 
and weigh calibrations were run to assure the accuracy of 
the limestone flow at the low flow rates required (less than 
1 pound per minute). This system has delivered rates as 
high as 25 pounds per minute. 

. Limestone centerline injector 
A new water-cooled limestone centerline injector with a 
thermal expansion compensation joint was installed. The 
previous injector, designed without compensation, had 
distorted and failed. 

. Limestone fluxing 
A Y-joint connection for injecting limestone into the main 
combustor coal transport line for fluxing was installed 
downstream of the fire valve. Connecting plumbing from the 
existing system to the fluxing line shutoff valve was added. 
A two-way splitter and eductor system was already available. 
This permitted injecting limestone into the burner throat 
and fluxing at the same time. Fluxing was not used while 
making baghouse catch product for WIRO. 
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4.2.4 Flue Gas/Fly Ash Systems 

The fly ash from the Healy test burn was handled 
without making major modifications to the system. A method 
for dumping all the sorbent collected from each test into 
barrels was devised. A special attachment for conducting 
the material from the fly ash silo into the barrel was 
installed. The barrels were sealed after filling and 
shipped to NIRO. 

The water content of the flue gas was higher than 
previously experienced. The coal was dried to a moisture 
level of 10 to 122, not the normal operating level near 2%. 
No baghouse operating problems were experienced as a result 
of the higher moisture content of the flue gas. Problems 
with deposits in the stack emissions monitoring equipment 
did require attention. The equipment was checked out and 
cleaned by Spectrum Systems during the program. 

At the outset of the Healy test burn, an unusually high 
pulse rate was accidently imposed on the baghouse. This 
cleaned the bags to where some of the very fine fly ash bled 
through creating a stack plume. Reducing the pulse 
frequency by adjusting/repairing the timer control system 
resolved the problem. Each row of bags was pulsed at a 
uniform period of one minute between rows. A similar 
practice is also used by NIRO to maximize cake uniformity on 
the bags. 

4.2.5 Combustor System 

A number of modifications were made to the head-end of 
both the precombustor and main combustor in order to 
accommodate the larger-sized coal injectors required. 
Centerline coal injection was used at both locations. 
Provisions were incorporated to allow changing the depth of 
the location of coal injection relative to the head-end. 

Precombustor injector 
Ghe precombustor injector was a pipe of the same diameter as 
the precombustor coal transport line. Windbox equipment 
within the precombustor surrounding the injector had to be 
modified to accommodate the larger pipe. Various flame 
holding arrangements were tried until a system was found 
which could adequately attach the coal flame despite a 
nearly two-fold increase in cold carrier air present. 

The coal flame scanner was relocated so that 
readjustment by the operator during lightoff was never 
required. Prior positioning 'had occasionally resulted in 
the generation of an erroneous coal flame signal if the 
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flame scanner picked up the gas igniter flame. 

The ignitor acted as an excellent source of 
stabilization, however, the goal was to operate with the 
ignitor off. Flame-holding without the ignitor was 
verified, however, much of the test program was conducted 
with the ignitor on. 

The injector was mounted so that different length 
sleeves mounted and sealed between bolted flanges could be 
used to change the depth of the location of coal injection. 
The location of injection relative to the plane of the 
precombustor throat proved to be important. The coal supply 
pipe was extended about six feet straight out in front of 
the injector. 

. Main combustor injector 
A pintle-type injector was used for the main combustor. The 
existing hot sleeve was used as the outer sleeve within 
which the coal/carrier air flowed. The end of the sleeve 
required a redesign and repair of cracks which would have 
resulted in cooling water leakage. The hot sleeve was freed 
from the headend plate prior to the start of testing. 

The pintle deflector, or wear ring, used to divert coal - 
flow outward was replaceable. Replacement of this piece was 
necessary during the program because of the very high rate 
of erosion noted with the Healy coal. 

The injector arrangement was also designed so that 
sleeve extensions mounted and sealed between bolted flanges 
could be used to alter the depth of the location of the coal 
injector. The injector was moved from a two-inch depth to 
as much as eight inches during the test program. 

The coal entrance to the injector was changed at the 
start of the program from vertical down to sloped upward. 

. Slag tap 
A special plate containing a restrictive slag tap had been 
removed during earlier testing. A special dipper skirt 
arrangement incorporating tiles extending from below the 
water to the bottom side of the plate had been installed at 
the same time as the plate. These tiles had deteriorated 
and required replacement to prevent dipper skirt over- 
heating. It was noted that the tiles contained numerous 
vertical cracks which allowed the tiles to crumble and fall 
inward. 

New tiles were installed in two sections with a saw- 
break two inches below the normal level of water on the 
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dipper skirt. Retaining bands were welded in place in 
locations where contact with slag could be avoided. The saw 
cuts reduced the stress levels in the tiles. No case of 
dipper skirt overheating due to tile failure was noted 
during the program. 

4.2.6 Distributed Control System 

The recycle, lightoff, and back purge system changes 
required that logic revisions be programmed into the 
Westinghouse DCS. New control and data display stations 
were created. A ramping station was added for control of 
the coal feeder speed. A fully automatic system for 
controlling air and fuel changes over the load range from 
lightoff to full load was programmed but not implemented. 
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5. TECHNICAL DISCUSSION 

5.1 Coal Types and Properties/Implications 

The Healy coals are subbituminous coals with high moisture, 
high ash content, and high volatility. The ash also has a 
high TGo, the temperature at which the ash flows with a 
viscosity of 250 poise. 

Coals with this combination of properties had not been 
tested before in a TRW coal combustion system. The high 
moisture was a concern for handling, drying/pulverization, 
and ~feeding the coal as well as combustor performance, 
baghouse operation, and emissions monitoring at the stack. 
The high ash and high Tzz,, was a concern for slagging 
characteristics and slag recovery efficiency. The high 
volatility is beneficial for combustion, but posed safety 
concerns in storing and pulverizing the coals, and feeding 
the pulverized coals to the combustor. 

Two coals were selected.for this test burn series: the 
Healy performance blend and Two Bull Ridge coal. The coals, 
both candidate station coals for the utility project, were 
supplied by Usibelli Coal Mine, Inc.. Two other coals were 
also supplied to the test burn project by Usibelli but were 
not tested. These were waste coal and run-of-mine coal. 

The Healy performance coal is a 50-50 blend of run-of-mine 
coal, and waste coal. The run-of-mine coal has a lower Tx,, 
and is currently sold to overseas customers. The waste coal 
has a higher T and currently has no market. The reason 
for blending &se coals is to yield a technically viable 
coal at a reasonable price. The Two Bull Ridge (TBR) coal 
is a low-grade seam coal, from a seam from which Usibelli is 
not currently producing. This coal is another potentially 
low-priced fuel for the Healy power plant. 

As fired analyses of the two coals are given in the 
following table. The analyses are averages of a number of 
samples taken after pulverizing, from a sample port in the 
surge bin of the coal feed system. The performance coal 
analysis is an average of 22 samples, the TBR analysis is an 
average of 8 samples. The ultimate and proximate analysis 
and the mineral analysis of the ash of each coal sample are 
presented in Appendix A, Tables Al L A2. 

The summary table shows that the performance coal was dried 
to about 11% moisture for these tests. The as-fired ash 
content was 201, heating value about 8000 Btu/lb, and the 
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Table 5-l. Average Analysis of As-Fi?cl Cc9 

Average of Healy 
Performance 

Coal Analyses 

PROXIMATE 
Z Moisture 
% Ash 
0 Volatile 
0 Fixed Carbon 
Btuflb 

ULTIMATE 
0 Moisture 
% Carbon 
0 Hydrogen 
% Nitrogen 
t Sulfur 
0 Ash 
0 Oxygen 

ASH 
ANALYSIS 

% 5102 
0 A1203 
% Ti02 
% Fe203 
% CaO 
0 ugo 
% K20 
% Na20 
% so3 
% P405 
% SrO 
% BaO 
c Mno 
Undetermined 
T250 

(Calculated) 

11.00 
20.63 
39.24 
29.13 

8047 

11.00 
47.81 

3.62 
0.77 
0.33 

20.61 
15.86 

61.62 58.05 
14.46 21.71 

0.64 0.95 
4.53 3.78 
9.92 6.28 
1.76 1.62 
1.74 1.96 
0.70 0.14 
3.31 3.16 
0.17 0.14 
0.10 0.07 
0.23 0.27 
0.16 0.15 
0.64 1.73 
2692 2876 

Average of 
Two Bull Ridge 

Coal Analyses 

9.82 
27.32 
38.20 
24.67 

7358 

9.82 
43.50 

3.41 * 
0.76 
0.36 

27.32 
14.83 
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Tfl was about 2700-F. The TBR coal was dried with the same 
m 1 conditions to a lower moisture content at about 10%. 
The as-fired ash content was higher at 272, heating value 
lower at about 7400 Btu/hr, and the Tzo was higher at about 
2900’F, due to different constituents 'i n the ash. The 
volatile content and sulfur content were comparable for both 
coals. 

As will be discussed subsequently, the coal preparation 
system (mill) also imposed limitations as a result of the 
low grindability of the coal. Consequently, performance 
data as well as FCU collection data were acquired during 
tests of limited duration. The maximum duration for these 
tests was about 3 hours as limited by the capacity of the 
coal feed system surge bin which was used as an accumulator. 

5.2 Limestone Types and Properties 

Two Alaska limestones were available for use during Healy 
testing. They were Cantwell limestone which came from a 
previously unmined guarry, and Cantwell dolomite limestone 
which came from a previously mined guarry. Chemical and 
physical properties for each limestone are given in the 
following table. It indicates that the Cantwell limestone 
is much richer in calcium carbonate (90%) than the dolomite 
limestone (60%). For Healy testing, only the Cantwell 
limestone was utilized. This was because it was thought 
that the Cantwell limestone would generate a more suitable 
type flyash material for NIRO's pilot plant tests. 

5.3 Test Description 

The tests for the Healy test burn were conducted between 
March 29 and June 7, 1991 at the TRW Coal Combustion System 
Test Facility in Cleveland, Ohio. Over 350 tons of Alaska 
coal were burned during these tests. 

Three types of tests were conducted: coal grindability 
tests, parametric tests, and FCM sample collection tests. 
The test serieswas designed to: 

1. Establish facility operations (coal preparation 
system operation and mill capacity). 

2. Rvaluate the coals in terms of grinding and 
handling characteristics, and combustion and 
slagging characteristics. 

3. Collect 5 tons of FCM for the Joy/EURO spray dryer 
tests. 



Table 5-2. Sorbent Types and Properties 

0 Type 

o Chemical, wt. X 

Cantwell 
Limestone 

Llwstone 
001un1te 

CaCO3 
ugco3 

Insolubles 

o Physical, X passlng * 

90.71 57.14 
5.04 36.69 
4.71 6.90 

Mesh 
50 

100 
140 
200 
270 
325 
400 
500 

95.16 96.71 
92.55 96.73 
69.61 93.51 
79.34 80.29 
59.65 73.97 
48.16 66.92 

N/A 61.92 
0.00 0.00 

*- the size analysis was determined by the wet sieve process 
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5.3.1 Grinding Tests 

Several tests were conducted using the performance coal to 
determine coal grindability and maximum capacity of the 
Cleveland facility ball mill. The following parameters were 
varied: 

. Ball level in mill 

. Classifier setting 

. Mill outlet temperature 

For these tests, less than one ton of coal was pulverised, 
then fired in the combustor. A sieve analysis on pulverised 
coal samples taken from the surge bin during each run was 
performed to determine coal particle size distribution. 

With the database established for the performance coal, only 
a few tests were needed for the TBR coal to determine 
grindability and mill capacity. The results showed similar 
behavior for the two coals. The results are discussed in 
section 5.4. 

5.3.2 Parametric Tests 

Test Procedw 

Since the minimum test load selected for parametric tests 
was higher than the maximum capacity of the mill, the surge 
bin was used as an accumulator and the test duration was 
limited to a few hours. The tests were performed as 
follows: 

1. Coal was pulverised and stored in the surge bin 
until the surge bin level indicators read 100% 
full. 

2. The precombustor and main combustor were started at 
light-off conditions, then ramped up to the 
selected load as quickly as possible. This ramp-up 
averaged 20 minutes. Once load was reached, the 
test began and data was recorded. 

3. A set of distributed control system (DCS) diagrams 
were printed every 30 minutes after the test 
started detailing the combustor operating 
conditions. 

4. Gas samples were monitored continuously during each 
test. 

5. Coal samples were taken during each test for 
analysis. The samples were taken at the bottom of 

34 



6. 

7. 

8. 

9. 

the coal surge bin as shown in Figure 5-1. Four 
samples were taken for each test. 

Slag flowing from the combustor was removed by the 
drag chain conveyor and dumped into buckets for 
temporary storage prior to being emptied into the 
slag dumpster. Slag samples were taken from the 
buckets (wet) during each test for analysis. A 
weigh scale was located under the dumpster. 

Flyash material was continuously trapped in the 
baghouse. It was transferred to a flyash silo as 
shown in Figure 5-l. The flyash material was then 
dropped into 55 gallon drums for storage. Flyash 
samples were taken from the drums for analysis. 
Four samples were taken for each test. Total 
flyash weight for each test was the net weight of 
the filled drum. 

The test continued until the surge bin accumulator 
emptied of coal and a main fuel trip (MFT) 
occurred. The test ended on the MFT. 

The raw test data was copied and sent to project 
team members (Stone and Webster, Golden Valley 
Electrical Association (GVEA), and NIRO). The test - 
data originals were sent to the TRW project office 
in California for analysis. 

10. Samples were sent to Commercial Testing h 
Engineering for analysis: ultimate and proximate 
analyses, and mineral analysis of ash. Duplicate 
samples were sent to NIRO and GVEA. 

performance Coal. 

Ten parametric tests were conducted using the Healy 
performance coal (tests H13 through H18). The conditions 
and results of these tests are summarized in Table 5-3. 
Complete .data is presented for each individual test in 
Appendix B. 
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The conditions for these tests ranged as follows: 

Load 20 - 31 KMBtu/hr 

Coal Grind 76 - 83% through 200 mesh 

Coal Flow Split 33 - 40% to precombustor, remaining 
to main combustor 

Main Combustor 
Equivalence Ratio 0.76 - 1.00 

Secondary Burner 
Equivalence Ratio 1.20 - 1.42 

Stack 02 5.9 - 6.9% 

Combustion Air 
Preheat 355 - 415-F 

Ca/S Ratio 0 

Two Bull Ridae Coal. 

Ten parametric tests were conducted using the Two Bull Ridge _ 
coal (tests TBR3 through TBR12). The conditions and results 
of these tests are summarized in Table 5-4. Complete data 
is given for each individual test in Appendix B. 

The conditions for these tests ranged as follows: 

Load 

Coal Grind 

Coal Flow Split 

Main Combustor 
Equivalence Ratio 

Secondary Burner 
Equivalence Ratio 

Stack 02 

Combustion Air 
Preheat 

Ca/S Ratio 

13 - 25 RMBtu/hr 

82 - 96% through 200 mesh 

39 - 47% to precombustor, remaining 
to main combustor 

0.74 - 1.10 

0.91 - 1.43 

5.5 - 8.8% 

249 - 393’F 

0 
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5.3.3 FCM Collection Tests 

Forty-two tests were run using the performance coal in which 
the baghouse catch was collected as the FCM sample for 
NIRO's pilot plant tests. The tests were run at 20 
MMBtu/hr, selected to promote acceptable slagging and to 
allow reasonable test durations for sample collection. 
Since these tests were run at a load higher than the maximum 
capacity of the mill, the test duration was limited to about 
three hours per test. 

These tests were conducted using the same procedures as the 
parametric tests with the additional steps of injecting 
limestone in the combustor exit and collecting the FCM. .The 
baghouse catch was collected in 55-gallon drums, marked and 
weighed for each test. 

The conditions and results of these tests are given in Table 
5-5. Complete data is given for each individual test in 
Appendix B. 

Average test conditions for the FCM collection tests were: 

Load 

Coal Grind 

Coal Flow Split 

Main Combustor 
Equivalence Ratio 

Secondary Burner 
Equivalence Ratio 

Stack 02 

Combustion Air 
Preheat 

Ca/S Ratio 

20 MMBtu/hr 

75% through 200 mesh 

45% to precombustor, remaining to 
main combustor 

0.98 

1.04 

6.15% 

385’F 

1.6 (ranged from 1.02 to 2.05) 
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5.4 Test Results and Discussion 

This section contains the findings of the tests and a discussion of 
the results. 

5.4.1 Coal Handling, Preparation, and Feeding 

Storaae 

The Healy coals were carefully stored in a local yard in 
5-foot-high compacted piles instrumented with a grid of 
thermocouples at the bottom of the piles. Temperatures never rose 
above 95-F, demonstrating that attention given to coal storage was 
successful in avoiding problems. A temperature history record is 
shown in Figure 5-2. 

Handling 

The Healy performance coal did not present any significant handling 
difficulties. The coal was considerably more abrasive than other 
coals that have been handled in the Cleveland test facility. 

The TBR coal was more difficult to handle at times than the 
performance coal, sticking in the transfer lines to the 2%ton silo 
upstream of the ball mill, as well as in the silo itself. The TBR 
coal varied in handling difficulty: one truckload was difficult to 
handle, the next was not. 

Grindabilitv 

The Healy performance coal was more difficult to grind than coals 
previously tested in Cleveland. The maximum mill capacity was 
found to be 1 ton/hr, equivalent to 16 MRBtu/hr. According to WS, 
the ball mill manufacturer, this corresponds to a Hardgrove 
Grindability Index of approximately 25. 

Normal mill operation was to set mill feede: speed near 25% and to 
limit the mill inlet temperaturt to 400 F. The mill outlet 
temperature normally ran hear 135F. Raising the temperatue to 
150 F did not increase the output measurably. The ball level in 
the mill was 2 inches below the inner edge of the mill exit liners. 
The sweep air flow rate was held constant near 5300 lbs/hr. 

The TBR coal exhibited similar grindability characteristics. 

Coal Preoaration and Feed Svstem Oneratiu Safety 

During the test program, over 350 tons of Healy coal were handled 
by the Cleveland test facility without any indication of coal 
smoldering or fires anywhere in the facility. CO concentrations in 
the sweep air never reached 
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a level of concern. The coal preparation and feed systems were 
operated without incident during the lo-week period of using Healy 
coal. The CO2 inerting system was successfully used during idle 
periods. Use of the CO2 deluge system to quench smoldering or 
burning coal was not required. 

The maximum coal flows demonstrated during the test program were 
3800 lb/hr and 3455 lb/hr on the Healy performance coal and the TBR 
coals, respectively. Safe and stable coal feed operation was 
obtained. Furthermore, the high moisture content of the coals did 
not create any coal feed problem. In conclusion, the following was 
demonstrated: 

. Safe storage of pulverised coal in the surge bin 
(surge bin capacity was approximately 1 ton) 

. Controllable coal flow rate and split 

. Smooth, repeatable light-offs during over 80 tests 

. Prevention of coal agglomeration or accumulation in 
coal lines 

5.4.2 Precombustor Operation 

Prior to the Healy tests, the precombustor internal - 
configuration was modified to accommodate the larger diameter 
injector (3 inch vs. 2 inch diameter) and the higher carrier 
and coal mass flow rates (factor of 3 to 4). Satisfactory 
precombustor operation was verified using an Ohio coal. Flame 
holding limited the combustion air flowrate to near 7000 
pounds per hour. 

The precombustor was operated successfully on both Healy coals 
for a total of over 80 tests. Light-offs were consistent and 
repeatable. While normal operation was to run the 
precombustor with the gas ignitor on, acceptable operation 
without the ignitor was verified. 

Using the performance coal, the precombustor coal flow rate 
ranged from 800 to 1500 lb/hr. Using TBR coal, the coal flow 
rate ranged from 679 to 1523 lb/hr. Some evidence of slag 
growth was found at the exit of the precombustor, but these 
were less frequent and less troublesome when the precombustor 
was run at higher temperatures (higher coal flow rates). 

In conclusion: 

. The precombustor provided a reliable and stable source of 
high-temperature ignition air to the main combustor. 
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. The precombustor operated successfully over a wide range 
of conditions. 

. Precombustor exit slag growths were reduced with higher 
precombustor exit temperatures. 

. Flame holding diminished as flow was increased. 

5.4.3 Main Combustor Operation 

The main combustor lit off and operated acceptably on both 
Healy coals for a total of over 00 tests. As with the 
precombustor, light-offs were consistent and repeatable. 
Bright, intense head end combustion was observed, especially 
when the dampers, which control the velocity of the 
precombustor exit gases, were biased toward the head end 
(precombustor damper settings per test are given in Appendix 
D) . The following sections give further details on combustor 
performance. 

Carbon Conversion 

Carbon conversion was calculated from the analyses of the 
solid samples taken during each test, to indicate the 
combustion performance of the system. Table 5-6 shows average - 
slag and FCM analyses from the FCM collection tests. FCU is 
defined as the material caught in the baghouse and is also 
referred to as flyash in this report. Slag and flyash samples 
were taken during each test as described in the test procedure 
Section 5.3.2. Carbon content of the slag averaged 2.271. 
For the FCM , the average was 0.79. The carbon in the slag is 
relatively low, at about the same value or slightly higher 
than observed in previous tests with Ohio coal. The FCM 
carbon content is very low, significantly lower than observed 
in Ohio coal tests. The reduction in the FCM carbon content 
indicates that the combustion of the Healy performance coal is 
different from that of the Ohio coal. 

Carbon conversion was calculated for the performance coal and 
TBR tests for which slag and FCM measurements were available. 
Carbon conversion was determined using the following eguation: 

Carbon conversion = (1 - losses / input) l 100 

Losses = (slag wt) * (slag carbon content/loo) 
where + (FCM wt) l (FCM carbon content/loo) 

Input = (coal wt) * (coal carbon content/loo) 

The inputs to the calculations and the results are shown in 
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Table 5-6. 
Fa and Slag Characteristic* 

Slag 

p~oxfMAfE 

“,z:r 
% Volatllr 

. %Fstd Carbon 

ULWJATE 
% Moisture 
# Carbon 
%H drogen 
94 N trogen Y 
*h sulfur 
% Ash 
% oxygen 

Characteristics 

16.53 

;6i;3 

oh3 
0.12 
0.13 
:a;9 

oh 890 
% MnO 
Undafermfn8d 

1250 

66.81 

A3$ 
4133 
0.77 
1.66 
1.72 
0.78 

“d:!: 
6.10 
0.19 
0.17 
0.72 
2820 

FCfdl Characteristics 
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Table 5-7 for the FCM collection tests. The average 
chemicalanalysis was used for tests for which the solid 
samples were not analysed. The specific analysis was used for 
tests where the solid samples were analysed. Where the carbon 
conversion results are not given, slag or flyash data were not 
available. Carbon conversion for the performance coal ranged 
from 97.0 to 99.59, averaging 98.9%. These results show that 
combustion was very good during most tests. 

Carbon losses are shown graphically in Figure 5-3. It shows 
the separate losses to the slag and FCM for each test. Carbon 
losses to the slag averaged 1.07% and to the flyash only 0.07% 
of the total carbon input. Since carbon losses to the flyash 
are small, the carbon conversion numbers above are thus mainly 
based upon carbon losses to the slag. 

The effect of coal grind on carbon content of the slag is 
shown in Figure 5-4 for FCM tests where solid samples were 
analysed. The figure indicates that the carbon content of the 
slag is less for a coarser grind. However, as will be shown 
in the next section, slag recovery is observed to decrease 
significantly with a coarser grind. Low values for slag 
carbon content and also slag recovery for a coarser grind 
results in a low level of carbon loss to the slag or a high 
level of carbon conversion. Although a coarser grind may 
appear advantageous from a carbon loss view point, 70% thru 
200 mesh or finer is required to obtain high levels of slag 
recovery (greater than 75%). 

Carbon conversion for the TBR tests for which data was 
available is shown in Table 5-8. Again, carbon losses to the 
slag were greater than to the flyash. The graphic 
representation is given in Figure 5-5. Carbon conversion 
ranged from 97.5 to 99.3%, averaging 90.5%. Carbon losses to 
the slag averaged 1.36% and to the flyash 0.07% of the total 
carbon input. Carbon losses using TBR coal were slightly 
higher than with the performance coal, indicating that the 
combustion was not quite as good with the TBR coal. 

In conclusion: 

. Carbon conversion for the Healy performance coal was very 
good, averaging 98.9%, indicating acceptable combustion 
of the performance coal 

. Carbon conversion for the TBR coal as calculated was 
good, averaging 90.5%. 

. Carbon losses to the flyash were extremely low, a 
phenomenon not previously observed for other coals (e.g. 
Ohio, W.VA.) in the past in Cleveland. 
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. Carbon losses are expected to be lower in the Healy 
system because the combustion air preheat will be higher, 
the size and hence residence time will be longer and the 
system will generally run at higher load. All of these 
will improve combustion performance. 

Slaaaina Characteristics 

A drawing of the interior of the combustor is shown in Figure 
5-6 as viewed post test by the test conductor. Some build up 
of slag was ovserved in the tap, however, slag flowed out of 
the slag tap in every performance coal test. Ash 
accumulations were observed in the head end which were removed 
after every 6 to 8 tests. This material appeared porous and 
sintered rather than molten. These accumulations were reduced 
by feeding more coal to the precombustor to increase the gas 
temperature in the head end. Downstream of the air inlet from 
the precombustor, the slag coating on the combustor walls was 
shiny and uniformly covered the walls, indicating higher 
temperatures and molten slag flow downstream of the air inlet. 
Conditions improved when the main combustor injector was moved 
inward by 4 inches after test No. H41. 

Slag tapping was also achieved with the TBR coal which had a 
higher TzsO than the performance coal. Ash accumulations 
occurred in the head end with this coal as well as with the . 
performance coal. In early tests on the TBR coal, the slag 
tap plugged, but once the proper operating conditions were 
determined, the slag tap remained open for the rest of the 
tests. Slag accumulation was observed in the slag recovery 
section after some tests. This did not restrict the testing, 
but indicated that obtaining the proper conditions to make the 
slag flow was more difficult with the TBR coal than the 
performance coal. Limestone was mixed with the main combustor 
coal during the last two TBR tests in the series to act as a 
fluxing agent. Since ash accumulations had already formed in 
the combustor prior to fluxing, the net effect of the 
limestone could not be determined within the few hours of 
testing. 

Neither slag nor ash accumulation is expected to occur in the 
Healy combustor because that system will operate under 
conditions more suitable for the Healy coals than the 
Cleveland system could offer. The Cleveland system was 
limited by the low air preheat, the reduced load, and the 
small diameter of the combustor. At Healy, slag surface 
temperatures will be higher than at Cleveland for the 
following reasons: 

. The air preheat will be 200 to 300-F higher 

. The nominal operating load will be the design load rather 
than 40% of the design load 
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. The Healy combustor diameter will be almost three times 
larger, thus increasing the optical length. As optical 
length increases, more particles are available for 
radiation to the slag surface, thus increasing the heat 
flux available. 

. Fluxing with limestone can be used to reduce the Tr5a of 
the slag. This should help prevent slag and/or ash 
accumulations as long as flux is introduced from the 
start with the coal. Fluxing after accumulations had 
formed did not cause any problems, however, little 
influence upon reducing the slag thickness was noted 
during the few hours of operation in which fluxing was 
used. 

In conclusion: 

. Slag tapping was successfully demonstrated for both the 
Performance blend and the Two Bull Ridge coal. 

. Although ash accumulations were observed in the head end 
of the combustor for both performance and TBR coals, 
these accumulations are not expected to occur at Healy 
due to the higher air preheat, higher load operation, and 
longer optical length. 

Slaa Recoverv 

Slag recovery was determined for the Healy performance and TBR 
coal tests from which slag data was available. The equation 
used to determine the slag recovery is: 

Slag recovery = (slag wt) * (slag ash 
content/lOO)*(l-slag ash so3 
content/lOO)/((coal wt) l (coal ash 
content/lOO)*(l-coal ash so3 
content/lOO))*lOO 

The sulfur as SO3 is removed from the calculation because 
sulfur is released as a gas in the combustor zone and is not 
recoverable in the slag. This is clearly exhibited in the 
analyses of Tables 5-l and 5-6. 

Table 5-9 gives the inputs and results of the slag recovery 
calculations for the performance coal and TBR coal tests. 
Comments are given for the tests where the slag recovery could 
not be calculated. Figure 5-7 shows slag recovery where 
available for the performance coal tests along with combustor 
operating conditions. For the performance coal parametric 
tests, slag recovery ranged from 62 to 97%. The FCM tests 
ranged in slag recovery from 62 to 101%. Slag recovery values 
greater than 100% are possible due to random fluctuations in 
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Table 5-9. Slag Recovery Results for Healy Testing 
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Table 5-9. Slag Recovery Results for Healy Testing (cont.) 
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the slag/ash layers in the combustor. Errors in the 
determination process may also be a reason for slag recovery 
values greater than 100%. This topic will be covered later in 
this section. 

A frequency distribution of slag recovery results for the all 
the Healy performance coal tests is shown in Figure 5-8. 
While there is scatter in the results, the distribution shows 
that the majority of the tests yielded 00 to 90% slag 
recovery. 

Scatter in the slag recovery results for the performance coal 
parametric tests is consistent with the changing conditions of 
the parametric tests. Scatter in the results of the FCM 
collection tests was less pronounced, as would be expected 
since the tests were performed at similar operating 
conditions, except for two early tests. For these tests, the 
slag recovery dropped to near 65% because the coal grind was 
coarser. The effect of coal grind on slag recovery is shown 
in Figure 5-9. Slag recovery is observed to drop 
significantly with the coarser grind. 

Figure 5-10 shows the frequency distribution of slag recovery 
results for the FCM collection tests only. Scatter in the FCM 
slag recovery is due to errors in the determination of slag 
recovery and/or changes in performance. Determination errors - 
may be due to test duration or errors in either or both the 
coal flow measurement and the slag weight. Figure 5-11 shows 
cumulative slag weight with time during a typical FCM 
collection test. The figure shows that during the three-hour 
test, slag weight increased at a uniform rate beginning as 
soon as the load condition was reached. Thus, the duration of 
the test, although short, should not introduce significant 
errors provided that the wall coverage conditions are the same 
at the beginning and at the end of the test. Errors due to 
erroneous coal flow measurements can be compensated for by 
correcting the coal flow to correlate with steam flow to 
calculate a corrected slag recovery. This was done and the 
slag recovery results did not change significantly. However, 
by dividing slag recovery results by solids closure 
efficiency, which is discussed in the next section, the 
scatter in the slag recovery results was reduced. Figure 5-12 
shows slag recovery corrected by solids closure. The majority 
of the slag recovery results fall between 86 and 902, as shown 
in the frequency distribution for the corrected slag recovery, 
Figure 5-13. The solids closure correction accounts for 
errors in both coal flow and slag weight, and indicates that 
determination, not performance is believed to be main cause 
for the data scatter. 
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The TBR test slag recovery results are shown graphically in 
Figure 5-14. The TBR results are significantly lower than the 
performance coal results, ranging from 30 to 73%, with an 
average of 47%. The slag recovery frequency distribution in 
Figure 5-15 shows the scatter in the TBR results. Solids 
closures were also low for the TBR coal, which will be 
discussed in a later section. By correcting the TBR slag 
recovery for solids closure efficiency, shown in Figure 5-16, 
the scatter is reduced, as shown in Figure 5-17. However, 
even the corrected results are low, with the highest frequency 
at 51 to 60%. These results are consistent with the fact that 
the TBR coal has a higher T250 than the performance coal and 
that the observed combustion performance was not quite as 
good. Improved slag recovery was observed, however, in test 
TBR12 where limestone was added to the coal to act as a 
fluxing agent. 
slag. 

This helped to lower the high TzsO value of the 
Slag recovery for this test was 73% (upper limit in 

scatter), which is a marked improvement over the other TBR 
tests. This slag recovery number may be artificially high, 
however, due to the release of some slag/ash accumulations 
previously existing in the combustor on the injection of 
limestone. 

In conclusion on slag recovery: 

Slag recovery for the Healy performance coal was 
excellent, averaging 05% for tests at 20 MUBtu/hr, main 
combustor equivalence ratio of 1, coal split of 469, and 
coal grinds of 70-80% thru 200 mesh. 

Slag recovery values dropped to near 65% for tests with 
coarser coal grinds (50-60% thru 200 mesh). 

The excellent slag recovery of 85% further corroborates 
that combustion performance was good with the performance 
coal. 

Correcting slag recovery by solids closure efficiency 
yields results with reduced scatter, indicating that the 
variations in slag recovery are primarily due to errors 
in slag weight measurements. 

The TBR slag recovery results were lower, as a result of 
the higher T250 and slightly reduced combustion 
performance. 

These results indicated that the combustion could be run 
within the limits of the operability window with the 
performance coal. Combustor running conditions were 
slightly outside the more restrictive operating window 
created by the TBR coal. This window will be wider at 
Healy because of the higher air preheat temperature and 
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larger physical combustor size. 

. An option with the TBR coal may be to mix limestone with 
the coal to act as a fluxing agent. Limestone injections 
with the coal lowers the high Tz5a value of the slag, 
which helps to facilitate slag recovery. 

wds Closures 

Solids closure efficiency could be determined for the FCM 
collection tests and the TBR tests whenever both slag and 
flyash were weighed for these tests. In some of these tests, 
slag or flyash weights were not available, so the solids 
closure was not determined. 

Solids Closure efficiency was calculated to determine how well 
the solids input (coal ash and limestone) matched the solids 
output (slag and flyash). The equation utilised to determine 
solids closure is: 

Solids Closure = Output/Input *lOO 

output = (slag wt)*(slag ash content/lOO)*(l-slag ash SO3 
content/lOO)+(FCM wt)*(FCM ash content/lOO)*(l-FCM 
ash SO3 content/loo) 

Input - (coal wt*(coal ash content/lOO)*(l-coal ash SO3 - 
content/100)+(limestone flow)*test 
duration/60*((limestone CaC03 
content/l0O)*MW(CaO)/MW(CaC03)+(l-limestone CaC03 
content/lOO)*MW(MgO)/MW(MgC03)) 

Sulfur in the form of sulfur trioxide (503) was subtracted 
from the coal ash, slag, and flyash calculations, since sulfur 
is released as a gas and not available as a solid material. 
The solids input from the limestone was assumed to be all 
calcium oxide (90%) and magnesium oxide (10%): 

The results for the applicable performance coal FCM collection 
tests are shown in Table 5-10. and plotted in Figure 5-10. 
Solids closure was found to be excellent, in the range of 74 
to 137% with an overall average closure of 97%. The frequency 
distribution for solid balances is shown in Figure 5-19 and 
shows that most tests fell within 05 to 105% solids closure. 

Solids balances for applicable Two Bull Ridge coal tests have 
been calculated and are shown in Table 5-11 and plotted in 
Figure 5-20. Solids closure was found to be poor, in the 

. Inclusion of the actual calcination fractions, 
rather than the 100% value assumed here, changes 
the results very little. 

75 



2 

2 

B 

z 

z 

I 

5 

4 

5 

4 

4 

a 

B 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

Z 
E 

=I=tz=t~ 3 E-ir;= 

““““-“.-~ = Iz=~1zz~-= = ” Z”“” 

“““^“““.y = 
Zi---- --7-.=--= = 

“““““““” = z=-.?=--i = =-- 

“^“--““? ~‘~~S”= g 

.-“.-.““.-.~y = OZl-.Si ” =“-” 0 = 

“““““““- = =YT”E-~= = -=‘-” 

gE:znefG 4 

76 

4 

E 

E 

H 

= 

4 

S 

I 

4 

E 

4 

I 

= 

s 

. 

S 

* 

I 

6 

5 



jzi Zf =rt*s.F. :=/ “=e.AE = 21 =:=I 
:sj 

=I ge’z.= 5===rlfg 
oi 

i I 
Ej 

I 
I...! ===10--- z-;--i-s jlj - 

~.t~~~=~~ -=- e..i- zja 

: : I I a--...e” 

a^ 
jjij - 

E’zl’*rz q &“z=36=5% z.jg 
-=1- - I 

2 
!_: ’ nz:lrzsa i 

3i I 
[Zj - z.-- fEf=f-‘fz $j! E 

’ ‘;’ ,I 3gZS 

1 

jxLj - d” 
Zff - j 92 ESC.E 

i ! =z?== / 
I iZi Z.-e; =*; ==2 g’“s 

j i 
$’ fi 

I 

s I I=. Z’fZ 2x7 ‘7 

t 
;=j I I “‘ES 

i 

/ j 
/ =- 

~~zzll-t; = 
i”! - 

x=Ctz==== 

i - 

I =i=3 f =;&=- -‘... ?I’ 
: : 
!_* : 2qqg:orf 

ii 

ia; 2 - _ g] =” EZZZ E’?E p/s 

j 
w 

: ---e-m*-. 3 
jq .?.“- J=“=$ = _ trns~==~ E =si- 

: 
! ! ------3LT :-I 

2 

GZ-TT;E” = g 

-I= 

jOl 2 SrqpgrfI z z -0-w 

rl i i I 

z 
jai ~~eq~~l~ 3 

: I E 
==c?s==== x = =e-.., - - ZGi”” 2” = 

----em 
u !=I z=Y-f-=: 

2 
:=: I =-- ?I 

I 

gi23izfa El s 

2 
I_: ------t: ~.“~~?$ - :a: I 3 

1 j 

sjiZz:_r=f= z 
In I= 

pi Zzgzz==g g l?IEtzfi “pi=- i3 = 

. 1 1 

2 
II! 

trra Z-f; r;*z 59 H’s= 
P- =A” 

A 1 i ,5: I” gr?l St’2 1s 
=i 

gszz 

P) 
0” 

/I/ ” =” ==; 35’0 ;; f=fs 

2 
i ! 
I 

9 I 
I 

gaaz:--rn H 
f:gafQ 

1 iglB;j;;y$s: 

~ gpE&;; ; ; 

g ~a$;;;~ ; g 

77 



s-a-m 

78 



- - - - 
3DNW NI SLS3.l A0 ‘ON 

79 



I I 

g=?tz SE” $1 ~~f5~~~E 0 
z.-- 

13 ;“z;? t- 3 i &Iss 3 

I,:’ 
15’ 

j I 

~oql= I” xi- ./ rz&c 3 

i, iHi 5’1 r- 
j ‘s”’ s-. XZf-- 

i I - =- 
2’ 

i-r a 
:si I f4 ZE’Z I” 
I j 

2’ 3;ga 

i - : 
r-,: g s 2 a. * - I 

! - zz” 

is! g=s33 sr= I 

% ? ‘tnf S” “f’ 

ii =- 
qn qq 
f’ L” 

I i 



- - 

s 

s 
s 
s 
s 
s 
s 

- 
X ‘33NVlVB SOllOS 

01 



range of 56% to 05%, with an overall average of 69%. The 
solids closure was poor for these TBR coal tests primarily 
because of significant slag accumulation in the furnace 
section. The previous tests with the performance coal showed 
little slag accumulation in the furnace section. The reason 
why the performance coal had little slag accumulation in the 
furnace section is thought to be due to good combustion and an 
acceptable match between the active operating window and the 
performance coal. The combustion performance for the TBR coal 
tests was not quite as good as the Healy performance coal, and 
the higher Tz5,, resulted in poorer slagging and more carryover 
into the furnace. 

In conclusion on solids closure: 

. FCM collection tests with the performance coal showed 
good solids closure. 

. TBR tests showed poor solids closure. This was due to 
significant slag accumulation in the furnace section. 

Calcium Balance 

Calcium balances for FCM tests on performance coal have been 
determined with the results given in Table 5-12, and plotted 
in Figure 5-21. The calcium balances were found to range from - 
63% to 124% with an average of 70%. The calcium closure is 
thought to be reasonable in light of the large errors 
associated with the relatively small amounts of calcium 
~D;;;sI: in the overall system (approximately 2% of entering 

Coolina Loads 

Cooling load is the percentage of the higher heating value of 
the coal fired which is transferred to the combustor cooling 
water. Cooling load values were determined for the 
performance coal and Two Bull Ridge coal tests, and are 
plotted as a function of load in Figure 5-22. Also plotted in 
Figure 5-22 are cooling load results for Ohio coal tests 
performed previously under similar conditions as the Healy 
coal tests. The cooling loads for the Healy tests are 
observed to be much lower than for the Ohio coal tests. For 
a load of 20 MMBtu/hr, the cooling load for the Healy tests 
was approximately lob, where as for the Ohio coal tests, the 
cooling load was 20-252. The lower cooling loads for the 
Healy coal is due to the higher slag TzSO values. The cooling 
loads for the Two Bull Ridge coal tests are slightly lower 
than those of the performance coal , consistentwiththe higher 
slag TzSO values for the TBR coal above the performance coal. 
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Combustor heat fluxes making up the cooling loads observed 
above, are shown in Figure 5-23 for the performance coal, the 
TBR coal, and the Ohio coal, for similar loads and equivalence 
ratios. The difference in heat fluxes between the Ohio coal 
and the Healy coal tests in the slag recovery section of the 
combustor is primarily due to a difference in the slag TzSo 
values. This is because the slag layers in the slag recovery 
section were observed to be melted, where the surface of the 
slag must have reached the T,, value. Heat fluxes in the slag 
recovery section for the Heady coal tests were roughly half 
the heat flux values for the Ohio coal tests. The difference 
in heat fluxes between the Ohio coal and Healy coal tests in 
the head end section of the combustor is due to more than just 
the difference in the slag T,, values. In this region, large 
ash accumulations were predom 'i nant for the Healytests causing 
the heat fluxes to drop to values as low as 1 Btu/s/ft2. For 
the Healy combustor, ash accumulations are not expected 
because of higher air preheattemperatues and higher loadings. 
Heat fluxes for the head end region are thus expected to go 
up, but not as high as the Ohio coal, because of the higher 
slag Tzso values for the Healy coal. 

Calculations have been performed to show the relationship 
between heat flux, slag thickness, and gas temperature for the 
performance coal. The results of these calculations are shown 
in Figure 5-24. For the head end region, with heat fluxes of 
1 Btu/s/ft2, calculated gas temperatures are observed to be 
only slightly higher than the Tz5,, value of the slag. 
Calculated slag thicknesses are thus large, 3-4 inches, and 
potentially unstable if the gas temperature were to drop 
nearer the slag Tr5,, value. This is consistent with the ash 
accumulations observed in the head end for the performance 
coal. For the exit section of the main combustor, heat fluxes 
were approximately 5 Btu/s/ft2. Calculated exit temperatures 
are observed to be much higher than the slag Ta,, value. This 
is assuming that no ash is in the gas, which is reasonable in 
this case for the performance coal which has good slag 
recovery. Calculated slag thicknesses are thus thinner and 
more stable, consistent with post test observations. To give 
more credence to the calculated results, the gas temperatures 
were compared against equilibrium gas temperatures determined 
from a thermal chemical equilibrium program, based upon 
stoichiometric conditions for the head end and exit regions. 
The equilibrium temperature results are shown in Figure 5-25, 
and are observed to agree well with the calculated 
temperatures in Figure 5-24. 
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In conclusion on cooling loads: 

. Cooling loads and heat fluxes were ~observed to be lower 
for the Healy tests compared to previous Cleveland 
experience with the Ohio coal. 

. The difference in exit section heat fluxes between the 
Healy coal and the Ohio coal is believed to be primarily 
due to a difference in the slag T,,, values. This is 
because the slag layers were observed to be completely 
melted and glassy, and must have reached the slag TZso 
values. The lower heat flux for the Healy coal tests is 
attributed to a smaller temperature difference between 
the combustion gas and the higher liquid surface 
temperature fo the slag (higher T o). This result 
assumes that the convection-radiatyve heat transfer 
coefficient (between combustion gas and liquid slag 
surface) is the same for both coal types. 

. The difference in head end region heat fluxes between the 
Healy coal and the Ohio coal is due to more than just a 
difference in slag TzSO values. This is because of the 
large ash accumulations observed post test for the Healy 
coals. These accumulations created a large resistance to 
conduction between the slag-gas surface and the combustor 
wall. 

. Slag accumulations are not expected to occur in the Healy 
combustor due to higher air preheat temperatures and 
higher loadings. Heat fluxes are expected to go up, but 
not as high as the Ohio coal tests due again to the 
higher slag TrSO values of the Healy coals. 

5.4.4 Furnace and Emissions 

Furnace Temeraturea 

Temperatures were measured in the furnace during selected 
performance coal parametric tests using a Babcock 61 Wilcox 
high velocity thermocouple (BVT) probe. The tests for which 
these measurements were made were H13, H13-1, H14, H14-1, H16, 
H17, and H18. Traverses were made from two locations, both on 
;u,"n"a" about 16 inches in front of the back wall of the 

. 

Figure 5-26 shows the measurement points. Access doors to the 
furnace were used for probe insertion. The upper measurements 
were taken on a diagonal traverse into the furnace. The 
location used to indicate furnace exit temperature was D-2. 
The lower measurements were taken on a horizontal traverse 
across the length of the furnace at a level just above the 
plane of the combustor exit. 

91 



I \. 
O! 

I 

, /. 
;’ 

77 
, 

I 

1 iA, . 
6 

D’ 

\i\ 

D @I, 

,*I 

D’ \ 

IL t 
\ 

',/ LZ c3 '1Y .! LL L7 LB L? .L 
-,l+j+,,&,15-/< l . l l . ’ 

/=-u#.4c~ s-c7/od 

- - 

I 

- 

Figure 5-26. HVT Probe Test Locations (High Velocity 
Thermocouple) 

92 



The HVT furnace temperature measurements are given by test and 
measurement point in Table 5-13. 
ranged from 1900 to 21SO'F, 

The furnace exit temperature 
depending on combustor load, as 

shown in Figure 5-27. Temperatures from an entire traverse 
for two tests (H14 & H14-1) are shown in Figure 5-20 for the 
diagonal traverse and in Figure 5-29 for the horizontal 
traverse. 

