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ABSTRACT 

This document compiles all available data from the !ERL Phased Environ
mental Assessment Program for the period February 1978 through March 1979. 
This document follows an earlier publication, EPA-600/2-78-211, Compilation 
of Level 1 Environmental Assessment Data, which compiled all available chemical 
data from the inception of the Environmental Assessment Program through 
March 1978. 

Available data from 14 environmental assessment studies are compiled in 
this document in standard formats. The formatted Level 1 data are organized 
within each study by the analytical technique used to generate the data. 

Inorganic data as generated by spark source mass spectroscopy, atomic absorp
tion, gas chromatography, chemiluminescence for oxides of nitrogen, anion 
analysis, and aqueous analysis precede the organic data generated by gas 
chromatography for C1-C6/C7 or C7-C 17 , liquid chromatographic fractionation, 

infrared spectroscopy, and low resolution mass spectroscopy. Sampling and 
analytical techniques that were used that are not specified in Level 1 are 
documented in the summaries and data pages. 

Each Level 1 data section is followed by a Level 2 data section and/or an 
additional data section. The tables and figures in the Level 2 and additional 
data sections have been reproduced from the documents originally published by 

the organization conducting the study. 

Each study is introduced by a summary, which is followed by the data 
generated in that study. The studies are organized by industrial type as 
follows: Chemically Active Fluidized-Bed Combustion, Coal-Fired Boiler and 
Oil-Fired Boiler, Coal-Fired Power Plant, Coal Gasifier, Coke Production, 
Ferroalloy Process, Internal Combustion Engine, Iron and Steel Mills, Residen
tial Heating, Shale Oil Retorting, and Textiles. 
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INTRODUCTION 
This document is an accumulation of all available environmental assessment 

data published from February 1978 through March 1979. 
This document is the second comprehensive compilation of data from the 

IERL Phased Environmental Assessment Program. The first data compilation was 
published in October 1978 as EPA-600/2-78-211, Compilation of Level 1 Environ
mental Assessment Data. As in the first data compilation, the primary purpose 
of this compilation is to permit those involved in environmental assessment , 
programs to evaluate the quality and quantity of data generated by the phased 
approach. It is felt that critical reviews of these data may lead to improve
ments in procedures, data formatting, data storage, and data interpretation. 
Although conclusions related to specific sources or source types may have been 

, 
abstracted from the references to provide background information, the focus of 
this presentation is on data resulting from the Level 1 sampling and analytical 
methods. The interested reader should consult the referenced documents for . 
more details and conclusions concerning pollutant sources, control techniques, 
etc. 

The phased environmental assessment program, developed by the Industrial 
Environmental Research Laboratory (IERL) of the Environmental Protection 
Agency (EPA) at Research Triangle Park (RTP), North Carolina. is divided into 
three levels. Level 1 is the survey step to determine which samples from an 
environmental assessment might be hazardous or toxic. Level 1 also serves to 
establish the priority of samples and rank samples for further testing. When 
the level 1 sampling and analysis scheme shows the possible presence of hazards, 
a Level 2 scheme is initiated to specifically identify and quantify suspected 
hazardous materials. If Level 2 reveals pollutants capable of environmental 
detriment, then a Level 3 scheme is begun to evaluate control technologies and 
to assess long-term effects. 

Fourteen studies have been identified that contain phased environmental 
assessment data; these studies are orga~ized alphabetically by source types in 

xxiii 



this compilation. It should be noted that each study included in this compila

tion will be identified as final draft, preliminary draft, etc., based on the 
completeness of the study summarized; therefore, absence of data does not 
necessarily indicate analysis was not performed but that the study was possibly 
not complete when it became necessary to compile the data. In each study, 
mention is made of methods used if they differ from the methodology specified 
in the IERL-RTP Procedures Manual: Level 1 Environmental Assessment (Second 
Edition), EPA-600/7-78-201. 

Within each study, information is organized in the following manner: 
I. Sunvnary of the study 
II. Level 1 data 

A. Inorganic analysis data 
1. 

2. 
Spark source mass spectroscopy (SSMS) 
Atomic absorption (AA) wet chemical methods--Hg, As, Sb 

3. Gas chromatography for inorganic gases 
4. Chemiluminescence for NOx 
5. Anion analysis 
6. Aqueous analyses for pH, acidity, alkalinity, BOD, COD, 

DO, conductivity, dissolved and suspended solids, and 
other selected physical parameters 

B. Organic analysis data 
1. Gas chromatography for gases. b.p. <100° C (C 1-C7 ) 

2. Gas chromatography for gases, b.p. >100° C (C 1-C 17 ) 

3. LC fractionation 
4. IR' 
5. Low resolution mass spectrometry (LRMS) 

III. Level 2 data 
IV. Additional data 
Data in categories III and IV are photocopied from the referenced docu

ments. Level 1 data are presented in standard format. 
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This report presents results of a preliminary Level 2 chemical analysis, 

conducted by TRW on a set of particulate samples from the Battelle 6-in. 
fluidized-bed combustion (FBC) unit .. This Level 2 effort followed the 
approach described in a previous document by TRW, 1 and was a test of newly 
developed procedures and techniques. These particulate samples plus other 
samples from the FBC miniplant had been collected and analyzed by a Level l 
protocol by Battelle Columbus laboratories (BCL). The samples subjected to 
Level 2 were from BCL's sampling run No. 2. The BCL study2 was summarized 

. in a previous data compilation3 as Study No. 12, which contains schematics 
and process descriptions. 

The TRW report also presents an analysis of decision criteria for 

proceeding from level 1 to level 2 and a detailed series of flow charts for 
the application of Level 2 inorganic analytical techniques. Tables 1-1 and 
1-2 (from the document) su11111arize the organic and inorganic Level 1 data 
assessments and Level 2 chemical analyses. 

The Level 2 inorganic analysis scheme was divided into three phases and 
results for each phase were summarized as follows: 

I. Initial Sample Characterization 
Samples were found to be "highly stable and mostly inorganic 

in composition; relatively uniform in morphology; and without 
optically identifiable crystalline materials. 11 Atomic absorption 
spectrophotometry adequately quantitated cations present in the 
samples. 

II. Bulk Composition Characterization 
The samples were found to contain these major constituents: 

Fe203 , Si02 , CaS04 ·2H20, CaS04 ·~H20, CaS04 (anhydrous) CaS, Cao, 
and CaC03 (vaterite and calcite forms). 

III. Individual Particle Characterization 
Bulk composition results were confirmed. Discrete respirable 

particles of Si02 were also identified. 

Detailed discussions of inorganic analytical techniques were presented. 

1-2 



.... 
I 

w 

Level 1 organic 
lfqufd chf'Ollato

graphfc (LC) fraction 
requiring leYel Z 

analysis 

LC 1 

LC 2 and 3 

LC 4 and 5 

LC 6 and 7 

TABLE 1-1. ORGANIC SUlttARY 

level 1 assess11ent 

MEG cate-gorles 
sougllt In level 2 

Probable 
category 

Organo.eta 11 f cs 

Unsaturated 
alkyl ha Ji des 
Ha logenerated 
Ar011atfc hydrocarbons 

Benzene, substitute 
Benzene 

Fused ar011atic 
hydrocarbons 

Fused nonalternale 
polycyclic hydrocarbons 

Heterocyclic sulfur 
Allines 
M&rcaptans, sulfides 

Halophenols 
Nftrophenols 
HeterocycHc 

Nitrogen 

119'•3 
concentrat Ions* 

7. 6 )( 102 

1. 3 " 103 

6. 6 " 102 

1. z " 103 

MEG 
category 

Alfphat f c 
hydrocarbons 
Al fphat fc 
hYdrocarbons 
Esters 

MEG c OllpOUnds 
ldentl fled 

Fused ar011at fc 
hydrocarbons 

Fused nonalternate 
polycyclf~ hYdrocarbons 

Esters 
Esters 
Unknown (1) 

Unknown (Z) 

*These are the concentrations deter11fned by the Level 1 analytical effort. 
**Only co.pound ~hfch EXCEEDS MATES 

Level 2 data 

µg/1113 
concentration 

MEG 
COllpOUnd PER COllpOUnd 

Alkanes (C > 9) 1.9 x 103 

Alkanes (C > 9) 7. 7 x 102 

Phthalatesu 1.2 )( 102 

1,2 Benzan- -2.8 )( 10 
thracene 
Phenanthrene 1. 7 )( 102 

Methyl anthra- 1.2 )( 102 

cene 
Pyrene 3.5 )( 10 

Naphthalene 1. s x 10 

Benzo fluoran- l. 9 x 10 
thene, 
fJuoranthene 
Phthalates*"' Z. l x 103 

Phthalates0 ·8. 7 x 102 

Molecular 
weight 176 

2. 4 )( 102 

Hydrocarbons 
Molecular 
weight 394 

8.7><102 

Total PER 
LC fractions 

1.9 )( 103 

1. s )( 103 

2. 1 )( 103 

2.0 )( 103 



Inorganic MEG 
calefOry requiring 
Level Z an..l~es 

Llthim 

Sodt .. 

Potassium 

Beryllim 

Magnesi .. 

Calcim 

Strontim 

Barim 

...... Almim.11 I 
~ 

Thalltm 

Silicon 

lead 

Nitrogen 

Phosphorus 

Arsenic 

TABLE 1-2. INORGANIC SUMMARY 

Level 1 assess .. nt Level 2 data 

Probable 
COllpOUnd 

Lt, u•, u 2co3 
Na+ 

I(+ 

MEG c011pounds 
sought In Level 2 

Be++, BeO. 8eO•Alz03·SI02 

Mg++, Mg(), MgS04, MgCOl' 
MgC03·CaC03 
++ Ca , Caco3, CaS04 
++ 

Sr , Srso4 

Ba, 8aC03, 8aso4 
+3 

-Al • Alz03, Al203·3Hz0 

Tl 

. -2 -2 
SI04 , St03 Sto2, SIC 

+2 +4 Pb , Pb , PbO, PbS04, 
. PbC03, Pb3(P04)2 

N03 - • NOz -
-3 -3 

P03 • P04 
+3 +5 -3 -3 As , As , Aso4 , As03 , 
As2o3 

µg/-3 
concentration* 

2. 3 " 10 

s. 7 .,, 104 

2.6 .,, 105 

4.1 

9.8 " 104 

1. 3 " 10
6 

4. J " 103 

1. 6 " 104 

9.4 x 105 

1. 6 " 102 

3. 5 )( 106 

9.5 )( 102 

1. 8 " 105 

1.1. 103 

z. 3 )I 101 

MEG c011pounds 
Identified 
(Indicated) 

u, u• 
Na•, (Na

2
0) 

I(+ 

none detected 

ca•+, CaC0
3

, CaS0
4

, CaS, (CaO) 

S ++ 
r ' 

none detected 
+3 Al , (A1

2
0

3
) 

none detected 
-2 . 

Sf, (Sto3 ), SIOz 

Pb+z, (PbS0
4

, PbC0
3

) 

CH03- • "°2"> 

not detected 
-3 As, (As04 , As2o3> 

µg/113 
concentrat ton 

6.3" 10 exceeds MATE 

5.4 " 105 exceeds MATE 

6. 7 ~ 104 

7.3 ~ 104 (as Mg) exceeds MATE 

9.5" 105 (as Ca) exceeds HATE 

1.4 • 104 (as Sr) exceeds MATE 

5.2 • 104 (as Al) exceeds MATE 

1. .! • 102 (IS SI) ~xceeds MATE 

J.J.,, io3 (as Pb) exceeds MATE 

not deten1I ned 

5.0.,, io" 1 (as As) 



t-J 
I 

U'1 

Inorganic ~G 
category rtqUtrlng 
Level 2 analyses 

Sulfur 

Yitrlm 

Tttani111 

Zirconh• 

Vanadium 

Chr011h• 

Manganese 

Iron 

Cobalt 

Rhodium 

Hickel 

Copper 

-2 s ' 
y•l 

Probable 
COllpOUnd 

Tt•3, rt••. TtOz 
+4 Zr , zr02 

Level 1 assessment 
MEG COllpOUndS 

sought tn Level 2 

+] +2 -4 V , VO , vo4 , vo3, 

YO, VO, Yz03• Yz04• 
YzOs· YOS045HzO 

cr•2, cr•l, CrO -2, Cr 0 -2• 

cr2o3, FeO cr2o3, FeCr04 
""•z. Mn+3, Mn04, MnO, 

Mn02, MnCo3, Mnso4 
+2 +3 Fe , Fe , FeO•Fe2o3, FeS, 

Fez03• KFeStzO& 

co-·2• co•3, CoC03•4HzO, CoO 

Rh+l 

Nf+z, Nt+3, NtO 

cu•, cu•2, CuO, Cu2o, 
Cuso4, cueo3 

TABLE 1-Z. (continued) 

11gtr 
concentration* 

2.2 )( 104 

8. 5 )( 103 

2.7 )( 104 

3.5 )( 103 

9.8 x 103 

2.1 )( iol 

3.8 )I 103 

4. 3 )( 105 

1.9 x 102 

2.1 x 102 

3.8 x io3 

9.7 x 102 

MEG C0111Jounds 
Identified 
(Indicated) 

-2 -2 -2 s • so. . 503 

none detected 

none detected 
+4 Zr , (Zr02> 

Level Z data 

-4 v, CY04 • Yz03, Y204, Yz05, 
VOS045H20) 

Cr, Cr+z, cr•l, (CrO -z, Cr 0 -z, 

CrzS3• Cr03 
+Z +3 Mn , Mn , (Mn04, 
Mn02, MnC03, NnS0

4
) 

+3 Fe , Fe2o3, (FeS) 

none detected 

none detected 

noM detected 

cu•, cu•2, ccu0, cuso4, 
CUC03) 

119'•3 
concentr11t ton 

not dete,..fned 

2.0 x 101 (as Zr) 

2.6 x 103 (as V) exceeds MATE 

8.l x 103 (as Cr) exceeds MATE 

1.3 x 102 (as Mn) 

5.6 x 102 (as Fe) 

4.6 x 101 (as Cu) 



Inorganic MEG 
category ,..quiring 

LeYel 2 analyses 

Cadllllum 

Uranium 

Stiver 

Zinc 

Mercury 

TABLE 1·2. (continued) 

Level 1 asses591nt Level 2 data 
MEG COllPOundS 

sought In Level 2 

Probable 11g/r 
compound concentration* 

u 

not required 

not requlr&d 

not requiffif 

<6.0 l( 10 

6.4 l( 101 

Cd 

MEG CCJllPC>Unds 
ldentlfi&d 
(indicated) 

not deterwin&d 

Ag 

Zn, (ZnO, ZnS04, ZnS) 

Hg 

µg/MS. 
concentration 

5.0 (as Cd} 

3.9 l( 102 (as Ag) exceeds MATE 

6.6. x 103 (as Zn) exce&ds ~TE 

9.3 x 102 (as Hg) exceeds tMTE 

*These are the concentrations deurwined by the Level 1 SSMS. The SSMS Level 1 data are not expected to be accurate for ujor cCJllPOnents 
C>loo Pl*. >5 l( io• 119/r). 



The Level 2 organic analysis was performed according to the scheme 
outlined in Figure 1-1 (from the report). Table 1-3 (from the report) 

summarizes results of the organic analysis. 
Samples in the data tables are encoded as follows: 

s-2-1 
s-2-2 
S-2-3 
S-2-4 
S-2-5 

S-2-6 
s-2-1 

Illinois Coal No. 6 (feed coal) 
Grove Limestone (feed for sorbent bed) 
Overflow Bed Material > 325 mesh 
Overflow Bed Material < 325 mesh 
Sludge (solids from aqueous scrubber system in effluent 
gas line) 
Particulates > 27 µ (from process cyclone) 
Particulates < 27 µ (from cyclone and filter of a modified 
Method 5 train) 

An A or B after the sample code number indicates an acidic or basic 
leachate. A number indicates an LC fraction number. 

In this study, Level 2 analysis was run where the Level 1 analysis was 
within a factor of three of the appropriate MATE value. All Level 1 and 

Level 2 data are presented in the TRW Lev~l I-Level 2 data reduction tables. 
The table titled "Total Emission Data" is the summation of results from 
samples S-2-5, S-2-6, and S-2-7. 

Results of the following Level 2 analytical techniques are reported in 
the "initial sample characterization" phase. 

1. Photomicrographs of particulates 
2. Descriptions of particulates as observed through a microscope 
3. Thermal gravimetric analysis (TGA) 
4. Atomic absorption spectrophotometry (AA) 
5. Induction coupled plasma optical emission spectroscopy (ICPOES) 

Results from quantitation of cations by AA and ICPOES were combined 
with a list of possible compounds for the processes involved and were used 
to estimate the quantities of these compounds present in the samples. 

The "bulk composition characterization" phase of the inorganic a.nalysis 
utilized these methods: 

1. Fourier transform infrared (FTIR) 
2. Electron spectroscopy for chemical analysis (ESCA) 
3. X-ray powder diffraction {XRD) 

Results of this phase were used to confirm or refute the presence of com
pounds from the list of possible compounds generated in the initial phase. 
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Figure 1-1. Level 2 organic analysis scheme. 

1-8 

4.3 



TABLE 1-3. 

FBC 
MATE emission 
air samples* 

MEG category Compound µg/m3 µg/m3 Comments 

1. Aliphatic Alkanes N 8.0 x 102 No MATE avail-
hydrocarbons {C>9) able for 

assessment 

80. Esters Phthalates 5.00 x 103 3.1 x 104 Exceeds MATE 

21. Fused aromatic Benza(a)anthracene 4.45 x 10 2.8 x 10 Does not 
hydrocarbons exceed MATE 

Phenanthrene 1. 59 x 103 1. 7 x 102 Does not 
exceed MATE 

Naphthalene ___ 5.00 x 104 1. 5 x 102 Does not 
exceed MATE 

Anthracene, methyl 
anthracene 5.60 x 104 1. 2 x 102 Does not 

exceed MATE 
Pyrene 2.33 x 105 3.5 x 10 Does not 

exceed MATE 

22. Fused non- Benzofluor-
alternate poly- anthrene 6.48 x 103 1. 0 x 10 Does not 
eye l i c hydro- exceed MATE 
carbons Fl uoranthrene 9.00 x 1Q4 1. 3 x 102 Does not 

exceed MAJE 
-~..;.:-=-==---=--~-.::=-.=::::..:..:,_-:::.·=-;...-=-.:.=-=--:-~·: .... ::.:=-~-.-==--=-:«-=--==-.:""-=--...:=-=--=-::.""::"...:.=--..::..::....-:-=.:...-=:.:·:_~~:..~- ... &..:":::" . - - -·-- -

*Summation of S-2-5, S-2-6, and S-2-7. 

1-9 



The. "individual partic"le characterization" phase used these analytical 

methods: 

1. Scanning electron microscopy (SEM) with energy dispersive analysis 
of X-r~ys (EDX) . 

2. Electron beam microprobe (EPMA) 
3. Transmission electron microscopy (TEM) 
4. Selected area electron diffraction (SAED) 

SEM~EDX and EPMA results generally confirmed the results from earlier 

phases. TEM-SAED results were inconclusive except for sample S-2-3, which 

showed respirable particles of silica. 

level 2 organic analysis was performed using the following techniques: 

1. Gas chromatography/mass spectrometry (GC/MS} [with impact (or fl) 
ionization] 

Performed on unfractionated CH2Cl 2 extract for general charac
terization and quantitation plus identification of some 
specific polynuclear organic materials (POM). 

Performed on fractionationated samples from the CH2Cl 2 concen
trate to characterize low-volatility components. 

2. Solid probe low resolution mass spectrometry (LRMS) 

Performed on concentrated CH2C1 2 extract to determine nonvola
tile components. 

3. GC/MS [with chemical (or CI) ionization] 

Performed on LC fractions where components were not identi
fied by GC/MS/EI techniques. 

It was noted that GC/MS/Cl was of little value in idenlifyin~J c:ompourHb 

that could not be detected by GC/MS/EI. 

1-10 
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Sample 

S-2-3 

S-2-4 

S-2-5 
S-2-6 
s-2-1-2 

S-2-7-3 

TABLE 1-4. ATOMIC ABSORPTION (AA) ANALYSIS 
(µg/g) 

As Hg 

<0.8 

* 
441 
12 

176 
87 

Sb 

*Not determined. Based on MATE values, this was not required 
in the Level 2 effort. 

TABLE 1-5. ATOMIC ABSORPTION (AA) ANALYSIS 
(mg/l) 

Sample 

Acidic solution 

S-2-1-A 
S-2-2-A 
S-2-3-A 
S-2-6-A 

Basic solution 

S-2-1-B 
S-2-2-B 
S-2-3-B 
S-2-6-B 

As 

1-13 

Hg 

<0.0002 
0.0002 

<0.0002 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 

Sb 



Gas 

GC7 
GCS 
GC9 
GClO 
GCll 
GC12 
GC13 

GC141 GC15 
GC16 
GC17 

Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 

GC141 GC15 
GC16 
GC17 

TABLE 1-6. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-3 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

0 
0 
0 
0 
0 
0 
0 

64.1 

TABLE 1-7. GAS CH8ATOIMPWI AIW.YSIS 
RUN 12 • . SA9a· £-1·1 

Volatile 
Range weight, ppm 

90-110 0 
110-140 0 
140-160 822.0 
160-180 219.0 
180-200 0 
200-220 0 

0 

2,000.0 

1-14 

No. of 
peaks 

No. of 
peaks 



Gas 

GC7 
GCB 
GC9 
GClO 
GCll 
GC12 
GC13 

GC141 GC15 
GC16 
GC17 

Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 

GC14l GC15 
GC16 
GC17 

TABLE 1-8. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-5 

Range ·· 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220· . 

Volatile 
weight, ppm 

0 
0 
0 

16.6 
0 
0 
0 

5,323.0 

TABLE 1-9. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-6 

Volatile 
Range weight, ppm 

90-110 0 
110-140 0 
140-160 0 
160-180 0 
180-200 0 
200-220 0 

0 

241.4 

1-15 

No. of 
peaks 

No. of 
peaks 



Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 

GC16 

TABLE 1-10. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-7 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight; ppm 

0 
0 
0 
0 
0 
0 
0 

1,856.0 
GC14! GC15 

GCJ7 ···."":. :=--==-==--==·~---~- =-==-·-- .~ ---- ·-~----- -,:-_-::-....:;:::-;-:--_---_._ - -:....--=-

Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 

GC141 GC15 
GC16 
GC17 

TABLE 1-11. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-1 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

0 
4,518.0 

0 
·o 
0 
0 
0 

17,642.0 

1-16 

No. of 
peaks 

No. of 
peaks 



Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 

GC14! GC15 
GC16 
GC17 

rABLE 1-12. GAS CHROMATOGRAPHY ANALYSIS 
RUN #2, SAMPLE S-2-2 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

0 
0 
0 
0 
0 
0 
0 

35.0 

"===--=oo.=.-:==~======== 

No. of 
peaks 

LC fractionation for Fly Ash NBS Sample #1633 showed 0 throughout all 
categories. 
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PHYSICAL CHARACTERISTICS 

The overflow bed, sludge, and the particulate samples (S-2-4-1, S-2-5, 

S-2-7-2, and S-2-7-3) were agglomerates of gray and sand colored materials. 

The smallest cluster, and some individual particles, were about 15µ in diamete 

There were also traces of white and red materials. 

S-2-7-2 contained some unusually large materials, which are described 

be low: 
Color 

.White, opaque Trapezoidal 

Yellow Rectangular 

Size (µ) 

150 x 220 

90 x 100 

230 x 305 

Comments 

Observed numerous 

parallel lines in 

particle, suggest 

crystalline material 

This sample also contained a few long, narrow rod like objects, all about 

500µ x 40µ. 

S-2-7-3 contained traces of fibrous appearing material and briqht, shi11' 

maybe metallic particles. 

The bulk of particles in the emission samples S-2-5, S-2-6, and S-2-7 w~ 

uniform in character and comparable to one another. 
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TABLEl-13. 
LC FRACTIONATION 

SAMPLE: S-2-1 

TCO GRAV TCO +GRAV Conc1ntration8 

mg m1 total mg mg/ (m3, L, or kg) 

Totll S.mpl1b 

T1baforLCc 

Rtconrtdd 36~0* (51. 0%) 8,969.1* 

rco• ORAV1 TCO +GRAV Connntretion1 

Fraction mg mg total mg mg/ J':~n'Y gr kg) 

1 8.0 1,993.0 

z 2.2 548.0 

3 3.0 747.4 
4 4.8 1,196.0 

5 5.2 1,296.0 

& 11.2 2,790.0 

1 0.3 74.7 

*Sum includes LCB (1,300 µg; 324 µg/g) no longer included in Level 1 procedures. 

1 Quutity In eatin sample, detenniltld •ton LC. 
b Portion of wlloll 11111plt ullll for L c. ICtull mg. 
c Q1111tity rtcO..., 1..- LC calam•, lctllll mt
d Total 1111 _,111111 blcll ti totll -pll. 
1 v .. •pplllll for lllttl .-pit size Hd conantratlon. 
f Net •tlltlltle. 
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TABLE 1-14. 
LC FRACTIONATION 

SAMPLE: S-2-3 

TCO GRAV TCO-t-GRAV Concentration8 

mg "" total ma mg/ (ml. L, or kg) 

T otll S1mpleb 

Taken for LCc 

RKOveredd 1.3* (203%) 130.0* 

Teo• GRAV1 TCO-t-GRAV Concentr1tion8 

Friction 
mg/ c;~%3r'i h~ or kg) m1 mg total m1 

1 0 0 

2 0.3 30 

3 0 0 

4 0 0 
5 0 0 

8 0.3 30.0 ---- -- ---
1 0.5 50.0 

*Sum includes LCB ( 200 µg; 20 µg/ g) no 1 anger i.nc 1 uded in Level 1 
procedures. 

1 Quantity In 1trtirt umple. determined before LC. 
b Portion of whole sample used for LC, ICtull mg. 
c Qualltity rtCOwrtd tram LC colamn, ectull mg. 
d Tobi IDI ~puhd Mck to to111 11111plt. 
• v.a .. sipplled for both sarnpl1 lizt tnd conctntntion. 
f Not detectiltlL 

I 
i 



TABLE 1-15. 
LC FRACTIONATION 

SAMPLE: S-2-4 

TCO GRAV TCO +GRAV Concentration1 

mg m1 total mg mg/ (ml, l, or kgl 

Total Sampltb 

Teken for tee 

Reconndd 1.8* (246%) 3,747.0* 

TC01 
\ GRAV1 TCO +GRAV Concentration8 

Fraction ... mg total mt mg/ (m3~t.' or kg) 
c:.:imn p --

1 0 0 

2 0 0 

3 0 0 

4 0.2 549.0 I 
5 0.2 549.0 

6 0.5 183.0 

1 0.8 2,192.0 I 

*Sum includes LC8 (100 i1g; 274 µg/g) no longer included in Level 1 procedures. 

1 Qulfttity in lfttire 11111ple, detennillld befon LC. 
b Porti1n of whll111111pl1 Ulld for LC, ICtllll m• 
c Quantity rlCOwrlll from LC colun111, stull mg. 
d Toal mt computed lllck to-total 111nplL 
1 Vllues mpplitll for botll umplt sin tlld concentl'ltion. 
fNot.-..11. 
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TABLE 1-16. 
LC FRACTIONATION-

SAMPLE: S-2-5 

TCO GRAV TCO+GRAV CollClfttntion1 

I m1 "" tout m1 ma/ (ml, l, or kg) 
I 

Tobi Slmpltb 

Tabnfar LCc 

Aecnendd 10. 75* (51.0%) 2,711.8* j 

rco• 8RAV1 TCO+GRAV Concentration• 
·1 

Fncdon ... "" total mt mg/ (ml, 
1
1 or kg) I 

C~nin P I 

1 1.6 416 I 
2 0 0 l 
3 1.8 454 I 

4 1.1 277 .4 ! . 
5 1.1 277 .4 I 

I 

I 

& 3.0 757.0 I 
7 0.4 101.0 ! 

--

*Sum includes LC8 (1,700 µg; 429 µg/g) no longer included in Level 1 procedure 

1 Qntldty in tllttrl smaptt, d1111nni ... lllfolW LC. 
It Partioa tf wll• t111111ll 111111 for LC, ._, lftl. 
c Qllllltity r9co.e11 fnllll LC coe.ma. ......... 
d T0111 .. Cllll~ lllcll to totll 11111111& 
IV .. mppla. fer both ........ size 111111 CHCHtl'ltioL 

fllatdltMtlM& 



TABLE 1-17. 
LC FRACTIONATION 

SAMPLE: S-2-6 

TCO GRAV TCO +GRAV Concantr1tion1 

m1 mg totll mg mg/ (m3, L, or kg) 

Totll Sampltb 

T1keafor Lee 

RICllYtndd 0.8* {84.2%) 203.3* 

Frectlon 
TC01 GRAV1 TCO+ GRAV Concantration8 

"'' m1 total mg mg/ (ml_,L, or kg) 
"""'"'" 0 

1 0 0 

z 0.1 25.4 

3 0 0 

4 0.3 76.3 

5. 0 0 

8 0.2 50.8 
7 0.1 25.4 

*Sum includes LC8 (100 µg; 25.4 µg/g) no longer included in Level 1 procedures. 

1 Qualltity in llltln Sllllplt, d9tlrmined btfore LC. 
b Portion af wflalt smnplt ased far LC, ICtUll mg. 
c Qaaatityl'ICIJwnd from LC cotumn, ectual mg. 
d Totll 1Rf camputltl lltck ta tatll 11111ple. 
1 VII• •pplltd fir batlt 11111plt sizt tnd COllCtntrltiOn. 
f Not dltlctllll& ~ 
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··TABLE 1-18. 
LC FRACTIONATION 

SAMPLE: S-2-7 

TCO GRAV TCO+GRAV 
m1 mt totll mg 

Totll Sampleb 

T•bnforLCc 

Recovendd 1.5* (152.0%) 

rco• GRAV1 TCO+GRAV 
F ... ction ... mt totll lltl 

1 0 

z 0.4 

3 0.2 

4 0.1 

5 0 
8 0.8 
7 0 

*Sum includes LCS no longer included in Level 1 procedures. 

1 GllUlity in eatin Ample, determhlld btfen LC. 
It PtrtlH of wllalt mnple used for LC, ICtlllt ftll. 
c G11tltity recownd from LC column, Ktulll lftt. 
d Toal lftl comptltld beck to totll smplL • v-. .,,.. fer llodl smple sin ead c .. ceatndoL 
f Not dmr:tllA 

1-24 

Concentration• 
mg/ (m3, l, or kg) 

2,812.0* -----·-

·---·····-1 
Concentration• 

I 
I 

mg/ <mi3n h or kg) I c: .:i p. I 

0 
I 

750.0 

375.0 : 

187.0 i 

0 I 
1,500.0 

0 ! 
I 



LC fractionation for Sample S-2-2 was "not conducted; sample size 
not adequate. 11 

LC fractionation for Fly Ash Sample (NBS #1633) showed 1 0' throughout 
all categories. 
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SAMP~E: S-2-6 

WneNumber 
(cm· 1) 

250t 
175t I 
120t 

410t 
200t 

320t 

1100-1190'1' 
! 725+ 
I 670+ 

610+ 

i 595+ 

80()-f 

780+ 
46()-f 

4lo-+ I 
I 
I 
I 

I 
OTHER REMARKS: 

*major >10% 
medium 5-10% 
low 1-5% 
trace <1% 

Intensity 

major 

mafor 

ma.ior 

medium 
m~dium 

medium 

medium 
medium 
medium 
medium 

medium 

low 
low 
low 

low 

I 

TABLE 1-19. 
IR REPORT 

.· 

Assignment/Comments 

CaSOA • ~ H?O 
CaS04 • ~ H20 
Caso4 • ~ H20 

Fe~04 
Fe3o4 

CaS04 • 2H20 

CaS04 • 2H20 and Caso4 (anhydrous) 
CaS04 • 2H20 and Caso4 (anhydrous) 

I caso4 • 2H2o and caso4 (anhydrous) 

CaS04 • 2H20 and Caso4 (anhydrous) 
Caso4 • 2H2o and Caso4 (anhydrous) 

' 

SiO? 

SiO,., 
srn; 

I Fe?O~ 

I 

tFar-infrared spectral region. 
#1id-infrared spectral region. 
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SAMPLE: S-2-3 

Wm N•mbtr ,_.1, 
1100-1190 

725 
670 
610 

1400 
875 (side peak 
850) 

740 
710 

OTHER REMARKS: 

*major >10% 
medium 5-10% 
low 1-5% , 
trace <1% 

Intensity * 

major 

major 
ma_ior 

maior 

medium 

medium 

medium 
medium 

TABLE 1-20. 
IR REPORT 

Assignment/Comments 

CaS04 • 2H20 and caso4 (anhydrous) 

CaS04 • 2H?O and CaS04 (anhydrous) 
CaS04 • 2H?O and CaS04 (anhydrous) 
CaS04 • 2H?O and CaS04 (anhydrous) 

CaC03 (vaterite) 

caco3 (vaterite) 
caco3 (vaterite) 
CaC03 (vaterite) 

. 

Note: Mid-infrared spectra region. 
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TAaLE 1-21. 
IR REPORT 

SAMPLE: ____ __;S~-::..2-....:4:__ ____________________ _ 

Wave Number 
(cm.1) 

1400 

875 

715 

1100-1190 
725 

670 
610 
595 

800 
780 

OTHER REMARKS: 

*major >10% 
medium 5-10% 
low 1-5% 
trace <1% 

Intensity* Assianment/Commtats 

medium CaCO'l (calcite) 

medium CaCO~ (calcite) 

medium Caco3 (calcite) 

medium CaS04 • 2H20 and Caso4 (anhydrous) 

medium CaS04 • 2H10 and CaS04 (anhydrous) 

medium CaS04 • 2H10 and CaS04 (anhydrous) 

medium CaS04 • 2H?O and CaS04 (anhydrous) 

mediun CaS04 • 2H10 and caso4 (anhydrous) 

lnw 5102 (crystalline) 

low SiO? (crystalline) 

Note: Mid-infrared spectra region. 
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SAMPLE: 

WmN•mlttr 
(cm· 1) 

1050 (broad) 
800 

780 
695 

460 

OTHER REMARKS: 

'*major >10% 
medium 5-10% 
low 1-5% 
trace <1% 

S-2-5 

Intensity * 

ma.ior 
major 
ma.ior 
major 
major 

Si02 

TABLE 1-22. 
IR REPORT 

Assignm1nt/Comm1nts 

(crystalline)'-

SiO? (crystalline) 
Si02 (crystalline) 

SiO? (crystalline) 
s10, (crystalline) 

Note: Mid-infrared spectra region. 
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SAMPLE: 

WawN•btr 
(cm.1) 

1100 (broad) 

800 
780 

460 

1100-1190 
725 

670 
610 
595 

OTHER REMARKS: 

*major >10% 
medium 5-10% 
low 1-5% 
trace <1% 

TABLE 1-23. 
IR REPORT 

S-2-7-2 and S-2-7-3 

lnhasity Assignment/Comments 

medium Si02 

medium SiO? 

medium Si02 

medium s;o, 

not reoorted CaS04 • 2H,o and CaS04 (anhydrous) 

not reoorted Caso4 • 2H2o and Caso4 (anhydrous) 

not renorted Caso& • 2H,o and CaS04 (anhydrous) -

not rennrted Caso& • 2H,O and CaS04 (anhydrous) 

not r Led CaS04 • 2H2o and Caso4 (anhydrous) 

Note: Hid-infrared spectra region. 

1-30 



TABLE 1-24. 
IR REPORT 

SAMPLE: ~-----S_-_2-_l~, __ >_C_l3 ______________________________________ __.. ________ ~-

Wne Number Intensity Assignment Comments I (cm.1) 
I 
i 

NR ma.ior aliohatic hvdrocarbon I 

NR medium aromatic hvdrocarbon I 

NR minor water 
NR trace ester i 

I 

f 

. I 
I 

I 
r 

I 

IR REPORT 

SAMPLE: S-2-2, >C13 

Wave Number 
Intensity Assignment Comments 

I 
(cm· 1) 

I 
NR ma_ior aliohatic hvdrocarbon j 

I 
I 

NR minor water i 

NR trace ester ! 
; 

i 
' 

i 
i 
I 

I 

! 
: 
I 

.. 

i 
I 

I 
I 

I ' . 

NR = not reported. 1-31 
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SAMPLE: S-2-3 >Cl3 

Wne Number 
Intensity 

(cm"1) 

NR m::iinr 

NR mAn;11m 

NR minor 
NR trace 

SAMPLE: S-2-4, >Cl3 

Wave Number 
Intensity 

(cm"1) 

NR major 
NR medium 
NR minor 
NR trace 

-· 

. 

TABLE 1-25. 
IR REPORT 

Assignment 

alinh::if"ir hvrlrnr;irhnn 

aromatic: hvdrnc:::irhnn 
w::it.er 

ester 

IR REPORT 

Assignment 

alfohatic hydrocarbon 
aromatic hydrocarbon 
water 
ester 

' 

Comments 

Comments 

---

fl1TE: Spe~ for S-2-3. S-_1-... S-2-5. S-2-6 .. Md S-2-7 were p:resented in 
fn ~t:,doHftllfnt. ___ ,.,~T -·. 1•• 

NR = not reptn'ted. 

1 

I 

---

~ 



TABLE 1-26. 
IR REPORT 

Wave Number Intensity Assignment Comments 
I 

(cm"1) I 
ND m.:iior al iohatic hvdrocarhnn 
ND mi>rti um aromatic hvdrocarbon 

NR minor ester 

NR trace water 

I 
I 

i 

I 
I 

IR REPORT 

SAMPLE: S-2-6 >Cl3 

Wave Number 
Intensity Auignm1nt I (cm"1) 

Commenu 

_J 
NR ma.ior aliohatic hydrocarbons i 
NR medium aromatic hydrocarbons I 
NR minor ester I 

I 
NR trace water J 

i 
I 
I 

i 
I 

i 
i 

' I 

I 
! 

'· 
I 
I 

I 

i 
; 

I 

NOTE: Spectra for S-2-3, S-2-4, s-2-s. S-2-6, and S-2-7 were presented in 
the document. 1-33 
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SAMPLE: S-2-7. -.c13 

Woe Number 
Intensity 

(cin'1) 

NR m~inr 

ND medium 

NR minor 

NR trace 

SAMPLE: 

Wave Number 
lntlnsity 

(cm·1> 

TABLE 1-27. 
IR REPORT 

Assignment 

"linh~tir: hvdrnr~rhnnc; 

"rnmtic hvdrncarbons 
wati:ir 

ester 

IR REPORT 

Assignment 

. 

Comments 

Com menu 

NOTE: Spectra for S-2-3, S-2-4, S-2-5, S-2-6, and S-2-7 were presented in 
the document. 1_34 

NR = not reported. 
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TABLE 1-28. IR REPORT 

SAMPLE: S-2-1. LC fractjonatjon 

Wm Number Intensity Assignment/Comments 
(c:m·11 

. 
LC fraction 

number 

NR major I 1 aliphatic hydrocarbon 
NR medium aromatic hydrocarbon 
NR minor water 
NR trace ester 

NR major 2 aliphatic nvdrocarbon 
NR I medium aromatic hydrocarbon 
NR I minor water 
NR trace ester 

NR major 3 aromatic hydrocarbons 
NR medium halogenated aromatic 
NR minor water 

NR trace ester 

I 
NR ma.ior 4 ether 
NR medium halocienated aromatic 
NR minor water 
NR trace ester 

NR ma.ior 5 ohenol 
NR medium halogenated aromatic 
NR minor water 
NR trace ester 

OTHER REMARKS: 

Note: Spectra for S-2-3, S-2-4. S-2-5, S-2-6. and S-2-7 were presented in 
the document. 

NR = not reported. 
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TABLE 1-29. JR REPORT 

SAMPlE: ~---S--~2~-~1.-..:L~C~f~ra~c~t~i-o~na_t~i~o~n:.-...--------~--~------~----~----~~ 

WnaNumber 
Intensity Assitnment/Commtnts 

(cm.1) 

LC fraction 
nu111ber 

NR major 6 phenol 

NR medium carboxvl ic acid 

NR minor water 
NR trace ketone 

NR maior 7 carboxvlic acid 
NR medium ohenol 
NR minor water 
NR trace ketone 

NR major 8 water 
NR medium carboxyl i c acid 
NR minor water . 

NR trace ketone 

I 

' 

. 

. OJ'lfER REMARKS: 

Note: Spectra for S-2-3, S-2-4, S-2-5, S-2-6, and S-2-7 were presented in 
the document. 

NR = not reported. 
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TABLE 1-30. IR REPORT 

Wnt Number 
Intensity Assignment/Comments 

(cm·1) 

LC 
fraction 

NR 1 NR 

NR ma.ior 2 ester, phthalate 
3 no infrared activity 

NR trace 4 aliphatic hydrocarbon 

NR trace 5 aliohatic hvdrocarbon 
NR ma.ior 6 acid. ohthalate 
NR trace 7 aliphatic hvdrocarbon 
NR major 8 water 
NR medium carboxylic acid 

I 

I 

.. 

OTHER REMARKS: 
Note: Spectra for S-2-3, S-2-4, S-2-5, S-2-6, and S-2-7 were presented in 

the document. 

NR = not reported. 

1-37 



SAMPLE: 

Wan Number 
(cm.1) 

NR 
NR 

NR 

NR 
NR 

NR 
NR 
NR 

NR 

NR 
NR 

NR 
NR 

NR 
NR 

OTHER REMARKS: 

TABLE 1-31. IR REPORT 

S-2-4. LC fractjonation 

Intensity Assignmtnt/Comments 

LC 
I fraction 

I 1 NR 

major 2 aliohatic hydrocarbons 
medium aromatic hydrocarbon 

major 3 aromatic hydrocarbon 

medium aliphatic hydrocarbon 
trace ester 

ma.ior 4 ester 
medium halogenated aromatic 
trace water 

major 5 phenol 

ma.for 6 ohenol 
medium carboxylic acid 

ma.ior 7 carboxvlic acid 
medium water 

major 8 carboxvl 1c acid 
medium water 

Note: Spectra for S-2-3, S-2-4, S-2-5, S-2-6, and S-2-7 were presented in 
the document. 

NR = not reported. 
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TABLE 1-32. IR REPORT 

MPLE: S-2-5, LC fractionation 

Wavt Number Intensity Assignment/Comments 
(cm·1) 

Ir 

fraction 
1 NR 

NR major 2 aromatic hydrocarbon 
NR medium halogenated aromatic hydrocarbons 

NR ma.ior 3 aromatic hvdrocarbon 
NR medium ester 
NR minor halogenated aromatic hydrocarbons 

4 NR 

NR ma.ior 5 aromatic hvdrnl"'arbon 
NR medium haloaenated aromatic hydrocarbons 
NR minor ester 
NR trace carboxyl ic acid 

NR major 6 carbox.vl ic acid 
NR major I ester 

NR medium water 

NR major 7 carbox.vl i c acid 
NR medium water 

NR ma.ior 8 water 
NR medium c(!rboxylic acid 

fHER REMARKS: 

Note: Spectra for S-2-3, s~2-4, S-2-5s s-z-e. ond S-!·7 were presented in 
the docu111ent. 

· .. 
NR = not reported. 
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SAMP\.E: 

Wn.Nambtr 
(crn.1) 

NR 
NR 

NR 
NR 

NR 

-NR 

NR 

NR 

NR 
NR 

NR 
NR 
NR 

NR 
NR 
NR 

OTHER REMARKS: 

TABLE 1-33. IR REPORT 

S-2-6. LC fractionation 

lnttnsity Assignment/Comments 

I f. 

fraction 
ma.ior 1 aliohatic hvdrocarbon 
medium aromatic hydrocarbon 

major 2 aliphatic hydrocarbon 
medium aromatic hydrocarbon 

medium 3 haloQenated aromatic 

ma.ior 4 ester 

major 5 phenol 

medium ester 

ma.ior 6 ester 

I medium phenol 

major 7 carboxvlic acid 
medium water 
minor ester 

maior 8 water 
medium carboxylic acid 
minor ester 

Note: Spectra for S-2-3, S-2-4, S-2-5, S-2-6, and S-2-7 were. presented ia 
tbe·document .. 

NR • not reported. 
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MPLE: 

Wm Number 
(cm"1l 

NR I 
NR 

NR 

NR 

NR 

NR 

NR . 
NR 

THER REMARKS: 

TABLE 1-34. IR REPORT 

S-2-7. LC fractionation 

lnt1nsity Assignment/Co mm1nts 

I r. 

fraction 
major 1 aliphatic hydrocarbon 
medium aromatic hydrocarbon 

medium 2 aromatic hydrocarbon 

medium 3 aromatic h.vdrocarbon 

trace 4 ester 

trace 5 aliphatic hydrocarbon 

major 6 ester 
major I phthalate 

7 no infrared activity 

8 no infrared activity 

Note: Spectra for S-2-3, S-2-4, s-2 ... 5, S-2-6, and S'."2-7 were •. ·presented ·ir'i 
the ~C:ument. 

NR • not reported. 
LC fractionation not conducted on sample S-2-2. 
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LRMS REPORT 

SAMPLE: S-2-1 

Mafor Catq0rl11 

lnianlity 

NR 
NR 

NR 
NR 

NR 
NR 

TABLE 1-35 

Caupy 

free sulfur, 
trans-1-2-3 trimethyl-4 propenyl-naphthalene, 

l,2-dimethyl-4-benzylbenzene, 
2-methyl anthracene, 

1-methylphenanthrene, triphenylbenzene, 
1,2,4,5-tetraisopropylbenzene, and others 

Sub-Categories. Spedfic Compounds 

Intensity ml• 

Other 

MW Rang• 

NR 
NR 

NR 
NR 

NR 
NR 

Composition 

Conments: verv complex spectra of high molecular weight aliphatic and substituted 
aromatic compounds, all of which have not been identified. 
NR = not reported. 



TABLE 1-36 
LRMSREPORT 

SAMPLE: S-2-3 

Major Categ0rlu 

Intensity C:.tegory MW Range 

NR 1-octadecene NR 
NR 1-heotadecene NR 
NR 1-hexadecene NR 
NR 1-dodecene NR 

Sub-Cai.gories, Specific Compoundl 

Intensity m/1 Composition 

Other 

Conments: very small sample residue with onlv a trace of hydrocarbons and a 
trace of phthalate ester. 
NR = not reported. 



TABLE 1-37 
LRMSREPORT 

SAMPLE: __ _.;.s-_2_~_4 __ ~-------------------------------~----------~~ 

MaJor Catqori11 

Intensity C.tagOrY MW Range 

NR 1-octadecene NR 

NR 1-hexadecene NR 

' 

Sub-Cltt;ories. Spedfic Compounds 

Intensity Category m/I Composition 

·, 

,< 

(,, 

. 

Conments: ver small sam 

ster. -
NR ~ not re orted. 

. . . . 
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TABLE 1-38 
LRMSREPORT 

SAMPLE: S-2-5 

Major Catttories 

Intensity C.tegory MW Range 

NR 2-ohen_vl naphthalene NR 
NR 1,6 diohenylpenta-1-4-diene-3-one NR 
NR 2-phenyl naphthalene NR 

Sub-Catt;ories. Specific Compounds 

lntenSity Category m/e Composition 

Other 

Co11111ents: small samole residue with hvdrocarbons. ohtalates. and a series of 
high molecular weight substHuted aromatics. 
NR = not reported. 

-



. TABLE i .. 39· 
LRMS REPORT 

SAMPLE: __ ..¥:;.:;;.¥.-------~--------------..._----------------~------------

MIJor Catqorlu 

lnan1hy Category MW Ring• 

NR 1-octadecene NR 

Sub-Categori•. Specific: Compounds 

Intensity ml• Compo1ition 

C011111ents: small samole residue with hvdrocarbons. ohthalates. and a trace of 
high molecular weight aromatics. 
NR = not reported 

I 
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TABLE 1-40 
LRMSREPORT 

SAMPLE: S-2-7 

Major CatqoriH 

lnt1n1lty Cltegory MW Ainge 

NR 1-octadecene NR 

Sub-Categories, Specific Compounds 

Intensity Category m/e Composition 

Other 

Conments: small r sidue with 
molecular wei ht aromatics. 
NR = not re orted. 



The document includes: 

1. Atomic Absorption Calibration Curves for the following elements: 

Lithium 
Silver 
Chromium 
Magnesium 
Mercury 
Zinc 
Cadmium 
Beryllium 

Lead 
Vanadium 
Sil icon 
Strontium (range 0.0-1.0 ppm) 
Strontium (range 0.0-10.0 ppm) 
Copper 
Nickel 
Platinum 

2. FTIR Spectral Scans for the following samples: 

S-2-3 
S-2-4 
S-2-5 
S-2-6 
S-2-3 corrected for mineral 

oil 

3. ESCA Scans for the following samples: 

S-2-5 
S-2-6 

S-2-4 corrected for mineral oil 
S-2-5 corrected for mineral oil 
S-2-6 corrected for mineral oil 
S-2-7-2 corrected for mineral oil 
S-2-7-3 corrected for mineral oil 

s-2-1-2 
S-2-7-3 

4. SEM-EDX Scans for the following flyash samples: 

S-2-3 
S-2-4 
S-2-5 

1 ... 

S-2-6 
s-2-1-2 



LEVEL 2 
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..... 
• 
~ 

fl .. 
FIC Slllpl1 

Atses-.t S-2-3. °"9'flow 
of t•tri• llld Ill terta 1 

,1111 FIC >325 """ Slllp1es 

S-2-4 Bid 
Pllterfa1 Ash -
325""" 
S-Z-5'Sludge 
S-,le 

S-2-6, >271i" 
Particulate 

s-z-1. c 2111 
Particulate 

s-z-9. flUE• 
Gas Sample 
(Ll'ltl 2 
tampll not 
avatlab11 )• 

Asstssmetit S-2-5, 
of ToUl s-2-& •nd 
Elt1ssfon S-2-7 
oau 
(Table 1-2) 

-Level 2 5-plfng Effort Required 

LC 
l 

211 

211 

26 

26 

26 

21 

26 

Table 2-3. SU11111ary of Required Level 2 Analysis 

ME:C Cltegory !Uber Requtr1ng level 2 AM1yses bf LC Fnc:Uon 

LC LC LC LC LC LC LC lmil 11 z 3 4 5 ' 7 • 1_,.1cs Leac .. te SWdfes 

z.11.21.zz 111.21.zz a.to.13.H.23 1,10.tt.zo I U • 111, It, ll!J, Sr .... z. •• 10. 13, 11. 19. 
Al. lie. s.. "'· '· At, s. zo, u. zz. Z3, 21. 
s.. tt. '· er, ''· 1111, Lt, Ill. I, "Li Sr. 
lit, Pt, C., At. CAI. HI 11 •. A.t. le, • "I '• 

As. s. C&. ..... F. Ii. 
s.. Tf. '·er, ''· • 
111. Pt. c.. "'· Cd, .... 

21.zz 21.u II, l, 119, ea. SI, Pb, 21. 22. 21, ... I. 
As, s. ci. er. Fe, lllt, Mio Cr, St, l'tt, Al, S. 
c. Cl, Cr, Fe, 11111, Cll 

2,16.21.ZZ 16.Zl,ZZ 10,23 10.zo Lt,"'• I, Mio Cl, ... 
Al. s., "· •• "'· s. s.. ci. Tl, ', er, Fe, 111, 
It. c.. Cd, "' 

z.11.n.n 11,21,zz 10,23 lo.zo Lt ..... It, ....... Ca, 
Sr, II• Al,, t. St, l'tt, 
I, P, As. Se. S. Cl. Th Zr.'· Cr, ....... co ..... 
"· Pt, c. ..... Cl, ... 

2.11.n.zz H.21,ZZ 10,19.23 10,1!1,ZO I ... '· ea. Al, St, P, As. 
s. Tt, '·Cr,''· '"· Hg 

2.16.21 11.21 17 12,17 10.13,19,23 10,19,ZO I 

2,15,16.ZZ 16,21.ZZ 25 10.13.23 10,19.zo Lt, Ila, l, le, 111. C:.. Sr, 
... At. Tl. 51, l'tt, 11. P, 
As, Y, Tt. Zr. J, Cr.*• 
Fe, eo. Ph, 111, 
Cd. u. T1I 



Table 3-1. Tabulation of Thennal Gravimetric Data 

Sample Sample ·Temperature of Precentage Weight 
Number Description Activity (°C) Loss (% w/w) 

S-2-1 Illinois Coal No. 6 100 4.0 
150 7.0 
200 9.0 
300 9.0 
350 Onset of Organic 

Fraction Decomposition 

S-2-2 Grove Limestone 100 0 

150 0 
> 200 0 

S-2-3 Overflow Bed 100 0 

Material >325 Mesh 150 0 

200 0 
300 0 
350 0 

400 Onset of Organic 
Fraction Decomposition 

S-2-4 Overflow Bed 100 2.0 
Material - 325 Mesh 150 2.2 

200 2.2 
300 2.2 
350 2.2 
400 Unset of Organic 

Fraction Decomposition 

S-2-5 Sludge 100 4.5 
150 4.5 
2.00 4.5 
300 4.5 
350 4.5 
400 Onset of Organic 

Fraction Decomposition 
2 .1:11 



Table 3-1. Tabulation of Thennal Gravimetric Data (Continued) 

Sample _Sample Temperature of Precentage Weight 
Number Description Activity (°C) Loss (% w/w) 

S-2-6 Particulates > 27 µ 100 0 
150 a 
200 a 
300 0 

350 a 
400 Onset of Organic 

Fraction Decomposition 

S-2-7. Particulates < 27 µ 100 1.0 

150 1.0 

200 1.0 

300 1.0 

350 1.0 

400 Onset of Organic 
Fraction Decomposition 
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Table 3-7. ICPOES Results on Leachate Samples 

S.,1• 
n-t lmll•> 

c.. Fe IC ... ... .. , Se A1 I .. .. Cl c. Al As c.. Ce Cr ... II Zr 

S-Z-1-A t5.'1 0.1 z ... O.H l.D. l.D. l.D. 1.ll z.t 1.1. l.D. 20.0 1.1111 l.D. I.I. •••• 1.1 • 8.0lll l.D. I.I. •••• 
Act& S-Z-2A 0.0IZ 0.7 0.547 1.1. l.D. 1.D. I.I. 0.64 1.5 0.46 l.D. 10.0t o.004 1.D. o.z 1.1. •••• • ••• I.I • I.I. Lt. 
lelCMta s-z-w O.llll 4.5 1.31 I.I. l.D. 1.0. l.D. 7.14 20.l l.D. 1.0. ••• O.DU l.D. I.I. 1.1. 1.0. 1.1. l~D. l.D. I.I. too& 

I 
S-Z+A g: 0.197 U.3 1.32 0.59 1.0 11.D. 11.D. 15.1 15.76 11.0. 1.0. 277.0 8.014 1.D. o.J 1.1 • •••• 0.011 11.D. l.D. o.007 

S-Z·l-1 51.3 . z.z 0.72 0.10 75.0 1.0. 1.0. O.M 1.90 l.D. 1.0. 1.8' O.OH a.OU 1.0. 1.0. o.u 0.014 o.zo 11.D. 1.0. 

lute S-Z-Z-1 1.0. 4.0 0.08 l.D. 14.0 l.D. 1.0. 0.21 1.49 l.D. l.D. 15.76 0.01 0.013 1.1. 1.D. o.u 0.007 0.44 1.0. 0.011 
lelCMtes s-z-w 1.0. 2.7 1.D. l.D. 17.0 l.D. 1.0. O.Zl 10.5 1.0. 1.1. 266.0 0.112 l.D. l.D. l.D. I.I. l.D. O.Ofi 0.17 l.D. 

5-2-6-1 22.t '·' 4.28 O.IOJ 125~0 1.0. 1.0. Z.4 9.1. 1.D. 1.0. 34.0 o.aoz 1.0. 1.1. 1.0. l.D. l.D. 0.17 l.D. 1.0. 

l.D. llllt Detected 



Table 3-10. ESCA Results 

Sample Elements Atom Oxidation States 
Code Sample Area Identified Percent Derived 

S-2-5 Surf ace Fe2p 3 Fe3 

01s 64 o-2 

Ca2P 4 ca2 

els c 

Na ls 0.2 Na 1 

s2p 1 s6 

Si2s 18 Si 2 

Al2s 10 A1 3 

Interior tool Fe2p 3 Fe3 

01s 54 o-2 

Ca2P 0.6 . ca 2 

els c 

Na15 0.03 Na 1 

s2p 56 

Si2s 21 s;2 

Al2s 18 Al 3 

S-2-6 Surf ace Fe2p 2 Fe3 

01s 62 o-2 

Ca2P 4 ca2 

els c 

s2p 2 56 

S12s 22 s12 

Al2s 8 Al 3 



Table 3-10. ESCA Results (Continued) 

Sample Elements Atom Oxidation States 
Code Sample Area Identified Percent Derived 

S-2-7 Surface Fe2P 1 Fe3 

01s 61 o-2 

Ca2p 5 ca2 

els c 

Na ls 2 Na l 

s2p 7 56 

Si2s 13 s1 2 

Al2s 12 A1 3 

0 

Fe3 S-2-7 Interior lOOA Fe2p 1 

o-2 
'ls 

53 o-2 

Ca2p 10 Ca2 

els 
c 

Na ls 1 Na1 
= s- ratio 6:4 s2p 5 S04, 

Si2s 16 s1 2 

Al2s 15 A1 3 

0 
Fe

3 
Interior 200A Fe2P 2 

01s 53 o-2 

Ca2p 9 ca2 

els c. 

Nals 1 Na1 

s2p 3 
• so4, s- ratio 5.5:4.5 

Si2s 17 s1 2 

Al2s 14 Al 3 



Table 3-11. XRD Results 

Sample Detennined Compound Literature Relative 
Code d-spacings Identified d-spacings Intensity 

S.;2-5 2. 52 Fe2o3 2.51 Strong 
3.68 3.66 
2.69 2.69 
1.48 1.48 
1.84 1.84 
1.69 1.69 

3.36 5102 3.34 Medium 
4.26 4.26 
1.82 1.82 
1.54 1.54 
2.46 2.46 
2.26 2.28 

2.84 Caso4 2.85 Medium 
2.28 2.33 
3.06 3.05 

S-2-6 3.37 5102 3.34 Strong 
4.27 4.26 
1.82 . 1.82 
1.54 1.54 
2.47 2.46 
2.29 2.28 

2.52 Fe2o3 2.51 Medium 
3.64 3.66 
2 •. 70 2.69 
1.·49 1.48 
1.70 1.69 

2.85 CaS04 2.85 Medium 
2.30 2.33 
3.04 3.05 

2.85 CaS 2.85 Low 
2.09 2.01 
1.61 1.64 

2.41 cao 2.41 Low 
1.74 1.70 
2.70 2.78 
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Table 3-11. XRD Results (Continued) 

Sample 
Code 

S-2-7 

Detennined 
d-spacings 

3.34 
4.26 
1.82 
2.46 
2.28 

2.84 
3.67 
2.69 
1.69 

2.84 
2.03 
1.64 

2.51 
3.67 
2.69 
1.69 

Compound 
Identified 

caso4 

CaS 

Compounds. Elements and Ions Identified: 

1-57 

Literature 
d-spacings 

3.34 
4.26 
1.82 
2.46 
2.28 

2.85 
·3.66 
2.69 
1.69 

2.85 
2.01 
1.64 

2.51 
3.66 
2.69 
1.69 

Relative 
Intensity 

Strong 

Strong 

Medium 

Low 



Sample Code 

S-2-3 

S-2-4 

S-2-5 

S-2-6 

S-2-7 

* Major 
Medium 
Low 
Trace 

>10% 
5-10% 
1-5% 
<1% 

Table 3-12. EPMA Identified Elements 

Elements Detected Relative Abundance* 

Calcium Major 
Sulfur Medium 
Oxygen Medium 
Silicon Medium 
Iron Low 
Potassium Low 

Calcium Major 
Sulfur Medium 
Oxygen Medium 
Sil icon Medium 
Iron Low 
Potassium Low 
Chlorine Trace 
Magnesium Trace 
Aluminum Trace 

Calcium Major 
Sulfur Medium 
Oxygen Major 
Sil icon Major 
Iron Medium 
Potassium Medium 
Aluminum Low 

Calcium Medium 
Sulfur Medium 
Oxygen Medium 
Silicon Major 
Iron Low 
Potassium Medium 

Calcium Major 
Sulfur Major 
Oxygen Major 
sn icon Major 
Iron Medium 
Potassium Medium 
A11.1111num Low 
Magnesium Low 
Chlorine low 
Titanium Low 

1-5' 



Table 3-13. Level 2 Data on FBC Em1ss1on Sampl&A 

''"' "'" lllTI "'" s:::I" Mfld U'IU.2 
MTE ... a 111110 LMD I.MIO llfCIUll(D T£ST 

J'" "'1'"' 
...... H(Jl~ 

.,,, ,_, 
~ ••'IU 

~~· ,m~~2 CATHOl!Y Qllftlle •91 (P!J9) (Cll.flGT CCOl.OGY ""' .. ., 
27. LITMllJI LI z,z I 10 J.J I loZ J.8. 1oZ 7.0 I let-I 7.5. 10·1 6.91102 l •«Ml Ill te 

u• z.z • 10 J.J I loZ J.8. loZ 

llf (H ll) z.2 I 10 J.J I loZ J.8 I loZ 

llzCOJ fu LI) 2.2 I 10 J,J • loZ J.8 • 102 

Liii z.s • 10 J.I • loZ II 

28. SOOllJI 111• S.J • 1o4 1.0 • 1a6 II 1.6 1 IOl " 5.4110
5 Ke!ft Rite • Sft ltott I 

lloOll z.o • 10J J.0 I lo' II 6.0. 10 " 29. POTASSllJI Jiii 2.0 • 10J J.0 I lo4 II 6.0 I 10 • I 
I • • • • • ,,. •••n4 1'- ltte I 
it (KI) II • Z.l • 1o4 " 4.6 • 10 

JO. UIOllll .... 1.21 • 105 J.ll I Jo' • J.64 • lol • 
JI. CUllJI a•• 8.19 I 10" l.ZJ I "" • Z.46 I 10J II 
R. llt:llTl.llUll .. 2.0 J.t I JO 5.5 • 10 6.0 I 11t-Z 1.1 I IO• l 11.0. .... z.o J.t • IO S.5 I 10 6.0 1 10-Z I.I 1 10-1 11.0. Ser .. te I 

leO (•kl 11.0. 

leO·Alri·SIOz 2.0 J.11 • 10 S.5 • 10 6.o , urz 1.1 1 lo·T 11.0. 
(H le 

33. lllllCll:Sllll "'-''•· llf 6.0 • 10J 1.0 I 1o4 8. 7 I 111" 1.8 " 1()2 1. 7 I 1o2 7. 341111~ (JICftdl lllto 

~·- ·-· "'" 6.01 • 101 '·" I la' I. 7 1 10" 1.8 I lo2 I. 7 • 102 J. 1.io3 Ser ltte I 

lltflHI• Ill•, 1.01 I Jo4 1.S I lo5 1.0 • 105 3.0 I lo2 2.0 I lo2 Present 11~ ., c_...i Dot• ....., . 
I · I 

flltoe$1w nmrt<le, 6.0 I 103 u I 1o4 11.1 I lo4 1.8 I lol 1.1 I loZ II.II. ltlfz fn llfl 
"""'"'• S.H1te, 
"9Sa. In llf I 6.0 • 103 9.0 • 1o4 8. 7 • lo4 . 1.8 I IOZ 1,7 I 1(12 Prnt11t Ind 1111 ~ OaU 
llttlH' te. lil!IC03 
(IS llf) 6.0 .• 103 1.0 I lo4 8.7 I lo4 1.8 I 1o2 1. 7 I 102 11.0. 

---DD la.t te, ll!COJ· 
c.tl)., ( u "') 6.0 • 1ol 1.0 • lo4 1.7. 1o4 1.8 I 1o2 1.7. 102 N.O. 

As'-slft (IS Ilg) 6.0 I 103 t.0 I la' 8.1 I lo4 1.8 • loZ 1,7 I !o2 11.0. 
JC. CAu:llJI Colet• .... c.++ 1.6 I ICJ4 Z.4 I JoS 1.6 • 1o4 4.8 • loZ J.2 • 10 0.5110~ C.- lllte • Ser Note I 

c.1c1w n-••· 
c.r~ . II • " • " 11.0. 

C.lcl• C.,.....te, II I • " • I 
Ce Preunt,llutd °",'-'-' iir"' -Cllctw S.lfate, I 

CISOt " • • • • Pnisont lluM oa '-"f Dou 
I ,- I 

Dllla.t te. llJCOJ· II • • • II N.0 . C.CO] 

-S-tton of s-z~s. S-Z-6 •nd s.z.7 N.O. Not Detected 

·I. Bned on Le.el Z ludllte stud)r of SllOPl• S-2-6. 

~~3 AL~ TMll KEY• 

1. nsr 1uHDO 
I. StAllllAAO 
z. 0£YlLllP· 

llCllTAL 
J. UllllOlll 

A. MS 
8. XRD 
C. NET 

OllMICAl 
0. £SCA 
[. liC/115 

2. CXPECTEO TEST 
success: 
I. HIGH 
2. lllOCRA Tl 
J. UllKIOlll 

3. TEST COST 
I • REASOMllU 
2. l«l0£RAT£ 
J. HIQt 

4. SAll't.E ~ IQOOT 
I. AIJCQUOE 
2. IN!il!W. 
J. IM0£QIMTf 
4. ACSAIFI.£ 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

MU Miil[ Miit£ •n ~ IATIO LUU 2 
MH lllllU llAlO LAllO I.Ml ~ ..... TCSf 

J•• ""' ""' .tl[ti "''' 
,..,., 
~ f•flS TUT l ,!~:' t.AH_., ~ "" ,,.., llOl.111 ECOl.Cll'/ UlllClliY •!Ill ... ICTHOO 

». SJIOl'fllll $&rt11U1111 J.1 • 10' 4.6 • lo' " f,Z I 10 • 1.41104 'Keldl lllU 

Stn-'ll• IOll, 
Sr (al Sr) J.1 I lol ••• • 1o4 • 9.2 l 10 • 
Stl"llltl• fh1>rldt, 
lrt'z I• Sri J.t I 10) .. , • 1o4 • t.Z 1 10 • 11.D • 

Stl"Olltl• S.Uue, l.1 I toJ ••• • lo4 • t.z • 10 • ires•t leseol • (_.i DA&. 
~ 111 Sr) 

•• IAlllM .......... 5.0 1 tOZ 5.0 • ltl 2.1 • 10l 1.0. 111 s.o 
llrl• 11111, a.•• 
(H II) 5.0 • loZ s.o • ltl 2.5 • lol 1.0 l 10 s.o 11.D. 

....... S..lfl•, 
oas (11 .,, 5.0 l lo' 5.0 • lol 2.5 I IOl t.0 I 10 s ... 
.. rt,. Tlllo-

I lo2 • 1tl Z.5 I 10> u..-.tt, .,nl 5.0 s.o 1.0 • to 5.0 
(as II) 

.. rl• fl•rt•. 

.. ,, (as la) 5.0 I toZ 5.0 • lol 2.5 • 10, 1.0 I 10 5.0 

~C."'-t•, (H .. ) . 6.0 I lo2 5.0 • lol 8.5 I 103 1.0 I 10 5.0 

=:~- S..lflt•. In .. I !o.O I loZ 5.0 • tol 2,5 I 10) 1.0 I 10 5.0 

l7. llCllllll kl"Oll I ).1 I 10> 4.7 • 104 2.5 I 10' 9.J I 10 5.0 I 10 •••• 
lortte, I03 (u I) l. l • 10> 4.7 I 1CJ4 2.5 I ICJ4 9.J I 10 5.0 I 10 

llt~rtt•, loz· 
In I) J.1 • 1ol .. ' • lo' 2.S 1 lo4 I.) I 10 5.o • 10 

....... oat•, 1..0. 1.0 I 1o4 1.5 • 1~ II l.0 1 1o2 • 
JI. Mllll• At•ln•, Al 5.2 I 111' 8.0 I lcr' 1.0 I 101 1.6 ·• IQl 2.01 

Al•I,_ lllfl, 
At•+. 5.l I 10) a.o I Jo4 1.0 • 101 1.6 • lo' • 5.21104 

(ALaMI lllt• - Sft Not• 1 

.. uall•, Alr3· 
JlbO (as At 5.i.' I loJ 1.0 • 10" 1.0 • 1ol 1.6 I 1o2 2.0 

111*•te<I At•I•• 
$11 IUte (H Al) 5.2 • lol a.o • 1o4 1.0 l 10> 1.6 • lo2 2.0 

Al- (1 Al ISGtl2 )· 
(ttzOlr (n Al I 5.Z I 103 a.a • lo4 1.0 I 103 1.6 I lol 2.0 

---· :J:!n• Oaide, 1.0 • 104 u • 105 II ,:o l 102 • Prese111 S.•"11 "'" '-- ll.lu 

>9. ~1.Lllll Gilli_,, GA 5.0 I 10' 7 .• • 101 II I. 5 I 10' II 11.R. 

n .... 111 s~ct ... 
- ·---

Ila s.o I 103 7.4 I la' II I.~ a toZ • 
-~-- ----- ------ -·--·· ------ -----

Gillou•, c;.•1 
~.o I HP I. 4 I 104 " 1.S • 102 II (H GI) 

• •',...,.tl11n of ~-l-5, ~-2·6 •nd S·2-1. N.D. Nol ~l.cloJ 

• N.R. Kot Atqwlr~•1 un (o:!vt!I l 

UST 
C:OSTl 

SAll'l.( 
Al.IQUOf' 

·--

·-

-----·-
--- ---

JAIL[ ICY: 

1. UST llETMOD . 

I. STAllOMll 
Z. llUELOP· 

lbTAI. ··A. MS 
•• 11111 
C. WET 

CltElllCAI. 
0. (SCA 
E. GC/1'5 

2. Ul'f:CTED T£S1 
SUCCESS: 

1. HHilt 
2. lllllCIATE 
J. lllll!Oll 

l. TEST COST 
I. IUSOllMU 
1. IClllEllATE 

i. "''" 
4. 5.W'll Al.IQlOT 

I. AlltQUAU 
1. INGllW. 
) . 1 llAOEQUAll 
4. RCSAlf>l.C 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

1' 
Mlt MT[ lllT£ MTE ? UTll> llYtl 2 

"'" Mfllt llATCR I.Ml I.MO MQUlll[O 

CATEllORY Jll .:J{:,. . ., . ..:Jlln ""' 
_, WI'\.[ T•TtS ~~1 aJll'OlllO "'' ,..,., ECGLOGT laJlOGT 119/I "'llJJr .. llO 

c.111~1 c.•1 
(n c. s.o • 1ol 7.4 I 11J4 II 1.5 I lol I 11.R. 

Ctlll• Ses..,1-
• 1o3 •' o.t•, i:.z03 5.0 

(n &I) 
7.4 I 1o' II 1.5. lo' II 

40. ••1U11 ...... In 1.0 • 1o2 1.5 I loJ I 3.0 • 11.R. 

lltdt• Ion, 1n•• 1.0 I Ill" 1.5 I loJ II 3.0 II 
41. IUllllll 1llll1h•, T1 1.0 I lof 1.5 • 10J • 3.1 " 11.D. 

n..n-. n•1 1.0 . '°' 1.5 • 1oJ II 3.0 II 

n..n le, no 1.0 • 1o2 1.5 • lol I 3.1 II 

41.~ - _(l-t1I Cnbon J.5 • 103 5.3 I llJ4 I 1.6 • To2 • 
Cot1 II • II I II 
Cl .. lol@, C· • • II • II 

c.rtMNt•, co3-z II II II I II Pruftt i.s..i C111 (-.ind O.t1 

llc1rtloMt1. HC03 II I II I ·II 

C.rtlonJI , CO- I II II I II 

C. rtloll llollo1 I cl@ 4.0 I lol (]§) 6.0 I JQ5 li.O 1 10 II/A II/A 

C.rtloll otoahll! t.n 1 I~ {SOOD! II • I/A II/A 
43. SILICOll Sil-, 51~ 7.0 • lol I. 1 • lo4 II I l.1 I 10 ..... 

Sil Icon, SI 1.0 I Ja4 I .5 • 1o5 II 3.0 • 1ol II I .31101 bench lllte 

Or-t~tl tc1te, 
s104- II I II II II 

~lHJllute, 
5103- " " II II II 

Silicon Oloald@, 1.0 I 1114 I .5 • 1oS II J.O a 1o2 II Prt!Sftt Ilise.I Oii '-"lld 0.ta 51"2 

Silicon Disulfide, 
II II II I • SISZ 

Silicon Clrblde'. SIC 1.0 I 1114 1.5 • 1o5 " J.O a 11)2 II 
44. ClRIWlllll lierwnl•, lie 5.6 • to2 1.4 • 10J II 1.7. 10 " •••• 

een. ........ lie•2 
{H lie) 5.6 • lo<' 1.4 • lol II 1.7. 10 " 
Ge,..nlc, Gef4 5.6 • 1ol 8.4 • 10J II 1.1. 10 " {H 6'!) 

lie,..nous Sulfide, 5.6 • 1o2 8.4 • 103 II 1. 7 • 10 II lieS (IS Ge) 

lie,..nlc Sulflce, S.6 I lo2 8.4 I 10] " I. 7 • 10 " i:.s2 tu Gel 
Ge,_ne, GeH4 5.6 • 1o2 8.4 • 10J It 1. 7 • 10 • (IS Ge) 

lierwnl• Oxide, 5.6 • 1o2 1.4 • 1ol II 1. 7 • 10 II &e<>z (H Ge) 

•s.-uon of S-2-5, S-2-6 and s-2-7. 11.D. llot O..tocted 
lt.R. Not ~ired on level Z 

I. eased on Level Z 1 .. chate study of u11111l• S-2-6. 

TEST 

,m:sz ~, ~ 

·-

----

---

! 

TMLC ltlY: 

I. TEST IUllOO 
t. STMOllllD 
Z. OlVCUJP-

lllllTAL 
J. UflUOllll 

A. MS 
I. XRD 
C. llCT 

ClllllltM. 
D. ESCA 
E. CC/If; 

l. UrtCTlD TEST 
SUCCESS: 
t. HIGH 
l. lllDCRATE 
3 ........ 

J, TCST COST 
I. ltlASOMIU 
l. llJlllUJ( 
J. lllGll 

4. SNft( 
M.IQUOT 
I. MIEQUllTl 

l. -·J. 14WllQUllT£ 
•. lllSM>t.£ 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

"'" "'" llo\TE llo\J( s:::;· MllO L£W(L 2 
MJf IMJU llAlll LAllO IAl9 UQUllfD Jm 

Jll in!}" ...,1 .;X~ ... ,. ,..,., 
Ttt' Y•YES 

~~· 
EIPEC-

CA JC DY COll'OLllll ""' c,..1 ECOl.O&Y ECOLOGY ot/1 ... TATIOftS2 

45. n• Tl• •••• s.o. 1.0 • 1o4 1.S • 1~ • J.O • .... 
, .. , Sii I I • • • 
SIMnoUs, s.•Z • • • • • 
SC-tc, s.~ I I • • • 

46. UMI ltad- .. ••• I 10" 2.5 • lol 5.0. 10 S.0 I 10-1 1.0 l .... l. lair [AC- MU.a 

n-u• lud,. ••• a leZ 2.5 • 1o2 s.o • 10 5.0 I 10-1 1.0 • 1r• •••• ,......,., ,...2 I.I I 1'2 2.5 • 11)1 ·s.o • 10 5.0 a 10-I 1.0. ir• ..•. 
Pll•lc, .... 4 
Cas Pb) 1.5 I Ja2 2.5 I loZ 5.0 I 10 5.0 I I0-1 1.0 • io-• ..•. 
LHd Mi>n01 Ide, 
PllO , .. l'b) 1.S . ,., z.s I lo2 5.1 I 10 S.0 I IO•I 1.0. 10-• I.I. 

Leed s..1r1te, 1.S • to' z.s I loZ 5.0 I. 10 s.o • io-t 1.0. 10-i I-mat, .. , .. - ~ ,," PllSGt , ..... , 
Leed S11lfat1, 
11111 Cas I'll) 1.S • lo2 Z.5 • 1o2 5.0 I 10 5.0 I 10•1 1.0. 10-• ..•. 
&aid C.r-.ie, 1.5 • 1oZ 2.5 I lol 5.0. 10 s.o. 10-l 1.0 a I0-1 Prsat IHff fM C-.... DIU PbCOJ (II Pb) 
LHd l'llo$pMle, 
P!l1("'4lz Cas Pb) 1.5 I jg2 z.s I lol 5.0 I 10 5.0 I 10"1 1.0 I 10-l a.o. 

LHd Olr•ll•i • 1o2 
-

PW:l'04 (H I'll l.S z.s • loZ 5.0 I 10 5.0 I J0-1 1.0. url •. o. 
--· Ued ..... ,_,., 

PbllD04 (H I'll) 1.5 I lo2 z.s .. 1o2 5.0 I 10 5.0 I IO•I 1.0 I lcrl 1.0; 

lud ,::s•flatl. 
PMMl Cas l'l>l 1.5 I lol l.$ ~ 1o2 5.0 I 10 5.0 I 10-1 1.0 I 10-1 ..•. 

47. lllTllOGUI . H)'drHIM I.I 1101(.l) 2.J II 4.5 II ·-·· Alhll Cr1t1ldes, !a.O I 10) s.o I loZ 2.5 I 10 1.0 5.0 I 10-l lllCll, l(Cll 

Mll1c Ac Id,. MllOJ 5.0 I lol 7.5 I lo4 4.5 I lol 1.5 • 10> t.0 • 1e-• 

llt"'9ff O.tdes, 
I Jol • 1oS ¥· 1112. "204 • 9.0 1.4 II 14/A II/A 

¥Jo "2Qs -- -··~--

llydroge<1 Cr•n Ide , 
'.1 I lo4 (10) s.o I lo2 2.5 I 10 1.0 5.0 • 10-1 

ltCll 

Al9lon IA, 11!3 1.8 • 1(14 ( l~) 2.S • 103 s.o • 10 5.0 1.0 I 10-I 

C1•noven, tzMz z.o • 1~ 1.0 • 103 2.5 • 10 2.0 5.0 • 10-2 
···-

llltl'lde, H• II II " " • ---·· -----·- - ·----~ -·--·- -· 
llltr•te, ll03- " II II II " .. ~- IM•n Otl Colpound OH• 

111 lrtte, llOz· • • " " • ,,0. llun on '-und D•t• 
-· ----

\ ~t ... NH4• IW~•d °" (QlllllOund ()au • " • " • N.u . 
I I 

N. 0. Nol 0.te<lC~ 
N.R. llOI Re<1ulred on level 

1. ~.,_,., on level 2 le•<h•l• 'ludy ot '•"1!>1• ~-<·l. 

mh SNl'l[ 
Al.IQOOf4 

···-

-

-

TMt.f UY: 

1. TUl lt:THOO 
I. STNIMRO 
2. 00£LOP· 

PDTAl 
J. UlllCIOlll 

A. AAS a..-. 
c. 11£1 

CllEJtlCAI. 
I. tS<A 
(. &C/llS 

Z. UPUTED TUT 
SIC.CUS 
I. llUiN 
2. IClGERATE 
J . ...,,. 

l. JlST COSt 
I. llASOllAlllf 
1. lllllOAT£ 
J. lllGH 

4. ~E Al.IQtlCT 
I. AO(QUATE 
2. IWIGllW. 
l. lllA0£QUAT£ 
4. RESAll'I.£ 



Table 3-13. Level 2 Data on FBC Emission Samples (continued) 

lllT[ MTl 
.. 

RATIO LOEl l MTt MTE 5:9- UST 11UE llllfll llllT[I LAii> LAllO lllQUlll[D 

JIR .a:~ •"' 11(1(?" ""' '"""'' w Y•TU TlST I T:;~~sz CATHOllY ~ "" 1-1 [COl.OGY ECOLOGY •9/1 ....., IUffOO 

41. PMOSPllOllUS "'°'""-· , 1.0 • 1o2 l.S I 19' 5.0 • 10-I J.0 1 l!I 1.0 I IQ-3 N.D. l5ft lllnte 

Pllospli I te • l'O)" J 1.0 • lol 1.5 • 1o4 s.o • 10-I ].0. 10 I .O • I0-3 11.0. ~ llot• 
(•s Pl . . 
11""°5p1Yte, 1.0 I lol 1.5 I 1114 5.0 1 10-I J.O a 10 1.0 I JC)•] 
11zP04- '"" ,, "'°""'"-. LIM) 

4.0 • lol (O. l) •. 0 • loJ " "'" I/A 
Phosfliorlc k14. 1.0 • 1ol 1.5 I 1114 ·4.5 • 1oJ 3.0. 10 9.0 H31'114 ,._......., 

1.0 • lol 1.5 I lo' II 3.0. 10 • ~&41solfUlt 

Phosplllte. '°'") • • • • • N.D. SH llDtt . 

49. ARS£111C ArHt1lc 0 11.s z.o I 10 Z.5 • 1o2 5.0 I JOI S.0 1 I0-1 1.0 x to-I 5.0 • 10-1 S..t llolt I 
lletllllc .._.ic 2.0 • 10 Z.5 .- ,al s.o. 10' 5.0 x 10-I . l.O .1 10-l 5.0 I 10"1 I 

~ lhl4 I 
Ars-. As•l 2.0 I 10 z.s I IQ2 s.o • 101 5.0. 10-• 1.0 I 10-1 s.o • 10-l Stt"lllate I 
Antlltc. 11.s•S 2.0 • 10 Z.5 • IOZ 5.0 • 101 5.0. 10-• 1.0. 10-• P~sent e.sed Oft c~ O.u 
•n-te, A104·l 2.0 I 10 z.s I lol 5.0 I 101 5.0 I 10-1 1.0 I 10-1 P~sent 'e. • ..i °" 1L_... o:Mu 
(•S 11.sJ 
Ars811 te. AsOJ") 
(H Asl ~.!) • 10 z.~ • lol 5.0 I 101 5.0 a Hrl 1.0. 10-i 

"rnral<ll!, ,.,.1 5.0 • 1o-'1 (H /1,5) 2.0 • 10 2.5 I 1o2 s.o • 101 1.0 I IQ-1 

An lftf, As"J 2.0 • 10 2.S I lol 5.0 I 101 5.0 I 10-1 1.0 I 10-1 -Arstfllc Trtollldt, 
As~ _ . 2.0 I IQ 2.5 • 1o2 5.0 • 101 5.o.url 1.01 10-I Pr.se'lt 8asod on c_.i O.u 

?.II• W - 4.0 • 10:-f 
,__ 

50. AllJlllJllY Alltt_, lrl- s.o I 101 7.5 • I~ l.S 1 10 11.R. 
o•IR, Sb,o. ( .. Sb) (H Sit) 

Ant t-, RPt• I, Sii 5.0 I J()l 7.5 • 10' 2.0 • 10" 1. 5 • 101 4.0. 10-1 

Anti-. 
(•tl'"-l 51t•] 5.0 I 102 7.5 • lol 2.0 I 102 1.,5 1 101 4.0 I 10-1 

~H-•• 1.u ... 1c1 5.0 I lol 7.S t ID) 2.0 • loZ 1.5 • 101 4.0. 10-1 

St1bl11e, 51111) 
I•• SC.I 5.0 • 1o2 7.5 I lol 2.0 • 1o2 1.5 I 101 4.D • 10-I 

Antl...,.;s s.1. 
flcle. S1>2Sl 5.0 I loZ 7.5 • 1ol 2.0 I lot l.S 1 101 4,0 I 10-1 

Alltt-1. SI> 5.0 I lol 7.S • lol 2.0 • 1o2 1.5 • 10• 4.0 I 10-1 
51. llSMH 8ls..,th, II 4.1 I l!Jl 6.1 • lol II 1.2 I IOI II N.R. 

£le11enul Ii•· 
.,th. II 4.1 l 1o2 6.1 I lol " l.l • 101 II 

Bh ... tllo<K, 11•J 4.1 I lol 6.1 I lol " 1.2 I IOI • (H II) 

Bls.,thl<, 11•~ 4.1 I 1o2 6.1 I 1()3 • 1.2 I 101 II (H II) 

•s ..... tton or S·Z·S, s-?·6 •nd S-2-7. 

I. Bosed on level 2 luclwlte study or sample S-2-6. 

l'l.D. Not Detected. 

N.R. Not Require~ on lnPI 1. 

TEST 
c:osTJ 

~[ 

Al.IQ0014 

--

- ---

--··--

·---

TABLE KEY: 

I. TEST METllOO 
I • S TANDARO 
2. OEYCL OP· 

l'lNTAI. 
) • UllkHOllll 

A. MS 
B. XRO 
C. llCT 

CH£"1tM 
D. £SCA 
[. llS/11.> 

2. (XPCCHD TE ST 
success: 
I. HIGH 
2 • l«lO[ Ito\ T[ 
] • UlllllOll1I 

]. lCST COST 
I. llUSOMBU 
2. llJD[ltAJ[ 
J. MIG/I 

4. SNl'I.[ Al. IQOOT 
I . AIJEQUA T£ 
2. MRGlltlll 
l. lllADlQUrn 
4. l!ESAHPLE 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

• *" *TE MH •TE 
~ 

llATIO Uwtl 2 
"'" llllTO iatu lAlll lAlll UQUllCD 
JI• .:r~ •tfl .:flt. cmt'oL 

,.., - Y•YCS ~1 CAJUQIJ ~ "" ,,.., WL• ""' .. ., 
11. OllSOI o.-. o, 2.0 • lo2 ca. I) I/A I/A I/A .,,. .... 
53. SIUUI llllllllllc SMtrur. s.. I • • I • 

S..lft•, s·T I • • II • "'6Mt ....... c...,._.,. 1i.1.a 

s.1t1ta. 504-z I • I • • ,,._t .. ... oa Cooipound I •ti 
s.111ce, sor' I I I II • 
'flltocr-c.. scr I I I I • 
S.lfw Tr,..le, • • • I II • 50'1 

=~rlc Acid, 1.D • 1ol u • 1o4 4.5 • tol J.a • 10• t.a • 1ol 

Sollflll' Dloates, 
soz 1.l .. 1o4 z.a • 1oS I 4.0. 1o2 • 
..,..... Sulfldt, 
lhS 1.5 a 1a4 OD) 2.3 • 1o4 1.0. 101 I/A I/A 

C."'°" Dhulfl•. •.o a 1114 (ZG) ,,. I le5 1.0. 1o4 I/A I/A Uz 
~rllollrl Sulfide, 4.4 • lo' WA II/A N/A I/A 

54. S£Ulllll s..1 ... 1 ... s. 2.0 • lo" 5.0 • 10• 2.5 • 101 1.0 a 10-1 5.0 a J0-2 .... 
n-t.1 s.1 .. 1 ... 2.0 • 1o1 s.o • 101 z.;. 101 1.0. 10-l 5.0 • 10-l s. 
S.lenlde, k-l z.o I lo' 5.1 • 101 l.5. 1111 1.0. 10·1 S.0 a 10-2 
s.1 ... 1t11, Se03·2 
(IS S.) 2.0 • 1ol s.o • 101 z.s • 101 1.0 • 10-I 5.0 a 10-Z 

S. leu tes , SeCJ4 • Z 
(•s SI) . z.o • 1o2 5.0 • 101 l.5. 101 1.0. 10-l 5,0 a 10-Z 

ff.rd""" S.ltnhS., 2.0 • 1ol ( .05) s.a • 101 Z.5 a 101 1.0.10-1 s.o. 10·2 
HzS. (H S.I Cu S.I (u Se) Cu S.I 
C.rlloll Dlstltnldt, 
CSez (as S.) z.o • 1a1 s.e • 101 z.s • 1cl l.01lo·I 5.0 • 10·2 

-
S.lenl• Dlo•lde, 
Srih (as Sel .•• z.o • 1o2 s.o • 101 z.s. 10' 1.0 • 10·1 5.0 a I0-2 

·-'-
55. TEUUllU.11 fellvri•, Te 1.0 • 1o2 1.5 • 101 • l.O 1 10 II N.R. 

Ttllurldt, Te·Z 1.0 • 1o2 1.5 • 103 II );0 • 10 " Tellurlt1, Te03·Z 
Cu Te) 1.0 • 1o2 l.S • 1ol • l.O x 10 " r-·------- ...---~-~ -------

,___ __ ---
T•llurate, Te04 
(n Te) 1.0 • 102 1.5 • 10J M l .O • lO " 

56. FlWlllOl FluClride IClll, f" z. 5 • 1ol J.8 • 1o4' • 7 .5 • 101 M N.R • 

Hydrogen Fluorldf, 
2.0 • 1ol 3.0 • 104 

" N/A "' llF 

• s.-11-" or 5·?·5, S·2·6 •nd S-2-7. 
N.O. Not Detected. 

I. B•'Od on L•••' Z le•thdl• •ludy of san.plt 1-2-6. 
N.R. Not Required on LeYel l 

TfST 

,1r.~2 TlSTJ 5Nft£ 
COST Al.IQW14 

·-~-----
·----- ------
-----' 

TAil[ ICEY: 

I • TEST llETIIOO 
I. STAllDARD 
2. D(VELOP· 

llEllTAL 
:l UlllCllOllll 

A. M$ 
I. XRO 

~·~CAL 
D. £SCA 
[. (!S/115 

2. Ell'ECllD TlST 
SllCC[SS 
I. HIGH 
2. IC)l)f:RATC 
J. UlllCllOlll 

l. TEST COST 
I • IVISOllML£ 
2. fllOlllAU 
J. HIGH 

4. SNl'LC ALIQU)T 
I. Nlf:QUATE 
2. ~RGIHAL 
J. INAlllQUAJf 
4. R£SAMPl£· 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

•n •n MT[ MT£ ~[W AATIO um z 
MT[ a TO IMTO l.AllO I.MD l[~l•D 

J'' ..:r"' ""' nf• .,,, ..... 1 9' Y•US 

~' fATHIJIT aJNJll "" (ppm) EOl.O&Y H£ YH (Ol.0&1' ""' .. llJ 

57. Ol.•lllE Clllortde ,..,, ct· • t.3 . "" I 2.6 a IGJ " I.I. 

~lorlte, c 0- • • I II • 
tlllortte, c10z· • • • N I 

Q1or•te, CIO] • I • II • 
Clllortiw ltoatde, • • I • • Cl~ 

Cll'WJI Clllorl• 
• toZ ,..._,, •.o 5.0 • 1oJ • I/A I/A 

COClz 
..,...... 01ortw, 

7.0 • 1oJ 1.1 I 1f5 • . I/A llA 
.. ·. 

NCI 

51. 11111111111( 1.-lde ........ • • • II • IU. 

t...ide Ion, 1..- • • II II • 
..,....... 1.-tdr, 1.0 I ta4 1.5 • 1.,S II "'" I/A 
•r 

St. ICJllfll( 1oc1t• '°"· 1- • • • II II II.I. 

M. SCNIDI IJI Scan.it ... Sc 5.J • 1o4 8.0 • 10 It 1.6 a 10-Z II •••• .... 
~ 
U'I 

Scndl• Ion, Sc0 l 5.J • to4 a.o I 10 • 1.6. '""' II 

Iii. nYRllll Ytlrl• Ion, rJ 1.0 • lol 1.5 • 1o4 • 3.0 • 101 II II.I. 

liZ • Tl ?All 1111 Tllul•, fl 6.0 • lol 9.0 • te' 8.Z I 1o2 1.8 I to2 1.6 • 10 
(n 
!ICS04lzl 

Tlhnous, Tt•J 
(H Tl) 6.0 I toJ 9.0 I 1o4 8.Z 1 loZ 1.8. 1"2 l.f I 10 

Tthnlc, Tt+4 
(n Tl) 6.0 • 1ol 9.0 I le' l.Z 1 t!JZ 1.8 I loZ 1.6 a IG 

ttt ... 1,.. otollde, 6.0 • 1oJ 9.0 • 1o4 l.Z 1 toZ 1.8 • 102 .. , • 10 11.D. 
TIO. hs Tll 

6J. ZlllCDllll" llrcGnl• 11111, 5.0 • tol 7.5 • 1ot II 1.S I 101 II Z.Ol<IO llMs llo he..,.."'-:. lr+4 
Ztrconha D101hle, 
lrilt (n Zr) 5.0 I tOl 7.5 • to4 II 1.5 • 101 • 

M. IWlllll lllfnha IOll, Hf .. 5.0 • tol 7.5 • 11• • 1. 5 a lG II II.I. 

65. YMAOllll , .......... v 5.0 I 102 2.5 • 1-3 1.5 • 1o2 5.0 I 10 J.o • ur' Z.61103 EJtcHds lit• 
£1-t.1 5.0 I 1o2 2.5 I loJ 1.5 I toZ 5.0 I 10 J.0 I to-1 , ......... ' 
flllldlc, y•l (H Y) 5.0 • 1o2 2.S I I~ f.5 I to2 5.0 I 10 J.O a 10- I 

''"'~'· wo•2 
(as ' 

5.0 ·• 102 z.s I toJ 1.5 I loZ 5.0 • 10 J.O a to-1 

Ot't~v1n1d1te, 
'°4" (•s Y) s.o • to2 1.S • lol 1.5 I loZ s.o • 10 J.O 1 to-1 Present 

1
Bued on 

1
'-'>d ~u 

• S-tlon of S-2-5, S-2-6 1ftd S-2-7. 

1. Based on level 2 leach•t• stlldy of S-2·6. 

N.D. llot 0.tected. 

N.R. Not R•qul~d on l• .. l Z. 

TEST 
EIPEC-

TATllJISZ. ~~, 
Wl'\E 

M.JQUDT• 

-

TAIU KEY: 

l • Tl$T K THOU 
1. STNllWIO 
2. Of:YELOP-

l'lllt Al 
3. UllUOllN 

A. AAS 
I. HO 
c. lltl. 

CllUllCAI. 
D. ESCA 
£. &C/!f; 

Z. (lPtCTCD HST 
succtSS: 
I. KIGI 
2. llJDEIUIT£ 
3. IJllCllOllll 

3. TEST COST 
I. A£ASDINl.E 
Z. lllDERATt 
]. llllill 

4. SAM'I.( At. I QU1T 
I. AilEQUo\IE 
2. MRGlllAI. 
J. lllAlll:QUAtr 
4. RESNl'l.l 



..... 
I 

°' °' 

Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

lllJ[ MU MJE "'" it. llAtlO UVll 2 
MR .... llQO I.All! lAlll l[QllllfD ,.,..,,.., at. ..,, 

.atr.. .. ,, .. Y•TfS .J~~I ,._ cm.. UOl.CllY fCGl.D&'f ...,, .. .., 
... 111r.. • . .-
l•., ••• • 1ot 1.5 . ,., 1.5 a 1of 5.0 a IO J.O a 10-I 

r:r1c· .. , ••• I loZ u . ,., I.I a loZ 5.0 ... J.O a 10-I 
' ............... ... ,, . 5.1 I lo' z.• a 1ti I.I I tel S.0 I II J.O a 10-I 

· ;;.;r1w1,...w.. 
l• ,, I.• I 18' z.s • tol 1.1 • tot 1.0 a IO J.O a to-I ,,....., I~ aa ICl!tltptlwtd 'U ............. ••• . ,., '·' • 1-3 I.I a lflf 1.0 ... J.O a to-1 ~.; ...... ·~O:.u ............. ) I I ............ I.I I lo' , .. I W 1,5 I lflf 5.0 a IO J.O 1 10-1 Prnnt

1 
..... •~~ti .......... ,.,, 

....... c.rti ..... 
IC la •I 5.0 • toZ Z.I • 1ol I.I I "' 5.0 a IO J.O a 10-I ............ s.o I Jo' z.s I JoJ 1.5 a IOl 1.0 a II J.O a 10-l _.,.._,a C• •> 
.......... arw.. ., .. ,, 5.0 ~ 18' z.• I 1-3 1.5 I loZ 5,0 I 10 J.O 1 I0-1 

._., w::-c-·,, ---w. .. ' 5.0 ~ toZ 2.1 I toJ I.I 1 loZ ...... J.O a 10-I Pnseat ..... • C...- o.u ··-- ......... , '·' .... J.J a IP '·' • '°' ----- ---I II .... 
-...c.-~ z.z . .... J.J .... I 1.5 I loZ I _ ....... ....... , ... , '·' I 18' J.J . ,.,, I '·'. 1o2 II 

U.TMram ~ ....... ••• • 1oJ 1.• .... I 1.5. lo' II 11.R. 

··~· 
......... Cr 1.0 I 10 Z.5 I to' Z.I a le' 5.0 ..... 5.o a ur• l.l4d03 1-..... .. te 
a.-. c,-i 
(MC..) 1.0 a IO Z.I • IOl Z.5 a loZ S.O a to-I S.O a 10-I l.9111 : ~ ~c. • S..

1
"4te I 

can.le. er•J 
J.91110 

1
1-.cedl Ii.a. · S.. 

1
11Dte I (MCr) 1.0 . ·~ 2.1 I to' z.s • toZ s.o • 1r' s.o • 10·1 

I 

o.-ta ere.-z , .. Crl • 1.0 • 10 z.s I 1oZ !.5 a to' s.o ..... 5,0 I JO-I 
I I 

•U Pnu1tt 1 1tidM1~I 
...... erza.-;r 
l• Cr) 1.0 • 10 I.I • 1o2 l.S I Jo2 S.0 I 10" 1 s.o. 1 .. 1 Pn-t I ..... M

1 
C....,... ~U 

~ta. 
~- l•'Cr) 1.0 I 10 2.5 • 1o2 z.s • 1o2 S.0 1 IO"I s.o • 10-• ..... '-"-''· ewcco1, I• er1 1.0 • 10 2.5 I 1oZ Z.5 a loZ s.o • 10·1 5.0 • 10·1 

::.S"'!' s.I , ••• 1.0 • 10 z.s • 1o2 2.S 1 lol s.o • 10·• s.o • 10-1 Present 
1 
.. Md oe

1 
C-nd It• 

ainmc ..... 
~l•Cr) 1.0 • 10 Z.$ I lol Z.S I 1111 5.0 I 10-1 5.0 I 10-I Pre.Ht' .. ..,. ..,: '-Ylld D•t• 

I I I 

a..-ile M•Hli 
,.. "10l I• tr 1.0 • 10 z.s • 1o2 2.5 • 1o2 5.0 I 1()-) S.0 1 10-I 

N.O. Not OelKted. 
• 5-ll• ef S-2-5. S-14 ollld S-2-1. 

I N.R. Not ~lrtd on L .. el 2. 
I. .. IN • hwl l IN<Mte study of !i-2-6. 

UST 
UP£C• 

TAJIOllSZ ~I1 WIPLI 
M.IQUOT4 

----

- --·-
-

-

-

TAil( Uf 

I. TlST llETllQD 
l.STAlllNID 
2. OfVflOP-

llEllTAI. 
]. UJllCIOM 

A. MS 
8. XIII 
C. 11£T 

OtllllCM. 
D. lSCA 
E. GC/115 

2. Ul'£tTlD TCSf 
sucass: 
I. HIGll 
Z. llJDOAI( 
J.111111111 

l. UST COST 
I • llA50IMll1 
2. lllOHAH 
J. Hit.II 

•• SMl'll Al.14110l 
I , MJ(qi!A rt 
r.-•~ 
3. llWl(QUl.ll 
•• Jt(~( 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

llltt "'" lllTE lllT£ I:( UTIO Lml 2 
MT£ 11111U ·aro LAllD- I.MD llQUIUD 

...,J'f ... , .:r;.. ""1 mfr. ~· 
,,.., 
~ T•YES ~1 CA~ QllllOllll (Dl.CIG1 E OGT ..., .. ~., 

.,._ aw-1 ... 
I 1of l.5 I lo2 5.o 1 url 5.0 • 10-I ........ te.~ 1.0 I 10 2.5 

9zO (81 Cr) 
,,.. o,_te, 
JeCrGt (11 Cr) 1.0 • 10 2.5 I lo2 l.5 I lol 5.0 a 10-I 5 .• o 11 10-I 

69. 1111.nlD ,.,..,._, 1111 5.0 • 101 7.5 • ID" 7,0 I loJ 1.5. lOZ 1.4 • 101 ..•. 
·1~.11D•l 5.0 a IDl 7.5 • 10"' 7,0 I lOJ 1.5 • 10l 1.4 I 101 

lltf,wtc, 11D•l 5.0 •. loJ 7.5 I 1Q4 7.0 • 1oJ 1.5 • 1Dl 1.4 • 101 

.. 1,..te, fb04•Z 
(• .. , 5.0 • 1ol 7.5 • la' 7.0 I JoJ 1.5 I lof 1.4. 101 

.. ,,.._ S•lflde, 
M2 (II ltl) 5.0 • lol 7.5 I IQ4 7.0 I loJ 1.5 I lo2 I .4 I 101 

lltfJll*Mm Trtoaldr, 
lillOJ (ft llD l s.o • lol 7.5 • 1o4 'J.0 I lel 1.S 1 11)2 1.4 I 101 

10. T\l&'51D T-.s-. II 1.0 I loJ 1.5 • 1o4 • ),0 I 101 II •••• 
T9!'11ta Ions, lf'l, 
11'4. vt5, 11'6, 11114-Z • II I I II 

T..,sta Dls•lflci., 
"52 In 11) 1.0 I loJ 1.5 • la' I l.O 1 101 II 

.. tfnolte'"'ner1l, 1.0 • lol 1.5 • 1o4 I 3.0 I 101 • fcllDC·llNI04 (11 II) 
71 . llllUlllS( -..-se, lh 5.0 I lol l.5 I lo2 1,0 I loZ s.o • 10-• 2.0 1 10·1 

~,,..•z 5.0 I 10J 2.5 • loZ 1.0 • 1o2 s.o a 10-T 2.0. lo-1 u.Ul Don lllt C.ceed Mite 
.-....ic, 1t1•l 5.0 • lol Z.5 • lol 1.0. 10' s.o • 10-1 2.0. 10-1 1. J11..Z 
;:-=rte, "'°4" 
I 5.0 • lol 2.5 • loZ 1.0 I lol 5.0 I 10-1 2.0. 10-1 

-..-n Oxide. 
.. , .. ltl) 5.0 I loJ z.s • 1o2 1.0 I lo2 5.0 I 10-1 z.o. 10·1 

~ Dloalde, 
"'°'l (II l1't) 5.0 • 1ol 2.5 • 1o2 1.0 I lol 5.0 a 10-I z.oa 10-l 

~ C..rbonate, 
11catJ (es lh) 5.0 I lol Z.5 • 1o2 1.0 I Jtl 5.0 I 10-1 Z.0 I J0-1 

~s Sulfate, 
lllSOt (es ltl) 5.0 • loJ z.s • loZ 1.0 I lo2 s.o • 10-l z.o. 10-1 

...,._,, Sulfide, 
"'5• hs l1't I 5.0 • loJ 2.5 • 11)2 1.0 • loZ 5.0. 10-• 2.0 • 10-l 

n. ia lrw c. ..... ,ls 
F«{CO)l, Fe coJ9, 7.0 • loZ I. I • 1o4 I 2.1. 101 • f't:J(CO 12 

'-· Fe•2 1.0 • lol 1.5 • lol 2.5 • lo2 J.O 1 10 5.0 1 lCJ'"l S.6al02 Does lllt hceed Mite 
Ferric, Fe•J 1.0 • lol 1.5 • loJ 2.5 • 192 3.0 • 111 5.0 I 10-T S.6alOT O..s lllt bceed Maie 
F~ Oatci., FeO 5.0 • 103 7.5 • 1o4 • 1.S a 1o2 • 1.D. 

• S-tlom of ·2·5, ~-2·6 Ind S·2·7. 
II. D. llot Det« led. 

1. 1141sed °" l .. el 2 leachate study of H11Ple S·2·6. 
11.R. llot Req111~ Oft lf'Yf'I 2. 

UST 
[IP(t- TlST SNl'I.( 

TATIOllSZ cosrJ Al.IQUOT4 ruu llY: 

1. TCST IUHOll 
1. STMIJAAD 
2. DhHOP· 

lt:NTAI. 
l . .-llOWll 

/4. MS 
•• 11111 
c. 11£1 

OlllllCAI. 
II. ESCA 
l. GC/lfi 

Z. UPEtTCO TCST 
socau: · 
'. 11191 z. llQIJERATE 
3. lllllOlll 

J. Ttsl COST 
I. lt£A50INl.C 
z. lllllOATl 
3. MIDI 

4. SNl'U ALIQOOT 
1. Al!(QUATt 
2. INGlllAI. 
J. lllAllCQUATC 
4. RESAll'I. E 



Table 3-13. Level 2 Data on FBC Emission Samples (Continued) 

MTE MTE "'" MU =' IATIO LML Z 
MU •TEI IMTtl LW LW •(11111£0 

J•• a::. fc:I'~ .nl1" (~ ':ii ~ T•fES ~1 .CAllDY ~ "" ,,.., .. .., 
:-~· t.J • 1o3 .. , • 1oS • l.I a 101 • 

, ~t-. • • • • • 
~t ... 
h(Ql)i-l • • • • • 
r1n1cDaN1, ~ • • -· • • '"""'' ...... Clllpaoond O.t• 
ftn1c~I* ,.,..Id, • • • • • _.,...,. 
1.- S.11Wn, F.S, • I • I • ,, hill 
rwnu. r.si • • •1.0. 1115 I 1.0 • 1az 
'9Utslw ,,.. Sill· • • • I II u ... u.s•-

1J. IUlllElllUll loocl!M'- .... 1M•l • I II II II •••• 
74. COMl.T C..lt, Ce 5.0 • 101 7.1 • 1oZ z.s • 101 I.I a 10 1.0 • 10-1 

c.Mltaoos, eo•Z 5.0 • 101 7.5 • loZ 2.5 • loZ 1.5 I 10 5.0 • 10-1 l.D. 
C..ltk, eo•l i.O • 101 7.5 • lol z.s • loZ 1.5 • 10 s.o • 10-l 1.0. 
CllNl_ C._t•, 

I 101 I loZ 2.5 I lo2 5.0 1 t0-1 ~ ... ...,, CoCOJ·lfZO 5.0 7.S 1.5 I 10 
I• Ce) 

c.Nlt c. .. 1 •• 5.0 I 101 7.5 I to2 2.5 • 102 1.5 • 10 5.0 I )Q-1 Co3' lu Col 
C11N1& s.u111t1, eos, 5.0 • 101 1.5 .• loZ 2.5 I 102 1.5 • 10 s.o. 10·1 C.,SJ ( u Ca) 

c.Nlt .Al'wtllc 
S.lfl•. c.s 5.0 • iol 7.5 • loZ 2.5 ~- loZ l.5 1 10 5.0 I IQ-I 
la <el , 
C..1\Arwlll•. 5.0 1,101 7.5 I lo' 2.5 I lo2 1.S a 10 $,0 I 10-1 
cw~ I• c.1 
CINI& C."""'11, 
Watk Cu Ce) i.O I IOI 7.5 I lol Z.5 I lo2 1.5 I 10 S.D a 10-1 

C.11- Oalcle, 
W (• t.I 5.0 I 101 7.5 • 101 z.s • 1o2 1.5 I 10 5.0. 10-' 

C'.INlt- ..,.,,11 •. 
Ca(Cllb Cu Col 5.0 • 10' 7.5 • 1o2 2.5 • loZ 1.5 • 10 5.0 a 10·1 

75. lllDOIUll lllMt• '°"· 1111•3 1.0 I 10 1.5 • 10• " l.O • 10-t II M.D. 

16. llWL Wlc•leus, 11•2 1.5 • 101 2.J • lol 1.0 • 101 4.5 • 10-1 2.0 • 10-z M.0. SM llote I 

ltcullc, 11*3 1.5 • 10• 2.J • 102 1.0 I 101 4.~ • 10-l 2.0 1 10·2 •. o. See llOte I -·--- -
ltcu1 ... ~ ~ulflde, 1.5 I 101 2. J • loZ l.O I 101 4.~ • url 2.0 1 1o·Z 11$ (as 11) 

lieu I Arwtltcle, u. I 101 Z.l • 1o2 1.0 I IOI 4.5 • 10-• 2.0 a I0-2 II.As CHU) 

• s....,tton ~' s.;i.~. ;.z.~ •nd s-2-1. 
N.O, Not Oetectrd. 

N.R. Not Mequired on Lewtl Z, 
l. 6Jl~e: on Lnrl Z IHO•to study of u911h S·Z•6, 

TEST 

T:r.'~ =J SM'l.l 
ALIQU1t4 

. 

TMU'UY 

I , UST IE11IOD 

I. STAllWlll 
2. llEYODP· 
~Al 

3.lllllOlll 

A. AAS 
8. IRO 
C. 11£T 

QIUICAI. 
o. £SCA 
[. liC/llS 

2. flnCTfO T£S1 
51.UUS: 
I. lllQI 
2. llODHATE 
, • llllCIOlll 

3. !EST COST ~ 
1. l[ASOINl[ 
2. ll)G(UTE 
3. Hllill 

4. SNl''Lt AL IQUDT 
1 • Mlt:QUAT~ 
2. Mll&lllAL 
]. llMllECP'Tf 
4 • RESAll'l.E 



Table 3-13. Level 2 Data on FDC Emission Samples (Continued) 

. Mlt MT[ .. Tt MTC s;I 1Af10 UTCl Z 
MT£ 8TU llATEI Ullll tMI 1£QUlllED 

J" .a::. ""' .::Cf. "''' - l•lts ~~1 CAftallll Cllll'GlllO "" '""") [aJt.08'( lalt.CIGT ""' . ., 
lldltl ..... 110 
(as Ill 1.5 • 10' Z.3 • lof 1.0 • 10' 4.5. 10-1 z.o • 10-t 

ltdritl ---··· 1191, .. 11) 1.s I 101 Z.3 • lol 1.0 • 101 4.5 1 10-1 z.o. 10-t 

ltd.el Artale S.1- l.S I 101 2.3 • 1o2 1.0 I 101 •.s a 11r 1 2.0 a 1r2 ''*· IUaS , .. It) 
ltdltl c.t.Jl, 4.3 • 101 1.5 • 1ol 1.0 • 101 

1.0 • HI r.o • 10-J llfCDl.a In •II 

n. ""'"• u-.1 "•ti-. z.o a to J.O • '101 II 6.0 • trZ II II.II. Pt 
JI. OJPll(ll °"""" z.o • 1o2 5.0 • 1o> 5.0 • 101 1.0 I 111 1.0. 10-• 

c.ws. c.t- 2.0 I lol 5.0 I 1g) s.o • 101 '.o .... 1.0. to-1 4.6110 Dlln !'Dt heed lllte 
c.,nc, C.-1 2.0 I IQZ 5.0 • lol s.o • 101 1.0 • 10• 1.0 a 10-1 4.1"10 Dlln llot ED:eed lllte 
Clfllrr n-ue, 2.0 I 1Q1 5.0 • loJ 5.0 • 101 1.0. 101 1.0. to-1 c.rz (as C.) 

c..,,.r °"'"". c.o. z.o I 1Q1 5.0 I 1Ql 5.0 • 101 .. .. "' 1.0 a 10-5 c.zo (es C.) 
e:.,,e.- ~!fate, z.o I lof 5.0 I loJ 5.0 • 101 .... "'' 1.0 I 10-1 C.SOC I es C.) 

