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BLAST FURNACE 
GR-ATED COAL INJJXl7ON 
RESULTS WITH HIGHER ASH COAL 

IN’I’RODUCT’ION 

This report describes the second coal trial test conducted with the Blast Furnace Granular 
Coal Injection System at Bethlehem Steel Corporation’s Burns Harbor Plant. This 
demonstration project is divided into three phases: 

Phase I - Design 

Phase Il - Construction 

Phase III - Operation 

The design phase was conducted in 1991-1993. 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. 

A base period was established for C furnace in October 1996 to be used as a comparison 
period for the analysis of the operation during subsequent coal trials. 

BACKGROUND 

The granulated coal injection facility at the Bums I-I&or 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/NlWvl. Coal injection was 
initiated on C furnace on February 9, 1995 using four tuyeres at an overall rate of 
25 pounds/ND-M. 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 an operational 
learning curve and the development of efficient operating practices with the granulated coal 
facility were completed. Currently, the coal injection rate on C furnace is about 270 
pounds/NTHM and 200 pounds- on D furnace. 

During the start of coal injection, the high volatile Sydney coal, was used on both furnaces 
for eight months. Subsequently, six different low volatile coal types were used on both 
furnaces for seven months. The low volatile coals performed well and led to the use of 
Virginia Pocahontas as the standard coal during 1996 and 1997. 



The objective of the overall test program is to determine the effect of coal grind and coal type 
on blast furnace performance. The current trial was conducted to quantify the effect that ash 
content of the coal has on the blast furnace operation and the process economics. 

BLAST FURNACE OPERATIONS 

The Burns Harbor C furnace has been designated as the granulated coal test facility due, in 
large part, to the physical improvements made to the furnace during the 1994 reline. The 
furnace was enlarged slightly and the refractory cooling system was upgraded to a high 
density plate cooling configuration in the furnace stack region. This high density cooling was 
specifically designed to withstand the rigors of high coal injection rates and to provide for 
increased production capability. 

Immediately prior to the higher ash trial period the operation was characterized by high 
production levels and a steady state for the major operating variables. During 1997 the 
operation has been run to achieve maximum furnace production rates. This is unlike most of 
1996 when the primary focus was to maximize coal injection levels and achieve low furnace 
coke rates. 

The aial began on May 28, 1997 and concluded June 23, 1997. The trial period is compared 
to three previous operating periods: a pre-trial period from May 1 - May 27, 1997, the 
October 1996 base period and a previously conducted study of coke replacement 
characteristics of low volatile coal is compared to this trial. 

The important furnace operating conditions that are indicative of overall furnace performance 
were documented during the uiaJ and compared to the three periods indicated above. In 
addition, extensive environmental stream testing of the closed water and gas cleaning systems, 
furnace refractory temperatures and furnace thermal loads are presented. 

FURNACE TRIAL OPERATING CONDITIONS 

Trial Coal Selection: 

During the entire year of 1996 the injection coal used on both furnaces was the low volatile, 
high carbon content Buchanan/Virginia Pocahontas. The coal is designated by two names 
based on two different mine sites and the point of shipment to the plant. However, both cods 

are from the same seam and are very similar chemically. 
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The typical analysis of Virginia Pocahontas in October 1996 and the Buchanan coal used on 
the furnaces immediately prior to the trial period is shown in Table 1. For a trial that would 
assess ash content only, it was important to use a coal that varies only in ash so that there 
would be no confounding issues such as sulfur content or large differences in volatile maner. 
To achieve this the supplier of the Buchanan coal suggested that ash content could be 
increased at the mine site cleaning station if one of the usual coal cleaning steps was 
eliminated. Trials were run at the mine and subsequent coal analysis confmed that the ash 
content could be increased with this method. The average analysis of the four tram trial coal 
is also shown on Table 1. The trial coal is 2.4% higher in ash than the coal used for the 
October 1996 base and is 3.0% higher in ash than the coal used during the furnace period 
immediately prior to the trial. As demonstrated on Table 1, the three operating periods use 
coal that is significantly different only in ash content. 

Also shown in Table I is the average size distribution of the final injection product coal 
during the trial period. The average size distribution satisfies the definition of granular coal, 
100% is -4 Mesh, 98% is -7 Mesh and less than 30% is -200 Mesh. 

C Furnace Guerations: 

The primary concern of the furnace operators, both before and during a blast furnace trial, is 
to maintain a consistent operation so that a valid comparative analysis of the trial variable can 
be made. Table 2 shows the operating results for the higher ash nial period on C furnace and 
the two operating periods that are used to make the comparative analysis. 

Each of these periods is operationally similar: the amount of injected coal used during each 
period is about the same; the general blast conditions during the periods are comparable; the 
wind rates only vary from 135,370 SCFM to 137,000 SCFM; and blast pressu~, top pressure 
and moisture additions are comparable. 

General Trial Observations: 

There were several operating variables that were of concern and were closely observed by the 
operators during the trial . Several of these parameters could have adversely affected furnace 
performance with the use of the high ash coal. However, the trial period contirmed that high 
coal ash, at the injection rate used, did not hinder furnace performance. This finding is based 
on data in Table 2 which shows the following: 
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1. Furnace permeability was not changed and a greater percentage of ash in the 
raceway did not have a deleterious effect. 

2. Furnace blast pressure and wind volume were maintained at the base- conditions 
during the trial. 

3. Furnace production rates were up as delay pericds declined during the trial. 

4. Hot metal silicon and sulfur content and variability were comparable during all 
three periods 

The primary change in the operation, as expected, was the increase in the blast furnace slag 
volume. The 461 pounds/NTHM slag volume during the trial is significantly higher than the 
448 pounds/HTHM slag volume during the May 1 - May 27, 1997 period and the 424 
pounds/NTHM during the October 1996 period. The general conclusion is that higher ash 
content in the injected coal can be adjusted for by the furnace operators and does not 
adversely affect overall furnace operations. 

Furnace Coke Rate Results: 

The primary reason for this coal trial was to determine the coke rate penalty to the blast 
furnace that results from the use of higher ash injection coal. In order to assess the 
comparative furnace coke rate during a trial, all of the blast furnace variables that affect the 
furnace coke rate that am different from the base must be adjusted for by using coke 
correction factors. The only 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 SNdied. Since the higher ash coal causes an increase in the 
furnace slag volume and does contribute to higher furnace coke usage, we have not adjusted 
the coke for changes in the slag volume. 

Three comparisons, using the above logic, were made to validate and substantiate the results 
of this trial. The high ash trial results were compared to the period immediately prior to the 
trial, the previously documented base period results from October 1996; and a previously 
completed study on the coke replacement characteristics of low volatile coals. The latter 
study was conducted using Burns Harbor C and D monthly average operating data for 1996 
with low volatile coal. The detailed study was reported and documented in the 1996 Annual 
Report to DOE on the Blast Furnace Granular Coal Injection Project.” 



The results of the first comparison are shown in Table 3. The higher ash ttialdata has been 
adjusted to the comparison base period from May 1 - May 27,1997. The largest amount of 
coke that is adjusted for this comparison is seven pound which is attributable to the difference 
in the amount of injected coal between the periods. The conclusion from this table is that a 
three per cent increase in the injected coal ash causes a nine pound per NTHM increase in the 
furnace coke rate. This is the amount of carbon from the coke that is required on the furnace 
to replace the lower amount of carbon in the higher ash injected coal. 

The values from the second comparative period are shown in Table 4. As with the previous 
analysis, only small adjustments are required to establish the overall corrected coke rate. This 
comparison substantiates the fmt results. The 2.4 per cent increase in coal ash from the 
October 1996 base period to the trial period results in a coke penalty of eight pounds per 
NTHM. 

In Figure 1, the coal injection and furnace coke rates for the trial are compared with those on 
both C and D furnace during 1996. There was a coke rate increase on C furnace during the 
uial period at the coal and coke rates shown. The coke rate adjustments which include the 
trial data in this figure are documented in Table 5. 

The blast furnace sulfur balance for the trial period is shown in Table 6. There is good 
closure for the sulfur input and output. 

ENVIRONMENTAL TEST RESULTS 

Gaseous Streams: 

During the trial period three gas samples were obtained from the C furnace and analyzed by 
Mostardi Plan Associates, Inc. The results of the gas sampling are presented in Appendix 1. 
The sulfur reported in the gas samples were also used to complete the sulfur balance shown 
in Table 6. 

Gas samples taken from the previous base trial period, October 1996, are very comparable to 
these results. As reported previously, the sulfur in the blast furnace gas was 3.1 grains/100 
scf. During this trial the value was 2.5 grains/100 scf. 
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Wastewater Monitoring: 

During the trial, monitoring of the Division’s treated process water effluent (Monitoring 
Station 011) and the Division’s combined effluent was conducted in accordance with the 
NPDES permit. In addition, internal monitoring of the Blast Furnace Recirculating Water 
System was performed weekly. All monitoring results at Station 011 and Outfall CO1 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 granulated coal system during 
the month. Appendix 2 shows the monitoring results for the month. 

