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BLAST FURNACE COAL INJECTION TRIAL RESULTS
USING GRANULATED AND PULVERIZED HIGH VOLATILE COAL

INTRODUCTION

This report presents the results of two trials conducted with the Blast Fumace Granular
Coal Injection System at Bethliehem Steel Corporation’s Burns Harbor Plant. The trials
were conducted using granulated and pulverized high volatile coal from Colorado. The
first trial was conducted to quantify the effect that a high volatile western coal, Colorado
Oxbow, has on the blast furnace operation and the process economics compared to the
eastern low volatile coal that is the current standard at Burns Harbor. The high volatile
western coal was pulverized for the second trial. The pulverized trial period is compared
to the granular period using the high volatile coal and analyzed for blast furnace process
differences.

The first trial, the comparison of high to low volatile coal, is an important aspect of the
demonstration project. This trial shows the role that coal chemistry, specifically carbon
and ash content, has on the blast furnace process. The objective of the second trial was to
determine if injected coal size, i.e., pulverized versus granulated, has an impact on blast’
furnace performance. This comparison of pulverized versus granulated coal was an
important part of the demonstration project.

This demonstration project is divided into three phases:
Phase I - Design
Phase II - Construction
Phase III - Operation

The design phase was conducted in 1991-1993. The design of this coal injection system,
especially the coal grinding mills, make it possible to pulverize as well as granulate coal
for furnace injection. Construction of the facility began in August 1993 and was
completed in late 1994. The coal injection facility began operating in January 1995 and
Phase I1I began in November 1995.

BACKGROUND

The granulated coal injection facility at the Burns Harbor Plant began operation in
January 1995. Coal injection began on D furnace in mid-December 1994, primarily to
test the coal grinding and preparation circuits. Significant operations began January 19,
1995 when coal was injected through four tuyeres at a total rate of 20 pounds/NTHM.
Coal injection was initiated on C furnace on February 9, 1995 using four tuyeres at an
overall rate of 25 pounds/NTHM. The remaining 24 tuyeres used natural gas injection at
the same time. These conditions were maintained throughout February and March.



Complete coal injection began on D furnace in April 1995 and on C in June 1995, Since
that time the operation has progressed steadily and culminated in the development of
efficient operating practices using the granulated coal facility.

During the start of coal injection, Sydney coal, a high volatile eastern coal, was used on
both furnaces for eight months. Subsequently, six different low volatile coals were used
on both furnaces for seven months. The low volatile coals performed well and led to the
use of Buchanan low volatile as the standard coal since 1996.

Meaningful analysis of blast furnace process changes that occur with a change to injected
coal type or sizing requires a base test period from which comparisons can be made. The
requirements for an acceptable trial are:

1. A steady state operating period. The length of the period is
flexible, however, the longer the trial duration, the more
definitive the results.

2. Minimal fumace outages or delays during the trial.

3. A minimum of major furnace process changes during the
trial, particularly with the process variable that is being
evaluated.

BLAST FURNACE OPERATIONS

The Burns Harbor C furnace is designated as the granulated coal test facility due, in large
part, to the physical improvements made to the furnace during the 1994 reline. This
furnace was used for the low volatile coal trial and the higher ash coal trial. "* However,
operational difficulties on C furmnace during the Colorado coal trial period required that
the D furnace be used for the evaluation of both granular and pulverized high volatile
coal.

Table 1 shows the operating time periods used on D furnace for the two trials. Operating
data from August 1998 is used as the base period to compare the furnace operation using
low volatile granular coal with the trial of granular high volatile coal conducted in
October, 1998. The second trial was with pulverized Colorado coal. These trial resuilts
were compared to those of the granulated Colorado coal trial. This trial was planned to
run the full month of November; however, extreme wear to the grinding mills during the
granular trial resulted in the inability of the mill to pulverize the coal. Consequently, the
first two weeks of November were used for emergency repairs. The pulverized coal trial
began on November 13 and concluded on November 26 when the Colorado coal supply
was depleted.

The important operating conditions that indicate the full range of furnace performance
results are discussed and documented for the base and trial operating periods in the
following. In addition, environmental stream testing of the closed water and gas cleaning



systems, furnace refractory temperatures, thermal loads and refractory wear readings are
presented for the operating trial periods.

FURNACE TRIAL OPERATING CONDITIONS

The D Furnace Operation

The high volatile coal injection evaluation was completed during the 4™ quarter of 1998.
The trial comparing the high volatile, western coal to an eastern, low volatile coal was an
important test in the DOE cooperative demonstration project. The second trial,
comparing the operation of the blast furnace with granular high volatile coal to the same
coal with pulverized sizing, was the heart of the demonstration project. The planning for
these trials and the procurement of the high volatile coal from Colorado began during the
spring of 1998. Five trainloads, approximately 40,000 tons, of the coal was ordered for
delivery beginning in September. The trial period was to begin on C furnace on October
1, 1998. However, operating difficulties, unrelated to coal injection, began to plague C
furnace. Several major outages on C furnace during late September and extending
throughout the trial period in QOctober resulted in poor operating conditions. It was also
necessary to switch C furnace to natural gas from coal injection in order to stabilize the
furnace operation. The frequent delays and the use of natural gas caused a lack of
meaningful data with coal injection. Since the Colorado coal supply was dwindling and
the prospects of C furnace returning to a suitable operating standard was unlikely, the
trial was switched to D furnace. The first two comparison periods on D fumace,
complete monthly periods during August and October, proceeded as planned. However,
the pulverized, high volatile period which was also planned as a full month trial during
November had to be shortened. On November [, when the coal-grinding mill was
adjusted to produce pulverized coal, the resulting coal did not meet the sizing
requirements. A close examination of the mills revealed that the high volatile coal used
during the previous month had severely worn the bull ring on both mills and pulverizing
was not possible. Emergency repairs for resurfacing the bullrings of both mills began
immediately. Twelve days were required to repair and reset the mills to produce
pulverized coal. Fortunately, enough Colorado coal remained to conduct a fourteen-day
trial before the supply ran out on November 27.

General Trial Observations:;

The use of granular low volatile coal at Burns Harbor began during 1996 and has resulted
in excellent operating performance. These operating results and a subsequent DOE trial
conducted in October, 1996 established a good benchmark on the use of granular low
volatile coal for injection in the blast furnace.' The base operating period selected for
this trial, August 1998, reflects the advantages of the granular low volatile coal and is
shown in Table 1. The coke rate of 683 pounds/NTHM at a coal injection rate of 250
pounds/NTHM resulted in an overall low fuel rate of 935 pounds/NTHM and contributed
to the good production level of 7078 NTHM/day. This period provides a good
comparison base for the high volatile coal operating periods.



The blast furnace operation using granular, high volatile, western coal during October is
shown on Table 1. Compared to the base period, the coke rate is 115 pounds higher at
798 pounds/NTHM. Although the injected coal rate is about 60 pounds/NTHM lower at
190 pounds/NTHM, the increase in coke rate is not proportional to the injected coal
decrease. This comparison shows that the low volatile coal supports a lower furnace
coke rate than the high volatile coal.

The results of the blast furnace performance with pulverized high volatile coal are shown
as Trial 2 in Table 1. The coke rate, coal injection rate and the overall fuel rate are very
similar to the operation using granular high volatile coal. The injected coal rate is lower
during this period because the two coal grinding mills could only pulverize 183
pounds/NTHM of coal. The comparison of the two trial periods shows similar results
and leads to the conclusion that the blast furnace process is unaffected by the injected
coal being granulated or pulverized.

The initial plan was to inject the western coal at a rate of 250 pounds/NTHM, the same as
in the August 1998 base period. However, this coal was very difficult to grind evento a
granular size. At this point in the granular trial, we realized that we would not be able to
pulverize this coal at a rate of 250 pounds/NTHM. Therefore, to insure a good coke
comparison and furnace operation between the granular and pulverized trials, the granular
coal was kept to a rate that we thought could be sustained during the pulverized coal trial.
Even at the lower rate of 190 pounds/NTHM, the grinding milis could not maintain this
level during the pulverized trial period. Although trial data is more compelling than
speculation, we believe that the comparison of granular versus pulverized coal would
remain the same at even higher injection levels.

One furnace variable that was of concern during the planning phase of the trial for using
pulverized coal was permeability. Table 1 shows that during the base period and the
granular trial there was no change in permeability. The values were 1.43 and 1.42,
respectively. During the pulverized coal trial, the furnace permeability did decrease to
1.33. However, this was likely because Chinese coke was not on the furnace during the
pulverized trial period but was in the burden during the two previous operating periods.
We have previously documented the increase in furnace permeability that accompanies
the use of larger sized Chinese coke.” We believe that the reduction in permeability
during this period is attributable to the lack of Chinese coke rather than the use of
pulverized coal. This is supported by the fact that the permeability on the D furnace
remained low, at 1.36, during December 1998 after the pulverized coal trial had ended
and Chinese coke was no longer available.

Coal Chemistry and Sizing:

The comparison of injected coal chemistry between the Buchanan and the high volatile,
Oxbow coal is shown on Table 2. The large difference in coke rate seen between the
aforementioned periods is attributable to the difference in carbon content of the two
coals. The Oxbow coal averages 73.2% carbon versus 86.3% for the Buchanan low
volatile coal. The increase in coke rate is also due to the higher ash content of the Oxbow
coal. Buchanan ash content is 5.23% compared to 11.20% for the Oxbow. The furnace



slag volume during the operating period with Buchanan is 430 pounds/NTHM. The
higher ash content of the Oxbow causes the slag volume to rise to 461 pounds/NTHM
during the first trial. A slag volume increase in the blast furnace results in an increase in
the coke rate.

Coal sizing was a concerm and was closely monitored during each trial period. Table 3
shows the injected coal sizing for each period as well as the raw coal sizing. The raw
coal sizing shown is the size fraction of the coal as measured by the vendor at the
shipping site. The product coal sizing shown in the table is the size fraction of the
injection coal after grinding in the preparation mills. The granular sizing shown for the
low volatile, Buchanan and the high volatile, Oxbow coal is the monthly average of daily
samples taken on D furnace during August and October. The values for the pulverized
sizing are the average of ten daily samples taken during the puiverized trial. The
pulverized coal only shows the minus 200 mesh fraction because, unlike the granular
size, the puiverized coal particles stick together and the measurement is made using a
device with only one screen. This equipment puts the entire sample under vacuum and
draws the portion of coal that is -200 mesh through the screen. This method of analysis
was done on a daily basis to insure that the grinding mills were set properly. A more
accurate method of screen analysis, the wet screen method, is often used. The Burns
Harbor Plant laboratory is not equipped for this method, however, two samples were sent
to an independent laboratory for wet analysis. The average of the two samples is also
shown on Table 3. This method shows that the minus 200-mesh fraction of the injected
coal is 74%.

The raw coal sizing shown on Table 3 demonstrates a fundamental difference between
high volatile and low volatile coal. The low volatile coal arrives at the coal grinding
facility with 83% of the coal already sized at minus one-quarter inch. The grinding milis
require less energy to achieve the proper sizing for injection than for the high volatile
coal that is only 36% minus one-quarter inch. In addition, grinding the low volatile coal
with an HGI of 100 is much easier than grinding the Oxbow coal that has an HGI of 46 -
48. This is demonstrated later.

Furnace Coke Rate Results:

One of the reasons for the October trial was to determine the coke rate difference
between the use of low volatile and high volatile injected coals. In order to assess the
furnace coke rate during a trial, all of the variables that affect the furnace coke rate and
are different from the base must be adjusted for by using coke correction factors. The
variables that are not corrected or adjusted are those affected by the operating variable
that is being assessed. After all of the operational coke differences between the base
period and the trial period are accounted for, the remaining coke is attributed to the
variable being studied. Since the Colorado coal is higher in ash than the Buchanan coal
and is a consequence of the difference between the two coals, we have not adjusted the
coke rate for changes in the furnace slag volume. The biast furnace slag volume is
directly affected by the injected coal ash.



The result of the first comparison of the base period to the granulated high volatile period
is shown in Table 4. The primary correction for the October period is the rather large
difference in the injected coal rate. A correction of one pound/NTHM injected coal
replacing one pound/NTHM of coke is used for the difference in injection rate. Hot
metal silicon content did increase substantially during the granular trial period and a
correction of 11 pounds/NTHM is used for this factor. After each factor in the analysis is
accounted for, we are left with a 46 pound/NTHM higher coke rate in the high volatile
trial period than during the low volatile base period. The higher coke rate is attributed to
the use of the high volatile coal. This result is plausible because the Buchanan coal is
13% higher in carbon content than the Oxbow coal. Since carbon is the primary fuel and
reductant for the furnace, the difference in fuel rates is understandable. In addition, the
almost 6% higher ash content of the western coal is a distinct coke disadvantage. The
previously mentioned higher ash coal trial documents a coke disadvantage of three
pounds per NTHM for each one percent increase in the ash content of the injected coal.
Regardless of where and how each furnace factor is applied, the overwheiming
conclusion from this comparison is that the low volatile coal provides a very substantial
coke rate advantage to the blast furnace.

The coke comparison of the high volatile granular trial to the pulverized trial is shown in
Table 5. The operating periods are very similar and there were only small corrections
necessary. We included blast fumace slag volume in these corrections because the
injection coal type was the same for both periods. The largest corrections were for the
decrease in wind volume during the pulverized period and the increase in slag volume.
The wind decreased because the furnace permeability was lower due to the lack of
Chinese coke in the burden as previously discussed. The three pound coke difference for
the pulverized trial period is within the plus or minus five-pound error limit and strongly
indicates that there is no difference in the blast furnace operation with the use of
pulverized coal.

Table 6 shows the blast furnace sulfur balance results for both of the trials. The sulfur
content of all of the raw material inputs as well as the material outputs use the monthly
average sulfur analysis. The sulfur content of the blast furnace gas is the average of three
samples that were taken for each period by Mostardi Platt. The balances are very good
for both trial periods.

Coal Grinding Energy Consumption:

The primary reason for adopting the British Steel granular coal injection technology was
to inject coal into the blast furnace by the most efficient and cost effective method. One
reason for choosing granular over the pulverizing process is presented in Figure 1. The
figure shows the combined energy consumption of both coal grinding mills per ton of
coal processed. Four points of interest are shown on the figure.

The first point, May 1998, is a period during which we attempted to pulverize low
volatile coal. During this month pulverized coal was produced in the mill but severe line
plugging did not allow for an appropriate furnace process trial. This experience was



detailed in the quarterly status report for the period April-June 1998.* The energy
consumption in April increased from about 10 KWH/ton with granular coal to 14
KWH/ton with pulverized coal.

The granular coal base period is labeled on Figure 1 as “granular low vol.” The third
point is from the high volatile granular period. The increase from 7.5 KWH/ton for
granular, low volatile coal to 19.6 KWH/ton for granular, high volatile is very significant.
These two points are an added incentive for the use of low volatile coal at Burns Harbor.
The last point on Figure 1 shows the rise in energy consumption from the granular period
in October to the pulverized period during the last two weeks in November. The
KWH/ton increase from 19.6 to 31.4 is very significant in the overall cost of preparing
the coal for injection.