COpiwr S.lfl<Ri. C.S, 

Cll25 '" C.J 
z.o I 1o2. 5.0 • 103 5.0. 101 '.o • '°' 1.0. 10-1 

ea,p.r c.m..te. 
C.cGJ In c.J z.o I loZ 5.0 I loJ s.o a 101 1.0 1 to• 1.0. 10-t 

lllladtlte ...... 1. 
tlll:OJ·C.COll)z (as C.) Z.11 I 1o2 5.0 I loJ 5.0 • 101 1.0. t0• 1.0 1 10-l 

C..l~tl! I I I I II "'.,..,, c.fd~ 
1'. SILYEll Stlftr, At 1.0 .. 10 1 Z.5 I lof 5.0. 10 5.0 I trl I.I I IO-l Ualif £ICMds -~ 

Stlftr I•,~ 
(a All 1.0 I IOI t.5 I lol 5.0 • 10 5.0 I to-1 1.0. 10-1 

Stlwr Clllwt•, 
Atel (n All 1.0 • 101 Z.5 • loZ 5.0. 10 5.D 1 10-1 1.0 • 10·1 

Sllwr t,..I., llgClt 
... All 1.0 • 10• z.s • loZ 5.0. 10 5.0 • 10-l 1.0 • 10-1 

sn .... s.u ... 
1.0 I 101 Z.5 I 10Z 5.0. 10 5.0 I 1tr1 1.0 a I0-1 Presfftt llilsed on~ ~ta AgzS In Ag) 

•. -.o U-tal Sol<I II • II • II 11.R. 
11. ZlllC Zhoc, Z.O 4.0 • 1ol Z.5 • 1o4 1.0. 1o2 5.0 • 10• z.o • 10-1 6.li&IOJ E•cH<ls Mate 

[1-ta• Z111e, z.o 4.0 • 101 2.5 • 1o4 1.0 • 1(12 5.0. 101 z.o • 10-1 
ltllC ••• z.•2 4.11 • lol 2.5 • 1o4 1.0" loZ 5.1 I Ill 2.0 a 10-1 
Z hoc O.Wr, boO 4.0 & lol 2.5 I IQ4 1.0. 1oZ 5.0 I 101 Z.O a 10-1 IP~rnt lasrd °" ~ Otto , .. la) 

I I I 

• S-Uon of S·Z-S, 5-Z-6 •nd S-Z·7. 

I. Blsrd on LP•Pl z IPKl>lte study of •HPlP 5-2-6. 

l.D. llot llptecte<I. 

l.R. Not Requfrrd °" bvpl 2. 

TUl 

T~~~ ~J 
SNl'l[ 

ALIQUOT4 

i 

I 

I 

I 

TML£ lEY: 

1. TEST llETHOO 
1 • STAllMlll 
2. llUELOP-

llEll'IAL 
3. llllUOlll 

A. AAS 

'· lllD c. ll(T 
CMDllCM. 

D. ESCA 
£. GC/115 

Z. CllPlCTED T£Sl 
SUCUSS: 
1. HIGH 
2. lllOEMTt 
3. WllQIDlll 

J. T£ST C05l 
' • ll[ASOllMl.I 
Z. IOJOATE 
3. HIGH 

4. SMI.£ N. IQWT 
1. AIJ[~TE 
Z. IWICllW. 
3. IMD£PT£ 
4 • RtSAWI. [ 



Table 3-13. Level 2 Data on FBC Emission Samples {Continued) 

"'" llAIE MTI MAH i IAllO lML 2 
MTl •ftl llATU LAllO ... llQUl1£11 

..,J•• .:r~ re:'~ .r:. ~ , Y•JCS ~~~I CATlaY Cllll'Gm ,,..., ... 
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4.0 • 1oJ 2 .s • lo-' 1.0 • lol U>' 1<11 2.0 • 10-1 2.Z x 102 Does Not Exe~ 'lilt• 
4.0 • 10J z.s I loA _1.o.1~111 2.0 l 10-1 
4.0 • 101 2.5 • loA 1.0 I I~ ' 5 'J l 11)1 2.0 • to-1 

•.o • 10J 2.5 .... 1.0 • 1o2 5.0 • 101 2.0. 10-l ! 
"Only sample 5·1·3. •-tton of acidic. and basic. N.D. Not llft•cted 

FABLE ~l•: 

1. TEST IUltOO 
I. STNIMRO 
Z. OUUOI'· 

IUUL 
J.Ull-

A. MS 
•. 1111 
C. llU 

OIEHICAL 
D. EStA 
(. (,(/115 

2. UPlCUD UST 
SOCtlSS: 
I. HIGlt 
2. IOlllATE 
].-

J. ll'ST con 
I. lllASGINl £ 
Z. IQl{RAT( 
J. •11111 

4. '.WI'\[ At.IQUOF 
1. Allt:QUAT( 
2. llMGI Ml 
J. IMIJt:QIMT( 
•• R(SA,~( 



Table 3-14. Level 2 Leachate Studies of Overflow Bed Materials (Continued) 

•II 111111 MTI MH 

r=r 
IATIO LML 2 ... llllfl llUtl um ~ ...... TEST 

Jll .rr:. ~. .all. ~"' • 1•'8 

~· 
UPlC- ~h -~ U1- Q!IMllO ""' ,,..., ""' ... TATIGNSI 

llllC SoMate, ~ 
... J.al 4.0 • lol z.s I lot l.O • 1..Z . 1.0 • 101 z.o • 10-1 

zi.c s.m•. z..s 
... lal 4.0 • 1ol Z.5 • lot 1.0 a lOZ 5.0. lQI z.o • 10-1 

IZ. "'-• ·r.•-.~ 1.0 a lOI 5.1 I M' 1.1. 10 1.0. , .. 1 z.o. 10-> 1.0. 

11-tal CNlt•, 1.0 • 101 5.0 I 101 1.0 • 10 1.0. 10-I 2.0. 11r-> 

" c..t• 1•, utZ 1.0 • 101 ••• • 111 1.0. 10 1.0 • 10-I 1.0. 1 .. i 
Clmt• Sltlfl•, M ... "' 1.0 • 101 5.1 • 101 1.0 I 10 1.0 a ur-1 z.o • 10-J t-·-···· c.e nUI 1.0 I )Ql 5.0 I IQl 1.0. 10 1.0 • 10-1 z.o. 10-J 

ll . ...., llll'Ul'J,"' 5.0• • 101 1.0 I IOI 2.5. 1o2 z.o. 10-2 5.0 • 10-l 1.0. 

11-tal llitl'CIW1 0 llt 5.0 • 101 1.0 .. 11• Z.5 a lof z.o a 10-z 5.0. 10-l --· ...., .. 5.0 a IOI 1.0 I 101 2.5 • 1o2 z.o a 10-z 5.0 • 10-1 
lllllrairtc, ..... 5.0 • 101 I.I I )Qt 2.1 a IOZ r.o a lo-r 5.0 .. 10-1 
Mtrwrtc S..lftde, 5.0 I JOI 1.0 I lOl 2.5 a IOZ 2.0 a 10-Z 5.0 a JO-I ¥ 
.. rcvrlc Clllort•, s.o • 101 ••• .. 101 '·' • lo! 2.0 a 10-Z 1.0 • 10-l lllal:h 

It. CBI• ~·-.111 t.l • 1ol Z.l . '°' • •. , • 101 • •.o . 
. 

C.rlw, Ca 1c.•l, 
c.<4, C.z01 3.7 I lo4 S.S • loS II I. I 1 lol II 

--- -PraH..,_t .. , Pr 
(Pr•l) 5.1 • 1o4 1.1 • 1o5 • 1.5. 103 II 

- --- -- -- -Saari•, Sii (S.•l) S.l I )()4 7.9 • 1o5 II 1.6 I JO) • ---- • lo' J.4 • 1ol 
-- -

Laa~, LI 1.1 • 10• l. 7 II II -- --·-~- r----- ~· 
.......... Nd (114•J1 II I II II I 

as.-..r• 11r1111 ... u (u+6) 9.0 I 10 6.0 I \Q4 5.0 1 IOZ 1.2 I 102 1.0 I )0 ".D. 
•• TlllllUlll Tllorh•, Th (Th+4) 4.2 • 102 6. J I 10] II 1. J I 10 II tt.D. 

•0..11 s•1111le S-2-J, SINltatlon of 1<1d1e •nd b.sic. N.D. Not Oetoctt'd 

TAil[ ar: 

1. ns T l«1llOO 
I. S1MIOMll 
2. DEYUCI'· 

IDTAI. 
3 ....... 

A. MS 
•. uo 
c. 11£1 

OlllllCAI. 
O. £SCA 
(. (,(/llS 

2. (lPfClEO HST 
SUCC£SS: 
1. HIGH 
2. 11'.JO(llA 1[ 
] . UlllCIOlll 

l. TEST COST 
1. ft(ASOMIU 
2. lllDlllATE 
J .• HI.Qt 

4. Wl'l.E Al IQUJT 
I. AOEQtMT£ 
2. IWIGllW. 
l. I llAl¥QM Jt 
4. l[SNl'I.£ 



Sample 
Number 

S-2-1 

S-2-2 

S-2-3 

s~z-4 

S-2-5 

S-2-6 

S-2-7 

* No Rate Data 

Table 4-1. Results of Level 2 Survey 
Analysis for Po1ynuc1ear Organic Compounds 

Compound 
Identity 

Naphthalene 
Dimethyl naphthalene 
Phenanthrene or Anthracene 
Methylanthracene 

None Detected 

None Detected 

None Detected 

Phenanthrene 
Methyl Anthracene 
Fl uoranthene 
Pyrene 
Benzofluoranthene 

· Phenanthrene 
Fluoranthene 
1, 2 - Benzanthracene 

Naphthalene 
Phenanthrene or 
Diphenylacetylene 

1-sa 

Compound 
Quantity 

22.9 i.ig/g* 

49.8 i.ig/g* 

17.4 µg/g* 

22.4 µg/g* 

-~i.o i.ig/g* 

<19.9 µg/M3 

3 <0.2 µg/M 

117 .0 µg/M3 

117.0 µg/M 3 

117.0 µg/M3 

34.7 µg/M3 

19.3 µg/M3 

37.6 µg/M3 

89.3 µg/M3 

28.2 µg/M3 

15.0 µg/M3 

18.0 µg/M3 



Table 4-3. Level 2 Survey Analysis of 
Liquid Chromatographic Fractions 

Liquid 
Sample Chroma to graphic Compound Compound 

Identification Fraction Identity Quantity 

S-2-1 1 16 Carbon 
Hydrocarbon Present <16 µg/g* 

17 Carbon 
Hydrocarbon 16 µg/g* 

18 Carbon 
Hydrocarbon 16 µg/g* 

19 Carbon 
Hydrocarbon 16 µg/g* 

20 Carbon 
Hydrocarbon Present <16 µg/g* 

Unknown 190 µg/g* 

S-2-3 1 16 Carbon 
Hydrocarbon Present <300 µg/M3 

17 Carbon 
µg/M3 Hydrocarbon Present <300 

18 Carbon 
µg/M3 Hydrocarbon Present <300 

19 Carbon 
µg/M3 Hydrocarbon Present <300 



Table 4-3. Level 2 Survey Analysis of (Cont'd) 

Liquid 
Sample Chromatographic Compound Compound 

Identifi ca ti on Fraction Identity Quantity 

20 Carbon 
<300 \J9/M3 Hydrocarbon Present 

Unknown 470 \J9/M3 

S-2-4 1 16 Carbon 
Hydrocarbon Present <16 \J9/M3 

17 Carbon 
<16 \J9/M3 ·Hydrocarbon Present 

18 Carbon 
<16 -µg/M 3 Hydrocarbon Present 

19 Carbon 
<16 µg/M 3 Hydrocarbon Present 

20 Carbon 
<16 µg/M 3 Hydrocarbon Present 

Unknown Present <16 µg/M 3 

S-2-5 l 16 Carbon 
Hydrocarbon Present <20 µg/M3 

17 Carbon 
Hydrocarbon 20 µg/M3 

18 Carbon 
. <20 µg/M 3 Hydrocarbon Present 

19 Carbon 
<20 µg/M3 Hydrocarbon Present 

20 Carbon 
<20 µg/M 3 Hydrocarbon Present 

Unknown Present 20 µg/M3 

S-2-6 1 16 Carbon 
Present <300 µg/M3 Hydrocarbon 

17 Carbon 
Present <300 \JQ/M3 Hydrocarbon . 

1"'8 Carbon 
Present <300 \JQ/M3 Hydrocarbon 

19 Carbon 
Present <300 µg/M3 Hydrocarbon 

20 Carbon 
Present <300 µg/M3 Hydrocarbon 

Unknown Present <300 µg/M3 

S-2-7 l None Detected <50 µg/M3 

1&81 



Table 4-3. Level 2 Survey Analysis of 
Liquid Chromatographic Fractions (Cont'd) 

Liquid 
Compound Compound Sample Chromatographic 

Identification Fraction Identity Quantity 

S-2-1 2 and 3 Unknown 80 µg/g* 

15 Carbon 
Hydrocarbon Present <6 µg/g* 

16 Carbon 
Hydrocarbon Present <6 µg/g* 

17 Carbon 
Hydrocarbon Present <6 µg/ g* 

18 Carbon 
Hydrocarbon Present <6 µg/g* 

19 Carbon 
Hydrocarbon Present <6 µg/g* 

20 Carbon 
Hydrocarbon Present <6 µg/g* 

.. 21 Carbon 
Hydrocarbon Present <6 µg/g* 

Phthalate Ester Present <6 µg/g* 

Unknown 2 <6 µg/g* 

S-2-3 2 and 3 Unknown/ 
Present <120 µg/M3 

15 Carbon 
Hydrocarbon 310 µg/M 3 

16 Carbon 
560 µg/M 3 Hydrocarbon 

17 carbon 
Hydrocarbon 1,180 µg/M 3 

18 Carbon 
Hydrocarbon 1.620 µg/M 3 

19 Carbon 
Hydrocarbon 680 µg/M 3 

20 Carbon 
Hydrocarbon 560 µg/M 3 

21 Carbon 
Hydrocarbon 310 µg/M3 

Phthalate Ester 1,120 ug/M3 

Un~nown 120 µg/M3 

• No Rate Data 

1...al 



Sample 
Identification 

S-2-4 

S-2-5 

Table 4-3. Level 2 Survey Analysis of 
Liquid Chromatographic Fractions (Con't) 

Li quid 
Chromatographic Compound Compound 

Fraction Identify Quantity 

2 and 3 Unknown 
< 7 ug/M3 Present 

15 Carbon 
< 7 ug/M3 Hydrocarbon Present 

16 Carbon 
< 7 µg/M3 Hydrocarbon Present 

17 Carbon 
30 µg/M3 ·Hydrocarbon 

18 Carbon 
23 µg/M3 Hydrocarbon 

19 Carbon 
< 7 µg/M 3 Hydrocarbon· Present 

20 Carbon 
< 7 µg/M 3 Hydrocarbon Present 

21 Carbon 
< 7 µg/M 3 Hydrocarbon Present 

Phthalate Ester 16 µg/M3 

Unknown 2 Present < 7 µg/M 3 

2 and 3 Unknown/ 
<10 µg/M3 Present 

15 Carbon 
10 µg/M3 Hydrocarbon 

16 Carbon 
20 \JQ/M3 Hydrocarbon 

17 Carbon 
30 µg/M 3 Hydrocarbon 

18 Carbon 
50 µg/M3 Hydrocarbon 

19 Carbon 
30 µg/M3 Hydrocarbon 

20 Carbon 
20 µg/M3 Hydrocarbon 

21 Carbon 
10 µg/M 3 Hydrocarbon 

147 





Table 4-3. Level 2 Survey Analysis of 
Liquid Chromatographic Fractions (Can't) 

liquid 
Sample Chromatographic 

Identification Fraction 

S-2-5 4 and 5 

S-2-6 4 and 5 

S-2-7 4 and 5 

S-2-1 6 and 7 

S-2-3 6 and 7 

S-2-4 6 and 7 

S-2-5 6 and 7 

*No Rate Data 

. 
Compound 
Identifv 

Compound 
Quantity 

Phthalate Ester Present <10 µg/M 3 

Unknown 550 µg/M 3 

Unknown Present <10 µg/M 3 

Phthalate Ester 2,120 µg/M 3 

Unknown 5,500 µg/M3 

Unknown Present <120 µg/M 3 

None Detected <SO µg/M~-

Propyl Phthalate Present 
Unknown 
Unknown Present 
Phthalate Ester Present 

Propyl Phthalate 
Unknown 
Unknown 
Phthalate Ester 

Propyl Phthalate Present 
Unknown 
Unknown 
Phthalate Ester 

Present 
Present 

Propyl Phtha l_ate Present 
Unknown 
Unknown 
Phthalate Ester 

1-19 

<6 µg/g* 
220 µg/g* 

<6 µg/~* 

<6 µg/g* 

4,100 µg/M 3 

"l,300 µg/M3 
,· 3 
1,740 µg/M 

120 µg/M 3 

<7 µg/M 3 

<7 µg/M 3 

<7 µg/M 3 

410 µg/M 3 

<10 µg/M 3 

120 µg/M 3 

470 µg/M 3 . 

· 620 µg/M 3 



Table 4-3. Level 2 Survey Analysis of 
Liquid Chromatographic Fractions (Con't) 

Liquid 
Sample Chromatographic 

Identification Fraction 

S-2-6 6 and 7 

- S-Z-7 6 and 1 

*Ho Rate Data 

Compound 
Identify 

Compol)nd 
Quantity 

Propyl Phthalate Present 
Unknown Present 
Unknown Present 
Phthalate Ester Present 

Unknown -

1-90 

<120 ll9/M3 

<120 pg/M3 

<120 µg/M 3 

<120 pg/M3 

280 llQ/M3 



..... 
I 
~ -

Table 4-4. Results of Chemical Ionization GC/MS Analysis 

:~ 
COMPOUNDl; 

Butyl l st Hydro- 2nd Phthalate 
f1Wl 76 Phthalate carbon ""1 332 Hydrocarbon Ester n 

S-2-1/l x 

S-2-1 x 

S-2-3/2&3 x x x x 
' 

S-2-3/6&7 x 

S-2-7/6&7 x x 

1see text for further compound information. 

H.vdrocarbon 
MW 394 

x 



ADDITIONAL DAT A 
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Table 2-2. Total Emission Data From 6-inch FBC Un;t* 

U:Yn l - LL'tt:L Z DATA RCllUCTIOll TMUS, ••• 11. 

MU llllTE MT£ MTI ii llATIO uvu z 
111\Tl llllTEI MATH Ul9 lAllD WllCRE FIUll llQIJllfD 
All ..,1 ""' ""'• ""' I• SNRE Y•YES TEST 

CAJUlll'f ~ ""-' (p1111) .... Tll CCOl.OGl ll(Allll [Cllt.Otf l£V£L I ...,1 •n .. ., KllllJOI 

1. .M.l•TIC -- J.6 a I~ (IOll) 5.4 "18' 1.0 I lol 1,J I JO' •Z.D a lof w. fllll>, C6 ••• ~ ""'9S Ul!i a IP (ZOii) 1.57 • 10' • 3.Z a tr I SASS, W, C9 l.D. 
A. al!Alti AMI 

Cf'C'*- I.OS a lo' (JOO) 1.!il • 101 1.0 ~ lol 1.2 I Jo' z.o &AS, FIRD, Ci l.D. 
CYQ.IC 

lll&Mes 1.4 I JOii (60ll) Z.l • 111 >l.O a IOS 4.2 I )04 •2.0 a loZ W, fltUI, CA •••• M.IMCS 
~ 1.45 I lo' (JOO) Z.11 a 1oJ • 4.4 I tof I SASS, I.Al, Cl l.D • ..,._ l;i I lofi (400) 2.4 • 'I01 1.0 • 1o5 4.1 I 1o4 Z.0 I lot SASS, IAll, C7 l.D. 

PltltMWS I.I • la' (6CIO) 2.7 a i81 1.0 • 103 S.4 I 1o4 2.0 GAS, FIELD, CS l.D. 
MIU.- J.3 I )(16 ( 5000) 4.91 " 101 •l.O a HP '·'. llf' •Z.O a 1o2 GAS, fl CLO, Cl ..•. 
[UllM .. 6.11 • 1o6 (5000) 9.18 • 107 • 1.8. 1oS • GAS. nno, u 1.1. 
PnpMe t.O a 18' (SOCIO) 1.:16 • Joi •l.O 1 lo5 2.1 a IP >Z.O a lo2 GAS, FIELD. Cl l.D. 

C,c~ • I >1.0 I llP I.I 1 lo4 >Z.O a 102 GAS rlCLD cs l.D. 
Al~ {C>t) N • • • • SASS. LAii, CID- 1.kul I 12, lCl 

,_ _____ 
-;.o-;105(15> - ---.· 1--- - 6.o "; 1ol --- ---- .. _ - -- - -· 1-o--

c,c-....~llllH 1.0 • lo' • II GAS, rl[LO, CS l.D. 
C,c:lcikuM 1.0 I lofi (lOOJ 1.5 • 101 II J.O a 1o4 II GAS. rmo. C6 l.D. 

I. AllflES, 
lleuAes 1.02 I IQ6 (JOO) I.SJ a lol II I • GAS, rlCLO, C6 l.D. 

tTQ.IC ... ~ 2.2 I lo' (1000) ). ] I 101 1.0 I 10] 6,6 I lof 2.0 GM fl[LO, Cl •.o. 
AIU.Sud 

[SllJI- 5. 71 a 1(16 (SOOO) 8.57 • 107 1.0 • lo4 1.1. 1eS 2.0 • 10 GAS, FIELD. Cl 1.0. 
OieMS·· .......,,_ 11. 59 a lo' (SOOD) 1. l'J • lo& 1.0 • I~ 2 .•• 1.t> 2.0 • 1o2 GAS, fl[LD, C2 1.D. 

""''- • • • • • W, f1£LD, tl 1.0 . -- - >----· 
~ II • • • • GAS, FIELD, CS l.D. 
C,cl ......... I""" H • • I • GAS, flELD, CS l.D. 

--~- • • .LO.!~ ,_ -·- - LD..! ~ - ~ .... _F!!.L!! .. ~ .!!·'!:... - - - - -- - I- - --- ---- - - - -- -,....,. l. 65 • 1()6 (1000) 2.411. 1111 " $.0 • 1o4 II GAS FIELD. Cl l.D. 
Acet11- 5. 31 • 1o6 (!iOOO) 1 .. 91. 101 II 1.6. toS • GAS, FIELD, C2 l.D. c. M.DllES lut,..e GAS, FIELD, CJ 11.D. • • • I " -- --· ·- ..... 

l. IW.OlilMTlD 
AIPllATIC lteudlloroqclo- 5.0 • 1o2 7.50. 1ol 1.0 • 102 1.5 • 101 2.0.10·1 SASS, _AB, Cll llYllllCAl8Cll .... (Lllldone) l.D. 

A. SATlllATlP 8. 54 • 1(12 1.28 l 1o4 Z.6 • 101 
--r----

lltUIJI Iodide " " GAS, FIELD, CS M.D. 
M.OL 

llAl.IDf:S 

·--- - - --- - - ----· - '- ··---· 
• 

. S.-tioa of S-2-5, S·Z-6 ....S S-2-1 11.0. llot Dete,.lned 
N llo Y•lue 

· TUl 
UPCC-

TAJIOllSZ ~~l SMIPI.[ 
ALIQOOf' 

--- -- ---

--

--- -- ---
·-~--

·-'--

TAIL£ l[T: 

I. TEST K11tOO 
1. 5TAllWID 
2. llt:'IUllP-

IUTAL 
l. lllQOll 

A. AAS 
I. IRD 
c. llfl 

OlfJUC.U 
D. £SU. 
£. GC/llS 

l. £1Pt:CT£D TEST 
SUCCESS: 

I. KUiH 
2. ICIOEIATE 

'· tlllJOfll 
l. TEST COST 

I. llfASOI. 
AIU. 

z. lllllCltAl[ 
J. HJGI 

4.~( 
.111.lqllll 
I. ADf:QUAIE 
2. INGlllAI. 
l. JIWJ(QIJAl( 
4. R£SAll'l.E 



Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

MU 11m llAT[ Mill( MT£ ~( RATIO um z 
Allt -ltl llAl[l lAllO lAllO 1111( II( J(Jllll lllQUlll(D lESl 

..,1 .,,, •tit ""' 
,. (_, i!ml Y•YES T[ST UPEC- TCSl ~[ 

CAJ[raf t~D •t/al 1-1 14€ALTH ECOi.OCT Hl'.Al 111 ECOi.OCT LUU I .,,,, ..-n •·llO NllffDOI TA1IOllSZ cosrl N.l!Jl~TC 

lrl"-tlliH s.o a tol (O.S) 7 -~ • 1o4 • 1.S a lrY • SASS, L¥, tlt •.o . 
....-lorwlh•M 1.0 • 10" (1) l.S • 10s • ).0 • lOl • SASS. US. <11 A.D • 

I, 1,2· lr1d11- 4.S • 114 (10) I.I\ 1 lo§ 1.0 • 10J 1.4 • 10J 2.0 CAS, rtrtl, G 1.0 . 
tU... 

C..-. lalH• S.98 a lo4 1.97 • toS 1.0 1° lDl 1.1 a IOJ 1.0 w, rm.1. cs •••• cai1er1• 
lllu.,l w.i• 6.0 • 1114 (U) '·' • lo5 •l.O a loS I.I a 10J .11.0. 1ol w, nut, u I.I. Oil_,_ 1.1 a 10S US) 1.0 I ICJ5 • 1.2 I 10) • GAS, 11£11, G l.D. 
l,.l-Oldll_ ....... 1.0 I lot (!IOI ),0 I IQ& 1.0 • lo' 6.11 I IOJ 2.0. 101 GAS, fHll. G • ••• 
lltU.,I dllort• 1.1 • tot (100) J. IS I loi •1.0. loS 6.4 a IOl z.o. tol CAS, rtUD. C3 •••• 
'""leropropltltt ).5 a 10, 1n1 S.ZS I ICJ6 1.0 I 10) 1.1 I lo' l.O IOU, FICll, Cl I.I. -· ----
"°'~ 1.l • I.,, (2001 1.08 I 101 4.S a IOl SASS, l.Ae, ca •••• -·- --·---·--- -
"-lll-'MM I. I • 1o6 (200) I. 7 I 101 . • J.4 I lo' • CAS, llUI, U • ••• ---·- -----· ~----1,1-11c111-1.1- 4.ft I ICJ6 (loao) 7.0. 101 • l.S I IOi • C4$, FIEll. CS • ••• an-t111nt - 1---··-·- -
lktll ...... Hl.oro-

4 .'5 • '°' (1000) 7.0 I IOJ •l.O a loS l.S I loS 7Z.O a lot w. nn1. o •••• ..... - --- -·--
Trldtlonlfluoro- s .• . '" '·' I 1o6 II 1.7. 1oS • w, nn1.u • ••• .cMN -....... cllloro- • • • II • GAS, rui.. u •••• ....... ·- ---- -~lcflloro-

-"'- • II • • • w. nm. ca LI. 

II • II SASS. Uil, C7 .... -.,......._ • • 
.~i..s..;..· 

·. II • II II 
_11_ 

~!:.."!:..~ ...... _ - --- --~----- - - -- - -- --- -- --- -- ----I. lllSAtmll lliudllerwcrclo- I. I • '°' (9.01) l.H • 1oJ I l.4 • sass ..... i.a , .• ..i 1.1 YH •-« I 1 I 111.m. _. .... ,_ 
• ,. .o • iOs 

... 
M.lllO . Qo._ ....... Z.H I ., (II J.IJ I la' 7.f. 10• 2.0. 1oZ w. naa. o •••• 

-1- •.o I 191 
"·''. 1o4 

II I .I 1 It' ~ IMS. UI, La r.411tl l.J YH l-« I I I ......... 
1.0. lol 

..____' 
tla s 1.12 • "" I.II• I~ J,4 I lof 1.0 •·mu.a •••• 
I, 1-lklaa-U-. '·" ..... ,_ •• '°' "·' a 1oJ 

w. nn• cs ·-·· 1flnctl-UllH '·' • "' (lllOt 1.tt. "' 1.0 a IOl 1.91 '°" r.o SASS. W- Cl .. --·- ~-··-
1.2-ltct.l-t!MM 7.0 a llP (Ziii. 1.10 .... 1.0 • ... 1.1 • loC 2.0 a aol GAS, nn•. a •• --·---

J. llllUIS l·llllJl-4•11rt11JI- l.H 1 1114 , .... 1o5 • 1.1 • 1ot • SASS, UI. Cl 11.0 . 1,,. .... ,_ 

l,J..ltl•- I.I • 10' , .. , Z.7 I lal • •.•• 1oJ l.D 1 IOI ws ....... t1 •••• ---· ............. I.I a HP '·, a IOI 1.0. 1114 S,4 I loJ 1.0. 101 SASS. l.41, C7 •••• 
......,,, •tlwr 1.05 • '" (150) I.SI 1 107 1.0. lo' U I lo" z.o • 101 SASS, UIS, CJ •••• ·--- -· . --, ........ ,.1 ....... ,1 • • " • " SASS. 1.#, C7 l.D. 

- - ----·-i...--
l.D. llDt D11t.n1IM'd 
• llo •• ,. 

1 

TAlll.E QT: 

It ST I( TllOO 
I. STADllJ 
2. OOUOP· 

ll:NTAL 
]. lllklOll 

A. MS 
B. lRD 
C. WCT 

Of[lllCAI. 
0. ESCA 
£. GC!llS 

Z. U1'£CTEll 
!CST SUCClSS: 
I. Mir.II 
Z. K>OEAATE 
l . . lJllUOfll 

J. TlST COST 
I. lltAS!*

Mll z. lllOllAl( 
J. llltil 

•.~u 
M.lllllOT 
I. Alll~TI 
l. IWSlllN. 
J. JllADCQUlllC 
4. tl;SNft[ 



Table 2-2. Total Emiss1on Data From 6-inch FBC Unit* (Continued) 

CAJUilllr ~ 

4. 11111.0GDUfa 1.1-11<11 ..... 1-
mos ........... 

1.1-lldla-
....,, •IMr 

l.1-81do .... t-
..... 1 etlllr 

0a1--.1 
_.,, etliff 

1,1-8'dll-
..U.,1 HMr 

z-0ai-1.z ...... ,,...,.. 
z.a.1-u.,1 

•UIJl •Uler 

1..aii.r.1.z-_._ 
Dl..._&aiy1eUlyl 

etlier 

1,2-Dldll-Ulyl 
dllJI etlltt 

e-Dl10f'llllUtJ1-
etlly I eUitr 

_..,..., HJ1lerei.,.. 
....,., elkr 

••1' ,, 
.....,, tlller 

s. ALCBIOLS ~1.,_ 

A. PlJIU'f 1-.tylalaMI 
ALQJIJU 

--·· (Prillaf71 1.,.,,..., 

.... Is(~) 
... ..._1 

..U.-.1 

(U.-1 --- --.. S(CllllM'f """"11 EU.-1 
M.COlll.S -·· .. ,_, 

2.~Olatlly1-4-
lloplMlol . 

S-tl°" of S-Z-!i, S-Z-6 a.S S-2-7 

MT£ 
Ml£ llATU 

_,µJ·· ~t/l 
(1119) HEALTH 

J.I a to' (S) 4.5 I loS 

J.I I to4 (5) 4.5 I Jo5 

J.I a to4 (SI 4.5" a 10S 

J ... I 104 S.52 a 10S 

• II 
-

I II 

I II 

• H 

• II 

-
• 
• 
• ---
• 

s.s • 10-• 

l.S • IP (SO) 

l.6 • uP (100) 

5.0 I loS 

LS " UP (SO) 

2.6 x to5 (zoOl 
1.9 • llf (1000) ------1.8 • 1o4 
~-S4 • 104 ,_o • 104 

1.6 • 105 

l.D. Not Dete..,lned 
II lo Yat .. e 

H 

H 

H 

N 

8.3 • 10~ 

2.l a IOll 

S.4 • 106 

7 .S l lo6 

2 .25 • 1o6 

3.9 • to6 
2.BS x 107 

2.7 xtoS 
8.ll x 10S 

l.lS x 106 

2.4 • 1o6 

•Tl lljlT[ MT£ ~[ IATIO L[V(L 2 
llATll lMD I.Ml llt(A( f<MIO UQUIUO TEST 
ot/l iNt ~"' 

Ill (ppm) ~ f•JtS ~~~1 [IPfC- TEST 
[Ql.061 llfALTH Eal.OGY LUU I ~t/l PATE ll•llO TATIOllS2 cosrl 

• t.0 1 to2 • SMS, LM, t7 11.D. 

4.$ I lc.l • • SMS, LAI, t9 11.D. 

1.0 I 111" 9.0. 1o2 2.0 • 101 SASS, LAii. CIO I.II • 

4.5 • 1ol I. I a 103 9.0 W, flHD, CS 11.0. 

II • I s.ASS , LAii, C7 II.II. 

II II II SASS, LAii, LC4 4drf II 

I II • GAS, fltlO, C6 11,0. 

• ~ 
II I SASS, W, C7 11.0. 

• N • SASS, lAb, C7 N.D. 

··--. --··-- ----- ·-· 

• I II II SASS, LAI, ct 11.D. 
--

• II • SASS, W, ClO N.O. 

• 
t~ 

II I SASS, LAB, Cll 11.D. 
->---

• II I SASS, LAB, LC4 4x10Z II 

2.0. 1or 
I--- --

l.C. • 104 . 1.1 a !Ol SAS~, LAii, Cl2 N.D. 

1.0 • 1.;4 4.S i IOl 2.0. 10• SASS, LAB, C7 
I-·--·->--·--·- ----·----

N.O. -- ·-· 
l.O .a 1a4 I. I x 104 2.0 • 10• SASS, LAB, CS 11.0. --
1.0 I llJ4 l.S x lo4 2.0 l 10• GAS, FIELD, C6 11.0. 

--~-·--~-

>l.0 • J..S I 4.S • 103 2.0. 1o2 SASS, LAS, C8 N.D • 
~- --~-----· 

>l.D a 1oS 7 .8 • !03 2.0. 1o2 &AS, fJEUJ, C6 N.O. ·- -
:!;O.! ~ L5:!·~4- 2.0 l 1o2 ...!'~ ~l~ !!.. N.O. 

~ --- - - -- - --- - -• ·s.41102 • SASS, LAB, LC6 3.6.ioZ 0.02 NO 

1.0 ' la' SASS, LAB, LC6 1.6x1cf I 

4.a • 101 1.W<? ~-+~ 
--- ---

ft H ~ASS, LAB, l~ ---- ---

" 4 .8 • 103 " :,ASS, LAB , C6 N.D. 

SNl'I.( 
ALIQUOJ4 

--

---

--
··-

---
~---

·-

TM&.£ ICU: 

I. UST IUIGI 
I.ST_., 
2. fl(V£LC.-

llCIUL 
J ... lllOll 

A. AAS 
I. DO 
c. ll(f 

OIOllCAI. 
D. ESCA 
£. r,£/1115 

2. UPlCTlO 
TEST SUCCBS: 
I. lllQt 
2. POOCRAIE 
l. 111111111 

l. lCSl COST 
I. llEA<Dl

ABU 
2. lll!OAlf. 
l. Hl91 

4. SAlft( 
ALIQOOI 
1. AOCQUATE 
2. MR&llllll 
l. INAllC~I£ 
4. R(Wft( 



Table 2-2. Total Emission Data From 6-inch EBC Unit* (Continued) 

CATtClllft alll'OlllD 

'"'-ls es • .-. ... , 
z .... _, ,.,,.,,_, 

t. llRllM!T 'Tertii..;r...-r.;r 
Altaa.S .. ,.,.,_, 

T•rtl•rr -.i-1 ,,...,_, 
'· Cltms, 

£PDllllU 

A. ClYCIJLS lU.,1- tlrcol 

•• IPOlllllS -'!..°"'.!.-J'e' -
l-Clll-2,J. .,..._ 
Z,>-lJDaJ-1· ,.,,,.., 

7. N.llOl'llll $. 
UYOlllS 
A. M.llOITDCS Acniltl• ,._,....,. ,,.,,_,...,. 

..... 1 .. ,. 
hlJNI...,.. 
Ac.tel_,. 

,._,.!!!~~..!.. -
•• ~ '-"-,_...._ 

-~ Au'-
~ 

Tetnclll-
t«'-

Clll......,...,., .... .,..._ 
( S,5-lellio-9-

AitU..-
Dlh)'dro(d)CI,_,, 

• S-U1111 of S-Z-5, S-Z ...... S-Z-1 

•n 
J•• 

"" h.-1 
J.I • 1o5 ( lllO) 

4.1 • lo=' ( 150) 
._... • lo:> (400) 

•.s -;°1oT - -
1,95 a 10' 
l.O • llP 1100) 

II 

1.0 • 1o4 
..!·•-· ..!_G6 ... !'!!!J _ 
I.I] 1 lo' 

l.S '• 1o4 (SO) 

1.5 a lol (O. I) 

'·' • loJ 
J.I • lo" 
S.IJ a 1114 
l.U • 1o5 
I.I 1 lo' (IGO) 
; .•• to5 
T.i"". 'iG4(2) -
z.s . '"' 4.16 I tQ4 
Z.4 I taa' (ICJOO) 

'·' • ,.,., (200) 

I 

I 

" ---• 
I. D. llot Oetel'illned 
I llo;Y•I• 

MTt 
llA«• 
""1 

lllAl TM 

S.4 • lo' 

6.7!1 I la' 
1.0 l 107 

6.1T. ii5 
Z.99 a 1116 

4.5 I lai 
II 

1.5 • 1oS 
lo !.:,.4 ..!'~ 

Z .45 I 1o5 

2.J ~ 1~ 

J.~. 1ol 
2 •• • 11!4 

5.4 • 1o5 

1.77 • Ioli 
I ... I It!& 

l.1 I lai 

'·" • la' l.i -; 10! 
3. 7!I • 1o§ 

5.07. 1115 

3.6 a lo" 
8.BS I IOI 

II 

II 

II ,___ 
II 

"'" Mn MTE ?( UTIO UYll z 
llAUa lANll I.MO 111(1( FOUllD llQUIRlO 

""' •919 .,,, •• _, 
~ T•tlS 

[aR.OGY ll[AI. lH £COi.OCT lCYll I .,,, lllfl ... .., 
• 1.1l1o4 II SASS, t.M, Cl 11.D • 

•1.0 • 105 1.4 • 1o4 r.o • 1eZ CAS, FIRD, Cl 1.0. 
1,0 I iOt J,D I jDf z.o I IO w, nuo. C6 11.D. --· ----;'1.0". ras -,:r .1J- 2.o :ior ---- - --GAS. FIUD, Ci 11.D. 

I S.8 a loJ " SASS, t.M, Lt6 . -;:,;,.). ~-
., 

•l.O a 10~ 9.0 • iOJ z.o ••• ... 
" II I SASS, IJI. LC6 ],fain' I 

1.0 • 1o4 l.O • loZ 2.0 • 101 SASS, I.Al, Cit 11.0. 
>1.0 I 1i)! ... •.:.! !..~ z.o • 1112 ... ~s~~·..£!.'. 1- l.D. 

i- - • - --l-0 - - - --·· --
1.0 • 1oJ 4.8 I Jo2 z.o SASS, t.M, Cl 11.0. 

" s.z • 1ol II SASS, l.M, ClO 11.0. I 

<1.0 I loZ 7 .s 2.0. 10-• GAS, JIUD, CS l.D. 
'l:o'~ 103 4.8 • 10• l.O GA$, nno, u 11.D. 

1.0 I Iii' I.I • 1oJ r.o • 10 GAS, FUlD, CS l.D. 

• 1.a. 1o> II SASS, l.M, C10 l.D. 
1.0 • 101 J.] • 1oJ Z.0 I 10" 1 W, FlflD, C6 l.D. 

• s.• •I~ II SAS, fHlO, C4 l.D. 
1.0 • 1ol l.l • 1o4 2.0 SAS, rtll.O, C6 11.D. -- . - '""3:6 .1or - --- iiss7 L.M. Tu 4'.l.l'if -.,-II II O.Cl)I 

II 1.s • 101 • SASS, I.Al, lCA 4, lalo2 ID 
II 1.2 • 10J II SASS, Ull, tU 4.1a1nl llD 

•l.D I j.,S 7.2. 1o4 •2.0. 1o2 w. nno, cs l.D. 
•1.0 • 1o5 1.6 1 1o4 >2.0 • loZ CAS, FIUD, Cl l.D. 

II " " SASS, l.M, C11 11.D. 

" II " WS, l.M, LCA 4. 1a1a2 I 

" " II WS, LAS, LCC c. hlcf • -
4. i.101 II " II WS, LAii. lC4 • 

TUT 

~~· T~~~z TtsT3 COST 

--- -----· 

-- - - -· - -

-- ~--- --

--· 

- ---

AL~ 

- --

---

---
~ 

·-
-

TMU UT: 

·1. llST ~ 
1. STMIND 
2. ln£UIP· 

IHllll. , ....... 
A. AAS 
I. lltD 
c. lilt 

OlllllCAI. 
o. tsCA 
[. r;tJF6 

Z. UrtCTCD 
ns1 sucass: 
I. """ l. NnllloTt 
J. llll:JIDll 

3. TUT CDSY 
1.~ 

MU 
Z.llJll[IAl'I'. 
l. llHM 

•• Wft.( 
IUQ!m 
I. NIC~Tt 
t . ... ,. 
J. lflADCOIATt 
4.~I 



... , 
I 

I. 

'· 

GJl8m 

c.wllll'fll( .11:11& ._ ~IC 
aaa 

•• U911ll.IC 
1(1115 llt 111 _,_ 
fstlOllll 
~ 

t. •E 

• [SJEIS 

1111m(S 

Table 2-2. Total Emission Data From 6-inch FBC Unit* {Continued) 

CAJlllOllll 

lllletc 

l'lltUltc 

fo .. tc 
Acetic 

laiolc 

lOOlt 0.1• -- --l-llJ*oa,,,..-lc 
Act4 lac~ 

1-,raplolactMW 

llydroaJbeftlolc Acid 

llJdroarM:etlc Ac Id - -----6-llff-laci.. 
ro..-tde 
Al:el•lde 

6-Alihcllleunotc 

- !''" -- -l'llUllllAtes 

llftllrl llttllacr1-
lite 

Ml,.tes 

lloU.,l ki11 .. te 

f'llenJI letu1W1te 

Dl·Z-et111ll1ea1I 
plltllllbte 

1- tlllt• .esten 
1-c,_...._ 

Tetr-U.11-
""'' 1-1 trtle 

lubn111ltrile 

11Az11111lr1 le 

AcrJloallrlle 

Acetonllrl le 
lllpllthonltr.iies 

MU 
MU llATU 
Atl ""' ""-' ,_, llULlll 

1.0 a 1oJ (0.2SI 1.5 I 18' 

6.0 • 1oJ 11~01 9.0 • 1a4 

1.0 I ioJ 15.01 1.4 • 1o5 

2.5 • 1o4 (10) l.8 I IP 

1.4 • 1oS u • la' 

• I 

--- -- ---
J.17 I to2 4.76 I to> 

J.Z I tol _ _!,!_•to> 

4.01. '~---- ~··oS 
8.78 • 1o4 1.Uale' ------1.0 • lol - - - -1.S a lo' 

J.O I Jo4 (20) 4.S • toS 
4.5 • 1o5 6. 7S • lo' 

Z.JJ a lo' J.5 I 107 

- ---- ---5.0 l 10l 7.5 • to4 
4. I . x loS ( 100) 6.2 I lo' 

·---·-
1.1!1 • lo4 Z.8l I toS 

·- us. 1U' 1.5 a le? ___ 

II • -· 
" " ------• • 

1.1• • 1ol 2.64 l 1o4 

J.O • lol (0.51 4.5 • 1o4 

2 .25 l lo' l.;, ~--.or 
J.24 • 1o4 4.86. lo!' 

4.5 • lo' (20) 6.8 l .~ 
1.0 • 104 (40) I.OS • la' 

• • 
11.D. lol Determined 
II lo V1lue 

•tt MlE 
lllJU LAlll ..,.. 

•I(' ECIUl'r II[ "' 

• J.0 I 101 

• .... to2 

I 2.1 • lo' 

•.•• -1 7.6. 1o2 

• 4.Z a 1ol 

I • .__ - - --
l.• I ta' 9.6 

• J.2 
I 1.2 I JOl 

• 2.6. lol ---• l.O 
I 9.0 • 1o2 

• •••• 1o4 

• • -- - l.s"71o2 I. 5 

1 . .; • ,.,. 1.2 • 1o4 

• 5.6 • 1o2 

--
I 4.6 I 103 

• II 

I II 

• • 
• 5.4 • 10 

• 9.0. 10 
--- --• 6.8 a 1o2 

• 1.4. 101 

1.t • 1ol 1.4 l 10> 
1.1 • 1oS 2.1 • 10J 
. 

• • ---

MTE ~~ ·liUll L£V£i. 2 
LAlll IHR£ fCUD 1(..,111[0 

""' II , ... 1 mu Y•YU 

~~· WILOGI LEIU t ""' •n .. ., 
• SASS, ua. ca l.D. 

• SASS, LAI. 
a.zairl LC1 & 8 r..H IO 

• SASS. LAI, C8 l.D . ·-- -
2.0 SASS, lM, 

1.2.1o_2_ LC7 I 8 ---- Ill 

• SASS, lAI. Cl, 
1.z..1a2 I I lC7 1111 

ws ;-1•. ca •. ---- ---- ·r--• I I LC7 a.zatoZ ! 1111 --- ---- -- - - 1-- - --
2 .0 I ,JD SASS, LM, CID 1.0. ,__ --1--

,_ __ 
• -----·- ------ --=i=--- ---
N SASS, LAii, C7 l.D. .. ~·-lAll.:...l£ 8.Zd~ --L~-- -- - --N SASS, LAI, C7 1.D. ·-

8:Z;j7 
, __ ---·------• SASS, LAB, lC7 t.83 Ill ·--

• SASS, LAI, LC1 8.hloZ ., 
. . 

II SASS, LAii. LC8 8.hlll ID 

1.0: iQ=l -----·ip----·-
SASS, LAB. lC6 ----·- ---

2.0. 10 SASS, I.All, C7 
----- l.D. =i-------

SASS. LAB. Cl, 
9 I 10 -·-- --- -·-• SASS, LAI, tlO l.D. -- ----• SASS, lAll, lC6 l.6&1 • 

-· ·-
II SASS, LAB, LC6 U.da2 

-
ual7 

---- ----- ----
II SASS LAii lC6 

• •.AS, FIELD, C6 l.D. 

II SASS• LAii, LC4 ua1aZ •.ll IM) 
-·-

II _lA~~ • ..1Ail....l~4 I _,,) 

----
----

2.0 SASS, Ull, tll l.D. --~--
-- _SASS, l~, Cll 11.D. ----

2.0 • to2 c;AS, fl£LD, C6 ~;~art-;------- ·----• SASS, I.Al, LC4 ----

HST 
UPt:C-

TArtOllS2 

----

---
-- -
,__ 

- --
-

------
---
·----

-- -

·~ 

----
--

-----

~;, -~ 

'-· 

-----
-·- ---,__ ___ 

------
-- - --

--··- -----

- - -- --
--- ---

- -·--

---· ---
-

----- - --
·-

~----

--·- ----

--
-

lMU ll"f: 

I. TUJ.._ 
l.S-z. l(IEUll'. , ... ,. 
) ..... 
A. 1115 

•. Qa 

' llH 'll(JllIOll. 

Cl. ES.:.t 

[. a..;'11!. 

2. (l>{~~;.; 
11~; ;JJCa~s · 
I ~:'ii• 

2. IQ(~•f 
).--

J. l(Si QSI 
I i! A::lllWl:. l 
t. IUCIATI 
J. •IQI 

•• Wft( 
N.IQIJl; 
1. ~l]Ut![ 
2 llUCIU.. 
l. IV£.fQllAI( 
• . I! i.lft'l f 



Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

MTt l'Al£ MT£ lllTE 
~ UllO Ultl Z 

Mll IMTU IMT(I lMO lNID lffll[ fOIJll llt:Qllll[D 
All .r~ .;J." 11919 ""' II 1,.., W!I.£ Y•Y£5 TUT 

WIGlllY COll'OIJllJ ..,,., ,,_, ( OCT ~Jll CCOl.OliY LUUI ...,, Mlt ..., lllllDD' 

•• llllllU 1-W-cihl•l- s.s • 1ol 1.5 I toJ 1.0 • 1o2 SASS. I.Al, Lt7 a.:,.ir/· t.5 YtS l-l .. ...., ~l•I• 1.11 I .tOJ z.n. 10' • 3.6 I 10 l.O SASS. Ull, LU , ... 1r 1.19: Ill 
~ .... ......,., I.I I 101 flO) 1.1 • 10' 1.0. 103 Ii.\$, FIRD. C6 •••• 
EU.-1..i• 6.0 I loJ (3) t.O I 10" 1.0 I la' I.I 1 lol 2.0. 10 SASS• I.Al• Cit •••• 
.. t,1..-s 1.5 I le' (S) l.25. ·~ •1.0 a HP 4.S I loZ z.o. loZ as. nu. m •••• 
EUl:Jl..W I.I • 1114 (111 2.7 I to& 1.0 • lol $.4 I lol z.o GAS, Fib.I. C4 •••• l.t· ..... ..U- f.I • 10" 1101 J. 7'S • ,.~ 1.0 I lol 7.1 I lol r.o SASS, I.All, Cl 1.0. 
~...,1 ...... 4.0 I ta' (10) '·' I \()5 1.0 I to' l.Z I loJ f.O 1 10 SASS, UI, Cl •••• ............... 1.11 • 105 ... , .• Joi .. 11 ..• J.I I .JoJ II SASS, LM, Cl .. .. 

..J-!!fll!r!I!- - I - ·- - IJ..._ ..!- -L - J!.S J l.ll,I ..!' . .. •.L -· - - -•• .SftllmUll' tU.,lt1111hlt111 Ul~ 1cii - 5.t I toJ • 1.0 I 10 I w. nn1. m •••• 
et.tll.Jl•IM I.I I 10' (11) 2.1 • 1~ l.O. Jo-1 5.4 • loZ u MS mu tn ••• ............ 7.0 I la' (20) t.OS 1 Joi 1.0. 1o4 Z.1 I to3 z.o. 10 ms. UI. lC17 r~ -;.-;J A- ... 
Ol•"'1'-'"" 7.5 a i.- (ZS) 1 • ., • ta' J,0 I 1&'J z.z ll 1o3 r.o GAS, Finl, en •••• 

.. · ... ~~~-...!!-- • 
i- -·--· .. -·-- -

_ _t_ --"- -~ '!.!-Et!!- g1 ... •:!:. - - - - - . ~--· c. tmlllltf W11M91- 1.1'"'; iol - - 1.1 • to3 II J.t ti SASS. \.M. Cl I •••• MlllCS 2-Alll-.fltM ,_ 1.1 ... u • 1ol 1.0 • 1o2 1.0 2.0 a 1CH SASS. UI. lCI ,_ .. .., z.a m I.( 

4,41-flrui,t-. 
Z.tt I to' J.17 I 103 la.blo' "'"\Z·Cflloro- II ••• II SA.SS. UI, lO J.I YD l-1 

•ti Ill ..... """ 1.0 • lot (0. tJ 1.S • tol • 1.s a 10 II SASS, UI, LU J.lalol t.7 m. 1-l 
~ .... ......,, l.J • 10' Z.I • J04 II 4.0 I .u ..... lQ J.1111111 
......... -...a_ 4.5 . ,., t.1'5. to4 • 1,4 a 1oJ • SASS, Ul,·l'6 J.1111'2 .. 
J,l'·Oldll-

'·' • lo! '·' . ,.,.. II z.o. 1o2 II SASS, l.M, \C7 1.'b.ttl ~ ....... 
leNl.S• 1.4 • 1o4 Z.1 11 llJS 1.0 a toi 4.Z 1 to2 z.o • ur1 SASS, LM, lCl ..l!Jlitif ...... ••• • lO' 11l f.15 • lllll 1.0 • 101 •·.o. 1oz t.o WS. lM tit -.. 
.......,,.111 ... r.s a to4 (SI J,15. to5 II 7,S 1 loZ I SA.SS, I.All, Cll •••• i,a.ot111u.,r- z.s I to' (5) J.ll. 1o5 II 7.S a toZ II SASS, UI, l'6 J.tatfl ·•'"- ......... . 

n. m l.l'•'"-l11J'1· J, 17 I 10 4.71. 1o2 II l.O II CAS, nuo, u ..•. · 
~ 

. .._.,,,. 
·-

...._U.,l·lwdrazlM J.5 I 1112 (O.Z) 5.25 • tol II 1, 1 11 10 I w FIELD Cl •••• 
• loZ (0. 2) • 103 

._ 
I.I. "-U.- 4.0 1.0 II I .t • 10 II CAS, flCH, 0 

··•DtmUr•- ••• I lol (0. S) 1.5 • 1o4 II , ...... II SAS~, LU, Cl II.II. ~azl• -u.i.n·- I.JS I lo4 z.oz • 1o5 II -· . ~_._!L 11.D. 
( tf.,._,lllJdrailiws 1.4 • lo4 z.o • 1o5 II 4.0 • lo" II SASS, lMI. lt7 ia:z.1oZ 0.001 llJ ..,....,,,,. • • • SAS~. LAI, tll 11.D. 

• S-tfmi of S-Z·S, $-Z-6 Mid 5·2·7 II. D. llo t lie tft'llt _,, 
II llo Yalw 

T£5T 
EMC· rm

3 
SNft.l 

TATIOllSZ COST M.Jijji4 

l I t 

- ..... -

lo- - - --- .__ --
1 I J 

1 I I 

1 I I 

TJllll.E UY: 

1. l[SJ l£TIQI 
1. ST.tllDllD 
1. IUElllf· 

IOTA!. 
J • ..,... 

A. MS 
I. IM 
c:. llCT 

DIOllCM. 
D. J:SCA 
f. liCll'S 

2. ur£Clt0 
TUT sucass: 
I. HIGH 
f. llllOUAT£ 
3 ....... 

3. UST COST 
I. lfASOllMll z. IOO[UTt 
J. llllill 

4. W1U ....,, 
'· -.u Z.tllllllllM.. 
J. llGGUl'Tt .. .,.,....( 



..... ,. 
~ 

Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

IMtE MUE MTE !MTE 1?( 11ATIO LEVEL l ..... llAT£A WITH UNO lAftO ltl[i[ flblll R£QUllU'.JI 
All .a'.;H . .,. .,,, 141'.1 •• ...-1 J!!fi.! Y•Y[S 

CATEGOltl COWOUllll • .,..i ,,...: CCOUl&l llEAI. TH ECOl.OGY UYEL I •g/l !VITE N•llD 

12. ftlTROSAlll£S 1-lltroSO• u l.1 • 10 II 3.6 • 10-2 • SASS, ua, C9 lt.D. Dt•tllYl•lne 

•11trft0- l.ZI • 1·;2 I.a:.! a 103 II 3.6 • SASS. LM, CID lt.D. 
llletll1l•lne 

1-llllhyl-11-
ltttroso-A.lllM 

l.lt I u:.J l.!14 • 1o4 • 3.8 • 10 • SASS, I.Al, LCS 2.4d02 0.18 Ill 

l-lftro1P"DI- SASS, lM, Cl2 
p.rop1l•l• 

Z.41 I l•ll 3.62 • 1o4 II 1.2 • 10 • I LCS 2.4.aoZ 
1-litroso-DI- 1.4 • '"' 1.1 x lo' • 2.2 l 103 " SASS, LM, LCS Z.41la2 pt.enyl .. lne -- ·- ----
1-lllroso-Di ho-

p.ropyl .. tne J.8J I 1.14 5.15. 105 • 1.2 • 101 • SASS. lAI, tll 1.0. 
·-

l-lltroso-01-
pentylH1ir>e • II I " II SASS, l.M, LCS l.4da2 

IJ. llERWTAllS, 
Sll.FIOES 
A. lt:RWTAllS l'erCllloroa:lhyl 8.0 • ;.il {O. l) 1.2 • 1o4 II 2 .4 • 10 I SASS. LM, LC6 u..ioZ lleruoptan 0.45 TU 

---·--- --
llethyl llercapttn 1.0 • ;~ (l'.5i 1.5 • to4 II J.O • 10 " 6AS, TIELll, S6C 1.0. --·--

• 1.-? (0.5) • 1o4 (thy l Mercapt.,. 1.0 1.5 • J.O • 10 II W, r!ELD, 5'C 1.0. 

2.25 • 1o4 
---- ---~--r----

lutyl lleruptans u • l.:.l lll.S) II 4.5 • 10 " GAS, flUO, 5'C 1.0. 

le11zenthlol 2:01 • 11>1 l.10 • 1o4 II 6.2 • 10 " SASS, LM, Lt6 J._6d0" 

P.-opy 1 Ml!rupuns a.a. • 1'14 1.21 • 1o6 • 2.4. 103 " (.AS, fltlO, SGC 11.0. 

1-Anthranlhlol • N • N • SASS, LAI, lC6 l.6do2 
~----- T.4i°: ~· - - ].,t; iii~ -- - -- ..__ - -- - - --- - - - - --

B. SULFIDES Oi•thyl Sulfldt II 7.2 • loZ " ~. flUD, y;c l.D. ·-~--- -
OISUl.FIOlS PllHJI Sul fide 9.6l • la4 1.44 • 1()6 • 2.9 N ~. lMI, C9 

2.4do2 
-·--'----· 

& lCS ---- ·-· ~-
Oi~thJI Sulfide I " • " N IOU, FIELD, SGC 11.0. 

·- --
Mtthyl Dhulfi<R • " II " N SASS, LAI, t8 11.0. 

14. SUI.FON IC ACIDS, 
Sll.FDXIDES 

A. SUl.fOlllt kllltnsulfonlt •.01 • 11r 6 .01 • 10S. " l.2 • 103 N SASS, LA8, Lt8 7.6d0 0.002 NO AtlOS Acid 

9,HHlntllraqul-
none-01sul fonlt • " II N • SAH, LAii, Lt8 7 .6110 
Acid - -- - -- - - - -- -- - --- -- - -8.tt .:oi- -

1-:22 710T - -- --B. SIJl.fOUOt:S Dimethyl Sulfo•1de II 2.4 " SA~S. L"8, en N.O. 

·s-t1on of S-Z-5, S-Z-6 and S-2-7 ft.0 ...... O.t-lned 
N ._ W.llHI 

t£$t 

~~I T~;~2 HST SAlf'LE 
tOSTl Al.IQOOT4 lAlllE UY; 

I. TEST HUHOO 
1. ~ TAlllWID 
2. DlVCLOP-

llElltAI. 

- --·--- 3. UllKIOlll 

"· o\AS 
- B. lRD 

c. 11£l 
OU:HIC>.l 

0. £SCA 
(. &£/HS 

-· 
2 . UPECHD 

TEST SUCCESS: 
I. UIGll 
2. MOOCAAlE 
l. UllKllDllll 

J. HST COST 

l-£ I I 
1. RIASOll-

l MILE 
2. M00£AATE 

- -·~-- 3. HIGH 

---- 4. Wf>l[ 
ALIQUOT 
I . ADH)ilA II 

·-- ·- 2. llllRGlllAI. 
3. INAOEQ!MT! 
4. R£SAlf'l.C - - -- - -- ---

----

- - -- - -- - --
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Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

MTC MTC M Tl M TE WI\ r llA JIO l£'ftl 2 TCS T 
llATE llATC• llATCll I.Ml lANO llt£11l fOIJlll _,,.) lllQllllfD T£SJ 

1 
£XPl:C· 

AIR 119/I .911 .,,, ..,, •• 11'1191 2!!!.f. Y•YU ll:l1lllO 1m011s2 TEST SAll'l[ 
~ .,,,.Jc-> Hl'.Al.Tl4 £cot.OCT ll{M.TH [Cll.OGT l£YCI. I "'J/1 llAT( ll•tl) cosr3 Al1QWT4 TM(.( KEY: 

llplwtlyl 1.0 • 1ol (O.Z) 1.5 • 104 • ).0. 10 • SASS L.M. LU 7.Cdri o.73 rts I-[ I 1 I 1 TEST 1£THOO: 
~.;.:;.;..;,.;<,-----1...;..;;.;.....;;....;~..1.o....;.s..+-.;..;.;;.-'-'_.;.:-+----::-t·......,.--=--t---'"---t--==--~"'-'=--t--~+-"--'--t-----t-----tl-----t---+-----t l. STAllDMO 

letozHI! l.O • lol (10) 4.5 • 1o4 1.0. lol 9.0. 10 z.o GAS, fl(UI, a 1.0. 2. OC'ftlcl· 
i.-1-.,.,._,---h---+-,-.-0-.-,-..,-1-11--+-,-.JS'~-i~ .. --.--~,:,.....;...-1'"'ot:::-+-..;;;.;1.;...._t-SAS--...s"',.-LJW--"", '"L·o;;.;..+-s-.1··.-1o'"'·•rt-o~ -...,.--- 11:111AL 

I.... 4.S x lo4 (10) ,,8 1 IOS. 1.0 a lol 1.4 • SASS, LM, LU 5.ldo" .• -----+-----i----+---+-_-_-----=·-- J. l.MJIOjll 

l\OPl'OPll hnz- 6.l 1 loC 9.45 l 105 4.~ I IOl 1.9 a loJ Z.0 SASS, LAI, t9 11.0. t-----T'----t------ -·--+------i :: = 
Trt.t117I ""'"" l.Z • ·~ (15) 1.8 • To6 • -+-l-. 6-'-1-lol"'T-+--....;.·;.;;....-i-w;,..,;...;s"".-'l'-•""",'""c.;.;;1_0-+--.·-. D-.- ....------- c. W(t 

,____ CAL 
ot~~-~~hll· . 1.21 • 1o5 1.t1 • 1o6 Lo. 1oJ c.o • ,1oJ z.o SASS, ue, ta 7.4airJ ! o. ~1 

-T-.!.,,.-,-.llJd-t-.,.ro--,---,--1-.. -tt-.-,-05· 1.94 • ia6 i.o • ioJ 4 ;~-;;,-t---z.-o--+-r-u-s·s-,-LM, cu. , .... i --- ---r-------- -- - ·----- [. oc111S 
, I Benz l.11 • .~ 3.1$ I 1o6" 1.0 .• 10J '·' .-,g.i+--2-.-0--+-SA----SS-.-l-M-.-C!---ll.-D-.--i----· ___ ___,.,.__ _____________ z. ~m~~ mr 
01':11 BH;::---1 ..... 2-.2-s-.-,o~,s-··- -1.l8.-i06 · 1.0 • ,or· ,-.-.-.-1oi_,...,,___2-.o-----SAS---s.-1.M-.-c-10-..... _ .-11-.0-.-0----- -----+---------+---+-·----i ~: =Mn 

- "· u 3 • ...,.... ktJI '""'"" z.a • 10s· ~ 3.38 1 1o' 11 -.-•• -.-,-o.,..1+---.--+-~_,_s"".""t-,.-.-c1-1 ·'I:.-.- '""----•----+,---+-----1-----1----1 
~- t.J ';10!- ).4 a IO!i M I.I• lol __ I SASS, Ull, LU • •-•~ ± -+----!---+-·--- J. r~~ 
.felwnr ),7$ 1 ·loS (100) S.63 1 lo6 1.0 1 lol 1.1 1 loC Z.O SASS, I.All; al ··~;__ ___ .- ---1------1t---+--- l. ~llATC 
st.rn111 · · u-;lo• I 1001 ~ '· 1 • loti 1 .o • 1o3 1. J • 1o' 2 .o SAss l.M C9 •·•· I J. HJCM 

..... :['"'tl!J'-l-'tleft-,-.-... ---1-4-.-35 ;~-'-,--,"-.s'"'3-.-.-r1',_+.;1.;....0;;...;;.1...;l~oJ-l-',"" . .;;..l-"1-l;.;co4-1--2:.:.c::.o--+-·SASS: ua: QI l.D. - >-·---t ... _----+----- i->- --·- '· Wl'I,[ 

1,.1_, •.n • 10 11ooi _•_.s_,_._1_o6-i-'-·_0_1_10_1._._1_.i_._1o4 ~----1--SAS __ s~,_l.Ml_,~n-~11_._D_. ·-t--- o-----r---f-·---+---+---- M.tQWT 

,__•_·:_:_~-'-~_,_,1_. _____ "-----+--"----~-~ --" ...... -~1--"~-'J'-s_._LM_. _Lu_.~1 .... Ja_....1rJ--+-•-·-------1•1-----+-----+---r---- t ::rn 
~,_,~==~+~-.-,t1:11t.._1'_. ---+--"-------! _ --"--i-1_._0_1_1o'__.~-·- _!:~ _SA_\~, l.MI, CU l.D. '· ll[SAl'I'\[ 

16. HAUJGCMT[ll I 
~TIC i. 
H'IDAOCMllCllS • 

A. ~-;TIM:D '°~~=;:~tl!d s.q • I~ 7.S • 1o3 5.0. ltt-l ~s. ua. let t.htol u ITT I I~ 
~Tl~ l'olrclllofl .... Lt.J -· s -· 3 I SASS, ue. LU ···---t. ---+-

Wtll-S --+-J_.• __ • _1_u·,......---if-s_.1 -~•-o_-+_,_._o_._,_ ..... --i_,_._11_._1_0--1 .... z_._o_._•o_·-+-•,..,i. _____ ...... 1_. __ 31"'1""o>-+--·----7------ . _______ _ 
CJllOr'OMPhlheltn~s 6.93 • 1o4 1.04 • lo6 • 1.5 • 10 1.0 I 10-S SASS, Liii, LU l 

& J l.lalO i 
z:~i;,;:;i;i-,,..,..--· Ll 7j~jS!j)- -l~7S;l(i6 .____· ._--_-_··t··_;_:s_-_.-_~1_oJ-+1---:~·~----t-1-..-SASS...-~~-"'lil""'-.._-.-ct-:_:::-11 ... -. .;.D-:_.:·::~~-- ------ -- ·-- -·- ---c--- ---
- ----t--··----- ----~-- -------

l,l-Dicllloro- 3.0 x 105 (!IOI •.S x Jo6 1.0 1 lol 9.D • 1oJ 2.0 • 10-I SASS, LM. CIO N.O. 1

1 

--~-''""'-----t---------+----Ch lo<OMnzene 3.5 1 105 115) 5.25 • io6 1.0 1 lo2 I.I • 1<>4 2.0 .-10-I SASS, l.A8, Cl! M.o:---- ---- •-- - ----- ---- ------
----r-----1----ir----ii-------t------~-t----+-----. --------+----•---+---__, 

l,4·Dlchlorn· 4.75 1 105 (75) S.8 • 1o6 1.0 • HY 1.4 • 1o4 2.0 • 10-l SASS, LM, CM 
~ftl"'" 

·---+---t------i 

JLD. i 

•s-tlon of S-2-S, S·Z-6 and S-l·7. 11.0. "ot Detenolnecl 
N llo Y1lw 
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Table 2-2. Total Emission Data. Frqm 6-inch FBC Unit* (Continue4) 

ur~ c:... ._ ... .... I -.._..,_ ..._ 
l,J-lidl1-

.._~- --
I. MllllJU:S .-a.1 ... to1-......... lls-(dll--U.,I) 
~ ..... 
Ila. Siil 
CMlm 

U. -llC ... u .... ....,. 
ll'llD ll•llnlal-
~ ll!U..,.lt ... 

~-
li&.-mr 

1-a.1-z-
Ii~ 

1-a.•-4-
II~ 

lltntol-5 

II. MD.S ... -HS 2 ,z•-DI.,....,_ 
llll~ls 

PDl,.l:fl ..... 
.... 1 

Cresols 

....,I ...... ls 

AUJI Cnsels 

Z-ll!U.0.1 fkMI 

IJletooh 
(Uoy I phooiDls 

·s.-u .. ., s-2-s. s-2..fi ...i s-z.1. 

lllll 
MT£ llllE& 
All ""' ""81 ,...,., ..... 

I I 

I I 

I • ----- ~- - -
5.54 " 1o4 

• 
l.J "1oJ 
1.50" 101 

4.S " 1oJ 

5.1 a loJ (l.O) 

l.l "1o4 

1.lt & .... 

l.O a lo4 (S) 

6.15. 1ol 

1.49 • ta' 
--

1.t .... (5) 
1.l a 1o4 (S) 

Z.l • to4 

1.:l!J • to4 

l.26. 1o4 

1.l • 1o4 

• 
l.D. ..l Detenoh1e4 
• .. •~1 ... 

I.JI a 185 

• 
z.o " .... 
Z.25 a la' 

6.JS. la4 

7.S • 1o4 

l.'5 " 1o5 

Z.84 a I«> 

4.5 • 1oS 

5.0 

S.CI 

s.o 
5.0 

5.0 

s.o 

5.0 
5.0 

5.0 

lllTC lllll lllJ( SAll'l( IATIO um. z 
llUU t.W ..... ---RUil "~ lll:~JRU> 

""' 
,,.,, ,,.,, II llP9l H!l! Y•US 

UllJl5'f ... ,. Ull.1151 U10. I ,,.,1 MTE ... 
I I I sass. UI, ti, 

II, I U2 1 .ta1tl • 
I -• I SASS, UI. tl1 

7 .talil aw • 
• • I sm. UI. c10 I.I. - -- --- -- - ------ . - -- --

1.0" 1o2 SASS, UI, en •••• 
I • • 51155, UI, lCZ 

1 .... 1 
I 4.0 a IO I SASS, UI, lt4 1 ... 11 O.JZ • 

I.I a tel 4.S a IO 1.1 SASS, UI, lG 2 ....... 

I ••• • le! • SASS, UI, U:S 2.fall 

_I.I a aoJ i.5 • loZ 1 •• - SASS, UI, Cll •.wci2 
l lC4 

I.I a to' 4.1 a lo2 2.1 a II SASS, UI, lt4 •.uw 

• S.I • to2 • sass, UI, lU 4.t&w 

I.I a 1oJ t.D a lo2 Z.I saSs, UI, U::S 4.ldo" 
-~ --- --· 

§.0 • ..z 1.0 a llt'Z 
'· 

J.iatfl ••• SASS, UI, LC6 0.05 ID 

§.0. 1o2 l-.0 a 10-Z ••• SASS, UI, le& J.'11.1.Z 

s.o. ,,,, 1.0 a 10-Z ••• ws. ue. en 1.0. 
5.0 I Jol l.0 1 tO-Z I.Cl SASS, UI, Cit ... ~.,,_ • lC6 

S.O a.loZ l.O" 10-Z 1.0 SASS, UI, LC6 l ..... ,, 

§.0 I lol 1.0 I 10-Z ·t.D SASS, LM, CIZ 
l.611oZ aw 

5.0. 1tz 1.0.10-2 I.Cl SASS, UI, lei Ullo! 

5.D a loZ 1.0 a 10-Z I.I SASS, US, lt6 l.utcf 
§.0. 1o2 1.D a I0-2 l.D sass. UI, LC6 ].6&111" 

TEST 
J(Sl 

l€TllllDI ,:'~z ~!] SMl't.£ 
M.lllUllT4 

-- - --- - - - --

-

- ---

--

--
·-~ -------

. .---· -

TAllU aY: 

I. T£S1 ll1lllO 
I. ST.tllllAID 

• z. lll1U•· 
llOTllL 

] ...... 
A. MS 
8. IJll 

'· Vl1 DIOllCAI. 
0. (SCA 
[. (£/11£ 

Z. CUlCIEll HSJ 
suta'U: 
I. llHll 
l. lllllEMIE 
] ...... 

4. USl CO$l' 
l.IEASmf.. 

MU 
Z. ICllJUAH 
]. llllilt 

•. Wl'l( 
Al.I~ 
I. ADlQ11111£ 
z. IN&lllM. 
l. IMIEQUllH 
4. lll~E 
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Table 2-2. Total Emission Data From 6-inch F8C Unit* (Continued) 

"'T( Mll K\T[ 11111£ 5:;i UTIQ LmL 1 
MTC· IMTtl llllTll L• lMO lffl[ FOllll la:QUIRED 

J•• .. 11 .... I ""' ""' .. 1111111'1 l!l!ll Y•Yt:S 
CAllaf COINllO .. , (ppi) ll[AI. TM [toL8Gf lll'll.IN ECU.Oli'f um 1 .,,, llllTt .. .., 

•• 11...an • 1,4-DiltJdTe•J· r.o I 103 5.0 5.0 I lof 1.0 • 111-2 1.0 SASS, IJI, lt6 Ulltf 0.11 llO l'Gl.ftlrlllU ....,_ 
C.tei-ol r.o I lo4 (SJ u 5.0. ltl 1.0 I lo•2 I.I SASS, LAI, lt6 3.6111/ 
1,Z,J-Tri..,..._7. ..._, J.51 • 1o4 s.o 5.0 I lo2 1.0 • 10-2 1.0 SASS, I.JI, lt6 Ulllr 
l ,J.Dt"1drot1· 4.5 • 1o4 (10) s.o s.o ••• 1.0 I 10-2 l.D SASS, I.Al, CIO •••• -~-- - T.u-; i05 - -:-

_1 ___ 

s:O 1 lo2 i- - - - - -- ----· ~-1 -- ..._ __ 
c. AISH I,_ I • lllpll\llCI 1 5.0 1.0 a 1a-Z 1.0 SASS. lM I &.a J ... 11 ----·-l'l1lllll'f Z·•plltllol I.Of a 105 s.o S.0 I lo2 l.C I 10-Z 1.0 SASS, IJI, let l ... 11.l 
~ ..... Is •••• 1oS s.o S.0 I lol 1.C a 1a-2 1.0 !ASS, IJI, w l.1111 

PllfMntllnth • 5.0 5.0 I lo2 -- I .C a 1a-t 1.0 WS,LM &.a .... ,,,. 
AceMlht ...... h • 5.0 s.o. 1ol 1.0. 10-1 1.D SASS, IJI, W J,£-••' ,....,...,n.,.. • 5.0 5.D 1 ltl LO a 10-Z 1.1 ws. Ull. lCi iJ.wcz 
Z-·lt'dro•ydl-... • 5.0 S.D • tel l.C 1 10-t 1.D SASS, IJI, lC6 iJ.~ fur• --

''· ~llU PMt.clllorephfnol 5.0 • lol 1.11 __ 5.0 .. 19' 1.G a 10-Z 1.0 ws ..... lt1 .. 111tl- I.& ..... 
QforlNlH CreHlt z.n • 1o4 5.0 5.0. 1o2 l.C 1 I0-2 1.0 SASS, I.Al, Ltl lu.ia' 
I ,4·Didllo~!_ 1.0 • 10J s.o 1.0 I ltl SASS. ·ua, CU •••• 
Z·Cll19"llllletlo1 J.OZ 1 lo4 s.o 5.0 I lof 1.C 1 IG'"2 1.0 SASS I.Al, C10 •••• 20. II tlllfllllQ.S Jr h1ttropllnol 1.0 1 lo1 (O.Oll) 5.0 \.I I lof 1.0 • 10-r 1.0 SASS, I.Jiii, ltl l.hllf I.I m 
IH•ltro-o-cnaol z.o • '°' (0.1115) s.o •.I I 1o1 1.0 I 10-2 1.0 SASS. Liii, LC1 1.1a1.,Z 
t111ltro-Pocrw1ol 6.1 • '°' s.o s.o. loZ 1.0 I 10-2 1.0 SASS, UI, LC1 I.hie« . 
DI 11 It""""'° ts I.JS • 10J 5.G 5.0 I IQ2 1.0 I 10-2 I.I SASS, IJI, la l.Zlllll'" 
4·111~1 I.SI 1 1o4 s.o S.I • fOl 1.0 • 10-r 1.0 SASS. Ull, LO ·-·~ J.11tropllltlo1 2.01 • 1o4 S.D S.0 I ltl 1.0. 10-l 1.1 SMS, Ull, Cll 

I LC7 II "''Cil 
z-11111.,..4,1- I--

lltl'Ollllenol 4.M • 1a4 s.o S.0 I ltl 1.0 • lO-Z 1.0 $ASS, Ull, lC1 •• ZllJtf 
t-•tt...,.._,1 S.8 • 1o4 s.o 5.0. "' 1.0. 10-2 1.D ws. Ull, cu •.zxar 11n - 6.0 I 10-Z .111a2 .21. f&I le1110(•)'1nM r.u • 10-1 J.17 x let-I • • WS, lM, LU 

i.. ·-··· 
... 

----~ 
--TIC Ol1Nft10(1,li) 9.21 • 10-2 1. J9 • J.O x 10-l • SASS, IJI, ltl D. hlr NIWO a enthrecrne --

1,IZ·Oi•tltJlbnr· 
(a)-aRt~rac..,. '·' • 10-I l.91 • 1.0 I 10-J • SASS. I.All, lCJ 5.bllf 

Ol b91iro( a, t )py;.,,. 4.J I 10 6.5 I 1 • l.l • SASS, LM, LCJ 5.11101" 
I 

._ 

•s.-u. el S-Z-S, S-2·6, alld S-2·7. 11.0. llOt Detenllwd 
11 llO Yahoe 

TISl 
TEST 

1 
UPlC-

llf11«111 TATIOllSZ 

...... __ -- -

-

... I 

1- -1..r t 

. .. I 

TEST:i 
COST Al.~ 

- - ~--

-• • 

, t 

-

' 

l_ .--1--

Tl'IU Ill: 

1. TCS1 IU•: 
1.S~ 
z. llfftt•· 

llU'Ull. 
] ....... 
A. m . . ..., 
t. \j£T 

OllJllCJI. 
D. lSCA 
[. liCl"IS 

Z. fJPlClU TEST 
SllC(llS: • 

1. llfilf 
l. IUElll'Tt 
J ...... 

l. TUT CDST 
1.~ 

at 
f. ll!IOAtt 
l. 11111 

4. w.lI 
IUMY 
I. AllPTr 
l . ...... 
J. 1-.:!J)afE 
•. •s.wu 



Table 2-2. Total Entission Data From 6-1nch FBC Unit* (Continued) 

MTE IMTE MU IMTE ~( IATIO um z. 
Mm llllT[I llllTER u. I.MD llOl fllllll 1£Wll£0 1m 

...,.¥~ ... , ..,1 ..,,1 
""' ""' II ,_, 

~ Y•YlS ~ '=~z CA'IUlllll CGll'Ollll llfAl TH £Ca0G1 ll(M.111 lall.OGY lUtl I ..,, MTC ... 
t,10-lfmUIJl·l ,1 Z.16 I 10 ...... 1oZ I SASS, Ull, lO 5.hloZ Z·lllu1Atllr1cene 

llnl(•)•Ulr- 4.45 I 10 6,1t • 1o2 • 1.l • SASS, I.Al, lCl 5.lala' 

Dl-•<•.•r) l.l2 I 1oZ 4.98 I loJ • • • SASS, Ull, LU S.hlr 
OwJ-e.-c, .•. I) _,_ 5,43 I lol l.U I )OJ • • • SASS , LM, lt.l s.111a2 

0111e11Jo(1,1)Pr"M 1.08 • lol l.6Z I )Ql • l.2' I 10 I SASS, LM, LO 5.1.rtcf 
..... Ulrefte I.it I Jol Z.31 a lo4 " 4.8. 10 • SASS, LM, ltl s.111cf 
lletllJlclN'JSenes 1.19 • lol 2.69 • 1o4 • 5.4 I 10 • SASS, I.Al, LO 5.ldcf 

Chm- 2.Z • 101 l.l I JIJ4 • '·'. 10 • SASS, lM, LtJ 5. Lllcf 

Plce11e 2.S I lol J.75 I Jo4 • 7.5 I 10 • SASS, l.M, lO 5.blo" 
lealo(elwreoe l.04 I 101 4.5' • 1o4 • I. I 1 ID • SASS, Ull, LO 5.lalo' 
Dlbea10(1,h)111rene 1.68 • 1ol 5.52 • 1o4 • I.I 1 1o2 • SASS, Ull, ltl s.1a1cf 
Dlbe11Z(1,c) 9.9 • 101 1.s I lo!> • 3.0 • 1o2 • SASS, I.Al, lCJ 5. L&la2 1nlhr1cene 

l ,Z: J,4·Dtllenzo- 1.0 I la' 1.5 • 105 • SASS, Ull, lO s.1a1al antllt'..:ene 

leazo( g)dlryHne 1.il I Jg4 Z.4> 1 lo5 " 4.11. loZ • SASS, Ull, \Cl s.111oZ 
ktlzo(c)phet>- 2.69 x 1o4 4.04 I JQ5 • 1.2· 1 1o2 • SASS, LM, lO s.1a1a2 antbrne 

lll!th7 I pllen·•n ihrenes 1.04 • '"' 4.56 • 10S N 9.1 • lo2 • SASS, Ull, \CJ 5.11lcf 
.... u..1-

5.0 • '~tt . ·~ 1.0. 1o2 1.5 • lol Z.0 1 IO•l SASS, Ull, Cll l.hlO• 

-- I LC2 
~ 

Antltr1cetie ;lie th7 l 5.6 l lo4 8.4 I loS " 1.1 I lol • SASS, 1.M, tO s.1r1a2 Alotbr•<ene ---- ·-· 
-..OUyl 2.25. 1oS ).JS. 1o6 • 6.8 • 1ol • SA.SS, l.M, LC2 1.11101 I 

.. pllt!wltll .. ± Di•UIJI -->--

...,,,lhllffWS 2.~s • 10~ 3.?8. 1o6 N 6.8 • lol II SASS, lM, LC2 l.ldol - -·- --
Pynne 2.33. loS J.S ~ lo6 • 6.9 • 103 II SASS, LM, ltl s.111o" 
"'"'' lliplltha- • • N • " SASS, I.Al, lCJ 5. ldef 

I 

lenes I l 
I ·- --f----- - -

AceiwiihtMM; N " N " II SASS, LM. LCl 5.11102 
AceMphth7lene 

Z, 7-Dimethyl· I 
-

.. __ ... ·----- --·---

•Atllr•cene H N " • • SASS, LM. LCJ 5.blc2 I 
.. plltlwc:ene 

·- ---- ·- ----
H I N N II " SASS, LM, lCl 5.ldcf 

Trlplle•Jlei>e II II N N II SASS, I.All, LCl 5.1.ia2 --
0
S.-tton of s-2-s, S-2'·6 •nd S-2-7. M.O ... It O.t«1111'1ed 

II llo Y•lue 

~~l 
Wft.( 

ALJiPIJ4 

~- ·-

---- -

. 

-

Tai IEY: 

t . TEST llETllOD 
I. STAlllMD 
2. DEftLOP· 

IUTllL 
l.llmlllll 

A. MS 
I. XRll 
c. llt:T 

CHEMICAL 
D. [$CA 
E. GC/llS 

2. EIPECTEO TEST 
SUCCESS: 
I. HIGH 
2. llOOUAT[ 
J . IMtallllll 

1. UST COST 
I . ll£ASQll

ML£ 
2. llJll(RATE 
3. 111611 

4. Wl'l.l 
Al IQOOT 
1. ADE~U 
2 . MM& I HAI. 
3. I NAIJ(QU\TE 
4. lt[SNl'I.[ 



Table 2-2. Total Emission Data From 6-1nch FBC Unit* (Continued) 

lllTt llltt •n •n e MllO L!'IC. Z i MIE -!ti llml I.Jiii UllO -·- ..... 
11(~ ..,:I~, a:. ..,1 m c:::'.ln "' Wt}' •·m an-. ~ uam LPU I Ill ... 
I 

1-411"11 ~ I • I • • MB. UI. lCJ S.l 1 1.,Z ... _,,,_ I I I I • ws. Ul. lCJ S.l 1 lo" ; 
'·'~· I.I··" - I • • I • WS,UI, LU 
"'11- • • I I • SIU; UI, ltl I.I a llf- i 
c- • • I I • 51115S,Ul,ta •••• tll" 

n. ... - '-=~ .... "' '·' . ,,,. ' ·- J.n l.fJ I 10 • • w1, w. &a I • • uJ· nc IS •1ttU.IC ... "'', I - fl-~ t.91 • ,,,r 1.:15 .... • '·'. Ill • WS. UI, lO 1..1 • 1a2 I 
'-9(1) 

l.&J • 1o' J.45 * .... • .... ,,;. ! n-i.. • '·'. ,. MU, Ul, lCJ 
' '"*""(l,t,J,c.fJ 

l.U I 19' 2.4& I Iv" • • ~· • 1'1 
l - I.I• IO MSS, 11.'1, lO I 

.. M(J) 
n-oMtlltM ....... '·" .... • r.1 , ,,,r • WS,W, lCJ .i. 11/ ' 
··~ ........ I ...... I ... ,.s • ... ,,,. • - ·- lrl. 

~ .. ,,/. ·- ........ ..... 18" ....... ... . "' '·'. 10·
1 

- lJll no Ii.• . -...... ....... , .. , t,7$ I Jlf • • • ws, w, en i.• 
n--; 
n:...~ .. , t.t I tlJt loB I ... I r.t • rr • lllU, UI, W 1,1 I lfl ,,_ I • • • I ws. Ul, tcr ,., • tr II 

"'-== • I • • • SASS.t.M, LU ,,, . .,,, ,,,__,, __ - • II • 
-----

• • 11151, UI, lei •••• 1o' . .,.....,.,._ • I I • • SIU, UI, 10 1;1. JOI 
C,.l_... .. ,. 

111•• till- I • • • • ~.Ul.lCI St• • lfl 
1-11•1"""11· _.__, • • I • II MS\, I.At, LCJ UI a al/ 

·- - ---·-- . ---·-

•••. lllt DtUnllnod 
I • 111 .. 

!UT 
tllfU. 

!AUmsr 
IHl 

Cl5ll M.~4 

--'- I . 

·-

--
·--·· --~·~-

-----·-
·····-

---·-
--· -- -· --- ---

UIU l:O: 

1. rnr.-: 
I. ST-
Z. tmlll'· 

lltTll. 

J -
•. Ml 
I. 1119 
C. ll[T 

IXJllCAI 
t. lSCA 
l. CCII& 

· f. Ul'lCTU fllT 
~; 
I. II• 
f. -" ··-). !!Sf OST 
I . ._, ., 
r. -•·r 
J. •1111 

•. lollll'U 
111.!MT 
1. --1( 
1. -· ..... J. 1--ll .. __ , 
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Table 2-2. Total Em1ss1on Data From 6-inch FBC Unit* (Continued) 

CA1UlllT CllNllll 

Zl. llETJllOCTQ.IC 
llTllOKI 
A. PTllDllll & P,rt•t• 

'SlmllTVIEO 
Dt ' ,.1.rs•tt-PfllDllllS ..... .,..,., .. , 
Pla1l111n 

Cltl11rOP7rt•t• 

Colltdlnes 

.....,,iMttt.tted 
AltJ'l f'1rl•t11H 

I. FUSED Dti-zh.~I 
6-IOll£11CD 1crl•I• 
lllG Dtllelll(.,J) 

Kridlftt 

8•z(chcrtd1ne 

Qllt1111 line; 

"°"''"°line 
DIMILl(c,h) 

Krill• 
lltU.,l•inol toes 

Aa1dlne 

Di•tll1l1111tnol t11e1 

Dthr~crldlM 

lenlO(c)qutnol 111 

ll!llzo( f)qu IMI 1111 

lnzo(h)qul.ol tne 
lletlzo(1).crtdlne· 

IHbellz 11-lndetlo 
(1,2-b)qutnoll• 

!Miao (1,Z,3,1,J) 
hDq11lnollne 

c·. PYUOU AID D'llleazo(c,d) 

RlllG urtiarole 
DERIYATIV£S '11"1"0le 

Dtbeftro(•,g) 
uriwlrole 

lndole 

•5-tl-f 5-Z-S, 5·2-6·, •nd S-2-7. 

MJt .w!J•,_, 

l.S a , .. ISi 

Z.1 . "' 
].~ .... 
4.lt • .., 

s.t • to4 

I 

f.Z-. 112 

2.47 I W 
1.1 I la' 

1.Y a to4 

2.D a Ill" 

s.~ • lo4 
t.11 .... 

I 

• 
II 

I 

• 
II 

I 

I 

I.OS a 1ol 

Z.75 a lol 

6.0l • lol 

J.1 • 1o4 

11.D. lo>t Detected 
I I lal,_ 

MTE 
IMTU 

.nl~ 

f.2S • 1o5 

4.05 a 1o' 

S.34 a lot 
7,2J • 1g4 

1.0 • 1o6 

I 

J.3' • tol 

J. 71 • tol 

1.6 • 1oS 

2.l7. loS 

l.~ • 1oS 

8.ll • 1oS 

1.4 • 1o6 

I 
II 

• • 
II 

II 

II 

• 
1.58 • lol 

4.13. 104 

9.0!i • 1o4 

1.7 "1~ 

MT£ MT£ ·MT£ i2E IATID um z 
llATCI lAlll l.AllD Hll RUD lfQUllfD 

""' .aft. ~aL •• ~. l•TES 
Eall.OGY l110. I ot/I NAU .. .., 

1.0. 18' 4.5. lol 2.0 • 10 SISS, UI, Cl 11.D. 

• 1.2 • 1o2 • SllSS, UI, (10 l.D • 

• 1.1 I lof • SISS, UI, C6 11.D. 

• 1.4 • 1o2 II SASS, UI, Ct 

'Cle l.D. 

II 2.1 • 1ol • sass. Ull, ca 
s.1a1a2 •LO 0.009 Ill 

• I I SASS, UI, lCl u.au2 

I i.7 II SASS, UI, LC6 l.61io' 1.6 YES 

II 7.4 • SASS, UI, LU J.11t1o2 

II J.l I loZ • SASS, Ull, Lei" l.6aloZ 

II 4.7. loZ I SASS, Ull, LU. l.6a1oZ 

II '·' • loZ I SASS, UI, LC6 u.aoZ 

II 1.7 • Jol II SAS$, LM, LC6 ua1r 
II 2.7 I JoJ • SAS$, l.M, LC6 3.6dcf 

• I • SASS, UI, LU l.6alcf 
II • II SASS, Ull, LC& 3.61110" 
II • II WS, ua, LU 3.6alo" 
I • • SASS, Ull, LC6 Udll" 

• II II SASS, l.M, LC6 3.6al0" 
II • II SASS, I.Al, LC6 3.ialo" 

• • • SASS. LM, LC6 ua1a2 

II II II SASS, U8, LU 3.6do' 

II 3.0 " SAS~, l.M, LC6 3.6alo2 

II 8.1 • 10 II SASS, U8, LC6 Ualo2 

II 1.8 1 IOZ II SASS, LM, LC6 l.6alo' 

II J.l • lo2 N WS, I.AB, LC6 3.6xloZ 

TEST 

~I EIKC-
1AJICMISZ 

TEST 
costl 

SAll'I.£ 
M.IQIDJ4 

l.f l l I 

·-

JAIL£ ICEY: 

1. TEST 1€1HOD: 
1. ST-. 
2. llHCLW'-

IDJAL 
] ........ 
A. AAS 
I. IRD 
c. ll(l 

CllEKICAI. 
11. (S(A 
(. Gt/MS 

2. llll'lC1£D UST 
sucttSS: 
1. HltiH 
Z. lllllUATl 
1.i.... 

J. TEST COST 
1 - lll'.ASOll

Ml.C 
l. lllOERAT£ 
J. MIGH 

4. SAii'!.£ 
AllQUOl 
I. All£QUAT£ 
Z • KllRGI IW. 
J. IKADEQUATE 
4 . RCSAlll'l E 



c:AJTillllT 

•• lllllllliD 
IElOKYU.U ......... 
-l 

M. •lDllmllC 
lllllllliD 

15.~IC .,. 

IN. --...Tll.l.ICS 
A. Ill.ft ... 

11111. 

Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

allflllllll 

llllellll(•.1) _..,.,. ...... , 
~··· r.tenlt .....,, ....... ..,.......,.,. 

llltlirl 
IMrU.luola 

'-'.....,...,_ ,_ 
...,.,_ .....,.,_ .....,,. ......... ,__ ....... , .. _ 
11111-<•,...... 

(:r>M)r-

~'· ... ,,... ........... ....... ............ ........... ·-llltlirlU.1 ...... ..... ,u...,... ......, ... .......... 
Jrt1 Teb91 .... I ............ 
:r.r-tltlll ...... .... u. ....... 
--1 "'ftllr7 ................... 
......... 
~·l ... ... a aw:•• 
Yr...U.,I ~IN 

Mil .,,,,., ... , 
I.IS I I .. .... "' 
2.25 I ... 

4.5 I .. 

•.a • .., 
•.n •.., 
S.t I lli(•J 

I 

• • 
I 

I 

I 

I 

I 

.... tel . ~· ~ 
4.5 I .. 

z.a. ie4 , ....... 
I 

I 

I 
I 

1.0 .... , .... , 
1.1 • - (.11111 

I.I . .., 
1.5 I 'Ill (.114) 
J,15 I ... 

I 

···- -~""" II •kl• 

"'It •n• .,,, 
llUllW 

1.nataS 

:r .... '" 
, ••• 1111 
6.JIS I 19i 

6.4Z .... 

7.101 ... ....... 
I 

I 
I 

I 

• 
I 

I 

I 

ul:a"' 
1.1' I Jt' , ....... 
, .•. -

• 
I 

I 
I 

1.S . ,., 
1.5 I 1oJ 

1.1 I loJ 
:r.a • 1oJ 
•.n • ..s 

I 

Mlt llllt Mlt =r MJIO lCIO. z •ru ... ... .. ,.. IRlllU 

""' .:rt.. ""' II '"""' l!l!!Li '"'° UllUIC'f n:aor;y lhll I ""' M'lt ..., 
I l.6 • "" I ws ..... w J ..... 

I 5.6 • .., I SASS. l.M, LOI Ualtr 

I 6.la.., I SASS. I.Al, lCll . ....... 
I . ... - I YSS. U.. LCI • & .... 

I 6.4 .... I SllSS. Ulo lCI l.kl~ 
I ..... - I ws.ua. w l .... .i 
• • ••• 104 I YSS. IAl, U:S :r ..... ,;. • I I I as. nu. a --
I • I SllSS, I.Al, Cle 

, _. 
I I I sass ..... ta I • •.• ..l 

• I I SAU. I.Al, lC5 l.W, 

• I • ms. ta. us .... -
I I I sass ..... ta 1 • ..W 
I I I ws. u.. lC5 i.w 
• • • -· us. lC5 

Ual~ 

, . • J.la le • ....... l.C4 •-Lal~ . ... ns 

• .... "' • w. rnu o .... 
• 7.la..., • sas.aa.ca .... 
I '·'· .... • YISS, IAl. lU • .••• .z 
• I • SllSS .... " •••• .. I I SMS,IJl,Cll •••• 
I I I SASS, IM, lC4 Ualtf 
I I I SASS, tM. lU 4.1119" 

z.o • "'"" J.O a I0-1 ••• • YO-I •• Flo.I, Cl 111.1 • 
lc4.5 ..... SASS, I.Al. a:r ...... 1.fll.111 1.s m 

I l.I I .,... rJW.Cll . " 
I 4.5 I 

!.All ·- ,.. 
..... 

I . ... , .. I &a'I _.._ .. ,.. II D. 

• • I lllS, Flll.D. CS 
~-·· 

UST 
UST 

11:1111JOI ,1~:sz ~, 

1-1 I I 

1-1 1 1 

s.wl[ 
lll.llP>i4 

I 

-

1 

t•£ Gl: 

I. ltsT ..,_, 
l.ST-
1. lllllUl'-

llJITolll. 
3 ...... 

A. MS 
1. UD 
C. IU 

CIPICM. 
D. DU 
[. GCM 

Z. [Ultm TOT 
sucass: 
1. "'Gii z. lllllOIUt ,_ ....... 

J. trSf COSf 
1. flWm. 

-.r 
'· llllPllTt J. .... 

4. S#Pll 
Al.IQllFT 

. 1. MEQ!Mlt 
Z.INCIM. 
3. IMIC(!Ulltt 
4. ll[Wft( 



Table 2-2. Total Emission Data From 6-1nch FBC Unit* (Continued) 

MU MU Mll MTl !:.\[ IATIO lCYU t 
MTE 11111£1 llATU lAllD I.Ml ... f(UI) llQUlllD 

~ :i· tnl:i. "4/1 "''t. .,,.,, JI lptm) J.m.I Y•YU ,i~1 CATUDIT .,,., , ..... ) [CQ.06' MEAi. lCOl.Cl5Y Uftl I ""' MU .. ., 
I. Slm!JOI ltcu IDCallC J.S I lol !US I lot • 1,0 I loZ • 5AU .lJI .1(4 .... ~ n II .,, 

l1ft flllTllCeM 5.M a lo4 1.91 I IDS • 1.8 a IOl • '6,fln.8G ··'· DU1et11- • • • • • cllroml• 

C. IUAL '-'•U<I l.SZ I 103 S.Zll • 10- • 9.0. 10 I 
~RUIS tapper 
.., Otll£I 

'-'•U<I 04CUT£S ltckel • • • • • 
tlllpleao4 1,.. • • • • I 

'-lued Tia 
r- - -I • • I I 

'-le•ed Ztoc • • • II • 

I 
L I 

J_ ' I 

_J_ __ J _____ 
S-tlOft of S·Z·5, S·2·6 Ind S.Z.7 ~.o. 11ot Deteflllned 

II !lo Vol ... 

TCST 
[IP((. TEST SAll'l.E 

TAHOM2 COST Jll()UOt4 

·- ··---

I 
I 
! 

i 
I 

' I 

I i 

_LL _ 

TAllH UY: 

I. TEH Ill TltOll 
I. ST~ z. 0(¥£L(ll. 

IJ(NTAI. 
3. llHW!ltnl 

A. MS 
I. IRO 
(. 11£1 

CHCMI"" 
0. £SCA 
C. GC/~ 

l. UPCCTCu TH> 
success, 
I. HIQI 
2. ~AATC 
) .... ,....,. 

l. TISI C<ISi 
I. RCA~

A!ILI 
2. llJ(i(AA~< 

J. itJGI~ 

4. SAlf'l [ 
~l IQu:.: 
I. AO!:')..-'·; 
l. "'-Rf,IW. 
3. lllADL.~.\A 'f 
4. HlA•l"'.i 



Table 2-2. Total Em1ss1on Data From 6-inch FBC Unit* {Continued) 

MTt MTt llm: MU ~ 
MTIO LmL 2 

TEST "'fl IMTU 1111?[11 lMI IMO llQUllllD me. ~~J J•• .:r1111 
llt/1 ..:it. [~~ 

,,.., w T•TU ~~' lAUCJiisl tATtaY CllltGllll 

"" '""'' HGl.CllT ""' ~llD 

11. ll1111111 LI 2.1 I 10 J.J • 1or J.I 1 1o2 7.D I to-1 7.5 I 10"1 2.Jlllol 10.S m I-A I I 
u• 2.2 • 10 J.J a IOI J.I a loZ 
llF (n LI) 2.l • 10 J.J • loZ 3.1. lol 
ll,CO,'(as lt) z.z • 10 J.J • 10l J.I I tOl 
UI z.s I 10 .u • '°' • n. soo1111 ... S.J• I lo4 1.0 a IOI! • I.la - I ~ , ..... 1.0 m 1-A I 1 ... 2.0 I loJ J.O • '°' • I.I a IO • 2'. l'OfWl111 ... z.o • loJ J.O • to4 I 1.0. 10 • 1z.a11ot HS 
l • • • I • I" (as II • • z.J • 1o' I •.I. ID 

JO. aro1111 ••• f.21 I loS I.Ill a !alt • J.M a loJ • !1.11t. -Jt. as1111 er• I.It a Irr' l.ZJ. '°' • 2.4' I ioJ II tl,JdD .. 
:rz. 1unu111 .. 2.0 J.O I 10 5.5 I 10 6.0 1 10-2 1.1110-• lt.1 r.o m I.,\ I I .... 2.0 J.O I 10 5.5 • 10 1.0 1 10-r 1.1 a 10"1 

Id'" .. , 
llO-Alr>·Sll>z 2.0 J.O I 10 5.5 • 10 1.0 • 10-1 1.1 • 10- 1 , ... .. -JJ. llACllSl111 .......... "' 6.0 • 10J 9.0 • 111" 1.7. 1114 •••• 1o2 1.7 a IOl 19.1110• 11.J m I-A I -~ """""·- ..... ..,. 6,0f I IOJ 9,0 I 10" •• 7 • 10" I.I a lo<' 1.7 • '°' .......... , .... 

I.fl I to4 1.5 I ~gS I.I I loS J.O a 1o2 Z.0 I lof "" =:-t'· "-'*· 
' '" Ill) 

1.0 I lOJ t.O • to4 11.7. ,.,. 1.1 I fol 1.7 • '°' =''- S.lf1te, 

'" "'' 
I.I I 10) t.n I lo' I, 7 I ID' I.I a 10Z 1.7. '°' 

...... te. lllC03 '" ... , 1.0 I fol t.o . ,.,. 1.7 .... I.I a 1of • 1.7. '°' 

.. , ... te. llgCOJ· 
c.m. (IS Iii!) 1.0 • to> 9.0 • '°' 1.7 • 1o' I.I I to2 1.7. '°' 
"''""" (11 Ilg) 6.0 • 10J 9.0 I 1g4 

1.7. '" 
I.I 1·loZ 1.7 I loZ 

M. CALCl111 C.lctw Ion, c.•• I.I I 1114 i.• I loS 1.6 a ID" C,I I loZ ,,, • 10 l.Jalo' 11.0 'ftS 1-A I 1 

C.lclw n-•·· • • • • II 
c.Fz . C.lcl• C.-te, I c.co • II • II 

c.1cfw S.lfate, 
caso. I II II • I 

.,,,, ... te, lllCOJ· 
II • • • " c.OI) 

-
• S-tton of S-Z-S, S-2-6 ..... S-Z-7 11.D. llot DtleMlllned 

" llo ,., ... 

SA!t'll 
~IQll)f4 

1 

1 

·-
I 

--
-_t_ 

·-

-
l 

·-
. -

TABLE 1[1: 

I • Ttsl MUllOO 
1. STMllMD 
'. D(ftlll'-

IUTM. 
J. UID:llOllll 

A.AAS 
I. UD 
c. llCT 

Qt[lllCAI. 
O. CSCA 
c. &ClllS 

2. UPlCTlD Ttsl 
SUCCUS: 
1. MICM 
2. IUJUAT( 
J. UIDIJllll 

). ltST cost 
1 • llASOlllll.I 
2. lllDIJ(llAT[ 
J. Nlllll 

C. SNl'l.t M. IQWT 
1. ADt:QUllll 
2. MlllU!IM. 
J. lllMllQUllH 
•• ll[SNl'I.£ 
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Table 2-Z. Total Eln1ss1on Data From 6-inch FBC Un1t* (Continued) 

CATllilOIY ~ 

Ji. SlDTllll SI.-& ... 

SU-ti• i-. 
Sr .. (• Sr) 

san.u .. n-... 
lrfz C• Sri 
Slr9& I• S.tf •lte. 
Sl1lil (as Sri 

». IAlllll .......... 
llari• ........ 
Cu .. , 
a.rt• S.lflde. 
kS (IS a.) 

larl• Jiik>-
~te.·WSJ 
(• .. , 
..,..,.n_.•, 
Wz (u .. , 
a.rt .. c. .... te, 
W8;i (IS a.) 

....... S..lf•lte. we. (.s .. , 

l1. IOllOI ....... 
..... te, 110J Cn II 
~.te, loz-
(HI) 

......... lzOJ 
ll. M.llllUI 11 .. 1-•1 

At..a-1 ... . , ... 
lmlte. Alf1· 
:lbO(HAI 

lilr*•lftAl•I-
Stucate (IS Al) 

Al- (II Al ISC..lzl 
(llZO)r (as All 
Al•'- Odele, 
Al.ch 

JI, CAl.lllll C.tll•, "' 
n-u1 Species, 
c. 
&an-. ;.•I 
,., C.I 

• S..Uan of S-Z-5, S-Z-6 11111 S-Z-7 

Mil 

J•• ""' ,_, 
J.I a 1o> 

J.1 a lol 

J. t a to> 

J.t • tol 

5.0 • 101 

5.0 • toZ 

!11.0 a to2 

5.1 • tal 

5.0 • tof 

5.0 aw 

5.1 • to2 

l.1 • loJ 
l. t • tol 
J. I • 1ol 

1.0 • 1o4 
5.Z . ·~ 
s.z • 1ol 

s.z • tel 

5.Z • tol 

5.2 • 1ol 

1.0 • to' 

5.0 • to-' 

5.0 • 1ol 

5.0 • tol 

l.D. lot Ddawtllell 
..... 1. 

Mii 
•TU 
..... t 

IOl'lll 

4.6 a ta' 

4.6 • to4 

••• ..... 
••• • 1-4 

S.I • tol 

s.o I toJ 

S.I • tol 

s.o • 1ol 

s.o • tol 

s.o I JoJ 

S.I • tol 

4.7 • 111" 

4.7 I to4 

4.7 I Jot 

t.S • toS 
I.I . ,.,. 
1.0 I 1o4 

.... .... 
1.0 I 1o4 

.... . '" 
1.5 • 1o5 

7.4 • 111" 

7.4 I 1a4 

1.4 . ,.,. 

MTt Mil. •n 
~ 

llJMI UWL Z 
!MUI um um lllllll•D ltsl ...,, 

. allll.. ,pf,& - Y•ffS 

~~· 
cuu. 

(all.OCT ""'' .. ., lATllllS2 

• t.Z • 19 I ua1ol 1.4 YU I~ I 

• l.l a 19 • 
• 1.r • 1e • 
• '·'a ,. • 

Z.5 a taJ ••• a .. 5.0 l.kla4 R YCS I-A I 

z.s a lel t.o •,. 51,D 

Z.5 a lol 1.1. ti S.D 

2.5 I toJ l.0 I 10 5.0 

Z.5 a lol 1.0 a ti 5.0 

1.5 • Joi 1.1. lO 5.1 

z.s • tol t.I a II 5.0 

Z.5. ti'" t.l. 18 5.0 a IO 11 .... ,.,J .. ~ Ill 

Z.5 a to4 t.l a ti 5.0 ... 

Z.5 a ... t.l • lO 5.0. 10 

• J.O a ttZ • 
t.o. 101 1.6 a ID' 2.01 ~:tatoS' llO ra I-A I 

1.0. 1ol '·'. 1of • 
1.0 • ,., •••• tat 2.0 

t.o a lol '·' • toZ z.o 

1.0 • lol 1.6. 1ol z.o 

• J.O a 1ol II 

• 1.5. - II -cJo Ill 

• 1.5 • 1ol • 
• l.S a tof II 

TUT 
cm1> ~ ALI 

I I 

I I 

I I 

lllll[ llT: 

I. J[SJIE1D 

1.51-
1. llOWll'· 

IU'l'M. 

) ....... 
l. AAS 
I. IMI 
c:. W£T 

Cll£Jll CAI. 
O. BCA 
f. "~ 

2. 0P(CJ£D rut 
sucass: 
I. llCill 
2. ll)ll(tll( 
) ...... 

J. IDT COST 
l.~r 
2. lllD[MT( 
l. llCll 

4. SMIU M. IQU!l 

I. A«.-n 
z. lllllSllll. 
l. llN[fjlaf[ 
•- l[Wft( 



.... 
I .... s 

........ 

............. 

Table 2-2. Total Elllission Data From 6-inch FBC Unit* (Continued) 

MT£ 
IMTU 
lltll 

ECll.OIY 

LUU '2 
UQUllllD 

T•T(S 

'""° 
TEST 

r~W~z :Mh 

• ..... la 1.0 I 1" 1.5 a ~ J.O I ctn - A. AAS 
-•• I•• I••" I.I a 10' 1.5 a 1oJ J.O I t ~, 
U.lH-. fl 1.0 I ltl 1.5 a loJ J.0 I 11 ,._,,,l • • - • • I t • ClllMICAI. 

1111111-, n•I l.O a 10l U a Ill J.O I ~: ~srllS 
l-----------+..11111::.l~l=k:a..:.-l~l•.;...J __ -i,:1~.0:..,:•:...:,:lol:;;,_ ____ ._:,:1•~5...=,a~ltl:;;..+,.....::....--1--...:l~.0:....,.-1----•::...--1------l-----+------1--....:.--+------+-----t-----i 
. 42. c-.11 (9-tll C..... J.5 I loJ t.J a lo4 1.1 1 loZ I 111 11 I. =~~~ TEST 

C.l I I I I I. HIGH 

<Ml•, C- I I I I ~: =E 

....,c.~ ....... --,--~~·-CIOJ...;.",,_z_.. __ .,,_ ___ l--~1---1------t----1----.+--1---lf------1-----1-------t-----.+-----+-----t----t J. TlSTCOST 
lfartllollte. a, I I I I I. ll[ASCJIMIU 
~1. COo I I I I 2. ll)ll[IAff 
Cartian .._.,. 4.0 a toJ U5l 1.0 a lc.S 1.0 10 1111 1111 J. Mllll 

._ __________ +-c.-.-...__.._Ot_n_l_de:;..,. __ ~t-.D;;;...;•;:..;;;la';,,..11~§000~1l:..+--...;;;l __ ,...... __ ..::..--"'---~~1A:....--+--•~~A:....-~-----+-----+------+------+----~~---;~ 4. 511111'1.l .. 111.IQUDT u. SILICllll sn- SI• 7.0 I tel I.I I 114 • 2.~ I to • .. I. ADt:QUATE 
SlllCllll, SI 1.0 1 J04 1.5 1 lo' J.0 1 lol I • c.1,/1 - ...., o_a I I t 2. IWIGIMI. 
llrtllM 11 lute, • 3• IMIJ(QUAU 
5tlir2 I I I I I 4. RtSAMPU 

~·lie.fir, I I I I I 

SlllCllll OtoaU., 1 0 1.. 1 5 to' I J.O 1 1ol I 
SIOz • I • I --1------11-------4------..... ---< ..... ----f----f----+----t---t----t 
SlllCllll OIHlftde, I I I I I 
SIS! 

1-----------..f.-S~t~lt=c.;::..;C.::.:.: .... ::::~·~S~tc:i..:,:~~o..:.a-~lo4=9-----+~'~·':....::•~l~~:-+---'::...--fo--:>~·o:.-:.1•1oZ-.+--•'---t------t-----'i------t-----~------~--~---
44. llHllUlllll 11,..;.1., It 5.6 I taZ 1.4 I loJ I 1.7 a 10 I m '"'" -

::,-.;;u, ••I 5.1 a lof 1.4 a loJ I 1.7 I IO I 

..... ,. 1tt4 ·-· -· (IS If)" 5.1 I Hr 1.4 I - I '·'. 10 I 

:S"T.:';.t"''*• U I lol 1.4 I 1oJ • 1.1 1 ID • 
..... ,, S.trtce, _, -· 
11152 I•• llJ s.1 a lcr t.4 • ,,,. • 1.1 1 ID • 
~· c.!14 S.6 I tof 1.4 I lol I 1.7 I ID • 

5.1 I lof ••• • 1oJ • 1.1 I 10 I . . 
5-ttOll of S-Z-5, S-Z°" _. S-2·7 1.0. lot DIUnli..r 

II lo Yalue 



..... 
I ..... ..... ..... 