FURNACE THERMAL CONDITIONS 

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

The inwall refractory temperatures for C furnace are shown from September 1996 through the 
trial period in Figure 2. The refractory temperatures at several elevations have not changed 
significantly during this time. Several elevations decreased slightly from higher values 
measured during February and March 1997. 

The thermal load values, the calculated heat loss in BTU/HR/FIs, were practically unchanged 
during the trial as compared to the three previous months of operation. Figure 3 shows the 
thermal load values from September 1996 through the high ash triial period. 

During the trial period the operating personnel were running the C furnace for high 
productivity. Figure 4 shows the comparison between furnace coke rates during times when 
fuel rates were the primaty concern, June 1996 - January 1997, and periods when high 
production is the goal. Although the injected coal rates are similar during both times, furnace 
coke rates are noticeably higher during the period when high productivity was desired. The 
primary conclusion from this chart is that, although higher ash coal requires more furnace 
coke, it does not have an adverse effect on production levels. 



CONCLUSIONS 

This coal trial demonstrated some important blast furnace operating considerations when using 
a high ash coal: 

. There is a coke rate disadvantage of three pounds per NTHM for each one per cent 
increase of ash in the injection coal at an injection rate of 260 pounds per NTHM. 

. Higher ash coal had no adverse effect on the furnace permeability. 

. The productivity of the furnace was unaffected by the three percent increase in 
coal ash at the injection rate of 260 pounds per NTHM. 

. Hot metal quality was unaffected by the increased ash content of the injection coal. 



TABLE 1 

Volatile Matter, % 
Sulfur, % 
Ash, % 

Ultimate Analysis, 56 
Carbon 
Oxygen 
Hydrogen 
Nitrogen 

Chlorine 

Total Moisture, % 

GHV, BTU/fb (dry) 

Ash Analysis, % 
Si02 
Al203 
CaO 
MO 

INJECTION COAL ANALYSIS 
BURNS HARBOR HIGH ASH COAL TRIAL 

Va. Pocahontas Buchanan 
October 1996 6 Train Average Prior to Trial 

18.00 19.79 
.7a .a2 

5.30 4.72 

67.10 87.04 
1.23 1.94 
4.20 4.27 
1.21 1.21 
.170 ,140 

5.30 6.77 

14974 15086 

41.50 32.39 41.69 
23.58 22.76 23.33 
7.36 10.10 8.27 
1.69 2.05 1.75 

+4 Mesh 

4 Mesh 

-8 Mesh 

-16 Mesh 

-30 Mesh 

-50 Mesh 

-100 Mesh 

-200 Mesh 

-325 Mesh 
TOTAL 

High Ash Buchanan 
4 Train Trial Average 

18.75 
.75 

7.70 

C FURNACE PRODUCT COAL SKfNG 
May 28 - June 23, 1997 

MEAN % S.D. % 
0 

+8 Mesh .3 

+16 Mesh 1.8 

+30 Mesh 7.4 

+50 Mesh 15.1 

+lOO Mesh 27.0 

+200 Mesh 34.0 

+325 Mesh 13.6 

.0 
100.0 

.2 

.9 

2.5 

1.5 

3.1 

3.1 

3.0 

.4 

84.32 
2.24 
3.88 
1.12 
.120 

6.46 

14425 



HIGH ASH TEST LOW ASH BASE PREVIOUS BASE 
May 28 - June 23. 1997 May 1 - May 27. 1997 October 1996 

Prod, NTHM/d Rep 7437 7207 6943 
Delays, Minld 23 55 71 

Coke Rate, IbsNHM 674 673 661 
Nat. Gas Rate. Ibs/NTHM 5.0 0 0 
Inj. Coal Rate, Ibs/NTHM 262 269 264 
Total Fuel Rate. Ibs/NlHM 940 942 925 

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

34.9 27.0 35.9 
64.9 72.8 63.8 

.2 .2 .3 
0 53 5 

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 

135,370 135,683 137.000 
38.3 38.2 38.8 
1.23 1.25 1.19 
28.6 28.5 27.3 
2012 2046 2067 
20.7 20.4 19.8 
3953 4002 3841 
199 195 226 
16.6 17.0 16.9 

Coke: 
H20. % 5.0 4.9 5.0 

Hot Metal, %: 
Silicon 

Standard Dev. 
SlMJr 

Standard Dev. 
Phos. 
Mn. 
Temp., F 

.49 .51 .50 
,097 ,116 ,126 
,035 .040 .040 
.012 ,015 .014 
.073 .069 ,072 
.46 .42 .43 

2733 2741 2734 

Slag, %: 
SiO.2 
A1203 
Go 
MgO 
Mn 
Sul 
B/A 
B/S 
Volume, IbsMTHM 

36.21 36.08 36.54 
9.91 9.43 9.63 

39.40 38.86 39.03 
11.32 12.03 11.62 

.45 .42 .46 
1.40 1 .45 1.39 
1.10 1.12 1.10 
1.40 1.41 1.39 
461 448 424 

TABLE 2 

BURNS HARBOR C FURNACE 
SUMMARY OF OPERATIONS 



TABLE 3 

BURNS HARBOR C FURNACE ADJUSTED COKE RATE COMPARISON 

Coke Correction Variables: 
BASE 

5/l/97 - 5/2?/97 

Natural Gas, Ibs/NTHM 
Coke Correction, Ibs coke 

0 

Injected Coal, IbslNTHM 
Coke Correction, Ibs coke 

269 

Burden: 
Pellets, % 

Coke Correction, Ibs coke 
72.8 

Sinter.% 
Coke Correction, Ibs coke 

27.0 

Wind Volume, SCFM 
Coke Correction, Ibs coke 

135,683 

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

20.4 

Iron Silicon Content, 96 
Coke Correction, Ibs coke 

.51 

Iron Sulfur Content, % 
Coke Correction, Ibs coke 

,040 

Iron Manganese Content, % 
Coke Correction, Ibs coke 

.42 

Coke Ash, % 7.70 
Coke Correction, Ibs coke 

Blast Temperature, F 
Coke Correction, Ibs coke 

TOTAL COKE CORRECTIONS: Ibs. coke 

Reported Furnace Coke Rate,lbs/NTHM 

Corrected Furnace Coke Rate,lbs/NTHM 

Coke Rate Difference from the BASE 

2046 

B4SE 

673 

HIGH ASH TRIAL 
5128197 - 6123197 

5.0 
+6.0 

262 
-7.0 

64.9 
+6.3 

34.9 
+6.3 

135,370 
+.3 

20.7 
-. 9 

.49 
+2.0 

,035 
-2.5 

.46 
-1 .o 

7.50 
+4.0 

2012 
-5.1 

+8.4 

674 

682 

+ 9 Pounds of CokelNTHM 



TABLE 4 

BURNS HARBOR C FURNACE ADJUSTED COKE RATE COMPARISON 

Coke Correction Variables: 

Natural Gas, Ibs/NTHM 
Coke Correction, Ibs coke 

BASE 
October 1996 

0 

Injected Coal, IbslNTHM 
Coke,Correction, Ibs coke 

264 

Burden: 
Pellets, % 

Coke Correction, Ibs coke 
63.8 

Sinter,% 
Coke Correction, Ibs coke 

35.9 

Wind Volume, SCFM 
Coke Correction, Ibs coke 

137,000 

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

19.8 

Iron Silicon Content, % 
Coke Correction, Ibs coke 

.50 

Iron Sulfur Content, % 
Coke Correction, Ibs coke 

,040 

Iron Manganese Content, % 
Coke Correction, Ibs coke 

.43 

Coke Ash, % 7.70 
Coke Correction, Ibs coke 

Blast Temperature, F 2067 
Coke Correction, Ibs coke 

TOTAL COKE CORRECTIONS: Ibs. coke BASE 

Repotted Furnace Coke Rate,lbs/NTHM 661 

Corrected Furnace Coke Rate.lbs/NTHM 

Coke Rate Difference from the BASE 

HIGH ASH TRIAL 
5128197 - 6123197 

5.0 
+6.0 

262 
-2.0 

64.9 
-.9 

34.9 
-. 8 

135,370 
+1.7 

20.7 
-2.6 

.49 
+l.O 

,035 
-2.5 

.46 
-. 8 

7.50 
+4.0 

2012 
-8.3 

-5.2 

874 

669 

+ 8 Pounds of CokelNTHM 



TABLE 5 

BURNS HARBOR C FURNACE ADJUSTED COKE RATE COMPARISON 

Coke Correction Variables: 
SASE HIGH ASH TRIAL 

FEBRUARY 1996 5128/97 - 6/23/97 

Natural Gas, Ibs/NTHM 
Coke Correction, Ibs coke 

1.0 4.0 
+4.B 

Injected Coal, IbdNTHM 
Coke Correction, Ibs coke 

253 262 
+9.0 

Burden: 
Pellets, % 

Coke Correction, Ibs coke 
67.7 64.9 

+2.2 

Sinter,% 
Coke Correction, Ibs coke 

32.1 34.9 
+2.2 

Wind Volume, SCFM 
Coke Correction, Ibs coke 

145,300 135,370 
+10.4 

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

14.0 20.7 
-19.4 

Iron Silicon Content, % 
Coke Correction, Ibs coke 

.43 .49 
-6.0 

Iron Sulfur Content, % 
Coke Correction, Ibs coke 

.044 ,035 
-4.5 

Iron Manganese Content, % 
Coke Correction, Ibs coke 

.43 

Coke Ash, % 7.60 
Coke Correction, Ibs coke 

Blast Temperature, F 
Coke Correction, Ibs coke 

TOTAL COKE CORRECTIONS: Ibs. coke 

Reported Furnace Coke Rate, lbs/NTHM 

.46 
-. 8 

7.50 
+2.0 

2075 2012 
-9.4 

BASE -9.5 

874 

Corrected Furnace Coke Rate, IbslNTHM 664 



SULFUR INPUT: 