WOx Emissions 

Nitrogen oxide (NOx) emissions were measured in the stack 
using a Lear-Siegler in-situ monitor for SOx and NOx 
emissions. Figure 5-30 shows the NOx emissions corrected to 
3% oxygen in the stack for all Healy performance coal and TBR 
coal tests. The figure gives the NOx levels in chronological 
order. NOx emissions ranged from a low of 130 ppm to a high 
of 340 ppm, with an average value of 183 ppm for the 
performance coal and 232 ppm for the TBR coal. NO levels can 
be determined in lbs/MMBtu using equation 20 in lppendix C. 
These values are, on the average, 0.271 lbs/MWBtu for the 
performance coal, and 0.348 lbs/MMBtu for the TBR coal. 

Figure 5-31 shows that NOx emissions are a function of stack 
oxygen. NOx levels increased as stack oxygen increased as 
expected. The excess oxygen, however, could not be controlled 
to lower levels because of the large amount of intrusion air 
in the boiler. NOx emissions are also a function of combustor 
load, as shown in Figure 5-32, which shows that as load 
increases, NOx emissions increase. This is consistent with 
higher temperatures at higher loads. 

While NOx emissions vary as oxygen and load vary, NOx 
emissions are not a strong function of combustor equivalence 
ratio, as shown in Figure 5-33. This suggests that the 
combustor can be operated for optimum slagging conditions 
without significantly compromising NOx emissions. 

In conclusion on Nox Emissions: 

. Low.NOx emission levels were successfully demonstrated in 
concert with excellent combustion and slagging 
characteristics. 

. NOx emission trend with excess 0 
for further reductions NOx emiss i 

indicates the potential 
on8 by better control of 

furnace conditions as will be available at Healy. 

. NOx emissions appear to be mildly dependent on combustor 
stoichiometry thus providing operating flexibility. 
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Table $-13. Furnace Temperature Reddings Using the High 
Velocity Thermocouple (HVT) Probe 

HORIZORTAl TEMPERATURES (OEGREES F) 
LOCATION w-1 H13-2 
----------------------.------.-------------------------. 
11 2264 2289 
12 2250 2210 
13 2261 2238 
lb 2305 2256 
15 2310 2265 
16 2211 221 
11 2220 2215 
11 2115 2186 
19 2146 2156 
110 2155 2153 
_---.-____-------_-------.-------------------------------- 
oIAcoHAl TEIIPERATURES (DEGREES F) 
LOCATIOR Ill1 HW1 Hi6 Hll Hl6 
-.----___.-.----___-.-----------------.-.------------------ 
01 1921 1830 19S9 2132 t 
02 1692 la14 2013 2126 2161 
03 1915 1656 2923 : 2119 

:: 
1957 1856 19b7 : 2119 
1991 1909 tot0 : 2049 

06 2029 196s 1951 8 t 
DI 2061 2909 lD91 : 8 
08 2019 2050 2021 t t 
09 2121 2129 2053 : t 
010 2192 2226 )’ : : 
010+1 t 2099 t t t 
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Calcination 

Limestone sorbent injection into the TRW coal combustion 
system captures sulfur dioxide from the gas and provides a 
flash-calcined material (FCM) for use in a back-end sulfur 
removal system. The level of calcination, or the percentage 
of calcium carbonate in the limestone which is calcined to 
CaO, is an important characteristic of the FCM. 

The level of calcination was calculated using the following 
equation 

[Ca0]/56 + [CaS04]/136 
calcination = ---------------------------------- l 100 

[Ca0]/56 + [CaS04]/136 + [CaCO3]/100 

where [CaO], [CaS04], and [CaC03] are the calcium oxide, 
calcium sulfate, and calcium carbonate weight percents, 
respectively, in the FCM after eliminating all contributions 
from the coal. Raw data from NIRO and their method of 
determination are presented in Appendix E. 

The results are plotted in Figure 5-34 for available FCNtests 
with the performance coal. The level of calcination was 
observed to be moderate at 75% for test H22, but then 
decreased, reaching a plateau at a much lower value of 50% 
after testH25. For tests after H33, the level of calcination 
was observed to increase significantly to a level of 80 to 
90%. 

The variation in calcination trend appears to follow the 
limestone flowrate shown in Figure 5-35 fairly closely. The 
limestone flowrate was increased to counter the unexpectedly 
low levels of calcination previously achieved. As the 
limestone flow decreased as between tests H22 to H25, the 
calcination level also decreased. In addition, as the 
limestone flow increased as after test H33, the level of 
calcination also increased. The effect of limestone flowrate 
on calcination may be due to improved penetration and mixing 
of the limestone with the combustion gases. 

Another factor which may have affected limestone mixing and 
calcination may be the slag buildup in the throat section of 
the secondary burner where the limestone is injected. Slag 
build up in the throat section is near the limestone stream 
and may influence contact and mixing with the combustion 
gases. This in turn lowers calcination, since caloination is 
dependent upon the temperatures in the combustion gases. Slag 
build up in the throat section is observed by an increase in 
the secondary burner throat pressures. 
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The average secondary burner throat pressures for the FCM 
tests are shown in Figure 5-36. The secondary burner throat 
pressure for test H33 is observed to be the highest in Figure 
5-36 which is consistent with the significant slag build up 
observed post test. Furthermore, calcination for this test 
was observed to be the lowest at 30%, consistent with poor 
contact and mixing of the limestone stream with the combustion 
gases. 

Another possible reason for increased calcination could be due 
to a finer limestone size distribution. This may be true even 
though the limestone particle size distribution was not 
intentionally altered during the test series. This is because 
the Cantwell limestone was observed to agglomerate as seen by 
SEM photomicrographs shown in Figure 5-37. The Ohio (Bucyrus) 
limestone used in earlier Cleveland tests is our previous 
baseline and shows much less particle agglomeration. Thus, 
depending upon the level of agglomeration for the Cantwell 
limestone, the level of calcination may also vary. 

In conclusion on calcination: 

. The level of calcination was observed to be low during 
early Healy tests (50%), followed by much better 
calcination (SO-go%) during later Healy tests. 

. The level of calcination may be due to a combination of 
limestone flowrate and slag build up in the throat 
section of the secondary burner which in turn influences 
the mixing and contact of limestone with the combustion 
gases. Limestone. agglomeration which affects the 
particle size distribution may also be a factor in the 
level of calcination obtained. 

SO2 Emissions_ggd Sulfur Baw 

Sulfur dioxide emissions were monitored throughout each test 
and the measured values are given in the data tables. 
However, these values are suspect for the following reasons: 

. Sulfur mass balances did not close (about 4(1l of the 
input sulfur was accounted for in the output streams) 
while other mass balances closed reasonably well. 

. SO1 emissions measured in tests where no sorbent was 
irqected were lower than the expected value (calculated 
from sulfur in the coal). Although the Healy coal ash 
contains calcium, because the slag recovery efficiency 
was high, very little calcium was available to capture 
sulfur in the furnace. Thus, low sulfur capture is 
expected without limestone addition. 
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Figure 5-X SEM Photomicrographs of Ohio Limestone and 
Cantwell Limestone (Msg. 50X) 
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. The flue gas contained more moisture than previous 
experience at Cleveland because the Healy coals contained 
9 to 11% moisture as fed compared to 1 to 2% moisture for 
eastern bituminous coals. Moisture in the flue gas 
probably allowed a coating to build up on the in-situ 
probe, which scrubbed SO2 from the flue gas sample as it 
passed through the probe to the analyzer. NO% emissions, 
measured with the same analyzer, are not affected by 
moisture, thus the NOx readings can be expected to be 
accurate. 

The sulfur found in solid streams in the FCU production tests 
account for about 15% of the input sulfur. Thus, for a Ca/S 
ratio of 1.6 with the Cantwell limestone, the sulfur capture 
was 15% using the performance coal. 

Toxicitv of Solld Material Leachates 

For waste management purposes, coal, slag, and flyash samples 
from a test on the performance coal were collected for 
toxicity/leachability tests. The Toxicity Characteristics 
Leaching Procedure (TCLP) was utilized, and performed by the 
Commercial Testing and Engineering Company. The procedure was 
limited to the following metals: arsenic, barium, cadmium, 
chromium, lead, selenium, silver, mercury, copper, nickel, 
zinc, beryllium, iron, manganese, vanadium, rubidium, - 
strontium, and zirconium. The procedure results are given in 
Table 5-14. 

All results were found to be well below any given TCLP 
regulatory limit. At this time, there should be no problems 
with storing or disposing of the coal, slag, or flyash in a 
land fill. 
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Table 5-14. Analysis of Netale in the TCLP Leachate 

TCLP 
Regulatory 

* coal ** SlaS *a Flyash MDL Limit 

paste pH 6.11 9.15 N/A 

Units NO/L WL ND/L WL IIQ/L 
Arsanlc NO NO 0.6 6.0 
Barium 

1: 
NO wno" 100.0 

Cadmium 
Chralum NO :i 

NO i:: 1.0 
1.6 

Laad 
zi 

NO 
Isi 

::i it: 
Selenium 

ii 
0.6 1.0 

Silver NO NO 
Mercury NO ND NO OeS. El 
mwr NO NO ND :*A N; A 
Nlckrl ND ND 0:s N/A 
Zinc 

1: 
NO 0% 

Barylllum 
21: 

NO ::2" 
N/A 
N/A 

Iron NO NO 0.5 N/A 
Nangarieoe ND NO 1.5 WA 
Vanadium NO ND NO Yi:: N/A 
Rubldlum 
Strontium i:: 1: 

NO 6.0 
ND 10.0 ii2 

Ztrconium ND NO NO 5.0 N/A 

NDL - N&hod Dstrction Llmlt 
NO - Eo Dstacted at a concantration Qroatrr than or aqua1 to ths 

N/A - Not Avallablr 
* - Coal sample takm post tast H32. 
** - Slag and fly ash samples takrn post tort HlO. 
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6. SUMMARY OF CONCLUSIONS 

. Both the performance coal and the Two Bull Ridge (TBR) 
coal were handled, pulverized, and fed safely and 
reliably in the Cleveland test facility coal preparation, 
feed, and transport systems. 

. Light offs of the combustor (over 80 tests) were 
repeatable, without any indications of problems. Flame 
scanners were arranged so that no interferences causing 
a master fuel trip (MFT) occurred. 

. Precombustor flame stability was marginal near full load. 
The precombustor was designed for a maximum coal split of 
359, not the 47% split used for these tests. The Healy 
precombustor will be designed to accommodate a higher 
coal split thereby increasing the flame stability and 
eliminating any need to leave the ignitor on. 

. No mechanical operation problems were induced by the use 
of the Healy coal except for excessive wear of the main 
coinbustor pintle tip. This problem can be eliminated by 
use of a multi-port pintle-less injector system. 

. Combustion performance was good to excellent for both 
coals as measured by carbon losses in the slag and _ 
flyash. The performance coal and the TBR coal had 98.9% 
and 98.5% carbon conversion, respectively. Indicated CO 
levels at the stack were near 40 ppm for the performance 
coal and 140 ppm for the TBR coal. This also was 
indicative of good combustion with a slight preference 
for the performance coal. 

. Slag recovery for the performance coal was excellent at 
85%. The slag recovery for the TBR coal was lower at 
45%. Slag recovery for the performance coal was better 
because the slag TzsO value (2750 F), for the perform;;:; 
coal was within the combustor's operating window. 
recovery for the TBR coal was lower because the slag T 
was higher at 2900 F, which was outside the combustor s PO 
operating window. Higher air preheat temperatures and 
larger combustor size at Healy should accomodate the TBR 
coal. 

. Low NOX emissions were demonstrated for both performance 
coal and TBR coal. The performance coal tests and the 
TBR coal tests averaged 188 ppm, and 231 ppm of NOx, 
respectively. The level of NOx was found to decrease 
with amounts of excess oxygen in the stack. Operation at 
excess oxygen levels below 5% was precluded by the high 
amounts of intrusion air present at the furnace in 
Cleveland. 
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Cooling loads for the performance coal and the TBR coal 
tests averaged 10% and 7%, respectively. The slightly 
lower cooling loads for the TBR coal tests is primarily 
due to its higher TSO value. These~loads are much lower 
than in previous C eveland tests with Ohio coal, which f 
averaged of 20-25%. Cooling loads for the Healy tests 
were lower than those for the Ohio tests due primarily to 
higher TzSO values for the Healy coals. 

Ash accumulations were observed in the head end region of 
the combustor for the Healy tests. Ash accumulations in 
the combustor at Healy are not anticipated because of 
higher air preheat temperatures and larger size. It must 
also be recognized that operating loads at Cleveland were 
only 50% of full load. Higher loads will also alleviate 
the ash accumulation problem. 

The slag tap remained open for all tests except during 
the transition from performance coal to TBR coal. 

There were also some slag accumulations in the secondary 
burner throat probably related to the need to 
continuously operate at reduced load. This is consistent 
with TRW's prediction for the window of operability for 
the Cleveland test set up. 

Furnace ash accumulation did not appear significant - 
throughout the performance coal test phase. They 
increased significantly during the TBR test phase. This 
is believed to be due to the inability to trap the larger 
ash particles as slag because of the higher T2z0 of the 
TBR coal. 

Furnace temperatures were found to vary as expected, 
depending upon load and location in the furnace. For the 
exit of the furnace, gas temperatures ranged from 1900 F 
to 2180 F at loads from 24.9 MMBtu/hr to 30.6 MWBtu/hr. 

Calcination levels in the baghouse catch were found to be 
low for early Healy tests (50-602) followed by much 
better calcination (SO-SO%) during later Healy 
performance coal tests. The increase in Cal&nation 
level was found to correspond to an increase in limestone 
flowrate. To a lesser degree, slag buildup in the 
secondary burner throat may also have been a factor. 
Limestone agglomeration may also be another factor in 
determining the level of calcination. 

Useage of high moisture content Healy coals, dried to lo- 
11% moisture, presented little operational problems 
during the test series. Further testing would be 
required, however, to determine whether the Healy 
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combustor could utilize even higher moisture content 
Healy coals. 
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Appendices 

Appendix A. Solid Sample Analyses Per lest 

Table Al. Healy Performance Coal Tests: Coal Analyses 
Table AZ. Healy Two Bull Ridge Coal Tests: Coal Analyses 
Table A3. Healy Performance Coal Tests: Slag Analyses 
Table A4. Healy Two Bull Ridge Coal Tests: Slag Analyses 
Table A5. Healy Performance Coal Tests: Flyash Analyses 
Table A6. Healy Two Bull Ridge Coal Tests: Flyash Analyses 

Appendix B. Test Data Summaries 

Table Bl. Data Table Nomenclature 
Table 82. Healy Performance Coal Parametric Test Data 
Pages 85-814. Healy Performance Coal Parametric Test 

Summary Sheets 
Table B3. Healy Performance Coal FCM Collection Test Data 
Pages 817-858. Healy FCM Collection Test Summary Sheets 
Table 84. Two Bull Ridge Coal Parametric Test Data 
Pages 861-872. Two Bull Ridge Coal Test Summary Sheets 

Appendix C. List of Equations 

Appendix D. Damper Configurations Per lest 

Appendix E. Calcinatlon Data 
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APPENDIX A. SOLID SAMPLE ANALYSES PER TEST 
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A3 



A4 





A6 



A7 



A8 



A9 



A10 



All 



Al2 



Al3 



A14 



Al5 



Al6 



Al7 
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APPENDIX 6. TEST DATA SUMMARIES 



Table Bl. Data Table Nomeclature 

Nomeclature 

TESTS 

SLAG RECVRY 

COAL GRIND 

DAMPER POS. 

PC EXIT 

COAL INJ. 
DEPTH 

PCC PHI 

PC PHI 

MC PHI 

SS PHI 

LOAD 

COAL PC 

COAL MC 

COAL SPLIT 

PCCA 

PCMB 

SBCA 

INTR. AIR 

02 SB 

02 STACK 

First three digits indicate consecutive test number, 
second number Indicates test condition. 

Slag recovery numbers determined from coal ash and 
slag ash weights, corrected for sulfur. Equation Is 
given in Appendlx C. 

Weight percent passing the 200 mesh screen (74 
micron particle diameter) 

Damper postion at the precombustor exit. Damper 
A is the downstream damper from the main combustor's 
headend. The values are given In terms of percent 
of available movement (stroke). Damper configurations 
are shown In Appendlx D. 

Precombustor exit velocity In FT/S. DCS values corrected 
in Appendix C for coal type and PC devolatil~ratlon. 

Main combustor coal lnjectlon depth. 

Precombustor can equivalence ratio. 

Equivalence ratlo at exit of precombustor 

Equivalence ratio in main ccmbustor. 

Equivalence ratlo at secondary burner. 

Total coal flow In MlBTU/HR. 

Precombustor coal flow In LBS/HR. 

Main wnbustor coal flow in LBS/HR. 

Percent of coal golng to the precombustor. 

Precombustor can air In thousands of LBS/HR. 

Precombustor mix bustlr air In thousands of LBS/HR. 

Secondary burner air In thousands of LBS/HR. 

Intrusion air, detenslned by calculating the 
difference in air flows attributed to measured 
stack oxygen and secondary burner oxygen. 

Percent oxygen in the gas at the secondary burner. 

Percent oxygen In the gas measured at the stack. 

Bl 



Table Bl. (continued) 

co 03% 

Nox 93% 

so2 e3x 

so2 w/o LS 

LS 

CA/S 

S 

SO2 REDUC 

PC EXIT 

TOT STH 

COOL LOAD 

BLR EFF 

FUEL/STH CORR 

HEAT LOSS 

HEAT FLUX 

Carbon monoxlde emissions in stack in ppm, 
corrected to 3% oxygen. 

Nltrogen oxides emlsslons in stack In ppm, 
corrected to 3% oxygen. 

Sulfur dioxide emissions In stack in ppn, 
corrected to 3% oxygen. 

Calculated sulfur dioxide emissions In ppm, 
wlthout limestone, corrected to 3X oxygen. 

Limestone flowrate In LBS/HR. 

Molar ratlo of calcium in limestone to sulfur 
in the coal. 

Percent sulfur In the coal. 

Sulfur dioxide reduction due to limestone addition. 

Preccmbustor exit temperature calculated assuming 
that only coal devolatillration occurs. 

Total steam produced in thousands of LBS/HR - Sun 
of flash tank steam (cabustor) plus boiler steam. 

Combustor heat transfer to the cooljng system 
relative to the thermal Input, in percent. 

Boiler efflclency. 

Fuel to steam flow correlation (value of 1 indicates 
a match between BTU's released In the system and 
avallable BTU's in the coal fired. 

Total combustor heat loss (precombustor, maln 
ccmbustor, secondary burner). 

: 
- Headend + Air Inlet 
- Spool + Afr inlet 

3 - Baffle 
4 - Slag recovery sectlon front 
5- slag recovery sectlon right + half of back side 
5- Slag recovery sectjon left t half of back side 
7- Precombustor t secondary burner 
9- Slag tap 
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NfAl? XSTS TM SUMMARY I Pgr: 2 

TfSl: m-n:1 oitr 04/12/91 
PURPCSf: Dfil3NSlRATf SvSrtH OPtRAsIlIlv 

Rtrisicn: 1 
oiti: S/19/91 

COAl: Scur:i: HMV PfRF MO 
Ultiiati Analysis Apiliid 
Ccm;oslt:on (1) - Wccn: 41.460 HVdro9in: MO Olygtn: 16.960 litroltn: 0.130 Sulfnr: 0.340 

Moisture: 10.l10 Ash: 21.060 120 (cilc. dtg I): 2116 MY Mu/lb): 19l8 

LIWI~~: 9 EiCQl: l/A 

IfSi PASAlltItK - COWSTQR FIRING CbIFIGURATIQk: 
Duration (nins): 96 

FLQN RA!K: 
Coal PC (i/Dr) 959.000 
Carrier 1;r PC istfh) 12500.000 
Ccntusticr Air PC (kpph) 1.310 
rlx Bstli Air PC (kpphi 4.410 
Cca’ Wt ii.:hr) l558.300 
Curler Air Nt is:fh! 21!10.000 
Cnbn 111 Sic lrtr ik?ph) 1.811 

SI!iCH:lt!K AiF: (fx Coal! S.O!S 
SlOXl. AIR: Ii air/l tot iurl) S.Oli 
PHI’i: PCE pli 0.910 

PC phi 1.105 
nc phi 0.190 
Overa!: ;h; I! Sic. Srw 1.119 

fW:SSIOhi: 
At stacr As HIS. 
02 iti 6.110 
cc im) 104.000 
NOX (ppr1 12!.000 
SO! v!!S (0011 211.1QC 
532 r/c 1s (DDRi, cal: 11l.l!l 

AIR ItWPiRATURtS (di9 F): 

lATURA1 &AS: Ku/lb - Stoich iir (1 iir/l YE): - 
HVdrolen (I WI NC):- 

Sicticn: 1 OF I Tin of 11st: 11:lQ 

1s Whr) - Tot11 Air (l/hr) 17316.644 
1s Split (I/II - Stoi Air Whr) 11065.6S6 
t kCZ216S - 11~s Air Sl Whr! MO.919 
Eirr’r AitS Iscfn) 0.000 lotrl Coil Whr) 2611JQQ 
LA. Priis (psi91 tdc Nzl Dir 0.311 Tctil Gis (I/Dr) 19SQl.lO~ 

lorrlis ithrcit): - 1 Q? post SS Cabn 2.6Il 
Injtctcr (tuba): - Coil Split oc (1: ll.096 

CilS Ratio N/A Ci Utillzition, 1 - 
SCFH tc I/hr 0.016 

Clnl Cilc iltulsic) 961.090 Cln9 his Writ) 6lS.QSJ Flow l/sic MOO 
lotil flor issu~ie WI ovir ill l circuits: 
FLUX (ltu/ftz-sic): 

I1 AI 1.16s I? AI 1.796 I3 lAf 2.010 I4 SRS 2.190 
IS SRS 4.016 I6 SRS 1.696 I: 9E 61 1.003 I9 TAP 0.112 

At 31 02 At Cilr S9 02 mi9tu 

125.l91 129.01Q 
141.690 161.196 0.223 
111.251 191.019 0.112 
401.101 414.ll4 

Air Prihiit Inli! 112.100 

FLU6 GAS TtPSRAlURtS (de9 F): 

Pnhiit Outlit 969.000 

FC Air Prihiit Inli! 619.100 FC Prihat Qutld 913.100 

SitAlS IKPPH): loilir 16.610 Iliih Tiik 
Pm. (pig): loilir 101.000 ilish link 
TUDS. (d9 F): loilir 3Sl.000 lltih link 

COM6mF LrAQS: Coil - Mltu/hr 9l.lQl COOlin (Coil t l hi) - 1 
loal 4 1. Gas - Mltulhr 9Q.lOl 

RISU!TS: Staan CH tff’cy (6, lZ.ll6 fud to Stw flnv Eorr. 

leilir tffiriinq [I) K.932 1 SO2 Rtdurtion 19.911 

R6WARI.S: TEST CONQIliONS: NfOIUl LOAD Al PNI:.l 

Mint 11.000 

NATURAL CAS IlPUTS: 
1. Cu Rltu/hr- 1 of lotll Loid: N/A 

~.QlQ Totil stw 11.160 
101.000 
13l.000 Fwd MO (de9 F) 112.000 

10.441 Win9 Ii20 Inlit (de9 1) 942.100 

0.129 

Intwion Air (I/hr) 4401.39 



NtA!V TSSTS TEST SUllWARV 6 P9S: 2 

19: 109~HIS-1 oite 01/2/9l 
PURPOSE: OtNONSiRAlE SVSM OPfRA9ILIlV 

Ri\iricn: 1 
Qiti: S/16/91 

CQAl: Scurte: HEALV PERF IltNU 
Ultlbate Anilys:s Applied 
Ccrwrition [l) - Carbon: 41.450 H)drc9in: lJ20 Own: IS.910 Nltrcltn: 0.790 Sulfur: 0.140 

Icisturi: lO.l30 Ash: ll.060 TZSO (cilr. d8l F): 2116 HWV (ltu/lb): 19111 

LIIESlONt: I CiE03: X/A 

163 PARAIII’SRS - CWSTOR FIRM CO1fICURATION: 
Ohration (Bins!: 19 

FLOY RAiES: 
COI’ PC (lj’hr) 93l.3OC 
C!rrii* Air PC Iscfh) 12500.000 
Ccnlsi:lcn Air P[ (kcph) 4.100 
Ilil Bustle Air PC (k99’l) 6.110 
En11 II; (i/H) 16~1.000 
Carver Air N: iscfh) 21110.000 
Cn!n Air Se: lrnr (koph) 4.410 

SlO:CrIONfTCI~ AIR: (for hl) 1.9115 
STOICi. A:?: II air/6 tot fuel) 5.985 
PHI’s: KC phi 1.025 

Pt phi 2.111 
MC phi 0.9111 
Oiirall phi I! Sic. Qrnr I.219 

IWXIONS: 
At stack As ~eis. 
02 (8) 6.210 
cc ioonl 6.210 
HOa (ppvi l11.100 
so1 V!!S lppli z14.100 
SO2 r/c 1s (pen), cilc 314.1102 

lAlURA1 GAS: Itu/lb - Stoich air (I air/l YQ): - 
Wydrojtn (I HI/l YG). .- 

Siction: I OF 1 Tiw of list: 16:lQ 

1s Whr) - Total Air (l/hr) 11953.644 
LS Split Wii) - Stoi Air (l/hr) 14124.520 
I Yozzlis - Xcss Air Sl [iihr) 3229.124 
Eirr’r A/lS (stfhl 0.000 Total Coal (I/hr) 2460.900 
LA. Priss (psi91 tdr Nzl Qii 0.171 Total Gas Whr) 19l9S.lOS 

Yczzlis (throat): - t 02 post St Cbbn 1.M 
Injector (tube): - Coil Split PC (I) 1l.19l 

Cl/S Ratio l/A Ci Utilizition, 1 
SCR to Ilhr 0.016 

Cln9 Ealc !Stu/iic) 941.920 Eln9 Yeis lltulsic) SlO.lll Flor l/sic 29~900 
Total flor issuatd iquil ovir ill I circuits: 
FlUI [atu/ftz-sic): 

I1 AI O.lll I2 AI 1.330 I1 IAF 1.613 I4 SRS 2.010 
IS SRS 1.633 I6 SRS 1.269 I1 PC ST 0.960 I9 TAP 1.498 

At II 02 At Cilc SQ 02 r/9Nlstu 

l.Il9 1.919 
212.l94 206.642 0.111 
llLla1 326.613 0.104 
406.lOl 193.311 

AIR TENPlRAiURtS (dig F): 
Air Prthiat Illit 114.100 

flUE &AS MPERATURES (de9 I): 

Prihmt Outlit 119.000 

FG Air Prihtrt Inlit 693.100 Fe Pnhiat Oitlit 996.100 

STtAllS (KPPii: loilir 16.110 Flirh liik 
Priss. Ipsi91: loiltr 103.000 Flash 11nk 
Imps. (d9 Fi: loiltr 139.000 Flarh link 

COI19KtOR lOAI1S: lo11 - Mltu/hr 19.661 Eoolinl [Co11 t II 61s) - I 
fail + i. Gas - Mltu/hr 19.663 

RESULTS: Steer Gtn tff’cy (I) l2.160 Frtl to Stein Flov Corr. 

6cilir Efficiency (I) Il.lOl 1 SO2 Riduction 11.262 

RfllARiZ: TtSi lONOilIONS: NSOIUI LOAD Al PHI:.9 
SUP; OAGER St1 Al VSl. Or 210 n/S 

86 

Mint 11.000 

MATURAL Ml IIPUIS: 
1. 616 llltulbr- t of Total Load: N/A 

I.120 lot11 Stiii 11.490 
l01.000 
319.000 Rd H20 (dq F) 212.000 

I.193 Coolinl II20 InM (de! I) 944.000 

0.919 

Intruiion Air [l/hr) 94lt.lP 



HEAlY iisis iEST SUMNARY I Pgs: 2 R6Vision: 1 
D6t6: S/WI 

l&i: 400~H13-1 O6t6 04llZl91 
PWSE: QtllONSIRAlE SYSTEM OPERA9ILIlY 

COAL: Sourw: HEALY PtRF BLEND 
Ulti6ate Analysis Applird 
Ccwciitinn it) - C6rbnn: Al.610 Wjdrog6n: 3.620 Qaygtc: 15.990 Witr696r: 0.130 Sulfur: 0.340 

toisture: lQ.l3Q Ash: 2l.090 1250 (C61C. da9 F): 2711 HHV i9tu/lb): IOIl 

LIltESlQNi: 1 ClCQ3: h/A 9ATURAl SAS: Itullb - Stoich 6ir (I rir:9 KG): - 
Hydmg6n (9 H2/l IG):- 

TEST PARAlltTERS - COW9USTOR FIRING CQIFICURATIOY: 
Qura:ion (6ins): 92 

FlQI Rb!K: 
Co61 PC (glhr) 1013.100 
Camcr Air Pf (xfk) 12500.000 
lonbustiv Air PC (kpphi 6.1~0 
Iii,, BuS:16 lir PI (kCgh) I.110 
Ccal Ut il/hri IS13.QQQ 
farricr Air Wt iscfh) 11110.000 
t6bn Air S6: Brs! (kpph) 3.110 

S!O:C%ISU!iF:t AIR: (fc: t66l) 5.181 
S;OI:r. LIE: (I ail/l !c: fuel) 5.985 
PHI’:: PCC oai 1.029 

P: u*: 2.110 
fC ;ki 0.996 
Ovtrall vhl a: Src. Brnr I.206 

EllISsIOhE: 
A: suck As 666s. 

02 Ill 6.310 
c: (ppaj 0.000 
NOI (twl 14~.3QQ 
SO1 l/is ipprl 291.300 
so1 v/o is (pwi, crlc 333.962 

AIR TWiRllURES (de9 f): 
Air Pr6htat Inld lQ9.000 

S6ctlon: 1 Of 1 Ti66 Of 166t: 2l:lS 

LS Whr) - lntrl Air lI/hr) 19203.641 
1s Split (I/n) - 9tol Air (l/hr) 16119.520 
t 602216S - KCSS Air S9 (Ilhr) 3E91.121 
C6rr’r AllS (scfh) 0.000 lot61 Carl (I/hrl 2526.380 
LA. Prtss (psig) tdc Wzl Oil 0.3X lot61 96s !I/hr) 2Cl91.901 

WOZzlLS !throlt): - I 02 post SB C6br. 3.336 
hj6:tOr (tub6): - to61 Split Pt (I) AQ.110 

c6,!s Ratio VA C6 Utiliz6tion, 1 
SCFH to g/hr 0.016 

tlng Crlc (9tuh6ct 313.960 Cln9 966s (9:uhtc) 611.222 flou 6/66c 29~9QC 
r6tll fl4V 66SWd 66U61 OV6r 6!1 9 ri:cUitS: 
itOX (9tU/ft2-66C): 

II AI 0.621 I2 AI 1.260 I3 BAF 2.636 II SRS 3.311 
I6 SRS 3.124 I6 SRS 2.266 II PC fT 1.619 I9 TAP 1.3f2 

At 31 01 At CllC s9 02 l/nstu 

0.000 0.000 
160.490 111.121 0.212 
356.931 160.266 0.149 
AQS.101 391.111 

Pnh64t Q6tl6t 319.000 AWant 11.000 

9AlURAl SAS IIPUTS: FLUI iAS TEWPERATURES (d6g F): 
IC Air Pr6h66t Inl6t 609.300 F6 Prth66t 0Utl6t 6QQ.QQQ Il. 666 q l9tu/hr- I Of Tot61 tO6d: II/A 

STEARS (KPPHI: loilrr 16.QSQ Fl66h 16nk 2.200 Tot61 9666 19.290 
pnss. mgi: 9oiltr 103.000 rl66h 16nk 103.000 
TM~s. ldg Fi: 9oilrr 339.100 Fl66h Tat 339.100 ktd ii20 (d69 f) 212.000 

COhWSTOR iOAK: Coal - IlH9tu/hr 20.190 COOlin9 [to61 + II 66s) - g 11.011 EoOli69 II20 Inl6t (d6g F) 3A3.000 
Cca’ + II. C~S - !#lltu/hr 20,llQ 

RESULTS: St6W t6n iff’cy (1) 92.692 h61 to St666 Fla Corr. 0.903 

9nil6r Sff:citncy (Kj 91.110 I 902 Rtdurtiol 11.961 Intruiion Air (I/hr) 3961.10 

RMARKS: EST CQYOITIQIS: llIOIU6 LOAD AT PHI:l. 
STiR. QMPIR SET Al VLL. OF 2SQ n/S 
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HEALV TtSTS TLS? SUlllARV I P9s: 2 R6viSiCk: 1 
Oat6: S/16/& 

TES?: WHIA Oat6 OA/l3/91 
PURP%!: QEllCNSTRAlt SVSlEl OPtRA9ILIlV 

COAL: Scurcr: HEAL? PtRi 9LtKO 
Ulti6at6 Analpit Apglitd 
Ecapoiiticn I;] - Cvbcn: l?.ASQ HVdrcgtn: 3.620 Olyftn: 15.980 Yitrc96n: 0.110 Sulfur: 0.310 

Moisture: lQ.l30 Ash: 21.060 12SQ (C61C. d69 F): 2111 IIHV (9tuilbl: 1986 

LIllESlONt: t t6001: l/A 

TES? PARAMtXRS - CQUBUSTQR FIRM tOWFIGURA?IQN: 
Duration (6ins): II 

FLOW RAlES: 
Cca! PC O!hr) 1200.000 
:avi6r Air Pt (scfh) 12SCQ.QQQ 
Cotbi;sticn Air P: (kpph) 6.300 
I!x Bus:16 Air PC ikpph) 9.lSQ 
:cal KC [l/Dr) 1913.QQC 
Eavir: A!r K: (scft,) 21110.030 
C6bn Arr S6c Brnr (kpphi 6.390 

STGXHIGWS’Ri: AX (fcr Coal) 6.965 
STCII'F. AIR: il %I!/1 tot fULli 5.985 
PFI’S: PCt C:i 1.010 

Pi ph1 2.366 
IIC phi I.002 
C16!6:? ohi At SCC. 9rCr 1.291 

ElISSiOLS: 
At s:ac. As 166s. 
02 (II 5.430 
co (W: 163.600 
NOI lDP6i 1!6.000 
SO? VllS (Dp6) 315.100 
SO1 I/C 1s (~flt, C61C 313.505 

YAIURAL GAS: Btullb - Stoich 6ir (I 6ir/l KG): - 
HydNg6n (I H2/l IIt):- 

Stction: 1 OF I h6 Of ?66t: I2:QQ 

LS Whrl - lot61 Air (l/hr) 21053.644 
LS Split (I/N) - Stci Air (l/hr) 19630.930 
I N42216s - Kcss Air SB (l/hr) 1422.914 
C6rr’r A/U (rcfh) 0.000 1Ot6? Co61 Il/hr) 3113.000 
LA. Pnsr (prig) tdc Nzl Qi6 0.311 lot61 66s (I/hr) 2SSll.QA6 

NCZZ16S (thrc6ti: - I 02 post S9 Enbn 6.668 
Inj6rtcr (tUbI): - ,CC61 Split PC (I) 38.5411 

cl/S Rltic N/A Cc Utiliz6tion, g - 
SCF3 to l/hr 0.016 

Chg t61: (9tU/S6C) 324.000 Cing 666s (9tdS6C) 663.166 Fi06 I/s~c 2h603 
14:61 f1Cr 6SSU66d 66U61 Ob6r 611 8 CiWitS: 
FiUK (9t6/ft2-S6C): 

I1 AI 0.1il I2 AI 0.942 I3 9AF 3.033 I4 SRS 3.266 
Ii SRS 2.696 I6 SRS 2.220 I1 PE El 1.39i I9 TAP 0.454 

At 19 02 At Calc SS 02 l/lw9tu 

ll9.M 113.261 
110.000 161.319 0.210 
161.269 334.SIJ 0.162 
4QS.101 313.638 

AIR TtlPtRAlURiS (d6) f): 
Air Pr6h6tt ICltt 11.300 Prth66t OUtIll 611.100 

FLUI GAS TElPtRAlURtS (d69 f): 
FC Air Prthtrt Inlat 699.100 F6 PNh66t Qut?lt 649.100 

SlfAllS (KPPH): loiltr 20.320 fl66h ?6nk 
Pnss. Ipsig!: 9oil6r lQ3.000 f166h ?lnk 
1666% ldg ii: loiltr 33l.000 F166h 16nk 

CQY9US?QR LOADS: Coal - 669tu/hr 2l.161 Cooling (Co61 t 9 66s) - g 
Coal t 1. Gas - 11llg;u/hr 24.l61 

RtSULlS: St666 96C Eff’r) (1) l?.??Q iU61 to St6l6 FIOU Ccrr. 

9c:lrr ifficicnr) (1) 10.926 9 SO2 Rldurtio6 10.431 

REMARKS: TtS: :ONQi?ION: XAXIM LOAQ I30 IIIIB?U/HR) Al PIG.9 
;QAl :i!Q VAIVE SW 14.19, MR1 DIER A? Y:2SQ F?/S 

BB 

9AlURAl w IIIOUTS: 

A6bi6nt 11.000 

I. 666 !Mtu/hr- I Of ?Ot61 106d: X/A 

2.010 lOt6? SttU 22.400 
101.000 
118.QQQ htd II20 ((69 F) 212.000 

Ml CoCliM9 n2Q Inl6t (d69 F) 3A2.000 

0.196 

Intrusion Air Whr) 1102.40 



HEM TlSiS TEST SUMWARY I P9X 2 Revision: 1 
oar: S/16/91 

TEST: WHW1 Date 04/lS/91 
PCPQSE: QEKNSTCAYi SVSTEll QPERABILIIY 

COAL: SQUrCt: NEALY PERF BLEND 
Ultiaate Analysis Applied 
Coapurition (ii - Carbon: 4I.(SC Hydrogen: 3,120 Osygm: lS.JCQ Yitrogm: 0.130 Sulfur: 0.340 

loisturc: 10.1130 Ash: 21.010 7250 ktlc. de! F): 1111 NH9 (Wb): 1989 

LIWESiQNE: I CaCQ3: N/A 

TtSl PARAKERS _ CQWCUS:QR FIRING CQNWJRATIQN: 
Quratior (ms): 15 

RON RITES: 
Coai Pi (l/Or1 1200.000 
Carrirr Air PC (scfh) 12500.030 
lor~bustion 111 PI (kpphi I.280 
Mr C~rtle Air PI [kppt) 9.210 
CQel NC (f/hri 1888.000 
Cmiir Air IX :scfk) 2111;.000 
Cab? AI! Se: 8rnr (kprh) a.050 

Sl?ItY;:K:I~ AI!: ifor tcz1i 5.915 
STOitN, AIR: \t a:r;S to: iuEi) S.98S 
PHI’S: PCC pbl I.001 

Pt 9hl 2.193 
NE p11 0.990 
fwa’i pt.1 at Ser. Brsr 1.115 

EN:SSIQAS: 
At stack AS WIS. 
02 Iii S.dQQ 
co (WI I4.W 
N:x &a) 1111.900 
SO? rl1S (DOB1 211.500 
so? r/Q 1s (Ppfl), Elk 341.905 

AIR iENPEtATURES (d99 F): 

GAlURAl GAS: W/lb - Stoich &ir (9 air/C WC): - 
WydroCen (9 HZ/t NG):- 

Stction: 1 OF 1 TiW of Ttst: 11:QQ 

LS Whr) - Total Air (I/hrl 26111.641 
LS Spli: II/N) - Stni Air Whr) 1~4~1.2C9 
t iQ2ZhS - Xcss Air St ll/krJ i612.435 
tur’r A/B (srfh) O.QCO Total Coal I9/hr) 10~8.QQQ 
LA. Prass (prig) tdc Nzl Oil 0.111 loti 61s Whr) 2CS91.11: 

GQZZl6S (throat): - I 02 post SB Ccbn 5.852 
Injactor (tube): - Co81 Split PC (I) 39.~~0 

CIIS Ratio N/A Cr Utilizrtinn, I - 
SCM to 9/hr 0.016 

Elng Mr lbtu/rtcl ll8.000 thl bU th/S6C) 660.108 fh 8/W 2itoo 
lo!61 flor cssuvd )cuaI our 111 # circuits: 
FLUX (Iltu/ftt-sr:): 

Cl AI 0.431 11 AI 0.942 I3 llAC 3.m 14 SK 1.301 
IS SRS 4.201 I6 SRS 2.062 II PC tl 1.181 19 TAP 1.362 

At 38 02 At CIIC ss 02 l/mu 

M.111 14.421 
211.911 lCQ.163 0.321 
321.~13 210.391 0.469 
101.101 341.116 

Air Prthcat Inlet 106.000 

flUt GAS TENPERATURES (deg F): 

Prbhut Qutld 1~1.000 

fG Air frlhm Inlet 61Q.CCQ R Prthelt Qutllt IflQ.OCQ 

STEAMS (IPPH): Boiler 10.811 fllsh lank 
Press. iprip): Boiler 101.000 F11sh lank 
1~~s. Id9 f): Boiler M.000 Flash Tank 

CQllfiUSIOR lOA%: Coal . Wtu/hr 24.611 CPOlinC (Cot1 t II 61s) - I 
Cc?1 + N. Ga - Wtu/hr Z4.611 

RESILTS: Stew Gen Eff’ry (II d1.292 fntl to Stru flow Corr. 

#oiler EffiCitncy (1) 82.428 I SO2 Reduction 21.100 

RENARIS: iEST EQNQITIQN: REPEAT OF TEST (QI-N14 

Ambimt 11.000 

UlU1AL fAS IGPUIS: 
1. EIS Hll~tu/hr~ I of lotrl told: N/A 

2.351 Total S!lU 23.200 
101.000 
13~.000 ktd HZ0 (da9 fl 212.000 

I.111 . Cooling G2Q Inlet Id69 F) 341.000 

Intrusion Air (l/hr) -110.02 



HEAl: :‘S!S TES1 SWARV 9 Pps: 2 Rtrisicn: 1 
Date: i/16/91 

1ESl: 406l;1-2 Qstr QCllS/Ol 
PURPOSE: QER”hS!RATt SVS’EH QPERA9!lIlY 

tOAl: Source: HtAlY PERF BLEND 
Ultirrte Analys:~ Aoolied 
:onpcritm hi - Cerboo: 41.460 Hydrogen: 9.620 Osygtn: 1S.966 Ritrogtn: 0.130 Sultur: 0.w. 