FURNACE THERMAL CONDITIONS AND REFRACTORY LINING WEAR

The D furnace is equipped with a Thermal Monitor System consisting of two
components: twenty four thermocouples embedded in the refractory lining of the furnace
at three elevations and an extensive system of thermocouples in the discharge water
cooling system at nine furnace elevations. The heat loss in the furnace is calculated for
the various elevations from the water system thermocouples.

In addition to the array of thermocouples, wear monitors are located in the refractories of
the furnace at various elevations and quadrants. These monitors give an indication of the
amount of brick that is remaining in the furnace at various elevations.

The furnace operation can be evaluated implicitly by studying differences in these
measurements over time. For example, if there are higher heat loads observed in the
furnace during a change in the furnace practice, we may imply that the practice change
was responsible for the increased heat loads. We have observed, with the use of the
refractory wear monitors that coal injection causes increased wear of the brick lining.

Figure 2 shows the inwall refractory temperatures at three elevations. These values have
changed very little during the entire year. This figure indicates that during the trial
periods as well as the base period there was no change in the refractory temperatures.

Figure 3 shows the calculated thermal loads in the bosh, mantle and cooling Row 2.
These are the lower elevations in the furnace. As in Figure 2, there is no significant
change in the values during the trial periods.

In October, during the granular, high volatile coal trial there was a significant increase in
the thermal load values at Row 4 and Row 7. This is shown on Figure 4, Figure 5 shows
the same increase at Row 16. There is not a good explanation for the increase in values
at these three distinct elevations since the thermal loads returned to the previous values in
the ensuing high volatile, pulverized trial. The furnace practices did not change
significantly between the granular and puiverized trial periods.



Figure 6 shows the refractory wear monitor readings from the beginning of the D fumace
campaign. The amount of injected coal is also shown since the start-up of the facility.
The refractory wear appears to have accelerated when coal injection began and during the
following months. However, as operating practices were fine-tuned and the other furnace
variables came into line, the refractory wear lessened and has been steady over the iast
year. Refractory wear with coal injection now appears to be about the same as before
coal injection with the adoption of consistent practices and a steady state operation.

ENVIRONMENTAL TEST RESULTS
Gaseous Strezims:

Blast furnace gas samples were obtained from D furnace and analyzed by Mostardi Platt
Associates, Inc. during the two trial periods with the high volatile coal. The results of the
samples are presented in Appendix 1. When Mostardi Platt was on site to take the gas
samples, plant operators were not aware of which furnace would eventually be designated
as the trial furnace. Therefore, Mostardi Platt took samples on C and D fumace during
the two trial periods. Although we are not discussing the gas samples taken on C furnace,
the gas analysis results are show in Appendix L

Wastewater Monitoring:

During the trial periods from October 1, 1998 through November 30 and including the
data from December 1998, monitoring of the Division's treated process water effluent
(Monitoring Station 011) and the Division’s combined effluent (Outfall 001) was
conducted in accordance with the Division's NPDES permit. In addition, internal
monitoring of the Blast Furnace Recirculating Water System was performed weekly. All
monitoring results for ammonia, nitrogen and total cyanide at Monitoring Station 011,
Outfall 001 and the Blast Furnace Recirculating Water System were within the applicable
limitations and/or expected ranges. There were no adverse affects on the Division’s
wastewater system that could be attributed to the BFGCI system during the trial periods
with granular and pulverized coal. The results for the three month period that inciudes
the trials is shown in Appendix II.

CONCLUSIONS

The primary goal of the Clean Coal Project and the Cooperative Agreement with the
United States Department of Energy was to demonstrate the advantages of using a
granular coal injection facility rather than a pulverized coal injection system. Secondary
objectives were to determine the effect of coal grind size and coal type on blast furnace
performance. This series of trials has clearly shown that granular coal can ce used on a
large blast furnace with good results. In addition, the furnace operation using low
volatile versus high volatile coal is, without doubt, a superior operation.

The energy consumption for pulverizing compared to granulating the same coal is
significantly higher. The high volatile coal required 31.4 KWH/ton to pulverize during



this trial and 19.6KWH/ton to granulate. In addition, the operating data clearly shows
that the blast furnace process is unaffected by whether the coal is pulverized or granular
at the coal injection rate of 183 pounds/NTHM.

Another conclusion, based on the trial is that the low volatile coal replaces more coke
than the lower carbon content, high volatile coal. This result is very important to the
Burns Harbor Plant. Prior to coal injection the Plant had to purchase coke to supplement
the coke produced. Until the successful use of low volatile coal began and large
reductions in coke rate were accomplished, the blast furnace was still dependent on some
outside purchased coke. At a production rate of 14,000 NTHM/day for two furnaces, the
blast furnace operation is currently self-sufficient with the home coke supply. However,
during times of high productivity, there could be a slight need for external coke. The
successful injection of low volatile coal closes a large portion of the coke supply/use gap.

We also believe, based on the unsuccessful attempt to inject pulverized, low volatile coal,
that it is not possible to inject low volatile coal unless it is in the granular size range.
Other blast furnace operators have tried to use low volatile coal in a pulverizing system
and have failed due to plugging in the coal delivery lines. This is, for the Burns Harbor
facility, a key attribute for the granular system.
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Production, NTHM/day
Delays, Min/day

Coke Rate, Ib/NTHM Rep.
Natural Gas Rate, Ibs/NTHM
Injected Coal Rate, Ibs/NTHM
Total Fuel Rate, Ibs/NTHM

Burden %:
Sinter
Pellets
Misc.
BOF Siag, tbs/NTHM

Blast Conditions:
Dry Air, SCFM
Blast Pressure, psig
Permeability
Oxygen in Wind, %
Temp, F
Moist., Grs/SCF
Flame Temp, F
Top Temp, F
Top Press, psig

Coke:
H20, %
Chinese Coke, %

Hot Metal %:
Silicon
Standard Dev.
Sulfur

Standard Dev.
Phos.
Mn.
Temp., F

Slag %:
Si02
Al203
CaQ
MgO
Mn
Sulfur
B/A
B/S
Volume, {bs/NTHM

TABLE 1

D Furnace

DOE Trials with High Volatite Coal

BASE
Buchanan Coal
Granular
AUGUST 1998

7078
48

683
2
250
935

30.8
69.0
2
10

149,598
376
1.43
25.5
2089
21.2
3836
263
16.7

4.7
14.5

.49
104
041
016
.058
37

2652

37.30
9.47
40.09
11.21
36
1.45
1.10
1.38
430

TRIAL 1
Oxbow, Colorade Coal
Granular
OCTOBER 1998

6689
66

788
2
190
980

353
64.5
A
0

150,096
38.0
1.42
25.3
2044
19.3
3870
216
17.0

51
12.3

60
115
036
012
062

40

2640

36.60
10.46
39.29
11.26
37
1.43
1.07
1.38
461

TRIAL 2
Oxbow, Colorado Coal
Pulverized
November 13-26,1998

6710
73

800
0
183
983

35.7
63.6
7
0

141,539
37.4
1.33
26.4
2080
22.8
3935
197
16.6

5.2
0

52
110
.035
.014
.061

39
2686

36.20
10.50
38.82
11.72
37
1.33
1.08
1.40
504



Coal

Vol Matter, %

Ci%e)
Ot%)
H2 (%)
N2{%)
Ci{%)

Ash, %
Total Mois. %
Sultur, %

GHV, BTURb
HGI

Phos. (P205),%

Alkali, %
(Na20,120)

Si02 (%)
AI203 (%)
Ca0 %)
MgQ {%)

TABLE 2

Coal Chemistry Comparison of Low Volatile and High Volatile Coal

Buchanan

18.00
86.3
2.18
4.15
1.20
16
5.28
6.45
.76

15,000
100

.004

(.030, .09)

1.77
1.14
63
10

Oxbow, Colorado

TRAIN # #1 #2 #3 #4 #5
37.83 37.89 36.62 36.68 36.68
74.44 75.10 72.62 72.39 71.52

8.13 8.03 7.80 8.15 7.74
5.28 5.26 5.01 5.08 4.91
1.79 1.76 1.62 1.78 1.66
.02 .02 .01 .01 .03
9.51 9.06 12.07 11.90 13.45
NA NA 5.79 5.47 6.46
.85 79 72 70 72
13,519 13,493 12,962 13,306 12,761
NA NA NA NA NA
.085 .057 041 .064 050

AVERAGE
37.14
73.214
7.99
5.108
1.722
0.018
11.188
5.91
76

13,208
46 - 48

053

(.262,.087) (.262,.087) (.279,.129) (.361,.148) (.370,.159) (.265,.122)

5.16
2.28
.36
18

5.02
2.44
37
7

5.68
1.99
31
20

8.08
2.66
42
.24

8.13
2.92
.39
.28

6.42
2.48
37
21



TABLE 3

Raw Coal and Product Coal Sizing Comparison

Buchanan Coal Raw Coal Sizing Oxbow Coal Raw Coal Sizing
Screen Size % On % Cum Screen Size % On % Cum
+2" 0.0 0.0 2" C.0 0.0
2x1-1/4" 0.6 0.6 1" 17.9 17.8
1-1/4x1" 0.7 1.3 1/2" 251 43.0
1x3/4" 1.7 3.0 1/4" 21.0 64.0
3/4x1/2" 4.5 7.5 -1/4" 36.0 100.0
1/2x3/8" 1.5 9.0
3/8x1/4" 8.0 17.0
1/4x4M 2.0 18,0 Oxbow Goal Product Coal Sizing
4xBM 15.0 34.0 Granular Size
Bx16M 17.0 51.0 October 1998
16x28M 16.0 67.0
28x48M 13.0 80.0 Screen Size % On % Cum
48x100M 11.0 91.0 +4M 0.0 0.0
100x200M 5.3 96.3 -4x8M 1.1 1.1
-200M 37 100.0 -8x16M 6.2 7.3
-16x30M 14.5 218
-30x50M 16.6 38.4
-50x100M 18.1 56.5
Buchanan Coal Product Coal Sizing -100x200M 18.6 75.1
Granular Size -200x325M 156.1 91.2
August 1998 -325M 9.8 100.0
Screen Size % On % Cum
+4M 0.0 0.0 Oxbow Coal Product Coal Sizing
-4x8M 0.2 0.2 Puiverized Size
-8x16M 20 2.2 November 13-26
-16x30M 8.1 10.3
-30x50M 15.3 25.6 + 50 Mesh - 200 Mesh
-50x100M 28.4 54.0
-100x200M 326 86.6 0.48% 66.10%
-200x325M 12.2 98.8 :
-326M 1.2 100.0

Oxbow Coal Product Coal Sizing
Puiverized Size
2 Sample Average {Wet Analysis)

Screen Size % Cum
+8M 0.00
-Bx16M 0.03
-16x28M 0.18
Granulated Coal is: 100% -4 Mesh({5mm) -28x48M 0.56
98% -7 Mesh(3mm) -48x100M 7.07
< 30% -200 Mesh -100x200M 26.24
-200x325M 49.40

Pulverized Coal is: 65% -200 Mesh -325M 100.00




TABLE 4

BURNS HARBOR D FURNACE ADJUSTED COKE RATE COMPARISON
GRANULAR LOW VOLATILE COAL COMPARED TO GRANULAR HIGH VOLATILE COAL

Buchanan Base Colorado Oxbow
AUGUST 1998 OCTOBER 1998
Coke Correction Variables: Granular Granular
Natural Gas, Ibs/NTHM 20 2.0
Coke Correction, Ibs coke 0.0
Injected Coal, Ibs/NTHM 250 190
Coke Correction, Ibs coke -60.0
Sinter, % 30.6 35.0
Coke Correction, Ibs coke +3.5
Peliets, % 68.5 63.9
Coke Corraction, Ibs coke +3.7
Wind Volume, SCFM 149,600 149,600
Coke Correction, Ibs coke 0.0
Biast Temperature, F 2089 2045
Coke Correction, Ibs coke 7.7
Added Moisture, Grs./SCFM Wind 21.2 19.5
Coke Correction, Ibs coke +5.8
Iron Silicon Content, % .49 .60
Coke Correction, Ibs coke -11.0
Iron Sulfur Content, % .042 .037
Coke Correction, Ibs coke 2.5
Iron Manganese Content, % 37 40
Coke Correction, Ibs coke 0.7
Coke Ash(Includes Chinese Coke) 7.80 7.80
Coke Correction, Ibs coke 0.0
TOTAL CORRECTIONS: Ibs coke BASE -68.9
Reported Furnace Coke Rate, Ibs/NTHM 683 798
Corrected Furnace Coke Rate, Ibs/NTHM BASE 729

Coke Rate Difference from Base 46 Pounds of Coke/NTHM



TABLE 5§

BURNS HARBOR D FURNACE ADJUSTED COKE RATE COMPARISON
GRANULAR HIGH VOLATILE COAL COMPARED TO PULVERIZED HIGH VOLATILE CO/

Coiorade Oxbow Colorado Oxhow
OCTOBER 1998 1113-11/26/98
Coke Correction Variables: Granular Puiverized
Naturai Gas, [bs/NTHM 2.0 0.0
Coke Correction, ibs coke -2.4
injected Coal, ibs/NTHM 190 183
Coke Correction, Ibs coke 7.0
Sinter, % 35.0 35.7
Coke Correction, Ibs coke +0.6
Pellets, % 63.9 63.6
Coke Correction, ibs coke +0.2
Wind Volume, SCFM 149,600 141,539
Coke Correction, Ibs coke +8.2
Blast Temperature, F 2045 2080
Coke Correction, lbs coke +8.0
Added Moisture, Grs./SCFM Wind 19.5 22.8
Coke Correction, Ibs coke -11.0
Iron Silicon Content, % .60 52
Coke Correction, lbs coke +8.0
lron Sulfur Content, % .037 038
Coke Correction, ibs coke -1.0
iron Manganese Content, % 40 .39
Coke Corraction, Ibs coke +0.3
Furnace Slag Volume, Ib/NTHM 461 504
Coke Correction, Ibs coke -8.6
Coke Ash{Inciudes Chinese Coke) 7.80 7.70
Coke Correction, ibs coke +2.0
TOTAL CORRECTIONS: Ibs coke BASE -4.7
Reported Furnace Coke Rate, Ibs/NTHM 798 800
Corrected Furnace Coke Rate, Ibs/NTHM BASE 785

Coke Rate Difference from Base -3



ULFUR INPUT;
laterial:

urnace Coke, Sulfur Analysis
Tons Coke Used
Tons Sulfur in

sjected Coal, Sulfur Analysis
Tons Coal In
Tons Sulfur In

sinter, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

*ellets, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

scrap, Sutfur Analysis
Tons Scrap Used
Tons Sulfur In

TOTAL TONS OF SULFUR IN:

