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ABSTRACT

This document compiles all available data from the IERL 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 C;-Cg/C, or €,-C,;7, liquid chromatographic fractionation,
‘infrared spectroscopy, and low resclution 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
0il-Fired Boiler, Coal-Fired Power Plant, Coal Gasifier, Coke Production,
Ferroalloy Process, Internal Combustion Engine, Iron and Steel Mills, Residen-
tial Heating, Shale 01 Retorting, and Textiles.
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INTRODUCTION

This document is an accumulation of all available environmental assessmen
data published from February 1978 through March 1978.

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 Enviren-
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 sampiing and analytica!
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 ana
to assess long-term effects.

Fourteen studies have been identified that contain phased environmental

assessment data; these studies are organized alphabetically by source types in

XX
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The purpose of this study was to assess the contribution of gaseous
emissions from stationary internal combustion sources to the total air pollu-
tion load. Two source categories, gas turbines and reciprocating engines,
were considered in this assessment. Gas turbines may be classified as simpie
open cycle, regenerative open cycle, and combined cycle; and reciprocating
engines may be classified as spark- and compression-ignited (diesel) engines.
These large stationary internal combustion engines are used for "electricity
generation, o0il and gas transmission, natural gas processing, oil and gas
productiqgn and exploration."

A thorough survey and evaluation of available information was performed
and, based on deficiencies in the existing data base, eleven sites were chosen
for sampling and analysis. There were five distillate oil-fueled gas turbines
of the simple open cycle type (sites #111, #112, #306, #307, and #308), five
distillated oil (diesel) reciprocating engines (sites #309, #310, #311, #312,
and #313), and one gas-fueled gas turbine of the simple open cycle type (site
#110). A thorough study of load factors and operating conditions was performed
so that representative samples could be acquired.

No fugitive emissions were sampled since previous data indicated that
there was an insignificant contribution to total pollutants from these sources.

The sampling and analysis protocol consisted of a modified Level 1 chemi-
cal assessment, Level 2 chemical assessment on three sites (#309, #312, and
#313) as indicated by Level 1, and additional analyses for POM's by GC/MS.

The modified Level 1 procedure involves sampling with a SASS train without
cyclones and gas sampling bags for C,-Cg hydrocarbons and CO, CO,, 0,, and

S0,. The Level 1 inorganic protocol was followed (SSMS for elemental composi-
tion; AAS for As, Hg, and Sb; colorimetric analysis for NOQ; and specific ion
_electrode method for €1 and F'), and the following samples were analyzed:

SASS filter (and hot water extracts of filter particulates); SASS XAD-2 sorbent;
a Eomposite of SASS organic module condensate, HNO; rinse, and the first
impinger solution; and the fuel oil. The Level 1 organic protocol for sample
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recovery and fractionation was followed but final analyses were by gravimetry,
GC, infrared spectrometry, and GC/MS rather than LRMS. A cutoff of 500 pg/me
for total organics in stack gas was used as the criterion for fractionation
and detailed organic analysis.

The Level 2 sampling effort utilized the GoksByr-Ross sampling system for
sulfur oxides and the SASS train without cyclones. As compared to Level 1
tests, which used CHyCl, or CH,C15/CH30H rinses in this study, the Level 2
SASS tests added acetone to the rinse solutions and omitted isopropyl alcohol
from the impinger recovery washes. The turbidimetric method was used for
getermination of SO, in GoksByr-Ross Hy0, impinger and SO, in filter particu-
lates and probe rinses. Initially unconcentrated and unfractionated organic
samples were analyzed by capillary GC/MS. Some concentrated and LC fraction-
ated samples were also analyzed by GC/MS, with reference to the unconcentrated
and unfractionated sample, for trace levels of organics.

Quoting from the abstract of the final report,

Assessment results indicate that internal combustion (IC) sources
contribute significantly to the national emissions burden. NO_,
hydrocarbon, and CO emissions from IC sources account for approxi-
mately 20, 9, and 1%, respectively, of the emissions of these pollut-
ants from all stationary sources. The sources severity factor (the
ratio of the calculated maximum ground level concentration of the
pollutant species to the level at which a potential environmental
hazard exists) was used to identify pollutants of environmental
concern.

POM's, CO, SO,, particulates, and individual organic species were not found at
levels of environmental concern. Trace element emissions from gas-fueled
engines were insignificant but oil-fueled engines emitted nickel, copper, and
phosphorus at levels of concern.

Figure 10-1 from the final report gives an explanation of sample codes
used in some of the data tables.
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$-01

XXX-XX=XX-XXX-XX-X

3

SHE IDENTIFICATION

Y

SAMPLE TYPL

SAMPLE PREPARATION

FIRST LEVEL AMALYSIS

SECOND LEVEL
ANALYSIS

THIRD LEVEL ANALYSIS

Consecutively numbered
by sampling team: .

100-199, TRW West Coast
20n-299, TRW East Coast
300-399, GCA

Numbers and corresponding

sample types are as
follows:

1-bulk liquid
(separated from a
slurry)
2-bulk liquid
{separated from a
slurry)
3-bulk liaquid
4-bulk liquid
fF-liquid fuel feed
CD-condensate from
XAD-2 module
PR-solvent probe/
cyclone rinse
MR-solvent XAD-?
module rinse
HM-HNO3 XAD-2 module
rinse
HI-H202 impinger
A1-APS impingers
XR-XAD-2 resin
PF-filter(s)
1C-1-3p cyclione
3C-3-10. cyclone
10C->10u cyclone

XM-XR extract plus MR
CH-HM plus (D plus HI

FC-PF plus 1C
CC-3C plus INC

CF-solid fuel feed (coal)

5-bulk solids
6-bulk solids

7-bulk sotids (separated

from a sturry)

R-bulk solids (separated

from a slurry)

Numbers and corresponding
preparation steps are
as follows:

0-no preparation
LE-Yiquid-liquid extraction
SE-Soxhlet extraction
A-acidified aliquot

. B-basified aliquot .
PB-Parr bomb combustion
Hii-hot water extraction
AR-aqua reqia extraction

Numbers and corresponding
procedures are as

follows:
Organic Inorqanic
0-no conc SS-SSMS
required | AAS-Hq,As,Sb
GC-Cy-Cy7 GC | 504-509
KD-K-D Conc | N03-NOj
CF-Ct,F

Figure 10-1. EACCS sample control numbers.

Organic analyses on
conc samples will
be coded as
follows:

GM-GC/MS for PAHs
Gl -Grav.,IR
MS-LRMS

LC-LC separation

Resulting LC fractions
for grav./IR/LRMS
analyses will be
numbered in order,
1-8




LEVEL 1
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TABLE 10-1.

SPARK SOURCE MASS SPECTROSCOPY
GAS-FUELED GAS TURBINE (SITE 110)

XAD-2 RESIN (ug/m*)

Th
Bi
Pb
T
Hg
Au
Pt
Ir
Os
Re

Ta
Hf
Lu
Yb
Tm
Er
Ho

<2.22
<2.19
<1.97
<14.4
<1.91

<1.84

<1.81
<1.78
<1.75
<1.72

<1.69
<1.63
<1.63
<1.59
<1.56
<1.53

Dy
Tb
Gd
Eu
Sm
Nd
Pr
Ce
La
Ba
Cs
I

Te
Sb
Sn
In
Cd
Ag
Pd

<1.53
<1.50
<1.47
<1l.44
<1.41
<1.34
<1.31

0.23
<1.31

<81.2

0.02
<1.19
<1.19
<2.09
<4.06

<0.38

<1.00

Rh
Ru
Mo
Nb
Ir
Y

Sr
Rb
Br
Se
As
Ge
Ga
In
Cu
Ni
Co
Fe
Mn

<0.97
<0.94
<2.63
0.03
<0.84
<0.84
<5.00
0.34
<5.31
<1.06
<1.19
<0.69
<0.66
<75.0
68.8
<78.1
<0.84
<153
<7.50

Cr

Ti
Sc
Ca

C1

Si
Al
Mg
Na

Be
Li

<10.94

<0.50

<5.94
<228
<156
<156

<562
<53.1

<116
<43.8

<188
<87.50

<0.34
<0.08
0.22
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TABLE 10-2.

SPARK SQURCE MASS SPECTROSCOPY
GAS-FUELED GAS TURBINE (SITE 110)

COMPOSITE SAMPLE*

(ug/m®)
U <0.44 Dy <0.30 Rh  <0.19 Cr <2.78
Th <0.44 Tb <0.29 Ru <0.19 Vv 0.06
Bi <0.38 Gd <0.29 Mo 0.34 Ti 0.19
Pb 1.59 Eu <0.28 Nb  <0.17 Sc
T1  <0.38 Sm <0.28 Ir 0.02 Ca 13.4
Hg Nd <0.27 Y <0.16 K 15.6
Au  <0.38 Pr <0.26 Sr 0.17 a1
Pt Ce 0.03 Rb 0.03 300.
Ir <0.34 La 0.04 Br 1.28 2.63
0s <0.34 Ba 0.94 Se <0.30 Si 8.75
Re <0.34 Cs <0.24 As  <0.14 Al <3.75
W <0. 34 1 <0.23 Ge <0.13 Mg 8.75
Ta Te <0.23 Ga <0.13 Na <81.2
Hf  <0.34 Sb 0.13 Zn 5.63
Lu <0.31 Sn 0.44 Cu <l0.0 3.44
Yb <0.31 In Ni 4.69 Be <0.003
Tm <0.31 Cd 0.47 Co 0.07 Li <0.02
Er <0.31 Ag Fe 17.8
Ho <0.30 Pd <0.20 Mn 2.56

*Composite of HNO3 module wash, condensate, and the H,0, impinger.
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TABLE 10-3.

SPARK SOURCE MASS SPECTROSCOPY
GAS-FUELED GAS TURBINE (SITE 110)
TOTAL SASS CATCH

(ng/m3) B
u <2.66 Dy <1.81 Rh <1.16 Cr .78 to 10
Th  <2.60 Tb <1.78 Ru «<1.12 ) .06 to 0.
Bi <2.34 Gd <1.75 Mo 0.34 to 2.63 Ti .19 to 5.¢
Pb 1.59 to 14.4 Eu <1.72 Nb 0.03 to 0.17 Sc
Tt <2.28 Sm <1.69 Ir 0.02 to 0.84 C(a 13.44 to 72
Hg Nd <1.63 Y <1.0 K 15.6 to 156
Au <2.22 Pr <1.60 Sr 0.17 to 5.0 C1I
Pt Ce 0.26 Rb 0.38 S 300.0
Ir <2.16 La 0.04 to 1.31 Br 1.28 to 5.31 P 2.63 to 53
0s «<2.12 Ba 0.94 to 81.2 Se <1.38 Si 8.75 to 11t
Re <2.09 Cs 0.02 to 0.24 As <1.34 Al <36.9
W <2.06 I <1.44 Ge <0.81 Mg 8.75 to 188
Ta Te <1.44 Ga <0.78 Na <166
Hf <2.0 Sb 0.13 to 2.09 Zn 5.62 to 75.0 F
Lu <1.97 Sn 0.44 to 4.06 Cu 68.75 B 3.44
Yb <1.94 In Ni 4.69 to 78.1 Be <0.003 to U. .-
Tm <1.91 Cd 0.47 Co 0.07 to 0.84 Li <0.24
Er <1.88 Ag Fe 17.8 to 153.
Ho <1.84 Pd <1.19 Mn 2.56 to 7.50
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TABLE 10-4.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 111)

FUEL
(ppm)

U <0.48 Dy  <0.33 Rh  <0.21 Cr 0.13

Th  <0.46 Tb  <0.32 Ru  <0.20 v 0.062

Bi  <0.42 6Gd  <0.31 Mo  0.093 Ti  <0.2

Pb 1.3 Eu  <0.30 Nb  <0.19 Sc

71 <0.41 Sm <0.30 Ir  <0.18 Ca 15

Hg Nd <0.29 Y <0.18 K 16

Au  <0.39 Pr <0.28 Sr 0.33 Cl

Pt Ce 0.0098 Rb 0.023 S 490

Ir  <0.38 la  <0.28 Br  <0.55 p 8.8

0s  <0.38 Ba 1.4 Se  0.11 Si 60

Re  <0.37 Cs  <0.27 As  <0.082 Al 2.7

W <0.37 I <0.25 Ge <0.15 Mg <11

Ta Te  <0.26 Ga <0.14 Na 33

Hf  <0.36 Sb 0.053 In 12

Lu  <0.35 Sn 0.13 Cu .1 3.9

Yb  <0.35 " In Ni .2 Be  <0.0021

Tm  <0.34 cd 0.14 Co  0.053 Li  <0.021

Er  <0.33 Ag Fe 18

Ho <0.33 Pd  <0.21 Mo 71
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TABLE 10-5.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINE

PROBE SOLIDS (SITE 111)

(ug/m2)
U  <0.02 Dy  <0.01 Rh  <0.01 Cr 0.69
Th  <0.02 T <0.01 Ru <0.01 v 0.06
Bi  <0.01 Gd  <0.01 Mo  0.02 Ti 0.09
Pb 0.56 Eu  <0.01 Nb  <0.003 Sc
T1  <0.01 sSm  <0.01 Ir <0.05 Ca 1.84
Hg Nd  <0.01 y .01 K 0.86
Au  <0.01 Pr <0.01 Sr .02 1
Pt Ce  <0.003 Rb  <0.003 214
Ir  <0.01 La  <0.003 Br  0.016 0.17
0s <0.01 Ba 0.05 Se  0.08 Si 14.5
Re <0.01 Cs  <0.003 As  0.03 Al 1.25
W <0.01 I <0.01 Ge  0.02 Mg 0.43
Ta Te  <0.01 Ga <0.003 Na 0.30
Hf  <0.01 Sh 0.01 In  0.09 F
Lu <0.01 Sn <0.02 Cu 0.21 B 1.18
Yb <0.01 In Ni  1.84 Be  <0.003
Tm  <0.01 Cd  <0.003 Co 0.08 i <0.003
Er  <0.01 Ag Fe 18.1
Ho <0.01 | Pd  <0.01 Mn 42.8
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TABLE 10-6.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 111)
FILTER CATCH

(ug/m3)
U <0.36 Dy  <0.25 Rh  <0.16 Cr 0.82
Th <0.36 Tb  <0.25 Ru  <0.16 v <0.04
Bi  <0.32 Gd  <0.24 Mo 1.68 Ti  <1.97
Pb 2.27 Eu  <0.23 Nb  <0.14 Sc
Tl <0.23 Sm  <0.23 Ir  <0.29 Ca <27.3
Hg Nd  <0.22 Y <0.14 K <25.7
Au  1.35 Pr <0.22 Sr <0.21 1
Pt Ce  <0.05 Rb <0.10 S 493
Ir  <0.30 ta  <0.21 Br 1.84 p 4.28
0s  <0.30 Ba 2.66 Se 0.27 Si <88.8
Re  <0.29 Cs  <0.003 As  <0.20 Al <24.3
W <0.28 I <0.20 Ge  <0.11 Mg <30.9
Ta Te  <0.20 Ga  <0.11 Na 329
Hf  <0.28 Sb <0.12 In  <3.62 F
Lu <0.27 Sn <0.06 Cu  <4.61 B <2.47
Yb  <0.27 In ’ Ni  49.3 Be  <0.003
Tm  <0.26 cd 0.10 Co 1.45 i <0.72
Er  <0.26 Ag Fe 1,680
Ho <0.26 Pd  <0.16 Mn 253
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TABLE 10-7. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 111)
XAD-2 RESIN
(ug/m3)

U <2.34, Dy  <1.61 Rh  <1.02 Cr 3.95
Th  <2.30: Tb  <1.58 Ru  <0.99 v <0.62
Bi <2.07 6d  <1.55 Mo  2.11 T 1.83
Pb <25.3 Eu  <1.51 Nb  0.07 Sc
Tl <2.01 Sm <1.48 Ir  <0.89 Ca <395
Hg Nd  <1.41 Y  <0.89 K <164
Au  <1.94 Pr <1.38 Sr <4.61 Cl
Pt Ce  <1.38 Rb 0.29 S <1,460
Ir <1.91 la  <1.38 Br  <9.54 p <72.4
0s <1.87 Ba <27.0 Se  <0.79 si 1,610
Re <1.84 Cs  <1.32 As  <2.07 Al <52.6
W o<l1.81 I <1.25 Ge <0.72 Mg <197
Ta Te  <1.25 Ga <0.69 Na 276
Hf  <1.78 Sb <1.25 Zn <155 F
Lu <1.71 Sn <3.62 Cu <158 B 52.6
Yb  <1.71 In Ni  42.8 Be 0.003
Tm  <1.68 cd  <2.27 Co 0.79 Li <2.17
Er <1.64 Ag Fe <171
Ho <1.61 Pd <1.05 Mn 8.55
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TABLE 10-8.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 111)

COMPOSITE SAMPLE*

(ng/m3)
U <0.29 Dy  <0.19 Rh  <0.12 Cr 4.61
Th  <0.28 Tb <0.19 Ru <0.14 % 0.09
Bi <0.25 Gd  <0.19 Mo  0.39 T 0.21
Pb 5.92 Eu  <0.18 Nb  0.03 Sc
T1 <0.24 Sm <0.18 Ir  <0.11 Ca 65.8
Hg Nd  <0.19 Y  <0.11 K 7.57
Au  <0.24 Pr <0.17 Sr 0.39 1l
Pt Ce 6.03 Rb 0.02 S 109
Ir <0.23 la <0.17 Br 0.33 P <3.06
0s <0.24 Ba 1.12 Se 0.99 Si 7.57
Re <0.22 Cs <0.16 As  0.11 Al 2.01
W <0.22 I <0.15 Ge <0.09 Mg 3.62
Ta Te <0.15 Ga <0.08 Na <b9.2
Hf <0.26 Sb <0.14 In 1.58 F
Lu <0.21 Sn 4.93 Cu <2.93 B <0.59
Yb  <0.21 In ' Ni  1.35 Be  <0.01
Tm <0.20 Cd <0.14 Co 0.06 Li 0.04
Er <0.20 Ag Fe 7.57
Ho <0.20 Pd <0.13 Mn 8.88

*Composite of HNO; module wash, condensate, and the H,0, impinger.
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TABLE 10-9.

SPARK SOURCE MASS SPECTROSCOPY

DISTILLATE OIL-FUELED GAS TURBINES (SITE 111)

TOTAL SASS

(ug/m3)
U  <3.03 Dy  <2.07 R <1.32 Cr 10.20
Th <2.93 b <2.01 Ru  <1.32 v 0.15 to 0.3
Bi <2.66 Gd  <2.01 Mo 4.28 Ti 2.17
Pb  8.55 to 25.3 Eu  <1.94 Nb 0.11 Sc
Tl <2.60 Sm <1.91 Ir  <1.35 Ca  69.1 to 478
Hg Nd  <1.84 Y 0.01 to 1.12 K 8.55 to 192
Au 1.35 Pr <1.78 Sr 0.39 to 4.61 (1
Pt Ce 0.03 to 1.45 Rb 0.31 S 822 to 1.54¢
Ir <2.43 la  <0.003 to 1.74 Br 2.20 to 9.54
0s <2.43 Ba 3.95 to 27.0 Se 1.35 Si 1,610
Re <2.37 Cs  <0.003 to 1.48 As 0.14 to 2.27
W <2.33 I <1.61 Ge 0.02 to 0.92 Mg 3.95 to 227
Ta Te <1l.61 Ga <0.89% Na 625
Hf  <2.30 Sb 0.01 to 1.51 In 1.68 to 158 F
Lu  <2.20 Sn 4.93 Cu 0.21 to 164 B 52.¢6
Yb  <2.20 In Ni  98.7 Be 0.01 to 0.
Tm  <2.14 cd 0.10 to 2.40 Co 2.40 L 0.04 to 2.
Er <2.11 Ag Fe 1,710
Ho <2.11 Pd <1.35 Mn 312

D
¢ t
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TABLE 10-10.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 112)

FUEL
( ppm)
u <0.65 Dy <0.33 Rh <0.21 Cr 1.8
Th <0.95 Tb <0.32 Ru <0.48 Vv 0.081
Bi <0.42 Gd <0.31 Mo <0.44 Ti 0.51
Pb 4.3 Eu <0.30 Nb <0.19 Sc
Tl <0.41 Sm <0.52 Ir <0.21 Ca 22
Hg Nd <0.65 Y <0.18 K 11
Au  <0.48 Pr <0.28 Sr 0.18 C1
Pt Ce <0.28 Rb 0.069 S 140
Ir <0.74 La <0.28 Br <0.64 P 4.4
0s <0.81 Ba 14 Se <0.25 Si 5,300
Re <0.51 Cs <0.27 As <0.14 Al 14
W <0.69 I <0.45 Ge <0.18 Mg 51
Ta Te <0.38 Ga «0.14 Na 300
Hf <0.86 Sb <0.26 In 29
Lu <0.35 Sn 2.0 Cu 31 180
Yb <0.35 In ' Ni 4.5 Be 0.0050
Tm <0.34 Cd <0.46 Co 0.076 Li
Er <0.52 Ag Fe 17
Ho <0.33 Pd <0.37 Mn 0.41
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TABLE 10-11. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 112)
FILTER CATCH

(ug/m?)
U <0.15 Dy <0.10 Rh <0.06 Cr 0.49
Th <0.14 Tb <0.10 Ru <0.61 v <0.07
Bi <«0.13 Gd <0.10 Mo 0.09 Ti <0.77
Pb 2.55 Eu <0.09 Nb  <3.07 Sc
T1  <0.13 Sm <0.09 Zr  <0.11 Ca <30.7
Hg Nd <0.09 Y 0.01 K <18.7
Au 0.02 Pr <0.09 Sr <0.16 o
Pt Ce <0.01 Rb  <0.03 337
Ir <0.12 La <0.003 Br 0.03 <0.64
0s <0.12 Ba <0.71 Se 0.06 Si <3.99
Re <0.11 Cs <0.003 As  <0.30 Al <9.51
W 0.01 1 0.01 Ge <0.05 Mg <6.7%
Ta Te <0.08 Ga <0.04 Na <187
Hf <0.11 Sb 0.49 In 1.17 F
Lu <0.11 Sn <0.27 Cu <0.95 B <0.25
Yb  <0.11 In Ni  0.80 Be  <0.00
Tm <0.10 Cd 0.34 Co 0.34 Li
Er <0.10 Ag Fe <14.7
Ho <0.10 Pd <0.06 Mn 2.98
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TABLE 10-12.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 112)

XAD-2 RESIN
(ug/m?)