!QiStUrS: IQ.830 Ash: 21.060 1250 (CIIC. de! Fl: 1116 HNV Wlb): ION9 

lIlIESlONE: I EICQI: N/A 

TEST PARANE!ERS - CM6USlQR FIRING CONFIGURATIOI: 
QuretiQn (Iins): 11 

flQ6 RATES: 
Ccal PC (l!hr/ 1200.000 
Carrier Air PC (srfhl 12S00.000 
Coebust!on Air PC (koph) 6.640 
Nix Bustle Air PC (kpoh) I.510 
ha‘ Wt (fl,:hr: 104LQQQ 
Carrier Ai. NC (scfhj 2111C.000 
Cob:, Air Ser Srnr [tool] 11.110 

SlQ!;~XKRii IX: f!Q! CQa’) !.965 
SlXCH. AIf: If air;1 tot fuel) 5.965 
PHI’s: PLr ohi l.QI4 

PC phi 1.211 
111 or: 0.910 
Q,~e:i!l F?I dt SEC. knr 1.956 

ENIlX31S: 
At r!e:k As HO. 
Q? !fl 6.100 
cc w 1.000 
Nr.x (p:nj lSl.QQC 
SO2 r,‘tS lppri Zl~.OQQ 
SO: I/Q !S he), :6k 396.466 

AIR TENPERATURES (deg f): 
Air Preheat Inlet 109.000 Prohoet Outlet 161.000 

FLUE GAS lEN!ERA!URES (dog f): 
FQ Air Preheet Inlet 642.000 F6 Pnheet Outlet 6~LQQQ 

SlEANS [WH): loilcr 
Press. (pip): Boiler 
1~~s. (do f): Boiler 

EMEUSTQR LQAOS: EQtl - NRBtu/hr 
loll + N. Car . MJtu/hr 

11.130 
101.000 
119.000 

RESUllS: Steae Cen Eif’cy (6) 

Boiler Efficiency (6) 

25.941 
16.946 

83.111 

82.N69 

WURAL 61: W/lb - Stoirh rir (I &/I NQ): - 
H9dmgtn [I HZ/N WC):- 

Stction: 1 Of I Time of lost: 11:20 

1s (fl/hr) - Tote1 Air Ifl/hr) 26133.644 
LS Solit (I/N) - Stoi Air (fllhr) 19419.1a1 
9 Noz!l~s - Xcss Air SS Ifl/hrl 6994.660 
Carr’r A/lS (scfh) 0.000 lot81 Co11 (fl/hr) 624N.000 
LA. Press (psi91 Edc Nzl Die 0.116 Tote1 Gee (fl/hr) 26891.615 

Wozzl~s (thract): - t 02 post SS hbn 5.211 
Injector (tube): - Co11 SOlit PC (I! 36.916 

h/S Ratio N/A E6 Utilizetion, 6 
SCM to N/hr 0.016 

Cln9 Calc @tu/tec) 306.000 Clng Male iWee) 666.121 Floe I/set 2&6QQ 
Total floe essuoed equal over all 8 circuits: 
FLUX (stu/!tl-s~r): 

91 AI 0.691 92 AI 1.111 91 111 2.900 II SK’S 3.432 
15 SRS 2.119 16 SRS I.144 I? PC El I.280 19 TAP 0.000 

At It 02 At Calc II 02 fl/natu 

I.459 1.~1~ 
216.6Sfl 191.169 0.329 
~11.001 190.713 C.691 
406.101 361.660 

Fled lank 
Flesh Tent 
Flesh lent 

, 
Coolin# (COII + II Ea) - 1 

Fuel to Wee Flow Corr. 0.912 

6 SO2 Reduction 16.199 Intrurion Air (N/hr) 1660.23 

lsbient 11.000 

UTURAL CA6 IRPUTS: 
II. EIS IlllNtu/hr- 1 of lottl toed: IliA 

1.020 Totrl She 23.410 
101.000 
119.000 Rd HZ0 (dog f) ~12.000 

1.964 Fooling N?Q Inlet (de9 F) 146.000 

RENARKi: !ESl CQNCIlIQN: HAXIMN LOAD (IO IIRWNR) Al PHI:.l, REPEAT OF TEST 401-W 6IlH HI6HER 
IlE!ERS YAiYE SPIED, COAL FEED YAlVE SPEEQ:24.61, DIR1 QANPER Al V:lQQ fl/S 
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H~bU 1tm Its1 SUMARV I Pgs: 2 Rwisiarx I 
00: S/16/9: 

TM: 405H!S nete 04/l6/!1 
fURPOE: DtYCkSlRAIt SYSiiW OPfRA6IL:TV 

COIL: soum: HMlY PMF SW 
Ulticax Analysts Applitd 
Conpwtw I&) - Carbon: 41.460 Hydro9m 3.620 Oaygtn: 11.980 nitro$ln: 0.130 Sulfur: 0.340 

loislure: 10.820 Ash: 21.060 1260 Irrlc. d,9 F): ZllS HHV IBtu/lb): 1989 

LINwONt: I ceco3: N/A NATURAL GAS: 9tu/lb - Stoich air (t WI NC): - 
Hydrogen II N2/1 NCl:- 

TEST PARAIfTWS - CONBUS!OR FIRING EONFICURATION: 
Ouratibn (bins): 1 

flON MS: 
CO31 rl (t/hri 1192.000 
Carrie: Air PI lscfr) 125:o.ooo 
Cortist.on Air Pt (kwhl 6.600 
Nix Buitlr Air P: Ikmh) 1.010 
toe: NC ;Htr) 1920.000 
Caviar A‘r II: (scfh) 21:10.000 
lnbn Air Set Brnr (kpph) 6.160 

STCI~~iCUiT~~~ AI!: ifbr Coal) S.OB! 
SlXtG. AiP: (t air,‘! Ict fit!) S.9SS 
PHI’s: PCC pl1 1.06! 

PC rhi 2.070 
nt at1 o.us2 
Oven!! gni a: Se:. 6rnr 1.212 

ENISS;?NS: 
At s!ack 1s was. 
02 IX1 6.260 
cc lOWi 3.300 
NOI (WI IWOCO 
so2 r/K ID& 261.000 
SO2 vi: LS (PPP;, talc 136.231 

AIR TtWiRAlURtS (de9 Fl: 
Air Prlhiat Inlet- 

Sectlon: 1 OF 1 Tim of TM: II:00 

LS Whr) - Totil Air il/hr) 22661.644 
LS Split (IiN1 - Stoi Air (l/w) 19624.946 
I Nozzl11 Xos Air SS (l/hr) 2969.:99 
Cerr’r AllS Iscfh) 0.000 lot81 Coal Whr) 1112.000 
LA. Press (pri9) Sdc 121 Dii 0.316 Total Gas (Ilhr) 2SO4E.291 

110~~1~s (throat): - x02 post su ClbF 1.461 
Injector (tube): - Coil Split PC (6) 38.101 

b/S Ritio N/A CI Utilizrrion, I - 
SCFN to I/hr 0.016 

t1n9 ca1c Mtu/slc) 0.000 Clnf kls lIltu/src: 0.000 Flow l,61c 2i.600 
Totil flow rssustd ipurl ow ill 6 circuits: 
FLUX (9tu/ft2-see): 

II AI 0.000 I2 AI 0.000 t3 9AF 0.000 I4 SRS 0.000 
11 SRS 0.000 16 SRS 0.000 11 PC tl 0.000 t9 TAP 0.010 

At 3X 02 At Cllc SS 02 l/lNNU 

4.021 1.926 
193,061 119.440 0.216 
919.609 910.4a9 0.666 
406.101 196.961 

Pnhiit Outlrt- hbiint 11.000 

FLUE GAS ?tNPIRAlURtS (de9 FL IulURAl US IIPUTS: 
FC Air Preheat Inlet- FG Prehiit Outlet- 1. 61s lMtu/hr- I of loll! LOIS: NiA 

STtAnS WH): #oiler 20.690 Flab link- Total Steen 20.690 
Press. Iprig): Boiler 103.000 Fllsh lint 191.000 
16lDS. (do F): loiltr- flrrb lant- feed HZ0 (de9 F) 212.000 

COW6USTOR 1010s: Coal - lMU:u/hr 24.9S9 CWlin9 (Co11 4 N fil6) - I 0.000 Coolin II20 Inlet (dr9 F)- 
Coa! + N. Gas - MBtu/hr 24.619 

Rt’UlTS: Steam Co fff’cy (6) 96.426 Fuel to Sttu Flow Eorr. 1.136 

Boiler Eficitncy ($1 86.409 I SO2 Rtductio? 21.466 Intrusion )Ir (I/hr) 4490.66 

RINARLS: IIS’ CONO!lION: !AXIllUll LOAD 110 M9lUiNR) Al PHI:.9 
tOA1 KtO VA:VI WE0 : 24.61, SIIRt OANPtR Al 100 Fl/S 
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WtA.V TM KS1 SUlNlRV I p9s: 2 Rtvisioi: 1 
Date: S/iS/Ol 

KS!: 406+!6 Date 04/ll/Ol 
PURPCSL: QHONS:RA:~ SVSTEII OPtRA9IlIlY 

EOk Source: l!tAlV PfRF BLEND 
Ultirate Analysis Applied 
tompcsition (0 - Carbon: 41.460 Nydrogtn: 9.620 Oxypn: 16.990 Nitro9m: 0.110 Sulfur: 0.340 

Noisture: 10.930 Ash: 21.060 T2SO WC. da9 F): 2115 IHV (Wlb): 1966 

LINtSTONt: 1 tlEO3: N/A NAIURAL GAS: 9tu/lb Stoich air (I iir/l X9): - 
Nydro9tn (I N2/: NC), ‘- 

ItSl PARltltRS - fOll9USTOR FIRING tQNFIQURA:ION: 
Qurition (iins): 91 

~10~ PANS: 
Coal PC Il/hr) 1491.SOO 
tarrier Air PC (s:fh) 12500.00c 
Coebustw Air PC (rpph) 6.290 
Wir W.k Air VC (kpch) 11.250 
Coal nt ilm; 2226.000 
tmitr Air WC [stih) 21110.000 
Clbn Air SIC Brnr (kpphl 6.931 

Settion: 1 Of 1 li#i of leit: IQ:00 

STCICriOllilT AiR: (for Coa:) 6.991 
SlC::H. AIR: i6 air:6 tot fuel) 6.966 
PU's: Pte pii 0.612 

PC ph‘ 2.012 
I1t :hi Q.PQS 
Ivera:l phi at Sec. Brnr 1.211 

IWISSISNS: 
A! sta:k As near. 
01 .:I 6.100 
co !DVl 12.000 
NOI (~:r) 190.600 
so2 r’:s (ppn) 2:4.600 
SO1 r/c 1S (PED), talc 334.111 

AIR 1tllPfRAlURtS (d19 F): 
Air Preheat Inlet 100.600 

LS (l/hr) - 
1s Split II/N) - 
I Noz:lll - 
Crrr’r AllS iscfhl 0.000 

Total Air (Ilhr) 21QSS.644 
Stoi Air (I/hr) 22260.640 
Xc61 Air S9 (l/hr) 4929.004 
lot61 Coil l6ihrl 3119.600 

LA. Press (psig) fdr Nzl Die 0.316 lot61 01s (i/k)’ 10024.811 
Nozzles lthrocl: - X 02 post Sb Cnbn 1.612 
Injector (tube): - 

h/l Ritio N/A 
SCFN to 6/hr 0.016 

Coal Split I: (6) 40.099 
Cr Utilizrtion, 6 - 

Cln9 Eilc [~tu/srcl 401.400 Cin9 lieIs (Btulsec) 190.160 Flow I/SIC X900 
Total flor issuwc equal over 111 6 circuitr: 
FlUX (9tr/ft2-stc): 

II AI 0.219 I2 AI 0.166 II 9AF 4.200 t4 SRE 6.119 
II SRS 1.815 I6 SRS 1.924 I1 PC I1 1.494 I9 TAP 0.221 

At II 02 At Celc S9 02 l/NNotu 

14.694 14.216 
223.261 226.624 0.161 
336.122 326.663 0.106 
4OS.101 994.092 

Preheat Outlet 269.600 Ambient 11.000 

RATURAL EAS IIPUTS: fll’t GAS MPERATURES (de9 F): 
FG Air Prtheit Inlet 661.600 F9 Prlhllt Outlet 984.600 1. 91s M9tu/hr - I of lot61 toed: N/A 

SlIANS (IIPPH): loilrr 21.166 Fliih linb 2.010 10111 steu 22.296 
Pr6ss. (psi9): loiltr 103.000 Flirh Tent 101.000 
1llDS. (69 FI: 9oiler 936.600 Fl66h leak 136.600 Fend HI0 (de) F) 212.000 

CW!SiOR 1OACS: Coal - JX$tu/hr 29.Tll Coolin (Co11 + N Car) - 1 1.031 Coolin I20 In!61 (de9 F) 341300 
Coal + N. 01s - NIl9tu!hr 21.111 

RESULTS: S!eac Gin tff’ey (9) 92.919 Furl to Steu Flou Corr. 1.050 

9oilrr Effimncy (6) 92.46s 1 SO2 Reduction 11.136 Intrusion Air Il/hr) 6994.46 

RtllARIS: TEST EQNCiliQN: IIAXINUI LOAD (IO lll9lU/nR) Al PHI:.9 
EOA1 VAlVt SPEED : 24.61 
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HfAlY X?S IfSI SUMARY I Pgs: 2 Revision: 1 
Date: S/lS/Ol 

ml: 40’~HIT Oatt 04/ll/Ol 
PURPCSL DfROHSTRblf SVSifl OPfRA9ILIlY 

COAL: Source: H!AlV PfRF 9lfIO 
Ultiute Analysis Applied 
Eonpor’tion (6) - E4rbon: 41.460 Hydrogm: 9.620 Ory91n: 16.990 Gitroyn: 0.110 Sulfur: 0.140 

Moisture: 10.620 Ash: 21.060 1260 (crlc. d99 I): 2116 WIIY (9tu/lb): 1999 

lIWfSiOYt: f CICOk Y/A 

EST PARAYflfRS . COW9USlOR FIRM COWWJRAlIOI: 
Ouration (bins): 16 

FlOI RAlfS: 
Coal PC Whr) 1161.100 
Eavitr Air PC (scfh) 12100.000 
Combustion Air PC (kpph) 6.366 
Mix Btirtlc Air PC Ikpph) a. 116 
foal 111 (lihr) 2399.000 
Carrier Air IIt (s:fh) 21110.000 
Cabn Air Stc Brnr (kDph) 9.066 

STOI3lIOti~iSIi AIL: (for CoAli 6.96s 
SlOICr. AIR: (9 air,‘6 tot fiel) 6.996 
PHI’s: PtC phi 0.994 

PL phi 2.012 
IIC pni 0.004 
Overa!l phi at Se:. 9rnr 1.206 

tKSSIOnS: 
At s!ack AS was. 
02 (0 6.900 
co mi ao.000 
wox (soa) 200.600 
so2 dlS (ODfil 202.000 
so2 u/o is (ppn), talc 342.166 

AIR WlPtRAlURfS (de9 i): 
Air PTtheat Inlet 102.500 

FM GAS TfIIPIRAlJRfS (de9 fl: 
FG Air Prthert Inlet 662.600 

STfAWS (ISPHI: 9oiler 
Press. Ipig): 9oiltr 
1~~s. (d9 F): 9oilrr 

CCUBUSTOR LOACS: Cnal - RR6tu/hr 
Coal + h. Gas - MlBtu/hr 

21.69S Flub lmk 
102.000 Ilsh lmk 
140,000 Fltrh lank 

1o.oa1 
1o.oa1 

RfSlJ1lS: S!tan Gtn fff’cy (91 

Boiler ffficitncy (I) 

92.996 Futl to Staa llov Corr. 1.046 

92.109 6 SO2 R&cm 11.096 Istrurion Air (l/hr) 4196.21 

GAlURAL 61s: W/lb Stoich Air (I rirll GC): - 
IlydroGa (I Hz/l GG):- 

Stction: I OF 1 Hu of lest: 13:oo 

1s Whr) - Tot81 Air (l/hr) 211G9.644 
LS Split (I/X) Stoi Air (l/hr) 22541.921 
I WOZZI~S - Xcss Air SB (I/k) 4646.111 
Earr’r A/D (rcfh) 0.000 lotal ConI (l/Or) 1l66.600 
LA. Pm1 (prig) fdc 1111 Oil 0.316 lotll 61s (lihr) 30161.919 

!4ozzl~ (throat): - I 02 lost SO Cbbn 3.30s 
Injector (tube): - EOll SDM PC (I) 36.301 

h/S Rltio k/A Ca UtilizAtion, 6 __ 
SEFH to l/hr 0.016 

Elno talc iltu/stc) 213.600 Cln9 Ms (#u/w) 641.093 Flor I/SC 2L600 
lot91 flor Atsumd qqutl ow 111 9 circuits: 
FLUX I#u/ftl-SK): 

I1 AI 0.269 I2 AI 0.706 I3 IA1 2.916 I4 SRS 3.181 
I5 SRS 2.611 II IRS 1.94a I1 PC fl l.061 I9 TAP 0.464 

At ,3t 02 At CIIC SI 02 l/llnetu 

104.901 102.112 
239.001 214.161 0.260 
936.169 129.339 0.106 
406.lOl 991.249 

PrUut Outlet 111.000 

R Pnhllt Ovtltt 191.900 

Cwlin9 [Co11 + II 64s) - I 

Went 11.000 

GAlURAl GAS IGPUTS: 
1. Gtr RhJtu/hr- I of lot41 loud: G/A 

1.9SO lot11 Stlu 29.626 
101.000 
940.000 Rd 6620 (dq f) 212.000 

1.146 Cwlln9 ii20 Inlet (d89 F) 144.600 

RfllARI;S: lfS1 ttYUIl!ON: MAXIlllJll iOA0 (20 Ml9lU/HR) Al PHI:.1 
COAl YAlVf SPfiO : 24.61 
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HfAlV 1fSIS lfS1 SUMdRY I P9s: 2 Revision: 1 
Oetr: 6/lS/il 

1fSI: (Of-H!6 Oat1 04/11/91 
PURPOSf: OfllONS’RATt SVSlfM OPfRA6ILIlV 

COAL: Source: HfALV PfRF 9lfNO 
Ulliaatc Analysis Applird 
laoposition (I) - Carbon: 41.4SO Wydragen: 1.620 Oiygcn: 16.990 litropn: 0.130 Sulfur: 0.340 

Roisture: 10.010 Ash: 21.060 1260 WC. de9 f): 2116 IIHY (Otu/lb): 1998 

1IlfSlOlif: I ClCO1: It/A GAlURAl GAS: 9tu/lb - Stoich Air (I WI NC): - 
IlydroGtn (I HZ/l WC):- 

lfS1 PARAIi1fP.S - CW6USlOR FIRING COGFIGURATION: 
Duration (bins): 14 

FL01 RAlfS: 
Coal PC (lihr) 1212.000 
C6rrivr Air PC (scfh) t2600.000 
Corbustior Air PC (kgph) 6.290 
Mix Bustle Air PC (kpph) 11.430 
Coal WC (6,‘hr) 2661.000 
Wivr Air MC iscfh) 21110.000 
Chbn Air Set Brnr (kppt,) 1.160 

SlOICH15WflPIC AIR: (for toal) 6.966 
;;pi;. A!R: ;I air/t tct fuel) 6.966 

PCC phi 0.960 
PC 9hi 2.462 
111 phi 0.666 
Qwall 011 at Sec. Brr,r 1.196 

fWISSIOliI: 
At stati hS YIS. 
01 lli 6.900 
co (our) I.300 
NOI (PWi 2ll.QQQ 
SO1 r/lS i99n) 261.000 
SO1 vi0 1s iDpf,), talc 321.26S 

AIR TflPfRAlURIS ldc9 F): 
Air Prihaat Inlet- 

Section: 1 OF 1 lir of lest: 1l:OO 

1s (I/hr) lotil Air (lihr) 21411.644 
1s Split (I/G) - Stoi Air (l/hr) 22939.921: 
I YozzIo - Xcss Air SS (l/hr) 4623.124 
Clrr’r AILS (scfh) 0.000 lotal Cctl Whrj 2623.000 
LA. Prtss ipsi9) Idc Nil Oia 0.316 lotA 61s [l/hr) 10499.414 

Xozzl9s (throat): - IO2 post SI Clbn 3.241 
Indictor (tube): - COI1 smt PC (I) 93.196 

h/S Ratio hIA Cl Utilizrtion, 6 
SCFH to I/hr 0.016 

thj Elk (ltU/SlC) 0.000 (InI lerr (I)tu/sec) 0.000 flow I/sac 29.900 
lot41 flow asuwd rquql ovir 111 9 circuits: 
FLUX (9tu/ft2-,6c): 

I1 AI 0.000 02 AI 0.003 01 IA1 0.000 I4 SRS 0.000 
Ii SRS 0.000 16 SRS 0.000 I1 PC fl 0.000 I9 TAP 0.000 

At 3s 02 It CIIC SB 02 9/M9!U 

I.660 I.631 
270.626 266.124 0.409 
140.661 116.111 0.116 
406.101 299.169 

Pnh,lt Outlat- Went 11.000 

iAlMA W IGPUTS: ME GAS TfGPfRAlURfS (dq F): 
f6 Air Prthw Inlet- F6 PrthM Outht- 1. Es lMtu/hr- I of Total lord: G/A 

SIBIS (KPPHI: loilrr 22.210 flash lukp Tot11 sttu 22.2to 
Prtss. bsip): loiler 101.000 Flash lank 101.000 
1~. (d9 F): GoiIir- Flab lmk- feed I20 (de9 F) 212.000 

CQil6US7OR LQAOS: Ccrl - RnBtu/hr 90.619 COOli (Co11 + I Gtr) - I 0.000 Coolin W20 Inlet Id69 f)- 
Coal + N. Gas - MOtu/hr 20.619 

RfSUllS: Steam ;cn tff’cV (6) 91.620 Fuel to Sttu Flor Corr. 1.303 

6oi!cr fffi:itncy (I) 96.604 1 SO2 bductlon 16.912 Intrusion Air (I/hr) 1466.46 

RIIIARLS: TfSl CONQIlIOA’: llAXIllUll LQAQ (I6 lIIi9lWiR) AT PN1:.9 
COAL VAlVf SPffQ : 24.61 
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H%V TESTS TES1 SUnnARY I P9,: 2 Revision: 1 
Date: 5/16/91 

TEST: NO-HX Odl 04122191 
PURPW: GiNtRllt 5 TONS OF 9AGHOUSi CATCH FOR II30 

COAl: Source: HEALV PSRF BLEND 
Ultmx Aneiyris Applied 
Cooposition (1) - Carbon: 47.460 Hydro9en: 1.620 Ory9en: 16.990 kitrogen: 0.130 Sulfur: 0.140 

llnisture: 10.830 Ash: 21.060 TZIO Icalc. dq F): 1111 HHV otum: 7966 

lIllES7DNE:CANl~ElL I c1co1: 90.100 NATURAL MS: Itu/lb - Stoich eir (I tir/l IG): - 
Hydro9tn [I W/l WG)’ .- 

KS1 PARAUflfRS - CWUSTOR FIRIUG COIFIGURATIGI: 
Ouratinn (eins): 111 

FL09 RATES: 
Coal PC (lihri 1000.030 
Cerritr Air PC (rrfh) 12500.000 
Corburtio: Air PC (Looh) 5.040 
ei! Bustie Air PC (kpoh) LIP0 
Coal 111 (lihr) 1406.003 
Carrier Ai: K [srfhj 11110.000 
Cnbr Air Set Brir ikpph) 4.1SO 

Section: I OF t Tin of Ttrt: 16:OO 

STC!:!!YtiPI: A:9: (for Coali 5.m 
s:oI!l. AIF: il air/1 to: fuel) 6.PB! 
Pili’s: PCC uhl 1.002 

PC phl I.936 
WC pnl 0.8S7 
OVI!L:; phi at Ser. lrnr 1.166 

IJISZICKS: 
At stark AS 1c4s. 
02 jll 6.160 
cc 1Wl 19.450 
NOI (~>ri 132.540 
SC1 r/is (PPII 209.000 
St% I/O 1s (ppa), Cal: 110.101 

1S Whr) 60.000 Total Air (Ilhr) 19162.621 
LS Split (I/N) 100/o Stoi Air (l/m) 14w.179 
I Nozzles - Acts Air S9 il/ir) 3114.342 
Carr’r AllS (ecfh) 9649.219 Total Coil (l/hr) 26P6.OtO 
LA. Press Iwig) tdc lIzI Oir 0.176 Tote1 9ee Whr) 20149.7?4 

Nozzlw lthroeti: - I 02 post SB Cltn 3.485 
Injector (tube): 60.000 Coil Split PC II) 40.064 

Cab Ret io 2.049 CI Utilizetion, 6 17.641 
SCFH to I/hr 0.076 

Clng Cilr (Itulstc) 611.600 Clng his IBtulstr) 1062.063 Flcr l/see %600 
lot&l floe emcd equel over ill 9 circuits: 
FLUX wft2-sec): 

I1 AI i.04 I2 AI 4.914 II 96F 6.066 I4 SQS 4.739 
I6 SRS 4.151 I6 SRS lJl9 I7 PC ET 1.X8 ID TAP !.a62 

At II 02 At Crlc SS 02 l/Mltr 

14.062 11.111 
161.967 169.653 0.241 
26S.667 261.696 0.643 
404.466 194.066 

AIR TEWKRATURIS idcg F): 
Air Preheet Inlet ll4.000 Pnheet Outlet 29LOOO Went 77.000 

FLUE GAS TfWPERATURtS (dr9 F): INURAL GAS INPUTS: 
FC Air Prrheet Inlet 01.000 F9 Prtheet Ortlet 919.000 9. Ca Illlltr/hr~ I of Tote1 toed: 9/A 

SlEAIS (VPH): loiler 14.240 FM link 1.110 lot11 sttu 11.9)0 
Prrss. (prig): Roilu 101.000 Urrh lenk 103.000 
leaor. (d9 Fl: 9oilcr 336.000 Flerh lank 136.000 Fud IO (d19 F) 212.000 

CONRUSlCR LOAOS: Coal - Mtu!hr 18.919 Coolin (Cc11 t I 91s) - I 19.996 Coolin9 HZ0 Inlet (de9 F) 140.003 
Coal t R. Gas - lMku/hr 19.938 

RfSU:TS: S:m GC? Eff’c) (S) 94.996 Fuel to SW Flow Corr. 0.130 

9oile- tfficiency (8) 92.712 6 SO2 Redurtian 16.162 Intrusion Air (I/hr) 1991.60 

RMAIXS: X! CONDITIOW: 20 RBlU/HR, PHI:l, IIAXIIIUR OURAlIGN, WRL DAMPER Al 2% F7/S 
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Revisici: 1 
netr: S/l6/9l 

utr:r 1fSlS TES1 SuawAPY I Pg,: 1 

TEST: SO’-111 Oett om/91 
PWOSf: GfWiRATi I TONS OF BAGHCUSt CATCH FOR WIRO 

COAL: scurcl: HEAlV PERF BLEND 
Ultima!e Analysis Applied 
Conposition it) - Carbon: (1.450 Hydrcgtn: 3.110 Oaygan: 19.960 Witrcgan: 0.110 Sulfur: 0.340 

Ilcisturr: 10.~10 Ash: 11.060 1260 ktlr. deg F): 2116 HHY (ku/lb): 1968 

LIR’tSI0BE:CIRTWE.L I CtCOI: 9O.bQQ YATURAL GAS: Itu/lb - S!cith air (I air/l WC): 

ItSl PARAUKEPS - COR6USlOR fIRIN; COWF!GU!AlIOI: 
Duration Ms): 141 

FM RAW: 
Coel FL Il.‘hr! ll06.000 
Cam! Air PC (sr‘h) lZSCC.03C 
E:rtis!io! Air PC (kp:hi 6.110 
Nil Brst!e Air PC (kpph) 1.263 
[aal I: ~1.W) 1661.QQC 
larrxv Air II: irtfhj 2111C.000 
Crte Air Ser 6:1! Ikpu’I) 3.190 

STC!:WiTFIC A:P: (far Cozi) 6.966 
SIO!C-. A:?: II air;1 tot fuel) 6.991 
PHI’s: FK pll 0.912 

PC pt,; 2.060 
UC phi 1.911 
Citrall p+i a! 5x. Brnr 1.109 

fn!ss!QHs: 
Lt s:a:k As INS. 
32 (1: 6.590 
co (PEd 1.1110 
YOI (PpI: 121.000 
sx #/lS lwi 22L000 
so1 r,Jo LS ip;r!, talc 127.469 

Hydrogen (I HZ/l KG):- 

kcticn: 1 OF 1 lit8 of leet: 19:QQ 

16 !I/hr) 65.600 
LS Split II/N) lOO!O 
I YCZZlII - 
C&r Ails (scfh) 9540.210 
C.A. Prass (psi9) tdc 1111 Uii 

YCZZilS (throat): - 
Injector Itubri: SO.000 

ta/S Ratio 1.101 
StFH to llhr 0.016 

Total Air Whr) 19112.!21 
Stci Air (I/hrJ 16669.991 
Xcss Air SR (g/W 2612.624 
lot81 Coil Whr) 2112.000 

0.316 Total 60 Whr) 2lW.664 
1 01 port 99 Clbr 1.601 
Coil Split PC (9) 39.663 
Cl Utilirrticn, I 18.CZl 

Clng Cilc I9tulstc) 406.8QQ Clng WIiI (9tuierr) 112.133 llIr l/w 
Total flow ~rsmtd qua1 over ill 6 circuits: 
WI: (stllftl-set): 

II AI 1.016 I2 AI 2.119 I3 IAf 1.666 I4 SRS 
II SRS 2.611 II SRS 2.220 I7 PC 61 2.661 19 TAP 

A! 31 01 At tr’x S9 02 mtu 

3.913 3.600 
161.649 161.042 0.332 
119.606 266.995 0.669 
4QL669 413.112 

AIR TtWPERATURES (de9 F): 
Air P!rh@at Inlet 111.000 Pnhalt Outlet 149.000 Mint 11.000 

FLUE GAS TEWPERAIURES (dgg F): WRAl EAS DIPIllS: 
PC Air Prihrit Inlrt I33.000 f6 Prihrit Outlet 115.000 1. fir RMtu/hr- I of lctil Lord: N/A 

STtAR’S NPPI’:: 6ciltr 16.190 Plush link 2.040 lctll sttll 16.110 
Press. 1ps:91: Boiler 103.000 Ilah link 101.000 
lln~r. (d9 f): bciltr 336.000 Flash link 136.000 Red HlO (da9 F) ~12.000 

COXgUIlQP 1010s: Coal - M9tu/hr 22.143 Cooling (toil + II CII) - t 9.106 Cooling 110 Inlet (deg P) NO.009 
1311 + II. Gas - M6tuihr 21.143 

REWTS: Stear Con tff’cy (6) 63.4311 htl to St666 Flor Ccrr. 0.996 

go:ler Efficiency (6) 62.646 I SO? Rldrcticn IO.?11 Intrusion Air (I/hr) 6660.61 

RSUARKS: TKT CCWQIT;OII: 20 MglU/HR, WI, NAXIR’Jll D’JRATIOY, SWIRL OAIfR Al 260 Pi/S 
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WY TEVS TfSl SUnNARY I ?96: 1 

TEST: IO?-II?1 Dtte 06/!1/9l 
PURFOSE: CEHERAIE ! TONS Of BASHOCSE CAIN FOR NIRO 

Rtuirion: 1 
oar: S/l6/9l 

COAL: Source: HEAlY PEW BltlO 
Ul:ioatc ArAlytis AQplitd 
lonp:si!ion (6) - Carbon: 61.610 Hydrogtn: I.620 Oxygen: 16.9QO Witro9en: 0.110 Sulfur: 0.110 

Xoisturr: IO.1110 Ash: 21.060 1110 (tile. dr9 0: 2111 WHY [9tu/lb): 1988 

N C1EQ3: JO.600 GAlURAl GAS: Qtu/lb - Stoich air II air/l GC): - 
WydroQrn (Q HZ/t WC):- 

TEST PARAMETERS - CQWQUSTOR FIRING CONfIQURAlION: 
Ou:rtion (Bins): 169 

FlM RAM: 
Coal 0: (ljhr) 9TO.100 
Writ! A!! PC (rrfh) 12600.000 
(orb&m Air PC (kpoh) 6.193 
Nix Qurtle Air PC jkpph) 1.113 
Coal NC (l’hrl 1464.100 
:a:% Air Wt (X9) ?1110.000 
Csbt Air Set 6rn! (kpphj 1.313 

6?e:;HiOK??:: AIR: (!Or tOa!) 6.965 
SlGIk. li!: jl air/l tot fuel) 5.966 
PHI’s: PCC ta! 0.989 

P[ Dhl 2.239 
II: C”’ 1.006 
Overill ph! I: Sec. Qrnr 1.100 

tNISS:ONE: 
At s!b As MS. 
02 (1) 6.633 
co Cm) 11.110 
NOi IDW) 
SC? V/lS mm1 
SOI u/c 1s (p:1), ClIC 126.166 

AIR TWtRAiURIS (d69 F): 
AII Preheat Inlet 126.00% 

Section: 1 Of 1 

1S Whrl 

Tin of Test: 11:QQ 

!O.QOO Total A:r IQ/hr) 16162.121 
LS Spli! (I/N) lQQ/O Stoi Air (lihr) 14116.691 
I Yozzlls - Xcss Air SQ Oihr) 2166.621 
Carr’r A/LS ixfh) 9660.~10 lot81 Cctl Whr) 9616.100 
LA. Press (Dsi9) Edc Nzl Oil 0.316 lota! Qfis (Ilhr) 16IO1.009 

Yazzl6s (throat): - I 02 post St Cnbn 2.663 
Injector (tube): 50.000 Earl Solit PC (6) E9.%6% 

ta/S Ratio 1.160 Cl Utilizltion, 6 61.131 
SCFN to 6/hr D.O:6 

Clng C11c (Qtulstc) 0.000 ClnQ 1113 Wstc) Q.OOQ flov Q/w 2b.QOO 
lota! flou rssuatd equal owr rll Q circuits: 
flux wrtz-stc): 

II AI 0.000 I2 A1 0.000 I3 QAF 0.090 I4 SRS 0.000 
IS SRS 0.000 I6 SRS 0.000 I1 PC tl 0.000 I9 TAP 0.000 

At II 02 At Ciic SI 02 l/mlatu 

16.919 14.269 
0.000 0.000 0.000 
0.00% Q.QQQ 0.000 

IDA.152 114.161 

Pnheit Outlet 116.110 Went 11.000 

GAlURAL SAS IGPUTS: flUE GAS XNPtSAlURtS (de9 f): 
fG Air Preheat Inlet 606.310 f6 Inhat Outllt 96l.QQQ 1. Ea llllBtu/hr~ I of Total load: G/A 

SKANS (KPPHI: Qoiltr ll.QAQ fllrh lank- Total Sttu t6.QAO 
Prrss. (~~19): Qoilgr 103.000 Flub lmk 103.000 
lwps. ldg f): Qoiltr- Flash lank- Red HZ0 (d,Q I) 219.000 

CCIIQUSIOR LOADS: Coal - llllBtu/hr 19.666 Win) (Co11 + GG1r) - 6 0.000 CoolinQ II20 Inlet (de9 f)- 
toal ’ N. Gas - WWQtulhr 19.411 

RtSULTS: Warn kn tff’cy (6) 66.190 futl to Stw flor Eorr. 0.963 

Soiler tfficitncy (6) Q5.212 I SO2 hduction 100.00% Intrusion Air (I/hr) 6011.61 

RtNARI’: TEST tON~ITION: 20 IIIWNR, PHI:l, IlAXIWl QURATIOG, SWIRL QAlPtR Al )I0 fl/S 
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NIALV TtS!S ltS1 SUNIIARV I P9s: 1 Rtvision: 1 
Qatc: S/16/91 

TEST: 603~Hl3 Oats 04123/91 
PURPLE: CEhERAlE I TONS Of 9AQNQUSf CATCH fOR NIRQ 

COAL: Source: HEAlV PtRf BLEND 
Ultlaate Anllysis Applitd 
Conposition (ti - Cirbon: 41.460 Nydro91n: 1.62% Oxygtn: 11.980 Nitrog1n: 0.730 Sulfur: 0.310 

Moisture: 10.830 Ash: 21.060 TZSQ (talc. d69 F): 2116 MY Mu/lb): 1986 

lIRE6lONt:CANlWl I CrCO9: 90.600 IATURAL GAS: Wlb - Stoich iir (I iir/t 16): - 
Wydropn (I WI ll6):- 

TEST PARAWtRS - COWSTQR FIRING CQNfIQURATION: 
Qurctinn (tins): 118 

fLOY RATES: 
CO!1 PC ilihr) 9i6.100 
Carrier Air PC ircfh) 126Q0.000 
Comburtlo? Air Pt (kpph) 1.160 
Wia Batle Air PC (kpph) 1.450 
Coal Nt (l/t~r) 1412.300 
Carrie! Air MC Istfh) 21110.000 
Cnbr Air Sic Brnr (kpph) 1.000 

SI:!KGUIX: AIR: ifcr Coal) 5.966 
Sic::*. AIR: (I air/l tot fuel) 9.996 
Pa’s: PCC phi 1.061 

P: pni 1.336 
Nt phi 1.046 
Ow!l pbi 1: S1c. llrnr 1.111 

~N!SS:QY~: 
A! stack AS MS. 
32 it: 6.21% 
co (DC4 6.10% 
NOx IDDS) 161.00% 
so1 VilS (PDI) 210.000 
so1 r/o !E IFDPI, talc 134.411 

AIR TERPtRATURtS Id19 f): 
Air Prth11t Inlit 1~4.100 

flUE GAS TElfiRAlURfS cd19 f): 

Siction: - Tim of lest: 16:lQ 

1s Whr) 3l.000 lot11 Air (l/hr) 11042.521 
1S Split (I/N; 100/Q Stoi Air (l/hr) 14696.891 
I Nozzl6s - Xcss A:r SD (Ilhr) 23WlQ 
Cirr’r A/H (scfh) 9640.210 Tot11 Coil (l/Or) 2449.000 
1.1. Prrss (Dsi9) tdc Hz1 Qi1 0.316 Totil 61s (l/h,) 18991.818 

Nozzlas [throct): - I 02 pert Sil Clbn 1.144 
Injtctor (tub1): 50.000 Coil Split PC (6) 99.1182 

CslS R1tio 1.263 Ci Utllizrtion, 6 14.101 
SCFN to l/hr 0.016 

Cln9 Cilc (Itulssc) 0.00% Cln9 111s l6tulstc) 0.000 flow l/W 2r.900 
Tot11 flor rssumd equal ovar III I circuits: 
FLUX (Btu/ftl-slc): 

II AI 0.000 I1 AI 0.00% I9 RAf 0.000 I6 SRS 0.000 
I5 SRS 0.000 I6 SRS 0.000 I1 PE ST 0.000 I9 TAP 0.000 

At 3% 02 At Elk SC 02 mtu 

8.181 1.301 
199.186 102.01% 0.101 
129.999 114.614 0.694 
404.108 410.201 

Pmhtrt Qutlat 161.100 Isbiint 11.000 

UTURAL 61s IlPUTS: 
fQ Air Prthtrt Inlet 644.30% f6 Prth11t Outllt 161.00% il. 61s llllltu/hr~ 1 of lot11 lad: 1/A 

STEAMS (KPPH): loiltr 18.14% fl1rh lank- Tot11 Stsu 11.140 
Pr1ss. Ipsi9): loilir 109.00% floh link 103.000 
118~s. Id9 fi: Boilir- flnh link- Ford N10 (d69 F) ~12.000 

CQURUSTQ? LCAQS: Coal - IllBtu/hr 19.669 Coolin (Coil t I 61s) - 6 0.000 Win9 II20 Inlit (d69 f)- 
Coal t N. C1s - Illls:u/hr 19.663 

RtSU!TS: S:tan Q1n Eff’cV (6) 11.601 fuil to St1u flov Corr. 0.899 

llniitr tffiti1acy It) 64.661 I SO2 Riduction 18.423 Intrvsion A:r (Uhr) 4100.05 

RElARiS: ltS1 IONQITION: 20 MBiU/RR, PHI:I, IIAXIIIIJR QURATIQII, SYIRL QAllPtR A: 96% fl/S 
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HfA!Y 7tn 7fSl SUMARY I P9r: 2 Reiisinn: I 
01:1: S/16/91 

TEST: WHll n1te 06/26/91 
PULPLSI: GiHfEAlf I TOrIi Of BAGHOESf tml fQR NIRQ 

COAL: Swm: IItALY PERF Ql~IU 
Ult:mate Analysis Applied 
Cor;osition (1) - Carbon: Al.450 Hydrogen: 1.610 OayQtn: 16.9QC Iitrogtn: 0.730 Sulfur: 0.140 

loisture: 10.110 Ash: 21.060 7250 (~61~. de$ f): 271s HHY mu/lb): 79QQ 

LI97ESIOHE:CAliT~ELL I Elm: 90.400 UTURAL 615: Qtu/lb - Stoich tir (I iir/l IG): - 

TES7 PARAWERS - COWSTOR FIRING COYFIGURA?IOW: 
Duration (Bins): 117 

FLOW RATK: 
Cal Pt II/W 961.600 
[rrricp Air PC lrcfh) 11s00.000 
ioa?.stion Air PC (kprh) 6.100 
111~ 8us:lc Air PC (kpph) 1.380 
Ells1 It il/h!i 1146.SQQ 
Wivr Ail PC (scfh) 21710.000 
Cnb: Air Set Q:nr ikpph) 1.016 

Siction: - 7iw of lmt: 21:16 

ST:w!ui’::: AIR: ;fcr IPA)) 5.9116 
SEN. AiS: ‘I a!r,‘l LO! fuel) S.PBI 
Nl’s: xi pn, I.061 

FC phi 2.964 
n; phi 1.009 
Owail phi a! Se:. Qrer 1.077 

EYIXCWS: 
A: s!c:k AS Ius. 
02 !I1 6.450 
CI (pan) 5.700 
BOX (wn) l~l.SQQ 
SC2 VilS (apa: 296.QQQ 
Sk ric LS [DW), CIIC 136.670 

LS (Vhf) 10.000 lot61 Air [I/hr) 16E91.621 
LS Split (I/I! lOOlO Stoi Air Whr) 16962.11Q 
1 YOU161 - Acss Air SS Il/hr) lQ76.602 
Cm’r A/B (rcfh) 9660.270 Tot11 Co61 (I/hr! 2SQQ.003 
LA. Prtsr (PSiQ) fdc izl Oil 0.376 lot61 Go O/t.r) lQQ26.6!1 

Wo~zI~s (tOrna:): - I 02 post SB Cdn 2.116 
Injector (tube): 50.000 Co11 Split PC (1) 31.140 

C6/S Ratio 1.023 CI Utilisation, 6 Q.S47 
SEFH to I/hr I.076 

Clnp WC I#u/rtr) 340.100 Chg kll IBtu/S6c) 631.2SC f!o# l/w 2h.100 
Total flor lISUl6d qurl over all Q circuits: 
flu1 IQ!u/ftZ-str): 

I1 AI 1.179 I2 AI 1.166 I3 M 2.000 I4 SRS 2.660 
IS SRS 1.100 I6 SRS 1.9QZ II PC El 1.174 I9 TAP 1.116 

At 1; O? At C&k SI 01 l/WU 

1.062 1.314 
211.969 242.675 0.361 
96Q.660 1QS.632 0.116 
604.180 422.414 

AIR lERPtRAl~R6S (d69 Fl: 
Air Prth6d Inlet 196.000 Prthut Outht 314.100 Llbient 77.000 

FLUE 61s TtWPtRAlURES [drQ F): IUlURAl US IllPUTS: 
FC Air Prahrit InlIt 669.000 16 Prthiit Outlet 166.600 1. fir llNQtu/hr- I of lotrl Lo&d: w/A 

SlEUS [Am): Qoiltr 15.306 fl16h lank 2.210 lot11 stm 17.M 
PrtAs. (osip): Qoile: 101.000 Fl6sh lmk 103.000 
Itaps. (dp F): Qoilcr 139.000 Ilnh lank 139.QQQ Fad I20 (dq F) 212.000 

CCIISJSTOF LOICS: lob1 - !Mtu/hr 19.970 Cooling (I011 t I SISI - 1 ll.SQO Coalin HZ0 Inlet Nag f! 149.100 
Coa; i 8. Gzs . MS!u/hr 19.970 

REIU:!S: Sxar Cen Eff’cy (61 13.616 full to Stun flor Corr. 0.940 

9oil6r Efficiency (1) 12.564 6 SO2 Re&tion 1.764 Intrusion Air (l/Dr) 6226.21 

RD!ARLj: 7ISl tONQi7!OY: 20 MQlU/HR, PHI:l, MAIllUll QURATIOII, WRl CAilPfR Al 190 n/S 

H9droQtn (I ll2ll I&):- 

821 



HfAlY TESiS w SUMMAR! I P9s: 2 

TEST: 
PUKW: 

tOAl: 

Rwision: I 
00: S/lS/Ol 

IO!-a2i 01tc 04/26/91 
CN!RAli 5 TOIIS Of BAGHOUSE EAKH FOR NIRO 

Source: IItAlY PfRf QlllO 
Ultinat6 Analysis Applied 
longcsition (61 - Eirbon: 47.460 Hydropn: 3,620 Oxygen: 16.9QO Nitrogen: 0.130 Sulfur: 0.340 

Iloistur6: IO.630 Ash: 21.060 7260 (r6lc. de9 F): 1116 HilV W/lb): IIll 

lIWtS7OWE:CAN7Vtll 1 CICOI: 90.400 IIATURAL GAS: W/lb - Stoich 6ir (I ii!/1 NG): - 
Hydrogen (I II?/1 lS):- 

TEST PARANETERS - COWSTOF FIRING CONfIGURAlIOI: 
Duration (#ins): 149 Section: - Tlu of lest: I:46 

FlOl RATES: 
tea! PC (l/hr) 799.000 1s lllhr) 31.000 lot67 Air Illhr) 11142.621 
Carrie: Air Pi (sc!h) 1?600.000 1s SClit (I/I) lQQlQ Stoi Air (l/hr) 14Q60.316 
rorlstion Air PC [kppt) 1.130 I YOZZllS - Xc16 Air SQ (l/hr) ZZQ2.141 
Wir BuStIE Air PC (kpph) 7.460 Eirr’r AllS (scfh) 9640.270 lottl Coil (l/hr) 2663.000 
Cos! Y: Ojnri 166LOQC LA. Press (9si9) Sdr Yzl Qi6 0.111 7ot1l 61s (l/hr) 19117.374 
Carr!v Air W: iscf!) 2lllO.CCO ROX76S (throat): - I 02 post Sl Cmbn 2.6QQ 
Cctc A:r Set frnr Ikpph) l.l90 InjMor (tube): 50.000 CotI Wit PC ($1 12.179 

Cl/S Rdio 1.133 :I Utilirrtion, I 17.295 
STCiiE!K!IC AIP: (fbl (Or’) 6.966 SCFR to l/hr 0.016 
STOI:.. A:?: (4 alr,:l !c: fuvlj 5.991 
Pli!‘r: P!C phi I.213 Cln9 Cilr (Qtulm) 1QS..‘QD Clng 11611 IBtuhc) 606.000 flov I/SC: KC00 

P: ;rt 1.811 lot61 flov tssumcd eCui over ill Q circuits: 
U: ahi I.(24 FLUX (Qtu/ft2-src): 
C,erall phi a: Ser. 8rrr 1.106 I1 AI O.Qll 62 AI 1.646 I3 RAF 9.266 I4 SRS 1.26s 

II SRS 1.637 I6 SRS 3.011 I7 PC tl l.707 69 TAP C.9OC 
EnT$““l’. . “.“SI.. 

