


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 Furnace Granular 
Coal Injection System at Bethlehem Steel Corporation’s Bums 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 Bums 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 III began in November 1995. 

BACKGROUND 

The granulated coal injection facility at the Bums 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. 
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Complete coal injection began on D furnace in April 1995 and on C in June i995. 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 furnace 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 Bums 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. I*’ However, 
operational difficulties on C furnace 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 results 
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. Jn addition, environmental stream testing of the closed water and gas cleaning 
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systems, furnace refractory temperatures, thermal loads and refractory wear readings are 
presented for the operating trial periods. 

FURNACE TRIAL OPERATING CONDITIONS 

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 October 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 furnace, 
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 I, 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 Bums 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 NTHIvUday. This period provides a good 
comparison base for the high volatile coal operating periods. 
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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 coat rate is lower 
during this period because the two coat 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 even to 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 gram&r 
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 mills 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.3 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 
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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 concern 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 pulverized trial. The 
pulverized coal only shows the minus 200 mesh fraction because, unlike the granular 
size, the pulverized 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 
Ha&or 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 mills 
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 CoIorado 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 blast 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 overwhelming 
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 them were only small corrections 
necessary. We included blast furnace 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 Grindine Enerev Consumution: 

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 frrst 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 
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detailed in the quarterly status report for the period April-June 1998.4 The energy 
consumption in April increased from about 10 KWWton with granular coal to 14 
KWWton 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 KWWton 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 Bums 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 
KWWton increase from 19.6 to 31.4 is very significant in the overall cost of preparing 
the coal for injection. 

FURNACE THERMAL CONDITJONS 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. 

Jn 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 pulverized trial periods. 
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Figure 6 shows the refractory wear monitor readings from the beginning of the D furnace 
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 last 
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 Streams: 

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 furnace 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 I. 

Wastewater Monitoring: 

During the trial periods from October I,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 includes 
the trials is shown in Appendix II. 

CONCLUSIONS 

Tbe 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 3 1.4 KWH/ton to pulverize during 
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this trial and 19dKWHton 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 
Bums 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 NTHMday 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 Bums Harbor 
facility, a key attribute for the granular system. 
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Production, NTHM/day 7076 6689 6710 
Delays, MinIday 48 66 73 

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

683 
2 

250 
935 

790 
2 

190 
990 

800 
0 

la3 
983 

Burden %: 
Sinter 
Pellets 
Misc. 
BOF Slag, Ibs/NTHM 

30.6 35.3 35.7 
69.0 64.5 63.6 

.2 .l .7 
10 0 0 

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

149,599 150,096 141,539 
37.6 38.0 37.4 
1.43 1.42 1.33 
25.5 25.3 26.4 
2069 2044 2080 
21.2 19.3 22.8 
3836 3670 3935 
263 216 197 
16.7 17.0 16.6 

Coke: 
HZO. % 
Chinese Coke, % 

4.7 5.1 5.2 
14.5 12.3 0 

Hot Metal %: 
Silicon 
slandmd tlev. 
Sulfur 
Standard Dev. 

Phos. 
Mm 
Temp., F 

.49 .60 .52 
,104 ,115 ,110 
,041 ,036 ,035 
,016 ,012 .014 
,056 ,062 ,061 
.37 .40 .39 

2652 2640 2686 

Slag %: 
SiO2 
Al203 
CaO 
MS 
Mn 
SUlllU 
B/A 
B/S 
Volume, Ibs/NTHM 

37.30 36.60 36.20 
9.47 10.46 10.50 

40.09 39.29 36.82 
11.21 11.26 11.72 

.36 .37 .37 
1.45 1.43 1.33 
1.10 1.07 1.06 
1.38 1.38 1.40 
430 461 504 

TABLE 1 

D Furnace 
DOE Trials with High Volatile Coal 

BASE TRIAL 1 TRIAL 2 
Buchanan Coal Oxbow, Colorado Coal Oxbow, Colorado Coal 

Granular Granular Pulverized 
AUGUST 1998 OCTOBER 1998 November 13-26,1996 



TABLE 2 

Coal Buchanan 

VOI Mailer. % 18.00 37.83 37.89 36.62 36.68 36.66 37.14 

Cl% 86.3 74.44 75.10 72.62 72.39 71.52 73.214 
OW) 2.18 8.13 8.03 7.90 8.15 7.74 7.99 
H2C%l 4.15 5.20 5.26 5.01 5.08 4.91 5.108 
WI%) 1.20 1.79 1.76 1.62 1.78 1.66 1.722 
Cl(%) .16 .02 .02 .Ol .Ol .03 0.018 