Table 2-2. Total Ent1ss1on Data From 6-fnch FBC Unit* (Continued) 

"'Tl MU Ml[ Mn ~ MTIO l[J[l 2 
MTE W.ltl IMTll um I.MO IHQUIREO TEST 
All ot/l •tll .n:.· ...,, ,.,...,., 

1l!IJ l•YES. l£51 I [IP((. TCST 
CAUGllllY COll'OCllD ,,g/el ,_, -....111 £COl.OGI '" lCOlOGI "9/1 MT[ ~II) llCTllOO TATIClllSt cosr> 

45. Tl• Tl• Qalde, Sn02 1.0 I lo' 1.5 I IP • J.O I I.tall o.ar I llO I 

Tia, S. II • • I • 
Sa-. Satz • • • • • 
S~lc, s.+4 • • • I • 

46. LEAD ...... I'll 1.5 I lol t.5 I lol' 5.0 I 10 5.0. 10-1 1.0 I JO-I • ,_,J .C..\ H< ..... I I 

u-ul le.I, Pb 1.5 • toZ l.S I Jof S.0 I 10 s.o. to-1 1.0 I 10·1 -t-Pllllllold. Pb tZ 1.5 • 1oZ z.s I lo1 5.0 I 10 5.0 I l&-1 1.0 I 10"1 

Pl•tc, Pb•4 I --+-------· 
1.5 I lo2 l.r. I 1o2 fl.0 I 10 5.0 1 10-I 1.0. 10-1 

(as I'll) ' U.d lbnoxlde • 1.5 • to2 2.5 • 1o2 S.0 I 10 5.o • 16-' J.0 I 10-1 I 
PbO (as Pb) --+-- ----~--- ~, lea4 Sttlfate, 1.5 I to2 2.5. • to2 5.0 • 10 5.o • url 1.0 I lo·: PbS04 ( IS Pb I I I - -··-1 

I 
-·~- --lead Sttlhtt, 1.5 I loZ z.s I lol S.o • ID 5.0. 10-1 1.0. 10·1 

Plls (u Pb) 

L.4iad Carl>cw l~ • 
-

PbCO] (as Pb) l.S I loZ 2.S I loZ 5.0 I 10 s.o • 10-I 1.0 • 10-1 I 
lead ""°5!1Nte, --r--· 

1.5 • 1o2 z.s I loZ 5.0. 10- 5.Q I t0-1 1.0. 10·1 ' Pb3(f'04)2 (u Pb) I 

lead 0.l'Qlljlle, • 1a2 
--}------

1.5 2.5 • loZ 5.0. 10 5.0 I IQ-1 1.0 I t0-1 I PbCri14 (IS Pb) I ·- ----Lead lli>l}'b<Ute, 
l'llllo04 (IS Pb) 1.5 i loZ 2.S I loZ S.0 I 10 5.0 I IQ-I 1,0 I 10-J I : 

i 
Lead Arsen.lle, l.S I Jo2 2.S I Jot 5.0 I 10 5.0 I llJ"l 1.0 • 11)-1 i I l'l>llo\•04 , .. Pb) 

• JC)l (.l) 1.0!~ ---f------ --·-r- -
47. llTIIOGEN l!Jdrazlne 1.5 2.3 " 4.5 " -+-Alu ti C1111tde1, 

llotll, !CCII 5.0 • 103 5.0 • 1o2 2.5 I 10 1.0 s.o. 10-2 

I i l 
I Jo) • 1o4 

--- -----1------ --·-1--- - --
lln Acid, .. Hltll 5.0 1.5 4.5 • 1o2 1.S a 103 t.O • 10·1 ---·-! ___ -- ' . ...____ ___ . ---- - ---·- ---· ;----
Nitrogen O•ides, 

• 1ol • 105 _J __ i 
1120. Ill? • 11204 • 9.0 1.4 " I/A II/A 
"203. NzOs I -- - -------

! Hydrogen Cy•nlde, I. I • 1o4 (10) 5.0 • 1o2 2.S a ID 1.0 5.0 • 10-2 j Ha ----·-- - -·· --- - . ----------·- ----- ---· ------ -- ---- - ----------1--r • - • 

~.&;n5 ;cs' --- --· '--·· -
~1 •• Ill) 1.8 • 1114 (25) 2. ~ I 10) S.O I ID 5.0 1.0 a 10-I 10 I 1-C I , I 

• lOj-
--·-·---- --+-

Cy0ft09'!fl, CzHz 2.0 • lo-' 1.0 2.S a 10 2.0 s.o • 10-2 I 
- ----t 

Ntlrlde, N• II • N II It I 
--· 

•ttr•te, •or II • II • • ·-
llttrtta, Noz- " N • • II 

Alman I,., 1114 + " " I N II 

*:si-uon of s-2-s, S-2·6 and s-z-7 II .D. llot OetetYl-
11 No V• l..e 
1. As Ant.,.;c Sflecles 

$All>l[ 
ALIQWf4 

I 

-----

------

-

----

---
---

- -- -- ---
1 

TABLE ICT: 

I • TEST 11£TllOO 
1. STAal!l 
2. DCYHCI' • 

OTM. 
J.~ 

A. AA'.. 
8. lk~ 
c. 11£• 

ttf(l'.iLJ.i. 
D. ('.>U. 
£. C.C!Jf> 

l. [IPfClt~ trs< 
5UCC(5S 
I. Hli.it 
z. !C.oli(l(Afl 
3. llllll'.ll, 

). TlST U.151 
l. R(Aj,(IWK [ 
2. IOJ(UH 
). HIGH 

4 . SAii'\ l Al l()IO T 
I. AIJ(~T( 
2. ltWOIW 
3. lllo'.l1£0t•H£ 
4. R£i.AW.E 
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Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

MTE "'" 1111n ""' ~ 
MTIO um. z I UST 

"'" •ro llllTtll l.NID ... IQll'llll ., .. .rx;.. ""1 .alt.. .. ,, w MU I .TUT I ,~W~r CATESllllY Cllll'OOllO 1-1 tClll.OIY talUllf - llf:11lllD 
• • 1'111151'111111 .............. , 1.0 ·• 1o2 t.S . ,... S.I 1 I0-1 J.O a 10 1.0. 10-J 1.111o3 It Tts - I.( I 

...... tt •• ..,,., 

'" 'l 
1.0 • loZ l.S ... 1.0. 10-1 J.O 1 10. 1.0. 10-J 

~pliatt, 
- (11 r) 1.0 • 10: I.I . ..,. 5.0 a 10-I J.O a 10 1.0 a 1rJ 

.............. "'' 4.0 1 10l (O.J) I.I • 18' • II/A II/A 

~~cActd, 1.0 • 103 l.S .... 4.5. 1ol J.O a 10 I.I; ........... 
,..,laHlfldt 1.0 • 1ol 1.S ... II J.O 1 10 • 

: "'"flllltt, 1'114"l I •' II • I 
... MSHIC ""-le, As r.o I IO r.s • !of 5.0. 101 s.o • 10-1 I.I 1 WI & ••• •• - .. . 

llttalltc Arsenic 2.0 • 10 r.1 • ·1.,r 5.1. 101 s.o • 10-1 1.1. I0-1 .--.. ,., r.o • 10 t.S • JOI' 5.1. 10• S.D a 10-1 1.0. 10-• 
ArMlltc. As •S t.o • 10 z.s • 1tl 5.0. 101 5.0 • 10-• 1.1. 10-•· 

• ._ ... a,114-J -I•• Al) 1.0 • 10 r.5 • tot 5.1. 101 s.o • 10-1 1.1a10-I 

r-8'"· As03·J .. At) 1.0 • 10 z.s I lof 5.0 • 101 s.o • 10-• 1.1 a 10-I 

ArMttldt, Arl 
(H As) 1.0 • 10 z.s . .., 5.1. 101 5.0. 10-1 1.0. tr1 

Arsine, As113 a.o • 10 z.s I loZ s.1 • 10• 5.0 • 10-• \.o a 10-• 
=le Trloatdt, z.o • 10 z.s • 1t1 5.0 • 101 s.o. 10-• 1.0 ...... - - -50. IUITIMDllY Alltl-~!- s.o I 101 1.$ • ltl r.e a 1or 1.5 • 10 •••• 10-• ..... '"Sb) (• .. , ~, .. . .. 
.. t..., lltta1, Sb s.o • 1Ql 7.1 I 1.- r.o • 1oz 1.5. 10• ......... .. u-. 
ht..._, a•J s.o • 1oZ 1.$ • lol r.o • 1or t .5 • 101 4.0 • w1 

:si-1c htt1Mt1c1 5.0 • 1o2 7.5 . ,., r.o • 1o2 1.1. 101 ......... 
St1•t111, 511113 
(11 Sb) s.o • 1ot 1.$ I 1oJ r.o • 1ot 1.5. 101 4.o • 11r1 

llnt'-s Sal-
fldt,-a.;.s, 5.0 • 1'1 1.S • loJ l.O 1 lot 1.5 • 101 4.0 • 10-1 I 
Aiit1-,, s~ _ s.o • laZ 1.$ • 1oJ z.o • 1oZ 1.S 1 101 4.0 • 10-• 

S I. II SICITll 11..,tll, II 4.1 I IOI' ,_, 
I leJ I 1.Z r 10' I It. 7 ·"' n,4 Ill t 

u-ta• 11s- 4.1 • 1ot '·' I Je) II 1.2110' I ...... 
lh•tl10111, It. J 4.1 • 1oZ '·' I lol II 1.2 • 10• • (II II) 

lh•ll1lc, lt•S 4.1 • lo' '·' I JI)] II 1.2 • 101 • (as 81) 

0

5-tlOll of S·2-S, S-2·6 111d S-2-7 N.O. llot Det~"'lnM 
" llo Vil"' 

~~3 
l 

I 

~~ 
l 1 

TMU Ul: 

• UST ll:TIIOO 
1 • s' AlllWlll 
I, DUnCJP

ll[llTAI. 
J. UllClllMI 

A. MS 
I. lllD 
C. llCT 

CllllllCAI. 
D. lSCA 
[. '5/l!S 

- l . UPlCTlD T£ST 
SUCClSS: 

I 

·--

1. Hlr.lt 
Z. ll>DlAA Tl 
3.IMIOlll 

J. TtsT COST 
I. 11£ASQ1Nll 

'· lllDOATl J. RIGll 

4. ~J, M.IQUDT 
1. -~n 
'· IN&lllM. J.l~Tt 
4. llSAllPll 



..... 
I ..... ...... 
w 

Table 2-2. Total Em1ss1on Data From 6-inch FBC Unit* (Continued) 

Mf[ llATt llAU MTl !'::I ltATIO u.wn 2 
Mii llATU llllTU I.AMI LAii> 11£QUIMD T£$T 

..,J'• .;r' ... •¥1 .:rt. . .,, , ... , 
~ Y•YCS ..:~1 £1PEC-

2 canar Clll'OllllD , ... , Cm..D&Y [au&J .,,. 1•111 TATIOllS 

il.ll!m 0z-. Di 1.0 a loZ (0.1) I/A I/A I/A I/A 1.0. 
u .... ... k S.lfw, s. I I I I • f,hlll' • 

S.lfl•, s-z I I • • • 
S.lf.U, 504-z • • • I I 
S.lftte, SOJ-1 I • • • • 
1'1.,..te, '50r" • • • • I =fw Tried•, I • • • • 
S.lhr1c Acid, •••• • 1ol 1.5 • 1o4 4.S a lo2 l.O a 101 9.0 • 11)1 1.0. ltl504 
S.lfw Dlcraldn, l.l • lo4 2.0 • 1o5 • 4.0 • tol II 1.0. SOz 
.,...,.. s.111•. u a 1o4 (IO) Z.3 • 1o4 1.0. 101 *'" "'" 1.0 • lljS 

c..- Dlwlf t•, 
'·' • 1o4 (20) t.o • 1o5 1.0. 1o4 "'" I/A 1.0. CSz 

c.n-,1 Soolf .. , ••• a 1o5 II/A I/A "'" I/A 1.0. cm 
54. snm111 Sel•h•, Se z.• • 1oZ 5,D • 101 Z.S I )pl 1.0 • 14>-1 S.D ·1 10-1 7.§ O.IM ID 

n-c.1 s.1.1-. z.o • '°' 5.D I )01 z.s • 10• l.D 1 10'"1 s.o. 10-1 Se 

Se'IMt•. s.-2 2.1 • 1o2 5.1 • 10• z.s • 101 1.0 I )0") s.o • 10-1 

Sel•ltes, 5e0i-Z 
(H St) , z.o • 1o2 5.0 • 101 Z.5 a tol l.D a 10-1 5.0 a 10-Z 

s.1-a.s, SeOt"' 
(n Se) • · z.o • 1o2 5.D I 101 2.5 • 10• 1.0. 10-l 5.0 I 10-2 

....... Se ... t•. z.o • 1o2 (.e) 5.0 • 101 z.s • 101 1.0 I Jl)•l 5.0. 10-t 
"2S. (IS Se) (11 Se) (as St) (as Se) 

c.n. lh•l•ldl, cs.z (11 Se) 2.u I 1rJ 5.0 I )01 2.S I JOl 1.0al0-1 s.o • 10-2 

Sel•lw Dl•ldl, 
s.o. Cu Sel 2.0 • 1oZ s.o • 101 z.r. • 101 1.0 a url 5.0 I 10-2 

U.lEUal• lallwt•, Te 1.0 • 1o2 u • 1o> • ).0 • 10 • •s.s llO 
Tallwl•, te·Z 1.1 • 1o2 1.5 • 1oJ • l.O a 10 II 
Tellrrtte, teo:r' 
(IS le) 1.0 • 1o2 1.5 • 1o> • J.0 a 10 • 
Tel lllf'a&e, lellt 
lu Tel 1.0 • 1o2 1.5 • 103 • l.O a 10 • 

51. RllllUDE fluort• Ion, F" Z.5 • 1ol J.8 • 1o4 • 7. 5 • 101 II I.I). 
_,..,,,.. nuortclt, .. 2.0 • le>l 3.0 • 1o4 • "'" II.A I.II . 

• s-u. er s-z-s, s-z:.a ..,. s-z-1 1.0. 11t Deterwtned 
I ID Y•l• 

usr
1 

SNl'lE 
COST M.ICJl)f4 TAlll[ lfJ: 

I . TEST METHOD 
I. ST AllllAAO 
2. OUELOP-

IHTAL 
). lllQOIN 

A. AAS 
B. JRO 
C. WET 

OIE"ICAL 
ll. £SCA 
£. GS/l!S 

2. UP£CUO TlST 
SUCCESS 

I. "'"" 2. ICIOEAA1£ 
3. llllOOIN 

J. TEST COST 
I. 1£ASCJIWIL [ 
2. IClllERA TE 
3. HIQI 

4. SAll'I.[ Al IQOOT 
1. ADEQUATE 
2. ~RGllW. 
J. I llAlJt:QUA TE 
4 • RE 5.Alf'l£ 
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Table 2-2. Total Em1ss1on °'~ From 6-1nch F.BC Unit* (Continued) 

111111 ... lllJt 111111 :t MTIO lmn I 
Mft •na Miii ... ... ~llllD TUT 

J" .mt. ~ &:.. dlJ, ':l • •·m ~I =~2 - alla. "' ,_, ....., 
11.~ ~ .... e1- I l.J .... I , ... ., I 1.d I 

r••rtle, I I I I I 

QhrUe, Cllh" I I I I I 
Cldonta, CllJ .. I I I I 
ow ......... 

I I I I I n. . 

~· Clll•t• 
~), 4.0 . '" ••• • lol I .,. ., . •••• 
......... 01 ... 1•. 
ICt to • io> I.I • 11,S I .,. .,. •••• ... _ .............. I I I II I ltu I .............. I I I I I 

~ ....... 1.0 . ... ••• • 1ol5 I 111.'A .,. • ••• 
"·- . .,.. ·- ·- • • I I I . ·-·~ • ....... ·kaNllA. Sc '·' • 1114 ••• • 10 

-I I.I 1 10"1 I • ~·...l: 

. S-.1• ••. Sc4 J S.J • 18' 1.0 a IO • 1.1 .... , • 
11. nlll9I •. · rttrf• ... ,., 1.0 • 1aJ 1.1 . , .. I J.I 1 JOT I . .... ., ••• m 1.C f 

"·'~ ....... rt •.o . ,., , ••.• 18' •. ,. w •••• lol '·'. 10 (IS Ua1e4 4.5 tts l.C I 11c•d1J 

"~· n•1 (as 11) 
..... ,., t.O • 1o4 1.11 - 1.1 • .., •.•• 10 

ttl•tc, 1144 
(IS ft) •• o . ,., t.o • 1o4 1.r • .er ..... 1oi •••• 10 -TI:-:: r.fH•. ••• . ,., t.O • 1o4 l,f I qP 1.1. Jot • ••• 10 

11.n..,.. 1:.:r·· 1 ... ••• • 1o3 7.5 . , .. I l.S a tol ii . .... ., .1.7 m 1.C l 

~=--'!;•'*· l (IS Zr 1.0 • toJ 7.5 .... I 1.5 • tol I .......... lltflll• I•, Hff4 so • loZ 7.S . '"' I l.S I to I • ·-10 • 
'5. ·-·Ill ......... s.o· a 1oZ u • lol I.I I '" 

s.o I IO J.0 1 trl . -·-' •• & •n • ..J..& I 

£1-ta• s.o • Joi f.5 I tOJ 1.5 I lo' S.0 I 10 J.0 I I0-1 , ..... , .. , 
,...,.,,, ytJ (u Y) s.o . ,.,, l.S • 1oJ l.S 1 IOI S.0 I to J.O a 10-1 

·-~I, Yo•Z 
(II y 5.0 I lof l.S I loJ I.I a toZ 5.0 I to J.0 1 10-1 

~i·· 5.0 • lo' Z.5 I loJ 1.5 I loZ S.0 I 10 J.0 a 10-1 

0
S.-tl• l1f S-2-5, S-2-6, ...i S-Z-7 R.D. llot Deterelned 

R llo hlw 

TEst, 
COST ~ 

----1 . .!__ 

l l 

-· 

I z 
---· 

--
I ..J...._ 

-

-

TMU UT: 

I. mT lllTlllO 
I. STMIMI 
z. antLOP-

IUIAI. 
J.1111(11)1111 

A. AAS 
•• lllO 
C. llET 

CllOllCM. 
•• ($CA 
(, WllS 

z. UPt:ClED UST 
SdXtSS: 

'· ""' I. llllJHAT( 
J • ...,.,... 

1. fUf COST 
'. llW'GllMll.( 
2. llJIJ(Mf( 
J. RIO! 

4. SMIPL( AUQlm 
I. All(QUAfl 
f. IN&llW. 
J. llllllJ(QUAT( 
4. llf:SNft( 



-I --(11 

Table 2-2. Total E11.1ss1on Data From 6-1nch FBC Unit'* (Continued) 

Mtl IMTt llllTE ,_T[ SMf>l.E uno L[ftl 2 
llllJE Wlfil llAlEI lAlll LNIO ·r,-' llQlllU:D U~T .... 9111 totll .. ,, 

"''' ppa) ~ f•'ltS .J~1 T~~~~z tATlliOIY Cllll'Ollll ugJ-1 (ppm) llU&.111 [CCILOGY llPl.TM CClllOliY "''' ... 
lltuwMAlllu, VOJ· • 
(11 ,, ~.D I lo2 1u • 1ol I.Ii 1 lo2 S.0 I 10 1.0. url 

l~llc, IQ*l 
(HI s.o I lo' lu I loJ l.S I lo2 5.0 a ID J.o 1 url 

YMldh• boaldt, s.o • 1o2 l.S • lol 1.$ I loZ i.O 1 10 J.O a 10-l '°(as Vt 
YlllMI• Trluldt, 
'20J (as I) s.o I 102· z.~ I 10) 1.5 I lo' 5.0 a 10 J.0 I 10-1 

¥Midi• Tetra· s.o I io2 1 !.5 A iol I .i • loZ" s.o. 10 J.O x 10-l 
.. tdt, ~204. hs V) I 

I 

, ... ,, .. hilt-
I loZ ' • 1ol 1.5 • 1o2 J.0 a 10-1 ..... •A, .. V) s.o i 2.) s.o • 10 

¥-di .. C.Aldt, s.o • 1o2 '. l ; I lol 1.S • lof 5.0 • ID J,0 I 10-1 VC (H II --
Vtudl• "*>- 5.0 • 1o2 l.§ • 10> 1.s.1ot 5.0 I 10 ).0 I 10-1 sulfide, VS (H Y) 

¥Midi• lltrlde, 5.0 • 1o2 l. 5 • lol 1.S a lo2 5.0 • 10 ).0 I \O·l VII (H Y) . 
VMldyl S.lf1u, 5.0 • 1o2 ! 1.S • 10> l.S a lo2 s.o • 10 l.0 1 I0-1 ¥050.t. SlloO ( u ') 

"· 111111111 llok,, 111•3 2.2 • 1114 ; l l I UP " 6.S 1 lo2 • .8.hlO ., 
lloblc, .,+s 2.2 • 1o4 ~ J • l~ • 6.S a 1o2 • 
Nlobh• 0.ldes, I lo4 ' • 103 6.5 • 1o2 -"'°· ~!!. (u 11>) 

2 .2 ; l.) • II 

'1. TAllT'tlll · ~::1•h• Ion, 5.0 I tol • 1 ~ • 1o4 • J .5 I lo2 • J.7110 Ill _ ___L _ 
&a. a.!111111 Cllroal ... , Cr 1.0 • 10 I ? 5 

( 102 2.5 • 1o2 5.0 • 11)• l s.o • 10-l 2.11103 210 1'£S 1-C I 
thromus, cr•2 
(H Cr) 1.0 • 10 I 1.5 • 1o2 2.S 1 1o2 5.0. 10-l s.o. 10-l 

--4 
Q.,.tc, cr>l I 

• 1oZ 2.S .• 1o2 5.0. 10-I s.o • 10-l In Cr) 1.0 • 10 ~ ! . :. 

Chn.tes, cro.-z 1.0 • 10 I • ,.,2 2.5 1 lol 5.0. 10-l s.o. 10-1 (is Cr) ! ?.5 -
Cllro.i tcs, crz04 z l 
(IS Cr) 1.0 • 10 ' ? i • 1o2 2.5 • 1o2 s.o. 10-l S.Oa I0-1 I - . - -----
Olch~tei, 1.0 • 10 ju • 1o2 2.5 • 102 5.0 I< 10-l 5.0 a IQ·I I 
C!'207" (u tr) I 

Chramh• Cil'l>01>1I, 1.0 • 10 ju • 1o2 2.5 • 102 5.0. 10-l 5.0. 10-l Cr(C0)6 (as Cr) !!.D. 
CbrOqlh• Sulficle, 
CrzS3 1.0 • 10 ?. s • 102 2.5. 1o2 5.0. 10-l S.O 1 10-I 

CllrGllllC Oxide, 
Crz01 (u Cr) 1.0 • 10 

I 

' 
z. 5 • 1o2 2.s x 102 5.0 I Jg·I S.0 I 10"1 I 

Chro.I te Mln•ral, 1.0 • 10 l.S • 1112 2.S 1 lol 5.0. 10-l s.o • 10·1 ! 
FeO CrzOl (as Cr) I 

I 
0

S-t1on of S-z-s, S-Z-6, and S·Z-7 N.D. Not lle~1'91-
N No V1lw 

UST 
cos1J 

5.Wll 
Alt(Jlli4 

·-· --T~~--

--

--

I -
l I -

-- -·--

---- -- ·-· 

·-

-

TMl.E lEY 

I. TlST llEtltDO 
l. ST AlllWIC 
2. DUELOI'· 

lt:nTAI. 
3. llll!Olll 

A. AAS 
8. lRO 
C. llCT 

OIEMICAI. 
D. !SCA 
£. l;C/16 

2. [lPECHD TES! 
SUCCESS: 
l. HIGH 
Z. tllOERMI 
3 . UN JJllMI 

l. TEST COST 
I. REASOllAlll. ( 
2. IDlfRAT( 
l. HIQI 

4. SAlf'l( AL IQUDT 
I. l\OE'JUAI[ 
Z. "'RGllW 
l. IHADl.QUA!t 
4 . R£ SAlf'l I 



..... 
I ..... -en 

Table 2-2. Total Emission Data From 6-1nch FBC Unit* (Continued) 

MT£ llllTE MT£ rllTE 
~ 

RATIO l£n:L 2 
llllTE VATEA llATER l.Allll lAllO .UlUIACD TEST 

JU 119/1 119/1 

~'" 
.. ,, IPIJll)l ~ T•Y£S TEST I UPft- TEST 

CATtlilOllT CM'OIJllO •91 (ppat) H£Al.Tlt [COl.06T ECOLOGY ug/1 R•llO lt:lHOO TATIOHS2 COS Tl 

~ Cliroat1111 
• 102 z.s. 1o2 s.o. 10-I s.o • 10-l =phatt, Crl'04 1.0 • 10 2.5 

(as Cr) 
lrmCllroattlt, 1.0 • 10 :i.S • loZ 2.5 • lol 5.0 • 10-l s.o. 10-1 fe<ret las Cr) 

69. lllUllH 111111,.._,,., 5.0 l loJ 7.5 I 1114 7.0 l 103 1.5 1 loZ 1.4 • 101 u11fl. 0.01 ., 
9'11,WWlnws. ,.,., s.o I 10J 7.S • IO'I 7.0. loJ 1.S a lOZ 1.4 a IOI 
111111,Wtc, 1t1•J s.o I 103 7.5 • 104 7.0. 1oJ U 1 loZ J.• I 101 

11111,w.u. "'°''' 
I• "'' 

5.0 • 101 7.S • 1o4 7.0. 1o> 1.5 1 1o2 J.• • JOI 

llltl,we- SUlflcltr, s.o • 10> 7.S I 104 7.0 • lol 1.5 l loZ 1.• " 101 *Sz lo lb) 
i.1,.._ Trto1tclf, 
"'°3 I 11 1111 I s.o I Jol 7.S • 1o4 7.0. 1o> 1.5 • loZ 1.•. 101 

70 • TlllG.S TE• 1...,.1 ... 11 1.0 • 1oJ l.S I 104 • 3.0 1 IOI • 1 • 10 ., 
T~~ '::I' .,+Z, ... • ... • • 11114·2 • • • • • 
f~ltll DlsuUt4e, 
llSt (•• •I l.D I 103 1.5 I 11)4 • J.O a 101 • 
Volfr•lte 111,...11, 
Ftll04 ·ltlll04 (as II) 1.0 • 1ol 1.5 I lo4 • J.O I 10J • 

71.IWl&Ml\I .~ ...... s.o • 10J 2.5 I 102 1.0 • Jo2 1.0 1 JO-I Z.D 1 10-I u.iol '·" TIS 1-A l l 
....... ~ • .... l s.o • loJ Z.5 • 102 1.0 • lol 5.o • !CH 2.0. 10-1 .....,..,,, .... , s.o • Jol z.s . ·~ J.0 a I~ 5,0 I 10-1 2.0 I JO-I 

Pt~te, "'°4' 
(U It! u l 10> 1.5 I 1(12 1.0 • lol s.o. 10-l z.o. 10-1 

.......... O.tcle, 
ltlQ (H !ti) s.o • 1o3 z.s I 1o2 1.D~loZ 5.Da lo-1 z.o. 10-l 

.....,_. Otostde, 
fM2 {IS It!) s.o • 1ol z.s • lOZ 1.0 • 1oZ s.o 1 10-I z.o. 10-l 

-·-::c:;,:c. ....... te, 
ltl) s.o • 1ol z.s • 1o2 1.0. lo2 s.o. 10-1 z.o • 10-• 

::S::C:: S.lf•te. ... , s.o I lOl 2.5 I lo1 i .0 I lot 5.0. 10-1 t.o • 10-• 

:SM::' ,:iu1c1e, 5.0 • 1o3 z.s • loZ 1.0. 1oZ s.o. 10-l z.o a 10-I 

n. , .. '"" C.:'r.{h F1CCOIJ• Ft coJ9. 7.0 • loZ l.l.1104 • t.J •Joi • 11.0. 
ftl(CO 12 
Ftrr'Wi, Ft•Z 1.0 .... 1.5 • 10J 2.s. - J.O a 10 s.o • 10- 1 ••.. ! ... tt<l· .... 1 1 
Ftn'tc, F1>l 1.0 • 'I03 1.5 • 103 z.s. loZ J.O a 10 S.O a 10-I 

FtrnM O.lcle, FIO s.o • lol 7.S • lo4 • 1.S a lo2 • 
·s-tl .. of s-z-5, S·Z-6, lftd S·Z-7 l.D. llot O.tenillltd 

I llo Yalue 

SNf'l[ 
ALIQUOf4 

l 

1 

TABLE K[l: 

1. TEST Mi:TMoo 
I. STMtWIO 
t. O[f[LOI'· 

11£11TAL 
J.~ 

A. AAS 
I. XRO 
c. 11£1 

ClttlUCAL 
O. UCA 
E. GC/115 

2. EXPECTED TEST 
SUCCUS: 
I. HIGM z. MJO£aAl£ 
J. UllKJIOWll 

3. TUT COST 
1. RtASOINl [ 
z. lllll(llAT( 
J. Hlllll' 

4. SNl'U ALIQWT 
I • MltQUlltE 
z. INlllUI. 
J. JMIJ(qlMl( 
•• llESAlf'I.[ 



Tabla 2-2. Total flll1ss1on Datil From 6-inch FBC Unit* (Continued) 

Mil Mlt: .. n: mt :::r IAllO I.OD. 1 
llUI ..... .m um ... •fllllllll TUT 

..,.ff ... , .:r .. d'~ 
...,, 

"''' , ..... , W!ll Y•ns ~I UP£C-
QA(8m ..... .... lcae&r 11111 .. u ~- TATJQl52 

~,.;t· t.J I 1oJ 6.Z • 1oJ I J.I a IOI I 

~WI, I I I I I 

~··· fe(Cllk-J I I I I I 

~•w.. hzOJ I I I I I 
Fenic.,._I .. ,........, I I I I I 
fe19)· Jlti0 
,,. s.lft*s, FeS, 

I I I I • hzSJ 
P,rlta. f.SZ I I >l.D a ICP I l.la ... 
,.._ss-1reasn1-

I • I • I ...... If.Sh& 

n.-• .............. , I I I • I •• • 
74. alULT c.Nll, C.o 5.1 . •' 1.!i • toZ t.!i. loZ 1.5 • 10 5.1. 10-1 1.tiolol J.I m l-( l 

r..Mlc.., to•Z 5.1 • 19J u • Jo! 1.5 I lCJl 1.5 • 10 5.1 .... 
f*ltk, r..•J s ..• • 111 u • Jo2 z.s. lol l.!i • 10 5.D a tr 1 

CGMI'- tanaute, 
• tol • 112 Z.5 a loZ s.o • io-• .... w. tomJ·ltzCI !i.I J.!i l.!i II 10 

I• c.) 
W..lt~I•, ••• • 1111 J.!i • leZ z.s. Jot l.!i • lO !i.I a 1e-J C9JC ,_ C.) 

r.Mlt S.1 fl<IH, toS, 
¥>I• Co) 

!i.I I JOI 7.!i • loZ Z.!i a 1o2 l.!i a ID !i.I • 1e-l 

r.Mlt Analc 
• 101 !i.I a lO'" I Siii~. c..AsS !i.O 1.5 • 1o2 Z.!i 11 lot l.!i. 10 

Cato) 
CIM1t Anal•, 
f.l!l&z I• fa) !i.I • 101 7.5 II Jo' 2.5 I JcJZ 1.!i I 10 5.1 .a 1e-I 

t.lloalt tartGarl, 
C.CC.k (• fa) !i.I I 101 7.5 • 1o2 Z.!i a 1o2 1.• • 10 5.1 I lct-1' •••• 
c.Nlt.s Olide, 
w I• fa) ••• a 1e1 1.!i • 1o2 z.s • lei! 1.!li 1 ID !i.o. url 

'*!J:-' ......... 
r..l• (• C.ol 5.1 • tel 7.!li • ,.z 2.5 • Jol 1.!li. 10 S.I a 1rl 

J!li. ... 1111 ............ •> 1.1 • 10 1.!li • 101 • l.O a lC~Z • •• -.:~-;J 90 ... . ~ 1 

JI, llCIO. ltde'-, 11•Z 1.5 • 101 l.J • loZ 1.0 I 101 4.5 • 10-• Z.t 1 tl'Z .. .... ..:i -ft .... . . 1 

IHd>eltc, 11•> l.5 • lO' t.J • loZ 1.0 • 101 4.5. 1rl Z.O a JrZ 
llkD'-1 Sollflde. 
llS (a II) '·' I 101 Z.J • 1o2 1.0 II 101 4.5. 1rl 2.0 I Je-2 .......... , ... 
IUll <• 11) 

1.5 I \01 2.l • 1o2 1.0 ll 101 4.5 ll trl Z.0 I lct-2 

• S-U• ef S-Z-5, S-Z-6 81111 S-Z-7 

TlSlJ Wiii.[ 
COST M.IQU0t4 

·-
l I 

-I t 

t I 

TAIL£ ltfY 

I . UST IUIOI 

I. ST~ 
Z. DlYt:LOP· 

KllTM. 
l. UllklOlll 

A. MS 
8. IAD 
c. llll 

(ll[llJCM. 
D. EW 
£. Gl/MS 

1. Ull'ICTlP TIS 1 
SUCCESS: 
I. MIQt 
2. IOJ(IAIE ,_....,. 

J. TlST COST 
I . llUSOIM8ll 
1. lllll£RAll 
J. MIDI 

4. SNl'l.l AllQUOT 
I. ADlQUll.T£ 
2. IWIGllW. 
l. I llAIJI: QU11. T [ 
4 . RI: SAll'I. ( 



.. _ 
I ..... -o:> 

-
" 

... 

. 

CATODIT 

11. IUTfml 

11. CWPEl 

' 

... 

·, 

. · 

n. saa 

•••• 
11. llC 

Table 2-2. Total Emission Data From 6-inch FBC Unit* (Continued) 

......, 
lldel Oatde, 110 
(n It) 

llditl Alltt-••· 
'1115' (as II) 

ltdlrl ArHlltc S.1· 
tWt. llAIS (as It) 

:=tcm.,•. 
b-.ta1 P11tt-. ., 
~ 
c.,.-. Cw+ 
c.,.tc, era 
=-r;n-i•. z , .. Qi) 

=-teat ... c.o, 
.. Ca) 

~S.lfate, 
Cdlt , .. Cit) 

. =rt S.lfldK, ~· c .. C.) .· . 

-:,:i:;-a. . 
........... _.. < 
CllCDJ-c:.(1111)• '" c..1 
:-.::t:·~ ·• 

sn_ ....... .. .. ·.·. 

=~t ....... • 

f:a""J' .. "'.l:f'*· 
fi"_;..,...1•, _...,. 
• Ill) ,,,_,,.,, .... 

Aas (II A,) 
r-·11o,. 
llllC, la 
·n-u1 ZlllC, la 
ZlllC ..... bftl 
zi.c Ollldit, ZnO 
... 111). 

Mlt 

,,.,J'• 1 ... 1 

1.5 • 101 

1.5 • 101 

1.1 I 101 

4.J • 10• 

Z.I • 10 -· 

'·' • to' 
z.o . ,., 
1.0 • 102 

t.• • '°' 
'·!' • tot 

1.e • 1o2 

t.o • 1or 

t.O .• tot , ... 

•••• -102. . . 

• 
1.t . ... 
·~· •• 10i 

'·' • 11• 

••• • 10• 

'·' . •' 
I 

4.1 . , .. 
4.0 • lol 

••• . "' 
4.0 . ,., 
•. D. llDt O.e.nttMCI . .. ,., .. 

MTt 
Utn 

.a'.~ 
1.3 • 1ot 

1.1 • 101 

Z.l I tot 

•. s • tot 

J.O • 101 

1.0 • to> 
5.t . ,., 
s.• I lol 

S.I • '°' 
••• • 103 

s.o • 1oJ 

•••• • toJ . .-... • lol 

••• • tql 

• 
I.I •!OZ 

t.i • tor 

'·' ·-f.I . '" 
r.1 •IOI 

• 
r.1 .... 
2.S .... 
Z.I ...... 
I.I .... 

llllt MTt llllt S:J RATIO LUU l 
lllTtl lAllD ... IEQUlaf:D TEST 

"'" ..:Jli. .. " llJlllll ~ Y•TES TEST UPEt·
2 

TUT 
(Ql.Ql;T (QI.OCT "911 ... ., 11f.Tll001 TATIOllS costl 

J,0 I J01 4,5 I 10-1 z.o. ie-2 

f.0 I JOI 4.5. 10-I l.O • 10-Z 

'·'. 10' 4.5 • 10-• 2.0 • 10-Z 

1,0 I IOI 1.0 I 10 In 10 
2.1. ,.., l.D. 

I •.o. 10-2 I c5 Ill 

s.o • 101 1.0. 101 I.I I,..., I a •• .J! . . - . . ' . 
s.o. 101 1.0 • 101 1.11 .. , 

1.0. 101 1.0 I IOI 1.0. 10-1 

1.0. 101 1.0. "' 1 ••• ie-1 

•••• 111 1.0. 101 1.0. ""' . 

1.0. 101 1.i. 101 '·' ....... 
s.o. '°' 1.0. 101 1.0. , .. , 

1.0 .... ·. 1.0. 10• 1.e • ,._, 
s.o .... )·•. _10~ ,· l_,OaJr1 I.• 

" 
I • ... I · . •. .. 

s.o .... 1.0 ...... '·' .... ... . . ..... •.•.. ,.,.,' J.O I te-J •llllO • 
s.o ... .......... ....... ...... ... . ,.,.., ......... 
S.O •IO . ... , .. , ...... , 

• • • 
'·'••or 1.0 • 10' '·'. J0-1 
1.0 • 1or 5.0 • 101 '·'. ,..., 
1.0. '" 1.0 • 101 '·'. *' 
1.a • 1o' s.o • 101 f.I I ,..., . 

Al.~ 

-

--

1 

TA8l£ K£Y: 

• TEST IUltOO 
I. STANIW!O 
l. OEYElllP· 

lt(lfTAI. 
3. UllllJIOllll 

A. AAS 
9. IRD 
c. ll(T 

Ql£HICAI. 
D. ESCA 
[. llC/llS 

Z. UPttTEO UST 
SUCCESS: 
1. 111111 
Z. lllll[Mf[ 
J,UfllalUliW 

l. JlST COST ··=-' r. n 
J. llHll 

•• SAll'LI M.JQllOT 
'· MllQlaf[ r. 11111111111. · 
J. JIWllQUllf[ 
•• llf:SAlt'I.[ 



.... 
I -,... IX> 

Table 2-2. Total Emission Data From 6-inch FBC Unit* (Concluded) 

•n Mil llll£ •n a' •na l.f'lfl z 
Mlt mo iam ... I.Jiii QlllOI TEST ..,J'r,... .r'111 ~ iatr11 rc:lLt w J•Yts TEST I UPEC· ~~l ~ ~ ..WI .. M[lltllO TATll*Sz 

ltllt S.lfate, z.sa. 
(• 111) 4.0 • 1ol u • 1 .. 1.0. 1oZ 5.0. 10•. r.o • 10-1 

ZlllC S.U .. , 1llS 
(• 111) ••• • lol 1.5 I 1o4 1.0. IOZ 5.1 I 101 2.0. 10-1 

•• a.191 CA*Nt." ••• • 10• 5.1 I 101 I.I a 10 1.0 a 10-l 2.0. let-> ca I lC ' '° I-A l l 
El-Ul c.91-, 1.0 ll 101 5.1 ll 101 1.0. 10 1.0 I 10-1 z.o. 10-l I 
" c.l• .... ut2 1.0 • 101 5.1 I 101 1.0 • 10 1.0 I 10-I 2.0. 10-J 
r..mi .. s.m•. C4S 
(MU) 1.0 • 101 s.o ll 101 1.0. 10 1.0 a 10-I 2.0. 10-J 

r-s· Olt•. C4D MU) 1.0 • 101 5.1 ll 1~1 .... 10 l.O a )0-1 z.o. 10-J 

ll. IOQllf ..,_,,.., 5.0 • 101 I.I • 101 Z.li 1t lo2 2.0 1 I0-2 s.o • 10-1 t • 111 .. , .. 
n-&al~ .... s.o • 101 1.1. • 101 Z.li a !OZ z.o • 10-2 s.o. 10-1 
~ . ..., .. 5.0 I 101 I.I 1 IOI z.s • lo2 2.0 I J0-2 S.o •UH i 

lltrairlc, -r+ s.o I )01 I.I • 101 2.5 • 102 2.0 .a I0-2 5.0 a 10-I . 
I 

llnartc S..Ut•, 5.0 • 101 I.I I IOI z.s. '°' 2.0 • 10-2 s.o. 11>-1 I 
lltS I 

~rark Clllorlde, 

" s.o I JOI 1.0 I JOI Z.5 I JQl 2.0 • 10-z S.O a 10-I ! 
: 

14. Ulllll ~1-.0, I loJ I loS 4.6 I 102 ' , t.3 2.l I II 
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Table ·3-3. Atom;c Absorpt;on Analyt;cal Operatfog Parameters 

Analytical Background A Sl1t Atomf i.at1on 
Element wavelength. A Wavelength. W1dth, A Source Analytical Procedure 

Ag 3281 3235 (Ne) 10 G.F."' Ory - 30 sec. @ zoo0 c 
Ash - 60 sec. @ 4000C 
AtOllltze - 7 sec. @ 23oooc -
Argon Gas 

Cu 3247 None 10 G.F.* Ory - 30 sec. @ 200°c 
Ash - 60 sec. ~ 6000C 
Atomize - 6 sec. @ 25000 c -
Argon Gas 

Nf 2320 2316 4 G.f.* Ory - 20 sec. @ 200°c 
Ash - 30 sec. @ SO<>°C 
Atomize -6 sec.@ zaoo0 c -
Argon Gas 

Lt 6708 None 2 Atr-cz112 AtOlllic Emfss ion 

Mg 2852 None 4 A1r-C2H2 Atomic Absorption 

Pb 2833 2825 4 G.F'. * Ory - 40 sec. tt zoo0 c 
Ash - 40 sec. t 600°c 
Atomize - 6 sec. @ l900°c 
10 l'I 1. OI HN01f & 0. 2S 
(NH4}6Mo7o24 a ed 1n furnace 

Zn 2139 None 4 A1r-c,H, Atomic Absorption 

Cd 22t8 Noni 4 Afr-c2H2 AtOlltc Absorption 

Be 2349 None 4 HzO·CzHz AtOllic Absorptfon 

Cr 3579 None • Atr-c2H2 AtOllfc Absorption 

Pt 2659 Continu• 4 G.F.* Dry - 30 sec. @ J00°c 
Ash - 30 sec. @ llSOOC 
Atomize - 5 sec. @ 2100°c -
Argon Gas 

v 3185 3196 2 6.F.* Dry - 30 see. ti zoo0 c · 
Ash - 40 see. ti lCOOoC 
Atomize -5 sec. @ Z800°c -
Argon Gas 

Si 2516 Hone z . NzO·C2Hz .Atomic Absorption 

Sr 4607 None 2 Atr-c2H2 AtOllfc Emission 

Graphite furnace. 
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Table 3-4. Atolllic Absorption Particulate Analysis (µg/g) Results 

Elements 

Sa111Ple I Weight (g) Li Agl Cr Mg Zn Cd Be Pb v Sf Sr 

S-2-3 0.0623 13 12 76 5,950 N.D. 8.0 N.O. 52 48 <4,020 1092 

S-2-4 0.0638 26 H.D. 204 10,552 N.D. 15.7 N.D. 314 180 4,700 N.O. 

- S-2-5 0.0677 72 N.D. 316 5,365 N.D. <4 N.O. <4 370 111,000 N.O. 
I -N S-2-6 0.0957 31 21 .· 418 3,456 360 <3 <S 167 104 679,000 762 ..... 

S-2-7-2 0.0163 74 N.D. 756 7 ,779 N.D. 31 N.O. 1,194 491 178,000 N. D. 

S-2-7-3 0.0138 76 N.D. 538 6,884 N.D. <18 N.O. 58 580 138,000 N.D. 

1e1ank value higher than samples. Values reported not corrected for any blank. 

N.D. - not detennined. Based on HATE values these elements were not required 1n the Level 2 effort. 



Table 3-5. Atomic Absorption Leachate Solution Analysis {mg/l) Result 

Solution El_,ts 

Addie :z. At Li y Pb Cu M1 Hg Be Pt Si Sr 

•s-A l.D. c 0.005 l.D. c0.0005 0.095 0.08 1.D. <0.02 N.D. <D.01 M.D. <0.01 0.0003 l.D. <0.01 M.D. <0.05 75 0.70 

S-2-l·A l.D. <O.ODS 0.0014 0.007 0.14 0.24 N.D. <0.01 0.03 11.D. <0.0002 l.D. <0.01 N.D. <0.05 74 1.0. <0.02 

..... S-2-2·A 0.020. 1.0. <0.0005 1.0. <0.002 0.05 0.05 N.D. c0.01 l.D. <0.01 0.0002 1.D. <0.01 0.15 34 M.D • .:0.02 
I ..... S-2-3-A 0.22 0.0041 0.035 11.D. <0.02 0.22 N.D. c0.01 11.D. <D.01 11.0. <0.0002 1.0. <0.01 N.D • .:0.05 260 1.67 N 
N· 

S-2-6-A 11.0. c0.005 11.D. cO.OOOS 0.043 0.05 0.10 l.D. <0.01 lt.D. <0.01 lt.O. •0.0002 0.02 N.O. •0.05 ]()() 0.28 

llsic 

--· O.Gl6 1.0. c0.0005 0.092 lt.O. <0.02 11.D. c0.02 N.D. <0.01 IC.D. <0.01 N.O. c0.0002 l.D. <0.01 N.O. .. o.os 71 0.40 

S-2·1-B 0.071 0.0005 0.005 0.08 0.49 N.D. <0.01 0.04 11.D. c0.0002 11.0. <0.01 H.D. <0.05 12 0.60 

s-2-2-a l.D. <O.ODS 0.0009 0.006 11.0. c0.02 l.D. <O.OZ 11.0. <0.01 11.D. c0.01 1.0. <0.0002 11.0. <0.01 II. D. <0.05 144 11.D. <0.02 

S-2-3-8 1.0. <O.ODS 11.D. <0.0005 0.023 N.D. <0.02 0.010 11.D. c0.01 11.0. <0.01 1.0. c0.0002 11.0. <0.01 II. D. <0.05 11.D. <5 2.19 

S-2-6-8 1.0. <0.005 N.O. <0,0005 0.026 l.D. <0.02 11.D. <0.002 11.D. c0.01 N.O. <0,01 11.0. <0.0002 N.D. <0,05 11.D. <5 0.55 

N.b. NOt DitCCtid. 



Table 3-6. Percent Recovery of. Spiked Samples 
by Atomic Absorption 

Solutions 
Leachates 

Element Acid Basic Particulate 

Zn 104 105 

Mg 95 

Ag 80 80 78 

Ni 60 110 

L1 104 103 

Cu 80 80 

Cd 110 

Be 100 100 100 

Cr 84 

Pb 105, 97 93 130, 84 

Pt 100 64 

v 113 107 116 

S1 96 122 107 

Hg 100 100 102 

Sr 75 80 106 
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Table 3-8. ICPOES Recovery RISYlts 

Mg Mn Al B Ba Ca Cu Cd Co Cr Mo 
Average 

N; Recovery 

Acidic Leachates 94.05 98.4 94.0 93.0 94.9 100.3 103.0 96.5 94.5 91.1 96.6 97.7 94.5 97.2 96.l 

Basic leachates 74.1* 102.0 95.2 94.3 95.1 94.0 112.0 104.3 97.4 96.7 96.3 92.7 94.2 105.1 96.7 

* Fe(OH)3 was observed as a precipitate. 



The following photomicrographs were pictured in the report: 

FBC samples S-2-4 and S-2-5 
Representative Appearance of FBC Sample S-2-6 (42x) 
Representative Appearance of and Unusually Large Yellow Particle Seen in 

Sample S-2-7 
Size Variation of Agglomerates Observed in Sample S-2-7. 

The following SEM photomicrographs were pictured in the document: 

SEM at 3000X of Sample S-2-3 
SEM at 3000X of Sample S-2-5 

SEM at 3000X and 6000X of Sample S-2-7 

SEM at 3000X of Sample S-2-4 
SEM at 3000X of Sample S-2-6 

The following EPMA photomicrographs were pictured in the document: 

EPMA of Sample S-2-3 EPMA of Sample S-2-4 

EPMA of Sample S-2-5 EPMA of Sample S-2-6 

EPMA of Sample S-2-7 TEM/SAED Analysis of Sample S-2-3 

TEM/SAED Analysis of Sample S-2-4 TEM/SAED Analysis of Sample S-2-5 

TEM/SAED Analysis of S-2-6 TEM/SAEO Analysis of S-2-7 
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PRELIMINARY ENVIRONMENTAL ASSESSMENT OF THE LIGNITE-FIRED CAFB 

The chemically active fluid bed {CAFB) is a process in which "oil or 
coal is fed continuously into a fluidized bed of limestone maintained at 850 
±70° C by preheated substoichiometric air. In this gasification unit fuel 
is successively vaporized, oxidized, cracked, and reduced. Sulfur in the 
fuel forms various gaseous species which in turn react with the bed stone to 
form calcium sulfide-coated lime. Some of the fuel-bound trace elements are 
also bound to the lime particles. The low-Btu, low-sulfur product gas 
generated in the gasifier is passed through cyclones to a conventional 
natural gas boiler where it undergoes-combustion. The sulfided stone left 
in the gasifier is cycled to a regenerator unit where it is oxidized to 
produce lime which is returned to the gasifier and sulfur dioxide which is 
sent to a sulfur recovery unit." Figure 2-1 (from the document) is a unit 
ope rat ions fl ow diagram of the 2. 93-MW pilot p 1 ant CAFB at the ESSO Res ea re h 
Centre in Abingdon, England, where this testing was performed. 

This study, conducted from January 24 through January 27,•1978, focused 
on gaseous emissions from lignite combustion in the Abingdon CAFB. An 
earlier study8 by the same contractor at this location focused on oil com
bustion. The goals of this study were stated as: 

1. Evaluation of the potential environmental impact of a lignite-
fired CAFB, 

2. Identification of additional control needs, 

3. Reconunendations for Level 2 testing, and 

4. Updating of cost information on the CAFB and on alternative technol
ogies. 

8Werner, A. S., C. W. Young, M. I. Bornstein, R. M. Bradway, M. T. Mills, 
and D. F. Durocher. Preliminary Environmental Assessment of the CAFB. 
GCA/Technology Division, Bedford, Massachusetts. Prepared for the U.S. 
Environmental Protection Agency, Research Triangle Park, North Carolina. 
Publication No. EPA-600/7-76-017. October 1976. 324 pp. (NTIS No. PB 
262-001/AS). 
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The Abingdon CAFB is at present the only operating CAFB. A 10-MW 
retrofit demonstration plant is being constructed at La Palma Power Station 
in San Benito, Texas. Comparisons between oil-firing and coal-firing {lignite
firing) processes and between potential emissions at the two plants are 
thoroughly discussed in this document. In comparison with lignite-fired 
CAFB runs, oil~fired runs contained more sulfur, sodium, and vanadium and 
no detectable aluminum or silicon; thes~ differences were attributed to 
differences in the fuel composition. Organic emissions varied widely as a 
function of gasifier operating conditions and were not easily correlated 
with fuel type. 

Comparisons between the CAFB and conventional coal/lignite-fired boilers 
are also presented. The Source Analysis Model, SAM/lA, is used to compare 
the various technologies. Particulate emissions were about three times 
lower for lignite-fired CAFB than for conventional lignite-fired boilers 
using multicyclones; however, a conventional lignite-fired boiler with an 
ESP had lower particulate emissions by a factor of about 2,000. Inorganic 
analyses of stack gases supported the theory that the CAFB limestone bed 
material adsorbs trace metals. CAFB gaseous C1-C6 organic emissions were 
equivalent to those from conventional systems and greater than C6 organic 
emissions from CAFBs were lower; CAFB S02 and NOx emissions were also lower. 

Appendix A of the fin~l report presents a cost/benefits analysis of 
three pollution reduction technologies: CAFB, hydrodesulfurization (HOS), 
and flue gas desulfurization (FGD). CAFB appears to be more efficient at 
re~ucing NOx and trace metals in emissions, but CAFB capital and operating 
costs are significantly higher. 

This study used the L~vel 1 protocol. Additional sampling techniques 
included a modified RAC train (with particulate filter, Tenax-GC cartridge, 

_and thermostatically controlled water jacket) and in-stack Andersen impactors. 
Additional measurement techniques included X-ray photoelectron spectroscopy 
(or ESCA) and Federal Register Method 8, performed for sulfur species because 
the GC-FPD field system prescribed by level I methodology was inoperative at 
the time of these tests. Integrated bag sampling was used for C1-C6 hydro
carbons, fixed gases, and NOx. 

In addition to the g~seous emissions, samples were taken of lignite 
feed, limestone feed, spent stone, gasifier bed material, and process cyclone 
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catches. These solid samples were collected by plant personnel and provided 
to the sampling crew .. Table 2-1 (from the final report) lists the various 
samples collected and analyses performed. All mercury analyses were by the 
cold vapor atomic absorption (AA) method, sulfate analyses were by a turbidi
metric procedure, and fluoride and chloride determinations were by specific 
ion electrode. 

This study compared results from the various sampling methods. The 
SASS and RAC particulate loading values generally agreed within a factor of 
three, although RAC values were consistently lower. An exception was the 
arsenic measurement, in which the RAC values were lower by a factor of 20 to 
40. The organic adsorption modules, using XAD-2 in the SASS and Tenax-GC in 
the RAC, produced results that were qualitatively similar, although process 
variations during sample collection prohibit quantitative comparisons. The 
SASS and the Andersen impactors showed good agreement with regard to size 
distribution. 

Additional conclusions and recommendations from this study were: 
1. Particulate emissions at this CAFB were 20 to 40 times higher than 

the new source performance standards (NSPS) for coal-fired boilers, 
and 10 to 30 percent of particulates were in the respirable range. 
Better controls must be developed. 

2. 

3. 

4. 

Fourteen elements were found at levels above their MATE values; 
these were Ba, As, Ni 1 Cr, Ti, P, Si, Mg, B, Be, Cd, Sr, Cu, and 
Li. A reduction in particulate emissions would also reduce emitted 
levels of these elements. 

NO emissions were well below the NSPS. x 

S02 emissions were roughly half the NSPS. Considering uncertainty 
in measurements an·d variations in the efficiency of the CAFB to 
remove sulfur, the process variables favoring sulfur removal · 
should be carefully studied and optimized. 
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TABLE 2-1. LABORATORY ANALYSIS PLAN FOR CAFB-LHiNITE STUDY 
=· 

Organic Analysis 
.SASS sample~. 
· Particulate 

Resin (XAD~2) 
Condensate. 
Rinses 

• RAC samples 
Particula~ (compos.ite of probe rinses; runs 1 to 5) 
Tenax (runs 2 and 4) 

• ·Bulk samples ' 
Spent-solicjs 

Inorganic ·Analysis· 
.. iSASS sample~,. 

Particulate 
·· Resin (XAD·2) 

Condensate 
I11pingers 
Rinses 

RAC samples 
Particulate (runs 1, 3, and 5) 

Bulk samples 
Lignite 
Limestone 
Spent solids 
CyclOne fi.nes 
Gasifier bed 

Surface Analysis 
SASS samples 

Particulate 
RAC samples 

Particulate 
Impactor substrates 



LEVEL 1 
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TMl.£ f-.2. SPMk $9llC£ MASS SPECTROStOPY 
llJll 11, ll-'lltl CYCLONE 

icla• 
u 2.50 Dy <2.77 Rh <0.30 Cr 19.21 

Th 6.92 Tb <0.01 Ru <0.08 v 42. 26 

Bi <2.15 Gd <1.38 Mo 1.15 Ti 3,034.96 

Pb 29.58 Eu 0.50 Nb 12.68 Sc NR 
,Tl <0.37 Sm 2.88 Zr 72.99 Ca 31,117.94 

Hg NR Nd 6.53 y 25.74 K 806.76 

Au <0.10 Pr 1.96 Sr 422.59 Cl NR 
Pt NR Ce 15.37 Rb 8.84 s MC 
Ir <0.15 la 21.51 Br 38.42 p 103.73 

Os <0.16 Ba 318.86 Se <25.74 Si 31,886.29 
Re <0.10 Cs 0.92 As 92.20 Al MC 
w 0.54 I 1.23 Ge 5.76 Mg 2,266.62 

Ta HR Te <1.50 Ga 14.98 Na 422.59 

Hf <2.38 Sb 0.85 Zn 315.02 F NR 
Lu <0.96 Sn 2.77 Cu 46.10 B 161. 35 

Yb <O. 73 In NR Ni 21.90 Be 1. 69 

T• <-0.29 Cd 0.73 Co 9.99 Li NR 
Er <l.04 Ag NR Fe MC 

Ho <0.20 Pd <1.61 Mn 922.01 

MC = Major component of the sample. 
NR = Not reported. , 
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TABLE 2-3. SPARK'SQURCE MASS..SP.ECTROiCOPY~ 
RUN I 1, 3•µm CYClOttE . 

NQ/at3 

u 10.76 Dy <2.54 Rh <0.11 Cr 28.04 
Th 21.90 Tb <0.05 Ru <0.34 v 107.57 
Bi <18.44 Gd <0.25 Mo 3.07 Ti 3,841.72 
Pb 53.78 Eu <1.58 Nb 27.66 Sc NR 
Tl <0.26 Sm <6.15 Zr 207.45 Ca * 
Hg NR Nd 13.83 y 38.42 K 5,378.41 
Au <0.42 Pr 4. 61 Sr 1,152.52 Cl NR 
Pt NR Ce 32.65 Rb 19.21 s 9,988.47 
Ir <0.61 la 46.10 Br . 61. 47 p 806.76 

Os <0.69 Ba 806.76 Se <14.98 Si * 
Re <0.42 Cs 1.46 As 226.66 Al 21,513.64 

w <1.61 I <0.96 Ge <18.06 Mg 8,067.61 

Ta NR Te <1.84 Ga 65.31 Na 3,419.13 

Hf <4.99 Sb 2.57 Zn 261. 24 F NR 
Lu <2.00 Sn 5.76 Cu 35.73 B 1,190.93 

Yb <2.11 In NR Ni 92.20 Be 2.61 

T11 <0.15 Cd 1.08 Co 15.37 Li NR 
Er <0.46 Ag NR Fe 18,440.26 

Ho <0.85 Pd <3.50 Mn 384.17 

NR = Not reported. 
~alue exceeds 1 g. 
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TAii.£ 2-4. SP~.SOURCE: MASS SPECTR0$~0PY .. 
.~ ,1, ~· CYCLONE 

. ll '· .· ) 

u 3.34 Dy <4.99 Rh <0.13 Cr 38.42 
Th 13.45 Tb <0.06 Ru <0.42 v 130.62 
Bi <11.53 Gd <l.96 Mo 3.03 Ti 4,994.24 
Pb 96.04 Eu <1.31 Nb 34.19 Sc NR 
Tl <0.42 Sm <7.68 Zr 192.09 Ca * 
Hg NR Nd 8.45 v 49.94 K 3,803.30 
Au <0.50 Pr 2.80 Sr 768.34 Cl NR 
Pt NR Ce 42.26 Rb 16.90 s 17,287.74 
Ir <0.77 La 115.25 Br 53 • .78 p 537.84 
Os <0.85 Ba 1,498.27 Se <26.12 •Si 30,349.60 
Re <0.54 Cs 0.92 As 280.45 Al 11,140.99 
w <2.00 I <O. 29 - Ge <11.53 Mg 3,611. 22 
Ta NR Te <3.84 Ga 72.99 Na 960.43 
Hf <12.68 Sb 3.Q3 Zn 203.61 F NR 
Lu <2.42 Sn 4.99 Cu 61.47 B 2,650.79 
Yb <1.96 In NR Ni 80.68 Be 9.22 
Tm <0.18 Cd 1.04 Co 18.82 Li NR 
Er <3.80 Ag NR Fe 13,446.02 
Ho <0.73 Pd <1.46 Mn 268.92 

NR = Not reported. 
*Value exceeds t g. 
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1rn 1 M. •n•cu n ·1 ims •am•wa· 
r~111;.:w• .. tt1W1CH .. _.., 

u 0.33 Dy 0.16 Rh <0.05 Cr 5.76 
Th 0.46 Tb <3.84 (-03) Ru <0.01 v 3.19 

Bi 0.54 Gd <0.10 Mo 0.46 Ti 69.15 
Pb 4.61 Eu 0.04 Nb 0.10 Sc NR 

Tl <0.15 Sm 0.18 Zr 2.38 Ca 1,690.36 
Hg NR Nd 0.50 y 0.46 K 169.04 
Au <0.01 Pr 0.15 Sr 20.36 Cl NR 
Pt NR Ce 2.31 Rb 0.58 s 653.09 

Ir <0.01 La 1.27 Br <0.96 p 13.06 

Os <0.01 Ba 13.45 Se <0.77 Si <192.09 

Re <0.01 Cs 0.12 As 2.50 Al 537.84 

w <0.12 I <0.01 Ge <0.25 Mg . 338.07 

Ta NR Te <0.20 Ga 3.84 Na MC 
Hf <0.13 Sb 0.19 Zn <25.36 F NR 

Lu <0.01 Sn <0.96 Cu <9.60 B <23.05 

Yb <0.08 In NR Ni <4.99 Be 0.04 

Tm <0.02 Cd 1.04 Co 0.46 Li NR 
Er <0.08 Ag NR Fe 207.45 

Ho 0.02 Pd <0.07 Mn .. 9. 60 

MC = Major component of the sample. 
NR = Not reported. 
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TABLE 2-S. SPARK SOURCE MASS SPECTROSCOPY 
RUN fl, XAf>.2 RESIN 

JIQ/mS 

u <0.69 Dy <0.32 Rh <0.14 Cr <3.46 

Th <1.00 Tb <0.09 Ru <0.50 v <0.77 

Bi <0.31 Gd <0.32 Mo <0.46 Ti <2.57 
Pb <10. 76 Eu <0.15 Nb <0.06 Sc NR 
Tl <0.38 Sm <0.58 Zr <0.23 Ca <353.44 
Hg NR Nd <0.69 y <O. 09 · K <184.40 
Au <0.54 Pr <0.12 Sr <8.07 Cl NR 
Pt NR Ce <0.17 Rb <0.23 s <4,610.07 
Ir <0.81 La <0.18 Br <33.42 p <61.47 
Os <0.88 Ba <2.92 Se <2.31 Si <537.84 
Re <0.54 Cs <0.03 As 0.22 Al <76.83 
w <O. 73 I <0.50 Ge. <0.19 Mg <238.19 

Ta NR Te <0.42 Ga <0.08 Na <960.43 
Hf <0.92 Sb <0.28 Zn <61.47 F NR 
Lu <0.22 Sn 1.50 Cu <96.04 B 4.23 
Yb <0.32 In NR Ni <57.63 Be <0.05 

T• <0.19 Cd <0.50 Co <1.81 Li NR 
Er <0.58 Ag NR Fe 65.31 
Ho <0.18 Pd <0.38 Mn <5.76 

NR = Not reported. 



TABLE 2-7. SPARK SOURCE MASS SPECTROSCOPY 
RUN fl, COMPOSITE SAMPLE 

~/m3 

u <0.50 Dy <0.24 Rh <0.10 Cr 12.29 
Th <0.77 Tb <0.07 Ru <0.38 v 0.30 
81 <0.23 Gd <0.24 Mo <0.36 Ti <1. 34 
Pb <2.69 Eu <0.11 Nb <0.05 Sc NR 
Tl <0.29 Sm <0.42 Zr <0.17 Ca 6,530.93 
Hg NR Nd <0.54 y <0.07 K <26.12 
Au <0.38 Pr <0.09 Sr 0.30 Cl NR 
Pt NR Ce <0.12 Rb <0.12 s 4,610.07 
Ir <0.61 La <0.13 Br <2.88 p <153.67 
Os <0.65 B~ 0.50 Se 0.50 Si 14.60 
Re <0.42 Cs <0.02 As <0.46 Al 8.84 

' 

w <0.54 I <0.36 Ge <0.14 Mg 9.99 

Ta NR Te <0.30 Ga <0.06 Na <130.62 
Hf <0.69 Sb <0.21 Zn 17.29 F NR 
Lu <0.16 Sn 49.94 Cu 23.05 B 4.32 
Yb <0.23 In NR Ni 13.45 Be 3.84 (-03) 
Tm <0.14 Cd 1.11 Co <0.96 Li NR 
Er <0.42 Ag NR Fe 145.99 
Ho <0.14 Pd <0.30 Mn 5.76 

NR = Not reported. 



TABLE 2-8. SPARK-SOURCE MASS SPECTROSCOPY 
RUN fl. TOTAL SASS CATCH 

119/m3 

u 16.90 Dy 0.16 to 8.84 Rh <0.85 Cr 103.73 
Th 42.26 Tb <0.28 Ru <l. 77 v 2,842.87 
e; 0. 54 to 3·2. 65 Gd <4.23 Mo 7.68 Ti 11, 909. 34 
Pb 184.40 Eu 0.54 to 3.15 Nb 72.99 Sc NR 
Tl <1.96 Sm 3.07 to 14.98 Zr 461. 01 Ca lit 

Hg NR Nd 29.20 y 115.25 K 9,988.47 
Au <1.92 Pr 9.60 Sr 2. 381. 87 Cl NR 

Pt NR Ce 92.20 Rb 46.10 s t 
Ir <2.96 la 184.40 Br 153.67 p 1,459.85 
Os <3.23 Ba 2,650.79 Se 0.50 to 69.15 Si * 
Re <2.04 Cs 3.46 As 614.68 Al 
w <5.76 I 1.23 Ge 5.76 to 30.35 Mg 14,598.54 
Ta NR Te <8.07 Ga 157.51 Na t 
Hf <Zl.90 Sb 6.53 Zn 806.76 F NR 
Lu <5.76 Sn 65.31 Cu 165.19 B 3,841. 72 

Yb <5.38 In NR Ni 211.29 Be 13.45 
TM <1.00 Cd 4.99 Co 46.10 Li NR 

Er <6.53 Ag NR Fe t 
Ho 0.02 to 2.11 Pd <7.30 Mn 1,575.11 

"R = Not reported. 
*Total and emission values were not calculated owing to the presence of 

an· MC concentration. · 
fYalue exceeds 1 g. 
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TABLE 2-9. SPARK ~CE MASS_ SPECTROSCOPY 
RUN #1, EMISSION FOOtfD 

. (mg/m.8?.<; 

u 0.017 Dy 0.0002 to 0.0087 Rh <0.0008 Cr 0.100 
Th 0.043 Tb <0.0003 Ru <0.0018 v 0.28 
e; 0.0005 to 0.033 Gd <0.0042 Mo 0.0077 Ti 12 
Pb 0.18 Eu 0.0005 to 0.0031 Nb 0.075 Sc NR 
Tl <0.0020 Sm 0.0031 to 0.015 Zr 0.47 Ca 190 
Hg NR Nd 0.029 y 0.12 K 10 
Au <0.0019 Pr 0.0095 Sr 2.4 Cl NR 
Pt NR Ce 0.091 Rb 0.046 s * 
Ir <0.0030 La 0.18 Br 0.15 p 1. 5 
Os <0.0032 Ba 2.6 Se 0.0005 to 0.070 Si 210 
Re <0.0020 Cs 0.0034 As 0.60 Al * 
w <0.0056 I 0.0012 Ge 0.0058 to 0.030 Mg 14 
Ta NR Te <0.0081 Ga 0.16 Na * 
Hf <0.022 Sb 0.0067 Zn 0.80 F NR 
Lu <0.0058 Sn 0.066 Cu 0.17 B 4.0 
Yb <0.0055 In NR Ni . 0. 21 Be 0.013 
T11 <0.0010 Cd 0.0050 Co 0.045 Li NR 
Er <0.0064 Ag NR Fe * 
Ho. <0.0001 to 0.0021 Pd <0.0074 Mn 1. 6 

NR = Not reported. 
*Total and emission values were not calculated owing to the presence of 
an MC concentration. 
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TABLE 2-10. SPARK SOURCE MASS ·SPEC1AOSCOPY 
RUH 12. 10-iatn CYCLONE 

).I~ 

u 3.85 Dy <2.92 Rh <0.44 Cr 31.83 

Th 10.74 Tb <0.04 Ru <0.24 v 132.61 

Bi <4.64 Gd <2.12 Mo 2.52 Ti 5,039.12 
Pb 27.85 Eu <l.46 Nb 19.89 Sc NR 

. Tl <0.24 S111 <7.29 Zr 132.61 Ca 31,826.02 
Hg HR Nd <26.52 y 27.85 K 2,917.38 
Au. <0.29 Pr 3.18 Sr 2,652.17 Cl NR 
·P.t NR Ce 46.41 Rb 27.85 s 91,499.80 
Ir <0.46 La 46.41 Br 86.20 p 570.22 
Os <0.49 Ba 861.95 Se <55.70 Si MC 
Re <0.30 Cs 1.03 As 477.39 Al MC 

,w <l.15 I 2.78 Ge <17.24 Mg 6,099.99 
Ta NR Te <2.25 Ga 45.09 Na 1,856.52 
Hf <14.59 Sb 4.91 Zn 1,458.69 F NR 
Lu <4.11 Sn 4 •. 64 Cu 70.28 8 1,458.69 
~vb <l.46 In NR Ni 33.15 Be 0.93 

T• <0.60 Cd 0.50 Co 10.87 Li 33.15 
,Er <2.12 Ag HR Fe MC 
:Ho <0.42 ·Pd <2.52 Mn 1,591.30 

:flR = .ffot repor~d. 
MC =~Major CQtlPonent of the sample. 
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TARE 2 .. u~ SPARK SOURCE MASS SPECTROSCOPY 
RUN 12, l•µm CYCLONE 

~gtsn3 

u 6.63 Dy <5.17 Rh <0.07 Cr 17.24 
Th 18.57 Tb <0.03 Ru <0.21 v 115.37 
Bi <15.91 Gd <3.05 Mo 3.05 Ti 4,376.08 
Pb 132.61 Eu <2.78 Nb 23.87 Sc NR 
Tl . <O. 21 Sm <10.87 Zr 238.70 Ca 108,738.89 
Hg NR Nd 11.80 y 25.20 K 3,315.21 
Au <0.25 Pr 3.85 Sr 1,312.82 Cl NR 
Pt NR Ce 19.89 Rb 23.87 s 26' 521. 68 
Ir <0.38 La 114.04 Br 75.59 p 278.48 

··os <0.42 Ba 2,784.78 Se <68.96 Si 53,043.36 
Re <0.27 Cs 1.23 As 145.87 Al 15,913.01 
w <Z.92 I <0.42 Ge 10.74 Mg 2,784.78 
Ta NR Te <2.39 Ga 79.57 Na 1,312.82 
Hf <9.42 Sb 4.24 Zn 225.43 F NR 
Lu <3.58 Sn 5.70 Cu 87.52 B 729.35 
Yb <2.56 In NR Ni 58.35 Be 1.13 
T11 <O. 09 · Cd 0.93 Co 18.57 Li 15.91 
Er <1.86 Ag NR Fe 21,217.35 
Ho . <l. 05 Pd <2.12 Mn 238.70 

·= :::::::::::=..:-- -- ----- - -· 
NR = Not reported. 
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TABLI Z-12. S!Ml SCllRCE MASS SPECTROSCOPY 
11JN,f2, l~lli CYCLONE 

v..g/tt'S 

u 2.39 Dy <2.65 Rh <0.04 Cr 251. 96 
Th 4.64 Tb <0.01 Ru <0~11 v 172.39 
Bi <0.34 Gd <0.90 Mo 2.12 Ti 4,110.86 
Pb 132.61 Eu <0.49 Nb 34.48 Sc NR 
Tl <2.92 Sm 0.96 Zr 172.39 Ca MC 
Hg NR Nd 4.24 y 34.48 K l,591. 30 
Au <0.12 Pr 3.71 Sr . 954. 78 Cl NR 

Pt Ce 27.85 Rb · 11.93 s 7,293.46 
Ir <0.20 La 41.11 Br 25. 2·0 p 742.61 
Os <0.21 -Ba 1,458.69 Se <34.48 Si 42,434.69 
Re <0.13 Cs 1.23 As 384.56 Al MC 
w <l.05 I <0.30 Ge 30.50 Mg 6,099.99 
Ta NR Te <1.19 Ga 128.63 Na 1,856.52 
Hf <3.18 Sb 8.09 Zn 159.13 F NR 
Lu <0.61 Sn 7.96 Cu 61.00 B 663.04 
Yb <0.70 In NR Ni 42.43 Be 1. 59 

Tm <0.54 Cd 0.58 Co 13.26 Li 8.22 
Er <0.95 Ag NR Fe 18,565.18 
Ho <0.27 Pd <1.59 Mn 225.43 

NR = Not reported. 
MC = Major component of the sample. 
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TABLE 2•13. SPARK SOURCE MASS SPECTROSCOPY 
RUN 12, SASS F!LTER CAtCH' 

;91~ 

u 0.30 Dy <0.89 Rh <0.03 Cr 6.90 
Th 0.44 Tb <0.04 Ru <0.20 v 1.86 
Bi 0.52 Gd <0.16 Mo 0.84 Ti 70.28 
Pb 6.10 Eu 0.03 Nb 0.19 Sc NR 
Tl <0.20 Sm 0.17 Zr 1.46 Ca 3,182.60 
Hg NR Nd 0.98 y 0.60 K <122.00 
Au <0.01 Pr 0.15 Sr 57.02 Cl NR 
Pt NR Ce 2.12 Rb <1.46 s 1,127.17 
Ir <0.03 La 1.18 Br <1. 21 p 9.81 
Os <0.03 Ba <91. 50 Se 3.85 Si <225.43 
Re <0.13 Cs <0.27 As 3.18 Al 1,458.69 
w <0.16 I <0.03 Ge 0.12 Mg 185.65 
Ta NR Te 0.13 Ga 8.49 Na <3,447.82 
Hf <0.17 Sb 0.69 Zn <35.80 F NR 
Lu <0.01 Sn <4.91 Cu <23.87 B <23 .. 87 
Yb <0.09 In NR Ni <4.38 Be <0.05 

T• <0.03 Cd <2.25 Co <0.50 Li <0.49 
Er <0.12 Ag <2.25 Fe 145.87 

· Ho <0.08 Pd <0.09 Mn 7.29 

NR = Not reported. 
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Tiil£ !•M. st•.SOllCE HASS SP£CTROSCOPY 
- ft. ·XlDt.! RES1" .u.w 

u <13.26 Dy <6.23 Rh <2.78 Cr <14.59 
Th <19.89 Tb <1.72 Ru <10.08 v <1.86 
Bi <6.10 Gd <6.23 Mo <9.28 Ti <25.20 
Pb <35.80 Eu <2.78 Nb <1:17 Sc NR 
Tl <7.56· Sm <10.87 Zr <4.38 Ca <2,254.34 
Hg NR Nd <13.26 y <1.86 K <l,326.08 
Au <10.08 Pr <2.39 Sr <37.13 Cl NR 
Pt NR Ce <3.32 Rb <6.37 s 74,260.71 
Ir <15.91 La <3.58 Br <225.43 p <596.74 
Os <17.24 Ba 6.76 Se <5.30 Si <1,312.82 
Re <10.74 Cs <0.57 As <2.12 Al <517.17 
w <14.59 I <9.42 Ge <3.71 Mg <822.17 
Ta NR Te <7.82 Ga <l.59 Na <10,078.24 
Hf <18.57 Sb <5.44 Zn <265.22 F NR 
Lu <4.24 Sn <7.69 Cu <344.78 B <53.04 
Yb <6.10 In NR Ni <570.22 Be <0.16 
Tm <3.71 Cd <9.68 Co <4.24 Li <2.39 
Er <11.01 Ag NR Fe <861.95 
Ho <3.58 Pd <7. 82 . Mn <29.17 

~"":..;o:aa:::a __ .......... - I llll1t:t:1:ma I 7"'~~'"':"'".~--:.~ :-~.=::-::.-·-~ 

NR = Not reported. 
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u <2.92 Dy <1. 33 Rh . <0.58 Cr 18.57 
Th <4.11 Tb <0.36 Ru <2.12 v <0.76 
Bi <1.29 Gd <l. 31 Mo 3.98 Ti <13.00 
Pb <2.65 Eu <0.60 Nb 0.34 Sc NR 
Tl <l.59 Sm <2.25 Zr <0.93 Ca <291. 74 
Hg NR Nd <2.92 y ' <0.38 K <100.78 
Au <2.12 Pr <0.50 Sr 0.66 Cl NR 
Pt NR Ce <0.69 Rb 0.12 s 21,217.35 
Ir <3.32 La <0.74 Br <8.22 p <848.69 
Os <3.58 Ba 1.46 Se .· 10.21 Si <198.91 
Re <2.25 Cs <0.12 As 0.44 Al <76.91 

·'· w <3.05 I <l.99 Ge <0.80 Mg <92.83 
Ta NR Te <l. 72 Ga <0.32 Na <716.09 
Hf <3.85 Sb <1.15 Zn <62.33 F NR 
Lu <0.89 Sn <384.56 Cu 37.13 B 128.63 
Yb <l.29 In NR Ni <63.65 Be <0.01 
Tm <0.80 Cd <15.91 Co 0.93 Li <l.86 
Er <2.39 Ag NR Fe <251. 96 

Ho <0.76 Pd <1. 59 Mn <12.60 

NR = Not reported. 

2-21 



TMt.I 1-11. SMRl SOURCE MSS SPECTIOSCOPY 
lllH 12, TlfAt. SAU CATCH ...., .· .. 

u 13.26 Dy <19.89 Rh . <3. 85 Cr 331. 52 
Th 34.48 Tb <2.12 Ru <13.00 v 424.35 
Bi 0.52 to 27.85 Gd <13.26 Mo 12.47 Ti 13,260.84 
Pb 305.00 Eu 0.03 to 8.09 Nb 78.24 Sc NR 
Tl <12. 73 Sm 1. 13 to 31. 83 Zr ~3.69 Ca * 
Hg NR Nd 17.24 to 43.76 y 87.52 K 7 ,691. 29 
Au <13.00 Pr 10.87 Sr 5,039.12 Cl NR 
Pt NR Ce 96.80 Rb 63.65 s t 
Ir <19.89. La 198.91 Br 185.65 p 1,591. 30 
Os <21. 22 Ba 5,039.12 Se 14.59 to 159.13 Si * 
Re <13.26 Cs 3.45 As 1.007.82 Al * 
w <22.54 I 2.78 to 12.07 Ge 41.11 Mg 14,586.92 
Ta NR Te 0.13 to 15.91 Ga 265.22 Na 5,039.12 to 14,581 

Hf <49.07 Sb 18.57 Zn 1,856.52 F NR 
Lu <13.26 Sn 18.57 to 397.83 Cu 251.96 B 3,049.99 
Yb <12.47 In NR Ni 132.61 to 636.52 Be 3.86 
Tm <5.83 Cd 1. 99 to 27. 85 Co 43.76 Li 61.00 
Er <18.57 Ag NR Fe * 
Ho <6.23 Pd <15.91 Mn 1,989.13 

NR = Not reported. 
*Total and emission values were not calculated ·owing to the presence of an 

MC concentration. 
tValue exceeds 1 g. 
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TAIL£ 1-17 •. IPMK.SOURCE MASS SPECTROSCOPY ... n. EMISSION FOUND ...... ,. 
:U' 0.013 Dy <0.019 Rh <0.0039 Cr 0.33 
Th 0.035 Tb <0.0022 Ru <0.013 v 0.43 
Bi 0.0005 to 0.028 Gd <0.014 Mo 0.012 Ti 14 
Pb 0.31 Eu <0.0001 to 0.008 Nb 0.079 Sc NR 
Tl <0.013 Sm 0.0011 to 0.031 Zr 0.54 Ca * 
Hg NR Nd 0.017 to 0.044 y 0.088 K 7.7 
Au <0.013 Pr 0.011 Sr 5.0 Cl NR 

. Pt NR Ce 0.097 Rb 0.063 s 220 
Ir <0.020 La 0.20 Br 0.19 p 1. 6 
Os <0.022 Ba 5.1 Se 0. 014 to 0.16 Si * 
Re <0.014 Cs 0.0035 As 1. 0 Al * 
w <0.023 I 0.0027 to 0.012 Ge 0.041 Mg 15 
Ta NR Te 0.0001 to 0.015 Ga 0.26 Na 5.0 to 14 
Hf <0.049 Sb 0.018 Zn 1. 9 F NR 
Lu <0.013 Sn 0.018 to 0.40 Cu 0.26 B 3.1 
Yb <0.012 In NR Ni 0.13 to 0.64 Be 0.0038 
T11 <0.0058 Cd 0.0020 to 0.028 Co 0.044 Li 0.060 
Er <0.018 Ag NR Fe * 
Ho <0.0062 Pd <0.016 Mn 2.0 

: NR ::. Not reported. . 
*Total and emission values were not calculated owing to the presence of an 

MC concentration. 
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TABLE 2-18. SPARK SOURCE MASS SPECTROSCOPY 
ESSO, ENGLAND, CAFB PILOT PLANT SASS-1 

(tJg/113) 

u 18 Dy 0.2 - 9.4 Rh 0.9 Cr 110 
Th 46 Tb <0.3 Ru <1.9 v 310 
Bi 0.6 - 35 Gd <4.6 Mo 8.4 Ti 13,000 
Pb 200 Eu 0.6 - 3.4 Nb 81 Sc 
Tl <2.1 Sm 3.3 - 16.0 Zr 510 Ca 210,000 
Hg Nd 31 y 120 K 11,000 
Au <2.1 Pr 10 Sr 2,600 Cl 
Pt Ce 98 Rb 50 s 
Ir <3.2 La 200 Br 160 p 1,600 
Os <3.5 Ba 2,800 Se 0.6 - 75 Si 230,000 
Re <2.2 Cs 3.7 As 650 Al 
w <6.1 I 1. 3 Ge 6.2 - 33 Mg 16,000 
Ta Te 8.8 Ga 170 Na 
Hf <24 Sb 7.2 Zn 860 F-

Lu <6.2 Sn 71 Cu 180 B 4,300 
Yb <5.9 In Ni 230 Be 14 
Tm <1.1 Cd 5.4 Co 48 Li 

Er <6.9 Ag Fe 
Ho <0.1 - 2.3 Pd 7.9 Mn 1,700 
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TABLE 2-19. SPARK SOURCE MASS SPECTROSCOPY 
ESSO, ENGLAND, CAFB PILOT PLANT SASS-2 

(µg/mS) 

u 13 Dy <19 Rh <3.9 Cr 330 

Th 35 Tb <2.2 Ru <13 v 430 
e; 0.5 to 28 Gd <14 Mo 12 Ti 14,000 

Pb 310 Eu <0.1-8.1 Nb 78 Sc 

Tl <13 Sm 1.1-31 Zr 540 Ca 
Hg Nd 17-44 y 87 K 7,700 

Au <13 Pr 11 Sr 5,000 Cl 

Pt Ce 97 Rb 63 s 220,000 

Ir <20 La 200 Br 190 p 1,600 

Os <22 Ba 5,100 Se 14-160 Si 
Re <14 Cs 3.5 As 1,000 Al 
w <23 I 2.7-12 Ge 41 Mg 15,000 

Ta Te 0.1-15 Ga 260 Na 5,000-14,000 

Hf <49 Sb 18 Zn 1,900 F 

Lu <13 Sn 18-400 Cu . 260 B 3,100 

Yb <12 In Ni 130-630 Be 3.8 

Tm <5.8 Cd 2.0-27 Co 44 Li 

Er <18 Ag Fe 

Ho <6.2 Pd <16 Mn 2,000 
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TABLE 2-20~ SPARK SOURCE MASS SPECTROSCOPY 
CONVENTIONAL LIGNITE BOILER WITH-

MULTICLONE - SITE A 
(µg/113) 

u 56 Dy <3.2 Rh 6.6 Cr 470 
Th 74 Tb <0.7 Ru <3.6 v 470 
Bi 2.6 Gd <3.2 Mo 38 Ti 28,000 
Pb 320 Eu <1.8 Nb 67 Sc 

~, 

Tl <8.3 Sm <5.4 Zr 1,300 Ca 
Hg Nd 13 y 190 K 39,000 
Au <4.1 Pr 29 Sr 41,000 Cl 
Pt Ce 240 Rb 290 s 160,000 
Ir <6.3 La 320 Br 210 p 16,000 
Os <7.0 Ba 200,000 Se 83 Si 

Re <4.5 Cs 18 As 1,600 Al 
w 6.2 - 33 I 3.3 Ge 7.2 Mg 
Ta Te <3.3 Ga 240 Na 
Hf <13 Sb 40 Zn 880 F 

Lu <3 Sn 23 Cu 470 B 140,000 
Yb <3.2 In Ni 1,400 Be 10 
Tm <2.5 Cd 33 Co 100 Li 570 
Er <4.8 Ag Fe 

Ho · <l.1· Pd <6.7 Mn 27,000 
===== . - =:: ,_,,,. ~.:c::r:t: ~ . 
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TABLE 2-21. SPARK SOURCE MASS SPECTROSCOPY 
CONVENTIONAL LIGNITE BOILER WITH ESP 

SITE B 
(µg/m3) 

u <1.2 Dy <0.5 Rh <0.2 Cr <4.2 
Th <l. 7 Tb <0.1 Ru <0.9 v <1.1 

. e; <0.5 Gd <0.5 Mo 0.8 Ti <3.5 
Pb 1.1-8. 5 Eu <0.2 Nb <0.1 Sc 
Tl <0.7 Sm <0.9 Zr 0.3 Ca 40-390. 
Hg Nd <1.2 y <0.1-0.1 K 560 
Au <0.9 Pr <0.2 Sr <10 Cl 

Pt Ce <0.3 Rb <0.1-0.4 s 1,400-7,700 
Ir <1.4 La <0.3 Br <43 p <46 
Os <l. 5 Ba <28 Se 9. 7 Si 180 

,Re <0.9 Cs <0.1 As <4.2 Al 36-88 
w <1.3 I <0.8 Ge <0.1-0.3 Mg 160 

. Ta Te <0.7 Ga <0.1-0.1 Na 680 
Hf <1.6 Sb <0.5 Zn. 13-31 F 

Lu <0.4 Sn 1. 3-16 Cu <36 B 64 
Yb <0.5 In Ni <69 Be 0.2 

TRI <0.3 Cd 0.9-2.1 Co <0.8 Li <0.3 
· Er <1 Ag Fe <170 

Ho <0.3 Pd <0.7 Mn <7.8 
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TABLE 2-22. SPARK SOURCE MASS SPECTROSCOPY 
PARTICULATE FILTER FROM SASS-I 

(µg) 

u 0.93 Dy. 0.45 Rh <0.066 Cr 17. 
Th 1.4 Tb <0.002 Ru <0.010 v 9.3 

Bi 1.5 Gd <0.15 Mo 1.6 r; 200 
Pb 15 Eu 0.11 Nb 0.30 Sc 
Tl <0.22 Sm 0~53 Zr 7.4 Ca 4,900 
Hg Nd 1.5 y 1.3 K 510 
Au <0.010 Pr 0.44 Sr 59 Cl 
Pt Ce 6.6 Rb 2.0 s 2,100 
Ir <0.016 La 3.6 Br 1.3 p 41 

Os Ba 70 Se <1.1 Si 270 
Re <0.018 Cs 0.41 As 7.8 Al 1,600 
w <0.17 I <0.010 Ge <0.36 Mg 1000 
Ta Te <0.29 Ga 11 Na MC 
Hf <0.19' Sb 0.71 Zn 36 F 

Lu <0.017 Sn 1.4 Cu 14 B 33 

Yb <0.11 In 14* Ni 7.0 Be 0.16 
Tm <0.032 Cd 3.5 Co 1.5 Li 0.68 
Er <0.12 Ag Fe 680 
Ho 0.061 Pd <0.098 Mn 31 

-~~= 

•1 .... 1 ........... 
NOTE: o.0731 g (10.91 ,.rcent). 

2-28 



TABLE 2-23. SPARK SOURCE MASS SPECTROSCOPY 
PARTICULATE FILTER BLANK FROM SASS-1 AND SASS-2 

(~g) 

u <0.025 Dy <0.011 Rh <0.005 Cr 0.70 

Th <0.036 Tb <0.003 Ru <0.018 v 0.21 

Bi <0.011 Gd <0.011 Mo 0.24 Ti 0.68 

. Pb 2.1 Eu <0.005 Nb 0.012 Sc 

Tl <0.014 Sm <0.020 Zr 0.54 Ca 73 
. ' 

Hg Nd <0.025 y 0.009 K 36 

Au <0.018 Pr <0.004 Sr 1.4 Cl 

Pt Ce 0.049 Rb 0.35 s 230 
" 

Ir <0.028 La <0.006 Br 1. 2 p 4.4 

.Os <0.031 Ba 32 Se 0.25 Si 170 

Re <0.020 Cs 0.069 As 0.67 Al 16 

w <0.026 I 0.096 Ge <0.056 Mg 35 

Ta Te <0.014 Ga <0.100 Na 1,700 

Hf <0.033 Sb 0.16 Zn 37. F 

Lu <0.008 Sn 2.4 Cu 19 B 32 

Yb <0.011 In 14* Ni 11 Be 0.050 

T• <0.007 Cd 0.54 Co 0.24 Li 0.13 

·Er <0.020 Ag Fe 92 

Ho <0.007 Pd <0.014 Mn 3.3 
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TABLE 2-24. SPARK, SOURCE MASS SPECTROSCOPY 
PARTICULATE f'ItT£R FROM SASS-2 

(f.tg) 

u 0 .. 27 Dy <0.40 Rh <0.009 Cr 6.9 
Th 0.40 Tb <0.017 Ru <0.093 v 1.8 

Bi 0.47 Gd <0.074 Ho 0.99 Ti 64 

Pb 7.7 Eu 0.022 Nb 0.18 Sc 

Tl <0.091 SIR 0.15 Zr 1.9 Ca 2,900 
Hg Nd 0.89 y 0.55 K 55 
Au <0.006 Pr 0.14 Sr 53 Cl 
Pt Ce 2.0 Rb 0.66 s 1,300 
Ir <0.009 La 1.1 Br 0.54 p 13 
Os <0.010 Ba 41 Se 3.7 Si 100 
Re <0.061 Cs 0.12 As 3.6 Al 1,300 
w <0.012· I 0.011 Ge 0.11 Mg 200 
Ta Te 0.12 Ga 7.7 Na 1,500 
Hf <0.079 Sb 0.79 Zn 16 F 

Lu <0.007 Sn 2.2 Cu 11 B 11 

Yb <0.041 In 14.11c. Ni 2.0 Be 0.024 
Tm <0.013 Cd 1.0 Co 0.23 Li 0.22 
Er <0.055 Ag Fe 220 
Ho <0.036 Pd <0.039 Hn 9.9 

*t•Nl1 .......... 
*>TE: . 0.0498 g. 
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TABLE 2-25. SPARK SOURCE MASS SPECTROSCOPY 
CAFB LIGNITE 

(ppm) 

U' 0.23 Dy 0.20 Rh <0.010 Cr 2.7 
Th 0.32 Tb 0.024 Ru <0.030 v 14 
Bi 0.20 Gd 0.061 Mo 0.43 Ti 230 
Pb 9.6 Eu <0.015 Nb 0.64 Sc 
Tl <0.029 Sm 0.18 Zr 5.9 Ca 0.17 (%) 
Hg Nd 0.60 y 0.65 K 92 
~u <0.036 Pr 0.14 Sr 37 Cl 
pt Ce 1. 1 Rb 0.59 s 0. 23 (%) 

lr <0.055 la 1. 5 Br 0.23 p 42 

'Os <0.060 Ba 38 Se 2.8 Si 1. 3 (%) 

:1e <0.038 Cs 0.046 As 1.5 Al 0.23 (%) 

ll 0.100 I 0.040 Ge 0.20 Mg 130 

T• Te 0.075 Ga 2.6 Na 180 

llf <0.12 Sb 0.30 Zn 13 F 

UI <0.031 Sn 2.1 Cu 15 B 21 

Yb <0.090 In 21* Ni 23 Be 0.030 

Tit <0.013 Cd 0.17 Co 0.50 Li 0.82 

El" <O: 039 Ag Fe 0.19 (%) 
Mn <0.006 Pd <0.037 Mn 22 

'"" ==~--='=-· ..... ·--- ~----=-==-:::----=:::...--:."!'" ==--==~.::;-:::;:.-_;:_-_ ---:- - -- - - -

•llw•1 sta1111fd. m: 0.6751 g. 

2-31 



TABLE 2-26. SPARK SOURCE MASS SPECTROSCOPY 
CAFB STACK KNOCKOUT 

(ppm} 

u 9.3 Dy <7.5 Rh <0.095 Cr 62 

Th 37 Tb <0.042 Ru <0.29 v 320. 

Bi <0.67 Gd <1.8 Mo 4.2 Ti 

Pb 120 Eu <1.8 Nb 47 Sc 

Tl <1.9 Sm <7.5 Zr 330 Ca 
Hg Nd 34 y 48 K 

Au <0.35 Pr 11 Sr Cl 

Pt Ce 160 Rb 66 s 
Ir <0.54 La 110 Br 100 p 760 

Os <0.59 Ba Se <36 Si MC 
Re <0.37 Cs 6.8 As 120 Al MC 

w <1.4 I <l.2 Ge <7.4 Mg 

Ta Te <2.7 Ga 79 Na 
Hf <13 Sb 4.4 Zn 140 F 

Lu <l. 7 Sn 14 Cu 120 B 

Yb <2.7 In 160111t Ni 220 Be 1.6 

T. <l.l Cd 2.6 Co 18 Li 81 

Er <3.1 Ag Fe 

HQ <1.0 Pd <2.0 Mn 370 

=·'1'ol.~J!····· ,,_. ·'· .i• ·" '". 9. 
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TABLE 2-27. SPARK SOURCE MASS SPECTROSCOPY 
CAFB STACK CYCLONE 

(ppm) 

u 6.6 Dy 5.3 Rh <0.19 Cr 31 
Th 19 Tb <0.021 Ru <0.15 v 160 
Bi <2.0 Gd <2.S Mo 2.6 Ti 1.1 (%) 

Pb 34 Eu 0.95 Nb 47 Sc 
Tl <0.14 Sm <8.9 Zr 230 Ca 6.7 (%) 
Hg Nd 17 y 68 K 0.82 (%) 
Au <0.17 Pr 7.2 Sr o. 12 (%) Cl 
Pt Ce 56 Rb 42 s 0.43 {%) 
Ir <0.27 La 110 Br 73 p 690 
Os <0.29 Ba 680 Se <18 s; MC 
Re <0.18 Cs 1. 2 As 190 Al MC 
w <1. 0 I 0.83 Ge <5.6 Mg 0.64 {%) 
Ta Te <0.95 Ga 39 Na 0.27 (%) 
Hf <9.4 Sb 3.1 Zn <59 F 

Lu <l. 8 Sn 3.5 Cu 61 B 590 

Yb <l.4 In 130• Ni 56 Be 1.1 

Tm <0.75 Cd 1. 0 Co 13 Li 68 
Er <2.7 Ag Fe 2.8 (%) 

Ho 0.51 Pd <1.0 Mn . 620 
-~- ..........,....===== -·~ 

•tnterMl ,..,..,.. 
NOTE: 0.1064 g. 
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TABLE 2-28~ SPARK SOURCE MASS SPECTROSCOPY 
CAFB'; REGENERATO"R .:cvctONE 

(ppe) 

u 8.9 Dy <3.8 Rh . <0.37 Cr 48 

Th 24 Tb <0.014 Ru <0.098 v 180 

Bi <0.45 Gd <1.7 Mo 2.8 Ti 0. 41 (%) 

Pb 53 Eu 1.2 Nb 32 Sc 

Tl <1.3 Sm <6.0 Zr 510 Ca 7. 7 (%) 

Hg Nd 16 y 64 K 0. 100 (%) 

Au <0.12 Pr 6.9 Sr 0.100 (%) Cl 

Pt Ce 53 Rb 16 s 2. 5 (%) ·. 

Ir <0.18 La 38 Br 70 p 250 

Os <0.20 Ba ' 0.14 (%) Se ' <32 Si 7.9 (%} 

Re <0.12 Cs 2.3 As -710 Al MC 

w <0.47 I . 2. 2 Ge <6.8 Mg 0. 56 (%) 

Ta Te <0.90 Ga 52 Na 0. 100 (%) 

Hf <8.7 Sb ' 3.0 Zn 67 F 

Lu <1. 7 . Sn 3.7 Cu 57 8 400 

Yb <0.92 In 160* Ni 54 Be 1.1 

Tm <0.36 Cd 1.3 Co 12 Li 8.4 

Er <1.8 Ag Fe·· 1. 9 (%) 

Ho 0.98 Pd <1.5 Mn 230 

*'.IMe••l ........... 
NOTE: O~OUB g. 



. j 

TABLE 2-29. SPARK SOURCE MASS SPECTROSCOPY 
CAFB GASIFIER BED 

{ppm) 

u <0.74 Dy <0.40 Rh <0.18 Cr 11 
Th <1.0 Tb <0.078 Ru <0.54 v 100 
Bi <0.44 Gd <0.40 Mo <0.33 Ti 0.18 (%) 

Pb_ <2.8 Eu <0.28 Nb 12 Sc , 
/Tl <0.54 Sm <0.84 Zr 110 Ca MC 

Hg Nd <0.58 y 17 K 0.56 (%) 

Au <0.65 Pr <0.86 Sr· 290 Cl 
Pt Ce 9.7 Rb 15 s 3. 2 (%) 

Ir <1.0 La 14 Br 72 p 260 
Os <1.1 Ba 150 Se <48 Si MC 
Re <0.69 Cs 0.60 As 720 Al 0.41 (%) 

.W <0.46 I <0.13 Ge <15 Mg 1. 4 (%) 

Ta Te <0.49 Ga 47 Na 390 

Hf <2.3 Sb 23 Zn 67 F 

.Lu <0.56 Sn 19 Cu 40 B 960 

Yb <0.41 In 150* Ni 36 Be 0.77 

Tm <0.24 Cd <0.12 Co 9.1 Li 25 

Er <0.70 Ag Fe 2.5 (%) 

Ho <0.12 Pd Mn 180 

*Internal atandard. 
NOTE: 0.0949 g. 
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TABLE 2-30. SPARK SOURCE MASS s·PECTROSCOPY 
CAFS REGENERATOR BED 

(ppm) 

u 1.1 Dy <0.44 Rh <0.18 Cr 4.2 

Th 2.3 Tb <0.015 Ru <0.100 v 38 

Bi <0.083 Gd <0.42 Mo 1.3 Ti 0. 23 (%) 

Pb 2.4 Eu <0.052 Nb 8.2 Sc 

Tl <0.100 Sm <0.16 Zr 35 Ca MC 
Hg Nd 2.0 y 4.4 K 0. 31 (%) 

Au <0.12 Pr 0.47 Sr· 220 Cl 
Pt Ce 6.8 Rb 29 s 0. 30 (%) 

Ir <0.19 la 7.3 ar 36 p 85 

Os <0.20 Ba 130. Se <6.2 Si 3. 2 (%) 

Re <0.13 Cs 0.45 As 240 Al 3.0 (%) 

w <0.24 I 0.20 Ge· 5.3 Mg 0. 48 (%) 

Ta Te <0.091 Ga 14 Na 0. 11 (%) 

Hf <1.5 Sb 6.1 Zn 24 F 

Lu <0.100 Sn 9.8 Cei 21 8 140 
I 

Yb <0.077 In 170~ Ni 14 Be 0.20 

Tm <0.25 Cd 0.041 Co 3.2 Li 16 

Er <0.13 Ag Fe 0.36 (I) 

Ho <0.12 Pd <1.0 . Mn 76 

*Internal atanMrd. 
NOTE: 0~0865 g. 
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TABLE 2-31. SPARK SOURCE MASS SPECTROSCOPY 
CAFB OIL FEED 

(ppm) 
--

u <0.049 Dy <0.023 Rh <0.23 Cr 0.98 

Th <0.071 Tb <0.006 Ru <0.037 v 49 

Bi 0.12 Gd <0.023 Mo 0.79 Ti 0.32 

Pb 11 Eu <0.010 Nb 0.024 Sc 

Tl <0.028 Sm <0.040 Zr 0.045 Ca 83 

Hg Nd <0.050 y <0.007 K 99 

Au <0.037 Pr <0.009 Sr 0.38 Cl 

Pt Ce <0.012 Rb 0.093 s 0.42 (%) 

Ir <0.057 La <0.013 Br 0.28 p 15 

Os <0.062 Ba 0.41 Se <0.019 Si 110 

Re <0.039 Cs 0.006 As 1.3 Al 31 

w <0.052 I .0.067 Ge <0.014 Mg 31 

Ta Te <0.029 Ga <0.006 Na 150 

Hf <0.065 Sb 0.15 Zn 48 F 

Lu <0.015 Sn 0.45 Cu 28 B 0.11 

Yb <0.022 In 17* Ni 97 Be 0.001 

Tm <0.014 Cd 0.82 Co 0.67 Li 0.34 

Er <0.040 Ag Fe 33 

Ho <0.013 Pd <0.029 Mn 2.3 
..:,,:.== --·---. -~ -~·¥_-..::... 

*Internal standard. 
NOTE: 0.8356 g. 
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TABLE 2-32·~ SPARK· SOURCE MASS SPECTROSCOPY 
· 'CAFB BlTUMEN ,.,-: 

. (PJ*) 

u <0.060 Dy <0.028 Rh <0.012 Cr 1. 2 

Th <0.087 Tb <0.007 Ru <0.044 v 130 

Bi <0.027 Gd . <0.028 Mo 0.23 Ti 0.39 

Pb 3.7 Eu <0.012 . Nb 0.014 Sc 

Tl <0.034 Sm <0.048 Zr <0.019 Ca 59 

Hg Nd <0.060 y <0.008 K 24 

Au <0.045 Pr <0.011 Sr 0.33 Cl 

Pt Ce 0.040 , Rb 0.056 s 0. 28 (%) 

Ir <0.069 La <0.016 · .. Br <0.059 p 18 

Os <0.075 Ba 1.4 : Se 1.3 Si 140 

Re <0.047 Cs 0.007 As· 4.6 Al 11 

w <0.064 I <0.041 Ge <0.017 Mg 29 

Ta Te <0.035 Ga. 0.056 Na 19 

Hf <0.079 Sb 0.091 Zn· · 110 F 

Lu <0.019 Sn 0.76 .cu: 20 B 1. 9 

Yb <0.027 In 15* Ni 110 Be 0. 016 

Tm <0~016 Cd 0.24 Co:·. 0.58 Li 0.53 

Er <0.048 Ag Fe ,·. 40 

Ho <0.016 Pd <0.035 ··Mn 2.0 

'*Internal stimd1rd. 
NOTE: . 0.~ 9791 g. . . 
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TABLE 2-33. SPARK SOURCE MASS SPECTROSCOPY 
BIOLOGICAL PLANT SLUDGE SAMPLE 

(ppm) 

u <0.025 Dy <0.016 Rh <0.010 Cr 0.071 

Th <0.023 Tb <0.016 Ru <0.010 v 0.025 

Bi <0.021 Gd <0.016 Mo 0.065 Ti 0.30 

Pl>- 0.18 Eu <0.015 Nb 0.003 Sc 

Tl <0.020 Sm <0.015 Zr 0.030 Ca 2,100 

Hg Nd <0.014 y 0.006 K 12 

Au <0.020 Pr <0.014 Sr 0.95 Cl 270 

Pt Ce 0.011 Rb 0.090 s 1,300 

Ir <0.019 la <0.014 Br 3.0 p 27 

Os <0.019 Ba 0.27 Se 6.4 Si 32 

Re <0.019 Cs 0.004 As 2.5 Al 24 

w <0.018 I <0.03 Ge 0.81 Mg 96 

Ta Te <0.013 G <0.021 Na 1,000 

Hf <0.018 Sb 0.014 Zn 2.0 F 26 

Lu <0.017 Sn 0.10 Cu 1. 3 B 0.69 

Yb <0.017 In * Ni 14 Be 0.006 

Tm <0.017 Cd 0.19 Co 0.16 Li 0.23 

Er <0.017 Ag Fe 210 

·Ho <0.016 Pd <0.011 Mn 5.2 

·.*Internal standard. 
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TABLE 2-34. SPARK SOURCE MASS .. SPECTROSCOPY 
lO~µm CYCLONE CATCH FROrtf :_sASS"" 1 

(ppm). . ·. 
: .. 

u 5.3 Dy <2.9 Rh <O", 31 Cr 40 

Th 15 Tb <0.012 Ru· <0.083 v 91 

Bi <2.3 Gd <1.4 Mo 2.4 Ti 0.64(%) 

Pb 62 Eu 1.1 Nb 27 Sc 
Tl <0.38 Sni 6.0 Zr 150 Ca 6.5(%) 

Hg Nd 13 y 54 K 0.17(%) 

Au <0.099 Pr 4.1 Sr 850 Cl 
Pt Ce 32 Rb:· 19 s MC 

Ir <0.15 La 45 Br 83 p 210 

Os <0.17 Ba 660 Se «27 Si 6. 7(%) 

Re <0.11 Cs 1. 9 As 200 Al MC 
w <0.58 I 2.6 Ge 12 Mg 0.48(%) 

Ta Te <1.6 Ga 31 Na 850 

Hf <2.5 Sb 1.8 Zn 660 F 

Lu <1.0 Sn 5.7 Cu 97 8 340 

Yb <0.78 In 140* Ni 46 Be 3.6 

Tm <0.30 Cd 1. 5 Co 21 Li 

Er <1.1 Ag Fe MC 
Ho <0.21 Pd <1.7 Mn 0.19(1) 

fiE • MaJor con1>0rient. 
*Interna 1 standarcl. 
NOTE: 0.1058 g. 
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TABLE 2-35. SPARK SOURCE MASS SPECTROSCOPY 
3-µm CYCLONE CATCH FROM SASS-1 

. (ppm) 

u 9.8 Dy <0.11 Rh <0.050 Cr 25 

Th 20 Tb <0.022 Ru <0.15 v 96 

Bi <8.4 Gd <0.11 Mo 2.8 Ti 0.36(%) 

Pb 50 Eu <0.71 Nb 25 Sc 
Tl <0.15 Sm <2.8 Zr 190 Ca 9.0(%) 

Hg Nd 12 y 36 K 0.47(%) 

Au <0.18 Pr 4.1 Sr 0.100(%) Cl 
Pt Ce 30 Rb 17 s 0.90(%) 

Ir <0.28 La 42 Br 54 p 730 

Os <0.31 Ba 720 Se <6.8 Si 13(%) 

Re <0.20 Cs 1. 3 As 210 Al 1. 9(%) 

w <0.73 I <0.44 Ge <8.1 Mg 0.74(%) 

Ta Te <0.83 Ga 58 Na 0.31(%) 

Hf <2.3 Sb 2.3 Zn 230 F 

Lu <0.89 Sn 5.3 Cu 32 B 0.11(%) 

Yb <0.95 In 140* Ni 85 Be 2.4 

Tm <0.068 Cd 0.98 Co 14 Li 24 

Er <0.20 Ag Fe 1. 7(%) 

Ho <0.38 Pd <1.6 Mn 360 

*lnterna1 standard. 
NOT.E: 0.1003 g. 
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TABLE.· 2-36. SPARK SOURCE01MASS •SPECTROSCOPY. 
· l .. tJ•' CYCLONE CATCH":FROM SASSioi>:l~ . 

;'ppm) 

u 5.6 ; Dy <4.'3 •"Rh <m'11 Cr 65 

Th 23 Tb <0.051 :·Ru <0~35 v 220 

Bi <9.7 Gd <1.7 ;·Mo 5.1 Ti 0.81(%) 

Pb 160 Eu <1~1 Nb 57 Sc 

Tl <0.35 Sm <6.4 Zr 320 Ca 9.3(%) 

Hg Nd 14' y 83 K 0.64(%) 

Au <0.42 Pr ,4.7 Sr 0~13(1) Cl 

Pt Ce 68 Rb 29 s 2. 9(%) 

Ir <0.65 La 190 Br 89 p 910 

Os <0.71 .ea 0.25(%) Se <22 ,• Si 5.1(%) 

Re <0.45 Cs 1.6 ·As 470 Al 1. 9(%) 

w <l. 7 J <0.24 Ge <9~8 . Mg 0. 6(%) 

Ta Te <3.2· Ga 120 Ha 0.16(%) 

Hf <11. Sb 5.1 Zn 340 F 

Lu <,2.1 Sn 8.6 Cu 100 B 0.45(%) 

Yb <1.7 In 140* Ni 140 Be 15 

Tm <0.16 Cd 1.8 Co 32 Li 55 

Er <3.2 Ag Fe 2.2(1) 
Ho <0.62 Pd <l.2 Mn 450 

'frlaterna1 standard. 
NOTE£ O~ lOJO g.' ~ 



TABLE 2-37. SPARK SOURCE MASS SPECTROSCOPY 
XAD-2 RESIN FROM SASS-1 

(ppm) 

u <0.084 Dy <0.039 Rh <0.017 Cr 0.42 
Th <0.12 Tb <0.011 Ru <0.063 v 0.094 
Bi <0.038 Gd <0.039 Mo <0.058 Ti <0.31 
Pb 1. 3 Eu <0.018 Nb <0.007 Sc 
Tl <0.047 Sm <0.068 Zr <0.027 Ca 43 
Hg Nd <0.085 y <0.011 K 22 
Au <0.063 Pr <0.015 Sr 0.96 Cl 
Pt Ce <0.020 Rb 0.028 s 570 
Ir <0.097 La <0.022 Br 4.1 p 7.5 

Os <0.11 Ba <0.35 Se <0.28 Si 65 

Re <0.067 Cs <0 .. 003 As 0.052 Al 9.4 

w <0.090 I <0.058 Ge <0.023 Mg 29 

Ta Te <0.049 Ga <0.009 Na 110 

Hf <0.11 Sb <0.034 Zn 7.3 F 

Lu <0.026 Sn 0.37 Cu 12 B l. 4 

Yb <0.038 In 21* Ni 7.1 Be <0.006 

Tm <0.023 Cd <0.061 Co <0.22 Li 0.040 

Er <0.068 Ag Fe 31 

Ho <0.022 Pd <0.049 Mn 0.70 

*Internal statidard. 
NOTE: 0.6928 g. 
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TABLE 2-38. SPARK SOURCE MASS SPECTROSCOPY 
XAD-2 RESIN BLANK FOR SASS~l AND SASS-2 

(ppm) 

u <0.25 Dy <0.11 Rh . <0. 050 Cr 0.29 

Th <0.36 Tb <0.031 Ru <0.18 v 0.097 

Bi <0.11 Gd <0.11 Mo <0.17 Ti 0.91 
.• 

Pb 1. 3 Eu <0.052 Nb <0.021 Sc 

Tl <0.14 Sm <0.20 Zr <0.080 Ca 120 

Hg Nd <0.25 y <O. 033 K 120 

Au <0.18 Pr <0.044 Sr 1.4 Cl 

Pt Ce <0.059 Rb 0.12 s 500 

Ir <0.28 La <0.064 Br 12 p 22 

Os <0.31 Ba <2.1 Se 0.82 Si 46 

Re <0.20 Cs <0.010 As <0.038 Al 16 

w <0.26 I . <0.17 Ge <0.069 Mg 15 

Ta Te <0.14 Ga <0.028 Na 180 

Hf <0.33 Sb <0.100 Zn "6.8 F 

Lu <0.077 Sn <0.14 Cu 8.7 B 0.38 

Yb <0.11 In 21* Ni 11 Be <0.001 

Tm <0.068 Cd <0.18 Co 0.16 Li 0.060 

Er <0.20 Ag Fe 16 
Ho <0.066 Pd <0.14 . Mn 2.0 

*Inte\"l'lal standard. 
NOTE: 0.6674 g from 4.1 g. 
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TABLE 2-39. SPARK SOURCE MASS SPECTROSCOPY 
COMPOSITE SAMPLE* FROM SASS-1 

(ppm) 

u <0.003 Dy <0.001 Rh <0.001 Cr 0.15 
Th <0.004 Tb <0.001 Ru <0.002 v 0.005 
Bi <0.001 Gd <0.001 Mo <0.002 Ti 0.008 
Pb 0.016 Eu <0.001 Nb <0.001 Sc 
Tl <0.002 Sm <0.002 Zr <0.001 Ca 81 
Hg Nd <0.003 y <0.001 K 0.16 
Au <0.002 Pr <0.001 Sr 0.006 Cl 
Pt Ce <0.001 Rb 0.001 s 57 
Ir <0.004 La <0.001 Br 0.017 p 0.92 
Os <0.004 Ba 0.006 Se 0.010 Si 0.30 
Re <0.002 Cs <0.001 As 0.003 Al 0.15 
w <0.003 I <0.002 Ge <0.001 Mg 0.14 
Ta Te <0.002 Ga <0.001 Na 0.77 
Hf <0.004 Sb <0.001 Zn 0.32 F 
Lu <0.001 Sn 0.84 Cu 0.30 B 0.050 
Yb <0.001 In 1.St Ni 0.18 Be 0.000 
Tm <0.001 Cd 0.018 Co 0.006 Li 0.001 
Er <0.002 Ag Fe 2.0 
Ho <0.001 Pd <0.002 Mn 0.073 

*Composite of acid module rinse, condensate, and first impinger. 
tlnternal standard. 
NOTE: 20 ml. 
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TABLE 2-40. SPARK SOURCE MASS SPECTROSCOPY 
COMPOSITE SAMPlE' BlANICt -FROM' SASS-1 

(pi>tt1\ .. 

u <0.002 Dy <0.001 Rlf <0.002 .. Cr 0.003 
' 

Th <0.002 Tb <0.001 Ru "<o. 001 ·~ v 0.001 

Bi <0.001 Gd <0.001 . Mo. .. ·~Q. 001 Ti 0.007 

Pb 0.009 Eu <0.001 Nb <0.001 Sc 
Tl <0.001 Stn <0.001 Zr <0.001 Ca 3.0 

Hg Nd <0.002 y <0~001," K 0.085 

Au <0.001 Pr . <0.001 Sr 0.002 Cl 

Pt Ce <0.001 Rb 0.001 s 3.6 

Ir <0.002 La <0.001 Br .. ·. 0.12 p 0.52 

Os <0.002 Ba <0.007 Se 0.004 Si 0.13 
· Re <0.001 Cs <0.001 As 0.003 Al 0.047 

w <0.002 I <0.001 Ge <0.001 Mg 0.022 

Ta Te <0.001 Ga <0.001 Na 1. 3 
Hf <0.002 Sb <0.001 Zn 0.11 F 

Lu <0.001 Sn 0.24 Cu. 0.023 B 0.001 
Yb <0.001 In l.8t Ni 0.020 Be <0.000 
Ttn <0.001 Cd 0.005 Co 0.003 Li 0.001 
Er <0.001 Ag Fe 0.22 

Ho <0.001 Pd <0.001 Mn 0.005 

*Composite of.atid module rinse, condensate, and first inipinger. 
flnternal standard. 
NOTE: 20 a. 
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. T AB~t .. §:~!· t~~=~ ~·~JEFns ~~~~~ROSCOPY 
. ····· .•.. " ... :.,~~ .. · -·· 

u s~s .DY <2.2 
""· 

<o. a~s Cr 14 

Th 16 Tb <0.013 Ru <(). 087 v 96 

Bi <6.7 Gd <1.3 Mo 2.5 Ti 3,700 

Pb 110 Eu <1.i Mb 20 Sc 
Tl <0.086 Sm <4.5 Zr lg() Ca 90,000 

Hg Nd 9.8 y 20 K 2,700 

Au <0.100 Pr 3.2 Sr 1,100 Cl 
.. 