U <2.18 Dy <1.50 Rh  <0.95 Cr <6.75
Th 4.29 Tb <1.47 Ru <1.56 Vv <0.83
Bi <1.93 Gd <1.44 Mo <1.47 Ti 5.21
Pb 61.3 Eu <1.41 Nb  <0.86 Sc
T1  <1.87 Sm <1.72 Ir <0.83 Ca 368
Hg Nd <2.15 Y <0.83 K <297
Au <1.81 Pr <1.29 Sr 8.90 C1
Pt Ce <1.29 Rb 0.27 S <1,040
Ir <2.45 La <1.29 Br <4.29 P <95.1
0s <2.67 Ba 736 Se <0.83 Si <132
Re <1.72 Cs <1.23 As 1.44 A1 <288
W <2.27 1 6.13 Ge <0.67 Mg 92.0
Ta Te <1.23 Ga <0.64 Na 307
Hf <2.82 Sb <1.17 in <144
Lu <1.60 Sn 3.37 Cu <92.02 B <196
Yb <1.60 in Ni <64.4 Be 0.003
Tm <1.56 Cd 2.21 Co <0.98 Li
Er <1.72 Ag Fe <95.1
Ho <1.50 Pd <1.23 Mn <3.37
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TABLE 10-13. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 112)

COMPOSITE SAMPLE*

(Hg/m3)
U  <0.64 Dy  <0.30 Rh <0.14 Cr 1.50
Th <0.95 Tb  <0.22 Ru  <0.49 v 0.04
Bi  <0.29 Gd  <0.30 Mo  <0.46 Ti  <0.07
Pb 1.04 Eu  <0.21 Nb  <0.13 Sc
Tl <0.37 Sm <0.52 Ir  <0.21 Ca 29.4
Hg Nd  <0.64 Y  <0.13 K <6.79
Au  <0.49 Pr <0.20 Sr 0.22 C1
Pt Ce  <0.20 Rb  <0.12 S 117
Ir <0.74 la  <0.20 Br <0.64 p <0.67
0s  <0.83 Ba 0.92 Se <6.75 Si .29
Re <0.52 Cs  <0.19 As  <0.40 Al 1.41
W <0.71 I <0.46 Ge <0.18 Mg 13
Ta Te  <0.37 Ga <0.10 Na <20.6
Hf <0.86 Sb <0.26 In  <5.83 F
Lu <0.25 Sn 0.64 Cu <1.32 B 0.26
Yb  <0.29 In Ni  1.07 Be 0.01
Tm <0.24 Cd  <0.46 Co 0.14 Li
Er  <0.52 Ag Fe 107
Ho <0.23 Pd  <0.37 Mn  0.40

*Composite of HNO, module wash, condensate, and the H,0, impinger.
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TABLE 10-14.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 112)

TOTAL SASS
(ug/m?)

U <2.98 Dy <1.90 Rh <1.17 Cr 1.99 to 6.75
Th 4.29 Tb <1.78 Ru <2.12 V 0.04 to 0.92
Bi <2.33 Gd <1.84 Mo 0.09 to 1.90 Ti 5.21
Pb 64.4 Eu <1.72 Nb  <3.07 to 0.98 Sc
Tl  <2.36 Sm <2.33 Iir  <1.17 Ca 399
Hg Nd <2.88 Y 0.01 to 0.95 K <337
Au 0.02 to 2.30 Pr <1.60 Sr 9.20 €1
Pt Ce <1.50 Rb 0.27 S 460 to 1,040
Ir  <3.37 La <0.003 to 1.47 Br 0.03 to 4.90 P <98.2
0s <3.68 Ba 736 Se 0.06 to 7.36 Si 4.29 to 135
Re <2.33 Cs <0.003 to 1.41 As 1.44 Al 1.41 to 298
W 0.01 to 2.94 1 6.13 Ge <0.89 Mg 98.2
Ta Te <1.69 Ga <0.80 Na 307
Hf <3.68 Sb 0.49 to 1.41 In 1.17 to 150 F
Lu <1.96 Sn 3.99 Cu <95.1 B 0.26 to 196
Yb  <1.99 In Ni  1.87 to 64.4 Be  0.01 -
Tm <1.90 cd 2.55 Co 0.49 Li
Er <2.36 Ag Fe 107
Ho <1.84 Pd <1.66 Mn 3.37
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TABLE 10-15.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 306)

FUEL

( ppm)
U <0.48 Dy <0.33 Rh  <0.21 Cr 0.56
Th  <0.46 Tb <0.32 Ru <0.20 v 0.47
Bi <0.42 Gd <0.31 Mo 0.17 Ti <0.54
Pb 2.8 Eu <0.30 Nb <0.18 Sc
Tl <0.41 Sm <0.30 Ir  <0.18 Ca 27
Hg Nd <0.29 Y <0.18 K <8.4
Au  <0.39 Pr <0.28 Sr 0.099 C1
Pt Ce <0.28 Rb  <0.028 S 480
Ir <0.38 La <0.28 Br <0.35 P 11
0s <0.38 Ba <0.49 Se <0.16 Si <120
Re <0.37 Cs <0.27 As <0.21 Al 2.8
W <0.37 1 0.040 Ge <0.15 Mg <7.2
Ta Te <0.26 Ga <0.14 Na <21
Hf  <0.36 Sb <0.090 In 15 F
Lu <0.35 Sn 5.5 Cu 31 B <0.72
Yb <0.35 In Ni 53 Be <0.0056
Tm <0.34 Cd <0.22 Co 0.35 Li 0.017
Er <0.33 Ag Fe 20
Ho <0.33 Pd <0.21 Mn 9.0
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TABLE 10-16. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 306)
FILTER CATCH

(pg/m?)
U <0.11 Dy <0.07 Rh  <0.05 Cr 6.89
Th <0.10 Tb <0.07 Ru <0.05 v 0.02
Bi <0.09 Gd <0.07 Mo 0.77 Ti <1.85
Pb <22.1 Eu <0.07 Nb  <0.003 Sc
71 <0.09 Sm <0.07 Ir 0.41 Ca 49.6
Hg Nd <0.07 Y 0.02 K £5.
Au  <0.09 Pr <0.06 Sr 0.16 a1
Pt Ce 0.02 Rb 0.02 44]
Ir <0.09 La <0.03 Br <0.12 26.2
0s <0.09 Ba <8.54 Se 1.49 Si 331
Re <0.09 Cs <0.003 As 0.55 Al <22.6
W <0.18 1 0.02 Ge 0.16 Mg 130
Ta Te <0.06 Ga <0.03 Na <127
Hf <0.08 Sb - <0.09 Zn 16.5
tu <0.08 Sn 0.77 Cu 2.18 212
Yb <0.08" In Ni  30.3 Be <0.07
Tm <0.08 Cd <0.12 Co 0.16 Li <0.23
Er <0.08 Ag Fe 99.2
Ho <0.07 Pd <0.05 Mn 27.6
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TABLE 10-17. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 306)
XAD-2 RESIN
(ug/m3)
U <2.45 Dy <1.68 Rh  <1.05 Cr 12.1
Th  <2.40 Tb <1.63 Ru <1.05 Vv 0.36
Bi <2.15 Gd <1.63 Mo 7.72 Ti 22.6
Pb 10.2 Eu <1.57 Nb 0.33 Sc
T <2.09 Sm <1.54 Ir 2.51 Ca 157
Hg Nd <1.49 Y 0.09 K 74. 4
Au <2.04 Pr <1.46 Sr 4.69 1
Pt Ce 0.47 Rb 0.30 S 3,030
Ir <1.98 La 0.24 Br 7.99 P 33.1
0s <1.96 Ba 13.5 Se 0.83 Si 276
Re <1.93 Cs 0.04 As 4.4]1 Al <634
W <1.90 I 0.28 Ge <0.74 Mg 4p.9
Ta Te <1.32 Ga <0.72 Na <248
Hf <1.85 Sb 0.36 Zn  38.6 F
Lu <1.79 Sn 5.51 Cu 119 B <2.76
Yb  <1.79 In Ni 113 Be  <0.01
Tm <1.74 Cd 0.85 Co 1.60 Li 0.07
Er <1.74 Ag Fe 99.2
Ho <1.71 Pd <1.10 Mn 3.03
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TABLE 10-18.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 306)

COMPOSITE SAMPLE*

(pg/m?)
U <0.61 Dy <0.41 Rh  <0.26 Cr 13.5
Th <0.58 Tb <0.41 Ru <0.26 Vv <0.33
Bi <0.52 Gd <0.41 Mo <7.17 Ti <0.80
Pb 1.07 Eu <0.39 Nb 0.003 Sc
T1 <0.52 Sm <0.39 ir 0.04 Ca <38.6
Hg Nd 0.06 Y <0.23 K 11.3
Au <0.50 Pr <0.36 Sr <0.17 Cl
Pt Ce 0.04 Rb  <0.06 132
Ir <0.50 La <0.36 Br 0.17 <21.2
0s <0.50 Ba 1.07 Se <1.79 Si  <71.7
Re <0.47 Cs <0.02 As <2.21 Al <9.37
W <0.47 I 0.05 Ge <0.18 Mg 4.69
Ta Te <0.33 Ga <0.18 Na <386
Hf <0.44 Sb <0.18 in 6.34
Lu <0.44 Sn <55.1 Cu <6.06 <0.13
Yb <0.44 In Ni 16.5 Be <0.003
Tm <0.44 Cd 0.30 Co 0.50 Li <0.01
Er <0.41 Ag Fe 35.8
Ho <0.41 Pd <0.27 Mn <11.0

*Composite of HNO; module wash, condensate, and the Hy0, impinger.
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TABLE 10-18.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 306)

TOTAL SASS
(ng/m®)

U <3.03 Dy <2.15 Rh  <1.38 Cr 33.1
Th  <3.03 Tb <2.12 Ru «<1.35 v 0.38
Bi <2.76 Gd <2.09 Mo 8.27 Ty 22.6
Pb  11.3 Eu <2.01 Nb 0.33 Sc
Tl <2.73 Sm <2.01 Ir 3.03 Ca 207
Hg Nd 0.06 to 1.54 Y 0.10 to 0.23 K 141
Au <2.62 Pr <1.87 Sr 4.96 C1
Pt Ce 0.52 Rb 0.33 S 3,580
Ir <2.56 La 0.24 Br 7.99 P 57.9
0s <2.54 Ba 14.6 Se 2.29 Si 634
Re <2.48 Cs 0.04 As 4.96 Al <662
W <2.54 I 0.36 Ge 0.16 to 0.94 Mg 182
Ta Te <1.71 Ga <0.94 Na <744
Hf  <2.37 Sb 0.36 Zn 60.6 F
Lu <2.32 Sn 6.34 to 55.1 Cu 119 B 212
Yb <2.32 In Ni 157 Be <0.08
Tm <2.26 Cd 1.16 Co 2.26 Li 0.07 to C.
Er <2.23 Ag Fe 237
Ho <2.21 Pd <1.41 Mn  30.3
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TABLE 10-20.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 307)

FUEL

(ppm)
U  <0.48 Dy  <0.33 Rh  <0.21 Cr 0.72
Th  <0.46 Tb  <0.32 Ru  <0.20 v 0.13
Bi  <0.42 6d  <0.31 Mo  0.14 Ti  <0.32
P <2.2 Eu  <0.30 Nb  0.020 Sc
T1 <0.41 Sm <0.30 Ir  <0.18 Ca  <5.1
Hg Nd  <0.29 Y  <0.18 K T,
Au  <0.39 Pr <0.28 Sr o <0.14 C1
Pt Ce  <0.28 Rb  <0.024 S 210
Ir  <0.38 la  <0.28 Br  <0.29 p <2.2
0s <0.38 Ba  <0.21 Se <0.16 Si <69
Re <0.37 Cs  <0.27 As  <0.13 A <2.4
W <0.37 I 0.40 Ge <0.15 Mg  <3.0
Ta Te  <0.26 Ga <0.14 Na <22
Hf  <0.36 Sb 0.12 In  <9.6
Lu  <0.35 Sn <0.45 Cu 31 <0.11
Yb  <0.35 In Ni 22 Be  <0.0067
Tm  <0.34 Cd  <0.22 Co 0.18 Li  <0.023
Er <0.33 Ag Fe <17
Ho <0.33 Pd  <0.21 Mn  16.0
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TABLE 10-21.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 307)
FILTER CATCH

(ng/m®)
U <0.11 Dy <0.07 Rh  <0.05 Cr 2.78
Th  <0.10 Tb <0.07 Ru <0.05 v 0.01
Bi <0.09 Gd <0.07 Mo 0.74 Ti <1.29
Pb 19.1 Eu <0.07 Nb  <0.003 Sc
T1  <0.09 Sm <0.07 Ir 0.14 Ca <20.7
Hg Nd <0.06 Y <0.003 K <11.0
Au  <0.09 Pr <0.06 Sr 0.06 a1
Pt Ce <0.01 Rb  <0.02 S <26.2
Ir <0.09 La <0.01 Br <0.11 p 6.15
0s <0.09 Ba <0.84 Se 1.04 Si <2.30
Re <0.09 Cs <0.003 As 0.32 Al <0.06
W <0.01 I 0.01 Ge <0.03 Mg <0.81
Ta Te <0.06 Ga <0.03 Na <1.23
Hf <0.08 Sb <0.02 In 9.39 F
Lu <0.08 Sn 0.17 Cu <2.14 B <7.12
Yb <0.08 In Ni  <0.55 Be <0.003
Tm  <0.07 Cd 0.27 Co <0.13 Li <0.01
Er <0.07 Ag Fe <45.3
Ho <0.07 Pd <0.05 Mn 4.53
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TABLE 10-22.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 307)

XAD-2 RESIN
(ng/m3)

U  <2.04 Dy  <1.39 Rh  <0.87 Cr  <0.32
Th <2.01 T <1.36 Ru <0.87 v <0.02
Bi <1.81 Gd  <1.36 Mo <0.01 Ti 0.03
Pb 0.10 Eu  <1.33 Nb  <0.81 Sc
1 <1.75 Sm  <1.29 Ir  <0.78 Ca <17.5
Hg Nd  <1.23 Y  <0.78 K <30.1
Au  <1.72 Pr <1.23 Sr <0.05 C
Pt Ce <1.20 Rb <0.003 S <236
Ir <1.65 ta <1.20 Br  <0.07 P <19.7
0s <1.65 Ba  <0.11 Se  <0.68 Si  <48.6
Re <1.62 Cs <1.13 As  <0.03 A1 453
W <1.59 1 <1.10 Ge <0.62 Mg <35.6
Ta Te  <1.10 Ga <0.62 Na 518
Hf <1.55 Sb <0.01 In  <8.42
Lu <1.52 Sn <0.06 Cu <8.42 <19.4
Yb <1.49 In Ni  <0.07 Be <1.20
Tm <1.46 Cd  <0.97 Co <0.01 Li 0.07
Er <1.46 Ag Fe <«3.88
Ho <1.42 Pd  <0.91 Mn  <0.32
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TABLE 10-23.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 307)

COMPOSITE SAMPLE*

(hg/m?)
U <0.94 Dy <0.65 Rh  <0.39 Cr 4.86
Th  <0.91 Tb <0.62 Ru <0.39 v <0.49
Bi <0.81 Gd <0.62 Mo 3.11 Tq 0.55
Pb 3.56 Eu <0.58 Nb  <0.36 Sc
T1  <0.81 Sm <0.58 Ir <0.10 Ca <80.9
Hg Nd <0.55 Y 0.02 K <14.6
Au  <0.78 Pr <0.55 Sr 0.29 C1
Pt Ce <0.11 Rb 0.11 S <149
Ir <0.74 La <0.55 Br <0.30 P 3.14
0s <0.74 Ba 0.52 Se 0.71 Si <149
Re <0.74 Cs <0.003 As  <1.55 Al 5.50
W <0.71 I <0.49 Ge <0.28 Mg <5.18
Ta Te <0.49 Ga <«0.27 Na <117
Hf <0.71 Sb <0.12 Zn <11.7
Lu <0.68 Sn <23.6 Cu 2.85 0.45
Yb <0.68 In Ni 35.6 Be <0.003
Tm <0.65 Cd <1.04 Co 0.65 Li <0.0¢
Er <0.65 Ag Fe 32.4
Ho <0.65 Pd <0.42 Mn  <6.80

*Composite of HNOg module wash, condensate, and the H,0, impinger.
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TABLE 10-24.

SPARK SOURCE MASS SPECTROSCOQPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 307)

TOTAL SASS
(ng/m3)
U <3.11 Dy  <2.10 Rh  <1.33 Cr 7.45
Th  <3.01 b <2.07 Ru  <1.33 v 0.01 to 0.49
Bi <2.72 Gd  <2.04 Mo  3.88 Ti 0.58 to 1.29
Pb  23.0 Eu  <1.97 Nb  <1.17 Sc
Tl <2.65 Sm<1.94 Zr  0.14 to 0.87 Ca <120
Hg Nd  <1.88 Y 0.02 to 0.78 K  <GE.D
Au  <2.56 Pr  <1.84 Sr 0.36 Cl
Pt Ce  <1.33 RO 0.11 <421
Ir  <2.49 la <1.75 Br  <0.49 9.39 to 19.7
Os  <2.46 Ba 0.52 Se  1.75 Si <201
Re <2.43 Cs 0.003 to 1.13 As  0.32 to 1.59 Al 453
W <2.33 I 0.0l to1.59 Ge <0.94 Mg <42.1
Ta Te  <1.65 Ga <0.91 Na 518
Hf  <2.33 Sh <0.15 Zn  9.39 to 20.1 F
lu <2.27 Sn 0.17 to 23.6 Cu  2.85 to 10.7 B 0.45 to 26.5
Yb  <2.23 In - Ni  35.6 Be  <0.003 to 1.20
Tm  <2.20 Cd 0.27 to 2.01 Co  0.65 Li 0.07
Er  <2.17 Ag Fe 32.4
Ho <2.14 Pd  <1.39 Mn  4.53
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TABLE 10-25.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 308)

FUEL
(ppm)

Th
Bi

Pb
T1

Hg
Au
Pt
Ir
Os
Re

Ta
Hf
Lu
Yb
Tm
Er
Ho

<0.
<0.
<0.

<0.

<0.

<0.
<0.
<0.
<0.

<0.
<0.
<0.
<0.
<0.
<0.

48
46
42

41

39

38
38
37
37

35
35
34
33
33

Dy
Tb
Gd
Eu
Sm
Nd
Pr
Ce
La
Ba
Cs

Te
Sb
Sn
In
Cd
Ag
Pd

<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

33
32
31
30
30
29
28
28
28
40
27
25
26

0.46

<0.

<0.

22

21

Rh
Ru
Mo
Nb
Ir

Sr
Rb
Br
Se
As
Ge
Ga
n
Cu
Ni
Co
Fe
Mn

<0.
<0.

21
20

0.32
0.028
0.11

<0.
.066
<0.
<0.
<0.
<0.
<0.
<0.

18

032
57
16
35
15
14

42.0
43.0

.27
<22.
<0.

40

(81}

<0.053

(G230 ¢ 6]

(e ) 0D

[ R 6 B V5]

.C18

.0z2
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TABLE 10-26.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 308)

FILTER CATCH

(hg/m?)
U <0.13 Dy <0.09 Rh <0.06 Cr 1.03
Th <0.13 Tb <0.09 Ru <0.06 v <0.07
Bi 0.06 Gd <0.09 Mo 0.43 Tid <2.20
Pb <26.6 Eu <0.09 Nb <0.003 Sc
T <0.12 Sm <0.09 Ir <0.47 Ca <43.30
Hg Nd <0.08 Y <0.003 K <16.0
Au <0.11 Pr <0.08 Sr 0.47 C1
Pt Ce <0.08 Rb 0.03 S 253
Ir <0.11 La <0.08 Br <0.26 P <2.33
Os <0.11 Ba <8.99 Se 1.73 Si <183
Re <0.11 cs <0.003 As 0.27 Al <15.0
W <0.02 1 0.06 Ge <0.04 Mg <11.3
Ta Te <0.07 Ga <0.04 Na 167
Hf <0.10 Sb <0.10 Zn 14.0 F
Lu <0.10 Sn 70.0 Cu <4.33 B <2.07
Yb <0.10 In Ni <9.66 Be <0.003
Tm <0.10 Cd <0.30 Co <0.08 Li <0.01
Er <0.08 Ag Fe <15.0
Ho <0.09 Pd <0.06 Mn 0.50
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TABLE 10-27. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 308)
XAD-2 RESIN
(rg/m3)

u <1.60 Dy <1.10 Rh <0.70 Cr <13.0
Th <1.57 Tb <1.07 Ru <0.80 v 12.3
Bi <1.40 Gd <1.07 Mo <2.13 T4 <1.20
Pb 17.0 Eu <1.03 Nb <0.63 Sc

T <1.37 Sm <1.00 Ir <0.60 Ca <766
Hg Nd <1.10 Y <0.60 K 117
Au <1.33 Pr <0.93 Sr <4.33 C1
Pt Ce <0.93 Rb <0.26 1,370
Ir <1.30 La <0.93 Br 1.60 <70.0
0s <1.37 Ba <13.0 Se <0.53 Si <190
Re <1.27 Cs <0.90 As 0.90 Al <147
" <1.23 I <0.86 Ge <0.50 Mg 83.3
Ta Te <0.86 Ga <D.47 Na 466
Hf <1.43 Sb <0.83 In  <66.6 F
Lu <1.17 Sn <1.67 Cu 33.3 B 46.6

- Yb <1.17 In Ni  <66.6 Be <0.02
Tm <1.13 Cd 0.77 Co <1.00 Li 2.90
Er <1.13 Ag Fe <99.9
Ho <1.10 Pd <0.70 Mn 4.00
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TABLE 10-28. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 308)
COMPOSITE SAMPLE*

(ng/m®)
U <0.90 Dy <0.60 Rh <0.40 Cr <4.,00
Th <0.87 Tb <0.60 Ru <0.37 v <0.06
Bi <0.80 Gd <0.60 Mo <1.40 Ti 0.17
Pb <1.90 Eu <0.57 Nb 0.01 Sc
T <0.77 Sm <0.57 Ir <0.02 Ca <50.0
Hg Nd <0.53 Y <0.33 K <13.0
Au <0.73 Pr <0.01 Sr <0.33 1
Pt Ce <0.07 Rb 0.03 S 143
ir <0.73 La <0.53 Br <0.06 P 2.56
0s <0.73 Ba <0.43 Se <0.16 Si <99.9
Re <0.70 Cs <0.01 As 0.80 Al <8.33
W <0.70 1 <0.43 Ge <0.27 Mg <5.00
Ta Te <0.47 Ga <0.26 Na 53.3
Hf <0.67 Sb <0.11 Zn <16.7
Lu <0.67 Sn <15.66 Cu <3.66 B <0.04
Yb <0.67 In Ni 3.66 Be <0.003
Tm <0.63 Cd 4.33 Co <0.70 Li 0.06
Er <0.63 Ag Fe 15.32 '
Ho <0.63 Pd <0.40 Mn <4.33