Ash.% 

Total Mois..% 

5.23 

6.45 

.76 

15,000 
100 

9.51 

NA 

.a5 

9.06 12.07 11.90 13.45 11.198 

NA 5.79 5.47 6.46 5.91 

.79 .72 .70 .72 .76 

13.493 12,962 13,306 12,761 13,208 
NA NA NA NA 45-46 

,057 .I341 a64 ,050 .063 

Sullw. % 

GHV,BTUflb 
HGI 

Phos.(P!XE).% 

Coal Chemistry Comparison of Low Volatile and High Volatile Coal 

TRAlN# #l 
Oxbow,Colorado 

#2 #3 #4 #5 AVERAGE 

13,519 
NA 

,055 

AWi, ?4 

~~~~) (.03O,.W) (.262..087) (X2,.087) (.279,.129) (.361,.148) (.370..159) (.265,.122) 

so2 (Sk) 1.77 5.16 5.02 5.68 6.09 0.13 6.42 
A1203 (%I 1.14 2.28 2.44 1.99 2.66 2.92 2.46 
cao f%) .63 .36 .37 .31 .42 .39 .37 
WJ I%) .lO .18 .I7 .20 .24 .2a .21 



TABLE 3 

Raw Coal and Product Coal Sizing Comparison 

Buchanan Coal Raw Coal Sizing Oxbow Coal Raw Coal Sizing 

Screen Size 
+2” 

2x1-1/4” 
1-114X1” 
1x3/4” 

3/4x1/2” 
1/2x3/5” 
3/8x1/4” 
1/4X4M 
4xSM 
5X18M 
l8x25M 
25x48M 
4SxlOOM 
lOOx200M 

-2OOM 

% On 
0.0 
0.8 0.8 
0.7 1.3 
1.7 3.0 
4.5 7.5 
1.5 9.0 
8.0 17.0 
2.0 19.0 
15.0 34.0 
17.0 51.0 
18.0 87.0 
13.0 80.0 
11.0 91.0 
5.3 98.3 
3.7 100.0 

% Cum 
0.0 

Buchanan Coal Product Coal Sizing 
Granular Size 
August1998 

Screen Size 
+4M 

-4x5M 
-8x18M 

-18x30M 
-3Ox50M 

-5OxlOOM 
-1OOx200M 
-2OOx325M 

-325M 

% On 
0.0 
0.2 0.2 
2.0 2.2 
8.1 10.3 
15.3 25.8 
29.4 54.0 
32.8 88.8 
12.2 98.8 
1.2 100.0 

Granulated Coal is: 100% -4 Mesh(5mm) 
98% -7 Mesh(3mm) 

~30% -2OOMesh 

Pulverized Coal is: 85% -200 Mesh 

% Cum 
0.0 

Screen Size % On % Cum 
2” 0.0 0.0 
1 ” 17.9 17.9 

l/2” 25.1 43.0 
l/4” 21.0 84.0 
-l/4” 38.0 100.0 

Oxbow Coal Product Coal Sizing 
Granular Size 
Octobar1998 

Screen Size % On % Cum 
+4M 0.0 0.0 

-4x8M 1.1 1.1 
-8x18M 8.2 7.3 
-18x30M 14.5 21.8 
-3Ox50M 18.8 38.4 

-5OxlOOM 18.1 58.5 
-1OOx200M 18.8 75.1 
-2OOx325M 15.1 91.2 

-325M 9.8 100.0 

Oxbow Coal Product Coal Sizing 
Pulverized Size 
November13-28 

+ 50 Mesh -2OOMesh 

0.48% 88.10% 

Oxbow Coal Product Coal Sizing 
PulverizedSize 

PSample Average (Wet Analysis) 

Screen Size % Cum 
+8M 0.00 

-8x18M 0.03 
-18x28M 0.18 
-28x48M 0.58 

-48xlOOM 7.07 
-100x200M 28.24 
-2OOx325M 49.40 

-325M 100.00 



TABLE 4 

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

Coke Correction Variables: 

Buchanan Base 
AUGUST 1998 

Granular 

2.0 

Colorado Oxbow 
OCTOBER 1996 

Granular 

Natural Gas, Ibs/NTHM 
Coke Correction, Ibs coke 

2.0 
0.0 

Injected Coal, IbslNTHM 
Coke Correction, Ibs coke 

250 190 
40.0 

Sinter, % 
Coke Correction, Ibs coke 

30.8 35.0 
43.5 

Pellets, % 
Coke Correction, Ibs coke 

88.5 83.9 
+3.7 

Wind Volume, SCFM 
Coke Correction, Ibs coke 

149,600 149,800 
0.0 

Blast Temperature, F 
Coke Correction, Ibs coke 

2089 2045 
-7.7 

Added Moisture, Grs./SCFM Wind 
Coke Correction, Ibs coke 

21.2 19.5 
es.6 

Iron Silicon Content, % 
Coke Correction, Ibs coke 

.49 .60 
-11.0 

Iron Sulfur Content, % 
Coke Correction, Ibs coke 

,042 ,037 
-2.5 

Iron Manganese Content, % 
Coke Correction, Ibs coke 

.37 .40 
-0.7 

Coke Ashgncludes Chinese Coke) 7.80 
Coke Correction, Ibs coke 

TOTAL CORRECTIONS: Ibs coke 

7.80 
0.0 

BASE -88.9 

Reported Furnace Coke Rate, Ibs/NTHM 883 798 
Corrected Furnace Coke Rate, IbslNTHM BASE 729 

Coke Rate Difference from Base 46 Pounds of Coke/NTHM 



TABLE 5 

BURNSHARBORDFURNACEADJUSTEDCOKERATECOMPARiSON 
GRANULAR HIGH VOLATILE COAL COMPARED TO PULVERIZED HIGH VOLATILE CO/r* 

Coke Correction Variables: 

Colorado Oxbow 
OCTOBER 1998 

Granular 

2.0 

Colorado Oxbow 
11!13-1 l/28/98 

Pulverized 

Natural Gas, Ibs/NTHM 
Coke Correction, Ibs coke 

0.0 
-2.4 

Injected Coal, Ibs./NTHM 
Coke Correction, Ibs coke 

190 103 
-7.0 

Sinter. % 
Coke Correction, Ibs coke 

35.0 35.7 
+0.6 

Pellets, % 
Coke Correction, Ibs coke 

83.9 63.8 
+0.2 

Wind Volume, SCFM 
Coke Correction, Ibs coke 

149.600 141,539 
l 0.2 

Blast Temperature, F 
Coke Correction, Ibs coke 

2045 2080 
40 

Addad Moisture, GrsJSCFM Wind 
Coke Correction, Ibs coke 

19.5 22.8 
-11.0 

Iron Silicon Content, % 
Coke Correction, Ibs coke 

60 .52 
+a.0 

Iron Sulfur Content, % 
Coke Correction, Ibs coke 

,037 .035 
-1.0 

Iron Manganese Content, % 
Coke Correction, Ibs coke 

.40 .39 
+0.3 

Furnace Slag Volume, Ib/NTHM 
Coke Correction, Ibs coke 

481 504 
-8.6 

Coke Ashgncludes Chinese Coke) 7.80 
Coke Correction, Ibs coke 

TOTAL CORRECTIONS: Ibs coke 

7.70 
+2.0 

BASE -4.7 

Reported Furnace Coke Rate, Ibs/NTHM 798 800 
Corrected Furnace Coke Rate, IbsINTHM BASE 795 

Coke Rate Difference from Base -3 



,ULFUR INPUT: 

faterial: 

urnace Coke, Sulfur Analysis 
Tons Coke Used 
Tons Sulfur In 

ejected Coal. Sulfur Analysis 
Tons Coal In 
Tons Sulfur In 

iinter. Sulfur Analysis 
Tons Sinter Used 
Tons Sulfur In 

Wets, Sulfur Analysis 
Tons Sinter Used 
Tons Sulfur In 

hap, Sulfur Analysis 
Tons Scrap Used 
Tons Sulfur In 

rOTAL TONS OF SULFUR IN: 

TABLE 6 

BURNS HARBOR D FURNACE SULFUR BALANCE 
GRANULAR HIGH VOLATILE COALTRIAL 

October 1996 SULFUR OUTPUT 

Material: 

0.72% 
62630 
596.4 

0.76% 
19604 
150.5 

0.02% 
115766 

23.2 

0.01% 
211703 

21.2 

0.13% 
3546 
4.6 

795.9 

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: 

October 1996 

1.43% 
47799 
663.5 

0.036% 
207373 

74.7 

0.46% 
1144 
5.3 

0.52% 
2995 
15.6 

1.7 QrS./lOOSCF 
103,400 

12.5 

791.6 
0.995 

3ULFUR INPUT: November 13-26.1996 SULFUROUTPUT November 13-26,1996 

Material: 

Furnace Coke, Sulfur Analysis 0.72% Blast Furnace Slag, Sulfur Analysis 1.33% 
Tons Coke Used 37565 Tons Produced 23719 
Tons Sulfur In 270.5 Tons Sulfur Out 315.5 

Injected Coal, Sulfur Analysis 0.76% Blast Furnace Iron. Sulfur Analysis 0.035% 
Tons Coal In 6595 Tons Produced 93936 
Tons Sulfur In 65.3 Tons Sulfur Out 32.6 

Sinter, Sulfur Analysis 0.02% Flue Dust, Sulfur Analysis 0.55% 
Tons Sinter Used 52635 Tons Produced 456 
Tons Sulfur In 10.6 Tons Sulfur Out 2.5 

Pellets, Sulfur Analysis 0.01% Filter Cake, Sulfur Analysis 0.46% 
Tons Sinter Used 94255 Tons Produced 1146 
Tons Sulfur In 9.4 Tons Sulfur Out 5.3 

Scrap, Sulfur Analysis 0.13% Top Gas, Sulfur Content 1 .l Q&l OOSCF 
Tons Scrap Used 1070 Gas Produced, MMCF 47,400 
Tons Sulfur In 1.4 Tons Sulfur Out 3.7 

TOTAL TONS OF SULFUR IN: 367.2 TOTAL TONS OF SULFUR OUT: 359.9 
SULFUR OUTISULFUR IN: 1.007 

BURNS HARBOR D FURNACE SULFUR BALANCE 
PULVERIZED HIGH VOLATILE COAL TRIAL 

Material: 
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Blast Furnace Granulated Coal Injection 
Environmental Monitoring Report 

Appendix I - Gaseous Stream Testing Results 



e Mostardi Platt 

GAS ANALYSIS STUDY 
Performed For 

BETHLEHEM STEEL CORPORATION 
At The 

Bums Harbor Plant 
Blast Furnaces C and D 
Burns Harbor, Indiana 

October 23, 1998 

o Copyright 1998 
Alf rights reserved in 

Mostardi-Platt Associates, Inc. 

MOSTARJX PLATT PROJECT 84115 
DATE SUBMITTED: NOVEMBER 13.1998 



Bethlehem Steel 
C-Blast Furnace 
Gas Test Redts 

Bums Harbor, Indiana 

TotalSdfur Content 

10123i98 

10/23/98 

CWbOll 
mm co2 4 Molloxlde 
(mol %) (mol%) (mol%) (mol%) (ppmv) 

6.44 23.5 0.67 22.9 20.1 

6.45 23.2 0.70 21.6 29.4 

10123198 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 

Date Tie Hydrogen co1 02 
Sampled Sampled (mol 96) (mol%) (mol %) 

10123/98 0800 3.46 23.6 0.67 

10/23/98 1015 2.96 21.4 0.70 

10/23/98 21.7 20.8 23.7 i .4a 

Masmtdi Plan Pmjccr84L I5 1 * Mosmrdi-PlaaAsmciaus. Inc. 



--. ~_. - - ~- -~ ~- 
__( --< m-e- --.-- _.,._---. - 

IGT ~wrirut.oraa~.camtqp 
AaaIytkal Repoft 

Major C*rpm& Gu Adysb ap Gu chmrhlnrhl 
cuuc Neme v 

IGTSarpkNunkr: 901462Ol 
Sa~pkDarlprkm: ~llsal LCA 

Da& Amtymd: IM9-I IN98 Ad@2 RIB 
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IGT Andytical Report 11mm 
Inhue of Gas Technology IaTLog#:98146201& 

TRACE SULFUR DETERMIN ATION BY GAS CEROMATOGR&PEY 

Chat Name: m -m 
IGT Sompk Numb= 98146701 

sampk Ducripuoa: (*I 1s.001 LCA 
Date Anabed: IMP-I IN96 

Analyst: RIB 

Compooaat Name 
Hydrgea Sulfik 
Sulfur Did& 
cubonfl sdndc 
cubon Disdfidc 

PPMV 
1.1 

19.0 

Component Name 
niop*ae 
Cl-Thioph 
c2-1Ipphaa 
u-lhbphem 

PPMV 

M&Y1 McrclpM 
Erhyl Mauptam 
i-Pmpyl McrupM 
-Ropyl McrupM 
r-Bmyl Macepall 

Dimerhyl SuMdc 
Mahyl Erhyl sulfh 
Dicdlyl suitida 
Di-I-Bmyl Sulfide 

Bawochiqllma 
Cl-V 
c-w 

lMphc 
miophcoor 