TABLE 6

BURNS HARBOR D FURNACE SULFUR BALANCE
GRANULAR HIGH VOLATILE COAL TRIAL

Qctober 1988

0.72%
82830
596.4

0.76%
19804
150.5

0.02%
115766
23.2

0.01%
211703
21.2

0.13%
3548
4.6

785.9

SULFUR OUTPUT

Biast Furnace Slag, Suifur Analysis

Tons Produced
Tons Sulfur Out

Blast Furnace iron, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Flue Dust, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Filter Cake, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Top Gas, Sulfur Content
Gas Produced, MMCF
Tons Suliur Qut

TOTAL TONS OF SULFUR OUT:
SULFUR QUT/SULFUR IN:

October 1998

1.43%
47799
683.5

0.036%
207373
74.7

0.46%
1144
53

0.52%
2995
15.6

1.7 grs./100SCF
103,400
12.5

791.6
0.895

SULFUR INPUT:
aterial:

Furnace Coke, Sulfur Analysis
Tons Coke Used
Tons Sultur In

Injected Coal, Sulfur Analysis
Tons Coal In
Tons Sulfur in

Sinter, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

Peilets, Sulfur Analysis
Tons Sinter Used
Tons Sulfur in

Scrap, Sulfur Analysis
Tons Scrap Used
Tons Sulfur In

TOTAL TONS OF SULFUR IN:

BURNS HARBOR D FURNACE SULFUR BALANCE
PULVERIZED HIGH VOLATILE COAL TRIAL

November 13-26,1998

0.72%
37565
270.5

0.76%
8595
66.3

0.02%
52835
10.6

0.01%
94255
9.4

0.13%
1070
1.4

357.2

SULFUR OUTPUT

Material:

Blast Furnace Slag, Sulfur Analysis

Tons Produced
Tons Sulfur Out

Blast Furnace Iron, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Flue Dust, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Filter Cake, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Top Gas, Sulfur Content
Gas Produced, MMCF
Tons Sulfur Out

TOTAL TONS OF SULFUR OUT:
SULFUR OUT/SULFUR IN:

November 13-26,1998

1.33%
23719
3156.5

0.035%
93938
32.8

0.55%
456
2.5

0.46%
1148
5.3

1.1 grs./100SCF
47,400
37

359.8
1.007
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FIGURE 2

BURNS HARBOR D FURNACE - INWALL REFRACTORY TEMPERATURES
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FIGURE 3

BURNS HARBOR D FURNACE - THERMAL LOADS
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Blast Furnace Granulated Coal Injection
Environmental Monitoring Report

Appendix I - Gaseous Stream Testing Results



Mostardi-Platt Associates. Inc. 945 Oaklawn Avenue

A Fuil-Service
Environmental Consulhing
Company

Elmhursi, llinois 60126-1012
Phone 630-993-9000
Facsimile 630-993-9017

% Mostardi Platt
GAS ANALYSIS STUDY
Performed For
BETHLEHEM STEEL CORPORATION
At The
Burns Harbor Plant

Blast Furnaces C and D
Burns Harbor, Indiana
October 23, 1998

© Copyright 1998
All rights reserved in
Mostardi-Platt Associates, Inc.

MOSTARDI PLATT PROJECT 84115
DATE SUBMITTED: NOVEMBER 13, 1998



“lostaroi-Platt Associates, inc.

Bethlehem Steel

C-Blast Furnace

Gas Test Results
Burns Harbor, Indiana

Total Sulfur Content
Carbon
Date Time | Hydrogen| CO, 0; Monoxide
Sampled | Sampled | (mol %) | (mol %) | (mol %) | (mol %) | (ppmv) | (as gr/100 scf)
10/23/98 0800 6.44 235 0.67 229 20.1 1.26
10/23/98 1015 6.45 23.2 0.70 21.6 29.4 1.84
10/23/98 1145 8.38 22.4 0.73 21.1 48.9 3.06
D-Blast Furnace
Gas Test Results
Burns Harbor, Indiana
Total Sulfur Content
Carbon
Date Time | Hydrogen| CO, 0, Monoxide
Sampled | Sampled | (mol %) | (mol %) | (mol %) | (mol %) | (ppmv) | (as gr/100 scf)
10/23/98 0800 3.46 23.6 0.67 22.6 32.2 2.01
10/23/98 1015 2.96 214 0.70 20.2 25.6 1.60
10/23/98 1145 315 21.7 0.59 20.8 23.7 1.48

Mosurdi Platt Project 84115 1 © Mostardi-PlattAssociaces, Inc.
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l GT Ingtitute of Gas Technology

Analytics] Report

tnwm
IGT Leg # : 981448201 xis

Major Component Gas Aralysis By Gus Chromategraphy

Client Name: Mottncdl-Piact Assacias. lac.
IGT Sampie Number: 98146201
Samgple Description: 84115001
Date Anatyzed: 1/29-11/69¢ Avalyst: RIB
Compenent Mal % Dut Limit Welght %
Heollum ND. 0.001% N.D.
Hydrogan 6.04% 0.00% L%
Cwrbon Diexclde 5% 0.07% I I%
Eshone 0.00%
Eshane 0.07%
OxypewArgen 0L6T% 0.00% ATI%
Nizogen 3% o 4.2
Mehane 0.03%
Carbos Monoxide % 0.0% a%
Ethyns ¢.002%
Progans 0.002%
Frogune 0.002%
Propudienc 0,002%
Propyne 0.002%
irlatane 0.002%
winviarve 9.001%
}-Butara 0.007%
eliine o.00I%
Trms-1-Busenc 0.002%
Cin-2-Duneme C.002%
{.J-Damudimne 0.002%
noe-Penane 0.001%
wPanmne 0.907%
~Povane 0.000%
Pownes 0.002%
Hunane Muy 0.002%
Hydsogen Sulfide L0001%  0000I% A%
Corboary| Suifida A00190% 0.0000X% AMEITY%
Vnigdwntified 0.00%
Wuw N.D. 0.001% N.D.
Towl 0% 1000%
Caleminted Rasi Gas Projertion per ASTM DIS88-91
Toanp. (*F)= [" X “.e
Prase. (puid)= 14696 147
Corprapsfoliicy Facser 2] = 0.9990% 099907
Ralstive Densiry = 1.0405 1.0408
Orom HY (DRY) = 9s.? 9y
- Gross HV (SAT.)= 4.0 | I
Wobbe Index = 918 ]
Net HY (Dry) = ) LS
Net HV (Sar) = 07 L X

Nows: AJl blank vaiues are below desaction limit
N.D. - Net Devormwned

1CA

Ingtinaw of Gaa Technology 1700 Soush Mt Prespuct Rd, Des Maincs, I 60018
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T Analytical Report 11112798
l G Institute of Gas Technology IOT Log # :'93145201.::1-

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mosmacdi-Plat Assaciates, lac,
IGT Sampie Number: 98146201
Sample Description: $4115-001 1 CA
Date Analyzed: 10/29-11/6/98
Analyst: RJB
Component Name PPMYV Component Name PPMYV
Hydrogen Sulfide 1.1 Thiophene
Sulfur Dioxide Ct-Thiophenes
Carbony! Sulfide 190 C2-Thiophenes
Carbon Disulfide C3-Thiophenes -
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan C-Banzathiophenes
i-Propyl Mercaptan C2-Benzothiopbenes
n-Propyl Mercaptan
t-Butyl Mercapman Thiophane
Thiophenol

Dimethy| Sulfide
Methy| Ethyl Sulfide individual Unidentifiod
Diethyl Sulfide Sulfur Compounds
Di-t-Buty| Sulfide (all 33 monosulfides)
Dimethy! Disuifide

Methyl Echyl Disulfide
Methy| i-Propyl Disulfide
Diethyt Disulfide

Mehyl n-Propyl Disulfide
Methy! t-Butyl Disulfide
Ethyl i-Propyl Disulfide
Ethyl a-Propy! Disulfide

Ethyl +-Buryl Disulfide

Di-i-Propyl Disuifide Total Unidentified: 0.00
i~Propyl n-Propyi Disulfide Towl Identified: 20.1
Di-n-Propyl Disulfide

i-Propy| v-Butyl Disulfide Total Sulfur Content

n-Propyl t-Butyl Disulfide As PPMY 20.}
Di-t-Buryt Disulfide As Greins/100 SCF 126
Dimechyt Trisulfide

Diehy! Trisulfide

Di-t-Butyl Trisulfide
Notes: Component Desection Limit:
! ppemv for Hydrogen Sulfide
0.] ppmv for all other compounds per sulfur
Underlined sumbers are below standard detsctio
limixs. and are included for information only.
All blank values are below devection limit.

Instinuse of Gas Technology 1700 South Mt Prospect Rd. Des Plaines, L. 60012



EXTENDED GAS ANALYSIS BY GC/FID

IGT Sample Number: 998146201

Sampie Description: 341{5-001 1 C A
Date Analyzed: 11/11/98
Anatyst: /B

Componsnt Name Mole % Wt % Component Name Mole % Wt %

Neopentane BOL See Parsflins

[sopentane BDL SynGes Hexanss 8DL BOL

n-Pentane BDL Data Hepones BDL BDL
22,4 Trimethyyipcatane BDL BOL
Octanes BDL BDL

Cyclsslkanes Noomnes BDL BDL

Cyclopentane BOL BDL Decanes BDL BDL

Methykcycliopenane BDL BDL Undecanes BDL BDL

Cyclohexane BDL BDL Dodecanes 8DL 8pL

Medry lcyclohexanc 8DL BDL Tridecanes BDL BDL
Tetradecancs BDL BOL

Arsmatics - Pentadecanes apL BOL

Benzone BDL BDL Hexadocanes BDL BDL

Toluene 8DL BDL Heptadeoanes apL BDL

Ethvibenzene 8DL aDL Ocedacanes BDL BDL

m-Xylene adL B8OL Nonadecanses BDL BDL

p=-Xylene BDL BDL Eicosmnes + 8DL BDL

Styrene BDL BDL

o-Xylene 8DL BOL

CJ Benzencs BDL 8pL

Naphthaiene BOL BDL

C1 Naphthalenes BDL BDL

C2 Naphthalenes BOL BDL

Toml from Cyclopenmne o Eicomnes + BDL BDL

Notwea: BDL = below dewction limis (0.000t mole %).



'12/14988  1bill Ba77eByYY /Y

lGT Insticute of Gas Technology

b1 ANALY I LUAL. LAY

Analytical Report

FALE @o

12
IGT Log ¢ : 98146202 xls

Major Compeant Gas Ana

_ Client Name: Magtardl-Piact Asseciates. lac.

ICT Sample Nember: 58144202
Sampile Description: 84113-004
Date Anslysed: 10/29-]11/698 Amalyst: R/B

Componant Mol % Dee Lluslt  Waight %
Halian ND. .001% ND.
Hydrogeo £45% 0.06% L%
Carvas Diaxide .2% 0.03% A.9%
Ethme 0.00%
Edhame 003%
Onypaa/Argan L.7% 0.03% [ &L Y
Niwogn 48.1% 0.03% %
Mathang 2.0%
Carben Monsxide 11.6% 0.00% N.0%
Evryss 0.007%
Propame 0.002%
Propme 0.007%
Propuutions 0.002%
Propyne 0.002%
i-Rumpre 0.002%
n-Bumne 0.002%
| oBngterm 0.001%
i=Baene 0.002%
Trans-)-Suwme 0.007%
Cis-2-bnurm 9.002%
I3 Ontatives 0.001%
nee-Pepmne 0.001%
e ] 0.002%
w-Panane 0.002%
Pentmny 0.002%
Houane P 0.001%
Hvirogen Suifide L000% 0.0001% Ae010%
Carbenyi Suifide AB0204% 000002%  GbedliN
Unedhmti fimd 0.00%
Wome ND _ o00I% ND.
Totad , 1900.0% 1%
Calesintod Rasl Gea ASTM DIsES-¥1
Temyp. (*F)= s [ T
Pram. (poia)= 14.606 47
Comprussitvilley Focior (2] = 099908  0.99900
Reiativg Denniry = 1.0389 1.0389
Crom HV (DRY) = 9l ”ne
- Crams HY (SAT.) = 95 %.0
Weble loden = ”»ns ”3
Net HV (Dyy) = 1o n2
Nat HV (Sat) = 154 56

Netan: AJl biaak valum we bulow desactien lisit

N.D. « Not Deterasiast

2CB

nstinee of Gas Technology 1700 South Mt Prespsct Rd. Des Plaimm, 1L 60018



g 1b:11 8477680970 IGT ANALY!1CAL LAK Fage we

T Analytical Report 11/12/98
]
! Institute of Gas Technology IGT ng #: 98146202 xls

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostacdi-Platt Associates. g,
IGT Sampie Number: 98148202

Sample Description: $4115-004 Z C B
Date Analyzed: 10/29-11/6/98
Analyst: RJB
Component Name PPMV Component Name PPMYV
Hydrogen Sulfide 3.3 Thiophene
Sulfur Dioxide Cl-Thiophenes
Carbonyl Sulfide 20.6 C2-Thiophenes
Carbon Disulfide _ Cl-Thiophenes
Methy! Mercapuan Benzothiophene
Ethy!l Mercaptan C1-Benzothiophenes
i-Propy| Mercaptan C2-Benzathiophenes
n-Propyl Mercaptan
t-Butyl Mercapian Thiophane
Thiophenol
Dimethyl| Sulfide
Methry| Ethyl Sulfide Individual Unidentified
Diethy| Sulfide Sulfur Compaunds
Di-t-Butyl Sulfide (all a3 monosulfides)

Dimethy| Disuifide
Methyl Ethyl Disulfide
Methy| i-Propyl Disuifide
Dicthyl Disulfide

Methy! n-Propy| Disuifide
Mathyl 1-Buty! Disulfide
Ethyi i-Propyl Disulfide

Ethyl n-Propyl Disulfide
Ethyi t-Busyl Disuifide
Di-i-Propyl Disulfide Towl Unidentified: 0.00
i-Propyl n-Propy! Disulfide Towl Identified: 29.4
Di~o-Propyl Disulfide
i-Propyl t-Butyl Disulfide Total Sulfur Conteat
n-Propyl LButyl Disulfide As PPMV 94
Di-w-Buryt Disulfide As Grains/100 SCF L34
Dimechy! Trisulfide
Diethyl Trisulfide
Di-t-Buryl Trisuifide
Notas: Component Detection Limit
1 ppmv for Hydrogen Sulfids

0.1 ppmv for all other compounds per sulfur
Underlined numbery are balow standard dewscrio
limixs, and are included for information only.