TABLE 6 

BURNS HARBOR C FURNACE SUVUR BALANCE 
HIGH ASH COAL TRIAL 

5/26-6/23/97 SULFUR OUTPUT: 

Material: 

Furnace Coke, Sulfur Analysis 
Tons Coke Used 
Tons Sulfur In 

injected Coal,Sulfur Analysis 
Tons Coal Usad 
Tons Sulfur In 

Sinter, Sulfur Analysis 
Tons Sinter Used 
Tons Sulfur In 

Pellets.Sulfur Analysis 
Tons Pellets Usad 
Tons Sulfur In 

Scrap.Sulfur Analysis 
Tons Scrap Usad 
Tons Sulfur In 

TOTAL TONS of SULFUR IN: 

.?l% Blast Furnace Slag, Sulfur Analysis 1.40% 
70,461 Total Tons Produced 46,284 
500.3 Tons Sulfur Out 648.0 

.75% Blast Furnace Iron.Sulfur Analysis 
26,272 Total Tons Produced 
197.0 Tons Sulfur Out 

.0350/o 
200.799 

70.3 

.02% Flue Dust.Sulfur Analysis .34% 
111.405 Total Tons Produced 893 

22.3 Tons Sulfur Out 3.0 

.Ol% Filter Cake.Sulfur Analysis .38% 
206,998 Total Tons Produced 2533 

20.7 Tons Sulfur Out 9.6 

.130/o Top Gas, Sulfur Content 2.5grsll OOSCF 
2,183 Total Gas Produced, MMCF 100,125 

2.8 Tons Sulfur Out 17.9 

743.1 TOTAL TONS of SULFUR OUT: 748.8 

Material; 

SUUUR OUVSULNR IN 

5/28-6/23/97 

1.007 
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Blast Furnace Granulated Coal Injection 
Environmental Monitoring Report 

Appendix 1 - Gaseous Seeam Testing Results 
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Project Summary 

72418 - SurL \x, I F-q 
BBTHLEHBM STEEL 
BURNS HARBOR,IN 
SB 

Project Sample Sample Point Analyte 
------- ------ -_------------- ------------------------------ 
72416 001 C-BLAST FURN.Tl. Major Gas Components 
72416 001 C-BLAST FURN.Tl Trace Sulfur Compounds 
72418 002 C-BLAST FlJRN.TZ Major Gas Components 
72418 002 C-BLAST E'URN.T2 Trace Sulfur Compounds 
72418 003 C-BLAST FVRN.T3 Major Gas Components 
72410 003 C-BLAST FURN.T3 Trace Sulfur Compounds 

Page 1 



Project Summary 

72521 
BETHLEHEM STEEL 
'C' BLAST FURNACE 
EAP 

Page 1 

Project Sample 
- - - _ _ - - ------ 
72521 001 
72521 001 
72521 002 
72521 002 
72521 003 
72521 003 
72521 004 
72521 004 
72521 005 
72521 005 
72521 006 
72521 006 

Sample Point 
_--_-e---e_---- 
"C"BLAST PRN.Tl 
'C"BLAST PRN.Tl 
"C"BLAST FRN.TZ 
"C"BbST FRN T2 
"C"BLPST FFW:T3 
"C"BLAST FRN.T3 
"C"BLAST PRN.T4 
"C"BLAST FRN.T4 
"C"BLAST FF!N.T5 
"C"BLAST FP.N.TS 
"C"BLAST PRN.TS 
"C"BLAST FRN.T6 

Analyte 
-----------___--______________ 
Major Gas Components 
Trace Sulfur Compounds 
Major Gas Components 
Trace Sulfur Compounds 
Major Gas Components 
Trace Sulfur Compounds 
Major Gas Components 
Trace Sulfur Compounds 
Major Gas Components 
Trace Sulfur Compounds 
Major Gas Components 
Trace Sulfur Compounds 



IGT hi~reofSasTc&dqf 

IcTSampkN~ 971241 
.ssm* Daaiptinoz 7241t-a1 i-+c I “/IL/41 

Dsk bdyzmi: ZO.Jsm-97 &dyw AW 

ICet “73 
-- 

Lam l.057, 
IOU 1013 
MO.4 IW., 
99.4 39.6 
se.7 99.* 
97.0 972 



IGT Analytical Report 6!23/97 
Institute of Gas Technology IGTLr~gt:9712431.~ 

TRACE SUL,FUB DETEBMINATION BY GAS CBROMATOGR4PBY 

Client Name: Mardi-Plan Aoociata 

IGT Sample Number: 971243 I 
Sample Description: 72418M)l 7-r c 1 &/,I-/<' 

Date Analyzed: 20-Jun-97 
Analyst: AGJ 

Component Name 
Hydrbgm sume 

PPMV Component Name 
nli~hme 

PPMV 

S&Di& Cl-liiGQhCllC3 
Carbcmyl suI&ie 31 cz-llliophena 
cwbonDi.d6de c3-Ttliopk 

Metbyl Mcrcaptan 
Ethyl h4au~tm 
i-Propyl Mcrcdptan 
n-PmpyI Mercpptrn 
t-Buy1 Mauptan 

-0phale 
C I -Bcnz&iiopheoes 
c2-Benzo(hiophems 

Thiophane 

Dimubyl Sul6de 
M&y1 Ethyl SuIti& 
Diethyl SuIme 
Di-[-Buryi Su&k 

Individual Unidaxifxd 
sulfurcmpolmds 
(all Al maronrltidcs) 

Diiyl- 
Methyl Ethyl Disu&k 
Methyl i-Pnqyl Disu6de 
Dietllyl Disal&k 
Methyin-PnyylDiarl6de 
Metby1 t-Butyl DisJme 
uhyli-prodDis&& 
EthyIrrPmpy1- 
ElhyI t-ButyI Di.sadc 
Di-i-RopyI DisuI& 
i-Pmpyl&WqylDisul6de 
Di-n-FYupyl DisulE& 
i-Propyl t-Bay1 Disul6d.e 
n-RqyI t-ButyI DisuI6dc 
Di-t-ButyI DkuI6de 
DkIhylTrinrlfidc 
Diethyl likltide 
Di-t-B@ TrisulS& 

NOrcr: 

TOUI unidaai6ed: 0 
TotsJ Idcntificd: 31.0 

Total sdfur content, 
As PPMV 31.0 
As GninsllW SCF 1.9 

component Ikeuim Limit 
1 ppmv for Hydrogen SuIti& 
0.2 ppmv for ail other compounds per sulfa 
AU blsnk values are below detection Iimi~ 

hstitute of Gas Technology 1700 S&b ML Rmpect Rd. &s Plairq IL 600 18 



IGT hwi~~tcotGasTahmbgy 
AndyiicalReport 

Major cnmpmmt Gu .4dyxb sy cu uwnucqn* 
Client Name: F(omdt-Ran &as&art, 

IOT Sump* Nwz~be 97U432 
saqda m3aipmn: 72414-492 TCI- L ~/I+1 

Date Andyud: ZO-Jun.97 AMlyeAGJ 

@.m,r 
wm ND AC0196 ND 
*alA ,rm In.,% 

-~GrFm-C-m4a-9‘ 
rwm- 64.. 6%. 