IndiiuoidauiAod 
Sdh canpoundo 
(all P -rIda) 

Dimehyl Dicuuide 
Merhyl Edtyl Didfidc 
Me&y1 CPmpyl Diiul5& 
Dierhyl Didldc 
Mahyl n-Pmpyl Disdidr 
Methyl t--81@ Disulfide 
Bthyl i-Pmpyl Dirul5dr 
Ethyl o-hpyl Dirulfida 
F&by1 CBasyl Dlsulfti 
DCi-Fmpyl Didtidc Tord uw 0.00 
i-ml Gmpyl Didfldc TomI Idni5d 20.1 
Lx-n-Pmpyl Dwfidc 
i-hpyl aucyl Disul5dr Tool SaILr camrnt 
n-Pmpyl l-By1 Disulfidc ASPPMV 20.1 
Dl-l-Bmyl Dilulfidc hcGmidlooscF 126 
Dlmmhyl Trisuuidc 
Diahyl TriAlI& 
Di-t-Bay1 Thulfidc 

Nom: conpmcm hEaim Limiu 
lppnf=W-B-~fidr 
0.1ppmvfardIodmrmmpmmdapurulfv 
UllbliivnbslrSbdOW~dscaiO 
Iii and me in&&d for iainmuioa only. 

Allblmknh*rrcbdowdrcstianlimiL 

~Of~TcsknolgJ 1m00MLPmsFeIlrl. cklPkiw,lL 60011 



EXTENDCDGMANALYSlSBYGUFID 

IGT Serpk Nmmber: ~~6~01 
Sampk Daaiptton: Ml15401 

Date Adyzmk II/II/W 
A8otptz RJB 

2. cF\ 

Comporont PIam* iuok % wt ‘? Component Name Mole % wt ‘? 

NV-- BDL see 
w--= BDL srca 
n-l- 8DL mm 

+lUlluW 

cy-P-- BDL BDL 
t4dlYrCrCWW= BDL BDL 
Clclohar* BDL BDL 
l+saww- BDL BDL 

ArnUlb 
aenmm BDL BDL 
Tollme 

n-xykn 

P-XYbr 
sl)lrr 
*xyknc 

c3 - 

NW- 
Cl lhphbbm 
C2 Naphdukna 

nDL BDL 
BDL BDL 
BDL SOL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

ranmu 
- BDL BDL 

BDL am 
BDL BDL 
BDL BDL 
BDL ML 
BDL BDL 
BDL BDL 
BDL em 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BdL 
BDL WL 
BDL Bu. 
BDL SOL 
BDL am 

Taml6omCydeommeoEioDnm+ BDL ml. 

NOPI: BDL - bcbwa lbd (0.0001 mok %). 



‘lZ/lYYtl lb: 11 8477bttlY IU ,bl LINCILYIIUL LYIl 

IGT’INtiaUOfGSTbCkIOlOBY Aulytlll Report *IlIMO 
IGr Lag b : .*IY2a.* 

Major Camp.mnt kr ~eUyok By Cat Cbnmatgmpby 
C&et New: v 

ICI S.am)la NenLr: 98146201 
Sam)* Dawip(loe: I411sao4 

OS- *eelrr: IonW I/&9I Adpt RIB 2CB 

Cb9@9OUt wm h%Lktl wd@n 

Ndh M.D. amI% N.D. 
w-o- b.M o.wn wn 
CkD*ulr n.296 0.W J&am 
w 0.03% 

f&- 

OmU 
amm 0.03% am6 
4un 0.01)L - 

- O.mW 
Cti”ir Jllrn O.M( Al* 
ohr 0.00% 

z 
O.WJS 
O.OJJ% 

- 0.m 
m O.WJ% 
CLllr O.bO% 
- O.OOltb 
llvrn o.mn, 
- 0.a 
T-2’ o.man 
C&Z- 0.003 
I.J.W O.OOYN 
- O.Ml% 
cca o.mm 
rm o.wm 
- O.WZlh 

k=ZLU 
o.- 

L- O.OOblW UIem 
CabmYl sdm uembn o.- aonllrn 
lJmI&lrti 0.0)x 
Wm N.D, 0oD,* ND, 
rw IbUS Imbrn 
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i T 
hdyticnl Report 

Instimtc of Gas Technology 

I l/1298 
1GlLoga:9(14620202s 

TRACE SUL.FUR DETERMINATION BY GAS CIXROMATOGRAPW 

Client Nomc: Mmardl ‘e 

IGT Sample Number: 91116202 
Sampk Ducription: (41 IJ404 LCB 

Dete Adyzed: Iom-I l16t98 
AJtBlyst: RJS 

Compewttt Name PPMV 
Hydea* sulfide &I 

Component Netnc 
lhiophe 

PPnw 

Sullur Oioxidc 
Calbonyl SulGde 
cbrbon Dirultide 

20.6 

cl-Thiophenes 
cl-Tlliqhmcs 

a-Thiophawa 

Methyl .ucrclpM 
Ethyl Maupmm 
i-Pmpyl Meapmn 
~Roprl M- 
1.Butyl Maupun 

Dimelhyl Sullidc 
Methyl ukyl SulIide 
Dicrhyl sulfilk 
lx-bBwyl sulfldc 

Bmzmhiophmw 
Cl-bnzathiiophma 
C2-Benzothiophenes 

Thiophmr 
Thiophcnol 

Individual Unidcnfilied 
Sulfw compounds 
(ail u manolulfida) 

Total Unidentified: 0.00 
ToId tdmtitid: 29.4 

Dimethyl DWMC 
Meckyl Ed@ Diwlfide 
Methyl i-hpyl DiiMc 
okrhyl Disulllde 
Mmtlyl bPqyl Disulride 
wlhyl L-Butyl Disulflde 
Ehyl CPmpyI Disulfiidc 
EIhyI nampyl Disulnde 
EIhyl Elh8yl DinAlfide 
Di-CPrq#yl Disulfide 
i-Pmpyl Hmpyl Diwffidm 
Di-n-Ml Disdfide 
i-Pmpyl cbtyl Dbulfkk Tdtal Sllnw Coopt 
IbPmpyl I-By1 Disulfide M PPhfv 29.4 
Di-CButyl Diadfidc 
Dimrhyl Tmulfide 
Diiyl nhltkk 
Di+lhryl Trisulhdc 

NOU: Compoacnl Detmtim Lhic 
1 ppmv for nyaplcn SuItida 
0.1 ppnvfw~IodurcampoMdrprrulti 
U~ilWdnvlnbvr~bOlOWSM8dMddCUQiO 
limia and am included for iotbmuion only. 

All bhk vbluet mre below deezion limir 

AsGraimllW SCF 1.w 

kutileofGuTcchnalog l7oOkuch*MLProspnM. RPbinel.lL 60011 
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EXTENDED GAS ANALYSLS BY GClFLD 

ZT Sampk Numberz W81d6201 
Sunpk Deadptkm: 1411~404 

Da0 AmlyB4dz 1111 IN 
Aoolyac IUB 

2_c 3 

ponont None Mok% WC% Coapomcat Name Mok % W? % 

- BDL see 
npDD BDL w- 
- BDL Dm 

*lkaoP 
OQl- BDL BDL 

BDL BDL 
hame BDL BDL 
m=- BDL WL 

ulb 
ai9 O.OWlW Q.oool% 
M BDL ODL 
- BDL BDL 
*n BDL BDL 
me BDL BDL 
* BDL BDL 
w BDL BoL , 
- BDL WI. 

BDL BDL 
WL BDL 
BDL IOL 

hn(lu 
Hexam BDL WL 

r- 

BDL 
ODL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
EDL 
BOL 
BDL 
SOL 

BDL 
WL 
BOL 
BDL 

. BDL 
BDL 
BDL 
BOL 
BOL 
WL 
BDL 
BDL 
wt. 
ODL 
BDL 

TmullomCycbpmmaEiacl+ O.owlW . QmmlK 

: BDL-bnkw~limk(0.000lmolm%). 
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Major CH&.OOQO~ Gu Aamlysb By Cu Chvph7 
Clh8Nuc: e 

tcf sompk Nrnrnkr: wMuo3 
Suck Dwdptiom: Yll5-W .3cA 

ooPAYlymk Iom-lll9m Analyse IUB 

C~pOWOO8 .%884x Dscumu wycr 

zk 
n.0 o.co1w ND. 

8nu OM NT98 
ClcrwloL Ial% o.osn alaY 
m o.oIn 

6L”. 
0.03% 

0.78U 0.m OJmb 
.ukll 4,.4U 05m -198 
- O.O.JU 
CIcrLuil 1LlK 0.01n 20.0% 
b O.CVl% 

fl” 
0.008% 
o.mm 

- o.omn 
m 0.08% 
- 0.002% 
- 0.002% 
I- 0,002% 
- O.rnl% 
TOl.lrr O.QIlK 
Ch1.W o.mlu 
iu-rli- 0.002% 
- o.ml* 
- O.OOlN 
- omen 
- o.rmx 

,“lr”,, 
O.OOlx 

.- O,mOlX l %nu 
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W-WI- 0s.s n.1 
IkllvtkYP 88.6 %.8 
nam(sa)- 000 892 

naCIAllblrtRNmeblow-lilil 
ND. .lkt- 

PACE oti 

IIIIBI 
Krrla@8:uluol.%ls 

yumftiTdr*g ImswhwrmwlclMLd. b-u. Mm8 
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. Analytical Report I IllyPl 

Insti&ute of Cat Techn0l0gy K-r LO$ I : 9w62p3rir 

TRACE S- DETERMINATION BY GAS CHROMATOGRAPHY 

Ckat Name: m 
IG’T Sample Number: 98146203 

Sampk Dacription: ul ~Jaos 3cA 
Date Amalped: IWPI mm 

AmdyMz RJB 

Compowat Name PPMV Component Name 
Hydrum SuMde 21.4 Thiophm 

PPMV 

SUIhLIXOXbb 
cwbooyl sulli& 
cuba Dkulfi& 

213 
Cl-TlIiOpb 
c2-ntiqJhma 
C3-Tbiihena 

M&Y1 MsDlpcln 
Ehrl W 
i-Pmpyl Menpun 
II-Ropyl MutTqul 
r-BUryI Maupon 

Dimahyl Sulcidr 
Methyl Elhyl SUIT& 
Dierhyl wfidc 
Di-r-Bulyl klsde 

Dhdyl Dkulade 
Melllyl E8byl Dioldfide 
MIchyl CRopyl Disdtide 
Diahyl oiwdfidr 
Methyl brmpyl DiouIIidc 
Mabyl Ceyl Dilulcidc 
Ethyl i-Pmpyl DisulfUc 
BIhyl lalvpyl Dialdlidc 
Ethyl I-8yl D&MN 
Di-i-Prqyl Disulfidc 
i-Pmpyl nPtvpyl Diide 
DA--1 Mu&de 
i-Pm& eBayl Dimdlida 
n-Propyt cBuyl Disulfide 
Di-c-Bwyl Disulfidc 
Diyl~& 
Dinbyl Twl6dc 
Di-I-BuIyI nidada 

Bacdtiophenc 
Cl-Benzothiophmm 
C2-ecnrOthiaphcw8 

Thiophme 
Tbiapbenol 

lndividrvl Unidendlkd 
Sulfur Compoundo 
(all u mcuwulfid6) 

TooI Unidentified: 
Told Ibmifid: 

0.00 
a.9 

TOW S&lJr COOMI 
Ar PPMV 
AsGnidlW SCF 

rr.9 
3.06 . 

Not%: companmI~ooLinic 
I ppmv Ibr Ifyhgon SuItidc 
0.1ppmfbrdlmhucwlpamd8por8uleu 
Underlined nwbcn am bdw rprdvd dncnio 
limio. and are in&&d fbr iaibmwian only. 

All blank vdua UC below dcwaion limit. 

~ofGuToctmolo~ l7OOsanhMrRnpuM. Dos~tina.a. 60018 
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EXTINDCD GAS ANALYSIS BY CC/FID 

I’ Sonpk Nwkr: e~146203 
ample Dudptlm: UI19403 

Dote ABdyzed: I l/I II% 
ABotya m 

3cf4 

~acatName MOk% wt % Component Name Mok% wt K 

- BDL se? 
m BDL svnau 
m WL Dm 

I*ua 
- BDL WI. 

BDL BDL 
BDL BDL 
BDL BDL 

dm 
O.WOZ% 4.oooI% 
o.oool% 

- BDL 
r BDL 
l BDL 

BDL 
l WL 

- BDL 
kn? BDL 
lwaa WI. 
llbmklm BDL 

d).ooolK 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

rmlllu 
- BDL BDL 

2.2.CTlimaby~ 
ocw 
- 
Dsuns 
IJndcraa 

Tlidsarr 
Tclmkunm 
Poacdeaa 

z 

tbndam 
EiPraaa- 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
WI. 
WL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

IDL - boor bmcbm lknic(O.ooOl mok 96). 
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l= lnscilutcofGaTdroleu 
AMlytiar Repwt 

Major Compmrot Gas ~mlyak By Cu Chmu~phy 
Ctkw Nonu e 

tGT SupIn Nmrk OWbUOI 
serpk DoerIp&*: MI 15406 IDA Dot Asalyd: 10/29-I I/w)1 *ulm: am 

cempeuc hkl% MlJm crawl% 

z 
W.D. 0.mNl ND 

1.46% o,oH( amI 
*aah n.‘Y o.ml pm 
m O.OY 

s- 

OMn 
UnL o.om omn 
r).bK O.W% ub% 

- O.OJ% 
ch- l%yY o.om - 

z 
O.OW.% 
O.bRJ% 

h*I O.OVS 
- o.bmn 
w O.mzcC 
;_ O.bOlU 
- O.bOl% 
I& O.rn% 
cllra O~obl% 
T-l-- b.oeJ% 
cbs- 0.W 
I- 0.002% 
- O.OOl% 
- 0.W 
- O.COlW 
- aatn 
-NW O.WJ% 
-wH LUI O.omI% - 
m- uyir o.- - 
-ml 
YI wd. 

o.am 
o~mln ND. 

Td ,mmb I- 

-UG~Pnowm~,unlDJbm-m 
Tr*. 17l= to.0 II. 

mm% ww= llb% I*73 
c ‘oh Prr [Zl - O.moC 0.m 

udwomiry- Lalu l.ma 
~rnmw - Is4 U.b 
~ltvWT.)- a.0 0.1 

vunenm- CI.b 81.1 
wILN&W- au lu 