All blank vaiues are balow detection limit

Instinuste of Gas Technology 1700 South Mt Prospect Rd. Des Plaines, IL 60018



' 18:11

84776808970

IGT ANALYTICAL LAB

EXTENDED GAS ANALYSIS BY GC/FID

3T Sample Number: 998146202

FALE

a/

Sample Description: 4115004 72¢CB
Date Anatyzed: 11/11/98
Anahyst: RJB

iponent Name Mole % Wt % Component Name Mole % Wt %

entane BDL See Purafiias

neane BDL SwynGey Hexanes abL BDL

fane BDL Data Heptanes DL BDL
L2 4-Trimethyipenane eDL BDL
Ocoawes BDL BDL

mikanes Nonnos BDL aoL

pentanc BDL BDL Decanes BDL BOL

ricyclopentioe 8DL BOL Undecunas 8DL BOL

hexane BDL BDL Dodocames BDL BoL

ricyclohsxane BDL BDL Tridecanes BDL aDL
Tewradecancs BOL BOL

thes Penaadecancs BDL BDL

e 0.000 1% <0.0001% Hexadecanes B8DL BDL

oe BDL apL Hepadecanes BDL BDL

benzene aDL bpDL Octadecancy BDL DL

lene BDL abL Nonadecanes BDL aDL

ene BDL BDL Erxcosenes + BDL BDL

» aoL aDL

eoe BOL 8DL

wzEnes BOL BOL

halene BDL BDL

phthalenes aDL BDOL

iphthalenes BDL BDL

Total from Cyclopentane W Eicosanes + 0.0001% | <0.0001%

: BDL = below desmction limit (0.0001 mols %).




16:11 8477680970 IGT ANALYTICAL LAB PAGE @8

" | Analyticsl Report 1129
Instituie of Gas Technology 7 10T Log # : 961463031y

Major Componsnt Gas Ansiysis By Gas Chrematography
Clieat Name: Mastardi-Platt Associxtas, Inc.
IGT Sampie Number: 98146203 y A
Sampie Description: $4115-004 .3 C’
Data Analyzed: 10/29-11/9/9%  Analyse: RIB

Coempenest Mol % Dt Lalkt  Weight %
Halium N.D. 0.001% ND.
Hydrogen A% 00 L%
Caston Digwics 4% 90 3.4%
Enleame 0.0M%
Ethane 0.03%
OxypenAsgen LTI 0.03% L%
Nasgan 174% 0.00% 44.1%
Maethane 8.0I%
Carban Manawide 0% 00I% 20.0%
Etvywe 0.002%
Prepane 0,007%
fropene 0,002%
Propadions 0.002%
Preoyne D.OO2%
i-famae 0.002%
sDumne 0.002%
| -Dutcan 0002%
wutar 0.002%
Yrany-)-Bamtec 0.002%
Cis-2+-Banmene 0.002%
1 3-Butadicnc 0.002%
we-Pentaas 0.001%
] 0.002%
a-Ponmne 0 002%
Pamsanes 0.002%
Howuae M 0.002%
Hydrogen Saifide AMIT%  0O000IN ADEI%
Carvemy! Selllée 000215%  0.00002%  GLEGAINN
Umideauified 0.0I%
W ND. 0.001% N.D.
Toumi 100.0% 100.8%
Caicolntnt Rasi Gag Properties per ASTM DISIS-91
Temp. ("F)= “e .0
Prous, (priar 14.6% an
Compressbility Facwr (2) = 099913 0.99513
Relative Durgity = 10174 1.0174
Groes HV (DY) = %3 %3
- Grosg HV (SAT.)= é %0
Wabby index » ”s 9.7
Nat HY (Dry) - 90.6 90.8
Net HV (3a2) = no M2

Netas: AJl blank vaiuss are below desection limit
N.D. + Nt Dessrmined

{nsuinuie of Cas Techaslogy (700 Seuch ML Prospect Rd.  Dus Paiace. IL. 50018



‘e:ll 8477668979 IGT ANALY!LUAL LAB e ww

. Analytical Report 11/12/98
Institute of Gas Technology IGT Log_ #: 98146203 xls

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostadi-Plac Agsocinies. loc.
IGT Sample Number: 98146203

Sample Description: 34115-005 3CA
Date Analyzed: 1029-115/58
Anpalyst: RJB
Compenent Name PPMV Component Name PPMV
Hydrogen Sulfide 274 Thiophene
Sulfur Dioxide Cl-Thiophenes
Carboayl Sulfide 215 C2-Thiophenes
Carbon Disulfide C3-Thiophenes
Methyl Mercaptan Benzothiophene
Ethy| Marceptan Cl-Benzothiophenes
i-Propy} Mercaptan C2-Benzothiophenes
n-Propyl Mercapuan
=-Buryl Mercaptan ' Thiophane
Thiophenol
Dimethyl Sulfide
Methy| Ethyl Sulfide individual Unidentified
Diethy| Sulfide Sulfur Compounds
Di-t-Butyl Sulfide {(all as monosulfides)
Dimethy! Disulfide

Methyl Ethy] Disulfide
Methy! i-Propyl Disulfide
Diethyl Dimulfide
Methy! n-Propyl Disuifide
Muothyl +-Baxyl Disulfide
Ethy! i-Propyi Disulfide

. Ethy) p~Propyl Disulfide
Ethy| t-Buty| Disulfide

Di-i-Propyl Disulfide Totwl Unidentified: 0.00
i-Propyl Propy! Disulfide Total [demified: «.9
Di-n-Propy| Disulfide

i-Propyl -Buryl Disulfide Total Sulfur Content

n-Propyl +-Butyl Disulfide As PPMV 4.9
Di-t-Buzyl Disulfide As Graina/100 SCF 3.06
Dimethyl Trisulfide

Diethy! Trisulfide

Di-t-Buryl Trisulfide

Notes: Component Detection Limit:
! ppmv for Hydrogen Sulfide -
0.1 ppmv for all other compounds per sulfur
Underlined numbers are below sandard detectio
limits, and are included for information only.
All blank values are below detection limit.

Insticuss of Gas Technology 1700 South Mt. Prospect Rd. Des Plaines, [ 40018
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EXTENDLED GAS ANALYSIS BY GC/FID

T Sample Number: 998146203
ample Description: 84113-005
Date Analyzed: 11/11598

3CA

Analyst: RJB
waent Name . Mole % Wt % Component Name Mole % Wt %
fane BDL See Paraffing —
e BDL SynCuw Hexanss BDL BDL
ne BDL Deta Hepoaes BDL BDL
22 4-Trimechyipentana BDL BDL
Octancs BDL BDL
icames Nomnenes BDL BDL
mtane BDL BOL Decanes 8DL BDL
syclopentane BOL BDL Undccanes BDL BDL
mxane BDL BDL Dodecanes BDL BDL
syclohexano BOL BDL Tridecanss BOL BOL
Totradecanes BDL BDL
ey Pentdecanes BDL POL
: 0.0002% <4.0001% Hexadecanes BDL BDL
: 0.0001% <0.0001% Heptadecunes BDL BDL
n2ene BDL BOL Octadecancs BDL BDL
* BDL BDL Nonadecanes BDL B0L
] BDL BDL Eicosanes ~ BDL 8DbL
BDL BDL
. BDL BOL
e BDL BDL
Jene BDL BDL
ushalenes BDL BbL
sthalenm BDL BDL
Towml from Cyclopentane 0 Eicosanes + 0.0003% <0.0002%

IDL = beiow dewction Limit (0.000] mole %).
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Analyticsl Report 11129
T Institute of Gas Technology _ . IGT Lag 0 98146204 xla

Majer Component Gas Anniysis By Cas Chr-:mgh!
Cliswt Nams: Maostardl-Plag Aasgciates. Inc,

IGT Sempie Number: 90146204 l D {_\
Sample Description: B4115-006
Dete Anslymad: 10/29-115/98 Anslyst: RIB

Companent Mol % Det Limit  Weighn %
Hullnn ND. 0.001% ND.
Hydrogun J. 6% 00 L%
Corten Dinxide JLE% 0.00% X%
Eshone 0.00%
Gbane [ X5
Oxypen/Argen 0.567% 203% Ly, .3
Niwwgen HE% 0.09% S
Matans 0.0
Caurrun Montide 2L6% 0.09% 5%
Bivyue 0.002%
Propme 0.002%
Propee 9.002%
Freguscne 0.002%
Prapyme 0.002%
~umae 0.007%
e 0.002%
i-Buene 0.002%
=lne 0002I%
Trams-1-Bunang 0.002%
Clo-2-Bumune 0.002%
1. J~Bumnaliome 0.002%
a-Peaman 0.001%
s ] 0.002%
s-Pommec 0.007%
Penumy 0.002%
Hommme M 0.002%
Hydougen Syifida L00S4%  D000I%  ASNSe%
Cutenyl Suifids AMNI0I%  0,0000TN  GSESANY
Unsdmidiod R 1\,
Woaar . ND. B.001% MND.
Tomé 108.0% [ 1.3
Calznintd Ranl Gas ASTM DISES-M
Tomp. {"F)» "o “we
frea. (puin)e 14,65 17
Campressibility Facer (2] = 0.99904 0.99904
Relative Dimsity = 1,0682 1.0682
Coogs HY (DRY) = e “é
- Cromt HV (SAT.} = Y = N
Webbe index « K] ns
Nex 1tV (Dry) = no 12
Na HY (3.) = 06 0.4

Notwes: All bank vaives sre beiew dowczion limic
N.D. - Not Dessrwissd

imsiony of Gae Techmelogy (700 Sowmh ML Prospecs Rd. Des Plainm, [L 40013
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|T Institute of Gas Technology

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Analytical Report

IGT ANALYTICAL LAB

Cliemt Name: Mogtacdi-Piat Aunsociates, Inc.

IGT Sample Number: 98146204

Sampie Description: 34115-006 1D A
Dace Analyzed: 10/29-11/9/98
Anafyst: RJB
- Component Name PPMV Component Name PPMV
Hydrogen Sulfide 4.0 Thiophene
Sulfur Dioxide C1-Thiophencs
Carboayl Sulfide 282 C2-Thiophenes
Carbon Disulfide C3-Thiophenes
Methy| Mercagan Benzothiophene
Ethyl Mercaptan Ci-Benzothiophenes
i-Propy| Mercaptan Cl-Benzothiophenes
n-Propyi Mercaptan
t-Buryl Mercapman Thiophane
Thiophenol
Dimethyl Suifide
Methyl Echyi Sulfide Individusl Unidentified
Diethyl Sulfide Sulfir Compouncls
Di-t-Buty| Sulfide (ail as monosuifides)
Dimethyl Disulfide
Methyl Edvyl Disulfide
Methy! i-Propy! DisulGide
Diethyl Disulfide
Methy| n-Propy| Disulfide
Meshy! ¢-Buryl Disulfide
Ethy!t i-Propyl Disulfide
Ethyl o-Propy| Disulfide
Ethy| t-Buzyl Disulfide
Di-i-Propyl Disuifide Total Unidentified: 0.00
i~Propyl n-Propyl Disulfide Towa! [denified: 322
Di-#-Propyl Disulfide
i-Propy! 1-Butyl Disuifide Total Sulfar Content
n-Propy! t-Butyl Disulfide As PEMY 322
Di-t-Butyt Disulfide As Grains/100 SCF 2.0t
Dimethyl Trisulfide
Diethy! Trisuifide
Di-t-Buty! Trisulfide
Notes: Component Detection Limit:
| ppmv for Hydrogen Sulfide

0.1 ppmyv for all other compounds per sulfur
Underiined numbers are below standard detectio
limits, and sre included for information only.

All biank values are elow detection limit.

Institure of Gus Technology 1700 South Mt Prospect Rd.  Dees Plaines, (L 60018

PAGE 12

117/12/98

IGT Log # : 98146204.xls
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EXTENDED GAS ANALYSIS BY GC/FID

IGT Sample Number: 998146204

Sample Description: 84)15-006 . 1 D P\
Dats Amalyzed: 1111158
Anslyst: rJB

mponent Name Mole % Wt % Compoueat Name Mole % Wt %

Ipentane BDL See Paraffiag —_—

)enianc 0.0001% SynGas Hexanes BOL BDL

tnane BDL Deta Hepranes BDL 8lL
2.2 4-Trimethylpernane BDL BDL
Octanes BOL BDL

lanikanes — Nonanas BDL 8DL

dopentane BDL BDL Decanes BDL, BDL

hylcyclopenmane BDL BOL Undecanes 8L . 8DL

dohexane BDL BDL Dodecanes BDL BDL

thyicyciohexane BOL BDL Tridecanes BDL BDL
Tegadecanes BDL BDL

imatics —_ Pentadecanes BDL BDL

Nt BDL BDL Hexadecunes BDL BoL

uene BDL BDL Hepmdecanas BDL oL

yibentene BDL BOL Ocmdecancs BDL BDL

Cylene BDL BDL Novadecanes BDL BDL

ylene BDL BOL Eicozanes + BoL BOL

une BDL BDL

ylene BDL 8DL

Benzencs BDL 8DL

hithalene BDL BDL

Naphthaienss BDL BDL

Naphthalenes ‘ BDL BDL

Total from Cyclopenmae © Eicosanes + BDL BOL

uz; BDL = below dewction Umit (0.0001 mole %),
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‘T Instiwte of Gas Technology

IGT ANALYTICAL LAB

PAGE 14

84776803878
Asalytical Report 10T Loy - surarnnd
Major Compeasnt Gas Analysis By Gas Chromatography
Cllent Nama: Mastardi-Plart Assaciazes lnc,
IGT Sampile Number: 30146205 2 D P\
Samples Deseription: 34115008
Dats Anslyswd: 10/30-11/998 Ansiyst: /B
Compeonent Mol % Dot Lissit  Weight %
Hatium ND. 0.00(% ND.
Hydrogen 19%6% 0.04% ALIg%
Careon Dioxide N4% 0.0Y% W%
Ethae 0.0
Ethame 0.00%
OxygensArgon L% 0.0M% L%
Nicrogen L% 0.0% HE%
Mathane 9.0M%
Carban Monaxide 02% 0.01% 18.4%
Ethyne 0.002%
Mopane 0.002%
Fropens 0.007%
Progadiene 0.00%
Propyme 0.002%
i-Buane 0.0m%
nBuane 000
1-Buapne 0.002%
iBuane 0.002%
Transe - Putene 0002%
Cis--Busirn 0,02%
1 3-Busmilens 0.002%
neo~Fenarn 0.001%
Peans 0.002%
n-fenpns 0.002%
Feoieees 0002%
Hanane Mg 0.00I%
tHydrogen Suifie 0.0001%
Carbamv'] Sulfide LAOLSE%  0.00007%  D.00501%
Cwidmnty fhod 0.03%
Wanw N.D. 0.001% N.D.
Tvi 1008% 1000%
Caleninwd Roul Gas Progureies par ASTM DISHE-S]
@y [7Y)
14696 1.7
Compraswibliley Pacror (2) = 0.99912 0.99912
Relative Densivy = 1.0002 10602
Gross HV (DEY) = i3] 75.)
Googs HV (SAT,) = ny 78
Webhe Index = ns 0
Net HY (Dry) = 29 ni
Net HV (3m) = n.y na

Nosax: Al blaak values are bmiew demcrion |imic
N.D. - N Dowsrninad

begtine of Gan Technolegy 1700 Soush ML Prospect AL  Des Plaisss, [l 40018
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nalytical Report
Analyti po IGT Log # : 98146205 xis

b
IT Institute of Gas Technology
TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostardi-Planr Associntes Ing,
IGT Sampie Number: 98146203

Sample Description: $4115-008 2_ D F\
Date Analyzed: 10/30-11/5/98
Analyst: RJB

Compeneat Name PPMY Component Name PPMV

Hydrogen Sulfide : Thiophene

Suifur Dioxide Cl-Thiophenes

Carbony? Sulfide 5.6 C2-Thiophenes

Carbon Disulfide C3-Thiophenes

Methyl Mercaptan Benzothiophene

Ethyl Marcapon C1l-Benzothiophenes

i=Propyl Mercapean C2-Benzothiophenes

n-Propyl Mercaptan

1-Butyi Mercaptan Thiophane
Thiophenol

Dimethyl Suifide

Methy! Bihyl Salfide Individual Unidentified

Diethyl Sulfide Sulfur Compounds

Di-t-Buryl Sulfide {all 1s monosulfides)

Dimnethyl Disuifide

Methy| Ethy| Disulfide

Methyl i-Propy! Disulfide

Diethyl Disulfide

Methyl a-Propyl Disulfide
Methyl Byl Disulfide
Ethyl i-Propy| Disuifide
Ethyl n-Propyl Disulfide
Ethyl t-Busy| Disuifide

Di-i-Propyl Disulfide Total Unidentified: 0.00
i~Prapyi p-Propyl Disulfide Tota Identified: paX
Di-n-Propyl Disuifide
i-Propyl t-Buty! Disuifide Total Sulfur Costent
n-Propyl +-Buty| Disulfide As PPMV 25.6
Di-t-Butyi Disuifide As Graina/100 SCF 1.60
Dimethy! Trisulfide
Dietiry| Trisuifide
Di-t-Butyl Trisuifide
Notes: Component Detwection Limit:
| ppmv for Hydrogen Sulfide

0.1 ppmv for !l other compounds per sulfur
Underiined numbers are below standard detactio
limits, snd are included for information only.