Pt Ce 17 Rb 20 s 22,000 

Ir <0.16 La 95 Br 62 p 230 

Os <0.17 Ba 2,300 . Se <28 Si 44,000 

Re <0.11 Cs 1.0 As 120 Al 13,000 

w <1.2 I <0.17 Gi 8.9 Mg 2,300 

Ta Te <0.98 Ga 66 Na 1,100 

Hf <3.9 Sb 3.6 zri 190 F 

Lu <1. 5 Sn 4. 7 Cu 72 8 600 

Yb <1.1 In 140* Ni 48 Be 0.94 

Tm <0.039 Cd 0.77 Co 16 Li 14 
.. 

Er <0.79 Ag Fe 17;000 

Ho <0.43 Pd <0.89. Mn 200 

*Internal standard. 
NOTE: 0.1005 g. 



TABLE 2-43. SPARK SOURCE MASS SPECTROSCOPY 
1-µm CYCLONE CATCH FROM SASS-2 

(ppm) 

u 3.9 Dy <2.2 Rh <0.028 Cr 420 
Th 7.7 Tb <0.012 Ru <0.087 v 290 

Bi <0.28 Gd <0.75 Mo 3.6 Ti 6,700 
Pb 220 Eu <0.40 Nb 56 Sc 
Tl <2.4 Sm 1.6 Zr 270 Ca MC 

Hg Nd 7.0 y 57 K 2,700 
Au <0.100 Pr 6.1 Sr 1,600 Cl 
Pt Ce 47 Rb 20 s 12,000 
Ir <0.16 La 67 Br 42 p 1,200 
Os <0.17 Ba 2,300 Se <28 Si 70,000 
Re <0.11 Cs 2.0 As 630 Al MC 
w <0.86 I <0.25 Ge 50 Mg 9,900 
Ta Te <0.98 Ga 210 Na 3,000 
Hf <2.6 Sb 13 Zn 260 F 
Lu <0.50 Sn 13 Cu 100 B 1,100 
Yb <0.58 In 140* Ni 70 Be 2.6 

Tm <0.45 Cd 0.95 Co 22 Li 14 

Er <0.78 Ag Fe 31,000 
Ho <0.22 Pd <1.3 Mn 370 

"MC :i: Major component. 
*Internal standard. 
MOTE:' 0.1007 g. 
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TABLE 2-44. ·SPARK SOURCE MASS SPECTROSCOPY 
XAD;..21RESIN'FROM SASS-2 

(ppm) 

u <0.49 Dy <0.22 Rh <0.098 Cr 0.54 

Th <0.70 Tb <0.061 Ru <0.36 v 0.064 

Bi <0.22 .Gd <0.22 Mo <0.33 Ti 0.89 

Pb 1.3 Eu <0.100 Nb <0.042 •. Sc 
Tl <0.27 Sm <0.39 Zr <0.16 Ca 82 

Hg Nd <0.49 y <0.065 K 49 

Au <0.36 Pr <0.086 Sr L·3 Cl 

Pt ·ce <0.12 Rb 0.23 s 5,800 

Ir <0.56 La <0.13 Br 8.2 p 22 

Os <0.61 Ba 0.48. Se <0.19 Si 47 

Re <0.38 Cs <0.020 As <0.075 Al 18 

w <0.52 I <0.34 Ge <0.13 Mg 29 

Ta Te <0.28 Ga <0.055 Na 360 

Hf <0.64 Sb <0.20 Zn 9.4 F 

Lu <0.15 Sn <0.28 Cu 12 B 4.2 

Yb <0.22 In 21* Ni 20 Be 0.011 

Tm <0.13 Cd <0.35 Co 0.15 Li 0.23 

Er <0.39 Ag Fe 31 
Ho <0.13 Pd <0.28 Mn 1.1 

!ln~rnal standard. 
NOJE: • 9-~!~7 g,from 6.5 g. 
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TABLE 2-45. SPARK SOURCE MASS SPECTROSCOPY 
COMPOSITE SAMPLE* FROM SASS-2 

(ppm) 

u <0.008 Dy <0.004 Rh <0.002 Cr 0.12 
Th <0.012 Tb <0.001 Ru <0.006 v 0.002 
Bi <0.004 Gd <0.004 Mo 0.023 Ti 0.038 
Pb <0.008 Eu <0.002 Nb 0.002 Sc 
Tl <0.005 Sm <0.007 Zr <0.003 Ca 0.84 
Hg Nd <0.008 y <0.001 K 0.29 
Au <0.006 Pr <0.001 Sr 0.004 Cl 
Pt Ce <0.002 Rb 0.001 s 130 

Ir <0.009 La <0.002 Br 0.024 p 2.4 
Os <0.010 Ba 0.008 Se 0.059 Si 0.59 
Re <0.007 Cs <0.001 As 0.002 Al 0.22 
w <0.009 I <0.006 Ge <0.002 Mg 0.27 
Ta Te <0.005 Ga <0.001 Na 2.1 
Hf <0.011 Sb <0.003 Zn 0.18 F 

Lu <0.003 Sn 1.1 Cu 0.29 B 0. 77 
Yb <0.004 In 0.72t Ni 0.19 Be <0.001 

Tm <0.002 Cd 0.045 Co 0.005 Li 0.005 

Er <0.007 Ag Fe 0.74 

Ho <0.002 Pd <0.005 Mn 0.036 

*Composite of acid module rinse, condensate, and first impinger. 
tlnternal standard. 
NOTE: 20 ni.. 
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TABLE 2-46. SPARK SOURCE MASS SPECTROSCOPY 
COMPOSITE SAMPLE BLANK* FROM SASS-2 

(ppa) 

u <0.024 Dy <0.011 Rh· <0.005 Cr 0.009 

Th <0.034 Tb <0.003 Ru <0.018 v 0.002 

Bi <0.011 Gd <0.011 Mo <O. 016 Ti 0.021 

Pb <0.022 Eu <0.005 Nb <0.002 Sc 
Tl <0.013 Sm <0.019 Zr <0.008 Ca 0.85 

Hg Nd <0.024 y <0.003 K 0.16 

Au <0.018 Pr <0.004 Sr <0.004 Cl 
Pt Ce <0.006 Rb <0.001 s 9.6 

Ir <0.027 La <0.006 Br 0.13 p 2.1 

Os <0.030 Ba <0.008 Se <0~009 Si 2.3 

Re <0.019 Cs <0.001 As <0.004 Al 0.22 

w <0.025 I <0.016 Ge <0.006 Mg 0.21 

Ta Te <0.014 Ga <0.003 Na 5.9 

Hf <0.031 Sb <0.009 Zn 1.0 F 

Lu <0.007 Sn 1.3 Cu 0.076 B 0.025 

Yb <0.011 In 0.72t Hi 0.38 Be 0.000 

Tm <0.006 Cd 0.039 Co <0.001 Li 0.003 

Er <0.019 Ag Fe 0.53 

Ho <0.006 Pd <0.014 Mn 0.026 

*Composite of acid module rinse, condensate, and first 1q>inger. 
tlnternal standard. 
NOTE: 20 ml. 
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TABLE 2-47. .S.PARK SOURCE MASS SPECTROSCOPY 
CAFB LIMESTONE 

(ppm) 

u <0.37 Dy <0.20 Rh <0.089 Cr 0.76 

Th <0.53 Tb <0.40 Ru <0.28 v 6.4 

Bi <0.23 Gd <0.20 Mo 0.48 Ti 80 

Pb 12 Eu <0.14 Nb <0.13 Sc 

Tl <0.27 Sm <0.43 Zr 1. 2 Ca 160,000 

Hg Nd <0.30 y 0.52 K 220 

Au <0.33 Pr 0.22 Sr 210 Cl 

Pt Ce 0.42 Rb 2.1 s 530 

Ir <0.51 La 1.8' Br <18 p 39 

Os <0.55 Ba 160 Se <4.3 Si 430 

Re <0.35 Cs 0.052 As <0.079 Al 130 

w <0.24 I 4.5 Ge <0.11 Mg 2,200 

Ta Te <0.25 Ga <0.048 Na 110 

Hf <1. 2 Sb 0.96 Zn 2.1 F 

Lu <0.29 Sn 4.7 Cu 4.7 B 17 

Yb <0.21 In llOit Ni 14 Be 0.012 

Tm <0.12 Cd <0.059 Co 0.58 Li 0.086 

Er <0.36 Ag Fe 1,500 

Ho <0.059 Pd <0.34 Mn 8.8 
··- -= :a: ' -m= .. m- ~-- - -~_....... 

*Internal standard. 
NOTE: 0.1324 g. 
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TABLE 2-48. SP.ARK SOURCE MASS SPECTROSCOPY 
CAFB F.INES- RETURN 

(pj>li) 

u 5.1 Dy <2~8 Rh <0.21 Cr 59 
Th 10 Tb <0.016 Ru <0.11 v 120 
Bi <0.093 Gd <0.98 Mo 2.9 Ti 8,700 
Pb 27 Eu 0.52 Nb <37 Sc 
Tl <0.11 Sm <3.4 Zr 180 Ca MC 

Hg Nd 9.1 y 26 K 3,500 
Au <0.14 Pr 4.1 Sr 900 Cl 
Pt Ce 44 Rb ,. 26 s 9.400 
Ir <0.21 La 44 Br . 110 p 540 
Os <0.23 Ba 910 Se <19 Si MC 
Re <0.14 Cs 1.9 As 270 Al MC 
w <0.54 I 0.45 Ge <2.9 Mg s.ooo 
Ta Te <0.74 Ga 21 Na 640 
Hf <2.5 Sb 3.3 Zn <0.041 F 
Lu <1.4 Sn 5.5 Cu 47 B 160 
Yb <0.70 In 190.0* Ni :21 Be 0.30 
Tm <0.14 Cd 0.45 Co 10 Li 3.1 
Er <1. 0 Ag Fe 41,000 
Ho 0.20 Pd <0.79 Mn 260 

MC = Major component. 
*lnternaJ Jlandpr~. 
NOTE: 0.0 § g. 
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TABLE 2-49. SPARK SOURCE MASS SPECTROSCOPY 
CAFB BOILER BACK 

(ppm) 

u 4.1 Dy <2.2 Rh <0.029 Cr 25 

Th 16 Tb <0.013 Ru <0.091 v 100 

Bi <0.074 Gd <0.67 Mo 1. 9 Ti 3,800 

Pb 29 Eu <0.77 Nb 59 Sc 
Tl <0.85 Sm <4.7 Zr 200 Ca 71.000 

Hg Nd 15 y 30 K 5,100 

Au <0.11 Pr 4.5 Sr 1,100 Cl 
Pt Ce 35 Rb 21 s 7,500 

Ir <0.17 La 49 Br 46 p 230 

Os <0.18 Ba 430 Se <15 Si MC 

Re <0.12 Cs 3.0 As 120 Al MC 

w <0.90 I <0.12 Ge <4.8 Mg 3,500 

Ta Te <0.83 Ga 34 Na 960 

Hf <5.4 Sb 1.8 Zn 62 F 

Lu <0.77 Sn 6.3 Cu 75 B 210 

Yb <0.43 In 150* Ni 50 Be 0.49 

Tm <0.33 Cd 0.77 Co 5.7 Li 14 

Er <l. 7 Ag Fe 33,000 

Ho <0.45 Pd <l. 3 Mn 210 

J4C = Major component. 
· *Internil 1 standard . 
. NOTE:. 0.0961 g: 

2-55 



TABL.E 2-50. SPARK SOURCE MASS SPECTROSCOPY 
CAF8 BOILER SIDES 

(' .,, ) 
p~ 

u 14 Dy <5.4 Rh <0.59 Cr 120 
Th 20 Tb <0.023 Ru <0.16 v 290 
Bi <0.72 Gd <1. 9. Mo 31 Ti 2,100 
Pb 71 Eu <1.0 Nb 73 Sc 

Tl <1.5 Sm <5.7 Zr 640 Ca MC 

Hg Nd 18 y 51 K 4,800 

Au <0.19 Pr 5.7 Sr 1,100 Cl 
Pt Ce 60 Rb 36 S· 7,000 

Ir <0.29 La 85 Br 79 p 410 

Os <0.31 Ba 1,100 Se <9.7 Si MC 

Re <0.20 Cs 5.3 As 370 Al MC 

w <1.6 I <0.63 Ge <23 Mg 7,000 

Ta Te <2.5 Ga 59 Na 830 

Hf <39 Sb 6.8 Zn 100 F 

Lu <1.3 Sn 12 Cu 92 B 280 

Yb <1.4 In 150* Ni 1,400 Be 0.59 

Tin <0.069. Cd . 4.0 Co 28 Li 25 
Er <2.1 Ag Fe MC 

Ho <0.78 Pd <6.7 Mn 2,000 

Mc '.= Ma3or component. 
~tp~mal $tAnd&rd. 
NOT ! ·, 'O.O~Sf· t·~· . .i . 
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TABLE 2-51. SPARK SOURCE MASS SPECTROSCOPY 
CAFB LIMESTONE FEED 

(ppm) 

u <0.63 Dy <0.26 Rh <0.12 Cr 0.63 

Th <0.63 Tb <0.07 Ru <0.43 v 3.6 

Bi <0.28 Gd <0.28 Mo 0.87 Ti 40 

Pb 8.3 Eu <0.12 Nb <0.05 Sc 
Tl <0.33 Sm <0.48 Zr 0.55 Ca MC 

Hg Nd <0.50 y 0.24 K 230 

Au <0.43 Pr 0.21 Sr 210 Cl 

Pt <l. 2 Ce 0.43 Rb 1. 7 s 400 

Ir <0.65 La 0.95 Br <21 p 27 

Os <0.74 Ba 160 Se <4.4 Si 400 

Re <0.46 Cs 0.06 As <328 Al 150 

w <0.61 I 19 Ge <0.17 Mg 3,600 

Ta Te <0.35 Ga <0.07 Na 110 

Hf <0.75 Sb 0.95 Zn <1.4 F 150 

Lu <0.17 Sn 5.5 Cu 3.8 B 5.5 

Yb <0.27 In 15* Ni 4.4 Be 0.003 

Tm <0.16 Cd Co 0.23 Li 0.09 

Er <0.46 Ag Fe 590 

Ho <0.15 Pd <0.34 Mn 7.5 

MC = Major component. 
*Internal standard. 
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TABLE 2-52. SPARK SOURCE MASS SPECTROSCOPY 
CAFB LIGNITE* 

(ppm): 
. ''; 

u 1.2 Dy <0.26 · Rhr.1 <0.064 Cr 13 

Th 3.8 Tb <0.16 ·Ru <0.23 v 28 

Bi <0.33 Gd <0.43 Mo 0.73 Ti 1,400 

Pb 13 Eu <0.12 Nb 6.9 Sc 

·n <0.47 Sm <0.73 Zr 65 Ca MC 
Hg Nd 1.1 y 8.2 K 4,900 . 

Au <0.23 Pr 1.4 Sr 230 Cl 
Pt <0.64 Ce 3.4 Rb 7.8 s 8,600 

Ir <0.35 La 10 Br 11 p 76 

Os <0.40 Ba 320 Se <9.3 Si MC 
Re <0.25 Cs 0.86 As <57 Al MC 
w <0.60 I 0.16 Ge <3.0 Mg 4,400 

Ta Te 4.9 Ga 14 Na 80 

Hf <0.75 Sb 0.38 Zn 11 F 92 

Lu <0.17 Sn 1.9 Cu 19 B 88 

Yb <0.27 In I St Ni 10 Be 0.55 

Tm <0.16 Cd 0.69 Co 2.2 Li 

Er <0.25 Ag Fe 5,700 

Ho <0.15 Pd <0.18 Mn 100 

MC = Major COlllJ>Onent. 
*Concentrations based on "as received" lignite weight. 
tlnternal standard. 
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TABLE 2-53. ATOMIC ABSORPTION ANALYSIS 
CAFB-LIGNITE STUDY 

Sample 

Gasifier bed 
Main cyclone 
Regenerator bed 
Regenerator cyclone 
Stack cyclone 
Stack knockout baffle 
Lignite 

. (µg/g) 

As 

2-59 

Hg 

0.037 
0.029 
0.029 
0.054 
0.129 
0.833 
0.158 

Sb 



Sample 

Filter 
1-µm cyclone 
3-µm cyclone 
10-µm cyclone 
XAO 
CHt 
I Ct 

TABLE 2-54. ATOMIC ABSORPTION ANALYSIS 
CAFB-LIGNITE PROCESS""' 

SASS RUN 11 
(ppm) 

As Hg 

1.24 
0.80 
0.70 
1.12 

<0.072 
0.014 
0.003 

ND = Not detected; sample is less than or equal to blank. 
*All values blank-corrected. 

Sb 

tCombination of first impinger, condensate, and acid module rinse. 
tcombination of second and third impingers. 

Sample 

Filter 
1-µm cyclone 
3-µm cyclone 
10-µm cyclone 
XAD 
CHt 
I Ct 

TABLE 2-55. ATOMIC ABSORPTION ANALYSIS 
CAFB-LIGNITE PROCESS* 

SASS RUN 12 
{ppm) 

As Hg 

12.67 
1.87 
1.19 
0.79 

<0.081 
0.034 
0.003 

ND = Not detected; sample is less than or equal to blank. 
*All values blank-corrected. 

Sb 

tCombination of first impinger, condensate, and acid·module rinse. 
tcombination of second and third impingers. 
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TABLE 2-56. ATOMIC ABSORPTION ANALYSIS 
VENTURI SCRUBBER 

(µg/m3) 

Sample As 

Probe + cyclone rinse 
10- + 3-µm particulates 
1-µm + filter particulates 
XAD-2 
Condensate + 1st impinger 
2nd + 3rd impinger <0.03 

Hg 

<0.004 
<0.02 
<0.002 
<0.3 
<0.21 
<0.04 

TABLE 2-57. ATOMIC ABSORPTION ANALYSIS 
TCA SCRUBBER 

(µg/m3) 

Sample As 

Probe + cyclone rinse 
10- + 3-µm particulates 
1-µm + filter particulates 
XAD-2 
Condensate + 1st impinger 
2nd +3rd impinger <0.03 

Hg 

<0.004 
<0.004 
<0.003 
<0.3 
<0.006 
0.38 

TABLE 2-58. ATOMIC ABSORPTION ANALYSIS 
OXIDATION TANK VENT 

(µg/m3) 

Sb 

<0.4 

Sb 

<0.4 

==================··· =- ·---~=~~ 
Sample As 

Probe + cyclone rinse 
10- + 3-µm particulates 
1-µm + filter particulates 
XAD-2 
Condensate + 1st impf nger 
Znd + 3rd impinger <0.03 

Hg 

lt 

lit 

<0.002 
<0.03 
<0.04 
<0.04 

~Oxidation tank vent stream did not contain a significant 
particulate loading. 
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TABLE 2-59. ATOMIC ABSORPTION ANALYSIS 
. SCRUBBER SAMPLES 

Sample 

Venturi filter cake 
Venturi spray tower 

slurry (liquid} 
Venturi spray tower 

slurry (solids) 

TCA centrifuge cake 

NR = None reported. 
~µg/L. 

.. (µg/g)' 
·•. ~ . ' 1 

As 

NR 
HR 

NR 

NR 

teased -on.solid content of 78.8 g/L. 
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Hg 

0.09 
0.9* 

0.06t (5.0*)* 

0.03 

Sb 

NR 
NR 

NR 

NR 



Sample test date 

1/24 

1/25 

1/27 

TABLE 2-60. FIXED GASES 
CAFB GAS ANALYSIS 

(ppmv) 

02 C02 

9.1 10.1 

9.0 6.1 

5.3 6.4 

TABLE 2-61. NITROGEN OXIDES 
CAFB GAS ANALYSIS 

(ppmv) 

Sample test date NO 

Sample test date 

1/24 

1/26 

1/27 

1/24 

1/25 

1/27 

28 

14.5 

26 

TABLE 2-62. SULFUR ·SPECIES 
CAFB GAS ANALYSIS 

(ppmv) 

cos 

2-63 . 

co 
<0.05 

<0.05 

<0.05 

33 

15.7 

42 

101. 9 

299.7 

185.0 

N2 

503 

0.8 

1. 3 

0.9 



Flue gas 

Flue gas 

Flue gas 

TABLE 2-63. FIXED GASES 
CAFB PILOT PLANT 

{tJg/m3) 

140,000,000 

TABLE 2-64. SULFUR GASES 
CAFB PILOT PLANT 

(µg/113) 

TABLE 2-65. NITROGEN GASES 
CAFB PILOT PLANT 

.. (pg/•3) 

NO 

37,000 

2-64 

co 
<57,000 

503 

510,000 3,200 

NOX 

28,000 



Sample 

Gas;f;er bed 
Ma;n cyclone 
Regenerator bed 
Regenerator cyclone 
Stack cyclone 
Stack knockout 

baffle 
Lign;te 

":" =· --

TABLE 2-66. ANION ANALYSIS 
CAFB-LIGNITE STUDY 

(ppm) 

-F Cl 

80 2,000 
130 780 

90 140 
210 2,000 
150 54 

190 200 
90 1,750 

No; so~ 

1,200 
1,000 
2,200 
1,800 
2,000 

3,400 
18,000 

--..:~...::.--==:.::-.:=.=-.:=:..":"""..=;·.;~-.:.":.--=--------=--=.:.......~.::-=·.: 
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Sample 

Filter 
1-µm cyclone 
3-µm cyclone 
10-µm cyclone 
XAD 
CHt 
IC=t-

TABLE 2-67 .. ANION ANALYSIS · 
CAFB~LIGNITE PROCESS* 

SASS ·RUN·#l 

590 
420 

90 
350 

20 
50 

{ppm) 

Cl 

ND 
5 

100 

ND 
8 

ND = Not detected; sample is less than or equal to blank. 
*All values blank-corrected. 

so~ 

59,000 
8,200 
7,400 

75,000 
1,800 

tCombination of first fmpinger, condensate, and acid module rinse. 
=t-Combination of second and third fmpingers. 

Sample 

Filter 
1-µm cyclone 
3-µm eye 1 one · 
10-µm cyclone 
XAD 
CHt 
IC=t-

TABLE 2-68. ANION ANALYSIS 
CAFB-LIGNITE PROCESS* 

SASS RUN #2 

590 
420 
90 

350 
20 
50 

(ppm) 

Cl 

ND 
5 

100 

ND 
8 

N03 

ND = Not detected; sample is less than or equal to blank. 
*All values blank-corrected. 

so~ 

110,000 
220,000 
210,000 
740,000 

320 

tCombination of first impinger, condensate, and acid module rinse. 
~Combination of second and third fmpingers. 
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Gas 

GCl 
GC2* 
GC3 
GC4 
GCS 
GC6 
GC7 

TABLE 2-69. GAS CHROMATOGRAPHY ANALYSIS 
CAFB GAS ANALYSIS 

Range 

1/24 

Volatile 
weight, ppm 

21.4 
2.8 

*No hydrocarbons above C2 detected, MDL 0.5 ppmv. 

Gas 

GCl 
GC2* 
GC3 
GC4 
GC5 
GC6 
GC7 

TABLE 2-70. GAS CHROMATOGRAPHY ANALYSIS 
CAFB GAS ANALYSIS 

. Range 

1/25 

Volatile 
weight; ppm 

6.5 
<0.5 

*No hydrocarbons above C2 detected, MDL 0.5 ppmv. 

Gas 

GCl 
GC2* 
GC3 
GC4 
GCS 
GC6 
GC7 

TABLE 2-71. GAS CHROMATOGRAPHY ANALYSIS 
CAFB GAS ANALYSIS 

Range 
Volatile 

weight, ppm 

<0.5 
<0.5 

, *No hydrocarbons above C2 detected, MDL 0.5 ppmv. 
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No. of 
peaks 

No. of 
peaks 

No. of 
peaks 



Gas 

GCl 
GC2 
GC3 
GC4 
GCS 
GC6 
GC7 

TABLE 2-72. GAS CHROMATOGRAPHY ANALYSIS 
TOTAL CAFB ORGANIC EMISSIONS 

Range 

SASS 11 

Volatile 
weight, ppm 

17,770 -
23,192 

NR = Not reported. 

Gas 

GCl 
GC2 
GC3 
GC4 
GCS 
GC6 
GC7 

TABLE 2-73. GAS CHROMATOGRAPHY ANALYSIS 
TOTAL CAFB ORGANIC EMISSIONS 

Range 

SASS 12 

Volatile 
weight, ppm 

No data 

NR = Not reported. 
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No. of 
peaks 

NR 

No. of 
peaks 

NR 



Gas 

GC7 
GCB 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
>GC16 

TABLE 2-74. GAS CHROMATOGRAPHY ANALYSIS 
TOTAL CAFB ORGANIC EMISSIONS 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

SASS #1 

Volatile 
weight, ppm 

221 

565 

No. of 
peaks. 

NR 

=======================·-==== 
NR = Not reported. 

Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
>GC16 

TABLE 2-75. GAS CHROMATOGRAPHY ANALYSIS 
TOTAL CAFB ORGANIC EMISSIONS 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

SASS #2 

Volatile 
weight, ppm 

307 

21,725 

NR = Not reported. 

2-6S 

No. of 
peaks 

NR 



Gas 

GCl 
GC2 
GC3 
GC4 
GCS 
GC6 
GC7 

TABLE 2-76. GAS CHROMATOGRAPHY ANALYSIS 

Range 

TABLE 2-77. 

Volatile 
· weight, ppm 

0.009 
0.002 

GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

10-JJm CYCLONE 

No. of 
peaks 

Volatile weighta ~g/m3 

Gas Range Run no. 1 Run no. 

GC7* 90-110 NR NR 
GC8 110-140 NR NR 
GC9 140-160 2.49 6.31 
GClO 160-180 1.07 NR 
GCll 180-200 NR NR 
GC12 200-220 NR NR 
GC13 NR NR 
GC14 NR NR 
GC15 HR NR 
GC16 NR NR 
GC17 

NR = Not reported. 
*Not usually included in TCO range; i.e., C8-C16 • 

2 

NOTE: No information was reported concerning the number of peaks. 
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TABLE 2-78. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

3-µm CYCLONE 

Volatile weight 1 ~g/m
3 

Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR NR 
GC8 110-140 NR NR 
GC9 140-160 7.44 31.1 
GClO 160-180 l. 90 NR 
GCll 180-200 NR NR 
GC12 200-220 NR NR 
GC13 NR NR 
GC14 NR NR 
GClS NR NR 
GC16 NR NR 
GC17 

NR = Not reported. 
*Not usually included in TCO range; i.e., C8 -C16 • 

NOTE: No information was reported concerning the number of peaks. 

TABLE 2-79. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

1-µm CYCLONE 

Volatile weight 1 ~g/m
3 

Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR NR 
GC8 110-140 NR NR 
GC9 140-160 5.78 6.24 
GClO 160-180 2.98 NR 
GCll 180-200 NR NR 
GC12 200-220 NR NR 
GC13 0.624 NR 
GC14 NR NR 
GC15 NR 14.6 
GC16 NR NR 
GC17 

---·-
NR = Not reported. 
*Not usually included in TCO range; i.e., C8 -C16 • 
NOTE: No information was reported concerning the number of peaks. 
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TABLE 2-80. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

PARTICULATE FILTER 

Volatile weight 1 ~g/m
3 

Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR NR 
GC8 110-140 NR NR 
GC9 140-160 NR NR 
GClO 160-180 NR NR 
GCll 180-200 NR NR 
GC12 200-220 0.599 NR 
GC13 2.66 NR 
GC14 NR NR 
GC15 5.39 NR 
GC16 4.69 NR 
GC17 

NR = Not reported. 
*Not usually included in TCO range; i.e., C8-C16 • 
NOTE: No information was reported concerning the number of peaks. 

TABLE 2-81. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

PROBE RINSE 

Volatile weight 1 l:!g/m3 

Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR NR 
GC8 110-140 4.66 NR 
GC9 140-160 NR NR 
GClO 160-180 NR 0.659 
GCll 180-200 NR 0.838 
GC12 200-220 NR NR 
GC13 NR NR 
GC14 NR NR 
GClS 0.131 2.86 
GC16 NR NR 
GC17 

NR = Not reported. 
*Not usually included in TCO range; i.e., C8 -C16 • 
NOTE: No information was reported concerning the number of peaks. 
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TABLE 2-82. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

XAD-2 RESIN 

Volatile weight, µg/m3 
Gas Range Run no. 1 Run no. 2 

·GC7* 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

NR = Not reported. 

NR 
11. 2 
2.00 

22.5 
BR 
22.8 
4.57 
7.06 
1. 26 
3.60 

BR = Blank removes; sample less than or equal to blank. 
*Not usually included in TCO range; i.e., C8 -C16 . 

NR 
NR 
NR 
BR 
BR 
BR 
NR 
NR 
BR 

NOTE: No information was reported concerning the number of peaks. 

TABLE 2-83. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

MODULE RINSE 

Volatile weight 1 ~g/m
3 

Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR 19.4 
GC8 110-140 8.95 6.20 
GC9 140-160 NR NR 
GClO 160-180 NR NR 
GCll 180-200 NR NR 
GC12 200-220 NR NR 
GC13 NR 4.12 
GC14 NR NR 
GClS NR 28.3 
GC16 NR NR 
GC17 

NR = Not reported. 
*Not usually included in TCO range; i.e., C8 -C16 . 
NOTE: No information was reported concerning the number of peaks. 
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TABLE 2-84. GAS CHROMATOGRAPHY ANALYSIS 
CAFB SASS SAMPLES 

CONDENSATE 

Volatile weight 1 J:!El/m3 
Gas Range Run no. 1 Run no. 2 

GC7* 90-110 NR HR 
GC8 110-140 4.88 9.62 
GC9 140-160 91.4 158 
GClO 160-180 NR HR 
GCll 180-200 NR NR 
GC12 200-220 0.232 NR 
GC13 NR NR 
GC14 NR NR 
GC15 NR 18.4 
GC16 NR NR 
GC17 

----· --·- -

NR = Not reported. 
*Not usually included in TCO range; i.e .• C8-C16 • 
NOTE: No information was reported concerning the number of peaks. 
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TABLE 2-85. CAFB PARTICULATE MASS ANO SIZE EMISSIONS 
DATA MEASURED BY SASS TRAIN 

SASS-1 

Parameter 

Flue gas flow rate 
Temperature at sampling port 

· Flue gas moisture 
Total particulate loading 

Particle size fraction collected (µm) 

<l (filter) 
>l 
>3 
>10 

SASS-2 

Parameter 

Flue gas flow rate 
Temperature at sampling port 
Flue gas moisture 
Total particulate loading 

Particle size fraction collected (µm) 

<l (filter) 
>1 
>3 
>10 
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Rate or value 

1100.3 dscfm 
214° F 
10.0% 
0.9632 gr/dscf 

Percent of total particulates 

1. 2 
26.9 
50.3 
21. 6 

Rate or value 

1271. 6 dscfm 
214° F 
12.0% 
1.1994 gr/dscf 

Percent of total particulates 

1.8 
31.8 
44.1 
22.4 



Gas 

GCl 
GC2 
GC3 
GC4 
GC5 
GC6 
GC7 

TABLE 2-86. GAS CHROMATOGRAPHY ANALYSIS 
VENTURI SCRUBBER 

Range 

(mg/m3 ) 

Volatile 
weight, ppm 

0.8 
1.1 
ND 
ND 
0.4 
0.6 
2.4 

No. of 
peaks 

l 
l 
0 
0 
l 
2 
2 

ND = Not detected. Estimated minimum detectable con
centration is 0.05 mg/m3. 

Gas 

GCl 
GC2 
GC3 
GC4 
GC5 
GC6 
GC7 

TABLE 2·87. GAS CHROMATOGRAPHY ANALYSIS 
OXIDATION TANK VENT 

Range 

(mg/m3) 

Volatile 
weight, ppm 

1.2 
2.1 
ND 
ND 
0.1 
0.3 
1.7 

No. of 
peaks 

1 
1 
0 
0 
1 
1 
2 

ND = Not detected. Estimated minimum detectable con
centration is 0.05 mg/m3. 

Gas 

GCl 
GC2 
GC3 
GC4 
GC5 
GC6 
GC7 

TABLE 2-88. GAS CHROMATOGRAPHY ANALYSIS 
TCA SCRUBBER 

Range 

(mg/m3 ) 

Volatile 
weight, ppm 

0.9 
0.9 
ND 
ND 
NO 
0.3 
1. 7 

No. of 
peaks 

1 
1 
0 
0 
0 
1 
2 

ND = Not detected. Estimated minimum detectable con
centration is 0.05 mg/m3. 
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Gas 

GC7 
GC8 

-GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

TABLE 2-89. GAS CHROMATOGRAPHY ANALYSIS 
SPENT STONE FROM REGENERATOR 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

NR 
NR 
NR 
NR 
NR 
NR 

0.60 
NR 

0.2 

NR = Not reported. 
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TABLE 2-90. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 2 

TCO mg/m3 

Total sample1 0.00631 

Taken for LC2 

Recovered3 

TCO mg/m3 

Total sample1 0.0311 

Taken for LC2 

Recovered3 

10-µm cyclone 

GRAV mg/m3 

0.0801 

3-µm cycle 

GRAV mg/m3 

0.303 

1-µm cyclone 

TCO :I'. GRAV 
Total mg 

TCO + GRAV 
Total mg 

Concentration 
-mg/ (m3 , L, or kg)s 

0.0864 

Concentration 
-mg/ (m3 , L, or kg)S 

0.334 

===========================~-- --·.-o-.:--=---="='=-== 

TCO mg/m3 

Total sample 1 0.0208 

Taken for LC2 

Recovered3 

GRAV mg/m3 

0.102 

TCO + GRAV 
Total mg 

Concentration 
-mg/ (m3 , l, or kg) 5 

0.123 

~ ·-=~= 

Note: Data can be converted from mg/m3 to mg by multiplying the given number 
by . 

266.291 dscf 
35.315 ft3/m3 
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TABLE 2-91. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 2 

Particulate filter 

Total sample1 

Taken for LC2 

Recovered3 

TCO mg/m3 

TCO mg/m3 

Total sample1 0.00435 

Taken for LC2 

· .. Recovered3 

Total sample 1 

Taken for LC2 

Recovered3 

TCO mg/m3 

GRAV mg/m3 

Probe rinse 

GRAV mg/m3 

XAD-2 resin 

GRAV mg/m3 

3.240t 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

~Blank removes; sample less than or equal to blank. 
tonly the first three digits are significant. 

Concentration 
-mg/ (m3 , L, or kg)S 

Concentration 
-mg/ (m3 , L, or kg) 5 

0.00435 

Concentration .. 
-mg/ (m3 , L, or kg) 5 

3.240t 

Note: Data can be converted from mg/m3 to mg by multiplying the given number · · 
by 

266.291 dscf 
35.315 ft9/m:4 
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TABLE 2-92. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 2 

TCO mg/m3 

Total sample1 0.0580 

Taken for LC2 

Recovered3 

TCO mg/m3 

Total sample1 0.186 

Taken for LC2 

Recovered3 

Module rinse 

GRAV ing/m3 

18.ooot 

Condensate 

GRAV mg/m3 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

*Blank removes; sample less than or equal to blank. 
tonly the first three digits are significant. 

Concentration · 
-mg/ (m3 , L, or kg)s 

18.lOOt 

Concentration 
-mg/ (m3 , L, or kg)s 

0.186 

Note: Data can be converted from mg/m3 to mg by multiplying the given number 
by 

266.291 dscf 
35.llS ftS/m3 
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TABLE 2-93. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 1 

TCO mg/m3 

Total sample1 0.00356 

Taken for LC2 

Recovered3 

10-µm cyclone 

GRAV mg/m3 
TCO + GRAV 
Total mg 

Concentration 
-mg/ (m3 , l, or kg) 5 

0.00356 

-==-=================·===-=i==============-========'-""======== ,::;..-====== 

TCO mg/m3 

Total sample 1 0.00934 

Taken for LC2 

Recovered3 

TCO mg/m3 

Total sample1 0.00938 

T•ken for LC2 

~~covered3 

3-µm cycle 

GRAV mg/m3 

1-µm cyclone 

GRAV mg/m3 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

*Blank removes; sample less than or equal to blank. 

Concentration 
-mg/ (m3 , L, or kg) 5 

0.00934 

Concentration 
-mg/ (m3 , L, or kg) 5 

0.00938 

NOte: Data can be converted from mg/m3 to mg by multiplying the given number 
by 

919.167 dscf . 
35.315 tt3/m3 
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TABLE 2-94. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 1 

Particulate filter 

TCO mg/m3 

Total sample1 0.0133 

Taken for LC2 

Recovered3 

TCO mg/m3 

Total sample 1 0.00479 

Taken for LC2 

Recovered3 

TCO mg/113 

Total sample1 0.0750 

Taken for LC 2 

Recovered3 

GRAV mg/m3 

0.0287 

Probe dnse 

GRAV mg/m3 

XAD-2 resin 

GRAV mg/m3 

0.467 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

~Blank removes; sample less than or equal to blank. 

Concentration 
-mg/ (m3 , L, or kg)S 

0.0420 

Concentration 
-mg/ (m3 , L, or kg) 5 

0.00479 

Concentration 
-mg/ (m3 , L, or kg)S 

0.542 

Note: Data can be converted from mg/m3 to mg by multiplying the given number 
by 

919.167 dscf 
35.315 ft!/ms 

2-82 



TABLE 2-95. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
CAFB SASS Samples, Run No. 1 

TCO mg/m3 

Total sample1 0.00895 

Taken for LC2 

Recovered3 

TCO mg/m3 

Total sample1 0.0965 

Taken for LC2 

Recovered3 

Module rinse 

GRAV mg/m3 

0.0693 

Condensate 

GRAV mg/m3 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

~Blank removes; sample less than or equal to blank. 

Concentration 
-mg/ (m3 , L, or kg) 5 

0.0783 

Concentration 
-mg/ (m3 • L, or kg) 5 

0.0965 

Note: Data can be converted from mg/m3 to mg by multiplying the given number 
by 

919.167 dscf 
35.315 tt3/m3 
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TABLE 2-96. TCO AND GRAV VALUES FOR ORGANIC SAMPLE 
TOTAL ORGANIC EMISSIONS {C1-C16} 

Total sample1 

Taken for LC2 

Recovered3 

TCO mg/m3 

0.221 

TCO mg/m3 

Total sample1 0.307 

Taken for LC2 

Recovered3 

SASS Run #1 

GRAV mg/m3 

0.565 

SASS RUN #2 

GRAV mg/m3 

21.725 

TCO + GRAV 
Total mg 

TCO + GRAV 
Total mg 

Concentration 
-mg/ (m3 , L, or kg)S 

0.786 

Concentration 
-mg/ (m3 , L, or kg)& 

22.032 

Note: Data can be converted from mg/m3 to mg by multiplying the given number 
by 

919.167 dscf 
35.315 ft3/m3 
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TABLE 2-97 
LC FRACTIONATION 

SAMPLE: Spent stone from regenerator 

TCO GRAV TCO +GRAV Concantration1 

mg mg total mg mg/ (m3, L, or kg) 

Totll S1mpl1b 0.80 mg/kg* 195 mg/kg* 196 
T1bn for LCc 

RICGYtndd 
-

rco• GRAV1 TCO +GRAV Concentration8 
I Fr1ction 

mg total ma mg/ (ml, L, or kg) I mg 

1 
------

2 

3 

4 

5 

I 

1 

*Note that units were reported in mg/kg, rather than mg as specified for 
Level 1 procedures. 

1QIHtJty In 1ntlr111mpl1, d1t1rmlned before LC. 
c~ Ptrtl11 af whal111mpl1 used for LC, ICtUll mg. 
1Gwltity rteovtred from LC column, ectUll mg. 
~~To111 mg computed b1ck to totll samplt. 
·1 VII• supplied far both umpl1 slz1 ind conctntr1tion. 
,f lot dltectablt. 
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TABLE 2-98 
IR REPORT 

SAMPLE: SASS run #1, condensate (IR spectra from GRAV residue of unfractionated sample) 

W1WNumber 
Intensity Aultn1M11t/C•mmtnts (c:m • 1) 

NR medium aliphatic hydrocarbons 

NR minor esters,* ketones,* 
possible: ethers,* organosilicon compounds, 
nitrocompounds, substituted aromatics 

OTHER REMARKS: 

*May be saturated, unsaturated, aryl. 
NR = not reported. 

2-86 



TABLE 2-99 
IR REPORT 

plllE: SASS run #1, module r1nse (IR spectra from GRAV residue of unfractionated sample) 

-
Wm Number 

(cm· 1) 
Intensity Assignment/Comments 

NR minor esters* 

NR trace possible: aliphatic ethers 

•.. 

ITllER REMARKS: 

*May be saturated, unsaturated, aryl. 
NR = not reported. 
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TABLE 2-100 
IR REPORT 

SAMPLE: SASS run #1, 1 u cyclone (IR spectra from GRAV residue of unfractionated sample) 

Wne Number 
Intensity AssitnNRt/Comm1nts 

(cm.1) 

NR minor saturated esters 
saturated hydrocarbons 

NR trace possible: aryl or unsaturated esters or ethers 

OTHER REMARKS: 

NR = not reported. 
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TABLE 2-101 
IR REPORT 

UMPLE: SASS run #1, 3 µ cyclone (IR spectra from GRAV residue of unfractionated sample) i 

Wnt Numblf 
Intensity Assignment/Comments 

(cm"'> 

NR trace saturated esters, 
possible: aryl or unsaturated esters or 
ethers, organosilicon compounds 

·-

·-· 

11111 REMARKS: 

NR = not reported. 
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TABLE 2-102 
IR REPORT 

SAMPLE: SASS Run #2, XAD-2 resin (IR spectra from GRAV residue of unfractionated sal!!Qle) 

WneNumbtr 
lnttlllity Auila_.t/Clmmtnts 

(cm"1) 

NR mall;'"" Arvl nr 11nc:~t11r;itoti o~h1rc; 

k'.i:itnni:ic;* 

Hvdrocarbons 

NR minor Possible: 
Nitro compounds 
Ethers 

OTHER REMARKS: 

*May be saturated. unsaturated, and/or aryl. 
NR = not reported. 
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TABLE. 2-103 
IR REPORT. 

UPLE: SASS run #2, module rinse (IR spectra from GRAV residue of unfractionated sample) 

' 

WM Number 
Intensity Assignment/Comments (cat.,) 

NR minor aliphatic hvdrocarbons 
esters* 
possible: 
aromatic hydrocarbons 

NR trace saturated ketones, 
possible: ethers 

laRREllARKS: 

'*May be saturated, unsaturated, and/or aryl. 
NR = not reported. 
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TABLE 2-104 
. IR REPORT 

SAMPLE: SASS run H2. condensate (IR spectra from GRAV residue of unfractionated sam.e..le) 

W1'I Nmbtr 
Intensity Astii•tlllllt/C-lltftts ,_.,) 

NR trace aliphatic ethers 
' 

OTHER REMARKS: 

NR = not reported. 
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' 

TABLE 2-105 
IR REPORT 

SAMPLE: SASS run #2, probe rinse (IR spectra from GRAV residue of unfractionated sample) 

WMNumb1r 
l11ttMJty Anl1nmtnt/Comm1nts (1111' 1) 

NR medium saturated hvdrocarbons. saturated esters 

minor aryl esters, 
possible: substituted aromatics, 
aliphatic ethers 

DR REMARKS: 

NR .. not reported. 
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The blank removed the IR Spectr1.111 in the following samples: 

SASS run no. 1, probe rinse 
SASS run no. 1, particulate filter 
SASS run no. 1, 10 µ cyclone 

SASS run no. 2, particulate filter 
SASS run no. 2, 1 µ cyclone 

·SASS run no. 2, 3 µ cyclone 
SASS run no. 2, 10 µ cyclone 

2-94 



TARLE 2-106 

IR REPORT 

MlfLE; 2-MR2 LC Fractionation (GRAV Res1dye of SASS Run 2 Mnd11le Rinse and its 
LC· Fractions) 

"" lllltllbtr. rnttnsity Assignment/Comments , ... ,,. 
NR Minor alinh;:itir h\ll"lrnt";:tl"hnnc 

~ 

NR Minor Pc;.ters (sa-t11ratPd un"af"11_ra-tPrl ;arvl \ 
-

NR Minor aromatic hvdror:il.rbnns (onsc;.iblp) 
t.R Trace saturated ketones 

.. 

NR Trace ethers (possible) 

LC Fraction 

NR Tral"P 1 "'linh;at.fr h•·A ...... ,.,. .. 1-,.,,...,c 
y 

~* 

3* 
NR . Medium 4. ~s tf::irs ( c;i tu r;:i tPrl) 

NR Minor esters (unsaturated, arvl) 
NR Trace ethers (possible) 
NR Minor ~ P~tPrc;. (c-=1-t11r;i-tprl\ 

~R Trace PS ter_S ( w1sa tura -tori arv1) 

!6 esters (saturatPrl) 
-

hR Minor 

esters (unsaturat!=!d. arvl) 
hR Trace 7 etbers (saturated} 

-

M sz not reo orted 
t Blank remo wes IR spectrum . 

·- . I 

"-tEllARKS: 
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TABLE 2-107 
IR REPORT 

SAMP\.E: XAO-L Resjn.* LC fractjonat1on 
(GRAV R .d f XAD 2 Resin Extract SASS Run #2) es1 ue o - • 

WntNumber 
Intensity Assip111111t/Comm1nts 

(cm.1) 

hR Medium Arvl or unc:~ti1rat1>rl Pc:t~rs· 

NR Medium Ke tones + 

NR Medium Hydrocarbons 

t.IR Minor 1J; ~rn-•• ..i .. /_.,.,.,.;h1o\ 
. . 

NR Minor lthers {nnssihle) 

LC fraction 
"NR Medium 1 aliohatic hvdrocarbons 
l'iR Minor aromatic hvdrocarbons 
l'iR Trace esters (aryl or unsaturated) 
liR Trace ethers (possible) 

hR Trace :2 t.~. 1rhnnc: + 
NR Trace saturabrl Pt.hers lnnc::~ible) 

NR Minor 3 esters 
ND T---- ~ati~ratArl · ' irhnnc: (n ...... .,; h1o \ '" 

Trace _ ... t.._ -
CLI•~• ~ 

14 § 

5 § 

NR Major S esters 
lllR Maior lr.i:,tnn""c: 
NR Medium amines (n<'U.!C!fhlA) 

NR Medium a lcohols/nhenols (nncc:ibJe) 
NR Medium ethers Coossible 
NR M ... ~; 11m nitr "~ 1mrlc: fnncc:ihlo\ 
NQ r.;..,,.i; ..... amines lnnc:c:ihlo) 

OTHER REMARKS: 

2-96 
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SAMPLE: 

TABLE 2-107 (cont1nued) 

IR REPORT 

XAu-£ Resin,* LC Fractionation 
(GRAV Residue of XAD 2 Resin lxtract SASS Run #2) - ' 

Wn1 Number 
Intensity Assignment/Comments 

(cm·1) 

LC Fraction 
NR Medium 7 unsaturated esters 
NR Medium saturated and unsaturated ketones 
NR Minor 8 ethers (possible) 
NR Minor nit, .. .-: ....... nundc; ( noc;sible) 

NR =.not d1 tected 

OTHER REMARKS: 

p age 2 f 2 0 

'*The spectra of some fractions are stronger than the spectrum of the unfractionated 
sample. Therefore, some compounds may show up in the spectrum of a fraction, but 
not in the spectrum of the unfractionated sample. 

'1-May be saturated, unsaturated, and/or aryl. 
&Blank removes IR spectra. 
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SAMPLE: Spent stone from regenerator 

Wnt Number 
Intensity I 

(cm·11 

NR Minor Aryl 

OTHER REMARKS: 

NR = Not reported. 

TABLE 2-108 
IR REPORT 

Auignm1nt/Comment1 

and unsaturated esters and ethers 

-

-·----. 
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TABLE 2-109 
IR REPORT 

SAMPLE: SASS run #1, XA0-2 resin (IR spectra from GRAV residue of unfractionated sample) 

Wm Number 
Intensity Ani1nm1nt/Comm1nt1 

(cm"1> 

ND mPrli11m AC: f:PrC:.. * 
c:.~t11rated hvdrnr"rbons 

NR minor oossible nitrosubstituted comoounds. ethers 

-
OTHER REMARKS: 

*May be saturated, unsaturated, aryL 
NR = not reported. 

2-99 

.· 



TABLE 2-110. SUMMARY OF TRACE ELEMENT DATA 

Lignite fuel feed data Flue gas e•is1ions (~g/ml) Solid baais (ppm) 

Trace 
(ppm) 

element CAFB Site Site CAFll Site 
CAfB Site Site A B A 
1197 A B SASS-1 SASS-2 SASS-1 SASS-2 

Pb 9.6 l. 1 2.3 200 JlO 320 1.1 to 8.5 90.5 113 37. 7 

Ba. 38 110 7.0 2,800 5, 100 200,000 <28 1,268 l,018 23,585 

Sb 0.30 0.055 <0.22 1. 2 18 40 < o. s ).) 2.6 4.7 

Cd 0.17 0.28 <0.39 5.4 15 )) 0.9 to 2. 1 2.4 2.0 3.9 

Zr 5.9 0.37 o. 35 HO 540 1,)00 0.3 :n1 196 153 

Sr 37 38 46 2,600 5,000 41,000 <10 1, 177 1,818 4,835 
I\) 

I Br o. 23 ).3 ).2 160 190 210 <43 72.4 69.l 24.8 ..... 
0 As 1. 5 2.6 0.48 650 
0 

1,000 l,&00 < 4. 2 294 364 189 

Zn 13 10 15.0 860 1, 900 880 13 to 31 389 651 104 

Cu 15 62 7.1 180 260 470 <36 81. 5 94.6 55.4 

Ni 23 4 48 230 380 1,400 <69 104 138 165 

Cr 2.7 0.48 0.61 110 no 470 < 4.2 49.8 120 55.t. 

v 14 0.56 0.87 )10 430 470 < 1.1 140 156 55.4 

Ti 230 9.3 15.0 13 ,000 14,000 28,000 < J. 5 5,885 5,091 3,302 

s 0.23% 0.231 1.41 220,000 160,000 1400 to 7700 80,000 18,868 

p 42 14 8.6 1,600 l,f>OO 16,000 <46 724 582 1,887 

Si KC 170 420 2)0,000 180 104, 100 

Hg 130% 420 840 16,000 15,000 HC 160 7. 243 5,455 

B 21 6.3 8.9 4,300 J ,100 140,000 64 1, 946 l, 127 16,509 

Be 0.0) 0.018 0.037 14 3.8 10 0.2 6.3 1.4 l. 2 

Li 0.82 0.26 ND 60 570 <O. 3 21. 8 6 7. 2 

Co o.so 0.089 0.17 48 44 100 <O.S 

Hn 22 11. 0 IJ. 0 1,700 2,000 27,000 < 7. 8 

late: HD • not detennined; HC • .. jar component. 



ADDITIONAL DATA 
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TABLE 3. CAFB PARTICULATE TEST DATA 

Qs* Q t Moisture :f: Part. Vmstd§ Date 
E.A. loading Test design Test No. a 

{dscfm) {acfm) {%) (%) (gr/dscf) (dscf) 

RAC-1 1/24 1200.7 1463.3 7.1 39.9 1.0381 29.525 Part.; S02/S03 

SASS-1 1/24 1100.3 1590.0 10.0 53.6 0.9632 919.167 SASS 

RAC-2 1/25 1388.1 1891. 6 6.6 67.1 1.5291 32.740 Part.; organics 

SASS-2 1/26 1271.6 1878.0 12.1 53.6 1.1994 266.291 SASS 
N> 

I 
1/26 1346. 7 1844.6 0.9906 32.876 S02/S03 ..... RAC-3 9.0 53.6 Part.; 

0 
N 

RAC-4 1/27 1422.7 1972.8 4.5 29.4 0.8520 26.318 Part.; organics 

RAC-5 1/27 1053.8 1536.0 9.4 28.0 o. 7917 24.630 Part.; S02/S03 

* Qs - Stack flow rate at dry standard conditions. 

tqa - Stack flow rate at actual stack conditions. 

TE.A. - Calculated excess air. 

§ 
Vmstd - Volume of flue gas sampled at dry standard conditions. 



TABLE 9. TOTAL >C6 ORGANIC EMISSIONS (µg/m3) 

SASS No.l SASS No. 2 
Ten ax Ten ax Particulate 

RAC No. 2 RAC No. 4 RAC Nos. 1-5 

tco* 221 307 290 1,070 360 

Gravimetric 565 21, 725 5 ,050 17,200 2,540 

Total 786 22,032 5,340 18,270 2,900 

* Total Chromatographable Organics (C7-Cl6 B.P. Equi va len ta). 

TABLE 12. ORGANIC EMISSIONS IN 
CAFB RAC SAMPLES 
Ciig/m3 ) 

IAE* Tenax: T.enax: Particulate: 
RAC-2 RAC-4 RAC 1-5 

7 5.53 

8 28.8 

9 41.8 230 324 

1.0 us 731 

11 13.4 7.17 

12 32.4 17.4 

13 8.53 

14 12.7 

15 82.7 60.7 

16 10.5 

TCO 290 1070 360 

Grav. 5050 17200 2.540 

TO 5340 18300 2900 

* Individual alkane equivalents. 
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TABLE 15. INTERPRETATION OF IR SPECTRA FROM GRAVIMETRIC RESIDUES OF RAC SAMPLE EXTRACTS 
WITIIOtrr LC FRACTIONS 

Sample code Major 

RAC-2, Teuax Amides* 
(primary, 
secondary) 

RAC-4, Tenax Hydrocarbons,* 
esters,* ketones;* 
possible: alcohols/ 
phenols, amines,* 
amides 

RAC 1-5, 
Particulate 

* May be saturated, unsaturated, aryl. 

Medium 

* * Ethers, hydrocarbons; 
possible: amines,* 
alcohols/phenols 

* * Esters, ketones 
saturated hydrocarbons; 
possible: ethers,* 
organosilicon compounds, 
substituted aromatics 

Minor 

Possible: 
organo-
s il icon compounds 

Possible: * ethers 

Trace 

Possible: 
* * esters, ketones 

> 



N 
I ..... 

0 
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TABLE 18. INTERPRETATION Of IR SPECTRA FROM GRAVIMETRIC RESIDUES OF TENAX RESIN 
EXTRACT AND ITS LC FRACTIONS, RAC RUN No. 4 

Major 

I.AC, Teaax Hydrocarbun~,* 
ester~.• ketones;* 
possible: 3lcohols/ 
pbnioh, -tnes * 
aaides,* ethers,\ 

1.C-1 

LC-2 

LC-3 

LC-4 

LC-5 

LC-6 

LC-7 

* 

t1ediuia 

Saturated hydrocarbona 

Saturated hydrocarboaa 

Subatitated ar011atica, 
eater•;* poaaible: .. inea,* 
aaide•,* ether•,* unaaturated 
al coho la 

E9tera;* poaaibll: 
aaide•,* aainea, ether•* 

Ester•.* ketones:* t 
possible: aaldes,*• 
aaloes,*,t ethers,*•t 
alcohols/phenols' 

f.ftlCn~. * kctORl.'K; * 
pus8lble: amiueH,•,t 
aaines,*•t ethers,*•t 
alcobols/phenolst 

Hay be saturated, unaaturated, and/or aryl. 

tColui:an percent recovery: 114 percent. 

tHay possess an iaopropyl group attached to N or O. 

Hiaor 

Aromatic 
bydrocar:bona 

PoHible: 
aitro
aubstituted 
compounds, 
pheaola 

Foaaible: 
uo•aturated 
alcohola, 
aitroaubatituted 
compound• 

letonee,* eater•·* 
• • poaaible: ethera, 

phenoh, -iau,*.f 

Trace 

Aryl or vinyl 
ethrn 

U.aaturated 
bydrocarbona 

Weight 
diatribution 

(percent) 

8.8 

0.2 

11.4 

21.6 

36.6 

18. 3 

3.0 



TAJ3LE 2' ~. RAC-1 TRACE ELEMENT EMISSIONS 

EL.f"f'if CTCLO~( , lL Tfl'I TOTAL 
CA TC,. Cl TCH IUC 

I "G) fll(i) '"'" 
u 0 • 0 0 12 c 0.0088 0. 00 12 T 0 o.ooee 

TH 0. 0 04d 0. 0 111 o.OQb) TU ~. 0 II 

"l O, O o O'\ O,OO'B I). 0 0 0 '5 T ll 0.00~1 

P'I o. n 11 o.ouo 0,0'Sll 

TL 0,00•'5 o.oool 0, 0 Oe'> 

AU 0,0000' • 0.0001 0,0005 

Ill < o.oooJ • 0,0005 0. 00011 
0, 0.0001 ( n. 00011 (), 0008 

~~ 0,000'5 c o.002q 0. 00 0':) TU 0.00211 

.. 0,0002 • O.OOC'8 I). 000.? TU 0.00211 

HF c 0.0010 c 0,00110 0,00QO 

LU c o.oooa c 0.00141 0,0042 
y ti • o.oo l 1 c 0.0011 o.00&1ci 
TM c o.ooo~ c 0,0007 0. 0010' 
Ell c 0.0011 c 1),0010 o, n oi.12 
HO c 0.0001 c 0.0010 • 0.0011 
OY c 0.000<1 • 0.0078 c 0. 001'17 
ta c 1),0002 c 0.0001 .. 0.0001 

GO c o.ooo• c 0.0020 c o. o n111 

Eu c 0.0000 c o.oo h c 0,0011) 
5111 0. 00\J 0.00111 0, 0 0'1'1 

tojQ 0 0 0021'1 0.011 o, 0 I u 

"" o,ooo• o.on1 O,OOllO 
C( 0,001111 n, Oil 1 0. 0111 

LA 0.011 O,OJll 0.0'51 

" 0. I q 0. 11 o.&9 
cs 11. 000] ". 00 12 0.001-; 

I 0, 00 I II c 0. oo 11 0. 00111 ,, c 0.0011 c 0.001'5 0,11018 

58 0,0001 0.001'5 0.0022 
s~ 0 0 QOtl o.ooe.8 0.00110 

CD 0.0001 o,oooe 0, 0 a I I 

PO c 0.0010 < o.OOl'I c 0,00]4 
QH c 0.0002 0.0001 c 0.0001 

"\J c 0.0001 0.0001 0,000Q 

"'0 o.oooq 0. 0 0 I e O.OOC' 7 
~A ? 0 00'i7 o.01e. 0 .022 

ZR 0,0"'5 n • n '1,l'i 

' 0. 012 0,0lb 0,0c?A 

!R 0. uu n .111 I ,fl 

118 0,00'57 ll, 0 I II ". 022 
BR O. O Ii O.OO'i) O,Oll 

Sf 0. 001111 0.0080 0. 0011(1 

AS O. O Ill 0,0070 0.021 

GE c 0.007'5 0.0011 .. 0. 0 I '5 
GA 0, 0 I il O, O&ll 0.012 TO O,Ob8 

l"4 ii. 'iii o.ociJ 0, It!> 

Cu t\ • OilO o.ouo 0. Ofi I 
NI o.n I). 0 l'S o.a2 
co 0.0011~ O,OOlll 0,00!H ,, a.,. I,, <10. 
MN 0 .ss ., , 18 0. 7 I 
CH 0, 0111 u. 0 I!> v.u.H 

v o.oua 0,011• 0. I l 
fl I•• II• Ii' • 
CA H, 11 o, 1 "0. 

K I, 1 ti. l '5 •• 
s 10, -. , \7, 
p o.on o.ao 0. ,lJ 

SI '.,. qn, 100. 
AL 2. J MC 

"" I • 2 11.2 5.u 
NA 0.100 I .2 I • J 

8 o, I '5 0. qll I • I 
l!f 0.00011 0.0001 0,0011 
LI 0.00110 0. 0011'5 0. 0 I l 

WC [~D[CATfS A W&JOg (OWPQN[NT OF T~E SAMPLE. 

- l~DIC•TES ™'' T~f tnT&l ·~o f~I3~1C~ VALU€3 ~[~[ NrT 
C&LCULATEO O~!NG TO T"E PAESENCE CF AN "C CONC[NT~ATION, 

2-106 

[•J5Sl0fll 
'OIJ"O 

( .,Ci/031:" l 

o.nol" TO o, o 11 
0.0075 TO 0. Ill 1 
0,000!! TO o. on11 l 

0.0117 
o.oor~ 

c 0 .00011 
c O,OOOCI 
c 0.0010 

o.ooott ro O, o O l '5 
o.oon1 10 o.on11 

( 0.o11 
c 0,00'50 
( 0,001'5 
( 0.0014 
c 0. 00 151 
c 0 .0011 .. 0.0100 
c 0 .0003 
~ n,OOJI 
c 0. 00'5 I 

o. riose 
0. 0, 7 
0.0011 
o,oaJ 
0. 0111 
I , 1 
0,00111 
0. 00 I 'I 

c O.OOMti 
0 .0027 
(). 00 'I'S 
o.ootJ 

c n.ooao 
c n.0001 

< o.ooo~ 
0,0032 
0. 02t> 
0. l 11 
o. on 
! ·" 0, 0.!11 
0, 0 I"> 
0.0052 
0,02'5 

< 0. n 1 ~ 
0.01'5 TO 0.081 

0. 78 
o.on 
o.~8 
0.0100 

118. 
O,flU 
o.oH 
0. I '5 

I '5 • 
I 10. 

11.• 
qo. 

O,l1 
120. 

11. Q 

1 • '5 
1. l 
o.oo ll 
0.01~ 



TABLE 25. RAC-2 TRACE ELEMENT EMISSIONS 

[LEM[ffT Cl CL Off[ FllUll T01Al f .. ISSIC'-
CA 1CH CATCH AAC F'QUHD 

( "''", t "'G) Po1G) ! "'GIDSC") 

u o.oo.n o.oo'io 0.001& n,no1• 
11'1 o,oon 0.01~ O,OU o.ot<J 
'11 o,ono~ n. 0011& o.on.,o o.oor;2 
P9 0.011• o.nsJ O,ll II , 111 
1L II, "')1111 c n,nol] c 0,001'1 c l), OOtH 
AU 0.0001 c 0,000'5 c 0,01)041 ( 0,00011 
1• c 0. 0 OOl c 0,0007 c o,oonoa c n,noo• 
OS c O,OOOi c 0,00011 c o,no10 c ,, • no 1 o ., t>.noOJ c 0.0000 o.ooos TI) 0,1)1'1110 0.0001 Tl1 0. 0011,l 

" n.ooou 11,0011 0,0011 o,oon ... , 0.0001 c o.otioe c 1'.0011 c O,OOll 
LU c 0,0001 c o.ooo'i c 0.00111 c 0,0001 
YI c 0.00011 c 0.0010 ( a.ooh c o.oo:u , .. c 0,0001 c 0,00141 c O,OOl'i c 0.00111 
[It c o.oocu c 0.0051 c 0.00'57 c O,OOftO 
NQ c 0.0001 c o.oon c 0,0010 c o,noJt 
DY c 0,000• c 0.0011 c 0,0018 c o .onu 
Tl 0.0001 c 0,002fl 0,0001 TO 0.00111 0.0001 to 0.0021 
GO c 0,000• c O,Ot>ifl c O,OO]l c 0,00)11 
!U O,OOOl o,oooe 0,0010 0,00\0 
Slot o,ooo• o.oooe 0,00'57 0.00'5• 
"o l),OOJ\ o.olG O,OS1 0. 01' 
Pit 0,0010 0.0011• 0,007' 0,0082 
CE ,, • (I Ill 0. 0'51 O.h'i o.ou 
LA 0,0011• 11 ,0110 O,OCl1 0,04• 
IA 0.111 I • i; 1.s I.II 
cs 0.00011 I). oo I It a.0021 0, OOl I 

l 0, l)OZI) 0. OU'5 n ,1)0011 0. 001111 
Tl o,oon c o,oouo; c 0,004'1 c I). 0051 
H O.OOtl 0 0 011 a .012 o. nu 
Sff 0,0014 O,Oh 0,017 o.ou 
CD o.oooe a.oo•• I) ,O 11 0 .o ll 
PO c 0.0001 ,,,OOIO c 0.001 c 0. 00.12 

"" c 0,0001 I O,OOOl c o.011os c 0,000] 
llU II, 000 I c 11,BOOU c n. nl)Ob 0,000& 
"0 0, OOOI 0.00111 n.oo•~ n,no•11 
~8 0,0011 0.00111 0.012 f). 0' .! 
ZA n. o lfl 0. I II n. I 1 I) • I l" 

0,00111 o,<no o.nlo 0, 0 i! I 
Sii n, I ti 2 • ') i.l 1.2 
118 0.00111 O.OiU 0 .11111 0,02Q 
8A o.oon 0.0100 o.ote 0. 0" SE 0,0041 n .1118 o.ou O. Ol 3 
•S 0,11010 0.01'7 o.o~ci 0.051 
Gf 0.011 C). 01 l 0.0211 O,Ol'J 
GA 0.00•2 o.u o •I .S o.1u 
lH 0.1. 0.111 0,'§2 o.s11 cu 0 ,OJI 0 ·'fl 0,10 O,i!O 
NI o.oos1 o.ou 0.011 0,019 co 0. 0011 o.oou 0,0100 0.01 '1 
'f •.o ll. ll. 21. 
fl4H 0.10 0 .111 0,bl O,bl 
Cll1 o.oos• O,Olli O,OU 0. 071 y O.Olll 0.10 0, lll 0.2'S Tl 0, 115 ., .. 8,J 

"· 1 CA )} . II 0, 110. I \0. • 0, )II ),l ),II 
'. 1 s 111, I I , \II• 110. 

II n,011 o.~• O.H 11,'l'!l 

" ••• .,, ,. I 7,. 
Al l , I u. I \ • 111. 
HCO 0 • .,. .u. ~II• 2•. 
~· 0 .t J 

n. "" 0. "' '· 0 9 0,0lb 0.11 0. ~i! 0.11) 
"[ 0.0002 o.oou 0.00111 O.OOl'S LI o.oozci 0. 0,17 0.02• 0,0]1 
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TABLE 28. QUANTIFICATION DATA FROM ESCA ANALYSES OF 
RAC TRAIN PARTICULATE FILTERS (RESULTS IN 
PERCENT ATOMIC) 

Element RAC-1 RAC-2 RAC-3 RAC-4 RAC-5 

0 55.5 49.1 54.6 51. 9 51.4 

c 19.3 24.1 23.4 23.9 . 27 .·4 

Ca 5.3 4.8 4.2 3.5 5.0 

·Na 1. 3 

s 4. l 3.9 4.9 3.5 3.2 

Si 6.8 5.9 5.4 7.9 6.6 

Al 9.0 10.9 7.5 9.3 6.3 
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TABLE 29. ELEMENTAL QUANTIFICATION DATA FOR SASS PAJITICULATE SAMPLES FROM ESCA ANALYSIS; 
RESULTS IN PERCENT ATOMIC 

SASS run No. 1 SASS run No. 2 

Element 
Particulate 

lµ cyclone 3µ cyclone 10µ cyclone Particulate lµ cyclone 3µ cyclone 10µ cyclone 
filter filter 

0 43.1 44.5 47.3 48.6 33.0 * 55.0 53.9 

c 26.9 28.9 29.4 30.0 52.3 * 25.8 24.4 

Ca 12.8 9.2 4.3 3.3 2.8 * 3.3 4.8 

Na 0.6 0.7 0.8 0.6 1.0 * 0.8 N 
I 
~ 
0 s 4. 7 6.9 6.1 
'° 

7.7 3.7 * 6.3 10.5 

Si 5.7 4.8 6.1 4.4 2.5 * 4.2 2.4 

Al 6.3 5.0 6.0 5.4 4.6 * 4.7 4.0 

* Calculations were not made due to high background 1.TI spectrum attributed to substrate. 
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Figure 18. Depth profile of sulfur in SASS-1 filter particulate. 
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Figure 19. Depth profile of sulfur in SASS-2 filter particulate. 
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Figure 7. IR spectrum of XAD-2 resin from SASS-1. Major peaks 
indicate esters, saturated hydrocarbons; possible 
ethers and nitrosubstituted compounds • 
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Figure a. IR spectrum of XAD-2 resin from SASS-2. Major peaks 
indicate aryl or unsaturated esters, ketones, hydro
carbons; possible ethers and nitrocompounds. 
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TABLE 30. SAM/IA WORKSHEET FOR LEVEL 1 - ESSO, ENGLAND, CAFB PILOT PLANT 

SAM/lA WORKSHEET FOR LEVEL 1 Form IA02 L...c 1 

l SOUAC£iOOHTIIOl Of'TION f'·~ I 

ESSO, England, CAFB Pilot Plant 

2 (ffLU[NT STllLtM J £HlU£NT SlRt.AM fLOW RAT( 

101 Flue Gas Q • 0.b •'fu.c 

~ ...... llU' mJ/~ - IOQuoD , uwc - \Olld ••sk ~ 11-1 

4 COMPl.fl[ THE FOUOWING TA.BU roa THE ITTl..IJDIT SlRCAM Of UN£ 2 IUS£ BACK Of fOflM fOA SCAAtc.tt lllOlbC) 

~· 

A 8 c 0 [ f G H I J I( l 

..; ti ,; ti 
IOiuC UNI O<'.L""""'-E •• H( 

H( ... 1'>< LL!llOC.C.O.. O(C.!IU OI O'OlV.t GtCAH Of ~ f!IO(:IOO .... n ... 11. ..U!AR:O P()S.lt(Wrw, t._ HA../A.ltD ~11()1111• ......... [Ull 
U"tfAl '"" 

1lCCk.(XA..A..l 

~{ ''""'''°" ~ ... c~r• ~ .. ll1{AllH1 H(,A.(fH W.Hf 1 1lCOlOGL&.l1 (all -I'( ..... ( WAI( 8ASLO; &.LSlCt , ... ,'°" llUIOI '"''°' ~81(1 lA.llti 181 01 IA8U ocuoe:o I IC'IC()(O ,f -. Lfld. }1 1G I LtH!. )• 

UNITS i.g/m' i.i/r::i3 µgf•3 - - - - - -
C1 9.0EJ J.JE5 l. 0 0.03 - 9,000 2 / 0.02 s 355 

C2 2 .OE) 5.)E6 1.1 E'i 0.0004 - 0.02 2 0.00-02 0.01 

HO 2.8E4 9.0E3 IC 3. i I 1. 84 

NO,, 3.7E4 9.0E3 Ii 4. I . 7 44 

S02 S. IE5 l.3E4 H 39,2 I 2J ~' 
so, ) .20 N H 

co <'.\.7'E5 4.0E4 i .21:5 <14.) 4. 7) I I 8. '> J ? R1 
C02 1.4E8 9.0E6 H l '.>. 6 . I 

9.28 

• - SPll£l IS ..rum USl A a:-.1-...tw;»o Rfl 

5 EfF"LUENT ST~EAM Q[(dlfE Of HAZARD 6 NUMBER Of ENTRIES 7 TOXIC UfOIJ DISChAllQ. )l!U 

HEALTH WIT[ 8AS£0 (l CO\. [) S• 76 ) COMPARED TO MAT[S 
H£Al. TH MAT[ 84Sl0 ll COL IC) 71 4).6 

CCOl.OGICAL MATE BASED(! COl GJ 5o ~ '0<)2 H(Al TH 6a ____ l __ fCOLOGICAL WT[ 8.A5.ED \!COL l) 7b __ S .J~ 
(ENTER "f(J!f: ANO A I LIN[ 8. roRM IA() I) fCOtOG<CAL cc J (fNTER H(af AHO U ''"[ 8 f05™ IADIJ 
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TABLE 31. SAM/IA WORKSHEET FOR LEVEL I - ESSO, ENGLAND, CAFB PILOT PLANT, SASS-1 

SAii/iA WOllSH££T FOR LEVEL 1 Form IA02 Level 1 
1 SOUllCEJ'CONT-.ot. Ol"JION ..... I I 

ESSO, England, CAfB Piloc Plant, SASS-I . 
2 (fFLU[NT STAtAM l (FfLUEHT SllifAM FlO<W RAT( 

101 Flue gas Q• O.S2 et?/sec 

QIDl. - (Ill • m'IWC - l.q&llCI • 11 MIC - IOlld - • 1'5'«) 

' COllPLET£ THE FOU.OWING TASlE FC» nt( EJTLUfHT STil(AM OF UNE 2 (USE SACK OF FOQll ~ SCllA TCH WQRI() 

A B c f 0 [ r G H I J I( L 

I "" 
-C ... , OoSC>WOIOl llAJ[ " .. , .. l~OlOliltAl llf(A(( QI OllOI- DlGllf 1 ()f - . " JllAC10. -rr Woll hAlAlll "15110 ... HAl.ulO l'OSIJl(JOI ... rt(At h• u:Ol ftM.h< l(COl<XilCAl ~[ raACrlOll coet• CQMCf" 

. COIOCfN -· ... HlAlTH M.H[ 1[COl OGICAi• (LOI. -n: -•t •n 8IMLOI llASlDI JUllOM fMl-
I 

T&UIQlll lltCJ T"8U 18'0J '~ llCUDUI flCUDOI I[ ..... lt t<& • ltNl JI 

UNaTS ..,,,.._? - - - - - -

u 18 

Th 46 

Bi 0.6-35 4.1£2 N 001-.085 0005-.04 

Pb 200 

Tl < 2.l l. 5E2 N <0.014 <0.01 

Au < 2.l N N 

Ir < J.2 

Os < J.5 

11 .. < 2.2 

" < 6.1 l .OEJ N <0.006 <0.003 
Hf <24 

tu < 6.2 

Yb < 5.9 
T111 < 1.1 

II - 5""Cl IS NE(U(O. llSa A QIOll_T_ Mer 

S EFFLUENT STREAM 0£GREC ~ HAlARO 6 NUJecR Of ENTRIES 7 TOXIC UHIT DISCHARGE SUU 

HEAL TH MA TE BASCO (1 COi. El ~ • 513 COMPARED ro MATES 
HEALTH MA TE BASCO (! COL IQ 71 · Z{! Z 

ECOlOGICAl MATE BASED (!COL Cl !le 310 HUJ..TH 6a 31 ECOLOGICAL MATE BASED(! COl. l) 7b 161 
(EHTCR HER£ ANO AT LINE 8 FORM 1A011 ECOLOGICAL 61:> l ("[NTtR HERE ANO Al LP« I. FOAM tAOI) 
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TABLE 31 (continued). SAM/IA WORKSHEET FOR LEVEt' I - ESSO, ENGLAND, CAFB PILOT PLANT, SASS-1 

COllTllWATIOll SHUT fott ITl1I NO •· fClllll IA02. ll'Wtl 1 

SOUllCf·COl'ITllOl Ot'TtOfll rsso, E"gland, CAFB Pilot Phnt SASS-! EHLU£NT STR(At.1 "'0 lQI 
A 8 c 0 ( f G H I J II l 

........ , .. lCO<Ll(;jC.ll O(Gal.[ 06 DlGl'U,, \ rl \ ,. JOU. UN1 ~UT( 
fJUCTll)lt 

_,._ 
~ 

-rr ... f( HA.lAIK> l'OSOflCH "' H.U.uo l'OSm!* .. H[M.f .. (COl t>«M.IH ({lX)l.OOCll. SoU9ll fUCTOI CIJ'Cl• co.::i .. CCINU." (HUI.TH) HOi.IM .... I( (tCOUJGICM.J lCOl IM.Tt OUT( 
_,( 

MS£Dl M5£DI '""IOI '""''°" '""'''°" {9JQ I~ (S/OI TMLI OCllll(O OCUDCD I( I LR( JI j(; I LIN( )) 

UNI!~ 1Jg/ro.l - - - - - -
Er < 6.9 

Ito <0.l-2.) 

Dv 0.2-9.4 9. TEJ )I <0,001 i<0.0005 

Tb < 0.) 

Cd < 4.6 

tu 0.6-).4 

Sm 3.3-16.0 5.JE4 N <0.000) c<0.00002 

Nd 31 N N 

Pr 10 S. lE4 N 0.0002 0.0001 

Ce 98 ). 7F.4 N 0.0026 Q.0014 

La 200 1.1 ES H b.0018 0.0009 

Sa 2,800 5.0E2 N t>. 6 I 2.91 

C5 }.7 

1 !. ) 

Te 8.8 l .OE2 N 0.086 0.046 

Sb 7.2 5.0E2 N t>.014 0.007 

Sn 71 N N I 

Cd 5.4 l .OEl N [). 54 ! n. 28\ 

Pel 7.9 i 

Rh 0.9 

Ru < 1. 9 

~o S.4 5.0EJ N 0.002 0.001 

Nb 81 

Zr 510 

11 y I 120 I l 



TABLE 31 (continued). SAM/IA WORKSHEET FOR LEVEL 1 - ESSO, ENGLAND, CAFB PILOT PLANT, SASS-1 

SOUllC[ • ~JAOL 0"1 IOH ESSO England, CAFB Pilot Plane. SASS-I [F fL UOIT S 1 lt(AU "'O 101 

A 8 c 0 E F G H I J • l 

~'" ~ ll(g&OI - Olea(( OI ~ ./" ~ ,. 'IMC ""'' GISC- Mfl 
f'IUCflOll 

~~'°' ~ 
llAJt -ft MAZAm llDSIJION "' kUMo l'Oln-• -·" rca. _.., .. llallOlilCAl 

_,_ 
c~• COllC(IO Klol.THt HCM.TH 11.U( ltCOl~J (all •rt Wti -If - ..sLDI 
hAflOI 111olTOI 18/Q '*' ca.-o. TA&! DCUatO l.ICU.COI ff• .... .11 IG • UIO( JI 

UlllTS l-21•3 - - - - - -
Sr 'l 600 1. lEl N 0.8]9 n I. 'ti. 

Rb 50 

Br 160 

Se Cl.6-75 2.0E2 N .003-.37' <0.195 

As 650 :!.O " 325 ./ 169 

r ... 6 1-33 5 6E1 N Oll- .O'i' <0.031 

Ga 170 ~;_ OE3 N 0.034 0.018 

Zn 860 4.0E3 H 0.215 0.112 

Cu 180 2.0E2 N 0.90 0.468 

Ni 230 l. 5£1 N 15.33 I 7.97 
Co 48 5.0El N 0.96 0.50 

Fe -
Mn 1 700 'i.OE] N 0.34 0 177 

Cr 110 l N 110 l 57 .2 
\' 310 5 .OE2 L 0.6'.! 310 I 0.122 161 

Ti 13,000 6.0E3 II 2.17 I l. 128 
Ca 210,000 
i.: 11,000 N N 

s -
p 1 600 l .OE2 N 16 / 8. 1? 

Si 230,000 1.0E4 N 23 I 11.% 

Al - 5.2E3 N 

n~ 16,000 6.0E3 N 2.67 I 1.388 t 

l"a - 5.3£4 N 

B 4,300 3.1E3 N 1.)87 I 0. 721 . 
8e 14 2.0 N 7 I 3.64 



TABLE 32. SAM/IA WORKSHEET FOR LEVEL l - ESSO. ENGLAND, CAFB PILOT PLANT, SASS-2 

SAii/iA WOlllSHEET FOi l.IVEL 1 Form IA02 leMI 1 
I SOUllClJCOtolTAOL Ol'JGN ... I 

ESSO, ~nghnd, CAFB Pilot Plant, SASS-2 

2 [FflU[NT S•11£AM J EfflUEhT STREAM fLOW llATE 

101 Flue gas Q• 0.60 a 1 /1ec 

CDll• - ~· • m ,~ - l>Q....S •I/~ - - w.- • iJ'MC) 

4 COWUT£ THE f'O.LOWIHG TA8Lf FOi THE £ffW£HT STREAM Of UH[ 2 IUSE BACK Of fOflM FOR SCllATCH 'llOllK) 

A 8 c D [ f G H I J I( l 

-·" KCllOGIUl ou:;11u Of ~ Dt(Jl(f OI ~ ,j" ,; . IOU: UM1 ~ MJ( 

f*C•- -Tt ""1( HA.!AllO l'05' 10. ... f'IAlUID IUSllll»I • ~ ... , .. lCOl UIUl.J" 1CCOlOGICAl SA-l 'llAC10. COoci• CQllC(• c.ONCfH ~'"' H(ll. lH MAI( 1lUll·lG.ICAlt lCOl MAit ... ,( MAI( MSfllt IA'llDt lllAIOI 11Uol"Or "'"'°' .. ,'- IAOl( ,, o. 1...U Uctllll.O l•CUOlll 'l•LMJt oCi•&.N lt 

""'Ti; ··-'-' - - - - - -
u 13 

Th 35 
ai 0.5-28 4.1E2 N .001-.0M <0.041 
Pb 310 

Tl < l3 l.5E2 N <0.087 <0.052 

Au < 13 N N 

Ir < 20 

Os < 22 

Ile < 14 

" < 23 l .OEl N <0.023 <0.014 

HF < 49 

Lu < 13 
Yb < 12 

T- < ~.8 

• - 5"ICl a o<Wm. U5l II COlllllNUAJIOIO MCI 

S EFFLUENT ST~....AU OEGREE Of HAZARO 6 NUMBER Of ENTRl£S 7 TOXIC UNIT 01SCH1UW"..E SUM 

HEALTH MAT( BASED Cl COl £) 5.o ·920 COMPARED TO MATES HEAi.TH MATE BASED C! COL K) 7• • 551 

[COt.OGICAl MAT£ BASED (! COl C) 5o 430 
H(AI. TH b• JI CCOt.OGICAl MATE BASEO (!COL U 7b 258 --

([NT£.R lf(A( '-"O AT LIN( I. FORM IA()Jl ECOLOGICAL 60 l (ENTER H(R{ AHO AT UN[ 8. l'OAM !Mil) 
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TABLE 32 (continued). SAM/IA WORKSHEET FOR LEVEL I - ESSO, ~HGLAND, CAFB PILOT PLANT, SASS-2 

CONTllllUA 1l09I IMUT JOit ITPI lllO 4. FOUi Mia. LlYU. l 

SOUllC£1COltTll01. OPllON ESSO, !:ngland, CAFB Pilot Pl•nt, SASS-2 - (HLU("'T STllC.AM "'0 IOI 

A 8 c D [ r G H I J II L _,,. 
lCIJUIGICA< O(Clllll C1I omo- IJ(Cll(( OI ~ ... " \ " IOlllC l#l ~""Tl 

noc-
...-u~ COCI• *" •rt ~ l'05I I'°" Ill HAlAllO l'OSITlQll • -'" Wll ·-'" tUOLOIOICAl 

,_,_ 
CUlala COOCl" IHOlTlfl HUlPfWJ( ICCOlOGG\ll fCO.. W.I"( WT( W.ll MSOI &lS(D! 
lMIOI 

_,_ 
lalCI IAllf 19J'DI TAii! CGl.DlL UCICDfll 11 • I.Jiil. f(i, • L .. )) 

UMTS isg/m3 - - - - - -
Er < 18 

Ho < 6.2 

Dy , 19 9.JEJ • <0.002 <0.0012 

Tb < 2.Z 

Gd < 14 

Eu <0.1-8. l 
s. l.1-Jl S.JE4 N <0.001 "'0.0006 

Nd 17-44 N N 

Pr 11 S. IE4 II 0.0002 O.OOOlZ 

Ce 97 l.7E4 " 0.003 0.00018 
i.. 200 i.u:s N 0.002 0.00012 
Ba S,100 5.0E2 " 10.2 I 6.12 

Ce 3.5 
I 2.7-12 

Te 0.1-15 l .OE2 N .001-.lS <0.09 

Sb 18 5.0£2 .. 0.036 0.022 
Sn U!-400 N ~ 

Cd 2.0-27 l .OEl N O.l-2.1 ' < 1 .62 . 
Pd < 16 
Rh < 3.9 
Ru < 13 

~o 12 S.OE3 N 0.002 0.0012 

Nb 18 

Zr 540 
y 87 

Sr 5,000 J.1E3 N l.613 I 0.968 
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TABLE 32 (continued}. SAM/IA WORKSHEET FOR LEVEL I - ESSO, ENGLAND, CAFB PILOT PLANT, SASS-2 

COllTJllUAnoit SHUT f~ ITUI NO. 4 fORll iAOZ. LEYll I 

SOURCE. ({)olcTllOt Qf'T10N ESSQ Eaclacd CArn filoLJ'unt. SASS-2 HfLUENT SHifAM NC 101 

... B c 0 £ f G H I J K l i 
.J • ' II 

lQalC l.,,.ldl C:'501.Al:"t:-.! f .. H( 
<MCTION 

>«.ur .. fCOU)(;>CA< DlGafl Cl --... ()(....C[ Of ~ 
~ P-.c1QI COICO• ""rt IUTt ~ao "0'5.ll0-4 ih: Kl..lAAO "05ITlON ... t<(J.! TH cm o(t<..\t. TH !lU'.ll OC"°'4 I 

TtilOJI COICOI cca«:Itr. 1~fHl H(.A.l fH MAT{ 'lCOlOGiCAI., lrn. -rt .... Tl .... T( 8A5£I>) lii<SLCI 

"'""'°' TIUTIOO< (d!C\ I~ (8t0t ~ DCCf()(O llCtU>lO ct•Uhlll [(; • ~Jt::::: !) 

UlllTS ~'il./m3 - - - - - - I 

Rb 63 

Br 190 

--i Se 14-lbO 2.0£2 il .07-0.80 <0.48 

As 1,000 2.0 N 500 ./ 300 ~ -
Ce 41 S.6E2 H 

I Ga 260 5.0EJ H 0.052 0.0)1 
Zn l, 900 4.0EJ N 0.47') 0.28') l 

I 

Cu 260 2 .OE2 N 1. )0 I 0.78 

Ni 130-6 )0 l. 5E l H 8.67-42 I < 25. 2 
Co 44 5.0El N 0.88 0.528 
r" -

Hn 2.000 5 .OE3 H 0.4 0.24 
Cr JJO l N 3)0 I 198 
v 4)0 5.0E2 l 0.86 430 0.516 258 

I 

1i 14,000 6.0E3 N 2.)3 / 1.)90 

Ca -
K 7,700 N N 

s 220 000 
p 1.600 l .OE2 n 16 I 9.6 
Si - l .OE4 N 

Al - 5. 2[) N 

~g 15,000 6.0EJ N 2.5 • I 1. 5 
Na ~000-14,000 S. 3E4 N 094-.264 <O. 158 

Ii 
B 3, 100 3.10 N t 0.6 
Be 3.8 2.0 N !. 9 • I I. 14 

Li 60 2. 2EI II 2. 7) i I I l. 6)8 
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TABLE 33. SAM./lA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE BOILER WITH HULTICLONE -
SITE A 

form IA02 leM( 1 
l SOUllC(/C()NTillOI. ~ P•ite 1 

Conventional Lignite Boller With Hulticlone - Site A 

2 [ffLUfHT STREAM ) CHLUOcT STllEAM FLOW RATE 

27 I 9 
) 

IOI Eluir:: r-a1 O• •Luc 
aDE• ... ~ • •'IMC - ..... VMC - llllod -asa. • I/MC) 

.. COMPl.ET£ THE FOu.Oll!llG TAik.£ FOR TliE Ufl..IJOH STRlAM OF LINE 2 (USE 8ACI( O' F<*I fClll SCUTCH WORK) 

A • c 0 £ f G H I J I( L 

,_AUH lCOlllCICAI. ()[(;II(( ill - Olgi(( Of ,/" .; . roac u ... r D>VHoMICI •'l 
Min• -Mlllft MAJ( Hl..!AllO ~11Q11111• - -1(111- tot(A&.f" (CU tHtAllH 1(COLOGICAl .._.fllCJ .. CDICl.- COCL• co.a .. t'4.M.t"• ~JHM.Af( 4lCCIOUCAU (COi. -Tl -J( 

_,f ... SCOI --·- , ... ,Oii '""'''°" ,.,c. , .... , - '~ (ICl(«ll fll((HXD tl • laitf )J t(; ....... Jt 

UHIYS ug/•'"' vg/•'"' - - - - - -
u 56 
...... 74 
81 2.6 4.1£2 N r>.006 .167 

Pb 320 
Tl < 8.J L.5E2 N <.055 id. 535 

Au < 4.1 N N 

Ir < 6.3 

Os < 1.0 

ll• < 4.5 
w 6.2-JJ l.OEJ N .006-.C3:l «. 921 

Hf <13 

Lv <3 
Yb <3.2 

Tm < 2.5 
W 111)11( SPllCl 15 NUIJm. Ull A ~IOI 91(fT 

S EFFLUENT STREA-.e DfGll(f Of HAZARO 6 NUMBER Of ENTRIES 7 TOU: UNIT DISCHARGE SUM 

HEALTH MAT£ BASED a COL. 0 » < 2032 COMPARED TO MATES HEAi.TH MAT[ BAS£0 (%COL K) 7a 
< 56, 700 

£COl.OGICAl MAT£ BASED ~ COL C> Sb 470 
H[Al.fH 6• 

JO 
ECOLOGICAL MATE 8AS£D (! COL l) 7b 13, l 13 

(ENTER HERE ANO AT LIHE 8. FORM IAOI) ECOLOGICAL 60 I CENTER HERE AHO AT LINE 8. FORM IAOI) 
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TABLE 33 (continued). SAM/IA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE BOILER 
WITH MULTICLONE - SITE A 

CGlllTillUATlOll IHUT ,. rTDI llO. 4. ,.... IM2. LhB. I Pase 2 

50tdlC[1CONTllOl OPTl()lll eouv-ttonal L11!!1te Boiler With Hulticlone CffLU[Nf STllUM NO 101 

A a c 0 [ f G H I J It l 

-™ ICXll..llCICA< OKlla al - D(Glt(f (JI ~ .,/ " ". tOIDC UMf DISC...uic;( MH _,_ 
....UIWTOI iCGICUI 

.. rr wn - l'QSlfOI"' HAlAIO -· _, .. 
(CQ. 

~'" (ECQ.Q:iatAI. -·- COICIJI ~ H.11.btl 1£\l 1H .... 1( llCOl.OCICAl.I ((;GI. -1( .... ft .... n M1Elll -.... ,_ TIATOI "'° TAILI ~ l-1 lJCl(ll(D Ui:UO(o 
«·~· Mi• l..c JI 

UNITS ..... J_J ..... ,.3 - - - - - -
Er < 4.8 

Ho < l. l 

l')v < '-' 9 ][] N lll\Ol < nnn 

Tb < 0.7 

Cd < J.2 

Eu < 1. 8 
Sm < 5.4 5.)£4 N <-0001 < .003 

Nd 13 " N 

Pr 29 5.1E4 N .0006 .017 
f"o ?1.n 1 7F.4 N IV\"" 1Q1 

La 320 l.1E5 N .0029 .081 

Ba 200.000 5.0E2 N 400 11.160 

r .. lA 

I 3.3 

Te < 3.) 1.0£2 !t <.0)] < .921 

ctb 40 5.0E2 N .oa 2 2l2 
.,_ ?1 w N 

Cd 33 l.OEl N ).] 92.07 

Pd < 6.7 i 
DI. 

{,, "' 
Ru < J.6 I 

Ho 38 5.0!.J N .0076 0.212 

Wk "'' Zr 1300 
y 190 

I Sr I 41,000 I J. IIJ j H I 13.23 i I i v' 369.1 
' I 
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TABLE 33 (continued). SAM/lA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE BOILER 
WITH MULTICLONE - SITE A 

..... 3 

SOulJICl co•. -ilOI. OPTION Comrentlooal Llanlte Boller With Hultlclone (ffLU£NT SfR!Allll 1110 101 

A 8 c 0 E f G H I J K l 

-IM KD.OIOICAl DlGllO' Of - Q(GI(( Of ~ .. '. \ . TOil( 11191' DltOtOillZ Mii 
AIOCtDI 

.,,_. 'lllCTOo ~ Mil MR Ko\IAml) _,°' .. M4lAllO -- .C.-T" (COl CM(MlM dCQ<r-<•• _, .. COIClJI coooa• MAlTNJ o«Al.TNllU( •COl.OGICaL1 (all •'II 11.i1 IMT[ MSIDI 915(11! ...... nlATIDll C8IQ Tia! ..... ,.., DCllOID OCUKD "•l91l. u;aLMll 

UllllfS - - - - - -
Rb 290 

Br 2LO 
Se 83 2.0£2 N .415 / 11. 58 

As t.600 2.0 N 800 22.120 
Ce 7.2 5.6E2 N .0129 .360 
Ca 240 5.0£3 N .048 IU 

Zn 880 4.0E3 II .220 6.138 

Cu 470 2.0E2 N 2.35 ./ 65.57 
Nl 1.400 1.SEl N 93.33 ./ 2~ 

r~ 1nn .. ""' N ., n J •a a 

re ---
tin 27.000 5.0ll N 5.4 J 1"'1.7 

r- L'lft 1 N l. 'II\ ~ 1 ~ , , .. 

v 470 5.0£2 l .94 470 26.23 13.113 
Tl 28.000 6.0E3 M 4.67 ../ 130.J 

ca ---
K 39.ooo N N 

s 160,000 

p 16.000 1.0£2 N 160 J 4,464 

Sl --- l.OE4 N 

.11 --- 5.2El N ... --- 6 OEl N 

Na --- 5.3E4 N 
B 140,000 3.1E3 N 45.16 J 1,260 
Be 10 2.0 N 5.0 ,/ 139.5 

Lt I 570 2.2El N 25.91 . ./ 722.9 
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TABLE 34. SAM/IA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE BOILER WITH ESP -
SITE B 

SAii/iA WORUHEET FOi L.£Vn 1 Form IA02 Lew_. l 
I ~TROl OPflON ,.. I 

Conventional Lignite Boiler With ESP - Site B . 
2. EHlU£NT STREAM J [ffLUENT STR£AM ROif RA'j 

101 Flue Gu 0. 40.5 • /sec 
~ - tan • m'lwc - ....._, • I/sec - SllllCS .aw• c1sec) 

4 COMPl.£TE THE fOUOWING TA8LE FOCI ™E Efl'UJENT STllfAM Of LINE 2 CUSE 8ACJ( QF fORM fOlt SCJtATCH WOlbl) 

.. 8 c 0 E f Ci " I J K l 

\.,.,, ,; . l~ UNI llllCKAll(i( Ml( _," lCOlOGoCAt. ()("""( Of ""°'- 0((;11(( (11 -RAC!-
-ll .... f( HAZAllO '°511.QN tN HAlAllO 

,_, __ 
HlM.1 .. (CO. ttC,MfH l[COI.~ SAWI.( •IACt'°" COICl• CDlllCI• CONCU• "'°"'"' Hf.Al.IH MAT[ tl COt. oc.ac.o..1 ECOl -n ..... ( .... ,, llASLOI ...slOJ 1MltOll -·- fUfC>N 18/'Ct IA8t.l '''°' r.-.t lllCflDl'.D UCUJl(D t[ • ll .. l lt 0C. 1 UI;( ll 

UrtllS - - - - - -
u < 1.2 
Tn < 1. 7 

Bi < .5 4.1!:2 H < .0012 <.049 
Pb 1.1 - ~-'.> 

Tl < . 7 l .SE2 N <.0047 < .190 

hl < .9 I " Ir < 1.4 

Os < l.j 
Re < .9 

w < 1.3 l.OEJ M <.0013 <.O:n 
Hf < 1.6 

Lv < .4 
Yb < .s 

Tm < .] 

• - ll'IOCl IS 11(£ll0>. US1 & COl1-llQfl ,.er 

5 EffLUfNT STREAM DEGREE Of HAlAJIO 6. NUMBER Of ENTRIES 7 TOXIC UNIT OfSCHARGE SUM 

HfAL TH MA Tf BASED (I COL [) 5.1 < 12.1 COMPAA(O TO MATES 
H(At Tt1 MATE 8ASEO r.: COL K) 71 < 490.§ 

fCOl.OGICAl MATE BASED (l ca_ G' 5o < l. l 34 < 44.55 
HEALTH 61 £COlOGICAl MATE BASED (! COl. LI lb 

(ENTER HERE AAO AT UN! 8. FORM .IAOll 
I 

l 
ECOLOGICAL 6b ___ IEHl'Ell H!R£ ANO AT LIN[ I FOAM I.ADI) 
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TABLE 34 (continued). SAH/lA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE 
BOILER WITH ESP - SITE B 

... 2 

~·CC>lffllOL ~TIOH Convent lona 1 Llgnlte Boller \llth ESP EffLUlNf SrtlfAU Jt0 101 

A • c 0 E F c H I J a l 

-"' (COLCIQCAL O(Gll(( Of ~ 
ll(lill[( " - ..... ... . llmc-~MTI 

..CtlQOI 
-.r~ COC:lJO. MA ft IMft ~ 1'1119110. "' HoWllD - .. tC.AI. '" 

(Qll ...._"' llmOOCAc. 

"""'°" 
COllCfll COIC(lt- ~IHI M(Ml'MllAT( llCOl~I UD. •R -JI ..... ,. - ..... ,.., ... IUllDll mJ'Q tA&( 19/0t , ... DCIUllD PCUOU> ...... ....... 

~ - - - - - -
Er < 1 

""' < . 3 

Ow < . 5 9.JEJ N .00005 .002 

Tr < .1 

Cd < • 5 .. _ < , 
s. < .9 5.JE4 N .00002 .001 

lid < 1.2 II N 

10. . < , .. 1111'£ N < nnnn1 < nnn.A. 

c. < • 3 ).7£4 N <-00001 < .0004 

IA < .J 1.1!5 N <.00001 < .0004 

lt.a < ,. Ii nc-., N n""' <'1 ,,. • 

Cs < • 1 

l < .8 

T• < 7 I .OE2 N <.007 . < . 7fl& 

Sb < .5 S.OE2 N <.001 < .OU 
Sia l.3·16 N N 

rA .9·2.1 1.0El N .09-.21 .... """ 
Pd < • 7 

Rh < .2 

Ru < .9 
Ho .8 5.0E3 N .oooz .008 

Nb < • 1 

Zr .:t 
'( < .l-.1 
Sr <10 3.lEJ N <.0032 < .130 
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TABLE 34 (continued). SAH/lA WORKSHEET FOR LEVEL I - CONVENTIONAL LIGNITE 
BOILER WITH ESP - SITE B 

.... 3 

50UAC£1COHTllOl Of'TION 
Conveatlonal Llgnlte Boller Wlth ESP EffLUElolT STRUM If() UH 

A 8 c D E f G H I J .. l -1" KIOUlCICAl D(GflU ~ -... DlGllU ~ - ,; ,, ... ,, l'lllC~~u.n 

*-CIOI MAil llAI( HAZAID fOSITOlllH H4ZAllO -- .-..... ... [COO. 

_,.. 
-OGICAL ~i.ctol cooa. ~ CDIClll OCALnt NOi.'" ... fl ctalL.OCICA41 U0L IMfl IMTI IMTI MlllDI .... ,..,., .. TUI- lllUOI Cll'Cl T.-.U IL'OI JA&l oarm:o UCUll(I) l(•UC • IG •UN()) 

UNIT'S - - - - - -
Rb < .1-.4 

Rr <43 
Se 9.7 2.0!2 N .0485 1.964 

A• < 4.2 2.0 N <2.1 -./ < 85.0.S 

Ge < .1•.3 5.6U N i<-0005 < .02 
r- < 1 - 1 "\ n11, N k_IVVV\? < ...... 
Zn 13·31 4.0E3 II 1<.0078 I< .316 

Cu k 36 2.0E2 II l<.18 < 7.29 

Nf <1..a 1. 51!1 N k 4.6 ../ < 10.:. lo. 

Co < .8 5.0El N I<· 016 < .648 

Fe 1(170 .. _ 
< 7 A " 01'1 N k Onl.6 < ""'"' 

Cr < 4.2 1 N w..2 ,/ 1<170.1 

v < 1.1 5.0£2 l I<. 0022 1.1 ./ < .089 < 44.1\1\ 

Tf < 1.1\ 6.0E) M k.0006 , < ...... 
Ca 40-390 

K 560 H II 

s 1400-7700 
1> <I.<. 1 nl'? N le /,./, < 18. 63 

Si 180 l.OE4 N .0180 . 729 

Al 36-88 5.2£3 N l<.0169 < .684 ' 

Ha 160 6.0£3 N .0267 I. 081 

Na 680 5. 3£4 H .0128 .518 

" 64 J.1!3 H .0206 .II'\/. 

Be .2 2.0 H . 1 4.0.5 

Li < .3 2. 2£1 H .0136 .551 



TABLE 36. TOTAL CAFB ORGANIC EMISSIONS (\.lg/m3) 

SASS No. l SASS No. 2 RAC No. 2 RAC No. 4 

C1 - c6 17 '770- No data 4,337- < 6,380 
23,192 10,384 

C7 - C16 221 307 650 * * 1,430 

> C16 565 21,725 7,590 * * 19,740 

Total 18,556- > 21, 725 12,577- 21,170-
:l.3,978 18,624 27,550 

* Average RAC 1-5 particulate emissions plus Tenax 
captured emissions. 

2-125 



The following ESCA spectra were contained in the document: 

SASS-1 filter particulate 

SASS-2 filter particulate 

SASS-2 lµ cyclone particulate 
(carbon ls spectrum) 

RAC-1 filter particulate 
(carbon ls spectrum) 

RAC-5 filter particulate 
(carbon ls spectrum) 

SASS-2 filter particulate 
(sulfur 2p spectrum) 

SASS-2 filter particulate 
(sulfur 2p spectrum. with argon ion etching: after 2 minutes 
of etching) 

SASS-2 filter particulate 
(sulfur 2p spectrum, with argon ion etching: after 18 minutes 
of etching) 

SASS-2, gasifier bed sample 
(carbon ls spectrum) 

SASS-1 filter particulate 
(carbon ls spectrum) 
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This study was conducted from October 24, 1977, to May 5, 1978, at the 
Firestone Tire and Rubber Company's 10-MW dual-fuel industrial process steam 
boiler in Pottstown, Pennsylvania. (The boiler is equipped with a pilot FMC 
Inc., flue gas desulfurization [FGD] unit.) The purpose of the study was to 

, 

compare and characterize gaseous, solid, and liquid waste-streams from coal 
firing and oil firing of this boiler. Both controlled and uncontrolled emis
sions were sampled and analyzed. Figure 3-1 (from the final report) shows a 
flow diagram of the boiler and FGD system. 

This effort encompassed the Level 1 and Level 2 protocol. An exception 
to the protocol was that Level 2 sampling and analysis were performed prior to 

completion of Level 1 on samples where sample deterioration was anticipated. 
For coal and oil firing, these areas were sampled: coal and oil, boiler 
blowdown water, flyash, flue gas, FGD scrubber cake, boiler and scrubber 

makeup water, and scrubber makeup solids. Table 3-1 (from the report) details 
the sampling method and analysis method for each sample. 

The basic conclusion of the report was that there was not a significant 
difference between coal and oil fuels for an industrial boiler when several 
pertinent factors were considered; in this study the comparative impacts of 
coal and oil were compared for environmental, energy. economic, and societal 
effects. Quoting from the report, the major conclusions of the study were: 

(1) While the quantity of particulates from oil firing is considerably 
less than from coal firing. the particles are generally smaller and more 
difficult to remove, and the concentration of particulates in the treated 
flue gas from oil firing exceeded that from coal firing. (2) NO and 
CO emissions during coal firing were about triple those during oif firing 
(3) Sulfate emissions from the boiler during coal firing were about · 
triple those during oil firing; however, at the outlet of the control 
equipment, sulfate concentrations were essentially identical. (4) Most 
trace element emissions (except vanadium, cadmium, lead, cobalt, nickel 
and copper) were higher during coal firing. (5) Oil firing produces , 
cadmium burdens in vegetation approaching levels which are injurious to 
man; coal firing may produce molybdenum levels which are injurious to 
cattle. (6) The assessment generally supports the national energy plan 
for increased use of coal by projecting that the environmental insult 
from controlled coal firing is not significantly different from that from 
oil firing. 
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Figure 3-1. Boiler system schematic and sampling locations. 

3-3 



TABLE 3-1. PARAMETERS SAMPLED FOR COAL AND OIL FIRING 

Locatfon 
1 

2 

3 

4&5 

6 

7 

B 

Parameter 
FUEL (coal & 011) 
C, H, N, S, ash, 
nohture, 
heating value 
Inorganics 

COMBINED SLOWDOWN 
Alka1in1tyJacid1ty 
pH 
conductivity 
h1rdness 
TSS 
nitrate 
sulfate 
sulfite 
phosphate 
amnon1a 
nitrogen 
organics 

FLYASH 
1norgan1cs 
organics 

S111J?11ng Method 
Grab 

Composite dipper 

Composite grab 

FLUE GAS 
co 

(1nlet & outlet) 

co 
NO~N02/N0x 
Nz,02 

SOz 

SO /SO 
H,~o •• ~cl, HF, 
plrtTculate sulfate, 
total hydrocarbons 
(as CH.)· 
c1 - ci organics 

particulate & vapor 
particulate sizing 

SCRUBBER CAKE 
1norgan1cs 
organics 

BOILER & SCRll3BER 
M.4KEUP WATER 
organics 
1norganf cs 

SCRUBBER MAKEUP 
SOLIDS 

Continuous, Beckman 
Model 865 
Grab (bag) 
Grab (bag) 
Continuous, TECO 
Model lOA 
Grab (bag) 
Continuous, TECO 
Model 41 
Goksoyr-Ross 

Continuous, Beckman 
Model 400 
Grab (bag) 
SASS 
Method 5 
Anderson impactor 
SASS 

Composite grab 

Top grab 

Grab 

3-4 

Analysis 

Ultimate (lab} 

Leve 1 II {lab) 

On-site HACH kit 

Level 1 & 2 (lab) 

Level 1 & 2 (lab) 
Level 1 & 2 (lab) 

01 rect reading 

GC (TCD) on site 
GC (TCD) on site 
Direct reading 
GC (TCD) on site 

Direct reading 

Level 2 (lab) 

Direct reading 

GC (FIO) on site 
Level 1 (lab) 
Leve 1 2 (lab) 
Level 1 
Level 2 

Level 1 & 2 (lab) 
Level 1 & 2 (lab) 

Level 1 (lab) 
Not requ1 red 

Not requ1 red 



LEVEL 1 
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TABLE 3-2. SPARK SOURCE MASS SPECTROSCOPY 
FUEL OIL, TEST 202-4 

(ppm) 
-

u Dy Rh Cr 2.2 

Th Tb Ru v 36.5 

Bi Gd Mo 2.9* Ti 

Pb 2.6* Eu Nb Sc 

Tl Sm Zr <0.05 Ca 5.50 

Hg 0.09t Nd y K 

Au Pr Sr 0.23 Cl 

Pt Ce Rb s 
Ir La Br p 

Os Ba Se 0. 7* Si 

Re Cs As 2.0t Al 3.5 

w I Ge Mg .;Q. 04 

Ta Te Ga Na 

Hf Sb 0.03* Zn 3.0 F 

Lu Sn Cu 1.40 B <0.15 

Yb In Ni 16.0 Be <0.05§ 

Tm Cd <3.5 Co <1.25 Li 
Er Ag Fe 12.3 
Ho Pd Mn 0.4* 

*Values were calculated from concentrations at the scrubber inlet when ICPOES 
analysis provided upper limit data only. 

tPerformed by cold-vapor analysis on a feed oil sample from test 203. 
~Arsenic concentration calculated from concentration at the scrubber inlet. 
§Performed by SSMS on a feed oil sample from test 203. 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additfanal data" section. 



TABLE 3-3. SPARK SOURCE MASS SPECTROSCOPY 
FEED COAL, TEST 201-1 

(ppm) 

u Dy Rh Cr 48 
Th Tb Ru v 47 
Bi Gd Mo 293 Ti 

Pb 85 Eu Nb Sc 
Tl Sm Zr 270 Ca 770 

Hg 0.14* Nd y K 
Au Pr Sr 68 Cl 

Pt Ce Rb s 
Ir · La Br p 

Os Ba Se 73 Si 
Re Cs As 137 Al 14,000 
w I Ge Mg 350 
Ta Te Ga Na 

Hf Sb 85 Zn 56 F 

Lu Sn Cu 72 B 2.4t 
Yb In Ni 37 Be 2.3t 

Tm Cd 3.5 Co 127 Li 

Er Ag Fe 12,250 

'Ho Pd Mn 12 
. .;::..=-~~.z:.~~-":,,; :.=··""=-~::.: "! •· :· -· 

*Performed by cold-vapor analysis on a fuel coal sample from test 200 . 
. tPerformed by SSMS on a feed coal sample from test 200. 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 

: coup 1 ed plasma opt ica 1 emission spectroscopy (ICPOES) analysis and are 
reported in the "addi ti ona 1 data 11 section. 
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TABLE 3-4. SPARK SOURCE MASS SPECTROSCOPY 
WASTEWATER INORGANICS, COAL FIRING 

(~g/l) 

u Oy Rh Cr 2 

Th Tb Ru v 3 

Bi Gd Mo Ti 

Pb 10 Eu Nb Sc 

Tl Sm Zr Ca 

Hg NO y K 

Au Pr Sr 500 Cl 

Pt Ce Rb s 
Ir La Br p 

Os Ba Se Si 

Re Cs As Al 

w I Ge Mg 

Ta Te Ga Na 

Hf Sb <l Zn F 800 

Lu Sn Cu 20 B 

Yb In Ni 5 Be <l 

Tm Cd <l Co 100 Li 

Er Ag Fe 
Ho Pd Mn 

NOTE: These values are approx;mate values as determ;ned by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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TABLE 3-5. SPARK SOURCE MASS SPECTROSCOPY 
WASTEWATER INORGANICS, OIL FIRING 

(µg/L) 

u Dy Rh Cr 20 
Th Tb Ru v 2 

Bi Gd Mo Ti 

Pb 6 Eu Nb Sc 
Tl Sm Zr Ca 
Hg ND y K 
Au Pr Sr 300 Cl 
Pt Ce Rb s 
Ir La Br p 

Os Ba Se Si 
Re Cs As Al 
w I Ge Mg 
Ta Te Ga Na 
Hf Sb 1 Zn F 4,000 

Lu Sn Cu 20 B 
Yb In Ni 20 Be <l 

Tm Cd <l Co 7 Li 

Er Ag Fe 
Ho Pd Mn 

:::t:=.=--=--==::.:-_:.~;;:::::-:=..,-,:. 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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TABLE 3-6. SPARK SOURCE MASS SPECTROSCOPY 
SCRUBBER CAKE FROM OIL FIRING (DRY BASIS), TEST 202-4 

(µg/g) 
~"':.--:..::.:::::a::i~~~-~ 1 1.mo;.~~--=:::::::.:.._-::_~_::..::..·":":.~-==-=.::.~~~ _ 

u Dy Rh Cr 
Th Tb Ru v 
Bi Gd Mo 14* Ti 
Pb 6* Eu Nb Sc 
Tl Sm Zr Ca 
Hg Nd y K 
Au Pr Sr Cl 
Pt Ce Rb s 
Ir La Br p 

Os Ba Se 9* Si 
Re Cs As 15* Al 
w I Ge Mg 
Ta Te Ga Na 
Hf Sb 3* Zn F 
Lu Sn Cu B 
Yb In Ni Be 
Tm Cd l* Co 19* Li 

Er Ag Fe 

Ho Pd Mn 

*SSMS analyses were utilized where ICPOES analysis provided upper limit data 
only. 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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~~.:--·-

u 
Th 
Bi 

Pb 
Tl 

Hg 
Au 
Pt 
Ir 
Os 
Re 
w 
Ta 
Hf 
Lu 
Yb 
Tm 
Er 
Ho 

TABLE 3-7. SPARK SOURCE MASS SPECTROSCOPY 
SCRUBBER INLET COAL FIRING, TEST 201-1 

(mg/m3 ) 
. .::.~:-:...=...o::::sm:=::a:a:ma = --r=:-:-:.c:=mc:- ""------ . 