--‘He 14.494 I‘73 
-F-l4 - -u9¶m 

-rri*- Los* Los91 
-wow - 1m2 tm, 
- (WT., - Hv ¶A, 9A7 

W&a- 97.1 9x4 
NaHvlnyJ- 9A4 969 
NalWCW- 95.0 952 

rwsAJt4dnbll.--Eil 
ND-N‘x- 



IGT Analytical Report 
Instihlte of Gas Technology 

6!23/97 
IGTLqt:9712432XLS 

TRACE SULF’IJR DETERMINATION BY GAS CEROMATOGR4PW 

Client Name: Mcstardt ‘_ Plan Assat ‘atu 

IGT Sample Number: 9712432 

Sample Destiption: 72418-002 Tc.+ L bItL/ql 
Date Analyzed: 2%ha-97 

Analyst: ACiJ 

Component Name 
Hydt6galsuKide 
sulfurDic#ide 
carbony suIfl& 
CarbonDiSUCk 

PPMV 
3.3 

33 

Component Name 
TbicQbae 
Cl-lltiCQbCX.5 
cz-niopbws 
c3-Thiopb=Dc5 

PPhlv 

Methyl MeMptln 
Ethyl Mercaptm 
i-Ropyl Menxptan 
~PmpylMaoptan 
t-Buy1 Maupun 

BauntbiqbaK 
Cl-Bamthiopbaei 
c2--0phcna 

Thicpbanc 

Dimetbyl Sul6dc 
Metbyl Ethyl sulfidc 
Dicthyi Stidc 
Di-t-Buy1 SuI6de 

Individual Unidmti6sd 
SUKUTCanporydr. 
(au a3 IIlcmaadcs) 

DimcthylMde 
hktbylElbyIDiide 
Methyl i-Pmpyi Diidc 
Die&y1 Dim&de 
Mctbyl n-Ptqyl Disui6dc 
Metbyl t-Btyl Disuls& 
E&y1 i-Pmpyl Dii 

E$:zz 
Di-i-Pmpyl DisuI6de 
i-PropyIn-FwqylDkuUe 
Di-n-Pm& DisulW 
i-ml t-Butyl Disul6d.c 
n-PmpyI t-Bury1 Disulfide 
Di-t-Butyl Disll6dc 
Dimcthyl Trisulfide 
Dietbyl TliQJl6dc 
Di-t-Butyl Trisuhide 

Total Unidmti6cd: 0 
Total Idmtied: 363 

TotaI Sulfttr Content 
As PPMV 
Asonin?J1OOSCF 

36.3 
23 

Notu: component Det&ial Liit 
1 ppmv fa Hydqm stidc 
0.2 ppmv for alI cuxr coqamd5 per sulfa 
Au blank valua am below detection limit 

Institute of Gs Technology 1700 South ML Prospect Rd Des Plains, IL 600 I8 
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maw colopd c0uri % cn ~v=-F+Y 
(Y NMN: ~LF’laR Arra*hr 

ICT 8mpts Nrabu: 97U43S 
sun& Ddmcbu 724lsu3 -f-Id 3 L/l+1 

‘hbhiyd: 20-Jm-97 *lulrr:A(JJ 



IGT Analytical Report 
Institute of Gas Technology 

6n3197 
KIT Log # : 9712433,xLS 

TRACE SULJWB DETERMINATION BY GAS CEBOhlATOGBAPW 

Client Name: &stardi-PIat Amcias 

IGT Sample Number: 9712433 

Sample Description: 72418a3 b/lr/c~ T++ 3 

Date Analysed: 20-Jun-97 
Analyst: AGJ 

Component Name 
Hydrbp stide 
Sullitr Dioxide 
Carbatyl sul6de 
CarbmDi.sul&k 

PPMV 
3.8 

33 

Component Name 
Tbiopbale 
Cl-Tlti~haus 
aTbiopbencs 
c3-Thiqhalm 

PPMV 

Methyl IvkrcaptM 
EthylMerupun 
i-Pmpyl Mmuptm 
Gmpyl Mauptan 
c-Bucyl Mauptm 

BesmhiopbcDc 
C I -Bcnzothiopbenes 
CZ-BeawthiapbeneJ 

Tbiopbane 

Dimethyl Stide 
Mdbyl Ethyl suliidc 
Diethyl SuKde 
Di-t-B*1 Sul5d-z 

Individual Unidmtified 
s&Jr ccmpormds 
w=-1 

Dimethyl Disubk 
M&y1 E&y1 Dim&de 
Mctbyl i-PqylDii 
Diabyl Disui6de 
Metbyin-prodMdc. 
hfetbyl t-Bttlyl l3isddc 
Ethyl i-Pmpyl DisuiMe 
!ayr ll-PcopyI- 
EtbyI t-Buryl DirulMc 
Di-i-Pmpyl DialMe 
i-PropyIn-PmpylDisA6de 
Di-tt-Propyi Disddc 
i-ml t-Buy1 Diidc 
n-Pmpyl t-Butyl DisuKidc 
Di-t-Butyl Dial&k 
Dim&y1 Trisulfide 
Dictbyl Trisulti& 
Di-t-ButyI Trisulfide 

TotalUni&ati5ed: 0 
Total 1&&6ek 36.8 

TOW Sntfur Comteot 
As PPMV 
AsGnim/lOOSCF 

36.8 
2.3 

Notes: cattpmmt Deteuicm Liit 
I Ppmv for Hydrogen Sullide 
0.2ppmvforau0thcrc4m~pcrnrlfs 
All blank v&es are below &tectia~ limitm 

hstirutc of Grs Te&mlogy I700 South ML Prospect Rd Des Plaints. IL 600 I8 
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mpm 
IGT La I : mus1* IOT lnsiwuofchsT~oaY 

halytkll Rtporl 

IGT Sam* Nlmlbm nl2551 
sampb1911e~f~l -r-b I CllllSl 

hdyst: AGJ 



Jul-lo-97 15:36 IGT Analytical Lab. 847 768-0970 P-21 

1 GT tititute ofa TachnologyAna’ytical Reprt 

7IlOl97 
IGTLogS : 971255Lxh 

TRACE SULFUR DETERMTUATION BY GAS CHROMATOGRAPHY 

Client Name: e ‘_ 
IGT Sample Number: 9712551 

Sample Description: 7252lal 7% l 1 Ir111/*3 

Dart Anaiyzed: 23-Jm-97 
haiyst: AGJ 

Component Name 
a suu3.e 

suru Dioxide 
cubonyi SUIMC 
cubonDisld6& 

M&y1 Maupun 
Ethyl Muupaan 
i-Rupyl Mauplan 
n-Prqsyl Mauplur 
1.Bucyl Maupur 

Dimechyf sum+? 
hkthyl Ethyl SILlride 
Die&y1 SulM 
Di-t-Bury1 Sulfidc 

PPMV Component Name PPMV 
44 llliopbmc 

Cl-lkphena 
40 C2-Thiopham 

c3-nliopbma 

&mzo(bioplcoe 
Cl-BUUOlbim 
c2-wophcm 

mlriophmc 

Individutluni&ulilied 
sulfurc~unds 
(all as mmcnulfrda) 

Diimelbyl Disulfi& 
Methyl Ethyl DisuuidE 
Metbyi i-FVqyl Disulfide 
Diethyl Dirulfdc 
Metbyi n-Ropyl Disulfidc 
Iahyl I-Blltg Disdlidc 
Dhyl i-~IDicul6& 
E4byl n-Prop+ Disldlldc 
Ethyl t-Bay1 Disui!i& 
Di-i-pmpyi DisulMc 
i-pmpyi n-RopyI Disulfidc 
Di-n-RowI Disldfidc 
i-FIrpyI I-Butyl DiiuUkk 
n-Ropyl c-aulyl Disulfick 
Di-l-Bulyl Disdlidc 
Dimuhyi Trirulfidc 
Dietbyl Trisulfidc 
Di-t-Buql Trirvlfidc 

Nom: 

Tdsl unidmlified: 0 ’ 
Told Idcolilid: 84.0 

Total .Whr Cantc~~ 
hr PPMV 
As @sins/100 SCF 

84.0 
5.3 

compcDcrrtI)akcionLilriit 
1 ppm” for Hydmgm suffids 
0.2 ppm” for sll olkr comporrndr pa rulfur 
AU blank values UC below de&c&n limit. 

lnsti~rr of Gas Technology ‘1700 South ML Pmspst Rd. Des Plainu, IL 60018 
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IGT Indiu*ofGuTrbmlow -rtiulRrpolt 711bW 
~kgr:nlls2.lb 