All blank values are delow detection limit.

Instinge of Gas Technology 1700 South Mt Pruspect Rd. Des Pluines, IL 60018



EXTENDED GAS ANALYSIS BY GC/FID

IGT Sample Number: 98146204

Sampis Description: 34115-008

Date Analyzed: 11/12/98

2DA

omponent Name Mole % Wt % Component Name Mole % Wt %

sopenmne BDL See Peraflias

opeutane BDL SynCas Hexanes BDL BDL

Pentane BDL Dana Hepanes BOL BDL
2.2 4-Trimethylpentane BDL BDL
Ocmanes BOL BDL

yeloalanes Nonanes BDL BDL

yelopentane BDL BDL Decanesy BDL B0OL

iethyicyciopentane BDOL BDL Undecanes BDL BDL

yelohexane BDL BDL Dodecanes BOL |bL

wihyicyciohexane apL BDL Tridecones BDL BDL
Temadecanes BOL 8DL

rematics Pentadecanes BDL BDL

nzene BDL aoL Hexadesanes 8DL abL

aluene BDL abL Heptadecanes BOL BDL

thylbenzene BOL BDL Qctadecanes BOL BDL

-Xylene BDL BDL Nonadecanes BDL BDL

Xy lene BDL BDL Eicoxanes - BOL BDL

yrene BOL BDL

Xylew aDL aDL

3 Benzenes BDL BDL

sphthajene BDL BDL

| Naphthalenes 8DL BDL

2 Naphthalenss BDL BDL

Towl fom Crelopeniane 1 Eicosanes + BOL BDL

ows: BDL = below dewction Limit (0.0001 mole %),
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Analytica] Re: 1129
!GT Instiuee of Ges Technology . post IGT Log 7 : 98146206.x1s

Major Compesnent Gas Analysis By Gae Chn-.mphz
Client Name: Mostardi-Plact Assaciates. Inc.

IGT Sample Number: 38146206
Sampie Dascription: 84115010 ‘7) D A
Daw Analyzed: 10730-11/5/98 Aasiyse: RJB

Compeonunt Mol %  Det Limit  Woight %
Helium N.D. 0.001% ND.
Hydrogm Li5% 0.00% L2IN
Carbom Diextids L.T% 0.00% 1%
Edame aomt
Edwne 0.00%
Oxygw/Argen % 2.00% 6%
Niwsgee o0.7% 0% 4.1%
Mathans 0.07%
Carbon Meauxida ME% 0.00% 19.0%
Esvyns 0.001%
Propunn 0.002%
Propans 0.002%
Propadiene 0.007%
Propy™e & 007%
Butane 0.002%
»Sumne 0002%
1-Bameree 0.002%
~Rutme 0.007%
Trans. 2. Bawne 0.00%
Cin-3-Bumae 0.001%
1. >=Buwndions 0.00I%
nao-Peammm 0.00IM
=Peamos 0.002%
m=Peutane 0.002%
Pemwnse 0 002%
Hexane Ph 0.002%
Hydrogen Sulfide 0.0001%
Carvaryl Sullide A001ITH  0.00002%  AOeE4%
Unsduntified oo
Wamy N.D. 0 ODI% ND.
Tomi 100.0% 1009%
Cairutod Roni Gas Propercies per AYTM DISEE-91
Temp. (*F= “ws @as
Pram. (poia)= 14.608 j L%z )
Comprassibiliey Facwr (x) = o.99L1 09I
Raiative Dugsity = 0600 §.0600
Gress HV (DRY) = nai ne
- Grosg HY (SAT.) = ) %] %3
Wble indax = 15.4 1.4
Neat HV (Dry) = 18 4.7
Nat HV (Sat) » 742 144

Notes: All blank valuss are below detpotion it
N.D. - Net Desprrunad

inssinue of Gas Tochasiogy 1700 Seuth M¢, Provpect Rd.  Des Plainas, [1, 60018
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T Analytical Report 111298
G Institure of Gas Technology IGT Log # : 98146206.xls

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostarsi-Plan Axocistes. Inc.
IGT Sample Number: 98146206
Sampie Description: $4115-010 5 D A
Date Analyzed: 10/30-11/5/98
Analyst: RJB
Component Name PPMV Component Name PPMYV
Hydrogen Suifide Thiophene
Sulfur Dioxide Cl-Thiophenes
Carbonyl Sulfide 23.7 C2-Thiophenes
Carbon DisulGde C3-Thiophenes
Methyl Mcreapaan Benzothiophene
Ethyl Mercapan Cl-Benzothiopbones
i-Propyl Mercaptan C2-Benzothiophenes
n-Propy| Mercaptan
t-Bury! Mercaptan Thiophane
Thiophenol
Dimethy! Sulfide
Methy! Ethy) Sulfide Individual Unidentified
Diethyl Sulfide Suifur Compounds
Di-t-Buxyl Sulfide (all s monosulfides)
Dimethyl Disulfide
Methy| Ethyl Disulfide
Maethyi i-Propyl Disulfide
Diethy! Disulfide

Methy| n-Propyl Disulfide
Methyl t-Butyl Disulfide
Ethyl i-Propy! Disulfide
Ethyl n-Propyl Disulfide
Ethyl t.Buzy! Disulfide

Di«i-Propy| Disulfide Towd Unidentified: Q.00
i-Propy! n-Propyl DisulSde Total Identified: 23.7
Di-a-Propyt Disulfide
i-Propyl t-Buxyl Disuifide Total Saifur Centant
n-Propy! tButyl Disulfide As PPMV 237
Di~t-Butyl Disutfide As Graint/100 SCF 1.48
Dimethyl Trisnifide
Diethyl Trisulfide
Di-t-Butyl Trisulfide
Notes: Component Detection Limit:
I ppmrv for Hydrogen Sulfide

0.1 ppmv for ail other compounds per sulfix
Underlined numbers are beiow seandard decactio
limits, and are included for information only,

All blank values are boiow detection limit

Instruze of Gas Technology 1700 South Mt. Prospect Rd. Des Plaines, [ 60018
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EXTENDED GAS ANALYSIS BY GC/FID

IGT Sampile Number: 98146206
Sampile Description: §4113-010 3 D P\
Date Anslymed: 11/1298
Anatyst: JB

Component Name Male % Wt % Compoaent Name Mole % Wt %

Neopentane 8DL See Parsfias

[sopentane abL SyaGas Hexaom 8DL BDL

n-Pentare BOL Duia Heptanes BDL 8DL
12 4-Trimethy lpentane BDL BDL

‘ Octanes BDL BDL

Cyeloalkanes Nonanes BOL BOL

Cyclopentane BDL BDL Decanes BOL BDL

Methylcyclopsntane BDL ADL Undecanes 8L BDL

Cyciohexane BDL BDL Dodecanes BOL BDL

Methyicyciohawne BDL 8DL Tridecanes BDL BDL
Tetradecanes BDL BDL

Arematics Pertadecanes BOL . BDL

Benztue 0.0001% <0.0001% Hexadecanesy BDL + BDL

Toluene BDL BDL Heptadecanes BDL BOL

Ethylbenzene BDL BOL Octadecanes BDL BOL

m-Xyleoe BDL BOL Nonadecancs BDL BDL

p-Xy lene BOL BDL Eicosanes + BDL BDL

Styrsne BOL BDL

o-Xylene BOL BDL

C3J Benzenes BDL BDL

Naphhalens . BDL BDL

C! Naphthalenss BDL aDL

C2 Naphthalenes BDL BDL

Toral from Cyclopentane 1o Eicosanes + 0.0001% <0.0001%

Jows: BDL = below desaction limit (0.0001 moie %).
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Bethlehem Steel
C-Blast Furnace
Gas Test Results

Burns Harbor, Indiana

Total Sulfur Content
Carbon
Date Time | Hydrogen| CO, O, Monoxide
Sampled | Sampled | (mol %) | (mol %) | (mol %)} | (mol %) | (ppmv) | (as gr/100 sch)
11/13/98 1000 13.7 31.9 0.85 9.40 28.0 1.75
11/13/98 1115 8.2 20.6 0.84 21.9 40.0 2.50
11/13/98 1215 14.1 344 0.67 4.82 18.6 1.16
D-Blast Furnace
Gas Test Results
Burns Harbor, Indiana
Total Sulfur Content
Carbon
Date Time | Hydrogen| CO, 0, Monoxide
Sampled | Sampled | (mol %) | (mol %) | (mol %) | (mol %) | (ppmv) | (as gr/100 scf)
11/13/98 1000 2.98 19.8 0.63 21.7 12.9 (.81
11/13/98 | 1115 2.99 21.9 0.66 22.5 19.9 1.24
11/13/98 1215 3.05 21.1 0.58 21.0 204 1.28

Mostardi Platt Project 84634

© Mostardi-Plan Associates. Inc.
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= I Institute of Gas Technology

Analytical Report

Major Component Gas Analysis By Gas Chromatography

Client Name: Mostardi-Platt Associates, [ne,

IGT Sampie Number: 98148701
Sample Description: 34634-001
Date Analyzed: 11/17-12/1/98 Analyst: RIB

Component Mol % Det Limit Weight %
Helium N.D. 0.001% N.D.
Hydrogen 13.7% 0.05% 0.94%
Carbon Dioxide JL9% 0.03% 47.5%
Ethene 0.00%
Ethane 0.03%
Oxygen/Argon 0.65% 0.03% 0.72%
Niuogen 43.9% 0.03% 41.7%
Methane 0.47% 0.03% 0.25%,
Carbon Monoxide 9.40% 0.03% 8.92%
Ethyne 0.002%
Propane 0.002%
Propene 0.002%
Propadiene 0.002%
Propvne 0.002%
i~Butane 0.002%
n-Butane 0 002%
I-Butenc 0.002%
i-Butene 0.002% |
Trans-1-Butene 0.002%
Cis-2-Butene 0.002%
1, 3-Butadiene 9002%
neo-lentane - 0.001%
i-Pencne 0.002%
n-Pentane 0.002%
Penteries 0.002%
Hexane Plus 0.002%
Hvdrogen Sulfide 0.0005% 0.0001% 0.0006%
Carvonyl Suifide 0.00225% 0.00002%  0.00438%
Unidenuified 0.03%
Water N.D. 0 001 % ND.
Totai 100.0% 100.0%
Calculated Rea) Gas Properties per ASTY DISAS.91
Temp. (*Fi= 60.0 80.8
Press. (psig)= 14.696 1473
Compreasibitity Factor (z] = 0.99835 0.99886
Relative Density = 1.0199 1.0199
Gross HV (DRY) = 319 s2.1
Gross HY (SAT.) = 304 $0.6
Wobbe index = L1 $13
Net HY (Dry) = 2.0 n2
Net HV (Sar) = 70.8 709

Notes: All blank vajues are below detection fimit

Institute of Gas Technology 1700 South Mt Prospect Rd.  Des Plaines, [L 60013

N.D. - Not Detemuned
Flowing liquid and biack solid material were present in

the sampie cylinder.

12/3/98
IGT Log # - 9814870} xs



12/3/98

Analytical Report
[GT Log #: 98148701.xls

LY
- I Institute of Gas Technology

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostardi-Platt Associates, Inc,
IGT Sample Number: 98148701
Sample Description: 84634-001

Date Analyzed: 11/17-12/1/98

Analyst: RJB

Component Name PPMV Component Name PPMV
Hydrogen Sulfide 53 Thiophene
Sulfur Dioxide C1-Thiophenes
Carbonyl Sulfide 25 C2-Thiophenes
Carbon Disuifide C3-Thiophenes
Methyl Mercaptan 0.23 Benzothiophene
Ethyt Mercaptan C1-Benzothiophenes
i-Propyl| Mercaptan C2-Benzothiophenes
n-Propyl Mercaptan
t-Butyl Mercaptan Thiophane

Thiophenol
Dimethyl Sulfide
Methyt Ethyl Suifide Individual Unidentified
Diethy! Sulfide Sulfur Compounds
Di-1-Bury! Suifide (al} as monosulfides)
Dimethvi Disulfide
Methvi Ethvi Disulfide
Methy! i-Propyi Disulfide
Diethyl Disulfide
Methyl n-Propyl Disuifide
Methyi t-Butyl Disulfide
Ethyl i-Propy! Disulfide
Ethyi n-Propvi Disulfide
Ethy! t-Buty| Disulfide
Di-i-Propyl Disulfide Total Unidentified: 0.00
i-Propy[ n-Propy{ Disulfide Total [dentified: 280
Di-n-Propyl Disuifide
i-Propyt t-Butyl Disuifide Total Salfur Coatent
n-Propyl 1-Butyl Disulfide As PPMV 28.0
Di-t-Buty] Disulfide As Grains/100 SCF 1.75
Dimethyl Trisulfide
Diethyl Trisulfide
Di-i-Butyl Trisulfide

Notes: Component Detection Limit:

| ppmv for Hydrogen Suifide

0.1 ppenv for all other compounds per sulfur
All blank values are below detection limit.
Flowing liquid and black solid material were

present in the sample cylinder.