Dy Rh 
Tb Ru 
Gd Mo 
Eu Nb 
Sm Zr 
Nd y 

Pr Sr 
Ce Rb 
La Br 
Ba Se 
Cs As 
I Ge 
Te Ga 

Sb Zn 

Sn Cu 
In Ni 
Cd Co 
Ag Fe 

Pd Mn 

:..-:;.:...-::-:::.:~~~.~----: 

Cr 

v 
Ti 

Sc 
Ca 
K 

Cl 

s 
p 

Si 

Al 

Mo 
Na 

F 

B 0.2 

Be 0.1 

Li 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data11 section. 
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u 
Th 

Bi 
Pb 
Tl 

Hg 

Au 
Pt 

Ir 
Os 
Re 

w 
Ta 

Hf 

Lu 
Yb 
Tm 
Er 
Ho 

TABLE 3-8. SPARK SOURCE MASS SPECTROSCOPY 
SCRUBBER OUTLET COAL FIRING, TEST 201-1 

(mg/m3 ) 

Dy Rh 

Tb Ru 
Gd Mo 
Eu Nb 
Sm Zr 

Nd y 

Pr Sr 
Ce Rb 
La Br 
Ba Se 

Cs As 

I Ge 

Te Ga 

Sb Zn 

Sn Cu 
In Ni 

Cd Co 

Ag Fe 

Pd Mn 

Cr 
v 
Ti 

Sc 

Ca 
K 

Cl 
s 
p 

Si 
Al 
Mg 
Na 

F 

B 0.03 
Be 0.002 
Li 

- -----=:::.::::=.:= 
NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the 11 additional data" section. 

3-12 



u 
Th 

Bi 
Pb 
Tl 

Hg 
Au 
Pt 
Ir 
Os 
Re 
w 
Ta 
Hf 

Lu 
Yb 
Tm 

Er 
Ho 
==== 

TABLE 3-9. SPARK SOURCE MASS SPECTROSCOPY 
SCRUBBER OUTLET COAL FIRING, TEST 202-4 

{mg/m3 ) 

Dy Rh 
Tb Ru 
Gd Mo 
Eu Nb 
Sm Zr 
Nd y 

Pr Sr 
Ce Rb 
La Br 
Ba Se 
Cs As 
I Ge 
Te Ga 
Sb Zn 
Sn Cu 
In Ni 
Cd Co 
Ag Fe 

Pd Mn 

Cr 
v 
Ti 

Sc 
Ca 
K 

Cl 
s 
p 

Si 

Al 
Mg 
Na 
F 

B 
Be 0.001 

Li 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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TABLE 3-10. SPARK SOURCE MASS.SPECTROSCOPY 
SCRUBBER INLET COAL FIRING, TEST 202-4 

(mg/m3 ) 

u Dy Rh Cr 
Th Tb Ru v 
Bi Gd Mo Ti 
Pb Eu Nb Sc 
Tl Sm Zr Ca 
Hg Nd y K 

Au Pr Sr Cl 

Pt Ce Rb s 
Ir La Br p 

Os Ba Se Si 

Re Cs As Al 
w I Ge Mg 
Ta Te Ga Na 
Hf Sb Zn F 

Lu Sn Cu B 
Yb In Ni Be <0.001 
Tm Cd Co Li 

Er Ag Fe 

Ho Pd Mn 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductiv 1 coupled plasma optical emission spectroscopy (ICPOES) analysis and are e Y 
reported in the "additional data" section. 
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TABLE 3-11. SPARK SOURCE MASS SPECTROSCOPY 
COAL TEST 201-1 SAMPLE B 

(µg/g) 

u Dy Rh Cr 47 

Th Tb Ru v 44 

Bi Gd Mo 348 Ti 

Pb 95 Eu Nb Sc 

Tl Sm Zr 215 Ca 720 

Hg Nd y K 

Au Pr Sr 64 Cl 
Pt Ce Rb s 
Ir La Br p 

Os Ba Se 77 Si 
Re Cs As 133 Al 12,100 

w I Ge Mg 300 

Ta Te Ga Na 
Hf Sb 90 Zn 64 F 

Lu Sn Cu 46 B NR 
Yb In Ni 51 Be NR 
Tm Cd 4 Co 152 Li 
Er Ag Fe 13.750 

Ho Pd Mn 11 

NR = None reported. 
NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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TABLE 3-12. SPARK SOURCE MASS SPECTROSCOPY 
COAL TEST 201-1 SAMPLE A 

(µg/g) 
=~~~·;;.- .-~ ==----.-=z:::c:z:=::: = 
u Dy Rh Cr 49 
Th Tb Ru v 49 
Bi Gd Mo 238 Ti 
Pb 77 Eu Nb Sc 
Tl Sm Zr 325 Ca 820 
Hg Nd y K 

Au Pr Sr 72 Cl 
Pt Ce Rb s 
Ir La Br p 

Os Ba Se 68 Si 
Re Cs As 140 Al 15,900 
w I Ge Mg 400 
Ta Te Ga Na 
Hf Sb 80 Zn 48 F 

Lu Sn Cu 98 B NR 
Yb In Ni 23 Be NR 
Tm Cd 3 Co 102 Li 
Er Ag Fe 10,750 

Ho Pd Mn 13 

NR = None reported. 
NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the "additional data" section. 
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u 
Th 

Bi 
Pb 
Tl 

Hg 

Au 
Pt 
Ir 

Os 
Re 
w 
Ta 
Hf 

Lu 

Yb 
Tm 

Er 
Ho 

TABLE 3-13. 

Dy 
Tb 

Gd 

Eu 
Sm 

Nd 

Pr 
Ce 
La 

Ba 

Cs 
I 

Te 
Sb 

Sn 

In 
Cd 
Ag 

Pd 

SPARK SOURCE MASS SPECTROSCOPY 
FUEL OIL, TEST 202-4 

(ppm} 

Rh 
Ru 

Mo 

Nb 
Zr 
y 

Sr 
Rb 

Br 
Se 

As 

Ge 

Ga 

Zn 

Cu 
Ni 
Co 
Fe 
Mn 

*Performed by SSMS on a feed oil sample from test 203. 

Cr 

v 
Ti 

Sc 

Ca 

K 

Cl 

s 
p 

Si 

Al 
Mg 

Na 
F 

B 

Be <0.05* 

Li 

NOTE: These values are approximate values as determined by spark source 
mass spectrometry (SSMS). The missing values were determined by inductively 
coupled plasma optical emission spectroscopy (ICPOES) analysis and are 
reported in the 11 additional data" section. 
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Sample 

Scrubber inlet 

TABLE 3-14. ATOMIC ABSORPTION ANALYSIS 
COAL FIRING, TEST 201-1 

(mg/m3 ) 

As Hg 

0.011 

Scrubber outlet 0.005 

Sb 

:===:.====:::::=::::: 

Sample 

TABLE 3-15. ATOMIC ABSORPTION ANALYSIS 
OIL FIRING, TEST 202-4 

(mg/m3 ) 

As Hg 

Scrubber inlet 0.0016 

Scrubber outlet 0.0002 

Sample 

202-4 

TABLE 3-16. ATOMIC ABSORPTION ANALYSIS 
FUEL OIL 

(ppm) 

As Hg 

0.09* 

==--============= 

Sb 

Sb 

*Performed by cold vapor analysis on a feed oil sample from 
test 203. 
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TABLE 3-17. SULFUR GAS EMISSIONS FROM COAL FIRING 
(mg/m3 ) 

·-
S02 503 so; 

202-1 inlet 2582 20.6 
202-1 outlet 88.5 14.6 

202-4 inlet 2689.2 25.8 70.4 
202-4 outlet 59.2 18.6 28.0 

·~"' -= 

TABLE 3-18. SULFUR GAS EMISSIONS FROM COAL FIRING 
(µg/m3) 

201-1 Inlet 
201-1 Outlet 

201-4 Inlet 
201-4 Outlet 

2,970,000 
90,000 

2,420,000 
130,000 

16,900 
11, 700 

12,600 
9,000 

TABLE 3-19. ANION ANALYSIS 
COAL FIRING TEST 201-1 

(µg/mS) 
= ==-==:s::- =-

- NO; Sample F Cl 

Inlet* 510 10,900 <l, 100 

Outlet* <76 <9 <580 

*Mass as the ion. 

3-19 

so~ 

154,100 
19,100 

so~ 



= 

TABLE 3-20. NITROGEN OXIDE GASES SCRUBBER INLET 
(ppm) 

Average NO 
Test no. as N02 x 

200 515 

201-1 591 

201-2 539 

201·3 395 

201-4 547 

TABLE 3-21. NITROGEN OXIDE GASES SCRUBBER OUTLET 
(ppm) 

Average NO 
Test no. as N02 x 

200 456 

201-1 551 

201-2 424 

201-3 309 

201-4 564 

=-- .... m_. ... ::;e::;rn;::: 
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Site 

201-1 Inlet 

201-1-0 Inlet 

202-4 Inlet 

· 202-4 Outlet 

TABLE 3-22. ANION ANALYSIS 
INLET ANO OUTLET OF FGO, HN03 EXTRACT 

(mg/m3 ) 

-F Cl N03 

0.012 9.262 NR 

<0.006 <0.004 NR 

0.009 <0.006 NR 

<0.002 <0.006 NR 

so~ 

117.4 

0.5 

30.7 

3.5 

NR ; None reported. 

= 
Site 

201-1 Inlet 

201-1-0 Inlet 

202-4 Inlet 

202-4 Outlet 

TABLE 3-23. ANION ANALYSIS 
INLET AND OUTLET OF FGO, HOT WATER EXTRACT 

(mg/m3 ) 

:-- --==----:":':'-·--:.:::=.==:..=-=.=.=:;::::.;.=.;;-...:=-.::-·· -F Cl 

0.503 1.605 

<0.070 <0.005 

0.045 0.463 

0.006 0.223 

TABLE 3-24. ANION ANALYSIS 
OIL FIRING, TEST 202-4 

(mg/m3 ) 

N03 so~ 

<1.14 36.7 

<0.585 18.6 

0.235 39. 7 

0.102 24.5 

=::m~::=========·====·=w-===-="""""'~==-==============-=============== 

Sample F 

Inlet* 0.054 

Outlet* 0.006-0.008 

*Mass as the ion. 

Cl 

0.46-0.47 

0.22-0.23 

3-21 

N03 so~ 

0.24 

0.102 



TABLE 3-25. FIELD WATER ANALYSIS, 
COAL FIRING, TEST 200 

Parameter 

pH 

Hard (CaC03 ) 

Alk (CaC03 ) 

Cyanide 

Assigned 
concentration 

7.9 

210 mg/L 

115 mg/L 

0 mg/L 

TABLE 3-27. FIELD WATER ANALYSIS 
COAL FIRING, TEST 201-2 

Parameter 

pH 

Hard (CaC03 ) 

Alk (CaC03) 

Cyanide 

Assigned 
concentration 

8.2 

135 mg/L 

130 mg/L 

0 mg/L 

3-22 

TABLE 3-26. FIELD WATER ANALYSIS, 
COAL FIRING, TEST 201-1 

Parameter 

pH 

Hard (CaC03 ) 

Al k (CaC03 ) 

Cyanide 

Assigned 
concentration 

7.5 

158 mg/L 

125 mg/L 

0 mg/L 

TABLE 3-28. FIELD WATER ANALYSIS 
COAL FIRING, TEST 201-3 

Parameter 

pH 

Hard (CaC03 ) 

Alk (CaC03) 

Cyanide 

Assigned 
concentration 

8.0 

145 mg/L 

125 mg/L 

0 mg/L 



TABLE 3-29. FIELD WATER ANALYSIS, 
COAL FIRING, TEST 201-4 

Parameter 

pH 

Hard (CaC03 ) 

A 1 k (CaCOa) 

Cyanide 

Assigned 
concentration 

7.3 

100 mg/L 

145 mg/L 

0 mg/L 

TABLE 3-31. FIELD WATER ANALYSIS, 
OIL FIRING, TEST 202-2 

_,_,_"""'·~···"""™"""""-.-;A-s-s"'i g-n-e"""d"-"""wt=a 
Parameter 

pH 

Hard (CaC03 ) 

Alk (CaCOa) 

Cyanide 

concentrat;on 

6.5 

140 mg/L 

65 mg/L 

0 mg/L 

3-23 

TABLE 3-30. FIELD WATER ANALYSIS, 
OIL FIRING, TEST 202-1 

Parameter 

pH 

Alk (CaC03 ) 

Cyanide 

Assigned · 
concentration . 

7.5 

105 mg/L 

135 mg/L 

0 mg/L 

TABLE 3-32. FIELD WATER ANALYSIS, 
OIL FIRING, TEST 202-3 

·--- ·="=""''==-··;..s s 1 g-necf""-,~, .. · 
Parameter 

pH 

Hard (CaC03 ) 

Alk (CaC03 ) 

Cyanide 
= 

concentration 

7.5 

155 mg/L 

120 mg/L 

0 mg/L 



TABLE 3-33. FIELD WATER ANALYSIS, 
OIL FIRING, TEST 202-4 

Parameter 

pH 

Hard (CaC03 ) 

Al k ( CaC0 3 ) 

Cyanide 

Assigned 
concentration 

6.5 

150 mg/L 

50 mg/L 

0 mg/L 
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TABLE 3-34. FIELD WATER ANALYSIS, 
OIL FIRING, TEST 203 

Parameter 

pH 

Hard (CaC03 ) 

Alk (CaC03) 

Cyanide 

Assigned 
concentration 

6.9 

110 mg/L 

140 mg/L 

0 mg/L 



Gas 

GC7 
GCB 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

TABLE 3-35. GAS CHROMATOGRAPHY ANALYSIS 
COAL-FIRING WASTEWATER 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

ND 
ND 
ND 

0.1 
ND 
ND 
ND 

0.1 
0.1 

ND 

ND = Not detectable. 

Gas 

GC7 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

TABLE 3-36. GAS CHROMATOGRAPHY ANALYSIS 
OIL-FIRING WASTEWATER 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

Volatile 
weight, ppm 

ND 
NO 
ND 

<0.1 
ND 
ND 
ND 

<0.1 
<0.1 

ND 

ND = Not detectable. 
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Note that the following photographs were reproduced in the report, but 
that such photos were not duplicated for the data compilation. 

SEM-EDX of partially fused fly ash from 201-1-Fly Ash 

SEM-EDX of iron oxide particle from 201-1-Fly Ash 

SEM photo of a cenosphere from 201-1-I Cyclone 

SEM photo of CaS03 . ~ H20 laths impacted on fly ash cenosphere 

SEM photo of typical aggregates found in 201-Scrubber Cake 

lOOOX SEM photo of spherelites found in 204-4-Scrubber Cake 

600X SEM photo of "ball of twine11 in 202-4-Scrubber Cake 

Note that the following TGA SCAN graphs were available in the report 
but were not copied for this data compilation. 

201-1-1-Filter 201-1-Scrubber Cake 

201-1-1-Cyclone 202-4 Filter Cake 

202-4-I-Cyclone 

Note that the following PLM photographs were available in the report, 
but were not copied for this data compilation. 

201-1-0 

202-4-0 

201-1-Scrubber Cake 

201-1-Fly Ash 

201-1-I-Filter 

201-1-I-Cyclone 

202-4-I-Cyclone 

202-4-Scrubber Cake 

201-Fly Ash 

202-4-1 
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Note that the following FTIR SPECTRA were available in the report, but were 
not copied for this data compilation. 

TRW-201-1-I-Cyclone - Min. Oil FCR. 09744 

TRW-201-1-Filter Corrected for Mineral Oil Triple Subtraction Results 
201-1-0 (Minus Blank) Minus 
201-1-I (Minus Mineral Oil) 

TRW 201-1-Fly Ash-Corrected for Min. Oil 
TRW 201-1-scrubber Cake Corrected for Min. Oil 

TRW 202-4-I-Cyclone - Min. Oil FCR. 05225 

TRW Sample Fly Ash Blank - Corrected for Min. Oil 

TRW-202-4-Scrubber Cake-Min. Oil FCR. 04177 

Triple Subtraction Results 
202-4-0 Filter (Minus Blank) 
Minus 202-4-1 (Minus Blank) 

Subtraction Results 
202-4-0 Filter Minus Filter Blank 

Subtraction Results 
202-4-1 Filter Minus Filter Blank 

Subtraction Results 
202-1-0 Filter Minus Filter Blank 
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Note that the following ESCA SPECTRA were available in the report, but 
were not cop;ed for th;s data comp;lation. 

201-1-I Cyclone 

201-1-I Filter 

201-1-I FP 75 A SP 

201-1-0-Fil ter 

201-1-0 76 A SP 

201-1-0 160 A SP 

201-1-0 300 A SP 

201-1-0 500 A SP 

201-1-0 760 A SP 

201-1-Fly Ash 

201-1-Scrubber Cake 

202-4-1 Cyclone 

202-4-1 Filter 

202-4-1 Filter 76 A SP 

202-4-I Filter 

202-4-0 Filter 

202-4-0 76 A SP 

202-4-0 76 A SP 

202-4-Scrubber Cake 

Note that the following SIM DATA DEPTH PROFILE PLOTS were available 
in the report, but were not copied for this data compilation. 

201-1-1 Cyclone 

201-1-I Loose Filter 

201-1-0-PF 

202-4-I-Cyclone 

202-4-1-Paper 5 

202-4-0 Filter 

201-1-1 FC 

202-4 Scrubber Cake 
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TABLE 3-37 
LC Analysis Results 

TCO GRAV TCO +GRAV 
mt mt Total m1 

Tlllllllnl'l•1 

Taunter LC2 

A••--3 

TCO lnm1 GRAV lnmt 

FrlCtlen Found In Cor· 
Fraction Blenk rectld Toi.i4 

, 
z 
3 

• 
& 

• 
7 

... 's.m 

·,~: Gliutttv I• 1ntln •mpll, dtttnnlned tt.tore LC 
z. Pordln of wlloll •mplt u•d far LC, tlhlll "'I 
J.;~.OtllltltV "'°""'from LC •lum1, •ctllll Mt 
4.>,,Tetll .. computttl ltack t• totll """'" 
~- fiH1Y ...... for both 1111tpll ail• 1nd aanDllltrttkln 

Foullll in Cor· 
Fnctlen Blink ncbcl Totai4 

3·29 

Conctntr1tion 
ma/ (m3, L, or k1) Ii 

1. 52 

TCO + Concentration 
GRAV ma/ 

Total m1 (m3,L, or kg)5 

0.12 

--
0.03 

0.11 

0.35 

0.85 

b.06 . ·'• 

1. 52 



LEVEL 2 
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w 
I 

w 
N 

-
COWCUI) IW£ 

Prop1on.1dehyde 

Nitro.ethane 

Ethyl-n-bc.ttyl ether 

Ethyl •ceute 

Hydrocarbon (~14) I Chloropropmol 

4-metllyl-3-pentene-2-onf:* 
Unidentified alcohol 

Octanol 

Ketone (tll 138)* 

Ketone (tll 140) 

Phthalic anhydride 
Amyl benz~te 

Glycerol tr1acetate 

Methyl si.t> aromatic 

GB = Grab bag samples 

PR " Probe d nse 

FRACTIOlt 

G8 

GB 

GB 

GB 

GB 

PR 

PR 

PR 
PR 

PR 
PR 
PR 

PR 

PF 

XR 

TABLE 1. ORGANIC ANALYSIS RESUlTS 

011 ' 
-~~~--·---~. -- Coal \ 

-- - -~ . - - --- -- -
201-2 201-3 202-2 202-3 

IN OUT IN Ot!T IN OUT IN OUT 

• -170 380 54 - 200 - 142 

- - - 63 -- - -
2000 1500 910 1~ 1700 - 1000 -

- - - - - - - 2300 

- - 380 - - - - -
- - - 3.9 - - - -
- - - - - 570 350 28 

- 4.0 - - - - - -
- - - - - - 45 -
- - - - - - 20 -
3.9 - 6.9 - 14 - - -
- - - - - - 29 -
- - - - - 1.6 - -

- - - - - - 42 -

l. 7 - - - - - - -



w 
I 

w 
w 

TABLE 9. SURFACE ATOM PERCENT FROM ESCA DATA 

Sample* 0 r~a s Si Al Fe Cl 

1 201-1-I Cyclone 57 4 11 6 7 2 2 
201-1-I Filter 56 2.4 11.5 14. l 8 1.4 l.5 

0 

201-1-1 Filter 76 A SP 54.2 2. l 4.0 17. 9 12 .6 2.1 l.3 
201-1-0 Filter 45.7 5.5 13. 2 7 .1 2.2 1.2 

0 

201-1-0 75 A SP 48 7.4 11.5 9.0 5.2 1.2 1.1 
0 

201-1-0 150 A SP 48.3 9. 1 10.0 10. l 7.7 1.2 1.2 
0 

201-1-0 300 A SP 48.3 8.8 8.0 10.6 9.6 2.1 1.0 
0 

201-1-0 500 A SP 47.9 7.3 6.7 10.8 13 1. 7 1.2 
0 

201-1-0 750 A SP 47 7.3 6. 1 11.6 l l.O 2.3 0.9 
201-1 Flyash 44.6 2.6 7.6 13.9 7.5 1.2 1.2 
201-1 Scrubber Cake 47 10. 0 14.8 3.2 3.7 0.6 1.5 

. 202-4-I Cyclone 38.5 3.2 12.9 2.6 2.3 1.4 
202-4-I Filter 48.6 4.2 10.7 11.8 3. 1 1.3 

0 

202-4-1 Filter 76 A SP 46.3 4.7 6.5 17. 1 3.3 0.8 l.4 
202-4-0 Filter 46.6 5.8 9.9 14.9 3.5 1.3 2.4 
202-4-0 Filter 76 A SP 53.5 3.2 6.8 22.0 4.0 l.3 
202-4-SC 41 9.8 15.3 2. l 2.3 l. 7 2. 1 
Filter Blank 38.4 5.8 7.5 24.7 1.8 l.1 1.6 

Cl 
Filter Blank 75 A SP 47.3 8 2 28.5 3.2 0.9 

0 0 

*A SP refers to Depth of Ar+ sputtering in A. 

p v Ca c K 

l 

1.2 2 

2.2 l.O 2.7 
1.1 0.7 1. 3 14.9 7. 1 

l.1 1.1 12. l 1.8 

1.2 10.0 1.2 
-

1.2 0.5 8.0 1.8 

1. 1 1.2 8.1 1. 1 

1.5 0.5 1.0 8.8 l.6 

1.2 0.4 18.1 1.6 

0.9 5.8 9.9 2.6 

0.6 1.2 37.4 

1.5 1.7 17.2 

l. 1 3.3 0.9 12.9 l. 7 

l. 7 1.8 14.5 

1.0 2.0 6.2 

l. 1 1.4 6.5 12.7 3.6 

1.1 0.9 17 .2 

2.6 0.6 l.2 4.4 l.3 



TABLE 5-4. CONCENTRATION OF MAJOR TRACE ELEMENTS IN COAL-TEST 201-l 

Element H9l9 Coal Reference 
Samp1e A Sample B Average Typical Rang et 

Ca 820 720 770 0 - 1600 2,4 

Mg 400 300 350 0 - 959 2,4 
Sb BO 90 85 0.2 - 8.9 2 
As 140 133 137 0.5 - 93 1 , 2 

* B 2.4 4 - 115 1 '3 
Cd 3 4 3.5 0. 1 - 65 2 

Cr 49 47 48 4 - 144 1 , 3 
Co l 02 , 52 127 0,5 - 43 , , 2 

Cu 98 46 72 3 - 61 l .2 
Fe 10,750 13,750 12,250 0.3 - 40,000 2.4 
Pb 77 95 85 4 - 218 1 ,2 
Mn 13 , l 12 6 - 181 2 
Mo 238 348 293 0.4 - 30 1 , 2 
Ni 23 51 37 2 - 80 1 t 2 
v 49 44 47 2 - 147 1 ,2. 3 
Zn 48 64 56 6 - 5,350 2 
Se 68 17 73 0.4 - 74 2,3 
Sr 72 64 68 NO DATA 
Al 15,900 12,100 14,000 0.4 - 40,700 2,4 
Zr 325 215 270 8 - 133 2 
Be 2.3* 0.6 - 4., 1 
Hg 0. 14; 0.07 - 0.49 

* Boron and beryllium analysis were performed by SSMS on a feed coal 
sample from test 200. 

t Typical range for Appalachian and Eastern Interior Basin coals . 

.+ Mercury was detennined by cold vapor analysis of a coal sample 
from test 200. 
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TABLE 5-20. DEPTH PROFILE ANALYSIS OF COAL PARTICULATE WITH CONCENTRATIONS 
EXPRESSED AS NORMALIZED ATOM PERCENT* - TEST 201-1 

0 Na s Si Al Fe Cl p v Ca c 

Inlet Level II cyclone catch 57 4 11 6 7 2 2 1 
level II filter catch 56 2.4 11.5 14 .1 8 1.4 1.5 l.2 2 

0 

Level II filter catch; 76 A 54.2 2. 1 4.0 17 .9 12.6 2 .1 1.3 2.2 l.O 2.7 

Outlet Level II filter catch 45.7 5.5 13.2 7 .1 2.2 1.2 1.1 0.7 1.3 14.9 

* 

0 

Level II filter catch; 75 A 48 7.4 11.5 9.0 5.2 1.2 1.1 1.1 1.1 12 .1 
0 

Level II filter catch; 150 A 48.3 9 .1 10.0 10 .1 7.7 1.2 1.2 1.2 10.0 
0 

Level II filter catch; 300 A 48.3 8.8 8.0 10.6 9.6 2 .1 1.0 1.2 0.5 8.0 
0 

Level II filter catch; 500 A 47.9 7.3 6.7 10.8 13 1.7 1.2 l. l 1.2 8. l 
0 

level II filter catch; 700 A 47 7.3 6. 1 11 .6 11.0 2.3 0.9 1.5 0.5 1.0 8.8 

The atom percent of the 12 elements presented here adds up to 100 percent. Other elements present in 
the cyclone and filter catches were not studied in ESCA. Hence. the atom percents in this table are 
normalized atom percents and not absolute atom percents. 

7 .1 

1.8 

l.2 

1.8 

1.1 

1.6 
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TABLE 4-14. EMISSION CONCENTRATIONS OF TRACE ELEMENTS 
DURING COAL FIRING - TEST 201-1 

Trace Scrubber Scrubber MATE Degree of Hazard* 
Element Inlet Outlet Value 

3 mg/m3 3 Scrubber Scrubber mg/m mg/m Inlet Outlet 
1r 

Be 0 .1 0.002 0.002 50 1.0 
Hgt 0.011 0.005 0.05 0.22 0. l 0 

Ca 74 0.036 16 4.6 0.002 
Mg 19 0.011 6.0 3.2 0.002 
Sb 3.7 0.025 0.050 74 o.s 
As 7.8 0 .22 0.002 3900 110 
* B 0.2 0.03 3. 1 0.07 0.01 

Cd 0.47 0.0010 0.010 47 0 .1 • 
Cr 2.6 0 .13 0.001 2600 130 
Co 3.6 0.012 0.050 72 0.24 
Cu 9.6 0.020 0.20 48 0 .10 
Fe 450 2.4 1.0 450 2.4 
Pb 8.5 0.021 0 .15 57 0.14 
Mn 0.78 0.015 s.o 0.16 0.003 
Mo 10 0.027 5.0 2.0 o.oos 
Ni 1.4 0.063 0.015 93 4.2 
v 3. 1 0.058 a.so 6.2 o .12 
Zn 2.3 0.048 4.0 0.58 0 .012 
Se 3.2 0.099 0.200 16 o.so 
Sr ,, 0.058 3. 1 3.5 0.019 
Al 480 2.6 5.2 92 0.5 
Zr 1.6 0.018 5.0 0.32 0.004 

Total 1100 6.2 

Approximate values as detennined by Spark Source Mass Spectrometry (SSMS) 
The other values presented are detennined by Inductively Coupled Plasma • 
Optical Emission Spectroscopy (ICPOES) analysis. 
Mercury was detenn1ned by cold vapor analysis of SASS train. 

*Degree of hazard is defined as the ratio of the discharge concentration 
to the MATE value. 
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TABLE 4-15. EMISSION CONCENTRATIONS OF TRACE ELEMENTS 
DURING OIL FIRING - TEST 202-4 

Scrubber Scrubber MATE Degree of Hazard 
Element Inlet Outlet Value 

Scrubber 
mg/m3 mg/m3 mg/m3 Scrubber 

Inlet Outlet 

* Be <O .001 0.001 0.002 <0.50 0.50 
Hgt 0.0016 0.0002 0.05 0.032 0.004 

Ca 0.41 0.070 16 0.026 0.004 

Mg 0.31 0.030 6.0 0.052 0.005 

Sb 0.062 0.006 0.050 1.24 0.120 

As 0. 15 0.030 0.002 75.0 l 5 .o 
B 0.53 0.039 3.1 0.171 0.013 

Cd 0.28 0.066 0.010 28.0 6.60 
Cr o. 17 0.018 0.001 170 18.0 

Co 0.10 0.012 0.050 2.0 0.24 
Cu 0.54 0.007 0.20 2.70 0.035 

Fe 4.8 0.28 1.0 4.8 0.28 

Pb 0.20 0.013 0.15 1.333 0.087 

Mn 0.03 0.004 s.o 0.006 0.001 

Mo 0.22 0.025 5.0 0.044 0.005 

N1 1.1 0.20 o. 015 73.3 13.33 

v 2.7 0.82 0.50 5.40 1.640 

Zn 0. 61 0.065 4.0 0.153 0.016 

Se 0.050 0.006 0.200 0.25 0.03 

Sr 0.043 0.001 3. 1 0.014 0.0003 

Al 5.7 0.48 S.2 , .096 0.092 

Zr 0.015 0.001 5.0 0.003 0.0002 

Total 18 2.5 

• Beryllium was detennined by Spark Source Mass Spectrometry (SSMS). The 
other values, with the exception of mercury, are determined by Inductively 
Coupled Plasma Optical Emission Spectroscopy (ICPOES) analysis. 

tHercury was detenn1ned by cold vapor analysis of SASS train samples taken 
dur1ng test 203. · 
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TABLE 4 .. 16. EMISSION FACTORS ANO MASS EMISSION RATES OF 
TRACE ELEMENTS DURING COAL FIRING - TEST 201-1 

Trace Emf SS fon Factor 2ng/ J Emission Rate 1 g[hr Removai Enrich-
Element Scrubber Scrubber Scrubber Scrubber Eff1c1ency ment 

Inlet Outlet Inlet Outlet % Factor 

• Be 0.04 0. 001 5 0.09 98 3.7 
Hgt 0.08 0.037 0.50 0.23 55 84 
Ca 32 0.015 3300 1.6 99 0.09 
Mg 8.2 0.0046 860 0.48 99 0 .11 
Sb 1.6 0.010 170 1.1 99 1.2 
As 3.4 0.092 350 9.7 97 S.J 
* 0 .01 10 1.2 B 0 .1 88 2. 1 

Cd 0.20 0.00042 21 0.044 99 0.4 
Cr 1.1 0.054 120 5.7 95 9.5 
Co 1.6 0.0050 160 0.53 99 0.6 
Cu 4 .1 0.0084 430 0.88 99 0.4 
Fe 190 1.0 20,000 110 99 0.99 
Pb 3.7 0.0088 380 0.92 99 0.5 
Mn 0.34 0.0063 35 0.68 98 3.4 
Mo 4.3 0.026 450 1.2 99 0.5 
Ni 0.60 0.026 61 2.8 95 8.6 
v 1.3 0.024 140 2.5 98 3.6 
Zn 0.99 0.020 100 2 .1 98 3.9 
Se 1.4 0.041 140 4.3 97 s.a 
Sr 4.7 0.024 500 2.5 99 0.9 
Al 210 1.1 22,000 110 99 l.O 
Zr 0.69 0.0075 72 0.79 99 2.1 

Total 470 2.6 50,000 270 99 

* Appropriate values as determined by SSMS. The other values, with the 
exception of mercury, were determined by ICPOES analysis. 

t Mercury was detenn1ned by cold vapor analysis of SASS train samples 
taken during test 200. 
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TABLE 4-17. EMISSION FACTORS AND MASS EM.ISSION RATES OF 
TRACE ELEMENTS DURING OIL .. FIRING - TEST 202-4 

Emf ssf on Factor. Em1ssfon Rate. Removal Enrichment 
Element nglJ gmlhr Eff1cf ency Factor 

Scrubber Scrubber Scrubber Scrubber i 
Inlet Outlet Inlet Outlet 

'* 0.04 Unknown >11.9 Be <0.0003 0.0003 <0.04 
Hgt 0.0006 0.0001 a.as 0.006 87 1.48 

Ca 0.13 0.022 16 2.7 83 2.03 

Hg 0 .10 0.0094 12 1 • l 91 1 .15 

Sb 0.02 0.0019 2.5 0.23 91 1.15 

As 0.049 0.0094 5.9 1., Bl 2 .37 

B 0. 17 0.012 21 1.5 93 0.87 

Cd 0.091 0.021 11 2.5 77 2.80 

Cr 0.055 0.0057 6.7 0.69 90 1. 26 

Co 0.033 0.0038 3.9 0.46 89 1.43 

Cu 0 .18 0.002 21 0.27 99 0 .1 s 
Fe .1.6 0.088 190 11 . 95 0.69 

Pb 0.065 0.0041 7.9 0.50 94 0.77 

Mn 0.010 0.0013 1.2 0.15 87 1.58 

Mo 0.072 0.0079 8.7 0.95 89 1.35 

N1 0.36 0.063 43 7.7 83 2 .16 

v 0.88 0.26 110 31 71 3.61 

Zn 0.20 0.02 24 2.5 90 1.27 

Se 0.016 0.002 2.0 0.23 87 1.43 

Sr 0.014 0.0003 1.7 0.038 98 0.28 
Al 1.9 0. 1 s 220 18 92 1.0 
Zr 0.0049 0.0003 0.59 0.038 94 0. 79 

Total 6.0 0.78 710 96 87 

* Beryllium was determined by SSMS. The other elements, except fluorine, 
were determined by ICPOES. 

tMercury was determined by cold vapor analysis of SASS train samples taken 
durf ng test 203. 
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TABLE 4-33. INORGANIC CONTENT OF SCRUBBER CAKE FROM 
COAL-FIRING (DRY BASIS) - TEST 201-1 

Element Concentration MATE Value~ ~~lg Degree of Hazard 
1-19/g Rea1th co ogy Rea1tfi ~co1ogy 

Ca 60,715 480 32 126 1,897 
Mg 1 ,458 180 174 8.1 8.4 
Sb 315 15 0.4 21 788 
As 532 0.5 0 .1 1,064 S.320 
B 88 93 50 0.9 1.8 
Cd 13 0 .1 0.002 130 6,500 
Cr 141 0.5 0.5 282 282 
Co 424 1.5 0.5 283 848 
Cu 112 10 0 .1 11 1 .120 
Fe 47,241 3.0 0.5 15 1738 94,482 
Pb 297 0.5 0 .1 594 2,970 
Mn 51 0.5 0.2 102 255 
Mo 1, 117 150 14 7.4 80 
Ni 114 0.45 0.02 253 5,700 
v 195 5.0 0.3 39 650 
Zn 282 so 0.2 5.6 l ,410 

Se 256 0 .10 o.os 2,560 5, 120 
Sr 642 92 7.0 --
Al 45,310 160 2.0 283 22,655 
Zr 106 15 7 .1 

Total 159,409 
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TABLE 4-34. INORGANIC CONTENT OF SCRUBBER CAKE 
FROM OIL FIRING (ORY BASIS) - TEST 202-4 

Element Concentration MATE Value 1 ~Tlg Degree of Hazard 
llQ/g Hea1th Eco ogy Health Ecology 

Ca 200,000 480 32 417 6,250 

Mg 3 ,799' 180 174 21 22 
• Sb 3 15 0.4 0.2 7.5 
* As 15 0.5 0. 1 30 150 

B 40 93 so 0.4 0.8 
• Cd 1 0. 1 0.002 10 500 

Cr 15 0.5 0.5 30 30 
* Co 19 1. 5 0.5 13 38 

Cu 16 10 0. 1 2 160 
Fe 2,164 3.0 0.5 721 4,328 

• Pb 6 0.5 0. 1 12 60 

Mn 6 0.5 0.2 32 80 
'* Mo 14 150 14 0. 1 . l 

Ni 132 0.45 0.02 293 6,600 

v 203 5. 0 0.3 41 677 

Zn 36 50 0.2 0.7 180 
"' Se 9 0 .10 0.05 90 180 

Sr 239 92 2.6 

Al 1 ,684 160 2.0 11 842 

Zr 37 , 5 2.5 

Total 208,,450 

* SSMS analyses were ut111zed where ICPOES analysis provided upper limit 
data only. 
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TABLE 4-35. INORGANIC CONTENT OF FLY ASH FROM 
COAL-FIRING - TEST 201-1 

Element Concentration MATE Valuel ~rig Degree of Hazard 
ug/g Heaith Eco ogy Hea1tn Ecology 

Ca 378 480 32 0.8 12 
Mg 2,478 180 174 14 14 
Sb 438 15 0.4 29 1,095 
As 1 .01 s 0.5 0 .1 2,030 10 .1 so 
B 20 93 50 o.z 0.4 
Cd 18 0 .1 0.002 180 9,000 
Cr 434 0.5 0.5 868 868 
Co 408 1.5 0.5 272 816 
Cu 320 10 0.1 32 3,200 
Fe 129,330 3.0 0.5 43, 110 258 ,660 
Pb 438 0.5 0. 1 876 4,380 
Mn 121 0.5 0.2 242 605 
Mo 1,288 150 14 9 92 
Ni 165 0.45 0.02 367 8,250 
v 376 5.0 0.3 75 1,253 
Zn 179 5.0 0.2 36 895 
Se 378 0 .10 0.05 3,780 7,560 
Sr 728 92 8 --
Al 109,450 160 2.0 684 54,725 
Zr 187 15 12 --

Total 248,149 
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TABLE 4-36. MASS BALANCE .ON TRACE ELEMENTS - TEST 201-1 

Element Coa 1 Feed Scrubber Scrubber Bottom and Percent 
Fly Ash* Recoveryt 

• 

Cake Effluent Gas 
g/hr g/hr g/hr g/hr 

. 
Ca 2,794 40,072 1.6 30 • 
Mg , ,270 962 0.5 198 91 

Sb 308 208 1. 1 35 79 
As 497 351 9.7 81 89 

B 8.7 58 1. 2 1.6 700 

Cd 12.7 8.6 0.04 1.4 79 

Cr 174 93 5.7 35 77 

Co 46.1 280 0.53 33 68 
Cu 261 74 o.aa 26 39 

Fe 44,455 31,179 110 10,346 94 
Pb 308 196 0.92 35 75 
Mn 44 34 0.68 9.7 100 
Mo 1,06! 737 1.2 103 79 

N1 134 75 2.8 13 68 
v 171 151 2.5 30 107 

Zn 203 186 2. 1 14 100 
Se 265 169 4.3 30 77 
Sr 247 424 2.5 58 196 
Al 50,806 29,905 , 10 8,756 76 
Zr 980 70 0.79 15 9 

For mass balance calculations, bottom ash has been assumed to have the 
same trace element concentrations as fly ash. This is an approximate 
assumption, as some trace elements are enriched in the fly 'ash. 

t Percent recovery is defined as the ratio of the sum of the emissions for 
a trace element to the trace element in the coal feed. 

t Percent recovery for ca lei um i $ not c·a 1 cu lated because most of the 
calcium in the scrubber cake 1s from the lime slurry. 
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TABLE 4-37. MASS BALANCE OF TRACE ELEMENTS - TEST 202-4 

Element 011 Feed Scrubber Scrubber Percent± 
g/mf n Cake Outlet Recovery 

g/m1n g/mf n 

Ca 16 .4 50,000 2.8 ** 
Mg (12.2)t 950 1.2 >l,000 

Sb ( 2.4) 0.8 * 0.2 42 
* As ( 5.9) 3.9 1.2 68 

8 (20.9) 10.0 1. 5 55 
* Cd {11.0) 0.2 2.6 25 

Cr 3.6 3.9 0.7 125 
* Co ( 3.9) 4.7 0.5 133 

Cu 4.2 4. 1 0.3 105 
Fe 36.7 541 , 1.0 > 1 ,000 

* Pb ( 7.9} 1. 5 0.5 25 
Mn { 1 • 2) 4.0 0.2 350 

* Mo ( 8. 7) 3.5 1.0 52 

Ni 47.7 33.0 7.9 91 
v l 08 .8 50.7 32.3 76 

Zn 8.9 9. l 2.7 133 
* Se ( 2.0) 2.4 0.2 136 

Sr 0.7 59.8 0.04 > 1 ,000 
A1 10 .4 421 18.9 >1,000 

Zr ( 0.6} 9.2 0.04 >, ,000 

• SSMS data were ut111zed where ICPOES analysis provided upper 11m1t 
data only. 

t ICPOES data from the analysis of scrubber 1n1et particulates were 
ut111zed when fuel analys1s provided upper l1m1t data only. 

t Percent recovery of a trace element 1s 100 times the rat1o of 1ts total 
emission rate (scrubber cake plus scrubber outlet) to 1ts feed rate. 

** Percent recovery for calcium 1s not calculated because most of the 
calcium in the scrubber cake 1s from the 11me slurry. 

3-44 



TABLE 5-13. COMPOSITION OF FGO SCRUBBER CAKE 

Concentration, µg/g Relative 
Concentrations, 

Element Coal Firing Oil F1 ring Coa 1 /011 

Ca 60715 192030 . 3 

Mg 1458 1776 .8 

Sb 315 122 2.6 

As 532 135 3.9 

B 857 2405 .4 

Cd 13 7 1. 9 

Cr 141 33 4.3 

Co 424 231 1.8 
Cu 112 35 3.2 
Fe 47241 3867 12. 2 

Pb 297 104 2.9 

Mn 51 15 3.4 

Mo 1117 666 1. 7 

Ni 114 148 .8 

v 195 161 1. 2 

Zn 282 19 14. 9 

Se 256 128 2.0 

Sr 642 163 3.9 
Al 45310 4625 9.8 

Zr 106 39 2.7 
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TABLE 4-38. • ANNUAL EMISSIONS 

* TABtE 4-38. ANNUAL 041 SS I OHS 
-----------

t.stlen 
Po11utut Scrubber In1et Scrubber Outlet 

Coa1 Firing OH Flrlng Coa1/0l1 Co11 Firing Ot1 Firing C~l/OlT 

&Aseous ll0
1 

(as 1112) 500.810 164.230 3.0!i 442.520 157.390 2.81 

so2 1.121.300 906.202 l.24 36.800 24,453 1. 51 

S03 6.184 7.249 0.85 4.157 s.1e1 0.80 

S04 
a 

67 .214 20.894 l.22 e.110 8,303 0.98 

co 16.119 4,991 3.23 14.497 4.845 2.99 

Orgutcs (u CH4) 5.870 2,272 2.58 6,377 2.500 2.55 
t <5,606 <4,164 <S.606 <4, 164 '1 - c6 

c, - '10 345 155 2.22 274 18 15.2 

>C16 2,311 2.381 0.97 335 392 0.85 

Total Pirtfculates 2.991.700 53.812 55.6 18,856 ll,686 1.38 

<llJ 11.691 11, 359 1.03 

1 - 111 
w 

s.657 1,642 3.45 
I 3 - 10.. 1.320 634 1.93 
~ ....... >la.i 188 ot 

•l/yel.r 

Lt quid Blowdowll/Kiste W.ter "'76.000 "'76.000 ... 1 "'76.000 ... 16.000 "' 
Cool fft9 W.ter "'86.000 "'86,000 ... 1 "'86,000 ""86,000 "' 

kg/year 

Soltd Bottcim Ash ... 778,600 "' 7 ,600 "-103 "' 778,600 ... 7.600 "'101 

fly Ash 'lol .800,000 "-15,000 "-120 'I.) ,800,000 "'15,000 "-120 
Scrubber Cake 0 0 8.054,100 1.011 ,000 2.67 

* Assuming IDOi load, 45 weeks per year (7,560 hrs/year). 

tThese values represent the detection lt•it of the 1nstrunent used. 

tThese values represent 011 ffrlng partfculate w1th a mfntl!Ulll of coal ash contamtnation. 
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TABLE 4-3. SUMMARY OF ULTIMATE FUEL ANALYSES 

Component Coal 

Weight % 

Moisture 7 .15 

Carbon 72. l 0 

Hydrogen 4.28 

Nitrogen 0.92 

Chlorine 0 .12 

Sulfur 1.64 

Ash 9.90 

Oxygen 3.89 

kJ/kg 29 ,485 

t = one standard deviation. 
a 

x = not analyzed. N.A. 

t 
0 

o. 86 

1.07 

0.06 

0.07 

0.02 

0.23 

0. 85 

0.23 

459 

(5 TEST AVERAGES) 

011 

Weight % crt 

-o 
86.28 0.39 

'!O. 92 0 .03 

0. 36 0.06 

N • .A. x 

l . 96 0.08 

0.02 0.004 

0.46 0.40 

40,74lf 

*The heat content of the oil burned is nearly constant at this value; 
individual values were not available. 
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TABLE 4-7. SUMMARY OF CRITERIA POLLUTANT EMISSIONS - COAL FIRING 

Test No. n9/J (lb[HM Btu} 
c1 - c16 Nox co so2 HC c1 - c6 Organics Total 

(as·No
2

) 
(as CH4) 

Organics Organics 
Higher Part 1culates 
Than 
C16 

200 Inlet 417 20.7 1009 3.79 <5.49 0.34 Z.28 2361 
(0.97) (0.05) (2.35) (0 .01) (<0.01) (0.00) ( 0. 01) (5.49) 

200 Outlet 367 18.5 25.4 4.22 <5.49 0.27 0,33 14.3 
(0.85) (0.04) (0.06) (0.01) (<O .01) (0.00) (0.00) (0.03) 

201-1 Inlet 491 16.5 1284 4.35 <5.65 3122 
(1.14) (0.04) (2.99) (0.01) (<0.01) (7.26) 

201-1 Outlet 457 15.7 39.0 5.22 <5.65 20.9 
(1.06) (0.04) (0.09) (0.01) (<0.01) (0.05) 

201-2 Inlet 455 17.7 1295 0.88 <5.75 
w (1.06) (0.04) (3.01) (0.00) (<0.01) 
I 201-2 Outlet 358 15. 9 35.5 1.33 <5.75 <.n 

(8.33) (0.04) (0.08) (0.00) (<0.01) ...., 

201-3 Inlet 330 16.2 1028 10.9 <5.69 
(0.77) (0.04) (2.39) (0.03) (<0.01) 

201-3 Outlet 258 12.7 31.8 10.9 <5.69 
(0.60) (0.03) (0.07) (0~03) (<0.01) 

201-4 Inlet 409 8.56 942 8.95 <5.06 3370 
(0.95) (0.02) (2.19) (0.02) (<O .01) (7.84) 

201-4 Outlet 420 8.95 49.7 9.73 <5.06 20.6 
(0.98) (0.02) (0.12) (0.02) (<O .01) (0.05) 

Average Inlet 421 15.9 1112 5.79 <5.53 0.34 2.28 2951 
(0.98) (0.04) (2.59) (0 .01) (<0.01) (0.00) (0.01) (6.86) 

'. 
<5.53 0.27 Average Outlet 372 14.3 36.3 6.29 0.33 18.6 

(0.87) {0.03) (0.08) (O.Ol} ( <0.01) (0.00) (0.00) (0.04) 



TABLE 4-8. SUMMARY OF CRITERIA POLLUTANT EMISSIONS - OIL FIRING 

ng/J (lb/ftot Btu} 
Test No. Hct c1 - c6 c7 - c16 Organics Total 

NOX co so2 (as CH4) Organics Organics Htgher Particulates 
Than C16 

20Z-1 Inlet 175 5.08 938 2.84 <4.63 166 
(0.41) (0.01) (2 .18} (0.01) « 0.01) (0.39) 

202-1 Outlet 166 4.70 32. 1 3.ZO <4.63 20.2 
(0.39) (0.01) (0.07) (0.01) ( < 0.01} (0.05) 

202-2 Inlet 175 5.30 1075 4.61 <4.79 
(0.41) (0.01) (2.50) (0 .01) (< 0.01) 

202-2 Outlet 165 5.03. 29.2 5.01 <4.79 
(0.38) (0.01) (0.07} (0.01) « 0.01) 

202-3 Inlet 181 6.22 1085 1.71 <4.73 
{0.42} (0 .01) (2.52} (0.00) (<0.01} 

202-3 Outlet 177 5.92 26.7 l.98 <4.73 
(0.41) (0.01) (0.06) (0.01) (< 0.01) 

w 
I 202-4 Inlet 141 5.30 874 0.82 <4 .14 59.0 

<.Tl 
CJ (0.33) (0.01) (2.03) (0.00) (< 0.01) (0.14) 

202-4 Outlet 138 5.60 19.2 0.76 <4 .14 15.0 
(0.32} (0.01) (0.04) (0.00) (<0.01) (0.03} 

203 Inlet• 0 .17 2.61 
(0.00) (0.01) 

203 Outlet* 0.02 0.43 
(0.00} (0.00) 

Average 168 5.47 993 2.49 <4.57 0.17 z. 61 113 
Inlet (0.39) (0.01) (2.31) (0.01) (< 0.01) (0.00) (0.01} (0.26) 

Average 161 5. 31 26.8 2.74 <4.57 0.02 0.43 17 .6 
Outlet (0. 37) ( 0. 01) (0.06) (0.01) (< 0.01) (0.00) (0.00) ( 0. 04) 

*rmf ssfon factors were computed assuming an o2 concentratfon of 5.5%, the average concentratf on for test Z02. 

tTota 1 hydrocarbons as \jetenni ned h.¥ FID. 



TABLE 4-10. SCRUBBER INLET AND OUTLET 
PARTICULATE SIZE DISTRIBUTION 

Aerodynamic 
Diameter Size Test 202-1 
Range, Microns Scru er 

Outlet 

< 1 0.0017 62 20 83 

1 - 3 0.041 30 12 

3 - , 0 2.24 7 74 5 

> 10 97.7 1 5 0 

TABLE 4-11. EMISSION RATES OF PARTICULATES 

Aerodynamic Test 202-1 
Diameter emova 

Sf ze Range, Effi c1 ency 
M1 crons 

< 1 0.0055 1. 30 <0 4.48 2.27 49.2 

1 - 3 0 .13 0.63 <0 0.22 0.33 <O 

3 - 10 7.3 0 .15 97.9 16.6 0 .14 97.4 

> 10 316.5 0.021 >99.9 1.12 0.00 100 

Total 324.0 2 .10 99.3 22.4 2.74 87.8 
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Water Soluble 

Acid Soluble 

Total 

TABLE 4-13. SUMMARY OF SULFATE EMISSIONS 
DURING COAL AND OIL FIRING 

Emission Rate 2 ngLJ 
Coal - Test 201-1 Oil - Test 202-4 

Scrubber Scrubber Scrubber Scrubber 
Inlet Outlet Inlet Outlet 

--------
16.0 (24%) 8.1 ( 97%) 12.9 (56%) 8.0 (88%) 

51.2 (76%) 0.2 ( 3%) 10.0 (44%) 3.5 ( 12%) 

67.2 8.3 22.9 9. l 

:= 
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TABLE 4-18. DEPTH PROFILE ANALYSIS OF COAL PARTICULATE WITH CONCENTRATIONS 
EXPRESSED AS NORMALIZED ATOM PERCENT* - TEST 201-1 

g 
~· ~ ~· 61 fl ,1 e ~ ~· ~ It 

Inlet Level II cyclone catch 57 4 11 I 7 z z 
L1v11 ll ff1ter catch 51 2.4 ,11.5 14 .1 I 1.4 1.5 1.Z z • Level rt filter catch; 71 A 54.Z 2 .1 4.0 17.9 12.1 z .1 1.3 2.2 1.0 2.7 

Outltt Ltvtl II f11t1r catch 45.7 5.5 13.2 7 .1 2.Z 1.2 1. 1 0.7 1.3 14.t 7 .1 
• Level 11 ft1ter catch; 75 A q 7.4 11. 5 9.0 5.2 1.Z 1.1 1 .1 1.1 12 .1 1.8 
• Level It r11t1r catch1 150 A '8.J '·, 10,0 , 0., 1.1 1.2 1.2 1.Z 10.0 1.2 
• z .1 1.0 0.5 1.1 LIYll II filter CltChl JOO A ~1.3 ••• a.o 10.6 9 .I 1.Z 1.0 
• Level II filter catch; 500 A 47.t 7.3 1.7 10.8 13 1.7 1.Z 1.1 1.2 e.1 1.1 
• Level II fflttr c1tch1 700 A 47 7.3 1.1 11.5 11.0 Z.3 0.9 t.S 0.5 1.0 11.8 1.15 . 

* Tha 1t1111 p1rc1nt or the 12 1l1111tnt1 pr111nttd here 1dd1 up to 100 percent. Other e1 ... nt1 present fn 
the c{c1ont end 1f1t1r catches were "°t 1tudfed fn ESCA. Hence. the 1t1111 percent• fn thta table are 
nol'Wll f11d 1t011 p1rc1nt1 and not 1~1olut1 atom percents. 

TABLE 4-19. DEPTH PROFILE ANALYSIS OF OIL PARTICULATE WITH CONCENTRATIONS 
EXPRESSED AS NORMALIZED ATOM PERCENT* - TEST 202-4 

0 Na s Sf Al ,, Cl , y Ca c It 

Inlet 

Ltvtl II Cyclone Catch 38.5 l.Z 12.9 Z.I 2.3 1.1 o.a 1.2 37.4 
Lntl ll r11 ter c. tch 41.S 4.2 10.7 11.1 3 .1 1.3 1.1 1.7 17.2 
Ltvt1 II Fflttr C1tch1 7eA 41,J 4.7 I.I 17., J,J 0.1 1.4 1.1 J.3 0.1 11.I 1l7 

Outlet 
Lntl n Ftlttr catch 45,$ 5.7 t.7 14,6 J,4 1,J 2,J 1.6 1.7 14, 1 

• L1v11 II Ft1t1r C1tch; 7&A 53.5 3.2 '·' 22.0 4,0 1.3 1.0 2.0 6.2 

• Tiit atoll percent of tll• twelve 11 .. lltl prt11nted htN adds up to 100 Pll'Clllt. Other 11 .. nt1 
preunt fn tflt cyclone end ftlter c1tcll11 were not 1tu4fecl h' tsCA. 11tnc1 0 the atoll perc11lt1 tn 
tllf1 table art no1"1111lf11d 1t011 p1rc1nt1 and not 1b101ute atoll percents • . 
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TABLE 4-20. MAJOR PARTICULATE COMPONENTS 
DETERMINED BY PLM ANALYSIS* 

A~~roximate Weight % 
Component Scrubber Inlet Scrubber Outlet 

Coal Oil Coal 011 

Asht 

Fused 15-30 13-23 

Un fused 50-65 1-4 ---
Minerals 

Fe2o
3 

1-5 < , 15-25 8-16 
Fe3o4 (Magnetite) 10-15 < 1 

5102 < 2 ---
CaC03 ! 3 1-5 ---

Oil Soot 10-20 43-57 25-40 2-8 

Coke < 2 ---
Caso3•1/2 H2o and 

20-39 50-65 80-90 Unknown Sulfate 

* Coal-fired samples were taken from test 201-1. Oil-fired samples were 
taken from test 202-4. 

+This is primarily composed of iron-aluminum silicates. 
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TABLE 4-25. COMPARISON OF ORGANIC COMPOUNDS IDENTIFIED BY GC/MS 
IN THE FLUE GAS DURING COAL AND OIL FIRING 

Em1ss1on Rate 1 ng[J 
Compound Coal Fired Oil Fired 

201-2 201-3 202-2 202-l 
Inlet Outlet In1et Outlet Inlet Outlet Inlet Outlet 

Prop1onaldehyde 0.075 0.17 0.024 0.075 0.052 

Nf tromethane 0.023 

Ethyl-n-butyl ether 0.88 0.66 0.400 0.66 0.64 0.37 

Ethyl acetate 0.85 

Hydrocarbon (C6H14) 0 .17 
Chloropropanol 0.0017 

4-methyl-3-pentene-2-one 0.21 0.13 0.01 

w Unidentified alcohol 0.0018 
I 
0\ Octanol 0.017 w 

Ketone (MW 138) 0.0074 
Ketone {MW 140} 0.0017 0.003 0.0053 
Phthalfc anhydride 0.011 
Amyl benzoate 0.0006 
Glycerol triacetate 0 .016 
Methyl substituted 0.00075 

aromatic 



ADDITIONAL DATA 
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Location 

l 

2 

3 

4&5 

6 

7 

8 

TABLE 2. PARAMETERS SAMPLED FOR COAL AND OIL FIRING 

Parameter 

FUEL (coal & 011) 
C, H, N, S, ash, 
llX)1sture, 
heating value 
lnorgan1cs 

COMBINED BLOWOOWN 
Alkalin1tyJac1dity 
pH 
conduct1v1ty 
hardness 
TSS 
nitrate 
1ulfat1 
1ul f1tt 
pho1ph1t1 
1nrnon11 
n1tro91n 
organ1ca 

FLYASH 
1norgan1cs 
organics 

Sampling Method 
Grab 

Compos1te dipper 

Compos 1 tt grab 

FLUE GAS (inlet & outlet) 
CO Continuous, Beckmtn 

"CO 
NO,N02/NOX 
N2,02 

SOz 

SOJSO~ 
H1to4 ... c1. HF, 
p rt1cul1t1 1ulfat1, 
total hydrocarbons 
(11 CH.) 
c1 - C: organics 

particulate & vapor 
particulate s1z1ng 

SCRUBBER CAKE 
1norvanics 
organics 

BOILER & SCRUBBER 
f'AKEUP WATER 
organics. 
1norgan1cs 

SCRUBBER MAKEUP 
SOL JDS 

Hodel 865 
Grab (bag) 
Grab (bag) 
Continuous, TECO 
Model lOA 
Grab (bag) 
Continuous, TECO 
Modtl 41 
Gok1oyr-Rou 

Continuous, Beckman 
Model 400 
Grab (bag) 
SASS 
Method 5 
Anderson impactor 
SASS 

Composit. grab 

Top grab 

. Grab 
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Ana1ys1s 

Ultimate (lab) 

Leve 1 JI (lab) 

On-site HACH kit 

Ltvtl 1 & 2 (lab) 

Level 1 & 2 (lab) 
Level 1 & 2 (lab) 

Direct reading 

GC (TCD) on site 
GC (TCD) on site 
01 rect read1 ng 
Gt (TCD) on site 

D1rect reading 

LIYtl 2 (lab) 

Direct reading 

&C (FID) on site 
Level 1 (lab) 
LIYtl 2 (lab) 
Level 1 
Level 2 

Level 1 & 2 (lab) 
Level 1 & 2 (lab) 

Level 1 (lab) 
Not requ1 red 

Not requt red 



TABLE 3. ANNUAL EMISSIONS 

l9f )'tir 
Pollutant Scnbber Inlet Scnibber Outlet 

C.0.1 firing Oil Ffrtng Coal/On Coll firing on F1rtn9 Coal/Otl 

&iseous 1'0.a ( &S M>z) 51G.110 1'4,Z30 3.05 442,SZO 157,390 2.81 

SOz l .lZJ ,,lOU 906,202 1.24 36.800 24,453 1.51 

S03 6,184 7 ,249 0.85 4, 157 5,183 0.80 

so4 '7,214 20,894 3.22 a.110 8,303 O.tl 
co 16,119 4,991 3.23 14.497 4.845 2.99 
Or91nics {as Cff4) 5,870 2,272 2.58 6,377 2,500 2.55 

t1 • "t <5,606 <4,164 <S,606 <4,1'4 

C7 • Cl6 345 155 2.22 274 18 15.2 

CJ6+ Z,311 z.•1 0.97 335 392 0.85 
Toul Part tcu lates z.tfl ,7eio 53,832 55.6 18,156 13,686 1.31 

<1,1 11,691 11,359 1.03 

w 1 - 311 S,651 1,642 3.45 
I 

O'\ 3 • 10ti 1.JZO 634 1.93 
O'I Os >IDJI 188 

-1/YHr 

Uqu1d Blowdown/Wlste Wlter '76,000 "' 76,000 "' 1 "'U.,000 "'16,000 "' l 

Cooling Mater ...-.ooo "'86,000 "' 1 86,QOO "'86,000 "' l 

So ltd Botto. Ash ... 778,600 "' 7,600 '\. 103 ... 1n.'°° ... 7 .600 ""103 

Fly Asb '1.1.800,000 "' 15,000 "' 120 ,1 .... 000 "'15.ooo "'120 

Scrubber ~le 0 0 a.054,loo 3,011,000 Z.67 

•Ass•fn9 JOOS loed, 45 web per ,..r (7,5" ... s/,rear). 
t 
Tltest vllues rtprnent Ut detecUOI Jflltt Of U. f111tn.tnt 11std. 

t These rl1uts repr11111t ofl ftrfllf p1rttc11J1t1 wttll • •t•f- of cNl uh co11tuf111tf011. 



= TABLE 4-12. so2• SOr aod so4 EMISSIONS FROM COAL AHO OIL FIRING 

Pollutant Oil Oil 
Test Scrubber Scrubber % of Fuel Removal Test Scrubber Scrubber i of Fuel Removal 

Inlet Outlet Su 1 fur Found Effi- Inlet Outlet Sulfur found Effi-
ng/J ng/J in Flue Gas ciency ng/J ng/J in Flue Gas ciency 

at Inlet % at Inlet i 

so2 201-1 1280 37.8 92 97 202-1 940 32.2 92 97 
201-4 937 47.8 94 95 202-4 874 19.2 90 98 

503 201-1 7.2 4.9 0.4 33 202-1 7.5 5.3 0.6 29 
w 

201-4 4.9 3.3 0.4 32 202-4 8.4 6.0 0.7 28 I 
CJ'\ 
~ 

= 
so4 201-1 66.3 8.0 3 88 202-4 22.9 9.1 1.6 60 

Total 201-1 95 202-4 92 



Toul Orta•tu • .. ,.3 (Ml 
1.14 

C&tetof'Y 

Alt,...ttc 111*·ocH'.._ .. 
...... tt.~r'MllS Ill 

CltlertuiM ~ 

sn1-
11'-~ltc S.1fllr 
~ 

T111ou,_,1 C.....-
11tro<......--
(lMn 

Esten 
AalMs 

w Alcohols I 

°' 1>1,cols 
OJ 

"'-ls 
c.no..,11c Acta 

S.lfoatc Act• 

Silt cues 

• •t a..1,,.... 

TABLE 4-24. srnt1ARY OF THE INFRARED ANALYSIS OF ORGANICS 
FROM OIL ANO COAL COMBUSTION 

LC! LO LCJ LC4 lCS LU 

on llaat C..1 IU ll&lll CNl 011 11 ... C..1 011 llaM: C..l Otl .... C..1 OU 
0.09 O.GZ 0.06 G.OS 0.03 O.IZ 0.03 0.01 l.l1 1.04 0.82 I.ts l.ZI 

l•teutt1 

DI DI DI Ill Jiii .. .. .. .. .. .. DC DI DI Ill .. .. .. .. .. 
Ola 

Ill .. .. .. .. .. .. .. ... .. 
DI .. ... a. 
DI .. Ill DI .. DI Ill Ill DI .. .. 

DI .. .. DI Ill 

DC 

0 . At least OM species s11S11«tacl prnttt. " . 9'ajer~t. I . At lust - SfKllS l'RH•t. • . ltt9W '-8cDt . 

LC7 T~I 

Iha COil Ot1 lhtlk C..1 Oil tluit 
0.11 0.06 0.02 1.70 t.Sl 1.11 

la 

la 

.. 
ca a. 

DI IPI DI Ill 
QI m. cm 
la 

DI llt DI 

Ill 

DI Ill JIM DI 

DC 



TABLE 1. INPUT DATA USED IN PLUME HEIGHT CALCULATIONS 

Coal Oil 

Stack Temperature (OC) 51. 7 55.6 

Ambient Temperature (OC) 20.0 20.0 

Stack Velocity (m/s) 16.44 16.44 

Stack Area (m2) 0.245 0.245 

Stack Height (m) 10. 0 10.0 

Wind Speed (m/s) 4.0 4.0 
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TABLE 2. PROCESS SAMPLES ANALYZED BY GC/MS 

SAMPLE NU!1BER S/\MPLE DESCRIPTIOrl 

201-2-1-S-KD Coal-fired, Test #2, concentrated field extraction of 4 liters 
of scrubber water. 

201-3-1-S-KD Coal-fired, Test #3, concentrated field extraction of 4 liters 
of scrubber water. 

202-2-1-S-KD Oil-fired, Test #2, concentrated field extraction of 4 liters 
of scrubt>er \·Jater. 

202-3-1-S-KJ Oil-fired, Test #3, concentrated field extract1on of 4 liters 
of scrubber water. 

202-2-1-S Oil-fired, Test #2, unconcentrated field extraction of 4 liters 
of scrubber water. 

202~3-l-S 

201-2-1-B-S-KD 

201-3-1-B-S-KD 

202-2-1-B-S-KD 

202-3-1-B-S-KD 

201-2-18-3-5-KD 

201-2-1-B-S 

?01 -2-1 -B-<; 

Oil-fired, Test #3, unconcentrated field extraction of 4 liters 
of scruouEr water. 

Coal-fired, Test #2, concentrated lab base/neutral extraction 
of 2 liters of field extracted scrubber water. 

Coal-fired,.Test #3, concentrated lab base/neutral extraction 
of 2 liters of field extracted scrubber water. 

Oil-fired, Test #2, concentrated 1ab base/neutral extraction 
of 2 liters of field extracted scrubber water. 

Oil-fired, Test #3, concentrated lab base/neutral extraction 
of 2 1iters of field extracted scrubber water. 

Coal-fired, Test #2, concentrated lab base/neutr3l extraction blank. 

Coal-fired, Test #2, unconcentrated lab base/neutral extraction 
of 4 liters of field extracted scrubber water. 

Coa1-firr><I. 1 .. ·:.t 11'1. uncnnc•~ntrated 1~b base/neut.ra1 extraction 



l02-2-1-8-S 

202-3-1-B-S 

201-2-18-8-S 

201-2-1-A-S-KD 

201-3-1-A-S-KO 

202-2-1-A-S-KD 

202-J-1-A-S-KO 

201-2-1-18-A-S-KD 

201-2-1-A-S 

(,,.) 
I 

....... 201-3-1-A-S ....... 

202-2-1-A-S 

Z02-3-1-A-S 

201-2-18-A-S 

201-2-SC-S-KO 

201-3-SC-S-KD 

202-2-SC-S-KO 

l02-3-St-S-KD 

TABLE 2. (Contfnued) 

Oil-fired, Test 12, unconcentrated lab baseJneutral extraction 
of 2 liters of field extracted scrubber water. 

Oil-fired, Test #3, unconcentrated lab base/neutral extraction 
of 2 liters of field extracted scrubber water. 

Coal-fired, Test 12, unconccntrated lab base/neutral extraction blank. 

Coal-fired, Test #2, concentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Coal-fired, Test 13, con~entrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Oil-fired, Test 12, concentrated lab acid extraction of 2 liters 
of field extracted scrubber vater. 

Oil-fired, Test 13, concentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Coal-fired, T2st #2, concentrated lab acid extraction blank. 

C\Jal-fired, Test #2, unconcentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Coal-fired, Test #3, unconcentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Oil-fired, Test #2, unconcentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Coal-fired, Test #2, unconcentrated lab acid extraction of 2 liters 
of field extracted scrubber water. 

Coal-fired, Test #2, unconcentrated lab acid extraction blank. 

Coal-fired, Test #2, concentrated lab ext~action of scrubber cake. 

Coal-fired, Test #3, concentrated lab extraction of scrubber cake. 

Oil-fired, Test #2, concentrated lab extraction of scrubber cake. 

Oil-fired, Test #3, concentrated lab extr~ction of scrubber cake. 



TABLE 2. (Continued) 

201-3-FA-S-XD Coal-fired, Test #3, concentrated lab extraction of fly ash. 

201-2-SCB-S-KD Coal-fired, Test #2, concentrated lab extraction blank. 

201-2-SC-S Coal-fired, Test #2, ~~concentrated lab extraction of scrubber cake. 

201-3-SC-S Coal-fired, Test #3, unconcentrated lab extraction of scrubber cake. 

202-2-SC-S 

202-3-SC-S 

201-3-FA-S 

201-2-SCB-S 

Oil-fired, Test #2, unconcentrated lab extraction of scrubber cake. 

Oil-fired, Test #3, unconcentrated lab extraction of scrubber cake. 

Coal-fired, Test #3, unconcentrated lab extraction of f1y ash. 

Coal-fired, Test.#2, unconcentrated lab extraction blank. 



TABLE 3. OVERALL SIZE DISTRIBUTION 

201-1- 201-1-I- 202-4-1-
Size Ranges Fl ya sh Cyclone Cyclone 

<3.2µm 20.8% 39.6% 21.2% 
3.2-6.4 21 .3% 26.9% 28.1% 
6.4-12.8 19.9% 17.0% 26.6% 

12.8-19.2 17. 6% 9.9% 11.3% 
19.2 .. 32.0 12.0% 5.2% 8.9% 
32.0-48.0 5., % 0.9% 2.5% 
48.0-64.0 2.3% 0.5% 0.5% 
64.0-96.0 0.5% o.o 1.0% 
96.0-128 0.5% 0.0 o.o 
>l28µm 0.0 o.o o.o 

Arithmetic Mean 13. 4µm 6.63µm 10.4µm 
Diameter 

201-1-I- 201-1- 202-4-
Size Ranges Filter Scrubber Cake Scrubber Cake 

<l.Oµm 19.6% 33.0% 37.7% 
1.0-2.0 22.5% 20.9% 29. 1 % 
2.0-3.0 16.7% 13. l % 11 . 2% 
3.0-4.0 10. 5% 10.2% 9.9% 
4.0-6.0 12.0% 1o.7% 7.2% 
6.0-8.0 8.6% 5.3% 2.2% 
8.0-10.0 4.3% 2.4% 0.4% I 

10.0-14.0 2.9% 2.4% 1. 3% 
14.0-20.0 1.0% 1.5% 2.2% 

>20.0µm a.a 0.5% 0.9% 

Arithmetic Mean 3.32µm 2.99µm 2.78µm 
Diameter 
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TABLE 4. PLM ANALYSES RESULTS 

; Calcit!? / _J_I 
c~tcr ~ro~·~~ ____ L_ _ _____ _.__ __ 

Key: A - fstif".dtec weight percent 
B - £stir..atej mc.::c; i dia;~eter (.-m) 
C - Sizt r~n~e (~m) 

55-701. 20 

10-201 5 

10-201. 15 
1-5: 10 

<21 3 

I 
1-5~ 

30 1-80 

5-10~ 

50-65% 
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TABLE 10. ATOM CONCENTRATION AT A DEPTH OF 1400 A FOR GAS PARTICULATE SAMPLES 

Element 201-1-1-Cyclone 201-1- I-Fi 1 ter 

Li 922 ppm 0.10% 

Na 1.05% 1.33% 

Mg 0.92l 0.77"J, 

Al 18.48% 19.28% 
I 

Si 18.74% 17 .88% 

K 3.23% 3.62% 

Ca 1.59% l. 91% 

Ti 0.88% 0.89% 

v 294 ppm 310 ppm 

Cr 322 ppm 279 ppm 

Mn 304 ppm 314 ppm 

Fe 4.82% 4.02% 

Sr 752 ppm 784 ppm 

Ba 232 ppm 268 ppm 

0 

*Concentrations at 1200 A depth. 

I 
I 

201-1-0-Fi l ter 202-4-1-Cyclone 202-4-1-Filter 

770 ppm 0.11% 291 ppm 

22.84% 2.27% 9.57% 

1. 34% 1 .06% 4. 51% 

9.17% 11.7% 8. 1% 

10.42% 22.44% 12.3% 

2.55% 2.75% 3.32% 

2.17% 2.62% 3.75% 

0.15% 0.42% 0.26% 

187 ppm 0.97% 3.06% 

141 ppm 760 ppm 670 ppm 

140 ppm 251 ppm 759 ppm 

1.21% 5.44% 4.87% 

119 ppm 758 ppm 445 ppm 

42 ppm 449 ppm 516 ppm 

202-4-0-Filter* 

37 ppm 

10.36% 

2.44S 

5.04% 

23. 13% 

2.68% 

3.55% 

890 ppm 

1.22% 

203 ppm 

298 ppm 

l .42% 

99 ppm 

42 ppm 



TABLE 13. ELEMENTS SHOWING POSITIVE ENRICHMENT TRENDS 

Coal Oil 

Sb, As, Ca, Mg' 
B, Cr, Sb, As, 

Mn, Ni , Cd, Cr, 

V, Zn, Co, Mn, 
Se, Zr, Mo, Ni , 

V. Zn, Se 
\.--------·-··--·-'----------·--·· ··--- --- ----··--· --· 

TABLE 14. FLUE GAS CONDITIONS ACROSS THE SCRUBBER 

Average Gas l 
502 Mass Flow Across 

Concentration, Loading, the Scrubber, 
ppm mg/m3 dscm/min I 

Coal 1 
I 
I 

201-1-I 1114 7180 89.3 
I 201-1-0 33.8 48 

201-4-I 913 8660 

201-4-0 48.2 53 

Oil 

202-1-I 2969 452 

202-1-0 33.2 55 

202-4-T 1009 182 152.7 

202-4-0 22.2 46 
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TABLE 15. TOTAL SULFATE VALUES FROM THE MODIFIED METHOD 5 TRAIN 

Sulfate Extraction Values (mg/m3) 
Sample Hot H20 Extraction HN03 Extraction Total 

201-1 Coal Inlet 

Probe 0.2 --
Cyclone (>3µ) <100 107.0 107.0 
Filter 36. 7 10. 2 46.9 

Inlet Total 36.7 117. 4 154. 1 

201-1 Coal Outlet 

Probe -- -- --
Fi 1 ter 18.6 0.5 19. 1 

-- -Outlet Total 18.6 0.5 19. 1 

202-4 Oil Inlet 

Probe -- 29.0 29.0 

Cyclone {>3µ) 10.4 0.7 11 . 1 

Filter 29.3 1.0 30.3 
-- - --

Inlet Total 39.7 30.7 70,4 

202-4 Oil Outlet 

Probe -- 3.5 3.5 

Filter 24.5 <0.33 24.5 
-- -- --

Outlet Total 24.5 3.5 28.0 
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TABLE 16. FTIR BANDS, cm 

Coa 1 Filter Oi 1 Filters 

Outlet NaHS04 · H20 Inlet Outlet 
--

653 ( w, sh) 650 (sh) 

773 (w) 775 (m) 

857 ( s) 865 ( s) 863 (s) I 872 ( s) 

1038-1160 ( s' b) 1040-1080 (b) 1047 ( s) 1040 ( s) 

1235 ( rn) 1150-1350 (vb) 1155 (s) 1160 ( s ) 

1660 (b) 1645 (b) 1645 ( b) 

TABLE 17. H2so4 CONCENTRATION, mg/dscm (ppm) 

Run Inlet Outlet Scrubber Efficiency ( % ) l 
201-1 20.7* (5.09)* 14.3 (3.51) 31 

201-4 15.5* (3.80)* 11. 0 (2.69) 29 

Average 201 18. 1 12. 7 30 

202-1 25.2 (6.19) 17.9 (4.39) 29 

202-4 31.6 (7.74) 22.7 (5.58) 28 

Average 202 28. 4 l 20. 3 29 
-·-- ________ ..,_ -·-----

*Values corrected (+12%) for loss of H2S04 to fly ash on filter. 
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TABLE 3-2. 1976 STEAM GENERATION AND FUEL CONSUMPTION DATA FOR 
BOILER NUMBER 4 

Tota1 Steam Steam Coa1 Of1 
ste1111 generated generated Use4 to used to 

generated by c:oa 1 by 011 fire ff re 
Month by unft ffrfng ff ring unf t unft 

Pounds Pounds Pounds Pounds/fot>nth Pounds/Month 

J1\NUAJ1Y 63,191,120 llO!tE 63,191,lLO NONE 479,630 

FEBRUARY 56,731,84? NONE 56,731,849 ~:Ot.;E 426,064 

MARCii 59,284,345 NOllE 59. 264 ,346 NOflC: 437 ,4 32 

APRIL 65,082,129 NONE 65,082,129 NOllE 481,852 

H.\'t' I 54,663,247 tlOllE 54 ,663,247 tlONE 41)0,942 

JllilE I 24,615,l74 NONE 24,615,374 NONE 

I 
181. 7aS 

.JULY I 64 ,379 ,436 lit.HE 64,379,4:16 llONE 470,111 
AUGUST 32, 18S, 973 llONE 32 .185. 97 J NC11f 407 ,.1e i 

S€PmtBER 17,249,137 NCrJE 17,249,137 llONE 125,047 

O~TOllER 67,991,950 45,367,432 22,614,Sltl 3,BOIJ,t\00 165,614 
NOVH~OER 61,173,241 59, 149 ,63S 3,023,606 s, 183 ,440 23,822 

i)£Crn:lER 70,591,100 67,407,612 3, 183,488 5,733,SCO 23 ,4G3 
-· . 

TABLE 3-3. 1977 STEAM GENERATION AND FUEL CONSUMPTION DATA FOR 
BOILER NUMBER 4 

Total Steam Steam Coa1 011 
stum generated generated used to used to 

Month 
generated by co11 by of 1 ff re ff re 
by unft ff ring ff r1ng unf t unf t 

Pounds Pounds Pounds Pounds/Month Pounds/Month 

JAHUARY 64,436,850 54 ,930,366 9,5C6,484 4,031,160 70,554 

FEBRUARY 63,7137 ,500 55,303,646 8,~03,054 4,092,600 17,053 

MARCH 61,963,Zll 54,338,243 7,624,988 4 ,81!15 ,200 12, 165 

APRIL 61,350,362 58,033,817 3,316,545 4,875,820 24,567 

MAY 69,071,439 53,370,917 15,692,522 4,710,700 118 ,251 

JUflf 67,044,394 60,757,611 6,286, 703 5,038.~20 46,492 

JULY 12,301,200 10,634,135 1,667,065 810,840 11,703 

AUG!JST 48,932,444 41,596,830 7,335,614 3,4S8,880 59 ,448 

S£PTEMOER 65,526,263 60,504 ,4-19 5,021,014 5,408,900 37,750 

OCTODF.R 72,127,225 50,656,817 21,470,409 4, 176, 380 160,074 

llOVEMBER 54,799,650 43,500,403 11,299,247 3,690,060 64,153 

*DECEMDER . . . - -
*At lhe time that this table was developed no 1nformatton was available for Dec:ember 1977. 
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TABLE 3-4. NUMBER OF DAYS THAT BOILER WAS OFF-LINE FROM 1 JANUARY 1976 
TO NOVEMBER 1977 

No. of days off-line l 
Month 1976 l':JI/ 

JANUARY -- --
FEBRUARY -- --
HARSli -- 3 

APRIL -- 2 

MAY 9 -~· 

JUNE 19 --
JULY 1 23 

AUGUST 10 8 

SEPTrnBER 20 1 

OCTOOER -- --
IWV0:3ER 1 6 

OECEMGER -- * 
Total 68 45 
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TABLE 5- 1 . SUMMARY OF TEST CONDITIONS - COAL FIRING 

Test Steam Production Rate % of Nominal % 02 at Estimated % 
No. kg lbs. Maximum Coal Feed Scrubber Excess Air 

steam/hr steam/hr Load Rate, Inlet* to Furnacet 
kg/hr 

200 39,700 87,500 87.5 3629 7.8 20 

201-1 44,200 97,500 97.5 3629 8.2 20 
201-2 43,100 95,000 95.0 3629 8.4 20 
201-3 34,000 75,000 75.0 3175 8.3 20 
201-4 40,800 90,000 90.0 3629 6.7 20 

* Due to air leaks in ducting upstream of the scrubber inlet, tabulated o
2 va1ues are not representative of combustion zone 02 concentrations. 

Combustion zone Oz concentrations nonnally range from 3 to 4% for this unit. 

t % excess air is estimated 
where: 

02 - C0/2 
to be 100 x 0.264 Nz - (02 - C0/2~ 

02 was assumed to be 3.5% and other species concentrations are computed 
from fuel analyses. 

TABLE 5-2. FRACTION OF FLUE GAS PROCESSED BY THE SCRUBBER 
DURING COAL COMBUSTION 

Test No. Flow Rate % of Design Total Fraction of 
at Scrubber Load Flue Gas Total Flue Gas 

In1et, * Flow Rate, Processed by 
dscm/min dscm/min* the Scrubber 

200 99 56 754 0 .13 
201-1 91 51 761 0 .12 

201-2 89 50 798 0.,, 
201-3 98 55 684 0 .14 
201-4 102 58 706 0., 4 

Average 96 54 741 0 .1 3 

* Dry standard cubic meters per minute (dscm/m1n). 
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TABLE 5-3. SUMMARY OF ULTIMATE COAL ANALYSES 

Test Number 

Weight % 200 201-1 201-2 201-3 201-4 Average (J * 

Moisture 8.44 7.37 6.54 7 .18 6.23 7. 15 0.86 
Carbon 71.69. 70.62 73.30 71 . 94 72.97 12 .1 o l. 07 
Hydrogen 4.33 4 .18 4. 31 4.27 4.30 4.28 0.06 
Nitrogen 0.86 1.00 0,88 0.87 0.98 0.92 0.07 
Chlorine 0. l 0 0 .10 0. 12 0. 13 0.15 0. 12 0.02 
Sul fur 1.64 2.00 1. 38 1.68 1. 50 1.64 0.23 
Ash 8.94 11 .19 9.41 9.85 10. 09 9.90 0.85 
Oxygen 4.00 3.54 4.06 4.08 3.78 3.89 0.23 
kJ/kg 29,263 28,872 29,997 29,419 29,874 29,485 459 

* a • One standard deviation. 
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TABLE 5-9. SUMMARY OF CRITERIA POLLUTANT EMISSIOHS-COAL FIRING 

Test No. ng/J (lb/MM Btu) 
NOX co so2 HC* c1 - c6 c7 - c16 Organics Total 

(as CH4) Higher Particulates 
(as N02) Organics Organics Than 

C16 

200 Inlet 417 20.7 1009 3.79 <5.49 0.34 2.28 2361 
(0. 97) (0.05} {2.35) ( 0. 01) (<0.01) (0.00) (0.01) (5.49) 

200 Outlet 367 18.5 25.4 4.22 <5.49 0.27 0.33 14.3 
(0.85) (0.04) (0.06) (0.01) ( <0 .Ol) (0.00) (0.00) (0.03} 

201-1 In 1 et 491 16. 5 1284 4.35 <5.65 3122 
(1 . 14) (0.04) (2.99) (0 .Ol) (<0.01) (7. 26) 

201-1 Outlet 457 15~ 7 39.0 5.22 <5.65 20.9 
( 1.06) (0.04) (0.09) (0.01) «o .01} (0.05) 

201-2 Inlet 455 17.7 1295 0.88 <5.75 w 
( l . 06) (0.04) (3.01) (0.00) (<0.01) I 

00 
.i::. 201-2 Outlet 358 15. 9 35.5 1.33 <5.75 

(8.33) (0.04) (0.08} (0.00) ( <0. 01) 

201-3 Inlet 330 16 .2 1028 10.9 <5.69 
(0.77) (0.04) {2.39) (0.03) (<0.01) 

201-3 Outlet 258 12.7 31.8 10. 9 <5.69 
(0.60) (0.03) (0 .07) (0.03} (<0.01) 

201-4 Inlet 409 8.56 942 8.95 <5.06 3370 
(0.95) (0.02) (2.19) (0.02) (<0.01) (7 .B4) 

201-4 Outlet 420 8.95 49.7 9.73 <5.06 20.6 
(0.98) (0.02) (0.12) (0.02) ( <0. 01) (0.05) 

Average Inlet 421 15.9 1112 5.79 <5.53 0.34 2.28 2951 
(0.98) (0.04) (2 .59) (0.01) {<0.01) (0.00) (O.Ol) (6.86) 

Average Out1 et 372 14.3 36.3 6.29 <5.53 0.27 0.33 18.6 
(0.87) (0.03) (O. 08) (0.01) ( <0.01) (0.00) (0.00) (0.04) 

* Total hydrocarbons as determim~d by flame ionization <letection (FIO) analysis. 



TABLE 5-10. SUMMARY OF CRITERIA POLLUTANT EMISSIONS - COAL FIRING 

Test No. kgthr 
NO co S02 

RC , - c6 C7 - cl6 High Total 
x (as CH4) Molecular Particulates 

. (as N02) Organics Organics Weight 
Organics 

200 Inlet 45 2.2 106 0.40 <0.59 0.04 0.25 248 

200 Outlet 39 2.2 3.0 0.56 <0.59 0.001 0.004 1.7 

201-1 Inlet 51 1.7 134 0.45 <0.60 324 

201-1 Outlet 46 1.6 3.9 0.53 <0.60 2 .1 

201-2 Inlet 49 1.9 139 0.09 <0.62 

w 201-2 Outlet 40 1.8 3.9 0.15 <0.62 
I 

CX> 
U'1 201-3 Inlet 30 1.5 97 0.97 <0.53 

201-3 Outlet 23 1 .1 2.7 1.01 <0.53 

201-4 Inlet 44 0.9 100 0.96 <0.55 362 

201-4 Outlet 46 0.9 5.2 l.00 <0.55 2 .1 

Average Inlet 44 1.6 115 0.58 <0.57 0.04 0.25 311 

Average Outlet 39 1.5 3.7 0.64 <0.57 0.001 0.004 2.0 
• 
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TABLE 5-11. COMPARISON OF CRITERIA POLLUTANT fMISSIONS 
WITH EMISSION FACTORS FOR UNCONTROLLED BOILE~S 

Pollutant ng/J (lb/MM Btu) 
Test Data Average Emission Factors 

Before Scrubber far Uncontrolled Sources* 

NOx (as N02 at full load) 491 (l.14) 343 (0.80) 

co 15.9 (0.04) 19 (0.04) 
so2 1112 {2.59) 1189 (2.77) 

Organics 5.79 ( o. al) 5.72 (0.01) 

Total Pa rt1cul ates 2951 (6.86) 3212 (7.47) 

.. 
Factors are computed from AP-42 values using the national average 
bituminous coal h1gher heat1ng value of 11,263 Btu/lb (Reference 6). 

Test 
No. 

200 

201-1 

201-2 

201-3 

201-4 

TABLE 5-12. SUMMARY OF NOx REDUCTION DATA 

Average NOx As N02 Average NO Removal by 
ng/J {ppm) Integrati~n Method* 

Inlet Outlet ng/J (ppm) at 
.o 

417 367 37 8.9 
(515) (456) (46) 

491 457 28 5.7 
(591) ( 551 ) ( 34) 

455 358 93 20.3 
(539) (424) ( 110) 

330 258 79 24.0 
(395) (309) (95) 

409 420 Not Significant 
(547) (564) 

The area between plots of inlet and outlet NOx concentrations vs t1me 
was integrated and averaged with respect to time to yield average 
removals. 
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TABLE 5-13. APPROXIMATE SCRUBBER INLET PARTICULATE SIZE 
DISTRIBUTION FOR COAL FIRING (PLM) -
TEST 201-1 

Particle Diameter 
Size Range, Microns 

<l 

l - 3 

3 - 10 

>l 0 

Approximate Numerical 
% 

6 

26 

40 

28 

TABLE 5-14. SCRUBBER INLET ANO OUTLET PARTICULATE 
SIZE DISTRIBUTION BY WEIGHT FOR COAL 
FIRING - TEST 201-1 

Aerodynamic Diameter Weight % 

Size, Range, Microns 
Scrubber Scrubber 

Inlet Outlet 

< 1 0.0017 62 

1-3 0.041 30 

3-10 2.24 7 

>10 97.7 1 

3-87 



TABLE 5-15. EMISSION RATES OF PARTICULATES FOR A 
COAL-FIRED BOILER IN TEMPORAL UNITS -
TEST 201-1 

Aerodynamic Diameter kg/hr 
Size Range, Scrubber Scrubber 

Microns Inlet Outlet 

<1 0.0055 1. 30 

1-3 0. 1 3 0.63 

3-10 7.3 0. 15 

:> 10 316.5 0.021 

Total 324.0 2. 10 

TABLE 5-17. SUMMARY OF SULFATE EMISSIONS DURING 
COAL FIRING - TEST 201-1 

mgLm3 
Inlet Outlet 

Water soluble 36. 7 (24~;} 18.6 (97%) 

Acid soluble 117.4 (76%) 0.5 (3 %) 

Total , 54. 1 l 9. 1 
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Removal 
Efficiency 

<O 

<O 

97. 9 

>99 '9 

99.3 



TABLE 5-21. MAJOR COAL PARTICULATE COMPONENTS - TEST 201-1 

Component 

Fused 
u'nfused 

Minerals 
Fe2o3 
Fe304 (magnetite) 
s102 
CaC03 

011 soot+ 

Coke 

CaS03.1/2 H20 and 
Unknown sulfate 

* Iron-aluminum s111cates. 
t See text for discussion. 

Approximate weight % 
Inlet Outlet 

15-30 
50-65 

1-5 15-25 
10 .. 15 
< 2 

1-5 

10-20 25-40 

< 2 

50-65 

TABLE 5-24. COMPARISON OF ORGANIC MEASUREMENT METHODS 
DURING COAL FIRING - TEST 200 

Method 

Total as CH4 (FID) 

c1 - c6 (GC) 

c7 - c16 (GC) 

c16 (Grav1metr1c) 

Organic Concentration 

mg/m3 

Inlet Outlet 

9 11 

! 12. 7* ~ 12. 7* 

0.81 0.652 

5.4 0.788 

% Change 

Not 
Significant 

-20 

-85 

*These values represent the detection limit of the instrument used. 
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TABLE 5-25. SUMMARY OF THE INFRARED ANALYSIS OF ORGANICS PRODUCED 
DURING COAL COMBUSTION - TEST 200 INLET (NOT CORRECTED FOR BLANK} 

LCl* I LC2 LCJ LC4 l LC5 LC6 LC7 

Total Organics, Sample/Blank. i Sample/Blank Sample/Blank SafTle/Blank Saq>le/Blank. 5.iaple/Blank Sample/Blank 

3 o. 1-4 0.02 0.06 0.03 O. l2 0.01 0.37 0.02 0.95 0.10 0.06 '11191• -- - -
I I 

Category Int.ens itl 

Aliphatic Hydrocarbons XM XH I XH XH I Xl:I x. x. 
Aromatic Hydrocarbons XH IM I XM 04 XH XII XII Xm 
Chlorinated Hydrocarbons I 0. 
Silicones I XIII Xm Xm 
Heterocyclic Sulfur Xm Xllll 

Comoo und s 
Thiocarbonyl Compounds I XIII 
Nitro Compounds XM XII 0. 0. 
Ethers 

I 
N/A XM I 

Esthers XM I XM XM I XM XM XM XH 
Alli des Xm Xm Om Olll 
Alcohols i I l X&1 Xm 
Glycols I I XM X.14 ; 
Phenols I Xm 

1 
' OM i ' 

Carboxyl ic Acids I Xm I XM XH XM XH i 

SHicates i Xm l I I 
I I I 

* LC fractionation was perfol"lled per standard level l analytical procedures. 
t O At least one species suspected present 

X At least one species present 
M Mdterial type accounts for 501 of the sample 
m = Mdterial type accounts for 10% of the sample 

I Total 

I Saaple/Blank. I 

1.70 0. 18 

I 
I 

l 
' 



TABLE 5-26. ORGANIC COMPOUNDS IDENTIFIED IN THE 
FLUE GAS DURING COAL FIRING* 

201-2 
'1Jg£m3 

Compound Name 
In Out In 

Propionaldehyde 170 380 54 

201-j 
Out 

Ethyl-n-butyl ether 2000 1500 910 1500 

Hydrocarbon (C6H14 ) 380 

Ch 1 oropropano l 

Unidentified Alcohol 4.0 

Ketone (MW 140) 3.9 6.9 

Methyl substituted aromatic l . 7 

As discussed in the text, these compounds are not considered to be 
directly asoociated with combustion. 

TABLE 5-31. SOLID WASTE PRODUCTION RATES - COAL FIRING 

Bottom 7ish Scrubber Cake+ 
Test kg/hr* -

µg/J kg/hr µg/J 

200 "'80 "v().75 , 100 10.2 

201-1 "'80 "v().76 1100 10.5 

201-2 "'80 '\,Q. 73 1200 11.0 

201-3 ~o 1\,().86 850 9 .1 
201-4 "'80 1\,().74 840 7.8 

15 tons a week 

3.9 

t Scaled up to represent scrubbing of 100% of the flue gas for boiler 
number 4. 
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TABLE 5-32. SCRUBBER CAKE MASS BALANCE FOR COAL FIRING - TEST 201-1 

Component 

Fly Ash Removed by Scrubber 
caso3·1/2 H20 Formed from so2 

Scrubbing and Na2S03 
Regenerat1 on 

CaS04, CaC03, Na2S04, Ca(OH)z· 
NaHS03 ana Na2S03 Losses 
(es ti mated) 

Water 
Total 

Contribution to Scrubber Cake 
kg/hr Weight % 

324 

262 

10-85 

429-504 
1100 

29.5 
23.8 

J9-1l6 

100 



TABLE 5-36. ANNUAL EMISSIONS - COAL FIRING* 

kq/year 
Pollutant Scrubber Inlet Scrubber Outlet 

Gaseous NOx {as HC>l) 500,810 442.520 
S02 l,127.300 36.800 
S03 6, 184 4.157 
S04 67,214 s. no 
co 16, l 19 14.497 
Organics (as CH4} 5,870 6,377 
Ct - C6 Organics <5.606t <5,606t 
C7 - Cty Organics 345 274 
High Mo ecular Height Organics 2,311 335 

Total Particulates 2,991,700 18,856 

0 - lµ 11 ,691 
1 - 3µ 5,657 
3 - 10µ 1,320 
>10µ 188 

H
3 /year 

Liquid Blowdown/wastewater "'76,000 "'76,000 

Cooling water "'86,000 1\,86,000 

kg/year 
Solid Bottom ash .... 71a,600 ...... 77s ,600 

Fly ash (mechanical separator)+" -1 ,soo.,ooo <"'l,800,000 
Scrubber cake t 0 

*Assuming 100% load, 45 weeks/year (7,560 hours/year). 
t These values represent the detection limit of the instrument used. 
f Assuming that the.mechanical separator is operating properly. 

I 

8,054,100 

"' IO 

Difference 

-12 
-97 
-33 
-88 
-10 
+ 9 
-

-21 
-86 

-99 
-
-
-
-

0 

0 

0 

0 
-



TABLE 6-1. SUMMARY OF TEST CONDITIONS - OIL FIRING 

Test Steam Production Rate 3 of Nominal % 02 at Estimated 
No. kg 1 b Maximum Qi 1 Feed Scrubb~r % Excess 

Steam/hr Steam/hr Load Rate, Inlet Air to + 
Ga 1 /hr Furnace 

202-1 45,400 100.000 100 900 5.8 21 
202-2 45,400 100,000 100 900 6.3 21 
202-3 44,200 97,500 97.5 880 6. 1 21 
202-4 42,200 93,000 93.0 805 4.0 21 

203 31 ,800 70,000 70.0 600 Not ..., ' c:: 
Measured 

* . . Due to air leaks in ducting upstream of the scrubber inlet, tabulated o2 values are not representative of combustion zone 02 concentrations. Combus
tion zone 02 concentrations normally range from 3 to 4% for this unit. 

+ t excess air 1s estimated to 

assumed to be 3.5% and other 
analyses. 

o2 - C0/2 
be 100 x 0 .264 N

2 
_ (Oz _ C0/ 2), where o2 was 

species concentrations were computed from fuei 

Test 
No. 

202-1 

202-2 

202-3 
202-4 

203 

Average 

TABLE 6-2. FRACTION OF FLUE GAS PROCESSED BY SCRUBBER 
DURING OIL COMBUSTION 

Flow Rate % of Total Flue 
at Scrubber Design Gas Fl ow 

Inlet,* Load Rate. * 
dscm/m1 n dscm/min 

193 109.0 824 

192 108.5 850 

189 107.8 818 

155 87.6 657 

171 96.6 537 

180 101 . 9 737 

* standard cubic meters per minute (dscm/min). Dry 

3-34 

Fraction 
Processed 

by the 
Scrubber 

0.24 

0.23 

0.23 

0.24 

0.32 

0.25 

~ 



TABLE 6-3. SUMMARY OF ULTIMATE OIL ANALYSES 

Weight % 202-1 202-2 202-3 202-4 203 * Aver~ge a 

Carbon 85.96 85.83 86.54 86.77 86 .29 86.28 0.39 
Hydrogen 10. 95 10.88 10. 95 10. 92 10.89 10. 92 0.03 
Nitrogen 0.31 0.34 0 .. 42 0.30 0.42 0.36 0.06 

Sul fur 2.08 1. 95 1.97 1. 97 1.85 1.96 0.08 

Ash 0.02 0.02 0.02 0.01 0.02 0.02 0.004 

Oxygen 0.68 0.98 0., 0 0.03 0.53 0.46 0.40 

kJ/kg 40,741+ 

* a• One standard deviation. 
+ The heat content of the oil burned 1s nearly constant at this value; 

individual values were not available. 
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TABLE 6-4. CONCENTRATION OF MAJOR TRACE ELE."1ENTS IN OIL 
(TEST 202-4) 

Element ppm in Typical Reference 
Fue1 011 Range* 

Ca 5.50 No Data 
Mg < 0. 4 No Data 

Sb 0.03t 0.002-0.8 
As 2.0;t 0.0006-1 .1 

B <O. 15 No Data 
Cd <3,5 No Data 

Cr 2.2 0.002-0.02 

Co < 1 . 25 No Data 
Cu 1.40 No Data 
Fe 12.3 0.003-14 1 ,2 

Pb 2.6t No Data 

Mn 0.4t 0.001-6 

Mo 2. 9 t <0.1-1.5 

Ni 16.0 14-68 3 
v 36.5 15-590 3 

Zn 3.0 No Oa ta 

Se 0.7t 0.03-1 

Sr 0.23 No Data 

Al 3.5 No Data 
Zr <0.05 No Data 

** Be <0.05 No Data 

Hg 0. 09 tt 0.02-30 1 

* Except for V and Ni • these ranges are for U.S. and foreign crude 0 ; 1 s. 
Ranges of V and Ni concentrations are for fuel oils. 

tvalues were calculated from concentrations at the scrubber inlet when 
ICPOES analysis provided upper 1imft data only. 

•Arsen1c concentratfon calculated from concentration at the scrubber 
inlet (see text}. 

** Perfonned by SSMS on a feed oil sample fro~ test 203. 
ttPerformed by cold ·1apor analysis on a feed oi1 sample from test 203. 
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TABLE 6-5. CRITERIA POLLUTANT EMISSIONS FOR AN OIL-FIRED 
INDUSTRIAL BOILER IN CONCENTRATION UNITS (5 TEST AVERAGE) 

Pollutant 
mgLNm 

Before Scrubber 
{GrainlSCF} 

After Scrubber 

NOX (as N02) 467 (0.20) 450 (0.20) 

co , 5 .3 (0.01) , 4. 9 ( 0. 01 ) 

S02 2763 (l.21) 74.3 (0.03) 

Organics (as CH4) 6.81 (0.00) 7.47 (0.00) 

Total Particulates 317 (0.14) 50.7 (0.02) 

TABLE 6-6. CRITERIA POLLUTANT EMISSIONS FOR AN OIL-FIRED 
INDUSTRIAL BOILER IN TEMPORAL UNITS (5 TEST AVERAGE) 

Pollutant 

NOX (as N02) 

co 

502 

Organics (as CH4) 

Total Particulates 

kg/hr (lb/hr) 
Before Scrubber After Scrubber 

22.2 (48.9) 21.4 (47.2) 

0.71 (1. 58) 0.69 (1.52) 

130.7 (288) 3.55 (7.83) 

0.34 (0.75) 0.36 (0.79) 

14.8 (32.5) 2.28 (5.03) 
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TABLE 6-7. CRITERIA POLLUTANT EMISSIONS FOR AN OIL-FIRED 
INDUSTRIAL BOILER IN THERMAL UNITS (5 TEST AVERAGE) 

Po 11 utant "6LJ Before Scrub er 
(lbLMM Btu~ 

After Scrubber 

NOX (as NOz) 168 {0.39) 161 (0.37) 

co 5.47 (0.01) 5. 31 ( 0. 01 ) 

so2 993 (2. 31) 26.8 (0.06) 

Organics (as CH4) 2.49 (0.01) 2.74 (0.01) 

Total Particulates 113 {0.26) 17.6 (0.04) 

TABLE 6-8. CRITERIA POLLUTANT EMISSIONS FOR AN OIL-FIRED 
INDUSTRIAL BOILER IN PRODUCTION RATE UNITS (5 TEST AVERAGE) 

mgLKg Steam {lb£1000 lb. steam) 
Pollutant Before Scrubber After Scrubber 

NOx {as N02) 499 (0.50) 482 (0.48) 

co 16. 1 (0.02) 1 5. 5 (0.01) 

so2 2945 (2.95) 79.7 (0.08) 

Organics (as CH4) 7.62 ( 0 .01) 7.99 (0.01) 

Total Particulates 331 (0.33) 51.6 (0.0S) 
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TABLE 6-10. SUMMARY OF CRITERIA POLLUTANT EMISSIONS - OIL FIRING 

k~/hr 
C7 - c16 Test No. Re c, - 6 Organics Total NOX co 502 (as Organics Organics Higher Particulates CH4) Than c16 

202-1 Inlet 23.7 0.69 128 0.39 < 0.63 22.4 
202-1 Outlet 22.7 0.64 4.35 0.45 < 0.63 2.74 

202-2 Inlet 24.0 0.71 146 0.61 < 0.64 
202-2 Outlet 22.4 0.66 3.98 0.66 < 0.64 

w 
I 

202-3 Inlet 24.l 143 0.25 '° 0.83 < 0.62 
0:.0 

202-3 Outlet 23.6 0.78 3.53 0.25 < 0.62 

202-4 Inlet 16.9 0.63 106 0.12 < 0.50 7 .13 
202-4 Outlet 16.9 0.67 2.33 0.08 < 0.50 1.82 

203 Inlet 0.02 0.25 
203 Outlet 0.00 0.04 

Average 22.2 0.71 131 0.34 < 0.60 0.02 0.25 14.8 Inlet 

Average 21 .4 0.69 3.55 0.36 < 0.60 0.00 0.04 2.28 Outlet 



TABLE 6-12. PARTICULATE SIZE DISTRIBUTION 
BY WEIGHT - TEST 202-1 

Aerodynamf c Df ameter 
S1ze Range. Microns 

Weight % 
Scrubber Inlet Scrubber Outlet 

<1 

1 - 3 

3 - 10 

>10 

20 83 

1 12 

74 5 

5 0 

=========================================·--================ 

TABLE 6-13. EMISSION RATES OF PARTICULATES 
FOR AN OIL-FIRED BOILER IN 
TEMPORAL UNITS - TEST 202-1 

Aerodynamic Diameter 
Ini et 

kg( hr 
Scrubber Out1et Size Range, Microns Scrubber 

<1 4.48 2.27 

1 - 3 0.22 0.33 

3 - 10 16.6 0. 14 

>10 l. 12 0.00 

Total 22.4 2.74 
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Removal 
Efficiency 

49.2 

<O 

97.4 

100 

87.8 



= TABLE 6-14. so2, so3, AND so4 EMISSIONS FROM OIL FIRING 

Pollutant Cone en- Mass Thennal Production % of Fuel Remova 1 
tration Emission Emission Emission Sul fur Efficiency 

mg/m3 Rate Rate Rate Found f n % 
g/hr ng/J mg/kg steam Flue Gas 

502 
202-1 Inlet 2582 127,500 940 2811 92 

202-1 Outlet 88.5 4,371 32.2 96.4 3 97 

202-4 Inlet 2689.2 106,060 874 2514 90 

202-4 Outlet 59.2 2,335 19. 2 55.4 2 98 

503 
202-1 Inlet 20.6 l ,017 7.50 22'".4 0.59 

202-1 Outlet 14.6 721 5. 31 15. 9 0.42 29 

202-4 Inlet 25.8 1 ,01 a 8.39 24 .1 0.69 

202-4 Outlet 18.6 734 6.05 17.4 0. 50 28 

• so4 
202-4 Inlet 70.4 2,776 22.9 65.8 1.58 

202-4 Outlet 28.0 , , 140 9. 10 26.2 0.63 60 

Total 
202-1 Inlet 93 

202-1 Outlet 3.6 

202-4 Inlet 93 

202-4 Outlet 3 .1 
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• 

TABLE 6-15. SUMMARY OF SULFATE EMISSIONS * 
DURING OIL-FIRING - TEST 202-4 

Inlet 
mg/m 

Outlet 

Water Soluble 39.7 (56%) 24.5 (88%) 
Acid Soluble 30.7 (44%) 3.5 (l 2%) 

Total 70.4 28.0 

See Appendix C, Table 15, for details. 

TABLE 6-20. CHLORIDE, FLUORIDE, AND NITRATE EM I SS IONS 
FROM OIL FIRING - TEST 202-4 

.,, 
Inlet Outlet Removal 

mg/m~ ng/J mg/m ng/J Efficiency 
i , 

Chloride (Cl-) 0.46-0.47 o. 15 0.22 -0.23 0.072-0.075 52 

Fluoride ( F-) 0.054 0.017 0.006-0.008 0.002-0.003 89 

Nitrate (No3·) 0.24 0.076 0 .102 0.033 57 

* Mass as the ion. 



TABLE 6-21. COMPARISON OF ORGANIC MEASUREMENT METHODS 

Organic Conc~ntration 
Test Method mglm %· Change 

Inlet Outlet 

202-1 Total as CH4 Not 
(continuous FID) B 9 S1gn1ficant 

202-1 c, - c6 (GC on 
bag samples) s12.7 ~12.7 

203 CA - c16 (GC on * S SS train samples). 0.469 0.07 85% 

203 >C15 * (Grav1metr1c on 7.27 1 • 2 83% 
SASS train samples) 

• The values for the XAD-2 res1n fraction were calculated using data 
obtained from similar sampling trains on four oil-ftred boilers. 

TABLE 4-21. CHLORIDE, FLUORIDE, ANO NITRATE 
EMISSIONS FROM COAL ANO OIL FIRING 

'••' '91t , . ,. 110 • 

l111tt °"''" "-"' l11let Outlet ..... , '"'It Owtht ....... 
"''" llf/tl lffl&le1K1, "'"' "''" lrft Ct tflCJ 1 "•N """ (tflc t '"". I I " 

CNI 101-1 •• 7 •O.C* •" o.u •O.OJ ••• •O.•I •O.H 

011 201·• 0.11 0.011.0.011 SO·ll 0.017 0.001·0.00J """ 1).071 O.Oll '7 
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TABLE 4-23. COMPARISON OF ORGANIC DETERMINATIONS 
DURING COAL AHO OIL FIRING 

Method Coal Fi~~ Oil Ff Ped 

Test Inlet Outlet % Change Test Inlet Outlet % Change 

Total as CH4 Not Not 
(Continuous FID) 200 3.8 4.6 Significant 202-1 Z.9 3.3 Sfgn1f1cant 

C1 - C5 (GC on Bag 
Samples) 200 ~5.4 ~5.4 202-1 ~4.6 ~4.6 

C7 - Cl6 (SC on SASS 
Traf n Saaples) 200 * 0.34 0.27 -20 203 0.17 * 0.02 -85 

>C(8ravimetric on * * w 200 2.3 0.33 -85 203 2.6 0.43 -83 I 
I-' SASS Train Sa~les} 0 
.i:o. 

* The values for the resin sample are calculated (see text). 



TABLE 4-30. SUMMARY OF c7 - c16 ORGANICS IN THE WASTE WATER 

Carbon mgll Carbon mgll 
Number Coai ~iring ~1, ~iring Number foa1 ~iring on ~tr~ng 

• 
C7 ND ND c, 3 ND ND 

Ca NO ND C14 0 .1 < 0. 1 

Cg ND ND cl 5 0 .1 < 0 .1 

c, 0 0 .1 < 0 .1 cl 6 ND ND 

c,, NO ND Total 
c,2 ND ND C7 - C16 0.4 < 0.3 

• ND means none detected. 

TABLE 4-31 • SOLID WASTE PRODUCTION RATES 

Test Bottom Ash Scrubber Cake"' 
kg/fir µg/J ~g7fir µg/J 

COAL FIRING 
* 200 "'80 "'753 1100 10.2 

201 -1 "'80 "'763 1100 10. 5 

201-2 "'80 "'735 1200 11.0 

201-3 "'80 "'857 850 9. 1 

201-4 "'80 "'738 840 7.8 

OIL FIRING 
202-1 < 1 < 7.4 400 2.9 
202·2 < , < 7.4 550 4., 
202-3 < 1 < 7.6 380 2.9 
202-4 < 1 < 8.3 Not Measured 
203 < 1 <1 l • , Not Measured 

.,, 
15 tons per week 

"'scaled up to represent scrubbing of 100% of the flue gas for boiler No. 4. 
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TABLE 4-32. ESTIMATED SCRUBBER CAKE MASS BALANCE 

Contribution to Scrubber Cake 
Component kg/hr Weight i 

Coa1* Oil* Coal* Oil* 

Fly Ash Removed by Scrubber 324 s 29 1 
CaS03·1/2 H20 Formed from 502 

Scrubbing and Na2S03 Regeneration 262 210 24 47 

CaS04, CaC03, Na2S03, Ca(OH)2 
NaHS04 and Na2S04 Losses (Estimated) 10-BS 6-35 1-8 1-8 

Water 429-504 193-222 ]9-46 44-50 
Total 1 , l 00 443t l 00 100 

• Coal firing data are from test 201-1 and oil firing data are from test 202-4. 
tTotal cake production rate was estimated from the average of tests 202-1, 
202-2 and 202-3. 
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TABLE 6-28. SOLID WASTE PRODUCTION RATES - OIL FIRING 

Bottom Ash Scrubber Cake * 
Test. kg/hr ng/J kg/hr µg/J 

202-1 <1 < 7.4 400 2.9 

202-2 <1 < 7.4 550 4 .1 

202-3 <1 < 7.6 380 2.9 
202-4 <1 < 8.3 Not Measured 
203 <1 <11 • , Not Measured 

tr 
Scaled up to represent looi of the flue gas for boiler No. 4. 