NmNv(sm- 0.b m.1 

Nn%Allblanhmeklm&lkA 
M.D.. k - 

PAGE 11 

I lmm 
NFrLyI:olI~,kll 



B 16:ll 8477600970 IGT ANALYTICnl LAB PAE 12 

IT ~IS~~ILICC of Gas Technology 
Adytical Report I l/12/91 

IGT L-q L : 98 146204s~1s 

TRACE SUI.FUR DETERMlNATION BY GAS CHROMATOGRAPW 

C%rt Name: m 
IGT Sample Number: 98146204 

Sampk Dadption: ~11~406 
DBte AaBlyzod: lo/m-I mm 

1DA 
kulyst: RJB 

Compomat Nmuc 
HvdroF .wedc 
sulflu Dkxide 
corbonyl fulfidc 
cofbcm Dllultx? 

PPMV 
4.0 

2a1 

Component Name 
Tbiie 
Cl-W 
Q-Tbioplma 
a-Tbii 

PPMV 

M-VI MsagM 
Ethyl Mwupan 
i-Pmpyl MmapmI 
*Ropr 1 .Hsagun 
I-BuryI adau@on 

DimoIbyl selfi& 
Methyl Ethyl SdMe 
Diyl s&i& 
Di-r-Blxyl .Sulcdc 

~hcoc 
Cl-~iophmn 
C-B4nzoQiophena 

hdiridd Lhidcndficd 
sulfufc~ 
(all Y mo~lhda) 

Dimetbyl DidMe 
Mnhyl Ednyl Didcidc 
Mshyl i-Pm& Disul6dc 
Di&yl Disdfib 
Mcrkyl b~l Didfido 
k(oIhyl t-BayI Di¶uiI5dc 
FAtlyI chpyl Disuuide 
Eayl II-Pmpyl DidMc 
Ethyl I-BuyI Didfii 
Dl-i-Pmpyl Didfida 
i-FWpyl II-Pmpyl DidflQ 
Di-n-Ropyl Wfidr 
i-Pmpyl I-hay1 Dim&i& 
a-hpyl I-Bulyl Diihdc 
Lx-t-Blnyl Dando 
DimedtylT&ulIUn . 
Diahyl Trivulll& 
Di-c-Batty1 TthJfiidc 

Teml lJni&ontifird: 0.00 
Tool lhrifid: 322 

ToalSmlrwComtmc 
AlPPMv 32.2 
As ‘hi&l09 SCF 2.01 

Nets: C4mponaN Dmaim Limit 
I PplwforHydmpnklfide 
o.l~vkdlahuampamdlporJulJllu 
tJnduiiood~rcbdowrrrdud~0 
limits. ad rc inch&d tk intbmvlion only. 

All bhk nlvs u1 below da&on limit. 
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. 

EXTENDED GAS ANALYSIS BY GfXlD 

IGT bmpk Nmmbec 99B14610( 
Sampk Dacrlptioa: MI ls.006 

Deu AAyzed: I III i/91 1vA 

Analybr:uB 

npoment Neme Mok % WC 9. Compoaut Name Mok % WC K 

‘PMnc BDL kc 
- O.OOOIK sti= 
- BDL Du 

:WhOU 
boomI= BDL BDL 
Gm+- BDL 8DL 
- BDL BDL 
hylcycbhame BDL BDL 

ucI* 
YlbrnrsV 
(Yk= 
Yk= 
m 
Yk= 
nawcncf 
oh&oh? 
N- 
Nqhthnknu 

tmda 
- BDL BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
WL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
WL 
BDL 

rmmu 
Hcxnr BDL BDL 
M=- 
221-T- 
ocpm 
Na- 
Deala 
u- 

TW 
T- 
P- 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
WL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
WL 
BDL 
BDL 
BDL 

TdfmmCycbpraumEiannrr+ BDL BDL 

m: BDL - bbw - llmis (0.0001 mnk K). 
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s-r lnaiculr of GuTooboobW 
Adytial Report llmm 

lGT~I:98Iy1oISll 

Moiw C~rpmoar Gn ~utyoln By Cu Cbnr-#rspLy 
Clhot Nom: m 

ICT Sorpk Nrrbm 981ouOS 
smp* rkdpdo.: u11som 2DA 

Doto*aoIymd: 10/3~11/9191 Ammlyotz Rm 

N.D. am196 ND. 
L%Y 0.04% awn 
1UY 0.0% m.446 

0.W 
O.Ql% 

Lion O.O)r( a74n 
sun 0.m %a% 

aoan 
am% O.ol% IUI 

o.om% 
o.ml% 
ama% 
O.WZ% 
o.mm 
0.m 
O.OOlS 
o.was 
O.oM 
O.CVlM 
0.M 
O.WZ% 
0.001% 
o.maN 
o.ma% 
maa% 
0.002% 

0.oopI% 
UUIII o.mma% aoaDIn 

o.om 
WIlr no, am,* ND. 
Tr( IOU% loamb 

Crony MI (0) - o.m,* a99m 
IkrDmily- Loma I.oma 

GmHv@an - IS.0 7S.I 
GnrNv6ATJ- 7X7 7x1 

W-b- m la.0 
)(awlDw- 72.9 73.1 
NllllV(SW- 11.7 71.1 

kmAublMkJm~nwbrorIuI 
ND..km 
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i T 
AllrlyticaI Report 

InstiMe of Gas Technology 

Il112m 
IcrLagu:9s14620sxlo 

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAP~~Y 

Cliemt Name: w ‘w 
IGT Smmple Numb ~11aaoJ 

Sample Dacripliom: UI 1sooI 2DA 
Date Adyzcd: I~O.I~WI 

Andyat: RJB 

Compowat Name 
Hydra#Qsul6dc 
Sul(LrDioxidr 
cmbmyl SulMe 
chrbon Dkulfldc 

PPMV 

Y.S.6 

Conpnenr Name 
l%iOpaan 
Cl-llllophcncr 
c2-mi 
cl-TJdophcna 

PPMV 

UYlW 
Ethyl M- 
i.RqyIhJkupml 
*Ropll-=w- 
I-Butyl Mampmn 

Dim&y1 Sulfih 
Methyl Bdlyl sulfide 
Dieltlyl sul6dc 
Di-c-Bwyl .Sdf* 

Dimnhyl Diwlw 
Mn)*/lEtbylDhdfkk 
Methyl i-hpyl DisdMc 
Dierhyl Didlldo 
Motb~l rRnpyl Diodfidc 
Molllyl CButyl DiulAb 
Ethyl i-Ropyl Disulsde 
Bdlyl ll4+mpyl Divltu? 
EJIYI anyl Dlsulfida 
Di-i-Rupyl Dimsl6da 
i-Fmpyl b-1 Disul6b 
Di-n-PluPyl Disulll& 
i-Pmpyl cBmyl Disulfide 
n-Ropll auyl DiulMe 
Dl.t-Buy1 DiwAfl& 
Mmnhyl M8ol640 
Diehyl7tLu1116 
Di-t-Butyl Tlimll6dc 

ecruahiophar 
Cl-BOKOtbiopkmr 
C&Benmhiopbcnol 

Thiqhme 
Thiophcnol 

Individual l.k!aidsltiW 
Sulfw GunPow& 
(ail ” monoudfida) 

Toml Unidmified: 
Tohl Idmificd: 

Toti Sdfor Comuot 
k PPMV 
As CimWlOO SCF 

0.00 
2.3.6 

26.6 
I.60 

Notm: Compnenr Datoaion Link 
Ippr,@XHyh#4ltSUlfidr 
0.1 ppnrlbralIothuompoudrpu~ 
unwllaunknrrbotow~domain 
limbo. nd arc ifhaded far infumnia only. 

All bhk nlvr are blow dnrnioa limir. 

1naicupofGsTrhno~ 17oosadl.M~hnpectM. DaPloino&a 60011 



EXTENDED GAS ANALYSIS BY GCIFID 

IGT hnpk Nurkr. ~8146~0~ 
amp* DcrrlpUow I4IJ-WI 

Dete AnelyQd: Il1l?J9l 2DA 
AMlpt:BB 

ompoecat Name Mole =A wt% Component Name Mok 54 wt % 

apsaar BDL soi 
- BDL s+ 
Pmmw BDL Dr 

ydulhmo 
wlowm%oe BDL BDL 
idlYicY*- BDL BDL 

BDL BDL 
BDL BDL 

nutka 
- BDL ML 
alumc 
w- 
-xykne 
.Xyb 
Y=- 
.xykno 
3- 
qhQLa 
I Nqh- 
zu- 

BDL BDL 
ML BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
nm BDL 
BDL BDL 
BDL BDL 
BDL BDL 

rnnmu 
BDL BDL 

2icnimdlylpnpr 
ckanm 
U- 
Dumu 
u- 

Tli&cma 
T- 

He- 
lfcp- 

NO- 
E-- 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
ML 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDI, 
BDL 
BDL 
ML 
BDL 
BDL 

TdItaQcbmnWeaEiomra+ BDL 8DL 

D-: BDL - below m big (O.ooOl oDk 96). 
. 
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!OT 
&lolyTio8l Repon 

lnaiamofGuTcbno~ 
I lmm 

IoTL##0:9I1~.lul 

Major Compomt Gu .4o~lydt By Cu Qmmoqnrhy 
Clkmt Nau: Ysuardi.)*n 

ICI Swpk ;Yrrkr: WI46206 

SanpkDrulpllacUl1S.OlO 3Dfi 
Da- bd*rl: IMO-1 llwpl Aufpc RIB 

N.D. OaDl% ND. 
UIU Ou1( arm 
1,.7u aa% N.IU 

amu 
0.03% 

cm aom am6 
%I.,% 0.m a.436 

O.Wt 
no% am% IP.OS 

OomW 
O.Omn 
0.m 
O.W% 
OWl% 
O.W% 
O,OD~ 
o.mzN 
O.oLD( 
O.WBl 
0.m 
atom 
O.oO,S 
O.WU 
aw% 
OWZ?4 
O.W% 

O.Wl% 
aoomr o.- uyn 

oQ% 
WI ND. 0 WY ND 
14 ,aou I- 

~UGuhm*r~*m(MIl 
1-m CPk taa a9 

h. (ma- I&OH Ia3 
c-hmr~] - O.II)ll O.Wl I 

-m- I.ma Lou0 
anrmcoan - 17.7 774 
GUIHV(uT.)- nl 763 

w*m- 75.4 n.6 
N-WCQY,- 793 n.7 
MlWFr)- 741 741 

**s;rrybldwImMmnho 
ND..Nam 

yIIIGr1e l7maDhkWU DO-IL tool‘ 
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GT hdytical Report II/12198 
Institute of Gas Technology KIT L.99 I : 91 Md206.ds 

TIUCE SULFUR D ETEBMINATION BY GAS CIIROMATOGRAPW 

Client N~mc: m .m 
IGT Suapk Number. 98146206 

Ssmpk Dacriptioo: I41 IS-010 3DA Dote Andyzed: lam-I IN98 Adyyrt: RIB 
Compomnt Name 
Hydmlcn Sulfida 

PPW Component Name 
Thiop(um 

PP!Hv 

.%!lfibr Dioxid8 
GharIyl sulfido 
c8rbonDi8ul6de 

-Yl Mnclpru\ 
EW- 
i.Propyl htuapmn 
II-Propyl MUM 
I.Bulyl Mlrupon 

Dimchyl Suitlde 
Matayl Elhyl sum8 
Diahyl SuNi& 
Di.I-Bmyl sulfidc 

Difndlyl Disultid8 
Methyl Elbyl Disulfidc 
h@hyl i-Pqvyl Disultide 
Dimllyl lxmlfide 
Mcchyl n.PIqtyl Di4lidc 
Mdryl I-&ryl Disulfhk 
Ethyl i.PrqByl DirulMr 
EtIwl n-Frqyl Chlfide 
Ethyl I-Bmyl Disdlw 
Di-i-Rqyl Dim&de 
i-F3qtyln-&q3yl Dindtldc 
Di-o-Pmpyl Distalfib 
i-F+mpyl b&syl Di8ul8de 
dmpyl Mulyl Disulc& 
DieNyl Disukidc 
Dimahyl Trimlfide 
Diabyl TmJMs 
Di-l-Bulyl TrisulFid8 

Cl-Tikph8W 
23.7 c2-minphmr8 

u-Thiopbcno 

Bo8zolhiophcnc 
Cl-B8nxuhiopbena 
C2-Bamxhio&ms 

Thiopbe 
Thiopbenal 

lndiridml Unidentified 
Sulfur conlpmmds 
WI” manorulfida~ 

Toul uuidauiliod: 
Told IdaMide& 

Tobl Smltbr Coetac 
hr PPhw 
AsGminulooScF 

0.00 
23.7 

22.7 
l.U 

Notes: compamnt Douctilm limit 
IppmvfivHydmg88sdlid8 
0.1 ppnvtaallahw -w-J* . 
unddii-urbobw~~ 
limia. 8nd ee in&d4 kw inbmaim dy. 

All blvlt v8hKs UC bbw dwoaim limir 

IlMul80fouT8dulology l7ooSouth~M.FmqxmRd. DesP*ias.h 60011 
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EXTENDED GAS ANALYSIS BY GUFID 

IGT Sample Nmmbert p11%2M 
SAmpIe Deseptk WI 1%0910 

Date Autped: Il/mw -w- 
3DR 

Compoaemt Nose Mdow wt=A Compoout Nemo Mole vi wt 9; 

BDL se 
BDL SM- 

dcaar BDL Da 

cydnl&mn 

Z 
BDL BDL 
BDL ML 

crS* BDL BDL 
Mnbylcrc- ML BDL 

PXYL 
SW- 
exyla 
Cl- 

w-k- 
Cl N@e&km 
C2Nskchrbcr 

BDL 
BDL 
BDL 
BDL 
SOL 
BDL 
BDL 
BDL 
ML 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
SDL 
BDL 
BDL 

hn(llu 
- BDL BDL 

LT4Thdly~ 
oamu 
N- 
Deerm 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
EDL BDL 
ML BDL 
ML BDL 
BDL .’ BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

Torlhoo~bpn~~Ei+ 0.owI% 9.0001% 

lou: BDL - bebw - lipir WWl mob %I. 



& Mostardi Platt 