Institute of Gas Technotogy 1700 South Mt. Prospect Rd. Des Plaines. IL 60013



EXTENDED GAS ANALYSIS BY GC/FID

IGT Sample Numbher: 98148701

Sample Description: 84634-001

Date Analyzed: 12/3/98

Anaiyst: RIB

‘ompoaent Name Mole % Wt % Component Name Mole % Wt %

eopentane BDL See Paraffins

opentane BDL SynGas Hexanes BDL BDL

-Pentane BDL Data Heptanes 0.0001% 0.0004%
2.2.4-Trimethylpentane BDL BDL
Octanes BDL BDL

ycloalkanes Nonanes BDL BDL

yclopentane BDL BDL Decanes BDL BDL

lethylcvelopentane BDL BDOL Undecanes BDL BDL

yclohexane BDL BOL Dodecanes BDL BDL

lethylcyclohexane BDUL BDL Tridecancs BDL BDL
Tetradecanes BDL BDL

romatics Pentadecanes BDL BDL

enzene BDL BDL Hexadecanes BDL BOL

oluene BDL BDL Heptadecanes BOL BOL

thylbenzene BDL BOL Octadecanes BDL BDL

-Xylene BOL BDL Nonadecanes BDL BDL

Xylene BDL BDL Eicosanes ~ BDL BDL

yrene BOL BDL

Xylene BOL BDL

3 Benzenes BDL BDL

_aphthaiene BDL BDL

| Naphthalenes BDL BDL

2 Naphthalenes BDL BDL

Total from Cvclopentane to Eicosanes « 0.0001% 0.0004%

otes: BDL = below detection limit (0.0001 moie %%).
Flowing liquid and black solid material were present in the sample cylinder.



- Analytical Report - 1212198
- T Instituze of Gas Technology IGT Log # : 98148702 xis

Major Component Gas Analysis By Gas Chromatography
Client Name: Mostardi-Platt Associates, lng.
IGT Sample Number; 98148702
Sample Description: 84634-003
Date Analyzed: |1/17-20/98 Analyst: RJB

Component Mol % Det. Limit Weight %
Helium N.D. 0.001% N.D.
Hydrogen Li15% 0.04% 0.14%
Carbon Dioxide 15.9% 0.03% 22.8%
Ethene 0.03%
Ethane 0.03%
COxygenvArgon 9.23% 0.03% 9.38%
Nitrogen 38.5% 0.03% 53.9%
Methane 0.03%
Carbon Monoxide 14.3% 0.03% 13.2%
Ethyne 0.002%
Propane 0.002%
Propene 0.002%
Propudiene 0.007%
Propvne 0.002%
i=Butane 0.002%
n-Butane 0.002%
I-Butene 0.002%
i~Burene 0.002%
Trans-Z-dutene 0.002% .
Cis-2-Butene 0.002%
|.3-Bumuiene 0.002%
neo-Pzatine 0.001%
i«Penizne 0002%
n-Pentane 0.002%
Pentenes 0.002%
Hexane Plus 0.002%
Hvdrogen Sulfide 0.0001%
Carbonvi Sulfide 0.00139% 0.00002% 0.00175%
Umidentisied 0.03%
Warer N.D. 0.001% ND
Total 100.0% 100.0%
Calculated Real Gas Properties per ASTM DIS88-91
Temp. (“Fi= 60.0 60.0
Press. (psiay= 14.696 4.7
Comgpressibility Factor {2} = 0.99926 099925
Refative Density = 1.0492 1.0492
Gross HV (DRY) = 333 3534
Gross HV (SAT.} = 52.1 525
Wobbe Index = 20 52.1
NetHV Drv) = $1.3 319
Net HV (Sat.) = 509 510

Notes: All biank values are below detection limit
N.D. - Not Derermined

Insurate of Gas Technology 1700 South Mt. Prospect Rd.  Des Plaines, JL 40018



-
J T Institute of Gas Technolog

Analytical Report
Y

12/2/98
IGT Log #: 98148702.xis

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostardi-Platt Associates, Ing.

IGT Sample Number: 98

148702

Sample Description: 84634-003
Date Analyzed: 11/17-20/98
Analyst: RIB

Component Name PPMV Component Name PPMYV
Hydrogen Sulfide Thiophene
Sulfur Dioxide Cl-Thiophenes
Carbonyl Sulfide 159 C2-Thiophenes
Carbon Disulfide C3-Thiophenes
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan C1-Benzothiophenes
i-Propyl Mercaptan C2-Benzothiophenes
n-Propyl Mercaptan
t-Butyl Mercaptan Thiophane

Thiophenoi
Dimethy! Sulfide
Methv!| Ethyl Sulfide Indtvidual Unidentified
Diethyl Sulfide Sulfur Compounds
Di-t-Bury{ Sulfide (all as monosuifides)
Dimethyl Disulfide
Methyi Ethyt Disuifide
Methyl i-Propyl Disulifide
Diethyl Disulfide
Methyl n-Propyl Disulfide
Methy! t-Butyl Disulfide
Ethyl i-Propy! Disulfide
Ethyl n-Propyl Disulfide
Ethyl -Butyl Disulfide
Di-i-Propvl Disuifide Total Unidentified: 0.00
i-Propyl n-Propvl Disuifide Total Identified: 13.9
Di-n-Propy!| Disuifide
i-Propyl t-Buty| Disulfide Total Sulfur Content
n-Propyi t-Butyl Disuifide As PPMV 13.9
Di-t-Buty!l Disulfide As Grains/100 SCF 0.37
Dimethyl Trisuifide
Diethyi Trisulfide
Di-t-Bury! Trisuifide

Notes: Component Detection Limit:

| ppmv for Hydrogen Suifide

¢.1 ppmv for all other compounds per sulfur
All blank values are beiow detection limit.

[nstitute of Gas Technology 1700 South Mt. Prospect Rd. Des Plaines, 1. 60018



EXTENDED GAS ANALYSIS BY GC/FID

‘GT Sampie Number: 98148702
Sample Description: 84634-003
Date Analyzed: 12298

Analyst: RJB

mponent Name Mole % Wt % Component Name Mole % Wt %

pentane BDL See Paraffins

entane BDL SynGas Hexanes BDL BEL

mtane BDL Dama Heptanes BDL BOL
2,2 4 Trimethylpentane BDL BDL
Octanes BDL BDL

loglkanes Nonanes BDL BDL

lopentane BDL BbL Decanes BDL BDL

hylcyciopentane 8DL BDL Undecanes BDL BDL

lohexane BDL BDL Dodecanes BDL BDL

hylcyclohexane BDL abL Tridecanes BDL BDL
Tetradecanes BDL BDL

matics Pentadecanes BDL BDL

zZene BOL BOL Hexadecanes 80L BDL

ene BOL BDL Heptadecanes BDL BDL

vibenzene BOL BDL Octadecanes BOL BDL

viene BDL BDL Nonadecanes BDL BDL

vlene BDL BDL Eicosanes + BDL 8Dt

e BDL BDL

ylene BDL BDL

3enzenes BDL BDL

hthalene BDL BDL

Naphthalenes BDL BDL

Naphthalenes BDL BDL

Total from Cvclopentane to Eicosanes - BDL BDL

¢s: BDL = befow detection limit {0.0001 moie %).



998 13:38 6477682970 16T ANALYTICAL LAB PAGE
I G I Institute of Gas Technology
7-Dec-98 Anaslytical Report Log #:. 981509.doc
‘urchase Order #: 20997
‘ompany : Mostardi-Platt Associates, Inc.
leport Address : 945 Oakiawn Avenue
Elmburst IL 60126
lequester : Frank Jarke i
‘hone: (630) 993-%000
ax: (630) 993-9017
Vork Description : Project # 84634
.eceived Date : 4-Dec-98
‘umber of Samples : 1

ample Description :

isclaimer:

See attached Chain of Custody Report

sither IGT nor any person acting on behalf of IGT assumes any liability with respect to the use of, or for damages
sulting from the use of, any information presented in this report.

Subminted by:  Sherman Chao, Ph.D., (847) 768-0587
Chemical Research Services
' e
Technical Contact: Ié&/{/‘ /Afﬂ.

Russell J/ﬁ{a. (847) 768-0693

" Institute of Gas Technology 1700 South Mt. Prospect Road Des Plaines, IL  600)8-1804

Bl
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8477688978

T Institute of Gaz Technology

IGT ANALYTICAL LABE

Analytical Roport

Major Componeut Gas Analysis By Gas Chramatagraphy

Clisst Name: Mastacdi-Platt Associaier, lac.
IGT Sampis Number: 98150901
Semple Description: 54£34-004

Date Anslyped: 12/4-17/98 Analyst; RJB
Component Mal% Det Umii Waight %
Hieliemn N.D, G.000% ND.
Hydrogan 223% 0.0 89T%
Carton Disxcivla 6% 0.0 k1N Y
Eibvane 0.00%

Gihane 0.0
Oxypen/Argen % 0.0 LI
Nivwgm 48.3% 0.03% 4%
Mabane 0.0
Carton Mesexide 9% 0.00% 1L.0%
Rxicynn 0.00r%
Progans 0.002%
Propans 0.002%
Propadions 0.007%
Propyes 0.007%
-Bumne 0.007%
n-Duzane 0.007%
© - e— 0.002%
rumene 0.00%%
Trane-1-Duwens o.00%
Clo-2-Dusenc 0.002%
| J=Bundiow 0.000%
ase-Pevman 0.001%
wPoncane 0.00%
[y 0.00%
o .00
Hamne P .0.002%
Hydrogem Sulfide *00TIN 0.0001% L23%
Cartany| Suifide SO0 1NN 0.0000TW  AMOTIN
Unintunti ol 0.00%
,!" ND 0.001% ND.
Tow 100.0% 100.0%
Caleniossd Resd Gas ASTM DISNS-91
Tang. (*F)= “ue s
Prens. (poia)» 1L6% wn
Comprosedvilicy Pacsar (g] = 09Ty 0P
Aadasive Dapsity = 1.00%Q 1.00%
Grans HV (DRY) = "6 "i
Gowms HV (3AT.} = %9 .1
Webbe [pdrx = " "4
Ne HY (Dry) = 5 1] 1
N HV (Sar)= | J]8 ] e

lamtitete of Gas Techomlegy 1700 Sewth Mt Praspecs R Dux Plaines, I 60018

Notea: All biank valwes are bolow dumron liewit
N.D. - Nt Omtarmined

rRuE g2

1zntmm
IGT Lag # . 9913090 xis



18 13:38 8477680970 IGT ANALYTICAL LAB PAGE @3

] Analytical Report . 12/17/98
'T Institute of Gas Technology IGT Log # : 93150901 xis

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mosmzdi-Plag Associates. loc,
IGT Sample Number: 98150901 '
Sample Description: 84634-004
Date Analyzed: 12/4-17/98

Analyst: RJB
Component Name PPMV Component Name PPMV
Hydrogen Sulfide 21.6 Thiophene
Sulfur Dioxide Cl-Thiophenes
Carboay! Sulfide 18.1 C2-Thiophenes
Carbon Disulfide C3-Thiopbenes
Methy| Mercaptan 0.26 Benzothiophbeae
Ethyl Mercaptan Cl-Benanthiophencs
i-Propyl Mercapaan C2-Benzothiophenes
n-Propytl Mercaptan
t-Buryl Mercapan Thiophane
Thiophenol
Dimethy! Sulfide
Metnyl Ethy! Sulfide Individual Unidentified
Diethyl Sulfide Sulfur Compounds
Di-t-Butyl Sulfide (all as monosulfides)
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i-Propyl Disuifide
Diedhy! Disulfide
Methyi n-Propyl Disulfide
Methy! t-Buryl Disulfide
Ethyl i-Propyl Disulfide
Ethyl u-Propyl Disuifide
Ethyl t-Butyi Disulfide
Di-~Propyl Disulfide Toeal Unideatified: 0.00
i~Propyl n-Propyl Disulfide Total [deatifled: 40.0
Di-a-Propyi Disulfide
i~Propyl t-Buty| Disulfide Totsl Sulfur Content
n-Propyl t-Butyl Disuifide As PPMYV 4090
Di-t-Butyl Disuifide As Graine/100 SCF 1250
Dimethy) Trisulfide
Diethyl Trisulfide
Di-1-Bury! Trisuifide
- . Notes: Componemnt Detection Limit:
1 ppmv for Hydrogen Suifide

0.1 ppev for all other compounds per sulfur
All blank vyluss are below detecticn limit.

Institute of Gas Technology 1700 South Mt Prospect Rd. Des Plaines, IL. 60018



Analytical Report

Institute of Gas Technology

Major Component Gas Analysis By Gas Chromatography

Client Name: Maostardi-Platt Associages, Inc.,

IGT Sample Number: 98148703
Sample Description: 84634-005

Date Analyzed: 11/17-20/98  Analyst: RIB

Component Mol % Det Limit  Weight %
Helium N.D. 0.001% N.D.
Hydrogen 14.1% 0.04% 0.95%
Carbon Dioxide 4% 0.01% 50.9%
Ethene 0.03%
Ethane 0.03%
Oxygen/Argon 0.67% 0.03% 0.73%
Nitrogen 4U.7% 0.03% 42.1%
Methane 1.30% 0.03% 0.70%
Carbon Monoxide 4.82% 0.03% 4.54%
Ethyne 0.002%
Propane 0.002%
Propene 0.002%
Propadiene 0.002%
Propvne 0.002%
Butane 0.002%
n=-Butane 0.002%
1 -Butene 0.002%
i~Butene 0.002%
Trans-2-Butene 0.002%
Cis-3-Butene 0.002%
1.3-Butadiene 0.002%
neo-Pentane 0.001%
i-Pentane 0.002%
n-Penmne J002%
Pentenes 0.002%
Hexane Plus 0.002%%
Hvdrogen Sultide 0.0011% 0.0001% 0.0013%
Carbonyi Sulfide 0.00072%  0.00002%  0.00145%
Unidenufied 0.03%
Water N.D. 0.001% N.D.
Total 100.0% 100.0%
Calculated Real Gus Properties per ASTM DI588-91
Temp. (*F)= 0.0 0.0
Press. (psaj= 14,6596 473
Compressibility Factor [z] = 0.99875 0.99875
Relative Density = 1.0277 10217
Gross HVY (DRY) = 76.8 770
Gross HY (SAT.) =~ 75.5 156
Wobbe Index = 758 75.9
Net HV (Dry) = 65.9 66.0
Net HV (Sat) = 64.7 64.9

Notes: All biank vaiues are beiow detecuon limit

N.D. - Not Determined

Flowing liquid and biack solid matenaj were present in

the sampie cytinder.