At sta:k As 661s. At 11 02 At C11c SS 02 6/M’ltu 
0: (Ci 6.SSO 
to !DOt! 9.lQO 1.161 4.048 
Ntr ippni lQl.QOC 225.461 110.162 0.340 
SC! vi1s ml 261.000 126.111 132.209 0.6Q4 
Sh r-o 1S (99r), talc 326.494 404.146 411.112 

AIR 7EWPLRA:URES [de9 f): 
Air Prtheit Inlet 11S.000 Pnhlrt Outlet 172.000 hbilnt 11.000 

FLUE GAS ltllPE?.ATURfS (de9 f): IiAlUMl 61 IllPUTS: 
ft Air Prthtit Inld S69.000 16 Prthl4t Outlet 392.000 Il. Ga IlllQtu/hr- I of !otll told: G/A 

STEAKS (IPPH): Soiltr 16.490 flirh link 2.160 Tot61 Sttu 17.660 
Pm. (Csipi: loilrr 103.000 fllrh Tank 103.000 
116lS. Cd9 f!: Coiltr 31Q.000 flnh lank 111.000 Red ii10 (dig f) 212.000 

CMBUSOE LCACE: Coal - !M8tu/hr 19.634 Cooling [Coal + II 61s) - 1 10.999 Coolin HZ0 Inlet (de9 F) 142.000 
:oa’ + 1. Gas - MQ:u/hr 19.614 

RW’LTS: St6ar Co! Eff’cy (I) 12.666 futl to Sttu Flow Eorr. 0.9lQ 

Coilvr Efficiency (I) 11.662 I SO2 RtiuctiOn 19.696 Intrusjon Air Whr) 4926.04 

REllARll: Xl COliC!lIOI;: 20 llX8lU/HR, PHI:l, RAXIIIUll OURATIM, SIIRL CAMPER Al 910 f7/S 
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KAlV TISX TES! SUnnARY I sgs: 2 

TES?: ICI-W Dtte oc/~s/ll 
PURPOSI: CESIAA?E S 1ONS Of MGHOlSi CAlEH FOR kIRD 

Revision: 1 
Date: WS/!il 

COAL: COAL: Sour:r: HEAL’ PtRF SitNO Sour:r: HEAL’ PtRF SitNO 
Ultimate Analysis Agplicd Ultimate Analysis Agplicd 
tocgori:ion (I) - Carbon: tocgosi:ion (I) - Carbon: 61.4SO Nydrogen: 61.4SO Nydrogen: 3.620 oaygtn: 3.620 Oaygtn: I.160 Nitrogen: 0.110 Sulfur: I.160 Nitrogen: 0.110 Sulfur: O.llO O.llO 

loirturr: loisturr: 10.830 10.830 Ash: Ash: 21.0l0 1250 (CIIC. drg f): 21.0l0 1250 (CIIC. drg f): 2115 2115 WHY (Wlb): WHY (Wlb): 1988 1988 

LIl4tSTOW:CANTbLll I cm: IO.400 16URAl MS: 9tu/lb Stci:h lir (I drit 16): - 
Hydrogen (I HZ/l Kb (- 

TfSl PARA!lETfRS - COWlOR FIRIlC CONFIGURAlIOM: 
Duration (Bins): 111 

flOY RATES: 
Eoai PZ (f/hr) 1160.000 
Carrier Air Pt (scfh) lZSOO.COO 
Corbistion Air PC (k&I) 6.300 
11:s Bustle Air PC (kppt) S.450 
Coa! Wt (l/hr) 1331.000 
[arr!cr Air 4C (stfh) 2lliO.000 
htn Air Ser Srn: (Lpph) 0.8!0 

STOSiIOW~TPI~ AiR: l!or Coal) 6.965 
S!Olt~. A!R: 11 a!r;l tot fuel) 5.185 
Pill’s: PC1 phi l.OlS 

PC phi 1.1110 
NC phi 0.963 
Overall Eni at Ser. Rrnr 1.0X 

EW:SS!ONS: 
At stack As MS. 
oi (II 6.100 
to imi Il.600 
112 (DDE: 1~2.000 
so2 VilS IFpa: 291.000 
soi u/o 1s (ppn), cal: 926.161 

AIR ltllPfRATUR!S (deg I): 
Air Fmhrit Inlit- 

FLU! 6AS TEIPERAlURfS (d@g f): 

Section: Tim of - let: 10:20 

LS (I/hr) 34.000 Total Air (l/br) 16962.621 
1s Split (I/II lOOlO Stoi Air (I/hri 11906.266 
I lorrlcs - Xcss Air S9 (l/hr) 1096.266 
Cirr’r A/b (scfh) 9640.210 lotil Coil (l/b) 2691.000 
C.A. Prw Igsig) MC Mr1 Dir 0.316 Total CIS (l/hr) 11926.131 

XOZZI6s (throat): - f 02 post SB Clbn 1.261 
Injector (tube): 50.000 Coal Split PC (6) 66.669 

ta/S Ratio 1.164 CA Utili:rticn, 6 10.996 
SCfH to l/hr 0.016 

Clng talc (Btulstc) 0.000 Elng 1111s iBtu/stcl 0.000 Flom lisrc 26.fl00 
Totrl flow tsruntd wl ovir III 6 circuits: 
flux Iwt2-src): 

II AI 0.000 I2 AI 0.000 II 6Af 0.000 I1 SRS 0.000 
IS SRS 0.000 I6 SRS 0.000 I1 PC 61 O.OGO II TAP 0.000 

At It 02 At CIIC SB 02 IIIllBtu 

16.010 26.662 
219.666 211.116 0.333 
361.641 185.118 0.162 
106.196 662.091 

Pnhiit OutId- Ambient 11.000 

Ul’JUL GAS INUTS: 
FG Air PnhW Inlit- Vi Prthiit OutlIt- Il. 41s Rtu/hr- t of Totd told: II/A 

s1ms IXPPH): 9oilrr 16.100 flub lank- lot&l Stru 16.100 
Prrss. l9slg): loilo 101.000 fllrh lmk 103.000 
1ws. (dg F): 6oiltr- flirh lank- lud 120 Cd89 f) 212.000 

COWSTOR LOADS: Coal - M9tu/hr 19.696 Cooling (Co11 + ISIS) - 8 0.000 loolin M20 Inlrt (do9 f)- 
ioa: t N. Gas _ nNStu/hr 19.696 

RWLTS: Stem Grr Eff’cy (6) 96.216 full to Stiu flow Eorr. 1.124 

9nilv Efficiency (I) 96.161 6 SO2 Rduction 12.119 Intrusion Air (I/hr) 6609.60 

RIMIRIS: TfST COYOITIOY: 20 Mg:U/HR, PHI:l, IIAXINUII DURA!IOY, SWIRL OAIIPIR Al 216 n/S 
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TtSl PARAKETERS - COllSUSTOR FIRM tOgfIGURATIOg: 
Quratioa (WI: 146 

ROY RATfS: 
toil PC (l/hr) 1162.000 
Carrie: Air PC (scfhl 126QO.QOO 
tofibrstion Air PC lkgph) 6.120 
llia BUS:IE Air PC (koabl 6.120 
Car! KC (lihr) 1332.300 
Carrier Aii Wt (rcfh) 21110.000 
Crbn Ai: Set Srnr (kophi 1.310 

section: - lir of lest: 16:lO 

SlXHI3WI: IIR: !isr Coal1 6.9115 
SlC!N AIR: iI a;::1 :tt furli 6.961 
Ph:‘s: PC: Ohi 1.011 

PI ghi 1.810 
HC Khi 0.966 
Ci!riil pii a! Sac. Brnr 1.w 

1s (l/h11 96.000 Tote1 Air tI/hri 1602.521 
LS Split (I/N) loo/o S!oi Air (I/hr) 14929.QOS 
I woizlls - Ktss Air S1 (l/hr) lS66,Slf 
Carr’r A/lS (rcfh) gSAO.210 let11 Coal (l/hr) 2194.300 
LA. Press (prig) 2dc Kzl Qia O.llS lotal 61s Il/hr) 16411.612 

Nozzles (throat): - IO2 Qost S9 Ceb? l.EO 
Injector (tuba): 10.000 Coal Sflit PC (6) 66.6116 

Ci/S Ratio 1.210 Ca Ftilization, K 16.122 
SIfH to I/hr 0.016 

Clng Calc !Hu/si:) 0.000 Clng Itus (Wsrc) 0.000 f!or I/w 2c600 
lotai floe wead epual ovtr ill 6 circuits: 
FLU) (9tu/ft2-sic): 

I1 AI Q.OOQ I2 AI 0.000 I1 6Af O.OQJ I4 RS C.000 
II SRS 0.000 I6 SK 0.000 II PC El 0.000 I9 TAP 0.000 

tWiSSIOHS: 
At r!ack As Ieas. 
02 iii 6.933 
cc hci Il.411 
NO! (cot) 165.000 
St2 r/16 (pgni 268.900 
soa i,io is (ppn), talc 14:.120 

At 31 02 At CIIC S9 02 l/lllatu 

11.669 lA.122 
191.120 208.118 0.298 
92os2a 141.011 0.611 
4QLl16 421.422 

AIR TEMRAXRIS (deg fl: 
Air Preheat Inlel 126.000 

FLU6 GAS TfWPtRAlURIS (dtg f): 

Prihit Outlit 9g2.920 Aebirnt 11.000 

IATURAL SAS IIPUTS: 
fC Air Prth6at Inlet 191.100 16 Prehiet Outlet- 1. Eas Mltu/hr- I of lot11 told: r/r 

STSAlS (KPPH): 6oilir 19.210 flesh lenk- Tot11 sttu 11.210 
Press. (psigi: 9oilrr 103.000 flesh link 101.000 
lags. (dg fi: loiler- flesh leek- Rd II20 (dq F) 212.000 

COM6USlOR LOADS: Coal - lWllts/hr 19.924 Cooling (Coal + 1 Gal - 6 0.000 Cooling H20 Inlet ideg f)- 
Coal + 1. Car - WWStu/hr 19.924 

RWLTS: Strar Gen fff’cy 81 91.241 fuel to Stiu flor Corr. 1.032 

Boiler 6fficitncy (I) 96.162 1 SO2 Reduction 20.699 Iatrurion Air Il/hrl 4112.26 

RtXARKS: TEST tOh’QIlIOb: 20 MglUlHR, PRI:l, llAXII6Uil QURAlIQX, SdIRl QMPtR Al 966 fl/S 

Revision: 1 
Date: i/16/91 

NFAl! 1KTS ltS1 SUnWARy I Pgs: 2 

1fST: WHIB Qltt 06/26/91 
PUR73St: itRtEAii I TONS OF BAGHOXt CATCH FGR NIRO 

COAL: Sobrca: WY P6Rf SltKQ 
Ultiuatr Analysis Applied 
Corpositicn (I) - Carbon: 41.460 Hydrogen: 9.620 Osygtr: 16.990 Nitroger: 0.110 Sulflr: 0.310 

Moisture: 10.130 Ash: 21.060 1260 (r~lr. de9 f): 2llS HHV Mu/lb): 1966 

LIRtSIONt:CAKTKf~l I c1co3: 9O.kOO #AlURAl MS: Itu/lb - Stoich eir (I eir/l IS): - 
Hydrogen (I HZ/l ICI:- 
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HfALY TfSTS IfSI SUMARI I sgs: 2 Revision: 1 
natr: S/16/91 

TN: IQO-Yll natc 04/26/91 
PURPQSf: CMAIl 5 TONS Or BIGHOW tAlCN FOR NIRG 

tOAl: Source: NtAlY PM SW 
Ultiaate Anllyrir Aoplird 
Coruorltlon (Xl _ Carbon: 41.450 kydropen: 1.620 oxygw: 16.990 litrogen: 0.130 Sulfur: 0.140 

Iloirture: 10.930 Ash: 21.060 1250 lcllc. de9 f): 2115 HHY (9tullb): 199s 

iIbESlONf:tANlYfll I m3: 90.600 MURAL 61s: Itu/lb Stoith rir (I rir/l WC): - 
Hydrogen (I li2H NC)* *- 

TtSl PARAWtli - CQUBUSTOP FIRING CQWFIGURAIION: 
Duration [nine): 126 

FLOG RAKS: 
Coal Pt (9:hr) 1198.000 
Carrier Air FL (rcfl) 12600.000 
Coebirtio? Air PC (kogh) 6.150 
r:r !ust:e A:: PC (koph) 6.910 
loai N; [f/hrl 111~.000 
CurIf- Air r: (e:fh) 11110.000 
Cnbn A:r Src Brsr lrpct) I.020 

SlC::H!Wt:: Al!: [fc’ Cr!li !.9!6 
SXI:r. AIR: It :ir,‘l I:: frel: 5.985 
PHI’s: 0:: ph. l.OS9 

Pi Dr: 1.w 
r: ihi I.000 
Oifrfi: rsi a: Str. Srhr I.068 

fn:SiIOhs: 
At ski AS IIfS. 
C1 (Xi 9.110 
co IPURl 1.000 
N3r i)~nl 199.000 
SO2 r/E OlRi 296.000 
SOI Y,iC !S (per), Cl11 331.411 

Wtian: - liw of Tut: 21:20 

1S Whr) II: Tot81 Air O/hri 16142.621 
1S Wit 11/N! 
I Nozzlrs~ 

100/c Stoi Air Illhr) 1199a.021 
- KCIS Air ia’!l;hr) 1161.193 

Irrr’r A/tS (rcfhl 9540.210 late! Carl (I/Or) 1606.00: 
LA. Press lpsig! tdc Nzl Oil Q.fTS Total 68s (ljhri 19li6.914 

Yozzles (throat): - I 02 past SB Clbn 2.094 
Injector (tuba): 50.000 Coil Split PC (‘I) 66.606 

h/S Rhtlo 0 ‘IL Cc Utilization, 9 
SCFH to llhr 0.016 

Clng Calc (9tulrec) 110.900 Cln9 411s (h/sac) 969.522 flou eisec 2S.930 
lot61 floe wsd apurl over 111 6 circuits: 
FLUX (9tu/!tz-rrc): 

I1 AI 0.661 I2 AI 1.060 II 811 3.266 I6 SRS 1.169 
I! SRS 1.112 I6 SRS 2.319 I1 PC 61 1.101 I9 1AF 0.901 

At IX 02 At talc S9 02 l/llltu 

1.236 1.100 
233.113 246.690 0.353 
266.192 394.196 0.169 
409.111 626.669 

AIR TflPtRAlURtS (de9 f): 
Air Preheat Inlet 122.000 PrWelt Outllt 369.000 bbiant lT.GGO 

FlUt GAS TtlPtRAVRtS (de9 F): MURAL fAS IllPUTS: 
FG Air Prehrct Inlet 696.000 FG Pnhtit Outlet 996.000 Il. Gas Illltu/hr- X of Total load: K/A 

SltAlS (KPPH): Goiler 16.990 fl&sh lick 2.030 Total Stau 11.010 
Prrsr. (Qsi9:: 9oiltr 101.000 lluh 1111: 102.000 
Tew (dg Fl: Goiltr 939.000 flub Tut SS9.900 bed II20 (de9 F) 212.000 

COIBUSiOR LOAOS: toil _ IMBtu/hr 20.019 Cwlin9 (Co11 + 6 61s) - I 10.262 Cooling N20 Ir!ct (de9 F) 142.QQQ 
Coal + N. Gas - MWhr 20.019 

RLSUllS: Strw Gan Iff’cy 0) 92.631 Full to Sttu Floe Corr. 0.962 

Boiler fffxlency 0) 91.101 9 SO2 Reduction 9.662 Intrusion Air (l/hr) 6112.66 

REMARKS: TEST ttNQIlION: 20 llK9lU/NR, PNI:l, IAKIIIlGl OURATIOK, SlIRl DARPtR Al 440 n/S 
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NIALV TESTS TEST SUWMARY I P9s: 2 Rtvirion: I 
Ode: 6/16/U 

TKT: SlQ-NH Oitl 04/2S/91 
PURPOSE: GtRiEATI I IONS Of BACHCUE! CATLN fOR NIRO 

COA!: Sourca: NEAlY PtRf 9ltNO 
Ultlaata Analysis Apoliad 
Corpcrition II) - Carbon: 61.650 Hydrogen: 3.620 Oxypn: 16.960 Gitrogen: 0.130 Sulfur: 0.340 

Woirturi: 10.610 Ash: 21.060 1260 (ralc. de9 0: 211s IINV (9tu/lb): 1996 

LIlltSTONt:CANlltll I CaCO3: 90.600 GAlURAl 6W: 9tu/lb - Stoirh air [I air/l 116): - 
Gydro9tn (I N2/l SC):- 

lfS1 PARAIITM - COW9USTOR FIRING COKFIGURAlION: 
Duration [einr): 161 

F!O1 RFTtS: 
Cozi PC (I/hrl l162.000 
Carnar Air PC [rcfh) 12500.000 
Corbusticn Air PC (kpph) 6.600 
Il:r 9urtle Air P: Ikpp!\ 6.16Q 
CO31 NC !lihl) ' 1312.000 
ta’rier Air NC (rcfh) 21!10.010 
Csbn Air Set 6rnr (kgphi 0.910 

SYCIC’nl3Vi:RIZ AiR: (for 2011) 5.w 
SKCF. AIk: iI air/l !o! fal) s.tas 
Pii!‘% PlC phi I.058 

P: jhi I.113 
Nt pi 1.011 
Ure3!1 ori a: SIC. Brnr 1.090 

EY:SSIX: 
At 9tbck As 116s. 
51 (Xi 6.600 
co ivua) 2.600 
NO1 IDPI) 201.000 
so2 ri1S low) 269.000 
sox r/o 1s (ppe), crlc 721.612 

Section: - 1iw of lest: 1:6I 

1s (I/hr) 17 Total Air (l/hri 16962.621 
1s Split (I/W) 100/Q Stoi Air (l/hr) 16926.209 
I Nozrlrr Kerr Air $9 (l/hr) 1916.311 
Carr’r AllS Iscfh) 9540.210 Total Coal (l/hr) 2696.OOC 
LA. Press (prig) fdc 121 Oil 0.316 lotai Gas (l!‘hr) 19926.505 

Iozzli~ (throat): __ 102 poet Sl Cm 2.221 
Injector (tube): 10.000 Coal Split PC [g) 46.592 

Cl/S Ratio 0 5#! Cl Utiliration, 9 
SCFH to l/hr O.Ql6 

Cln9 Calc (9tulsec) 639.200 Cln9 lItas (Btu/sic) 106.196 Floe l/sac 2h.900 
Total floe rtsulld ipual over ill 9 circuits: 
FLUX (Il:u/ftz-rec): 

I: AI 0.126 I2 AI 1.296 I3 RAF 3.966 I6 SRS I.015 
IS SRS 6.123 I6 SRS 2.921 I1 PC El 2.021 I9 TAP 1.962 

At 3t 02 A! C11t $9 02 ImGtu 

US0 1.190 
269.160 269.913 0.911 
236.260 250.191 0.109 
606.126 621.616 

AIR lBP6RAIURtS (de9 F): 
Air Priheit Inlet 126.000 Prihect Gutlit 6G6.GOG bbimt ll.GOG 

FLUE SAS TtWPERAlURIS (de9 F): GAlURAl GAS IRPUTS: 
FG Air Preheat Inlrt 616.000 R Prehelt Outlet 626.000 Il. Lr lM9tu/hr- 9 of lot61 toed: 6/A 

Sl6AllS (KPPH): Goiltr 16.320 Fltrh lank 1.610 lot61 Sttu 11.120 
Press. (prig): Goiler 1GLQQO Flwh luk 101.000 
lupr. (dg Fi: loiltr 339.GGQ Fllrh leak 22l.OGG htd N20 (deg F) 212.000 

COl6UfTQR LQAOS: Coal - lM9tu/hr 19.922 Cooling (Co11 4 X 61s) - t 11.126 Coolin HZ0 Inlit (da9 I) 913.GQO 
Coal t K. Gas - lll9tu/hr 19.922 

RESULTS: Stew 61r fff’cy (9) 91.619 full to St,ll Flor Eorr. 0.999 

loller Iffi:itncy (%I lg.lll I SO2 Reduction 16.161 Intrusion Air Whr) 6606.20 

MARKS: TM CONXTIOY: 20 MlBlU/HR, PGI:l, NAKIIUII GURATION, SWIRL 9AllPtR Al 660 n/S 
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IfALY TfSTS lfS1 SUMARY I Pgr: 2 

TfST: $11-H?! Date 09/29/9l 
PURPOSE: CtNtRAlt I TONS OF BAGlOW CATCH FOR NIRQ 

Revision: I 
oatr: 1/19,‘91 

COAL: COAL: Sourre: HfAlY PtRF 9LfNO Sourre: HfAlY PtRF 9LfNO 
Ultinate Analysis Applitd Ultinate Analysis Applitd 
Cotgorltion (r) - Carbon: Cotgorltion (9) - Carbon: 41.M Hydrogan: 41.M Hydrogan: LllO Q~ygan: LllO Q~ygan: 19.990 litrn96n: 0.110 Sulfur: 19.990 litro96n: 0.110 Sulfur: 0.340 0.340 

Woisturr: Woisturr: IO.130 IO.130 Ash: Ash: 21.090 TZSO (ulc. 919 F): 21.090 TZSO (~61~. d19 F): 2119 2119 HHV (9tu/lb): HHV (9tu/lb): 1999 1999 

LIltSlOHt:CANTif!L I clC03: 90.400 IIAlURAL GAS: W/lb - Stoich air (I air/l GC): - 
llydrogtn (I HZ/l WC):- 

KS1 PARAWWiS - COIIBUSTOR FIRING COYfIGURATIQN: 
Ouration (ains): 161 

flOb RATES: 
Coal V i6irw) 1169.900 
Cirrier Air PC (scfh) 12900.000 
CorLbustior Air PC (kpuhi 6.060 
Rir 3urtla Air PC (Looh) 5.119 
tori Wt (I/h:) 1212.000 
:nrr;rr Air 42 (s:fh) Zl:lO.OCO 
Crh lir Sac 9rnr (kpph: 1.625 

SlO:ChiWK: AIR: (f$’ Cot1 1 9.999 
SW!. b:R: il ?:!‘I :ot fu6ll S.99S 
M’s: PCC phi I.OOS 

PC pi 1.911 
111 DO1 0.962 
Ciara:; gh! et Sec. 9rnr 1.131 

11!SI:SNS: 
At stark AS DIES. 
02 !i) r.300 
CO m) 13.340 
NOs iwn) 206.000 
SO2 6ilS (wni 268.000 
soa r/o 1s (ppr), talc 131.913 

AIR TWtRATURtS (d69 F): 
Air Pr6h6at Inlat 129.SOO 

Stction: - 1166 of 16st: 1:oo 

LS (I/hri ,?, +- Total Air Ilihrl liGO2.121 
LS Split (I/N) 100/o Stoi Air (I/hr) ISOIZ.990 
I llozzlls - Xcss Air S9 (I/Dr: ZlS9.!31 
Crrr’r AAS (scfh) JSdO.ZIO Tote! Coal (lihr) 19OII.SOO 
LA. Pros (psi91 Idc 1111 OM 0.319 Tot11 Gas (l/hr) 1919S.115 

No:zl~s (throrti: - I 01 post S9 bbr. 3.018 
Injtrtor (tube): 90.000 Coal Split 4 (9) 16.901 

Ca/S Ratio !Lsu. Ca Utilizatlon, I 
SCM to llhr 0.016 

Cln9 CllC (WSIC) 392.100 Cln9 6l6lS !h/SlC) 561.11: flor l/SIC Zb.llQO 
Total flow assurd ipurl ovir 111 9 circuits: 
FLUX Iltulft2-slc): 

I1 AI OS011 I2 AI 1.412 I3 9AF 1.266 I4 SRI 1.~40 
II SRS 1.801 11 SRS 2.220 I1 PC ST I.911 I9 TAP Q.llT 

At 31 01 At C11c S9 01 t/lNl9tU 

2O.S~Q 1~.4H 
212.169 251.199 0.310 
111.1~3 311.14 0.999 
104.133 AO9.092 

h6iwt Outltt u1.000 kbilnt 11.000 

FLUI GAS KllPfRATURtS (de9 F): WJRAL GAS IWJTS: 
fG Air Prahiat Inlit 939.000 FS Pr6h6at OutlIt 640.900 G. GIS MlItu/hr- I of Total Load: G/A 

STtAllS (KPPH): Iloilir 19.600 Flash ltnk 2.000 lot11 st,u 1~.400 
Prass. (psi91: Ooilrr 102.000 Flrrh Tank 109.000 
161~s. (dg F): 9oilir 299.900 Flash lank 22l.900 Rtd HZ0 (d6( f) 212.000 

CCu9USTOR LOAOS: Coal - llll9tuihr 20.019 COOliR9 (Coil 4 II 61s) - I 10.011 Cooli HZ0 Inlit (dig F) 160.500 
Coal t N. CIS - M9tu/hr 20.099 

RISULTS: Strat Gen tff’cy (I) 91.2SO hil to Sttu Flow Corr. O.U3 

Boiltr Sfficitnry 1%) 90.114 I SO2 Radnctioa 19.914 Intrusion Air (Mr) 4106.20 

@#ARKS: EST CONDITION: 20 MIITU/HR, PNI:l, MXIlUJll OURATIOW, SIIRL OAOtR Al 660 fl/S 
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HtAtY 1WS Xl SMWRV I P9s: 2 Rlrision: 1 
Data: S/19/91 

1ts1: SW32 Oat6 04,‘2S/Ol 
PUFPCSE: CfNiRAlf I IONS OF 9AGHOUSt CAM FOR qIRQ 

COAL: Source: HSALY PSRF OlMO 
Ul!iqata Analysis Applild 
Ccapsitiok (2) _ Carbon: 41.450 HydrOgln: 1.920 Osy~ln: 19.900 Witrogtn: 0.190 Sulfur: 0.110 

Woistura: 10.010 Ash: 21.060 1290 (CIIC. dig F): 2115 WHV Wlb): 198O 

LI’#KlONI:CANlW 1 CaCOS: GO.400 GAlURAL 61: Itu/lb - Stoich air (I Air/l GC): - 
lydropn (I Nl/l GC). .- 

1fSl PARAMiltRS - COlBUSlOR FIRING CONfIGURA1ION: 
Qurrt!on l6ins): 191 

FlOV RAM: 
Coal F: (lihri 1152.000 
lrrritr A:r PC (stfh) 12100.000 
Ccr,:us!ion A? PC (kpph) 5.140 
Y!I Bust16 Air PC ikppt.) 5.500 
tral NC !I/hrl 132S.OCO 
krrxr Air WI (r:fh) 21110.1100 
Cob? Air Sir 9rrr (kpphi 0.910 

s;c!:‘:o~!i::: :;t: (for toil) 9.985 
STZ;. I!!: [I a’r,‘l tot fuel) 5.999 
ws’s: FCC pi 0.911 

Pt pt’i 1.111 
WC phi 0.939 
Ortrill 91: it SIC. 9rnr 1.001 

~WIESiO1;1: 
At stack AS 611s. 
02 (8) 6.110 
CO low ll.140 
NOA (~8) 118.000 
so1 VilS Iupn) 299.000 
sox v/o LS (PCII, talc 311.~05 

SlCtiOn: - Till Of 16St: 11:lt 

LS Whr) i7 Total Air (I/hr) lSS91.9?1 
LS SOlit (i/N) lOOlO Stoi Air (l/hr) 14i24.461 
I Nozzl6s - XCSS Air SO (I/hr) 128.054 
Carr’r AILS Iscfhl 9540.210 Total Coal Whr) 1411.000 
C.A. Priss (9si9) [de lzl Oil 0.319 lotii Gas (I/hr) 11931.0~~ 

Nozzles (threat): - t 02 post SS Clbn 0.920 
Injictor (tube): 90.000 Coal Split PC (8) 49.509 

Cl/S R6tio C.-d CI Utilizrtion, 8 
SCM to I/hr 0.016 

Clng Calc (Stulstc) o.oto cl69 1661 (btU/Sld 0.000 flOU 6/SlC l&,$tO 
Total flow rsswd iqua ovir all 8 circuits: 
FLUX (9tu/f!t-slc;: 

I1 AI 0.000 12 AI 0.000 I3 IAF 0.000 I4 SRS 0.000 
IS SRS 0.000 IS SRS 0.000 Ii PC fl 0.000 I! TAP 0.000 

At 11 02 At WC S9 02 r/nau 

19.900 22.201 
211.491 210.212 0.321 
311.911 391.290 0.9Ol 
404.194 - 449.410 

AIR TtRPlRAlURIS (da9 f): 
Air klhllt Ill6t 113.000 Vlnllt OUtlIt (11.000 hbitnt 11.000 

FLUE GAS TfWPtRAlURtS (da9 F): GAlURAl MS WJTS: 
fG Air Prthllt Inl6t 919.000 F6 Pnhllt CUtlIt W.000 II. 61s M9ltu/hr- t of Total told: G/A 

SlEAqS (KPPH): loiltr 11.110 Flash lent- Total StlU 11.160 
Press. (9~19): Boiler 103.000 flab lank 101.000 
16lpS. (do F): Boilrr- Flash lmk- had II20 (dlfl F) 211.000 

CLWBUSIOR LEAOS: Coal - qq9!u/hr 19.116 Cooling [Coal t I GM - I 0.000 Cooling Ill0 Inlit (difl F)- 
COI‘ + N. Gas - M9tu/hr 19.109 

RESULTS: Stlan Cl! Sff’ty (I) 81.949 Futl to St664 Flov Cur. 0.891 

llcilar tfficiincy (I) 82.101 t so2 RldUctiOn 19.111 Intrusion Air (I/hr) 9919.19 

RtllARIS: TEST CONIIlION: 20 MOlU/HR, PM, 9lAllIM DURATION, SWIRL OABtR Al 140 n/S 
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WY 1fSTS 1fST SUllNARY I pgs: 2 

W: 513-w Date 04/H/91 
PURPE: CfHfFATf i 1CHS 01 aACHOUSf cm FOR lIR0 

Revision: 1 I 
Qlk S/N/91 

COAL: Ssurce: HtAlY PfRF BLfWQ 
Ultifia!e Analysis Appliad 
CuWitiun (I) . Clrbon: 4l.M HydrQgRn: 3.120 Oaygan: lS.EgQ litrogtn: 0.130 Sulfur: 0.140 

loistw: 10.a10 Ash: g1.080 1250 (tile. d@9 II: 211s WHY (gtu/lb): 1988 

lIIfSTOlt:CANlNtLl t CICQI: 90.400 IATuRAL SAS: gtu/lb - StQiCh Air (9 air/l ICI: - 
Hydrogtn (9 GZ/l IIGJ, .- 

TtSl PARARfTfRS - CM9CSTOR FIRM CQNfIGURATIOG: 
Qurrtion Mrs): 149 

f:O1 RATIS: 
tQl! 1: (8:hr) 1111.000 
timer Air PC iscfh) 11100.000 
Conbustion Air PL (kpph) 1.140 
Nix hs!le A‘r PC (kpphl 1.610 
Coal K (tihri 1330.000 
Carrier Ai’ Y: !se’h) 21110.000 
t~bfi Air SPC Brnr (kpgh) l.IKO 

SlO:CHiM’PII AiR: (fur COCK) 1.995 
SlOI!E. AIR: 0 z;!il t:t fuel) 5.985 
PHI’s: PCC 9hi 0.969 

PC thi 1.1~0 
Nr phf 0.939 
Orera’ phi 11 Se:. Brnr 1.044 

tWIISIoK: 
At s!a:k AS MIS. 
01 (0 r.100 
to (PPQ) 14.000 
NOx IWII t1a.000 
so1 l/b (pun) 290.000 
!.ok U/Q is (IpI!, Ctk i11.6il 

AIR TfWPtRATURtS ldeg I): 
Air Prrhrat Inlet Il6.000 

S9ction: - Tim of hat: moo 

LS (l/hr) d Total Air (I/hr) 1625?.521 
LS Spli! (I/H) 100/Q StQi Alr (I/hr) 141112.346 
t NQZZkS - Xcss Air Sg (9lhr) 1390.115 
Cirr’r AllS (rcfhl 9540.210 Total Gail (l/hr) 2415.000 
1.1. Press (psi91 Idc Yzl Oil 0.915 TOW GIS (9:hr) 19210.296 

YQZZIU Ithmt): - t 02 gut S! Cabn l.bS4 
Injector (tub9): ~0.000 COI1 Split PC (I) 49.419 

h/S MiQ c.uq CI Utilizition, t 
SCM to I/hr 0.016 

Ilng talc (!td/aec) 316.900 Clng ibit (gtulsrc) 169.5211 Flow I/SIC N.900 
lOtI flQM 9sswd WI over III 9 circuits: 
FLUX (9tu/ftz-sec): 

91 AI 0.05 92 AI 1.111 IS gAF 2.173 94 SRS 3.105 
IS SRS 2.319 $6 SRS 2.092 II PC tl 1.101 99 TAP O.lE8 

At 1t 01 At C11c SB 02 9/9ulltu 

11.141 11.491 
!11.9S9 234.161 0.130 
351.102 1g1.111 0.149 

, 4Q4.111 433.426 

Pr9h9it Qntl9t 414.000 k)llnt 17.QQQ 

FLUt GAS TtRPtRATUR~S (de! F): GAlURAl MS IGPUTS: 
FG Air Prthaat Inlet 119.000 fG Pnh99t OutlOt 411.000 1. Gu GGgtu/hr- t Of lQtd told: N/A 

SltANS (KPPN): loller ll.910 llrsh link 1.010 lOtI $ttU lt.000 
Press. (usig): goilo lQl.000 ilish link lQg.QQQ 
1~. ldg F): goiltr 11g.000 Flash link 9Sg.QQQ fwd MO (dig I) g12.000 

COUgUSTOR LOAOS: Coal - Mgtu/hr 19.950 Cooling (lo11 t II III) - t 10.999 Cooling WQ Inlet (d99 Fi 141.OQO 
Coal t R. Gas - N’NWhr 19.g50 

RISELIE: sttar ctn fff’cy (I) Il.116 Fuel to Stun FIQM Cow. 0.106 

Boilrr Efficiency (I) gOJIg t SO1 Reduction 11.994 Intrusion Hr (I/hr) I449J 

RMARKS: ifs1 CONOIIION: 20 RMlU/llR, PW, RAAIWJR QURAlION, WRl DAlIPER Al 440 n/S 
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NiAlV KSTS ES! SUMARY 9 Pgs: 2 ReviSlQn: 
Date: S/20/91 

TKT: 121-w Date os/14/91 
PURW: GKRAli 1 TONS Ci BAGHOllSt CATCH FOF aIR0 

COAL: SW%: l!tAlY PtRy alEN 
ultieete Analysis A9pl:ed 
Cor::sition (t) - Carbon: 41.450 Hydrogen: 3.02C Qsygin: lS.OaO Witrogtn: 0.130 Sulfur: 0.140 

Qoistura: 10.830 Aah: 21.060 TZSO (talc. drg Fl: 111s ilnv (ltu/lbl: 199a 

LINiSTCNt:tAHTNill t caco3: lE.400 GATURAl GAS: gtullb - Stoich air (9 air/t 116): - 

ltfl PAWAKERS - COWaUSlOR FIRING COUFIGURAlIOtl: 
Ouratior (einsi: I54 

f1Ou RAW 
toli PC [lihrl 1161,000 
Carver Air Pt (srfh) 1?100,030 
Ccu?!s!ioe A!r Pt (ipph) 5.940 
Hlr Sustle Air FL (kpphi 5.490 
EnI Y[ [lihrl 1344.000 
Cmer Air It isc’hi 2lilO.000 
Intr, A:r SIC arur Ikz9hi 2.110 

STi!:H::N!lRI: AIR: (fc- Ccal; I.oa! 
SIOIX. AIR: II iiril t3t fua’) 5.9115 
Psi’s: FK :h1 0.9a1 

PC phi 1.111 
Ht ohi 0.915 
O~t:ali ph: I: Se:. arnr l.Oa6 

f#IS~ION!. 
Al S!SCi. AS IIIS. 
01 0.1 6.320 
co bEI) IS.530 
ICI iron) 159.100 
551 v/is loon) ?05.100 
sax I,‘0 1s hi, ealc 132.991 

Stction: - 11~ of lest: 12:24 

1S Il/hrl II.400 Total Air (I/hrl llQ4!.521 
1s Split (Ii!) 100/o Stoi Air (I/hr) 15021.912 
9 kQZ2kS - Xcss Air Sa (I/hr) 2014.569 
Crrr’r A/lS (scfh) 9540.210 Total Coal (Ilhrl 2511.000 
E-1. Prlss (9sigl fdc 121 Cil 0.311 Totii 61s (I/hr) 19061.413 

NQZ& (thrartl: - t 02 post SI Cnbn 2.308 
Injector (tube): 50.080 toil Split Pt (I) 4.416 

EalS RitiQ 1.239 CI Utilization, t II.111 
WN to lihr 0.016 

Clng Calc Dtulsic) 314.240 Clng Ileas (gtulsec) 541.Oa3 Flor l/set iHO 
Total floe assuwd lpual over all 9 cirtuits: 
flux (9tu/ftz-sec): 

It AI 1.N 92 AI 0.919 IS IA1 2.266 94 SRS 3.256 
95 SRS 1.030 96 SRS 2.199 91 PC tl 2.129 99 TAP 0.811 

At 3t 01 At talc 1 01 9/Rgtu 

19.042 19.114 
191.092 201.1~1 O.!OI 
252.221 191.919 0.132 
404.099 410.921 

AIR TtRXRATURti (deg f): 
Air Praheat Inlet 119.000 Preheat Outlet Sll.QOQ Ambient 11.000 

FLUE GAS TIRFIRATURES ldeg Fl: GAlURAl GAa IGPUTS: 
FG Air Prehart Inlet 519.900 FG Pnhoat Outlet 392.000 a. 6o Qllatu/hr- 1 Of lOtI load: G/A 

SlfARS (KPDRJ: Ioiler 15.520 Flash lsnk 1.950 TOtI1 StIlI 11.410 
Press. iosig): goiler 101.000 flash Tank 101.000 
Teens. (da F): aoiler 139.400 Flash leek 1a9.400 feed 020 ldeg Fl W.000 

CONaUSlOR LCAOS: Coal - 1NWhr 20.059 toOlie (eQl1 t 16lS) - t 9.919 Cooling HZQ 11let ldeg fl g42.200 
COI: t w. Gas . Wtu/hr 20.051 

RiSUlYS: Staat ten Iff’cy 3) 92.529 fuel to Stiu Flou brr. 0.931 

Boiler Effic:ancy It) 91.995 9 SO2 Reduction 11.419 Intrusion Air (I/hr) 4927.93 

RfRARIS: TES: C%CITIOk 20 hiialU/HR, DAMPER S~TTIWGS Eg,!QI 

Hydrogen (9 HZ/l GC):- 
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HNV 1ws TEST SUMARV I f9X 2 Revision: 
Date: s/20/91 

TEST: 5lbH35 MI oSllc/9l 
w?osi: sENtRA:I 5 TONI oi $AtHOJSE CA:Cb COR NIRO 

COAL: Source: HEAlV PIRf lllfN0 
Ultieate Analys!s Applied 
tompsition I:) - Carbon: 41.450 !iydrcgcn: 1.620 cay9en:. 19.990 Witrogen: 0.130 Sulfur: 0.110 

iicirtrra: 10.810 A6h: 21.090 T2SO [CIIC. de9 F): 2715 WIN Mu/lb): 199a 

lIWtSTONE:tAN:NEll I hCO1: 9O.AQC IAlUM 615: h/lb - St6irh eir (I eirll W9): - 
Hydrogen (t WI ICI:- 

TEST PAfiANEXRS - EOI9USXA FIRING CONFICURAlION: 
Ouratlon (eins): 116 

FLCN RATES: 
Coal PC (e,‘hr) 1111.000 
Ca*rier Air PC (ecfh) 12100.000 
Ctnbiitm Air PC [kpphi I.450 
Wix Eus:le Air P: ikpokj 5.996 
Coal W: ie/Pr; 13!6.000 
Carrier Air WC irtfhi 21110.000 
Cot! Ai’ Se: Brnr ikpph! 0.520 

Section: - Till of lert: 16:SO 

STCIZHXT?:: liR: ff:r CCZ’J 1.995 
SiCIX Ali: :I air/e to1 fuel) 5.9!! 
M’S: PCC pni I.051 

P: :h: 1.8118 
1: oh1 0.9Sl 
?uerail ph! at Sec. Brnr 1.021 

LS (lihr) 4t.000 Tote1 Air (I/b?) It209.W 
LS Sollt (I/N) coo/o Stoi Air (9/hr) 19159.d19 
I Nozzle - KCSJ Air SO (lihr) 10411.902 
Cerr’r A/B (6rfh) 9940.210 lot61 Coil (l/hr) 2!92.OCO 
LA. Prtls (prig) Edc Nzl Die 0.311 Tote1 61: ie/hr) 11229.159 

Nozzlei (throet): - I 02 port SO tebn 1.251 
Injector (tube): IQ.OOD Coil Split PE IX) tr.w 

Cl/E Retio l.dld Cc Utilizrtion, I 23.116 
SCFH to lihr 0.016 

Clng Celr (#u/sic) U6.180 Cln9 NllS latu/rer) S15.119 floe 1/eec 28.800 
Tote1 floe eeeueel wl over 611 1 circuits: 
ILUK (w/ftz-acl: 

I1 AI 0.911 12 AI I.010 I3 OAF 2.216 94 SRS 3.w 
15 SRS 2.220 II SRS 2.221 IT PC ET 2.211 I9 TAP 1.271 

EKSLONS: 
A: !ta:k As HU. 

0: (1; 9.560 
(0 (iwl lB.410 
HOI !ppr:) 1~9.201 
SC? r/s lppn) 213.110 
SCA r/c is Lppn!, ce:c 349.w 

At II 02 At C11c SO 02 l/nnetu 

21.414 29.191 
113.929 190.192 0.244 
ZU.Sld 212.991 0.926 
104.591 dd2.020 

AIR TEWPERATURLS ide9 fi: 
Air Preheat Inlet 139.900 hlbaet cetlet 403.000 Albltnt l?.OOO 

FLUE SAS TEWPERATURES (de9 F): NATUKAl OAS InillS: 
FC Air Preheet Inlet 903.900 F6 Preheet CutlIt d21.900 1. tie llllltu/hr- t of Total Leti: N/A 

SYEAlS (KPPh): Boiler 16.010 Flub lmk 2.090 1otel steee 11.190 
Pres. (prig): Boiler 101.000 fleeh lenk 101.000 
1~66. Id9 F): Wler 338.000 fleeh leak ~WJCC Fled w20 (di9 F) 212.CCC 

CCX63ST3R iCADS: lcal - XeBtulhr 20.221 Ceolin9 (Coil 4 I See) - I 10.222 Ceelin9 W20 Inltt Id69 F) ULOOC 
Cc?I t N. Gu - NnStu/hr 20.214 

RESUtiS: Sac& Cer Eff’cy (X1 82.212 Fuel to Steee Flee Cerr, 0.906 

Soiler Ifficienq (I) 81.291 I SC2 Reduction 28.123 Intrueion Air (tlhr) 1611.11 

MARKS: KS1 iON3IlICN: 20 668lU/HR, OAllPER SE:TIICS 01,901 
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IlKi! 1ESlS ~isr scnnm I p9s: 2 

TEST: 515-m Date os/rr/91 
PURPW: GENiRAii I TONS OF KAGHOLSE CATCH FOR NIRO 

Rev:rion: 0 
Dete: lj’ll/9l 

COAL: Source: IItAlY PERF BLEW0 
Ultieete Anilysir Applied 
Ceewition (1) - terbon: 47.460 Hvdro9en: 1.620 Oxygen: 11.990 Witropn: 0.730 Sulfur: 0.340 

Roirture: 10.010 Ash: Zl.060 1260 (calr. de9 F): 2716 MY [Otu/lb): 7988 

lIlliS7CYI:CAKlKEll I wc3: 90.600 lITURAl GAS: 0tu/lb - Stoirh eir (I eirll YG): 
Hydre9en (I HZ/l 7161:~ 

!EST PIRAWRS - :CROUSlOR fIRI% COWF:6URAlIOI: 
Ouretisr (einsl: 180 

itOK RATES: 
CU! PC (l/h?) 11~0.000 
terrier Air PI (xfh) 12500.050 
Coebisticn Air PC (kpph) 6.060 
Klx 9us:le Air PC Ik:ph) 6.626 
hi Ht it/h:/ 1131.030 
tr?ier Air NC (r:fh: 21113.030 
Cmbi Air Sic 6ror (keph) 0.000 

S?:IlhXW’: A’!: ‘i-r :cel) . .,, , ” 6.9!9 
SlC:iH. AiE: !I a;r,‘l tat fueli 5.985 
PII!‘!: Pii rai l.OOS 

PC p: 1.647 
nt phi 0.969 
O.tri!l phi at Se:. 9rnr 0.969 

E?;S:!?NS: 
I! s-.a:k A: 1613. 
22 (;I 6.120 
CC (p:rl 5.m 
NC1 (1~) 141.300 
so2 b/lS ippri 139.800 
60x r/c Lj (WI, Cll: 111.583 

Section: - lice of Teet: 14:26 

LS (I/hrl 19.603 Tote1 Air (I/hr) 16212.521 
1s Split (I/1) 100/o Stoi Air Whrl 14944.164 
I Xozzles - Xcss Air SO Whr) 268.361 
Cerr’r AM (scfh) 9640.210 Tote1 Coil Whr) 249l.000 
LA. Pries (0519) Edc Yzl Die 0.276 Tote1 66s (l/hr) 112t6.161 

Iloziles (throat): - I 02 post SB Cen 0.141 
1n:eetcr (tube): LO.OOE coal Sali: PC Ill 46.456 

1.693 Ce Utiii:etios; I 94.124 
WH tc l/h: 0.076 

Elng Celc !Wser) 221.660 tlng leas I9tr/iec) 169.269 f:oe l/ret 
Tote: free esswed equel over III 0 rireuite: 
FLUX I0:u/ft2-sir): 

I1 AI 3.655 I2 AI 1.083 I2 III 2.146 I4 SRS 
I5 SE 2.100 I6 SRS 2.030 I7 PC ET 2.219 I9 TAP 

At 3% 02 

6.296 
172.121 
!69.113 
434.IIC 

At talc S0 02 

9.626 
191.669 
194.090 
66:.661 

wn9tu 

0.261 
0.358 

AIR 7ENFtRATl;RiS (de9 F): 
Air Preheet Inlet 161.600 

FLUE GAS *EWPtRAlUR!S ldeo F): 

Preheet Outlet 196.200 Mint 11.000 

UlURAl GAS IRPUTS: 
FC Air Preheet Irlet 696.600 FG Preheet Cutlet 417.000 9. See MStu/hr- 2 of lot61 toed: 9/A 

STEAeS :KPPH;: 0oiler 16.266 llrsh Ierk 
Press. iosi9): Ooiler 101.000 Flesh Tenk 
leeps. (a9 F): loiler 310.200 Flwh leak 

cD!wo! LCACS: Coal - M6!u/hr 19.946 Coolin Itoil t 9 Gal - 1 
Coal + II. Gee - MWhr 19.946 

RESLIS: S!rae GM Eff’cy (Ki 02.045 Fuel :o Steee Floe Cow. 