GAS ANALYSIS STUDY 
Performed For 

BETHLEHEM STEEL CORPORATION 
At The 

Bums Ha&or Plant 
Blast Furnaces C and D 
Bums Harbor, Indiana 

November 13, 1998 

Q Copyright 1998 
All rights resewed in 

Mostardi-Platl Associales. Inc. 

MOSTARDI PLATT PROJECT 84634 
DATE SUBMITTED: DECEMBER 18.1998 



., ., . ..) 

Bethlehem Steel 
C-Blast Furnace 
Gas Test Results 

Burns Ha&or, Indiana 

II I Total Sulhr Content I 

CidM 
Date Time Hydrqpl co1 0% Monoxtde 

Sampled Sampled (mol %) (mol %) (mol %) (moi 56) (ppmv) (as gr/l@t!sct) 

11113/98 1115 8.2 20.6 0.84 21.9 40.0 2.50 

1 l/13/98 1215 14.1 34.4 0.67 4.82 18.6 1.16 

D-Blast Furnace 
Gas Test Results 

Burns Ha&or, Indiana 

1 l/13/98 1215 3.05 21.1 0.58 21.0 20.4 1.28 

Mawrrdi PIat! Project 84634 o Moradi-Ph As.wcY~s. Inc. 
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2 T hstitute of Gac Technology 
Annlyticnl Report I 26&S 

IcirLopx’Y*14*7u,.s,~ 

Major Component Gas Analysis By Cu Chromatography 
Client Name: p 

IGT Sample Number: 98148701 
Sampk Dorription: 84634-ODI 

Date Analyzed: I l/17-111li98 Analyst: RIB 

Component .hI% Dn Lklit Weight K 

Helium N.D. O.UOlK N.D. 
HYdmlm 13.7% 0.04% 0.94% 
Cybon Dioxide 11.3% 003% 47.5% 
om O.CG% 
8nlmc 0.03% 
WSmfAW~ ass34 0.03% aim 
Nilm#Ctl ct.956 0.03% 41.7% 
HehuK 0.47% 0.03% a2sK 
cahon MOMIlde 0.4aK 0.03% s.92K 
Emr= “.UU?% 
mwc U.W2% 
mpnc 0.002% 
PlDWiCIN u.w2% 
m 0.002% 
I-BUrae O.W2% 
SB”pne OUW% 
I-a”unc O.W2% 
CBMm o.M% 
md.aum 0.002% 
cir-:-aumc u.ocw. 
I.>-BuuJiCnC uuo2% 
m.Prnrmc O.Wl% 
i-PaOne O.W2?? 
n-Rnunc “.0X% 
Penur.e, l).uu2% 
H- PI-43 u.uuY. 
“ytm,cn sume O.UUMK U.OUUIX aww4 
Cammyl Sultide 0.W22sw O.caw2n auudss~ 
Unidmulied O.“IK 
iv*, N.D. UUOlK .Y.D. 
TeeI 100.0% mau% 

Cahlmtd Rnl Gas Propnh ,ser .A.%%, D39W9, 
Temp. ,TP w.0 da0 

Press. (psi.+ 14.‘9S la.73 
Comprclribiliry Fmor [z] - 0.99336 a99sw 

aekdvc rkmily - I.0193 1.0199 
Gross HV (DRY, - 11.9 s2.I 
Grass HV (SAT.) - sad 30.6 

W&x h&x - 11.1 ,I., 
NnHVfDry)- 72.0 72.2 
Net HV (Lr) - 703 70.9 

NOIa: All blank vh6 am below Won limit 
N.D. -NO, ckmmncd 
FlOWin IkUld ad b!Wk Solid maaid were pmsenl in 
IhC SmPlC cylindn 

kaui”Ic dlias TechWkW 1703 south ML Fmwecl Rd. Da Pkina, II. 6wlS 



Analytical Report Ix;98 

Institute of Gas Technology IGTLo~#:98148701.sls 

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY ’ 

Client Name: v ‘_ 
IGT Sample Number: 98148701 

Sample Description: 84634-001 

Date Analyzed: I l/17-12/l/98 
Analyst: RIB 

Component Name 
Hydrogen Sulfide 
Sulfur Dioxide 
Carbonyl Sultide 
Carbon Disultide 

Methyl Mcrcaptan 
Ethyl Mercaptsn 
i-Propyl Mcrcapcan 
n-Propyl Mercaptan 
t-Bury1 Mcrcaptan 

Dimethyl Sulfide 
Methyl Ethyl Sulfide 
Diethyl Sulfide 
Di-i-Bury1 Sulfide 

Dimethyl Disultide 
Methyl Ethyl Disultide 
Methyl i-Pmpyl Disulfide 

Diethyl Dirultide 
,Methyl n-Pmpyl Disulfide 
Methyl t-Buy1 Disultide 
Ethyl i-Pmpyl Disultide 
Ethyl n-Propyl Disulfidc 
Ethyl I-Butyl Disultide 
Di-i-Propyl Disulfide 
i-Propyl n-Propyl Disulfide 
Di-n-Pmpyl Disulfide 
i-Propyl t-Bury1 Disultide 
n-Propyl t-Buy1 Disulfide 
Di-c-Bury1 Disulfide 
Dimethyl Trisulfide 
Dicthyl Trisultidc 
Di-t-Bury1 Trisultide 

PPhfv 
5.3 

23 

Component Name 
Thiophme 
Cl -Thiophmer 
C2-Thiophenes 
C3-Thiophencs 

0.23 Benzothiophene 
Cl-Benzmhiophcna 
C-Benzocbiophencs 

Tbiophane 
Thiophenol 

Individual Unidentified 
Sulfur Compounds 
(all as monosulfides) 

Toul Unidentified: 0.00 
Total Identified: 18.0 

Total Sulfur Content 
A.3 PPW 18.0 
As Grains000 SCF I.75 

PPMV 

Notes: Component Detection Limit: 
I ppmv for Hydw Sulfide 
0. I ppmv for all otber compounds per sulfur 
All blank values am below dnmion limit. 
Flowing liquid and black solid material wre 
present in the sample cylinder. 

Institute of Gas Technology 1700 Soulh Mt. Prospect Rd. Da Plainer. IL 60018 



EXTENDED GAS ANALYSIS BY GCf’FlD 

IGT Sample Number: 98158701 

Sample Description: 8463-001 

Date Annlyzed: W398 
Analyst: RIB 

:omponent Name Mole % wt % Component Name Mole % wt % 

tOpe”UlU BDL Se 
openme BDL SpVhS 
.PentMc BDL Dm 

yclodknno 
yelopcnone 
lkth&ClOpefl~e 
yclohcme 
lzthylcyclohcxane 

romatiu 
cnzcnc 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

BDL BDL 

thylbcrvene 
-Xylcne 
.XYlC”C 
yrenc 
,XYlC”C 

5 Benzcncs 
ttphrhalene 
I Naphthalcnes 
2 Naphthaicnes 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 

PMWTUM 
HWMU BDL BDL 

ocmfu 
NOMncr 
D- 
UndCCSnC3 
DOd- 
TlidecUrr 
T.2n;ldcMes 
PC”- 
H.X&UWS 
HcptadcMn 
0- 
Nlon~una 
Eicosancr Y 

0.0001% 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

0.0004% 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

Toml iiom Cyclopenmne 10 Eicosanes + 0.000I% 0.0004’5 

otn: BDL - below dercction limit 10.0001 mole ?6). 
Flowing liquid and black solid material were praent in the sample cylinder. 



5-r htiNte of Gas Technology 
Amlytical Report w-2/9* 

ICrLgX:9814702,xls 

Major Component Gas Analysis By Gas Chromatography 
Client Name: e 

ICT Sample Number: 9814Bi02 
Sample Description: .54634-003 

Dab Annlyzed: I l/17-2Or98 analyst: RJB 

Component 510, K De. Linlb weigrt -/a 

Helium N.D. 0.00 11‘ N.D. 
+lydm,en Ll5K O.MY. 0.14% 
Carbon Dice* IdSK 0.03K 223-h 
EIhac 0.0396 
ElbMC 0.03Ya 
D%y,d*~on 9.26% O.OjW run 
Nilrqm s&5% 0.03% 63.9% 
MClhYlC 0.03% 
carbon wmosidc IJJ% 0.03K 13.2% 
EfhylX 0.002% 
mpne 0.002% 
mpnc o.c02% 
Rupmiimc 0.002% 
RoPync 0.602% 
c*"une 0.002Yl 
WO"lX.2 0.002Y. 
I-a- wO2% 
i.B"wK 0.002% 
Tnnr-:-a",mc ".002X 
Cir-I-Burenc O.W2K 
I.~.B"nuime O.co2K 
"CO-P~W O,JlOlY9 
i-Pmtane 0 Co??‘ 
"-Pentme 0.002% 
?mms mo2Y9 
Hcsm FlUI 0.602% 
Hydtgcn SuiOde woolK 
C*n>~i sdidc 0.69139% o.mm O.Mf7SX 
U"ldrnlllid 0.03% 
wwel N.D~ O.a)lK YD 
Twd ,W.O% IOO.O% 

CI,c"ln‘rd RedGaI Pm~nklpr.Lsm Dlw-91 
Tmp. t-F)- 60.0 60.0 

Press &me 14.696 la.73 
Comprsribiliy Fxw 121 - 0.99926 0,9992S 

Relative Censny - 1.w92 I.0492 
tmu HV (DRY) - 35.2 53,4 
Gmu Hv WT.1 - 12.3 52.3 

wobbe ,ndcr - E.0 52.1 
NaH”,Dty,- II.8 51.9 
Net Hv ml., - 10.9 51.0 

?loces: .&II blank abxs 31~ below detection limn 
ND . No, Dclemlmd 



z T 
balytical Report 12/2/98 

Institute of Gas Technology IGT Log U: 98148702..xls 

TRACE SULFUR DETERMINATION BY GAS CHROMATOGR4PHY 

Client Name: ~ostardr ._ 
IGT Sample Number: 98148702 

Sample Description: 84634-005 

Date Analyzed: I l/17-20/98 
Analyst: RIB 

Component Name 
Hydrogen Sulfidc 
Sulfir Dioxide 
Carbonyl Sultide 
Carbon Disultide 

PPMV 

13.9 

Component Name 
Thiophene 
C I -Thiophenes 
CZ-Tbiophmes 
Cj-Thiophenes 

PP.Mv 

Methyl Mercaptm 
Ethyl Mcrcaptan 
i-Propyl Mcrcapw 
n-Pmpyl Mercapmn 
t-Bury1 Mercaptan 

Dimethyl Sulfide 
Methyl Ethyl Sulfide 
Diethyl Sultide 
Di-t-Bury1 Sultide 

Dimerhyl Disulfide 
Methyl Ethyl Disulfide 
Methyl i-Pmpyl Disulfide 

Diethyl Disulfidc 
Methyl n-F’ropyi Disulfide 
Methyl r-Butyl Disulfide 
Ethyl i-Pmpyl Disultide 
Ethyl n-Propyl Disulfide 
Ethyl t-Butyl Disulfide 
Di-i-Propyl Disuifide 

i-Propyl n-Propyl Disulfidc 
Di-n-Propyl Disultide 

i-Propyl t-Bury1 Disulfidc 
n-Propyl t-Butyl Disulfide 
Di-t-Bury1 Disulfidc 
Dimethyl Trisultide 
Diethyl frisulfide 

Di-t-Bury1 Trisulfide 

Benzothiophenc 
C I -Bcnzothiophmes 
CZ-Benzoorhiophenes 

Thiophane 
Thiophenol 

Individual Unidentified 
Sulfur Compounds 
(all as monosultides) 

Total Unidentified: 
Total Identified: 

Total Sulfur Content 
As PPMV 

0.00 

15.9 

lj.9 
As GninsIlOO SCF 0.87 

Notes: Component Dnccxion Limit: 
I ppmv for Hydrogen Sulfide 
0. I ppmv for all other compounds per sulfor 
All blank values arc below detection limit. 

tnsrifufe of Gas Technology 1700 South Mt. Prospect Rd. Des Pbdncs. IL 60018 



EXTENDED GAS ANALYSIS BY GCFlD 

:GT Sample Number: 98148’1o2 
Sample Description: 84634-003 

Date Annlyzed: wxa~ 
Annlyn: RIE 

mpoaent Nome Mole % wt % Component Name Mole % wt% 

pen- BDL SCe 
em&x BDL SyncIr 
ntane BDL Dm 

lodksnu 
IopatMc 
hylcyclopumme 
lohcxane 
hylcyclohcxule 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

*cm 

mdcs 
7x:ne 

ammle 
:yhC 
ylene 
ene 
ylcnc 

3enzenes 
htbalene 
Uqhthdcnes 
‘Japhthalenu 

BDL 
BDL 

BDL 
BDL 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

PWUliil~ 
HCXuwJ BDL BDL 
HCpUlU 
2&bTrimcthylpmam 
Dcmlm 
NoMmt 
Dcwnu 
UndcGncs 

PCllmdeMCS 
HCS&UlW 
Hcpudccnne~ 