TABLE 6-29. ESTIMATED SCRUBBER CAKE MASS BALANCE 
FOR OIL FIRING - TEST 202-4 

Component 

Fly Ash Removed by Scrubber 

CaS03•1/2 H20 Formed from 502 
Scrubbing and Na2S03 
Regeneration 

CaS04, CaC03, Na2S04, Ca(OH)2 
NaHS03 and Na2S03 Losses 
(Estimated) 

Water 

Total 

Contribution to Scrubber Cake 
kg/hr Weight % 

5 

210 

6 - 35 

193 - 222 

* 443 

1 

47 

1 - 8 

44 .. 50 

, 00 

* Total cake production rate was estimated from the average of tests 
202-1, 202-2 and 202-3. 
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AIR EMISSIONS FROM COMBUSTION 
OF SOLVENT REFINED COAL 

A preliminary report (dated July 1977) on the use of solvent-refined coal 
in a utility boiler was summarized in an earlier data compilation. 3 This 

final report includes additional information on the industrial processes 

sampled plus additional analytical results for C7-C 1s organics; polynuclear 
aromatic hydrocarbons; infrared spectrometry and gravimetry for organics; 
atomic absorption analysis for Hg, As, and Sb; spark source mass spectrometry 
for inorganic elemental composition; and additional atomic absorption spectro
metry for selected elements of interest. For the sake of clarity all process 

descriptions, analytical results, and conclusions are presented (or reiterated) 
herein. 

SRC is a coal that has been cleaned or refined to remove high levels of 
sulfur and mineral matter so that burning of the coal will produce a cleaner 
effluent gas. This study involved the first attempt to burn SRC on a large 

scale in a conventional utility boiler. 
This study of SRC involved three sampling runs: 

I. Low-sulfur Kentucky coal (-1% sulfur), burned in an unmodified 
22.5 MW pulverized coal boiler. 

II. Low-sulfur Kentucky coal (~1% sulfur), burned in the same boiler 
with dual register burners. 

III. SRC, produced at the Fort Lewis, Washington, pilot plant from Kentucky 
coal having 4% sulfur and 10-12% ash, burned in the same boiler with 
dual register burners and appropriate modifications. 

Figure 4-1 (from the document) shows the sampling points for effluent gas 
sampling in this study. Gaseous grab samples, using Level 1 techniques, were 
employed for sampling and analysis for 02 , N2 , CO, C02 , and SOX. NO and SO 

x x 
were also monitored by continuous monitors, a thermal Electron NOx analyzer, 

and a Theta Sensor SOX monitor, located downstream from the precipitator. A 
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figure 4-1. Diagram of sempllng locations. 
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SASS train was used to sample effluent gases in runs II and III, and a Level 1 

inorganic and organic analysis protocol was performed on the SASS train samples. 
Solid grab samples of coal and SRC from runs II and III were collected for 

Level 1 inorganic analysis. In addition to these Level 1 analyses, GC/HS 

analysis for polynuclear aromatic hydrocarbons was also run on the SASS organic 
samples, the SRC, and the coal. 

Based on Level 1 results, two Level 2 SASS sampling runs and analyses 
were performed to further compare SRC and coal. Because nonvolatile hydro

carbons and polynuclear aromatic hydrocarbons had not been found in detectable 

quantities, only C7-C12 hydrocarbon analysis was run on these samples. Atomic 
absorption analysis was run on 17 elements that had been shown to be present 
in significant quantities by Level 1 SSMS. 

Significant results and conclusions of this study were: 

1. SRC is a feasible replacement fuel for low-sulfur coal. No major 
operational problems were encountered. 

2. 

3. 

SRC use produced significant reductions in emitted levels of so 
NO , and inorganics, as compared to low-sulfur coal. Emissions2~f 
SO~ from SRC would meet the present NSPS requirement of 0.52 kg/GJ 
input but might not meet newly proposed and more stringent NSPS 
requirements. (See Table 4-1.) It.should be noted that, althou 
NO levels are well below NSPS requirements, these tests were co~~ 
du!ted with abnormally high excess air, which lowers NO levels 
Further tests at normal conditions are recommended. x • 

Organic analysis showed no detectable levels of carcinogenic PAHs 
and levels of organics in the C1-C12 hydrocarbon range that were .... 
significantly different from low-sulfur coal. not 

It ; s s i gni fi cant to note that no samp 1 i ng or analysis was performed on 
the refining solvents or wastes from recovery of refining solvents. 

TABLE 4-1. SRC EMISSIONS 

Average Current Proposed 
emission NSPS new NSPS 

level requirement requirement 
(Kg/GJ input) (Kg/GJ input) (Kg/GJ input) 

0.46 0.52 26 

0.19 0.30 



LEVEL 1 

4-5 



TABLE 4-2. SPARK SOURCE MASS SPECTROSCOPY 
SRC SAMPLE 

(µg/g) 

u 1 Dy Rh Cr 3 

Th Tb Ru v 2 

Bi Gd Mo 6 Ti 30 
Pb 5 Eu Nb 0.3 Sc 0.1 
Tl Sm Zr 2 Ca 200 
Hg Nd y 0.9 K 20 
Au Pr Sr 2 Cl 3 

Pt 0.9 Ce 0.2 Rb 0.5 s 30 
Ir La 0.3 Br p 9 

Os Ba 4 Se 0.6 Si 300 

Re Cs 0.5* As 0.5 Al 10 
w I Ge 0.1 Mg 40 

Ta Te Ga 0.4 Na 30 

Hf Sb Zn 8 F 40 
Lu Sn Cu 4 B 10 
Yb In Ni 5 Be 0.2 
Tm Cd Co 0.2 Li 0.2 

Er Ag 0.2 Fe 30 

Ho Pd Mn 3 

*Elements designated as 11~11 were identified, but because of their low concen-
trations, could not be quantified as accurately. 
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TABLE 4-3. SPARK SOURCE MASS SPECTROSCOPY 
SASS TRAIN SAMPLE. JUNE 19. 1977 

(µg/g) 

u 19 Dy z Rh Cr 371 

Th 8 Tb 0.3 Ru v 241 

Bi Gd 1 Mo 17 Ti 13,290 

Pb 3 Eu 0.5 Nb 30 Sc 20 

Tl 0.5 Sm 2 Zr 113 Ca 49,830 
Hg Nd 2 y 42 K 798 

Au Pr 1 Sr 68 Cl 71 

Pt 0.2 Ce 8 Rb 1 s 730 

Ir La 6 Br 30 p 666 

Os Ba 44 Se 2 Si 10,950 

Re 0.1 Cs 0.2 As 43 Al 146 
w 1 I 1 Ge 12 Mg 10,950 

Ta 1 Te 0.2 Ga 29 Na 365 

Hf 1 Sb 2 Zn 87 F 24 

Lu 0.3 Sn 3 Cu 41 B 289 

Yb 2 In Ni 38 Be 10 
Tm 0.2 Cd 1 Co 8 Li 5 

Er 0.5 Ag 4 Fe 39,850 

Ho 1 Pd Mn 160 
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TABLE 4-4. SPARK SOURCE MASS SPECTROSCOPY 
SASS TRAIN SAMPLE, JUNE 16, 1977 

(µg/g) 

u 34 Dy 7 Rh Cr 70,415 
Th 24 Tb 2 Ru v 35,430 
Bi Gd 5 Mo 27 Ti 45,750 
Pb 5 Eu 2 Nb 63 Sc 30 
Tl 0.5 Sm 11 Zr 295 Ca 140,830 
Hg Nd 16 y 118 K 35,140 
Au Pr 5 Sr 149 Cl 16 
Pt 0.2 Ce 21 Rb 4 s 21.78~ 

Ir La 17 Br 3 p 36~200 

Os Ba 780 Se 10 Si 21,100 
Re 0.2 Cs 2 As 57 Al 211 
w 3 I 0.6 Ge 8 Mg 21,100 
Ta 1 Te 0.4 Ga 28 Na 331 
Hf 3 Sb 2 Zn 39 t: 19 I 

Lu 0.6 Sn 8 Cu 44 B 257 
Yb 4 In Ni 93 Be 14 
Tm 0.5 Cd 1 Co 18 Li 5 
Er 3 Ag 0.2 Fe 70,345 

Ho 4 Pd Mn 311 
:::a::::::::::sc:::c:=:~:;s:;.~~~~.:::re=rr-rrs:=rn:--.z:--=~ ..... ===.::~-~·-=-~~~~-:--~.""::"';;'"::::::;~·:=--.7;;:-:-;.:-_r._;._-=::_--;;::_~~-;.. 
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Sample 

SASS train 

Sample 

Sample I 

Sample II 
= 

Sample 

SASS train 

TABLE 4-5. ATOMIC ABSORPTION ANALYSIS 
SRC SASS TRAIN SAMPLE, JUNE 14, 1977 

{µg/m3) 

As Hg 

1.42 2.06 

TABLE 4-6. ATOMIC ABSORPTION ANALYSIS 
COAL GRAB SAMPLES, MAY 25, 1977 

(µg/g} 

As Hg 

2. 9 0. 3 

TABLE 4-7. ATOMIC ABSORPTION ANALYSIS 
COAL SASS TRAIN SAMPLE, MAY 25, 1977 

(µg/m3) 

As Hg 

2.32 0.57 

4-9 

= 
Sb 

3.57 

Sb 

1. 7 

Sb 

4.55 



Sample 

Sample I 

Sample II 

Sample 

SRC 

TABLE 4-8. ATOMIC ABSORPTION ANALYSIS 
SRC GRAB SAMPLES, JUNE 14, 1977 

(µg/g) 

As Hg 

1.8 0.8 

TABLE 4-9. ATOMIC ABSORPTION ANALYSIS 
COMBINED PARTICULATES AND XAD-2 RESIN 

(ppm) 

As Hg 

14 . 045 

Sb 

0.1 

Sb 

ND 

ND= None detected, antimony detection limit is 0.005 ppm 

Date 

June 19, 1977 

TABLE 4-10. ATOMIC ABSORPTION ANALYSIS 
COMBINED PARTICULATES AND XAD-2 RESIN 

(µg/m3) 

As Hg 

21. 55 11. 66 

4-10 

Sb 

1. 76 



Date 

June 16, 1977 

Date 

Coal 

SRC 

TABLE 4-11. ATOMIC ABSORPTION ANALYSIS 
COMBINED PARTICULATES AND XAD-2 RESIN 

(µg/mS) 

As Hg 

78.72 6.73 

TABLE 4-12. · ATOMIC ABSORPTION ANALYSIS 
COAL AND SRC 

(µg/m3) 

As Hg 

2.32 0.57 

1.42 2.06 

4-11 

Sb 

1.89 

,------.. .::·~ .. ~ 

Sb 

4.55 

3.57 



TABLE 4-13. FIXED GASES 
GRAB SAMPLES, PHASE I (COAL COMBUSTION) 

% (ppm) 

Date 02 C02 co N2 

5/26 13.31 7.40 ND 79.29 
(133,100) (74,000) NO (792,900) 

5/31 14.24 7.50 ND 78.26 
(142,400) {75,000) NO (782,600) 

6/2 14.91 6.56 NO 78.53 
(149,100) (65,600) NO (785 ,300) 

5/25 15.73 5.51 NO 78. 76 
(157,300) (55,100) ND (787,600) 

5/29 13.70 7.59 ND 78. 71 
(137,000) (75,900) ND (787 ,100) 

5/30 12.60 7.35 ND 80.05 
(126,000) (73,500) ND (800,000) 

ND = None detected. 

TABLE 4-14. FIXED GASES 
% (ppm) 

Date 02* C02* cot N2* 

5/24 NR NR NR NR 
NR NR NR NR 

5/27 13.78 6.65 NO 79.66 
(137,800) (66,500) ND (796,600) 

5/28 11. 25 9.86 NO 78.89 
(112,500) (98,600) NO (788,900) 

6/5 12.14 9.31 ND 78.55 
(121,400) (93,100) ND (785,500) 

6/6 11.16 9.69 NO 79.15 
(111,600) (96,900) ND (791,500) 

--
ND = None detected. 
NR = None reported. 
*±2 percent of total concentrat;on. 
t40 ppm detectable limit. 
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Date 

5/26 

5/31 
6/2 

5/25 

5/29 
5/30 

5/24 

5/27 

5/28 
6/5 

6/6 

TABLE 4-15. SULFUR GASES 
GRAB SAMPLES, PHASE III - COAL COMBUSTION 

(ppm) . =>-

so * x 

254 

329 
174 

413 

209 

413 

311 
381 

214 

210 

*±2 percent of total concentration. 
t±lO ppm. 

TABLE 4-16. NITROGEN OXIDE GASES 
GRAB SAMPLES, PHASE II - COAL COMBUSTION 

(ppm) 
Date NO * x 

5/26 110 
5/31 110 
6/2 100 
5/25 170 
5/29 160 
5/30 150 
5/24 225 
5/27 215 
5/28 220 
6/5 170 

6/6 110 

•±10 ppm. 

4-1~ 

so t 
x 

260 

360 
200 

500 
220 

400 

745 

330 

330 
200 

180 



TABLE 4-17. GC ANALYSIS, C1 -C6 
GRAB SAMPLES, PHASE III - COAL COMBUSTION 

Date Ci-Cs Detectable 1 imi t 

5/24 NR NR 
5/25 ND 5 ppm 

5/26 NO 5 ppm 

5/27 NO 5 ppm 

5/28 NO 0.5 ppm 

5/29 NO 0.5 ppm 

5/30 ND 0.5 ppm 

5/31 ND 0.5 ppm 
6/2 ND 0.5 ppm 
6/5 ND 0.5 ppm 
6/6 ND 0.5 ppm 

~~-==~--=-~~~ 

NR = None reported. 
ND = None detected. 

TABLE 4-18. FIXED GASES 
GRAB SAMPLES, PHASE III - SRC COMBUSTION 

% (ppm) 

Date 02* C02t CO* N2* 

6/15 14.97 5.88 ND 79.33 
(149,700) (58,800) NO (793,300) 

6/18 13.25 6.73 ND 80.02 
(132,500) (67,300) ND (800,200) 

6/19 14.00 6.26 ND 79.74 
(140,000) (62,600) ND (797,400) 

6/14 13.65 7.53 ND 78.82 
(136,500) (75,300) ND (788,200) 

6/20 NR NR NR NR 
NR NR NR NR 

NO = None detected. 
NR = None reported. 
*±2 percent of total concentration. 
t40 ppm detectable limit. 
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TABLE 4-19. FIXED GASES 
GRAB SAMPLES, PHASE II · SRC COMBUSTION 

% (ppm) 

Date 02* C02t CO* 

6/21 NR NR NR 
NR NR NR 

6/13 11. 39 9.86 ND 
(113,900) (98,600) ND 

6/16 10.62 9.12 ND 
(106,200) (91,200) ND 

6/17 11.11 9.15 ND 
(111,100) (91,500) ND 

6/22 11.20 9.25 ND 
(112,000) (92,500) ND 

ND = None detected. 
NR = None reported. 
*±2 percent of total concentration. 
t40 ppm detectable limit. 

TABLE 4-20. FIXED GASES 
GRAB SAMPLES. PHASE II - SRC COMBUSTION 

% (ppm) 

Date 02* C02t co 111 

6/23 10. 75 8.90 NO 
(107,500) (89,000) ND 

6/24 10.76 9.29 ND 
(107,600) (92,900) ND 

ND = None detected. 
NR = None reported. 
111±2 percent of total concentration. 
t40 ppm detectable limit. 

N2* 

NR 
NR 

78.75 
(787,500) 

80.26 
(802,600) 

79.74 
(797 ,400) 

79.55 
(795,500) 

= 
N2t 

80.35 
(803,500) 

79.95 
(799,500) 



TABLE 4-21. SULFUR GASES 
GRAB SAMPLES, PHASE III - SRC COMBUSTION 

(ppm) 

Date so * so t 
x x 

6/15 198 225 

6/18 216 220 

6/19 218 235 

6/14 248 260 

6/20 NR NR 
6/21 NR NR 

6/13 371 325 

6/16 410 335 

6/17 404 345 

6/22 400 345 

6/23 393 325 

6/24 449 380 

. -.~-=: 

NR = None reported. 
*±2 percent of total concentration. 

t±lO ppm. 



-= 

TABLE 4-22. NITROGEN OXIDE GASES 
GRAB SAMPLES, PHASE III - SRC COMBUSTION 

{ppm) 

Date NO liC x 

6/15 125 

6/18 120 
6/19 125 
6/14 160 
6/20 NR 
6/21 NR 
6/13 190 
6/16 190 
6/17 190 
6/22 200 
6/23 220 
6/24 260 

NR = None reported 
*± 10 ppm 
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TABLE 4-23. GC ANALYSIS, C1 -C6 
GRAB SAMPLES, PHASE III - SRC COMBUSTION 

Date 

6/15 

6/18 

6/19 
6/14 

6/20 

6/21 

6/13 

6/16 

6/17 

6/22 
6/23 

6/24 

ND = None detected. 
NR = None reported. 

ND 
ND 
NO 
ND 

NR 
NR 

ND 
NO 
ND 
ND 
ND 
ND 

*0.5 ppm detectable limit. C1 , C2, C3, C4 , C5 , and C6 
were reported separately but results were the same as 
indicated above. 
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TABLE 4-24. GAS CHROMATOGRAPHY ANALYSIS 
June 19, 1977 

Volatne 
weight, ppm No. of 

Gas Range (mg/m3 ) peaks 

GC7* 90 - 110 ot 

GC8 110 - 140 0.09 
GC9 140 - 160 0.05 
GClO 160 - 180 0.03 

GCll 180 .. 200 0.09 
GC12 200 - 220 0.05 
GC13 0 
GC14 0.04 
GC15 0 
GC16 0 

GC17 

*Not usually included in TCO range, ;.e., C8 -C18 . 

tzero values represent a detection limit of 0.007 mg. 

TABLE 4-25. GAS CHROMATOGRAPHY ANALYSIS 
June 16, 1977 

Volatile 
weight,gpm No. of 

Gas Range (mg/m ) peaks 

GC7* 90 - 110 ot 
GC8 110 - 140 0.12 
GC9 140 - 160 0 

GClO 160 - 180 0.20 
GCll 180 - 200 0.06 
GC12 200 - 220 0.03 
GC13 0 
GC14 0.004 

GC15 0 

GC16 0 

GC17 

*Not usually included in TCO range, i.e., C8 -C 18 • 

tzero values represent a detection limit of 0.007 mg. 

4-19 



Gas 

GC7* 
GC8 

GC9 

GClO 

GCll 

GC12 
GC13 

GC14 

GC15 

GC16 

GC17 

*Not 

Gas 

GC7* 

GC8 

GC9 

GClO 

GCll 

GC12 

GC13 

GC14 
GC15 

GC16 
GC17 

TABLE 4-26. GAS CHROMATOGRAPHY ANALYSIS 
SRC - JUNE 14, 1977 

,;,i:-....;;:-,::;:..;..,~~~=- ·.---=--=-= 

Volatile 
weight, ppm No. of 

Range (mg/m3 ) peaks 

90 - 110 NR 
110 - 140 0.11 NR 
140 - 160 0.30 NR 
160 - 180 0.19 NR 
180 - 200 0.84 NR 
200 - 220 0.49 NR 

-:;..__::::..:::::.:=:=:::=-.....::...=::.; 

usually included in TCO range, i.e. , cR-C1s· 

TABLE 4-27. GAS CHROMATOGRAPHY ANALYSIS 
COAL - MAY 25, 1977 

Volatile 
weight, ppm 

Range (mg/m3 ) 

90 - 110 0.58 

110 - 140 

140 - 160 0.34 

160 - 180 0.08 

180 - 200 0.52 

200 - 220 0.57 

No. of 
peaks 

NR 
NR 
NR 

NR 
NR 
NR 

~Not usually included in TCO range, i.e., C8 -C 16 . 
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Gas 

GC7* 
GCS 
GC9 

GClO 

GCll 
GC12 
GC13 
GC14 
GClS 

GC16 

GC17 

TABLE 4-28. GAS CHROMATOGRAPHY ANALYSIS 
COAL - MAY 25, 1977 

(µg/m3) 

Volatile 
Range weight, ppm 

90 - 110 0.58 

110 - 140 T 

140 - 160 0.34 

160 - 180 0.08 

180 - 200 0.52 

200 - 220 0.57 

No. of 
peaks 

NR 
NR 
NR 
NR 
NR 
NR 

*Not usually included in TCO range, i.e., C8 -C 16 • 
T = Trace. 

Gas 

GC7* 
GC8 

GC9 

GClO 
GCll 
GC12 
GC13 

GC14 

GC15 

GC16 
GC17 

TABLE 4-29. GAS CHROMATOGRAPHY ANALYSIS 
SRC - JUNE 14, 1977 

(µg/m3) 

Volatile 
Range weight, ppm 

90 - 110 ND 

110 - 140 0.11 

140 - 160 0.30 

160 - 180 0.19 

180 - 200 0.84 
200 - 220 0.49 

No. of 
peaks 

NR 
NR 
NR 
NR 
NR 
NR 

*Not usually included in TCO range, i.e., C8 -C16 • 

ND = None detected. 
· NR = None reported. 

4-21 



TABLE 4-30 
IR REPORT 

SAMPLE: XAD-2 Resin Blank, (analysis on nonvolatile residue.of extract) June 16, 1977 

Wave Number 
(cm"1) 

Intensity Auignm1nt Comments 
I 
I 

~-----------+---------~---------+--~-------------------------------~~--i 
I 

NR I 

I 

I 1--------+--------+-----------------------·--·-i 

~------------------------------------------

' ---------- ______ _, 

1--------+--------+------------------------_J 
I 

!~-------'--------'--------------------------

I 

~R = not reported TABLE 4-31 
IR REPORT 

SAMPLE: Probe rinse, (analysis on nonvolatile residue of extract) June 16, 1977 

Wave Numbu 
(cm"1l Intensity Assignment Comments 

NR NR esters of benzoi c acid and other carbox~lic acids 
NR NR glycol 

---

NR NR phenolic resin (_640 ppm} 

I 

I 

NR = not reported 

: 

! 

i 
I 

! 
I 
: 

" 
! 

I 

I 
I 

i 

I 
' 
I 
I 

I 

-· 



TABLE 4-32 
IR REPORT 

SAMPL!: XAU-2 Module Condenspte Extroct clus Modyle Rinse. (analysis on nonvolatile 
extract of res1due) June 16, 1977 

WIYI Number 
Intensity 

(cm"1l 

NR N~ 

NR NR 

NR NR 

NR = not reported 

Assignment 

nh+.h,,.1-lr ,,.,.;rl o.-+.,. .... 

nthPr rrirhm1vlir ;irirl oc:f"p_rs 

phenolic resin (1,600 oom) 

TABLE 4-33 
IR REPORT 

Comments 

-

SAMPLE: XAD-2 Resin, (analysis on nonvolatile extract of residue) June 16, 1977 

Wave Number 
Intensity Assignment Com menu I 

h:m·1) 

NR NR a11ohatic carboxylates 
NR NR alvcol 
NR Minor benzene derivatives (1,100 ppm) 

\ ' 

. 
I 

I 
NR = not reported 



TABLE 4-34 
IR REPORT 

SAMPLE: Methylene Chloride Blank. (anal,ysjs on nonvolatile resid.ucl.__J.lrn.e_l.6_._1977 

Wave Numbar lnt1nsity 
(cm"1l 

NR NR 
NR NR 

Assignment Comments 

pc;;t~rc;; of hen7nir ~rid ;lnd oth,:n• r::.~hovyl ;,.. .:ir.frh~ 

ohenolic resin (3.700 com) 

TABLE 4-35 
IR REPORT 

·----

. 

SAMPLE: Methanol Blank. (analysis on nonvolatile residue) June 16, 1977 

Wive Number 
(cm"1l 

lnt1nsity Assignment Comments 

NR NR ohthalic acid ester 

l~R NR !salt of carboxvlic acid 
NR NR ohenolic resin (500 oom) 

I 

I 
I 

I 

I 
NR = not reported 
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I 
I -I 

__.. 

~ 

i 
I 
I 
i 

I 
1 
I 

I 
I 
t 
I 

1 

I 
I 

I 

I 
' 1 
I 

~ 

l 
1 

! 

l 
l 
l -



TABLE 4-36 
IR REPORT 

SAMPLE: Methylene Chloride-Methanol Blank (50%-50%), (analysjs on nonyolatjle resjdue) 
June 16, 1977 

W1v1 Numblf 
lnt1n1ltv A11l9nm1nt Comments 

(cm'1) 

NR NR esters of benzoic acid and other ci\rDn)(vlir ririrk 

NR NR glycol 
NR l'iR phenolic resin (1.200 ppm} 

NR = not reported 
IR REPORT 

SAMPLE: 

WIVt Numbu 
lnt1n1lty Assl11nm1nt Comm1nts I 

(cm'1) 

~ 

I 



TABLE 4- 37 
IR REPORT 

SAMPLE: Probe Rinse. (analysjs on nonyolatjle resjdue) June 19. 1.377 

Wave Number Intensity 
(cm·1) 

NR NR 
NR NR 
NR NR 

NR = not reported 

Assignment Comments 

es-tor" nf' hon?"ir ririrl rinrl othPr rrirboxvlir ;irirl.:: 

qlvcol 

ohenolic resin {fifiO onm) 

TABLE 4-38 
IA REPORT 

~ 
I 
I 
1 

==j 

SAMPLE: _XAD-2, Module Condensate Extract Plus Module Rjnse. (an~lysis on nonvolatile 
residue) June 19, 1977 

-Wava Number 
Intensity 

(cm"1) 
Assignment Comments 

NR Major aliphatic carboxylates ! 

NR Minor phthalates 
- NR Minor benzoates 

NR Minor phenolic resin (1,700 ppm) 
I 

I -

J 
J 
I 

i -
-

=:] 
I 

I 
NR = not reported J 
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TABLE 4-39 
IR REPORT 

SAMPLE: XAD-2 Resin, (analysis on nonvolatile residue of extract) June 19, 1977 

Wive Number Intensity 
(cm"1) 

NR NR 

NR NR 

NR Trar-P 

NR = not reported 

Assignment 

esters of aliohatic carboxylic 
acid 

glycol 

i'IP"::z~n~ d~rivatiuoc (7nn nrvn\ 

TABLE 4-40 
IR REPORT 

Comments 

acid and benzoic 

Methylene Chloride Blank, (analysis on nonvolatile residue of extract) 
SAMPLE: 

June 19, 1977 

WIYt Number Intensity Aalgnment Com menu 
(cm·1) 

NR NR esters of benzo1c acid and other carboxvlic acids 
NR NR ohenolic resin (3.700 oom) 

. 

NR = not reported 
4-21 
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TABLE 4-41 
IR REPORT 

SAMPLE: Methanol Blank. (analytl,s on nonvolatile residue) June 19. 1977 

W1v1 Number 
lntlMity 

(cm·1) 

NR NR 
NR NR 

NR NR 

NR = not reported 

Assi11nm1nt 

ohth;:il fr ;:idd ~~tPr 

salt nf r;:irhnvvlfr ;:irjrl 

ohenolic resin (500 oom) 

TABLE 4- 42 
IR REPORT 

Comments 

SAMPLE: Methylene Chloride-Methanol Blank {50%-50%), (analysis 011 nonvolatile residue) 
June 19, 1977 

W1v1 Number 
Intensity 

(cm·1) 
Assignment Comments 

NR NR esters of benzoic acid and other carbJlx.vl ic acids 
NR NR glycol 
NR NR phenolic resin (1,200 ppm}_ 

-

-

-

-

-

NR = not reported -
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TABLE 4-43 
IR REPORT 

SAMPU: X8D-2 Resin Blank. (analysis on nonyolatile residue) Jyne 19. 1977 

Wm Number Intensity Aaf1nm1nt Comments 
(cm'1) 

NR Trace benzene derivatives (680 oom) 

NR = not reported 
IR REPORT 

SAMPLE: 

Wave Number Intensity Assignment Comments 
(cm'1) 

I 

4-2S 

I 

I 

i 

I 

I 

I 
I 

I 



LEVEL 2 
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TABLE 17. AA ANALYSIS FOR INORGANICS 

Coal SASS sac SASS 
train run train run 

May 25, 1977 June 14. 1977 

Constituent µg* 3 
µg/• µg• µg/m 3 

Aluminum 24,016 809.98 6,150 215.03 

Antimony 135 4.55 102 3.57 

Arsenic 69 2.32 41 1.42 

.Barium 1,430 48.23 335 11. 71 

Boron 7 0.24 56 1.95 

Chromium 1,694 57.13 475 16.61 

Copper 246 8.30 18 0.63 

Lead ' 185 6.24 40 1.40 

Iron 37,624 1,268.94 22,869 799.62 

Magnesium 4,096 138.15 1,656 57.90 

Manganese 884 29.81 1,789 62.55 

Mercury 17 0.57 59 2.06 

Nickel 2,441 82.33 385 13.46 

Thorium 236 7.96 31 1.08 

Uranium 6 0.20 101 3.53 

Vanadium 364 12. 28 1,269 5.91 

Zinc 382 12.88 258 9.02 

ND - None Detected 
* - Total amount of element detected in sample 
** - Concentration of element per gram of sample 

Coal grab 
samples 

Hay 25. 1977 

Sample I Sample II 
µg/g** µg/g** 

5.223.o 4,506.0 

1. 7 -
2.9 --

58.0 -
HD --
13.0 4.5 

16.0 14.0 

9.0 7.5 

3,352.0 2,503.0 

340.0 370.0 

21.0 21.0 

0.3 --
12.0 10.5 

4.7 4.2 

1.3 1.4 

24.1 20.0 

12.5 50.0 

SRC grab 
samples 

.June 14, 1977 

Sample I Sample II 
µg/g** µg/g** 

60.0 95.0 

0.1 --
1.8 --
2.0 --
0.2 0.5 

4.0 6.0 

1.2 1.5 

0.5 ND 

187 .0 250.0 

8.0 12.0 

14.5 18.0 

0.8 --
2.0 2.3 

5.0 3.7 

0.8 1.3 

11.4 10.9 

6.5 1.5 



ADDITIONAL DATA 
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TABLE 1. PHASE II - COAL COMBUSTION TEST SAMPLING SCHEDULE 

SASS Train 
Date Load Condition Sampling Location 

May 24 Full . Outlet ESP 11 
Hay 25 Medium Outlet ESP 111 
May 26 Low Outlet ESP 111 
May 27 Full Outlet ESP #1 
May 28 Full Inlet ESP '11 
May 29 Medium Inlet ESP #1 
May 30 Medium Outlet ESP 01 
May 31 Low Outlet ESP #1 
June l Low Inlet ESP #1 
June ' Full Outlet ESP ~3 
June 6 Full Outle.t ESP U3 

TABLE 2. PHASE III - SRC COAL COMBUSTION TEST SAMPLING 
SCHEDULE 

SASS Train 
Date Load Condition Sampling Location 

June 13 Full Outlet ESP #1 
June 14 Medium Outlet ESP #l 
June 15 Low Outlet !SP fJl 
June 16 Full Out let ESP fJ l 
June 17 Full Inlet .ESP #1 
June 18 Low Inlet ES'P Pl 
June 19 Low Outlet ESP t?l 
June 20 Medium Inlet ESP Ill 
June 21 Medium Outlet ESP If I 
June 22 Full Outlet ESP ftJ 
June 23 Full Clutlet ESP #3 
June 2'4 t

1wide open" Outlet ESP (/1 
• 
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TABLE 5. COMBUSTION TEST, PHASE II - COAL SAMPLES 

Proximate Analysis 

Heating* 
Date % Sulfur % Nitrogen Value, MJ/kg 

5/26 0.64 1. 38 7.144 
5/31 1.05 1. 81 7.043 
6/2 NA NA NA 
5/25 1. 09 1. 29 7.007 
5/29 0.62 1.82 7.139 
5/30 1.15 1. 82 7.139 
5/24 1. 34 1.19 7.042 
5/27 0.73 1. 51 7.081 
5/28 0.72 1. 45 7.079 
6/5 0.66 1. 60 NA 
6/6 0.64 1. 81 7. 143 

NA - Not Available 

*Moisture and Ash Free Basis 

TABLE 6. COMBUSTION TEST, PHASE III - SRC SAMPLES 

Proximate Analysis 

Date % Sulfur % Nitrogen 
Heating* 

Value, MJ/kg 

6/15 0.70 1. 54 7.530 
6/18 0.74 1. 80 NA 
6/19 0.66 1. 82 7.496 
6/14 o. 72 1. 62 7.525 
6/13 0.73 2.02 7.459 
6/16 0.73 1. 77 7.464 
6/17 0.72 1. 47 7.546 
6/22 0.70 1. 37 7.485 
6/23 0.64 1. 37 7.431 
6/24 0.66 1. 71 7.418 

NA - Not Available 

*Moisture and Ash Free Basis 
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TABLE 7. PROCESS INFORMATION 

Date: June 16, 1977 

Load: 21 MW 
Fuel Flow: a.063 kg SRC/hr ( 17. 775 lb/hr) 

Heating Value: 7.464 MJ/ks sac (15,602 Btu/lb) 

Stack Gas Temperature: 166°C (331°1) 
Sample Volume: 28,46 m3 (1,005 DSCF) 

Precipitator: (# 1 

Sample Port: B (Outlet Ill) 

Precipitator Efficiency: 16. 89% 

Gas Flow. !SP fl Outlet: 3,620 ml/minute (127, 858 ACFM) 

Date: June 19, 1977 

Load: 7.5 MW 

Fuel Flow: 3,379 kg SRC/hr (7, 450 lb/hr) 

Heating Value: 7.496 MJ/kg SRC (15,668 Btu/lb) 

Stack Gas Temperature: 147°C (296°1) 

Sample Volume: 30.16 m3 (1, 065 DSCF) 

Precipitator: fl 1 

Sample Port: B (Outlet 111) 

Precipitator Efficiency: 45.68% 

Gas Flow. ESP #1 Outlet: 2,005 ml/minute (70, 793 ACFM) 
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TABLE 15. PROCESS INFORMATION 

Date: May 25, 1977 

Load: 

Fuel Flow: 

Heating Value: 

Stack Gas Temperature: 

Sample Volume: 

Pracipitator: 
Sample Port: 

Precipitator Efficiency: 

Gas Flow. ESP 11 Outlet: 

Date: June 14, 1977 

Load: 

Fuel Flow: 

Heating Value: 

Stack Gas Temperature: 

Sample Volume: 

PrecipLtator: 

Sample Port: 

Precipitator Efficiency: 

Gas Flow, ESP Ul Outlet: 

14 MW 

6,940 kg coal/hr 
(15, 300 lb/hr) 

7.007 HJ/kg (14,648 Btu/lb) 

147°C (296°F) 

29.65 m3 (l,047 DSCF) 

11 
B (Outlet Ill) 

94.81% 

3,002 m3/minute (105,997 ACFM) 

14 MW 

5,460 kg SRC/hr 
(12,038 lb/hr) 

7.525 MJ/kg (15,729 Btu/lb) 

144°C (291°F) 

28.60 m3 (l,010 DSCF) 

ill 

B (Outlet Ill) 

21. 96% 

3,076 m3/minute (108,632 ACFM) 
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TABLE 19. INORGANIC AIR EMISSIONS FOR COAL AND SRC 

Coal sac 

Constituent 
May 25~ 1977 

µg/m.,, 
June 14~ 1977 

l'&lm .,, 

Aluminum 809.98 215.03 

Antimony 4.55 3.57 

Arsenic 2.32 1.42 

Barium 48.23 ll.71 

Boron o. 24 1.95 

Chromium 57.13 16.61 

Copper 8,30 0.63 

Lead 6.24 1.40 

Iron 1,268.94 799.62 

Magnesium 138.15 57.60 

Manganese 29.81 62.55 

Mercury 0.57 2.06 

Nickel 82.33 13.46 

Thorium 7.96 1.08 

Uranium o. 20 3.53 

Vanadium 12.28 5.91 

Zinc 12.88 9.02 

"'Th• concentration• are baaed on amount of a conatituent detected in the 
total particulate• collected. 
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TABLE 20. so2 AND NOX EMISSIONS FOR COAL AND SRC 

Coal 
SRC t Reduction 

Load Condition Date so2• NO * Date so2• NO * 502 NO 
x x x 

I 
-

Low ( 7.5 HW) 5/26/77 0.645 {l. 50) 0.198 (0.46) 6/15/77 0.520 (1.21) 0.201 (0.48) 19.33 -'o. 35 
I.ov I 5/31/77 l.023 (2.38) 0. 224 (0.52) b/18/77 0.452 (1. OS) 0.176 (0.41) 55.88 21. 15 
Low . 6/01/77 fJ. 598 ( l. 39) 0.215 (0.50) 6/19/77 0.486 (1.13) 0.176 (0.41) 18. 7l 18.00 

I ( l. 76) (0.49) (1.13) 35.80 12.24 Average I 0.757 0.211 0.486 0.185 (0.43) 

Hedi um ( 14 M\I) l 5/ 25/77 0.800 ( l. 86) 0.194 (0.45) 6/14/7 7 0.439 (l. 02) 0.194 (0.45) 45.16 0.00 
Hedi um ! 5/29/77 0. 791 ( 1. 84) 0.215 (0.50) 6/20/7 7 0.477 (1.11) 0.211 (0.49) 39.67 2.00 
Hediu. 

l 5/30/77 0. 791 (1. 84) 0.215 (0.50) 6/21177 0.447 (l .04) 0.194 (0.45) 43.46 10.00 
Average I 0. 796 (1.85) 0.201 (0.48) 0.456 (l.06) 0.198 (0.46) 42.70 4":17 

l 
foll ( 2 l Kl.I) ! 5/24/77 1.002 (2.33) 0.215 (0.50) 6/13/77 0.426 (0.99) 0.176 (0.41) I 57.51 18.00 
Full 

I 
5/27 /77 0. 44} ( l. 03) 0.201 (0.48) 6/16/77 0.412 (0. 97) O. H .. 8 (0.39) 5.8) 18.75 

Full 5/28/77 0.456 {l.06) 0.220 (0.51) 6/17/77 0.434 (l.Ol) 0.172 (0.<10) 4.72 21. 57 
Average I (l.47) 0.215 (0.50) (0.99) 0.172 (0.40) 32 .65 20.00 

Total Average u.; 2i l. 69 o. 211 0.49 0.~26 (1.06) 0.185 (0.43) :n.zs 12.24 

*Values art: ln k.g/GJ and (lb/10
6 
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TABLE 21. COMPARISON OF SRC AIR EMISSIONS WITH MEG's 

Minimum Acute 
Toxicity Effluent 

Constituent 
Based on 
Health 

Effects* 

Aluminum 5,200 

Antimony 500 

Arsenic 2 

Barium 500 

Boron 3,100 

Chromium 1 

Copper 200 

Iron ---
Lead 150 

Magnesium 6,000 

Manganese 5,000 

Mercury 50 

Nickel 15 

Thorium ---
Uranium 9 

Vanadium 500 

Zinc 4,000 

* 
J Values are in µg/m 

Based on 
Ecological 
Effects* 

---
---
---
---
---
---
---
---
---
---
---

10 

---
---
---

1 

---

--- Values have not yet been developed 

-

Elimination 
Ambient Level Goal of Discharge 

Based on Based on 
Health Ecological Natural 

Effects* Effects* Background* 

12.6 --- ---
1.2 --- 0.007 

0.005 --- 0.00005 

1 --- 0 

74 --- ---
0.002 --- 0.012-0.001 

0.5 --- 0.01-0.41 

--- --- -
0.36 --- 0.002-0.47 

14 --- 1.4-800 

12 --- 0.005-0.047 

0.01 1 ---
0.035 --- 0.0006-0.021 

--- --- ---
0.5 --- ---
1.2 0 .1 0.005-0.024 

9.5 --- Q.013-0.2 

SRC 

June 14. 1977* 

215.03 

3.57 

1.42 

11. 71 

1.95 

16.61 

0.63 

799.62 

1.40 

57.90 

62.55 

2.06 

13.46 

1.08 

3.53 

5.91 

9.02 
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This document presents results of field studies on the chemical composi

tion of coal-pile drainage at two TVA coal-fired steam plants. A large reserve 

(about 25-100 acres of coal, piled 8-12 meters high) is maintained as a safety 

factor for electric generation (see Figure 5-1 from the final report), and 

drainage from rainfall percolating through the coal is very acidic and mineral 

rich. Rainfall was measured at both plants; runoff was measured at one plant. 

Laboratory studies were directed toward a procedure that could be used to 

predict the chemical composition of drainage from these coal storage piles 

without resorting to extensive field sampling programs or long-term leaching 

studies. An 18-kg sample of coal was separated into three size fractions and 

each fraction was subjected to proximate analysis. ultimate analysis. and 

sulfut' for·ms ,rnalyc;is. Ashed subsamples wert• analyzed for SiOz, Al:1.0:1 , 

Fe 203 , CaO, TiO, MgO, S0 3 , Na 20, K20, Mn, Pb, and Cu by atomic absorption 

(AAS) or emission spectrometry (ES). 

The coal-pile drainage .samples were analyzed for acidity (amount of stand

ard CaCO~ solution to bring pH to 7.0), pH, conductivity, Cl, S0 4 , dissolved 

solids, suspended solids, Fe, Mn, Si02 , Cu, Zn, Cr, Al. Ni, Ca, Mg, Pb, Hy. Ba, 

As, Cd, Se, Ti, Be, and Sb. Elemental analysis was by AAS or ES, as appropriate. 

In addition to analysis of the coal-pile drainage, bench studies were con

ducted to determine the ability of fly-ash slurry to treat coal-pile drainage. 

Note that the laboratory-simulated leaching procedure, using a shaker and dei

onized water, did not produce a leachate equivalent to the field-collected coal
pile leachate. 

According to the abstract of the final report, 

Results indicate that coal pile drainage is highly acidic with 
pH's of 2.2 to 3.1. Total suspended solids concentrations, 
generally low during base flow periods, increase dramatically 
during storm runoff to levels as high as 2300 mg/liter. Sulfate 
concentrations were also quite high: 1800 to 9600 mg/liter. 
Concentrations of Fe and Mn were both very high: 23 to 1800 and 
1.8 to 45 mg/liter, respectively. Other substances with concen
trations of note include Al, Zn, Hg, As, and Se. Characteristics 
of elutes from shaker-type laboratory studies, except for pH, do 
not reflect values from field drainage of the same stored coal. 
Treatment with alkaline fly ash slurries, using ash sluicing 
ratios commonly encountered, can effectively raise the final 
solution pH and remove a variety of metals from solution. It was 
also observed that about 73% of the total rainfall is direct runoff. 
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TABLE 5-1. F !ELD WATER ANALYSIS, 
PLANT J, MARCH 9, 1976 

====---=--=,,==:..----==-------

Assigned 
Parameter concentration 

pH 2.9 

Cond. 2,400 µmhos/cm 

Suspended 
solids 550 mg/L 

Dissolved 
solids 3,200 mg/L 

Acidity 1,700 mg/L (CaC03 ) 

Cl 0 mg/L 
2,600 mg/L 

TABLE 5-3. FIELD WATER ANALYSIS, 
PLANT J, APRIL 13, 1976 

Assigned 
Parameter concentration 

pH 2.8 

Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 5,300 mg/l (CaCOs) 
Cl 

S04 

5-5 

TABLE 5-2. FIELD WATER ANALYSIS, 
PLANT J, APRIL 7, 1976 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

so 1 ids 
Acidity 
Cl 
S04 

Assigned 
concentration 

2.6 

2,400 µmhos/cm 

110 mg/L 

2,500 mg/L 
1,100 mg/L (CaC03 ) 

20 mg/L 
1,800 mg/L 

·~:._:~--::--:::.;.; .:..:-..- •.•. -;;._ ~ -· ·.-. :.::.~.::-::.·..:.~..::..·=-':""---===-_:_-·.:.._ 

TABLE 5-4. FIELD WATER ANALYSIS, 
PLANT J, APRIL 29, 1976 

Assigned 
Parameter concentration 

pH 2.5 

Cond. 5,200 µmhos/cm 
Suspended 

sol ids 150 mg/L 
Dissolved 

solids 9,400 mg/L 
Acidity 
Cl 
S04 4,500 mg/L 



TABLE 5-5. FIELD WATER ANALYSIS, 
PLANT J, MAY 5, 1976 

Assigned 
Parameter concentration 

pH 3.0 

Cond. 4,600 µmhos/cm 

Suspended 
solids 140 mg/L 

Dissolved 
solids 6,800 mg/L 

Acidity 2,200 mg/L (CaC03 ) 

Cl 
S04 3, 100 mg/L 

TABLE 5-7. FIELD WATER ANALYSIS, 
PLANT J, MAY 26, 1976 

Parameter 

pH 
Cond. 

Suspended 
solids 

Dissolved 
solids 

Acidity 

Cl 

$04 

Assigned 
concentration 

3.0 

8 mg/L 

3,100 mg/L 

1,400 mg/L (CaCO~) 

2,700 mg/L 

5-6 

TABLE 5-6. FIELD WATER ANALYSIS, 
PLANT J, MAY 14, 1976 

Parameter 

pH 

Cond. 

Suspended 
solids 

Dissolved 
solids 

Acidity 

Cl 

S04 
-~ --··~ ·- ..... ~ -- ~-- - --··- ----·· -- .. . - -

-;;---==--=-=== 
Assigned 

concentration 

2.9 

120 mg/L 

7,500 mg/L 

2,400 mg/L (CaCO~) 

TABLE 5-8. FIELD WATER ANALYSIS 
PLANT J, JUNE 9, 1976 ' 

Parameter· 

pH 
Cond. 

Suspended 
solids 

Dissolved 
solids 

Acidity 
Cl 

so .. 

Assigned 
concentration 

3.0 

4,000 µmhos/cm 

5,900 mg/L 

300 mg/L (CaCO:\) 

4,500 rng/L 
~- .. - - . 



TABLE 5-9. FIELD WATER ANALYSIS, 
PLANT J, JUNE 17, 1976 

Parameter 

pH 
Cond. 
Suspended 

solids 

Dissolved 
solids 

Acidity 

Cl 

504 
. "':'" ~ • .... - --- : 

Assigned 
concentration 

2.8 

5,300 µmhos/cm 

210 mg/l 

11,000 mg/l 

5,500 mg/L (CaC03 ) 

7,200 mg/L 
.. :!._-,. :~- .... _:.·: . 

TABLE 5-11. FIELD WATER ANALYSIS, 
PLANT J, JULY 1, 1976 

Parameter 

pH 
Cond. 
Suspended 

sol ids 

Dissolved 
solids 

Acidity 
Cl 

so .. 

Assigned 
concentration 

2.3 

5,600 pmhos/c:m 

440 mg/L 

13,000 mg/L 
6,100 mg/L (CaC03 ) 

7,400 mg/L 
-.. :::.-.... :;.:: .. .:=:: .. :-:-.:"":"::-.::.=~·~:=;..: ·:· 
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TABLE 5-10. FIELD WATER ANALYSIS, 
PLANT J, JUNE 22, 1979 

Parameter 

pH 

Cond. 

Suspended 
solids 

Dissolved 
so 1 ids 

Acidity 

Cl 

504 

Assigned 
concentration 

2.9 

4,200 µmhos/cm 

1,400 mg/l 

7,400 mg/L 

3,700 mg/L (CaCO~) 

4,600 mg/L 

TABLE 5-12. FIELD WATER ANALYSIS, 
PLANT J, JULY 7, 1976 

Parameter 

p•l 

Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
S04 

Assigned 
concentration 

3.0 

280 mg/L 

3,500 mg/L 
1,700 mg/L (CaC03 ) 

1,BOO mg/L 



TABLE 5-13. FIELD WATER ANALYSIS, 
PLANT J, JULY 29, 1976 

Parameter 

pH 
Cond. 

Suspended 
sol ids 

Dissolved 
solids 

Acidity 
Cl 

504 

Assigned 
concentration 

2.9 

5,400 µmhos/cm 

46 mg/L 

12,000 mg/L 

5,900 mg/L (CaC03 ) 

7,800 mg/L 

TABLE 5-15. FIELD WATER ANALYSIS, 
PLANT J, SEPTEMBER 1, 1976 

Parameter 

pH 
Cond. 

Suspended 
so 1 ids 

Dissolved 
solids 

Acidity 

Cl 

501 
-:-::.· --·-·.: .. :=:~. -~-. 

Assigned 
concentration 

2.6 
5,500 µmhos/cm 

170 mg/L 

14,000 mg/L 

5,900 mg/L (CaCo3 ) 

9,600 mg/L 
. . . . .. . ·:-...... ·~ .... - ~ . · .. '.. -:· 
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TABLE 5-14. FIELO WAlER ANALYSIS 
PLANT J, AUGUST 27, 1976 

Parameter 

pH 
Cond. 

Suspended 
so Ii ds 

Dissolved 
so 1 ids 

Acidity 
Cl 

504 

Assigned 
concentration 

3.1 

5,900 µmhos/cm 

61 mg/L 

16,000 mg/L 

7,100 mg/L (CaC03 ) 

7,600 mg/L 
':'.· .. -~ ... _._ -~---- ·--~ ':.,; , _____ - ... 

::-.. · .. :. :.----:-~ 

• 

TABLf 5-16. FIELD WATER ANALYSIS 
PLANT J, SEPTEMBER 8, 1976 ' 

·:·· .. ·::.··.-. · .. ---· - ..... '".: ·:.· .. ~:. ·---~-·-. ·:. ·:-.. :..· .. : ·.:..~·-·:... 

Assigned 
Parameter concentration 

pH 2.5 
Cond. 3. JOO µmhos/cm 
Suspended 

so 1 ids 75 mg/L 
Dissolved 

solids 7,600 mg/L 
Acidity 3,600 mg/L (CaCQ

3
) 

Cl 

504 3,700 mg/L 

. --



TABLE 5-17. FIELD WATER ANALYSIS, 
PLANT J, SEPTEMBER 29, 1976 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Add Hy 

Cl 
$04 
=':"'...:-.-.:-. ..:· ~.:,· 

TABLE 5-19. 
PLANT J, 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
504 

Assigned 
concentration 

3.0 
4,400 µmhos/cm 

480 mg/L 

6,300 mg/L 
3,900 mg/L (CaC03 ) 

FIELD WATER ANALYSIS, 
OCTOBER 13, 1976 

··- --
Assigned 

concentration 

2.3 

4,400 µmhos/cm 

39 mg/L 

4,700 mg/L 
3,100 mg/L (CaC03 ) 

3,800 mg/L 
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TABLE 5-18. FIELD WATER ANALYSIS, 
PLANT J, OCTOBER 6, 1976 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
S04 

TABLE 5-20. 
PLANT J, 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
S04 

Assigned 
concentration 

3.0 
4,700 µmhos/cm 

1,900 mg/L 

8,400 mg/L 
340 mg/L (CaC03} 

FIELD WATER ANALYSIS, 
OCTOBER 20, 1976 

Assigned 
concentration 

3.1 

4,300 µmhos/cm 

74 mg/L 

7,700 mg/L 
3,800 mg/L (CaC03 ) 

8,000 mg/L 



TABLE 5-21. FIELD WATER ANALYSIS, 
PLANT J, OCTOBER 27, 1976 

Assigned 
Parameter concentration 

pH 2.9 
Cond. 3,300 µmhos/cm 
Suspended 

solids 63 mg/L 
Dissolved 

solids 5,800 mg/L 
Acidity 3,900 mg/L (CaC03 ) 

Cl 

504 4,400 mg/L 

TABLE 5-23. FIELD WATER ANALYSIS, 
PLANTE, NOVEMBER 27, 1976 

Parameter 

pH 

Cond. 
Suspended 

solids 

Dissolved 
solids 

Acidity 

Cl 

$04 

Assigned 
concentration 

2.6 

3,000 µmhos/cm 

38 mg/L 

3,100 mg/L 

1,300 mg/L (CaC03) 
120 mg/L 

4,000 mg/L 
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TABLE 5-22. FIELD WATER ANALYSIS 
' PLANT E, NOVEMBER 3, 1976 

Assigned 
Parameter concentration 

pH 3.1 
Cond. 3,000 µmhos/cm 
Suspended 

solids 180 mg/L 
Dissolved 

solids 3,400 mg/L 
Acidity 1,600 mn/l (CaCO:d 
Cl 19 mq/l 
so., 2,900 mg/L 

TABLE 5-24. FIELD WATER ANALYSIS 
PLANT E, DECEMBER 2, 1976 , 

Parameter 

pH 

Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 

504 

Assigned 
concentration 

? . () 

4,500 µmhos/cm 

130 mg/L 

5,000 mg/L 

2,100 mg/L (CaCQ
3

) 

44 mg/L 

3,300 mg/L 
- • .• 7 .. :.;:=:.-::: .. :.::~ .. ':"-:,,.--:::-.-_-;_:'.':"_.:::-;~ 



TABLE 5-25. FIELD WATER ANALYSIS, 
PLANT E, DECEMBER 16, 1976 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
504 

TABLE 5-27. 

Assigned 
concentration 

2.6 
3,400 µmhos/cm 

260 mg/L 

3,900 mg/L 
1,300 mg/L (CaC03 ) 

260 mg/L 
2,500 mg/L 

FIELD WATER ANALYSIS, 
PLANT E, DECEMBER 28, 1976 

·-----------·---------
Assigned 

Parameter concentration 

pH 2.6 

Cond. 3,100 µmhos/cm 
Suspended 

solids 250 mg/L 
Dissolved 

solids 3,100 mg/L 
Acidity 1,000 mg/L (CaC03 ) 

Cl 170 mg/L 
so,. 1,900 mg/L 

-=~=--=-:-;::-.:~-....:.:;:;.-=~..=....-::::-.~~-:-....:;:=. 

TABLE 5-26. FIELD WATER ANALYSIS, 
PLANT E, DECEMBER 22, 1976 

Parameter 

pH 
Cond. 

Suspended 
solids 

Dissolved 
solids 

Acidity 
Cl 
so,. 

TABLE 5-28. 

Assigned 
concentration 

2.5 
3,000 µmhos/cm 

270 mg/L 

2,900 mg/L 
860 mg/L (CaCO~) · 

170 rng/L 
2,100 mg/L 

FIELD WATER ANALYSIS, 
PLANT E, MARCH 2, 1977 

--
Assigned 

Parameter concentration 

pH 2.5 
Cond. 3,300 µmhos/crn 
Suspended 

solids 680 mg/l 
Dissolved 

solids 3,300 mg/L 
Acidity 920 mg/L (CaC03 ) 

Cl 190 mg/L 
S04 2,200 mg/L 
. ·- - --· 



TABLE 5-29. FIELD WATER ANALYSIS, 
PLANTE, MARCH 7, 1977 

Parameter 

pH 
Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
Cl 
504 

TABLE 5-31. 

Assigned 
concentration 

2.6 

2,700 µmhos/cm 

280 mg/L 

2,300 mg/L 
700 mg/L (CaC0:1) 

120 mg/L 
1,800 mg/L 

FIELD WATER ANALYSIS, 
PLANT E, APRIL 6, 1977 

Assigned 
Parameter concentration 

pH 2.4 

Cond. 6,400 µmhos/cm 
Suspended 

solids 72 mg/L 
Dissolved 

solids 8,200 mg/L 

Acidity 2,500 mg/L (CaC03 ) 

Cl 660 mg/L 

$04 6,200 mg/L 
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TABLE 5-30. FIELD WATER ANALYSIS 
PLANTE, MARCH 14, 1977 ' 

Parameter 

pH 

Cond. 
Suspended 

solids 
Dissolved 

solids 
Acidity 
CI 

so ... 

Assigned 
concentration 

2.5 

2,600 µmhos/cm 

460 mg/L 

270 mg/L 
1,200 mg/L (CaC03 ) 

15 mg/L 
1,900 mg/L 

-;_·-:::..-:.__-: .. ..,::-;-;:.::,· :-.. ·-·· .--..- -. _,-- :..: :·..: .. ~- -: -- :::.-.:..:::.-~..:-..~·.:;-

TABLE 5-32. FIELD WATER ANALYSIS 
PLANT E, APRIL 26, 1977 ' 

Assigned 
Parameter concentration 

pH 2.3 

Cond. 2,200 µmhos/cm 
Suspended 

solids 420 mg/L 
Dissolved 

so 1 ids 5, 100 mg/L 
Acidity 4,800 mg/L (CaCQ

3
) 

Cl 340 mg/L 

S04 4, 100 mg/L 



TABLE 5-33. FIELD WATER ANALYSIS, 
PLANT E, JUNE 21, 1977 

Assigned 
Parameter concentration 

pH 2.4 
Cond. 6,000 µmhos/cm 
Suspended 

solids 340 mg/L 

Dissolved 
solids 6,300 mg/L 

Acidity 1,500 mg/L (CaCO~) 

Cl 470 mg/L 

504 3,700 mg/L 
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TABLI''. C-1. iiAl'!:P. QUALITY n.\TA--PLAil'I,d 

F!!' Mr. :ii')? 
:'...! Zt: Ct Al 11 ca !k 

Dl.t~ \mg/LJ (,mg/L1 (N"/L) ; .. . - (ll!!!i/L' (!!!./:·, (y/L) (ag i!.: (!t!j/L) ·.3& ":. '.· 

..,_ 9-7" 51'; 21.-:.. Jl ~.;.: 3 • - < 0.005 190 l."" 24o 
,__ 7-7E 3oc 13.? -:..2 _ .. -..:: 2.3 0.010 66 19': -:-
'"-13-'."; 18'Z n - : 6.3 < 0.005 350 3.; 40C 32". --·-
!.-29-?E il~ 31.': ~r - .. :~- ;.'-t <0.005 Pl - , '·- 31 n~ 
;- 5-""" ?~ Jl.: 12': 5.1 < 0.005 'Z70 ~.2 Z2C 22':· 
5-14-7'- 134"' 31. - 20'".: - = : 5.1 < 0.005 240 2.~ 340 '?"r.. 
5-25-7~ 2i.c u. - '!~ . .. "::: 2.~ o.'X8 70 ' -··" 23C 
~ ~77 58'; 23J 2F ... ": <0.005 240 2.5 320 :-:-:· 
f.-l7-7E w:, 39.r 3'JO ........ 3.;: 370 3-? 330 3->C 
E-22-76 ~ 34.0 ~ ';.f 310 2.: J20 ~!: 
7. l-7E 1700 32.: l8C 16."' 350 3.;o '!'C ~ .,._ 7-'Tt li7C l'<.: 45 : . : : 10.C' < 0.005 96 l.1' 260 9'5 
7-z<.r7f: 1800 33.: 24C e.1 <0.005 4lio 4.~ 280 38C 
'3-27-76 HOO 41..'.: 30C 13.0 <0.005 )80 ' - :.90 ~ ... ... ., 
r l-7E 15oc ~5.: 230 : ... .: Q.9 < 0.005 250 "· 5 430 ~i: 

a... 8-7E 7'r- 2i;.; 012 :.=: .... t 0.010 430 2.2 ]OC -
1-29-7E 1000 31· :' l6o 5.3 <0.005 260 2.3 30C 32': 

10- 5-7E 750 21.c 16o :.5E 4.1 0.009 220 l.e 3~ r 
10-ll-76 780 26.o 140 :i.~c i..o O.OC6 18o 1.6 320 ! Y-
1~20-76 ll&OC 26.o 17C 1.x 5.E <0.005 270 2.4 ]6o 2':: 
10-?"'-76 58C l,.o 95 - t:.- 3.? O,Oll l8o l.:.. 24o ~ ..;. :;c:: 

U1 Pt Hg 3a ~ Ci Se Ti Be St- !a1Dtall I 
Date ~~':.·· ~l:.!./t) 

, .. ' ::i - (!a,'L2 l•&/L! ~mg/Li (!1£'.Li ~!!s/t~ !cai ~ l~ ... , -
(J"I 

9-76 ""· ,.."" ... 2.62 3- <O.O! <0.0002 < ".l.001 c.030 <l.0 .... 7-7': < :.:! <: .'J002 < 0.001 < 0.002 <LO c.ce 
4-13-76 < o.~:. <0.0002 < ~.l < :.::..5 < ~.001 < 0.002 <l.O O.Y7 <0.l 1. 5.2 
--29-76 < ~ .. ~1 C.0002 < 0.1 c.1;c < 0.001 o.oc2 < 1.0 o.o6 <0.1 l.k? 
5- 5-7E <::'.OJ. 0."°25 C.l c ' .. < '.:i.001 ').~ < l.0 ,.. ""' <0.1 2.1E .., . ..,,, 
5-l4-7E < c.01 < :.0002 <: .l C.·~:- < '.l.001 ~.ooe < 1.0 c. :.;. < ':'.l 2.64 
5-26-76 <C.~l <0.0002 ?.2 c.ou.e < 0.001 o.oo6 < l.O 0.03 o.6 ::.z5 
5- 9-7'5 < ~-~~ :i.ooo4 < C.1 o.)S,: < 0.001 0.0':~ < 1.0 o.::~ 1.1 . ~ -=: .... , 
5-17-iE < i:.01 :.0002 ~-2 ........ ~ < 0.1)()1 ?.Od3 <1.0 ".).~ l.8 :.91 
E-22-16 < ~- :1 <0.0002 <:: 0.2 ~- 31: < ?.001 :l.OU < l.O J.C3 :.i. ;.;:ie 
' -l-'?'E < O.Cl < 0.0002 < c.3 : • '.Y"....0 < 0.001 :.oo8 <l.O O.C4) 1.1 -.'.)I. ,,_ 7-76 < 0.01 <0.0002 < C.l o. :&:: < 0.001 <l.O c.oi. C.l - • ;ie 
7-29-76 <O.Cl <0.0002 0.5 c.:.2.: <0.001 :.oc3 < 1.0 :.06 c.5 =-~~ 
~27-7':> < 'J.Ol < 0.0002 " . •·" ~-·'.>:: < 0.001 0.002 < 1.0 o.oe 
?- 1-""' < ~-~l < 0.0002 ': .2 :.r.c < '.).001 -:.r~ < l.C :.V7 ':'.IJ ".2'5 
;. 8-76 < O.Cl < 0.0002 -·" ').~ <'J.001 ::.004 < l.O ::>.03 o.6 5.5-
9-2'.r76 < 0.01 0.0002 < O.l c.2f:>t: < 0.001 0.001 <LO .J.04 ,.. - 7'. 72 -•I 

10.. 6-76 <~.01 0.0005 < C.l 0 •. ,,. < 0.001 :.O:ll < l.O "'It'\-: 0.5 2.13 . ,,... . ... ·--
l':-13-76 < 0.01 < 0.0002 < O.l O.le"' < 'J.001 :.001 < 1.0 o.:i:: :l.7 ~.la~ 
l':-20-7~ < ... Cl 0.0005 < '·l r. -1...- < o. 001 0.·::>:1 <LO o.cr. 0.7 7 .:.; -·~J-~ 

l?-27-76 <0.01 o.oocn < 0.1 0.2"f.: <0.001 0.002 <: l.O 0.'.:3 0.5 ;.ii. 



Date 

ll- 3-76 
ll-27--r-; 
12- 2-76 
12-16-76 
12-22-~ 
12-20-"'" 

3- 2·77 
3- 7-'77 
3-ll.-77 
I.- 6-i7 
:.-2£-r 
6-21-77 

ll- 3-76 
i.:-r-7~ 
....:- 2-7€: 
12-1i:-rt 
12-2:?-% 
:..!-~- .,.'! 

l- 2-r. 
3- ""-77 
3-!-77 
- ~-r 
b.-2t-~ 

6-21-~ 

'y,/:.) 

'?:: 
,u: 

< :.:: 
< :. :: 
< :.:: 
< -::. :-: 
< : .:: 

< 
< 
< 
< 
< 

3.2 
2.5 

i::.: 
3 • .,. 
2.~ 

3-~ 

l.2 .. ·: 
•• 6 
S.'.l 

Rg 

'.::11tiL' 

:.CG]l 
:.xn2 
:.:c32 

< :.::-·-1 

- ........ -.... ........ c. .. 

·:. :-:--::5 
~-: .. ~? 
: . :c :: 
·:.x25 

TAflU! C-2. WATER QUALITY Ill\li--PL\.~ E 

l 

< .1 
< 
< 

< 

< 

-:-.2~ 
~ . .:: _: 

~ ... ti 
C'.2t 
').l'.' 
:>.1·~ 

-~ ··-
.::-:; 
.l
.26 
.12 

As 
ly;/?:) 

C.Ohe 
C'.·~l c 
: .. :.'Q'S 

c.:is 

'J.C?? 
').Cl• 
:.031 
O.Oll 
'J.01 Q 

z.n 
(11111 '!. 

2.1 
1.1 
l.Z 

1-3 
1.2 
i.e 
3. 7 
2.8 
<;.:_ 

(mg/L) 

< o.:xn 
< o. 'Xl 

:. 'Xll 
J, ::w:'l 

< C.'.'.le: 
<:.xi 
<C.OCl 
<0.JOl 

< '.),?ll 
'J.ry)5 
'.l.X6 
~.010 

<O.~ 
< O.OO'j 

< :. ')05 
<?.~ 
< o. '.>05 
< 0.005 
< 0.00') 

:;.009 

Se 
(11,l/L) 

<0.001 
<0.Xl 
<:.co::. 

:.x: 
:.~ 

: • ".05 
0. OCl 

< ). )()1 
< ".'.OC'l 

T1 
~?fi'Lj 

< 1.~ 
< l.~ 
< l.C 
<, , 

< ! . : 
<' 1. '} 

< :. 
< l. 
< :. 
< 1. 
< l. 
< 1. 

: • ..o 
:.28 
:i. :..6 
:.31 
:l.2 .. 
:.215 

:.l~ 
J.20 
:>.4c 
;.:.6 
~ ... ; 
:.4C 

<: ':. :: 
< :. :1 

:.:) 
~ : . 01 

, : . ': l 

~ c. :-1 
:·. 'l:2 

Ca 
(l!fli/L) 

2lC 
230 
340 
3-0 
250 

Sb 
(me.:. 

::. 3 
< 0.1 
< C.l 
< r ' 

< r::.1 

< C.l 
< :'.! 

~ c -··, 
c ... 

51 
» 
22 

n:. 
7<: 

12':' 

1 . -.. -
<.69 
2.1~ 

1.e~ 
1.:.2 
f.J: 
8. ?"' 
~.:~ 



TABLE 4. CORRELATION MATRIX--PLA.."lI E 

pH Acid. Cond. Cl S04 D.Sol S.Sol Fe Mn Si02 Cu Zn Cr Al 

pH 1.00 
Acid. -.37S 1.00 
Cond. -.251 .039 1.00 
Cl -.592 .398 .717 1.00 
S04 -.303 .605 .651 • 738 1.00 
D.Sol -.332 .510 .807 .840 .843 1.00 
S.Sol -.305 -.028 -.319 -.096 -.475 -.341 LOO 
Fe .010 .628 .415 .399 .722 .655 -.340 1.00 
Kn - .-21.8 .436 • 7(,6 .562 .760 .810 -.405 • 715 1.00 
Si Oz -.273 .136 -.070 .481 .273 .040 -.020 .122 -.220 1.00 
Cu .194 ~187 .360 -.053 .391 .351 -.609 .570 .668 -.378 1.00 

t..., Zn -.113 .435 .757 .512 .666 • 743 -.283 .552 .651 -.184 .445 1.00 
I Cr .581 -.078 .177 -.021 -.025 .150 -.143 .227 -.049 -.014 .230 .441 1.00 ..... - Al -.013 .725 -.399 -.065 .091 .101 .211 .380 -.043 .038 .143 • 341 .365 1.00 

Ni -.120 .740 .368 .309 .629 .507 -.322 • 717 .628 .006 .513 .750 .218 .485 
Ca -.562 .819 .285 .630 .541 .676 .151 .535 .390 .186 .0'6 .549 .OSJ .692 
Kr. -.395 .433 .846 .856 • 733 .939 -.228 .603 .763 .122 .359 • 784 .279 .148 
Pb o.oo o.oo -0.00 0.00 o.oo -0.00 o.oo -0.00 o.oo o.oo o.oo o.oo o.oo 0.00 
Hg .157 -.010 -.141 -.134 .176 .038 -.527 .158 -.140 .163 .209 -.081 -.022 .054 
Ba -.286 .237 .866 .842 • 791 . .755 -.364 .508 • 746 .296 .210 .514 -.164 -.370 
As .645 -.153 -.432 -.403 -.329 -.443 .323 .003 -.504 .213 -.376 -.136 .707 .249 
Cd .087 -.156 o.oo -.254 -.289 -.024 -.255 .113 .186 -.406 .420 -.136 -.050 -.05J 
Se -.065 -.221 -.304 -.362 -.415 -.640 .307 -.333 -.300 .189 -.171 -.278 -.218 -.129 
Ti o.oo o.oo 0.00 0.00 0.00 o.oo o.oo 0.00 o.oo o.oo o.oo 0.00 0.00 0.00 
Be -.197 -.109 .171 .2Rl .126 .165 -.198 .099 .146 .160 -.076 -.168 -.226 -.4 72 
Sb -.167 .678 .377 • '"• 7 .897 • 714 -.355 . 6114 .466 .485 .09S .629 - • 038 • 211 
RFl -.225 .141 • 24n .255 .474 .155 -.393 -.145 .226 .131 .054 • 221 -.423 -.299 
RF4 .086 -.302 -.084 .015 -.383 -.071 .335 -.013 -.224 .151 -.044 -.320 .455 .140 



TA.BL! 4 (continued) =-=== ..=-:::.=~·==.:-:==--~ =:=~=-======--== = .:.=:==.-=--===== =-==--=---==-~-=--- -- ------ --- ------ --
11 Ca Mg Pb Hg Ba As Cd Se Ti Be Sb RFl Rt4 -------------- -------- ------

Ni 1.00 
Ca • 532 1.00 
M~ .533 .680 1.00 
Pb o.oo o.oo o.oo 1.00 
Hg -.141 .035 -.112 o.oo 1.00 
Ba .367 .194 .738 o.oo -.211 1.00 
As -.047 -.244 -.456 0.00 -.157 -.301 l.00 
Cd -.036 -.058 .018 0.00 .200 -.221 -.514 1.00 
Se • <>'\5 -.432 -.464 o.oo -.518 -.151 .275 -.187 1.00 
Ti o.oo 0.00 t). Of) o.oo 0.00 o.oo o.oo o.oo o.oo 1.00 
Be -.105 -.055 .137 !), 00 .142 • 31\4 -.310 .120 -.188 o.oo 1.00 
Sb .6fi6 .498 .527 0.00 .047 .669 .105 -.571 -.348 0.00 .038 1.00 
RFl .209 -.1S4 .030 0.00 -.053 .458 -.379 -.510 .200 o.oo -.078 • 526 1.00 
RF4 -.418 .054 .138 0.00 -.018 -.253 .284 .331 -.261 o.oo .037 -. 529 -.781 1.00 

U" 
I ...... 

CD 



TABLF. 5. CORRELATION HATRIX--PLANT J 
:: - - -- - --- - - - ---------

pH Acid. Cond. Cl S04 D.Sol S,Sol Fe Mn Si02 Cu Zn Cr Al Ni Ca --------
pll 1.00 
Acid. -.21.9 1.00 
Cond. -.053 .698 1. 00 
Cl -1.00 -1.00 0.00 1.00 
S04 -.029 .839 . 781 -1.00 1.00· 

D.Sol -.114 .828 .895 -1.00 .878 1.00 
S.Sol .250 -.462 -.097 -1.00 -.088 -.091 1.00 
Fe -.178 .784 • 775 -1.00 .867 .840 -.220 1.00 
Mn -.089 • 717 • 794 -1.00 .767 .834 -.008 .677 1.00 
Si02 -.023 .616 .754 -1.00 .687 • 738 .073 .503 .754 1.00 
Cu -.116 .539 .581 -1.00 • 764 .583 .133 .599 .642 .698 1.00 

(J1 Zn -.145 .664 .761 -1.00 .621 • 750 -.499 .602 .526 .453 .457 1.00 
I Cr -.342 -.279 -.502 1.00 -.398 -.351 -.042 -.502 -.526 -.522 -.551 -.584 1.00 
~ 
ID Al -.119 .701 .653 -1.00 .633 .755 -.026 .690 • 764 .640 .522 .470 -.296 1.00 

Ni -.071 .832 .831 -1.00 .892 .934 -.046 .809 .870 .757 .766 .760 -.565 • 770 1.00 
ca .157 .624 .409 -1.00 .633 .549 .144 .474 .515 .240 .396 .519 -.188 .352 .610 1.00 
Kg .113 .839 .700 0.00 .857 .762 -.350 • 714 .709 .634 .566 .578 .565 .459 .800 • 386 
Pb 0.00 -0.00 -0.00 o.oo -0.00 -0.00 -0.00 o.oo o.oo -0.00 o.oo -0.00 o.oo -0.00 o.oo -0.00 
Hg • 2.58 -.204 -.023 o.oo -.178 -.093 -.022 -.107 0.00 -.186 -.133 -.162 -.049 -.028 -.139 -.186 
Ba -.037 .643 .613 o.oo .532 .679 -.226 .488 • 384 .363 .183 .558 -.134 .574 .648 • 303 
As .211 -.287 -.106 o.oo .188 -.092 .638 -.142 .011 .176 .218 -.298 .106 -.042 -.102 -.017 
Cd o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
Se .086 -.203 -.415 -1.00 -.317 -.274 .118 -.304 -.001 -.141 -.085 -.063 -.205 -.086 -.109 0.138 
Ti o.oo o.oo o.oo o.oo o.oo 0.00 o.oo o.oo 0.00 o.oo o.oo o.oo o.oo o.oo 0.00 0.00 
Be -.130 .688 .803 o.oo .623 .755 -.390 .814 .621 .482 .478 .501 -.631 .431 • 721 .176 
Sb -.050 .295 .138 o.oo .400 .314 .306 -.071 .306 .514 .390 .337 .136 .294 .381 • 368 
RFl .114 .069 -.134 -1.00 .013 -.085 .240 -.066 -.053 -.216 -.051 .189 .069 .021 -.098 .205 
RP2 .138 -.483 -.309 o.oo -.372 -.394 .325 -.537 -.615 -.338 -.285 -.048 .422 -.517 -.394 -.141 
RP3 -.108 .413 .102 o.oo .281 .257 -.117 .391 .475 .119 .244 .113 -.306 .434 .259 .191 
RF4 -.175 -.290 -.510 1.00 -.352 -.372 -.141 -.323 -.526 -.308 -.363 -.301 .413 -.447 -.408 -.28, 
TSLS -.073 .128 .043 -LOO .352 .240 -.018 .083 .498 .234 .341 .055 -.292 .135 .345 • 212 



TABLE 5 (continued) 

____ Mg ___ P_h 

Hg 
Pb 
Hg 
Ra 
As 
Cd 
Se 
T1 
Be 
Sb 
RFl 
RF2 
RFJ 
RF4 
TSLS 

1.00 
-0.00 1.00 
-.087 o.oo 

.516 o.oo 
-.282 o.oo 
o.oo 2.36 

.001 0.00 
0.00 o.oo 

.705 o.oo 

.202 -'l.00 
-.078 o.oo 
-.312 o.oo 

.182 o.oo 
-.334 O.'lO 

.281 O.O'l 

-~--!4 __ As_ Cd 

1.01) 
-.242 

. 047 
0.00 
-.036 
'l.00 
-.002 
-.282 
-.llJS 
-.072 

.051 
-.090 

.021 

1.00 
-.304 
o.oo 

.12R 
0.00 

.369 

.322 
-.226 
-.109 
-.056 

• '202 
.215 

1.00 
o.oo 1.00 
-.341 o.oo 
n.oo o.oo 
-.391 o.oo 

.293 o.oo 

.342 o.oo 

.003 o.oo 

.192 o.oo 
-.271 -0.00 

.048 0.00 

Se 

1.00 
0.00 
-.269 

.434 
-.021 

.?.00 
-.030 
-.120 

.455 

Ti ----

1.00 
o.oo 
o.oo 
0.00 
0,00 
o.oo 
0.00 
I). 00 

Be 

1.00 
-.284 
-.451 
-.516 

.187 
-.166 

• 211 

Sb 

1.00 
.23(, 
• 230 

-.091 
.014 
.llJO 

Jrf'l RF2 

1.00 
.051 
• 528 

-.327 
-.227 

1.00 
-.818 

.181 
-.402 

RF3 RF4 TSLS 

1.00 
-.346 l.~0 

.262 -.2~5 1.00 



TABLE 6. CORRELATION MATRIX - BOTH PLAJrrS 
(PLANT E AND PLAHT J) 

f!H Acid. Cood. Cl 504 D.Sol s.Sol Fe Ha Si02 Cu Zn Cr Al Ni Ca 

pH 1.00 
Acid. .038 1.00 
Cond. .042 • 524 1.00 
Cl -.li26 .394 .752 1.00 
S04 .122 .841 • 726 .746 1.00 

D.Sol .130 .827 .810 .833 .898 1.00 
S.Sol .220 -.305 -.042 -.124 -.074 -.021 1.00 
Fe .179 .814 .642 .292 .868 .866 -.099 1.00 
Mn .354 .114 .603 -.064 .745 .816 .101 .792 1.00 
St02 .290 .666 .662 -.040 .719 .786 .148 .687 .864 1.00 
Cu .351 .630 .526 -.315 • 729 .694 .164 • 760 .883 .837 1.00 

tr. Zn .177 • 724 .697 • 381) .708 .816 .028 • 733 • 717 .661 .681 1.00 
I Cr .005 -.17R -.132 -.fl7R -.232 -.160 -.046 -.259 -.199 -.215 -.188 -.248 1.00 I\) .... Al .290 • 731 .584 -.305 .1112 • 788 • 095 • 797 .899 ,823 .807 • fi93 -.069 1.1)0 

Ni .337 .796 .603 -.21.9 .814 .874 .076 .865 .943 .81~ • 904 .829 -.248 .904 1.00 
Ca -.167 .486 .2e2 .655 .409 .3111 .093 • ?51 .136 .0~5 ,073 .294 -.063 .177 .188 l, l')I) 

Mg .334 .E45 .656 .824 .8f;6 .846 -.1~5 .831 .831 .794 • 772 .751 -.284 .728 .379 • 218 
Pb o.oo -o.oo -0. t)!) 0,00 -n.oo -0.00 -0,00 0.00 0.00 -0,00 0.00 -0.00 o.oo -o.oo o.oo -0.00 
H~ -.271 -.375 -.305 .101 -.31'> -.389 -.171 -.444 -.642 -.539 -.606 -.464 -.095 -.577 -0.606 ,046 
13a -.027 • 531 .696 .842 .6lfl .633 -.188 .441 .343 .·329 .227 .478 -.139 .364 .433 • 242 
As .408 .041 .241 -.286 .374 • 248 .586 .236 ,479 .512 .550 .130 .161 .424 • 385 -.011 
Cd -.189 -.257 -.152 -.135 -.291 -.242 -.110 -.255 -.366 -.31i5 -.312 -.290 -.040 -.383 -.360 -.001 
Se .197 -.031 -.200 -. 310 -.112 -.074 .159 -.056 .250 .123 .193 .101 -.154 .174 .170 -.155 
Ti 0.00 o.oo o.oo 0.00 o.oo o.oo o.oo o.oo 0.00 o.oo o.oo o.oo o.oo 0.00 0.00 o.oo 
Be .309 .700 .610 .281 .686 • 789 -.107 .861 .861 .767 .803 .f.93 -.251 • 770 .883 • 019 
Sb .164 ;493 .442 .647 .599 .5)5 .317 • 270 .553 .674 .579 .538 .091 .537 . 584 .255 
RF! -.309 .032 -.008 • 369 .069 -.079 .131 -.128 -.109 -.194 -.119 .070 -.134 -.099 -.142 .039 
RF2 .138 -.483 -.309 o.oo -.372 -.394 .325 -.537 -.615 -.338 -.285 -.048 .422 -.517 -. 394 -.141 
RFJ -.108 .413 .102 o.oo .281 • 257 -.ll7 .391 .475 .119 .244 .113 -.306 .434 • 259 .198 
RF4 -.068 -.169 -.264 -.238 -.212 -.203 -.uo -.172 -.149 -.110 -.087 -.145 .337 -.164 -.138 -.177 
TSLS -.073 .128 .043 -1.00 .)52 .240 -.018 .083 .498 • 234 • 341 .055 -. 292 .135 • 345 • 212 



_Kg~ __ P_b __ ~-- Ra 

Hg 1.00 
Pb -0.00 1. 00 
Rg -. 508 O. 00 
Ba .450 o. 00 
As .255 o.oo 
Cd -.293 0.00 
Se .222 0.00 
Ti o.oo o.oo 
Re .834 -0.00 
Sb .459 -0.00 
RFl -.097 0.00 
RF2 -.312 0.00 
RFl .182 0.00 
RF4 -.146 0.00 
TSLS .281 0.00 

1.00 
-.230 
-.408 

.432 
-.284 
0.03 
-.574 

.422 

.107 
-.072 
.oss 

-.132 
.021 

1.00 
-.132 
-.194 

.109 
0.00 

.124 

.361 

.028 
-.109 
-.056 

.163 

.215 

1.00 
-.244 
-.085 
0.00 

.21;1 

.462 
.101 
,003 
.192 

-.111 
.048 

Cd 

1.00 
-.136 
0.00 
-.310 
-.344 
-.184 
o.oo 
o.oo 
-.073 
o.oo 

Se 

1.00 
o.oo 

.163 

.543 
-.079 

.200 
-.030 
-.067 

,455 

Ti 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

1.00 
.198 

-.334 
-.516 

.187 

.042 

.211 

Sb 

1.00 
.202 
.230 

-.091 
.089 
.190 

RF! RF2 RF3 RF4 

1.00 
.057 
.528 

'"• 287 
-. 227 

1.00 
-.818 1.00 

.181 -.346 1.00 
-.402 .202 -.20s 

TSLS 

1.00 



TABLE 7. CORRELATIONS WITH r VALUES >0.71 

Parameter Plant J Plant E .Both plants 

pH Q 0 0 -
Acidity 6 3 8 
Conductivity 8 6 3 
Cl 5 
504 8 6 11 
TDS 11 7 12 
TSS 0 0 0 
Pc 7 3 10 
Mn 8 6 12 
5102 4 0 8 
Cu 2 0 8 
Zn 2 4 7 
Cr 0 J. 1 
Al 4 1 10 
Ni 12 3 11 
Ca 0 l 0 
Mg 7 7 12 
Pb 
Hg 0 0 0 
Ba 0 6 1 
As 0 1 0 
Cd 0 
Sc 0 0 0 
Tt 
Be 5 0 8 
RF! 0 0 0 
RF2 0 
TSLS 0 
RFJ 0 
RF4 0 0 0 

5-23 



t.r. 
I 

N 
.::. 

TABLE 9. ACID-BASE BALANCE 

Laboratory Calculated Laboratory 
Sample potential acidity potential acidity neutralization potential 

Ho. (ton/CaC03/lOOO ton) (ton/CaC03/lOOO ton} (ton CaC03/lOOO. ton} 

J776 15.5 45.5 <0.3 
J876 14.0 47.S <0.3 
J1076 14.5 49.5 <O.l 

!1076 43.5 102.5 7.6 
!1176 43.5 103.5 0.8 
EU76 34.5 112.0 7.6 
!.177 35.5 108.0 7.3 
£277 31.0 101.5 1.1 

*Laboratory potential acidity al.nus laboratory neutralizatiou potential • 

**Calculated potential acidity •inus laboratory neutralization potential. 

Laboratory Calculated 
excess acidity* excess acidity** 

(tao CaC03/lOOO ten) (ton/CaC03/lOO ton) 

15.2 45.2 
13. 7 47.2 
14.2 49.2 

35.9 94.9 
42.7 102.7 
26.9 104.4 
28.2 100.7 
29.9 100.4 



TABLE 10. OOAL AHALY~IS--PUHTS J AND E 

Plant J Plant E 
J50A .J50B J776 J876 J1076 EI076-- !1176 !1276 El77 E277 

Ar»lJroU..te analyau 
% total moisture 2.0 2.0 3.0 2.8 2.8 3.2 3.2 3.1 3.4 4.0 

Dry basis 
% wolatile aatter 37.1 37.4 33.0 33.4 33.2 36.8 37.3 36.7 37.1 37.6 
% ash 13.5 13.3 16.6 15.6 15.6 15.1 14.8 16.6 15. 7 14. 6 
% fixed carbon 49.4 49.3 S0.4 51.0 51.2 48.1 47.9 46.7 47.2 47.R 
% total sulfur 1.9 1.7 2.11 2.04 2.12 4.09 4.15 4.51 4.27 4.10 

U'· 

' Bta/lb N 
Ul As received 12,885 12,879 

Dry 13,117 ll,160 12,048 12,183 12,252 12,293 12,414 12,082 12,210 12. 351 
A"'1 15,159 15,173 14,446 14,441 14,523 14,477 14,566 14,489 14,490 14,460 

Forms of S (dry) 
% sulfate 0.04 0.04 0.46 0.32 0.33 0.27 0.28 0.22 0.24 0.32 
:Z: pyrittc 0.82 0.69 0.69 0.76 0.81 2.13 2.21 2.54 2. 39 2. 06 
% orpaic I.02 0.96 0.96 0.96 0.98 1.69 1.66 1.75 1.64 1. 72 
% total 1.88 1.69 2.11 2.04 2.12 4.09 4.15 4.51 4.27 4.10 

Particle size As received -18/+40 -:18/+40 -18/+40 -18/+40 -18/+40 -18/+40 -18/+40 -18/+40 -18/+40 



TABLE 11. COAL ANALYSIS - PLANT J 

Sample Number J50A JSOB 

Analysis of Ash (%) 
Si02 51.6 52.4 

Al203 27.9 28.2 

Fe203 11. 7 10.6 

cao 1.8 1. 6 

MgO l.1 l.O 

S03 1.4 1. 7 

Na20 0.3 0.3 

K20 2.5 2.5 

T102 1. 2 1.2 

~nalysis of Ash (mg/l) 
Mn 120 l.10 
Pb 92 101 
Cu 213 269 
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TABl.F. 12. RESULTS OF SHAKIR TISTS--Pl.A.~TS J A.'1D E 

PLAS! _.:: _________ PIA'a I:: -----
J776 .J87C. Jl076 Total El076 Ell76 El286 1:177 I27Z I11Ul 

i 2.64 2. 7') 2. 7) 2.70 7.12 6.46 Ii.Bl 6.49 5.94 6.57 
t>H 3 I). 'll 0.02 o. n 0.05 0.4f. 0.26 ll. lil 0.20 O. H u.49 

bDl"e 2.62-2.M 2. 73-2. 1: 2.i:J-2. 75 ? • €12-2. 77 6.47-7.'IO 'i.I0-6.o2 6.70-6.94 6.23-6.66 5.51-C..38 5.51-7.~') 
~ 6 6 6 18 0 6 6 6 6 JO 

i 250 18) l?G 201 o. 21 0.)0 o. 21 0.17 0.44 0.27 

~· a 39. 5~ 19.66 )'), '1~ li6.1') 0.1 i; 0.22 0.08 0.19 0.24 o. 2(\ 
ltan2e :'10-31J 160-21J 140-~20 l4'l-Hn <.'JS-.46 <.05-.53 .:>. '17-J. 30 <.0"-.55 0.25-0.92 <.OS-.;~ 

s 6 6 f, 1:1 0 6 6 6 6 )I) 

x l. 7'i 1. )2 t. )7 1.46 l. 1) l. 22 l.Gl 1. 2) 1.95 1.2!1 
a 0.17 0.12 ll.08 0.21 0.1!1 0.36 0.26 0.29 ll.29 0.44 

lange 1.5-2.•) l. 2-1. 5 1. l-1. 5 1.2-2.0 0.83-1. 2 0.87-1.6 1).73-1.~ 0.95-1.5 l.6-2.3 0.78-Z.J 
lf 6 

U'I 
6 6 18 6 6 6 6 6 30 

I 
N 
-..J x 1533 1067 10)3 1211 1067 1200 lOll 1033 1}00 1127 

TDS a 57.71i 57.74 57.74 247.2 57.74 100 57.74 57.74 100 128.0 
Ranse 15011-1600 1000-1100 1000-1100 1000-1600 1000-1100 1100-1300 1000-11:>0 1000-1100 12ll0-1400 1001)...1400 

!i 3 3 l 9 3 3 3 3 3 lS 

i' 1100 813 &13 909 700 7~0 723 717 850 756 so, 0 '>.01 23.09 23.1)9 144.3 45.83 26.46 15.28 25.17 266.3 Ha.Ii 
Range 1100-ll'lO 300-840 S!><k>40 8'>0-11 'lO 650-740 770-820 711)-740 690-740 .570-1100 570-llVO 

!i 3 3 3 9 ) ) J l ) 15 

i o. 70 0.67 0.69 0.69 'J.)) 0.41 0.27 0.29 :>.46 0.35 
Ni a 0.09 0.13 0.14 1).11 0.16 0.20 O.ll o.oa 'l.12 0.1.5 

Ran~e 0.112-0.117 0.55-0.83 ').55-'l.83 0.55-0,37 0.17-0, Sr> 0.20-0.liS 0.17-0.44 0.22-0.42 0.37-0.69 .).li'-0.6~ 
~ 6 6 6 18 6 6 6 6 6 30 



TABLE 13. CHEMICAL COMPOSITION OF COAL PILE 
DRAINAGE USED FOR TREATMENT STUDY 

Concentration (mg/L) 
Constituent Total Dissolved 

Acidity, as CaC03 
Total dissolved solids 
Total suspended solids 
Iron 
Manganese 
Zinc 
Nickel 
Copper 
Arsenic 
Selenium 
Chromium 
Mercury 

9,100 

6 
3,000 

5-28 

46 
12 
4.4 
1.6 
0.28 

<0.001 
<0.005 
<0.002 

19,000 

3,000 
44 
12 
4.4 
1. 3 
0.28 

<0.001 
<0.005 
<0.0002 



TABLE B-2. RAINFALL-RUNOFF DATA - PLANT J 

Test period Ra inf all Pumping time 
(1977) (in) (h) 

03/30-04/03 2.65 71.5 
04/12-04/15 0.12 13.0 
04/22-04/25 0.95 6.5 
05/01-05/03 1.03 14.0 
05/07-05/08 0.53 5.5 
05/11-05/19 5.05 114.5 
05/28-06/01 3.35 96.75 
06/02-06/05 2.24 38.0 
06/11-06/21 2.03 41.5 
06/25-06/30 1.87 25. 75 
07/02-07/06 1.6 56.75 
07/08-07/17 0.85 22.0 
07/22-07/22 0.1 15.75 
07/26-08/08 0.55 13.25 
08/ 15-08/18 0.45 12.75 
08/26-08/28 0.30 6.5 
08/31-09/06 1.05 11.75 
09/20-09/27 2.95 78.0 
09/29-10/10 1.1 14.25 
10/12-10/15 o.os 1.0 
10/17-10/25 3. 77 72.75 
10/30-11/11 0.9 17.75 
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TABLE B-3. WEIR READINGS FOR DETERMINATION OF PUMPING RATE 

Flow Flow 
Date H (cfs) (gal/min) 

03·11-77 0.34 1. 94 870.67 
03-12-77 0.33 1.85 830.28 
03-13-77 0.35 2.02 906.58 
03-14-77 0.38 2.28 1,023.26 
03-20-77 0.38 2.28 1,023.26 
03-28-77 0.375 2.225 998.58 
03-30-77 0.395 2.37 1,063.66 
03-31-77 0.37 2. 19 982.87 

04-03-77 0.31 1.69 758.47 
04-06-77 0.33 1.85 830.28 
04-08-77 0.33 1.85 830.28 
04-16-77 0.32 l. 77 794.38 
04-19-77 0.35 2.02 906.58 
04-23-77 0.32 1. 77 794.38 
04-24-77 0.34 1.94 870.67 
04-25-77 0.31 1.69 758.47 
04-26-77 0.34 1.94 870.67 

05-01-77 0.36 2. 11 946.97 
05-03-77 0.36 2. 11 946.97 
05-21-77 0.32 1. 77 794.00 
05-23-77 0.32 1. 77 794.00 
05-24-77 0.31 1.69 758.00 

06-14-77 0.30 1.61 723.40 
06-20-77 0.29 1.53 686.00 
06-20-77 0.21 0.948 425.00 
06-21-77 0. 17 0.692 311. 00 
06-21-77 0.22 1.02 458.00 
06-21-77 o. is 0.575 258.00 
06-23-77 0.28 1.45 651.00 
06-24-77 0.20 0.881 395.00 
06-27-77 0.29 1.53 687.00 

x 0.315 1. 72 771.00 

s 0.085 0.47 208.2 
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Figure 6. Physicochemical data for plants J and E. 
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LEVEL 1 ASSESSMENT OF LIMESTONE SCRUBBING 
WITH ADIPIC ACID ADDITION 

This study was conducted January 29, 1979, through February 2, 1979, at 

the EPA Alkali Wet Scrubber Test Facility at the Shawnee Steam Plant, a 

coal-fired power plant near Paducah, Kentucky. The purposes of the study 

were (1) to evaluate the ability of adipic acid, at about 1,600 ppm inn 

limestone-water slurry, to enhance the removal of 502 from effluent gases 

(as compared to a limestone-water slurry without adipic acid) and (2) to 

determine if adipic acid and its reaction products in the effluent gas might 

have caused environmental detriment. Samples, as shown by the circled 

numbers, were taken from a venturi/spray tower system, shown in Fiqure 6-1, 

and from a turbulent contact absorber (TCA) system, shown in ~ igure 6-2. 

Sampling procedures followed the Level 1 Procedures Manual 1 , and the 

samples were obtained and analyzed as shown in Table 6-1. 

Control device 

Venturi/spray 
tower system 

TCA system 

- . -- . --- . --·-------· - --··-

Table 6-1. Sample Analysis 

Sample 

1. Scrubber/spray 
tower gas 

2. Forced-oxidation 
tank vent emissions 

3. Solids cake from 
vacuum filter 

4. Spray tower slurry 
feed 

1. Scrubber stack gas 

2. Sol ids cake from 
centrifuge 

On
site 

GC 

J 

6-2 

SASS, 
partic
ulates 

J 

.J 

Level 1 
organic: 

Level 
1 

i nor-
ganic 

../ 

.J 

I v 

Bio-
assay 

J 

..; 

.; 
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Onsite gas chromatography for C02 , CO, 02 , N2 , sulfur compounds, and 

hydrocarbons (bp <100° C) was performed according to Level 1 procedures. It 

was found that Level 1 procedures for S02 caused problems due to the reaction 

of S02 with H20 which condensed in the glass sampling bulbs. Therefore, 502 

was measured by continuous monitors operated by the power plant. 502 and 

another unidentified volatile sulfur compound (with a relative retention 

time of 0.53 relative to 502 on a 36 ft x 1/8 in. polyphenylether/H3 P0 4 

column) were detected in all three gaseous samples. The concentration of 

the unidentified sulfur compound was estimated at: 

Sample 

Venturi scrubber/spray tower gas 
Forced-oxidation tank vent emissions 
TCA scrubber stack gas 

mg 5/m3 

7.2 
9 
9.4 

There was no CO detected in any samples. Analytical results for C0 2 , 02 , 

502 , and hydrocarbons are presented in the data tables that follow this 

written summary. 

SASS samples were also taken of the three gaseous streams. Procedures 

for SASS sampling were as specified in the Level 1 Manual except that hyper

isokinetic sampling rate was employed in sampling the oxidation tank vent 

because the required size of the SASS probe nozzle was not available; this 

should not have adversely affected test results because this emission did 
not contain appreciable amounts of particulates. 

SASS samples were analyzed by Level 1 procedures except that LC frac
tionation was not performed on the 10 ±3 µm particulates in the venturi and 

TCA samples and on the filter in the oxidation tank vent sample. The Level 1 

procedure specifies that LC fractionation does not need to be performed if 

the total particulate catch is less than 0.5 mg/30 m3. Corrected to 30 m3 , 

particulate catches for the three gaseous samples were: 

Venturi scrubber/spray tower gas 
Forced-oxidation tank vent emissions 
TCA scrubber stack gas 

477 mg/30 m3 

10 mg/30 m3 

410 mg/30 m3 

(It appears that a cutoff of 0.5 g rather than 0.5 mg may have been used 

here.) 
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It is of interest, relative to the goals of the study, that IR analysis 

of the venturi effluent sample indicated adipic acid, but the presence of 
adipic acid was not confirmed by LRMS. Several suspect contaminants were 
identified by IR in this sample: silicones and phthalates, possibly from 

sampling or process equipment; polychlorotrifluoroethylene, possibly from 

Vi ton gaskets in the SASS train; and di ethylene glycol, which is listed as 

an antifreeze solution for sprinkler systems in the Merck Index~. 

No fugitive emissions samples were taken in this study. Level l qrah 
techniques were used to obtain samples of the venturi spray tower slurry, 
the venturi filter cake, and the TCA centrifuge cake. 

The following samples were taken for bioassay: 

Venturi Scrubber System 
l. 350 mg of SASS particulates from stack gas test 
2. 2 ml of SASS XAD-2 extract from stack gas test 
3. 2 ml of SASS XAD-2 extract from forced-oxidation tank vent test 
4. 500 g of venturi filter cake 
5. 1 L of venturi spray tower s 1 urry 

A SASS particulate sample was not obtained from the oxidation tank vent 
emissions. 

TCA Scrubber System 
1. 350 mg of SASS particulates from stack gas test 
2. 2 ml of SASS XAD-2 extract from stack gas test 
3. 500 g TCA centrifuge cake 

Level 1 sample handling procedures were followed, according to the report, 

but due to difficulty with the solvent exchange procedure into DMSO, the 
XAD-2 extracts are estimated to contain about 10 percent methylene chloride 
which could affect bioassay results. No bioassay results were presented in 
this draft report. 
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LEVEL 1 
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u 
Th 

Bi 

Pb 

Tl 

Hg 

Au 

Pt 
J t' 

Os 

Re 

w 
Ta 
Hf 
Lu 

Yb 

Tm 

Er 

Ho 

<0. 0196 

<0.0392 

<.0.0196 

0. 0977 

<O. 131 

<0.654 

<0.0196 

'-0.0654 

'0. 0327 
.. 0. 0654 

..:Q.0327 

<0.0654 

<0.0491 

<0.0491 

<0.0491 

<0.0491 

<0.0164 

<0.0491 

<0.0164 

TABLE 6-2. SPARK SOURCE MASS SPEClROSCOPY 
SASS FILTER PARTICULATES--OXIDATION TANK VENl 

(µg/m:I*) 

Dy 

Tb 

Gd 

Eu 

Sm 

Nd 

Pr 
Ce 
La 

Ba 
Cs 

I 

Te 
Sb 

Sn 
In 
Cd 

Ag 

Pd 

<0.0491 

<0.0164 

<0.0491 

<0.0229 

<0.0491 

0.0323 

<O. 0131 

0.0122 

0.00981 
.,. 

0.00147 

t 
<0.0327 

t 
0.0733 

0.00491 

0.147 

<0.00589 

<0.0981 

Rh 
Ru 
Mo 
Nb 

Zr 
y 

Sr 

Rb 
Br 
SP. 

As 

Ge 

Ga 

Zn 

Cu 

Ni 

Co 

Fe 

Mn 

<0.0327 

<0.196 

0.0491 

0.00647 

<0.0164 

<0.00981 

0.00301 

0.00647 

0.0117 

. 0. 0687 

0.00799 

0.0196 

<0.00654 

t 
0.160 

0.0754 

0.00395 

1. 43 

0.236 

Cr 0.485 

v t 
Ti t 

Sc 0.0244 

Ca 3.17 

K 1· 

Cl r 
s 
p 

'.-> i ? IH 

A I L. 8b 

Mg l. 51 

Na l 
F 0.0750 

B 0. 170 

Be ·0.00164 

Li 0. 00832 

*Data available fur unco1-rected sample vi!lues •rnd carbon blank valUP', 011 Pach 
element analyzed. 

1Sarnple value < blank value. 
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TABLE 6-3. SPARK SOURCE MASS SPECTROSCOPY 
SASS PROBE AND CYCLONE RINSE RESIDUE--

VENTURI SCRUBBER 
(µg/m3*) 

- ·-=- :.:.::.:::.:::-.~ .·..::::.~ :.:::.~·~-::-. .:-.. ·:..-.:. 

u 0.0331 Dy 0.0828 Rh <0.00497 Cr 49.7 

Th 0.0663 Tb 0.00828 Ru <0.00828 v .990 

Bi <0.00828 Gd 0.0497 Mo 8.28 Ti 24.9 

Pb 0.497 Eu 0.0331 Nb 0.166 Sc <0.249 

Tl 0.331 Sm 0.0497 Zr 0.828 Ca 4,970 
Hg <0.0497 Nd 0.166 y 0.166 K 82.8 
Au <0.00166 Pr 0.0331 Sr 3.31 Cl 33.l 

Pt <0.00497 Ce 0.166 Rb 0.232 s 497 
Ir <0.00331 La 0.166 Br 2.90 p 6.63 
Os <0.00331 Ba 16.6 Se 0.499 Si 149 
Re <0.00497 Cs 0.0249 As 2.49 Al 24.8 
w 0.331 I t Ge .497 Mg 82.8 
Ta <0.00828 Te <0.00497 Ga .0828 Na 49.7 
Hf <0.00828 Sb 0.0990 Zn 4.97 F 1. 66 
Lu <0.00166 Sn 0.166 Cu 1. 66 B 0.496 
Yb 0.0331 In <0.000828 Ni 24.9 Be 0.00828 
Tm 0.00497 Cd <0.249 Co 0.414 Li 0.497 
Er 0.0166 Ag 0.0990 Fe 249 
Ho 0.00828 Pd <0.0166 Mn 14.9 
~-=·.-:-·"'."..:..:·~·~~·-:.· ::"':'"."":'-:': .. _ .-~:·.! . : -:.::11::· ;· -: .. :.·.-::- "'.:."'.:.::..:;··. ·; -~~--·::-::. :.;.."~ :::.·.~"!;.~.;::.:-;:=:::.-;:.;:;r : .-:~.;.:;:..·.~-;-_··: ... ·. --~; · .. ·;;.:.·:.· -~ ·:...;~. · . ...::-. -- .:· .. : :::.:·:·.-_,-:":.:::· -·---;.~:. -. 

*Data avail ab 1 e for uncorrected sample values and carbon blank values on each 
element analyzed. 
tSample value < blank value. 
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u 
Th 

Bi 

Pb 
Tl 

Hg 

Au 

Pt 
I r 

Os 

Re 

w 
Ta 
Hf 

Lu 
Yb 

Tm 

Er 

Ho 

<0. 0111 
<0.0223 

<O. 0111 

. 0668 

. 223 

--0.445 

<O. 0111 

<0.0223 

<0.0223 

<0.0445 

<0.0223 

0.0223 

<0.0223 

<0.0223 

<O. 0111 

<0.0223 

<O. 0111 

•.0.0223 

<O. 0111 

TABLE 6-4. SPARK SOURCE MASS SPECTROSCOPY 
SASS 10- and 3-µm PARTICULATES-

VENTURI SCRUBBER 

Dy 
Tb 

Gd 

Eu 

Sm 

Nd 

Pr 

Ce 
La 

Ba 
Cs 

I 

Te 
Sb 

Sn 
In 
Cd 
Ag 

Pd 

(µg/m3*) 

<0.0223 

<0.00668 

<0.0223 

<0.0223 

<0.0223 

<.0.0445 

<O. 0111 

0.0334 

0.0223 

2.23 

<0.00167 

<0.0234 

<0.0445 

0.0267 

0.0445 

<0.00556 

<0.0668 

<0.00668 

<0.0445 

Rh 

Ru 
Mo 
Nb 

Zr 
y 

s ,. 

Rb 
Br 
Se 

As 
Ge 

Ga 

Zn 

Cu 

Ni 
Co 
F P 

Mn 

<0.00668 

<0.0223 

1.11 

0.0445 

0. 111 

0. 044~l 

0.312 

<0.00445 

o. 167 

0.670 

0.0556 

<0.223 

<0.0223 

0.0445 

0.111 

5.56 

0. 111 

H4 

l. 33 

Cr 13. 4 

v 0.334 

Ti 2.23 

Sc <0.0445 

Ca 223 

K 

cl 
s 
p 

~' , ) ') ' ' . {._ 

223 

0.445 

Si 13.0 

Al 33. 3 

My 4.4S 

Na 1. 32 

F <0.134 

8 0.667 

Be o.ocn3 
Li ·.0.000334 

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 

6-10 



TABLE 6-5. SPARK SOURCE MASS SPECTROSCOPY 
SASS 1-µm AND FILTER PARTICULATES--

VENTURI SCRUBBER--
(µg/m3*) 

u 3.47 Dy 0.868 Rh <0.174 Cr 21. 8 

Th 0.695 Tb 0.289 Ru <, 0. 34 7 v 174 

Bi 2.32 Gd 0.868 Mo 28.9 Ti 576 

Pb 40.2 Eu 0.405 Nb 0.175 Sc 1. 09 

Tl 347 Sm 0.868 Zr 2.32 Ca 17,300 

Hg <1.16 Nd 2.61 y 4.05 K 840 

Au <0.0347 Pr 0.523 Sr 46.1 Cl 44.1 

Pt <O. 116 Ce 2.86 Rb 11. 5 s 23t100 

Ir <0.0579 La 1. 74 Br 1.88 p 344 

Os <O. 116 Ba 169 Se . 15.1 Si 241 

Re <0.0579 Cs 0.868 As 289 Al 1,170 

w 2.89 I 0.347 Ge 5.79 Mg 133 

Ta <0.0868 Te 1. 74 Ga 28.9 Na 221 

Hf 0.174 Sb 20.3 Zn 284 F 3.28 

Lu 0.0868 Sn 34.5 Cu 113 B 86.2 

Yb 0.289 In 0.579 Ni 12.4 Be 2.89 

Tm 0.0868 Cd 26.0 Co 4.24 Li 8.67 

Er 0.579 Ag 0.347 Fe 4,310 

Ho 0.174 Pd <0.579 Mn 37.1 
~--=:.:.:;~::.:.;-:.-::..7."-=:·== -:.:.."';.~"":':..--":'"::;..~-=-..,;:=•--P ---------....-------· 
*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
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u 
Th 

Bi 

Pb 
Tl 

H11 

Au 

Pt 
Ir 

Os 

Re 
w 
Ta 

Hf 

Lu 
Yb 

Tm 

Er 
Ho 

<l. 50 

<3.00 

<l. 50 

7. 79 

<10. 0 

<50.0 

<l. 50 

2.06 

<2.50 

<5.00 

<2.50 

0. 0413 

<12.5 

<2.50 

<l. 25 

<3.75 
<7.50 

<3. 75 

<l. 25 

TABLE 6-6. SPARK SOURCE MASS SPECTROSCOPY 
SASS XA0-2 RESIN--VENTURI SCRUBBER 

(µg/m3*) 

Dy 
Tb 

Gd 
Eu 
Sm 

Nd 

Pr 

Ce 
La 

Ba 

Cs 
I 

Te 
Sb 

Sn 
In 

Cd 
Ag 

Pd 

<3. 75 

<l. 25 

<3. 75 

<2.50 

<3. 75 

<3. 75 

<l.00 

0.625 

1. 27 

5.04 

<1. 12 

t 

<5.00 

<O. 750 

20. 1 

<0.375 

<7.50 

0. 762 

<5.00 

Rh 
Ru 
Mo 
Nb 

Zr 
y 

Sr 

Rh 
Br 
Se 

As 

Ge 

Ga 
Zn 

Cu 

Ni 

Co 
Fe 

Mn 

<0.750 

<2.50 

11. 3 

<0.750 

<2.50 

<O. 750 

0.656 

I" 
0.516 
0.0866 

t 
<2.50 

<0.625 

25.4 

t 

t 
1· 

8.65 

Cr 
v 

t 
3.01 

Ti t 
Sc <2.50 

Ca 1,630 

K 1 
Cl 

s } . ?b() 

r ;~o. 2 

Si 112 

Al 1.11 

M~J 100 

Na 6. 16 

F <5.00 

B 3. 81 

Be <0.0250 

Li 0. 762 

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
tSample value < blank value. 
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TABLE 6-7. SPARK SOURCE MASS SPECTROSCOPY 
SASS CONDENSATE AND FIRST IMPINGER--VENTURI SCRUBBER 

(µg/m3*) 
-----------------:.·-=-:-=-.:=.-..:.·..:.=.=-::..-:..· 

u <0.495 Dy <2.97 Rh <0.495 Cr 2,970 

Th <0.989 Tb <0.297 Ru <0.989 v 14.8 

Bi <0.495 Gd <0.989 Mo 495 Ti 989 

Pb <0.989 Eu <0.989 Nb 0.297 Sc <l. 98 

Tl <l. 98 Sm <0.989 Zr <0.495 Ca 148 

Hg <19.8 Nd <4.95 y <0.198 K 49.4 

Au <0.495 Pr <0.297 Sr 0.593 Cl 95.9 

Pt <0.989 Ce <0.148 Rb 0.0989 s 178,000 

Ir <0.989 La <0.297 Br 7.42 p 11.9 

Os <l.98 Ba 1. 98 Se 43. 6 Si 74.2 

Re <0.989 Cs <0.148 As <0.148 Al 17.8 

w <:0.989 I 2.97 Ge <2.97 Mg 4.95 

Ta <0.989 Te <0.989 Ga <0.247 Na 86, 100 

Hf <0.989 Sb <0.297 Zn 19.8 F <9.89 

Lu <0.495 Sn 49.5 Cu 98.9 B 1. 44 

Vb <0.989 In <0.247 Ni 1,980 Be <0.0495 

Tm <2.97 Cd <2.97 Co 98.9 Li 0.00593 

Er <0.989 Ag 5.93 Fe 13,100 

Ho <2.97 Pd <1.98 Mn 297 
:-.:=.:.::=::=.-:.:=':: ~-"::.-'!=-=-=-===--=-:..::====----::...-::.:;::::~==-. -·-:. ~-:...:::--==-==-·4:."'-"': .• . ;..:~=--=- :.:-:::-..::·====- . - --·- --

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
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TABLE 6-8. SPARK SOURCE MASS SPECTROSCOPY 
SASS PROBE AND CYCLONE RINSE RESIDUE--

OXIDATION TANK VENT 
(µg/ma*) 

u 0.0000141 Dy 0.0000141 Rh <0.00000422 Cr 0.127 
Th 0.0000281 Tb 0.00000703 Ru <0.00000703 v 0.00127 
Bi <0.00000281 Gd 0.0000281 Mo 0.00492 Ti 0.00703 
Pb 0.00141 Eu 0.00000703 Nb 0.000141 Sc (0.0000844 
Tl 0.000141 Sm 0.0000422 Zr 0.000985 Ca 2.11 
Hg <0.0000422 Nd 0.000141 y 0.0000985 K 0.0422 
Au <0.00000141 Pr 0.0000281 Sr 0.00281 Cl 0.0281 
Pt <0.00000422 Ce 0.0000703 Rb 0.000197 s 0.281 
Ir <-0.00000281 La 0.0000985 Br 0.00352 p 0.00281 
Os <0.00000281 Ba 0.0141 Se 0.00190 Si 0.0842 
Re <0.00000422 Cs 0. 0000211 As 0. 000211 Al 0.0844 
w 0.000422 I 0.0105 Ge 0.000422 Mg 0.0703 
Ta <0.0000703 Te <0.00000422 Ga 0.0000352 Na 0.0422 
Hf <0.00000703 Sb 0.0000844 Zn 0.0281 F 0.00141 
Lu <0.00000141 Sn 0.000281 Cu 0.00352 8 0.00843 
Yb 0.0000281 In <0.000000703 Ni 0.0703 Be 0.00000103 
Tm 0.00000703 Cd <0. 000211 Co 0.00141 Li 0.000127 
Er 0.00000703 Ag 0.000844 Fe 0.211 

Ho 0.00000422 Pd <0.0000141 Mn 0.0127 
. -r ·:: . -·. -or.•-. ~-~-r·• •. -;·;~·~.--;.;; ,:.~.·~.-: ·~ •-:-• r "'!::;T":""-"'.• •·-·-r··:·. 