Bol!er Effic:er:v it) 01.361 I SC2 Reduction 67.967 

RIeARKS: TES1 CCliWICe: 20 IIWOWBR, OAIIPER StTlIeGS 01,60l 

1.144 
103.000 

lot41 Steee Il.000 

316.200 Feed n2C id69 F) 212.000 

0.011 Coolin HZ0 Inlet (de9 F) 341.000 

O.l62 

Intrueion Air (e/hr) 1324.06 
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HI:.! ws !S’ SUMARY ! rgs: 2 

TK: S26-H!’ Oat6 OS/l6/91 
PURPOSE: CWAU 5 TONS Oi 8ACWSS CATCH FOR NIRO 

Rarir!an: C 
0tre: ri31/9i 

COAL: SCsrC6: HiAlY @RF MN0 
U1tWZt6 Ana!ysir Applitd 
Ccr~::s~tion (Ii - Clracn: 41.490 NydrCgtC: 3.a20 oxygtn: 19.9119 Yitrcgtn: 0.110 Sulfur: 0.310 

Icirturc: 10.810 Ash: 21.060 TZSO (C61C. C69 F): 2115 NNY (gtu/lb): 190a 

N c1103: 90.600 NATURAL 6A3: h/lb - Sto!ch 6ir (I air/l 6;;: - 
Hydrcg6n (I HZ/l NC):- 

EST 7ARAWW - COlOUSlOR FIRIN; CONfIOURAlION: 
luraticn i6inr): 149 

FLOW RAX: 
Coal F; (lihr) 1166.003 
C~i6~ Air PC (xfh: I2Irc.000 
Sortam Ai! P[ (k&h\ 6.210 
N:r 6Uj:!6 Air PC ik6Ohl 5.1110 
Coal II: (l;hr, 11l~.oco 
tar:-er 111 IIC :!:fh) 21110.0:0 
h!r, Llr Se: Brr: irpph) 0.010 

sTc:;$:y;:::: :;I: (!o: loal) !.96! 
S-O!%. AIF: ;I ::,,‘I ;c: iutli 1.9a5 
PCS: FS a:1 1.048 

pr a,‘ I.663 
n: :ti 0.916 
Piirili 9’: at Iec. !rrr 0.966 

EWIKCI~S: 
A! 1:81k As 661s. 
c: .I) 6.110 
to l;ur) 5.800 
NC1 (our) 169.OOC 
SO! ri:S lp,r) 144.000 
SOS GC LS 10~6), talc 321.624 

AIR TIH’iRATURf$ id69 F): 
Air Prth66t IC!6t 149.000 

FLUE GAS TtWPtRATUKS Id69 F): 

S6cticrl: - liw of Tlst: 2C:lO 

1s Ilihr) 10.100 Tot61 Ai: O/hr; lSS62.S?1 
LS Sul:t [I/N) 100/o Stci Air Irlhr) 15033.916 
6 Ncz216~ - Xcss Air SR (I,hr) S18.5gr 
Ctrr’r A/B iscfhi 9640.210 lctal Ccc: (l!hr) 2612.030 
E.A. Pr66s (psi!) tdc 61’ O?I 0.975 lot61 66s (l/hr) 1195!.9S! 

W02~168 (ihrcstl: - I 32 6CSt S! C6bC 0.64: 
hjtctcr (tubr): io.000 to61 Split PC (9) 66.691 

CI,‘S Ritic 1.110 CI UtilizrtiCn, 9 12.004 
Wr to llhr O.OT6 

chg tlk (gtU/S6C) 192.400 thg 1666 (!tU!S6C: S69.626 !lDr g/S,C 26,8CO 
TCtll fiC6 6ssu66d 6qU61 cY6r 111 2 CiWitS: 
FlUA !gtl/ft2-S6C): 

II AI 0.601 I2 AI 1.296 II OAF 2.1100 I4 SRS 1.169 
SI SRS I.130 66 SRS 2.062 I1 PC tl 2.661 I9 TAP 0.151 

At II 02 At Cak S! 02 l/M611 

1.111 0.296 
201.124 221.426 0.301 
162.160 201.960 0.315 
604.664 666.120 

h6!!+6t oUtl6t 902.000 A6bitnt 11.000 

IIAlURAl GAS INPUTS: 
F6 Air Pnh6rt Inlrt 699.000 R Pnh6lt Outl6t 299.000 N. 666 llllgtuihr- 1 Of TDt6! L66d: k/A 

STfAW’ OiPHi: gcilrr 11.610 ll6Sk Tank 2.010 btll st6U 16.600 
b6SS. Icsi9): gcilrr 103.000 flnn 16nk 102.000 
I66pS. id! fi: lcilrr llg.000 Flab Tmk 318.000 l66d H20 (d6g f) 212.000 

COVB.Il!P lOA:S: Cc61 - Mgtuihr 20.066 CCCiing (Co61 + 166s) - 1 10.21g Wing 120 Inl6t (drg F) 361.000 
tcrl + N. Gas - MWhr 20.066 

RLSU!-E: Stun Gen t!f’cy (91 g2.223 FU61 to St686 FICU Ccrr. 1.09! 

gCil6r tfficirncy II) Il.296 1 SO2 R6ductica 61.142 Intrusion Air (I/hr) 1134.21 

RAM: ?K CCN:XOh: 2t MglUiNR, DAlIPER SSTTI116S Og,SOI 
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HEA!’ TfSTS TEST SUllNlRV 1 Pgs: 2 

TEST: El-hj! Date or/11/91 
PUPPCZI: GMPATi 5 TOYS OF 9AGHCU’t CAlCH FOR N!RO 

Rtrislon: 0 
Qatc: SW91 

CCAL: Scow HEALV PERF SitHO 
Ul!iW Anrlysir Applied 
Cnr;osrtion (1) - Ctrbnn: 11.110 Hydrogtn: 3,520 Oxypn: lS.990 Yitrogtn: 9.130 Sulfur: 0.340 

noisture: 1c.l3Q Ash: Zl.OSO 1250 WC. de9 f): llli HWV @tu.‘lb): 19119 

LIMSTONi:CAHTLEil I Crt03: 90.400 YATURAL 6AS: W/lb - Stoich 4ir (I 4irlt NG): - 
ilfdrogln (I HZ/l XC):- 

TEST PARAREXRS _ COWlOR fIRINC CONFIGUWIOI: 
Duration Mrs): 164 

flOd EATS:: 
Coil P: (l/h*) 115S.000 
Carrie! Air PC (t:fh) 125Q?.QQQ 
Icrtrs:ion Air PC Ikpph) 6.380 
1111 Eur!lc Air PC [kpph) 6.100 
ccz: II; (l/k1 !311.3OC 
larw Al! MC !sr!hi 21~lQ.OCO 
Cnbn Air Stt 3:rr ikpphi Q.CQD 

Sl~:CWIiiI: CR: ifor 51) 5.98j 
SYGI[b. A!!: II !:I,‘1 !Oi f;vl) 5.981 
‘Ws: P:c $3. I.060 

Fi ;ci 1.942 
3c lb’ I.014 
Cvera!! phi a: Se:. Brnr 1.014 

EN::s::Ys: 
A: st3cv. As nets. 
02 II, 5.990 
co (pm) I.810 
h:x ip:n) 141.000 
SC1 V’LS lwni lk?.QQQ 
S:r ric !S (upm!. talc 142.534 

Stction: - lir of Tot: I:15 

1s (l/M) 48.000 Tot41 Air (I/hr) lS922.521 
LS Split (I/N) lOO!Q Stoi Air (Ilhr) 14884.115 
I Wonlrr - kcss Air SB (lihr) 9E9.?0! 
Carr’r AllS (scfh) 9140.210 lot41 Co:1 (l/hr) 249l.QQQ 
C.A. Pnss (psi91 Edc 1111 Oic 0.311 Tote1 64s (Ilhri 11601.241 

Nozzles (throat): - I 02 post Sll kbn 1.15’ 
Itjrctor (tube): 50.000 Co41 Sgli: PC (9) 45.482 

h/S Ratio 1.645 CI UtiM!ion, 1 11.964 
SC% tc llhr 0.016 

Cl99 Calc (Stulrul 319.920 Clng NUS (9tuirtc) 149.999 flor l/w Zb.aOt 
Total flov arruwd wl over 111 9 cirtuits: 
fLUX (9!u/ftZ-stc): 

I1 A! 0.919 I2 AI 1.001 II 9AF 2.919 I4 SRS 3.195 
I! US 2.M IS MS 2.061 I1 PC f! 2.101 I9 TAP 0.001 

Kt 31 02 At CIIL Sl 01 l/!luBtu 

9.929 IO.286 
lli.9611 195.223 Q.Zjj 
192.99s 212.110 0.101 
404.185 444.281 

AIR TEW’ERAlCRtS (de9 I): 
Air Prthed Inlet 142.000 Prth6d Outltt 101.000 

FLUS GAS TEVSRATUREG (de9 f): 
CC Air Preheat Inlet 921.000 f6 Prlkc! Outkt 424.900 

SKAMS (KPPIO: loiler 14.9OC flrrh luk 
P!4SS. (ps19): loiler 101.000 flnh lank 
Tups. id9 f): loile: 319.OOC fltrh lmk 

COWBUSTOR KIDS: Cn4: - MStu/hr 19.969 Coolin (Cot1 t 9 61s) - I 
Coal + N. Gas . M9:u/hr 19.9S1 

REI:lTS: Stun Gen Lff’cy (9) 91.954 full to Stm flor Corr. 

Lo:kr Effxitnry (I) 91.042 9 SO2 Reduction 92.101 

REHAR!S: TEST COWQITION: 20 MU/WI, DAMPER SflTIYGS Q&SOS 

hbirnt 71.000 

WURAL 6AS IllPUTS: 
Il. 6u lM9tu/hr- 1 of lot41 Lotd: 6/A 

1.llQ 1oM Stlu 19.990 
101.000 
11~.000 fHd H20 (d,g f) 212.000 

9.961 Cooling II20 Inlet [d69 f) 342.000 

0.9ss 

Intrusion Air (l/hr) S299.11 
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CA!\ IiSTS TEST SUllIIADV I P9s: 2 

TEST: 528.HI9 Oat6 OSllll9l 
PUR’OSf: GENERATE S iONS OF BAGWSE CA!CN FOR NIRO 

Ruxion: 0 I 
Date: g/31/91 

COAl: Source: HEAlV PERF 9lENQ 
Ultiwte Analysis Applitd 
Composition 11) - Carbon: 41.4SQ Nydrog6n: 1.120 otyg1n: 19.980 Nitrogtn: 0.110 Sulfur: 0.110 

Rois!urc: 10.810 Ash: 21.060 1250 [talc. deg F): 211s HWV I9tu/lb): 1998 

1IliSIQNE:CANTlEll I EaC03: JO.400 IIAlURAl GAS: gtu/lb - Stoirh tir (I air/l NC): - 
Hydrogen II N2/l WG):- 

TEST PARANtlERS - CDWBCSTOR FIRING COlFitURAll01: 
Ourat!on I6ins): 130 

flOY RATES: 
Coal Pt (v/h:) 1111.000 
Ewier Air Pt (scihi 12500.000 
tchstio~ Air PC ikpph) 6.190 
Wis Ml6 Air PC (kpgh) t.023 
CM! 111 (IiP) 1312.000 
Ci’rier Air q: (scfh) li11Q.Q?Q 
tsbr A!r Se: knr (kpph) 1.2GO 

SlOI:n:WR:: AK: ifor [aal! S.9!5 
s1oi;*. I!!: iI a.3 ta: fuel) S.PBS 
PHI’s: Q pni 1.011 

PC I!i 1.1111 
n: 091 C.Oil 
Om:: pt: at Sec. !rnr l.OSt 

IN:fS!N: 
At stick As MS. 

01 iI) 5.060 
cc lcwi 12.1100 
NOI (DPI! 12l.COQ 
so2 V/!S IDDrnl 111.00G 
SO! r/o 1s Ippr!, wlc 341.4x 

AIR TEIIPERATURES (d6g F): 

Siction: - li66 of 16st: 6:4( 

LS Whr) 49.000 lot11 Air 0;hr) ll842.121 
1s Split II/N) lOtI Stoi Air Oihr) lS111.14C 
I Noz:l6s - Xts6 Air SB (l/Dr) liSQ.illl 
Carr’r A/lS (rtfn) 9540.210 lot61 Co11 Whr) 212S.000 
C.A. Press (prig) Edc Nzl Qia 0.219 Total GIS (I/hri lMS:.6!2 

110~~16s [throat): - I 02 post SS C6bn 2.005 
Iajertor ttub6): 50.000 toll Split PC (ri 45.455 

Ca/S Rdio 1.654 Cl Utilizatior, 1 30.391 
KFH to l/hr 0.016 

Clng ltlc I9tulscc) US.000 Clng Heis IStulscc) 921.t33 flov l/see 2i.800 
loti: flclr wund rqdll ov6r 111 II circuits: 
FLUX (9tuift2-src): 

I1 AI 0.218 I2 AI 0.924 I1 911 2.233 I4 SRS 3.1111 
IS SRS 2.319 IS SGS 2.141 I1 PC El 2.241 I9 TAP 0.000 

At II 02 At C11c S9 02 I/Ml~tu 

11.020 19.1!0 
149.522 1~1.201 0.225 
2OC.652 211.145 0.429 
404.192 421.941 

Air Prth66t Inl6t 140.103 Prth66t OutlIt 409.000 

flUE GAS lENFERL!URES (d6g 0: 
FG Air Pnrcit Inl6t ~90.900 fl Pr6l66t Outl6t 429.000 

SKAIS (KPPH): loil6r 11.140 Fl6ih 16nk 
Pr6ss. (lsig): loilrr 101.000 fllsh 16nk 
lamps. (dg Fl: loilrr l11.000 flrrh lank 

COIIBUSIOR LCAQ’: Coal - M3tc/hr 2O.llO Cooling ICorl + II 616) - I 
Coa: + N. Gas - MBtulhr 20.110 

R:SUL!S: St6ac G6n Eff’cy Iql Sl.lSQ Fu61 to Stau Flor Corr. 

Boilrr Effici6ncy (1) Il.111 1 902 R6duction 90.298 

REMARKS: 1tST COEKTIQN: 20 IlllWlfi, DAMPER SlTTIXGS 01,501 

hbirat 11.000 

UlURAL 6A9 IIIPUTS: 
r. 61s #l9tu/hr- I of lot61 told: X/A 

1.940 lot61 St666 ll.gQQ 
103.QQQ 
331.000 fwd 120 (de9 f) 212.000 

9.314 Cooling ll20 Inl6t (d69 F) 142.QCQ 

0.928 

Intrusion Air il/hr) 4Zt9.01 

835 



WY TfiX ml SJWNARV I P9r: 2 Rauision: 0 
ht6: 6/31/91 

TK:: !l9-II40 06t6 0S/11/91 
PURPOjf: CfNRAlf I TONS Of 9A;HOUSi CATCH FOR NIRQ 

COAL: SOUrC6: HtAlV PfRf BttNO 
Ultiaate Aralyrir AppiiCd 
Conposltlon II) - E6rbon: 41.4S0 Hydrostn: 3.620 Qly96n: IS.990 Witrogtn: 0.130 Sulfur: 0.340 

Nolsture: 10.910 Ash: 21.090 T2SO (661C. d69 F): 2111 WHY (Otu/lb): 198O 

lINtS:ONf:CANlltll t t6t03: 90.600 UTURAL SAS: W/lb - Stoirh 6ir (I 6ir/l NQ): - 
ll9dtO96n (I H2/I WC):- 

TEST PARANtTfRS - CONOUSTOR WING CONFIOURAlION: 
Duration I6ins): 144 

FLQY RAM: 
Carl P: (9,‘hr) 1164.!00 
Cavi6r Air PC (scfh) 12600.000 
Co;itur:icn Air PC ikpph) 6.096 
llir Bat16 Air PC (kpjh) 5.934 
Cnrl Iii !l/tr) 1942.000 
larrier Air II: (scfh! 21113.000 
Cnto Ai! $61 6rtr (kplh) 1.08: 

fTOICH:Jui’~;i ri ,, ” ‘T (for tclll 6.98s 
STC:Cii. AI?: (9 air/l tci futl) 6.965 
Ptii’s: PK phi 1.012 

PI phi 1.669 
KC phi 0.916 
0#6’6i1 phi It S6C. hr 1.049 

iw:sS::Ns: 
At S’6*k . . As 666s. 
02 cri 6.666 
co IDPI) 64.200 
WOK (CD6i 11s.000 
SO! v/is Ippa) 191.000 
SOx b,‘n LS (9pni, talc 941.299 

s,ction: li66 of - T66t: 10:42 

LS Whr) 60.300 Tot61 Air (lihr) 16457.521 
LS Split (IiN) too/o Stoi Air (l/hr) 15051.020 
6 11022166 Xc16 Air SO (I/hri 1466.901 
Carr’r AllS Wh) 9140.210 lot6! Coal O/hr) 2106.9tQ 
t.A. Pnls (prig) tdc N:l Oia 0.319 lot41 &as (l/hr) 1941!.613 

YOUi (ttrO6t): - i 02 POSt S9 Clbn 1.124 
Injtctor (tub6): 60.000 CO61 SOlit PC (9) 66.469 

t6:s R6tiO 1.111 E6 Utilizction, : 26.461 
SUN to l/hr 0.016 

c1r;9 t61C :tU/S6C) 161.090 t1B9 N66S (!tU/S6C) 511.944 flOr 9/SCC Id.100 
lot61 f1or 66suHd 64~61 ov6r ill 0 circuits: 
FLUX (ttU/ftl-l6C): 

I1 AI 0.919 I? AI 0.142 I9 IAF 2.661 I4 SRS I.Clll 
I5 SRS 2.923 I6 SRS 2.616 II PC ET ?.401 I9 IAP -0.112 

At 1; 02 At C61C $0 02 l/llNRu 

96.969 106.961 
11S.012 116.666 0.206 
220.116 236.166 0.66s 
404.661 All.966 

AIR TfN%RATUPfS id69 f): 
Air Pr6h66t Inl6t 139.900 PNh66t QUt16t 421.000 

FLU6 GAS TfliiRAlURtS Id69 f): 
It Air Prth66t In16t 612.OOE F6 PRh66t Qut16t 416.000 

STfAKS (KPW: 1Oi16r 16.9SO i166h lull 
Pr6ss. (pipi: Ooil6r 103.000 f16ih Tmk 
166~s. Id9 1): Boil0 33~.000 flash lak 

tOllS:OR LOAZS: Coal - MBtu/hr 20.022 COOlin [Co61 + N 065) - I 
loa; t N. Gas - NNltdhr 20.022 

RfSULTS: %666 G66 6ff’Cy it) 92.136 FM61 to St666 llor Eorr. 

Ooiltr tffici6nCy (I) 01.102 I so2 lltductian 41.201 

RfWAX: TEST :ONOIiICR: 20 Nll9TU/NR, QAllPIR StTTIllGS OI,SM 

*birnt 12.000 

INURAL EAS IIPUTS: 
X. f6i Illlltr/hr- 1 of Tot61 Lotd: 9l/A 

2.060 lot61 St666 lfl.010 
101.000 
131.000 F66d HZ0 (d69 F) 212.000 

10.292 bding H20 hl6t (d69 F) 149.000 

0.904 

Intrurion Air (6/W 4101.06 

836 



HEAiY 1tSiS TEST WARY I P9r: 2 R6V:Siun: 0 
06t6: 5/31/9l 

TEST: 530sHI! 06!6 05/2t/91 
PURPOSI: GENtRGi 5 IONS CF 9AtHOlJSi CAlCE FOR NIRO 

COAL: Source: HEALI PERF BLEND 
Ultl64t6 An6:ysis A99li6d 
Cocposition (1) - C6rbon: 41.410 Nydrogtn: 9.620 Olyg6n: 16.990 NitrOEn: 0.130 Sulfur: 0.240 

loistun: lO.S?Q Ash: 21.060 1260 (6616. d69 F): 2116 llw l9tU/lcl: 1969 

LINfSlONt:CAN:litl I CiEQ3: 90.400 IUlURAl 6AS: Otu/lb - StPich rir (9 rirll 110): - 
HydPjtS (I N2/9 llC):- 

TES1 PARAMRZ - CONWSTOR FIRING CONfiGURATION: 
Quratior (ains): 202 

FLOll RATES: 
hrl PC (lihr) 1119.000 
Cavi6r Iir PC !stfh) 12100.000 
EccbMion Air PC ik9phl 6.230 
WI Oar:16 Atr PC (kpph) 6.000 
Coa! MC [4/hr) 13!i.QOC 
tam: Air YC ir:fh) 21::O.OOO 
C6bn Air S6: lrrr (kp?h) 0.602 

SrOI:H:QNtW AIR: ; for Coilj 5.965 
SlOXh. AI!,: (i air/l tO: id611 I.166 
PHI’s: PC: 0:: 1.016 

f: phi 1.9[9 
6r In. 0.916 
0V6:61’ Jhi Ct f6C. 6rFr ;.031 

ENISSXNZ: 
A: s!a:k AS 666s. 
O? ,I) 1.620 
cc (on! 2C.420 
NC! lprr) 119.110 
$02 V.‘ls (6D6) 106.30~ 
iOx 1.1 1s (p66), C6k 949.125 

AIR TEIFERAIUREZ (d69 f): 
Air b6h66t Inllt 113.000 

FLUE SAS WtR4lURIS (de9 f): 

Pflblt O’Jtllt ~66.000 A6bi6nt II.000 

IAlURAl 01 IXPUIS: 
FC Air Prth6lt In16t SOO.000 F6 PNh66t QUt16t 262.OQO 1. 066 AlOtr/hr- 1 of Tot11 told: H/A 

SIEAllS (KPW): Ooilrr 16.200 Floh 16nk 2.110 lOtI St666 11.410 
PI6SS. (os:9): loiltr lOl.000 Flub 166k 109.OQO 
166~s. cd9 f): Ooiltr 390.000 Fl6rh lmk 116.000 htd I20 (d69 F) 212.000 

CJNl~SlQR LOADS: Coal - IlllOtulhr 20.210 Eoolin9 (to61 + I Eli) - t 10.919 COOlin 120 !nl6t Id69 F) 942.000 
361 t N. C6s . XNB:u/hr 20.269 

RWTS: Stun G6n Eff’cy It) 93.110 FUtl t0 6t6U Flow CCrr. 0.994 

96il6f tffiCl6nCy (9) 02.169 1 SO2 Rtducti66 49.106 Intrusion Air (t/hr) 4114.91 

RtMAMS: 5011 INJKTOR PUSHEO IN 4’. (b’A& -pw;o*cl) J”4 l,z#&.+ &,&&z Ipwc. L,c. 

837 

StttiOn: - Ii66 Of T66t: 12:SQ 

1s fl/hrl 40.000 lot61 Air O/hr) 16315.621 
LS SOlit (I/N) 100/o Stoi Air (ljhr) 11111.611 
6 602216S Xcrs Air 59 (lihr) 1191.949 
Carr’r AllS (stft;) 9S40.21D lot61 Co61 O/W 2536.010 
LA. Pr6ss (Fsi9) Ed: 1121 Oir 0.K lot61 SIS Oihri 19396.926 

WOZ!l6S lthrot!): - I c2 post s9 E6bl 1.422 
Injrctor (tube): 60.000 Co61 SOlit PC (I) 46.491 

:6/S R6tio I.614 Cc Utilizc:ion, I 20.121 
SC3 to r/hr 0.016 

tlng tilt (ltui66c) 914.400 tln$ 11611 (tU/S!C) 600.006 FiOU l/StC 2e.000 
TOti’ fIOV l6SUltd 6JU61 Over 611 0 Circuits: 
FlUi. [OtUlft2-66:): 

II AI 0.495 92 AI I.111 69 6Af 3.013 64 SRS 1.922 
I6 SRS l.Oi3 I6 SRS 2.062 I1 P: 61 2.241 69 TAP 0.4S4 

At JI 02 At E6lC SO 02 6/m 

23.114 26.010 
130.190 150.621 0.2:Q 
220.169 239.469 0.464 
404.695 430.469 



HEAiV TISK TEST WARY I P9s: 2 Rakirjx: G 
orte: 6/10/01 

TEST: IJT-h4Z Dtte 05/20/91 
PuRiCSE: GthEKATt 6 TGNS 01 BAGHOUSE CAICL! FOR W;RO 

COAL: Source: NEALV PERF SLENQ 
UitiQate AQAlyrir Applied 
;otQorit:nn I!) - Carbon: l1.W Hydrogen: 3.120 oxy9tr: 16.990 NitrQgln: 0.130 Sulfur: 0.310 

lloistw 10.810 Ash: 21.060 1260 (trlc. d89 I): 2116 HNV (!tu,‘lb): 1998 

lIXESiOWi:CAYIlE!i I 1~101: 90.100 IAlURAl CAS: ltu/lb - StQiCh tir (I WI IG): - 

TES7 ?ARAYETiRS - CDWBWOR F;RIHG COIFIBURAXON: 
Ouration (bins): 148 

FLOW RATES: 
1x1 F: r,I:nr) 1168.000 
Carrier Air K (scfh) i2SOO.000 
Coat:stior Air Pt (kph) 6.120 
N:x Bxle A:: P: (rqh) 6.890 
Coal NI (litr: 1313.c00 
tlrrier A:! W: lscfh) Zl:lC.QQO 
Cm Ai! Se: Srnr (kpph! 031 

STC:Zh:!Ri?i[ A:?: [fcr kal! 6.995 
S:C::k. AIR: it i:r/l tct fusl, 1.996 
M’s: F:l :hi !.026 

Pt g*i 1.1611 
x: p’: 0.918 
Oirra’: p!i a! Se:. Brnr 1.001 

EWXthi: 
At s:d:k AS heu. 
02 :I) 6.OJO 
EC ip:ti Id.100 
SOX iDOr,) llf.OOO 
SC2 u/is [pli 111.000 
3111 w/n is mi, talc 339.114 

Hydro96n II H2A 11Gl:- 

Section: - liu Qf TM: 19:16 

1S ll/hr) lO.QQQ Totll Air (I/hr) 16791.6:l 
LS Split ,(1/r) 100/O S!oi Air (I/hr) 16039.921 
I Noz:lls - Xcss Air S9 (lihr) 713.699 
E&r AllS (tcfh) 9640.270 Total Coli (lihr) 26:LOQ; 
CA Press (psi9; Ed: Wzl DiA 0.376 To:11 61s (I/hr) 11196.190 

Nozzhs (tnrort): - I 02 post SB Ccbn 0.913 
Injector (tuti): 60.000 Carl SalIt FC II) 46.4’6 

Ii/S Wio 1.251 CI Utilisation, I 21.78 
SCAN to tIhr 0.076 

Ehg Calc (9tulstc) 19X0 :ln9 XIIS (B!dstc: 62!.63? Flor t:uc 26.100 
TQtll fiQ1 lssurrd eqtll ow 1'1 8 Cir:uitS: 
FLUI ($td/ft?-slc): 

I! AI 0.116 II AI :.A13 I3 SAF 2.266 I4 SRS 4.085 
16 SRS 2.865 I6 SRS 2.220 I1 PI El 2.341 I9 TAP 0.W 

At 31 02 At CllC s9 02 mtu 

41.299 46.086 
161.106 119.29: 0.230 
211.110 227.916 0.450 
404.611 U9.ldf 

AIR TEll?6RAlUR!S (de9 Fi: 
Air Primt InM 118.QQO 

FLUE GAS TEWFtRAlURES (de9 f): 

Prtheit Outlit 406.000 

fi Air Prrhrat Inlet 626.000 FG Prthoit OutlIt 42LQQE 

STEAbS IKPPH): Soiler 16.460 flash lmk 
Press. Ipsip): Boikr 113.000 Fllsh lank 
161~s. ;d9 f): Soiltr 13f.000 Flash lank 

cONp?CF $,$j: . . Coal - M9tu!hr 20.014 toolin (Co11 + II W - ; 
Cc:! + N. Crs . MBtuihr 20.014 

RESul?E: S:rm Cer Eff’ry (I) El.940 futi to Stlu Flw Cow. 

Boiler Efilc:lnCy (I() 81.722 I SC2 Rtduction 41.092 

RiYAiAS: USIW5 Il.:’ 1Illi INJ!ClM. ( rJ& ‘9 “vd..J 

Ambicrlt 17.000 

IlAlURAl GAS IIPUTS: 
1. 61s W9tu/hr- I Qf 1Qtll told: tj’A 

2.230 TQtll Sttu 11.690 
103.000 
311.003 Fatd 120 /de9 F) 212.000 

11.220 Coolin W?O Inlet (de9 F) 342.100 

0.919 

Intrusion Air Whr) 6794.40 



NEAtr 1tETS 1ES; WARY I Pgs: 2 Rfvision: 0 
O&: 6/13/91 

TEST: 532-w 0~6 QSlZOlOl 
PURPOSE: GENERATE I lOli3 Oi 9ACH0’1SE CATCH FOR N:RQ 

CQA!: Source: HEAlV PERF BLERO 
Ui:iaatc Ar,alysls Applied 
Ccrpsition (6) - Carbon: 67.660 HydrQ9ln: 3.620 Oxy91r: 11.990 Xitro9cn: 0.710 Sulfur: 0.160 

Iloistura: IO.620 Ash: 21.060 T2tQ (ulr. da9 0: 2715 IIW (Wb): 7998 

LIlliS7ONt:IANlYEll 1 bCO3: QQ.kQO IATURA: GAS: Rtu/lb Stoich rir (I air/6 16): - 
Hydragin II n/l ltb .- 

TEST PARAWERS - COK9!SlOR FIR:NC COWFKURATIOI: 
Ouration (lins): 186 

FlOr RATES: 
Coal PC lli’lr) l1S6.000 
Earrlcr A’r Pi (scfh) 12500.000 
E~ths~~cr Air 01 (kpph) 6.360 
W!x Sustle Air FC ikpQt) a.0’0 
1021 WC it/rrJ 1328.000 
tsrrifr A;r HI Is:!h) 217iO.001 
Ct:- A:r Set 6rr,r ikpph) 0.175 

SToI~r::w:: ALi: for CCII) 1.9115 
STO:::. AIF: is a,r/6 t:t ‘ce:) 5.985 
PEI’K x: C’! !.0!9 

P[ ph: I.9?9 
1: pii 1.013 
Grrai; pi1 it Sec. Brrr I.OiS 

Ell::II?N!: 
At stack As 161s. 
II Ii, 1.110 
t: (:;r) 17.600 
IIO, (DDI: i43.COQ 
522 r/is iscr! WQCP 
301 u/C LS ippri, (Ai: 232.Q69 

A:R lEllTRAl’1RIS (de9 F): 
Air Prritrt Inlit 131.600 

FLU! GAS lE!PtRA!!RES (de9 F): 

Pnhrat OutlIt 606.000 lrbiint 17.000 

MURAL MS INPUTS: 
Ft Air P:iM Inlet 626.000 f6 Pnhrit OutlIt 622.000 X. So lMltr/hr- t Qf 1Qtll LQld: N/A 

STEAKS (KPFNJ: 9oiler IS.020 Flab link 2.170, Total Stta6 Il.190 
Pm. (Isip): 9oil6r 103.000 flash link 103.000 
ILIps. ($9 F): Roilir 216.000 llirh link 136.000 Rtd WO (dr9 i) 212.010 

CMIBliT!R LOAQS: Coal - M9tu!hr 19.626 Coolin (Co11 + W GAS) - I Il.066 Coolin W20 Inlit Id69 F) 343.000 
$08. + w. Gas - llr6tu/hr 19.626 

RtSU!:S: Steam tin Efi’cy (6) 61.163 hII tQ StlU F!QU Cow. 0.132 

6oilir Effiriinry (II 10.593 I so2 Rcducticn 66.160 Intrusion Air lI.‘hr) 677f.H 

Siction: - liw Qf Tls:: 22:u 

1s (I!hr) SO.000 lot61 Air (I/h,) ‘696i.621 
1s Sp!it (I/l) 100/o Stol Air itihr) 166!6.311 
I nozzlls - Xcss Air SB O/hr) 1093.l:Q 
tur’r A/G (scfhl 9640.2:Q Total Co61 (l/hr) 266!.QQQ 
C.A. Prw iQsr9) Ed: 121 Oir 0.13 !Q!II GAS Ilihr) 17929.19! 

Nmlts (!hrolt): - t 02 past St Citn 1.1X 
Injector l:ubO: 50.000 EQll SDl:t PC (I) 66.691 

cl/s Rlt‘Q 1.717 CA Utilizatic~, 6 12.700 
SCiN to 6!hr 0.076 

Elng Clic Ws6:l 176.100 C:ng ms (9tulsle) 609.206 flQM l!SlC 26.920 
TOtIl flQM ASSUHd laual ovlr All d CirCUitI: 
f1M (Itu/ft2-tlc): 

I1 AI 0.220 I2 AI 1.29: 81 IAF 2.900 $4 SRS 4.085 
I6 SRS 2.696 I6 SRS 2.5’7 :I P1 El 2.31 I9 1AC 0.000 

At 31 02 At 21: S! 02 t;wmu 

21.360 21.129 
177.91~ 194.403 0.271 
11~.6~1 193.062 0.311 
191.162 640.276 

639 



HEA!! nirs lfS1 SUWY I p9s: 2 rtv1rior: 0 
oatc: SW91 

Kl: !11-M Date OWl/Ol 
PUR~X CEI;IRA;I I TONE 01 9A6H0JSE Cm FOR HIRO 

ml: Source: HEALV PM CltRQ 
Ult:nata Analysis Appliad 
Cohpositlon (I) - Carbon: 41.450 HydroCrn: 1.620 06yCtn: 19.9110 litro96n: 0.110 Sulfur: 0.340 

loirture: 10.1110 Ash: 21.060 1290 (:alc. d69 F): 211s nnY Mu/lb): 19CC 

LIMES-0liE:CANIlE:l 1 C&03: 90.600 l9AlURAl GAS: Ctullb - Stoich air (I air/l SC): - 
W9droCtn (I H2/l SC). .- 

liS! PARAWZRS - C?YCUSlOP FIRING COlfXURATION: 
Quration (ilnr): 111 

fLON &TES: 
tsai PI (1:hr) ‘156.000 
Ca*!ler Air PC :scfh) l2500.000 
tottuition Ai: P[ (koph: 6.080 
h Bus!16 :ir PC (lpph) I.180 
Coal Nr ‘t/!r! 13!1.010 
Carrev A;r R: (~3) 2:110.000 
Cct: Air Str Jv- (kgpt) 0.1!0 

S~C::i:OE?J: I:!: (for Coa’) 9.989 
WC.. L:F: (I al!/: tot iuei) 5.985 
PHI’% cc: 071 1.013 

at Shl 1.810 
rc pw 0.9CO 
he-ail phi at SEC. Par 1.001 

EW:bi::A:: 
At stack AS rear. 
02 (:: a.210 
eo IPW 22.900 
NOx (DPh) lbl.OCO 
so: u,‘ts !&I! 160.000 
Stx r/o LS ippa;, talc WC93 

AIR lE.ViRAlURfS (de9 F): 
Air Pr6h6at Inl6t 116.000 

FLUE GAS 1fWERAiURtE (d6C fl: 

Siction: - lir of 11st: I:0 

LS Whr) 42.N Total Air (llhr) 15692.921 
1s SW (I/N) lOO,O Stoi Air (lihr) 111163.361 
I wozzles - Xcss Arr SC O/Dr) 7S6.190 
Cirr’r AID iatfh) 996Z.210 Total Coal [l/Dr) 2464.000 
C.A. Prtss (prig) tdc 1111 Qia 0.319 Total Gas (l/W llS22.611 

Noz!l66 (:hroat): - I I! post SE Cmbn e.974 
Injtctcr (tubal: iO.001 toi: sp1i: PC (9) 15.151 

Ca.‘S Ratio 1.459 Cc Utilisation, 9 25.926 
SlFH !o i/hr 0.016 

Clng Crlc (Ctrls6e) 93C.603 Cl69 Maas (9!u/s6c) 921.11A Flow l/see 2b.CCO 
Ma1 flov aw66d caual w6r all C circuits: 
flux (ku:ft!-sir:: 

I1 AI 0.508 I2 AI 1,llC I3 MI 2.933 Id SRS 3.422 
IS SRS 2.062 I6 SRS 2.921 I1 PC ST 2.261 I9 TAP 0.000 

AI 31 02 At Eilc Sl 02 61113:U 

21.459 lQ.UB 
112.018 191.436 0.2r1 
199.251 211.212 0.412 
4cLa4l 461.169 

Pnh6at Outlat 613.000 Abbitnt 11.000 

fuTURA1 MS INPUTS: 
FC Air Prthra! Inlet 660.000 FQ Prthtat OutlIt 629.000 Ii. 60s Nnkultr- t of Total load: S/A 

SlfMS (XPP#: loil6r 19.ClC Flaah lank l.l80 Total sttu lCJ90 
Press. (psi9’: 6oilir 109.000 Flash 16nk 101.000 
ltrps. id9 Fi: loiltr 338.000 flash lank 111.000 Rtd 120 (d69 f) 212.CCQ 

CW?YOR LOADS: Coa: - MBtu.‘hr 19.C42 CoolinS ICoal 4 I Gas) - S 9.110 CoolinC NZO Inld [dig F) 961.000 
Coil + N. Gas - NN&u/hr 19.162 

RXTI: St6an Gtn Eff’c9 [t! Cl.913 hi1 to Steam floe Corr. 0.94C 

Soll6r Efficirncy (I) CC.T26 1 SO2 Rtduction 91.921 Intrusion Air (l/hr) S96S.CS 

REMARK: 

MO 



WEAii TES3 TEST SUNNARY I P9s: 2 

TEST: W-H!! Date OS/21/91 
PURPCSI: GtN!R:Tt 9 1ONS OF SAGHOUSE CAlCH FOR NIRO 

Revision: 0 
Data: E/lo!91 

COAl: Source: HIALV PtRF CLINQ 
Ultina:e Analysis Applied 
Corpcs!!ion Is1 . Carbon: 41.490 Hydrogcr: 3.620 Oaygtn: 19.900 Witrogan: 0.120 Sulfur: 0.340 

Nolstura: 10.090 Ash: 21.090 1290 (talc. d69 F): 211s HIIV (Ctu/lbl: 1900 

lIRES:ONE:CANlNtll I EaC03: 90.400 SAlURAl SAS: W/lb - Stoich air (I air/l WC): - 
HydroCan (I H2/l RG):- 

TEST PARANEYERS - CORSUSTOR FIRiNG CONFIYJRAlIOR: 
Duration (6insi: 112 

FL06 RITIS: 
ha1 P: il:lr) 1111.000 
h”llT A!r P; (SCfhj 12900.000 
torbcr!~o~ Air Pt (ip9h) l.CGO 
Niu 3ust1e A’r PI ikpph) 1.150 
coal er (l!ki 114B.000 
:arr:ar Air tlt isrfh) 2l:lC.CtC 
Cnt: I:r Sir Brnr (kpphl 0.224 

SXltWVRIC !iP: (for :ot!i 9.989 
SIOKti. AI?: iI a’r,s :ot fuai) 9.9ss 
ws: PX ohi 0.992 

P( pt:; 1.M 
N: :hl 0.999 
0vtra:i 0” at SIC. Srnr 0.914 

EnI3::oNS: 
kt s!a:k As near. 
t2 isi 6.009 
co !DPh) 20.920 
NOI (p:n) 130.060 
SO? 6% (opri lIl.ICO 
SD1 r/o is (Pm), talc 240.019 

Section: - li66 Of lilt: I:29 

1s Whrl ~1.000 lo!61 Air (I/hrl 19416.921 
1s Split (I/N) 100/O Stci Air (I/Dr1 15019.830 
I N6i1l66 - acss Air SS Whrl 340.690 
Carr’r AllS (srfh) 9940.210 Total Coal Whr) 2919.000 
GA. Pros (psi91 Sdc Hz1 Qia 0.319 Total Cl6 Whrl 114?6.060 

Q0!216S 3hroatl: - I 02 poet 511 Erbn 0.421 
Itjactor (tube): 10.000 Coal Split PO I:) 46.481 

ta/S Ratio 1.991 Ca Utiliratioa, I 22.269 
StFH to I/hr 0.016 

ClnC Oale (Wsacl 33$.(oo rh9 NISS (h/IRE) $11.659 rlO@ 6/SiC 28.800 
lotai flor assu66d ICull over $11 0 Circuits: 
FlUA (CtUift2-SIC): 

I1 AI 0.415 I2 AI 1.090 It SAf 2394 I1 SRS 3.260 
IS SRS 2.220 I6 SRS 2.219 I1 PC I1 2.241 I9 TAP 0.454 

At 31 02 At talc SC 02 ldstu 

IS.156 42.010 
191.004 119.930 0.290 
109.429 216.900 E.400 
401.002 4b9.04S 

AIR 1fNotRAlUiIS (da9 f): ~. 
Air Pr6h6it Iulit 111.100 Prlh(it CUtlIt 421.000 Ambient 11.003 

FLUE GAS lIWPER!lURIS (dig F): QAlURAl 9AS ISPUTS: 
FG Air Prahaat Inlet 641.000 FG Pr6h6at Qutlat 441.000 0. Sir IlCtu/hr- I of Total load: N/A 

SKMS (RPPh): loiler 19.940 flash lank 1.110 lot61 St666 11.010 
Press. Ipsi9!: Cciler 103.000 Flash laak 102.000 
la6ps. (09 Fi: Coilar SlC.QCO flash laak 220.000 F66d N20 (d69 Fl 212.000 

9nwoF 1OACS: Coal - ClCtu/hr 20.122 CoolinC [Coal 4 N Gas) - t 9.3CS COOli Q2C Inlit (d60 f) 341.0GO 
Coal + H. Gas . QnStulhr 20.122 

REXlS: 

REMR16: 

Stair bill Iff’cy Ia) Cl.211 WI to St666 Fla Corr. 0.901 

Coi:er EfficilnCy (I) CO.110 I SO2 Rtduction S2.919 Ia!rurion Air (a/hr) 1126.15 
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HfA!l ifSIS TfST SUIINARY I Pgs: 2 R4vision: 0 
Oak: s/lo/or 

NT: WH46 oite 05121191 
PURPX: CfNiRATf I TONS OF OAiHDTSt CATCH FOR NIRO 

COAL Source: HfAlY PMf SLfNC 
,Ultmte Analysts Applitd 
Conpss~:m (t) - Carbon: 41.460 Hydrogen: 1.620 OKyglr: 16.960 Nitrogen: 0.M Sulfur: 0.140 

lloisture: 10.910 Ash: 21.060 1260 (trlc. d9g F): 2116 HHY (Wb): IOSI 

lIlltSICNt:CANTlill f ClCO3: 90.400 RAlURAl 61s: #Mb - Stoirh rir (I rir/l NC): - 
nydrogm (1 WI llG):- 

TEST ?ARAlliTtSS . COWgUSlOR FIRING CONFIGURATION: 
Quratioc (Ms): 149 

flOV RATES: 
Eoa: PC I4lnr) 1166.000 
Carrier Air PC (scfh) 126QO.QOO 
Cotbust’on Air PL (kpnhl S.760 
Nix Bustle Ai’ PC ikpgh) 6.440 
5081 I: (lihr) 1141.000 
C4rrier Air NC iscfh) 11110.000 
Crb: A:r Set Brnr (k9:h) 0.610 

SKilNiKTPI! AIR: (for kill 1.965 
s:o!1+. 1:s: it al:/6 tot full) 1.995 
PK’s: Ptc pn: 0.962 

PC pt’ I.141 
I(t di 0.920 
:verr;l phi 4: S4c. Brnr 0.911 

tN:SS:iKi: 
At s:ick As aus. 
02 (Xi 5.915 
co (ppr: zs.300 
h31 hi li#.OOO 
so1 as (C)n) 16S.000 
S:I 1’0 1s (PDI), talc 941.966 

AIR TtRPiRAlURK (d4g F): 
Air Prthiit Inlit 196.000 

FLUf GAS WtRA:URSS (d,g F): 

Wtion: - ml of 11it: 11:22 

LS (I/hr) 91.000 lot11 Air Il/hr) 16142.621 
LS Split (I/N) 100/o Stoi Air (I/hr) 16004.Ql2 
I 6.02210 - Kcss Air SR (6lhrl 196.606 
E&r A/S (4cfh) 9640.210 Totrl Coil W!rl 2901.000 
LA. Prrrs (gsi9) tdc Rrl Qia 0.316 Total 64s (I/hr) 11144.1111 

Wo:zlts (throi:): - IO1 post ss Cmhn O.ll[ 
Injector (tube): 60.000 Coil Split Pt (9) 46.410 

CalS R4tio 1.134 C6 Utilizltion, 1 ?9.419 
SCFH to IIhr 0.01a 

Clng 111: Wsi:) 124.000 Clng 11444 IJtulsrc) IOS.642 flaw :/SIC 
TO:tl flow ISSUlld lQUS1 ovlr Ill d Circuits: 
Flux (9tu/f:z-44:): 

11 AI 0.290 I1 AI 1.236 If #AF 1.800 I4 SRS 
I5 SRS 2.141 II SRS 1.9#2 41 Pt 61 2.091 IO TAP 

At 3t 02 At Cilc SS 01 l/ml9tu 

JLISO ll.019 
140.949 162.943 a.214 
196.950 221.#44 0.411 
404.561 466.114 

Prtbut OutlIt 999.000 bbi4nt 11.000 

RATURAL 615 IllPUTS: 
FC Air Prihtrt Inlet 626.000 R Pnhrrt Qutllt 414.100 I. 61, IM#tu/hr- I of lotrl load: I/A 

STEAKS (KPPH): #oiler 16.937 Flub lurk 1.109 lotrl stul 11.140 
Prrss. lpslg;: loilrr 101.000 Flab Tut 101.000 
TlI)S. (!g f): loilw 111.600 Flllh Ilnk 111.goo bd 120 (d4g F) 112.000 

CONL3Sl:R LiAD’: Coal . M#!z/hr 10.016 Cooling (Coil + II Cu) - I 9.093 Cooling HZ0 Inlit ld4g F) 142.600 
Carl t N. 61s - IllStu/hr 20.026 

RISJLIS: S!taa Ctn Iff’cy (11 12.291 fual to Sttu flow Corr. 0.923 

Boiltr tfficicncy (RI 61.662 I SO2 Rtduction 61.010 IntroGob Air (l/hr) 6161.19 

R!NARIS: 
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Revisicn: 0 
Qatc: S/:0/91 

HEA!V IF! TfST %NilARY I pgs: 2 

TEST: 536-U: 01ta 06/22/91 
PUPPCSS: tiNtPATt i TONS OF BAGHOUSE CATCH fOR Y:RO 

COAl: Source: HtAlV PER! #lfNO 
Ultiiati Analysis Applird 
Conposition (61 - Carbon: 41.460 Hydro90: I.620 Oxyg6r: 15.180 Ktrogir~: 0.120 Sulfur: 0.140 

Rnisturi: 16.610 Ath: 21.060 MO (sic. de9 f): 2115 HHY (ltu/lb): 1968 

LIR~!TON~:CANlW!ll I hEO3: 90.400 YAlURAl SAS: ltu/lb - Stoieh rir (I WI ICI: __ 
H9drogtn (I H2ll NC): 

TEST PARAWtPS - CONgUSTOR IIRINS CONFICURAlION: 
Ouration Ms): 133 

FLON RAYES: 
Cot1 P: (l:hr) 116c.000 
:i:rirr Air PI Istf:\ 
tctlst:on Air PC Ikiph) 

1110:.000 
6.110 

11~ Bcstle A:r PC irppb) 6.010 
Cot: N: (I!hr) 1312.000 
Carrier A:r N; (scfh; 11113.000 
Mr, 1.7 SEC Brnr (kpfh) c.000 

S’OICHI:~t:SIC A!t: ;for Cer:) S.OSS 
SW!. Al!: (I 4:r,‘4 tct fai!) S.965 
PK’s: PI: pri 1.035 

P: ;hl 1,906 
N: ph: 1.000 
Orrri’l D:; 8: Se:. Brnr I.006 

ill:is:t4s: 
At sm As Ius. 
$ !$I t.110 
rc ion) 13.000 
N?x [DDI’.! 111.000 
SC: u/!S ipOr1 151.000 
30x tic 1s Ippti, talc 333.164 

AIR TtNPERATURtS (d6g F): 
Air Prthiit Inlit 121.000 

FLUI 6AS TfllPtRAlURB (deg F): 
Ft Air Pnhaat Inlit 624.600 

STEAMS (IPPH): goiler 14.140 
Prrss. ipsrg): goilir 103.000 
lll9S. (dj f): loiltr 319.000 

CON6”ETOD 1ocs: Co41 - 1118tuhr 19.794 
Cc:: + 1. 61s - MRtdbr 16.164 

RISLTS: Steak Cl? fff’cy (11 62.114 

Boilir tfficiincy (6) 91.422 

Siction: - Tim of TM: I:10 

LS (l/hr) 12.000 
LS Split II/N) 100/o 
I Nczzl~s 
Cur’r h/lS (scfh) 9640.210 
C.A. Pets (osial td: 121 Oil . 