*Composite of HNOg module wash, condensate, and the H0, impinger.
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TABLE 10-29. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL-FUELED GAS TURBINES (SITE 308)

TOTAL SASS
(ng/m®)

U <2.63 Dy <1.80 Rh <1.13 Cr 1.03 to 1%5.
Th <2.56 Tb <1.77 Ru <1.23 v 12.3
Bi 0.06 to 2.20 Gd <1.73 Mo 0.43 to 3.66 Ti 0.17 to 3.
Pb 17.0 Eu <1.67 Nb  0.01 to 0.63 Sc
T <2.27 Sm <1.67 Ir <1.10 Ca <866
Hg Nd <1.73 Y 0.003 to 0.93 K 117
Au <2.17 Pr <1.03 Sr 0.47 to 4.66 1
Pt Ce <1.10 Rb  0.06 to 0.26 S 1770
Ir <2.13 La <1.53 _Br 1.60 P 2.56 to 70.
Os <2.20 Ba <22.3 Se 1.73 Si <466
Re <2.07 Cs <0.90 As 2.00 Al <170
W <1.97 I 0.06 to 1.27 Ge <0.80 Mg 83.3
Ta Te <1.40 Ga <0.77 Na 700
Hf <2.20 Sb <1.03 Zn -14.0 to 83.3 F
Lu <1.93 Sn 70.0 Cu 33.3 B 46.6
Yo o -<1.90 In ‘ Ni 3.66 to 73.3 Be <0.03
Tm <1.87 Cd 5.00 Co <1.77 Li 2.96
Er <1.87 Ag Fe 15.3 to 113
Ho <1.83 Pd <1.17 Mn 4.33
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TABLE 10-30. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 309)

FUEL
(ppm)

u <0.48 Dy <0.33 Rh  <0.21 Cr 1.5
Th <0.46 Tb <0.32 Ru <0.20 v 0.035
Bi <0.42 Gd <0.31 Mo 1.5 Ti <0.43
Pb 1.5 Eu <0.30 Nb 0.063 Sc
Tl  <0.41 - Sm <0.30 Ir <0.18 Ca <8.0
Hg Nd <0.29 Y <0.18 K <22
Au  <0.39 Pr <0.28 Sr  <0.092 1

- Pt Ce 0.012 Rb  <D.045 280
Ir <0.38 La <0.28 Br <0.39 <4.2
Os <0.38 Ba 0.21 Se <0.67 Si <33
Re <0.37 Cs 0.016 As <0.17 Al 2.
W <0.37 I 0.032 Ge <0.15 Mg <4.1
Ta Te <0.26 Ga <0.14 Na 50
Hf  <0.36 b 0.27 In 6.6 F
Lu <0.35 Sn 0.29 Cu 29 B <L.5
Yb <0.35 In ’ Ni 43 Be <0.048
Tm <0.34 Cd <0.15 Co 0.27 Li
Er <0.33 Ag Fe <22
Ho <0.33 Pd <0.21 Mn 0.94
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TABLE 10-31.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 309)
FILTER CATCH

(ng/m?)
U  <0.46 Dy <0.21 Rh  <0.07 Cr  16.5
Th  <0.67 Tb  <0.08 Ru  <0.33 v 0.1¢
Bi  <0.20 Gd  <0.21 Mo 5.26 Ti 3.52
Pb  <9.82 Eu  <0.09 Nb  <0.06 Sc
T1  <0.25 Sm <0.35 Ir 2.28 Ca 260
Hg Nd  <0.46 Y 0.03 K 59.6
Au  <0.34 Pr  <0.08 Sr 3.37 C1
Pt Ce <0.11 Rb 1.12 S 1,090
Ir  <0.53 la  <0.12 Br 0.42 P 140
0s <0.56 Ba  16.5 Se 1.61 i 3,510
Re <0.35 Cs 0.63 As 2.28 Al 91.2
W 0.26 I <0.31 Ge  <0.12 Mg 123
Ta Te  <0.26 Ga  <0.05 Na 337
Hf  <0.60 Sb 0.46 In  <8.07 F
Lu <0.14 Sn 2.74 Cu 8.42 B 63.0
Yb  <0.20 In Ni 137 Be
Tm  <0.12 cd  <0.32 Co 1.51 Li  <0.003
Er <0.35 Ag Fe 1,400
Ho <0.12 Pd  <0.26 Mn  26.7
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TABLE 10-32.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 309)

XAD-2 RESIN

(ng/m?)
U <3.51 Dy  <2.42 Rh  <1.54 Cr  <18.9
Th  <3.44 Tb  <2.35 Ru <1.51 v 2.49
Bi <3.12 Gd <2.35 Mo <1.86 Ti <2.18
Pb  28.4 Eu <2.25 Nb  <0.23 Sc
Tl <3.05 Sm <2.25 Ir  <0.63 Ca 102
Hg Nd <2.14 Y  <1.33 K 123
Au  <2.95 Pr <2.11 Sr <3.86 Cl1
Pt Ce  <0.95 Rb 0.20 4,910
Ir  <2.8% la  <0.35 Br  9.82 52.6
0s <2.84 Ba  <8.07 Se  <1.16 Si 491
Re <2.77 Cs 0.05 As  1.47 AT <91.2
W <2.74 I 3.86 Ge <1.09 Mg 561
Ta Te  <1.89 Ga <1.05 Na 772
Hf  <2.67 Sb <1.05 Zn  59.6 F
Lu <2.60 Sn 1.82 Cu 80.7 B 22.1
Yb  <2.56 In Ni <168 Be 0.06
Tm  <2.53 cd 3.86 Co 0.98 L3
Er <2.49 Ag Fe 182
Ho <2.46 Pd <158 Mn  9.82
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TABLE 10-33. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 309)
COMPOSITE SAMPLE*

(ng/m?)
U  <1.09 Dy  <0.74 Rh  <0.46 Cr  22.8
Th  <1.05 b <0.74 Ru <0.46 v <0.25
Bi  <0.95 Gd  <0.74 Mo  3.05 T 0.35
Pb 2.39 Eu  <0.70 Nb  <0.42 Sc
T1  <0.95 Sm <0.70 Ir  <0.42 Ca 807
Hg Nd  <0.67 Y  <0.42 K 7.72
Au  <0.91 Pr  <0.63 Sr 9.47 Ct
Pt Ce  <0.08 Rb  <0.04 S 1,540
Ir <0.88 la  <0.63 Br <0.33 P 3.86
0s <0.88 Ba 0.63 Se  <0.35 Si <77.2
Re <0.84 Cs  <0.60 As  <0.29 AT 27.7
W <0.84 I <0.60 Ge <0.33 Mg 5.26
Ta Te  <0.60 Ga <0.32 Na  59.6
Hf  <0.81 Sb <0.17 In 70.18 F
lu <0.81 Sn <30.9 Cu  3.30 B 0.84
Yb  <0.81 In Ni  24.9 Be  <0.00
Tm  <0.77 cd 2.39 Co 456 Li
Er <0.77 Ag Fe 73.7
Ho <0.77 Pd  <0.49 Mn  2.84

*Composite of HNO; module wash, condensate, and the H,0, impinger.
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TABLE 10-34.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 309)

TOTAL SASS
(ng/m3)

U <4.91 Dy <3.37 Rh <2.11 Cr 38.6
Th <5.26 Tb <3.16 Ru <2.32 v 2.67
Bi <4.21 Gd <3.26 Mo 8.07 Ti 3.86
Pb 30.9 Eu <3.05 Nb <0.70 Sc
T <4.21 Sm <3.30 Ir 2.28 Ca 1,190
Hg Nd <3.26 Y 0.03 to 1.72 K 200
Au  <4.21 Pr <2.81 Sr 12.6 C1
Pt Ce <1.12 Rb 1.33 s 7,370
Ir <4.21 La <1.09 Br 10.2 P 200
0s <4.21 Ba 17.2 Se 1.61 Si 4,210
Re <3.86 Cs 0.67 As 3.86 Al 119
W 0.26 to 3.51 1 3.86 Ge <1.54 Mg 667
Ta Te <2.74 Ga <1.40 Na 1,160
Hf <4.21 Sb 0.46 to 1.23 Zn 130 F
Lu <3.51 Sn 4.56 to 30.9 Cu 91.2 B 84.2
Yb <3.51 In Ni 161 Be 0.07
Tm <3.40 Cd 6.32 Co 456 Li
Er <3.51 Ag Fe 1,680
Ho <3.33 Pd <2.32 Mn 38.6
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TABLE 10-35. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 310)
FUEL
( ppm)

U <0.48 Dy  <0.33 Rh  <0.21 Cr 1
Th  <0.46 b <0.32 Ru  <0.20 v 0.11
Bi  <0.42 Gd  <0.31 Mo  0.61 Ti  <0.37
Pb  <5.1 Eu  <0.30 Nb  0.054 Sc
Tl <0.41 sm <0.30 Ir <0.18 Ca 3.3
Hg Nd  <0.29 Y  <0.18 K <17
Au  <0.39 Pr <0.28 Sr <0.16 CI
Pt Ce 0.046 Rb  0.097 0.15 ¢
Ir  <0.38 La  <0.28 Br  <0.49 6.0
Os  <0.38 Ba  <0.70 Se <0.16 §i <32
Re  <0.37 Cs 0.0099 As  <0.43 Al <4.5
W <0.37 I <0.25 Ge <0.15 Mg <5.0
Ta Te  <0.26 Ga <0.14 Na 23
Hf  <0.36 Sb <0.064 In 9.7 F
lu <0.35 Sn .<0.51 Cu 24 B <0.49
Yb  <0.35 In N 19 Be 0.0014
Tm  <0.34 Cd  <0.22 Co 0.36 Li 0.15
Er <0.33 Ag Fe <21
Ho <0.33! Pd  <0.21 Mn 1.2
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TABLE 10-36.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 310)
FILTER CATCH

(b g/m3 )
U <0.14 Dy <0.09 Rh  <0.06 Cr 1.12
Th <0.14 Tb <0.09 Ru <0.06 Vv <0.05
Bi <0.12 Gd <0.09 Mo 0.34 Ti <1.75
Pb 8.03 Eu <0.09 Nb  <0.05 Sc
T1  <0.12 Sm <0.09 Ir 0.20 Ca 119
Hg Nd <0.08 Y 0.01 K <22.7
Au  <0.12 Pr <0.08 Sr 0.45 C1
Pt Ce <0.02 Rb 0.06 S 1,470
Ir <0.11 La <0.02 Br <0.80 P 13.6
0s <0.11 Ba <1.54 Se <0.05 Si <122
Re <0.11 Cs <0.003 As 0.30 Al <21.7
W <0.11 I 0.02 Ge <0.04 Mg <27.6
Ta Te <0.07 Ga <0.04 Na 419
Hf  <0.10 Sb 0.06 Zn 15.4 F
Lu <0.10 Sn 0.25 Cu 1.50 ' B <14.7
Yb <0.10 In Ni  30.0 Be <0.02
Tm <0.10 Cd <0.07 Co <0.13 Li <0.13
Er- <0.10 Ag Fe <11.18
Ho <0.09 Pd <0.06 Mn <0.28
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TABLE 10-37. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 310)
XAD-2 RESIN
(pg/m®)

U <2.03 Dy <1.36 Rh  <0.87 Cr 8.72
Th <1.96 Tb <1.33 Ru <0.84 v 2.83
Bi <1.75 Gd <1.33 Mo 1.96 Ti 2.24
Pb  30.4 Eu <1.29 Nb <0.77 Sc
T <1.71 Sm <1.26 ir <0.77 Ca <349
Hg Nd <1.22 Y <0.73 K 147
Au <1.68 Pr <1.19 Sr 1.36 C1
Pt Ce 0.16 Rb 0.25 S <1,430
Ir <1.61 La <1.19 Br 2.31 p <45.4
O0s <1.61 Ba 3.14 Se <0.66 Si <83.8
Re <1.57 Cs <1.12 As <1.78 Al 87.8
W <1.54 I 0.98 Ge <0.63 Mg 27.%
Ta Te <1.08 Ga <0.59 Na 454
Hf  <1.50 Sb <1.01 In <87.3 F
Lu <1.47 Sn 3.35 Cu 59.4 B 11.2
Yb  <1.47 In Ni  29.3 Be 0.01
Tm <1.43 Cd 2.06 Co 0.30 Li .42
Er <1.40 Ag Fe 41.9
Ho <1.40 Pd <0.91 Mn 1.36
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TABLE 10-38.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 310)

COMPOSITE SAMPLE*

(ug/m3)
U <1l.36 Dy <0.94 Rh  <0.59 Cr 5.24
Th  <1.33 Tb <0.91 Ru <0.59 v <0.09
Bi  <1.22 Gd <0.91 Mo <1.29 Ty <0.25
Pb <1.75 Eu <0.87 Nb  <0.52 Sc
T <1.19 Sm <0.87 Ir  <0.52 Ca <136
Hg Nd  <0.84 Y  <0.52 K <11.5
Au  <1.15 Pr <0.80 Sr <0.22 c1
Pt Ce <0.04 Rb  <0.01 234
Ir <1.12 La <0.80 Br <0.45 <24.1
0s <1.08 Ba <0.49 Se <1.15 Si  <38.4
Re <1.08 Cs <0.77 As  <0.03 Al 21.0
W <1.05 I <0.16 Ge <0.42 Mg 11.9
Ta Te <0.73 Ga <0.42 Na <108
Hf  <1.05 Sb <0.25 Zn  10.83 F
tu  <1.01 Sn 41.9 Cu 2.58 B <0.49
Yb <1.01 In Ni  10.5 Be <0.05
Tm <0.98 Cd 0.25 Co <0.80 Li 0.014
Er <0.98 Ag Fe <76.8
Ho <0.94 Pd <0.63 Mn 3.84

*Composite of HNO; module wash, condensate, and the Ho0, impinger.
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TABLE 10-39. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 310)
TOTAL SASS
(ug/m*)
U <3.49 . Dy <2.41 Rh  <1.54 Cr 15.0
Th  <3.42 Tb <2.34 Ru <1.50 Vv 2.83
Bi <3.11 Gd <2.34 Mo 2.31 Ti 2.24
Pb  38.4 Eu <2.24 Nb <1.36 Sc
Tl <3.04 Sm <2.24 Ir 0.20 to 1.29 Ca 119 to 489
Hg Nd <2.13 Y 0.01 to 1.26 K 147
Au  <2.90 Pr <2.10 Sr 1.82 C1
Pt Ce 0.16 Rb 0.30 1,680
Ir <2.83 La <1.99 Br 2.31 13.6 to 6.4
0s <0.83 Ba - 3.14 Se <1.85 Si <244
Re <2.76 Cs <1.89 As 0.30 to 1.82 Al 119
W <2.72 I 0.98 Ge <1.08 Mg 38.4
Ta Te <1.89 Ga <1.05 Na 838
Hf + <2.65 Sb 0.06 to 1.26 Zn 26.2 to 87.3 F
Lu <2.58 Sn 45.4 Cu 62.9 B 11.2
Yb  <2.55 In Ni  69.9 Be 0.01 to G.08
Tm <2.51 Cd 2.31 Co 0.30 to 0.91 Li 0.42
Er <2.48 Ag Fe 41.9 to 87.3
Ho <2.44 Pd. <1.57 Mn 5.24
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TABLE 10-40.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 311)

FUEL

( ppm)
U <0.48 Dy  <0.33 Rh  <0.21 Cr 0.59
Th  <0.46 b <0.32 Ru  <0.20 v 0.023
Bi  <0.42 Gd  <0.31 Mo  0.14 Ti  <0.24
Pb <1.6 Eu  <0.30 Nb  <0.018 Sc
71 <0.41 Sm <0.30 Ir  <0.034 Ca 4.0
Hg Nd  <0.29 Y <0.18 K <3
A <0.39 Pr <0.28 Sr <0.20 C1
Pt Ce  <0.035 Rb 0.033 s 380
Ir  <0.38 la  0.0095 Br  <0.30 p 4.5
Os  <0.38 Ba  <0.62 Se  <0.19 $i <18
Re  <0.37 Cs  0.0031 As  <0.27 Al 3.1
W <0.37 I 0.10 Ge <0.15 Mg <18
Ta Te  <0.26 Ga <0.14 Na 240
HE  <0.36 Sb 0.44 In  <4.5
lu <0.35 sSn 0.32 Cu 19 B <0.23
Yb  <0.35 In Ni 28 Be  <0.0008
Tm  <0.34 cd  <0.085 Co  0.45 Li 0.024
Er <0.33 Ag 9.5Fe
Ho  <0.33 Pd  <0.21 Mn  0.24
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TABLE 10-41.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 311)

FILTER CATCH

(ug/m?)
U <0.11 Dy <0.08 Rh  <0.05 Cr 0.26
Th <0.11 Tb <0.07 Ru <0.05 Vv <0.03
Bi <0.10 Gd <0.07 Mo <0.15 Ti 2.0
Pb 8.65 Eu <0.07 Nb  <0.01 Sc
T <0.10 Sm <0.07 ir 0.28 Ca 27.0
Hg Nd <0.07 Y <0.04 K <2.77
Au  <0.10 Pr <0.07 Sr 0.18 C1
Pt Ce <0.07 Rb  <0.01 S 121
Ir <0.08 La <0.07 Br <0.05 P 4.50
0s <0.09 Ba <2.42 Se <0.04 Si 83.0C
Re <0.08 Cs <0.06 As 0.07 Al <4.15
W <0.09 I <0.06 Ge <0.03 Mg <4.50
Ta Te <0.06 Ga <0.03 Na 38.1
Hf <0.08 Sb 0.14 In 7.27 F
Lu <0.08 Sn <0.35 Cu <2.60 B 18.7
Yb <0.08 In Ni 10.7 Be <0.01
Tm <0.08 Cd <0.06 Co <0.07 Li <0.07
Er <0.08 Ag Fe <6.92
Ho <0.08 Pd <0.05 Mn  <0.12
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TABLE 10-42.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 311)

XAD-2 RESIN

(ug/m?)
U <1.76 Dy <1.21 Rh  <0.76 Cr <2.73
Th  <1.73 b <1.18 Ru  <0.76 Vo <0.24
Bi  <1.56 Gd  <1.18 Mo <1.18 Ti  <0.35
Pb 3.36 Eu  <1.14 Nb  <0.70 Sc
Tl <1.52 smo <1.11 Ir  <0.70 Ca <450
Hg NG <1.17 Y <0.66 K 9.9
Au  <1.49 pr <1.04 Sr <2.39 C1
Pt Ce  <1.04 Rb  <0.59 S 3,460
Ir  <1.45 la  <1.04 Br <14.2 P 51.9
Os <1.42 Ba <38.1 Se  <0.59 Si <107
Re  <1.38 Cs  <1.00 As  <1.11 Al <38.1
W <1.38 I <0.93 Ge <0.55 Mg <0.18
Ta Te  <0.97 Ga <0.52 Na <450
Hf  <1.35 sb <1.87 In  79.6
lu <1.31 Sn <1.90 Cu <58.8 B 0.33
Yb  <1.28 In - Ni <76.1 " Be  <0.07
Tm  <1.25 Cd  <3.46 Co  0.38 Li 0.15
Er <1.25 Ag Fe 256
Ho <1.25 Pd  <0.80 Mn  3.81
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TABLE 10-43.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 311)

COMPOSITE SAMPLE*

(Hg/m®)
U <1.52 Dy <1.04 Rh  <0.66 Cr <6.57
Th  <1.49 Tb <1.00 Ru <0.66 v <0.14
Bi <1.31 Gd <1.00 Mo <0.52 Ti <l.14
Pb  <5.54 Eu <0.97 Nb  <0.59 Sc
T1  «<1.31 Sm <0.97 Ir  <0.59 Ca <8b6.5
Hg Nd <0.90 Y <0.55 K <18.0
Au <1.25 Pr <0.90 Sr <0.35 a1
Pt Ce 0.03 Rb <0.04 S 1,830
Ir <1.21 La <0.90 Br <0.26 P <1l.1
0s <1.21 Ba <0.72 Se <0.52 Si  <86.5
Re <1.18 Cs <0.83 As <0.16 Al <17.0
W <1.18 I <0.24 Ge <0.45 Mg <0.16
Ta Te <0.80 Ga <0.45 Na <235
Hf <1.14 Sb <0.27 In <58.8 F
Llu  <1.11 Sn <69.2 Cu <10.7 B 1.9¢
Yb <111 In Ni <14.9 Be  <0.0C3
Tm <1.07 Cd 0.59 Co <0.87 Li ¢.C3
Er <1.07 Ag Fe <83.0
Ho <1.04 Pd <0.69 Mn <11.8

*Composited HNO; module wash, condensate, and the Hy0, impinger.