..; :~.-. -. 
*Data available for uncorrected sample values '"1d carbon blank val UPS on each 
element analyzed. 
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TABLE 6-9. SPARK SOURCE MASS SPECTROSCOPY 
SASS XAD-2 RESIN--OXIDATION TANK VENT 

(µg/rn3*) 

u 1. 38 Dy <3.45 Rh <0.690 Cr t 
Th t Tb <l. 15 Ru <2.30 v t 
Bi <1.38 Gd <3.45 Mo 1.14 Ti t 
Pb t Eu <2.30 Nb <0.690 Sc <2.30 

Tl <9.20 Sm <3.45 Zr <2.30 Ca J 1'I 

Hg -.46.0 Nd <3. 45 y <0.6lJO K I 

Au '-l. 38 Pr t Sr t Cl I 
Pt t Ce 0.575 Rb t s t 
Ir <2.30 La 1· Br t p 18.4 
Os <4.60 Ba t Se <3.22 Si 172 

Re <2.30 Cs <l. 03 As t Al t 
w t I t Ge <2.30 Mg t 
Ta <16.1 Te <4.60 Ga <0.575 Na t 
Hf <2.30 Sb <0.690 Zn t F <4.60 
Lu <1.15 Sn <2.30 Cu t B t 
Yb <3.45 In <0.345 Ni t Be <.0230 
Tm <..6. 90 Cd <6.90 Co t L.; . 686 
Er -..3.45 Ag <..0.690 f e 't 
Ho <l.15 Pd <4.60 Mn t 
==:=-.:.=~--=--===-:.:.--=-..=--::.::=:;.:.~~ .. ~;:.:•.:;:.::;·.:..--:::.--==~·::..-:.::~:.--: -~-=== .. ":!:"-==:::.:.:.:::~~.-:.:!.."=.:.;..: __ ... _-=:.::..-::,..--=..::.:T.--::."..=~=·~~~~~--=-=·7.:=.;.;.--== _·:.:::..=.-"-=:::..:;;..-:. 

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
tSample value < blank value. 
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u 
Th 
Bi 
Pb 
Tl 

Hg 

Au 
Pt 
lr 

Os 

Re 
w 
Ta 
Hf 

Lu 
Yb 
Tm 

Er 
Ho 

TABLE 6-10. SPARK SOURCE MASS SPECTROSCOPY 
SASS CONDENSATE ANO FIRSl IMPINGER--OXIDATION TANK VENl 

(µg/m3*) 

<O. 218 

<0.437 

<0.218 

0.437 

<-0.873 

<8. 73 

<0.?18 

( 0. 437 

<0.437 

'0.873 

. 0. 437 

<-0.437 

<2.18 

<0.437 

<0.218 

<0.437 

<l. 31 

<0.437 

<l. 31 

Dy 

Tb 

Gd 

Eu 

Sm 

Nd 
Pr 

Ce 

La 

Ba 
Cs 

I 

Te 

Sb 

Sn 

In 

Cd 

Ag 
Pd 

<l. 31 

<O. 131 

<0.437 

<0.437 

<0.437 

<0.437 

<0.873 

<. 0. 0655 

'0. 873 

2. 18 

<..0.0655 

t 
<0.437 

0.131 

43. 7 

<0.0655 

< 1. 31 

2.62 

<0.873 

Rh 
Ru 

Mo 
Nb 
Zr 
y 

Sr 

Rh 
Br 
Se 

As 

Ge 

Ga 

Zn 
Cu 

Ni 

Co 

Fe 

Mn 

<O. 218 

<0.437 

6.55 

0.0873 

<O. 218 

<0.0873 

0. 175 

0. 02£1? 

0.546 

0.917 

<0.0655 

<O. 873 

<0.437 

4.37 

6.5S 

43. 7 

0.655 

262 

13.1 

Cr 

v 
1 i 

Sc 

Ca 

K 

65.5 

0.655 

109 

<:0.873 

6S.3 

43.7 

Cl ?h,?00 

7 'Hfi() 

, .. 
.) l 

Al 

~L 21J 

32.? 

24.9 

Mg 2.18 

Na 14,400 

F <4.37 

Be 

Li 

6.53 

<0.0218 

0.0131 

*Data available fo1· uncorr<'cted sample values and carbon I> I ank va I ues 011 eacti 
element ~nalyzed. 

tSample value < blank value. 
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TABLE 6-11. SPARK SOURCE MASS SPECTROSCOPY 
SASS PROBE AND CYCLONE RINSE RESIDUE--

TCA SCRUBBER 
(µg/m3*) 

:;:_-:=.-=-:.:::::..:.:.::~---::_-_::..~--:' - _ _;;==---=~-=--- -=..:.:;.:;.:';':=,.7~-· 

u 0.0847 Dy 0. 169 Rh <0.00508 Cr 15.2 

Th 0.169 Tb 0.0169 Ru <0.00847 v 2.54 

Bi <0.00339 Gd 0. 169 Mo 0.254 Ti 84.7 

Pb 0.0847 Eu 0.0847 Nb 0.169 Sc 0.339 

Tl 0.0339 Sm 0.169 Zr 1.19 Ca 2,540 

Hg <0.0508 Nd 0.847 y 0.847 K 8.47 

Au <0.00169 Pr 0.169 Sr 1. 69 Cl 8.42 

Pt <-0.00508 Ce 0.593 Rb 0.169 s 508 
Ir <0.00339 La 0.847 Br 0.423 p 13. 5 

Os <0.00339 Ba 16.9 Se 0.273 Si 1,020 
Re <0.00339 Cs 0.0508 As 0.423 Al 1,020 

w 0.0339 I <0.0127 Ge 1.19 Mg 16.9 
Ta .:.0.0339 Te <0.00508 Ga 0.0847 Na 3.04 
Hf <0.00847 Sb 0.0508 Zn 0.169 F 1. 69 
Lu <0.00169 Sn 0.0847 Cu 1. 69 B 0.507 
Yb 0.0339 In <0.000847 Ni 4.23 Be 0.0254 
Tm 0.0169 Cd <0.102 Co 1. 69 Li 0.508 
Er 0.0339 Ag 0.0152 Fe 508 

Ho 0.0169 Pd •0.0169 Mn 2.54 
·- - . ... ·--. 

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
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u 
Th 

Bi 

Pb 

Tl 

Hg 

Au 

Pt 

It· 

o~, 

Re 

w 
Ta 

Hf 
Lu 

Yb 

Tm 

Er 
Ho 

0.137 

0.137 

<0.00683 

0.683 

0.137 

<0.273 

<0.00683 

<0.0273 

,o. 0273 

·ll.021:1 

'(). 02 7 3 

<0.0273 

. 0.137 

<O. 0273 

<0.00683 

0.0683 

0.00683 

0.0683 

0.0273 

1 ABLl G-12. SPARK SOURCL MASS Sl'l C IROSCOPY 
SASS 10- AND 3-µm PARTICULAIES-- ICA SCRUBB~R 

(µg/m3*) 

Dy 

Tb 

Gd 

Eu 

Sm 

Nd 

Pr 
Ce 
La 

Ba 

Cs 

Te 
Sb 

Sn 

In 

Cd 

Ag 

Pd 

0.205 

0.0683 

0.205 

0.0683 

0.273 

0.683 

0. 273 

1. 37 

0.683 

41. 0 

0.0615 

0.0205 

<0.0273 

0.164 

0.137 

<0.0205 

<0.205 

0.205 

<0.0273 

Rh 
Ru 
Mo 

Nb 

Zr 
y 

Sr 

Rb 
Br· 

Se 

As 

Ge 

Ga 
Zn 
Cu 

Ni 

Co 

Fe 

Mn 

0.00683 

<0.0273 

0.683 

0. 410 

4.10 

2.05 

13. 7 

5.47 

0.~;13 

0. 2?0 

l. 03 

4.10 

2.05 

13. 7 

1. 03 

0.683 

1. 37 

205 

8.20 

Cr 

v 
4.10 

4.10 

Ti 68.3 

Sc 1. 37 

Ca 3,420 

K ?73 

CI G. 79 
(, 

,. 
( . 
.) I 

Al 

Mg 

Na 

F 

B 

Be 

Li 

·110 

16.4 

820 

410 

68.3 

82.0 

0.273 

4.10 

0.137 

1. 23 

*Data available for uncorrected ~,ample values and cal'tH>n !Jf,rnk vr1lue<, 011 each 
element analyzed. 
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TABLE 6-13. SPARK SOURCE MASS SPECTROSCOPY 
SASS 1-µm AND FILTER PARTICULATES--TCA SCRUBBER 

(µg/m3*) 
==~=--==---=-~~--.~:.=~=~-=--:..:==....~·--=·=::::-;,.·_~:·=.:·=-:-::7.-.---:-:---~-·.:=;...:.-·.7:_-:- .=:· __ .. __ -::.:.===.-=: __ 

u 10.5 Dy 5.23 Rh <0.314 Cr 27.1 

Th 1. 25 Tb 3.14 Ru <2.09 v 188 

Bi 0.418 Gd 5.23 Mo 26.1 Ti 520 

Pb 1. 80 Eu 1. 57 Nb 0.674 Sc 10.4 

Tl 6.27 Sm 4.18 Zr 10. 5 Ca 5,150 

Hg <2.09 Nd 15.4 y 20.9 K 23.7 

Au <0.732 Pr 6.21 Sr 41. 6 Cl t 

Pt 0.627 Ce 10.4 Rb 4.12 s JS,600 

Ir <0.105 La 10.5 Br 'I p 624 

Os <0.209 Ba 623 Se 27.9 Si 449 
Re <0.105 Cs 0.784 As 52.1 Al 4,660 

w 5.23 I 0.157 Ge 6.27 Mg t 
Ta <0.627 Te 1. 05 Ga 10.5 Na t 
Hf 1. 57 Sb 1. 99 Zn 4.73 F 0.113 

Lu <0.523 Sn 6.06 Cu 18.0 B 156 

Yb 1. 57 In 0.523 Ni 26.3 Be 2.61 

Tm <0.627 Cd 15.7 Co 5.12 . Li 1. 55 

Er 2.09 Ag 0.627 Fe 7,810 

Ho 0.627 Pd <l. 05 Mn t 
=-:,::::_-.:-_-:=_::.· -=-=--.-:.~. -- --·-.. ~-;--· :- · .. - ... -- --- -· ··--···· .. .. ·- ~. '.. ·-. ----. -- :-·-

*Data available for unc:orr~c ted samplP values and carbon blank value~ on each 
element analy1ed. 

tSample value < blank value. 
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u 
Th 

Bi 

Po 

Tl 

Hg 

Au 

Pt 
Ir 

Os 

Re 

w 
Ta 

Hf 

Lu 

Yb 
Tm 

Er 
Ho 

1. 49 

t 
•. l. 49 

•.9. 96 

<.49.8 

1. 49 

124 

'2. 49 

( 4. 98 

<2.49 

t 
<.12. 5 

<2.49 

<l. 25 

<3. 74 

<7.47 

<3. 74 

d.25 

TABLE 6-14. SPARK SOURCE MASS SPECTROSCOPY 
SASS XAD-2 RESIN--TCA SCRUBBER 

(µg/m3*) 

Dy 

Tb 

Gd 

Eu 

Sm 

Nd 

Pr 

Ce 

La 

Ba 
Cs 

I 

Te 

Sb 

Sn 

In 
Cd 
Ag 

Pd 

<3. 74 

< 1. 25 

d. 74 

<.. 2. 49 

<3. 74 

<3. 74 

t 
ll.li?.J 

I 

t 
<l. 12 

<l. 87 

<4.98 

<O. 747 

t 
<0.374 

<7.47 

<0.147 

<-4. 98 

Rh 

Ru 
Mo 
Nb 

Zr 
y 

Sr 

Rb 
Br 

Se 
As 
Ge 

Ga 
Zn 

Cu 

Ni 
Co 

re 
Mn 

<0.747 

<2.49 

t 

..:.0. 747 

<2.49 

'0.747 

'I 

I 

-i 

t 

t 

<2.49 

<0.623 

t 

t 

-i-

t 
I 

I 

Cr t 
v t 
r i 
Sc '?.49 

Ca 124 

K ! 

CI · ? 4'J 

' _, 

Si ·~V. 4 

Mg 
Na I 

F <4.98 

B t 

Be <0.0249 

Li 0.745 

*Data available for uncorrected sample values and carho11 blank values on Pach 
element analyzed. 

tSampl(> value < blank value. 
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TABLE 6-15. SPARK SOURCE MASS SPECTROSCOPY 
SASS CONDENSATE AND FIRST IMPINGER--TCA SCRUBBER 

(pg/m3*) 
- ·- .. -- . • : - --::--·.--::=. ..• =..-- :.: :-:.··_ ::·;;-.::;':.,.;":·;:::::~·:..·.-·.·:.;-•.•. :;,·-.. ·.: .. :.:.::.;.:. ~--

...... ' .. ------·--- --. --.·:~. '::."':'._; ::· . ..::-:=---=-==-=--:::-..::_-:=.=----· 

u <0.184 Dy <1.10 Rh <0.184 Cr 44.1 

Th <0.368 Tb <0.110 Ru <0.368 v 0.221 

Bi <0.184 Gd <0.368 Mo 9.19 Ti 27.6 

Pb 0.736 Eu <0.368 Nb <0.0736 Sc <0.736 

Tl <l. 47 Sm <0.368 Zr <0.184 Ca 73.4 

Hg <7.36 Nd <O. 736 y <O. 0736 K 29.4 

Au <0.368 Pr <1.10 Sr 0.221 Cl 22,400 

Pt <0.368 Ce <0.0552 Rb 0.0588 s 478 

Ir <0.368 La 22.1 Br 3.68 p 44.l 

Os <O. 736 Ba 2.57 Se 8.50 Si l. 72 

Re <0.368 Cs <0.0552 As <.0.0552 I\ l 61. 8 

w '0.368 I 0.827 Ge <0.736 Mg 3.68 

Ta <1.84 Te <0.368 Ga <0.184 Na 12,100 

Hf <0.368 Sb <O. 110 Zn 3.68 F <3.68 

LU <0.184 Sn 0.368 Cu 7.36 B 22.0 

Yb <0.368 In <0.0552 Ni 27.6 Be <0.00368 

Tm <1.10 Cd <1. 10 Co 0.368 Li 0.0331 

Er <0.368 Ag 0.331 Fe 187 

Ho <0.368 Pd <-0. 736 Mn 13.2 

=-- - -~==-=-:-:=::::=.-.... -.:..==..-..:.::..=-=.~...:-----

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
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TABLE 6-16. SPARK SOURCE MASS SPECTROSCOPY 
VENTURI FILTER CAKE 

(pg/g*) 
:::-:::--:=.:.::--=-=-~-- ·= -··-== :---=----.-~---- ---- -:=,.::..:__:_.--__ -_-_:__~-==---==- :-:· 

u 
Th 

Bi 

Pb 

Tl 

Hg 

Au 
Pt 
Ir 

Os 

Re 

w 
Ta 

Hf 
Lu 

Yb 

Tm 

Er 
Ho 

1. 30 

5.20 

. 0. 260 

?.GO 

2.60 

<3.90 

<-0.130 

<0.390 

<0.260 

<0.260 

<0.260 

0.390 

<0.650 

<0.650 

<-0.130 

2.60 

0.390 

2.60 

0.650 

Dy 

Tb 
(1rl 

Eu 

Sm 

Nd 

Pr 
Ce 
La 

Ba 

Cs 

I 

Te 

Sb 

Sn 

In 

Cd 

Ag 
Pd 

3.90 

l.10 

G.50 

J. 90 

13. 0 

39.0 

13. 0 

32.5 

26.0 

650 

1. 3 7 

< l. 37 

<0.390 

0. 780 

2.60 

--.0.0650 

< 1. 17 

<0.0780 

( 1. 30 

Rh 
Ru 

Mo 

Nb 

l 1· 

y 

Sr 

Rb 

c 0. 390 

·. 0. 650 

3.90 

b~J. () 

39.0 

130 

13. 0 

Br 3.25 

Se '·O. 910 

As 19. 5 

Ge 26.0 

Ga 6.50 

Zn 13. 0 

Cu 19.5 

Ni 195 

Co 65.0 

Fe 19,500 

Mn 38. 9 

Cr 39.0 

v 39. 0 

l i l • ':l ~1() 

1c :19.() 

L-1 :~lJll,000 

K 2,600 

Cl 386 

P ?HJ 

') i /H, 000 

Al 78,000 

Mg 650 

Na 194 

F 78.0 

8 77. 9 

e" J.3o 
Li 7. 80 

*Data available for uncorrected sample values irnd rilrbon bla11k values 011 f'ilch 
element analyzed. 
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TABLE 6-17. SPARK SOURCE MASS SPECTROSCOPY 
VENTURI SPRAY TOWER SLURRY- -SOLIDS 

(µg/g*) 
:.:::::"'."=-=-==·=---==--=·~. ·--~=- :-::·:::.=.=.:: .. :.::.-=..--=.-=.:::=-= .::. ~-==--.·:':'.~ -=-=-=--:-::=:::..-=...:. ·.......::.:; .• :.~'.' .• .·.: .~·-.-:~--=-:-. ·_:-:- :: :.~.: .=-:;_". ·==-::.-:-.···.-::-:.-.:..=. -=:-:::...-::..::-:-.::::..-:::=..=---=:::·==:::-::~=-..:..:....-:=..:::=-:::-.=--_:_-==.=--== 

u 2.60 Dy 2.60 Rh <0.130 Cr 11.7 

Th 2.60 Tb 1. 30 Ru <0.390 v 39.0 

Bi <0.130 Gd 3.90 Mo 13.0 Ti 1,300 

Pb 2.60 Eu 0.390 Nb 2.90 Sc <39.0 

Tl 2.60 Sm 6.50 Zr 26.0 Ca 780,000 

Hg <3.90 Nd 26.U y 13.0 K ?,600 

Au <0.130 Pr 13. 0 Sr 130 Cl 26,00U 

Pt <0.390 Ce 32.5 Rb 26.0 s 260,000 

Ir <0.390 La 13.0 Br 975 p 104 

Os <0.390 Ba 390 Se 20.9 Si 19,500 

Re <0.650 Cs 1. 95 As 195 Al 11, 700 

w 0.650 I <0.975 Ge 65.0 Mg 260 

Ta <1. 30 Te <0.390 Ga 6.50 Na 77. 2 

Hf <0.390 Sb 1. 56 Zn 260 F 260 

Lu <0.130 Sn 2.60 Cu 195 B 117 

Yb 0.390 In <0.325 Ni 32.5 Be 1. 30 

Tm 0.130 Cd <3.90 Co 19.5 Li 3.90 

Er 1. 30 Ag <0.0780 Fe 3,900 

Ho 0.130 Pd <0.390 Mn 195 
=---=-..:=:::=:-==-==;:..:..:.:.="':=:..-_~-======:::.=:.:.=:...=.-:::::·.::.=.--:-::=:..":~: :""':=.:.:-:.:=.:-.::=-:···=-=:-.--:::-:::.:: .. ::.:=::..::::=..:··===-..:...:.':.:=".:::::-..:.::.-:.::::..-::.·:.;..;:::.=:.·:.--:.:::;.-_-::=::_-:::=::==-==.---:-=:---

J1COata available for uncorrected sample values and carbon blank values on each 
element analyzed. 

6-23 



u 
Th 

Bi 

Pb 

Tl 

Hg 

Au 
Pt 

Ir 

Os 

Re 

w 
Ta 
Hf 
Lu 

Yb 

Tm 

Er 
Ho 

<15.5 

<31. 0 

< 15. 5 

31. 0 

•.310 

<619 

<31. 0 

<61. 9 

( 61. 9 

<-Gl.9 

'g2. 9 

'31. () 

,9z.9 

<92.9 

<15. 5 

<31. 0 

<31. 0 

<31. 0 

<15.5 

TABLE 6-18. SPARK SOURCE MASS SPECTROSCOPY 
VENTURI SPRAY TOWER SLURRY--LIQUID 

(µg/L*) 

Dy 

Tb 

Gd 

Eu 

Sm 

Nd 

Pr 
Ce 

La 

<31. 0 

<15.5 

< 9;>. 9 

'- 31. 0 

< 31. 0 

<61. 9 

<15.5 

<7. 74 

<92.9 

Ba 9,290 

Cs <13.9 

9,240 

Te <61. 9 

Sb <92.9 

Sn <92.9 

In <46.4 

Cd ,-929 

Ag <18.6 

Pd <61. 9 

Rh <15.5 

Ru <92.9 

Mo 4,G40 

Nb < LS. 5 

Zr <15.5 

y <9.29 

Sr 16,100 

Rb 1,860 

Br 209,000 

Se <433 

As <3,100! 

Ge J, 100 

Ga <15.5 

Zn 3,100 

Cu 310 

Ni 310 

Co 310 

Fe 83.6 

Mn 20,400 

Cr 
v 
r i 

65.0 

92.9 

1. 08(1 

Sc ·.fil.(J 

Ci 11 ,SOO ,000 

K 774,000 

Cl /,/40,000 

r i2.~ 

92,400 

A I JO, 100 

Mq 1,?40,000 

NCI 158,000 

r s,670 

8 J 11, ODO 

fle 

Ii 

31.0 

1,300 

*Data available for uncorrected sample value~ and carbon blank values 011 each 
element analyzed. 

i"lnterference from cillcium chloride. 
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TABLE 6-19. SPARK SOURCE MASS SPECTROSCOPY 
TCA CENTRIFUGE CAKE 

(µg/g*) 

u 2.60 Dy 3.90 Rh <0.130 Cr 39.0 

Th 5.20 Tb 1. 30 Ru <0.390 v 39.0 

Bi <0.260 Gd 6.50 Mo 4.55 Ti 1,950 

Pb 2.60 Eu 2.60 Nb 6.50 Sc 39.0 

Tl 2.60 Sm .LL 0 lr 6~.o C.i J90,000 

Hg ... J. 90 Nd 65.0 y 39.0 K 2,600 

Au <0.130 Pr 26.0 Sr 130 Cl 646 

Pt <0.390 Ce 45.5 Rb 13.0 s 39,000 

Ir <0.260 La 91. 0 Br 32.5 p 104 

Os < 0. 260 Ba 650 Se <l.82 Si 78,000 

Re -.0.260 Cs 0.390 As 19.5 Al 78,000 

w 0.390 I <0.975 Ge 6.50 Mg 260 

Ta <0.650 Te <0.390 Ga 6.50 Na 116 

Hf <0.390 Sb 0. 780 Zn 13.0 F 78.0 

Lu <O. 130 Sn 1. 30 Cu 32.5 8 19.4 

Yb 2.60 In <0.0650 Ni 195 Be 0.650 

Tm 0.130 Cd <l. 17 Co 13.0 Li 1. 95 

Er 3.90 Ag <.0.0780 Fe 19,500 

Ho 1. 30 Pd <0.650 Mn 38.9 
-:::-~--· .. ==·=-:=:::..~--==---==-=-==-===-=-~-:=:-=."":"":.::..=.=:-·::.:~ :: · . ..::.·.--===--=-~-":::'"~.::-=:..:.;·_:-;.-:.:.-:~.:-::..:-.• ..::=::.=:-:::=:..~..=.=:.....-==..-=:...=-~:=;--==-=-==-..=:."':'-~_: 

*Data available for uncorrected sample values and carbon blank values on each 
element analyzed. 
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TABLE 6-20 . SUMMARY OF SASS SAMPLING DATA 

·""""'=--.===-===="'*""'~--""""oc===-__,,=--""""'-""""""""""=-="=--==-~=~~~~==-~-:.~..:s:.: 

Date of Test 

Test Period, Hrs (CST) 

Sampling Duration, min 

Sample volume, dscm 

Avg sampling rate, dscm/min 

Probe Temperature, C - Avg 
Max 
Min 

Oven Temperature, C - Avg 
Max 
Min 

Gas Outlet of 
Condenser, C 

Gas Outlet of 
Impingers, C 

Percent isokinetic 
sampling rate 

Filters required/test 

Avg 
Max 
~in 

Avg 
Max 
Min 

Venturi 
Scrubber 

1/29/79 
1/30/79 

1342-0122 

315 

30.906 

0.098 

197 
205 
192 

205 
208 
199 

18 
25 

9 

12 
24 

6 

82.8 

8 
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Oxidation Tank 
Vent TCA Scrubber 

1/ 31/ 79 

1030-1615 

305 

32.874 

0.108 

161 
195 
151 

202 
207 
197 

11 
13 

3 

11 
15 

5 

518 

1 

2 I 2 I 79 

0915-2005 

285 

30.410 

0.107 

201 
207 
197 

204 
205 
199 

16 
23 

3 

14 
23 

6 

77. 3 

8 



9 

TABLE 6-21. SUMMARY OF STACK GAS CONDITIONS DURING SASS TESTS(a) 

lue Gas Parameter 

vg. gas temperature, c 

tatic Pressure, mm Hg below 
atmospheric 

2
, % by volume, dry(b) 

o
2

, ~ bv volume, dry (b) 

. I 3(c) 
~. so

2 
concentrat1on, mg m 

Oisture, % by volume 
(d) 

Olecular weight, g/g mole (dry) 

l'g. velocity, m/s (stack cond.) 

Venturi.Scrubber 
Outlet 

110 

62.6 

8.2 

13.7 

245 

12.3 

30.5 

24.99 

vg. volumetric flow, m3 /hr (std, dry) 45504 

Oxidation 
Tank Vent 

39 

0 

13. 8 

9.5 

152 

6.9 

30.1 

3.11 

180 

a) Measured at scrubber outlets and vent line from oxidation tank. 
b) Determined by Level 1 on-site GC measurements 
d) Determined from SASS runs. 

TCA Scrubber Outlet 

109 

46. 7 

9.0 

13.0 

504 

10.6 

30 •. 4 

27.86 

53063 

c) Obtained from TVA continuous monitor readings. Data reported under oxidation 
tank vent is for venturi scrubber outlet during the period the vent was sampled. 
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TM3LL 6-22 • LC ANALYSIS REPORT 

Contractor 
BCL 

SJrnple Si:e 
Shawnee/venturi scrubber outler 

~ilm:Jle Acqui~ition 01 te 
1/29/79 

Coal-fired power plant w/venturi scrubber (adipic a~id) 
Type of Sour~ -----------------~~-~--------~~·~~~--~~--.~-----

Test Number SSP-BCL-YSS-1 Sample I 0 Number SSP-BCL-PR-VSS-1 

Sample D2scription SASS probe + cvclone rinse 

Ori~inal Samplt Volume or r.l;ai.-s 0.3581 

Responsibls Analyst R. L. Barbour Date Analyud 

d R 
J. Howes 

CalculatiLJns 2rn eport Review!!d By-----------------
4/9/ 79 

Report Oate --------· 

tnlumn Flow Rau ---------------- C-Olumn Temp!rature 

)b~rvations ---------------------------

TCO GRAV Total . 
mg mg mg· 

-
tal Sample 1 

2.98 2.98 --

·-----

--------

I Taken for LC2 . 

I Recovered
3 

.. 1to4 in m9 GRAV4 in mg Toul4 Concentratiar.5 I Fraction 

I 
Cor· 

I 
Cor· mg .ng/1'1\ 3 

Total Blank rect!d TotJI Blank rected - I 
l I I I I 

-·--....-..--

1 

I 2 I 
J I 
4 I I 
5 I I 
6 I 

' 
7 

Sum I 
1. Ouant1ty in entire sample, dc:errnined before LC 
2. Ponion of whol~ lJm;ile used far LC, actual mg 

.3 .. Ourntity rrcavercd from LC column, :ictuJI mg ---· -----
4. Total mg computed back to tot~f sample 

5. Tour mg divided by tot:il volum11 
6-28 



TABLE 6-23. LC ANALYSIS REPORT 

BCL 

Simpl• Sit• 
Shawnee/venturi scrubber outlet Simple Acqui>irion Data 

1/29/79 

Coal-fired power plant w/venturi scrubber (adipic acid) 
fypi of Sour"------~~----~~-----------------------------------------------~ 

SSP-BCL-VSS-1 
Tut Numbtr 

SSP-BCL-lOC-VSS-1 
Sample ID Number 

Sampl• 01scrfptlon sass 10 + 3 ym cvclone nau:J...culate eicttact 

~ginal Sample Volum1 or Mus 0.4912 

~~onsibl• Analyst R. L. Barbour Dau Analyzed 

Calculations ind Report Reviewed By 
J. Howes Report Date __ 4_!_9_!_7_9 _____ _ 

-- --- - - - - - - - - - - - - - - - ·- - - - - - - - -- - ... - - -- - - - - -

~umn Flow Rat• -------------- Column TemperaturP. 

~dons--------------------------------------------------------

TCO . GRAV 
mg mg 

- 1 65.8 I Sample --
- 2· 
I for LC 

;;,.d3 
- Tto4 in mg GRAV4 In mg .. 

fr1ction Car· 
Total Blank n!C'ttd Taul Blank -. . 

- I I I 1 
-

2 

3 

.. 
5 

6 .. 
. 

7 

.s11m 
. 
I, Quantity in entir1 sampl1, dctermin1d btfore LC 
t Ponion of whole 1.1mple used for LC, actual mg . 

·).JluandtY recovered from LC column. actu~I m; ·------· 
t, Tocal mg computed back to toral S<Jmpl1 

Cor· 
rect1d 

I 

·~ Tot1I mg divided by total volume 6-29 

Total Concentration 5 

mg· mg/M 3 

65.8 2.13 

Total4 Concentration S 
. mg mg/M3 



Tl\f3l.E 6-24. LC ANALYSIS 1-:~PORT 

Contr;ictor BCL 

$.Jmple Sito Shawnee/venturi scrubber outlet SJmp!~ Acquisiticn Oat~ 1/29/79 
·----------·--~-·-... 

T f S real-fired power plant w/venturi scrubber (adipic acid) 
ype o aurc!!' ·--·--

SSP-BCL- lC-VSS-1 ----·----

SSP-BC~_:-_PF-VSS-1 -------
SSP-BCL-VSS-1 Sam pl? ID Number Test tJumber 

5.lmple Descrip:ion SASS 1 µm cyclone + filter extract --- --~-···- ...... ··-·-----·--------
Ori11in~I S.1m;ile Volume or Ma:s -------------·---·-------

R.L. Barbour 
Respomibl8 Anal·,·n Oat'! .t.n~lyzed 

--~-~- .. _..__ ___ ~--·---· ----·--··--~------·---

Calculations and Re;iort Review11d By 
J. Howes . Li/9/79 

P.eport Oz!z ·-··----------

-- --- ~ - -

C I -1 ,.... -1 ml/min a urr .• 1 , ow .... ~ --------'--------- Colu .. 1n T .. mper:iture 

Obs.ervatiom 

TCO GRAV . 
mg mg 

1 ctal SamplB 1 I I 92.68 

T2~en for LC2 I 40.52 

R ecovered 3 
37.68 

-.. -co"· 1 ~ 1n mg I GRAV4 in r:ig 

Fr2ction l Cor· 

I I 
Coe-

- -- Tc:JI El~r.k ~cted Tot.al Blank re:ad . 

--:--=t=~I 14. 70 I .0114.69 

I .02 lo.oo .01 

3 I I .26 .02 I .24 

4 I I I .06 .o? lo.oo 
5 I I I .07 .021 .05 

I I I I a. 41 .OS~. 36 6 @-- ----
I I I - ~~~4.34 7 

=r I 13187.l .21-r;.63 Sum I 
1. Ou~ntiry in er.!;r~ wnple, cic:2mi~~j b~bre LC 
2. Ponion of 1".hcl~ s.:rnple u:ed fo~ LC. a:t:.:al rng 

.3 •. Ovlntity r~co·.~r2::i from LC col.::-:-.:1, .~ct1,;3f m~. 

4. TctJI rn!J cor.i~t..tcd bJck to tctJI 1Jr'1pl~ 
5. Tot;il r:ig di.,·:r.~d ~)' :o;;il voitJfTH 

-

Tot2! T-mg· 

92. 68 ---1---. 
I 

--
40. 52 

-
37.68 I 
Tota14 

mg 

10.73 l 
o.oo I 
0.55 

o.oo I 
0.11 I 

19.12 I 
55.67 I 

Concentration5 
-·--1 

I 
! mg/~:;3 

3.00 

3. 00 
---

2. 79 

.. 

! ---
1 

-· J I 

! 
! 

Conccn<r3~i~in5 ' 

mg/l.i3 I 
I 

- ..... ·---~----

0. 34 . i 
I 

--··· I o.oo ' 
' 

0.02 I 

I 
o.oo I 

I 

0.01 
i 
I 

0.62 I 

i 

1. 80 ! 

---i --~79 , 
86.18 : 

·----



TABI r: 6-25 • LC ANALYSIS REPORT 

BCL 
Cdntrilctor . 

Shawnee/venturi scrubber outlet 
~mplo Site ---------------- Sampfa Acquisi:ion Date 

1/29/79 

Coal-fired power plant w/venturi scrubber (adipic acid) 
Type of Source -------------------------=-~~-=--:-=::--::-:-:-:::--::-----SSP-BCL-XR-VSS-1 

Test flumber _s"'""s_P_-_B_C;..L.;..-_v_s_s_-"""J._________ Sam pl a to t:umb~r SSP-BCL-MR-VSS-1 

SASS XAD-2 extract + module rinse 
Sample Description-------:------------------------------

148 g XAD-2 + 320 ml module rinse 
Original Sample Volum!! or M.:iss 

R. L. Barbour . 
Re~ponsibl• An~lyst Date Analyzl!d 

Cateulations and Report Reviewed By _J.-.;.... _H;,;.;o;;..w;.;..e;;.;s=------------ P.C?por: Datl __;,4.:../.:..9.:../.:...7;;...9 _____ _ 

-----------------------~-------------

·1 ml/min 
:.Olumo Ftow Rat! -------------- Culumn T11mptrJture 

b~rvation•----------------------------------------------__:.----

TCO . GRAV 
mg .• mg 

Ill Sample 
1 

rtn !or LC 
2 

~red3 

.. iC04 in mg GRAV4 in mg 

fraction Car• I Toul - Total Blank re~!d Blank 

" 

- . I 

1 .02 I ·07 o.oo I 
2 

o.oo o.oo 0.00 I 
. 3 o.oo I o.oo o.oo 

4 o.oo 0.011 0.00 

5 o.oo 0.01 o.oo 

6 .. 3. 68 I .17 3.51 

7 .03 o.oo .03 

sum 3.73 0.32 3.54 

1. Quantity in er.tire sJmple, dc:ermir.!d be!:re LC 
z. Portion of who la s.:imple used for LC, a:t:.:al r:ig 

. 2sl 1.43 

.29 .09 I 

.61 .37 

.66 .19 I 

. 37 .19 

13.46 1.98 

.36 1. 93 

.3_ Quan.ritv recovtrrd from LC column, ~c:ti;ll me: • -· _____ _ 
4. focal mg computed b.:ick. to toral s.1rripl1 
&. To1:1I mg divided by tot;il volum1 6- 31 

Total Concentration5 

mg· mgJr,13 

1. 37 

1. 37 

16.11 0.60 

-
Total4 Concentration 5 

Coe· mg mg/Ml 
flCt!d 

o.oo o.oo o.oo 

.20 .20 0.01 

.24 .24 0.01 

.47 .47 
0.02 

.18 .18 0.01 

11.48 14.99 0.54 

0.00 .03 0.01 

12.57 16.11 0.60 



LC ANALYSIS REPORT 

Conl1'3ctor BCL 

Shawnee/venturi scrubber outlet 
$.lmph! Site ~~;..:,;;.;;;;..;::.:~.;__------------ Simple Acquisition Dara 1/29/79 

Type of Souree Coal-fired power plant w/venturi scrubber (adipic acid) 

Test Number 
SSP-BCL-VSS-1 Samplr ID Numb.r 

SSP-BCL-CD/LE-VSS-1 

Sa I 0 
. . SASS Condensate Extract 

mp e ~s~1pt1on ------~--------------------------------

220 ml 
Original S..mpl1 Volume or Mau 

R.L. Barbour 
Responsihlt Analyst Dan Analyztd 

Calculations and Atport R1vi1\Wd By J. Howes Report Oat!! ____ 4_!_9_!_7_9 ___ _ 

- - - - - - --- - - - - - - -- - - - - - - -- - - - - - - - - - -- - -

~1 ml/min 
Column Flow Rate ---------------

. -16C 
Column Temperature 

TCO • GRAV Total Canc:tntration5 

mg . mv mg· msi7•13 
--...... -

Total Sarnplt 1 
•· 7 1.98 2.68 0.09 

Taken for LC2 . 

Recovered3 

.. Tto 4 in mg GRAV4 in mg Total4 Concentr1tion5 

Fraction tor· Cor· mg mg/M3 
. - Total Blank rect!d Total Blank rrcted . 

1 I I I -

2 J 1 
3 I I 
4 I 
s I 
6 

7 I 
Sum . 

1. Ouantity in rntire nmple, detrrmined before LC 
2. Partion of wllole SJmpie usl!d for LC, actual mg 

.3 •.. Ounntity recovered from LC column, ilC:tual mg ___ ----
4. Total mg compur!d back to total ~mph1 6-32 
5. Total mg divided by toul volume 



TABLE 6-27. LC ANALYSIS REPORT 

~ntractor BCL 

:ample Sit• Shawnee/oxidation tank vent Sample Acquisician O~ata _l...;/_3_1_1_79 _________ _ 

we of Sauret Coal-fired power plant w/venturi scrubber (adipic acid) 

~ut Number SSP-BCL-OTV-2 Sample I 0 Nurnb1r 
SSP-BCL-PF-OTV-2 

mpft Description SASS Filte~ extract 

~iMf~mple Volumear~u _o_._0_0_1_2.~g~---~----------------------~----------~~ 

:npansibl1 Analyst R.L. Barbour Datt Analvz•d 

&lcul1tian1 and Report R1vi1Md Bv __ J_._H_o_w_e_9 __________ _ 4/9/79 
Report Date -----------

....... -- - - -- -- --- - -- - - --- - - - - - ~ - - - - - - -- - -

~lumn Flow Rat• --------------- Column Temperuurt 

IUirrvations ____________________ ~------------------~------~---------~ 

TCO 
mg 

~Sarnplt 1 . --
111 for LC2 . 

lrtrtd3 

.. TC0 4 in mg 
Fraction Car· 

. - Total Blink rtcttd -

1 I I 
2 

3 

4 

5 I 
6 -

1 

Sum 
• 

. 1. Ou1n1ity in tnt1r1 ump.It, dcnrmin1d b1for1 LC 
L Portion of whola s.;imple uud for LC, actual mg 

GRAV 
mg 

16.24 

GRAV4 in mg 

Taul Blank 

I 

,l..Ou1ntity rtcovered from LC column, ;ictual m; --· --·-
t Total mg comput1d back to total Solmple 

Cot· 
rected 

I 

I 

L Total mg divided by tot;il volume 6-33 

Total Ca nctntra ti on 5 

mg· mg/M3 

16.24 0.49 

Total4 Concentra~iilnS 
mg mg/MJ 

-



TAmE 6-2B. LC ANALYSIS REPORT 

Clinlr.JctOr BCL ---P-·-·--

SJmple Site 
Shawnee/oxidation tank vent SJmp!~ Acquisition Datt> l/ 31/ 79 

... ---------~---. --... 

Type of Source 
Coal-fired power plant w/venturi scrubber (adipic acid) 

Test rJumber 
SSP-BCL-OTV-2 

SSP-BCL-XR-OTV-· 2 
Sample ID tJumber SSP-BCL-MR-OTV-2 

Original SJm;ile Volume or r.1ass 148 g XAD-2 + total sample 
----~--

Rcsponsibh1 Ana lyH 
R. L. Barbour 

Oat!! Analyzed 

Calr.ulations anu Report Reviewed By 
J. Howes . 4/9/79 

Report Dar~ ___ ·-------

\:olumn Flow ll;ite __ -_l_ml_/_m_i_n _________ _ Cc.; ... mn Temperature -----

·--- --------
---~-

TCO GRAV Total Concent~:iti 
--~----1 

on:> ! . 
: 

mg mg mg· 

11 Sam pl!! 1 

Ti'.l!<en for LC 2 I 
Recovered3 

mg/r.~3 
-----

1.49 __ ... __ 
l. 49 

---·---·-~' I 
I 
l 

--· 
____________ J 

LlO 

~----~~-------· ~--~-~~-~-----------------...-~------·~ 
TCO~ i;i r:ig I GRAV4 in r.ig Total4 Conc:cn~r3 ti.:i~5 ----l 

J 81
.n.. Cot· I Cor· mg mgtr.,3 i~ 
• " rN~!d To~.:;I Blank rec:nd 

--~--~·~~~-.--~----~~~---+-~--~-----.__~---"--~--~1------·~~-- ~~~~~----- I 

i-----1 __ -+ __ ._1_s_l __ ._07 .os , 6.4s I i.43 s.02 I s.10 ·-·+-, __ 0 . 17 ------·-------! 
2 

o. oo I o. oo-+------:l~.-3-2-:-..-.-0-9-il ___ . 2-3-J.---.-2--3-·--
0

. 
10 

·-·--·-- 1 

i---3--r-o-. o-o-.I 0-.-00--t--rl-1-. 3-21j -. -37-r--. 9-s-lj--.-95--t--o-. 0_3 _____ · 

Fraction 
Tot::! 

---~-4---1~0.~o~o~l~.0~7-i-I --i--1·~6s11~·~1~91_._46-r~-·~4~6~-t-~~o~.0~2~~~_J! 
o.oo I .01 I I .461 .19 .21 .21 0.01 l 5 

.62 I .17 I .4s 17.931 1.971 s.96 6.41 0.22 i 
t--~~-~--4-~~...;..J..,~~--!~~--~L~~.....:-~~-+-~~-·-~:--~-~~---Jr--~-~.~-~____J 

7 0.00 0.00 ~8.12 1.93 16.19 16.19 o.ss : 
; 

...__ __ s_u_m __ _:__I ___ · ~-7_ .... l __ o_._J_2__,l_·_.s_3--'p'-s __ ._2_s_._.__6_._1_1__,__2_9_. o_s __ [ 29. 61 

6 

L ___ ~· ia ·----------
1 ---............... --

1. Ouontity in en!1rr sJm::ile, c1c:~rrnir~o·d b~ :.:ir! LC 
2. Ponion of wliol~ s.'.'rn;:lc u~ed f0r LC. :!~t::2i ri~ 

.3. Ou~ntity recovered from LC col-.:r:i:i, ~ct\;JI mq. -·-·. _ --~-
4. TctJI rna cornpuicd b;;ck to tOtJI s:m1pl~ 6-34 
5. Tot JI mg divined by tot:il ·1olume 



TABLE 6-29. LC ANALYSIS REPORT 

B 

... ~t• Shawnee/oxidation tank vent Sample Acquisition Data _1_/_3_1_/_7_9 _________ _ 

"of Source Coal-fired power plant w/venturi scrubber (adipic acid) 

Ill Nurnber 
_s_s_P_-_sc_L_-_o_T_v_-_z _________ Sample 1 a Number SSP-BCL-CD/LE-OTV-2 

'Pia 'litscriptlon SASS condensate extract 

=;a1; ;.snpla Volume or Mus 

R.L. Barbour· Data Analyzed 

:CUJ.r,i-.JPS and Report Reviewed By __ J_._H_o_w_e_s __________ _ Report Date _ 4_!_9_/_7_9 _____ _ 

~~--------------------~-------------

•111a Flo'41 Rate -------------- Column Temperature 

~nti~~s---------------------------------------------------------------

TCO . 
mg .• 

- 1 
Sample --
1~01 LC 

2· 

11rtd3 -- Tto 4 In mg ~ 

Fncti&Jn Cor· 
Total Blank rec~nd -. 

- I I 1 --
2 

3 

4 

•• I 
I .. 

~ 

7 
" 

lum . 
lltrantiCY in 1nt1rt samplt, dctrrm1n1d before LC 
Ptttion of wholt s;,mple used ror LC, 1ctuil mg 

GRAV 
mg 

1.12 

GRAV4 in mo 
Cor• 

Taul Blank rected 

I 
I 

AuaadtY recovered rrom LC column, actu:il mg·-·---· 
focal ,,,g computtd back to total ~mril• 
Tot.i "''divided by tot:sl volume 6-35 

Total Cancentration5 

mg· mg/M3 

1.12 0.03 

Tou14 Concentrations 
mg mg/Ml 



T/\BLE 6-30. LC ANALYSIS REPORT 

C.:11"ril~or B . ..;;C;..:L=------------------------------------·-------

$.lmple !:iuShawnee/TCA scrubber outlet Soamplr Acquisition D~te 
2/2/79 

Coal-fired power plant w/venturi scurbber 
Type of Sauret -------..:.---~---------------------------·---

Test Number SSP-BCL-TCAS-3 Sample 10 Number 
SSP-BCL-?R-TCAS-3 

s.1 mpl~ Cli:~cription ___ S;..;A_S_S__.p_r_o_b_e_+_c_.y'-·-c_l_o_n_e_r_i_n_s_e ___________________ ··---------

Original S.:impl1 Volurna or Mus 
0.3600g 

Responsible Analyst 
R.L. Barbour 

Date Analytf'd --· 
----~-- ---------------

Calcula:ions and Report Reviewed By J. Howes Beport Date _:'•/9/79 --------
·--- -

Column Flew Rate ---------------- Column Temperature _ -------
Ob~rvatinns ____________________________ _ 

I 
·---··- ~---··-

TCO . GRAV Total Concl!ntratia 
mg mg mg mgfi>1 3 

Total Sample 1 ------
--~· r· _, 
ii 

-------
,___ 
Taken for LC 2 

I Recovcred
3 

.. 
TC0 4 in mg 

Fraction Co1· 

I - Total Blank re cud 

1 I I 
:z I 
3 

4 I 
5 I I -
6 

7 I 
Sum I __ ._. 

t. Ouantity in ent1rr sample, determined before LC 
2. Ponion of whole lJmple used for LC, :ictual mg 

4.01 

GRAV4inmg 

Tout Blank 

J .. Quantity r~covercd from LC column, :ictu:if mg --· -·- --
4. Total mg computed back to total s:imple 

5. Total mg divided by 1ot:il volumit 
6-36 

4.01 0. 1.3 
~----... ...__. __ 

·---··--- --
Total~ Con~;;;~i~~!:---1 

Cor· mq 
recad 

-

I 
~I 

l 
I 

~ 

I 



TABLE 6-31. LC ANALYSIS REPORT 

BCL 

lllltpf• SU• __ s_h_a_wn.-..;;;;e.;;;.e .... / T-C-A;.;....s;..c.;;..r;..u;.;b;..;b_e_r;......;o...;u..;.t;.;;l;..;e..;;.t __ 
.. 

$.ample Acquisition Data 2/2/ 79 

Coal-fired power plant w/TCA scrubber Jype of Sourc. _ _.;;..;;..;;;;;;;_~~.;;._:.....;........;........:.~;.;..;.;:-,;__ ____ .....:.... ___ ~~1::1:rl"'T-::'"l"TIT"'::'T'r".";="?------S SP- BCL lOC ICAS-3 

·;-.Number 
SSP-BCL-3C-TCAS-3 

$.ample IO Number 

SASS 10 + 3 µm cyclone particulate extract 

SSP-BCL-TCAS-3 

\mpfe Description-------:-------------------------------

rtgln1I Sample Volume or Mass 

~ansibl• Analyst _ _...R ......... L--· --=B=a-=-r=b.-.o..-u ... r______ Date Analyzed 

-rations and Report RevieWl!d By ___ J_._H_o_w_e_s _________ _ Report Date _ 4_!_9_/_7_9 _____ _ 

·------------------------------------
-.mn flow Rat• -------------- Column Temperature 

111rY1tiOftS----------------------------------------------------
TCO . GRAV Total Cancentration5 

mg mg mg· mg/i:.13 

- 1 
Sample -- 30. 85 30.85 1.01 

- 2· 
1,or LC 

11rtd3 

- Tto4 in mlJ GRAV4 in mg Toul4 Concentrations .• 
Fr1cdon Cor· I Car· mg mg/Ml 

.Total Blink r1C11d Taul Bl~nk rected . 
- I I 1 
- I I 2 

3 
-

4 -
5 
-
8 .. 

""7 
....... . 

. °""•in' an tntiri~ samplt, determined before LC 
A1t1ion of whole umple used for LC, actual mg . 
~lanritY rrcovmd from LC column, actual mg ______ _ 

~TIClf tn9 co~pured back to total 1.1mp~1 r..,, me divided by total volumt 6-37 

I 



T/\13LE 6··32. LC ANALYSIS REPORT 

Contr:ictor 
BCL 

·----~---------

Shawnee/TCA scrubber outlet 
S.m1ple Site ------------------ $.Jmple Acquisition Da~e 1/29/79 -----·---... _____ ,__,.. 

Coal-fired power plant w/TCA scrubber 
Type of Source------·~----------------------·-----------·----·-·-----

SSP-BCL-lC-TCAS-3 
S SP-BCL-TCAS- 3 $Jmpl~ ID Number SSP-BCL-PF-TCAS-3 --

Sample Oescr'rp:ion __ S_ASS 1 µm cyclone.+ filter extract ·----·----------------· ---..-- --·-

Original S-lm;Jle Volume or r.hs.s 1. 5866 g --------""--------------------.. ·--------------·---

Rcsponsib!s Analyst R.L. Barbour 
------------·--··~----------·· .. 

J. Howes 

~olu rnn Flow Rat9 ___ -_l_m.1-'-'-/ m_i_n _______ _ Colun1n ·:emperature 

Obsarvations -------------------------------·----

I 
TCO . 

I 
GRAV 

mg mg 

Total Sampl111 I 38.89 

Til~en for LC2 I -
Recovered 3 I -·-

1=1 -co~· -J_ ,• -
~~,,.- I ~~~1-coc 

Total . Bl~nlc ~~~d 
1 
Tc~I S!Jn~ r~:t~tl 

1 I I . 62 I .01 l .61 

I . 05 I 2 I .02 I .03 
..... 

I I I I 3 .10 .02 .08 
-------

I I 
I I I 4 I .10 .07 . 03 

5 I 1 I .10 I .02 I .08 

6: I I /1s. ss I .05 l 18.83 

7 J I L __ J 1. soJ .021-~s 
I _l ___ _l f 7. 3~.L~· 21 27 .1J Su1n 

1. Ou~ntiiy in cn!1r~ sJrnplP, r!cr~rmircd bdJre LC 

2. Portion of 1·.-hol~ s.1mrll! '::2d fur LC. ~ct:..ia: c1~ 

.. 3. OuJr.tity reCOYL'red lro111 LC column, ~ctu;! rng. 

'1. Tc:JI ma comriuicd l1 ;ick to !O!Ji 1.1inpt~ 

5. Tot~I mg dil'id~d ~Y tct~l volume 

6-JB 

Total 
mg· 

38.81 
-

Total4 

ma 

0. 9 5 

0.05 

0.12 

0.05 

0.12 

29.19 

11. 60 

42.08 

I 
... ·-----·----

Canc12n:r:;; t;~~n .... ., 
r:1;/~,'1..J 

3-- 1. 28 
~------·~--- ---·- ··----- ~-

1. 28 

L
--·--·--- _________ ..... 

1. 41 - --------"·~·· ---··- --i---Co . t: 
nc~n~r~·~!Jn · 

rn g ;: .'l ~~· 

I 0.0J ----·--1-·------
0.0J 

----··----~·· -· -------·--·"• 

0.01 

0.01 

I 0.01 --· --~--~--.. ----
0.96 

0. Jf'. 
------

I 1 ' . ..... ~ .... -' 

·--



TABLE 6-33. LC ANALYSIS REPORT 

osntnctor 
BCL 

· f s··· Shawnee/TCA Scrubber outlet 
SarnP • " 

$.:imp!! Acquisition Oa:o 2/2/79 

Coal-fired power plant w/TCA scrubber 
Type of Soum: ------'----'-------------~S:-:S:-:::P-_...,B...,C..,.L-"""'.MR~-"""'.T..,.C--A....,S--"""'3-----

Tat "'umber 
SSP-BCL-TCAS-.3 Sam pl~ I 0 Number SSP-BCL-XR-TCAS-3 

SASS XAJ:r-2 extract + module rinse 
Sarnpl• Desc:ri;i~icn -----------------------------------

Orfsiin•I Slm;il1 Volum!! or Mau 

R. L. Barbour Oat! Analyzed 

d R R • d 6 J. Howes 
Calculations zn e;iort ev1eW'I y ---------------

Report Oat<? __ 4_/_9_/_7_9 ____ _ 

----------------------------------~--

CulU•••" Flow rtal1 ____ -.... 1.._.m_l.._l ... m .. i.a.n _____ _ Column ien.peratu1. -.:J,""6_..C'---------

Ob$8rvations _____________________________________________ __ 

TCO GRAV Total Cancentration5 . 
mg .. mg mg· m5/r.13 

. 1 
lratal s.,rnple 
I I 1.15 

,- LC2 I [Ta!c•n .f 0' 1.15 

11- 3 
1

R1covsred 0.41 
- -

r::~_ .. ; .. rco4 in mg GRAV4 in m~ Total4 Concentrations 

I 
Cor• I Cor· mg mg/M3 

Tat011 Blank rect!d Tc:.JI Blank re:ted - . 
1 o.oo I .07 0.00!2.64 I 1.43 1.21 1. 28 0.05 

-
a·.ool .o9 I 2 o.oo o.oo .13 .04 .04 0.01 

. 3 .08 o.oo .oa .70 .37 .33 .41 0.02 

4 .06 .07 o.ool .35 .19 I . 16 .16 0.01 
: -· , 

,, 
5 I .04 I .01 .03 .so .191 • 31 . 34 I: 0.01 

•. I 2.92 .17 2.75 6. 50 1.971 4.53 7.28 
: 6 0.27 

~ .,; . 
7 .11 o.oo .11 2. 79 1.93 • 86 .97 I 0.04 

}'; Sum I 3.21 0.32 2~97 13.61 6.17 7.44 10.41 0.41 
, , 

> ',i. Ouilntity in tr.:;r<! umple, dctermintd before LC 
2.. portion of \'.~Cl~ s~mr.le u~ed lar LC, actual mg . 
. 3.- Quantity r::~·.~rrd from LC column. ilttuJI mg. __ . _ --· 
4. Total m~ t~l':';:l.:i~d bJck to tot~! s:irnpl1 
5. Tol:>I mg ~;.:~!d by totJI volume 6-39 

l 

i 

t 
i 
I 

~ 

i 

. l 
I 

I 

I 
I 

I 



TABLE 6-34. LC ANALYSIS REPORT 

Cdntractor BCL --·-----
Shawnee/TCA scrubber outlet $.lm pie Site 

•• 2/ 2/79 
Sample Acquisition Oa.e _ ------------·-

Coal-fired power plant w/TCA scrubber 
Type of Source ______ _;_ ___ '------------------~--~ 

Test Number SSP-BCL-TCAS-3 Sample 10 Number SSP-BCL-CD/LE-TCAS-3 

SASS condensate extract 
Sar:iple Description-----------------------------------------------· ____ _ 

Ori11inal 5.lmplt Volume or r.lass 460 ml 
------------- ----------·-·-~------ ---

Rrsponsibl8 Analyst 
R.L. Barbour Date Analyzed 

Calculiltions and Report Reviewed By 
J. Howes !./9/79 

D.it~ 
~·-.- ·------------------

Column Flow Rate ---------------- Column Temperatur~ 

ObStirvations ______ n_o_L_C ____________________ ~ 
·--·---··-----

TCO . 
mg 

Total Sample 1 1. 0 

Taken for LC2 . 

Recovered 3 

.. ito4 in mg 

Fraction 

I 
Cor· 

I - Total Blank rrcnd 

[ I I 1 

2 I 
3 

4 I 
5 I 
6 I 
1 I I 

Sum . 
1. Quantity in entirl.' sample, dctermir.ed before LC 
'1. Portion of whole SJmpl! used fer LC. actual mg 

GRAV 
mg 

1. 93 

GRAV4 in mg 

Total Blank 

I 

-

.3 •. UuJntity recovered from LC column, ;ictuJI m9. _____ ·-- --· 

1 

I 
I 

I 

4. Total mg comput~d bJck to total SJmple G-4() 

5. Total mg divided by totJI volume 

Car· 
rectcd 

Total 
mg· 

-··----- '--

2.93 

-· 

---
Co:i 

-

--

czntr~ti on S 
n1 s/i.J..; 

0 .10 

Toul-1 ~I Con"""";'"\ -
mg ,.. . ., 

mg;1.1"" 

----·--------·-- - . 

l 



TABLE 6-35. LC ANALYSIS REPORT 

toncnctor 

lnPI• Sit• Shawnee/venturi sludge filter _ Sampl• Acquisition Date 1/29/79 

f s Coal-fired power plant w/venturi scrubber (adipic acid) 
Type o ourc•-------------------~-----~------~----...;._----~-----~ 

Tac Number 
SSP-BCL-VSS-1 Sample 10 Number 

SSP-BCL-FC 

D 
. 1 Venturi filter cake extract 

Junpl• escr1pt on-------:".-------------------------------

Original Sample Voluma or M.ass 
lKg 

~ansibl1 Analyst _R_._L_. _Ba_rb_o_u_r _______ Date Analyzed 

• d R R . d B J • Howes Cafculavons 1n rport 1v11wt y ----------------
Rtport Date __ 4_!_9 _! __ 79 _____ _ 

-------------------------------------
Coluntn Flow Rate ________ ~ ..... l.._.m..,.1..,,/->imiw.iu.n.._ Column Temper:iture 15C 

·oi.sarntions --------------------------------------------"' 

TCO . GRAV 
mg mg 

- 1 
~Sa1nple Q.2 15.62 
- 2· 
'"'!or LC 0.18 14.06 

~ l 
anr•d .07 10.57 
, 

-- Tto4 in m11 GRAV4 in mq 

fraction Cor· I ". Total Blank rec:t:d Taul Blank - . 
- I I 1 .Ol -- 1.08 .01 

- I 2 -- -- .08 .02 
-

3 -- -- .68 .02 
-

' - -- .66 .07 
- I I .59 .02 & -- --

--
6 .. .. 06 

"• -- 5.25 .OS 

1 -- -- 2.44 .02 
"'" 

"" 

sum .07 . 
1 •. Quantity in entire s3mple, determined blfore LC 
t portion of whole 1.1mpl1 used for LC, actual mg . 
J._Quantitv recovered from LC column, actual mg-·----
4. To&al mg computed back ta total sampl1 

S. Total mg divided by tot31 volume 

Car· 
fl!Cted 

1.07 

.06 

.66 

.59 

.57 

s.20 

2.42 

10.57 

6-41 

Total Concentration 5 

mg· Mg/K~ 

15.82 15.82 

14.24 15.82 

10.64 11. 82 
-

Toul4 r.oncentrJtion S 
mg mg/Kg 

1.08 1. 20 

.06 0.06 

.66 0.73 

.59 0.66 

.57 0.63 

5.26 5. 84 

2.42 2.69 

10.64 11. 82 



TABLE 6-36. lC ANALYSIS REPORT 

Cci11trattor BCL 

Shawnee/venturi spray tower 5.'Jmple Sit& ---------"'--___;. ___ _ 
1/29/79 

~mplP Acqui~ition Date ---·---------·-- . 

Coal-fired power plant w/venturi scrubber (adipic acid) 
Type of Source-------~-~...;._---------~-~-~--~~~-~~~~-------------~ 

Test NumbPr 
SSP-BCL-VSS-1 Sample- I[) Number 

SSP-BCL-VSTS 

Samp!e Dt>scription Venturi spray tower slurry extract 

Originilt $amphr Volumt er r.lau 
10 liters 

Rrsponlibl1 Analyst 
R.L. Barbour 

Date Anillyzed ----------. ·-··--···- - --~· 

J. Howes 4 I 9 /79 
Ccilcula~ions and Report Reviewtd By ---------------- R~p:irt Date---------·--·-·--·--.. ·---·--

Column Flow Rate __ -_l_ml...;._/_mi...;._n _________ _ Column Trmperature l5C 

---·-

TCO . GRAV Total 
--------:;---··- ~ 

Concen!r~tion 

mg m; mg mg/t, 
I 
l 

_ tal Sample 1 5.9 33.82 39. 72 3 9 
7? ---·------j 

. ' - . 
-·-

Taken for LC2 

I 
----

5.3 30.44 35. 7 5 

Aecovered 3 3.24 I 18.84 22.08 
_t ___ 

---------.. ~ ------·---- . 

3 9 7 ') ~ _____ : __ _:: ___ -··· ·-···· 1 
2.453 i 
---- -·--·----·-> 

1 
To:1RAV:,::~• ,;~~~ T:~i4 I C•";,~/~tio~5--) 

t---------r--_-_---,-,-_-_---+-----:,:-' -8-.-7-2-:-1--· 0-1-:1-8-. 7-l-+--8-._7_1_____ -0.-9-(,-8 -·--------··--·· 

ito4 in mg .. 
Fraction 

. -

1 

Tot;if 

Cor· 
Blank rer:ted 

i--------+--~--~--+' -~-~---+---''---:-:-:-+--:-:-:_,!,_ __ : 6·3-: ~-.-· :-:----+-~~=~~-~=:=:~~~=-- -2 

3 

__ I -- i.22 .01 j i.1s i.1s I 0.1;-s--·---; 
-- I -- I 1. 20 . 0 2 I l.·-l-8-t--l-.-l-8-----+---0-.-1-3-l _____ .. _____ ; 

t-------+-2-. -. 9-o-'-l ------r-----T-5-.-3-s-r--. o-s-r'-s-. _-10_.. s. 20 I o. 911 -- -----~ 
r--------+---. -3-4 --'-+-, -_--_---'----+-_-1_ -. 4-7-+--_-0-2--1--1-. _4 _5 ..___1_._7_9 ___ _;,---0.-1-9 9----- -· ---- .. 

.__ ____ .__J_._2_4-...... ! ___ -i._ ________ 1_9 _· o_s..__ ___ -18. 84 j 22. oe j 

4 

5 

6 

7 

Sum I 
1. Quantity in ~ntirc sample. dc:crmined before LC 
2. Ponion of whole sJmple u~ed for LC. actual mg 

.3 ... Quantity recovered from LC column, actual mg __ .. ____ _ 

4. Total mg computed back to total IJmple 

5. Tctal mg divided by :ct.:il volume 6-42 



IAl3LE 6-37. LC AN:.\L YSIS REPORT 

BCL 

llaspl• Site Shawnee/TCA sludge centrifuge Sampla Acquisition Cara 2/2/79 

Coal-fired power plant w/TCA scrubber r,,. of Sour~---------------~~--~~--~-----~~------~--

.?tit Number 
SSP-BCL-TCAS-3 Sample iD Numhi!r SSP-BCL-CC 

TCA centirfuge cake extract 
·laalpl• Description-------:------------~------------------

lrifiaaf Sample Volume or Mass 1 Kg 

~ausibl• Analyst R.L. Barbour Oat" .~nalyztd 

t.lculatians and Report Reviewed By ----------------
Report Date __ 4_!_9_!_7_9 ___ _ 

-- --------------------------------------
talurnn Flow Rate -------------- Column Temperatur~ 

TCO . GRAV Total Concentration5 I mg .• mg mg· Mg/Kg 
I 

-:-- , 
"'S••"pl• .1 9. 57 9.67 9.67 
- 2· 
U.!or LC 

- 3 .. ,.d 

·- rto 4 in mg GRAV4 in m!J Toul4 Concentration 5 

fraction Cot· I Cor· mg mg/MJ 
. Total Blank rect!d Taul Blank rected . . 

.. 1 I I I 
2 I I -· 

. 
3 . 

.,;,,:--· 

-.. 

" ... :::_· 

1I s I 
~:j:;--. 6 

-72- 7 

}. sum 
-··~·-

j_ Quantity in entire sample, determined before LC 
z. portio~ of whole umple used for LC, actual mg 

Ir m J ... Qu1nt1ty r co t ed o LC column, actu~I mg --· ---· ' v r 
-~t·;Tocal mg computrd back to 10111 ~mpl1 
f. ToUI mg divided by tot:il volume 6_43 



fABLE 6-38 

IRREPORT 
SAMPLE;Unfractionaced Saople of SASS Probe and Cyclone Ri~se - Venturi Sc=~bber ------·-------

l 
-

Wm Numhr lnun•il'Y A11ignm1nt 

f<m.11 

1->9io 29 J.9 2365 ~ CH? r:f!1 q '""""~ "' ... h --
l 74 5 w C-•11 Grr•t ch 

1730 w c .. o stretch 

146~ ?1 CH• band 

1385 w CH1 bend 

-·-----, 
CommttitJ 

1 
~ -·--·-·-------·\ 

--:~:~;~-~=--1 

------j 
735 w -(CH,) -• n 

F-::-eaominatel·· ali:n t. - n·1 -o~ - - , ., 
··~ 

~ - ... 
1 a -~ a •• a.bon. 

----.-, 
~rn •• ar;io- .. ts -- .No car:ion;;: :onta~r\i;-g--

compounds, ?robably es:er and acid. 

IR RE?OA1 TABLE 6-39 
SAMPLE: Unfracci0naced SASS 10 + 3 ~c ?artic~late Excracc - 'l~nt~ri Sc-::-~~bs~ 

--·---·-·---
Wrrt Numbtr lnnmity Auignment Commm 

---, 
tl ' 

-~ 
(cm.11 

3370, s 0-H Stri!t~h broad 

~920 '85" '8'8' 
---· 

... .) • - f ' s C-H 3t:.-e~c':i. C;{·,&CH < 

1735 :1 C•O 
-----

, .,, -=: 

" ,...('\ 

1460 M CH.., bend 

, , 011 T.1 ,~,," ).,,,~ • .., ..J 

1355 w DEG* ~ 
1285 w c-o s tre'.:c:-t llEC* 

-
1260 w C-0 !trec~h ~ 

I 

~liQ ... w c-.) 3t::~:-::1 

T . ·-- -· - --"-- r·-.. ··--------- ---·. 
\ \ ' '. : \ 

__ 1 

; l .l1 - ~~---

~~~-~-----! __ . ___ :-_. _____ L __ iJE~---·----------·------------;_:_: _____ :_~_: __ 

10601 I :-1 DEG* -----------------] 
920 W DEG"' 3houlfor 

1---_;..::.~---'---------+----------~--------------l 
900 I w DEG"' l 

*Diechylen~ gly~ol 
!>redominately .HeDiylene g.1.ycol w:.ch c·.;o ca!'oonyl conc.i~nir-.~ compou!'.C:> ···h1•::1 .i:-~ 
pi:-ob4bl:r aliph.ttic acid ar:d aliphaci•: ut\!ldtu~;iced e,;cer. T!'ie relac!v<.' ir::er:st::~~ 
of che sacuraced C-H bands l~d!c.ices :~a: scce aliphatic hydrocJrb0n ~3 .i:Jo Jr?ser::. 

6-44 



TABLE 6-40 

IR REPORT 
Unfractionated SASS l um + Filter Particulate Extract - Venturi Scrubber 

SAMPLE:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

w,.... Numller lnten•itV Assignment Comm.., ta 

lam· 1 I 

34 ~{) c:: 0-H •rr•t-"h broad 

2950. 2920, w CH2, CH, 1tretchea 

:B95, ZB85 

1730 w C-0 1tr1tch 

1650 w 0-H H20 

1480 w CH 2 bend 

11~r, w OEGilr 

11Q~ w c-o stretch 

1130 w DEG 

1075 w DEC 

1055 w DEC 

920 w DEG shoulder 

Q{){) I w ni;:r. 

*Diethvlene ~lycol 
Diechvlene ~1 co .1. is ch• :n• •or ..:om onenc. s y p A ~i:ia: l ar.ioun t of a carbonvl concainin g 

compound is presen:, but noc identifiable. 

TABLE 6-41 
IA REPORT 

SAMPLE: LC Fraction n1 of SASS lw + Filter ?articula~e Extract - Venturi Scrub~er 

w,.... Numlllf lnumlrv Ani911ment Comm..,'1 
lcna'1 I 

2960,2927, 2858 s ca,' CH 1 screech 

l~IJ5 M ot, ?tno:i 
---··----- ---·----·- ·-- --- -------- ·-- ..... 
':.: :;: I ;. 1.;;. ,~d : 

~ . ·~·, ............ --· 
~--- -·····---------~ 
: .. ~-. • l:i 

. 14t·--·--· 
-

lB2 v PC7!• 

1130 M PCFtilr 

1041 w PCFE* 

970 Ii PCFE* 

901 M PCfE* 

600 :i PCFtilr --
•polycblorolr fluoroethytene 

Aliphacic hydrocarbon, wtch a hi&h concent of pol1chlo~otrtfluor0et~7la~e. 

6-4!) 



TABLE 6-42 
IR REPORT 

SAMPLE: LC Fraccion 12 of SASS l um + Filter Particula~e Excracr - Ve~turL S~tub~~r 
--·---------....... .. -

Wm Numb•• 

I 
lnumiry 

I 
Anignm.,,t 

ltm' 1l 
-·----··-

---·-----, 
Co1nm_.nt; j 

I 
-·--··--.._..,. ...... , ... ~. ----·-J 

---
I . _ _J 
! 

--·---------·--·-·--··-··-! 
Aliphacic CH and ester carbonyl at levels helow nor~al background crnt~min~rian. 

TABLE 6-43 
IA REPORT 

SAMPLE: LC Fraction JJ of SASS l ~c + Filter Particulate Excracc - V~ncuri S~r~jc~: 

Wm Numb•• lruemitY Ani,.nmtnt Ccmmwn1 l I ·I· cm I 

295 5, 2380 s I CH1 screech 1 -·--------
29 2 5, 2850 s CH, scrtttL:h 

-
17 35 :-! C•O Hrecch -·----~ 1600 w c-c .. crer:::ch 

1~60 ~ CH
2 

bend --

1380 I CH
3 

bend - ·----- J • w 
---~ __ ,_ 

-
1265 '.! C-0 sci:et:..h, S i--GH

1 

1180 w - ------------j 
------·- ---1 1110 w Si-0 

--
1020 w Si-0 

800 w aro111acic substitution, Si(CHJ): 

750 w aromac"i.c subs::ituci~~~~~CH 3 ) 2 I 
--J 

700 I w aromatic substitutLir., Sl.(CH3) 2 J 
Pi-edom1nac11ly aliphat.l..: hydrocarbon, wit!1 s.:ia:i! al '..?ha tic e9te:: dr:~ a:·u1'.la:~ci::: dS 

well a9 a sm.all .J:to1.ui.c of ~il1cone. tcHen.!li:i.i~ arc j'.lsr. '.l•'e:- ric~:tl 'J,H'k'lro'-md. 
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TABLE 6-44 
IR REPORT 

LC Fraction 04 of l ~m + Filter Particulate Ext~act - Venturi Scrubber 
SAMPLE:----------~~--------------------------------------------~----~ 

W"' N11111~tr lnnmlty Anl1111mtllt Co1nm.nts 

11111·11 

;?960 I 29:!. 7 I 2852 s CH.,, CH1 stretch 

li)B 11 C•O ttl'etch 

l460 ti CH
2 

bend 

1440 M shoulder 

1)80 w CH'.l bend 

13 JO, 1340 w -
1.:50, libu ·..i c-o 1cratcl'\, ~I-\i°:n 3 l 2 --
ll70 w -
llOO w Si-0 

L04S w -
1015 w 51-0 

-····-~~-~,.. .. 
I 

~ainly aliphatic hyc~ocarbon with a carbonyl which is probably an aliphatic ester 
and possibly a small quantity of silicone compou~d. There is very little ~aterial 
present over normal ·, 3ckground. 

TABLE 6-45 
IFI Al!PORT 

SAM,L!; ___ ~c __ r_r_a_~_·t_1_o_n __ "_S __ o_f __ l __ um __ + __ F_i_l_c_e_r __ P_a_r_t_1_c_u_l_at_• __ E_x_c_r_a_c_c __ -__ v_e_n_t_u_r_1 __ sc_r_u_b_b_e_r~ 

w .... Nu"'fl" lnt1mltv Altl9nment Comm'"ts 
1 .. •11 

2960, 2927, 2852 s ca~, CH) stretch 

1730 s C•O stretch 

1600 w C•C stretch, aromatic 

1460 M ca, bead 

1380 w CB, bend 

1282 s c-o 1cret.:h 
-U6' s -:-1) ttret..:h 

1165 w - ------
ll2S M phthalate 

10 7S M phthalat• -1040 w phchalate 

101.S w . 
dlO I tl -

Predo11!.i.nacely phthalata eater vith another aromatic ester. Intensity of C-H bands 
•~~gesc1 that the a1car1 have a hiah ali?hatic ~ydrocarbon content. 
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TABLE 6-46 
I A Rf PORT 

LC Fraction 116 of 1 "m + r'ilter P.1rtL~·.1l<\te !::xtract - v,~n~·1ri Scr·Jbbet 
SAMPLE'·---------------------·----

-----------· 
'"·.ni;nm•nt Ccmmentt I 

I 0-H stretch 

: 
!--------+-------~!-------:---------------·---------' 

CH 1 stretch 

broad I 
I------+------+------:-------------~ 

CH 2 screech l------+-----+-::-:-"-----:--------1 
DEG* 

C•O atreteh 
-------1 

C•C ttret~h 

CH, bend 

Bl:<~~ 
1--------... --------1---:---:---------------------·-·-·-·-··-·-· ·--1 

CH 3 
bend 

DEi. 

c-u scr11tch 

------- I 
~---!--~---r-=-------------------~ 
J.....,,.,.,.,----.f--~--+,~~~---------------1 

I 
1...-u !ltr~tcn ------·-··-·-~; fi0l1T;Trrj 

----------------- . -------1 
---+--------=-------- -------~=-=~~--=-~~J 

~hnuld~t I ------··---1 
~--+----:-:--~--- ~ 

subsri:ut:i.c:i 

substitution ---1 
I 

·------..-------~--------------------·-----·--
•Diethyl~ne glycol 

Diethylene glycol and aromatic ester, probably phthala~e. 

TABLE 6-47 
IA RIPORT 

Wew N .. Mb•• lnumiry Ani9nmtnf Comm..,t'J 
fcm" 11 

3J50 s 0-H stretch ---
2920, 2872, 2860 s CH' I CH 1 stretch, aliphatic 
1950 !,./ DEC* 
1728 M C•O ---
1460 M CH 2 bend -

J i.;20 r w -
I d:i 8 ~ t;nJ oena 

~ 
l.32S w -

------1290 w c-o stretch 

12 30 w DEG 

11 JO s DEG 

~ 1080 s DEG snouI2er 

1060 I s DEG 

9~0 ~I DEG •hcclJ~ --- --
900 

I 
~ DE<; 

.:ll~ .,. DEG 
------------

"'Di.,.thylen.,. ilY\.:ol -~ 

Principlll.ly di'!thylene glrcol. There is a tl:L.111 :tC>Our.c of .is:er ;ir"sen:. 
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TABLE 6-48 
IR REPORT 

SAMPLE: Unfraccionated SASS XAD-2 Extract + ~dule Rinse - Venturi Scrubbe+ 

Wm Nu111ll1t lnt•mlty A11ignm..,t Comm.nts ,.,..,, 
JOSO M o-H. 1tr1tch broad 

2965, 2935, 2B6C s CH2, CH3 stretch 

17l0 s C•O stretch 

1460 M CH., bend 

1420 w 0-H bend 

1385 w CH 1 bend 

1285 M c-o 1 trttch (acid) 

1265 M Si- (CH3) 2 

1100 M 51.-0 

1025 w Si-0 

945 w 0-H out of plane bend 

810 M S1-(CH 1)., 
~""'!'!"-.-.'I: ..• .. ~=-- ---· .:-

The major :omr~nent 11 ~ s~turat•d ~11phat1c acid. A small amount of silic~n• 
compound is al~o pres•nt. 

TABLE 6-49 
IA AEl'ORT 

SAMl'l.E; LC Fraction Ill of SASS XAD-Z Extract + Module Rinu - Venturi Scrubber 

w,,. N11mll1r lnttmlty ,_.,, Aui9nm•11t CommMts 

tl955, 2925, 2854 s ca,, CH~ stretch 

1738 w C•O stretch 

1460 M CH2 
bend 

1380 w CH3 b•fld 

1265 w c-o •ere tch 

ll.25 w -
1072 w -
1028 w -

965 w -
810 w -
722 w - CCH 2)n-

--

Principally aliphatic hydrocarbon. A small amount of aliphatic ester is ?resent. 
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TABLE 6-50 
IR REPORT 

SAMPLE: LC FrJction ;/2 of SASS ;CAD-2 Extract + :-lodule Rinse - Venturi Scrubber 

I ·----
Y'lm Numbor ln1an~hy A..i1i9nm•nl Comm1·n, 

(~·I) I 

--------·-

- .. --·-1 
--=J 

,_ -- ~_,.j ---
I --· 

I ------i 
-·-·---· -~ 

Alipha.ti~ h 11droc:arb.in .trhi a :""l1l·:.;1 l ... )xnnf:.• in ·-·l"·rH·,.n~r-1ti•)n:~ hrtrt-i!:: l.t,-.. :''r 
b•ckround lev-lc. 

IR REPORT TABLE 6-51 
SAMPLE: Frac cion J of SASS :<.\D- 2 Exc.ract: + 1-!odule Rinse - V~n t uri Sc rubb-i r 

Assignment 

CH,, CR, >nmh J 

aromatic substitu:ion 

Predomina tQly !ilicone co!!!pound 1.1i ch some aror.ia tL: es: er. 
5Uigests a hiih aliphacic hydrocarbon content, probably is 

shoulder 

The incensicy J~ C~ 
pare ~f ch~ ester. 



IA AEPOAT TABLE:. 6-52 
SAMPLE: LC Fraction #4 of SASS ~2 Extract + Module Rinse - Venturi Scrubber 

w,.. N11111llltr ln11mltV 
11111·11 

As1ignment Cornm-n ts 

2960, 292 7, ~858 s CH:?, CH3 stretch 

1735 s c .. o stretch 

1640 M -
1605, 1580 w c-c stretch 

1555 w -
1460 M CH

2 
bend 

lJ 75 w CH) b1md 

1268 s C-ll ltr•HCh ·-
1177 w aromatic a" tar 

11110 M 51-l) 

1022 M 51-0 

800 M 51- (CH 3)., 

707 I M aromatic substitution 

I I 
Silicone compound and an aromatic ester with high aliphatic content are the Mjor 
.;1imp,'n•nr.s. A sm.'\ll .ar1111unt of a thi<d c.:imponll!nt ts rrl!'111nt, which r~.iy be a salt. 

TABLE 6-53 
IA REPORT 

LC Fraction r}5 oE SASS XAD-2 Extract + !1odule Rinse - Vencuri Scrubber 
SAMPLE:.~--------~~--~~~--~~~------~----~~~~~~~~--~--

WlftN11111hr lnttmlrv AHivnm1nt Comm11r1ts 
(1111' 11 

"960, ~9~5. ~855 s CH..,, CH 1 stretch 

17 35 s c .. o •Creech, d:ilt1H 

1638 w -
1605 w C•C 

1560 w -
1460 M CH

2 
bend 

1 J75 w CH 3 bend 
---

126 5 M C-0 stretch + 'illCH 1 >~ -ll68 w arom.atic •"t•r 
1115 w aromatic "star ~-

11100 w ::;1-0 SnOU.1.11oh· 

lOl' w 
1020 I w 51-0 

800 M Si-(CH,).1 

710 H aromatic tub.Ci tut I.on 

Predominacely an aromatic escer, probably a benzoace, vith a large aliphatic hydro
carbon content. There is alto a 11!1411 amount ot silicone compaund and a fourth 
component, po11ibly a Hlt:. 
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IR REPORT 

SAMPLE: 

Whw N11m~t1 
lsm"11 

2960, Z8S5 

~928, 2858 

:'.5c)0-3200 

1705 

1610 

1"'60 

1418 

1288 

1180 

1072 

1030 

940 

800 

718 
-· 

ln1emirv 

s 
s 
~ 

s 
w 
~ 

M 

M 
,,. 
w 

w 

w 

I w 

I M 

TABLE 6-54 

·------·--

Anlgnment 
. 

wrnmf"ntl I 
I 
! 

I CH, 
---__! 

stretch .~hculde: s 1 
CH,, stretch 1 
OH sti:etch, acid ----;;;~b· ru-;d--j 

. ' 
c-o stretch, acid ---·-·----------· 

l 
c-c stretch, aromatic: _______ J 
CH,, bend ·--------1 OH bend, acid 

c-o stretch . -
C-0 stretch 

_____ ... ___ -·-----· 
I 

- ----.. -----1 
- ----- ---1 
u11 bend ·-"-· -··---

aromatic sub,; r i t1:t1on -----··----~----. 

-(CH
2

)n- ----~--==-~=~--
Predominately lc1ng chain sa:::.ira.ted a:!.tphat!.c acid. A small .~moc:r.:: of .ircir.alic, 
;irobably ester, is present. 

IR REPORT 
TABLE 6-55 

SA~,PLE: ____ F_r_a_c:_c_1_o_n __ 1_t_7_o __ f __ S_A_s_s __ :<._~_D-_2 __ ~_:_cc_r_a_c __ t_• __ :'._o_d_u_L_e_~_1_n_s_e __ -___ v_e_~_,_~_r_:_. _s_c_r_~_b_~_e_r 

Wrrw Hwmber tn11mirv A.ni;nment c.o.,,...,~ts I 
(r:ftl ·1) I 

3300 ~ I 0-H screcc:h 

CH, screech 
1------------~--1"-----------------+---------------~~--------------j_r_~_a_c_•--==--~:==-J 

I i2925. 2980, 2855 s CH.,, 1-------'---------__._ ____________ , ____ 1 

3houlder I li35 s C•O jt:rec::h, este:: 

1715 s C•O st::etch. .lci.3. 1 
16 30 w 1----------------1~----------+----------------------·~----

~l-o_O_S ~~-~..;..._-~-w~-----+-,-c--c~--~----~-----·------- ~ 

:~=~=~=:==~--_-__ T__._I __ -_-_~---~~----_ --+-f _:c_·:_~:_~i_: ~-· ~-· -~-~ _-_-_-_-_--__ ·~~~~~~~~~~~-~~~-------~~---~----_-i 
1460 \./ j cu., be:-id I 1-----~------_,_ ____________________ ___J 
1~08 M OH b~nd I 
lJiiO i 

>-:-:-~-:--~-----+f---:------'-,-:-_,-)-;-;;~~~ ~----------------------; l-\,)_u_l_-.J-~.-r--~----~ 
726 7··------,-------~(-----1c~:tt·~·~-=-~~---------- ----- ----- .. ____________ l 
...... -----·~------------------~---·----1250 I :1 j C-0 Hr~c~~ ;ho<Jldcr J 
~1_1;_3~~--~I ~~w~~~-'--~~- I 
112~ i :-1 I pht~alace : 
f--------,.·-~-------'--------i M / ;ih:~3ld:a I 1080 

101)0 l :-1 I - i 
OH bo!nd I 

------------ ____ _J 30U 
, _ ·-------------..,..-----~--~\ <:H,) n---

Predoru.ru1telY •liphacic aciJ •.1ieh ?hchal.ice es:n (either t~c 0:- :er·~ ~· ::::i.Ll:~., 
i:1 .. d,;0 .i 1·.1;ill amounc of n.cid :salt. Adtpic .ic~d ~.l a ?•:3li:iJ.~ • .:c:>ns:~:uc~n:. 
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I,. RIPORT 
T/\BLE 6-56 

w,.. Num•tr l"1tmltV Ani11"rri•nt Commtt1ti 

lcna"'I 

2960, ?930, 

2890, 2858 s CH.,, CH., stretch 

1730 M C•O scratch 

1720 M C•O 1tretch shoulder 

1610 w C•C aromatic 

146 5 M CHz bend 

1385 w CH, band 

1290 M c-o 1tretch 
--

LUO M Si-CH 3 
U05 w c-o 11tr•tch 

..... ··- ---·-------
llUO w St-0 Hr~rch 

··----· - --·- ----- -----·- -----------
10.lO \,/ s1-o :ltr•tch 

SlO I M Si-(CH~)., stretch 

T-..ro ~arbonyl concatning compounds are present, an ester and most likely an acid. 
Intensity of the CH bands indicates aliphatic hydrocarbon. There is also a very 
small amoun: of si:~cone compound present. 

TABLE 6-57 
IR REPORT 

SAMP I. E :. __ i:_n_f_r a_c_t_1_o_n_a_c_e_d_::_x_c_r_a_c_t_o_f_SA_s_s_F_1_1_c_e_r_-_o_x_1_d_a_c_1_o_n_T_3. n_k_v_e_n_c _____ _ 

Wll"t'I Num•tr lnumhy ...,,19nm1nt Commeftt's 

1-·11 

J )1\11 s 1)-H Strttd1 broad ------·-- ~· ------- -
91!\, ~1\1,, ~8 ~~ :; i.;a .. , CH, Stt·•t . ..:h --· 

1950 w DEG• broad 

1730 s C•O stretch 

1462 M CH2 bend 

1420 w CH2 bend 

1 l<:1n IJ CHi 
1355 w DEC* 

1~81) M c-o 1tretch 

1,,111 _!L_ C•O •tr•tC"h 1houlder 

1125 s DEG• 

10i5 s DEG* shoulder 

1065 I s DEG* 

920 s DEC* shoulder 

900 s DEC* 
;:.o M -(CHz>n-

•nt .. rhut• .. • al•1~nl 
Pr1J~llUn•t1ly J11thyl~n1 &lycol. A CArbonyl ~~ntain1ng compound is ?retent which 
1• probably unaaturated aliphatic aster. 

l 
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TABLE 6-58 
IR REPORT 

Untr3.::tioned SASS :{AJ)-2 Ex=racc and 'lcdule Rins~ - O:<i~ation Tank Ven: 
SAMPLE: ______ ·----~---~----------~--~ 

--·--~-

Commtt>~ 

·--.------~-----··-----·--·~ 
1-----~-~-t---------+O-·-_H=---g-t-r~•-t_c_h _______________ ~:_"':..~--~-~ CH2 1 CH3 s:re"ch _ 

C•O u:retch 

lJSO W ;H3 b~nd 
~------ ...... ------- _ __,._,._.._.__..,. _____ ~--.-· .... ------·-

151-0 stretch 

TABLE 6-59 
IR REPORT 

SAMPLE: 

w..,. Num~•r lnun1it)I Aui~nmenr Comm'""" I 
Crm' 11 

-----~ '953. :.9~7.28Sd :; CH,, CH 1 ~ t rQ t d1 

1465 !of CH~ bend 

1380 w CH3 bend 

1200 w PCFE"' -~ 
9 72 w PCFE 

727 w - (CH2) n-

~Poly chloro td f~u.:i rue thy l•·n~ I .. ------·~-----------

-



TABLE 6-60 
IR REPORT 

SAMPLE; LC Fraction #2 of SASS XAD-2 Extract + Module Rinse - 0Kidat1on Ta~k Vent 

W'" Nu111~H ln11n1lry Anlgnm.nt Commenn 
lcno "11 

2952' 2925. 285, $ CH.,, CH 1 at retch 

1740 w C•O It retch 

1600 w C•C •tretch 

1460 M CH., bend 

131:!0 \,/ CH 
3 

lHt11l 

'Tm- -- w Si-l....:tt)T~--------·------ -----

1100 w Si-0 

lOJO w s1-o 
802 w S1-(CH3) 2 

-- -

Predoctinatel)· aliphatic hydrocarbon with small quantic:ies of est:er and silicone 
compound(s). A~omaticity is evident: sooewhere in :he syscem. 

TABLE 6-61 
IA REPORT 

LC Fr~ction 11) of SASS XAI>-2 Extract + ~!1ldule Rinse - Oxidation tank Vent 

SAMPLE:----~~----------------------------------------------~--------~ 

Wm Num•er lntemlr,i Ani;nm•nt Comm.nn 
11111·11 

2965' 2927. 2859 s CH.,, CR 1 lltretch 

l7JB s ~-o 1tr11tch 

1628 M C•O •tretch 

1600 H C•C stretch 

1459 s ca, bend 

1380 M CH3 bend 

1265 s C-0 Hutch 

l099 s Si-O 

lOi~ s Si-0 

870 M Sl-(l.:H1) t 

804 s. Si-(CH1)~ 
70J M aromatic substitutior. 

-·-
I 

tar1•.lY silicone compound wic:h. soma aromac:1c uter &nd ali?h&tic hydr::icarbon (which) 
may be ac: l•ast in part on ehe ester). Th•r• 1& a fourth component wh!ch may be a salt. 
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IA REPORT TABLE 6-62 
SAMPLE: LC Fraction 114 of SASS XAD-2 Excract + :-lodule Rinse - Oxida::ion Tank Vent 

w ... Num~u ln11n1lt)I A.ltignment Com • .,.,..,,-;;-·-1 
lrm" 11 

1110 w Si-0 

10 . .::1 Si-0 l 
870 ·s1-(CH,)~ 1 
~--+---;.----,.-~---------, 

t--s_oo ____ --r-___ M ___ -r-_s1_-_<_c_a~3 l-'3"----------------··--i 
710 W aromatic subscitution 

---------- ·- - .. 1 
~--------'--------~------------------------------

Aromatic es:er wi:h t~i~h Jl~~hu:!~ ~y~r~c3~j~~ cc~:en:. Alio co~t~1~s ~ s!~~~ 1 ~~ 

c ornpound. 

TABLE 6-63 
IA REPORT 

SAMPLE: LC Fr:iction :/5 of SASS :U.D-2 E::-:tract - ~lrn:hle 8.inse - 'h~<J.Hi<Jr: !<.Jnk '!<>:it 

WSft Num~tt lnttmltY A.UiQnm•nt Comm.nt1 1 
(~m' 1 J t-----T------t------_J 

12960' 2928' ~859 s 1--------1---------_,._c_H_._,._c_H _ _,_ 1 _-;_t __ r_e_t_-:_h __________ . ________ J 
1741 $ C•\) ltt"Gt>:h 

1608 \,{ C•C !tretch 

1460 s 
1380 M CH

3 
bend 

1265 ~ C-0 1tretch, Si-1..:-1
3 ·------·-+---- ---··· ------------

ll70 w • r om n t [,: q1tn r 

1115 
,,, 

1025 i-i I s1-u 

1lUU -;:r-

~u w 

Aroaiati.c ester, possioly 1.11ch some ether-esceo:- com?Ou!ld a.nd a s::o.dl:. a=ou:-.: -· 31.;.l:~"'"· 
There may be some terephthalate. 
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IR REPORT TABLE 6-64 
SAMPt.1!: Fraction 46 ot SASS :<AD-2 Extract+ Mcriule Rinse - 0~1dat1on Tank Vent 

w..,. Nu"'•"' lnntnlty A.ul91.,t1•nt Cornrntflt1 

lc111·11 

2500-3500 H 0-H 1tretch very broad 

t?960, ::!930, 2855 s CH.,, CH~ stretch 

1735 s C•O stretch, ester shoulder 

1702 s C•O 1cretch, 11cid 

1610 w C•C stretch 

1460 M CH, bend 

1418 H OH. acid 

138S w CH 3 b•nd -
13~0 w -
1288 s c-o stretch 

1260 M c-o stretch shoulder 

lUIO w -
~----· . ----- -!-----·---·--··-- i-.-- --·-- -- --·- ··--· --· ---------
11 ~11 w ------------.I-- -------··- -··--- ---·- - . .. , .............. ______________ ... _______ ·-··- -------
i 1i:·~ w -!o!S ______ 1 ------- ----------w -
940 w OH acid 

800 I w S1-CH1 I 
718 I s aromatic substitution 

Mainly saturated aliphatic acid with an aromatic ester, probably benzoate, and a 
trace of silicone compound. 

TABLE 6-65 
IR REPORT 

SAMPLE: 
LC Fraction n of SASS :<AD-:? htract + ~odule Rinse - O:tidaticn rank 'lent 

WrteHumhr lnumltv A.nl9nm-t Comm.,,n 
11111· 11 

)JOO M OH 1tretch 

l2960,2923,~S55 s CH 2, CH
3 

stutch 

1736 s C•O 1-r•cch 

1595 w -
U65 w -
1459 w CK., b11nd 

1412 w 
lJ 78 w CH 1 bend 

UllO w c-o screech 

in~ w -
l l 70 w - ll'\OU.l.<1er-

lll.5 M ether c-o 
1090 I ~ - shoulder 

920 w -
722 w -(cH,)n-

Aliphatic ••t•r and aliphati~ ether with at least on• ocher constituent. 
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TABLE 6-66 
IRREPORT 

SAMPLE: 
Cnfractionated Extract of SASS Condensate - Ox1da:1cn T3nk Ve~~ 

YI"" N~mbor lnnmlty AJai~""'•"' Comm~h 

(cm.11 
- ·----------·---.. --. 

296 J, 29 30, 

2890. 286~ s CH,, CH, StrtltCh - -··------·--
17 35 \./ C•O stret<!h ·------·-
1715 \./ C•O stretch - --·-------
1650 w C•C stretch 

--··--------~-·---

14 iO M CH, bend . --------------·--· ~-

-+ 
1380 \./ CH 1 bend 

---.. ·--·· 
1::9 5 w C-0 stretch 

1270 w 51-CH 3, c-o 
1100 w Si-0 

1030 \./ s1-o 
310 \./ Si-(CH3) 2 -·-U 

'1 I . Precominatel·; alipnatic hycrocar!:>on. S:na.d a::10unt;; J: : .::arbonyl cor1t3in1ng 
compounds, one of which could be an aro~acic ester, and silicone co~pou~ds. 

T/\BLE 6-67 
IA REPORT 

Unf raccionated SASS Probe and ~yclone Rinse - TCA Scrubber 
SA~IP~E:_~~-~~~--~--~~~--~~-~~-----~~~~~~~~. 

w..,. Num~•r lnnmlrv 

ccm· 11 

2960, zeao s 
2925, 2855 s 

CH1 stretch 
~------+--------+--'------------------·------ ... 

CH
2 

stretch 

li40 w C•O 

16 50 w C•C 

1470 ~ CH
2 
b~nd 

1--------+---------i--'--------------------~------------
lJSO w 

723 w 
~·---------~ ---,-------- -_________ .. __________ ------ ---·-· 
Aliphact.: hy.!ro.:ub,in with a ~m4~l a:n011nt •H u~~~. ---------------------··-· 
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TABLE 6-6H 
IR REPORT 

Untracc1onaced Extract ot SASS 10 + J ~m Particulates - TCA Scrubber SAMPLl=---------------------------------
w ... N11mh• lnun•ltv Anlgnmenr Comm..,n ,,,..,, 

I JIJO s 0-H et retch broAd --
:!920. 28~0 s CH., stretch 

2B7a s CH'l. stretch 

1940 w DEG* broad 

, 71n !-! C•O stretch shoulder 

1712 H C•O stretc:h 

1460 H CH., bend DEG 

14~0 w OH bend 

lJ80 w CH 1 bend DEG 

1355 w DEG 

126 5 w c-o 
1240 w c-o 

112) I s DF.G 

LOIW s DEG 9houlder -

I 1060 s DEG ,_. 
~2<1 M DEG "ho•1ld•r 

fo---·- r ---- ------.. ·-~--- _ .. ____ 
900 H D!G 

815 I w 
738 

' 
M -(CHZ)n-

·1 

i*Diethylene gl:-'jcol 

Princi?Blly ~1ethylene glycol, so~e unsaturated ester and saturated ali?hatic acid. 

TABLE 6-69 
IR PIEPORT 

Un!ra..:cionat•J Extra..:t of S.\SS 1 uru + Ftlter p.,rti.:111.&t•~" - re.\ S.:rabn~r 

SAMPL!=--------------~-~---------~-------~ 

w ... N11111lt1r lnt1Mitv Anignment Comm"'n 
Ccm"11 

3450 s 0-H stretch broad 

2950, :zaao s CK. •tretc:h 
2920, .Z85 5 ~ CH~ •tretdl 

1730 s C-0 •tret.:h 

1720 s C•O •tretch shoulder 

1460 M CH 2 bend 

1420 w OH bel\d 

USO w CH., bend 

1355 w DEG* 

l~S~ w c-o 
1165 w C•O 

Ll~.5 M DEG 

1070 I M DEC 

910 M DEG 

111 Dhth)'hne & ycol 

A mixt11u ot ditthylene alyc:ol and two c:arbon)'l cont•1nlna co111po11nd• which •n 
probably an acid and on ••cer. 
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IR REPORT 
TABLE 6-70 

SAMPLE: Fra~tion ;J of SASS 1 ~m Cyclone + Filter Extract - TCA Scrubber 

w...., ~lumber lnun1trv A.ntonm..,r -- '~~:~~--] (rm· 1) 

---
,_!9S5, 102~. ~857 s CH..,, CH

1 
scret.:h _ .. ___ ~ 

1730 \./ C•O stretch 

I CH? bend 
-··---------· 

1:+65 ~ 

1380 \.,' CH
3 

bend -~----·--- ---1 
- --···· I i:c2 w PCFE* 

- -----------·-- - ____ __j 
11:.8 w PCFE 

Y1U \; PCFE ---- --
900 \./ PCFE 

i:s ·--t- w -(CH..,)n-
-------- --·-----------------·-----·--

·-----···-·----~ 
*Poi·;~-~~,~~o ro~thyleM I 

IR REPORT 
T/\f3LE 6-71 

SAMPLE: 

WO"" Numlltr lnten1hy A11i11nm•n! CommentJ 

(tm'1l 

----~----
I 

I --------r 1 
I --- ---
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TABLE 6-72 
IR REPORT 

SAMPl.E: _ _.:L:;;C~F;;r•:.;c:.;t:.:1:.:o~n:...;;.fl..:;3_..;;.o.;.f_S;.;A.;.;S;.;;S~l--\Jra;.....+_F_i_l_c_e..;.r_..;.Ex;...t.;...r_a_c_t_-_..;.T;...CA;..._S;_c;_r;..;u..;;b..;:b..;;e,.;;.r ____ _ 

w,,.N11111~1r lnttMltY A.ui9nment Comm..,ts 

11111·11 

~961, 2925, 2852 s CH~, CH, It retch 

1735 M C•O stretch 

1600 M C•C stretch 

1460 M CH~ bend 

ll80 w -
126::: s q-(CHJ);: 

- - - -- -----------·---------. - -·----1100 $ $1-0 

10~5 s Si-0 

805 s Si-(CH3r;--- ---

I 
Principally silicone co~pounds. There are also carbonyl and aliphatic hydro~a:bon 
in the system as well as si;znificant aromaticitv. 

IA REPORT TABLE 6-73 
SAMPI.!; LC Fraction f4 of SASS l ~m Cvclone + Filter E~tract - !CA Scrubber 

Wl\'I N11111lttr lnttmlTY ""''""'-' Comm.., ts 

l1t11'11 

f.1924, .?S85, ~85 l :l CH~, CH 1 •era td1 

1730 M C•O scr .. c.:h 

1462 M CH2 bend 

1380 w CH3 bend 

1261 w c-o acretch 

11'~ w -
lllUJ w -

I 

A carbonyl containing compound with high aliphatic h1drocar~on content. 
!nten1itie1 are barely a~ove nor111&l back&round. 
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IR~EPORT TABLE 6-74 
SAMPLE: LC Fraction :JS of SASS 1 '-l::l Cvdone Filter Extract - TCA Scrubber 

'i'l1WNu111h~ I 
------·------·------------- ·--

lntemlry Anignmtnl CornmMn 
('"''' 1 I 

2960, :9~8. 2852 s I CH,, CH, stretch 
- -----

1732 s C•O stretch 
--

1600 w C•C stretch 

1460 !'I I CH, bend 
-
1)80 w CH 3 bend 

l:'.90 M C-0 stretch 

1268 M C-LJ sc:re:ch 

lloO. un (J -
~120 \J ph th.al.He 

~ 1075 .... phthalata 

1030 \J phthal&te 

I I I -----
.\n e~tf't", ?r.ib.'tb~v phth~la:~. 1....·i:h h!.il'k ali;"''iJ.~L: h::(~r"-".'•:arb•.Jn .~01~t0:1:. ~h, 1 :?. i.'J 

at le.Ht orH c'thPr u:1identified .:cimponent. l:'lt@nsi:ies .ue :iot gre.1:lv .1ve: :ior.r .. !l 

IR REPORT TABLE 6-75 
SA~IPLE:~-~--'L~C~F~r-a~c-t_i_o_n~_;1_6_o_E_S_A_S_S~l-"_m_r_.:,_c_l~_'n_e_~ __ F_t_l_t_e_r_-_T_C_A_S_~_·r_u_b_'_o_~_~ ____ ~ 

lnt1ntlty A.nic;nment Commo-nn 

3350 OH stretch 

3061 aromatic CH st~·et.;:h 

1960, nn. ~~~z s CH,, CH 1 :lltrl!ltch 

1730 s C•O 1trec~h 

1605 C•C !tretch, aromatic 

1587 C•C stretch, aro[;latic 

1:.02 s CH~ bend 

1---------+---------1---------------------·----~ bend l J 83 :t CH2 

1285 s c-o stretch 

10~0 I W phthalata ~seer 

1015 

966 phthala:e e'3ter 

'14l 

I ~ _+----~~==~~~~~~-~-=-=-=~=---=~----, --,-------:1--- -~l&tW ~HoH ·-1 . ' , .. ~ 
----------------+-------- -·--------- ·-----------··-· 

~-70_6 ______ 1 ___ -".'../:-:------t-p-:-h-t-:h-a_l;-.i-t_~_• __ s_·_t_~_r ________________ ·-· ---···---- . ____ I 

6~5 I ~ phthalate est•' ! 
1-------~--------'-----------------------------· 
Predominately ph~halatt ester with a high alipha:ic con:en:. :n adci~c~ 

ot th• carbonyl with the pretence of acid 0H anJ the 3houl~e~ 2: 12: 
an acid i~ present a1 well. 
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TABLE 6-76 
IFI REPORT 

SAMPLI::~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Wm N11111•11 lnitMit'y A,.1,,,,.....1 Comm'"'tl 

l1111° 11 
I 

34.50 s 0-H stretch broad 

2960, 2880 s CH, stntch shoulder 

292 7' 2856 s CH? stretch 

1730 s C•O shoulder 

1708 s C•O 

1630 w C•C 

1610 w C•C 

1460 M CH., b•nd 

1420 w OH bt1nd 

1370 w CH) bend 

1285 M c-o 

1270 H c-o shoulder 

11SO w -
1115 w -
1075 w -
1030 w -

910 w 0-H bend, acid 

I I I . . 
Mainly saturated alipnatic acid, ~ith pcssibly some ester and alipnatic alcohol . 

IR REPORT TABLE 6-77 
SAM,.l.l: !, G_, [cact1on •ll qf SASS :UP-:? F:;stq"t ,... Xod•al! R!M• ·• TC.\ Saubber 

w- """''" 
lnttMltV A.nlonment CommH1ts ,.,,..,, 

2956, 2856 M 

2926 s CB,, CH, stretch 

1459 w CH::! band 

1Jd2 w CH
3 

band 

1260 w PCFE* 

1196 w PCF£ 

1150 w PCFE 

1127 w Pen: 

1104 w PCFE 

lOJO w PCFE Bro.ad 

965 w PC Ft 

$96 w PCF! 

SlS I w -
725 w -
590 w i'CFE 

520 w - -

~Polychlorocdf l1.11oroachylena 
Pradomin•c:el y al1 hac:1 p h c; ydroc;arbon w1ch .a small amounc: of polyc:hlorotr:!.fluoroet:hrlenoa. 
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IR REPORT TABLE 6-78 
SAMPl..t.: ___ LC frACt: !<ln 11'2 "' SASS x,AD-l t~sracc + Modu1!! Rios• - TCA Scrubber 

Win NMmbar 

I 
lntentl!'y I Anlgnment ~m::.:-··--1 

(cm"11 

2950. 2856 M CH.,, CH, stretch ... 

-----~I 2926 s 
1745 tJ c-o stretch 

1629 w c-c stretch ------i 1459 1,J CH., bend 

1374 w CR~ bend ---·-·-----i -· 
125S \./ c-o !treteh 

1020 1,J - ----·----~ ·=1 8D w -
~------·----------------------------·-. -···---------------· J 

I 

Aliphfttic hyclni,::itrbcn w1.th a ~~.11 l quantity of 2 c:arbc'n:d containing cor.ipounrh1 which IMY b<' 
Actd .tnc -t,cer. 

IR REPORT TABLE 6-79 
SAMPLE: LC Fracion 1/3 a~ ~~~s X\D-? Ex~ract ~ ~qdule Rinse - TCA Scrubber -----

w ..... HMlllbet I lntemity A.rsl;nment Comm<1<1t"J 
(1111'11 I 

-
305 7. 30 26 w At'Ctll&tic CH 

2956, 2856 H aliphuk CH 

2926 s 
L'3 7 w c-o Jtrtitch 

-· 16 36 w -
1603 \.J C•C 1cretch 
~-.. -·-·---- ---------· .,... __ ·-----------------------l .~ ~ ;.! 1-J 

1439 \.' CH 
2 

b11nd 
-~ 

13132 \.J Ui 
3 

b•nJ -
12.58 ~ Sl.-(CH

3
)

2 
1088 !1 Si-0 

1019 M Si-0 

86.5 I T.,I Si-(CH1) 1 
803 li Si- (CH 1 ), 

756 \l arom.lC ic !J•Jbst:itutt0n 

702 w aro!ll.4tic ~ubsi:i.tu~icn 
..• 

I I I 
L~rgely s1.lic:one c.ompou..-:::!(9). There is both ,•r0os.ri~ J.r.d aliphatic characti!:: i:: t'."le 
systll'll a.s Y<tll a3 a small a1110unt: of carbonyl cont:&1n1ni con:pound, pt"ob<1bly .;n aliphati.c 

•Ster. 
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IR REPORT TABLE 6-80 
SAMPL!: LC Fraction 114 of SASS XAir2 Extract + Module Rinse - TCA Scrubber 

Wl'N N11111hr ln1tmlry A11i9nm•nt Commtnts 

111111''1 

~o~o' .Z856 M CH~, CH, •tr•tch 

292e s 

1737 M c~o screech 

1636 w 
1606 lrl C•C atrecch 

1559 w 
1459 w CH

2 
bend 

1374 w CH] bend 

1266 w c-o stretch 

111 l w -
lll.:? w Si-0 

1027 w Si-0 

903 I w 
80l w Si-CH, 

757 w 

HO w aromatic 8ubst1cucion 
.... ··- -·- .. -··. -· Saturated ~l1phat1~ ••tor ~nd an arom.atic compound with aome silicone compound(s). There 
is ~n unidentified component seen in the bands at 1559 and 1636 

IA REPORT TABLE 6-81 
SAMPLE : __ L_C_F_r_a_c_r:_1_o_n_il_5_o _f _S_A_s_s_:un-__ 2_E_x_t_r_a_c_c_+_M_o.,,.d_u_l_e_R_i_n_s_e_-_T_c_.\_S_c_ru_b_b_e_r __ 

w..,. Nwmhr lntentitv 
11111'') 

A11i9nmen t Comm Mn 

2950, 2856 M 

2924 s CR
2

, ca, stretch 

1729 M C•O, ester 

l6J6 w acid ult 

1606 w C•C 

1559 w acid salt 

1-<'.lO w shoulder 

1459 w CH 2 bend 

lJ 74 w CR
3 

bend 

1274 M C•O stretch 

l.1.1 J w aro111actc •t:ttoar 

l.I. :l ti 

.L.L.L" "' aromaci.c ester 

1073 

1050 w aroucic ester 

1027 Aromatic ester 

980 w -
802 w -
/JO 

' 
. ., -

710 I w arou tic substitution· 

417 I w -
High daarae of aliphatic character wti::h an aromatic uter, likely a benzoate, and 
another uni~enti~iad component indicated by band• in the lS00-1700 cm-1 resion. 
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IA REPORT 
T/\BLE fi-HI 

SAMPLE:_L_C_F_=-_:i_c_:_1_o_n_;i_6_o_f_SA_s_s_XA_D-_2_E_x_:_r_a_c_t_+_~_o_d_u_l_e_R_i_n_s_e_-_T_cA_s_c_r_u_o_b_e_r,..;_ __ 

w..,. Number lnr.miry 

(cm'11 
Commffi~ l 

--------+-------------------------

IY;ignmHll 

~95 s' .'856 M CH~, CH ~tr~tch 

1-------t--------1---------------------·-·--·-···--------
:926 s 
2500-3200 \.I acid OH st:retch 
f-------+--------t----------------------------
1730 M C•O stret:ch, ester 

1706 1--------+--------t------------------------------C•O stretch, acid M 

l 6 w 
1--------+-·-------t--c·_c_s_t_r_c_t_c_n __________________ --~==~J 

1559 
1--------~- -------- -----------------------------
1459 CH. bend 

l~lJ *=w 
,_~_~_:_,~----- ~-~-----+-- ~~\~-:-~--~=~ t=· c=h-------~~~~~=-----_-_-_-_----- --·-----
1173 w 

~l,_0_7_3 _____ .._ ___ :-----+--:-:-:-:-:-1-:-:-:----------·---===~~======--~ 
1 ~~: ~ j llH bend, Jc_id__ -------il, 

865 : l - = 
795 

710 w aromatic substit:ution 

648 w 

' 
·-------~ ---____ l ______ - -· _ .l_ -----··- ----·------

------: -· ---+----- - --·- -·--=-j 
·-·-------------- .. . --~~ 

·---- -----,---- ----~--r·----

r-·----- ---- ·-y I 
--J 

- -- ·------·---
1 I -----==--=L ________ J ___ ==_ ____ -=_ ___ _ 

--~===~~L-~=:--=~~-=-.r~-~-~= --=~-~~=--=-==-~~~-==~--------------__________ 1_ ·---- _ _L ___________________ _ 
I I 

·~------- -----
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TABLE 6-83 
IR REPORT 

SAMPLI!: LC Fraction i17 of SASS :<.\D-2 Extract + Module Rinse - !C.\. Scrubbei: 

Waw N11111'" lncemlty A11ignme11t Comments 
lcm'11 

3250 w 0-H stretch broad 

3064 w CH 1tretch, •romat1c 

2969, 2856 m CH.,, CR 1 stretch, aliphatic 

2926 s 
2500 w acid OH broad 

l7JO s C•O at retch, e11t11r 

1706 :; C•l.'.l 11tnt.ch - ·--~---·-··---· 
160!> M C•C 1tret.:h 

··-- - --l58J, 156 7 w C•C 1trac.:h 

U4'L H CH., bend 

1413 M OH bend, acid 

1380 M CH 1 bend 

11320 I w 

11281 M c-o at retch 
b.2!10 H c-o stretch shoulder 
b.173 w -
llll2 H phchalate 

11.073 I M phthalace 

11.027 I w I phthalate 

940 I w &Cid OH 

919 I w - - --
lltiS I w - --·-· .. ·----~ -------·-... -·-·--·-----
795 I .,, -
718 I H aromatic 'ubstituti~n 
687 I w -
648 I w -
s 33 I w -

Al1phat1c acid and aliphatic ester w1th a amall amount of phthalate ester. 
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I /\Bl I (> 1V1 

SAMPLE:. _____ . ___ -·- ·-·. ··- - - ··--··-··---- - ... __ ·--·----·-- ----·-·-

·-
Con1mentt ~ l"ll'YI Num-et lnttn•lty Aulonment 

Com ·Ii 

2965, Z890 s CH, stretch 

_:~""~"- I 2930, 2860 s CH? stretch 

1740 x c-o scretch 

1610 \,/ C•C 

1470 w Cll, bend 

lJSS \J CH 3 bend 

·--~ 1290 \./ c-o 
·---

1270 \./ c-o 
730 \,/ -(CH 2),,- - ,, __ ...,... 

' Aliphatic hvarocarbon w1cn sone un~acuraced ~seer anJ ?•rhap~ .oc~ oth~r _ar~on~J 

concnining compound 

IF' REPORT 

SAMl'L&: 

TABLE 6-85 
Untractionecod F.:ctra<:t <Jf 'Jont11ri Fil toir C.;ikt 

I 
---------·---------------- ----·~ -----

W"' Nwm~•r lnumltV A11i1,1nmtnl Comm•nh 

'""·I I 

2925, :855 s CH., stretch 

17J8 M C•O stretch. ester 
__ :houldH J 

1710 s C•O str1?cc~. acid 

1460 ~ CH, bend 

~ 1420 w OH bend, acid 

1380 '.I CH 3 bend 

12BO w C-0 'I tr-etch 

1250 \./ c-o stretch shoulder 

1120 w -----
1080 w -

725 w -(CH,)n-
--

~r•dominat•l ali."h.acicliV~r o w ~. 
_, 

' Y P c b n 1th. ir.ie "'t111r .ind >1c .• d. ::im,i.L '4;nounr "f,,•t11 
con9tituent alRo presant, ie@n by th~ 8hap~ 0f th@ ~and~ fr.1m 1100 c0 1300 cm-'. 

11'1 AU'ORT T/\Bl.F 6-B6 
SAMPLE: !.C fr.icttcm 1/1 uf Venturi Filter Caka E:xtr11cc 

Wl'YI H wmlHr lnnMltv Auio'""•nt Comm Hits 

(e111"'l 

2956, 2856 H CH,, t;H""I strer:ch 

2926 $ 

14 w ca2 bend 
-

l313i w cn 1 b•nd 
----··· 

1:2.~3 w S1-CH 3 -
1096 \./ Si-0 
~~~-~~~-1-~--------j~-~-----~~--~----~-~---------

_1_0:_~---·--r---·--·-w___ Si-0 --·-·- ___ .. _ ...... -------.... _ . -1 
~L---··-i---·---w ____ .._s_1_-__ c:i --· - --~------------·---~~~=~----

4 t 7 w -....... __ ., ~ --~~·"~·· . -•· ..... . ·-- .. 
Al1 phatic· 11vdrocarh.:i11 w1 rl1 tt>m• icl l 1•~•"11e C•,ml'" 1rnJ. 
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IR RU10RT 
TABLE 6-87 

SAM,LI: LC Fraction ~2 of Venturi Scrubber Filter Cake Extract 

WnwN11mb1r '"""''"' A11l9nmt1U Comm-ts 

11111' 1 I 

2856, 2956 K CH?' CH 1 1tretch 

2926 s 
1745 w C•O 

1459 M CR., bend 
LJ74 w CH, b•nd 
L266 II c-o stretch 

lO lL w 
---~· 

74l w aromatic 1ub1ti.tut1.:in 

702 ., 
aroiutic subs ti c11t ion 

610 w 
575 w 
-

Aliphatic h~drocarbon and 1aturated ester at level' approxim,tins normal b~ck~round. 