W-crlpvpG-~%--~cL~ 
WNsn:m 

Icr se - mlsu 
sampkDloipd*n:72sz1.az 7-b L L],7/47 

Dab AnIp& 234m9l *lull”AGJ 

bmiUIdCYrtceaobv I7oos0U6uL~FA r&plvsIL alo,* 



Jul-10-97 15:37 IGT Analy+lcal Lab. 847 768-0970 P.23 

I G-I- htitute of oas nc~o~*~‘~~*~ Report 
7/10/97 

IGT Lcq Y : 97125S2xls 

TRACE SULPUR DFTEBMINATlON BY GAS CHBOMATOGRAPHY 

Client Name: fhwdi-Phu AS.WC~~~&IL 
IGT Sample Number: 9712552 

Sampk h.%ription: 72521402 l-4 1. b )\l I*7 

Date Andyred: 23-Jun.97 
Anslyrt: AGJ 

Compoaad Name 
SUlMc 

sullvr Dioxide 
cubmyl SulMc 
cvbon Dirulfide 

PPMV 
1.3 

35 
0.2 

Component Name 

C 1 Thiopbcna 
c2=rhioplxm 
c3-niophma 

PPMV 

MYI hplrn 
uhyl Maup(m 
i-Pmpyl hkupim 
n-PmpyJ Memplm 
l-Bury1 Mm 

Dilnetbyi Sdfide 
M&y1 my1 SulMe 
Didhyl Sultide 
Di-t-Bulyl sume 

Dimdbyl~& 
Methyl Baby1 cisuuidc 
Methyl i-Pmpyl Disulfidc 
Didbf4Disulsde 
MelIly1 n-Ropyl Disumc 
Mcchyl l-Bay1 Dkdfidc 
wbyl i-Pmpyl Diwl6da 
Ethyl n-Pmpyl Disldfi& 
E&y1 t-BdyI lrJiwhi& 
Di-i-pmpyl Dirulfide 
i-Pmpyl Mtvpyl Disulfide 
Di-II-Propyl Disulade 
i-Ropyl t-Bay1 Diaulfide 
n-PropyI I-Bury1 Disulhde 
Di-t-Bulyl Disulfidc 
Dimahyl Trirulfidc 
Didbyr Tliruuide 
Di-t-Bu~4 Trirulfide 

Cl-Bqwhiw 
c2-BemaLbioplwm 

hdi*l Unideatifkd 
sulhu fzLlqa& 
(SU as mlmosul6da) 

Total Unidentified: 
TOW Idmtifud: 

TotslSuJfwCantent 
As PPMV 
Aa GrainsllOO SCF 

0 
36.5 

366 
213 

Notas: calnpma Dwmion Limit 
I pp~v for Hydrogen S&i& 
0.2ppmfmal1othucmnpc.undspurulti 
AU blank vahes are belou/ devcticm limir 

Institute of Gas Technology 1700 South ML Prospat Rd. Des Pkins. IL 60018 
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IGT svpb Nmbr: 97la.%3 
-Durlpaoa:72mam -I%+ 1 b.),ll,, 

~.t.&dya.d: 135~1-97 Adyltzml 



JtJl-10-97 1s:s7 IGT AnalytIca. Lab. 847 768-0970 P-25 

I GT Institute ofas nchno,ogyhalybia’ Report 
7/1ol97 

IGT Lq U : 9712S53.xla 

TRACE SULFUR DETERMINATION BY GAS CHROMATOGRAPHY 

Client Name: bhmtd~ P&LASS ‘m OciFu 
IGT Sample Number: 9712553 

Sample Deacriptioa: 72521403 -i7!& 3 b(ll/s? 

Date Adyzed: 23-Jun-97 
Analyst: AGJ 

Component Name 
TiydqensldMc 
Sulfur Dioxide 
cubonyl SuItI& 
cubon DisuIfide 

PPMV 
4.1 

37 

Component Name 

CLllliOphawr 
c2-Thiopbaur 
C3-ThiOpbUB 

PPMV 

Methyl Maaprm 
Ethyl h4aupUa 
i-Pmpyl MCrUptM 
n-Prop71 Maupun 
t-ButyI Maslpun 

DinIculyl suuii Ilksdud utlidmtitisd 
Methyl Ethyl Stdfii suffur- 
Diethyl suffidc (III u ntcncmsder) 
Di-t-Butyl Stdfidc 

Ddyl Disuuid4 
Methyl Ethyl DisdGdc 
Mdhyl i-Pmpyl Disulfidc 
Diahyl DirulFidc 
Methyl n-Pm& Lxmdti& 
Methyl t-Butyl Did6dc 
Ethyl i-Pmfayl DisulMn 
E&y1 n-Pmpyl Didfidc 
Ed@ t-Butg Disultids 
Di-i-Pmpyl Disulfide 
i-Pmpyl n-Pro& DirulGdc 
Di-n-Pmpyl DiFulhdc 
i-Prq@ I-Butyi Dimhide 
n-PmpyI t-eutyi DisuI6& 
Di-tButyl Disul&k 
Dim&y1 Txisultidc 
Dictbyl Ttiulti& 
Di.t-Bury1 Trirultidc 

Tdal Unidmti6ed1 
Totd Idenihd 

TahIWfarC.nteot 
A PPMV 
As GtaidloO SCF 

0 
41.1 

41.1 
2.6 

canparent Dc(o(irm Liit 
I ppmv for Hydrqen SuMi& 
0.2 ppmv for all c&u compoundr per suhitr 
AI1 blank nlttu arc below detestion limit. 

Institute of Gas T&ology I700 South ML Prospkt Rd. Da Plains. IL. 600 18 
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Major Campmmt Gu hat+ BY Gr -bqaplq 
tXmt NW: mm 

ICT sapk - 97taw 
Sasnpk Da+iam ML- ?-, c ’ lo/ret17 

Date Adyd: 23-Jut-97 ANlpt: AGJ 

c-ltdoIm*r(kP-mmI.FI 
Tlrl-FP 1. ax h~j 

. yFur,*l - 
--- 

-wv(DIn - 
- Hv BAT.). 

W&m- 
NntrvmY1- 
N&NV(Y). 

r+d( 
0-1 
1112 
m., 
n.4 
Fe.2 
93.1 
Ml 

.~. 
“72 

am01 
I.0412 

m.4 
97.6 
%.I 
96.0 
YJ 

111lu-ryu”bbw-i 
ND-Not- 



Jul-,&O-97 15:38 IGT Analytical Lab. 847 768-0970 P.27 

IGT Instihltso~GrrTechnolopyAnalYtiCPIRcpart 
71lOl97 

IGT Lq 8 : 97 12554.ti 

TRACE SULF‘UR DETERMINATION BY GAS CHBOMATOGRAPHY 

Client Name: &&d~ Pkt As . . see ta@.& 

IGT Sample Number. 97125% 
Sample Description: 72521-00( -Lc ’ b/lOJ/17 

Date Arulyz&: 23-Jun-97 
h&at: AGJ 

Component Name 
al sulfide 

SuJllrr Dioxide 
Ctiyl suui& 
CarbcaDirdGdc 

PPMV 

30 

Component Name 
Tluopbate 
C1-w 
c2-Thiopbarr 
C3-Tbiaphaur 

PPMV 

MYI wn 
Ethyl hkcqtm 
i-propyl Maaptm 
n-Pmpyi Mauptln 
t-Butyl Memptan 

Bauc4biophmc 
Cl-Bezodli- 
ct-&NDthiw 

=w 

Diiyl suifidc 
Methyl Eahyr Sullide 
Dielhyl suifidc 
Di-t-Butyl SulIide 

Individurl unidentified 
SUlfWCompoundr 
WI u -) 

Dimethyl Disuuide 
Methyl Ethyl Dimlfide 
M&y1 i-Pmpyl Disulfide 
Die&y1 DisldGdc 
Methyl n-Prqqd Disultidc 
hubyi t-&ltyi Dimd~ 
Bthyi i-Pmpyl Dirulfidc 
Etbyln-RwpyiDiNuidc 
Blbyi t-Butyi DimdM8 
Di-i-Prqyl Diwlf~dc 
i-Pmpyl n-Pmpyl Disulfidc 
Di-n-Pmpyl DisulGde 
i-ml t-Butyl Disulf~ds Total sulfu? coatat 
n-Ropyl t-Bury1 Disulfide AaPPhw 30.0 
Di-t-Butyl Diiultidc ~Gnins’lOO SCF 1.9 
Dim&y1 Trisulzi& 
Dicthyl Trisultidc 
Di-t-Butyl Ttisultidc 

Notes: 

Total %idmtitiedz 0 
Total Idmtifid 30.0 

compoMl1 L3eleaim Limit 
I ppn” for Hy*erl sulmc 
0.2ppmvfcaa11otlwrcampxndrpcrNlhn 
All blank v&es are below d&&on limit. 

lnrtituts ofGas Tcchmlogy 1700 South ML Pros@ Rd. Den Plaim, lL 6000018 
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usJozcalpmnfCu~B7Gu-log~~ 
CSmIN .e 

IGT sunph NmE nu5.a 
SunpI- Dmdptlm nsz14w -T-C+ L b/lB/ol 

ml9&aIJmd: z.um-n Andja AC1 

hi&r 
C~Fmmrl~ - 

-w- 
-Hvmm- 
- nv WT.) - 

w-m- 
NlHvaw’ 
-W(u)- 

i=idmzAIu&-n--k4 
W-NH- 



Jul-IO-97 15:39 IGT Analytical Lab. 847 768-0970 P-29 

IGT Log I : 971255J.S 

TRWE SULFUR DETERMINATION BY GAS ~OMATOGRApHY 

Client Name: Sk*. lr& ._ 
IGT Sample Number: 9712555 

Sample Description: 7252 IM)S TC + L 6 /Ia/ * 7 
Date Analyzed: 23-Jun.97 

hdyst: AGJ 

Component Name 

sdfiu Dioxi& 
cutanyl SlllG& 
c4rtmn Diruhide 

Methyl hkcupun 
w M--P- 
i-FVqyl Mamptan 
a-w-P- 
I-Butyi Memptm 

Dim&l sullidc 
Iahyl Ethyl Sdfldc 
Didlyi sulme 
h-t-Buy1 Sulxidc 

PPMV 

27 
2.2 

Component Name 

Cl-ThiOpb 
c2=nIhphms 
c3-lhiophaa 

-0pbmc 
Cl-BQWlbiopbcna 
c2-Bau&k+w 

Thiqhnc 

Icdividrul UnidaltiIicd 
sub canparrdr 
(*II as mnurrullidcr) 