DC- 
NOUad- 
Eicosanea + 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

Total fmm Cyclopcnrvlc to EicosJnn i BDL BDL 

51: BDL - below dcrection limit IO.0001 male %). 



.998 13:38 8477680970 IGT ANALYTICAL LAB PAGE 81 

IGT Institute of Gas Ttchnology 

7.Dee-98 Analytical Report Log # : 981509.doc 

‘w&me Ordtr W: 
:ompmay : 
lcport Ad&err : 

20997 
Morhrdi-Plrtt A.Srociata, fnC. 

945 Odthwn Avenue 
Fhlhunt IL 6Ol26 

:quatcr : 
‘hOtIc 
‘a: 

Frnnk Jorkc 
(630) 993-9000 
(630) 993-9017 

York Description : 
&c&cd Date : 

‘umber of Snmplu : 

l mpie Dacription : 

Project # 84634 
CDec-98 

1 

See ottoched Cb8ia of Custody Report 

richer IGT nor any person acting cm behalf of IGT ~UUIIICI my liibilly with respect to dtc use of. or for damages 
ding from rhe use of. any infommtim pmmted in this report. 

Submitted by: Sherman Clw. Ph.D., (847) 768-0587 
Chunical Resuch Scrvica 

Tcclmical Contact: , 
Russell J/Bon, (847) 768-0693 

Insdtute of Gas Te+hnol~ 1700 Sourh Mr Prorpm Road Des PIaims. IL 600164804 



. 36 13:3e 8477688970 IGT ANALYTICAL LAB wwdt 02 

T 
A88lyrial Report 

Illslilo~ of op lcclln~ 

Major Campwar Ca Anmbh BY fh Cbn-mPWwby 
CIhl Narw w 

ICT SampIn Nmmbm 9N80901 
kmph Dmrlpdem: ULWOI 

tht+~~llrd: w447m *mdm m 

CWF8M MJI mlul w*rcr 

Et- 
N.D. Lrn,% N 0. 

w amu um 
w- au% 0.m Jl.lU 
m 0.m 

E- 

OBIN 
a&K 0.0% .,,U 
am o.onl UAY 

- 0.0% 
CtiyuY t,.Y% OM Il..% 

s 

arm% 
O.mSr 

Es- 
O.- 
O.GOt% 

hnu aaml 
- amzn 
- O,m2)( 
I-W 0,001)( 
llvpr 0.m 
T-2-b 0.m 
Cl&Iv O.WlN 
IJ.wI amzlb 
mm amIx 
ikrr O~rmr 
.- 0,- 
- amm 
-lk 4.m 
nrc*- LIP% aat* uuu 
c--w-H em,.,% a- ran 
- 0.M 
ww ND O.CO1X NED. 
Tmu IQ111 luau 

I*r lwm* 
c . WkyhafZl - 

aslmhDmdy- 
hmuxn - 
r@mtwm4T.l- 

wabbrldx- 
NalwtDly,- 
wlml%O- 

ta im 
loTla#r:UIsmIx8 

pk: AlIHlll.JrrrUa-w, 
M.D.. k -!a.4 



19 13:38 8477680970 IGT ANALYTICAL LAB PAGE 03 

i T 
Annlytid Report 

Institute of Gas Technology 

w17m 
IGT Log Y : 911Jwo1As 

‘IIUCE SULFUR DETERMW ATION BY GAS CHROMATOGIUPKY 

C&out Noms: e .m 
IGT Sample Number. 981~0~01 

sample Dacriptioa: u634-004 

Date Adyzed: n/d-17198 
Adyyrt: RIB 

Component Name 
Hyaora, Sulfk 

PPMV 
21.6 

Compoaeot Name 
nioobaac 

sulfur DIlldo 
Cdooyl SUIMO 
cybon Disuui& 

Cl-~iapbala 
11.1 c2-ndophoooo 

o-lblo+la 

PPMV 

MYI w 
EW M-q- 
i-Pmpyl hkcapmn 
II-Fbpyl Mercopm 
ably1 lbtofqm 

Dimeday Sulfti 
Methyl Ethyl Sulcidc 
Die&y1 Sulfidc 
Di-c-Butyl Sulfti 

Dimdtyl Disultidc 
Mcdlyl Ethyl Dii 
Medtyl i-Fmpyl Diitide 
Dkdlyl Dindti 
Mmhyl rPny+yl Dbrltidc 
Mabyl bButyI DisulWa 
E&y1 i-Ropyl Disultlde 
Ethyl n-Pmpyl Diad6do 
Erbyl e-1 Disulfdr 
Di-i-Ropyl Dis&lde 
i-Pmpyl n-Pmpyl Din&% 
Di-wRopyl DisuK& 
CPmpyl t-Buyl Dii 
n-Fmpyl t-Buy1 Diudfdr 
DieBuy1 Disulfidc 
Dimahyl Trisulfida 
Dislhyl TkuUi& 
Di-I-Bql Triruffida 

-, - 

0.26 Bmuabin@coe 
Cl-bddOpbCna 
CXkazAiihswr 

Thiophme 
Thiopknol 

Individual Unidmdfkd 
Sulliu compoun& 
(ail ” monaulfida) 

foal Unidmdfmk 
Toal IdmdBed: 

Tool Srlfur Cootoat 
Al PPMV 
As CmimJlOO SCF 

0.00 
40.0 

40.0 
2.m 

Nota: COElpOOO4U DwalonLimdc 
I ppnv for Hy@ Sulllde 
O.lpPmrforaurll~pcrsulnn 
~11 bimk vlhyr am below dmecdm liiir 

loodMc of Gu T&mology I700 South ML Pmrpca Rd. Des Fkks, IL 60011 



Institute of Gas Technology 
Analytical Report 

Major Component Gu Analysis By Gas Chromatography 
Client Name: Monnrdi-Plln 

IGT Sample Number: 98148703 
Sample Description: 84634-005 

Date Analyzed: I l/17-2Or98 Alldytt: RJB 

Component Mot K Da Limit Wri~Y H 

Helium N.D. amI% N.O. 
wm,m ,,.IK 0.01% OS% 
Caban Dioxide 34.4% O.ll3K 50.9% 
Eltax 0.03% 

Z- 
0.03% 

O.i,K 0.03% ant+ 
Nimgen dun 0.03% ,a.,% 
.M.Zlhll~ 130% 0.03% 0.7QK 
Carbon MDnmldc *am 0.03% 4.54% 
EWW o.mzK 
m-e 0.W7.34 
Ropm 0.002% 
PrnpvJiac 0.002% 
PWW 0.002% 
i.BYMC 0.002% 
n-auwnc O.lPXl% 
I-awmc 0.002% 
i-h.%c 0.002% 
Tm-:.B”unc 0.4302% 
cis-2.aumc 0.002% 
I.j-hadine 0~002% 
“ePPe”un wmn 
i-PCllCl”c O.OO?% 
“.PClUQl~ om 
PCnunu 0.002% 
!kuK Plu 0.002% 
Hybc.gm suttkk O.W,1s( O.OOOlK 0.0013% 
C*“yl S”l”dc 0.omn% o.cmoz% O.o01U% 
U”i&“,,Rcd 0.03% 
waler N.D. O.OLlW N.D. 
TO”, KW.OK ,W.OK 

C~lcul.rcd IhI Gu Propnia pr .ASTM D33RWl 
knp. t-P* 60.0 60.0 

Plus. @SUP 116% id.?3 
Compressibility Pmn [z] - 0.99875 0.59875 

Relvlve Dmsuy - I .om 1.0277 
Gross HV (DRY1 - :o.o 770 
Gmsa HV WT.) - 71.3 75.6 

wobbc Index - 75.1 75.9 
Net H” (Dry) - 65.9 66.0 
Net H” (.%a‘, - 047 a.9 

Nota: AlI blmk *dum am below dctecmn limll 
W.D. Not Dnmnimd 
PIwin* liquid md black solid m&end wue pmmt in 
mc mmpk cylinder. 

12nm 
lcr Lap” 9814970Lrl, 

,mmncofonTahnology I7msoulhMI.RapalRd. DsPlainaIL 6001: 



r Insritute of Gas Technology Apa’ytica’ Report 

ImJ9a 
IGT Lo6 # : 981487O~.xls 

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY 

Client Name: Monardl ‘_ 
IGT Sample Number: 98148703 

Snmple’Description: 84634-005 
Date Analyzed: I i/17-20/98 

Analyst: RJB 

Component Name PPMV 
Hydrogen S&de Il.-l 

Component Name 
Thiophene 

PPMV 

Sulfirbioxide 
Carhonyl Sulfide 
Carbon Disulfide 

7.2 I 
Cl-Tbiophcna 
CZ-Thiophenes 
Cj-l’hiophenes 

Merhyl Meraptan 
Ethyl .cleraprao 
i-Propyl Meraptan 
n-hopyl ,Mercaptao 
I-BuryI Mercaptan 

Dimetbyl Sulfide 
Mnhyl Ethyl Sultidc 
Diethyl Sulfide 
Di-t-Butyl Sulfidc 

Beozotbiophene 
Cl-Bennxhiophenes 
C2-Bmzorhiophenes 

Tbiophane 
Tbiophenol 

Individual Unidentified 
Sulfur Compounds 
(all Y monosultida) 

Dimethyl Disulfide 
Methyl Ethyl Disulfide 
Methyl i-Pmpyl Disulfidc 

Diethyl Disulfide 
Methyl n-Pmpyl Disulfidc 
Methyl t-Bury1 Disulfide 
Ethyl i-Propyl Dirulfidc 
Ethyl n-Pmpyl Disulfide 
Ethyl t-Eutyl Disulfide 
Di-i-Propyl Disulfide 
i-Propyl n-Pmpyl Disulfidc 
Di-n-Pmpyl Disullide 
i-propyl t-Bury1 Disulfide 
n-Propyl t-Butyl Disulfidc 
Di-c-Bury1 Disultidc 
Dimethyl Trisulfidc 
Dietbyl Trisulfide 
Di-t-Butyl Trisulfide 

Total Cnidentified: 
Total Idemitied: 

0.00 
IS.6 

Total Sulfur Content 
.A5 PPMV 18.6 
3s Grains’100 SCF I.16 

Notes: Component Detection Limit: 
I ppmv for Hydrogen Sulfide 
0. I ppmv for all other compounds per sulfur 
All blank values are below detection limit. 
Flowing liquid and black solid materj~l wcw 
przsem in the sample cylinder. 

Institute of Gas Technology Ii00 South Mt. Prospect Rd. Des Plaines. IL 60018 



EXTENDED GAS ANAtYSIS BY GC/FID 

r Sample Number: 96 148703 
nmpte Description: 84634005 

Date Anslyzed: 121~98 
Analyst: RIB 

xment Name Mole % wt % Component Name mot0 74 wtY0 

mm BDL See 
lane BDL SYllGS 
IlIe BDL Diva 

Ilkmu 
KIlti 
lcyclopnws 
Iexam 
Icyclohexanc 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

atics 
n-2 
r 
Xnze”D 
km 
F,“c 
IC 
cm 

:IKC”eS 
lhalene 
qhtialenes 
aphtbalcnes 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

BDL BDL 
L3DL BDL 
BDL BDL 
BDL BDL 

Ptnfh 
H- BDL BDL 

oclmes 
NOMncr 
lkcaes 
ti- 
-a 
T+kStlCS 
TC-U 
?CMildCCW 
HCXZdCC3lXS 
Hcptildcunn 
OC&UllCS 
Sonadecmcr 
Eic- r 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
. BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

Total fmm C~clopntane WI Eicosancr - BDL BDL 

i: BDL - below detdon limit (0.000 I mole 96). 
wing liquid and black solid mate& were praent in the sample cylinder. 



Ritute of Gas Technology 
Analytical Report 12m311 

1Gr lo, I : 90141101~X,l 

Major Component Cns analysb By Gas Chromatography 
Client .Ynmc: Y ‘* 

ICT Sample Xumber: 98148704 
Sampk Description: 84634-007 

Date Analyzed: Il117-10/98 Analyst: RJB 

Component 

Helkm 
HYdmW 
cybon Dioxide 
!ahme 
Ethylc 
Oryg”lARon 
Nitrogen 
MellIMe 
Cuban Monoxide 
Etlyme 
mpve 
mpne 
Pmpnknc 
mF?m 
i-Bume 
n--e 
I-Bulmc 
I-t)“lCllC 
TRn,-3.BW 
Ch-I-Buac 
I.~-*uudiem 
m&Pm- 
i-Pm- 
c-FTruam 
Prnlcrn 
Hcxam Pl” 
Hydrnjrn 5”lllde 
Cybonvl svlfide 
“nidcnrllied 0.03% 
WatCr N.D. Q.cm% ND. 
TOUI IO0.W. IoQ.“v. 

C*lcuk:cd R”l cu Pnprtia De, ,Asr>I D3%.3-91 
Temn. I’Fi- 60.0 (0.0 

mss.‘,psnui- 
Compressibility Factor (11 - 

Rdarirc Dmsny - 
Dmr, H” (DRY) - 
cmsHvc.AT.)- 

Wbk ,n*cs - 
NnH”OW- 
NaHV(Sar)- 

IA.@6 I&73 
O.SW17 0.09917 

I.QJl? 1.0512 
19.8 so.0 
7*.+ X6 
77s iI. 
77.1 17.9 
X.4 76.6 

.Yom: .A0 bid vdvr are kkw dnecdon limit 
N.D. . Not Danmined 

,Ntinne OrGAl Techwk#y Ii00 souh YL hspca Rd. Ik Pkks. IL 600,I) 



12’2/98 
ICT Log # : 98148704.xls 

TRACE SULFUR DETERMINATION 3Y GAS CHROMATOCWHY 