10-48



TABLE 10-44.
DISTILLATE OIL

SPARK SOURCE MASS SPECTROSCOPY
RECIPROCATING ENGINE (SITE 311)

TOTAL SASS
(ug/m3)

U <3.39 Dy <2.32 Rh  <1.49 Cr 0.26 to 9.34
Th <3.32 Tb <2.28 Ru <1.45 v <0.42
Bi <2.98 Gd <2.25 Mo <1.83 Ti <3.46
Pb 3.36 to 14.2 Eu <2.18 Nb <1.28 Sc
1 <2.91 Sm <2.15 Ir 0.28 to 1.25 Ca 27.0 to 519
Hg Nd <2.08 Y <1.28 K Q5
Au  <2.80 Pr <2.01 Sr 0.18 to 2.73 (1
Pt Ce 0.03 to 1.11 Rb  <0.62 S 5,540
Ir <2.73 La <1.97 Br <14.5 P 55.4
0s : <2.73 Ba <«41.5 Se <1.14 Si 83.0 to 194
Re <2.66 Cs <1.80 As 0.07 to 1.28 Al <58.8
W <2.63 I <1.25 Ge <1.04 Mg <4.84
Ta Te <1.83 Ga <1.0 Na 38.1 to 692
Hf  <2.56 Sb 0.14 to 2.15 Zn 86.5
Lu <2.48 Sn <72.7 Cu <72.7 21.1
Yb <2.46 In Ni 10.7 to 90.0 Be <0.003 to 0.08
Tm <2.42 Cd 0.59 to 3.81 Co 0.38 to 0.93 Li 0.18
Er <2.39 Ag Fe 256
Ho <2.35 Pd <1.52 Mn 3.81 to 11.8
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TABLE 10-45. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 312)
FUEL
(ppm)
U <0.48 Dy <0.33 Rh <0.21 Cr 1.4
Th <0.46 Tb <0.32 Ru <0.20 \ 0.034
Bi <0.42 Gd <0.31 Mo .46 Ti <0.83
Pb <7.4 Eu <0.30 Nb 0.06 Sc
T <0.41 Sm <0.30 Ir <0.041 Ca 6.0
Hg Nd <0.29 Y <0.18 K <8.1
Au <0.39 Pr <0.28 Sr <0.12 C1
Pt Ce <0.28 Rb 0.047 ) 600.0
Ir <0.38 La <0.28 Br <0.18 P <4.0
Os <0.38 Ba 0.58 Se <0.16 Si <16.0
Re <0.37 Cs 0.0078 As <0.15 Al <5.0
W <0.37 1 0.087 Ge <0.15 Mg <3.9
Ta Te <0.26 Ga <0.14 Na <67.0
Hf <0.36 Sb ‘1.5 In 17.0 F
Lu <0.35 Sn 0.45 Cu 11.0 B <0.19
Yb <0.35 In Ni 20.0 Be <0.0004
Tm <0.34 Cd <0.24 Co 0.16 Li 0.033
"~ Er <0.33 Ag Fe <15.0
Ho <0.33 Pd <0.21 “‘Mn 0.89
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TABLE 10-46.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 312)

FILTER CATCH

(ng/m3)
u <0.12 Dy <0.08 Rh <0.05 Cr 1.44
Th <0.12 Tb <0.08 Ru <0.05 v 0.16
Bi <0.11 Gd <0.08 Mo 0.90 Ti 2.27
Pb 46.7 Eu <0.08 Nb <0.05 Sc
T <0.10 Sm <0.08 ir 0.50 Ca 534
Hg Nd <0.07 Y 0.02 K 18.4
Au <0.10 Pr <0.07 Sr 5.01 C1
Pt Ce 0.04 Rb 0.05 s 3,300
Ir <0.10 La <0.06 Br 0.47 P 17.4
0s <0.10 Ba 11.02 © Se 0.37 si 434
Re <0.09 Cs <0.003 As 1.60 Al <26.7
W <0.09 1 0.04 Ge <0.04 Mg 23.7
Ta Te <0.06 Ga <0.04 Na  <76.89
Hf <0.09 Sb 0.50 In 50.1 F
Lu <0.09 Sn 3.67 Cu 7.01 B 20.7
Yb <0.09 In o Ni 110 Be <0.003
Tm <0.09 cd 0.53 Co 0.53 Li <0.37
Er <0.09 Ag Fe 1,000
Ho <0.08 Pd <0.05 Mn 13.4
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_TABLE 10-47. SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 312)
XAD-2 RESIN
(ng/m3)

u <2.30 Dy <1.57 Rh  <1.00 Cr <8.01
Th <2.24 b <1.54 Ru  <0.97 v <0.21
Bi <2.00 Gd <1.50 Mo 2.24 Ti 1.24
Pb <17.4 Eu <1.47 Nb  <0.90 Sc

T <1.97 Sm <1.44 Ir  <0.87 Ca <401

Hg Nd <1.40 Y <0.87 K <321

Au <1.90 Pr <1.37 Sr <6.01 C1

Pt Ce <1.34 Rb <0.37 S <935

Ir <1.84 La <1.34 Br  <3.14 p <70.1
0s <1.84 Ba <18.7 Se 2.00 S <70.1
‘Re <1.80 Cs <1.27 As  <1.00 Al <21.0
W <1.77 1 <1.24 Ge <0.70 Mg <66.8
Ta - Te <1.24 Ga  <0.67 Na <367

Hf  <1.70 Sb <0.83 In  15.36

Lu <1.67 sn <2.47 Cu  <36.7 <7.01
Yo <1067 In o NI <96.8 Be <0. 0¢
™ <1.64 cd 2.34 Co  <1.04 L <2.1¢
Er <1.60 Ag Fe 174

Ho <1.57 Pd <1.04 Mn  <26.04
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TABLE 10-48.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 312)
COMPOSITE SAMPLE*

(ng/m*)
U <1.27 Dy <0.87 Rh <0.57 Cr 3.27
Th <1.24 Tb <0.87 Ru <0.53 Vv 0.06
Bi <1l.14 Gd <0.83 Mo 0.73 T <5.68
Pb 1.94 Eu <0.80 Nb 0.11 Sc
m <1.10 Sm <0.80 Ir <0.50 Ca <73.5
Hg Nd <0.77 Y <0.47 K <11.0
Au <1.07 Pr <0.77 Sr 0.33 C1
Pt Ce <0.77 Rb 0.02 S 4,340
Ir <1.04 La <0.73 Br <0.60 P <5.01
Os <1.04 Ba <1.30 Se 4.67 Si <20.4
Re <1.00 Cs 0.02 As 0.11 Al <28.0
W <1.00 1 0.60 Ge <0.40 Mg <13.4
Ta Te <0.67 Ga <0.37 Na <110
Hf <0.97 Sb 0.63 In 30.1
Lu <0.93 Sn <32.1 Cu <9.35 6.01
Yb <0.93 In NI <7.01 Be 0.003
Tm <0.90 Cd 1.54 Co 0.33 Li 0.02
Er <0.90 Ag Fe <56.8
Ho <0.87 Pd <0.57 Mn <7.35
*Composite of HNO; module wash, condensate, and the H,0, impinger.
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TABLE 10-49,

Th
Bi
Ph
Tl

Au
Pt
Ir
Os
Ke

Ta
Hf
Lu
Yb
Tm
Er
Ho

<3.
.67
<3.
50.
<3.

<3.

<2.
<2.
<Z.
<2.

b7

24

17

04

97

94

87
84

L1
.70
.67
.60
. 60
.54

Tb
&d
Eu
Sm
Nd
Pr
Ce
La
Ba
Cs

Te
Sb
Sn

SPARK SOURCE MASS SPECTRQOSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 312)

TOTAL SASS
(ug/m3)
<2. 50 Rh <1.60 Cr 4.67
<2.47 Ru <1.57 Vv .27
<2.44 Mo 4.01 Ti 3.67
<2.37 Nbo 0.1l to 0.93 5c
<2.34 Zr  0.50 to 1.37 Ca 534 |
<2.24 Y 0.20 to 1.34 K 18.4 to 33
<2.17 Sr 5.34 €l
0.04 to 2.10 Rb  0.07 to 0.37 S 7,680
<Z2.14 Br 0.47 to 3.67 P 17.4 to 76
11.0 Se 7.01 51 434
0.02 to 1.27 As 1.70 Al <76.8
0.67 Ge <l.14 Mg 23.7 to 8.
<1.97 Ga <1.07 Na <534
1.10 Zn 93.5 F
3.67 to 33.4 Cu  7.01 to 46.7 B 26.7
Ni 110 Be 0.603 to 0.0
4,34 Co 0. 87 L7 0.02 to 2.¥§
fe 1,170
<1.64 Mn 13.4 to 33.4
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TABLE 10-50.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 313)

FUEL
(ppm)

Th
Bi
Pb
Tl
Hg
Au
Pt
Ir
Os
Re

Ta
Hf
Lu
Yb
Tm
Er
Ho

<0.
<0.
<0.
<3.
<0.

<0.

<0.
<0.
<0.
<0.

<0.
<0.
<0.
<0.
<0.
<0.

48
46
42

41

39

38
38
37
37

36
35
35
34
33
33

Dy
Tb
Gd
Eu
Sm
Nd
Pr
Ce
La
Ba
Cs

Te
Sb
Sn

In~

Cd
Ag
Pd

<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

<0.
<0.
<0.
.21
<0.

<0.

<0.

33
32
31
30
30
29
28
28
28

27

25
26

48

30

21

Rh
Ru
Mo
Nb
Ir

Sr
Rb
Br
Se
As
Ge
Ga
In
Cu
Ni
Co
Fe
Mn

<0.
<0.
<0.
<0.
<0.
<0.
.089
<0.
<0.
<0.
<0.
<0.
<0.

21
20
15
19
18
18

025
16
16
047
15
14

<7.2
19.0

<0.
<25.
<0.

097
0
62

Cr

Ti
Sc
Ca

Ct

Si
Al
Mg
Na

Be
Li

<0.17
<0.058
<0.23

32.0
<30.0

330.0
5.4
<37
2.6
<18
<56

<0.89
0.0013
0.091
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TABLE 10-51.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 313)

FILTER CATCH

(ug/m*)
U <0.16 Dy <0.11 Rh  <0.07 Cr 1.00
Th <0.16 Tb <0.11 Ru  <0.07 v 0.03
Bi 0.04 Gd <0.11 Mo 0.27 Ti <z.16
Pb 12.3 Eu <0.10 Nb <.003 Sc
T <0.14 Sm <0.10 Zr 0.26 Ca 395 |
Hg Nd 0.01 Y .003 K 10. 30
Au <0.13 pr <.003 Sr 2.13 cl
Pt Ce <0.03 Rb 0.03 432 |
Ir <0.13 La <0.01 Br  <0.37 .31
Os <0.13 Ba <8.30 Se  <0.04 Si <198
Re <0.13 Cs <.003 As 0.40 Al <31.9
W <0.02 1 0.01 Ge  <0.05 Mg <0.02
Ta Te <0.09 Ga  <0.05 Na <126
HE <0.12 Sb 0.09 In  59.8
Lu <0.12 Sn 1.93 Cu 4.65 <432
Yb <0.12 In NI 25.91 Be <. 00!
Tm <0.11 cd 0.08 Co  <0.22 Li <. 04
Er <0.11 Ag Fe 116 §
Ho <0.11 Pd <0.07 Mn <1.23
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TABLE 10-52.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 313)

XAD~2 RESIN
(ng/m3)

u <1.96 Dy <1.33 Rh <0.86 Cr <2.82
Th <1.93 Tb <1.30 Ru <0.83 v 0.13
Bi <1.73 Gd <1.30 Mo 1.36 Ti 1.10
Pb 17.9 Eu <1.26 Nb <0.76 Sc
T1 <1.69 Sm <1.23 Ir <0.76 Ca <332
Hg Nd <1.20 Y <0.73 K <229
Au <1.63 Pr <1.16 Sr 1.50 ¢1
Pt Ce <1.16 Rb 0.33 1,160
Ir <1.59 La <1.13 Br 5.98 <59.8
Os <1.56 Ba <15.3 Se <2.43 Si <59.8
Re <1.53 Cs <1.10 As <1.23 Al <21.6
W <1.53 I 0.23 Ge <0.60 Mg <59.8
Ta Te <1.06 Ga <0.56 Na <1,230
Hf <1.46 Sb 0.37 In <43.2
Lu <1.43 Sn 0.90 Cu <79.7 2.96
Yb <1.43. In Ni 23.6 Be <0.01
Tm <1.40 Cd 6.31 Co 0.70 Li <0.47
Er <1.36 Ag Fe 7,970
Ho <1.36 Pd <0.86 Mn 6.31
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TABLE 10-53.

SPARK SOURCE MASS SPECTROSCOPY
DISTILLATE OIL RECIPROCATING ENGINE (SITE 313)
COMPOSITE SAMPLE*

(ng/m3)

] <1.26 Dy <0.86 Rh <0.53 Cr 7.6
Th <1.23 Tb <0.83 Ru <0.53 Vv 0.2z
Bi <1.10 Gd <0.83 Mo 1.73 Ti 0.1¢8
Pb 4.65 Eu <0.80 Nb <0.50 Sc
T1 <1.06 Sm <0.80 Ir <0.47 Ca 49.8
Hg Nd <0.76 Y <0.47 K 11.6
Au <1.03 Pr <0.73 Sr 0.40 C1
Pt Ce <0.73 Rb 0.05 10,300
Ir <1.00 La <0.73 Br 0.56 8.47
Os <1.00 Ba <1.57 Se 15.3 Si 15.0
Re <0.96 Cs 0.06 As 0.11 Al 36.5
W <0.96 I 0.29 Ge <0.37 Mg 10.6
Ta Te <0.66 Ga <0.37 Na <56.5
Hf <0.93 Sb 1.59 In 39.87 F
Lu <0.93 Sn 53.7 Cu 8.31 B 1.4¢
Yb -<0.90 In Ni 19.9 Be <0.0¢
Tm <0.90 Cd 2.62 Co 1.06 Li 0.0¢%
Er <0.90 Ag Fe 326
Ho <0.86 Pd <0.56 Mn 7.64

of HNO; module wash, condensate, and the Hy0, impinger.

*Composite
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TAB_E 10-54.

SPARK SOURCE MASS SPECTROSCOPY

DISTILLATE OIL RECIPROCATING ENGINE (SITE 313)

- Ta

TOTAL SASS
(ug/m?)

U <3.32 Dy <2.29 Rh <1.46 Cr 8.64
Th <3.29 Tb <2.26 Ru <1.43 ' 0.37
Bi 0.04 to 2.82 Gd <2.23 Mo 3.32 Ti 1.26
Pb 36.54 Eu <2.16 Nb <1.26 Sc
T <2.89 Sm <2.13 Ir 0.26 to 1.23 Ca 432
Hg Nd 0.01 to 1.96 Y 3.32(-03) to 1.20 K. 21.9 to 229
Au <2.79 Pr <1.89 Sr 3.99 C1
Pt Ce <1.93 Rb 0.40 S 12,000
Ir <2.72 La <1.89 Br 6.31 P 15.3 to 59.8
0Os <2.69 Ba <26.2 Se 15.3 Si 15.0 to 259
Re <2.62 Cs 0.06 to 1.10 As 0.50 to 1.23 Al 36.5
W <2.49 1 0.53 Ge <1.03 Mg 10.6 to 59.8

Te <1.79 Ga <1.00 Na <1,400
Hf <2.52 Sb 2.06 In 103 F
Lu <2.49 Sn 56.5 Cu 13.0 to 79.7 B 4.32
Yb <2.46 In Ni 69.8 Be 0.003 to 0.01
Tm <2.39 Cd 8.97 Co 1.76 Li 0.06 to 0.02
Er <2.36 Ag Fe 8,640
Ho <2.33 Pd <1.50 Mn 13.6
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TABLE 10-55. ATOMIC ABSORPTION ANALYSIS
SASS TRAIN
DISTILLATE OIL-FUELED GAS TURBINE SITE 111

Sample As Hg Sb
Particulate (pg) <19 <0.3 <23
XAD-2 (ug) <110 3.1 <37
Impingers

Composite* (pg) <23 2.5 <76

APsT (ug) 18 1 6.4
Total catch (ug) 18-170 5.7 6.4-140
Fuel feed (ug/G) <0.015 0.04 <0.025

*Composite of HNO; module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.
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TABLE 10-56. ATOMIC ABSORPTION ANALYSIS
SASS TRAIN
DISTILLATE OIL-FUELED GAS TURBINE SITE 112

Sample As Hg Sb
Particulate (pg) x 0.2 <0.98
XAD-2 (ug) 60 42 400
Impingers

CompositeT (ug) <31 1.9 10

apst (ug) <18 0.85 <6
Total catch (ug) 60-110 45 410
Fuel feed (ug/G) <0.015 0.48 <0.25

X
Blank values equal to or slightly higher than sample concentrations.
TComposite of HNO3 module wash, condensate, and the H,0, impinger.

YThe second impinger containing ammonium persulfate (APS) and silver
nitrate and the third impinger containing APS.
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TABLE 10-57. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL-FUELED GAS TURBINE SITE 306
(ppm)

Sample As Hg Sb
Particulate (ug) <0.13 <0.02* <0.13
XAD-2 (ug) <1.3 <5. 6 58
Impingers

Composite! (ug) <0.92 <0.92 <0.92

apst (ug) <0.98 <20 <0.98
Total catch (ug) <3.3 <27 60
Fuel feed (ug/G) 0.097 0.024 0.0097

S
Blank values equal to or higher than samples.
TComposite of HNO; module wash, condensate, and the H,0, impinger.

lrThe second impinger containing ammonium persulfate (APS) and silver
nitrate and the third impinger containing APS.

TABLE 10-58. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL-FUELED GAS TURBINE SITE 307
(ppm)

Sample As Hg Sb
Particulate (ug) <0.01 <0.01* 5.4
XAD-2 (ug) <1.2 <5.4% 55
Impingers

Composite* (pg) <1.2 <24 <1.2

apst (ug) <1.0 <21 <1.0
Total catch (ug) <3.4 <50 63
Fuel feed (ug/G) 0.099 0.007 0.099

=
Blank values equal to or higher than samples.
Eomposite of HNOg; module wash, condensate, and the H,0, impinger.

*The second impinger containing ammonium persulfate (APS) and silver
nitrate and the third impinger containing APS.
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TABLE 10-59. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL-FUELED GAS TURBINE SITE 308
(ppm)

Sample As Hg Sb
Particulate (ug) 1.2 <0.03% <0.2
XAD-2 (pg) <2.4 <0.12 <2.4
Impingers

CompositeT (ug) <1.1 <2.3 <1l.1

apst (ug) <1.1 <22 <1.1
Total catch (upg) <1.2 <25 <4.8
Fuel feed (pg/G) 0.099 0.003 0.69

E
Blank values equal to or higher than samples.
TComposite of HNO3z module wash, condensate, and the H,0, impinger.

fThe second impinger containing ammonium persulfate (APS) and silver
nitrate and the third impinger containing APS.
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TABLE 10-60. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE SITE 309
(ppm)

Sample As Hg Sb
Particulate (pg) <0.9 <0.04 <0.9
XAD-2 (ug) <2.5 4.7 <2.5
Impingers

Composite* ‘(ug) --- <1.3 <1.3

arst (ug) ¥ <22 <1.1
Total catch (ug) <3.4 4.7 <5.8
Fuel feed (ug/G) <0.098 0.003 . 0.29

*Composite of HNO; module wash, condensate, and the Ho0, impinger.

TThe second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.

7Not determined due to interference of isopropanol.

TABLE 10-61. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE SITE 310
(ppm)

Sample As Hg Sb
Particulate (ug) <0.63 <0.01 <0.35
XAD-2 (pg) <2.4 2.2 <51
Impingers .

Composite* (ug) <1.7 <6.6 <1.7

apst (ug) ¥ <22 1.1
Total catch (pg) <4.7 2.2 <54
Fuel feed (ug/G) <0.10 0.009 <0.10

*Composite of HNO, module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.

*Not determined due to interference of isopropanol.
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TABLE 10-62. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE SITE 311
(ppm)

Sample As Hg Sb
Particulate (pg) <0.73 <0.05 <0.73
XAD-2 (pg) <3.2 <0.53 <3.2
Impingers

Composite* (ug) <1.8 <1.8 <1.8

apst (vg) Y <24 <1.2
Total catch (pg) <5.7 <27 <6.9
Fuel feed (pg/G) <0.10 0.007 <0.10

*Composite of HNO; module wash, condensate, and the H;0, impinger.

TThe second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.

*Not determined due to interference of isopropanol.

TABLE 10-63. ATOMIC ABSORPTION ANALYSIS

"SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE SITE 312
(ppm)

Sample As Hg Sb
Particulate (pg) <0.56 <0.01 3.9
XAD-2 (ug) <1.1 0.98 <1.1
Impingers

Composite* (pg) <1.6 <1l.6 <1.6

APST (89) ¥ <2.1 <1.1
Total catch (ug) <3.3 0.98 <7.7
Fuel feed (pg/G) <0.10 0.007 <0.10

*Composite of HNO, module wash, condensate, and the H;0p impinger.

TThe second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.
¥Not determined due to interference of isopropanol.
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TABLE 10-64. ATOMIC ABSORPTION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING SITE 313
(ppm)

Sample As Hg Sb
Particulate (ug) <0.71 <0.01 1.7
XAD-2 (ug) <1.1 <0.42 <1.1
Impingers

Composite* (pg) <1.6 <4.8 <1.6

apsT (ug) ¥ <27 <1.4
Total catch (ug) <3.4 <32 1.7
Fuel feed (ug/G) <0.10 0.004 2.0

*Composite of HNOg module wash, condensate, and the H,0, impinger.

TThe’second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.

*Not determined due to interference of isopropanol.
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TABLE 10-865. ATOMIC ABSORPTION ANALYSIS
SASS TRAIN, MASS EMISSIONS

(ug/m3)

Site As Hg Sb
110 <1.4 9.1 <1.6
111 0.59-5.6 0.18 0.21-4.6
112 1.8-3.3 1.4 13

306 <0.09 <0.74 1.7
307 <0.11 <1.6 1.9
308 0.4 <0.83 <0.16
309 <0.12 0.16 <0.20
310 <0.17 0.77 <1.9
311 <0.20 <0.91 <0.24
312 <0.11 0.03 <0.30
313 <0.11 <1.1 0.06

TABLE 10-66. ATOMIC ABSORPTION ANALYSIS
SASS TRAIN, FOR GAS-FUELED GAS TURBINE, SITE 110

Sample As Hg Sb
Particulate* - - -
XAD-2 (ug) x%x 290 <37
Impingers $
Composite’ (ug) <44 <.32 <15
APSE (ug) - - -
Total catch (ug) <44 290 <52

*There was no particulate sample for site 110.

?Composite of HNO; module wash, condensate, and the Hy0, im-
pinger.

*The second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.

**Blank values equal to or slightly higher than sample concen-
trations. .
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TABLE 10-67. ANION ANALYSIS
SASS TRAIN, DISTILLATE OIL FUELED GAS TURBINE SITE 111

Sample F C1 N0z S04
Particulate (ug) o 1,000 870 *
XAD-2 (pg) * 150,000 --- 60,000
Impingers

CompositeT (ug) 310 <760 --- ---

apst (ug) - —_— — —-
Total catch (pg) 310 150,000 870 60,00C
Fuel feed (ug/G) 20 100 --- 2,048

E3
Blank values equal to or slightly higher than sample concentrations.
TComposite of HNO; module wash, condensate, and the H,0, impinger.

*The second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.
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TABLE 10-68. ANION ANALYSIS

SASS TRAIN, DISTILLATE OIL-FUELED GAS TURBINE, SITE 112

Sample F C1 NO3 S04
Particulate (pg) * 1,100 530 7,600
XAD-2 (ug) 750 45,000 - 90,000
Impingers

Composite’ (pg) 840 36,000 --- -

apst (ug) --- <620 --- ---
Total catch (pg) 1,600 82,000 590 98,000
Fuel feed (pg/G) 20 50 -—- 2,199

E3
Blank values equal to or slightly higher than sample concentrations.
*Composite of HNO, module wash, condensate, and the H,0, impinger.

1’The second impinger containing ammonium persulfate (APS) and silver nitrate

and the third impinger containing APS.
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TABLE 10-69. ANION ANALYSIS

SASS TRAIN DISTRIBUTION DISTILLATE OIL-FUELED GAS TURBINE SITE 306

(ppm)

Sample F c1” NO3 S0,
Particulate (ug) 1,290
XAD-2 (ug) 31,700
Impingers

Composite* (ug) -

APsT (ug)
Total catcﬁ (ug) 33,C00
Fuel feed (ug/G) 1,200

*Composite of HNO; module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.
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TABLE 10-70. ANION ANALYSIS

SASS TRAIN, DISTILLATE OIL-FUELED GAS TURBINE, SITE 307

(ppm)

Sample F ¢l NO3 S0,
Particulate (pg) 2,300
XAD-2 (ug) 128,000
Impingers

Composite* (pg) ---

APs’ (ug) ---
Total catch (pMg) 130,000
Fuel feed (ug/G) 700

*Composite of HNOg module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.