IR REPORT 
TABLE 6-88 

SAMPLE:~_t_c~r_r_•_c_1:_1_on~l-'J~o-t __ v_e_n_tu_r_1 __ F~i~l-t~•-r_c_a_k~•;._E~x~t~r~a-c~t----------~------.;...~ 

Wnw N1111tll11 lncemltV Assignment Co"'"''" ts 
1rm·11 

2955, 28S6 H CH,, CH1 stretch 

2926 s 
1735 w C•O stretch 

1697 w -
1649 w -
ls:o w -
141>0 w CH, bend 

l370 w CH
1 

bend 

1~58 w c-o at retch 

1020 w -
860 w -
810 w -
7~0 w -
670 w -.. -··- -~ --· ·-~· ·- -- .. -------- I 

Aliphatic ester and at least one other unidentified compound. 
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TABLE 6-89 
IA REPORT 

SAMPL!: [.C Fr.s..:ticn 1/4 0E Venturi Filter Cak<! Sle::.ract 

-----
WM Numbn lnumity AJ1ig,,,,.,.,., c.,.,,,..,.,,1'1 

(cm"') 

12955, 2924,2852 s Cli.,, CH
1 

stretch 

1738 :of C•O screech 
--·-----

l710 C•O scree di 
··----

165 7 w -
1600 w C•C, arom.11tic 

15 )5 
·-

----=---~=-=) w ·-

1460 ::-! CH., b•md I 
1375 w ca J bend --~ 1262 w c-o 
117 3 w C-0 

~ 1112 w -
102 7 w -

I 
~·--....-·~---------

~ 5 J w -
725 w -(Cll2ln- ---1 

-- . 
I I 

Primarily aliphatic hydrocarbon. Some arornati~ dster and acid as ~ell as a ~i~or ~ch 

:omponent seen in the bands at 1657 and iSJS. 

TABLE 6-90 
IR REPORT 

SAMPLE;~ __ L_c_F_r_•_c_c_1_o_n_0_5_..;o~f;...._V_e~n-t_u_r_1_r_1_1_t_•_r_c_.s_k_• __ E_x_r._r_1_c_t_~~-~-------

w,... Num~u lnttn1lty Ani;n""'"'' CommH1h 

(m "1 l 

t>9~0. 2926, 2852 s CH~, CH
1 

stretch 

17 32 s C•O stretch, ester 

1655 w 

1600 i.; C•C screech, il roaia:: iC 

1452 M CHZ bend 

1330 w CH 3 
bend 

u~o w -
11212 M c-o str•tch 

-1161 w - -
1124 w phthalate est•r 

1100 w 

1075 w phtha.late ester 

1039 I w 

1~hoh•l-'• 
ester 

:j 744 w 

615 I w -· ! ----
PhthAlace esc~r wtch high dliphatlc hydr0carbon content and another unlJentified ~om?onent. 
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TABLE 6-91 
IR REPORT 
SAMP~l;,~__:t~C:...:.F~ra~c~t•i-o~n._...06-.-o_f-..;.V_en_c_u_r_1--.r.11.c_e_r __ c_a_k1..._E_x_c_r_a_cc __________ ~--------~ 

w ... N11111•ff 

1e111·11 
lnttntltY '°''ltnme11c Commtnn 

Z926, Z856 s CH.,, CH .. bend 

l740 Ill C•O 11cer 

17l4 s C•O acid 

l644 w 

14.59 M CK~ bend 

1413 w -
1382 w CK 3 bt11nJ 

12 74 w C•O ICUtch 

ll7:! w -
lll9 w ,_ 

1071 w -
1050 w -

726 w -
I I 

A.liphacic acid and aliphatic •seer and a C11~or third component. 

TABLE 6-92 
IR REPORT 
SAMPLI; LC Fr.action 117 of Venturi Fitllr Cake Extract 

w,.. N111111ter '""'"'"' A11lp111e11t Cotlllfteftt1 ,_.,, 
2955, 21:156 H CH,, CH1 1cr1tch 

282.5 s 
17 30 H C•O 1tr1tch 

1715 M C•O screech 

1465 w CH 2 bend 

1385 " 
lZ60 w c-o acretch 

1250 w c-o stretch 

1175 w -
1110 w 1th1r 

11 .. w -ccH2)n-

Aliphatic ••t~r. al1phac1~ ac1d aad 10111 aliphatic 1th1r. 
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TABLE 6-93 
IA REPORT 

Unfractionated Extract Qt Venturi 3pray Tvwer Slur~' 
SAMPL.E:---------------------------------

Wm Numh• ln1trnlty A.ulgn,..•nt ~~-·~ (cm.I) 

3500 M OH 

2960, 29'30, 2358 s CR,, CH1 Hr•tch 

~ 17 39 M C•O 

1720 :i C•O 

1485 M CH,, bend 
·----------

1380 w CH 3 b•nd 

1280 w C-0 1tr•cch 

1260 w c-o str•tch -----
1170 w -
10130 w -
1065 ·------3 II -

935 w OH bend 
_ .. _ 

740 I w - -----, 
:-tl1nly aliphatic hydrocarbon with !Ome oletinic ester and acid, po!3ibly adipic. 

IR REPORT TABLE 6-94 
SAMPLE : ____ L_C_F_r_a_c_c_1_o_n_11_1 _0_£_v_e_n_c_u_r_1_S.:.p_r_a ... v_!_ow_e. _r _s_1_u_r_r""''."_E_x_c_r_•_c_t ______ _ 

W.n Numhr ln11mltv ~·l~nm-1 Comm.,, ti 

(cm'') 

2956 s 
2926 s CH.,, CH 1 

2856 s 

1459 M CH 2 bend 

1374 w CH
3 

bend 

1158 w C-(CH 3) 2 
~b) lo -L.H•L.11-

--
726 w -(CH..,)n-

Aliphatic hydrocarbon ~ith some long cha1~ character. There is cvi~ence for a 5light 
amount of unsaturation. 

TABLE 6-95 
IA fllfl'OAT 

LC Fracclon d2 a! V•nturi ~pray Tower Slurrv Excr&cc 
SAMPL.I:.~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~-

W.n Number lnt1mhy A.ni~nm•nt Commtf'ln 

(cm· 1 l 

2953. 2922 2850 s CH.,. CH1 !tret:ch 

1460 M CH2 bend 

l3Bl w CH) bend 

1370 w Cli3 bend 
----, 

- --------------i 
Allphacic hydrocar1Mn, •liiahtlY ab.:iv• n"r~:al b.t..:krt.'lund. Th• lJl:ll·l ':n ,!.n•"·'"~ ln.li.-.1tc• 

th• preseuc• o~ 1•~ Jimeehyl or tarc-bucyl end aroup•. 
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TABLE 6-96 
IR REPORT 

SAMPLE:._....:L~C:.,,.i;.F~ra•&i&t1~o~o~t~3~o~f=--\~·e~n~t~u~r-i~S•p~r~•~Y...;.To~w~e~r;.....:S~l~u~r~r~y--E_x~t-r_•_c_t ______________ ___ 

w ..... Num~or lntunllV Anionmtnt Commet1n , .... ,, 
D955 :?925 28,5 s CH ... CH., stretch 

1735 w ~-o stretch. ester 

1605 w C•C stretch, arom."t ic: 

1459 HS CH., band 

l JtiO, l lbO MS CH3 bend 
-·---- -·-~ --

l.!95 \.I c-o 1tr1tch 

l~SO w c-o stretch 

1270 w s1-c11 3 1houlder 

i:o9 w .... 

ll40 w -
1099 w Si-0 

1080 w shoulder 

1052 I w 
1041 w 

1022 w Si-0 

944 w ..__ 

878 I w Si-(Cfl.,)" 

-~ ____ J_--2_ .._ 

808 I M 
---·--··· -----------

15: I w 
~!-(CH J )_;~~~-~~1-~~:~~ ~-~--~~=-=:~--j 
br~macic 1ub1ttcution 

701 I w !aromatic 1ubsc1tut1on 

i 
I I 
I - ·-·-1 t----------- ---·-- - ·-
I -- ____ .. __ ... 

I 

I 
I 

Predo~natel~ aliphatic ln ~harac:t~r with at Lea~t one ester and stinif1cant ar~maticity 
in the tyttern. Sil t<:•)n• .:•.·nipo11nd11 11r" al••' appAr•nt. 
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Tl\BL L 6- 1J7 
IA REPORT 

SAMPlE: __ L_C_f_r_a_c_t_i_o_n_l_4_o_f_V_en_tu_r_i_S_p_r_a_y_T_o_w_e_r_S_l_u_r~_-._,_E_:_<t:_r_a_c_t_ 

Wm Nwm~tr lnttrnitY AuiQnmen! 

(rm "1 l 
CommMl"l: ·1 

i-------,--~------·---' 
12950, 2925, Z352 s CH2,CH1 stret:~h 1--'--'----'---t-----t--'..___ ___________ . ____ ----- .J 
1734 M C•O stretch, .3.c !.ci 

1715 w C•O s tret c!i, e:>ter 

1605 '..I C•C strl!tch. aroma ti~ 

1590 w C•C 5tretch, aromatic 

H95 ~ CH 2 bend 

1-----+-----+--------------J 
I------+---+---: --==1 

-,,:~:.::.~1 
1J80, LJ70 W CH b"nd -----·------ >-----·------ __ J ______ ...... . 
l l'l~ W C-•1 •t.r•e• h 
'"----·--~··-·-- -·---------------- --·-·---- -·-···--

--------·-- i--.-._,.._..,._••- ~·••"•• ••_,..a ... ·-- .. ~~~._,~.---- - - ----~ - ·-• •-•-- -··•- '•• 

U4~ W 
~-------+---------.._..------·-·-·-···--------------·---··-------
ll 12 .... 
!-------+--------+--------------------------~ 1030 w 
1052 

1028 w 1 

880 w -------1 
>-~---------------t--------------------------~-·- I 
__ s_o_9 __________ w ____ !------------------·---------- 1

1 
750 w 1- "-1 
P---------------..---------------------------~ 728 w ' 
1--~~~-'--~-~--t-~~~~~~~~~~~~~~--·~' 

l 705 

J 
r-----~----;.,--_-___ -__ -_-__ -__ -_-_-=---_-_-__ --_-_-_==---__ _I 

---·------·-+- --- ~----- --T--- --- ---- ---- ----. --·-· ------ -- ---~ 
----------'-:-_· .. :~---~.~~~~~-~-~----- ---~---~---. -. :·-----j 

: -1 
i ----1 
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TABLE 6-98 
IA REPORT 

SAMPLl!:_....;!.~C~F....;r"-a....;c....;t..-1_0_n_1'_5_o_f_'J_e_n_t_u_r_i_S_p_r_a ... y_T_o_w_e_r_S_l_u_r_r_;-_E_x_t_r_a_c_t ________ _ 

Wn't Nu.,.61•1 lnt1ntlty Anlgnlftet1t Comm9'1ts 

(cm"1l 

~952, 2923, 2850:. s CR2 0 CR 1 stretch 

l 7'35 M C•O 

1710 M C•O shoulder 

1600 w C•C, aro111J1t. l 0; 

1459 M CH~ bend 

1)80 w CR bend 
to---·---·---_,,·--· •a- .. -··-·------ _:t. ____ ·-·-·---·----·---------·--------
lJ 70 w :::1.~~~---------- ---·----·-· ·-·- ---· ~~~'-· ---
1280 w c-o ~tretch ,houlder 

1260 w c-o stretch 9houlder 

1245 w - shoulder 

1160 w -
1110 w -

878 I w __ ,__ 
--~--........--.-----

75~ w arr~n111t1..: suh'lltirutlon 
·-;-iOO I w .iromat1c substitution 

I 
. 

"1 I 
High degree of aliphatic character with an aromatic es:er. Only a small amount of 
~atertal is present. 

TABLE 6-99 
IR REPORT 

SAMlllLI; !.C Fr.h:tlon 1.16 .:it Voant•iri Spr•IV r,•\Nt' Slut"rv !:'.!Ctr11ct 

Wne Nu,,..,., lncentlf',I A1tlQt1rt1ent Comm..,~ ,_.,, 
2956, 2856 M CH,, CH 1 stretch 

2933 s 
1737 s C•O, stretch 

1644 \.; -
1598 w C•C stretch 

1582 \,/ -
-14)9 w CH, btnd . 

1J82 \,/ CH\ benJ -l:.?81 M C-tl -.tr•t..:h ----· -- ··-· ..... -·---·- - ... _..._., llt-6 w -
·-·-11.Z 7 w J'~lllAt<1 UtoH -10 7) w phthhte eacer 

1027 I \.; 

741 w -
702 w -

I 

Predominately aliphatic.••t•r with •ome phthalate ester, as well as a s111.1ll amount of~ 
third un1denc1r11d componenc. 

6-75 



T/\lllf 6-100 
IR RIF'ORT 

SAMPLE -~c_r_:_11~~-i~-~~L'.::.~ Vf'nturi 'ionv To1Jer Slurrv Extr.lct 

1600 

1459 

1420 

1382 

~ 

ln11mlry 

w 

w 
w 
IOI 

.t.nlonMtnt Comm1r<1n 

-.nou1d .. r l2 Bl I 
---------- ·---------+------------ ----------·-- ·-----··--
1166 w -------·-- -------------------
10 73 w 

I 
-·------------------·----·---··----

!----------,.--·---- ---+--------·-·--------------~ . -----------·---
942 w $/B acld OH ,___ ______ _,_ _____________________ .. ------ -----··-----------' 
sso I w 

1---------~-------_, ______________________________ _J 

s.:.1 w 
r----------~~~---------~---------··-·---------------

741 I w 

I w __ T _______ ·1-·--·- - I 
~----------------'---------------------------
Pradom~nacaly 5atu~ac2d ali?h3tic ester and satura:~d al!?h3t~c 3c!j. !here ~s also 
a smal: a=cunc of aronacicicy ~n che syscec. 

TABLE 6-101 
IR RE.PORT 

SAMP t.E : __ tJ_'n_f_r_1_c_t_1_o_n_a_c_e_d_E._x_c_r_a_1.:_· c_o_c_· _i:_c_.\_C_e_n_c_r_i_f_u_11_e_r_. a_k_~-------·------

w'" Nwmb•I lnumll'y .-.uo~nmtf1t C<>mmtt1n I !cm'') 

2926, 2955 s CH7 str"etch l 
1739 s C•O sc:.rec:.ch 

1715 s C•O str'etch 

l .. t)) ~ CH, bend 
--1420 ',J OH ben.i. acLi 

--
lJ8l) w cu 

) 
bend I 

l~Sll "" 
- c:o "~ ~ ;;:-:;--------·----------

L'.50 \./ c-o stret.:h 

1170 w -
-~ 

~l~O w -

I 
----------- --

_J 1080 w -
.... 

~ .. l) \./ A Cid _________ _J ---- -
72~ I w -(CH,)n- J .. -------- ~- ·-· ~-~ ' ... -

I i --redoci1:lat•?ly a.11pnac1.: n1·a roe a rbon \Jl C:1 .ln \!St~r ana a sac.urat2d J..:1. d. 

6-76 



TABLE 6-102 
LRMS REPORT 

LC Fractions 6 & 7 of SASS l µm + Filter Particulate Extract - Venturi Scrubber 
sAr~PLE=--~------~---------------------------------------------------------

Major C.nes;ories 

Intensity ~tegory - MW Range 

100 esters 

sut--Catesories, Specific Compounds 
-

Intensity Coategory m/e Composition 
~ 

100 Dibutylphthalate 278 C1nH22°4 
-

100 Dimethlyphthalane 194 C1nH1n04 

- . 
-

-
- I - . --
-
-
- I -
-
-
-
-

----
-

--
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~,1::; R:'.:?ORT TJ\BLE 6-1 m 
LC Fraction 6 .S. 7 of SASS XAD-2 + Modul•' Ri.nse -s~~,~r)L t:: ----------- ----·----

-- -- - ------------------------------- ----------
1 

. r..... • ., ,, ~.., j 
n::2nS•~Y \..,....'.! .. ~i:;cry •• 1J, r'?.·,~;~ 

~-------.,--------------------------------------- ____________ 1 

I 
1--------"'-___ E_s_t_e_r_s_,_a_l_i_p_h_a_t_i_c________________ _____ _ ___________ _ ___ I 

i I 
1--------~---------------- ----------------- _______ .:___ _____________ ! 

I I 
~~~~-~~~~~~~~-~----: ~----J 

------------ ----------------------------=~===- I --=~=-~=-_ __ J 
Sub-C;i:esori~s. Specific Co1nµounc!.s 

lnt~mity ------------c_.~~-;~--------------- · I --rn/~ - -f c()·~•;;n·.ir:"' -1 

pentadecanoaic acid, methyl ester f256- r---cl-6l{;2o·;---- --------1 
~------!--------------------------------·-- ·----·---------- --- - ! 

heptadecanoaic acid,_ met~yl =st..=__r _________ ~_284 __ j_ ___ ~l.B~I__J_b~Z ______ ----·-·--1 
I - ---- ---1 ----- -----·-r ·~-- ----------- -- -.... ------ -----

!----~---------- . , - -,------------- ---------~ 
~------r--------------------------,..---·---c---------·---- ----------~ 

~~-~----~~-~--~' ~:------------~ 
~------,__-----------------------t------------------ --- --- ---

1 

>------~------------ __:_-==::-_J -~~f~=-- :~- _--~---~::1 
t------:------------------+---:- - -- -- I 

---------- ·-------,----· - ----·-·- -------· 

1------.---------- __ L 1 - -. -- =~: 
'---+-------------l _______ --.. ! 
~ I I ---- --------
1-------r-----------,r----I - ---1 

I I ---i 

O~her 

~-
l 

- ____ _J ------------ --- --------------

------------------------------- ----- ----------- --
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LRMS REPORT TABLE 6-104 
SAMPLE: LC Fractions 6 & 7 of SASS XAD-2 + Module Rinse - Oxidation Tank Vent 

M:>jor Coate;ories 

Intensity Cite gory WNV Range 

rnn esters 

I 
. 

Su~C3tes;ories, Specific Compounds 

Intensity C:itegory m/e Composition 

10 methyl pentadecanoate i56 C1 ~H~?-0? 

10 methyl heptade~anoate 284 C1aH3602 

10 methyl octadecanoate 298 C19H3s02 

-
I -

. 

I 
I 

-

Other 

-
--
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LRMS F.EPORT TABLE 6- lO~i 

SAMPLE: LC Fractions 6 & 7 of SASS 1 µm + Filt~r P..irticulate Extract - TCA Sc·rubher 

MJjor C.uesoriu 

I MWR~~J 
i----l_O_O __ __. ___ e_s_t_er_s ________________________ l;.._, ___ . ______ j 

I I I 

lnten1ity Cltegory 

~--~~~~~~·t---1 
T---~ 

Sul:>-C.itesoriu, Specific Compound' 

Intensity C:ltegory m/e Composition I 
100 dibutylphthalate 278 C1f;H?70/, 

------1 
I 

10 methyl heptadecanoate 284 c1,:;H1i:; 0 1 ~ 
l 

I I 
---

I 
' -
I 

-··--·-' I I 
·-i 

i 

I ----
I 
I 
I 
I 

I I 
···--·.J 

I 
' 

-----·--·J 
I 

·-· --·- ·----, 

! ___ , 
I 
I 

··----

-~ 
I 

--~------·-' 

Otlier 

l-------------------------------------·---------- ... 

!----------------------------··---------- ··-
l-.-----------------------------------------' 
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LRMS REPORT T/\Bl.r: 6-106 
LC Fractions 6 & 7 of Venturi Spray Tower Slurry Extract 

SA~1PLE:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-----

M,,jor C.nesoriH 

Intensity Coltegory MVV Range 
.· 

100 esters 

.~ 

·.· 

~ 
. 

Sut:io-Cates;orits, Specific Compounds 
~ 

Intensity ~tegory m/e Composition 

-
-

- I 
~ 

-
-. 
- I -
-
--
- I 
,....... 

-
-
.....-

- I -
-

-
-
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TABLE 6-107. SASS SAMPLING DATA SHEETS 

Ptaet Sbi!iA>ee ~tea- ~laet 
0111 January 29 ii 30. 1979 LEAK CHECKS 

Pmt Ln,dl ... Type -36w.•_,.;:-,_3.._lu.6,_....5 ... s ________ _ 
u.m.. LD. o. 50 1 n 

S11np1ift1 LeutiH Venturi Scrubber Outlet 
Soum 1.D. SSP 

---------------~ 

Pretest: Am>ient Te•p. 
0. 001 cfm f-%0" 

Anntd U.lslwe I ....-..13~-.....,-,.-----------
XAD-2uu.a.1.:..11cr _41....,00_-...,0_18 __________ _ 

Ruh llum~H 
Opmlor J. Hgw~s & 0. t;obl er 400F 

llcw lu Nlllllk.i BCL 33937 Oven Number _ .... 30""'7""'"0._-.... 02 ..... 2.___ 
Ua«a till. I • bS 10 H 0 

An1Lita1 TunptUl•H __,3~6,_._f _________ _ 
~.005 Cflll @-20" 

C fKltf 
, Sc · 410 F D110111cllic P1c1w11 30. 26 1 n Hg relie lluta lllat ---=4-=-t"'"o-=r::-----------

Smic l'rmu11. fr St -3 3 ;.:· 5::..,_.;.i;.:.n _,•,,.,,l~i.:::O'=-=--:-::-:--:-::---
f il1u ll~111wrhl ~SP-1. 7.B.9,Jo.11,12,& 13 Post test: 400F 

0- Scniat ----::--:-------------
Relttc.cc ~P l .6 in H 0 

lJ! fi 1 ters) 
0.002 cfm @-20" t.k"'-riH\ MHI Rc,MI CMc•eit By-----------

...... " 
~ ...... ....... 

f--I-·-
.._ 0 114? 

15 1357 
30 1412 - 45 1427 

- --stop 1427 - --
-
1----

start 1524 

_.§9 1539 - 75 1554 - --·-
90 1609 --

105 1624 
1624 

................ . ....... 
~98,Q 

650.7 
702.2 
750. 1 

u .. rngea 
Leill:: en. 

753 .0 
f;O-t. 6 

. 853.2 
90 l. I 
947.2 

SettalATIC OF TRA'JEASE l'Oll(T. LAVOUT 
READ AND RECORD ALL 01\TA EVERY !1..MtNUTfS 

•t11C1 PMU.-& ... a ....... .,. 
..lMllW .... , ........ ., ............ ,._ 

.... ;i:: .• ,. ""'· ... ,. lfpf'IUI ... 
... _ 

11,1.a, .... _., .... ....... ...... ..... terr 
,_..,. 

-··--
----1..fill ...L.§~ .L.65 __ UL _ _4~ _.ft_ -16 . 1 

1.55 1.65 l.65 ?28 _.M 52 -i 9 . 1 

---
l.60 1.65 l.60 ?25 74 61 -22 
l.45 1.65 1. 45 -221 -rs 64 -22 

-
i lter/D ·a ine J con Jens ate reser oir 
deiJ [ie rare ·es ta TI.lg - u.w: c Tiii ~ -.:'.l 

--- ·-----
1.60 1.65 ~ -1.,li_ _ _M 2L -16.1 
1.60 1.65 _Ll2 _ _lll_ _ __2Q_ ~ :lL 
),6( ...Ll5 .L.65 __ UL .-1i -"-- .:W_ 
1.60 1.65 .Ll~ ___ 228 80 69 :fL 
1.60 1.65 1.40 _ _ill_ --11. 72 -22 

.... _ _,, ...... , ·-....... , ........ .... ll .... hh•• 

""''i'' .. ., ., ., 

~2e 5~ 56 :n 
398 69 70 38' 
399 76 77 38~ 

399 68 68 391 

399 47 58 321 
402 53 tiZ 39( 

_.!fU. __M_ 62 3Q? 

404 64 68 39' 
401 54 64 401 

Ct:,rn•w'1 i lter/D aine I con lensate reseri;.o;...:.i"'-r-'---•---i---r---t----f 
_ __ Le3k chided be ore ·es ta ting - 0.(}( 4 cfi; !:l -20_" ___ 

1 
____ 

1 
___ -+----1 

._»_l_ar_t _17_2_9-i 949 .4 1. 50 l.65 1.65 231 ~ ~ -16. ! 402 44 53 39 
120 1744 1000.6 1.40 1.65 1.60 227 68 61 -18.' 403 48 69 JBt: __ ,_ __ ,_ ___ , __________ ,__ -- --- ___ ,_ 1---=-1--~1-__:~ 

_ __!35 __!_75_9 __ l_O_S_J._2 ___ 1.~!J 1.fi5 1.60 ~27 75 65 _-2_1_.i _...o.404"-'-
1
._-"""'"5"'-1 _, __ _....7""""0., _ ___;J;...;;11"'!11 

15C 1814 1100.6 1.45 l.G5 l.45 ~30 77 68 -22.l 40J 53 68 39( - -- ·--I-"--'----- --·- - --t-----""-t----=--t----''~ 

t>too* 1814 C1 1anqed fi1 ter/ l!:.<!in S.Q!l<.! :115.!!te_r ru:I:Y~ i!::.._ __ ___ --·-

==-~=Lt.:;. d~ilid_~~~ ·-~~r~Li~O --· 0.0f 7 d.~)" -==r------; 
-;;;.~ ~b~---~-~1 ____ 6 __ ·1~-~-~~,-~-1-~-~j-~~ ~1~-0 - 0~r$J_~=-.=~~-- ---~--- -~-i 
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TABLE 6-107. (Continued) 

Pint Shawnee Steaa Plant 
Diu January 29 & 30, 1979 
SmprlllJ lou:iall Venturi Scrubber Outlet 
S#iuc• l.D. _s_s_P ______________ _ 

Ran Uc::ibCI VSS-1 (Continued) 

OptrJIDf -----------------

Alll~i=11t Ttn1pculu!C -------------
8uDG11:1:: Prcuuu 

S11:S f'mw1t, (Ps) -------------
fil:u flu111bc1h) 

LEAK CHECKS 

Pretest: Ar;ijfcnt Tcap. 
_____ 6-20" 

400F 

P~••l.eerdi ... Tne ------------------~ 
R11tlr, l.D. ------------------
Assu111d 1.kbtur., ~ ---------------
XAD·2 UD4.S. S:llldcr -------------
Ucttt DH llumkf ------ Own l.,.litf ------
Meter /JL ------------------
C faeror 

____ @-20" P1011t llt•ln Scuillt ---------------
On:11Sc1tm.-----------------

Poat teat: 400F Refar11tc llP 

@-20" Cokul41i .. 1-4 Rcpen Clicdin Ir---------------
SCHEMATIC OF TRAVERSE rotNT 1.AYDIJT 

HEAD AND RECORD All Of.TA EVfRY -MINUTES 

.. ~. i::.:::.~.:· • .,.,. .:..~_. ............ -------i ... _ ,, ...... , '""" ... ,.. . ... , .,. "···.., ~._ .. , -·-)tart 1915 - 1103.8 ·1.45 1.6~ _1, 65 !28 _ _ft_ _a_ :.11 " !M 
165 1930* 1158.0 1.45 1 65 Lln _:?21_ _fil_ ~ l.?1 fl '101 

180 1945 ,___ 
190 1955 

1.45 1.~~ 1. 50 -~26 _Z1. 63 .n Cl ~02 
1.45 1.65 1.40 ~30 76 66 22.0 402 

1208.7 
1240.3 --

~top 1955 Chanaed enter/ lain Cillll1~ nsate r ~4'Prv11 r/n 'l'\ln fr 

-- teak rh" ·l- .. .t h1> rnnu ~ :t ;,,n -- n M' _c;fin... 11-?n· 
tart 2046 

1---
205 2101 

1244.7 1.45 J.65 1.65 ?.27 55 58 17 406 
1296.2 1.45 1:65 1.65 225 66 58 20 401 

t--- -- -- ·-- -- --
220 2116 -------- 1347. 4 1.50 1.65 !·.55 229 -1L .§L. .lL -4fil.. . 
230 2126 -- --- 1380.0 1. 50 1.65 J.40 . 22!!_ __rr_ .M- lL 402 
~ 2126 ...._ Chan9ed f ~ 1 ter/D a 1n •K:lnder sate re ~ . 

Leak chec ed bcfc !.£_[!Ltilr iog -- .00?. cfm 1 1-20" 

tart 2218 - -- 1381. 7 1. 50 1.65 ~- iJo --2_ _5.fi_ :lL.5 ~Q) 

245 
t-

2233 1434 .o 1 50 Lli. L..6i. z·sa -116- .51_ 21...5 QOJ 
260 2248 1485.5 1.40 1.65 1.40 
~ 

?.27 ~ --- .ll_ 2?. 401 
top 2248 Chan!1ed f lter/01 din c onde1 .;ate re c?rvoi i-

... .-. ..... _ .. 
r;;A 

51 
UI 

61 
,., let 1 

45 
50 

5J 
5~ 

ll1 

II/:. 

51 

....... .. .. .. .,,.._ 
r;;1: 

7n 

ZQ 
70 

Nt\f ftAA• 

50 
68 

~ 
68 

~g 

/; 7 

68 

'lion 

.,.n,. 
'llOQ 

3110 

J82 
382 

174 

381 

1A7 

1An 

lAQ = I Leak chec ed be f"e n,~ ;;;;;-:-:--o-:OoJ Cfu •-20' --
,___tart 234_Q_ 14117.6 1.50 t.65_l&_2J!L__.5.L.51__:J]__A115.__il_ 49 10? 

- 275 2355 1540.8 1.45.L.~J...fill_2l6_ _ __Q5_.55_:l.L.5_19ft_ SJ 69 ""lOC 

0010 15'J2.o -1~45 Lli.L9i._~J7 __ ~.filL.Z2._-.AOU... ~ 1 /Ft. -18.l. 
11::"l1 o o __ p __ r;p ___ q __ o _Q__(J __ q __ o _ _y_._Q_ 
~I --... - --:..-- -,, .. , I;) C!j (.'i) (:) 0 
~·_ .... , . . l-,1 .. -- •. (" J -- ·-- ,.., lj, ... -· . . . .. . .. . . . .... .. . . . . . . ... . . ... -
1"'""1 * Utiil 10 µtilvcrizcr out, flwl 011 ll!>cd lo 1Mintat11 lo<1J 

1'<1:•c 2 o[ 3 
"--· -----
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TABLE 6-107. (Continued) 

Pbnt ----=S~h~a~vn~e~e~S~t~ea:&i•~P~l~a~nut.__ _______ _ 
LE.AK Cl1EC1CS '"'' lr .. dl an Type 

Dile January 29 & 30. 1979 
Sltnle, l.D. ------------------
Annid Lloisturr, % ------------------Simpr:nJ lc:ition _Ve_n_t_u_r_1_s_c_r_u_b_b...,e_r_O_u.;..t l_e_t.__ ___ _ 

Sc::irn 1.0. _s_s_P _______________ _ 
Pretest: Amloient Te•p. 

Run number VSS-1 {Continued) 
_____ @-20" XAD-2 Mclult Nu111b1:1 ---------------

..lc1u Bu Uurnbcr ------ Ovca t!unabcr ------

OptrJIOI ------------------- 400F Lkte1 l!.11. --------------------
Analiicnl TcmpcrHur: ---------------
811111nc&rit Pccuun 

c fl.;lo>f 

_____ @-20" Prok llc~au Sc11la9 -----------------
Sutic Prmuu, IPsl Osca StltillWJ --------------------

Post test; 400F Rclcw~e t. P f illCI llunalmhl 

@-20" C•1.1J11u1 anal flcpou Cloechd ly ------------------
SCHEMATIC OF TRAVERSE POINT LAYOUT 

Rl:AO AND RECORD All DATA EVERY _MINUTES 

.::;: t._s.,.J .. . 
... ,. .. ,,,, """ ............. , ......... ,. .... .. .,, ...... , 

'f 

w. .... . ... .. ..,. ... ,..... 
tf 

t•• ... •IC~ &al .. H•a.c...-r6 

i-----+----.------'~-----1-----------~-1-----.----~----1--~-----+-----+----~-----.i 

f-

f-

End 
1-

.__ 

1-

1--

---
.__ 

i----

'-

.___ 

._ 

. ~"" nnrn .-Olange.d. i 1 terJn :aill-~de uta~~~: r-- ---•----•----1---~----i 
Leak che1 ked behre r ~ inc_.:.::....D.002 cf111 ~~ ---•·---t----i----l 

btart 0057 :.;..:.;...:: i..-==.:..-i-.;..;1 5;..:9...:..4 .;..::• 2'---1--1:...:•-=<50 L.§.5_ _L_fi _j 12_ _ft_ ~ lli.....5 399 .rn 5) 'Hl7 

305 0112 
315 0122 
315 0122 

---

1647.2 1.50 1.65 1.60 £38 58 52 ~21.5 400 44 66 38~ 

--1·---l--; ~-~-~-: ~--1--1_._s_oil-1_. 6-5 1.45 ;~ 62 " r --39_6_._ __ 4_6_. ___ 6_8_~--38--lll 
---- ----1--- -- -- --·- -- --1-- --- ---··----··---.! 
---1-----·----·-1--- -- -- --- -- -- -- --·- ---- ---'-----' 

----1---- --- --- ·--- --- --- ---·---- ---- ---- ----· 

--

-- >-----··----·--- ---·---- --- --- ___ , ____ ---- ---~---1 
--·l----l·-----1----tf--1---r----- --- --'-1---1---------··-----i 

- -----1---- --- --- - --- ---__ ,_ ---·1-----1·-----1----{ 

_____ , ____ , __ -- - ----- ---1...--.1--- ---1-----l----l 

---f-·-i-, 

=--1-. = -=1'= 
~._n;l __ Q_jJ_c64_.o_~~E~~-~---o =§> _<'.) _o .:=a= 0 _o_ 0 0 
I :1,.1 J 1:) '. '.~' i _ (1 . _t 1 I( h. J .5~ _ ?29~7 ~?:4 .... ! (i) _ qL;! 

_ ... _.,___ 

... 1;3. . _ .1}4 ... .Jez 



\~'OU. 6-l{)S. SASS S~Lll\G l)k'r! S\W.ns 

Shawnee Stea• Plant ""' --------------------- 36•- 316 stainless steel 
Pf'lk lnwtit 1d Trpt · --. ...... :.--------------

Dalt Januarv 31 • 1979 LEAX CHECKS 

Pretest: Anbient Temp. 
0.01 cfm e-10" 

Utnlt, 1.0. ___ __,,o_._5o ___________ _ 
AswllHI Uoh111rr, % _ __...5.._s ____________ _ 

XAD·? l.loJule Numbct _4 ..... 1"'"00-.-_.0 __ 1 __ 8 _________ _ 
S1rnplin3loutio1 Oxidatjon Tank Vent 
So:im 1.D. SSP-OTV 
R.n n11n1bcr _o;:;.,;r"""v-:--~2_,=-----------
o,crator __ ..:.:Ko~h:.:..:1:..::e:..:..r~/H<M:;::.::,::.e.:..s ________ _ 

Wc1u B•• flumbcr 8CL33937 
lk1rr t.H. l . 80 f n H20 
Cf 1-:1or 

Owca :Jurubcr 3070-022 
400F 

AmLicnt Tc111s:cu1urc _ .... l..,3.,.;F...,...------------
B1101nuric Pmu111 lO · 21 1 n Hg 0.015 cf•@-2o" P1elac llutcr Sc11iA9 _.....;4..;;;.00-.....F ___________ _ 

Poat test: 400F 
Owca St1ti111 ___ _.4~00"'"-'f'-------------Sllli: r1nwrc. ll'sl -,...._;A;..;.bna=.;;.si;;..:ph.;.:e~r..;;;.1~c ______ _ 

filter rlurubrrhl --=S:.:::S.:....P-_;1~4:__:Cul~f.!.-ilutu.e..._r.Ll ____ _ 

'::: .. -· "'"'" ., ...... .. ,., .... 

nc1crc1Kr AP 
0.015 cfm@-20" C.1.:111.uo"und flcpon Ctaccbtl ly -----------

SCHEMATIC OF TRAVERSE l'OINl: l,AYOIJT 
OEAD AND HECORD All D.\TA EVERY ~MllllHES 

•llMI "'"-" ... a ,... ua 11111111 ... ., ... .......... , ........... .... 
... ;i~ .. jl ,...,, ...... , ............. ··-...... , ...... -.. •••• ...... .,,_ .......... """'·'"' 

.... •••M.C• ....... ••N .. .. , ..... " ... h .... 
. ... •""'···-· -·;·- ., ., "' I~ "1-----1----1-------1-.--1------------t-----

, ____ , __ o_.0_2 1.8 t.8 _ _i~ 38 -~,_12.! 394 41 56 318 
0.02 1.8 1.8 _ _!QQ_ 48 _4j}_ -11 392 52 ~ ·nn 
0. 02 ~ 1....6... _J_QQ_ _5fi_ _AB_ =1L 394 _ _.i:"'-17, _ ___...._t--~ 51 'lffl 

0.02 1.8 1.8 99 59 _iL_ 12.5 397 ___ 5.::.,2_, __ -=------~ 
l---+--._ ____ l--.,.---t---0-.-02-l-o--l.-6 1. 8 . 99 60 55 ~ 13 39 7 54 

52 309 
50 308 

0.02 1.8 l.B 99 61 57 '-13 396 54 
--'--'--t--~1~~ 

53 308 
____ , __ O_. 0_2 1. 8 I. 8 __ l 0_1 _ 63 59 ~ --3::.,;:9:,:.9_

1 
_ __::5::,;:.9_

1 
__ ...=.;;..-l--""-'--I 53 316 

o. 02 ..J..,..8- _LJL _J_QL _il _fil_ :.LL -~ _ ..... sz...__
1 
______ 

1 
__ -1 53 117 

52 _,_o.;....;·~0~2 1 -1.J! 1-.s _1.Q.L ·-~- _fil__ ':l.L _lli_ _ __g__, _____ ~ 314 

o 03 _J...8 UL __ JD.L _1l _2L :lJ_ 397 53 52 318 
0.04 1.8 1.8 104 73 68 ,_ 13 391 53 52 319 

--~---1--0_._0_4,_1_.8~_1._8-1 ___ 1_0_5_ 74 ~6~9-t--~13~1-~39~7_, ___ 5~3=-t·--=-~--'~ 52 319 

----•-----'""--i-_.....;_o '--' 0_4 _Ll! -'--1 _. e_1 _ __._1 ..... 06_
1 
____ 1 ___ 4 1!L :lL __19_5,._ _1 _ __,.,5.._3 _, __ ........__·--~ 52 318 

• 04 1. 8 l. 8 105 7 4 10 ... 13 396 _ ___.:;5=3-+--~-i ----1.---11-- ---1----1- -- ---1-------- 52 316 

42 -"--1_..;...~-1.~~~-1--_;·~0~41 _u UL _JQL -1Q. _§2__ __ .. ____ 4.,,.0~5 
1 
__ 5~1_ 1 __ ~ 383 

_____ .__S~t_O~P,>Cd/), ~ ~ l n S inJcu,tl__ __ --- l---+----t----1 

I eak _cJieJ: e.d_bj fo.re_rei:ot.al:Ulllrl--=-: _.0_1lt.i: ,.. '"' ll 20" 
,_Pldrt )425 974.85.__ 11___ ---11---1----·1---t 

~_,f-'2;...:l..;;;.0_!_-'-1_;42;;..;;6;__ 1 .---'-9_76"-_ _;6_ Stop 1-;d1I ~ 2 in s i1 ica c e 1 -- ___ ---1----1 

1 eak J:bf•r ·<>ti h forp re llrli!l!L=.:-1L1l0Ww...J:i_?~n"--+------•----_.. 
I~--~-()-, ~---i-""o ..... • l<nf 0 {:) \D 0 0 Q 0 0 0 0 
~,::;;;-- -b- --1.\)- --6 -~9-- ~J) --- ---- -- --- -(j)- -(~- -u- -(~-+--ti} 

------·---- ----- -- ----- ----- -- - "-• -
c.f 2 
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TABLE 6-108. (Continued) 

Plant Shawnee Steaa Plant 
Date January 31, 1979 
$Jmpran1 locuioll Oxidation Tank Vent 

Souru 1.0. ssP-OTV 
Run flumbcr OTV-2 (Continued) 

Pretest: Aawicnt Teap. 
_____ @-20" 

Pme La,dl 11111 Type·--------------
N1111&.1.D. ------------------
~LS.bl••,%-----------------
XAD·Z Yedulo Na111bct --------------
U.111 kx lhnnlacr ------ Owen Number ------

Opcntor ------------------ 400F L\etq ~I.-------------------
Anit.icnt Trn1pu11u1c 

B m110 ttr it P n u111e 
Stuit Prmurc, IP 5t 
F iltcr tlu'11bc:hJ 

....... , 
111:.• ........ 

-
----....__ 

----
--
,___ 

~ 
...... -c .... "" 

"91.11J 

star 1440 977. 35 
220 1450 1016.8 
235 1505 1075.5 
250 1520 llD.6 
265 1535 1191.8 
?Afl 1550 125 l. 5 
295 1605 1308. 5 
305 1615 1347. 4 --
-- ---- ----
--
--

C fxt« 

____ @-20
11 

Pr.tic lluw Scuiof ----------------
0•• Sc11i119 -------------------

Poat tut: 400F Ralcsc.ue~P 

@-20" Cak.m!..ti>1u 1"4 llcporl Cbcdcd Ir -----------------
SCHEMATIC OF TRAVER:iiE l'OINT LAYOUf 

HEAD ANO RECORD All DATA EVfAY _MlttUffS 

••'•<I ........... ... a .. , cu ..... -· . ....... K'lhl . .... 
WIUCUI ............... ...... , ... ,_. .... .. _,..,... ftllllrt .. hlC .... fll"llal•I 

... ;J~ .. 1' ,_,_ .. ·~ ...... " ..... -- .. ....... _ ., ..... ., .. ., 'f "' ,:~'ler 
_ .. 

........ .. ,_ .. .. _,., 
0.04 ..L!t .L~ _lfili_ _.fil_ .QL -1 l 397 57 38 377 
0.04 1.8 1.8 106 79 70 -13 394 48 50 323 ---
0.04 1.8 1.8 105 83 75 -12 386 49 51 322 -- -------f-

0.04 1.8 1.8 106 85 78 -12 393 51 53 324 ,_ ------f-

0.04 1.8 1.8 106 ~ 1L -12 403 52 54 324 ---
0.0~ .J..J!. J .. JL 105 _fil_ J!L .:.lL 395 53 55 322 
0.04 ~!!.. 1.8 105 87 Bl -12 396 53 55 321 
0.04 l.8 l. 8 105 88 82 -12 399 51 55 321 ----- ------- -- ----

---- ---- ·-- --- -- ---- ----
-- ------ ---- -- ----

--
I 

-- --- ---1-
--
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\"SLE 6-109 • SASS SOOLl\\G Dl'tl S\\t!TS 

Ptnt Shawnee Ste111 Pl ant 
Dau February 2, 1979 LEAX CHECICS 

rrebtlnt"nn,,. 36" - 116 statnlen steel. ty:1tect 
Jloult, LD. 0 • 50 

s_,a,.1 Lce11lo11 TCA Outlet/after reheat 
So11tct l.D. T CAS 

Pretest: Aal•ient Temp. 

0.015 cfm e-2011 

An:1111ri Uek&mr," _l_J_.....,,..,,.,,...,........,.._ ________ _ 
XAD·:Z ~ ... 11 .... , ,......__,..4 l_OO_-_o1_a ________ _ 

R• ni:m•cr _TC~A:..:.S~-l.;......_~_,,..--------
O;imm D. KOhler/J. Howes 
AaJ.i:ot Tcmpcr1turc __ 3_7 _F __ , ---------
lia1 .. ic11ic ''"'"" 30. 33 1n Hg 
S:a:ic r1nwrc, IP,.) -~--25_1_n_H,...,:?,'-o _______ _ 
filtcrfla&1bcrh>5SP-15. 17. 19, 20,21,22,23,& 24 

Total - 8 filters 

400F 

0.01 cf• @-20" 

Poat teat: 400F 

0.01. cf• @-20" 

,.,eiu a .. 1i:m11cr BCL 33937 
1.a in H o 

Mc:cs lit -----=-~:.;u:;-----------

On:a Ninnbrr -'3..__0~70.-...-02~2....__ 

Cf r.rer 
P1e1tc llqfef Set~ _ _:i:4011lOL..l.f __________ _ 

Oftll Scuiat 400 f 
Rclcnacc ~I' 1. 6 1 fl H20 
C11k•l4liH1 ..... R•,etl CIKch~ Dr-----------

SCHOIATIC OF mAVERSf POINT LAYOIJT 
nE~O AHD RECORD All DATA EVERY lil.1&1tmns 

~ 
•HUC re111.- .... 1 8"&at•H• -· .... _,. ....... ·-· ....... ..... "". ac. .. ,.. ......... .......... ._. .... , ....... 

·~~ -- •-n••t.AC . ... .,....,,_, ....... ...,_,., .... ;i::.,. ......... ,. .. ......... ... _ 
""'"••IU't ., ........ 11,1,'f ..... . _ .. .. .. ., ., If ....... .. ,_ .... , ..... kl_,., 

-·--·-0 0915 0352.2 3.2* 1.8 1.8 218 39 39 -15 390 44 37 399 ..._ --- ·----- ---
5 0920 0369.9 3.2* 1.8 1.8 -1!..!L 46 40 -16 396 50 53 1Ql 

15 0930 0406. 1 2.6* 1.1) 1.8 no 59 48 -19 398 62 59 392 ..._ --- --
31 0946 0464.2 2.5* 1.8 ~.65 n1 65 56 -22 396 73 63 390 --
35 0950 0478.2 2.4* 1.8 tL 234 66 56 -22 399 74 61 389 ..._ ------- --

sto1 0950 Ct.an!le • filter 'drai led c undensa ~ aced .~ tive •· !!!!ehe) 1 
leak c necked t tefore rest arting - 0.0 '5 cf1 I @-21" ._.. -- .__ 

star1 1055 0480.3 1. 7 1.8 LB 229 49 49 -15 j98 43 46 388 ..._ --- ·-- -·--- --
--_ft .UQL _Qfil].O l.8 ... L.8_ l.JL -1.ZL _ti.1.- -2). .:lL.' _Jj_8._ _ _.M__ 62 1Ri:; 

55 111 s 0553.3 1.8 1.8 LB 233 69 59 -20 400 62 65 397 ,_ 
b5" 1125 OSB9.8 1.9 1.8 ~-:6- ··223 71 62 -22 400 -68 65 392 ,._ ----··---·--- ----1---1-- -- --·---1----1----·----

I-~ 1125 Changea f i 1 ter/Ora i11 condr>nsa te 

'---~-.i---+--L_ca_k_c_..e_c_k_e_d_t_1~.-f_o.r'-e reshrting . 0.017 ct, 1 @ -, 0" 
star I 1213 0596.2 1.8 1.8 .8 229 55 56 -15 399 46 44 389 

75 1223 0632.B 1.9 l.8 ~T 2~ 66"" 5a -17 .' 400 56 59 399 
---1,----1--~-1------1-----~ 

85 1233 
I-

0669 . 6 _....!...:2_ 1 . 8 . 8 _? 34 71 63 -20. J __;4~00~ ,_...;;5.;;,8__. __ ...;;6.;;;..2--f _ __;:J;.;;.9~8 
95 1243 ..._ 

stop 1243 -
070!;.7 l .9 1.8 .6 t'34 73 66 _-2=2'--1---'-40:;;_;1_J-_.;;;..64.;__.i-_..;::6~4-'-_ . .;;;..39;:;..;5;....j 

Change< fi 1 tcr, ~1 cond ~ili ---= __ ----ir----1---1---~ 
Leak 'hecked 1>efor • res ~ting -- 0.1135 C H@ _24_" __ , ____ , ___ ~---~ 

ic.i·•'
11 

.. Uru:crtain about .~P re.idin!J - Control roei111 shows "'30,000 cfm (nonr.ill )p-
.ir.c 3 



TABLE 6-109. (Continued) 

Pre•• ltqtll u4 Typt ,.,., Shawnee Stea.a Plant 
Due February 2, 1979 

SJmplin2 Lccuion TCA Outlet/a f rer rebea t 

LEAJC CrlECKS 

Pretest: AD>ient Temp. 
UonJe, l.D. ------------------
Assumd !Aahturc, % -----------------

Saurer l.D. _T_C_A_s ______________ _ _ ____ @-20" XAD-2 M~Jide llilllmbfl --------------
Lkltr Ou1 Nwchcr ------ 0-ce U11ruber ------R"n flumbu TCAS- 3 (Con c 1 nued) 

Optutor ------------------ 400F Llc:er /\JI.-------------------
Ani!Jitnl T cr11pru1urc 
B~rometri; Pru:un 

SUIK Prmure. IP sl 
filler tlunibtrhl 

C futor 

____ @-20" Pr~bt llcJler ScrtiP' ----------------

Oren Sc11in9 -------------------
Post test: !.OOF Rrlcrrn<e 6 I' 

@-20" Wikul•liodi anol OcpPll Cltctktil By-----------------
SCHEMATIC OF TRAtffRSE l"OINT LAYOUT 

nEAO AND nECORO ALL DATA EVERY -MINUTES 

~-------~----r----.-----~--.-------------~----------

?.!"~ au "fUt IO•'a(. 
h,.t,ul 

WflMll• 

t--;'l:: •,0 
"""' ""~-( .,,,, ..... &4. 

4-.). I• ljl 

--.-
"' 11•• I A.(1tlllll 

''"' 
, ...... f'ftt• 
u ......... _., 

... u .. .... 
llH&.,11.&. .... 

..... 
lUor(UI~( ., 

sLlr 1340 _ __, __ 7_11-. -3 ----1-.-9 -·-1-.-s T ~a ~32 59 59 -15 399 57 4i 402 
l----f--1---- ____ ,_ __ --- ·--- ---- --- --- ---~----1----·---~----1 

105 1350 748.3 1.9 1.8 1.8 L'36 71 62 -17 400 56 60 390 
115 1400 785. 3 1. 9 l.8 ~ :·~ 76 _6_7.1----2-0-1--4-0_l_1 

__ 5_8_ 64 404 
,_____ --i----1------1------ -- --- --- __ ,_ ---·----1---~ 

125 1410 822.3 1.9 1.B 1.65 i33 77 70 -22 401 65 66 395 

Hstop 1410 

,__lstdrfl50o-

Chdnged f~lter/0 ain <Onderjsa~ --·=,_--1--- ---•-----i-----1 

Ledk che .k befo e re~ tarty_!!!__:_:____:.~09 cf 11 @ -~ ---'------1----+---1 
826.3 2.0 1.B 1.8 195 63 63 -15 394 56 51 404 --

392 '-~11s10 863.9 2.0 _l.~L8 n1 _12___M -16.b 401 58 59 
145 1520 901.2 1.9 1.8 l.B 235 81 71 -18 400 56 62 397 .__ -- ----- ----- -- --- ~-- --- --· -- ---- ---- ____ ,__ __ 
155 1530 938.6 1.9 l.8 l.8 Li5 83 74 -20 31)9 58 64 401 -- -- ---- --- -- -- --- ---·----1---1 
165 1540 976.2 l.9 1.8 1.7 233 .,_ _ _,___ -- -

!stop 1540 Chanrted ilter/I rain{d coildenser 

84 77 -22 400 62 66 

__ jstJr 1630 978.6 1.9 1.B!.8 234 ~___§_Z...:..!.2___~--'5-'-l~_....;.5-'--1__, 

175 1640 1015.3 l.9 l.8 1.8 234 68 67 -16. 397 54 61 -- -- -- ---- ___ ..__ ----~--·----'----< 

399 

379 

387 

t=1 Leak Cht k befo1 e re< ta~t -- 0. DJ cfn @ -l'tJ" 

185 1650 1052 .5 1.9 1.8 1.8 ?37 76 69 -18 399 53 65 390 
,____ -- ---- ----- ----- --- - ------~~ --- _ _::.;;_.-+--~-f--~~ 

195 1700 1089.B l.9 l .8 l.8 ?37 79 72 -21 399 57 1----.---ri---· ------ --,--- --- -- ___ .._ __ 
I-- 2os 1 111 o I 1126.) i. 9 -1J!. LLj __ nL _!ill_ -2!/___:lL ~ 62 
.__ stof __ll!_2- ~·ied_"'i. l ter/I ril inc :!_-E.Q! Jeriser ___ --1--- ______ ---+----

-- --f---;--- _Lc~~~~~-~efo1~lf~~1fL,'.!.:L_-) o O~ _0 !--:-;._-- --,.-j' <'.. -;) r ~ l 
~l-_-- ~- -0 --1--- -- !-\) ____ (_ - __ '<d _ / _ '-- -- -- -- 1 __ ""'- - ".-'.-- -- ~.»-1---~ -- '-:'-
l::_l_'_'.~_ U _' __ 1_~: __ _l ___ (! __ L~ __ !_~> ) ____ I_--·- _____ i_':_'._>_i ___ c1: __ ___ Q___j ___ U 0_j 

66 390 
69 386 

2 ot J 
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l'i\BLE. 6-109.. {Continued) 

Pleat Shawnee Steaa Plant 
LEAK CHECKS 

Pretest: Allbicnt Temp. 
___ f-20" 

PrMtl"ll' ... TJPI 
Datt February 2. 1979 
S-,liaJ ltttztiollTCA Outlet/ after reheat 

Ut1z!c,LD. -----------------

Amw.Cll Ueist.t, X ----------------S-ut.0._TCA_s _____________ _ 
XAD·7 &W• l..t.cr -------------
Uctn a .. M..-U ------ Ovc• Number ------a .. Uu111btr TCAS l(Cunti nued) 

400F Llclcr l'Jl ------------------
Aalaienl Ttmpm1turr ------------
&atea1Uric Pruiutt 

C hctof 

____ @-20" Pra1tc fluter S--W., ---------------
Otta~tu.i, __________________ _ 

Po•t ten: 400F Rcfacau 6P 
S•••ic Prcuurc, ,, 

5
t 

Filer Uu111lmhl 

star 1755 1128. 2 
215 1805 1165.4 - 225 1815 1202.5 ,_, 
235 1825 12:?9.B 

245 1835 1276. l -
- stop Chan<}ed f 

L~<ik ch1-- --
star 1925 1279 .6 - 255 1935 1316.4 - -- -· 265 1945 1353.6 - --275 19:>5 l 3~0.8 -
285 2005 1428.9 -

@-20" Cak"-1t..1 • Rcpec1 Ctoccld IJ -----------____ , 
SCHEMATIC OF TRAVERSE POINT LAYOUT 

READ AND ftECORD All DATA EVERY-MINUTES 

-· ---., 
1.9 1.8 1.8 237 63 66 -16 400 --- ----
1.9 1.8 1.d 215 66 65 -17 398 
2.0 1.8 1:8 -'228 72 67 -20 399 ---2.0 1.8 1. 75 219 77 69 -22 399 -- --
2.0 1.8 hL 217 79 72 -22 399 

ilter/D ain ' onder sate ---, tked be ore~ esta1 ting -- o.01a cfm ~ -20 
2.0 1.8 1.8 233 61 64 ~ 408 

T.8 Lr ---66 ~ z.o 229 -17 400 
1:8 --- -71 65 ~400· 2.0 1.8 224 ·-- 68 2.0 1.8 1.8 226 74 -20 401 - --

2 .0 1.8 1.8 222 77 70 -21 401 

52 
~ 

54 
58 

63 

49 
S2 --rr-
58 

61 

_ .. 
.... .. .,, .. -

52 
62 
65 
66 
73 

50 
63 
66 
68 

67 

399 
391 
394 
392 
386 

395 
391 
392 
391 
394 

,,_ £.ru! -- End llf Run 2fll' llrs --1---- ----- --11---1---1----l----.! 
Le.H cheked at end < f te• t -- 0. 12 c fm @ -2 )" 

- --1----1-~;:.:...~.::i:;.:..;..::.::;...;:,~1.:=_; - -- ---·---1---+----t----f 
-- --,1---1----+---•-- -- ----- --1--1---11---~----·----f 

---11---1----f-----------·--lf---+---1---+----t----f 

- --1----1-----1----1----1---1----1.---1-- ---1----l----1-----t----f 
-----11-----t--~--1---11--1---t---1-~----1---1,---1---1----1 

- --11---1----1---1---- --------- ---1----1----1-----1 

3 Pn"c 3 of 
0 --- ---



TABLE 6-110. 
A-9 

SASS SAMPLE RECOVERY DATA SHEETS 
SASS A.tlAL'tTIC.l.L on:A 

PlancSbfWll•• Sc11m Plane S.'leiple l{o, ____ _ 

S4lllplin1 LocAcion Venturi Sct'1;!bbtr Outlet Run 110 • vss-1 
Racovuad lly How!f & !Sobltr ltacavary Oace l/30/79 Run 04CI! 1/29/79 

Coe=ent1._~------~--~--~--~~---~------~--
.A.Daly1t J. ov 

Fftttas OS Eb 

No. SSP•l (a) 

SSP-7 (b) 

FIL!Ell HOtbb 

No._.._ ___ _ 

SSP-8 (c) ______ 10µ 

______ l11 

SSP•lO (•) l 

n<PtNC!:ll. VOL~~l!S 

InLt1al 

Til:'lt CH202 ) 7~Q 

Suond (APS + A;!I03) 500 

Third CAPS + Ai!i03) 500 

TCTALS "\750 

SILICA C!L ·~-.::~:-as 

Initial 

750 g 

250 g 

I 

TOTALS l.900 I 

TOTA.I. VOt.w.! CO&.:..tC!t'O 

Volw:aa tle&t 

Volu::ie Extra::•~ 

FL"'l&l 

U~4. 7 

H54.Z 

CO:."O!NSA~ 

Cll 

ftl.C 

!!IJ 

a.t 

\µ 

I 
g 

I 

g 

Voluma CH2Clz ~~,r~c: (3 x ___ m!) 

h:tr'eccod Condanuta: pH Nut 

Uu:S 
(yHino) 

yu 

)I'•• 

Y" 

rt oat 

1154 

5!B 
462 

2211 

2338 

2572 
445 

• 3 

CYCL~ES 

"" rd 

Ml 

"'' 

.., 

... 

.. : 

Pr1t&rad Coneaioer 
(No.) 

'y'SS-JC 

.vss-1c 

IU.n•• Totals 

ai ml. l z 35 

uo m:I. zzs 
l.l.Q mi 522 

Gain 4~l 

Gdn 2'i4, 7 

25)8 

HCl tJ5ed tCJ JdJify 
for extr.!cC1on 

Al:lo1:.nt 96: H::I03 3ddcd 

pH Ffoal 2 & 12 

mi. 

m2. 

::ll 

ml 

c1Jnrlcns.tt,. 

Cakulauone .and Rtpori Chtcktd Sy 
FILTER DATA (C~ncinuad) 

----------- TCT>.L CAW _1,...7_.5_.1 ..... __ .r:il 

SSP-11 ( 0 _....._? __ 

SSP-l2 ( s) 
SSP-lJ (h) _ ..... 2 __ _ 
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TABLE 6-111. 
A-10 

SASS SA.'!Pt.! RECOVERY DATA SHEETS 

SASS AN,\1.yt lC.U. 0:.l:A 

Plane Sb1yn11 St11m Plant Sam.ple tlo. ____ ___ 

S••pUn& LocatLan Oxidatio11 Tp11k Vent/Venturi Ss:rnbhar P.un r1 o .... o..,IY..._--=2 __ _ 

lecovuad By Hov11 & Kohler 'lacovuy Oat• 211/79 llun Ca.co 1 Ill I 79 
Cocm1nc1 ________________________________ ___ 

J. Bovu 

FtL'rtRS USED flLffR KOUJCR 

No. SSP-14 (a) No. __ ...._ __ _ 

______ 10\A 

______ lll 

11& 

IMPL'\ct:\ VCLti~S 

ll\iCial 

11nc (H:iOz) rn2 ciJ 

Second (Al'S • A~I03) SQQ m.J 

Third (AJ'S • A~i03) 500 mJ 

io'OTALS "'1750 aJ 

SILICA c;::. '."E:~KIS 

Inlci&1 11.ul 

1448. 2 I _1_2,_.50 __ 1 

I 
_____ ., 

I 

TOTAl.S 1250 I 

TOTAL VOLUl'!! COt..:..!.CTtD 

Yoluce tlu:. 

Yolu::11 Excracc1~ 

I 

1448.Z I 

VolW111 CH4:J2 E~c:~c: (3 x ~11\l) 

C'Cet.C:l!: S 

Uad Pr1t1r1d Coneal~•r 
(,11/ne) (No.) 

XII CI~-101' 

l•" m-Ji:: 

v•• qry-11• 

Fie al !Unu: Totals 

14QC llJ ~I mf. l li.91 c;l 

510 oll :i.u mt ~~~ CZ. 

500 ml l~Q ml. §4!2 m;. 

2410 id Cain 660 c:..: 

Cain 198. 2 

__ 9_75,__ __ ..J 

_ _.9.-8..,6 ___ .. l 

160 "'' 

txn·actad Cond1n1ata: pH Naac _·_.z ___ _ HCl used to acidt.f:r r.'ondt!n.nte 

A•n:i:ic '6t ICI03 1ddad 

pH F111d 2 6 l:? 

Cakulatlona .ind Report Checked By 

FtLTIR DATA (Continued) 
----------- TCT>.L C.\~1 1833. 2 

Condenser Rinsa Volume 320 Cll. 
(Mathyl1ne Chloridt) 
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TABLE 6-112. SASS s~H: RECOVERY DATA SHEETS 

SASS AN;..L"CtlCA.t. o..;:r,\ 

Pl•nc Shawnee Sceam Plane $.imph No. ____ _ 

Samplins t.oc:it1on ICA Scrubber Ourlet 

1.eco1rerad By HowH & ltohler Jlocovuy Oat• 213/ 79 

R.u.'\ Uo. TCAS-3 

Ru.n O~t• 2/2/79 

C°"""•nt1·--------------~-------------~---
Analyst J. Howes 

FILTER HOLOC:R 

No. HP-1~ (11} No. 

SSP-l7 '11l 1 

SSP-19 Cc) 2 10µ 
SSP-20 (dL._ l 3µ 
SSP-21 (•) 2 lµ 

L'll'U\C?R VCt.L~S 

lnitt.l 

Firac (1120 2) 750 ct 

$aco11d (Al'S + A&:I03) 50Q m.t 

Third (APS + A;!iOJ) SQQ cJ 

TCTA.t.S "'1750 a..: 

sn.IC.\ en. ·.-z::~icrs 

Initial 

__ 1_2_.5Q __ 1 

-----' 
I 

TOTALS 1250 g 

TOTAL VOL~ COu.J:Crto 

Volui:• trea: 

Vo\111:1• [~:ra~=•~ 

!'1:\al 

__ 1_4_9_7 ._5_.s 

-----' 
I 

__ 1_4_9_7_. ,_, 

VollM• Clll~: 2 !:~t=:ic: (l x 45 11\l) 

Excractod Ccndana•t•: pK ~••t 

CYCLml!:S 

Un:! Pretarad ContaLa•r 
(yu/no) (No.) 

YH I~~-lQ!:: 

YH ICAS-JC 
yos TC4$='C 

Fic&l Rinse Totals 

1060 mt n;: o!. x:zz t:l!. 

560 .. t 150 tl1.I. 2JB mt 

44S ,.,, l.l J rn.I. JJJ :::l.i. 

206S ,., Cl.&in 318 cJ 

__ 2_1,_1_._s __ , 

2135 

2135 _____ .eil 

__ 21_6_1 __ .. , 

460 "'' HCl usdd to actd1fv conden33Ce 

/U:1cn:ac 96t K:l03 added 

pH Firal 2 & 12 

C~kul:itions and R1pori Ch1c:k1d Sy 

FILTER DAT.\ (Concinued) 
SSP•22 ( t) _1 __ _ 

:lSP-V 
SSP•24 

----------- TCTAL CA'Ol _z_1_00_ • ..;;.s_...:ml 

Condenser Rinse Volume 
(Mechylana Chloride) 

JOO -----mt 

r -----D Reproduced fwrn '? ·., I b<·~I ilVilil,1blc copy. · :· ·----- - -- -----
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"'° w 

TABLE 6-113. SAS;> S~t;f WUGUT bATA 

0&11 nci,i.u T · J aoua ry 2 7, 19 79 . 

Da1afh¥c•I February 6, 1979 

!s!INa ~ ·Kettler- HC.T 1184191 

PARTICUJ.ATE LOADDIC DATA w.i,w.,.r.t.- Ir _.J_._11ow __ es..__ _____ _ 

mm ... - ... LAB ........ FIEID CllAladt11Clildllllf----------

Cive Cross (C), Taro (T), aad Het (H) 
0

Wcichta and Unlts for All Appll~ble s..,tes 

Saiplc No. 
and Slte Hame Particulate Filter lp Cyclone ~ Cyclone l(\& C1cloeo Probo llnse Solida 
aod Locatioa . SSP-BCL-PFa-VSS~l SSP-ICL-lC-VSS-1 SSP-BCL-lC-VSS-1 

.. 
SSP-llCl.-lnr.-vc:c-1 Vn1--. .i.r;;n •1 

a.., VSS-1 ! 
SSP-ICL-Pl~vss-1 

Ve~turl Scrubbe G l.1U5 g 081. 9406· g G 80.9ll0 g c 81.7717 g C 147.6368 g 

Sh•ni.:e Steaa T 1.02Sl g Ul.89~9 g T 80.9004 g T 81.1131 g T 147.2787 I 

Plant, Paducah H 0.1602 g N 0.0477 g 
ICy 

H 0.0326 g H 0.4586 g H 0.]581 g 

SSt'-llCL-PFb-VSS-1 . 
G l. 2594 g G G c c ~ .... 

"T l.1266 x T r T T ... 
-

'H \).1128 g H ti H H 

SSt'-BCL-PFc-VSS-1 
c l.2494 g G c G c 
T 1.1267 g T T T T 

I ll 0.1227 g H N H 1f 

SSP-BCL-PFd-VSS-1 
G 1.2645 g G G c c 
T l.l"J45 g T T T T 

II O. llOO g H N N H . 
SSP-llCL-l'fe-VSS-1 c G G c 1.2869 g G . 

T l.1524 g T T T T 

" f\ I'\/, 'i ,. II H u. N 



TABLE 6-113 . (Continued) . 

OattY1ritlc•T · January 27, 1979 

0111 \'lc;,tlri Ii _r_e_b_r_ua_r...;y_6_, _19_7_9 ____ _ PARTICIJT.ATE LOAornc DATA 

lalaau u_., __ . Ke_c_c_1_., r_H_GT_l_I_B_4_19_1 ___ _ FI.EU> •.. .. .. LAB -+ ... ... FI!tD t.IAbtMu Qcd~ It----------
Civc Gros5 (G) 1 Tare (T), and Ket (H) "t1ctcht1 and Units for All Applicable Saaples 

Saaplc No. 
and Site Hllme Particulate Filter lt& Cyclone 3\1 Cyclone 1(\1 Cyclone Probe atnso Solida 
and Locatioa .. 

. . 

Kun VSS-1 SSP-BCL-PFF-VSS-1 I 

G ·l.2579 g G c G c 
(ConcJnued) 

T l.1378 g T T T T 

)I 0.1201 g " H N M 

SSP-BCL-PFg-VSS-1 
G 1. 2616 g c G G c :r .... 

•IT 1.1304 g T T T T 
..., 

-
~ II O. lll2 g ti H H N 

G G G G G 

T T T T T 

I II H H ti " 
G C c c G 

Tocal Catch T T T t T 

' 11 l. 0463 g N 0.0477 g 
}I I N N 0.0326 g 0.4586 g 0.1581 g 

G G G G 

I 
G 

T T T T T 

ll II ll N l }/ 
I ------- --- J __ 

~__...--



TABLE 6-114 SAS~ SAttJ'.!-f! WElGllT llo\TA 

J.anuary 27. 1979 
O..~T-----------~ n..aa,llci& __ F_eb_nu_ry ___ 6_._1_9_79 ___ ~ 

w-.. Ud _._Me_t_t_le_r_H_fi1_1_1_84_1_9_1 __ _ 

l'AlTlCUJ.AT! toADDfC DATA J. Howes· .......... rnr...,. ---------
CtbllllMIDldd If----------FIEID • ...... @) .. -+ .. FIEU> 

Give Cros1 (G), Tare (T), and Net (H) 
0

Wcltht1 and Uait1 for All Applicable Samples 

S.-ple llo. 
aad Site t1011e Partlculato P1ltcr lJ1 C7clonc 3µ Cycl0tio 11\l CJclOGe Probe R1nae Soltda 
a11d Locot1oa Yol...e - 250 •1 

icllt OTV-2 SSP-BCL-Pfa~orv-2 ' Ho pa rt tcu la tes u.c iO.ttlon tank G 
I. i228g 

G No parttculates G G No part 1c11lites G 141.080Jg 
wtnt pipe/ . collected 1n cotlected 1n collected in 
~enturi Scrubb1 r T 1.12179 T 

Iii c ia: l 12oe 
T liA cyclone T 10 I" C)C Jone T 141.06189 

~t .... nee Stea11 
ff 0.0011 g If f'l.uit H H ti 0.01859 

c.. ~ "' • "l. ... .... -. . 
G c G G c ::-... 

"T T T T T ~ 

-·u N " H H 

G G G a a 
T T T T T 

IN II H ff H 

G G G G G 

T T T T T 

Tuia I CiltCh ' ll O.OOJlg H N H H 0.01859 

G G G G G 

T T T T T 

,, u N H N 

-- --'-·-----



TABLE 6-115. SASS SAHPLE WEICHT DATA 

o .. v•H January 27. !979-

D•tJc¥d G February 6. 1979 

u..uu...i Mettler tPT. 1164191 

PAllTICUT.AT! LOADDfG DATA W.ipJ.pP1ff..-.1y ____ J_._H_ow_e_·s ________ __ 
C*"Udt., Clicch4 ly __________________ _ FI!LD • -+ -+ ... @ ... -+ -+ FI!U> 

Give Gross (G), Tore (T), and Net (H) 'uci&hta and Units for All Applf.c11blc Samples 

s-plc No. 
and Site Hamc rorticulotc Fllter 1µ ~yclone 3µ Cyclone 1(\t Cyclone Probo llnse Sollda 
•od Location .. Volume - 425 111 

rd TCAS-3 SSP-BCL-Pfa TCAS-3 SSP-BCL-lC-TCAS-3 
' 

SSP-BCL-JC-TCAS-l SSP-BCL-lOC-TCAS-3 

l(A SC rubber c 
1.'25259 

G 82 .3794 g c 82 .0420g G 82. 30879 G 149.13729 
:.n..nee S tea111 T 1. l32S g T 81-.65899 't 81.80769 T B2.1275g T 148.77729 

Plant 
P.sducah, Ky. H 0. 12009 N 0. 72059 N 0.23449 H 0. 1812g H 0.3600g 

SSP-BCL-PFb-TCAS-3 
> c .c G c G I 

1.25129 .... 
'! T 1.14529 T T T T 

.... 
-

'H 0.10609 ti N N H 

SSP-BCL-Pfc-TCAS-3 

G 1. 24819 G G c G 

T 1.13159 T T T T 

I II 0. 10669 " N N H 

SSP-8CL-pfd-TCAS-3 
G G G G G 

I. 24019 
T I. 1300.J T T T T 

11 O. I lOJg II N II ti 

!l!lt'-tlll-t'te-1 LA::.-J 

G I. 2209'1 G G G G 

T I. 1 ltllg T T T T 

ll U. IU2tl•j II N ll ti 
-· --~- ---· - . '--



C.IWitbfT ·January 27, 1979 
8-aqldC February 6, 1979 

.._...., .Mettler Hfl, 1184191 

TABLE 6-115. (Continued) 

PAITlCUl.AT! LOAnlHC DATA 

FI!U> • ...... @ -+ -+ -+ FIEU> 

~hrf__,tr _...J ..... _.ttowe= .... s _____ _ 
~-.. Deel .. ., _________ _ 

Clvc Cross (C), Tare (T), and Met (H) VclBht1 and Uftlt1 for All Appllc.ble $a111Jle1 

S-,lc No. 
and Site tlt111e 
•od Loutfoa 

IUI TCAS-3 
(Continued) 

Tut.ii \.dtCh 

tMJ -Mt: tt1 crno I / 
..::tnylene chlor " .... l ilnk for RlltS 

VSS-1, OTV-2, g 
TCi\5-3 

rortlculate Flltor 

SSP-BCL-Pff-TCAS-3 
c 

1.24519 
T 1.12619 

H 0.11909 

SSP-BCL-Pf 9-TCAS-l 
G 1.25689 

i I T 1 . 1 36lsg 

• ff 0, 12009 
. 

SSP-BCL-Pfh-TCAS-3 
c 1.2200J 
T 1. ll84g 

I tf 0.08161) 

G 

T 

H 0.86619 

d~ 

T 

ll 

1p ~yclono 

I 

G 

T 

H 

c 
T 

H 

G 

T 

H 

G 
: 

T 

H 0.720!"1g 

G 

T 

11 

lµ Cyclone U\1 Cycloao Probe lla10 SolL11 
.. 

G G G 

't T T 

H H H 

G G G t .... 
T T T ... 

-
H H ff 

G G G 

T T T 

H H H 

G G G 

T T T 

N 0.234.4g ti 0.18129 H 0.3600g 

G c c 146. 54139 

T T T 146.5423g 

N N 
H 0. OOlOg 

• 



Sample Siu 

A-17 

T/\UL E 6-116. PROCESS SAMPLING DATA SHEETS 

SOLIDS FIELD DATA 

GENERAL 

Shawnee Steam Plant/Scrubber Facility 

Type of Source Venturi scrubber system 

~mpling loc:2tion Sampling point 1821 

Samplt T'fpt: Inorganic x Orqinic 

Sample rlumberSSP-BCL-FC-1/29/ 79-VS1821 Oat• Taktn ,..1._/_2.9,../._7._Q.__ _ _.l._.6_.J._.8......,.hu.r .... ?_..CS.._T....._ _____ _ 

S-..atfSisnatur• James E. Howes, Jr./Jerry Clnpp (TVA) 

--------------------------------------------~ 

Sampling Orviee ____ s_c_o_o_.p_.u ... l ... a,_________ Sample Mass or Volum• ? ' 

Composht Sarnpl1: Yes----- or No _x __ _ 

If Compo sit•, Number ind/or Volume of Portions of Compasit1: 

Sample Description: Homoganaous 

urg• P!ec:es 

--- Hrteragtntous 
___ Colar gray 

Sampling Problems None 

Solids-87.3% 
Water - 12.6% 

x 

Wet 

Powder 

x 

6-98 

I 
___ Small ---

Dry 

Pie as 
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f AlilE fi-117. PROCESS SAMPLING DATA SHEETS 

Reproduced from 
best available copy, 

LIQUIDS FIELD DATA 

GENERAL 

Shawnee Steam Plant/Scrubber Facility 

fype of Source 

lampling locition 

Venturi scrubber svstem 
Sampling point YS1816 

t&mpl• Typ1: Aqueous x $luny __ x___ Organic: 

$ample Uumber _s_s_P_-_a_cL_-_v_s_T_s_-_l_/_29_/._7 ... 9_-_v_.s ... 1..,s .. 1 .... 6___ Du1 Taken 

'bff Sigiutura Jamee E. Howes Jr. /Jerry Clapp (TVA) 
1/29/79 1649 hrs CST 

-~------------------------------------------

Sampling D1vie11 __ T_a_P _____________ Sample Mus or Volume ..Jl...,2--r.l..L.f.i;.t1;1.er~sa..-------

Composite S.mpl1: Yes ---- or No __ x __ _ 

~.· Plua:~l":' and/or Volur.11 of ?or.ions cl Composite: 
------------------- I .. · .. 

$121rPb Oncrill'tioa: - Fluid x V"iseous Hot __ x..._ Cold ----- Flowing _x __ Still 

H1terog1ntous x 
Caler -------- Hcmm;cn1ous 

None 
/IP4ii~ PrDblems -------.......;.---------------------------

TVA Lab analysis obtained 

6-99 
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TABLE 6-118. PROCESS SAMPLING DATA SHEETS 

SJmpl1 Si:e 

SOLIDS FIELD DATA 

GENERAL 

Shawnee Steam Plant/Scrubber Facility 

Type of Source TCA scrubber system 

~mpling Locition Centrifuge cake discharge 

~mpfe ine: fno~Jnic: _...:X~---------
Sample llumber SSP-BCL-CC-212/79-ICA 

Orqinic 

Oau Taken 
Clapp (TVA) James E. Howes, Jr./Jerry 

2/7 /79 0845 CST 

---------------------------------------------
Simpling Orvia _____ s_c_o_o.._p_u_l_a ______ _ 

CompoU?~ S.::ipl•: Yts ----- or Na __ x __ 

If Composite, Numbu and/or Volume of Portions of Composit1: 

Sample Cese.-iption: Homo9tn1ous 

Large fiec:es 
"" Slmpring Proolams 

So lids - 6 3:~ 
Water - 37% 

None 
x 

Hrtercgenrous 

Color gray 

Sample Mus or Volume -2 kg 

I 

Po'Mitr Small __ _ Piec:ts 

Wet lS Ory 

6-100 



ADDITIONAL DATA 
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C'l 
I ..... 

c 
""' 

l'AJIU ). ~ HASS WAUIHC AHb YAkTICUU: 512[ DISl'ill!l!TJulf IJAlA 

Ventur I :. .. r .... tMu Fl..c Caa 

"""" % Dtnrti...t.tua 
___ ::>AS:> :i~ _______ CuU.-ciedL.£.. __ bf Wcipt 

0.084 l)_, 

0.0)26 1.1 

o.~17 ?.) 

1 ,1)1,6} n.a 

t"r...t.c 6o cychMle Illi>ac o. )~Ill 11.t, 

l.901 lOG 

H<l.-;r .. r-; 
'"'"Jtug, -r./• 

14.11 

l. 1 

I.~ 

n.~ 

Jl .6 

"2 .9 

Uxl.fatl..,. 1· .. ,M; Vcut f.af.lrht: t:a1a .. loA:> 
tt..aa % Dt~trl~utl"'" Ha.ts(t) 

CoUecud 1 Jl _!!_llelpt a.....i11>JS, mg/•) 

0.0000 0,0 0.00 

0.0000 u.o O.IJO 

0.0000 0.0 ll.00 

u.0011 ).I> u.ol 

0.0111:; <;t,.4 

0.0196 lfJO O.tO 

-· --------- ------------·-- -------------------------------

t .. ) :..-pie v .. 1,_ - lU. :til6 • l ("'cd-1hy) 

)2.874 • 1 ( M M ) 

YI. 410 • l ( " " ) 

0.1812 1.1 t.o 

Cl.2)4~ 9.9 7 1 

o. ]!1)5 lO.'.> 1L ! 

Cl.8661 16. 7 ~!.5 

0.3600 15.2 IL$ 

2. 3622 100 11. 7 



a-. 
I 

...... 
c 
c.... 

'l'ABLE 5. LEVEL 1 Cl\EMlCAl.. ANALYSES PERFORMED 
ON SHAWNEE SCRUBBER SAMPLES 

Organic 
Inorganic Analxsis Neat Extracts LC Sample SSMS AAS (a} TCO GRAV IR 

SASS Samples - Venturi Scrubber Stack Gas 

Probe & cyclone rinse x Hg x x 
f:J' 10 + 3µm particulates x Hg x x 

lµm + filter particulates x Hg x x x 
XAD-2 + Module rinse x Hg x x x x 
Extract of condensate x x x '9 
Aq. condensate + 1st 

impinger x Hg 
2nd + 3rd impinger Hg, As, Sb 

SASS Samples - Oxidation Tank Vent Emissions 

Probe & cyclone rfnse N (::; x 
Filter x Hg x x ~ 
XAI>-2 + Module rinse x Hg x x x x 
Extract of condensate x x x '~ 
Aq. condensate + 1st 

impinger x Hg 
2nd + 3rd impinger Hg, As, Sb 

SASS Samples - TCA Stack Gas 

Probe & cyclone rinse x Hg x x 
10 + 3 µrn particulates x Hg x x C~J 
lµm + filter particulates x Hg x x x 
XAD-2 + module rinse x Ilg x x x x 
Extract of condensate x x x ~ 
Aq. condensate + 1st 

irupinger x Hg 
2nd + 3rd impinger Hg, As, Sb 

Analysis 
LC Fractions 

TCO GRAV IR LRMS(b) 

x x x 6/7 
x x x 6/7 

x x x 6/7 

x x x 6/7 
x x x 



TABLE 5. (Continued) 

Inorganic Anali'sis 
Sample SSMS AAS {a) 

Scrubber Samples 

Venturi spray tower 
slurry x Hg 

Ventur1 filter cake x Hg 
TCA centrifuge cake x Hg 

(a) Element(s) analyzed by AAS are indicated. 
CTI 

I 

.....,. (b) Indicates LC fraction analyzed by LRMS. 
0 
~ 

Neat Extracts 
TCO GRAV 

x x 
x x 
x x 

Organic Analysis 

LC LC Fractions 
IR TCO GRAV IR LR.l.ffi (bJ 

x x x x x 
x x x x x 
x 



TABLE 6. SUMMARY OF ORGANIC MASS CONCENTRACTTON IN SASS 
AND SCRUBBER PROCESS SAMPLES 

O" 
I 

...... 

Sample 

SASS probe & cyclone rinse 

SASS 10 + lµm particulates 

SASS lµm + filter particulates 

SASS XAD-2 + module rinse 

SASS condensate extract 

Totals 

~ Venturi spray tower slurry 1 

TCO + GRAV 

Venturi filter cake, TCO + GRAV 

TCA centrifuge cake, TCO + GRAV 

(a} NS - No sample 

Venturi Scrubber 
TCO +GRAV, rag/m3 

0.10 

2.13 

l.00 

1. l7 

0.09 

6.69 

3. 97 m~/liter 

15.82 mg Kg 

9.67 111g/l<g 

Oxidation Tank Vent 
TCO +GRAV, mg/ml 

NS(a) 

NS 

0.49 

1.49 

0.03 

2.01 

TCA Scrubber 

TCO +GRAV, mg/ml 

0.13 

1.01 

1.28 

1.15 

0.10 

3.67 
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Coal gasification is the process of using heating operations to convert 

coal to a combustible gas. The stated purpose of this study was 11 to aid rn 

planning for future more comprehensive environmental test programs which will 

be conducted al (other! gasification faci1itiPs." Level l samples were takPn 

at fivP commercial-scale fixed-bed gasifiers and at one pilot-5cale oper~liu11, 

identified herPin as site~ A, Bl, B2, B3, Cl, and C2. lahll' /-1 (from ttw 

report) identifies the coal type and samples collected at each site. [mphJsi<. 

was placed on characterizing site A, which had already been selected for 

detailed testing at a later date. Some site A preliminary results were reported 

in an (larl ier data compilation (t•ef. 4). 

rigure 7-1 (from the document) is a sclwmatic of Silt• A, which 1~, de<,cTil>1>d 

as an atmospheric, single-stage, fixed-bed, air-blown gasifier. At site A 

coal enters the top of the gasification chamber through a barrel valve and is 

spread across a fixed grating. Steam and air enter through the bottom of the 

gasification chamber and pass through the grating and the gasification zone. 

Ash is pushed with a plow from n water-sealed pan at the bottom of tile gasifie1·. 

The hot product gas goes through a cyclone then through a series of spray

scrubbers into a gas main where product gases from several gasifiers are 

combined and fed to a combustion chamber. The quench liquor flows to a separ

ator tank where tars and oils are removed to a combustion chamber. Excess 
(aqueous) separator liquor is pumped to an evaporator, and the remainder is 
recirculated to the scrubbers. 

Sites B-1, B-2, and B-3 are similar to site A except Lh<lt. they btwn 

anthracilt' coal, which has essentially no tars. These sites also diffpr in 

that they burn the product gas directly after removal of large particulates by 

a hot cyclone. Site C-1, burning bituminous coal, is a commercial-scale unit 

and cyclone coupled to a flare by a lonq run of insulated duct. 

Site C-2 is a pilot-scale operilt.ion burning billiminous coal and cow,i~;li11~ 1 
of a small gasifier c:namber, cyclone, sinf~le-st.age scrubber, and electro~.t.1t.ic 

precipitator. The product gas from site C-2 is fed to a test burner. 
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TABLE 7-1. SAMPLES COLU:C TEO FOR PRH IM I NARY SCREENING 

Feed Cyclone ·Gasifier Gas 

coal bottom bottom Process duct 

Site type dust Tar ash condensate dust 

A Bituminous x )( )( x 
Bl Anthracite )( 

B2 Anthracite x 
83 Anthracite x 
Cl Bituminous )( x 
C2 Bi tumi nou!. x )( 

r. ~ .. .-~. ·. _-.,. ... 

*All sites 11tilize single-stage, fixed-bed, air-blown, atmospheric pressure 

gasi tiers. 
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A modified Level 1 protocol was followed for sampling and analysis. Some 
deviations from the specified Level 1 protocol follow: 

1. Organic samples were evaporated directly onto the LC column material. 
2. In the determination of C7-C 12 hydrocarbons, a 3% OV-101 column was 

used. The column was programmed at 50° C for 4 minutes then heated 

at 8° C/minute to 150° C. 
3. All elements except Hg were analyzed by SSMS. 
4. The Level 1 protocol specifies three 500-ml extractions of 10-L 

samples. In this study, four 100-ml volumes of CH2 Cl 2 were used to 

extract a 100-ml sample of separator liquor. One milliliter of the 
combined extracts was used for GC analysis and the remainder was 

concentrated by evaporation and weighed. 
5. In addition to the modified Level 1 CH2 Cl 2 extraction, subsequent 

extractions were performed using diethyl ether at pH 1 and pH 7. 
6. The tar sample was extracted 24 hours with CH2Cl 2 in a Soxhlet 

apparatus. The residue in the Soxhlet thimble was then extracted 

with tetrahydrofuran (THF) to check for the presence of materials 
soluble in THF but not soluble in CH2 Cl 2 . 

7. A tar sample, mixed with a larger volume of CH2 Cl 2 , was filtered 
through a medium-frit filter, then through Whatman No. 42 paper. The 
filter catches were examined microscopically and weighed. 

8. A lower limit of 8 mg of organics (per 50.3 gash sample) for LC 
fractionation was used. 

Some major results of the study were: 
1. The quench liquor contains elemental concentrations that equal or 

exceed the standards for surface, irrigation, and drinking water in 

nearly all cases. Selenium levels were outstandingly higher than 
standards. 

2. Site A separator liquor had 3.8 times the level of organics that 
site C quench liquor contained, and the compositions of these extracts 
were unexpectedly different. 

Some additional procedures were recommended as candidates for inclusion 
in the Level 1 protocol. A 1:1 ratio of solvent to extracted liquid, with 
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four sequential extractions using CH 2 Cl 2 was suggested. Additional extractions 

at pH 1 and pH 7 using diethyl ether were recommended. UV spectrometry was 

proposed as a supplement to IR in screening for polycyclic aromatic oryanics, 

and HPLC or TLC was suggested to "discriminate between the nonvolatile component 

classes" in the major (heavier) LC fractions. Elemental analysis of LC fractions 

for S and N to screen for organosulfur and/or organic nitrogen compounds was 

recommended. In addition to these recommendations on methodology, further 

studies on particle removal over a wide range of conditions were recommended. 
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TABLE 7-2. SPARK SOURCE 
SITE A QUENCH 

(µg/L) 
==-..:..::.=~":.-==~=---.:::;._-::..::-=-:;:::=::.:;.-=--~-=-:..=-:::--:-~--..=._ - ---··- .. 

u Dy 

Th Tb 

Bi Gd 
Pb 0.04 Eu 
Tl Sm 
Hg* 0.007 Nd 
Au Pr 
Pt Ce 
Ir Lt 

o~ Ba 
Re Cs 
w 1 

Ta Te 

Hf Sb 

Lu Sn 

Yb In 

Tm Cd 
Er Ag 
Ho Pd 

MC : Major component. 

*Flame'less atomic absorption. 

<0.01 -
0.005 

0.0] 

. ll. () 1 

(). J 

l 

0.5 

0.1 

0.02 

Std 

<0.02 

MASS SPECTROSCOPY 
LIQUOR 

-:.·=·=--=-=-==-- -----=-.:-=.::::::::::::==-=~-=:.::::... 

Rh Cr 0.03 

Ru v 0.004 

Mo 0.06 Ti 0.05 
Nb Sc <0.006 
Zr 0.01 Ca MC 
y <0.004 K MC 

Sr 0.2 Cl 0.3 

Rb 0.03 s M'' \, 

Br O.? p MC 
SP 4 ('' 

,) 1 I 

As 0.2 Al I 

Ge <0.02 Mg 2 

Ga 0.006 Na MC 

Zn 0.07 F ~" ·L 

Cu 0.1 B 2 

Ni 0.1 Be 
Co <0.008 Li 0.2 

Fe 3 

Mn 0.03 
• -··----. -- - -: ·:· ·.-·-::-.-:=:.~=:7--- •.::.-.. .:..-:-:: ... :·---.--

NOH: Any element not listed= concentration< 0.004. Carbon, hydroyen, 
nitrogen, and oxygen are excluded from these analyses. 
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TABLE 7-3. 

u Dy 
Th Tb 

Bi Gd 
Pb 10 Eu 
Tl Sm 

Hg* 0.12 Nd 
Au Pr 

Pt Ce 
Ir La 

Os Ba 
Re Cs 
w I 

Ta Te 
Hf Sb 

Lu Sn 

Yb In 
Tm Cd 

Er Ag 

Ho Pd 

*Flameless atomic absorption. 
tHeterogeneous. 

SPARK SOURCE MAS~ SPfCTROSCOPY 
SITE A TAR 

(ppm wt. ) 

Rh 
Ru 

Mo 1 

Nb 
Zr 0. 7 

0.6 y <0.2 

0.3 Sr 10 

0.5 Rb 0.2 

0.6 Br 2 

27. 0 Se 3 

0. l Ao;, 4 

1 Ge 1 

Ga 8 

0.8 Zn 7 

0.9 Cu 3 

Ni 5 

Cot 5 

Fe 120 

Mn 0.9 

Cr 3 

v 0.8 

Ti 29 

Sc 0. 7 

Ca 630 

K 100 

Cl 6 

s 520 
p 17 

Si 170 

Al 2~ 

Mg 23 

Na 71 

F ~z2 

B 19 

Be 0.1 

Li 4 

NOH.: Any element not listed in the table, it prf.>sent, was at a concf:mt.ration 
less than 0.2 ppm by weight. 
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TABLE 7-4. SPARK SOURCE MASS SPECTROSCOPY 
SITE A CYCLONE DUST 

(ppm wt. ) 
:==.=.=-...--:-=:-...;. .. --=..:;:;-:-:·.;....-:._·::.7. _-::-_·.:.~-:-~.-.-:;..;::-:~::.":.'.:.7...=~::.::;_-::-.:=..-;-:-;::~,-":'.;..;..-::==.;,.-=-:~:-:..=-..=--=-=:::-==.:.:-.:.--=--:;:;;.::..--:;::,;,·_;,,:;:---.::.,~..:.=. ··-:::-:~-:-..;.-=-::..-;:-:..-;;..·:.:_"".:;...._--..:=:=. ·_-.:...:.7-.~::-===:::-_:.-

u Dy 

Th Tb 9 

Bi 2 Gd 2 

Pb 60 Eu 1 
Tl Sm 9 

Hg* 0.01 Nd 21 

Au Pr 5 

Pt Ce 45 

Ir La 45 
Os Ba 460 

Re Cs 

w I 

Ta Te 

Hf Sb 

Lu Sn 

Yb In 

Tm Cd 

Er Ag 

Ho Pd 

MC = major component. 

*Flameless atomic absorption. 

1 

4 

8 

2 

Std 

<2 

3 

Rh 

Ru 
Mo 14 
Nb 12 
Zr 80 
y 70 

Sr 340 

Rb 33 

Br 20 

Se 24 

As 27 

Ge 5 

Ga 130 

Zn 85 

Cu 130 

Ni 30 

Co 16 

Fe MC 

Mn 120 

NOTE: Any element not listed= concentration <0.2 ppm by weight. 
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Cr 90 

v 100 

Ti MC 
Sc 12 
Ca MC 
K MC 

Cl l?tl 

s MC 
p MC 
Si MC 
Al MC 
Mg MC 
Na MC 

F ?.:720 

B 70 

Be 6 

Li 27 



TABLE 7-5. SPARK SOURCE MASS SPECTROSCOPY 
GASIFIER ASH 

(ppm wt. ) 

u 56 Dy 17 Rh Cr 510 

Th 86 Tb 4 Ru v MC 
Bi 0.4 Gd 10 Mo 22 Ti MC 
Pb 7 Eu 5 Nb 82 Sc 29 

Tl 0.5 Sm 28 Zr 430 Ca MC 
Hg Nd 56 y 260 K MC 
Au Pr 42 Sr MC c: 1 no 
Pt. Ce 260 ~tJ 120 ~ ?~10 

Ir La 280 Br 12 p MC 
Os Ba MC Se 20 Si MC 
Re 0.3 Cs 10 As 4 Al MC 
w 10 I 0.3 Ge 4 Mg MC 
Ta 2 Te Ga 66 Na MC 
Hf 10 Sb 1 Zn 26 F ~56 

Lu 2 Sn 4 Cu 540 B 130 
Yb 12 In Std Ni 120 Be 22 
Tm 1 Cd 3 Co 61 Li 190 

Er 8 Ag <0.3 Fe MC 

Ho 11 Pd Mn 680 
·:...:!:": -·"':- ;:_.. ·.r..:..i:=· ·- = -.:-:~. _: ~ -:;·.·.:-.:_ ·.:.~. -·· ·:.-; .. __ . __ :-.-_-_ .·.·- ..,_':;_·· .. : .. :...~:··- ·.·· 

MC = major component. 

NOTE: Any element not listed= concentration ~0.2 ppm by weight. 
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Gas 

GC7 

GC8 

GC9 

GClO 

GCll 

GC12 

GC13 

GC14 

GClS 

GC16 

GC17 

TABLE 7-6. GAS CHROMATOGRAPHY ANALYSIS 
SITE A QUENCH LIQUOR EXTRACT 

Volatile 
Range weight. ppm 

90-110 260* 

110-140 0 

140-160 ll 

160-180 2,544 

180-200 2,766 

200-220 917 

>220 800 

'>220 BOO 

>220 800 

>220 800 

>220 800 

*GC7 is not usually included in TCO range, i.e., C8 -Cu:;-
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Gas 

GC7* 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

TABLE 7-7. GAS CHROMATOGRAPHY ANALYSIS 
SITE A TAR 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

>220 

Volatile 
weight, ppm 

3,000 
0 
0 

18,200 
56,700 
72,500 

307,500 

No. of 
peaks 

*Not usually included in TCO range, i.e., C8 -C 16 • 

Note: Analyses were performed on a 1-mL aliquot of a sample contain
ing about 2.41 mg of tar extract/ml of methylene chloride. 

Gas 

GC7* 
GC8 
GC9 
GClO 
GCll 
GC12 
GC13 
GC14 
GC15 
GC16 
GC17 

TABLE 7-8. GAS CHROMATOGRAPHY ANALYSIS 
SITE A QUENCH LIQUOR EXTRACT 

Range 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 

>220 

Volatile 
we;ght, ppm 

260 
0 
0 

2,544 
2,766 

917 

800 

No. of 
peaks 

*Not usually included in TCO range, i.e., C8 -C 16 • 

Note: The authors note that "The material in the C7 range is 
believed to originate with the extracting solvent since 
it is inconceivable that significant levels of C7

1 s could 
be present with no detectable quantities of either C8

1 s or 
c~l I S • II 
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TABLE 7- 9 
LC ANALYSIS RESULTS 

SAMPLE: 

TCO GRAV TCO +GRAV Conc1ntration8 I 
mg mg total mg mg/ (ml, L, or kg) 

-...-......~----.. - - --

Total S1mpl1b ,__ ___ , ____ .. ~·--- ... 
~·· ··-·---·-.....-·-~·- .. --... ---·-------- -·-- -- -··· ---- -- --·------- - -----· ·----- -- ~------- -------- - --· ~--- --

Taktn for LCc ;>2 31 
~--..---------- .--- ·- -- -- ___ .. _______ 

~---··· .. - -- -··-- -· .. --- . -- -- - .. . .... 
... 28~T Racovertdd I ( 94. '!:__ I 

.I 

I 

rco• GRAV1 TCO +GRAV Concentration8 I 

Fraction totll mg mg/ (m3, L, or kg) I mg mg 

1 0.3 ~ 2 1.8 
·-'-·----·-·--· I 

3 5.0 

4 17 .0 I 
J 

s I 163.0 
--~-- ·-~ -j 6 1655.0 

·---- -----------·-~---
7 69.0 

-

Sum 2097.1* 

*Includes LC fraction 8, at a concentration of 186.0 mg/L. Revised Level 1 
procedure (October 1978) utilizes 7 LC fractions. 

1 Quantity in entire S1mpl1, d1t1rmlned befon LC. 

b Portion of whole sample used for LC, actu1I mg. 
c Quantity r1eowred from LC column, actual mg. 
d Total mg computad back to totll 11mpl1. 
8 Valun supplied for both sample siH and concantndon. 
f Not d1t11crt1blL 
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1 /\ULL /-10 
LC ANALYSIS RESULTS 

SAMPLE: 

TCO GRAV TCO +GRAV Concentretion1 

mg mg total mg mg/ (m3, L, or kg) 

Total S1mpleb 668,864 

T1kln for Lee 
:>OU,1:>~ 

(83.7%)* -
Recoverldd 

------····-- -··--·- _ ....... ----------- ~--------- - -- -- -···---·- .. ------· .. ---- ---· .. - -·---- ---- -------·-·· 

_____ _. ·- ·--···-----·--- -------·----- - .., _______________ -... ----- ---·- __ ..._ ______ ··--·· - ---- .. --- . -· 

Frectlon 
rco• ORAVe TCO +GRAV Conc1ntr1tion1 

mg mg total mg mg/ (ml, L, or kg) 

1 1494 

2 10, 954 

3 96,795 ·---
4 47 ,004 

------
5 41,029 

8 293,374 

7 27,883 ---· 
Sum 560,159 

*Includes LC frilction n. at a concentrnt1on of 41.626 mg/k~J. Revired lt~Vl'l 
procedure (October 1978) utilizes 7 LC fractions. 

1 Quantity in entire umple, dltlnnintd before LC. 
b Portion of whole sample used for LC, actual mg. 
c Qu1ntltv r1eovend from LC column, actu1I mg. 
d Total mg computed lack to totll 11mplt. 
e V1lues supplied far both 11mpl1 size and conctntr1tlon. 
f Not detectablL 
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TABLE 7-11 
LC ANALYSIS RESULTS 

SAMPLE: 

TCO GRAV TCO +GRAV Concentration• 
mg mg total mg mg/ (ml, L, or kg) 

Total Sampleb 
- -

T1k1n for LCc 381 
~·----- -------·---- --- ,___ __ JT(J --- -·-- . -

R1covtredd ( 81. 4'.:,,) 
- ---- - -- ~-------- ----·-·"' 

--r ---------- - ·----

rco• GRAV1 TCO +GRAV Conc1ntr1tion3 
-i 

Fr1ction mg mg total mg mg/ (ml, L, or kg) j ,._ ________ 
----

1 109 
..._ __ ... ____ -----... - ·- ----------------- ----·--·- -· -··-··--··- -- --···· -- -- - ·--·· ---- --- ·-- r------- ---··----·---- ---

2 1B 
------- ------ -

3 1 

4 3 

5 3 

8 113 

~ -·-
7 19 

I 

Sum 310* 

*Includes LC fraction 8, 44 mg/kg. The Level 1 procedure now has 7 LC fractions. 

8 Quantity in entire S1mpl1, d1t1nnl111d b1fo111 LC. 
b Portion of whole sample used for LC, 1etuel mg. 
c Quantity recovered from LC column, actu1I mg. 
d Total ma computtd beck to totll sempl1. 
1 V1lue1 supplied for both sampl1 slza and conc1ntr1tion. 
f Not d1t1ct1ble. 
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Toul Urpnics. mg 

TCO.mg 

GRAV, mg 

Total"()rglnic:s. mg 

TCO,mg 

GRAV, mg 

Total ·0rgMtics, ma 
TCO.mg 

GRAV, mg 

TABLE 7- 12 
ORGANIC EXTRACT SUMMARY TABLE 

Simple Site A quench liquor extract 

LC1 LC2 LC3 LC4 

0.03 0 .18 0.50 1. 70 

TABLE 7-13 
ORGANIC EXTRACT SUWMRY TABLE 

Sample Site A t&r extract 

LC1 LC2 LC3 LC4 

0. 75 5.5 48.6 23.6 

TABLE 7-14 
ORGANIC EXTRACT SUMMARY TABLE 

LC5 

16.30 

LC5 

20.6 

Site A cyclone dust extract 
$.,npfe~~~~~~~~~~~~~~~ 

LC1 LC2 LC3 LC4 LCS 

21.84 3.53 0.21 0.57 0 --~ .:! 

LC& LC7 :E 
* 

165.50 6.90 209.71 

Le& LC7 l:* 

147.3 14.0 281. 25 

LC& LC7 l: * 
22.69 3.76 62.09 



SAMPLE: Site A quench liquor extract 

Wave Number 
lnttMitv 

(cm"1) 

LC 

* * 1 

* * 2 

* * 3 

* * 4 

* * 5 

* * 6 

* * 7 

* * 8 

--

fAl3 LL / - 1 :> 
IA REPORT 

Assignm1nt/Comm1nt1 

Fraction Number 

Aliphatic hydrocarbons 
Alkyl-aryl hydrocarbons 
Alkyl-aryl hydrocarbons, trace carbonyl, 
possible polycyclics or multi-substituted 
aromatics 

Alkvl-arvl hydrocarbons. possible polvcvclics. 
-OH present (possibly atmosphere moisture) 
Phenol + alkyl/dialkyl phenols 
Principall~ Phenol + other phenols 
Phenols . 
Alkyl-aryl CH-stretch, OH, -C=O, Methyl Bending 

I 

Vibration, Primary OH, possible inorganic 
sulfur+ other ionic compounds 

--

--

·---

--
-

* Spectra are p ~ovi ded in the 11 1 dditional data" section; wave numbers and intensity 
were not repo "ted. 

OTHER REMARKS: 
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SAMPLE: 

TABLE 7-16 
IR REPORT 

Site A cyclone dust extract 

W1Ve Number 
Intensity Assignment/Comments 

(cm'1l 

LC Fraction Number 

* * 1 Paraffinic hydrocarbons, considerable branching 

* * 2 Paraffinic functional groups, traces of 
substituted aromatics 

* * Split carbonyls, esters (formate or butryate), 
3 ,4 methyl , i sopropyl and tributyl branching, 

primary alcohols 

* * 5 Aromatics, carbonyls, aliphatic hydrocarbons 

* * 6 Split carbonyls; methyl, isopropyl and tributyl 
branching; secondary alcohols; esters; possible 
SC ring lactones; branched cyclic alcohols 

* * 7 (No assignment made) 

* Spectra a re ~ rovided in the II :tdditional data" section; wave numbers and intensity 
were not repo rted. 

OTHER REMARKS: 
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SAMPLE: 
Site A tar extract 

Wn• Number Intensity 
(,m.1) 

* * 
* * 

* * 

* * 
* * 

* * 

* * 

* * 

-

* Spectra are p rovided in the II 

were not repo ~ted. 

OTHER REMARKS: 

LC 
1 

2 

3 

4 

5 

6 

7 

8 

TABLE 7- 17 
IR REPORT 

Assignment/Comments 

Fraction Number 

Aliphatic hydrocarbons (-CH,,-)>4, some branched -
Substituted aromatic with alkyl and branched 
alkyl substituents 

Substituted aromatic with alkyl and branched 
alkyl substituents 
Same as above plus NH stretch --Same as above but probably OH stretch, trace 
C-=O 

·-
Bonded OH and NH stretch 
Primary OH, water of hydration, CO ether, ester 
(acetate), split carbonyl _(possible acid) 

Split )C=O (acid and ester), water of hydration 

possible ester (acetate), aliphatic, methyl 
group. 

·--

•dditional data 11 section; wave numbers and intensity 
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ADDITIONAL DATA 
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Photo1nicrographs (optical and SEM) were shown for the following samples: 

1. Cyclone dust from site A 

2. Cyclone dust from site A showing spherical segments 

3. Cyclone bottom dust from site A 

4. Particulate residue from tar 

5. Cyclone dust from site A (bituminous coal), site B (anthracite coal). 
and site C (bituminous coal) 

6. Same as No. 5 but with different view of field 

7. Residue from site A tar (particulates that passed through the cyclone) 

8. Dust from site B that passed through the cyclone 

9. Deposits on walls of product gas main downstream of the site C cyclone 

10. Particulate residue in tar (site C) 
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Table 4-1. ORGANICS EXTRACTED FROM SITE A QUENCH LIQUOR 
_.,...,.... . ....,._,....,.119"..,....,..._..,, __ -•-• -•.,.~•-.. w-•----------.-..._._.. ___ 1t ..... ,.._._,.,,~1,....·-~r=--•--··•..........,.·-·..t 

Step 

1 Methylene Chloride 
2 Ether Extractablea 
3 Ether Extractableb 

TCTAL EXTRACTED 

aFollowing Step 1 

bFollowing Steps l and 2 

Extractable 

at pH 7 
at pH 1 

% of total 
mg/i extracted 

2231 57.7 
1457 37.6 

177 4. 7 
3865 100 

Table 4-6. ORGANIC EXTRACTABLES IN SITE A TAR 

Extractables In Tar grams 

Weight of Sample 0.50209 

Weight of Extracted Organics 0.33583 
Loss-on-Extraction/Evaporation 0.16625 
Insoluble Residue 0.0200 

'lo 0 f s amp 1 ~ 

66.9 
33.1 
4.0* 

*3.9% on the medium frit + 0.1% on the filter paper 
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Table 4-11. REStn.TS OF DRY SCREEN TEST OF SITE A CYCLONE DUST . 

Sieve No. 

10 
18 
25 
40 
60 
80 

100 
120 
140 
200 
230 
400 

-400 

Particle size 
(dp I u l) 

>2000 
>1000 
> 710 
> 425 
> 250 
> 177 
> 149 
> 125 
> 106 
> 74 
> 63 
'> 37 
< -37 

~:-

wt 7., Cumulative 
--------

0.3 100.0 
0.2 99. 7 
0.1 99.5 
3.1 99.4 

18.9 96.3 
22.3 77.4 
17.9 55.l 
6.9 37.2 
7.6 30.J 

11. 6 22. 7 
3.8 11. l 
4.6 7.3 
2. 7 2. 7 

Table 4-12. ELEMENTAL COMPOSITION OF SITE A CYCLONE DUST 

Element Wt. Percent 

Carbon 84.42 
Hydrogen 1.62 
Nitrogen 1.07 
Sulfur* 
Residue on Ignition (ROI) 

Total (approximate) 

0.67 

10.19 

98% 

-------~ ...... ----·--------·· .... ,...,.-...,. .. -
*Schoeniger flask method includes organic sulfur and soluble 

forms of inorganic sulfur. 
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(1) 
(2) 

(3) 

(4) 

(5) 
(6) 

( ) 

Table 5-1. SOURCES OF PARTICULATES 

Sampling 
Site Fuel Location 

A Bituminous Cyclone Bottom 

A Bituminous Through Cyclone"' 
Bl Anthracite Cyclone Bottom 

BJ Anthracite Through Cyclone*~°" 

Cl Bituminous Cyclone Bottom 

Cl Bituminous Through Cyclone"d'" 

.,.,.:.QI",,.....~ .... -...... .,, 

Suspended in tar. 
Removed from gas duct downstream of cyclone. 
Numbers relate to columns in Table 5-2. 

Table 5-2. COMPARISON OF PARTICULATE MATTER 
~ ... --,--·: 

Sample Location (1) (2) (3) (4) ( 5) ( 6) 
Key Site A Site A Site Bl Site BJ Site Cl Site Cl 

Nominal**dp, Jl 170 2-20 200.0 <" l * 95.0 ~zou 

Moisture 10.S 3. 3 0 

Ash (Dry Bases) 10. l9 1, 7 28 54. 73 15.4 10.4 

Bulk Density 0.40 0.93 0.53 o. 31 

- . ···e.:~-...wae....-·= ==r --=:a-~ 

*Agglomerated **d5 0 (See Figure 5-1.) 
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i... 
<l) 
o.l 
<l) 

~ 100 ...... 
0 

<l) 
...... 
CJ ..... 

Site B 

~ dso 
rJ 

p.. 

Figure 5-1. 

Sample* s Lt.l~ J ~ o_ __ <lu__ Remarb~ -----
( 1) A 170 270 

(3) Bl 200 2000 agglomerated 

( 5) Cl 95 200 

* See Table 5-1 

SIZE DISTRIBUTIONS OF CYCLONE Dl.TST SAL1PLL3 

FROM SEVERAL SITES. 
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Figure 5-8. 

First Extraction Reproduced from 
best available copy. 

METHYLENE CHLORIDE 
Top: Site C 
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EXTRACT OF QUENCH :.JATER 
Bottom : Site A. 



Second Extraction 

Figure 5-9. INFRARED SPECTRA OF ETHER EXTRACT OF QUENCH WATER 
Top : Site C Botto~ · Site A 
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Roprod11cud from 
best 11v11ilable copy. 

Third Extraction 
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Figure 5-10 ETHER 
Top: 

EXTRACT 
Site C 

OF ACIDIFIED Q~E~CH WATER 
Bottom: Site A 
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