LozzIis (throat): - 
Imctor Itub,): 10.000 

ta/SeRati3 I.193 
SCFH to l/hr C.016 

lntil Hr (I/hr) 16612.621 
Stai Air (l/kr) 14600.521 
Xc44 Air Sg (9/hr: 721.992 
‘otal Coal [ldr) 2473.OQP 

0.316 lot41 GIS ilihr) 17491.996 
t 01 Pest SO tlbn 0.901 
Coa’ SOlit PC (I) 46.90? 
Cc Utilizition, 9 29.963 

Clng C&k (Ru/sic) 363.240 Clng his (B~b/ric) 627.444 Flor I/SIC 10.630 
lo:41 flor itsunad 16~61 ovir 111 0 circuits: 
FlUX (gtu;ft2-rcc): 

It AI O.E!I I2 AI 0.97: I3 IAF 2.620 14 SRS 3.311 
I6 SRS 3.219 I6 SRS I.961 I7 PC 61 2.119 I9 TAP 0.126 

At 31 C2 At Cllr Sg 02 l’llgtu 

11.040 11.119 
150.01~ 161.402 0.229 
1116.716 206.106 0.194 
404.619 449.692 

Prih44t Outlit 111.000 bbiint 17.000 

UTURAL SAS IRPUTS: 
16 Prthiit Outlrt 407.900 Il. 616 Illltu/hr- I of Tot61 lord: N,‘A 

Flirh link 1.910 lotll Stlu 16.120 
lhsh link 101.000 
Clrrh link 29l.000 Fud II20 (d#g F) 212.000 

Wing (Coil + R Cu) - 9 6.612 Cooling H20 Inlit (dig Fi 141.700 

Full t3 St646 Flou Corr, 0.961 

I SO1 Rtduction 6i.lll Intrusion Air (I!hr) 1:01.02 

843 



IcfAlV :ts:s ml suNxlRv I p9s: 2 

W: W-H/P oatc OS/22/9l 
PURPOSi: Gtr;j’Ai! ! 1ONS OF 8AGH:USf CATCH FOR NIRO 

Revlrion: 0 
me: S/lO/O~ 

tOA:: Source: HtAlY PfRF BLfNO 
tltiaatr AMlysis AOulicd 
btgos!tion III - E6rbon: 67.650 Hydrogen: 3.t20 Oq91n: lS.9dO Nitrogtn: 0.110 Sulfur: 0.340 

lloistup6: 10.830 Ash: 21.OdO MO (trle. d69 F): 2115 NNY Otu/lb): 198i 

1IHfSlONi:lANTYKl I c1co3: 9O.dOO XAWAL GAS: 9tu/lb - Stnich 6ir (1 iir/t NG): - 
llydro96n (9 HZ/I llG):- 

TfST PARAWtRS - CM9USlOR FIRING 10NfICURAlIOW: 
Duration (rins): 199 

FL01 RAW: 
Coal fC (l/h!) 11d1.000 
Carrier Air PC (s:ft) 12100.000 
Conbbstion Air P: (kpph) 6.140 
Nix Susth hr f: IkCOh) 8,100 
Coal CC (6/M 1322.000 
Carrier Air II: ircfh) 11!10.000 
Cm Air Sf: Ernr lipphi 0.000 

STC::iIOU?!IC A:R: (fsr :oa!l S.99S 
Wit!. AiR: [I air/l to’ f’6ll 1 . ” S.OOi 
PHI’s: PCC phi 1.063 

PC phi 1.951 
MC gh, 1.019 
Oitral: phi a! Str. Brnr 1.319 

tw!:Ys: 
A: s:ac1 As was. 
02 (Xi ~.220 
cc (VCnl 22.400 
N:r (ion’: 114.~00 
so2 r/L3 (DFll 1~0.100 
SO! r:: 1s (cm), talc 311.419 

Siction: - lir of 166t: 1% 

1s Whr) S1.000 Total Air fI/hr) 15192.121 
1S Split (VW) ‘00/O Stoi Air Whr) lWd.508 
I wozzlfs - Xcss Air SO (l/hr) 1005.923 
C6rr’r A/B I6cfh) 9110.210 lot61 COI! It/h’) 2659.000 
LA. Pnss lOsi9) Edc X21 Oia 0.21: lot61 GIN (Ilhr) lllSL~d1 

Yozz16s (throati: - 102 post SS hbn 1.238 
Inj6ctor (tubi): ~0.000 Coal Split PC (I) IS.616 

ta/S R6tio l.ldl CI Utiliz6tion, $ 29.201 
SUN to f/hr 0.01t 

c1n9 CllC mu/SIC1 621.200 Cln9 11615 Otu/ac) tfl.ZSO Flor l/stc 2d.900 
Tot61 flow 6s6u66j tquql ov6r ill d circuits: 
flux (wt2-slc): 

11 AI 0.111 I2 AI I.111 II IAF 3.266 I1 SRS 2.922 
IS SRS 1.130 II SRS 3.012 I1 PC tl 2.W I9 TAP 1.000 

At II 02 At Cal; SD 02 Imu 

ll.ZSO 29.911 
1lLlSS llO.241 0.269 
191.110 114.012 0.413 
401.149 441.113 

AIR TiWPIRAlURbS id69 FI: 
Air Pnh66t Inl6t 139.200 Pr6h66t Outlit 290.000 

FLUE GAS TtllPERAiURtS Id69 F): MlURAl SAS IllPUTS: 
Ft Air Prrhiat In16t SILO00 FE Pnh66t Outlrt 413.000 I. El6 llMtu/hr- I of lot61 told: N/h 

A6bitnt 11.000 

STflBS (KPPH!: 9oiltr ld.960 fltrh l6nk 2.2SO lot61 sttu 11.090 
Pr6ss. (prig): loi16r 102.000 Fl66h link 101.000 
Tw. Id9 F): !.oiltr 111.000 Fish luk 311.000 htd N20 (da9 f) 212.001 

COA’SUS’OR !OAOS: toal - MWltn/nr 19.122 &Ii89 [Co61 4 II G661 - I 11.522 Coolin HZ0 Inlrt (d69 F) 362.000 
Coil t k. Gas - ilii!talhr 19.122 

Rw-S: Steaa Gfrm tff’q (I) OZ.102 Fuil to Stqu Flor Corr. 0.926 

Boiitr tfficiency 19) 00.104 I SO2 Rtduction 11.421 Intrusion Air (6/hr) 1961.92 



NfA:! :fjiS TEST SUYWARV f P9s: 2 Revision: 0 
oatf: SilOIll 

KS: HE-N50 Date OS/l2191 
PURPOEI: G~NiSAii I TCNS Of SAGHOUSf CATCH fOR lIR0 

COAL: Sou-cf: NfAlV PfRF REND 
Ultiaate Anaiysis Appli6d 
CoIp:si:iol: iti - Carbon: Il.450 Hydrogen: 3.620 01996X 15.990 Witrogtn: 0.190 Sulfur: : 0.940 

lloisturc: 10.110 Ash: 21.060 1250 (crlc. d69 F): 2115 HHY (9tullb): 1998 

lIXfSlOWCAh’i~ftl I clcol: 90.400 XATURAL GAS: ltu/lb - Stoich 6ir (t ilr/l IIG): - 
Nydro96n (I HZ/9 GC):- 

TtST PARAYf:fFS - COWSIOR FIRING CONFIGURATION: 
Duration (tics): 199 

FLON RATES: 
coal P; Ilihrl 1159.000 
Cmier Air Pt iscfn) 12500.000 
:oeb:stion Air Pt (k9Ohl 6.260 
W:l 9x16 Air Pt !kpph) 5.120 
Coal NC lI;hri l134.000 
Carrie: :ir WC iscfh) 21110.000 
Ctb. Air Set Srnr (kpphi 0.816 

STO:LH:OYIiR:: AIF: (for Co!‘, 5.985 
SIOIS. AIR: iI ?ir,:I to: fdll! 5.9115 
Pkl’:: PC! pti 1.040 

P: phi 1.9ti 
IIC Db: c.913 
Dvc:r!l phi ar SEC. ?rnr 1.035 

fl:XOliS: 
A: stsik hS aas. 
02 ii) S.120 
co IDDC) 19.110 
Kx (pm 129.000 
soi r/tS hOi 142.000 
SOI r/o 1s (ppml, cll: W.Si9 

AIR TWfRAlURfS idI9 F): 
Air Prlh66t Inlot 119.000 

S6ction: - liw of 166t: 1lAS 

1S O/hr) 10.000 Tot61 Air Whr) 19160.S21 
1s Split WI too/o Stoi Air Whr1 14920.224 
I hI16S - Xc16 Air S9 it/hr) 1240.29t 
Cirr’r AM (xfh) JS40.210 lo!61 Coal Olhr: 2493.000 
1.1. Prrss IOri9) Edc Nil Oi6 0.315 Tot61 Gas lS/hr) 19159.910 

Nozzl6s (throat): - ; 02 pas! St C6tn 1.502 
I?jec:or [tube): 50.000 Co11 Split PC n) Sf.SOC 

El/S Ritio l.llO CI Utiliz6tinn, 1 13.561 
SUN to t/hr O.OlI 

tin9 Calc l9tuln:l S09.S90 Etn9 x6lS (kU/S6t) shl.!s~ itOW I/SIC 20.000 
lot61 flor 6ssu66E lotal over 611 9 circuits: 
FLUX (Bto/i;z-sLci: 

I1 Ai 0.516 I2 AI 1.161 13 9Af 2.116 64 SRS 9.906 
IS SRS 1.411 16 SRS z.t80 I1 PC ST 2.914 I9 TAP 0.409 

At II 02 At CIIC SB 02 s/nflIBtu 

19.Sl9 21.193 
152.419 161.101 0.291 
111.114 18l.013 O.fN 
SOS.165 426.111 

Prthtrt Outl6t 99S.000 kbitat 11.000 

FlUf GAS TfMRAlURtS (de9 f): ~. ~~~~.. -. 
FG Air Prthllt Inlet 996.000 FG Pflhllt Outltt 4lS.000 

SlfAlS (KPPh): 9oiltr IS.199 Flab hnl 
Pr6ss. (9ri9): 9Plllr 101.000 FM lmk 
16IOS. id9 F): loil6r 339.000 ~ltit lank 

CM9US:OG 1OAlS: Coa! - lY9tu/hr 19.914 Coolin (Co61 + 9 Sal - 9 
Eoa’ L Y. Gas - MStr/hr 19.914 

RfSULiS: $:ltn tfr; tff’Cy (9i 92.!06 b61 to St,,, llou Corr. 

R:iltr fffitirrq (1) 91.2SS 1 SO2 Rtdurtion 11.994 

IkAlUMl GAS IIIPUTS: 
9. 016 Illtr/hr- I of lot61 lord: N/A 

1.991 lOtI StllD Il.130 
101.000 
336.000 Rtd HZ0 (de9 F) 212.000 

9.194 Coolin HZ0 InlIt (d69 F1 340.100 

0.939 

Intrurtofi Air (I/hr) 1123.l4 
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Rtririm: 0 
Date: s/to/or 

HiAl? ifflS US! SUMNARY I Pgs: 2 

1ts1: IaQ-HSI natr Qs/?ml 
PURfQSt: GtHfRA’t ! 106 Of 9AGHQUSt CAW FQR NIRQ 

COAL: Source: HtALV PtRf B:tNQ 
Ultisr!e Analysis Applitd 
Comporitm (I) - Carton: 41.460 Hydrogen: 3.120 Oxygw: 16.!90 Nitrogen: 0.130 bulfur: 0.140 

Mcisture: 10.610 Ash: 21.060 1260 Ic~lr. d,g 1): 1111 HHY (9tuilbJ: 19aa 

LINtElCNE::An:NELl I CaCQI: IO.100 UIURAL GAS: W/lb St&h 6ir (I tir/4 NG): - 
Hldrogtn II #/I NG). .- 

MT PARAHfltRS - :QWSTQR FIRIHG CO6fIGURATIQN: 
Quration (mini): 44 

FLOW RATfS: 
kal PC iS/hr) 1161.000 
Carrier Air PC (r:!h) 12500.000 
CChjt~ot Air PC (ipph) 6.105 
II:! g,s:lr Air Pt iaQpt,) 6.C60 
Coal 111 il:hri 1146.000 
Cam- Air II: (rcfa) 21110.00: 
Cohn A:: Set Brnr ;kp;h) 0.000 

SIQ:.~rK??P~~ AlR: :for :oil) 6.9116 
Slli:.. i!;i: It alr,‘I tot fuel) s.995 
Pfi'S: PCC phi 1.009 

P: pli 1.914 
I; gh; 0.991 
Qveral' phi at Se:. arnr 0.w 

t!:SsIcNS: 
A: stat! As uas. 
31 (Ii 6.120 
9 Ipp") I.!10 
NO! (owl 111.030 
S?l r!lS ippr) 142.000 
'Ok I,C LS ippn), talc 1~1.110 

Section: - liw of llit: 1:04 

tS Whr) 62.600 lotrl Air O/hr) 16411.521 
LS Split (I/N) 100/Q Sto; Air (l/M) 16QSl.S91 
I Norrlrr - Xcss Air 59 (I/Iv: 446.630 
C&r A;lS (4cfh) !640.210 Tot11 Carl (I,‘hr) ?615.001 
C.A. Prwr (prig) tdc Hz1 Q:a 0.316 lot4! 614 (I/hr) 11606.366 

Nuzzles (throat): - t 02 post SO Cnbn 0.66F 
Injector (tubei: I0.000 Coal Sp!it PC (6) u.1a1 

Cc/S R6:io 1.16Q C4 Utilizrtion, 6 31.110 
Stfh to I/hr 0.016 

thj tilt (!tl/UC) 116.200 thj 864s (kU/SlC) 4!c.!2 FlOV #/UC !!.t;o 
Total flcr ISSUB~: equal over 111 9 cirwts: 
FLUX (91u/ft1-t1c): 

I1 AI 0.435 12 AI 1.296 13 9AF 1.266 II SRS l.QNS 
I! 9s 1.166 16 SRS 2.31! I1 PC 61 2.141 I! TAP 0.000 

At 11 02 At Etlc so 01 l/mlEtu 

1.611 1.652 
213.16: 153.19: 0.119 
116.309 199.111 0.111 
404.141 461.009 

AIR 1tRPlRAWf (dag r): 
Air Preh44t Inlet 139.000 Prthtrt OutlIt 94I.QQO Abbilnt 11.000 

flUf GAS itNPiRAT1RfS (drg F): UlURAL 61 IllWlS: 
fG Air Prrhtat Inlet 692.000 R Prthrlt Outl4t 161.000 II. Eu Mltu/hr- I of lot41 Lotd: R/A 

STtANS (KPPH): gnil4r 14.190 Fl46h lmk 1.160 lot11 sttu 16.690 
Press. (prig): joilrr 101.000 Flrrh luk 101.000 
1wps. (69 F): 9oilrr 336.001 Fl4sh 14nk 316.000 Rd Ml0 (dag F) 212.000 

EOWSTC’ LSACE: Coal - Mk?/hr 20.090 Cooling (Co11 + 6 61s) - I Q.lOQ Cooling HZ0 Inlet (d4g Fl 339.000 
Coa! + N. G4s - NNBtu/hr 10.090 

RWlS: 

REMARKS: 

Stew Gta Eff’cy (II 91.111 futl to Stun ilou Corr. 1.806 

Bcile: tfficitncy (6) 91.329 I SO2 R,ductiofi 66.432 Intrusion Air Whr) 6666.16 



HEA!V lISTI ltll SUNRARV I Pji: 2 Revision: 0 
Date: S/10/91 

TES’: Sal-H!7 Date m/23/91 
PURpCSt: GIbiPA-t 5 TOSS Of BAGRQUSI CATCH iOR NIRQ 

COAL: Soum: HtAlV PSRf 91IN3 
Ultimate Analysis Applied 
Coapori:loe (6) - Carbon: 47.450 Hydrogen: 3.620 Oxygen: 16.960 Nitrogen: 0.130 Sulfur: 0.310 

Iloisture: 1Q.lIQ Ash: 11.060 150 (talc. deg Fl: 2115 WV (!tu/lb): 19aa 

LIliiiQHt:CANlYilL I CatOk 90.400 NATURAL GAS: gtu/lb - Stoich air (I rir/l YG): - 
WVdrogtn (I gZ/l ICI, .- 

TES! PAPAWRS - COWSTOR FIRING tONfIGURAlION: 
Qulatio! (Ms): 161 

FLON RAX: 
toai K llihri 117:.000 
tarr:er Air P: (scfhl 12100.000 
forbtir:ioa Ai: Pl tkophl 6.110 
Nil Bustie Air Pt ikoph) 6.010 
taal Ri (lihr; 1150.000 
tarr:er I!r X: ls:fhi 21110.010 
CCC I;: Se: Ernr Ik;ph) 0.000 

S:QI[k:QMt::I: ALP: if:r Coelj 6.961 
SlQ:CS. AIR: II air/l to! fuel) 5.966 
PM’s: PX pri 1.009 

P: $1 I.661 
u: Cl’ Q.Oil 
%epaii rtl t! Sec. Brfir 0.911 

Ew:i’:cl~I: 
A! r!ati. As was. 
? (l: 9.630 
CO (pari 61.000 
Nh (ppr) 116.000 
SIl v,u (ppm! 119.000 
SC1 v/c LS (ppr), talc 316.131 

Swtion: - lib4 of last: IQ:02 

1s Whrl 11.000 Total Air il;hr) 16412.521 
LS Split (I/NJ lQQ/Q Stoi Air iI/hr) 16Q61.600 
I Nczzlts - Xcrr Air Sg (l/hr) 364.721 
Carr’r Ails (refh) 9640.210 Mr1 Coal ll/hr) 2621.000 
C.A. Press (psi!) Edc Nzl Dir 0.116 Total ttr (i/hr) ll463.6i9 

Nozzlts (throat): - t 02 post Sl Cnbo 0.461 
injector (tube): 60.000 Coil Split PC Ix1 16.46G 

ta/S Ratio IS69 Ea Utilisation, 6 30.131 
SCfl! to lihr 0.016 

Clng CalI IgluIaec) (39.2QC [lng leas (l:u/rec) 639.667 flor I/SLC 26.600 
Total flov awed eoual over III 6 circuits: 
Flux lgtu/ft2-str): 

II AI 0.136 I2 A1 1.111 I3 BAF 3.266 I4 SRS 1.6!6 
I6 SRS I.112 16 SRS 2.616 I1 PC El 3.309 I6 TAP -0.461 

At I1 02 At talc Sg 02 IiNpBtu 

71.136 Ql.431 
139.649 164.663 Q.lOf 
2C9.629 lI~.970 Q.UI 
404.602 466.694 

AIR iIRPIRA:URtS (dej F): 
Air Preheat Inlet lt6.QCQ preheat Outlet 410.000 Atbiont 71.000 

FLU6 GAS lIH?iRATURIS idcg f): MURAL 61s IgPUlS: 
PG Air Prthoat Inlet 636.600 p6 Prahtrt Outlet 433.000 1. Ca llllgtu/hr- I of lot61 load: N/A 

STEANS laPPi): goiler 16.111 flash lank 2.1lO lotrl Steu 17.460 
Press. lpsig): soiler 103.000 Flub link 101.000 
1er:r. Id! f): goiltr 311.000 Flirh link 337.000 Red WlO (dog Fj 212,003 

,]l”~s’Qf ‘n~0:. . _ L< *.. Coal - RRB:u/hr 20.136 Cocling (to11 + g Gas) - I 11.136. Cooling H20 Irlct (deg F) 342.QEQ 
toal + 11. Gas _ uMtu/hr 20.136 

RMTS: 

REWLI: 

Stear Set Ef”cy (I) N1.W fuil to Stiti Flov Corr. 0.933 

Boiler Efficiexy (I) 60.600 1 SO2 Reduction 41.902 Intrusion Air (I/hr) 5552.64 
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HfAiV TfSTS TfSl SUWYARV I P)r: z 

rts:: w-w nItI 05/11/91 
PuRPCE: GfNfVTf 5 TONS OF aAG?SUSf CATCH FOR WIRO 

Rcvisibn: 0 
Date: 6/10!9l 

COAL: soum: HfAlV PfRF a1tno 
Ultmate Analysis Applied 
Coupos:tio! (9) - Carbon: 41.160 Hydrogen: 1.620 Oxy9m: 16.960 Ritro9en: 0.130 Sulfur: 0.140 

nbisturt: 10.610 Ash: 21.060 TZIO (trlr. de9 f): 1111 HHV (atuilb): 19611 

I CICOk 90.400 9ATURAl GAS: Stullb - Stbich 111 (I h/l WG): - 
HvdroStn (I HZ/l WC):- 

TfSl PARAWfTfRS - CWBUSTOR FIRING CO6FICURATIOW: 
Duration (tins): 116 

ilO1 RAN: 
Coal PC lI/tr) 11a0.000 
CArrW A:r PC iscfh) I1soo.coo 
Cw!;rtian Air P: (kpphl 6.30 
Kix aus:ie Air Pt Ikpph) 6.M 
CX Y[ (f/k1 1336.900 
Carrie- Air 11C ir:fh) 21119.000 
Cntc Air Set arnr ikpuhi I.202 

ST::C’i!:YRI: t!P: if3r Enrli 6.986 
SW!. 11:: (1 air,9 tit fuel) 5.985 
PHI’s: PX Dhl l.OSl 

0: uh: 1.945 
IIC pt: 1.015 
Oiera’: phi 6t Sec. arcr 1.095 

iKiS!:yI: 
At rtxi 
01 (1: 

AS BIIS. 
6.115 

co WI 19.692 
HOI !DOP) 116.000 
so1 Ui!S ipp11 191.400 
SOS u/c 1s (ppo), CIIC 331.61~ 

Slction: - 1ir of lest: i9:ia 

LS Whri 61.6CO loti: Air Whr) 11069.621 
LS Split (I/W) 100/o Stoi Air Whr) 14911.111 
I wnz2lls - Xcsf Air Sa N;hr) Na.349 
Irrr’r AM (scfh) 9640.210 Total Cod (I/hrl 2496.600 
LA. Prass (9ti9i tdc 1111 Oil 0.319 Totil Car (I:hr) 19991.31S 

Soziles (thrott): - t 02 part St tlbn 2.619 
Injtetor (tube!: io.000 Coal Split PC 0) 16.469 

Ci!S Ratio 1.162 CI Utilizitibn, 9 10.015 
StFH to I/b 0.016 

tlng c11c (atum Aa2.400 Vng 1111s ;atuw 661.911 Flnr I/it: za.aco 
Total flor irtuntd ~quil over ill ! circuits: 
FLUX Iatdtti-sac): 

II AI 1.016 I2 AI 1.296 I1 llAF 1.500 I4 SRS LPO! 
I5 SRS i.ao6 16 SRS 9.011 11 PE il 2.96a 99 TAP 0.000 

At 31 02 At elk Sa 02 

1631 11.066 
119.066 143.N 
190.139 196.019 
404.56a 616.169 

imatu 

0.210 
0.401 

AIR TWtRAlUbtS (de9 F): 
Air Preheat Ielet 140.200 Prthwt Outltt lll.000 Anbbnt 11.000 

FLUt GAS MPtRATURtS (de9 F:: WURAl GAS IbUTS: 
FG Air PrehM Inlet 639.100 F6 Prlhrit Outllt 416.600 II. 61s MlStu/hr- I of lot&l Lord: i/A 

SKARS (APPH): aoiler 16.000 Flash lmk 2.110 lotll Stwo 16.310 
Press. (prl9): !.oilir 103.000 Flwh lint 101.000 
Twps. (d9 ii: 6uilLr 116.000 fllrh lint 116.000 bed SZO M9 F) 212.000 

CONBuST !OA!S: hi - Matu/hr !9.912 CoolinS (Co11 + W 61s) - I 12.003 Cuolin9 120 Inlit (de9 F) 110.000 
lo6I . N. Gas _ lIratu/hr 19.942 

RfSUlTS: Stm Gtn fff’cy (6) 91.962 Furl to St6u Flur Corr. 0.m 

Boiler tfflr!wq (t) 90.639 : SO2 Rlluction 62.669 Intrusion Air lllhr) 1415.62 

RMAPXI: COWa”SlOR MAWED PRIOR TO THIS TEST. 
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HfAlV TfSTS TfST SUNNARY I P9s: 2 Rs\ir!or: 0 
Oat?: 6/10/91 

XT: sw5a oatr 05/2a/91 
PUR?;iI: GfkiRAIt 5 TOtIS Of RAShOUSt CATCH fOf NIR3 

roll: source: HMV PIRF BLIND 
Ultiuatc Analysis Applied 
tcepcsitm is) - Carbon: 41.a60 Hydrogen: 3.620 01y9en: 16.9RO Nitrogen: 0.130 Sulfur: 0.340 

Ncisture: lC.630 Ash: 21.060 1260 Icalc. be9 f): 2716 HHV (Rtu/lb): 1939 

LIN!STOYt:CAK!Ytl! I cu.03: 9o.aoo YATURAL GAS: Gtu/lb - Stoich air (I air/l NG): - 
Hydrcgtn (I HZ/l NGl:- 

TES1 PARANfTIRS - CONEUSTOR FIRING CONFIGURATION: 
Ouraticr. (nins): 129 

FLOW MIS: 
Coal PC !l/kr) 1113.000 
ta‘riey A!r PC (scft,) 12666.060 
Ccnb;s!icn Air PC (kpsh) 6.160 
Nia Rustle Air PC (Ipub/ 6.610 
Caal II (s!hr) 1316.500 
lamer Air NC lxfn. 2111O.O?R 
hb? Air Se: Brnr (kpaii 0.080 

SXi:~!:u’:Y!t A:R: ‘for Coa:) 6.9i! 
Slti:‘. IiF: ia a:yis tC: fbel; S.SBI 
PH:'S: Pt: Ph. 1.039 

Pt fhl 1.666 
Nt ohi 9.919 
Ovr!iii Chl !I Se:. ark, 0.W 

X;ji:~(j: 

I1 s!a:i As re!s. 
02 Ii“ 6.190 
cc ;uF’! 10.66i 
!i:s (For’ 129.ooc 
92 t,‘;s (upe) 16!.AOO 
SC’ YiO 2 (PCD), UlC 323.160 

Section: - liti of last: 0:tl 

1s (I/hr) 61.000 Tot81 Air (I/hr) 16222.621 
ts Split (I/N) lGQ/G Stci Air (l/hr) lall9.132 
I Nc!zl~s - ycss Air SR (I/hrJ 602.W 
Carr’r A/l6 (scfh) 6S10.210 Total Coal (I/hr: 2459.6?0 
LA. Press (psi91 Idc 1121 0’1 0.31: Total 6as (ilhri 11166.662 

Nozzles (thrcatl: - I 02 uctt SII Cnbn 0.639 
Injrctcr (tube): 60.000 COI! SUM PC (I) 16.413 

Cl/S Ra:io 1.166 Ea Utilization, k 26.R99 
SCfH to I/hr 0.076 

e1r9 talc ~Stu/rec) alLOG Clng leas $tu/set) 66I.660 flcr $/set 36.690 
lattl fled wned aeual cvey ill 9 circuits: 
f1Uk Mu/W-SK): 

I1 AI 0.661 I2 AI I.010 I3 GAf 2.GOO I4 SRS a.219 
IS SRS 3.6aI I6 SRS 2.631 Ii PC 61 2.661 I9 YAP 0.000 

At 36 02 At Cslc S9 02 I/NWU 

If.166 16.611 
163.106 114.639 0.241 
196.641 222.661 0.116 
104.516 a66231 

AIR KNcIRAiURIS Ice9 f): 
Air Preheat Inlet 136.100 Prohrat Outlot 391.600 hnbknt 11.000 

fLU6 GAS TEWP6RAiURK (de9 f): WNhL GAS IGPUX 
fG Air Preheat InI,: 636.000 FS Prahuat Ontllt 416.000 1. GIN lMGtu/hr- I of WI’ toad: VA 

S!fAWS (KPF!): Rc’ler 13.904 Flash Tmk 2.016 Total Stuao 16.920 
Press. lps191: Gciltr 103.000 flirh lank 103.GOO 
14mus. id9 f): bcikr 331.000 Flush Tank 331.000 Fend 120 (do9 F) 212.000 

ICuS!KR MS: Ccal - M9tuiht 19.6a6 Ccclin9 (Coal + G Gas) - 9 19.36s Ccclmg W2G Inlet (dog fl 341.900 
Cral 4 R. Gas - NWu/hr 19.616 

RII,.llS: S:tab Oen tff’cy ($1 61.619 fuel to St~au flor Ccrr. 0.996 

6ciler 6ffi:ien:y (1) 60.642 1 SO2 Roducticn Lt.067 Intrusion Air (l!hr) 1022.66 

RHIR!‘.: 
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HtA:r ltt;: 1tSl SUNNARY : P9s: 2 

its-: WHSS Oatc 05~23/91 
PURFX: GtWit I TONS OF 6AWUSt CAltH FOR NIR3 

Revision: 0 
Date: 6/lO/Ol 

1011: Source: WV PERF 6LfNU 
U’tiba!t Analysis Applied 
Cnwiticr (1) - Crrbcn: 41.650 Hydrcpr;: 3.620 Oxygen: 15.960 Nitrogen: O.l30 Sulfur: 0.340 

Ncisture: 10.630 Ash: 21.060 1250 (talc. de9 F): 2116 NNV (b/lb!: 1966 

LINtSlCNI:CAhW!l t wo3: 90.400 MURAL GAS: Gtu/lb - Stcich iir II air/l WC): - 
llydrofm (I N2ll YGP .- 

TtSl PAPAWtRS - CGN6USlOR FIRING CONfIGURATIOk: 
Duration Inins): 16C 

flO’d RAW: 
Coal PC fliw) 11~1.G00 
Carrk Ai’ Ft (s:!h) 125OC.000 
Cc?brr!icn Air PC !kPph) 6.263 
Yil S:i!le Air PC [!gph) 6.9!8 
Cozi Ilt lI,'hrl 1323.10t 
:ar?it* Air Y: (se!L) 21:10.000 
Crb! Air Set Rrnr (kpph) 1.049 

S:O:CT:IKRI: II!: [for C:al) 6.F66 
STCIk. JP: :I ilV/# tot 'ue!j 6.965 
PK’s: Cc; pii 1.354 

PI Jhl 1.9x 
w: ptr 1.001 
bva” 14. 6t Sec. br I.016 

[r::j;$,j: 
h! sta:i AS rtas. 
02 1:) 6.210 
co IWI SL800 
NC! Ct:n) 123.300 
132 r/is !ppni 11a.1100 
SDx I!: 1s IDDI), CIIC 334.361 

Sdion: - 11Bl of left: I:36 

1s Whr) 46.9CO Total Air (lihr) 16611.121 
1s Split (I/N) 100/o Stci Air (tihr) 14764.616 
I Nczzlts less Air SG (I/hr) 1666.9[2 
Carr’r h!lS (scfh) 9610.210 Total Cod Whr) 216l.OOO 
LA. Press (psi91 EOC 1121 Oil O.lll lot&’ Gfir (r/hr) 16620.662 

Noz;lcs (throat): - 8 02 post SS l#bn 2.213 
Injrcw (tube): 6O.OOC CCC! Split PC (I) 46.491 

h/S Ra!ic 1.69C Ca Utilizztitn, I 30.139 
S:Fn to lihr 0.016 

Clr9 er:c ~Il:u/s~c) 433.410 llr9 NUS (Btulucl 515.139 Flow l/s% 26.600 
lotal ficr issumtc rwil aver 111 6 circui!6: 
FLUX [BtU:ft2-S6C): 

I1 AI 0.662 I2 AI 1.036 I3 6Af 3.463 I4 SRS 4.319 
I6 SRS 3.111 I6 SRS 2.623 I1 PC fl 2.163 I9 l/z -0.W 

At 39 02 At t&k ss 02 IlNNGtu 

66.966 69.691 
160.612 111.216 0.226 
194.053 202.632 0.499 
404.111 421,466 

AI3 TtNPfRAlURtS (de9 f): 
Air Prthta! Inlet 136.800 Prtheit Outllt 401.600 )3birnt 11.000 

FLUt GAS IINPEPATURES (de9 f): MlURAl 6AS INPUTS: 
FG Air Preheat Inld 142.000 FG PrthW Outllt 411.000 1. EIS InRtu/hr- I of lotll lcld: N/A 

SlfW !IPPH): Boiler Il.600 Flish link 2.060 lottl bttu ll.160 
Press. iusi9): 6cile: 103.000 Flirh lank 103.000 
ILIps. (63 f): 6cilcr 331.000 FlAth lank 331.000 FM W20 (drg F) 212.000 

C?“SJS’:? 19A?S: Ccal - NWBtdhr IO.:06 Coding (Cc11 t N 61s) - I lO.IGl CoolinG N20 Inlet (d19 f) 36C.203 
Coa’ + W. ias _ NNBtuillr 19.106 

EE6E.i:: Stra: Gtr tff’cy IX) 61.951 Fuel to Sttu flor Ccrr. 0.983 

Bo%icr Effic!my (I) GO.926 I SO2 Reduction 61.946 Intrusion Air (l/hr) 4650.20 

RENAS!i: 
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lItA:7 1iiTS lfS1 SUnnARY I P9r: 2 Rerision: 0 
Date: 6/M/91 

IIS!: W-N!6 01tt 06/24/P: 
PUR13Sf: GfNfTAlf 5 TONS 01 SAGtOUSf CAlCH FOR NIRO 

EOAl: sour:c: H!ALV PM1 ?!MO 
ultwte Ana!ys:s Applied 
Cctpcritm (61 - Carbon: 41.150 Hydrogen: 3.620 Oxy9rr: 16.W Witropen: 0.130 Sulfur: 0.310 

hiswe: 10.t3c Ash: 21.06: 1260 (trlc. d19 P): 2116 NNV (h/lb): 1918 

lIlliSlOhi:!ANilill 6 eaco,: 90.420 NATURAL MS: Wb - Stoich air (I cir/l NC:: - 
Nydrogan 0 N2ll II;). .- 

TtS! PARlNtltRS - ;OWBUSTOR XRIhC CONFIQMIOW: 
Omtibn Mrs): 141 

FLOY RATIS: 
toa! Pt Il.‘hr! 116:.000 
CArr;rr Air P: (s:fh) 12!00.300 
tonbxtios A:r P: !kpphi 6.260 
N!r 9is:ie Air Pt (kpahi b.O!O 
COI! 3C (rhj 13Q.500 
CITY Air NL (xfh) Zi~lC.OOI! 
Crt: Air Se: Brrr (kpp’;) 0.110 

S:$::d::U;-P:: A!;: (f:r ical) I.OS! 
sn:?. CR: it ll~/l t:: fuel) 5.965 
PiI's: P:: pli l.OJi 

Pt $i 1.901 
u: pt. 0.995 
Overai: ph! at Sec. Brnr I.015 

M:S:;NS: 
It S!lC~ AS OUS. 
oi t:: 6.6!0 
cc (ptn! 26.100 
I?* i&1 1u.oro 
so: rf:S Ipprl 111.000 
Sk r/c 16 Ippnl. talc 241.691 

AIR EllP~RAT:FtS (de9 F): 
AirPrmhelt Inlet 131.000 

itUt SAS ltlPt?ATURtS [de9 F): 
15 Air Prthtrt Irtlrt 666.000 

STfAHS (IPPHI: loiltr 11.260 
Press. (pr!gl: biltr lOLOO 
imps. cd9 F): Roil0 131.600 

EOWOWR KAIS: toal - XIS:u/tr 20.062 
toe: - N. Gas - MWl:c/hr 20.062 

R!iJt:S: stur Cl? fff’ry (I) 62.290 

Boiier tfficitrcy (I! 61.201 

Slction: - lint of Test: I:29 

1S (I/hri 48.000 lbtil Air Whr) 16122.521 
1s Split (I/l) 100/o Stoi Air (tjhri 16039.914 
I Hozrlls - Xcss Air SR Whr) 1411.611 
EArr’r A/B (scft.) 9640.270 TotAl Coal (6/h*) 2611.10: 
C.A. Press (prig) tdc 1121 Oic 0.375 Total 61s It/hr) 18426.667 

IOiZllS Ittroit): - 6 02 post SS Cohn 1.661 
In;@:tor (tub!): 60.000 Coal Split PC (6) 46.466 

C&/S RdlO 1.629 CA Utililitiot, ; 31.691 
StFN to I!hr 0.016 

Cln9 Cal: (itu!tccl 450.000 Cln9 kis (h/m) 6M.411 Plor :/sac G.630 
Total flak isrurd c:ual oar ~11 6 circuits: 
flux (BtUifthtC): 

1’ A: 0.126 12 AI I.411 I2 BAf 4.433 04 SRS I.OFi 
I6 SRS 1.966 t6 SRS 2.W II PC ET 2.154 I9 TAP 0.000 

At 31 02 At C11c SO C2 I/WWstu 

12.131 12.119 
132.606 142.166 0.201 
160.666 194.024 0.361 
404.690 413.116 

PrMt Outlet 191.000 

IAlURAl GAS IBUIS: 
F6 Pmheit Outlet 416.000 1. 616 IllRtu/hr- I of lot&l Load: 6/A 

Ploh link 
Fll6h link 
Fllrh lmk 

2.190 
102.000 
114.100 

lot11 sttu Il.440 

hd H2O (dl6 F) 212.000 

coo1in9 (COI1 4 6 61s) - 6 ll.026 bOh9 N20 hl6t Id@9 F) 139.000 

Pull to Sttu Plou Corr. 0.13S 

6 602 Reduction 66.221 Intrusion Air (t/hr) 4641.91 

hbitnt 11.000 
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HfAlV TtSTS ltS1 SUWNARV 9 s9s: 2 Revijinh: 0 
Oak: S/10/91 

US:: !46-159 oatt 06/29/9l 
PURP3SE: GiNiFATt i 1OlS 0; BAGHOUSE CAlCN FOR HIRO 

COAl: Source: HtAlV PtRF MO 
Ultwte Antlys~s Applied 
Cn#position (6) - Carbon: 41.450 Nycro9en: 2.620 0sy:tn: 16.960 Nitrogen: 0.130 Sulfur: 0.340 

Moisture: 10.610 Ash: 21.060 I260 WC. d69 f): 2116 HNV lltu/lbl: 1966 

LIWtSiOWt:CANlNfll I ctc03: 90.600 NATURAL GAS: ltu/lb - Stbich air (9 air/l WC): - 
nydm9tn (I N2/6 NC- 

ltS1 PARAWERS - CONBUSTOR FIRING COWFIGURATION: 
Ouration (bins): 106 

FlOl RATiS: 
;oal PI (l/vi 1lsLooo 
Carrier Air Pt (s;fh) 125oo.coo 
C&us:ion Air PC ikgph) 6.200 
Nix !js:le kir IC (kook) 6.930 
Eotl N: [l/hi) 1329.00c 
Carrier Air WI lstfh) 21lli1.OGO 
Cttr. Air Se: 6rnr (k!;h) 0.000 

STi::s!:Y:I: 1X: (fcr Cc:lj 6.395 
SXI:!. A!!: il :lr.;l t); fuel) 6.966 
PK’s: P:: p7i 1.036 

Pr b’;l 1.695 
ni ct. 0.992 
Orrx‘l 11: I: Sec. Ernr 0.99? 

fWISEK\S: 
A: stt:k AS 116s. 
oi :ti 6.011 
ct (DQ’) 9.160 
b:r 1ppr: 116.OCO 
92 r/G ipcni 15!.000 
531 u/o IS (pptl, talc i29.929 

Section: - Tile of lest: 00:16 

LS (I/hri 60.000 lo:11 Air (I/h*) 11112.521 
1s Split L/II) lot/O Stoi Air (llhr) 14660.116 
9 llOZilI?S - Xcss Air S6 (I/hrj 612.115 
Carr’r AllS (scfh) 9140.270 Tote: Coal (l/Or) 21S1.000 
1.1. Press lpsi91 tdc 111 Oil 0.315 Total 01s (r/hr) 11~14.963 