TABLE 10-71. ANION ANALYSIS

SASS TRAIN DISTILLATE OIL-FUELED GAS TURBINE, SITE 308

(ppm)

Sample F cr NOg S0,
Particulate (pg) 2,050
XAD-2 (ug) 9,600
Impingers

Composite* (ug) _—

aps’ (ug) -
Total catch (pg) 12,000
Fuel feed (pg/G) 690

*Composite of HNO; module wash, condensate, and the H,0, impinger.

‘TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containg APS.
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TABLE 10-72. ANION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE SITE 309
(ppm)

Sample F c1 NO, 0%
Particulate (ug) 21,200
XAD-2 (ug) 10,500
Impingers

Composite* (ug) -

APST (ug) -
Total catch (ug) 31,700
Fuel feed (pg/G) ' 7,000

*Composite of HNO; module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and siiver nitrate
and the third impinger containing APS.
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TABLE 10-73. ANION ANALYSIS

SASS TRAIN,
DISTILLATE OIL RECIPROCATING ENGINE, SITE 310
(ppm)

Sample F c1” NO3 S04
Particulate (pg) 20,800
XAD-2 (ug) 44,000
Impingers

Composite* (pg) _—

apst (ug) -
Total catch (pg) 65,000
Fuel feed (ng/G) 7,400

*Composite of HNO; module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.

TABLE 10-74. ANION ANALYSIS
SASS TRAIN,
DISTILLATE OIL RECIPROCATING ENGINE, SITE 311

(ppm)

Sample F- c1” NO3 SO%
Particulate (ug) 28,500
XAD-2 (ug) 82,400
Impingers

Composite* (ug) _—

APsT (ug) -
Total catch (ug) . 111,000
Fuel feed (pg/G) . 7,700

*Composite of HNO, module wash, condensate, and the H;0, impinger.

*The second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.
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TABLE 10-75. ANION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE, SITE 312
(ppm)

Sample F- a1’ NO3 05
Particulate (ug) 15,000
XAD-2 (ug) 104,000
Impingers

Composite* (ug) -

apst (ug) -
Total catch (ug) 119,000
Fuel feed (pg/G) 4,500

*Composite of HNOg module wash, condensate, and the Ho0, impinger.

TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.

TABLE 10-76. ANION ANALYSIS

SASS TRAIN
DISTILLATE OIL RECIPROCATING ENGINE, SITE 313
(ppm)

Sample F 1 NO3 50,
Particulate (ug) 22,100
XAD-2 (ug) 122,000
Impingers

Composite* (ug) _——

apst (ug) ---
Total catch (ug) 144,000

_Fuel feed (pg/G) | 5,00C

*Gomposife of HNO3 module wash, condensate, and the H,0, impinger.

TThe second impinger containing ammonium persulfate (APS) and silver nitrate
and the third impinger containing APS.
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TABLE 10-77. ANION ANALYSIS
SASS TRAIN EMISSIONS

(ng/m3)

Site F C1 NO3 S0,

110 890 3,800
111 10 4,900 29 2,000%
112 49 2,500 18 3,000%
306 910%
307 4,200%
308 400%
309 1,100%
310 2,300%
311 3,800%
312 4,000%
313 4,800%

*S0, values do not represent total sulfur in the SASS train.
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TABLE 10-78. ANION ANALYSIS
SASS TRAIN, GAS-FUELED GAS TURBINE, SITE 110

Sample F c1- NO3 S0,
Particulate - - -
XAD-2 (ug) * 23,000 120
Impingers
Composite*(pg) * 5,900 -
ApsT (ug) - - -
Total catch (ug) - 29,000 120,000

*There was no particulate sample for site 110.

*Composite of HNO; module wash, condensate, and the H,0, im-
pinger.

*The second impinger containing ammonium persulfate (APS) and
silver nitrate and the third impinger containing APS.
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TABLE 10-79. GAS CHROMATOGRAPHY ANALYSIS
Sample 110-PR-0-KD-1

(ug/m3)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 106
GC8 110-140 153
GCY 140-160 67
GC10 160-180 25
GC11 180-200 23
GC12 200-220 <1
GC13 ND
GC14 ND
GC15 ND
GC16 ND
GC17 ND

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Ci6-

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-80. GAS CHROMATOGRAPHY ANALYSIS
Sample 110-XR-Wet-S-GC

(ug/m3)
Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 il
GC8 110-140 T
GCo 140-160 377
GC10 160-180 357
GC11 180-200 ND
GC12 200-220 ND
GC13 ND
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pug/m® detection limit).

* Not usually included in TCO range, i.e., Cg=Cje.

t Peaks, if any, obscured on shoulder of solvent peak.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-81. GAS CHROMATOGRAPHY ANALYSIS
Sample 110-XR-Dry-S-GC

(ng/m3)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 1,048
GC9 140-160 ND
GC10 160-180 345
GC11 180-200 ND
GC12 200-220 ND
GC13 29
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-C,¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-82. GAS CHROMATOGRAPHY ANALYSIS
Sample 110-XM-S-KD-1

(ug/m3)

Volatile No. of

Gas . Range weight, ppm peaks
GC7* 90-110 377%
GC8 110-140 ND
GC9 140-160 ND
GC10 160-180 ND
GC11 180-200 ND
GC12 200-220 ND
GC13 ND
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pug/m® detection limit).
* Not usually included in TCO range, i.e., Cg-C,¢.
T Response possibly caused by traces of methanol not removed during
K-D concentration.
Note: Data have been corrected for blanks. Refer to Figure 10-1
for samplie code identification.
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TABLE 10-83. GAS CHROMATOGRAPHY ANALYSIS
Sample 111-XR-SKD

Reserve
(ng/m3)
Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 32
GC8 110-140 61
GC9 140-160 57
GC10 160-180 912
GC11 180-200 ND
GC12 200-220 84
GC13 ND
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cs~Cy6-

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-84. GAS CHROMATOGRAPHY ANALYSIS
Sample 111-XM-S-KD

Reserve
(ug/m3)
Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 37
GC9 140-160 80
GC10 160-180 15
GC11 180-200 ND
GC12 200-220 ND
GC13 ND
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pg/m3 detection 1imit).

* Not usually included in TCO range, i.e., Cg-C,g.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-85. GAS CHROMATOGRAPHY ANALYSIS
Sample 112-OR-0-KD-1

(pg/m*)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 25
GC8 110-140 118
GC9 140-160 83
GC10 160-180 21
GC11 180-200 21
GC12 200-220 S
GC13 ND
GC14 ND
GC15 ND
GC16 ND

GC17

ND = Not detectable (below 0.5 pg/m® detection 1imit).

* Not usually included in TCO range, i.e., Cg-Cy¢.

Note: Data have been corrrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-86. GAS CHROMATOGRAPHY ANALYSIS
Sample 112-XR-Wet-S-GC

(ug/m3)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 T
GC9 140-160 56
GC10 160-180 394
GC11 180-200 ND
GC12 . 200-220 113
GC13 56
GC14 ND
GC15 ND
GC16 244

GC17

ND = Not ‘detectable (below 0.5 pug/m3 detection limit).

* Not usually included in TCO range, i.e., Cg-Cy6-

1 Peaks, if any, obscured on shoulder of solvent peak.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-87. GAS CHROMATOGRAPHY ANALYSIS
Sample 112-XR-Dry-S-GC

(ug/m?)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 T
GC8 110-140 T
GC9 140-160 61
GC10 160~-180 198
GC11 180-200 ND
GC12 200-220 30
GC13 ND
GC14 ND
GC15 46
GC16 213

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Cye.

t Peaks, if any, obscured on shoulder of solvent peak.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10~88. GAS CHROMATOGRAPHY ANALYSIS
Sample 306-PR

(ng/m®)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 - 110-140 ND
GC9 140-160 ND
GC10 160-180 ND
GC1l1 180-200 ND
GC12 200-220 ND
GC13 23
GC14 ND
GC15 149
GC16 188

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Cye.

+ Peaks, if any, obscured on shoulder of solvent peak.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-89. GAS CHROMATOGRAPHY ANALYSIS
Sample 306-XR

(ng/m*)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 100
GC8 110-140 52
GC9 140-160 7
GC10 160-180 17
GC11 180-200 89
GC12 200-220 6
GC13 5
GC14 210
GC15 335
GC16 595

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg=C;s-

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-90. GAS CHROMATOGRAPHY ANALYSIS
Sample 307-XR

(ng/m3)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 82
GC8 110-140 27
GC9 140-160 5
GC10 160-180 14
GC11 180-200 12
GC12 200-220 15
GC13 ND
GCl4 <1
GC15 1

GC16 8
GC17 -

ND = Not detectable (below 0.5 pg/m3 detection 1imit).

* Not usually included in TCO range, i.e., Cg-Cy6.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-91. GAS CHROMATOGRAPHY ANALYSIS
Sample 308-XR

(ng/p3)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 <1
GCS 140-160 ND
GC10 160-180 99
GC11 180-200 ND
GC12 200-220 25
GC13 12
GC14 11
GC15 38
GC16 71

GC17

ND = Not detectable (below 0.5 ug/m?® detection limit).

* Not usually included in TCO range, i.e., Cg-Cy¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-92. GAS CHROMATOGRAPHY ANALYSIS
Sample 309-MR" .

(ng/m®)
Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 24
GC8 110-140 <1
GC9 140-160 <1
GC10 160-180 <1
GC11 180-200 <1
GC12 200-220 2
GC13 6
GC14 14
GC15 38 .
GC16 150

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-C;q.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

10-83



TABLE 10-93. GAS CHROMATOGRAPHY ANALYSIS
Sample 309-XR

(ng/m?)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 0
GC8 110-140 251
GC9 140-160 685
GC10 160-180 1,488
GC11 180-200 1,945
GC12 200-220 2,914
GC13 4,913
GC14 3,618
GC15 3,065
GC16 2,456

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Cj¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-94. GAS CHROMATOGRAPHY ANALYSIS
Sample 310-MR

(ug/m3)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 7
GC8 110-140 <1
GC9 140-160 <1
GC10 160-180 <1
GC11 180-200 <1
GC12 200-220 21
GC13 129
GC14 164
GC15 462
GC16 611

GC17

ND = Not detectable (below 0.5 ug/m® detection limit).

* Not usually included in TCO range, i.e., Cg-C,¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-95. GAS CHROMATOGRAPHY ANALYSIS
Sample 310-XR

(ug/m)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 207
GC8 110-140 323
GC9 140-160 611
GC10 160-180 1,486
GC11 180-200 2,200
GC12 200-220 2,426
GC13 3,639
GC14 3,554
GC15 3,508
GC16 3,006

GC17

ND = Not detectable (below 0.5 ug/m? detection limit).

* Not usually included in TCO range, i.e., Cg=Cy6.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-96. GAS CHROMATOGRAPHY ANALYSIS
Sample 310-PF

(vg/m3)
Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 5
GC9 140-160 22
GC10 160-180 29
GC11 180-200 92
GC12 200-220 65
GC13 59
GC14 92
GC15 222 .
GC16 129

GC17

ND = Not detectable (below 0.5 pg/m?® detection Timit).

* Not usually included in TCO range, i.e., Cg~Cis.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-97. GAS CHROMATOGRAPHY ANALYSIS
Sample 311-MR

(ng/m?)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 <1
GCS - 140-160 <1
GC14a ' 160-180 <1
GC11 180-200 <1
GC12, 200-220 o<1
GC13 ' 45
GCl4 38
GC15 396
GC16 523

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

_"*'Not usually included in TCO range, i.e., Cg-Ci¢-
Note: Data has been corrected for blanks. Refer to Figure 10-1
: for sample code identification.

TABLE 10-98. GAS CHROMATOGRAPHY ANALYSIS

Samplie 311-XR
(ng/m?)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 98
GC8 110-140 497
GC9 140-160 683
GC10 160-180 1,228
GC11 180-200 1,265
GC12 200-220 1,438
GC13 2,854
GC14 1,895
GC15 1,424
GC16 1,418

GC17

ND = Not detectable (below 0.5 pg/m3 detection limit).

* Not usually included in TCO range, i.e., Cg-C,¢.

Note: Data has been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-938. GAS CHROMATOGRAPHY ANALYSIS
Sample 312-MR

(ug/m?)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 386
GC8 110-140 ND
GC9 140-160 3
GC10 160-180 1
GC11 180-200 3
GC12 200~220 9
GC13 44
GC14 139
GC15 393
GC16 417

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Ci¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-100. GAS CHROMATOGRAPHY ANALYSIS
Sample 312-XR '

(ng/m®)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 110
GC8 110-140 239
GC9 140-160 534
GC10 160-180 1,652
GC11 180-200 2,100
GC12 200-220 2,614
GC13 3,895
GC14 2,250
GC15 1,956

GC16 1,621
GC17 :

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-C6.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-101. GAS CHROMATOGRAPHY ANALYSIS
Sample 312-(DS

(ug/m*)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 35
GC8 110-140 12
GC9 140-160 24
GC10 160-180 31
GC11 180-200 19
GC12 200-220 11
GC13 5
GC14 6
GC15 18
GC16 2

GC17

ND = Not detectable (below 0.5 pg/m3 detection Yimit).

* Not usually included in TCO range, i.e., Cs-Cis-

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.

TABLE 10-102. GAS CHROMATOGRAPHY ANALYSIS
Sample 312-PF

(ng/m*)

Volatile No. of

Gas Range weight, ppm peaks
GLC7* 90-110 54
GC8 110-140 1
GC9 140-160 4
GC10 160-180 19
GC11 180-200 37
GC12 200-220 30
GC13 25
GC14 18
GC15 22
GC16 9

GC17

ND = Not detectable (below 0.5 pg/m® detection Timit).

* Not usually included in TCO range, i.e., Cg~Cyg.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample code identification.
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TABLE 10-103. GAS CHROMATOGRAPHY ANALYSIS
Sample 313-MR

(ng/m3)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 ND
GC9 140-160 ND
GC10 160-180 ND
GC11 180-200 6
GC12 200-220 5
GC13 18
GC14 75
GC15 248
GC16 287

GC17

ND = Not detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg~C;¢.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sampie code identification.

TABLE 10-104. GAS CHROMATOGRAPHY ANALYSIS
Sample 313-XR

(ng/m3)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 10
GC8 ' 110-140 154
GC9 140-160 300
GC10 160-180 1,032
GC11 180-200 672
GC12 200-220 1,261
GC13 : 1,706
GCl4 1,433
GC15 1,457
GC16 646

GC17

ND = Not ‘detectable (below 0.5 pg/m® detection limit).

* Not usually included in TCO range, i.e., Cg-C,q.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample identification.
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TABLE 10-105. GAS CHROMATOGRAPHY ANALYSIS
Sample 313-CDS

(ng/m3)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 59
GC8 110-140 ND
GCS ' 140-160 1
GC10 160-180 2
GC11 180-200 3
GC12 200-220 1
GC13 1
GC14 1
GC15 14
GC16 2
GC17

ND = Not detectable (below 0.5 ug/m® detection limit).

* Not usually included in TCO range, i.e., Cg-Cyq.

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample identification.

TABLE 10-106. GAS CHROMATOGRAPHY ANALYSIS
Sample 313-PF

(ug/m3)

Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 18
GC8 110-140 <1
GC9 140-160 <1
GC10 160-180 <1
GC1l1 180-200 <1
GC12 200-220 - <1
GC13 18
GC14 <1
GC15 52
GC16 3

GC17

ND = Not detectable (below 0.5 Lg/m® detection limit).

* Not usually included in TCO range, i.e., Cs-Ci6-

Note: Data have been corrected for blanks. Refer to Figure 10-1
for sample identificatijon.
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TABLE 10-107. GAS CHROMATOGRAPHY ANALYSIS
GASEOUS GRAB SAMPLE
GAS TURBINE, SITE 110

Volatile No. of
Gas Range weight, ppm peaks
GC1 ND
GC2 ND
GC3 ND
GC4 ND
GC5 ND
GCo6 ND
GC7 483

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C,-Cq and
0.001 ppm (~0.5 ug/m3) per C;-C,¢.

TABLE 10-108. GAS CHROMATOGRAPHY ANALYSIS
GASEQUS GRAB SAMPLE
DISTILLATE OIL TURBINE, SITE 111

Volatile No. of
Gas Range weight, ppm peaks
GC1 ND
GC2 ND
GC3 ND
GC4 ND
GC5 ND
GC6 ND
GC7 32

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C,-C¢ and
0.001 ppm (~0.5 pg/m3) per C,-C,¢.
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TABLE 10-109. GAS CHROMATOGRAPHY ANALYSIS
GASEOUS GRAB SAMPLE
DISTILLATE OIL TURBINE, SITE 112

Volatile No. ©

Gas Range weight, ppm peaks
GC1 ND
GC2 ND
GC3 ND
GC4 ND
GCS ND
GC6 ND
GC7 29
ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C;-Cg and
0.001 ppm (~0.5 pg/m3) per C;-Cyq.
TABLE 10-110. GAS CHROMATOGRAPHY ANALYSIS
. GASEOUS GRAB SAMPLE
DISTILLATE OIL TURBINE, SITE 306

: Volatile No. of
Gas Range weight, ppm peaks
GC1 ND
GC2 67,620
GC3 ND
GC4 ND
GC5 ND
GC6 ND
GC7 100

ND = Concentration of the species is below the limit of detection

of the instrument: 1 ppm (~1,000 pg/m3) per C,-C¢ and

0.001 ppm (~0.5 pg/m3) per C,-C,¢.
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*'ABLE 10-111. GAS CHROMATOGRAPHY ANALYSIS
GASEOQUS GRAB SAMPLE
DISTILLATE OIL TURBINE, SITE 307

Volatile No. of
Gas Range Weight, ppm peaks
GC1 ND
GC2 15,130
GC3 ND
GC3 ND
GC4 ND
GC5 ND
GCo6 ND
GC7 82

ND = Concentration of the species is below the limit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C;-Cg and
0.001 ppm (~0.5 pg/m3) per C;-Cy6.

TABLE 10-112. GAS CHROMATOGRAPHY ANALYSIS
GASEOUS GRAB SAMPLE
DISTILLATE OIL TURBINE, SITE 308

Volatile No. of
Gas Range weight, ppm peaks
GC1 ND
GC2 2,275
GC3 ND
GC4 ND
GC5 ND
GC6 ND
GC7 ND

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C;-Cg and
0.001 ppm (~0.5 pg/m3) per C;-Cy6.
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TABLE 10-113. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 309

Volatile Ne. of
Gas Range weight, ppm peaks
GC1 1,000
GC2 7,765
GC3 3,535
GC4 ND
GCS ND
GCo6 ND
GC7 24

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m®) per C;-C¢ and
0.001 ppm (~0.5 pg/m3) per C,~Cy6.

TABLE 10-114. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 309-2

Volatile No. of
Gas Range weight, ppm peaks
GC1 500
GC2 700
GC3 700
GC4 ND
GCS ND
GC6 ND
GC7 10

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pug/m3) per C,-Cq and
0.001 ppm (~0.5 pg/m®) per C,-C,¢.
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TABLE 10-115. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 310

Volatile No. of
Gas Range weight, ppm peaks
GC1 1,570
GC2 10,380
GC3 3,065
GC4 ND
GC5 ND
GC6 ND
GC7 214

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pug/m3) per C,-Cg and
0.001 ppm (~0.5 pg/m3) per C,-Cy6.

TABLE 10-116. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 311

Volatile No. of
Gas Range weight, ppm peaks
GC1 2,570
GC2 5,970
GC3 1,140
GC4 . ND
GC5 ND
GC6 ND
GC7 98

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C,-C¢ and
0.001 ppm (~0.5 pg/m3) per C-Cy¢..
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TABLE 10-117. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEQUS GRAB SAMPLE

SITE 312

Volatile No. of
Gas Range weight, ppm peaks
GC1 3,285
GC2 17,540
GC3 705
GC4 ND
GCS5 ND
GC6 ND
GC7 585

ND = Concentration of the species is below the Timit of detecticn
of the instrument: 1 ppm (~1,000 pg/m3) per C,-C¢ and
0.001 ppm (~0.5 ug/m3) per C;-Cyq.

TABLE 10-118. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 312-2

Volatile No. cf
Gas Range weight, ppm DeaKs
GC1 800
GC2 1,900
GC3 ND
GC4 ND
GC5 ND
GC6 ND
GC7 90

ND = Concentration of the species is below the limit of detection
of the instrument: 1 ppm (~1,000 pg/m®) per C,-C¢ and
0.001 ppm (~0.5 pg/m®) per C,-C,¢.
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TABLE 10-119. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 313

Volatile No. of
Gas Range weight, ppm peaks
GC1 4,000
GC2 26,015
GC3 745
GC4 ND
GCS ND
GCo6 ND
GC7 87

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C,-Cq and
0.001 ppm (~0.5 ug/m3) per C;-Cy6.

TABLE 10-120. GAS CHROMATOGRAPHY ANALYSIS
DISTILLATE OIL RECIPROCATING ENGINES,
GASEOUS GRAB SAMPLE

SITE 313-2

Volatile No. of
Gas Range weight, ppm peaks
GC1 1,100
GC2 1,700
GC3 ND
GC4 ND
GC5 ND
GC6 ND
GC7 ND

ND = Concentration of the species is below the 1imit of detection
of the instrument: 1 ppm (~1,000 pg/m3) per C,-C¢ and
0.001 ppm (~0.5 pg/m®) per C,-C;¢.
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TABLE 10-121. GAS CHROMATOGRAPHY ANALYSIS
Cg-Cqye VOLATILE ORGANICS
GAS TURBINE, SITE 110

Volatile No. of
Gas Range weight, ppm peaks
GC8 110-140 1,202
GC9 140-160 444
GC10 160-180 727
GC11 180-200 23
GC12 200-220 ND
GC13 29
GC14 ND
GC15 ND
GClo6 ND
>GC1lo6 310

ND

Concentration of the species is below the 1imit of detecticn
of the instrument: 0.001 ppm (~0.5 pg/m3) per C,-Cy¢.