Instnne of Gas Technology 1700 South M. Prospect Rd.  Des Pizines. L 60018

1273/98
IGT Log # : 98148703 xIs



r Analytical Report 127398
Institute of Gas Technology IGT Log # : 98148703.xls

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostardi-Plati Associates, Inc,
IGT Sample Number: 98148703
Sample Description: 84634-005

Date Anaiyzed: 11/17-20/98
Analyst: RIB

Component Name PPMV Component Name PPMV
Hydrogen Sulfide 11.4 Thiophene
Sulfur Dioxide C1l-Thiophenes
Carbony! Sulfide 7.2] C2-Thiophenes
Carbeon Disulfide C3-Thiophenes
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan C1-Benzothiophenes
i-Propy| Mercaptan C2-Benzothiophenes
n-Propyt Mercaptan
t-Buryl Mercaptan Thiophane

Thiophenoi
Dimethyv! Suifide
Methyi Ethy{ Sulfide Individual Unidentified
Diethy! Sulfide Sulfur Compounds
Di-t-Butyl! Sulfide (ail as monosulfides)

Dimethy| Disulfide
Methyl Ethyl Disuifide
Methyl i-Propvi Disulfide
Diethyl Disulfide

Methy| n-Propyl Disulfide
Methy! t-Butyl Disulfide
Ethyl i-Propyi Disulfide
Ethyl n-Propyl Disulfide
Ethyl t-Butyl Disulfide

Di-i-Propyl Disulfide _ Total Unidentified: 0.00
i=Propyl n-Propy! Disulfide Total Identified: 18.6
Di-n-Propy! Disulfide

i+Propyi t-Buryl Disulfide Total Sulfur Content

n-Propy| t-Butyi Disulfide As PPMV 18.6
Di-t-Buryl Disulfide As Grains/100 SCF i.16

Dimethyl Trisuifide
Diethyl Trisulfide
Di-t-Butyi Trisulfide
Notes: Component Detection Limit:
| ppmv for Hydrogen Suifide
0.1 ppmyv for all other compounds per sulfur
All blank values are below detection (imit.
Flowing liquid and black soiid materiai were
present in the sample cylinder.

Institute of Gas Technology 1700 South Mt. Prospect Rd. Des Plaines. [ 60018



EXTENDED GAS ANALYSIS BY GC/FID

I Sampie Number: 98148703
ample Description: 84634-005
Date Anaivzed: 12/i/98
Analyst: RIB
yopeat Name Mole % Wt % Caomponent Name Mole % Wt %
1ane BDL See Parzflins
tane BDL SynGas Hexanes 8DL BDL
tne BDL Daia Heptanes BDL 8BDL
124 Trimethylpentanc BDL BDL
Octanes BDL BDL
tikanes Nonanes BDL BDL
entane BDL BDL Decanes 80L BDL
leyclopentane BDL BDL Undecanes B8OL BDL
¥exane BDL BDL Dodecanes BDL BDL
leyciohexane BDL BDL Tridecanes BDL BDL
Teiradecanes BDL abL
atics Pentadecanes BDL BDL
ne BOL BOL Hexadecanes BDL 8DL
1 8DL BOL Heptadecanes BDL BDL
y>enzene BDL BDL Ociadecanes BOL BOL
lene BDL BDL Nonadecanes aDL BDL
ene BDL BDL Eicosanes - BDL BDL
e BDL BDL
ene BDL BDL
INZenes 80L BDL
thaiene BDL BDL
aphthalenes BDL 8DL
aphthalenes BODL BDL
BDL BDL

Total from Cvclopentane to Eicosanes =

5: BDL = below detection limit (0.000! mole %)
wing liquid and black solid material were present in the sampie cylinder.



stitute of Gas Technotogy

Analytical Report

Major Component Gas Analysis By Gas Chromatography

Client Name: Mostardi-Plagt Associates, [ng,
IGT Sample Number: 98148704
Sample Description: 84634-007

Date Analyzed: 11/17-20/98  Analyst: RJB
Component Mol % Det Limit Weight %
Helium N.D. 0.001% N.D.
Hydrogen 191% 0.04% 0.20%
Carbon Dioxide 19.9% 0.03% 28.6%
Ethene 0.03%

Ethane 0.03%
Oxygen/Argon 0.63% 0.03% 0.67%
Nitrogen 59% 0.03% 50.5%
Methane 0.03%
Carbon Monoxide L% 0.05% 20.0%
Ethvne 0.002%
Propane 0.002%
Propene 0.002%
Propadiens 0.002%
Propvne 0.002%
i-Butane 0.002%
n-Butane 0.002%
|-Butene 0.002%
i~Butene UM%
Trans-1-Butene 0,002%
Cis-2-Butene 0.002%
1.3-Butadiene 0.002%
nec-Pentane 0.001%
i-Pentane 0.002%
n-Pentane 0.002%
Pentenes 0.002%
Hexane Plus 0.002%
Hvdrogen Sulfide 0.0001%
Carbonvi Sulfide 0.00129% 0.00002%  0.00255%
Unidenafied 0.03%
‘Water N.D. 0.001% ND
Total 100.0% 100.9%
Calculated Real Gas Properties per ASTM D3I583-91
Temp. ("Fjm 0.0 60.0
Press. ipsia)= 14.696 4.3
Campressibility Factor {z] = 0.99917 0.99917
Relative Density = 1.0812 10512
Grogs HV (DRY) = 798 30.0
Gross HV (SAT )= 754 73.6
Waobbe Index = s 78.0
Net HY (Drv) = 717 779
Net HV (Sar) = 764 76.6

Notes: All blank values are below detection limit

Institute of Gas Technology 1700 South ML. Prospect Rd.  Des Plaines, Il 60018

N.D. « Not Determined

121498
TGT Log # : 98148704 xfs




r Institute of Gas Technolog

Analytical Report
Y

1272798
IGT Log #: 98148704 xIs

TRACE SULFUR DETERMINATION 3Y GAS CHROMATOGRAPHY

Client Name: Mostardi-Platt Associates. inc,

IGT Sample Number: 98148704
Sample Description: 84654-007

Date Analyzed: 11/17-20/98
Analyst: R/B

Component Name PPMYV Component Name PPMV
Hydrogen Suifide Thiophene
Sulfur Dipxide Cl-Thiophenes
Carbony{ Sulfide 129 C2-Thiophenes
Carbon Disuifide C5-Thiophenes
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan Cl-Benzothiophenes
i-Propy! Mercaptan C2-Benzothiophenes
n-Propyvl Mercaptan
t-Butyl Mercaptan Thiophane

Thiophenol
Dimethyvi Sulfide
Methy! Ethyl Suifide Individual Unidentified
Diethvi Sulfide Sulfur Compounds
Di-t-Bury| Sultide (ail as monosuifides)
Dimethvl Disulfide
Methv! Ethyl Disuifide
Methyvl i-Propy| Disuifide
Diethyi Disulfide
Methyl n-Propvl Disulfide
Methyi t-Burtyi Disuifide
Ethyl i-Propyl Disulfide
Ethyt n-Propyi Disulfide
Ethy! t-Butv! Disuifide
Di-i-Propyl Disuifide Total Unidentified: 0.00
i-Propy! n-Propyl Disulfide Tatal Identified: 12.9
Di-n-Propyl Disuifide
i-Propvl t-Burtyl Disulfide Total Sulfur Content
n-Propy! t-Butyi Disulfide As PPMV 12.9
Di-t-Burtyl Disulfide As Grains/100 SCF 0.81
Dimethyl Trisulfide
Diethy| Trisulfide
Di-t-Butyi Trisulfide

Notes: Component Detection Limit:

! ppmav for Hvdrogen Sulfide
0.1 ppmv for all other compounds per suifur
All blank values are below detection limit.

institute of Gas Technology 1700 South Mt. Prospect Rd. Des Plaines, IL 60018



EXTENDED GAS ANALYSIS BY GC/FID

" Sample Number: 98148704

imple Description: 84634-007
Date Anaiyzed: 121208
Analyst: RJIB
onent Name Mole % Wt % Component Name Mole % Wt %
ane BDL See Paraffins
ne BOL SynGas Hexanes BDL BDL
e BDL Data Heptanes BDL BDL
2.2 4-Trimethy!pentane BDL BDL
Octanes BDL BDL
kanes Nonanes BDL BDL
ntane BDL BDL Decanes BDL BDL
yclopentane BOL BDL Undecanes BDL BOL
xane aDL BDL Dodecanes BDL BDL
yclohexane BDL BOL Tridecanes BDL 80L
Tetradecanes BDL BDL
dcs Penmdecanes BDL BDL
0.0003% 0.0007% Hexadecanes BDL BDL
80L BDL Hepmdecanes BDL BDL
nzzne BDL 8DL Octadecanes BDL BDL
ne BDL BDL. Nonadecanes BDL BDL
e BDL BDL Eicosanes + BDL BDL
BDL BDL
c BDL BoL
renes BDL BDL
dene BDL BDL
nthalenes BDL 8Dl
hthalenes BDL BpL
Total trom Cvclopentane to Eicosanes + 0.0003% ., 0.0007%%

BDL = below detection limit (0.0001 mole %).



Institute of Gas Technoiogy

Analytical Report

12298
IGT Log # - 98148705 x|y

Major Component Gas Analysis By Gas Chromatography

Client Name: Mostardi-Platt Associates, Iac,

IGT Sample Number: 98148705
Sample Description: 84634-009
Date Analyzed: 11/i7-20/98  Aanalyst: R/B
Component Mol %  Det Limit  Weight %
Hetium ND 0.001% N.D.
Hydrogen 199% 0.04% 0.20%
Carbon Dioxide 11.9% 0.03% 31.3%
Ethene 0.03%
Ethane 0.03%
Oxygen/Argon 0.66% N.0M% 0.69%
Nitogen $L.0% 0.03% $73%
Methane 0.03%
Carbon Monoxide 2.5% 0.02% 20.5%
Ethvne 0.002%
Propane 0.002%
Prapene 0.002%
Propadiene 0.002%
Propvne 0.002%
i-Butane 0.002%
n-Butane 0.002%
}-Burene 0.002%
i-Butene 0.002%
Trans-1-Butene 0.002%
Cis-2-Butene 0.002%
1.5-Buwadiene 0.002%
aeo-Pentane 1.001%
i-Pencane 0.002%
n-Pentanc 0.002%
Pentenes 0.002%
Hexane Plus G.002%
Hvdrogen Sulfide 0.0001%
Carbony! Sulfide 0.00199% 0.00002%  0.00339%
Unidenniied 0.03%
Warer N.D 0.001% N.D.
Tota) 100.0% 100.0%
Calcuiuted Real Gas Properties per ASTM D3I538-91
Temp. {*F» 0.0 60.0
Press. (pria)~ 14.6% 4,73
Campressibility Factor (2] = 0.99910 0.99910
Refative Density = 1.0616 1.0626
Gross HV (DRY) = 824 $2.6
Gross HY (SAT )= 3.0 82
Wobbe Index = 30.0 80.1
Net HV (Dry) = 304 304
Net HV (Sat.) = ™0 792

Nates: All blank values are below detection {imit
N.D. - Not Detenmuned

Instinute oi Gas Technology

1700 South Mt Prospeet Rd. Des Plaines. [ 60018



Analytical Report
Institute of Gas Technology

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mogtardj-Platt Associates. [nc,
IGT Sample Number: 98148705
84634-009

Date Analyzed: 11/17-20/98
Analyst: RIB

Sample Description:

12:2:98
IGT Log # : 98148705 xls

Component Name PPMV Component Name PPMYV -
Hydrogen Sulfide Thiophene
Suifur Dioxide Cl-Thiophenes
Carbonyl Suifide 19.9 C2-Thiophenes
Carbon Disulfide C3-Thiophenes
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan C1-Benzothiophenes
i-Propyl Mercaptan C2-Benzothiophenes
n-Propyi Mercaptan
t-Butyl Mercaptan Thiophane

Thiophenol
Dimethvl Sulfide
Methyl Ethvl Sulfide Individual Unidentified
Diethyl Suifide Sulfur Compounds
Di-t-Buty! Sulfide (al as monosulfides)
Dimethyi Disulfide
Methyl Ethyl Disulfide
Methy! i-Propyl Disulfide
Diethyt Disulfide
Methyi n-Propyi Disulfide
Methyl t-Buryi Disulfide
Ethy! i-Propvl Disulfide
Ethy! n-Propyt Disulfide
Ethyl -Butyl Disulfide
Di-i-Propy! Disulfide Total Unidentified: 0.00
i-Propyl n-Propyl Disulfide Total Identified: 9.9
Di-n-Propyi Disulfide
i-Propy! t-Buryf Disulfide Total Suifur Content
n-Propyl t-Buty| Disulfide As PPMV 199
Di-t-Butyl Disuifide As Grains/100 SCF 1.24
Dimethyl Trisulfide
Diethyl Trisulfide
Di-t-Butyl Trisuifide

Notes: Component Detection Limit:

[nstitute of Gas Technology

| ppmv for Hydrogen Sulfide
0.1 ppmy for all other compounds per sulfur
All biank values are below detection limit.

1700 South Mt. Prospect Rd. Des Plaines. IL 60018



EXTENDED GAS ANALYSIS BY GC/FID

[ Sampie Number: 98148705
ample Description: 84634-009
Date Analyzed: i2/2/98

Apalyst: RJB
wonent Name Mole % Wt % Component Name Mole % Wt %
Hane BDL See Paraffins
ane BDL SvnGas Hexanes BDL BDL
ae BDL Daia Heptanes BDL BDL
2.2,+-Trimethvipentane BDL BDL
Octanes BDL BDL
Ikanes Nonanes BDL BDL
entane BDL BDL Decanes BDL BDL
cvclopeniane BOL BDL Undecanes BOL BDL
exane BDL BDL Dodecanes BDL BDL
cyclohexane BDL BDL Tridecanes BDL BDL
Tetradecanes BDL BOL
itics Pentadecanes BDL BDL
e 0.0001% 0.0003% Hexadecanes BDL BDL
e BOL BDL Heprdecanes BDL BDL
enzene BOL BOL Octadecanes BDL BDL
ene BDL 8DL Nonadecanes BDL BOL
mne BDL BDL Eicosanes + BDL BDL
e BDL BDL
ne BDL BDL
nzenes BDL BDL
naiene BDL BDL
phthaicnes BDL BDL
phthalenes BDL BDL
Total from Cvclopentane 1o Eicosanes = 0.0001% . 0.0003%%

: BDL = below detection ilimit (0.0001 mole %).