Xorzlts Ithroat): - S 02 post S9 Clbn 0.166 
Injector (!ube): 60.000 Coal Solit PI (6) 46.li6 

ta/s Ratio 1.711 ta Utilizattibn, f 31.118 
SCM to I/hr 0.016 

Cln: talc (~!u/nc) 310.~00 lln: krs (Stbhtc) 521.611 Flou I/stc 26.1100 
lotat flo* 66wec epilal over all 6 circuits: 
FLUX I6tuiftl-secl: 

91 AI 0.611 92 AI 1.111 13 6Af 2.666 I: SRS 1.422 
I! SRS 2.119 I6 SRS 2.611 I1 PC El 2.134 69 TAP 0.906 

At 31 02 At klc SB 02 IinHBtu 

11.266 12.661 
161.325 210.113 0.266 
166.124 209.221 0.393 
606.162 662.622 

AIR TWiRATCRtS (de9 F): 
Air Preheat Inlet 141.000 Pnheet Outlet 366.600 Aobitnt Il.000 

FlUf GAS 1tllPtRA:URtl (de9 F): UTURAL 61s IbUTS: 
FC Air Preheat Inlet 646.500 16 Prlhllt Outllt 211.000 II. 61s RllRtu/hr~ 6 of lot61 load: 6/A 

SitAh’S (kPPt1: Bciler 11.040 flesh link 1.660 Total Steal 16.920 
Press. Ips19i: lbilir 103.OW Flash link 101.000 
iambs. Id9 F): 6biler 226.000 Flieh link 116.000 Rd It20 (dt9 F) 212.000 

mus’:i LNS: Coal - IlllE!u/hr 19.634 Coolin (Coal + I Ear) - I 9.671 Coolin N20 Inlrt (did f) 111.000 
Lorl + 6. Car - lll6tuihr 19.624 

RWTS: Skit Scn !ff’cy i6i 61.112 Furl to Sttu Flor Eorr. 0.969 

6:?le, iificiency $1 62.924 6 532 Reduction 66.161 Intrusion Air (I/hr) 6160.61 

WAW 



NAlV TKS TEST SunnARY I Pgr: 1 

MT: i494CQ Date Q!/lO/Ol 
PNPOSi: SfNiRATf ! 7083 OF BACHON CATCH FOR N!RO 

Revision: Q 
Qa:e: 6/10/91 

hlk: Source: HtAlV PSRF MN0 
Ultina!e Analysis Applied 
Cocprition (6) - Carbon: 61.460 Hydrogen: 1.620 Qxy9er: 16.960 Nitropn: 0.110 Sulfur: 0.140 

ilcic!u*r: IO.690 Ash: 21.060 1260 (ci!c. de9 f): 2116 HHV m/lb): 199a 

LINfSTONt:CANTIEll 6 ChCQ3: 90.400 NATURAL 615: Btu/lb - Stoich Air (I Air/l Y6): - 
tlldrogen (6 HZ/l NC):- 

T&T PAKWRS - COWBUSTOR fIR!NG CONFIGURAlION: 
Duratm I~ins): 167 

fl3Y RAlK: 
CD!i Pr (l/h) 1140.000 
Car!icr Air PC (s:fhj 12600.000 
lmbustmn L:r PC (k99h) 6.961 
Nil 6rr:‘c Air PC (kpph) 6.802 
Coal V: [t/h’) 1314.000 
Carrier Air K iscfhi 211iC.010 
Cr:a l,ir 3: 8mr (kp;h) 0.005 

STC::!:CUi:RI: LIP: (fzr tot: I 6.9?6 
STOX7. AIR: (9 air/r tot fue!) 1.966 
P4I’i: ot: :‘,I I.014 

i: D” I.665 
NC ;i: Q.919 
?re~!: I?: at St:. !rnr 0.919 

tnIsSIC1S: 
At ~:a:! As MS. 
3: c;; 6.119 
cc IDU’! ?I.000 
Nlr (sun) 110.000 
SOI r/1$ (Dim) lf9.003 
s:s r/c is (IpI), ELI: 365.141 

Section: - lin of lest: 6:Ql 

1s Whr) 60.600 lotA Air Whr) !5106.6Pl 
LS Split (I/N) lOOlO Stoi Air Whri 11666.916 
I Yczzlrs - Xcss Air SI (9ih.j 621.105 
Eirr’r AliS Iscfh) 966O.ZlO lotrl Carl !t/h*) 2666.000 
LA. Press (osi9) tdc Nzl QiA 0.616 lottl 6&s (lihr) lIOL6.116 

Nezzlts (thmt): - I 02 post S9 Chbn 0.W 
tn]cc:ar ituh): SO.000 Coal Split Pi (k) 46.455 

Ca,IS Ratio I.154 Ca Ctilization, 6 19.163 
S:FI to t,‘h? 0.016 

Clng klr Wsrcl 161.6PC Cln9 NUS (9tulstc) 490.111 Flat l/UC 
Tltri fior lssuwc epuAi over 611 6 circuits: 
FldX (R:ulftl-stc): 

I1 AI 0.198 I: AI 1.266 13 6Af 1.460 I4 SRE 
16 MS 2.611 16 SRS 2.461 I1 PC ST 2.19! I9 TAP 

At 31 02 At Cal: ss O? I/nllltu 

31.966 36.199 
163.332 116.290 9.211 
199.112 226.611 0.421 
dQ4.651 461.369 

AIR :tYPSRAl’~RtS id,9 6): 
A:I Pnh9it Inld 142.600 Pnhut Outlet 190.000 Anbi,nt ll.QQQ 

flUt 6AS iElKRAlUW (de9 I): WRAL GAS IIPUTS: 
f6 Air 9rrhW Inlat 602.9Qb 96 Pnhtd Qutld 610.000 1. 61s MlWhr - I of Ml1 told: !4/1 

6TfAllE IKPPH!: 9oihr 19.192 Flab 1Ank 1.166 Total St&u 16.660 
Press. (pslg:: loihr 101.000 Floh link 106.000 
1~ Cd9 6: Roil6r 136.600 flub ltik Ill.600 ktd ll,Q (de9 f) 212.000 

COYEUI‘OF ,OA?I: tori . Mtu!hr I!.101 Eoolin9 (Coil + 161s) - 9 9.006 Cooling n20 Inle: cd99 F) 940.600 
Coai t 1. CH - M6tu/hr 19.603 

Rtsulrs: Sttar Cm Lff’cy :I) 92.416 Fuel to Stun Flow Cur. 0.941 

Bo!ltr Sffxitrc) (6) 61.661 6 SO2 Reduction 60.661 Intrusion Air (t/hr) 6610.69 

RtWAR!S: 
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HKil rtsii TM SUMARV I P9s: 2 

TES!: 6!!-Ht! Date 06/19/91 
PURPCS!: CtNi?ATf 6 TOkS 0: 6AGIOUSt CATCH fQR NIRO 

Rrvis.on: 0 
01te: SllQ.:9l 

COAL: Source: HiALV PLRF 6LtNQ 
Ultmte Analysis A99li4d 
Corpcsition (6) - Carbon: 4T.460 NVdro94n: 3.620 Owen: 16.960 Yitro9en: 0.130 Sulfur: 0.140 

loistun: 10.630 Ash: 21.060 TZSQ (trk. de9 I): 2116 HIV [6tu/lb): 1999 

111ES:Qht:CANTWttt I WQ3: 90.400 IAlURAl GAS: Rtu/lb - Stoich rir (t iiril NQ): - 
llydropn (I W2/6 I1C)s .- 

TEST PARAWK - CQNS!STQR fIR!NC EQNFIGURATIQN: 
Qurltlon (ains): 196 

KQN PAN: 
lsal Pt iv;h’) 1169.000 
Carver Air PC (rcfh) 12600.000 
Ccnbrr!icn 111 PC (kppl) 6.290 
Yi! 9ui:ic Air PC ik9lh) 6.!BQ 
C:al 4C ;t!hrl 1344.000 
kirv. A:r K: ,scfli 11110.000 
[I?? A!r Se: 6rnr !kg;h) 0.000 

S!31CH::N!r::~ AIR: ifor Co:!! 6.96S 
K01:~. AIC: II air,4 :nt !uc!) 6.965 
PK’s: P:; 91: I.035 

P: ph! :.951 
II: $1 1.009 
OW!li :-: I! se:. n!‘: I.009 

tNijjIF,\j; 
It si4Ck As BUS. 
22 1%) s 6.9X 
CC ipcv: 41.100 
N:f (~:r; 132.000 
$2 b,‘!S :Dfrl 166.100 
SC1 r/c is iFpa), UIC 141.616 

AIR TWiRAi~RSS (099 E): 
Air Prthrat Iglbt 140.100 

FtUt GAS TtWWAlURIS (drs F): 
FC Air Prthekt Inlet 696.100 

STEAK IPPW:: toiler 14.699 
Press. Wg!: 9oiler 109.300 
111~s. (d9 i): 6cilir 931.000 

CQ116”iIER IcEs: c:sl . RUl:b/hr 20.066 
loli + 1. ;as - llllE:u/hr 20.016 

Rtsu!ls: ltrar Ce: tff’:V i9i 62.6S4 

Wltr tfiicirrxy I61 91.916 

Section: - lin4 If lest: 11:lZ 

LS :I/hr) 5Q.QQQ Total Air (t/hr) 16902.1~1 
1s Split (I/N) 100/Q Stoi Air (I/hr) 16033.936 
I Norzlrs - less Air S9 (l/h,) 666.684 
Wr AllS lsrfh) 9640.110 Toti' Co11 (I:hr) 251?.000 
1.A. Pnss !psi9i fdr Nzl Qia 0.116 lotr! Gas (t/hr;, 1?9Ql.ll~ 

Nozz3.s (throit): - t 02 post 3 Cab! l.CS9 
Injector (tubei: 50.000 COI! Solit K (9) 46.491 

Cal Ritio I.691 Ci Utilizatio!, II 26.621 
KFH to 9/hr 0.016 

Clng elk (#U/SIC) 161.920 Cl!9 IIIIS (6tu.,s$c) 613.611 Flor l/w 28.600 
lota: flow assumed cpual over all 9 Circuits: 
FLU! I9teifIi-scc): 

I1 AI 0.419 I2 AI 1.330 I3 9AF 2.619 I4 SRS 3.48: 
I5 SRS 2.646 II SRS 2.646 I? PC 61 2.191 I9 !AP Q.!45 

At II 02 At E11c SB 01 mtu 

49.056 54.341 
161.663 114.646 0.239 
222.661 146.616 E.410 
404.669 446.229 

Pnh44t Outllt 664.600 hbiln: ll.QEQ 

lITURAl 6RS INPUTS: 
F6 Pnhert Outlet 401.900 1. Eu Wltulhr- 1 of lot41 told: II/A 

fltsh link 1.902 lot41 Sttu 16.600 
flish link 103.000 
Flish link 311.000 Rtd HZ0 Cd19 f) ~12.000 

Cooling 1Cntl 4 I 64s) - 9 9.514 Coolin HZ0 Inlit (de9 F) 642.000 

hi1 to Steel 1106 Corr. 0.996 

9 SO2 Ridurtion 44.616 Intrusion Air (I/hr) 6466.14 
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IGAL! itsrs MT SUnnARY I Pgs: 2 Revision: 0 
Date: C/10/9’ 

KST: 551461 Olte or/29/91 
PcRPOSf: GfHtRAit ! TOYS OF BACHCUE! CAM FOR HMO 

COAL: scurcc: HEALY PfRF Blfl(O 
ultiaatc Analysis Appliad 
Eo6pOS~tiO~ (I) - ClrbOn: IT.450 HydrO96a: 3.610 Oeyg6n: 11.9~0 Kitrogtn: 0.130 Sulfur: 0.340 

XoistUT6: 10.030 Ash: 21.000 1250 (talc. deg F): 3119 HWY (gtullb): 1908 

t clco3: 80.~00 MTURAL GAS: gtu/lb - St&h iir (0 air/l NC): - 
Wfdrog6n (I HZ/g iGj:- 

TEST PARAKTtRS - CGIIQJSTER FIRIlG COWFIGURATIOW: 
Ouratm (6inr): 83 

fLON RATES: 
CoaJ PC :I,ihrl 1115.000 
tarrier A’r P: (rcfh! 12!00.000 
totlrs!io: hir PC (klph) 6.110 
!:I hrth hv PC (kypr) I.OSC 
hal W: ~Sjr,:, 1321.000 
Cavla: Air ii: (rcfL) 21110.000 
lax L17 Set Crnr (k:oh: 1.09Q 

S’;!CY!:W:~ AIR: jlcr :%I) 5.905 
s:mi. AIR: !I a.:,‘1 t;! ‘uelj 3.995 
PRI’s: It; pi 1.m 

t: pb’ 1.901 
nt yni 0.991 
Overall 1’1 a! Sec. grnr 1.111 

1s (g,‘hrl 48.5OC Total Air (I/hr) 11222.521 
1s Solit (I/S) 100/o Sto; Air (glhr) 14862.421 
6 11022161 - XESS Air Sg (l/hr) 2380.088 
Cur? AILS (ofti) QSaC.311 Tot11 Coal (0/hri 31QC.OOO 
C.A. Pr6ss (pig) Edc Yzl Oia 0.3X lottl 61s (6jhr) 19201.393 

lOZZl6S (thrO6t): - I 02 Cost Sg C6br 2.111 
Inj6ctor (tUb6): SO.OCC Cc6l Split Pt (II) at.192 

h/S Ratio 1.102 Ca Utiliza:ion, I 20.030 
SEFh to e/hr 0.016 

ChQ Clk (bU/SlC) 349.200 lhQ il6lf ikdS6Ci 48?.8$6 Flnr Q/S6t iSO 
lot11 flor aSaU66d 6qua1 eve: 111 8 circuits: 
FIUX (b/fth6C): 

I1 AI G.280 12 AI 1.113 I3 QAF ?.333 II SK 2.941 
II SRS 2.w IS SRS 2.691 I’ PC tl 2.134 IQ YAP 0.454 

inIss;xs: 
h! SUCK AS 6661. 
01 (tl 4.:u 
EC lwnl 2s.000 
NOI (ouri 132.000 
SOI uirs [p>l) 219.000 
5% w/o 1S (ppri, talc 33t.972 

A! 31 01 At t61C SD 03 r/nwstu 

30.33Q 30.Q31 
l90.193 113.180 0.141 
211,m 210.011 0.561 
bO4.N 410.116 

AIR TIllPtAAWiS (d6g F): 
Air Prth6at Inllt 13g.OOO Pf6hllt OUt16t 301.000 kbitnt 11.000 

FLUf GAS IWRAWRSS (d68 F): SATURAL GAS ISPUTS: 
FG Air Prthert Inlrt IZO.IOE R Pr6h6lt Outl6t 401.100 I. 616 nMtu/hr- I of lot61 lo4d: l/A 

SlfMS IKPPh!: QOil6l 11.000 Flirh Tint I.120 lOtI St666 16.180 
Prrss. lpri91: goil6r 103.CCC flub 16nk 103.000 
16605 id9 f): goi16r 33Q.OOO Flub luk 13WO h6d PO (dq fl Zl~.OOD 

COXS!‘lOR LOACS: EC61 - lnCu/hr lg.glO CW1i6g [Cdl! 4 I fla) - I I.199 Cooling II!0 Inl6t (d6Q F) l~1.000 
toa! * 1. 12s - Wtu/hr 19.010 

RESl!Tj: St6a6 Gen fff’ry (I) 02.681 fU61 t0 SttM Flow OOrr. 0.893 

goiler tfficitncy (I) g!.CC3 I SO2 Reduction 3l.Cg3 Intrusion Air (Ilhr) 4231.54 

IMARLS: 

Stetion: - lill Of lot: 1Q:lI 
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R6ViSiOa: 0 
086: S/i0/91 

HLALY lfSi3 1tST SUXuARV : Pgs: 2 

WI: $12~R!3 Oat! 05/29/91 
FURiOSt: SWAT! 5 KYS OF QAGHOLSt CATCH FOR NIRO 

1011: Source: H9A.V PIRF BLIND 
Ultirat6 Aniiysis laplied 
Concosit:on ISI - Cirbm: 11.410 Hydrogm: I.620 oxygen: lS.QCC gitrogtn: 0.X0 Sulfur: 0.340 

Noirture: lO.Q30 Ash: 21.060 1250 tC61C. deg F): 2111 HHY [gtu/lb): 19aa 

lIYtSlOl~:CAklh!il I caco3: 80.400 GAlURAl GAS: gtu/lb - Stoich 6ir (I tir/l WC): - 
WVdrOQlu (I HZ/l NC):- 

TEST PA1AWf~iRi - CORCUSTOR FIRIHG COlFIGURAlIOW: 
0ura:ion irinr): 111 

FlCU RATES: 
Coal PI (r/hi 1131.000 
:srnrr Air Pt !r:fc) 12530.000 
:06tA1on Air PC (iCCh! 6.435 
Wlr 9us:le Air PC !kCCli a.230 
Coal RC (I,‘hr) I306.000 
:arr:er A:r K (xi%) 2l:lt.OOC 
Eats A-r Se: Crnr [kpphi 1.1g0 

SXCHIXIX:: AiR: (for brli 5.985 
STOiZr. A::: (I alr;K ic: fuelj 5.9CS 
PHI’s: PC: pi I.OC9 

FC 9h1 2.00: 
Wt t’i 1.01S 
Overail pri I: $6~. Brnr I.168 

fH!ZSIOhS: 
;I stack As 6eis. 
02 (Xl l.310 
10 Ip:n) C3.000 
I(:1 I:pm, 142SCO 
SC2 BiiS ipJ6) 149.000 
S>x r/o LS (pun), tale 332.642 

AIR MFiRATURtS (de9 F): 
Air Pr6h66t Ia16t 133.g00 

i:Ut GAS TtRPLRAXRIS (d6Q F): 

s,ctioa: - Ti66 of Itat: 22:04 

1s (6/hrl 4a.aoc lot61 Air (l/hr) 11181.5?1 
1s Split (I/l) 100/o Scoi Air tI/hr) 11603.02i 
I 602216S - Xfss Air Sg (I/hr) 3154.493 
Carr’r AltS (scfh) 95(0.210 Tot11 Coil (l/hr) 2AaU.UUC 
(.A. Pr6SS (wig) fdc Hz1 Oil 0.315 lot61 Ga (l/v) 18139.903 

biZl6S (throat): - t 02 port sa C6M 3.121 
Injtctor (tub61: I0.000 toil Sp!it PC [l) 4C.blI 

ta/S R6tiO 1.105 Or U:ili:rtfon, t 32.W 
SW to l/hr 0.016 

ChQ C61C (!tUiStC) 3fO.000 ChQ lllS (Q:u/stc) 415.912 F!or l/m 2hCl 
lot61 flor lSSU66d 6cUl1 OV6I Ill g tircui!s: 
FLUX (gtU/ft2-S61): 

I1 AI 0.431 t2 A: 1.281 I3 SAT 2.166 I4 SRS 3.132 
I5 SRS 2.C96 16 SRS 2.318 I1 PC 91 2.24; I9 TAT 0.454 

Al It 02 At Ealc SC 02 I/mu 

101.9a0 99.00: 
lll.OQS 169.8112 0.2ta 
lQ3.012 111.131 a.3114 
404.Ilfi 383.300 

Prthtlt OUtl6t l03.000 Isbitnt 11.000 

QAlURAl SAS IQPUTS: 
Ft Air PrCh6lt In16t 62O.COO FS Pnh6lt Cut16t 422.000 1. 616 MStu:hr- t of lot61 Lord: N/A 

W/HZ (IPPH): goiltr 11.111 flirh link 1.181 lot61 St666 11.410 
Press. (prig): aoi!6r 103.000 lltrh link 103.000 
16665. (dg Fj: lloilar 339.080 fltrh luk 33C,CCC Fwd II20 (d6Q F) 212.000 

COIIEWOR !OAlS: Coal - l!Hgtu/hr 19.491 Cooling (Coil t C 61s) - C l.lQ3 Cooling n2c Inl6t (d6Q F) 339.000 
EN + II. GIS . WRgtV:hr 18.481 

RiS!llF: 

R9IIARt.S: 

Stem Gen fff’ry (II Cl.162 full t0 St666 llO6 COrr. 0.851 

Boiler tf’iritnry (l) Cl.061 I SO2 R6ductiOn 16.109 Intrusion Air (I/hr) 3CQg.g2 
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WEALY TESTS TEST SUKRARY 9 P99: 2 bvlrlon: 0 
BItI: I/11/91 

TEST: Ill-TM1 Dltl or/lo/ro 
PURPOSE: IUEWTIFV SUCCESSAL OPERATIRG CMOITIORS PGR TIR 1011. 

COAL: Sourtc: 110 lUL1 RIGGE 
Ultiute Anrlfrir Applitd 
Conposition [I) - Ctrbon: 49.900 llydro#ea: 2.410 Oqwn: 14.930 9itro#8n: 1.790 8llfW IJIO 

Ilolrturi: I.920 Arh: 21.lZO 1290 (CIIC. k9 f): 2119 HIV Wlh): 1311 

LSGESlME:CA~llEL\ s CSO9: 90.400 lAlWAL SAS: Wlb Woich llr (9 Ill/9 6): - 
llydmpn (I w2/9 I). .- 

TEST PARARETERS - CGWSlOR fIRIRG CG!fIGURAlIOW: 
Ourition (Iins): I1 

flG9 RATES: 
Coil PC (9/hr) 119.000 
Cirritr Air PC (rcfh) 12900.000 
Conburtion Air PC (k99hl 4.020 
llix Ilustlc Air PC (kpph) 1.210 
Coil I1C (I/hr) 1010.000 
tarrier Air RC (rcfh) 21110.000 
Cmbn Air SIC hr (kpph) 1.010 

SlOIEHIWETRIC AIR: (for Coil) 9.912 
STOICW. AIR: (9 iirlt tot futl) 1.112 
PHI’s: PCC phi 1.911 

PC phi 1.992 
IC phi 0.119 
Ortrill phi it Sec. lrnr 1.046 

MIsSIOns: 
At rtrek AI WI. 
02 (I) 9.100 
co Iwo) 12.000 
m (001) 19t.000 
SO2 V/lS OP) 1l9.000 
sax l/O 1s ())I), crlc 221.111 

AIR IEWERATURES (419 f): 
Air Pn!uit hilt 149.100 

flUE GAS TERPERATURES (tit f): 

Prlkut GelIt 284.800 uiat Il.lO9 

UTOML SW Iwlt: 
R Air Pnltut IllIt 429JOO 19 PfIht btllt 291.900 I. EIJ Itl/br- I of lot41 M: VA 

STEAMS (9PPW): lollir 9.M flash luk LIII let41 StIm I.120 
Press. (p(9): kilir ~01.010 flmb luk 112.HO 
loqi. (do f): bllir IXIMO flmh Tut 199.WO Pod 120 (oq P) 212.999 

C@lUSlffl LGAGS: Coil - llmI/hr 12.199 Coolln9 (Cal t 191~) - I 14.111 c*lil( a20 IdIt (kl f) 24G.090 
Coil t Il. 6u - Rtr/hr 12.199 

RENtIS: Stun GM Eff’cy (S) 11.191 fml to ttcm flw Corr. 1.2I 

loiltr Efficiucf (I) 0.90 a so2 Wlctlol 49.192 Iotruim Ah (t/b) 9lIl.M 

ItlARKS: 

861 

kctlol: 1 Of 1 ml of ltrt: 99:II 

1s (9/M) u.000 lot11 Air (9/h,) 10792.521 
1s Split (I/r) 100/O 6toi Atr (I/hr) l999.04 
I bnlo Xru Air II (lb) 1191.021 
Cw’r AM (icfh) t940.210 lot11 Coil (Wr) 1119.000 
C.A. Pflii (p%(9) EGe Irl Ofi OX5 lot&l Grr O/br) 12011.914 

bzzlrl (thrort): - IO2 pst $1 Elba 2.111 
Iijector (trb): 10.000 COI1 Oplit PC (I) 29.045 

CrlS Rrtio 2.222 Cl utillzltioc, I 21.191 
OCR to l/hr 1.91l 

Cl19 cllr otl/*s) 192.109 Cl19 Yl9 (Ito/*c) 121.141 flr 9/w 21.100 
lot11 flov urwd qrrl over 111 I circuiti: 
flux (Itulftl-uc): 

)l AI 0.911 92 AI 1.21 91 MI 2.991 94 S9S I.919 
II ws 2.992 u IRS 1.144 I1 PC El 2.511 I9 1AP 1.000 

At IS 02 At Cllt II 02 l/lSlltr 

19.190 21.121 
191.119 202.159 9.20 
2U.492 292.219 I.Wl 
U4.ll9 4w.110 



brir!on: 0 
oltl: l/19/91 

IIEALY TESTS TEST MARY 9 P9r: 2 

TEST: 9WTSRZ oltl a/91/91 
PURPOSE: IOERlIFy SUCCESSFUL GPERAl116 CMOITIORS FDR 16R COAL. 

COAL: Source: NO BULL RIOGE 
Ultlmrta Anil9si9 Applied 
Conposition (II - Carbon: 43.500 llldroyn: 3.410 Oxypn: 14.930 litn~n: 0.110 Srlfir: 0.310 

lloittun: 1.929 Ash: 21.320 1250 (trlc. da1 f): 2911 WV (ltr/lb): llil 

LIllESlORE:CARl9Ell I clcol: IO.400 GAlURAl GAS: Itr/lb - ttaich Air (9 rir/9 K): - 
Qdra9u I9 II/9 W: 

TEST PARMETERS - C#I6USlGR fIRI CORfIGWlIG6: 
Ourrtlon (11~9): 91 

1101 9AlES: 
Coil PC (I/hr) 1090.000 
Ctrriar Alr PC (rcfh) 12100.000 
Cmbustion Air PC (kpph) 4.190 
lil lust18 Air PC (k99h) 9.230 
Coil IIC (I/hr) 1999.000 
CRrritr Air IIC (rcfh) 21110.000 
Cobn Air SK 9rnr (kpph) 1.030 

SlOICIIWElRIC AIR: (for Coil) I.112 
STOICH. AIR: (9 Air/l tot fual) 1.112 
PHI’r: PCC phi 0.913 

PC 9hi 2.090 
9lC 901 0.910 
Ovmll phi it SIC. Ornr 1.049 

EllISSIORS: 
At stark AI 181s. 
02 (II 9.130 
co (OPUI 0.000 
m (PPI 140.000 
so2 UllS (PPB) 232.000 
50x r/o 1s (pp), trlc 319.419 

oKtir: 1 OF 1 Ml of lqt: 9:I4 

LS (l/hr) - Tot11 Air (9/hr) 19993.144 
1s Split (l/I) 160/o Stol Air (I/hr) 14961.613 
9 lalzllr XCII Air II (I/hr) Ill.931 
Cer’r A/lS (Kfht 0.000 lotrl Coil (l/k) 2116.000 
C.A. Pnrs (PII)) Edc 111 011 0.311 lot41 611 (I/hr) 11931.09l 

6ozzl49 (thmit): - I 01 plt so bbo 0.644 
IijKtor (tik): 10.000 COI1 Split PC (I) 36.999 

Cl/S Ratio l/A Cl Utilirltion, 1 
SCM to l/hr 9.019 

Cll( CllC (Itrlre) 210.000 016 nlll lr/*r) 394.161 Flor l/W 11.900 
Totil fla iuwd qrrl ova ill 6 rirwltr: 
FLUX (Itr/ft2-*c): 

I1 AI 0.991 92 AI 1.010 43 6Af 1.933 64 NS 2.119 
I9 SE lS6& 00 sns 1.299 91 PC El 2.241 II TAP 0.000 

At lo 02 At Cllr II 02 9/Hlltu 

110.112 123.110 
i14.113 ll6.010 9.294 
219.691 323.169 9.109 
u1.131 116.014 

AIR 1EHPERAlUREl cd99 f): 
Air Pnhit Iilit 131.000 kohllt btllt 391.009 Yiut 11.000 

flUE GA3 TERPERATURES (k9 I): 
R Air Prohit Inlet III.IO Fo Pnkit btlot 319.990 

sws (KPPH): bllw 14.465 null TUk 
Prim. (pri6): loilw 103.000 flub Tuk 
Iup,. (d9 f): blltr U7.lU W~luk 

CGR6USTGR LOADS: Coil - lMttr/hr 19.911 Coollil (Cal + I Ou) - 1 
Coil t 6. 61s - lOlltu/hr 0.06 

RESULTS: Stir Ctn Eff’cl (6) 12.lOl Frill to Stul Ila brr. 

6oiltr Efflcltacf (I) 12.959 x 6G2 RdlctiW 31.13~ 

Ul66Al &A6 IW6: 
I. GK Illtr/hr- 1 of Total lqd: 6/A 

IJO9 loti1 Stam 19.190 
103.100 
331.800 mod I20 (dq F) 212.000 

1.19 boll19 I920 Illat (de9 f) 340.900 

1.133 

IWKiw Air (l/hr) 9I46.91 

862 



NEAlV TESTS TEST SUlMARl I P91: 2 

IESl: WllRl Olh 0l/03/l1 
PURPOSE: IDEYTIFV SUCCESSfUl UPERATIRS CMOIlIO6S FOR 191 COAL. 

buirioa: 0 
OttI: 9/19/91 

COAL: Source: TW 9Ull RIWE 
UltiW Anillsir Applied 
Cwpoittion (I) - Won: 43.600 tlydrqon: 3.410 hy6u: 14.630 Iltropn: O.llO Silhr: 0.360 

lloi4tin: 9.120 Ash: 21.32I1260 (CIIC. 949 f): 2llI MY (ltr/lb): 1996 

lIHESlME:CAXl9ELL 0 clC03: 90.400 UN611 MS: IWb 
lyh#l (In2/lE)*--- 

Stolch rir (I Air/l II: - 
*- 

TEST PARANtlERS - ColllUSlUR FIIIRS CO6FIEUMlIM: 
Ourrtioa (miss): 10 

FLU9 RATES: 
Coil PC (I/hrl 1000.000 
Ctrriir Air PC (rcfh) 12900.000 
Combustion Air PC (k9ph) l.000 
llix luitlr Ah PC Ik99h) 6.650 
Coil RC (I/hr) 1911.000 
Cirritr Air RC (scfh) 21110.000 
Cnbn Air Set 6rnr (kpph) I.110 

SlOICnIURElRIC AIR: (for Coil) 6.912 
STOICH. AIR: (I tir/l tot fuel) 9.912 
PWi: PCC 9hl O.ll9 

PC 9ht 1.411 
llC 9hi 0.144 
Ovirtll 9hi it Sec. Inr 0.909 

ERISSIORS: 
At stark AI bus. 
01 (II I.910 
co (PPd 2l.000 
nox (PPI 114.000 
so2 UllS (,p) 312.600 
sox r/o 1s (,p), rrlc 390.6l9 

kct901: 1 OF 1 Tim of Tut: 19:22 

1S Whr) 663.000 lot11 Air (t/br) 16042.921 
1s S9M WI) 190/o St01 Air (l/hr) llO44.210 
I brrl@r - Xc11 Air 99 (I/br) -19(l.l90 
Cirr’r A/U (rrfb) 6640.210 lot11 eDi1 Il/hr) l49HOO 
LA. Pnrt (611;) 6dc 111 Dir I.311 lot11 9u (l/hr) 20601.162 

bzzlu (tbmrt): 102 pit SI C& -1.062 
Iiftrtor (tab@): 10.000 CM1 sput PC (I) 49.310 

Cl/S Ml0 12.111 El Utilizltlol, 1 1.449 
SCM to l/hr 0.01I 

Clq Rlt (ltl/rd 302.409 Cln9 lhu (6t1/uc) 464.6li flor I/MC Zi.600 
1ottl flW uIw4 ~*I1 our Ill 9 c1rclit1: 
FLUX (ltdft2-md: 

91 A1 1.919 I2 AI 6.924 63 OAF 1.161 94 6R6 l.IIl 
I6 6R6 l.lU ol SOS 1.611 61 PC S9 3.201 69 TAP 1.392 

At II 02 At CIIC 69 02 l/WI 

ll.l62 31.120 
201.143 263.112 0.319 
311.429 11.039 9,196 
u1.662 66l.Ul 

AIR lE6PEUlURES (d96 I): 
Air Pnhtlt Illlt 131.900 Prnht ktlrt l6lM9 Yiut ll.lM 

FLUE 6AS 1EllPERAlURES (d86 I): Ul66Al w IlP6-B: 
FE Air Pnhit IM 141.000 f6 PNhllt btllt 666.m 1. (UilltrRr- S of Wl load: VA 

SlEAU6 (KPPii): bilv WI0 Flu9 luk 9.160 lot41 St@m 99.61S 
Pnit. (pri6): bilar 103.909 Flul Irk I62.890 
1ug1. (do F): bilar llI.Iw FM luk ll6.66d Fad 920 (dq F) 212.900 

CM6WUSlM LOADS: Cal - Mtr/hr 26.422 E#lii( (Cul + I ON) - 6 9.M Coo1916 R20 IAM (da9 I) 341.666 
kd t I. Iii - mtl/hr 2K.422 

IESULIS: Stau 6tn Eff’cf (1) 96.116 Fill ta Itom FM Qrr. 1.291 

loiltr Efflclucf (6) 62.22? 6 602 Yrctln ll.ll4 Iotnifm Air O/hr) 6962.U 

69llARR6: 



Lvirlna: 0 
oar: I/l9/9l 

IllAlV TISTS TfSl SWMRY 9 Pqs: 2 

TIST: 999-T9R4 btl 09/04/91 
PURPW: 19tnm SUCEtSSlUl OPIRAlI116 C69DIlIW FOR 19) COAL. 

COAL: Sooru: TM 9ULl RID6S 
Ultlate Antlytis A9plid 
(olgorition (1) - Cubon: 49.900 6ydro9an: 1.410 olypn: 14.990 Iitro68n: 0.190 Sdfw 1.100 

blmI: 9.920 Ash: ~I.110 RIO (ulc. dog F): $919 nw otr/Ib): lS99 

LInISlOIwAllTlfll I w1: 90.400 UWAl U6: qtr/lb - web 1lr (9 1lr/9 16): - 
UyhqK (9 M/9 U):- 

IIST PARARETSRS - CMlUSTOR FIRM WIEURATIMI: 
Drrttinn hiai): 90 

RW RATES: 
Cod PC (9/M lUO.909 
Ctrrl9r Air PC (rrfh) 12900.000 
Mustion Air PC (kpph) 9.396 
911 9urtlc Air PC (k99h) 9.410 
Co11 IE (f/hr) 1114.000 
CIrri9r Air IIC (rcfh) 21110.000 
Cohn Air SK Ornr (k99h) 4.990 

OKtiol: 16F 1 11* of Tut: ll:91 

1S (9/k) - 
ls sq111 (I/I) w/n 

lot11 Air (Mr) N99.944 
Uot Air (t/k) 11919.011 

9 bzrlu W Air Cl (I/iv) 9411.S91 
Cw’r A/lS (~fb) 0.000 lot11 Co11 O/hr) 1194.000 
C.A. Pnrr (qriq) MC 6zl Dir 039 lot11 6u (9/k) ~9990.911 

1012101 (tbm1t): I 02 prt II bbn 4.119 
Wutor (tub): Tixi tall 9,11t PC (9) 49.915 

STOICIIONITRII AIR: (for Cod) 9.912 
STOIEH. AIR: (9 air/l tot fuel) 6.912 
HII’,: PCC phi I.100 

PC 9hi 1.001 
IIC phi 1.002 
Owl1 phi at bc. Inr 1.111 

ca/s-Rltio 
OCFII to 9lhr 

I/A Cl ytlhtfo~, 1 
O.Ol9 

Chq C~lr (Ithor) 1U.lM Cl99 bu (9tah.c) 492.911 Flow 9/w U.100 
lotrl flr uud qul uur Ill 9 rlrotts: 
FLUS (9trlfWwr): 

91 AI 1.919 91 AI 1.699 IS IA1 q.qn H SW l.Il4 
99 SW 2.919 99 lg 1.091 91 PE 99 2.194 99 TAP 0.909 

EnISSIORS: 
At strck As UK. 
01 II) s.990 
co (PP) 11.100 
Ms (PPO) 101.000 
Ml U/lS IPP) m.qoo 
Ms r/o 1s (opj, ctlc n4.lOO 

At U 02 At CllC II 02 

11.991 11.910 
140.901 111.111 
991.lZl 199.lll 
46i.131 4&*9 

umtr 

q.9q1 
Wl 

AI1 TtRPfRAlURIS (d19 f): 
Air Prtklt IlIlt 124.990 PNbld btld 941.999 uiut lI.HO 

FM 6AS 1SRPSRUUNS (((9 F): UlUL 6A9 wws: 
f6 Hr Pnbrt IlId qql.w( R PrObIt Utht qIq.qqq I. bs mtdbr- 5 of lltrl lad: l/A 

Sllus (9PPIi): blltr II.490 FlKb 1Uk 1.990 lot11 ltua 19.100 
Prw. Oriq): bllo 199.960 Fld Tut lU.969 
Tugs. (dq f): bllo SS9.600 Flub Irk Uq.Uq N UO (hq F) lll.qqq 

tDmUSlO+ LOADS: Cod - llltb/hr 21.111 (colinq (Co41 4 I lu) - t 1.191 bolhq PO Ill@t ((0 F) 10.996 
Co11 4 II. 61s - Illb/hr 2l.ZM 

USUllS: Stun 6w tff’c9 (I) 9S.119 Fwl ta Rtu Fin brr. MI0 

biltr tfficiucy (9) Il.119 I so2 UKtlM NJ* Wruiw Air (9/k) 1941.90 

RERAR9S: 

864 



HfAlV 1tSTS lfS1 SUIIRARY 9 Pqr: 1 

1Bl: ISi-TORI oiti qc/o4/91 
PURPOSS: IUS9lIFV SUCWSAL WSMTIIO CMOIlIMS FOR TIR COAL. 

bvliioa: 0 
qiti: 9/19~1 

SOAL: 6oum: 160 9ULl RIO6f 
Ultiiiti A~ilyiii A~$llid 
Eaporition (I) - Won: 49.900 WfdroOin: 9.410 Oiypi: 14.10 altn~a: 0.190 filfir: MI0 

blituri: 9.020 Aih: 11.99q 1990 (cilc. di0 FL 2010 Ym Oti/lb): 1999 

lIRtSTO9t:CARTltll 9 cico3: 00.400 UlURAl W: 9tu/lb 
OfdmOii (9 N/9 OO).- 

Stold iir (0 h/d I): - 
*- 

1SSl PARANTtRS - MllUSlUR FIRM6 CURfIEURAlIM: 
Ouritlon (iini): 11 

FlM RATES: 
toil PC (lb) 1414.000 
Cirriir Air PC (icfh) 12900.000 
Combustion Air PC (kpph) l.llO 
6i1 9uitle Air PC (kpph) 9.lOO 
Coil RC (i/hrJ 1999.000 
Cirriir Air RC (icfh) 91110.000 
Cibn Air SIC 9rnr (kpph) 9.490 

SlOICHIMflRIC AIR: (for Coil) LSO 
STOICW. AIR: (9 iir/9 tot fuil) I.112 
PWI'i: PCC phi 9.919 

PC phi LOS1 
IIt 9hi 1.099 
Ortrill phi it Sic. Omr 1,414 

tlISSIOnS: 
At itick AI WI. 
01 IS) I.910 
EO IWI) 110.000 
Ior hi) 1q1.000 
so2 r/lS (99i) Uq.qqo 
SOI u/o 1s (,p), rrlc a99.910 

kctloi: 1 OF 1 IlW of 1st: 11:iI 

1S (OM) Total Air (9/hr) 14991.944 
1s 6Ollt (I/O) COO/O ltoi Air O/br) 119OI.909 
9 bzzlii Kcii Air 99 (O/iv) 1919.199 
Cirr’r A/lS (icfh) 1.000 lot11 Coil (l/hr) 9140.000 
LA. Priii (9if9) MC 111 Oii 0.119 lot11 fu (I/hr) 91109.199 

bnlii (thwit): - IO2 prt SI cm I.091 
Iijirtar (tibi): 10.000 bil SOIll PC (1) UJ41 

Cl/S Ml0 UA ti utiliiitiK, 1 
SCFH ta O/h 1,119 

Cliq filc (L/KC) 241.400 9lqq ku (Rihir) iqLq9q Flw O/w 10.000 
loti flw uwmd ~111 our ill 9 rimiti: 
FlUR (Oti/ftS-iic): 

91 AI q.111 81 Al q.lq9 19 OAF 1.191 04 SRS 1.199 
n SW 1.199 99 993 1.999 91 PC Sl 2.114 II 1AP 0.900 

At 31 02 At Cili 0 02 o/mtr 

199.999 119.199 
141.911 lM.OI 0,191 
949.100 191.999 9.110 
499.111 S90.100 

A11 IIRPSRAlURH (did F): 
Afr Prihiit Iilit 1M.181 Prhit btlu 919.wq wiut t1.000 

FLUS 6AS lSRPtRAlURS9 ((I9 F): UTOUl w IBWO: 
R Air Pri9iit Iilit 110.000 R Pmkit htlit 9q4.00 I. (u Il)tr/br- I of lotrl Lead: UA 

SlfM (KPPI): bilir 19.199 Fliih hit 1.909 lotilqtiu 11.nq 
Priil. Or(q): bilir 109.000 Fliih liik iU.Uq 
1~91. (dg F): bilir UO.#O Fliik liik Ul.qqq Rid IS0 (qqq F) ZlMOO 

COIIOUSTOR LOADS: foil - MOti/hr 11.104 (coliiq (Co11 4 I Oul - 9 9.911 kdliiq 990 Iilit (h9 F) 9U.009 
Coil + 9. 6ir - Illlti/hr 91.104 

RSSUllS: still 6ia Iff’(9 (9) 91.449 Fiil to ttuu Fliu Cow. 1.901 

bllir tfflcliiq (1) 19.999 I sol bdKtioi 29.100 Iotriilm Alr (It) -140.09 

MARKS: 

665 



HfAlV 1tm 1EST SUMARV I Pjr: 2 

101: ssl-llRl DUO Ol/O$/ll 
PWosk IUniTIM SUcctSSFUl oPRAlIK cMuslIMs FM 1lR COAL. 

bvirloa: 0 
11tc: I/ll/ll 

@AL: Source: 110 RUll RIURE 
Ultiutr Antlfrir ADplitd 
Conposition (I) - Ctrbon: 43.100 llydrojnn: 2.410 OIfRm 14.l10 litropa: 0.110 blfrr: I.210 

birtun: I.120 Ati t1.120 MO WC. C) 0: 2111 Uw (ltdlb): 1252 

lIKtSlOlt:CAIlYILl I c501: IL410 IAlUM W: D/lb - ltoich dr (I rtr/l E): - 
Rydropl (I n/l ma:- 

KS1 PARAWfRS - CM’NUR FIRIllS CCiFtSUMlIMI: 
Ourrtion (118s): 15 

Flol RAM: 
Cell PC (l/hr) 1622.000 
Curtar Alr PC (rcfh) 12500.000 
t&rtlan Air PC (LSSh) I.105 
Iir luth Air PC (tpgh) Ll40 
Co11 IC (Ilhr) ~120.l00 
Crrritr Air IIC (icfh) 21110.000 
Clan Air SK lrnr (tpph) 4.120 

SlOICHIOR~RIC AIR: (for Cod) is12 
STOICS. AIR: (I rir/l tot fal) 1.112 
PHI’s: PCC Ihi ~.I0 

PC Fhl 2.021 
IC phi 1.044 
Omll phi at Set, lrnr 1.220 

Ell1ss10IIs: 
At strck As au. 
02 0) s.100 
co (IPI) 11l.000 
101 IPPI) 2U.000 
so2 v/N OP) 201.004 
so1 r/o 1s (,pn), CllC 4l2.l41 

IKt1on: 1 OF 1 llm of lut: fl:2I 

LS (I/hr) Tot11 Air (I/hr) 22KU.I44 
1s Split (I/I) IOQ/O Stoi Air (I/hr) 11111.111 
I bulu Kcu Air U (l/hr) 1112.lR2 
Clrr’r A/lS (Kfh) (.ooo lottl Cod (l/h,) 22U.000 
LA. Prur Ori2) Edc Rzl Dir 1.111 lot11 01s O/hr) 21l4LlU 

bzz111 (throat): 102 pltslw 4.110 
Iljutor (t&d: 1).ooo Cal split Pr ($1 U.lII 

b/s llltto I/A ta otlli2ltla, I 
SEA to l/br 0.111 

Cl19 Crlc Utr/rc) 2lI.W Ch( lku (Itrlwc) 211.12: Flw l/w 21.100 
lot41 fla usuod ylrl war rll I clruitr: 
FLUX (ltr/ft2-uc): 

I1 AI I.121 I2 AI 1.W I2 IAF lJ22 I4 sls w4 
IS SOS 1.110 RR w 1.211 I1 PC tl 1.701 RR TAP 0.w 

At 21 U2 At C11c II 02 l/lKmtr 

121.1l4 124.211 
142.Rl H(.lIl lJl4 
241.142 211.212 IJO4 
us.111 u1.ool 

AIR KllPtRAlURtS (411 F): 
Air Pnht Ililt 114.000 Praht btlrt lU.rn wet 17.Dw 

FM W 1MPtRATURES (bR F): u1wA1 Ms IKPm: 
R Air Ptict Idit lll.lW R Prnht OrtIlt 2l4.OlO I. bi lOlOti/br- lI(l#tllld l/A 

swns (KPPW): bllw 11.4RO Flub lut 1.111 Tata1 SW 11.110 
Pnrr. (p(g): bllir 1M.M FM 111k 1lLffl 
loljs. (lj f): billr 22I.HO Flub lul UMIO N 820 (tnj F) 212.200 

CMRUSTOR LOADS: Cot1 - Mlltl/hr 22.112 (OollmR (Cal t I (u) - I 4.112 Coolly 120 IIM (kR I) 140.000 
Co11 t I. 61s - llKtu/hr 21.H2 

KwJLlS: stun bn tff’cf (I) 0.114 Fnl to SW Flr brr. 1.w 

bllu tfflclucy (1) 14.111 II@ wwti* UN Intruia Air Wbr) lRRS.10 

MAW 

866 



bvision: 0 
9atc: l/19/91 

HfAlV 1lSTS lK1 SU9WARI I P9t: 2 

TN: SS9.19RI oltl Ol/OS/91 
PURPOSI: IOWFl SUCCtSSFUl OPlRATI99 CMOIlIMS FUR 1IR COAL 

WL: burco: 190 lull 9IM 
Ultistt Anrlfric A)pllid 
Cmposition I91 - Won: 41.100 Hydroyn: 9.410 bypI: 14.920 Ritfqen: 9.110 Llfir: 9.290 

b1IUW 9.120 Aih: 21.120 12SI (ulc. (r9 F): 2n9 My Otr/lb): 119 

LIRIlURt:CART9tll I war: 90.490 UlURAL MS: Itr/lb - Itolch rir (I Rid9 Cl: - 
HyhfBl (l92/lif)' *- 

TES1 PAMWtRS - CDR9USTOR FIR196 CMFI9URAlIO9: 
Ourition (11u): SS 

nor INK: 
Co11 PC Whr) 1499.000 
Curio Air PE (rcfh) 12100.000 
Combustion Air PC (kpph) 9.220 
Ilr 9urtla Air PC (k99hl I.110 
Cot1 RC (I/hr) 1993.000 
Crrritr Air NC (Rcfh) 21110.000 
Cnbn Air SK lrnr (k99h) ~.llO 

SlOICWIMtlRIC AIR: (for Coil) I.912 
STOICW. AIR: (I iir/l tot frill IS12 
PWt: PCC phi 9.914 

PC phi 2.092 
NC phi 1.912 
Overtll phi it See. lrnr 1.401 

MISSIOWS: 
At itlck AI WIS. 
01 (I) I.000 
co (IPI) 10S.000 
nor (WI) 191.000 
so2 r/u (pq) 2lI.WO 
SOI r/o 1s (pp), CIlC 291399 

bction: 1 OF 1 lill of lost: 14:49 

LS (l/hr) 
1s sp11t (I/I) iji- 

lot11 Air (l/hr) 2U29.IU 
9tol Air (l/hr) 11494.294 

I *zzlls 
C&r A/U (scfh) (.(oo 

9csi Air SI (Vhr) llI9.UO 
lot11 COI\ (I/k) 2112.MI 

LA. Pnri (li19) Edc 121 911 0.115 lot41 9u (l/hr) 29129.154 
bzzlti (tbro4t): - lo29oa99EJI 9.121 
Ibjictor Itik): SO.OUU COI1 wit PC (I) 4I.142 

er/s 91t10 UA Ca 9t11121t1*, I 
9CFll to l/hr 9.011 

Cl19 C11c (9tn/uc) 231.990 Cl19 9118 (M/w) 110.292 FM I/UC 2iJ90 
lot41 fir uiaod qiil over 111 9 clrcaltr: 
FM (9tr/ft2-uc): 

I1 AI 0.41 I2 AI 1.999 92 9AF Llll u IRS 2.115 
Ii I91 1.421 99 99S 9.912 II PC I1 1.121 99 TAP 9.000 

At t 02 At C11c 99 02 l/mu 

in.990 199.991 
224.400 199.199 9.221 
I91.9w 223.9n I.111 
US.191 191.229 

III 1tRPERAlURtS (419 F): 
Atr PrRL4t Idit 120.909 PnLU ct11t 992.999 Yiwt l2.w 

RUE 9AS 1flPIRAlURB (9~9 F): ulnu Ms NPulII 
F6 Air Pntmt IRlRt lli.OOl R PrObIt ktllt 491.999 1. 981 Irti/br- I of TohI M: l/A 

91tAaS NIPS): bllar 19.290 Flub luk 1.92R Tat11 9tu 19.121 
Pnsi. (9ii9): b119r 199.990 FM Id 192.999 
ln9l. (49 FL bllar 999.M Flub luk 999.999 N t26 (dq Fl 212.W 

CWJSlOR LOADS: Cod - Il)tr/hr 29.249 cot1119 (Co41 + 9 98s) - I 9.112 Cdoli19 920 IRM (919 I) 941.990 
Co11 + I. 611 - q Itu/hr 23.140 

ltsulls: Stun 6tn Eff’cf (I) 92.921 Fal to ltm Flow fan. 9.9li 

9ullrr tfflclRicy (1) 92.299 9 902 9lbdl* 11.111 Iitnrla Air (l/b,) U4.99 

It9ARAS: 

867 



Rlvilion: 0 
BItI: 9/e/91 

WfAlV TESTS liS1 SU9RARV I P91: 2 

1ISl: 66O-19R9 9rt1 M/06/91 
PURPOSE: IDf9lIN SUCCISSFUL UPSRAl199 CD92IlIORS FOR 1lR COAL. 