TABLE 10-122. GAS CHROMATOGRAPHY ANALYSIS
Cs-Cy6 VOLATILE ORGANICS
DISTILLATE OIL TURBINE, SITE 111

Volatile No. o©f

Gas Range weight, ppm peans
GC8 110-140 100
GC9 140-160 137
GC10 160-180 . 827
GC11 180-200 ND
GC12 200-220 84
GC13 ND
GC14 ND
GC15 ND
GC16 ND
>GC16 6,800

ND = Concentration of the species is below the limit of detecticn
of the instrument: 0.001 ppm (~0.5 pg/m®) per C,-C;..
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TABLE 10-123. GAS CHROMATOGRAPHY ANALYSIS
Cg-Cy6 VOLATILE ORGANICS
DISTILLATE OIL TURBINE, SITE 112

Volatile No. of

Gas Range weight, ppm peaks
GC8 110-140 147
GC9 140-160 200
GC10 160-180 613
GC11 180-200 21
GC12 200-220 152
GC13 56
GC14 ND
GC15 46
GCl6 457
>GC16 3,710

ND = Concentration of the species is below the limit of detection

of the instrument: 0.001 ppm (~0.5 ug/m3) per C,-C;¢.
TABLE 10-124. GAS CHROMATOGRAPHY ANALYSIS
Cg-C,;6 VOLATILE ORGANICS
DISTILLATE OIL TURBINE, SITE 306

Volatile No. of

Gas Range weight, ppm peaks
GC8 110-140 : 52
GCo 140-160 7
GC10 160-180 17
GC11 180-200 89
GC12 200-220 6
GC13 28
GC14 210
GC15 484
GC16 , 783
>GC16 440

ND = Concentration of the species is below the 1imit of detection
of the instrument: 0.001 ppm (~0.5 pg/m®) per C,-C,¢.
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TABLE 10-125. GAS CHROMATOGRAPHY ANALYSIS
Cg-Cye VOLATILE ORGANICS
DISTILLATE OIL TURBINE, SITE 307

Volatile No. ¢°
Gas Range weight, ppm peaks
GC8 110-140 27
GCS 140-160 5
GC10 160-180 14
GC11 180-200 12
GC12 200-220 15
GC13 ND
GC14 ND
GC15 1
GC16 8
>GC16 1,400
ND = Concentration of the species is below the limit of detection

of the instrument: 0.001 ppm (~0.5 pg/m3) per C,-C,¢.-

TABLE 10-126. GAS CHROMATOGRAPHY ANALYSIS
Cs-C,e VOLATILE ORGANICS
DISTILLATE OIL TURBINE, SITE 308

. Volatile No. ©

Gas Range weight, ppm peax
GC8 110-140 ND
GC9 140-160 ND
GC10 160-180 99
GC11 180-200 ND
GC12 200-220 25
GC13 12
GC14 11
GC15 38
GC16 71
>GC16 1,270

ND = Concentration of the species is below the 1imit of dstection
of the instrument: 0.001 ppm (~0.5 pg/m3) per C,-C,¢.
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TABLE 10-127. GAS CHROMATOGRAPHY ANALYSIS
Cg-Cie VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES, SITE 309

GC8 110-140 251
GCY 140-160 685
GC10 160-180 1,488
GC11 180-200 1,945
GC12 200-220 2,916
GC13 4,919
GC14 3,632
GC15 3,103
GC16 2,606
>GC16 56,180
ND = Concentration of the species is below the limit of detection

of the instrument: 0.001 ppm (~0.5 pg/m®) per C;-Cy¢.

TABLE 10-128. GAS CHROMATOGRAPHY ANALYSIS
Cs-Ci;6 VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES, SITE 309-2

Volatile No. of
Gas -~ Range weight, ppm - peaks
GC8 110-140 370
GC9 140-160 850
GC10 160-180 2,410
GC11 180~-200 2,890
GC12 200-220 3,230
GC13 3,000
GC14 3,580
GC15 2,760
GC16 2,290
>GC1l6 55,380

ND = Concentration of the species is below the limit of detection
of the instrument: 0.001 ppm (~0.5 pg/m3) per C,-C;¢.
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TABLE 10-129. GAS CHROMATOGRAPHY ANALYSIS
Ce-Cy VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES, SITE 310

Volatile No. of

Gas Range weight, ppm Deaks
GC8 110-140 328
GCY 140-160 633
GC10 160-180 1,516
GC11 180-200 2,292
GC12 200-220 2,512
GC13 3,827
GC14 3,810
GC15 4,192
GC16 3,746
>GC16 53,880

ND = Concentration of the species is below the 1imit of detecticn

of the instrument: 0.001 ppm (~0.5 pg/m®) per C,-Ci¢.
TABLE 10-130. GAS CHROMATOGRAPHY ANALYSIS
Cg-C,¢ VOLATILE ORGANICS
"DISTILLATE OIL RECIPROCATING ENGINES, SITE 311

Volatile Ne. ¢

Gas Range weight, ppm TN
GC8 110-140 497
GC9 140-160 683
GC10 160-180 1,228
GC11 180-200 1,265
GC12 200-220 1,438
GC13 2,899
GC14 1,933
GC15 1,810
GCl6 1,941
>GC16 43,040

ND = Concentration of the species is below the limit of cJetecticn
of the instrument: 0.001 ppm (~0.5 pg/m3) per C;-C,s¢.
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TABLE 10-131. GAS CHROMATOGRAPHY ANALYSIS
Cg-Cie VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES, SITE 312

Volatile No. of
Gas Range weight, ppm peaks
GC8 110-140 251
GC9 140-160 565
GC10 160-180 1,704
GC11 180-200 2,159
GC12 200-220 2,663
GC13 3,970
GCi4 2,413
GC15 2,389
GC16 2,149
>GC16 63,590

ND = Concentration of the species is below the 1imit of detection
of the instrument: 0.001 ppm (~0.5 pg/m3) per C;-C;¢.

TABLE 10-132. GAS CHROMATOGRAPHY ANALYSIS
Cg-C,5 VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES,- SITE 312-2

Volatile No. of
Gas Range weight, ppm peaks
GC8 110-140 400
GC9 140-160 1,100
GC10 160-180 1,800
GC11 180-200 2,120
GC12 200-220 2,450
GC13 2,330
GC14 2,200
GC15 2,250
GC16 1,680
>GC16 55,040
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TABLE 10-133. GAS CHROMATOGRAPHY ANALYSIS
Cs-Cys VOLATILE ORGANICS
DISTILLATE OIL RECIPROCATING ENGINES, SITE 313

Volatile No. oF
Gas Range weight, ppm Ted
GC8 110-140 154
GC9 140-160 301
GC10 160-180 1,034
GC11 180-200 682
GC12 260-220 1,267
GC13 1,742
GC14 1,508
GC15 1,771
GC16 337
>GC16 46,680

ND = Concentration of the species is below the 1imit of deteciion
of the instrument: 0.001 ppm (~0.5 mg/m°) per (;-Cy6.

TABLE 10-134. GAS CHROMATOGRAPHY ANALYSIS
Cs-Cys VOLATILE CRGANICS
DISTILLATE OIL RECIPROCATING ENGINES, 313-2

Volatile No. of

Gas Range weight, ppm peaks
GC8 110-140 560
GC9 140-160 1,250
GC10 160-180 2,120
GC11 180-200 2,580
GC12 200~-220 3,120
GC13 2,810
GC14 3,100
GC15 3,010
GC16 2,350
>GC16 66,340

ND = Concentration of the species is below the limit of cetection
of the instrument: 0.001 ppm (~0.5 ug/m°) per C;-Cy¢.

10~104



The following samples had totals less than 75 pg/m3, so quantities in
each range were not reported.

Sample Total C,-Ciq
111-PR-0-KD ND
111-PF-S5-KD 2
112-XM-S-KD-1 29
306-PF 34
307-PR ND
307-PF 35
308-PR ND
308-MR x
308-CDS 19
308-PF ND
309-PR 30
309-CDS 8
309-PF 5
309-2 21
310-PR 30
310-CDS 3
311-PR 7
311-CDS 42
311-PF 40
312-PR 5
312-2 16
313-PR , 36
313-2 21

ND = not detectable (below 0.5 pg/m3 detection limit).
*No value reported, so ND is assumed.
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TABLE 10-135

LC ANALYSIS RESULTS
309-2- XR+PF+MR+PR

R

TCO GRAV TCO + GRAV Concentration
=g mg Total mg mg/ (m3, L orky®
Total Sample! 51 |
Taken for LC2
Mdz
TCO in my ERAViamy TCO + Concentrstio |
Fraction  [Found ie Cor- Found in Cor- GRAV my
Fraction | Blank |recesd | Towt® Froction | Bank | recred Tow* | Towimg | (m3L orkg?®
1 611 954 38.<
2 1.62 3.1 1.1¢
‘ 3 0.10 : 171.3 2.3:
B & 308 |- |- 183.8 2.7€
s 0.07 ’ 48 15
6 ND , 127 4.17
? ND 16.7 0.5:
Sum 1335 S
1. Quentity in entire sample, detormined bofore LC
2. Partion of whele sample used for LC, actual mg
3. Ouantity recovered frem LC column, actual mg

4. Totsl mg computed hack te total sample
5 Supply velues for beth sample size and concontration

ND = Not detectable.
NOTE: For sample code identification refer to Figure 10-1.
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TABLE 10-136
LC ANALYSIS RESULTS

308 XR+MR
TCOo GRAV TCO + GRAV Concentration
my mg Total my mg/ (m3, L or lq)5
Total Sample! 0. 374.{.
Taken for LC2
RecoveradS
TCO inmg GRAVmm TCO+ | Concentration
Fraction Found in Cor- Found in Cor- GRAV mg/
Fraction | Blank |rected | Totar? Fraction | Blank |rected | Tour* | Tomwl mg (m3,l., or ltg)5
1 ND 1.7 0.055
2 ND. ' 0.6 0.0194
3 ) ND | , _ 0.4 0.0129
4 N 0.5 | 1 0.0162
5 ND 0.6 0.0194
6 ND 2.6 0.0841
7 ND 4.1 0.133
Sum ’ ND 11.5% 0.3747

1. Quantity in entire sample, determined before LC

2. Portion of whole sampie used for LC, actual my

3. Quantity recoversd from LC column, actual my

4. Total mg computed back to total sample

5. Supply values for both sample size and concentration

ND = Not detectable.
* Includes LC8 (1.0) no longer used in Level 1 data.
T Includes LC8 (0.034) no longer used in Level 1 data.

NOTE: For sample code identification refer to Figure 10-1.

10-107




TABLE 10-137

LC ANALYSIS RESULTS

313-2-XR-PF-MR-PR

TCO GCRAV TCO + GRAY Concentrotion
mg mg Totl mg mg/ (m3, L, or kn}?
Total SIlmp|!1 64 .9
Taken for LC2
Recovered?
TCO inmg GRAV in mg TCO + Concentrction
Fraction Found in Cor. Found in Cor- GRAY myg/
Fraction | Blank | rected Tntnlﬂ Froction Blonk | rected Tt:tnl‘i Total mg (ms,L, or hg]s
1 190 1395 50.9
2 4.4 153 5.05
3 0.53 48.2 1.57
4 ND 33.6 1.08
5 ND h9.8 1.92
6 1.4 102 3.32
7 ND 31.6 1.02
Sum 196 1823 64.9

1. Quentity in entire sample, determined betore LC
2. Portion of whole sample used for LT, actual my
3. Quantity recovered from LC column, actual mg
4. Total my computed back to total sample
5. Supply vatues for both sample size and concentration

ND = Not detectable.

NOTE: For sample code identification refer to Figure 10-1].

10-108




TABLE 10-138
LC ANALYSIS RESULTS
312<2-XR+PF+MR+PR

TCO GRAV TCO + GRAV Concentration
mg mg Total mg mg/ (m3, L, or kg)®
atsl Sample’ 51
vken for LC2
ecoveud3
TCO inmg GRAV inmg 700 + Concentation
Fraction Found in Cor- Found in Cor- GRAV mp/
Fraction | Blank |rected | Total® Fraction | Blank | rected | Tow!® | Towimg | (m3L, orkg)®
1 220 954 38.4
z 2.42 ' 34.1 1.19
3 ND 71.3 2.33
4 0.57 | - : 83.8 2.76
5 ND 48 1.57
6 0.48 127 4,17
7 ND 16.7 0.55
Sum 223 1335 51

1. Quantity in entire sample, determined before LC

2. Partion of whole sample used for LC, actusl mg

3. Quantity recovered from LC column, actual mg

4. Total mg computed back to total sample

5. Supply values for both ssmple size and concentration

\D = Not detectable.

I0TE: For sample code identification refer to Figure 10-1.
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TABLE 10-139
LC ANALYSIS RESULTS

306- XR+MR
TCO GRAV TCO + GRAV Concentratiol
mg mg Total mg mg/ (m3, L, o
Total Sample1 -
Ttkcn for LC2
Recovered3
ch in mg GRAV in mg 760+ Concentrn
Fraction Foundin | Cor- Found in Cor- GRAV 3 my/
Fraction | Blank |rected | Tomr® Fraction | Blank |rectsd | Totaf* | Totsimg | (m?.L, erd
! * 0.7 +
2 * 0.3 +
3 * 0.1 +
¢ * 0.5 -
5 * 0.4 +
8 * 2.8 5
7 * ND t
Sum - 4.8 +

1. Quentity in sntire sample, determined before LC
-2 Partion of whole sample used for LC, actual mg

3. Quantity recovered from LC column, actual mg

4. Total mg computed back to total sample

8. Supply values for hoth sample size and concentration

ND = Not detectable.
* Data not required.
t Total not meaningful because of lack of TCO data.

NOTE: For sample code identification refer to Figure 10-1.
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TABLE 10-140

LC ANALYSIS RESULTS

307 XR+MR
TCO GRAV TCO + GRAV Concentration
mg my Total mg mg/ (m3, L, or kg)®
;je"etal Sample! 0.11
Taken for LCZ
ﬁecovered3
TCO inmg GRAVinmg .
\ TCO + | Concentration
Fraction Found in Cor- Found in Cor- GRAV my/
Fraction | Blank |rected | Tour® Fraction | Blank |rected | Tomf® | Totaimg | (md.L, orkg)®
1 ND 0.5 0.016
2 ND 0.3 0.0097
3 ND 0.3 0.0097
4 ND 0.3 0.0097
5 ND ND ND
6 ND 1.1 0.036
7 ND 0.9 0.029
Sum ND 3.4 0.11
1. Quantity in entire sample, determined before LC
2. Portion of whole sample used for LC, actual mg
3. Quantity recovered from LC column, actual mg
4. Total mg computed back to total sample
5. Supply values for both sample size and concentration

ND = Not detectable,

NOTE: For sample code identification refer to Figure 10-1.
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IR REPOR1

SAMPLE: Distillate oil reciprocating engines, site 308 ]
Wave ":"‘“' l Intensity Assignment/Comments |
em™) I

. ey
’ LC ]
f ' fraction e
' | 1 alkyl, aryl and CO-OX groups*: ]

‘ carboxylic acid ' L
|2 alkel, carbon -0-X grouze |
3 alkyl, alkenyl, aryi, carbonvl, a-_ o

C-0-X groups

groups —
4 alkyl and C-0-X groups - all alich:- —_
i 5 alkyl, alkenyl, and C-0-X crouss - |
I all aliphatic |

6 _alkyl, aryl, carbonyl, and C-T- ¢ .
Z only aliphatic species e
8 species containing alkyl and (-0-° ?
groups - all aliphatic ,_;

OTHER REMARKS:

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
*X group in C-0-X linkage was not identified in any sample.
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Pt

s L !
saturateq oo 3

5 :

6 aldehydes, ketones, esters :
Lo g §
B | | 7 hydrocarbons, esters, ketones

8 *

F:ER REMARKS:

No@e:

Level 1 procedure now uses 7, rather than 8, LC fractions.

*Insufficient material was found in this sample to justify further analysis.
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TABLE 10-143
IR REPORT
Distillate oil reciprocating engines, site 310

SAMPLE: ,
T
]
Wave ":"'b" Intensity Assignment/Comments |
{em™) %
LC |
B
fraction :
1
1 only aliphatic groups
2 only aliphatic groups
3 only aliphatic groups o
4 alkyl, aryl, and C-0-X groups™
5 alkyl, aryl, and C-0-X groups ;
6 alkyl, aryl, and C-0-X groups 7
7 alkyl, aryl, and C-0-X groups
8 alkyl, aryl, and C-0-X groups ]
OTHER REMARKS: "_‘

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
*X group in C-0-X linkage was not identified in any sample.
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TABLE 10-144
IR REPORT

Distillate oil reciprocating engines. site 312

ave Nf:‘mber Intensity ? Assignment/Comments
{em™) }
i LC
J;ﬁ fraction
} 1 1 alkyl and aryl groups
i ' 2 alkyl, aryl, and C-0-X groups*
‘ 3 alkyl, aryl, and C-0-X groups
| 4 only aliphatic groups
5 alkyl, alkenyl, aryl, and C-0-X groups
1 6 alkyl, alkenyl, aryl, and C-0-X groups
l 7 alkyl, aryl, and C-0-X groups '
8 only aliphatic groups
t
REMARKS:

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.

*X group in C-0-X linkage was not identified in any sample.
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SAMPLE:

TABLE 10-145
IR REPORT

Distillate 0il reciprocating engines, site 311

Wave N:mber Intensity Assignment/Comments ‘
{em™") :
LC ﬂ_}
fraction '
1 alkyl and aryl groups
—
2 alkyl, aryl, and C-0-X groups~
3 alkyl, aryl, and C-0-X groups
4 alkyl, alkenyl, aryl, and C-0-X aroous
5 alkyl, alkenyl, aryl, and C-0-X gro 5
6 alkyl, alkenyl, aryl, carbonyi, anc o
C-0-X _groups e
7 alkyl, aryl, and C-0-X groups ]
8 alkyl, aryl, and C-0-X groups ~
—?
OTHER REMARKS: )

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
*X group in C-0-X h‘nkage was not identified in any sample.
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TABLE 10-146

IR REPORT
Distillate oil reciprocating engines, site 312-2

'}'{?bu ; Intensity % Assignment/Comments
| | LC
‘ fraction
ﬂ | 1 hydrocarbons
! 2 hydrocarbons, unsaturated or aryl
l esters, ketones
3 hydrocarbons, unsaturated or aryl
esters ’
4 hydrocarbons, saturated ketones
i Q 5 unsaturated or aryl esters, ketones
| 6 esters, aldehydes, ketones
7 unsaturated or aryl esters, ketones
8 *
l
|
l
RKS:

e: Level 1 procedure now uses 7, rather than 8, LC fractions.

isufficient material was found in these samples to justify further
ialysis.
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TABLE 10-147

IR REPORT
SAMPLE: Distillate o0il reciprocating engines. site 313 —
Wave Nf';“h" ‘ Intensity % Assignment/Comments
(em™) ! 1
! LC ]
Q fraction
i 1 alkyl, aryl, and C-0-X groups~™
! | 2 only aliphatic groups
| 3 alkyl, alkenyl, aryl, carbonyl aic
I C-0-X groups -
4 only saturated and unsaturated ]
aliphatic groups
| 5 only aliphatic groups
6 alkyl, alkenyl, aryl, and C-0O-X grou. :
7 alkyl and aryl groups ;
8 no data B
|
OTHER REMARKS: —

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
*X group in C-0-X linkage was not identified in any sample.

10-118



TABLE 10-148

IR REPORT
& Distillate o0il reciprocating engines, site 313-2
ave Nﬁmb" {ntensity ! Assignment/Comments
{em™") \
| LC
i fraction
f l 1 hydrocarbons
! 2 hydrocarbons, esters, ketones
3 hydrocarborns, esters, ketones
4 hydrocarbons _
, 5 saturated ketones, aryl, or unsaturated
esters
| 6 esters, ketones
7 esters, ketones, amides, amines,
unsaturated or aryl ketones
8 *
REMARKS:

Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
*Insufficient material was found in these samples to justify further analysis.
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SAMPLE:

TABLE 10-149
IR REPORT

Distillate oil-fueled gas turbine, site 110

Wave Number
(em™? }

Intensity

Assignment/Comments

LC

Fraction

%*

*

*

*

*

[= B (4 I % -3 wl o

Esters; includes vinyl ester; aldehvde/ket. .e;

aromatic_nitro compound; other organic_niti:zte

silica

7 Esters: includes vinyl ester; aldehyde/keic:e;

aromatic nitro compound; other organic nitrzte

silica

8 Esters (trace): silica: water

~{Residue of original sample

Esters: includes benzoates, phthalates ant

vinyl ester; amide; glycol; aldehyde;

chlorinated compound; other benzene

derivatives

OTHER REMARKS:

*Insufficient material was found in these samples to justify further analysis.
Note: Level 1 procedure now uses 7, rather.than §, LC fractions.
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TABLE 10-150
IR REPORT

IMPLE: Distillate oil-fueled gas turbine, site 111

Wave N?!Imber Intensity ! Assignment/Comments
{em™)

LC
Fraction
1 Aliphatic hydrocarbons
2 *
3 *
4 *
5 *
6 Esters: includes vinyl ester; aldehyde/ketone;

glycol; aromatic nitro compound; other organic

nitrate

7 Esters: includes vinyl ester; aldehyde/ketone;

glycol; aromatic nitro compound; other organic

nitrate

8 Ester (trace): silica: water

Residue of original sample

Aliphatic hydrocarbons; esters: includes

benzoates phthalates and vinyl ester; amide;

glycol; aldehyde; chlorinated compound; other

benzene derivatives; inorganic sulfate

'HER REMARKS:

Insufficient material was found in these samples to justify further analysis.
ote: Level 1 procedure now uses 7, rather than 8, LC fractions.
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sampLe: Distillate oil-fueld gas turbine, site 112

IABLE lU~1b1]

IR REPORT

Wave Number

(em'h)

Intensity

Assignment/Comments

LC

Fraction

*

*

*

VI NOTOPIWEIN [
P

Residue of original sample [

Esters: includes benzoates and phthalates; ;

glycol; aldehyde; chlorinated compound; :

other benzene derivatives [

OTHER REMARKS:

*Insufficient material was found in these samples to justify further analysis.
Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
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TABLE 10-152
IR REPORT

wpre; Distillate oil-fueled gas turbines, site 306

Wave Number

1 Intensity l Assignment/Comments
(em™") }‘
tLC

Fraction

1 *

2 *

3 *

4 *

5 *

6 Alkyl, unsaturated aliphatics, aryl, carbonyl

and C-0-X groupst
7 *
8 *

HER REMARKS:

tnsufficient material was found in these samples to justify further analysis.
group in C-0-X linkages was not identified in any sample.

bte: Level 1 procedure now uses 7, rather than 8, LC fractions.
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TABLE 10-153
IR REPORT
samprg: Distillate oil-fueled gas turbines, site 307

Wave Number | . ' Assi "
(cm'l) ntensity gnment/Comments
LC
Fraction
1 *
2 *
3 %
4 *
5 *
6 Alkyl and C-0-X groupst- all aliphatic
7 %
g *
OTHER REMARKS:

*Insufficient material was found in these samples to justify further analysic.
tX group in C-0-X Tinkages was not identified in any sample.
Note: Level 1 procedure now uses 7, rather than 8, LC fractions.
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TABLE 10-154
IR REPORT

mpre. Distillate oil-fueled gas turbines, site 308

Wave Number

(cm") Intensity : Assignment/Comments
LC
Fraction
1 Aliphatics
2 Alkyl, aryl and C-0-X gtr'oups;r
3  Alkyl, aryl and C-0-X groups
4 Alkyl, aryl, carbonyl and C-0-X groups
5 Alkyl, aryl, carbonyl and C-0-X grouns
6 Alkyl, aryl, carbonyl, aliphatic C-0-X and

unsaturated aliphatic groups

7 Alkyl, aryl, unsaturated aliphatics, carbonyl

and C-0-X groups

8 Alkyl, and C-0-X groups - all aliphatic

:R REMARKS:

isufficient material was found in these samples to justify further analysis.
gfoup in C-0-X linkages was not identified in any sample.

te: Level 1 procedure now uses 7, rather than 8, LC fractions.
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LRMS REPORT

sAMPLE: Diesel engine sites, sample no. 309-XM-LC1

(See Figure 10-1 for sample code identification.)