PPMV i 

Dimthyl DirulGde 
Muhyl B&y1 DisulGdc 
Mdhyl i-hpyl Disulfidc 
Diethyi Disulli& 
khllyl n-Pmpyl Didfd.5 
Aktbyl t-Bun/ Disullidc 
Etbyi i-*I Dirulfidc 
Fahyln-WI- 
Ethyl t&l&l Disulf~dc 
Di-i-Ropyl Disulhdc 
i-Pimp1 n-Pmpyl Disulfidc 
Di*-Rqlyl L.hdf& 
i-pmpyl t-B~ryl Disulfidc 
&mpyi taql Disdfide 
Di-t-BuyI Disulfide 
Dim&y1 Tlirulfide 
Didhyl Trisullide 
Di-t-Butyl Trisulkk 

T&l unidmlified: 
Told Idmti~ 

nhl SlKw Coatull 
A# PPMV 
h GnLu/loO SCF 

0 
29.2 

31.4 
2.0 

NOccl: compmall Dcectim Limit 
1 ppmv for Hydrogen Sulfide 
0.2 ppmv for 111 ocha oompmmdr P” rulti 
All bhnk nlua UC b&w dctahn limit 

Lucitutc of Gas Tahnology 1700 South Mr Rospst Rd. Des Phincs. IL 60018 
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:i I 
I 

IGT hstiwuof'hT&l~ 
WEepod 

IGT~rknbw nr 
suQkDulipp(Lr: nsa1.4s4 S++ 3 b/m/d 

Date hdyxd: 23.Jti Adysk AGJ 

Lsw. o.o(Y UIU 
24.494 UBb UJU 

u396 
OM 

,.‘I% QM ,.YW 
43.996 0.03% Ip.w. 

Qa3w 
2&w. ~asW U.796 

&WC4 
WO2S 
0.01y 
0.@2% 
WO2.W 
WFtS 
04OZh 
0402% 
MD2-b 
O.OUl% 
O.WlS 
amn6 
o.m,r 
M(Ry 
0- 
- 
U+% 

Omo,* 
LUII o.mo*r a.- 

LmlX 

QlayrldcrFM?9rh~uMmsn~l 
T- (-rJ- Y. ar 

moor IUS6 un 
-F-l4 - o.))5DI amol 

--. I.M@ I.060, 
amllvo - *ma 1-3 
- nv aAl.) - w.¶ -7 

WY-- n, 9l.r 
~W!lw. pL9 97.4 
Ndw@=J- 93.2 nc 

N*r: uyltn*r”bdw-Y 
ND-Not- 

P-30 



Ju?-lo-97 15:39 IGT Analytical Lab. 

I GT ~titote ofciici ~ec~o/“*“+~’ Report 

847 768-0970 P-31 

7mi97 
I’3 bg I : 9712556.xL 

TRACE SULlWR DETERMINATION BY GAS CHROMATOGRAPHY 

Client Name: Mosurdl ‘e c 
IGT Sample Number: 9712556 

Sample Dcccriptioa: 72521406 -fbA ) L J 1.4 I17 
Date Anslyzed: 23-Jm-97 

Adyrt: AGJ 

Component Name 

sulfw Dioxide 
cubonyl Suui& 
chrbn Diruliide 

Mdlyl Maop4ul 
uhyl Maup~l 
i-Rod Mcrupun 
n-Pmpyl Mcryun 
t-ButylMcruprn 

Dknelbyl sldfi‘k 
MeIhyl E&y1 Sulfidc 
Dicthyl Sullidc 
Di-tBmyl Sulfidc 

PPMV 

30 

Component Name 

Cl-llhpkWS 
c2-liliopbcna 
c3-Thiaphmu 

Bsnrothiophens 
Cl--w 
c2-&3umhiopbna 

Thiophurc 

Id&i&l Unidcnli6d 
sulhucomportadr 
(au LI rnauuul6dcr) 

PPMV 

Dimelbyl D&If& 
M&y! BIbyl Disade 
Methyl i-RopyI DidG& 
Dicthyl Disul6dc 
J&thy1 n-Fwpyl Di.dG& 
Methyl t.Bulg Diadfdc 
Enlyl i-Pmpyl DisulGde 
Ethyln-PmpylDiseliidn 
Es&y1 t-Buy1 DisuUide 
Di-i-Rmpyl Eirullidc 
i-Ropyl n-Pmpyl Dim%& 
Di-n-Pmpyl Disultidc 
i-Ropyi t-Bury1 Disuhide 
n-Ropyl t-Bury1 Di.w.E& 
Di-t-Butyl Disulfide 
Dim&y1 TrixulGde 
Diethyl Ttiulfxie 
Di-t-Butyl Trirulfidc 

Total Unidahhk 
Tad IdauiGed: 

TOW solfor cmlmt 
‘ICI PPMV 
As Chins!100 SCF 

0 
30.0( : 

30.0 
1.9 

ccQlponm1rklalimLimit 
I ppmv for Hydragem Sulfide 
0.2 ppmv for rll ochu ccmpoun& per sulfvr 
All blank mlucs are below dctcction limit. 

Indituce of Gus Tshnology 1700 South MI. RC+CI Rd. Des Phirm. IL 60018 



.’ . 
MOSTARDI-PLATT ASSOCIATES, INC. 
Environmental Consultants 

Read Instructions on Reverse Side Before Completing Form! 



Read bstrwtio~ QD Revvse Side Refom Completing Form! 

Received by IAmatory: 



Jul-IO-97 15:39 IGT Analytlcrl Lab. 847 768-0970 P-32 

i 

Institute of Gas Technolo 
LOGIN CHAIN OF CUSTODY REPORT ( 9y n01) 

Jun 20 1997, 03:36 pm 

Login Number: L97-1255 
Account: MOSTARDI PLATT Mostardi Platt Associates, Inc 

Project: MOST 97-1255 

L97-1255-l SAMPLE 72521-001 17-m-97 20-JUN-97 
source : steel industry 
Gas 

: :2ER;:D 
Hold:20-JIM-97 

Gas Hold:18-JUN-97 
Gas s SYNGAS 
L97-1255-2 SAMPLE 72521-002 17-JUN-,97 20-JUN-97 
source: steel industry 
Gas S H2S FPD Hold:20-JUN-97 
Gas S SLFRTG Hold:lS-JlJN-97 
Ga& s sYNGrL9 

L97-1255-3 SAMPLE 72521-003 17-JDN-97 20-JUN-97 
source : steel industry 
Gas S H2S FPD Hold:20-JlJN-97 
Gas S SLFRTG Hold:18-JUN-97 
Gae s SYNGAS 

L97-1255-4 SAMPLE 72521-004 la-JrJN-97 20-JrJN-97 
source: steglHi;d;;;ry 
Gas 
Gas S SLFRTG 
Gas s SYNGAS 

Hold:Il-a-97 
Hold:19-JUN-97 

L97-1255-5 SAMPLE 72521-005 18-m-97 20-JUN-97 
source : steel industry 
Gas S H2S FPD Hold:21-m-97 
Gas US SLFRTG Hold:l9-JUN-97 
Gas s smms 
L97-1255-6 SAMPLE 72521-006 18-JUN-97 20-JDN-97 
source : 
Gas 

ste;lg;;d;w;ry 
Hold:21-JUN-97 

Gas S SLFRTG Hold:19-JUN-97 
Gas s sYNm 
Miscell. s zz s&H 

ll-JUL-97 

11-JUL-97 

ll-JIJL-97 

11-JLlL-97 

11-m-97 

ll-JUL-97 

Page 1 

Signature: 

Date: 



JU1-10-97 1~5:34 IGT 

IrnT Institute 1o-Juc97 

Purchse Order Y: Comp8ny : Report Address : 



1 GT Institute of Gas Technology 

24-Jun-97 Analytical Report Log+ 97124>.DOC 

Purchase Order #: 
Company : 
Report Address : 

18731 
Mostardi-Platt Associates, Inc. 
945 Oaklawn Avenue 
Elmhurst IL 60126 

Requestor : Frank Jarke 

Work Description : 
Received Date : 

Number of Samples : 

Sample Description : 