Institute of Gas Technology

Analytical Report

Majﬁr Component Gas Analysis By Gas Chromatographv

Client Name: Mostardi-2lait Associates, [ng,

IGT Sample Number:

98148706

Sampie Description: 84634-011
Date Analyzed: [[/17-20/98  Anaiyst: RJIB
Component Mol % Det. Limit Weight %
Helium N.D. 0.001% N.D.
Hydrogen 3.05% 0.04% 0.20%
Carbon Dioxide 21.1% 0.03% 30.3%
Ethene 0.03%
Ethane 0.03%
Oxygen/Argon 0.53% 0.03% 0.61%
Nigogen 543% 0.03% 8.7%
Methane 0.03%
Carbon Monoxide 11.0% 0.03% 19.2%
Ethyne 0.002%
Propane 0.002%
Propene 0.002%
Propadiene 0.002%
Propyne 0.002%
i=Butane 0.002%
n-Butane 0.002%
{-Butene 0.002%
i-Butene 1.002%
Trans-2-Butene G.002%
Cis-2-Butene 0.002%
{.3-Butadiene 0.002%
neo-Pentane 0.001%
i-Pentane 0.002%
n-Pentane 0.002%
Pentenes 0.002%
Hexane Plus 0002%
Hvdrogen Sulfide 0.0001%
Carbonyvl Sutfide 0.00204% 0.00002%  0.D0400%
Unidentified 0.03%
Water N.D. 0001% N.D.
Total 100.0% 100.0%
Caiculated Reni Gas Properties per ASTM D3588-91
Temp. (*F)= : 60.0 60.0
Press. (pyiap= 14.696 4.7
Compressibility Factor [7) = 0.99913 099911
Refative Dengity = 1.0576 1.0576
Gross HV (DRY) = 773 80
Gross HV (SAT.)= 764 76.6
Wobbe Index = 56 752
Net HV (Drv) = 157 759
Net HV (Sa ) = 744 146
Notes: All blank vaives are below detection limit

Institute of Gas Technology

N.D. - Not Determined

1700 South ML Praspect Rd. Des Plaines, [L 60013

121298
IGT Log # 98148706 xis
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Analytical Report
IGT Log # : 98148706.xls

T Institute of Gas Technology
TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY

Client Name: Mostardi-Plart Associates. Inc,
IGT Sample Number: 981438706
Sample Description: 84634-011
Date Analyzed: 11/17-20/98

Analyst: RJB
Component Name PPMYV Component Name PPMYV
Hydrogen Sulfide Thiophene '
Suifur Dioxide Cl-Thiophenes
Carbony! Sulfide 204 C2-Thiophenes
Carbon Disulfide C3-Thiophenes
Methyl Mercaptan Benzothiophene
Ethyl Mercaptan C1-Benzothiophenes
i-Propyl Mercaptan C2-Benzothiophenes
n-Propyl Mercaptan
t-Butyl Mercaptan Thiophane
Thiophenol
Dimethyl Suifide
Methv! Ethyv{ Sulfide Individuai Unidentified
Diethyl Sulfide Suifur Compounds
Di-t-Butyi Sulfide (all as monosuifides)
Dimethyl Disulfide
Methy! Ethyl Disulfide
Methyl i-Propy! Disulfide
Diethyl Disulfide
Methyl n-Propy! Disulfide
Methyl t-Butyl Disulfide
Ethy! i-Propyl Disuifide
Ethyl n-Propyl Disulfide
Ethyl t-Butyl Disulfide
Di-i-Propyi Disulfide Total Unidentified: 0.00
i-Propyl n-Propyl Disulfide Toral Identified: 204
Di-n-Propyl Disuifide
i-Propy! t-Bury! Disulfide Toatai Sulfur Content
n-Propy! t-Butyl Disulfide As PPMV 204
Di-t-Bury| Disulfide As Grains/100 SCF .28
Dimethyl Trisulfide
Diethyl Trisulfide
Di-t-Butyl Trisulfide
Notes: Component Detection Limic:

Institute of Gas Technology

| ppmyv for Hydrogen Sulfide

0.1 ppmv for all other compounds per sulfur
All blank values are beiow detection limit.

i 700 South Mt Prospect Rd. Des Plaines. [L 60018



EXTENDED GAS ANALYSIS BY GC/FID

' Sampie Number: 98148706
imple Description: 84634.011

Date Analyzed: 12/1/98
Analyst: RJB

onent Name Mole % Wt % Compouent Name Mole % Wt %
ane BDL See Paraffins
ne BDL SynGas Hexanes BDL BDL
® BDL Data Heptanes BDL BDL
2.2, 4-Trimethylpentane BDL BDL
Ocuanes BDL BDL
kanes Nonanes BDL BDL
ntane BDL apL Decanes BDL BDL
welopentane BDL BDL Undecanes 8DL BDL
xane BDL BDL Dodecanes BDL BDL
yclohexane BDL 8DL Tridecanes BDL BDL
Tetradecanes BDL BOL
lies Pentadecanes BDL BOL
: B8DL BDL Hexadecanes BDL BDL
! BOL BDL Heptadecanes BDL BDL
nzene BDL BDL Cctadecanes BDL BDL
ne BDL BDL MNonadecanes BDL BDL
ie BDL BDL Eicosanes + BDL BDL
BDL BDL
e BDL BDL
zenes BDL BDL
ilene BDL BDL
hthalenes BDL BDL
hthatenes BDL BDL
Total from Cyclopentane to Eicosanes = BDL BDL

BDL = below detection limit {0.0001 mole %).



Blast Furnace Granulated Coal Injection
Environmental Monitoring Report

Appendix IT - Wastewater Monitoring Summaries



Bethlehem Steel Corporation
Burns Harbor Division
Outfall 001 Monitoring Summary

Sample Flow Ammonia (as N) Ammonia (as N) Cyanide  Cyanide
Date (MGD) (magll) (Ib/day) {mg/l) (Ib/day)
10/01/98 141.2 0.12 146

10/02/98 144.5
10/03/98 142 4

10/04/98 104.4 0.30 264 <0.005 0.00
10/05/98 129.8

10/06/98 125.7 0.42 441

10/07/98 122.6

10/08/98 121.1 0.25 253

10/09/98 127.5
10/10/98 955

10/11/98 855 0.33 238 <0.005 0.00
10/12/98 115.8

10/13/98 124.7 0.41 424

10/14/98 120.5

10/15/98 134.4 0.27 307

10/16/98 123.4
10/17/98 104.9

10/18/98 95.0 0.22 173 <0.005 0.00
10/19/98 101.9

10/20/98 112.4 0.34 321

10/21/98 106.7

10/22/98 109.0 0.28 252

10/23/98 104.9
10/24/98 93.2

10/25/98 72.7 0.39 239 <0.005 0.00
10/26/98 118.2

10/27/98 127.3 0.44 462

10/28/98 130.3

10/29/98 152.7 0.47 603

10/30/98 143.7
10/31/98 115.9

Average 117.7 0.33 317.0 <0.005 0.00
Maximum 152.7 0.47 602.7 <0.005 0.00
Minimum 72.7 0.12 146.1 <0.005 0.00



Bethlehem Steel Corporation
Burns Harbor Division
Qutfall 001 Monitoring Summary

Sample Flow Ammonia (as N) Ammonia (as N} Cyanide  Cyanide
Date (MGD) (mg/l) (Ib/day) (mg/t) (Ib/day)
11/01/98 92.2 0.15 114 <0.005 0.00
11/02/98 113.2

11/03/98 120.7 0.23 230

11/04/98 119.2

11/05/98 113.9 0.20 186

11/06/98 105.7
11/07/98 105.7

11/08/98 73.0 0.17 102 <0.005 0.00
11/09/98 123.8

11/10/98 116.3 0.33 319

11/11/98 113.8

11/12/98 121.8 0.27 273

11/13/98 121.8
11/14/98 108.4

11/15/98 99.6 0.30 245 <0.005 0.00
11/16/98 121.7

11/17/98 118.2 0.22 215

11/18/98 116.4

11/19/68 114.7 0.20 195

11/20/98 140.0
11/21/98 91.0

11/22/98 51.8 0.40 174 <0.005 0.00
11/23/98 52.6

11/24/98 56.5 0.47 219

11/25/98 60.5 ‘

11/26/98 59.8 0.30 147

11/27/98 89.8
11/28/98 74.4
11/29/98 79.3 0.31 202 <0.005 0.00
11/30/98 117.4

Average 99.8 0.27 201.7 <0.005 0.00
Maximum 140.0 0.47 3193 <0.005 0.00
Minimum 51.8 0.15 101.7 <0.005 0.00



Bethlehem Steel Corporation
Burns Harbor Division
Qutfall 001 Monitoring Summary

Sample Flow Ammonia (as N) Ammonia (as N) Cyanide  Cyanide
Date (MGD) (mg/l) (Ib/day) (mg/l} (Ib/day)
12/01/98 114.2 0.26 245

12/02/98 115.1

12/03/98 114.0 0.27 254

12/04/98 120.0
12/05/98 113.7

12/06/98 112.7 0.28 265 <0.005 0.00
12/07/98 125.0

12/08/98 128.9 0.33 361

12/09/98 131.8

12/10/98 131.5 0.30 334

12/11/98 144.3
12/12/98 113.9

12/13/98 102.0 0.38 323 <0.005 0.00
12/14/98 126.4

12/15/98 126.3 0.34 360

12/16/98 135.7

12/17/98 1251 0.27 283

12/18/98 138.0
12/19/98 131.6

12/20/98 112.8 0.17 159 <0.005 0.00
12/21/98 130.0

12/22/98 124.3 0.29 303

12/23/98 136.0 0.21 237

12/24/98 89.0
12/25/98 108.3
12/26/98 131.5

12/27/98 117.0 0.256 248 <0.005 0.00
12/28/98 126.3

12/29/98 126.8 0.36 379

12/30/98 127.3 0.35 369

12/31/98 116.1

Average 122.5 0.29 294.2 <0.005 0.00
Maximum 144.3 0.38 378.8 <0.005 0.00
Minimum 89.0 0.17 159.1 <(.005 0.00



Bethlehem Steel Corporation
Burns Harbor Division
Monitoring Station 011 Monitoring Summary

Sample Flow Ammonia (as N) Ammonia (as N) Cyanide Cyanide
Date (MGD) {mg/l) {Ib/day) (mg/t) (Ib/day)
10/01/98 97.4 0.30 240 <0.005 0.00

10/02/98 95.3
10/03/98 932

10/04/98 49.1 0.68 279 <0.005 0.00
10/05/98 76.0
10/06/98 96.5 0.42 337 0.006 4.83
10/07/98 98.7
10/08/98 929 (.33 258 <0.005 0.00

10/09/98 103.8
10/10/98 60.1

10/11/98 46.7 0.75 290 <0.005 0.00
10/12/98 76.4
10/13/98 98.9 0.50 410 <0.005 0.00
10/14/98 97.9
10/15/98 98.1 0.43 363 <0.005 0.00

10/16/98 96.5
10/17/98 58.0

10/18/98 44.5 0.58 216 0.005 1.86
10/19/98 79.2
10/20/98 97.0 0.38 305 <0.005 0.00
10/21/98 94 .2
10/22/98 85.9 0.37 295 <0.005 0.00

10/23/98 92.9
10/24/98 64.3

10/25/98 45.7 0.94 360 <0.005 0.00
10/26/98 849
10/27/98 96.2 0.46 371 <0.005 0.00
10/28/98 97.0
10/29/98 96.5 0.44 351 <0.005 0.00

10/30/98 98.3
10/31/98 77.0

Average 83.8 0.51 3126 0.001 0.51
Maximum 103.8 0.94 410.2 0.007 4 83
Minimum 44 .5 0.30 215.8 <0.005 0.00



Bethlehem Steel Corporation
Burns Harbor Division
Monitoring Station 011 Monitoring Summary

Sample Flow Ammonia (as N) Ammonia (as N) Cyanide Cyanide
Date (MGD) (mgf) (ib/day) (mgfl) (Ib/day)
11/01/98 41.4 0.56 195 <0.005 0.00
11/02/98 81.4
11/03/98 97.3 0.43 352 <0.005 0.00
11/04/98 98.2
11/05/98 94.0 0.42 333 <0.005 0.00

11/06/98 101.6
11/07/98 59.1

11/08/98 43.4 0.77 279 <0.005 0.00
11/09/98 80.0
11/10/98 g5.5 0.62 416 <(0.005 0.00
11/11/98 95.0
11/12/98 101.2 0.48 401 <(0.005 0.00

11/13/98 105.0
11/14/98 78.2

11/15/98 80.9 0.48 325 <0.005 0.00
11/16/98 95.2
11/17/98 95.9 0.37 294 <0.005 0.00
11/18/98 89.8
11/19/98 94.3 0.34 269 0.007 5.51

11/20/98 96.4
11/21/98 73.5

11/22/98 47.2 0.63 248 <0.005 0.00
11/23/98 50.0

11/24/98 50.0 0.44 185 0.008 3.34
11/25/98 42.5

11/26/98 37.8 0.46 146 <0.005 0.00

11/27/98 45.8
11/28/98 43.8
11/29/98 44.0 0.81 225 <0.005 0.00
11/30/98 77.3

Average 74.5 0.50 2821 0.001 0.68
Maximum 105.0 0.77 416.0 0.008 5.51
Minimum 37.8 0.34 146 .4 <0.005 0.00



Sample
Date
12/01/98
12/02/98

12/03/98
12/04/9R

Monitor

Flow Ami
(MGD)

90.8

96.0

88.1
Q7 7



Bethlehem Steel Corporation
Burns Harbor Division
Blast Furnace Closed VWater Pump Station
Cold Well Monitoring Summary

Sample Ammonia (as N)  Cyanide

Date (mg/l) (mg/)

10/01/98

10/02/98

10/03/98

10/04/98

10/05/98

10/06/98

10/07/98 38.20 0.330

10/08/98

10/09/98

10/10/98

10/11/98

10/12/98

10/13/98

10/14/98 46.00 0.009

10/15/98

10/16/98

10/17/98

10/18/98

10/19/98

10/20/98

10/21/98 5260 0.014

10/22/98

10/23/98

10/24/98

10/25/98

10/26/98

10/27/98 40.80 0.011

10/28/98

10/29/98

10/30/98

10/31/98

Average 44 4 0.091
Maximum 526 0.330
Minimum 38.2 0.009



Bethiehem Steei Corporation
Burns Harbor Division
Blast Furnace Closed Water Pump Station
Cold Well Monitoring Summary

Sample Ammonia {as N) Cyanide

Date (mg/l) (mg/l)

11/01/98

11/02/98

11/03/98

11/04/98 46.50 0.022

11/05/98

11/06/98

11/07/98

11/08/98

11/09/98

11/10/98

11/11/98 40.60 0.010

11/12/98

11/13/98

11/14/98

11/15/98

11/16/98

11/17/98

11/18/98 37.40 <0.005

11/19/98

11/20/98

11/21/98

11/22/98

11/23/98

11/24/98

11/25/98 3560 0.021

11/26/98

11/27/98

11/28/98

11/29/98

11/30/98

Average 40.0 0.013
Maximum 46.5 0.022
Minimum 356 , <0.005



Bethlehem Steel Corporation
Burns Harbor Division
Blast Furnace Closed Water Pump Station
Cold Well Monitoring Summary

Sample Ammonia (as N)  Cyanide

Date (mg/l) (mgf)

12/01/98

12/02/98 32.50 0.010

12/03/98

12/04/98

12/05/98

12/06/98

12/07/98

12/08/98

12/09/98 48.10 0.229

12/10/98

12/11/98

12/12/98

12/13/98

12/14/98

12/15/98

12/16/98 36.80 0.025

12/17/98

12/18/98

12/19/98

12/20/98

12/21/98

12/22/98

12/23/98 34.70 0.021

12/24/98

12/25/98

12/26/98

12/27/98

12/28/98

12/29/98

12/30/98 25.90 0.028

12/31/98

Average 356 0.063
Maximum 48 1 0.229
Minimum 25.9 0.010