Major Categories
Intensity Category MW Rance
NR Hydrocarbon oil NP
NR Fatty acid esters NR
NR Dioctyl phthalate (trace) NR
NR Di-tert-butyl phenol (possible) NB
e

Sub-Categories, Specific Compounds

intensity

Category

Composition

RN

NR = not reported 10-126



M8 REPCRT
GMPLE: Diesel encine site, sample no. 310-XM~LC1

% Figure 10-1 for sample code identification.)
o Categories

Wumsiw , Category MW Rangs —{
r | '
I | Hvdrocarbon 01l NR

NR Aromatics NR

NR Dioctyl phthalate NR

NR Fatty acid esters NR

NR Anisole (possible) ' _AR
wlategories, Specific Compounds

Intensity i Category mle Compaosition

= not reported 10-127




LRMS REPORT
SAMPLE: Diesel engine site, sample no. 310-XM-LC6

(See Figure 10-1 for sample code identification.)

Major Categories
lntensity c:tegow MW Rarmze
NR Hydrocarbon 0i1 ’ NE _—
NR Aromatics N ,
NR | Dioctyl phthalate | W
|

qu-Categoria, Specific Compounds

T e—
intensity Category mie Composition
Other
eamnns?

NR = not reported 10-128



IAMS REPOUHRT
wMPLE:__[iesel engine site, sample no. 310-XM-LC7

{See Figure 10-1 for sample code identification.)
tajor Categorizs

Intensity § Category MW Range
NR é Hvdrocarbon o1l (trace) NR
NR ‘ Dioctyl phthalate (trace) NR
%
}
|
|
|
‘ !
WrCategories, Specific Compounds »
intensity l Category mie Compositicn
i
|
i
Other

NR = not reported 10-129




LRMS REPORT

Diesel engine site, sample no. 311-XM-LCl

SAMPLE: e,
(See Figure 10-1 for sample code identification.)
Major Categories
Intensity Category MW Range
NR Hydrocarbon o1l AR
- —
NR Aromatics | NR
NR Dioctyl phthalate t NR
|
NR Di-tert-butyl phenol (possible) | AR
St_zb-Caugoriet. Specific Compounds
Intensity Category m/e Compaosition
Other
NR = not reported
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IAMS REPCRT
UMPLE: Diesel engine site, sample no. 311-XM-LC3

jee Figure 10-1 for sample code identification.)

ot Categaries

Intensity Category MW Range
' NR i Hydrocarbon oil NR
1 NR { Aromatics NR
1 NR t Dioctyi phthalate NR

NR | Fatty acid esters NR

|

i |

WCitegories, Specific Compounds

intensivy T Category m/e Composition

R = not reported
not rep 10-131



LRMS REPORT
SAMPLE: Diesel engine site, sample no. 311-XM-LC4 _—

(See Figure 10-1 for sample code jdentification.)

Major Categories
Intensity Category MW Rangej
NR Hydrocarbon 0i1l NE
NR Dioctyl phthalate DR
, ; -
NR Nonyl phenol (possible) ! WF
{
|
Sgb-Categoria. Specific Compounds )
Intensity Category m/e Composition _Ti
Other

NR = not reported
PO 10-132



|iM§ REPURT

WMPLE: _ Licsel! encine site. samnle po, 312-XM-[C1

%e Figure 10-1 for sample code identification.)
lkior Categories

Intensity ‘ Category VW Range
{
NR l Hvdrocarbon o1l NR.
NR 1D1’octv1 phthalate NR
NR !Di-tert-butyl phenol (possible) NR
WLategories, Specific Compounds
Intensity I Category m/ie Composition

Y W ] - — N (U S S

R = not reported 10-133




LRMS REPORT
SAMPLE: Diesel engine site. sample no, 312-XM-LC3

(See Figure 10-1 for sample code identification.)
Major Categories

Intensity Category MW Rang. |
NR ~Hydrocarbon o0i1 AR
NR Aromatics NE
NR Dioctyl phthalate AR

|
Sgb-Caugoria, Specific Compounds
intensity Category mfe Composition
Other

NR = not reported 10-134




IRMS REPCRT

WWPLE: Diesel encine site, sample no. 312-XM-LCZ

fee Figure 10-1 for sample code identification.)
tjor Categories

Intensity Category MW Range
NR Hvdrocarbon oil NR
NR Eromatics NR
NR Diocty] phthalate NR
AR Trimethvl naphthalene (possible) NR

Wlategories, Specific Compounds

rthsity ! Category m/fe Compasition

| i

| |

|

]

i

——
|
[——
 ———
——
™
——
o
[ e—
i

R = not reported
10~-135




LRMS REPORT

SAMPLE: Diesel engine site, sample no, 312-XM-LC6

(See Figure 10-1 for sample code identification.)
Major Categories

Intensity Category MW Rangs
NR Hvdrocarbon oil NE
NR Aromatics NE
NR Dioctyl phthalate iR
NR _Anisnple (possible)
Sc:lb-Categoriec, Specific Compounds B
Intensity Category Composition
Other

NR = not reported 10-136




s REPORT

WPLE:__ Diesel encine site., sample no. 313-XM-LC1

%e Figure 10-1 for sample code identification.)
fior Categories

Intensity Category MW Range
NR Hydrocarbon oi] NR
NR Dioctyl phthalate NR
AR Di-tert-butyl phenol (possible) NR
WCategories, Specific Compounds
Intensity ] Category m/e Compasition
N
b
P —
S ——

R =
not reported 10-137




LEVEL 2
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TABLE 32.

LEVEL II CONTROLLED CONDENSATION TRAIN ANALYTICAL RESULTS

Sample H>S04 s0, SO4

Number Sample Type mg/m> mg/m3 mg/m3
309-2-GC Coil rinse ND * *
309-2-GI H202 impinger * 38.96 *
309-2-GP/GF Probe rinse and filter wash * * 1.56
3N2-2-6C Coil rinse 1.38 * *
312-2-G1 HZOZ impinger * 88.64 *
312-2-GP/GF Probe rinse and filter wash * * 1.58
313-2-GC Coil rinse 1.36 * *
313-2-G1 H202 impinger * 81.20 *
313-2-GP/GF Probe rinse and filter wash * * 1.74

K indicates not detected

*The sulfur species indicated i
the sampling train. Samples co

specific sulfur species.
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TABLE D-16. LEVEL IT ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE 309-2-XRPF-MRPR

Compound Amount (ug/m3) Scan No.
Toluene * 5
Xylene 141 45
Xylene | 56 7 50
Xylene 307 65
C3 Cyclohexane 54 €9
n-Cg Hydrocarbon 38 78
(Nonane)
Benzaldehyde 48 111
C3 Benzene 24 118
C3 Benzene 110 ' 127
63 Benzene 100 136
C10 Branched 46 154
(Hydrocarson)
C3 Benzene 320 169
°10 Unsaturated 78 179
(Hydrocarbon)
"'CIO Hydrocarbon 220 199
(Decane)
c3 Benzene -86 209
Methyl Styrene 20 226
C11~Branched 16 233
(Hydrocarbon) _
Cll Branched 34 240
(Hydrocarbon)
Cc Cyclohexane 12 247
C3 Benzene 86 267
C3 Bgnzene 100 274
C, Benzene 1401 282
- Continued -

*
Equal to or less than amount found in blank.

S
" Corrected for blank concentration, amount actually present in
sample rather questionable due to blank level variations.
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~ Continued -

TABLE D-16. (Continued)
Compound Amount (ug/mg) Scan No.
C4 Benzene 18t 296
C4 Benzene 310T 322
€4 Benzene 100* 341
Methyl Benzoate * 344
611 Branched 110 346
. *% (Hydrocarbon) .
Cy Benzene ' 26071 394
n--C11 Hydrocarbon 780 440
(Undecane)
C, Unsaturated 86 480
(Benzene) ’
C5 Benzene 110 492
C3 Benzene 30 147
C5 Benzene 410 522
CS Benzene 100 542
CS Benzene 20 554
Cg Benzene 52 570
CS Benzene 8 584
Naphthalene 1707 596
Cs Benzere 84 610
Clz Branched 54 623
) (Hydrocarboq)
'Clz Branched 280 639
: (Hydrocarbon) ,
Clz Brarnched 140 657
(Hydrocarbon)
ts ‘Benzene 84 682
‘12 Unsaturated 240 711
Hydrocarbon

' Equal to or less than amount found in blank.

t Corrected for blank concentration, amount actuallx present in
sample rather questionable due to blank level variations.

10-141



TABLE D-16. {Continued)

Compound Amount (ug/m3) Scan No.
n-ClZ Hydrocatbon 780 752
' esodeCane)
Methyl Tetrahydronaphthalene 42 763
C13 Branched 160 789
-+ (Hydrocarbon)
C13 Unsaturated 62 798
Hydrocarbon
C13 Branched 62 807
“* Hydrocarbon
C6 Benzene 8 817
_C6 Benzene 56 825
CG Benzene 32 852
C13 Branched 46 891
" Hydrocarbon :
Methyl Naphthalene 300 906
C13 Branched 130 818
Hydrocarbon '
C13 Branched 36 932
Hydrocarbon .
Methyl Naphthalene 160 939
Unknown Substituted , 10 857
Cyclohexane
Unknown 14 964
C13 Unsaturated 140 973
Hydrocarbon
n-C13 Hydrocarbon 1000 1007
(Tridecane)
614 Branched 12 1024
Hydrocarbon
C3 Tetrahydronaphthalene 28 1030
C14 Branched 68 1041
Hydrocarbon
- Continued -
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- Continued -

TABLE D-16. (Continued)

Compound Amount (ug/m3) Scan No.
Unknown 2 1047
Unknown 14 1052
C3 Tetrahydronaphthalene 20 1064
Unknown Substituted 82 1075

Cyclohexane
Chloronaphtha]ene Internal Standard 1083
Biphenyl Trace 1n¢z
C14 Branched 74 1113

Hydrocarbon
C14 Unsaturated 18 1120

Hydrocarbon
C2 Naphthalene 10 1126
C14 Branched 36 1130

Hydrocarbon
C14 Branched 130 1142

- Hydrocarbon
C2 Naphthalene 290 1156
'cl 4 Branched 120 1171
_ Hydrocarbon
C, Naphthalene 24 1181
C2 Naphthalene 130 1186
n-C14 Hydrocarbon 980 1221
(Tetradecane)

~ Unknown aromatic 100 1229
C2 Naphthalene 20 1249
Unknown Acid Ester 32 1260
C15 Branched 40 1275

Hydrocarbon
Cz Naphthq]ene 32 1291
Unknown Aromatic 32 1300
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TABLE D-16. (Continued)
Compound Amount. (g/m°) sean No.
Cyg Branched 180 1318
Hydrocarbon
C,5 Branched 84 1334
Hydrocarbon
615 Branched 310 1347
Hydrocarbon
C, Naphtbalene 120 1357
C3 Naphthalene 40 1363
c3 Naphthalene 52 1379
C3 Naphthalene 11p 1364
n-c15 Hydrocarbon -1000 1420
(Pentadecane)
C3 Naphthalene 38 1432
C3 Naphthalene 130 1439
C3 Naphthalene 140 1467
C16 Unsaturated Hydrocarbon 68 1483
C4 Naphthalene 120 1502
C16 Unsaturated Hydrocarbon 40 1513
C16 Unsaturated Hydrocarbon 70 1525
C4 Naphthalene 82 1834
C16 Branched Hydrocarbon g6 1545
C4 Naphthalene 40 1571
C4 Naphthalene 110 1586
.n--C16 Hydrocarbon 990 1604
(Hexadecane)
C17 Unsaturated Hydrocarbon 90 1615
C4 Naphthalene 78 1630
n-C17 Branched Hydrocarbon 58 1645
Methoxybiphenyl 48 1663
C4 Naphthalene 32 1682

- Continued -
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*CQO Branched Hydrocarbon

- Continued -

TABLE D-16. (Continued)
Compound Amount (ug/ma) Scan No.
C17 Branched Hydrocarbon 190 1695
017 Branched Hydrocarbon 26 1709
C17 Branched Hydrocarbon 62 1720
,C17 Branched Hydrocarbon 100 1735
C5 Naphthalene 34 1749
C5 Naphthalene. 20 1763
C5 Naphthalene 52 1778
n-C17 Hydrocarbon 820 1806
(Heptadecane)
CIB Branched Hydrocarbon 400 1822
C3 Biphenyl 16 1837
Phenanthrene (or Isomer) 94 1852
Unknown 16 1867
C5 Naphthalene 14 1881
Unknown Substituted -76 1901
Cyclohexane
C18 Branched Hydrocarbon 46 1911
618 Branched Hydrocarbon 48 1930
clB Branched Hydrocarbon 56 1945
-Ethyl Fluorene (or Isomer) .24 1955
n-C18 Hydrocarben 650 2007
(Octadecane)
C19 Unsaturated 170 2028
: Hydrocarbon
“Methylphenanthrene (or Isomer) 86 -2088
'019 Branched Hydrocarbon 66 2123
n-Clg Hydrocarbon 490 2192
(Nonadecane)
' 42 2263
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TABLE D-16. (Continued)

Compound Amount (ug/m3) Scan No.
Pyrene (or Isomer) Trace 2301
n-C.. Hydrocarbon 310 2360

20 (Eicosane)
n-c21 Hydrocarbon 130 2524
(Heneicosane)
n-C.,, Hydrocarbon 76 2677
22 (Docosane)
Dioctylphthalate (a) 3080

*

Equal to or less than amount found in blank.
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TABLE D-17. LEVEL II ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE #309-2-CD-LE

Compound Amount (ug/m3) Scan No.
Benzene * 20
n-C7 Hydrocarbon (Heptane) 1 32
Methyl Cyclohexane * 44
Toluene * 68
Unknown Unsat. Hydrocarbon .5 395
Silicone 1 5.7
Naphthalene | 0.5 841
Silicone 3 894
“--(L,2 Hydrocarbon (Dodecane) 0.2 944
Methyl Naphthalene 0.2 1078
Methyl Naphthalene 0.2 1115
n—C13 Hydrocarbon (Tridecane) 0.6 1178
Chloronaphthalene Internal Standard 1278
Silicone 15 1307
h-C]4 Hydrocarbon (Tetradecane) 2 1418
n-c15 Hydrocarbon (Pentadecane) 2 ' 1628
Dichloronapinthalene I.S. Impurity 1649
Trimethylnaphthalene 1 1656
Silicone 38 1683
n:§]6 Hydrocarbon (Hexadecane) 3 1818
C]7 Branched Hydrocarbon 1 1911
n-Cy Hydrocarbon (Heptadecane) 16 1994
C]8 Branched Hydrocarbon 2 2012

Silicone 2 2090

- Continued -

-
»

*
Equal to or less than amount found in blank.
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TABLE D-17.

(Continued)

Compound Amount (ug/m3) Scan No.
n-Cw Hydrocarbon (Octadecane) 4 2158
C.|g Branched Hydrocarbon 1 2178
Silicone 10 2261
D-C]g Hydrocarbon (Nonadecane) 2 2314
Dibutylphthalate 1 2337
n°c20 Hydrocarbon (Eicosane) 1 2465
Silicone 5 2486
Silicone 6 2501
n-CZ] Hydrocarbon (Heneicosane) 0. 2610
Silicone 6 2727
Silicone 5 2935
Silicone 6 3132
Dioctylphthalate 3 3154
Silicone 1 3321
Silicone 9 3400
‘Silicone - 19 3445
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TABLE D-18. LEVEL II ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE #312-2-XRPF-MRPR

'Dihydroindene

- Continued -

Compound Amount (ug/m3) Scan No.
Benzene * 20
Methylcyclohexane * 40
Toluene * 64
Xylene 24 163
Xylene 54 175
Xylene 26 207
Cyclohexane 26 216
C9 Unsat. Hydrocarbon 24 226
n-C9 Hydrocarbon (Nonane) 66 245
C3 Benzene 18 261
Cyclohexane 26 285
Benzaldehyde 12 299
CIO Branched Hydrocarbon 38 306
C]O Branched Hydrocarbon 4 318
C3 Benzene 80 325
C3 Benzene 42 341
C3 Benzene 44 357
C]o Branched Hydrocarbon 30 362
C]o Branched Hydrocarbon 32 374
C3 Benzene 120 386
C.‘o Unsat. Hydrocarbon 62 392
C]O Unsat. Hydrocarbon 60 409
C4 Benzene 18 420
H-C]O Hydrocarbon (Decane) 250 437

' C4 Benzene 22 445
15 459

* . -
Equal to or less than amount found in blank.
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TABLE D-18. (Continued)

~ Compound ° Amount (ug/m3) Scan No.
* Unknown 12 467
Cn Branched Hydrocarbon 72 ‘ 484
Cn Unsat. Hydrocarbon 18 495
€, Benzene a8t 506
C, Benzene 62t 515
C4 Benzene 28t 521
C4 Benzene 25t 534
C.n Branched Hydrocarbon 12 542
Methyl Benzoate * 547
Cn Unsat. Hydrocarbon 80 557
C]] Branched Hydrccarbon 110 560
Cn Branched Hydrocarbon }60 570
C11 Branched Hydrocarbon 80 581
Cn Unsat, Hydrocarbon 160 616
/M-Cqq Hydrocarbon (Undecane) 570 647
" Decahydronaphthalene, 2-Methyl 44 671
C5 Benzene 38 681
C5 Benzene 180 702
C5 Benzene 14 716
C5 Benzene 22 734
Naphthalene : gt 752
c]Z Branched Hydrocarbon 86 761
C.'2 Branched Hydrocarbon 34 769
C.‘2 Branched Hydrocarbon 162 781
C12 Branched Hydrocarbon 64 792
- Continued -

*
Equal to or less than amount found in blank.

¥ Corrected for blank concentration. Amount actually present
in sample rather guestionable due to blank level variations.
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TABLE D-18. (Continued)

Compound Amount (ug/m3) Scan No.
Cg Benzene | ‘ 36 810
Cg Benzene 110 831
.ﬂ-C]2 Hydrocarbon (Dodecane) 400 859
C6 Benzene 10 870
CG Benzene 12 881
C13 Branched Hydrocarben 114 888
Methyl Tetrahydronaphthalene 96 939
C]3 Branched Hydrocarbon 62 870
Methylinaphthalene 330 Qg9
Methylnaphthalene 240 1015
n-C‘3 Hydrocarbon (Tridecane) 470 1071
Chioronaphthalene Internal Standard 1152
C2 Unsat. Naphthalene 20 1158
C2 Naphthalene 22 1190
Cz Naphthalene 130 1218
C2 Naphthalene : 82 1227
CZ Naphthalene 350 1247
N-Ciq Hydrocarbon (Tetradecane) 440 1274
C2 Naphthalene 140 1279
C2 Naphthalene 54 1305
C3 Unsat. Naphthalene 78 1366
c]S Unsat. Hydrocarbon 170 1392
.n-C15 Hydrocarbon (Pentadecane) 490 1459
C3 Naphthalene 44 1484
C3 Naphthaiene 72 1544
C16 Branched Hydrocarbon 60 © 1560
C3 Naphthalene 72 1575
- Continued -
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TABLE D-18. (Continued)
Compound Amount (ug/m3) Scan No.
Ci6 Branched Hydrocarbon 120 1619
n-C,¢ Hydrocarbon (Hexadecane) 350 1634
C17 Branched Hydrocarbon 48 1663
C17 Branched Hydrocarbon 190 1723
n-C,, Hydrocarbon (Heptadecane) 260 1809
813 Unsat. Hydrocarbon 200 1825
Phenanthrene (or isomer) 28 1862
Phenanthrene (or isomer) 10 1867
n-Cig Hydrocarbon (Octadecane) 220 1973
C19 Branched Hydrocarbon 100 1993
Methylphenanthrene (or isomer) 22 2062
n-Cig Hydrocarbon (Nonadecane) 200 2135
n-C,q Hydrocarbon (Eicosane) 100 2288
n-C,g Hydrocarbon (Heneicosane) 66 2435
Dioctylphthalate 42t 2948
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TABLE D-20. LEVEL II ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE #313-2-XRPF-MRPR

Compound Amount (ug/m3) Scan No.
Benzene * 23
Methylcyclohexane * 43
Toluene * 69
C9 Unsat. Hydrocarbon 16 100
C2 Benzene 38 172
C2 Benzene 110 184
Cg Branched Hydrocarbon 12 198
C2 Benzene 56 215
C3 Cyc}ohexane 62 224
C9 Unsat. Hydrocarbon 64 234
n-Cq Hydrocarbon (Nonane) 170 253
C3 Benzene 38 271
C4»Cyc10hexane . 43 294
C.!0 Branched Hydrocarbon 240 315
C.‘0 Branched Hydrocarbon 200 339
C3 Benzene 76 351
C3 Benzere 66 370
C]0 Unsat. Hydrocarbon 44 387
C3 Benzene 320 399
C10~Unsat. Hydrocarbon 130 423
C3 Benzene | 34 435
h-C]O Hydrocarbon (Decane) 250 450
C3 Benzene ' 30 454
C4 Benzene 40 458
C‘] Branched Hydrocarbon 140 499
Cn Unsat. Hydrocarbon 40 510

- Continued -

) Equal to or less than amount found in blank.
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TABLE D-19. LEVEL II ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE 312-2-CD-LE

Compound Amount (ug/m3) Scan No.
Benzene * 23
Methyl Cyclohexane * 42
Toluene * 58
Chloronaphthalene Internal Standard 111
n-c14 Hydrocarbon 1 1247

(Tetradecane)

D-Cls Hydrocarbon 2 1451

(Pentadecane)
n-cls Hydrocarbon 4 1636

(Hexadecane)

C17 Branched Hydrocarbon 1 1731
n-C,, Hydrocarbon 6 1811

(Heptadecane)

C18 Branched Hydrocarbon 2 1828
n-cla Hydrocarbon 6 1977

(Octadecane)

019 Branched Hydrocarbon 2 1997
B-Clg Hydrocarbon 4 2133

(Nonadecane) .
n-Czo Hydrocarbon 2 2288

(Eicosane)
n'CZI Hydrocarbon 2 2438

(Heneicosane) .