Client Name: m 
IGT Sample Number: 98148704 

Sample Description: 8463-007 

Date Analyzed: I l/17-20/98 
Analyst: RJB 

Component Name 
Hydrogen Sulfide 
Sulfur Dioxide 
Carbonyl Soltide 
Carbon Disulfide 

PPMV 

12.9 

Component Name 
Thiophene 
C I -lXophcnes 
C2-Thiophenes 
C3-Thiophcnes 

PPMV 

Methyl Mercaptao 
Ethyl ~ercaptan 
i-Propyl Mercaptan 
n-Prop)/1 .wercaptan 
t-Bury1 Mercaptao 

Dimerhyl Sultide 
Methyl Ethyl Sultide 
Dierhyl Sultide 
Di-t-Bury1 Sultide 

Benmthiophcne 
Cl-Benzothiophcncs 
CZ-Benzothiophenes 

Thiophane 
Thiophenol 

Individual Unidentified 
Sulh Compounds 
(all as monosullida) 

Dimerhyl Disultide 
Methyl Ethyl Disulfide 
Methyl i-Propyl Disulfidc 
Dierhyl Disultide 
Methyl n-Propyl Disulfidc 
Methyl t-Buiyl Disulfide 
Ethyl i-Propyl Disultide 
Ethyl n-Propyi Disultide 
Ethyl t-Bury1 Disulfide 
Di-i-Pmpyl Disultide 
i-Propyl n-Propyl Disultide 
Di-n-Ropyl Disulfide 
i-Propyl I-Bury1 Disulfidc 
n-Propyl r-Bury1 Disulfide 
Di-t-Bury1 Disulfide 
Dimerhyl Ttiulfide 
Diethyl Trisulfide 
Di-t-Buy1 Trisulfide 

To’oral Unidentified: 
Total Idmdfied: 

Total Sulfur Content 
As PPMV 
As Grains’100 SCF 

Nota: Component Detection Limit: 
I ppmv for Hydrogen Sultide 
0. I ppmv for all other compounds per sulfur 
All blank values arc below detecdon limit. 

lnsri~re of Gas Technolosy I700 South Mt. Prospect Rd. Da Plaints. IL 60018 



EXTENDED GAS ANALYSIS BY GC/FID 

: sample Number: 98148704 

Uttpk Dacription: 84634-007 

Date Annlyzad: W??8 
Analyst: RIB 

ment Name Mole % wt % Component Name Mole % wt % 

me BDL Sa 
Ill.2 BDL synca 
I.5 BDL DWS 

kanes 
nmne BDL BDL 
yclopentane BDL BDL 
mm BDL BDL 
yclohcxmc BDL BDL 

Tic.3 

iv.ene 
ne 
c 

c 

lena 
Jcne 
RthahCS 
hthaimes 

0.000396 0.0007% 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

Panrnnr 
H- 
HW== 
Z..lCTtillWh~lpcfl~C 
Dccma 
N- 
- 
u- 

Ttid 
TW&CUbCS 
Pmmdeuncs 
HCxJdeCZXS 
Hepmd- 
DC-s 
NooMdcMn 
Eicosancs i 

BDL 
BDL 
BDL 

BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 

BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

Totd ti-om Cyclopntane to Eicosancs + O.OOfJ3% . O.oOa7’C 

BDL = klow detenian bit (O.OWI mole *Jo). 



Institute of Gas Technology 
Analytical Report 

Major Component Car Analysis By GM Chromatography 
Client Name: v 

IGT Smplc Number: 98WS705 
Sample Description: 846W009 

hte Analyad: I l/17-20/98 Aaolysc RIB 

Component IMdK Dt‘Ulil Wt)lk*K 

Hctium N.D, o.oo,+ N.D. 
H?dmgUl 2.99% 0.04% 0.20% 
Cvbon Dioxide 11.9% 0.0% 31JK 
EdPn.3 0.03% 
El&V 0.03% 

WwArpn 0.66% 0.01% v.mx 
Niwen saeu 0.03% 472% 
MCOIMO 0.03% 
Carbon Mmnoxidc 7.23% 0.03% ?O.S% 
ElIwe 0.002% 
QW-= 0.002% 
PV mm296 
Rcqadiac 0~002% 
l-WY= O.WU 
i-Butane O.CO?% 
n-auunc 0.002% 
I -au,mc 0.002% 
i-Bum O.W2% 
TWU-:-BllKR O.wlY 
CiS&BUlme 0.302% 
, .X"tii O~co2K 
XC-PCklQll~ O~CQIK 
i-PCWdllC O.W2% 
n-Femme 0~002% 
pmlewa 0.032% 
“Kumc Plus O.c02% 
H?dmgrorm SuIti& O.MX)IK 
carhOtI*, Sdlidc 0.0015-9% O.Lwm2% O.OOMV% 
Lnuknnlied 0.0,K 
WXCI N.D 0.001% N.O. 
T&-u, 1w.w. IOR!% 

Calcrlured Rd Gu Pnpnia QC’ x5r.v Dxda-91 
Temp. (‘Fk. 643.0 6o.v 

FmJl. (pd- 14.6% 14.73 
Compmssibilily F*r [zl - 0.99910 o.vvv1o 

Rewire Dmmy - 1.0626 1.0626 
cross HV (Dttn - 12.4 62.6 
Gras H" (SAT.) . 11.0 81.2 

woo& Index - IO.0 10. I 
NaHV(Dry)- (0.4 W6 
NCtHVGU.). 4.0 792 

Nom: All blank value3 ire below deQaim limit 
N.D. . Not Dctmmd 

1z?i911 
IGT La, II %l4l?OS ‘L,, 

INUN~ 0iGas Tahnvlogy IIM) Sanh ML Rapa Rd. Da FlWws. Il. 60011 



I Analytical Report 12398 

Institute of Gas Technology 1GT Log ti : 98148705.sls 

TRACE SULPUB DETERMINATION BY GAS CHROLclL4TOGWHY 

Client Name: Mostardl ‘_ 
IGT Sample Number: 98148705 

Sample Description: 84634-009 

Date Analyzed: I l/17-20/98 
Analyst: RJB 

Component Name 
Hydrogen St&i& 
Sultitrbioxide 
Carbonyl Sulfide 
Carbon Disultide 

PPMV 

19.9 

Component Name 
lltiopheoc 
C I-ll~iopttenes 
CZ-Thiuphenes 
C3-Ti-tiophena 

PPMV 

Methyl Mercaptatt 
Ethyl Mercaptan 
i-Ropyl Mercaptan 
n-Propyl Mercaptao 
t-Bulyl Mercaptan 

Dimethyl SuUide 
Medtyl Ethyl Sultide 
Diethyl Sultide 
Di-t-Butyl Sulfide 

Dimethyl Disulfide 
Medtyl Ethyl Disulfide 
Methyl i-Ropyl Disttlftde 
Diethyl Disultidc 
Methyl n-Propyi Disulfide 
Methyl t-Butyl Distiltide 
Ethyl i-Pmpyl Disultide 
Ethyl n-Pmpyl Disulfide 
Ethyl t-Butyl Disulfide 
Di-i-Pmpyl Diiulfide 
i-Pmpyl n-Pmpyl Disulfidc 
Di-n-Pmpyl Disulfide 
i-Propyl t-Butyl Disulfide 
n-Propyl t-Butyl Disulfidc 
Di-t-Bury1 Disulfide 
Dimethyl Tristtlride 
Diedtyl Trisulhde 
DCt-B@ Trisulfide 

Benzodtiophenc 
C I -8enzorhiophetta 
CZ-Benzodtiophenes 

Thiophane 
Thiophenol 

Individual Unidentified 
Sultitr Compounds 
(all as monosultides) 

Total Unidentified: 0.00 
Total Identified: 19.9 

Total Sulfttr Content 

As PPMV 
As Grains/100 SCF 

Notes: Component Detection Limit: 
I ppmv for Hydrogen Sttlfide 
0.1 ppmv For all other compounds per sulfur 
All blank values are below detection limit. 

Institute of Gas Technology 1700 South Mt. Prospect Rd. Des Plaints. IL 600 I8 



r Sample Number: 98148705 

ample Description: a44634409 

Date Analyzed: I27.198 
Analyst: RIB 

lonent Name Mole % Wt% Component Name Mole % wt % 

me 
BDL 
BDL 

see 
swiu 

hnrnttr 
HexMC¶ BDL BDL 

me BDL Da 

Ikana 
C”tFllE 
“clopmwe 
Cunc 
cyclohcmc 

lri0 
I.2 
h 
CNellC 
cm 
:IIc 
c 
nc 
IlZCtles 
aalene 
phrhaknes 
phmaknes 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

0.0001% O.M)03% 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

Hepmna 
LL:-Trimethylpnune 
- 
Nonurt 
Deanes 
Ulldccvla 
Dodccana 
TlidecMcS 

Hexad- 

DCUdCCW? 
Nmadecmles 
Eicosancs + 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 

’ BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

TutJl tiom Cyclopcnt~e (0 Eicusarxr - 0.0401?~ 0.000j06 

: BDL = klow den&n limit (0.0001 mok %J, 



I 

Institute of Gas Technology 
Analytical Report cm98 

KiTLog x 98148:l-N&x,r 

Major Component Cu Analyrb By Gas Chromatography 
Client Name: w 

163 Sample Number: 98148706 
Sample Description: 646%-011 

Date Anniyred: I I/17-20/98 Andysr: RIB 

Component MO,% oet.“lit Welgbt K 

Helium ND. 0.001% N.D. 
HYhqcn 3.05% O.WK 0.20% 
cubon 0iixid.t 21.1% 0.03% JOJ% 
Eume 0.03% 

ELm 
0.03% 

o.un 0.03% 0.61% 
NiDgn 343% 0.03% 49.7% 
M- o.mm 
Cwblm MoMXi& 21.0% 0.03Y. 19.2% 
WY= 0.032% 
mpMc O.W2% 
mpnc O.W2% 
Pmpdienc O.UU2% 
mkv* 0.002% 
i-BLUMC 0.032% 
“-B”UtX 0.002% 
I-Burarc O.tW% 
idutmx N30-34 
ronr-2.a”anc 0.002% 
ck.:-a”tmc 0.032% 
IJ-BuMimr 0.0X% 
IltO-PUIW O.COIK 
i-PemYr 0.032% 
WhkllXl~ 0~~A 
Pe”l- O.CC% 
Hcvne Plur p 032% 
Hydmcen Sultide O.WOIK 
cabonyt Sukidc 0.00201% o.otm3 O.oouw)% 
L’“idmdRd 0.03% 
WaIcr N.D. ODOlK N.D. 
TOW 100.0% lW.OK 

Caksknd Red G.s Propnia pr .,S’M D358&9, 
Temp. (‘FP 60.0 60.0 

Pms. Ipaiak u.696 Lt.73 
Compmdility Factor Irj - 0.99913 O,?W13 

Rektive Denmy - I .05x I.0576 
GmssHvcDRn - 778 73.0 
Gmu H” (SAT.)- 16.4 16.6 

wabbeindn- 75.6 IS.8 
NnHvtDlyJ- 7J.7 75.9 
Nec(nHv6S.~J- 74.4 14.6 

Novas: AU blank valm we Mow dcnnion limit 
ND . Not Lkrnmid 

lmtium ofGas TUhndo~y 1700 South ML Pmlpm Rd. Do Plaina. IL 6CQl* 



T Institute of Gas TechnologyABa’ytica’ Report 
I”198 

ET Log # : 98148706.xls 

TRACE SULFUR DETElUfINATION BY GAS CHROMATOGRAhIY 

Client Name: Mostardl . . 
IGT Sample Number: 98145706 

Sample Description: 8463-O I I 
Date Anafyzed: I l/17-20/98 

Analyst: RJB 

Component Name 
Hydrogen Sulfide 
Sulfur Dioxide 
Carbonyl Sulfide 
Carbon Disulfide 

PPMV 

20.4 

Component Name 
Thiopheoc 
C I -Thiophmes 
CL?-Thiophena 
G-Thiophena 

PPMV 

Methyl Mcrcaptan 
Ethyl Mcrcaptan 
i-Ropyl Mercaptan 
n-Pmpyl Mercaptsn 
t-Buy1 IMercapmn 

Dimcthyl Sultide 
Methyl Ethyl Sultide 
Dierhyl Sulfidc 
Di-r-Bury1 Sultide 

Dimethyl Disulfide 
Methyl Ethyl Disulfide 
Methyl i-Propyl Disultide 
Diethyl Disulfide 
Methyl a-Pmpyl Disulfide 
Methyl I-Bury1 Disulfide 
Ethyl i-Propyl Disulfide 
Ethyl n-Propyl Disulfide 
Ethyl t-Buy1 Disulfide 
Di-i-Propyl Disulfidc 
i-Propyl n-Propyl Disulfidc 
Di-n-Pmpyl Disulfide 
i-Propyl t-Bury1 Disuitide 
n-Propyl I-Bury1 Disulfidc 
Di-t-Bury1 Disulfidc 
Dimethyl Trisulfidc 
Dierhyl Trisultide 
Di-t-Bury1 Trisultide 

Benzothiophenc 
C 1 -9eazothiophmes 
C’J-Bcazochiophenes 

Thiophaoc 
Thiophenol 

individual Unidentified 
Suhr Compounds 