Project #72418 gas samples 
20-JUN-97 

three 

See attached Chain of Custody Report 

Disclaimer: 

Neither IGT nor any person acting on behalf of IGT assumes any liability with respect to chc use of, or for damages 
resulting &om the use of, any information presented in this report 

Submitted by : 
L/ 

Alan G. Janos 847-168-0603 

Institute of Gas Technology 1700 South Mt. Prospect Road Des Plaines, IL 60018-l 804 

Sherman Chao. Ph.D., (847) 768-0587 
Associate Direcror. Chemical Research SCWICCS 



Account : 

Institute of Gas Technol 
LOGIN CHAIN OF CUSTODY REPORT ?L ( n01) 

Jun 16 1997, 12:25 pm 

Login Number: L97-1243 
MOSTARDI PUTT Mostardi Platt Associates, Inc 

Project: MOST 97-1243 

L97'?1243-1 ,,SAMPLE 7241~8-061 12-JDN-.9:7 16-c)-uN-g~ ~97-JgL-97 
Gas S H2S FPD Hold:lS-JtJN-97 
Gas P LANDGA.52 
Gas c -As 
Gas C ' SLFRTG Hold:13-JUN-97 

L97-12:4,3-,2 ~: SAMPLE 724,18-002 X2-,JUN-.97 16-JUN-97 0,7-Jul.&-97 
Gas S H2S FPD Hold:lS-JUN-97 
Gas P LANDGASZ 
Gas c I.ANDGm 
Gas C SLFRTG Hold:13-JUN-97 

L97-1243-,3 ~.SAMPLE 72418-003 124VN-97 16-JUN-97 O7-JUL-97 
Gas S H2S FPD Hold:lS-JUN-95 
Gas PLANDGAS2 
Gas CLANDGAS 
Gas C SLFRTG Hold:13-JKJN-97 
Miscell. s zz SC.3 

Page 1 

Signature: 

Date: 



Institute of Gas Technology 
LOGIN CHAIN OF CUSTODY REPORT (ln01) 

Jun 16 1997, 12:25 pm 

Lagin Number: L97-1243 
Account: MOSTARDI PLATT Mostardi Platt Associates, Inc 

Project: MOST 97-1243 

jy~y~i@+~ .s~ & ;;;;~ ::,SpiMPI;E, 72,4 18 -pool lz-JcIw-97 f6-=-~97 
Gas Hold:lS-JON-97 
Gas PLANDGASZ 
Gas CUNDGA.5 
Gas C ' SLFRTG Hold:13-JUN-97 

L9.7-~2:$3:3 j,i: : SAMPLS 724~18-002 12-JU&97 16-JUN-97 
Gas S H2S FPD Hold:lS-JUN-97 
Gas PLANDGASZ 
Gas CLANDGAS 
Gas C SLFRTG Hold:13-JUN-97 

L97-124.34. .~ShMPLS 72418-,003 12-.JFJN-~97 16-JUN-97 
Gas S H2S FPD Hold:lS-JUN-97 
Gas PLANDGASZ 
Gas CLANKAS 
Gas C SLFRTG Hold:13-JUN-97 
Miscell, s 22 s&H 

Page 1 

Signature : 

Date: 



Institute of Gas Technology 
LOGIN CHAIN 0F CUSTODY REPORT (lnolj 

Jun 16 1997, 12:25 pm 

Login Number: L97-1243 
Account : MOSTARDI PLATT Mostardi platt ASSOCiateS, InC 

Project: MOST 97-1243 

L9;T&En:g+& 
Gas 

,,; ';z.f,i ,::.:+ : ;,.,wp&E 724 I* '-,~a 1 :12-JU%93 16-JDN-9~7 @7Y-;rm;Z,97 
S H2S FPD Hold:lS-J[JN-97 

Gas PLANDGAS2 
Gas CLANDGAS 
Gas C'SLFRTG Hold:l3-J[SN-97 

L93-~2:*3,4& ; &~<$& :-pm 72418 - 002 ,12-JUN-:97 16-JUN-97 0~7tJDL-97 
Gas Hold:lS-JDN-97 
Gas PLANDGAS2 
Gas CLANDGAS 
GSS C SLFRTG Hold:13-JUN-97 

L97-1243-3 
S ti2S FPD 

,,.SAMPLS 72,418-003 12-,JUN-.97~ 16-JUN-97 07-JDL-97 
Gas Hold:lS-JUN-97 
Gas PLANDGASZ 
Gas CLANDGAS 
Gas C SLFRTG Hold:13-JUN-97 
Miscell. s 22 s&H 

Page 1 

Signature: 

Date: 



- 

Blast Furnace Granulated Coal Injection 
Environmental Monitoring Report 

Appendix 2 - Wastewater Monitoring Summaries 



Sample Flow 
Date WGD) 

04lOll97 133.9 
04/02/97 141.0 
04lO3l97 137.6 
oqo4l97 144.6 
04/05/97 142.7 
04/06/97 124.2 
04107l97 131.9 
04lO0l97 145.6 
04lO9l97 131.0 
04/l 0197 140.0 
04lll I97 145.5 
04/l 2l97 145.1 
04ll3l97 126.2 
04ll4/97 138.7 
04llSl97 142.1 
04/l 6197 136.1 
04117197 130.8 
04/l 8197 113.4 
04/l 9197 84.6 
04l2Ol97 91.9 
04121197 115.2 
04l22l97 138.5 
04123197 139.8 
04124197 140.2 
04l25l97 159.2 
04l26l97 130.2 
04l27l97 123.3 
04l20l97 131.8 
04129197 141.2 
04l3Ol97 144.3 

Average 133.0 
Maximum 159.2 
Minimum 84.6 

Bethlehem Steel Corporation 
Bums Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) Ammonia (as N) Cyanide 

tz) 
wg;’ (m94 

0.34 384.7 

0.33 340.0 co.005 

0.39 475.1 

0.41 483.7 

0.42 442.3 co.005 

0.57 673.5 

0.36 389.7 

0.39 301.4 <0.005 

0.52 602.2 

0.21 243.4 

0.22 227.4 eo.005 

0.30 450.1 

0.38 422.1 co.005 
0.57 673.5 co.005 
0.21 227.4 ~0.005 

Cyanide 
WW) 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 



Sample 
Date 

05/01197 
OSlO2l97 
OSlO3l97 
OSlO4l97 
05/05/97 
05/06/97 
OSlO7l97 
05l08/97 
05l09/97 
OS/l 0197 
05l11197 
OSl12l97 
OS/l 3197 
05’14iP7 
O_r~‘<5YyJ7 
OS/l 6197 
OSll7l97 
OS/l 8197 
OSl19l97 
05120/97 
05/21197 
OSl22l97 
OSl2~197 
05l24l97 
05l25l97 
05126197 
05127l97 
05/28/97 
05129197 
05l3Ol97 
OSl31l97 

Average 145.6 0.29 348.4 ~0.005 0.00 
Maximum 170.7 0.41 510.7 ~0.005 0.00 
Minimum 122.1 0.18 207.4 <o.oos 0.00 

Flow 
(MGD) 
143.2 
146.4 
146.0 
132.5 
143.5 
144.9 
148.2 
145.2 
170.7 
130.4 
139.4 
135.6 
144.6 
147.3 
141.2 
154.0 
150.0 
130.2 
122.1 
150.0 
152.7 
147.6 
169.4 
150.7 
136.6 
150.9 
149.0 
156.4 
154.1 
145.9 
132.8 

Bethlehem Steel Corporation 
Bums Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) Ammonia (as N) 
(lb/day) 
340.6 

0.27 294.1 

0.29 347.0 

0.26 312.6 

0.26 297.6 

0.27 325.0 

0.18 207.4 

0.20 217.3 

0.41 510.7 

0.38 465.6 

0.38 433.2 

0.36 477.5 

0.23 300.9 

Cyanide Cyanide 
(msn) (Iblday) 

<o.oos 0.00 

co.005 

<o.oos 

~0.005 

0.00 

0.00 

0.00 



Sample 
Date 

06101197 
06lO2l97 
06103197 
06lO4l97 
OBlO5l97 
06106197 
OBlO7l97 
06lOBl97 
06109197 
06/10197 
06/11197 
06112197 
06113197 
06114197 
06/l 5197 
06/l 6197 
06/17/97 
06/l 8197 
06/l 9197 
06120197 
06l21l97 
06122l97 
06l23l97 
06124197 
06125197 
06i26l97 
06l27l97 
06l26l97 
06l29l97 
06130197 

Maximim 
Minimum 

Flow 

YE) 
126:9 
153.5 
148.0 
162.6 
165.2 
161.4 
141.9 
153.5 
159.9 
156.9 
166.8 
174.0 
157.8 
150.2 
191.6 
154.1 
162.0 
158.4 
166.4 
164.2 
150.9 
155.6 
159.2 
158.4 
162.8 
159.9 
157.5 
141.5 
164.0 