COAL: Sam: TM 9ULL RIM 
UltiW An~lyiii Ap6lid 
Composition 8) - E~rba~: 42.999 Iydro9.m: 2.419 01yp1: 14.160 Iltropn: 0.110 Irlfir: 9.290 

bliturl: 1.920 111: 21.120 1210 (ulc. 919 F): 2911 9lN Oti/lb): II19 

LInm9wRl9~LL 111cw 99.400 Ml99AL MI: ltl/lb - (toid air (I ilr/l 6): - 
ii9drqu (9 U/III):- 

1tST PARARIMS - CUR9USlUR FIR199 CORFI9URAlIO9: 
Orrltior MRS): II 

FioT RATES: 
Co11 PC (Vhr) 1492.990 
Ctrrltr Air PC (rcfh) 12100.900 
Colbustlon Air PC Mph) I.410 
Rix 9urtlc Air PC (Lp9h) 9.960 
toil RC [I/hr) 1616.000 
Ctrritr Hr RC (rcfh) 21116.000 
Cibn Air S6c lrar (bgph) 6.020 

SlOICHIMtlRIC AIR: (for Cod) 1.912 
STOICH. AIR: II &ir/6 tot frl) 6.112 
PHI’i: PCC 9hi 0,911 

PC 9hi 2.094 
NC 6hl l.Oll 
Ovtrrll phi At Src. Inr 1.426 

mS109S: 
At itrct AI WI. 
02 (II l.llO 
co (PPI) 191.090 
IQ: (PPd 111.900 
so2 V/N (ppt) 294.900 
SOI r/o 1s (9p), crlc 119.119 

AD ItBERATURtS (419 F): 
Air Pntwt IRlrt 119Jl9 

FLUE MS 1IllPtRAlURfS (9~9 F): 

OKtia: I OF1 Ii* d krt: 19:19 

19 (l/hr) lot11 Air (I/k) 24191.944 
1s 9Rlll (I/9) is- SW Air (l/hr) 11401.l12 
I bzzlli Xcu Air 91 (I/k) 1292.021 
Sirr'r A/lS (rcth) -xiii lot41 Coil (l/h) 2111.000 
1.1. Pnii (1119) 9dr 961 011 0.219 litrl 9u (I/hr) 21999.112 

bzzlri (tbrort): - I 02 pit II C&n 1.991 
Iiftctor Itik): 99.990 co11 991it PC (I) u.142 

cl/s bt lo VA El uti1izIt1ol, I 
SCFII to l/hr 9.919 

9119 t11C (ltr/rd 2lLl99 I119 ku (9trh) 229.412 Flw 9/w 29.900 
lot41 flcr uwd ~~941 rtr 111 I cfrciitt: 
FLUK (Itrlftl-wc): 

I1 AI 9.S91 92 AI 1.990 I2 Ilf 1.02 l4 IRS 2.119 
H IRS 1.999 99 a 1.110 91 PE El 2.921 R9 TAP -9.414 

At 21 02 At C11c 99 I2 m9tr 

224.220 19LllS 
211.991 119.990 I.111 
141.929 299.991 9.124 
US.lJ1 I92.9i9 

PNbut btllt 192.999 u111t 11.990 

MlIRAt ou 29PuTI: 
R Air Prokit Wit 99I.990 FI Pmhut MM 412.999 I. Iu Il)tu/br- Iof lot~ltod: l/A 

SKMS (VPH): blltr lI.lSO Flub1ut 1.219 lot11 9taa 19.910 
Pnii. (9ri9): kilo 192.990 FM Ink 192MI 
IUII. (49 f): blbr SW99 Fluhlut III.999 N UO (dq F) 212.W 

CM9USlM LOADS: Cod - llftrlhr 21.229 kdi19 &oil 4 IOU) - I 1.11 bol619 I20 IllIt (k9 F) II9.990 
tall t 9. 61% - IOtu/hr 21.229 

ItsollS: Stua bn tff'cy (I) 11.999 Fnltc Itom Flw ton. 9.999 

biler tfficiucy (9) 92.901 1982 bbct101 29.lU INnrim Air (llbr) -211.19 



bviiion: 9 
Iltc: 9/!9/91 

IfAlV TISlS TES1 SMHARV I P9r: 2 

MST: 66I-19R9 btl 96/06/91 
PUtPOSt: IDI9lIFV SUCCtSSFUl OPtRAT CMDITIURS FM 191 COAL. 

COAL: burco: T90 lull 9106S 
Ultiictc ANy6ir A99litd 
Cmpoiltion (I) - Clrboa: 41.600 llydm9a 2.410 Ihy9~: 14.929 lit-: R.160 Iilfur: 9.290 

Rairturi: 9.120 Ash: 21.120 1269 WC. da9 F): 2919 HV Otl/lb): 1269 

lIRtSlMt:CA919ILL I c1co2: 90.400 UlUMl US: Itullb 
Ir(qu(ln/l99)~- 

ttalrb 4lr (I rlr/9 El: - 
*- 

TES1 PARAIWRS - CC469USlUR FIR199 CC4FI9UUlIOI: 
9umtiok (ilni): 22 

FlDll RAM: 
Co11 PC (llhrl 1604.000 
C4rritr Air PC (rcfh) 12600.000 
Corbuitloo Air PC (t96h) 6.620 
Rlr 9urtlc Air PC (k99h) I.101 
Cod RI (I/hr) 1100.000 
Ctrritr Air RC (icfh) 21110.000 
CRbn Air SIC 9mr (tpph) 1.s10 

STOICWICWRIC AIR: (for 1011) 6.312 
9lOICH. AIR: (I air/l tot furl) 6.612 
PUI’r: PCC 6hl 0.902 

PC phi 2.012 
RC phi 1.061 
Ovcrill phi It SIC. 9mr 1.261 

ERISSIORS: 
At Jtlck AI wi. 
02 (I) 9.100 
to ml 212.990 
IOX ho) 216.WO 
so2 UllS (ND) 266.999 
901 r/o 1s (ppn), CIIC 9l9.003 

AIR MPlRAllMS (919 F): 
Air Pnbut Iilit 120.900 

&ctlo1: 1 IF 1 Ii* of lut: I(:16 

to Wbrl 
1s lolit (I/l) iii- 
I bh‘ _ 
Cirr’r AAS (scfh) 9.090 
1.1. Pnii (Rii9) Idc 9~1 DID 

bzzlcs (throat): - 
Iijatar (trh): so.900 

cl/s Irti0 UA 
9CF6l to l/h, a.119 

lot11 Air (9/hr) 22291.944 
Itoi Air O/hr) 11190.690 
9cu Air 91 (9/br) 4101.914 
lotil Coil Mr) I204.000 

9.216 lot11 911 (l/hr) 24191.211 
IO pet II UI 4.114 
Cell I9111 PC (I) u.941 
CR wlllzltlu, I 

Cl4 111~ (ItW) n2.999 Cl19 Ibu (9tr/uc) Ul.194 Flw I/UC 29.900 
lot41 flw uud qul our 111 9 tlrulti: 
Flux IotY/ft2-*c): 

I1 AI o.nr 92 AI 9.124 II IAF 1.111 94 IM 2.299 
II sls 2.121 II us 1.913 II PC Sl 1.114 99 TAP 9.909 

At II 02 At NC 99 02 l/mu 

243x9 221JlI 
212.941 219.994 9.R90 
112.941 292.194 9.w 
Ul.131 4S9.911 

P&It Oltlot 249399 Wlut 11.909 

u1olM 6As Imls: FLUS 9AS lSllPflAlUR2S (989 F): 
F9 Air Pmhnlt Illit 499.090 99 hbnlt btllt 919.999 1. 916 lOti/br- I #l lot11 M: l/A 

IllAJlS [KPPH): lollor 19.199 Flubluk 1.911 Id11 ltul 19.199 
PNII. (9il9): bllrr 191.900 flR#h l&lb 192.999 
lapI. I99 Fl: bllor 121.999 Flub Irk 191.990 Fond lit0 (dq F) 212.999 

Cm9us10). LOAOS: Cot1 - WAtrfir 2LSll Caliq (Cal 4 lbi) - I l.IlI WI19 RIO Idat Ma9 I) 241.990 
Cd t 9. Iu - BUtr/hr 22.ilS 

RIULlS: Sttu Ien tff’cy (I) II.422 Fql to Itlr Flq Corr. 1.299 

bilw Efficiucy (II 19.929 I I62 bdldiw 91.919 htn~ia~ Air Wbrl 2149.1 
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IlfALV TfSlS lfS1 SumMY I Ifir: 2 

TN: w-TIRIO Irtc Ol/Ol/ll 
PlwOSf: IOfIIlIFV SUcEfSSiUl OP~RATIII EMIDmIS FUI 111 COAL 

bririon: 0 
bti: l/19/91 

(DAL: sourcl: TIO lull IIla 
Ultiiiti Antlyiii Appliid 
Cnpoiition (9) - Crrbn: 49.109 W9lro9i1: 2.416 byg: 14.U~ stnfin: I.110 Illfur: 1.990 

blrtun: 9.RO Ad: 21.120 1210 (c~lc. 91) F): WI ntlv otim: 1211 

I C%Of: 99.499 IAlUM w: W/lb - Itolch 11r (I WI L): - 
1Iyompl (I WI El. *- 

TES1 PARMfTtRS - CMIUSTOR FIR166 EC4FI6UIAlIM: 
Durition (liar): I9 

Flw Km: 
Coil PC Whr) 1192.060 
Crrrilr Air PC (irfh) 12100.000 
Cduiticn Air PE (k99h) MO 
Hi 9uitli Air PC (kpph) I.910 
Coil IC Whr) 1241.000 
Ctrrior Air IC (icfh) 21110.000 
Clbn Air SIC lrnr (kpph) 2.na 

STOICHIUI~TRIC AIR: (for Coil) I.112 
STOICH. AIR: (9 iir/l tot frill I.lll 
PWI'i: PCC phi 1.029 

PC phi 1.921 
NE phi 1.02I 
Oririll *l it Sic. Irnr 1.12) 

kctln: 16Fl If* of Tut: (I:41 

tS Whr) 
iiiir 

lot11 Air (I/hr) 11112.944 
1s iplit (I/I) Stoi Air (l/k) 129lI.112 
I bulli 9&i Air II (l/hr) IlII.492 
Ew’r A/U (rcfh) MOO Iotrl Co11 (I/br) 2199.000 
LA. hi (9119) Hc 121 911 0.211 lotil 91 (l/b,) 19011.119 

bzzlu (throit): - 101 pit SI WI 2.110 
Iijidor (trk): woo coil 1911t n (1) 49.949 

b/S 111 lo YA Li 6tilizit~#, 1 
SCFH to l/hr I.011 

tnISSIOIIS: 
At ituk AI IOU. 
01 (I) I.llO 
co (WI) 119.000 
noI (DC) 111.000 
so2 Ills l,ml 1&000 
$01 r/o Lb ()#I), CllC 992.911 

Ely Eilc (Itiliac) 2Il.IW Cl19 ki (IWluc) 192.919 Fla I/UC 21.190 
lotrl flw uum9 9qul ow 111 I clralti: 
FLUX (Iti/ft2-iic): 

I1 AI I.Ul I2 AI 0.814 I9 IAF O.lM I4 SK 1.194 
II tts l.IlI II as 1.919 II ?C El 1.114 I9 MP 1.2I2 

At il 02 At cilc II 02 mtr 

102.211 04.142 
299.111 221.119 MI 
949.921 99Ll49 I.lII 
ULlII U9.421 

AIR TtIPtIAlUR~S (d19 F): 
Air hbwt Iild 192.IW wlhut btlit amI bblut 11.WI 

FLUE W 1tIPERAlURtS ((19 FL Ulwl MI ml;: 
H Air Pnhort blot IIl.IH M htmit btlot IhIM I. IM lIlIti/hr- 8 d lit11 kid: I/A 

SlMS (IPPH): bllir ll.IlO Fliih lut 9.229 loti1 Itu 91.190 
his. (9if9): bilir lI2.III FluI 14iI ll1.100 
lispi. ((( F): bill1 999.999 Fliih Tut III.666 N I20 (Oat F) 2ll.W 

COWJSTOR LOADS: Coil - Mhr/hr lI.lI2 boll19 (Coil + I bi) - I 1.9w EoliiI I20 2il.t (Ii) I) 941.6IO 
Cd t 9. 6a - IllItu/hr 19.191 

ntSOL1S: Stiu hn tff'cy (I) 19.142 Fwl ti Itu Flw krr. 1.622 

bilor ~fflciiiq (9) 19.191 0 to) b9lctlW 21.111 Woilu Mr (l/k) 21IL2l 

KIIARKS: 



kvliio4: 0 
im: l/lll;l 

WlAlV TfSTS ltS1 SURRARV I 19s: 2 

TUT: SWl9Rl1 lltl WOl/91 
PURPOSE: IOIRTIFI SWSSFUL OPHAlI99 CO90111099 FM 1lR COAL 

COAL: Sourci: Tw) 9ULL RIM 
Ultiiiti Anilyiii Applitd 
Cwpoiition (I) - Cirboa: 42.900 I9drqii: 2.410 oir9in: 14.120 Iltn9w: I.110 Idfur: 9.110 

Nolituri: 1.10 Ash: 21.220 1290 (uli. 9i9 F): 1111 nllv (ltdlb): 1291 

LIISlORt:EARl9Sll I EICOI: IO.400 u11k41 w: itrm 
tyeogll (I 112/l lv- 

ltdch sir (I ilr/l 19): - 
.- 

1SSl fARMTtRS - CUlllSlOR nRtR6 CWICWAlIMI: 
Ourition Mni): I4 

FL93 RATES: 
ta11 PC Il/hr) 1139.990 
Currier Air PC (rcfh) 12900.000 
Coibuitlon Air PC (k9ph) 1.120 
HI luitli Air PE (kpphl 1.190 
Coil MC (I/Or) 1112.000 
Cirriir Air NC (irfh) 21110.000 
Cibn Air SIC 9rnr (kpph) 4.140 

SlOICHIURtlRIC AIR: (for Coil) 9.912 
STOICH. AIR: (I sir/l tot full) I.211 
PM's: PCC phi 1.121 

PC 9hi 1.911 
NC 9hl 1.104 
Uvirill phi it Sic. 9rnr 1.430 

ER1ss10RS: 
At stick AI mu. 
01 (Xl 9.110 
CO (PPII 194.000 
001 (WI 1l1.000 
so2 ills Ow) 111.000 
SOI u/o 1s (,p), ctlc IU.010 

AIR TtllPfRAVJRfS ((19 f): 
Atr irobit Mot 121.100 

FtOS 9AS TERPfRAlURI (9i9 F): 

96ctloi: loF1 Tim of kit: 9:22 

1s WV) l2.boo lot11 Atr (9/b) 19112.921 
1s s91rt (I/9) 199/l ttoi Air (l/b) 12222.9ll 
I bnltr kit Air Sl (l/h) 9411.141 
Clrr'r A/U lrf!i) lI49.210 Tot41 Coil (I/hr) 2411.000 
C.A. WB~I (9119) Idc hl Dir I.111 lot11 III (l/hr) 11915.lOl 

bzrlti (thtl: - x62 pm Slbbo 1.140 
Iijtdtr (tih): 10.000 COI1 99M PC (I) 49.999 

cl/s Ml0 2.122 Cl 9tlHzltioi, 9 11.121 
SOFA to l/hr l.Oll 

E11g CIIC (ltihir) 112.109 01; Yii Ibt~hc) 201.111 Flw I/w lhO0 
11trl flw iid qril wir ill I clrciiti: 
FLUA (ltu/ft2-iic): 

It If 1.111 I2 AI 9.124 II 9AF 0.110 I4 SRI 1.901 
I9 SlI 9.992 #I Ill 1.119 I1 K n 1.911 n TA? 1.212 

At If 02 At C~lr SI 02 l/mr 

lIl.llI 149.9r1 
239.02 lIIJI4 1.24I 
211.121 219,404 I.112 
u4.121 911.923 

?rlbllt wit lll.IIl Wiut lT.olO 

ulR4llll2ml: 
FE Air Pnkit Iilrt lll.llO R ?Nklt Oltllt 2i9.W I. bu lltilbr~ I d lot41 W: R/A 

llNI9 (OPW): 9oilir 11.020 FliiR lid 1,199 Iotll IteM ll.lll 
Prlii. Orl9): biltr 191.909 Flullot 199.999 
l*pi. (99 F): bI\lr 3Mll iliihi*k 299.999 Fad I20 (9i9 F) 211.992 

ClUSlM LOADS: brl - Ill)tr/hr 11.194 (rlll; Roil 4 I&i) - 1 1.241 cmlh( 920 Iilll (989 II 241.990 
Carl + 1. III - Iti/hr 11.114 

9BUl1S: mu hn fff’Cf (I) IL212 Fiol to ltir Flw brr. IJII 

loilir ffficfrq IX) 92.9U I Ia2 WldiW R2.212 Inttnilw Alr (lhr) -919.11 

IEMXS: ldakc Odd Wick d RI 47WW L5U.A 
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IIEALV 1tSlS lES1 SUIMARV 199s: 2 Rwiiion: 0 
oite: l/19/91 

TEST: ill-TIRlZ irt, 01/01/91 
VJRPOSE: IOERlIFV SUCCESSRL UPERAlIl’i CWIlIORS FUR 1lR COAL. 

tUA1: Sourci: 110 lull RID61 
ultiiiti Anilyiii A~,oliid 
towoiitios (1) - Won: 42.500 HldroEn: 2.410 Qy~i9: 14.120 artn6m 1.110 Silfnr: 1.2lO 

H&tin: I.120 Ash: 21.120 1290 k11c. do9 FL 2111 !#Y (Uu/lb): 1291 

LRESlWE:CAll9Ell I CICOS: 10.490 UlIML Us: ltillb - ltold dr (I rlrll W: - 
llyho~l (lU/lLI:- 

TEST FARARETERS - EURIUSTUR FIRM CNFIEURAlIOII: 
Burition (eiail: 11 

FLU9 RAlES: 
Carl PC (I/hr) 1114.000 
Csrriir Air PC [rcfh) 12900.000 
Cc&uition Air PC (kpph) 9.149 
111 1~1th Air PC (k99U a.912 
Coil RC (l/hr) llll.OOO 
Csrriir Air IIE (scfh) 11119.990 
hbn Air SIC lrnr (kpph) 2.49s 

SlOIClltMSlRIC AIR: (for Cull 9.612 
SlOICW. AIR: (I ilr/l tot fuil) 1.112 
M’s: PCE 9hi 1.104 

PC phi 2.011 
lit Phi l.OlS 
Oririll phi it Sic. lmr 1.265 

ERISSIORS: 
At stick AI WI. 

02 (II I.400 
co hl 24.000 
lloi (VOI) 111.000 
so2 r/lS (Hi) 199.000 
SO1 r/o 1s (ppl), CilC 21S.119 

bctiee: 1oF 1 Tim ef TUtI WI 

Lt (Mr) lIIJ94 lot41 Air (l/hr) 11114.121 
LS 1911t (I/l) lM/O ltof Air (Mr) 12211.199 
I bzzlel kii Alr St (l/b) 9492.lIl 
Wr’r A/N (icfh) U44.219 lot11 Co11 (Mr) 24ll.ooO 
LA. his bi19) Edi Rzl 111 0.211 lot11 lu (l/hr) 26994.091 

brzlti (thmrt): 502 pm II WI 9.114 
Iijirtor (tih): iO.OM cul s91it PC (I) 41.151 

Cl/S Ltlo 9.1a4 cc Riltzltla, 9 6.90 
ICFII to 9/hr a.011 

Cl19 CrlC Otr/uc) 141.110 Cl19 lku (ltl/su) 210.991 Flw l/w 2i.900 
lots1 flw uiuid qgsl wir ill I tiralti: 
FlUX (Itl/ft2-uc): 

Ii AI I.210 I2 Al I.124 I2 Mf LIRI 94 a9 1.w 
I9 9R9 I.112 U IRS IA4 II 9E El 1.691 99 111 0.414 

At 11 01 At CJc II @ mltr 

11.000 ll.IlO 
111.1L0 ll1.2lO a.240 
221.191 211.111 O.IlI 
492.114 IU.lU 

AIR lERPERAlURES (dq f): 
Air Pnbiit Iilit 114.000 mebut Wlit 991.999 Uimt ll.ffl 

FM 6AS 1ERPERAlURES ((19 f): UlRlAL 669 ma: 
FR Alr Fnbiit Iilit 911.900 99 ?rht btl9t 211.66R 1. bu IOti/hr- I ,fl#tO Lul: l/A 

9lEMS (RIPHJ: loller 12.1lO F14h Tut l.l20, lotll ltu 14.U9 
9rui. (9119): loller lll.ll9 Flul 1uR 169.660 
laq. (19 f): biltr 221.99l FliiR Tub RRd.MR N 929 (9.9 I) 111.990 

KWJ9T9R LOAOS: Coil - ml/h 11.110 CwlllR Nwl + 10111 - 1 4.111 Wll6 620 IllI (di6 I) 346.666 
Coil + 1. 6u - Mlti/hr 11.110 

RESULTS: 9ttu hn Eff’cy (1) ll.lll Ful ti 6tin Flw Sorr. 9.m 

Rolltr Efflcli9cV (9) 12.991 a sol ulrtim 96.111 Ltrwiw Air O/hr) 1102.19 

181115: 



APPENDIX C. LIST OF EQUATIONS 



Llst of Equations: 

1. Coal Weight = (coal flowrate)(.75t20t(duratlon-20))/60 
(assumes 75% load for first 20 minutes) 

2. Solids Balance 

= Output/Input * 100 

Output = (slag wt):(slag ash/lOD)*(l-slag ash SD3/100) + 
(flyash wt)*(flyash ash/lOD)*(l-flyash ash SOS/lOD) 

Input = (coal wt)*(coal arh/lOO)*(l-coal ash SD3/100) t 
(llmestone flow)tduratlon/6O*((CaC03/100)*MW(Ca0)/ 
MW(CaCD3)t(l-CaC03/l0D)*MW(l(gD)/lfW(MgC03)) 

3. Slag Recovery 

= (slag wt)*(slag ash/lOO)*(l-slag ash SD3/100)/ 
(coal wt)*(coal ash/lOO)*(l-coal ash SO3/100) *iOO 

4. Carbon Conversion 

= (1 - losses/Input) * 100 

Losses = (slag wt)*(slag carbon/lOD) + (flyash wt)*(flyash 
carbon/lDO) 

Input = (coal wt)*(coal carbon/lDD) 

5. Calcium Balance 

= output/Input * 100 

output = (slag brt)*(slag cao/lOO~*~~ca~/~~CaO~~ 
(flyash wt)*(flyash Ca/lOO) 

Input 5 (coal wt)*(coal Ca0/lOO~*~~Ca~/~~caO~ + 
(limestone flowrato)*duratlon/6O*(CaCD3/lDO)*WW(Ca)/ 
m(CaCO3) 

6. PCC Phi = (PC coal carrier air t PCCA)/(PC coal s (A/F)o) 
where (A/F)0 Is the stolchlasetrlc air to fuel ratio 

7. PC Phi = (PC coal carrier alr t PCCA t PCMB)/(PC coal s 
(A/F)01 

Cl 



a. l4C Phi = (Coal carrier airs + PCCA t PCMB)/(PC & WC coals * 
(A/F)o) 

9. SB Phi = (coal carrier airs t PCCA t PCl4B t SBCA)/ 
(PC 6 MC coals * (A/F)o) 

IO. Ca/S = (limestone flow)*(CaCO3/lOO)/MW(CaC03)/ 
((PC a MC coals)*(S/lOO)/MW(S)) 

11. Total Alr = PC 6 MC coal carrier alr t PCCA t PCMB t SBCA t 
LImestone carrler ajr 

12. Stoichlcmtric alr = (PC 6 MC coal)*(A/F)o 

13. Total gas flow = Total alr + total ash free coal + 
(1s flow)*(CaC03/100)*.44 

t (10 flow)*(l-CaCO3/100)*.52 
(out secondary burner) 

Total gas out stack = (stoic. alr + total ash free coal + 
(1s flow)s(CaC03/l00)*.44 t 
(1s flow)*(l-CaCO3/100)*.52) 

*(.233/(.233-stack 02/100s11W(02)/WW(gas))) 
(out stack) 

14. Excess alr = Total alr - stoichlometrlc alr 
(out secondary burner) 

Excess air out stack = (stoic. air l total ash free coal t 
(1s flow)s(CaC03/100)*.44 + 
(lo flow)t(l-CaC03/100)*.52) 
*(stack 02/100)*~(02)/~(gas)/ 
(.233-stack 02/100*MW(02)/UW(gas)) 

(out stack) 

15. Intrusion air = Excess alr out stack - Excess alr (out 
secondary burner) 

15. XSB 02 = (excess alr)*.233/MU(02)/((tota7 gaaMIW(gas)WDO 

17. so2 e 3% 02 = SC2(mas.)*(21-3)/(21-stack 020aeas.1) 

la. so2 0 SB 02 = SD2(smas.)*(21-SB 02)/(21-stack 02bneas.)) 

c2 



19. so2 (s/MMbtu) = (502 l SB 02)/le6*IIW(S02)/MWW(gas)* 
(total gas)/load 

20. NOx (X/MUbtu) = (Wx @ SB 02)/le6*~W(N02)/WW(gas)s 
(total gas)/load 

21. SO2 w/o LS = (total coal)*(~/lOO)/~(S)sle6/ 
i(tota1 out stack)/MW(gas)) 

22. SD2 captyre = (SD2 B SB(w/o Is)-SD2 G SB(w/ls))/ 
(SD2 B SB(w/o ls))*lOO 

23. Ca utillzatlon = SO2 capture/(Ca/S) 

24. Cooling load = flash tank steam/load/le6*l0l0*100 

A-B-D-E-F-G 
25. Boller Efflclency = -- ------------ j 100 

A-B-C 

where A - hhv*(l-cooling load/lOO) thermal load minus 
heat to cooling water 

B - ash/l00*.75*.2*(T250-77) slag heating 

c- 11mestone/coa1*.56*1365 llmestone calclnatlon 

D - (9H+H20)/100*(1100+0.46s unrlble heat of 
(flue gas preheat - 77)) moisture 

E- .25*(flue gas preheat - 77)s renrible heat of 
((2l*(A/F)o/(21-stack 02/100)) flue gas 
t 1 t .44*(llmestone/coal) - 
ash/l001 

F- ash/lOO*(l-.75)*.2* sensible heat of 
(flue gas preheat - 77) In flight ash particles 

G- llmestone/coal*.56* eenrlble heat of 1s 
(1365 + .2* plus calclnatlon 
(flue gas preheat - 77)) 

26. Fuel to Steam Corr. = 

total coal*(hhv-Xash/100*.75*.2*(T250-77)-LWtotal coals776.6) 
--_--em----- ---- 
(boiler steam/holler efficiency + flash tank stesmP(llgO-160) 
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27. Calclnatlon level = CaO t CaS04*56/ IY, 
---_____________--__------------ * 100 
CaO t CaS04*56/136 t CaC03*56/10D 
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APPENDIX D. DAMPER CDNFIGURATIONS PER TEST 



Explanation of Figure Dl and Table Dl. 

Flgure Dl shows the damper conflguratlon at the exit of the 
precombustor. Damper A is the damper downstream of the maln 
combustor's head end. Dampers A and B can be adjusted 
Independently, In terms of length or stroke. The 30 degree angle 
Is a fixed angle In which the dampers are positioned. The fully 
closed posltion shown In Flgure Dl is when the dampers are both 
pushed In as far as they are deslgned to go. The width of the 
flow path jn this damper conflguratlon is 5 inches (Ox 
position). The fully open posltfon shown In Flgure Dl Is when 
the dampers are both pulled out as far as they are deslgned to 

!g*lnches (100% position). 
The width of the flow path In thls damper configuration Is 

Table Dl shows the damper conflguratlons used In each test with 
the performance coal and the Two Bull Ridge coal. The 
corresponding flow areas have been calculated and are also given 
In Table Dl. Furthermore, DCS precombustor exlt temperatures and 
velocities are also given In Table 01. These values, however, 
are incorrect mainly because the DCS temperatures were determined 
utillzing Ohio coal propertles. Also, the DCS temperatures 
assumed 100% carbon utllizatlon In the preccmbustor, which Is 
thought to be Incorrect. Oxidation of the char remaining In the . 
precombustor after devolatlllzation Is assumed to be delayed 
until reaching the main combustor. Corrections have thus been 
made for this as well as the utlllratlonof tlealy coal propertles 
in the calculations. The last two columns In Table Dl gives the 
corrected precombustor exlt velocities and temperatures for the 
Healy tests. 



Fully Open 

Fully Closed 

Headend 
of 
Main 
Combustor 

Height is 10" 

Figure Dl. Damper Configurations 

Dl 



Table Dl. Damper Configurations Per Test 
---_____.._______.-----.------.-----.-----.--------.---------------.--------.-------.--------------- 

WY OAKPER AM CM COAL LOAD COAL PECA PCllS PC A/F SCS DCS CALC CAN 
1NlS POS , PC llc IMSTU SPlIT EARR PC Vtl HIT MP YE1 

A/9,9 FIZ I/MR l/M /HR I IPPR KPPW t/M n/s OW f ow F n/s 
_________.-____.__------------------..----------.----.-------------------------------------------.-- 
WI-H11 
109~Ml-1 
400413-1 
4Ol-H14 
402-Wll-1 
404~w14-2 
405-w 
406~w19 
401~Ml 
IQS-HI9 
WO-It20 
HI-W21 
w24l22 
113~It23 
$04~H24 
Io5n25 
IOl-HZ1 
IOS-HZ11 
IQN+Zl 
110~H30 
Sll-H31 
112-w32 
613~H33 
113~n34 
$24~H35 
lZl-W3~ 
526~II31 
621-u3a 
629~MS9 
529~H40 
wn4i 
531+42 
632~443 
533-w 
134-IIll 
wl46 
I3bH41 
631~Ii49 
IWlIO 
64~WSI 
Ill-HI2 
142-13 
54H64 
$44~us5 
$4~US6 
646-w 
$41~HS9 
$4~US6 
$49~II60 
$5~H61 
WI-UK2 
wn63 

s/21 0.10 959 115s 20.1 31.1 4-a 4.4S 910 10.2 321 IO00 2300 2Sl 
SO/SO 1.05 939 1622 19.1 1S.l 4.10 6.11 910 12.6 25; 2120 2000 119 
w/as 1.26 1013 1513 20.2 40.1 6.29 1.11 990 13.2 253 2999 1950 IS3 
9Q/9Q 1.60 1200 1913 24.9 39.1 9.10 9.75 910 14.2 ZLI 2661 ll2Q 192 
W/W 1.66 1200 MS9 24.1 8.9 9.21 9.21 960 Il.1 291 2L91 1170 191 
6U65 1.26 1200 2Q4S 25.9 36.9 IaL4 9.93 950 13.4 292 2631 1920 191 
SO/60 1.20 1192 1920 24.9 3S.3 9.90 1.01 950 12.4 SO2 2lS4 2050 222 
to/90 1.60 1492 2229 29.7 40.1 9.29 11.21 II0 12.4 309 2I9S 2050 224 
SO/SO 1.50 1399 2399 30.1 36.3 9.31 9.19 950 12-Q 303 2120 210 220 
~Q/tO 1.50 1212 2561 30.1 33.2 I.21 11.43 950 14.1 301 2412 1110 223 
SO/SO 1.20 IQ00 1491 19.9 40.1 1.94 1.19 IIS 11.9 257 290 2120 114 
11/15 1.40 1105 1661 22.1 39.9 5.14 1.29 990 12.3 ZS2 2141 2090 Ill 
II/KS 1.26 911 1465 19.5 39.9 4.19 1.25 910 13.4 211 2121 1920 131 
SS/SS 1.26 911 1412 19.6 39.9 S.2L 1.46 9LQ 14.11 29s 2661 1IQ 114 
33/S 0.32 934 1541 20.0 39.1 S.10 1.39 960 14.1 112 2110 1110 244 
25/21 0.10 199 1614 19.S 32.2 1.13 T.4S 950 11.0 131 2134 1120 246 
O/SO 0.73 1190 1331 19.9 46.9 3.30 i.41 950 10.9 401 ww 2200 299 
O/SO 0.13 1162 1312 19.9 46.6 6.12 6.12 950 11.0 421 1000 2200 101 
Q/SO 0.13 1169 1336 29.9 46.6 3.45 1.91 9IQ 11.4 444 1000 2150 119 
O/SQ 0.13 1162 1312 19.9 46.6 I.40 6.19 950 11.9 443 2991 2110 111 
O/SO 0.13 1161 1342 20.0 46.6 LO6 6.16 960 11.0 420 1000 2200 3OS 
O/SO 0.13 1152 1326 19.9 46.5 1.14 5.59 310 10.3 403 1000 2230 102 
O/SO 0.13 1155 1910 19.9 43.3 6.14 6.31 3SO 10.3 403 1000 2230 105 
Q/SO Q.13 1161 1344 20.1 46.5 I.94 I.49 9LQ 10.6 401 3QQQ 226Q 101 
O/SO 0.13 1111 1356 20.2 46.5 6.4s I.90 950 11.1 42) 3000 2190 101 
O/SO 0.13 1160 1331 19.9 41.5 6.OS 1.12 9LO 11.1 322 3000 2200 109 
O/50 0.13 116S 1344 20.1 46.6 3.31 I.S4 990 11.1 422 3OQQ 2110 102 
O/50 0.13 1136 1331 19.9 Il.5 3.13 6.10 990 11.1 434 2936 2150 111 
U/59 t.13 1113 1312 20.2 4S.S 6.19 l.Q2 960 11.2 419 3000 22W 3Ql 
(O/IO 1.12 1165 1342 20.0 43.1 6.10 1.93 910 11.1 121 2000 22QQ 229 
O/SO 0.13 llT9 1351 20.1 46.5 6.23 I.00 II0 11.2 423 lQ90 2200 110 
O/SO 0.13 116S 1346 20.1 46.S I.22 S.39 950 11.2 421 1000 2290 310 
O/SO 0.13 1154 132S 19.1 49,s 3.11 3.01 950 11.3 (ii 2913 2110 304 
I/% 0.16 1154 1130 19.9 49.b 3.06 LII 950 11.2 415 2999 229Q 994 
lO/lO 0.94 llll 1349 20.1 46.5 3.00 SalI 310 10.3 114 1000 2200 274 
SO/l00 1.41 1161 1342 20.0 41.1 9.15 I.44 IS9 10.4 2SS SW0 2259 Ill 
O/80 0;96 1110 ,1323 13.9 43.1 9.11 3.01 990 11.4 191 1000 2150 269 
Q/90 1.04 1141 1322 19.1 41.5 3.34 6.10 I10 11.1 141 2973 2130 250 
ZO/lQQ 1.23 1119 1134 19.9 33.3 3.21 3.12 930 11.2 239 2932 2293 211 
lOO/lOO 1.14 1169 1346 20.1 41.1 3.11 I.OI 9SO 11.2 201 IWO 2200 162 
loo/loo 1.14 1111 1190 20.1 u-4 3.11 I.02 950 11.2 201 1000 2200 152 
IO/60 1.20 1160 1111 19.9 43.1 9.91 3.11 9LO 11.1 291 2914 2110 213 
SO/50 1.05 1143 1311 Il.1 33.5 I.15 1.16 310 11.2 293 lOQ0 2200 211 
lQ/lQ 1.34 1141 1320 19.1 46.1 9.2S 1.91 9SQ 11.1 2IS 1080 2lKQ 132 
O/1$ O.S4 1131 114s 29.1 4S.I 3.23 IA 910 11.4 349 IQ00 2110 2IO 
O/60 0.13 1113 1352 20.2 43.5 6.91 Sal9 IS0 10.9 422 lW0 2200 SO9 
O/50 0.13 1116 1333 19.9 41.5 6.21 6.02 910 11.4 430 2991 2150 309 
O/SO 0.13 1154 1329 19.9 46.1 I.20 5.33 910 11.1 424 3000 2110 104 
O/U 0.19 1140 1314 13.6 66.6 6.96 6.90 960 11.2 401 1000 2200 294 
Oil0 0.13 1169 1344 20.1 41.5 9.29 t.2S II0 Il.9 441 2111 2110 121 
Oh0 0.13 1153 1321 19.S 46.6 I.14 3.05 9SO 11.4 428 3000 2160 IW 
IQ/W 0.13 1134 13Q6 19.1 46.1 9.44 6.21 9IQ 12.0 It3 29$9 2ltQ 21 
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-_________ 
HILLY 
TESTS 

_________. 
663-TSR1 
334-TSR2 
III-TSR3 
SSI-TlR4 
631-TSR5 
Ill-TSR6 
Ill-TSR1 
IIQ-TSR3 
331-llR9 
362-TSR10 
333-TsR11 
334-13R12 

________________________________________----------------------.--------------------------. 
DAMPER ARtA COAL COAL LOAD COAL PCCL Ml6 PC A/F OCS 0% CAN CAN 
POS * PC MC lla91u SPLIT CAR) PC Vtl 3311 THIP Vtl 
A/B,; FT2 I/MR t/HR /I I IRS IPPW I/HR t-T/S QtS F Of6 F t-l/S 

___._____--------------------------.-----------------------.------------------------------ 
O/SO 0.13 619 1030 12.9 13.0 4.02 2.11 930 10.9 220 2392 2000 134 
O/SO 0.13 1060 1399 20.0 99.0 4.T9 3.21 960 11.1 112 2939 1930 234 
Q/50 0.12 1300 IS33 23.4 41.3 3.00 3.3S 930 1.1 420 3000 2430 143 
O/50 0.12 1490 1314 22.2 43.9 I.29 3.41 IS0 11.4 491 2101 1930 141 
O/IS 0.94 1414 1933 23.1 49.9 l.II 9.30 930 II.9 433 2124 1930 112 
O/IS 0.34 1623 1120 23.9 41.0 l.2l 9.S4 930 11.2 413 2624 1930 121 
lQO/lOO 1.14 1439 13SS 21.1 41.9 3.22 9.91 93Q 11.3 239 2900 1930 110 
lOQ/lOO 1.14 1492 1313 21.2 43.9 I.49 9.91 III 11.3 239 2102 1910 190 
lOO/lQO 1.14 1304 1100 23.3 43.9 9.32 9.11 930 11.4 21Q 2900 1930 lS2 
O/IQ 0.13 1192 1341 19.1 43.9 3.91 3.91 990 10.1 411 2994 2000 219 
Q/50 0.13 1113 12S2 11.9 41.0 3.12 3.93 930 11.3 429 2932 1910 216 
Q/50 0.11 1134 1291 11.9 41.0 S.9S I.01 910 11.4 419 2919 1930 214 
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APPENDIX E. CALCINATIDN DATA 



Explanation of Tables El to E3. 

The following Tables were constructed by NIRO. Their variables 
were deffned as follows. 

Ca (wt%) - is the weight percent of calcium in the FCM sample. 
This was determined by treatment in HCL followed by atdc 
absorption. 

co2 (wtx) - is the carbon dioxide released due to decomposition 
of carbonate in excess HCL. The CO2 Is measured by absorption on 
Ascarite (weight difference In absorbent determlnes content). 

SO4 (wt%) - is determined by treatment with HCL followed by ion 
chromotograph. The SO4 content is utilired to determine the 
amount of CaS04 in the FCM. 

CaO (wt%) - is the calcium oxide in the FCH. This was determined 
by titration with an HCL standard. 

Ca-diff - tells something about how much Ca 1s bound as non- 
reactive CaO. 

= Ca - (CO2*40/44 t SO4*40/96 t Ca0*40/56) 

HCL Insol. (wt%l - is the weight percent of insolubles in the HCL 
solution. 

Flyash (wt%) - amount of flyash in the FCM. 

(wt% HCL Insol. in FCM) 
E -------------------------------- * 100 

(wt% HCL Insol. In avg. Flyash) 

CaO (wt%) without flyash - amount of CaO In FCH contributed by 
limestone. 

= CaO In FCW - CaO In avg. Flyash * (flyash%/lOO) 

CaC03 (wt%) without flyash - amount of CaC03 In FCM contributed 
by limestone. 

= CaC03 in FCH - CaC03 in avg. Flyash * (flyash%/lOO) 

CaS04 (wtX) without flyash - amount of CaS04 in FCM contributed 
by limestone. 

= CaS04 in FCM - CaS04 in avg. Flyash * (flyash%/ 
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