(all ss monosulfides) 

Total Unidentified: 0.00 
Total Identified: 20.4 

Total Salfur Content 
As PPMV 
As Cnins/lOO SCF 

10.4 
I.28 

Notes: Component Cetection Limit 
I ppmv for Hydrogen Sulfidc 
0. I ppmv for all odw compounds per solfur 
All blank values are below derection liiic. 

Institute of Gas Technology I700 South ML Prospect Rd. Des Plaines. IL 60018 



EXTENDED GAS ANALYSIS BY GCIFID 

’ Sample Number: 98148706 

lmple Description: 8463441 I 

Date Annlyzed: IY1/98 
Analyst: RIB 

ouent Name iMole % wt % Compoaent Name lMole % wt % 

MC BDL see 
m BDL +&IX 
It BDL Dam 

kma 
3lwC 
yclopmme 
xane 
yclohexmc 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

:io 

nze”C 
ne 
e 

IC 

z.mcS 
llene 
hthaienes 
hthalcncs 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

PlWlillS 
H-6 BDL BDL 

Nxwde~es 
Eicowa + 

BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 

Total tmm Cyclopntane m Eicosanea + BDL BDL 

BDL - below detection limit ~0.0001 mole ?G 



Blast Furnace Granulated Coal Injection 
Environmental Monitoring Report 

Appendix II - Wastewater Monitoring Summaries 



Sample Flow 
Date (MW 

10101198 141.2 
1 O/02/98 144.5 
1 O/03/98 142.4 
1 O/04/98 104.4 
1 O/05/98 129.8 
1 O/06/98 125.7 
1 O/07/98 122.6 
1 O/08/98 121.1 
1 O/09/98 127.5 
10110198 95.5 
1011 l/98 85.5 
1 O/l 2/98 115.8 
10/13/98 124.7 
10/14/98 120.5 
10115/98 134.4 
1 O/16/98 123.4 
1 O/l 7/98 104.9 
1 O/l 8198 95.0 
10/19/98 101.9 
1 O/20/98 112.4 
IO/21198 106.7 
1 O/22/98 109.0 
10123198 104.9 
10124198 93.2 
10125i98 72.7 
1 O/26/98 118.2 
1 O/27/98 127.3 
10128198 130.3 
1 O/29/98 152.7 
1 O/30/98 143.7 
1 O/31/98 115.9 

Average 117.7 
Maximum 152.7 
Minimum 72.7 

Bethlehem Steel Corporation 
Burns Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) Ammonia (as N) Cyanide Cyanide 
(m94 (lb/day) @x8/l) (lb/day) 
0.12 146 

0.30 264 co.005 0.00 

0.42 441 

0.25 253 

0.33 238 co.005 0.00 

0.41 424 

0.27 307 

0.22 173 eo.005 0.00 

0.34 321 

0.28 252 

0.39 239 <0.005 0.00 

0.44 462 

0.47 603 

0.33 317.0 <0.005 0.00 
0.47 602.7 <0.005 0.00 
0.12 146.1 co.005 0.00 



. ,. 

Sample Flow 
Date W-W 

11/01/98 92.2 
11102198 113.2 
11103198 120.7 
1 l/04/98 119.2 
1 l/05/98 113.9 
11/06/98 105.7 
11/07/98 105.7 
1 l/08/98 73.0 
11/09/98 123.8 
11110198 116.3 
1 l/l 1198 113.8 
1 l/12/98 121.8 
1 l/13/98 121.8 
1 l/14/98 108.4 
1 Ill 5198 99.6 
1 I/16/98 121.7 
11 I1 7/98 118.2 
1 Ill 8198 116.4 
11 /I 9/98 114.7 
11/20/98 140.0 
1 l/21/98 91.0 
1 I/22/98 51.8 
1 I/23/98 52.6 
11124198 56.5 
1 II25198 60.5 
1 l/26/98 59.8 
11 I27198 89.8 
1 I/28/98 74.4 
1 l/29/98 79.3 
1 l/30/98 117.4 

Average 99.8 0.27 201.7 <0.005 0.00 
Maximum 140.0 0.47 319.3 qo.005 0.00 
Minimum 51.8 0.15 101.7 co.005 0.00 

Bethlehem Steel Corporation 
Burns Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) 
(m9N 
0.15 

0.23 

0.20 

0.17 

0.33 

102 co.005 0.00 

319 

0.27 273 

0.30 

0.22 

0.20 

0.40 

0.47 

0.30 

0.31 

Ammonia (as N) Cyanide Cyanide 
(lb/day) (m94 (lb/day) 

114 <0.005 0.00 

230 

186 

245 co.005 0.00 

215 

195 

174 <0.005 0.00 

219 

147 

202 <0.005 0.00 



Sample Flow 
Date VW 

12/01198 114.2 
12102198 115.1 
12103198 114.0 
12104198 120.0 
12105198 113.7 
12106198 112.7 
12107198 125.0 
12/08/98 129.9 
12109198 131.8 
12/I 0198 131.5 
12/I II98 144.3 
12/I 2198 113.9 
12113198 102.0 
12/14/98 126.4 
12/I 5198 126.3 
12/16/98 135.7 
12117198 125.1 
12/l 8198 138.0 
12/I 9198 131.6 
12120198 112.8 
12121198 130.0 
12122198 124.3 
12123198 136.0 
12124198 89.0 
12125198 108.3 
12126198 131.5 
12127198 117.0 
12128198 126.3 
12129198 126.8 
12/30/98 127.3 
12/31/98 116.1 

Average 
Maximum 

122.5 0.29 294.2 co.005 0.00 
144.3 0.38 378.8 co.005 0.00 
89.0 0.17 159.1 co.005 0.00 

Bethlehem Steel Corporation 
Burns Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) Ammonia (as N) Cyanide Cyanide 
On94 (lb/day) On94 (lb/day) 
0.26 245 

0.27 254 

0.28 265 

0.33 361 

0.30 334 

0.38 323 

0.34 360 

0.27 283 

0.17 159 

0.29 303 
0.21 237 

0.25 248 

0.36 379 
0.35 369 

<0.005 0.00 

<0.005 0.00 

co.005 0.00 

<0.005 0.00 



. 

Sample Flow 
Date (MGW 

10/01/98 97.4 
10/02/98 95.3 
1 O/03/98 93.2 
10104198 49.1 
10/05/98 76.0 
10/06/98 96.5 
10107198 98.7 
1 O/08/98 92.9 
1 O/09/98 103.8 
10110198 60.1 
10111198 46.7 
1 O/l 2198 76.4 
1 O/l 3198 98.9 
1 O/14/98 97.9 
10/15/98 98.1 
10116198 96.5 
1 O/l 7198 58.0 
1 O/l 8198 44.5 
10/19/98 79.2 
1 O/20/98 97.0 
IO/21198 94.2 
1 O/22/98 95.9 
1 O/23/98 92.9 
1 O/24/98 64.3 
1 O/25/98 45.7 
1 O/26/98 84.9 
1 O/27/98 96.2 
10128198 97.0 
10129198 96.5 
10/30/98 98.3 
10/31198 77.0 

Ammonia (as N) Ammonia (as N) Cyanide 
(m94 
0.30 

(lb/day) 
240 

(mgll) 
co.005 

Cyanide 
(lb/day) 

0.00 

0.68 279 co.005 0.00 

0.42 337 0.006 4.83 

0.33 258 

0.75 

0.50 

0.43 

290 

410 

353 

0.58 216 

0.38 

0.37 

305 

295 

0.94 360 

0.46 

0.44 

371 

351 

co.005 

<0.005 

co.005 

co.005 

0.005 

co.005 

co.005 

<0.005 

<0.005 

<0.005 

0.00 

0.00 

0.00 

0.00 

1.86 

0.00 

0.00 

0.00 

0.00 

0.00 

Average 83.8 0.51 312.6 0.001 0.51 
Maximum 103.8 0.94 410.2 0.007 4.83 
Minimum 44.5 0.30 215.8 eo.005 0.00 

Bethlehem Steel Corporation 
Burns Harbor Division 

Monitoring Station 011 Monitoring Summary 



Sample Flow 
Date WGW 

1 l/01/98 41.4 
11/02/98 81.4 
11/03/98 97.3 
1 l/04/98 98.2 
11 I05198 94.0 
11 I06198 101.6 
11/07/98 59.1 
11/08/98 43.4 
11/09/98 80.0 
11110/98 95.5 
11111198 95.0 
1 l/12/98 101.2 
11 I1 3198 105.0 
1 l/14/98 78.2 
11 I1 5198 80.9 
1 l/16/98 95.2 
1 l/17/98 95.9 
11/18/98 89.8 
1 l/19/98 94.3 
11/20/98 96.4 
11/21/98 73.5 
11122/98 47.2 
11123198 50.0 
11124198 50.0 
11/25/98 42.5 
11126198 37.8 
11127/98 45.8 
11128198 43.8 
1 l/29/98 44.0 
11130/98 77.3 

Average 
Maximum 

74.5 
105.0 

Minimum 37.8 

Bethlehem Steel Corporation 
Burns Harbor Division 

Monitoring Station 011 Monitoring Summary 

Ammonia (as N) Ammonia (as N) Cyanide 
(m94 (lb/day) 
0.56 195 

0.43 352 

(m9N 
qo.005 

<0.005 

0.42 333 qo.005 

0.77 279 eo.005 

0.52 416 -=0.005 

0.48 401 co.005 

0.48 

0.37 

325 

294 

co.005 

-=0.005 

0.34 269 0.007 

0.63 248 co.005 

0.44 185 

0.46 146 

0.008 

co.005 

0.61 225 <0.005 

0.50 282.1 0.001 0.68 
0.77 416.0 0.008 5.51 
0.34 146.4 <0.005 0.00 

Cyanide 
(lb/day) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

5.51 

0.00 

3.34 

0.00 

0.00 



. 
L 

Sample Flow Date (MW 12/01198 90.8 12102198 96.0 12/03/98 88.1 12/04/98 97.7 

Monitoring 
Ammonia 



Bethlehem Steel Corporation 
Burns Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary 

Sample 
Date 

10/01/98 
1 O/02/98 
1 O/03/98 
1 O/04/98 
1 O/05/98 
1 O/06/98 
1 O/07/98 
10108/98 
1 O/09/98 
IO/IO/98 
IO/I II98 
10/12/98 
10/13/98 
10/14/98 
10/15/98 
10/16/98 
10117i98 
10/18/98 
1 O/l 9198 
1 O/20/98 
10121198 
10/22/98 
10123198 
10124/98 
1 O/25/98 
10126198 
10127198 
1 O/28/98 
1 O/29/98 
1 O/30/98 
10/31/98 

Ammonia (as N) Cyanide 

Ov34 On94 

38.20 0.330 

46.00 0.009 

52.60 0.014 

40.80 0.011 

Average 44.4 
Maximum 52.6 
Minimum 38.2 

0.091 
0.330 
0.009 



Bethlehem Steel Corporation 
Burns Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary 

Sample 
Date 

1 l/01/98 
11102/98 
1 l/03/98 
11 I04198 
11/05/98 
11/06/98 
11/07/98 
11/08/98 
11/09/98 
11 I1 0198 
II/II/98 
1 l/12/98 
11 I1 3198 
1 l/14/98 
1 l/15/98 
1 l/16/98 
11117198 
11118198 
1 l/19/98 
11 I20198 
1 l/21/98 
11122l98 
11123198 
11124/98 
11/25/98 
11/26/98 
11127/98 
11128198 
11/29/98 
11130/98 

Ammonia (as N) Cyanide 

(m9N (m9N 

46.50 0.022 

40.60 0.010 

37.40 <0.005 

35.60 0.021 

Average 40.0 0.013 
Maximum 46.5 0.022 
Minimum 35.6 eo.005 



Bethlehem Steel Corporation 
Burns Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary 

Sample 
Date 

12/01198 
12102198 
12/03/98 
12/04/98 
12/05/98 
12/06/98 
12/07/98 
12/08/98 
12/09/98 
12/l 0198 
12/l II98 
12112198 
12/l 3198 
12/14/98 
12/I 5198 
12/16/98 
12/I 7198 
12/I 8198 
12/19/98 
12/20/98 
12/21/98 
12122198 
12123198 
12124198 
12125198 
12126198 
12127198 
12128198 
12129198 
12/30/98 
12131198 

Ammonia (as N) Cyanide 

(m94 (m9N 

32.50 0.010 

48.10 0.229 

36.80 0.025 

34.70 0.021 

25.90 0.028 

Average 35.6 0.063 
Maximum 48.1 0.229 
Minimum 25.9 0.010 