Bethlehem Steel Corporation 
Bums Harbor Division 

Outfall 001 Monitoring Summary 

Ammonia (as N) 
6”397”’ 

Ammonia (as N) Cyanide 
(lb/day) (mgn) 
464.3 <0.005 

0.28 362.5 

0.27 366.6 

0.34 402.6 

0.30 401.6 

0.36 503.9 

0.33 412.4 

0.40 517.0 

0.24 319.9 

0.21 269.5 

0.33 443.7 

0.33 452.4 

0.31 361.3 <o.oos 0.00 

eo.005 

co.005 

co.005 

<o.oos 

158.0 0.31 406.0 co.005 0.00 
191.8 0.40 517.0 co.005 0.00 
128.9 0.21 269.5 co.005 0.00 

Cvanide 
(lb/day) 
0.00 

0.00 

0.00 

0.00 

0.00 



Sample 
Date 

04lOll97 
04102197 
04lO3l97 
04lO4/97 
04lOSl97 
04106197 
04lO7l97 
04lOBl97 
04lO9l97 
04/l 0197 
04illl97 
04l12l97 
04l13l97 
04”;4197 
o&‘“y7 I ,. 
04/l 6197 
04l17l97 
04/18/97 
04/l 9197 
04l2Ol97 
04/21/97 
04/22!97 
04/2X7 
04/24:97 
04125197 
04126197 
04l27l97 
04l28f97 
04129197 
04l3Ol97 

Flow 
(MGD) 

Ammonia (as N) Ammonia (as N) Cvanide 

66.3 
64.2 
73.1 
95.0 
65.6 
70.7 
63.7 
80.3 
77.9 
65.5 
79.6 
79.0 
59.9 
81.5 
81.8 
79.9 
60.9 
27.6 
17.8 
28.0 
31.1 
69.2 
76.5 
79.1 
91.4 
67.5 
37.3 
29.6 
65.1 
81.8 

@wnj . 
0.54 

0.40 

(lb/day) 
296.6 

245.6 

0.41 242.5 

0.47 317.6 

0.41 289.0 

0.54 271.9 

0.79 535.9 

0.64 324.2 

0.99 231.8 

1.07 617.3 

0.49 321.5 

0.47 146.9 

0.61 330.3 

Average 67.0 0.60 320.9 
Maximum 95.0 1.07 617.3 
Minimum 17.8 0.40 146.9 

Bethlehem Steel Corporation 
Bums Harbor Division 

Monitoring Station 011 Monitoring Summary 

if-w) 
co.005 

eo.005 

<o.oos 

co. 005 

<o.OOs 

<0.005 

co.005 

co.005 

co.005 

~0.005 

co.005 

<o.oos 

co.005 

co.005 
<o.oos 
co.005 

Cyanide 
(Iblday) 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 



Sample Flow 
Date WW 

05101 I97 77.7 
05/02/97 75.6 
05/03/97 79.9 
05lO4l97 79.2 
05lOSl97 66.6 
05106197 76.6 
05lO7l97 64.4 
05/08/97 75.6 
05/09/97 104.9 
05/10/97 64.3 
05/l 1197 73.9 
05112197 39.6 
OS/l 3197 77.6 
05114197 63.2 
OS/l 5197 73.5 
05116197 65.6 
05/17/97 63.6 
05/18/97 30.0 
05119197 32.7 
05/20/97 75.6 
OSl21l97 64.6 
05l22l97 62.2 
05123197 66.7 
05124197 73.5 
05/25/97 72.7 
05126197 67.0 
OSl27l97 65.6 
05128197 66.7 
05129197 63.6 
05/30/97 63.4 
05/31/97 75.9 

Ammonia (as N) Ammonia (as N) Cyanide 
(m9nj ’ (lb/day) imm 
0.42 273.0 co.005 

0.39 256.4 

0.43 262.7 

0.39 246.0 

0.31 193.0 

0.24 158.0 

0.20 123.3 

0.37 91.9 

0.64 406.1 

0.32 222.3 

0.42 254.2 

0.42 231.2 

0.24 166.4 

Average 74.5 0.37 223.4 
Maximum 104.9 0.64 406.1 
Minimum 30.0 0.20 91.9 

Bethlehem Steel Corporation 
Bums Harbor Division 

Monitoring Station 011 Monitoring Summary 

co.005 

<0.005 

eo.005 

co.005 

co.005 

<o.oos 

co.005 

co.005 

co.005 

co.005 

<o.oos 

co.005 

eo.005 
co.005 
co.005 

Cyanide 
(lb/day) 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 



Sample 
Date 

06lOll97 
06102197 
06103197 
06/04/97 
06105197 
06106197 
06lO7l97 
06lOBl97 
06109197 
06110197 
06llll97 
06l12l97 
06l13l97 
06!34137 
06;: :/2'7 
06116197 
OBl17l97 
06/18/97 
06119197 
06120197 
06l21l97 
06l22l97 
06123137 
06124197 
06125197 
06126197 
06l27l97 
OBl28l97 
06129197 
06/30/97 

Flow 
(MGD) 

Ammonia las N) Ammonia fas N) Cyanide 

66.4 
59.3 
81.7 
76.7 
64.9 
82.1 
80.1 
31.3 
50.3 
63.7 
70.0 
64.4 
91.9 
76.2 
74.5 
64.7 
62.1 
79.9 
69.6 
64.9 
64.3 
62.0 
57.4 
77.4 
62.5 
62.7 
66.6 
75.1 
54.2 
66.2 

(Iblday) 
212.0 

0.36 246.1 

0.38 271.4 

0.40 105.5 

0.49 342.3 

0.41 288.1 

0.51 319.6 

0.47 244.1 

0.26 149.7 

0.41 209.5 

0.34 220.9 

0.31 213.3 

0.35 156.5 

Avg 74.9 0.38 229.1 
Max 91.9 0.51 342.3 
Min 31.3 0.26 105.5 

Bethlehem Steel Corporation 
Bums Harbor Division 

Monitoring Station 011 Monitoring Summary 

imsn) 
<o.oos 

eo.005 

co.005 

co.005 

co.005 

<o.oos 

<o.oos 

<o.oos 

<o.oos 

<o.oos 

<o.oos 

<0.005 

~0.005 

eo.005 
<o.oos 
co.005 

Cyanide 
(Iblday) 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 



_ .I - 

Bethlehem Steel Corporation 
Bums Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary 

Sample 
Date 

04101 I97 
04lO2l97 
04/03/97 
04lO4l97 
04lOSl97 
04106197 
04lO7l97 
04lOBl97 
04lO9l97 
04llOl97 
04/l 1 I97 
04/l 2l97 
04l13l97 
04l14l97 
04/l 5197 
04/l 6197 
04/l 7197 
WI 8197 
04119197 
04/20/97 
04l21l97 
04l22l97 
04123197 
04124197 
04125197 
04/26/97 
04127197 
04l28l97 
04129197 
04l3Ol97 

Ammonia (as N) Cyanide 
own) (mgn) 

42.0 0.010 

32.6 0.036 

47.9 0.538 

21.0 0.497 

37.3 0.171 

Average 36.2 0.250 
Maximum 47.9 0.538 
Minimum 21.0 0.010 



Bethlehem Steel Corporation 
Bums Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary . 

Sample 
Date 

05/01/97 
OSlO2l97 
05l03/97 
05ml97 
05lO5l97 
05lO6l97 
OSlO7l97 
05/08/97 
05lO9l97 
05/l 0197 
05/l 1197 
05l12i97 
OSl13l97 
05!14/$?? 
05; : $97 
05116197 
05117197 
05flBl97 
05119197 
05l20/97 
05121197 
05l22l97 
05/2?97 
05124197 
05125197 
05126197 
OSl27l97 
OSl28l97 
OSl29l97 
05l30197 
05131197 

Ammonia (as N) Cyanide 
vwn) (mm 

29.2 0.104 

29.6 0.040 

24.7 0.042 

20.6 0.058 

Average 26.1 0.061 
Maximum 29.6 0.104 
Minimum 20.6 0.040 



_’ - 

Bethlehem Steel Corporation 
Bums Harbor Division 

Blast Furnace Closed Water Pump Station 
Cold Well Monitoring Summary 

Sample 
Date 

06lOll97 
06lO2l97 
06103197 
06lO4l97 
06105197 
OBlO6l97 
06107197 
06lOBl97 
06109197 
06110197 
06/l 1 I97 
06l12l97 
06/l 3197 
06/l 4197 
06115197 
06llBl97 
06117197 
06llBl97 
06/l 9197 
06l2Ol97 
06l21l97 
06l22l97 
06123197 
06124197 
06125197 
06126197 
06127197 
06126197 
06129197 
06130197 

Ammonia (as N) Cyanide 
(msn) (msn) 

22.2 0.186 

29.0 0.044 

24.6 0.087 

23.6 0.014 

Avg 24.9 0.083 
Max 29.0 0.186 
Min 22.2 0.014 