' n-C,, Hydrocarbon Trace 2582

(Docosane) :

Dioctylphthalate 6 2983

* Equal to or less than amount found in blank.
Trace - Detected but too low to quantitate (0.05 - 1.0 ug/m3).
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TABLE D-20. (Continued)

Compound Amount (ug/m3) Scan No.
C, Benzene 78t 522
C, Benzene 126t 531
C, Benzene a0t 538
C, Benzene 34T 552
Methylbenzoate * 556
C, Benzene 10t 559
C4 Benzene 190 578
C]1 Unsat. Hydrocarbon 290 589
C]] Branched Hydrocarbon 120 601
Cn Unsat. Hydrocarbon 630 638
n-Cn Hydrocarbon (Undecane) 950 668
C]2 Branched Hydrocarbon 140 704
C5 Benzene 22 725
C5 Benzene 42 736
C5 Benzene 68 766
Naphthalene 220+ 778
C]Z Unsat. Hydrocarbon 66 793
CZ Indene 150 803
C2 Indene 66 814
C]2 Unsat. Hydrocarbon 340 853
n—Clz Hydrocarbon (Dodecane) 680 881
C]3 Unsat. Hydrocarbon 200 910
C13 Branched Hydrocarbon _ 66 925
Unknown Substituted Cyclohexane 80 940
Tetrahydromethyl Naphthalene 150 955
'C]3 Branched Hydrocarbon 120 991

-AContinued -

——ionn

o
. Equal to or less than amount found in blank.

:?Corrected for blank concentration. Amount actually present
<. in sample rather questionable due to blank level variations.
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TABLE D-20. ({Continued)

Compound Amount (ug/m3) Scan No.
Methylnaphthalene 450 1011
613 Unsat. Hydrocarbon 120 1027
C13 Unsat. Hydrocarbon }28 1036
Methylnaphthalene 140 1042
C]3 Unsat. Hydrocarbon 48 1061
C2 Tetrahydronaphthalene 82 1072
D-C]3 Hydrocarbon (Tridecane) 810 1088
Chloronaphthalene Internal Standard 1170
Bipheny] 6 1174
C]4 Branched Hydrocarbon 130 1190
C2 Naphthalene 150 1207
C,4 Branched Hydrocarbon 160 ' 1216
C2 Naphthalene 210 1234
C14 Branched Hydrocarbon 150 1246
C2 Naphthalene 560 1263
n-C‘4 Hydrocarbon (Tetradecane) 840 - 1291
c2 Naphthalene 20 1298
Unknown 76 1307
C, Naphthalene ' 150 1322
(:]5 Branched Hydrocarbon 54 1353
C]5 Branched Hydrocarbon 140 1366
Methyl Biphenyl 120 1383
Methyl Biphenyl 30 1399
CIS Branched Hydrocarbon 350 1411
C3 Naphthalene 180 1424
C3 Naphtyalene 150 1468
n-C15'Hydrocarbon (Pentadecane) 1000 1483

- Continued -
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TABLE D-20. (Continued)

\

Compound Amount (ug/m3) Scan No.
C3 Naphthalene 130 1512
53 Naphthalene 120 1533
C3 Naphthalene 92 1571
C]6 Branched Hydrocarbon 140 1586
_Methyl Bipheny!l 130 1600
Unknown 100 1630
Alkyl Subst. Cyclopentanedione 160 1645
n-C, ¢ Hydrocarbon (Hexadecane) 690 1665
C4 Naphthalene 28 1746
C17 Hydrocarbon Branched 410 1758
_C]7 Hydrocarbon Branched 98 1775
C]7 Unsat. Hydrocarbon 100 1821
n-C]7 Hydrocarbon (Heptadecane) 540 1834
C]B Unsat. Hydrocarbon 500 1855
' Phenanthrene (or Isomer) 92 1893
n-C]8 Hydrocarbon (Octadecane) 580 2009
C]Q Branched ﬁydrocarbon 260 2028
Methylphenanthrene (or isomer) Trace 2088
“-C]g Hydrocarbon (Nonadecane) 490 2169
n-czo Hydrocarbon (Eicosane) 360 2321
Pyrene (or {somer) Trace 2410
n-C,, Hydrocarbon (Heneicosane) 210 2470
“'CZZ Hydrocarbon (Doeicosane) 110 2616
Dioctyliphthalate 12001 3013

t Corrected for blank concentration. Amount actually present
in sample rather questionable due to blank level var1at10ns.

Trace - Detected but too low to quantitate (0.05 - 1.0 ug/m ).
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TABLE D-21. LEVEL II ORGANIC ANALYSIS RESULTS -
COMPOUNDS FOUND IN SAMPLE 313-2-CD-LE

Compound Amount ((ug/m3) Scan No.
Benzene * 27
Methylcyclohexane * 45
Toluene * 82
Chloronaphthalene Internal Standard 1259
c 14 Branched Hydrocarbon 2 1541
n-g 14 Hydrocarbon 2 1582
(Tetradecane)

n-C 15 Hydrocarbon 2 1765
(Pentadecane)

n-C 16 Hydrocarbon 2 1638
(Hexadecane)

c 17 Branched Hydrocarbon 2 1957

n-C 17 Hydrocarbon 1 2107
(Heptadecane)

n;c‘la Hydrocarbon 2 2270
(Octadecane)

Dioctylphthalate 22 3188

%*
Equal to or less than amount found in blank.
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091-01

TABLE 1. SUMMARY OF RESULTS OF EMISSIONS ASSESSMENT
FOR GAS-FUELED INTERNAL COMBUSTION SOURCES

Gas-Fueled Gas Turbines

Gas Reciprocating Engines

Elec. Gen, Industrial Elec. Gen, Industrial
Pollutant Emission Severity Emissfon Severity Emission Severity Emission Severity
_ : Factor Factor Factor Factor Factor Factor Factor Factor
(ng/3) (ng/3) (ng/J) (ng/9)
NOx 168 0.17 130 0.52 1549 7.1 1549 5.7
Total hydrocarbons 23.2 0.020 8.6 0.025% 528 1.7 528 1.3
€0 64.8 0.0003 48.8 0.0007 340 0.0051 340 0.0040
Particulate 5.1 0.0019 5.1 0.0062 5.7 0.0068 5.7 0.0055
) 0.26 <0.0001 0.26 <0.0001 0.26 0.0002 0.26 0.0002

X




19T-01

TABLE 2.

SUMMARY OF RESULTS OF EMISSIONS ASSESSMENT
FOR OIL-FUELED INTERNAL COMBUSTION SOURCES

Distillate 011-Fueled Gas Turbines

Distillate 011 Reciprocating Engines

Elec. Gen, Industrial Elec. Gen. Industrial
Pollutant Emission Severity Emission Severity [Emission Severity Emission Severity
Factor Factor Factor Factor Factor Factor Factor Factor
(ng/J) (ng/J) (ng/J) (ng/J)
HO, 3N 0.32 207 0.83 1392 6.4 1392 5.1
Total hydrocarbons 17.5 0.015 3l6 0.010 52 0.16 52 0.13
co 43.8 0.0002 ]01. 0.0014 266 0.0040 266 0.0032
Particulate 13.0 0.0049 13.0 0.016 141 0.019 141 0.015
S0, 33.1 0.0089 33.1 0.029 101 0.097 101 0.077
503 1.5 0.056 1.5 0.18 1.8 0.23 1.8 0.18
Trace Elements
Copper 0.58 0.085 0.58 0.28 0.45 0.23 0.45 0.20
Nickel 0.53 0.16 0.53 0.51 0.56 0.60 0.56 0.48
Phosphorus 0.13 0.037 0.13 0.12 0.097 0.10 0.097 0.082




TABLE 23. CHARACTERISTICS OF INTERNAL COMBUSTION SITES TESTED

Z91-01

Combustion Site « Rated Capacity Pollution Control
Source Type No. Engine Model Base Load Peak Load Age Device
Gas Turbine. #110 TPM FT 4A-11DF 20.6 MW 22.6 MW 5 Years None
Distillate 011 #1111 TPM FT 4A-11DF 20.6 MW 22.6 MW 5 Years CI-2 Fuel Additive
furbine #112 TPM GG 4C-1D-DF 28 M 30 MW 4 Years None
#306 TPM FT 4A-8LF 14.5 MW 22 M 8 Years CI-2 Fuel Additive
#307 TPM FT 4A-8LF 14.5 MWW 22 M 8 Years CI-2 Fuel Additive
#3008 TPM FT 4A-1ILF 202 My 26 MW 5 Years None
Distillate 0il #309 EMD 64-5E4 2.5 MW 2.75 W 8 Years None
Reciprocating
Engine #310 EMD 64-5E4 2.5 MW 2.75 MM 8 Years None
#311 EMD 64-5E4 | 2.5 M4 2.75 MW 8 Years None
#312 EMD 654 2.5 MW 2.75 MW 1 Year None
#313 EMD 654 2.5 MW 2.75 MW 1 Year None

TPM - Turbo Power and Marine Systems
EMD - Electromotive Division of General Motors



€91-01

TABLE 29. 8?‘??“?&%

LMD AND FUEL . F

| ‘ ED RATES
L COMBUSTION SOURCES TESTED

Combustion

Site Operating % Base _ Energy
Source Type No. Load Load Fuel Used Fuel Rate Input
Gas Turbine 110 19.5 MW 94.7% Natural Gas 7,100 Nm’/hr 294 6J/hr
Distillate 011 #1111 18.0 MW 87.4% JP-5 7.50 m3/hr 278 6J/hr
Turbine 3
#1112 22.5 M 80.4% IP-5 8.18 m3/hr 303 6J/hr
#306 14.5 i 100 % IP-5 5.49 m3/hr 204 GJ/hr
#307 14.5 M 100 % JP-5 5.49 m3/hr 204 GJ/hr
#308 20.2 MW 100 % JP-5 7.77 w3 /hr 288 GJ/hr
Distillate 0il #309 2.5 MW 100 % No. 2 Diesel 0.70 m3/hr 26.2 6J/hr
Reciprocating 3
Engine #310 2.5 MW 100 % No. 2 Diesel 0.70 m“/hr 26.2 GJd/hr
4311 2.5 MW 100 % No. 2 Diesel 0.70 m3/hr 26.2 GJ/hr
#312 2.5 MW 100 % No. 2 Diesel 1.02 m3/hr 39.9 6J/hr
#313 2.5 M 100 % No. 2 Diesel 1.02 m3/hr 39.9 GJ/hr
#309-2 2.5 MW 100 % No. 2 Diesel 0.70 m3/hr 26.2 GJ/hr
#312-2 2.5 MW 100 % No. 2 Diesel 1.02 m3/hr 39.9 GH/hr
#3132 2.5 M4 100 2% No. 2 Diesel 1.02 w3/hr 39.9 GJ/hr




TABLE 31. SUMMARY OF RESULTS FROM SPECIFIC INORGANIC ANALYSES

Mass Emissions (mg/m3)

Combustion Site
Source Type No. Hg As Sb S0,* Cl F NO5*
Gas Turbine 110 0.0091 <0.0014 <0.0016 - 0.89 - -
Distillate 0i1 111 0.00018 <0.0056 <0.0046 - 4.9 0.010 0.02¢%
Turbine
112 0.0014 <0.0033 0.013 0.23 2.5 0.049 0.018
306 <0.00074 <0.00009 0.0017 0.035 - - -
307 0.0016 <0.000117 0.0019 0.018 - - -
308 <0.00033 <0.00019 <0.00016 0.068 - - -
Distillate 0i1 309 0.00016 <0.00012 <0.00020 0.74 - - -
Reciprocating
Engine 310 0.00077 <0.00017 <0.0019 0.74 - - -
3N <0.00091 <0.00020 <0.00024 0.98 - - -
312 0.00003 <0.00011 <0.00030 0.50 - - -
313 <0.0011 <0.00011 <0.00019 0.74 - - -

*
Values are from particulate samples only.

NOTE: This table is a summary of Tables D-1, D-3, D-4, and D-10
from the document.
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S9T-0T

TABLE 35..  GRAVIMETRIGC RESULTS FOR INTERNAL COMBUSTION SITES

Blank

. Net Sample

Sample - Residue Aliquot Total - .
Identification Weight Factor Weight Corﬁthed Nonvelatile

Number (mg) (mq ) Weight Content

‘ (mg) (mg/m3)

110-XR-Wet-S-KD-2 11.7 x 10 117.2 } 0 0
110-XR-Dry-S-KD-2 9.9 x 10 98.8
110-PR-0-KD-2 .4 x 10 3.7 3.4 0.1
110-XM-S-KD-2 0.6 x 10 6.5 6.0 0.2
111-XR-S-KD-2 38.7 x 10 386.7 147.9 4.9
111-PR-0-KD-2 4.3 x 10 43.3 2.8 1.4
111-XM-S5-KD-2 0.6 x 10 6.4 .0 0.2
111-PF-S-KD-2 1.0 x 10 9.8 .6 0.3
112-XR-Wet~-S-KD-2 19.4 x 10 194.0 } 107.8 3.3
112-XR-Dry-S-KD-2 15.3 x 10 152.6
112-PR-0-KD-2 0.4 x 10 3.7 3.4 0.1
112-XM-S-KD-2 1.0 x 10 10.0 9.7 0.3
306-PR 0.5 0.2 x 0.75 3.33 1.11 0.03
306-MR 0.6 0.2 x 0.75 4.00 1.78 0.05
306-XR 3.8 0.2 x 0.95 20.00 12.8 0.35
306-PF 0.1 0.2 x 0.49 x 0.75 1.36 0.30 0.01
306-CDS°
Not analyzed because of small condensate volume.

(Continued)



‘TABLE 35. (CONTINUED)

991-0T

Blank Net Sample
Sample Residue Aliquot Total Corrected Nonvolatile
Identification Weight Factor Weight Weight Content
Number {mg) - (mg) elg 3
(mg) (mg/m3)
307-PR 0.5 = 0.2x0.75 3.33 0 0
307-MR 0.7 0.2 x 0.75 4.67 0 0
307-XR 8.2 0.2 x 0.95 43.16 43.16 1.40
307-PF 0.1 0.2 x 0.50 1.00 0 0
307-CDS 0.5 0.2 x 0.75 x 0.67 4.98 0 0
308-PR 0.7 0.2 x 0.75 4.66 4.66 0.15
308-MR 1.0 0.2 x 0.75 6.67 6.67 0.22
308-XR 5.5 0.2 x 0.95 28.95 21.99 0.71
308-PF 0.1 0.2 x 0.51 0.01 0.01 0
308-CDS 0.5 0.2 x 0.75 x 193 5.93 5.93 0.19
309-PR 0.7 0.2 x 0.75 4.67 4.67 0.16
309-MR 74.6 0.2 x 0.75 497.33 497.33 17.47
309-XR 208.2 0.2 x 0.95 1,095.79 1,080.19 37.95
309-PF 0.0 0.2 x 0.47 x 0.75 0.00 0.00 0.00
309-CDS 1.5 0.2 x 0.75 x 330 17.20 17.20 0.60
310-PR 0.7 0.2 x 0.75 8.67 1.89 0.07
310-MR 77.3 0.2 x 0.75 515.33 505. 61 17.88
310-XR 199.7 0.2 x 0.9% 1,048.42 1,004.72 35.52
310-PF 11 0.2 x 0.53 10.38 6.78 0.25
310-C05 1.0 0.7 % 0,75 x o 17,93 4.1 0.16

(ConLinued)
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TABLE 2. (conrxv\gugn) .

Séﬁpfé Residue
Identification Weight ﬁl&gﬁﬂf
Number (mg)
311-PR 2.9 0.2 x 1.00
311-MR 72.2 0.2 x 0.75
J11-XR 125.8 0.2 x 0.95
311-PF 10.2 0.2 x 0.50
311-CDS 2.1 0.2 x 1.0 x 0.5085
312-PR 1.0 0.2 x 0.75
312-MR 131.6 0.2 x 0.75
312-XR 196.5 0.2 x 0.9%
312-PF 0.6 0.2 x 1.0 x 0.5028
312-C0S 2.3 0.2 x 0.75 x 300
313-PR 2.0 0.2 x 0.75
313-MR 49.7 0.2 x 0.25
313-XR 78.6 0.2 x 0.95
.313-PF 0.6 0.2 x 1.0 x 0.4471
313-CDS 4.1 0.2 x 0.75 x 0.6947

Total
Weight

(ng)

14.
481
662.
102.

20.

6.
877.
1,034.

20.

13.
994
413.

39.

50

.33

11
00
65

67
33
21

.97

78
33

.00

68

A

35

Blank

Corrected

Weight

11
477

3.
873.
1,007.
17

15.

991

(mg)
.32
77
634.
100.
18.

84
2
65

73
12
57

04

.69
.00
392.
.25
17.

89

33

Net Sample
Nonvolatile
Content

(mg/m3)

0.39
16.56
21.98

3.47

0.64

0.12
29.17
33.66

0.14

0.50

0.06
32.94
13.06

0.04

0.58

|
|
t
|




TABLE 41. POM EMISSIONS FROM DIESEL ENGINE SITES 309-313* (ug/m3)

Compound 309 309-2 310 3N 312 312-2 313 313-2
Naphthalene 16 170 18 36 BL 58 3 200
Methylnaphthalenes BL 461 22 BL BL 570 BL 587
Cz-substi tuted naphthalenes 30 506 12 64 BL 798 BL 106en
C3-substi tuted naphthalenes 8 €3] 4 BL BL 266 BL 672
C4-substituted naphthalenes BL 462 BL BL BL BL BL e
Cs-substi,tuted naphthalenes BL 120 BL BL BL BL BL Bl
Bipheny! 2 T* 6 10 BL BL 15 37
Methylbiphenyls BL BL BL BL BL BL BL 180
C3-substituted biphenyls BL BL BL BL BL BL BL HL
Dibenzothiophene 5 BL 2 BL BL BL BL BL
Methyldibenzothiophenes BL BL 0.8 BL BL BL BL 5L
Phenanthrene 8 94 3 BL BL 38 BL 4l
Methylphenanthrenes 20 86 8 60 77 22 150 T
Dimethylphenanthrenes 4 BL 0.8 24 46 BL 58 Bl
Trimethylphencenthrenes BL BL 2 BL 12 BL 15 8L
Ethyl fluorene BL 24 BL BL BL BL BL BL
Pyrene BL T BL BL BL BL BL T
Detection 1imit, kg/m’ 0.08  0.05 0.8 0.08 0.08  0.05 0.1 0. 05

POHs were found only in XAD-2/XAD-2 module rinse samples
*T indicates trace, 0.5-1.0 ug/m

NOTE: This table is a summary of Tables D-16 through D-21
from the document.
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TABLE 42. SUMMARY OF EMISSION FACTOR DATA FOR PARTICULATE, SOy AND
TOTAL ORGANICS FROM INTERNAL COMBUSTION SOURCES TESTED

Emission Factor, ng/Jd

Combustion Site Total
Source Type No. Particulate SOx Organics
fas-Fueled
gas Turbine #110 ND ND n.
Mstillate #N 21.4 28.5 27.9
g:l?ﬁi;fge #112 4.2 30.6 9.0
#306 2.1 <4 .2 57.8
#307 2.6 <4.2 2.8
#308 4.9 <4.2 7.5
Mean X 7.0 14.3 21.0
s(x) 3.6 6.2 10.2
ts({x)/Xx 1.4298 1.2038 1.3425
Disti!]ate Cil #309 11.0 83.1 - 47.7
“E:;}g;m“”g £310 20.8 153.1 65.9
#31 33.0 153.1 74 .1
#312 6.6 61.2 54.6
#313 10.0 74.3 54.4
#309-2 10.8 83.3 . 58.2
#312-2 8.8 106.3 45.8
#313-2 11.5 87.0 54.4
Mean x 14.1 101.4 56.9
s(X) 3.1 12.2 3.3
ts(x)/x 0.5176 0.2856 0.1366
Se—
. - Not determined
ﬂa = Standard deviation of the mean
blk)/x =

Variability
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TABLE 43. COMPARISON OF CRITERIA POLLUTANT EMISSIONS FACTORS FOR
GAS AND DISTILLATE OIL-FUELED GAS TURBINES
Emission Factor, ng/J

Combustion
Source Type Data Source NOx HC co Part SCX
industrial Existing Data 130 8.6  48.8 ND ND
gas Turbines EPA 123 9.4 49.1 ND 0.28
Industrial s -
Distillate Existing Data 207 3.6 101 ND ND
0il-Fueled EPA 208 17.0 47.1 15.3 430s
Gas Turbines

Current Study ND 11.1 ND ND ND
Electricity Existing Data 168  15.0 29.7 5.1 4.4
Generation Combined
Gas-Fueled Existing Data 168 14.7 29.7 5.1 4.4
Gas Turbines Current Study

EPA 169 17.2 47.0 5.7 0.2¢

Current Study ND 21.0 ND 7.0 14.3
glectrigfty Existing Data 3N 4.6 20.1 15.5 41.0

eneration
Distillate Combined
0i1-Fueled Existing Data 3N 1.1 20.1 13.0 33.7
ue e c t Stud

Gas Turbines urrent Study

EPA 208 17.0 47.1 15.3 4303

ND - No data

S - Weight percent of sulfur in fuel
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TABLE 44. COMPARISON OF CRITERIA POLLUTANT EMISSION FACTORS

FOR GAS AND DISTILLATE OIL ENGINES

Emission Factor, ng/J

Combustion Data

Source Type Source NO, HC co Part S0,
Industrial gxisﬂng 1550 528 340 ND ND
Gas Engines - ata
EPA 1390 573 176 ND 0.26
Industrial g:;’;ﬁng 1390 51 266 ND ND
Distillate
0i1 Engines EPA 1420 1158 312 102 4308
Flectricity g:;:t1ng 1550 528 340 ND ND
Beneration
G6as Engines EPA 1230 17 47 5.7 0.26
Current Study ND 56.9 ND 14.1 101
Electricity Existing 1390 5 266 ND ND
nger:ation Data
(hst'mgte Combined )
M Engines Existing Data y3q, 52 266 14.1 101
and Current ’
tudy
EPA 1420 115 312 102 430S

- No data
§ - Weight percent of sulfur in fuel
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TABLE 45. MEAN SOURCE SEVERITY FACTORS FOR CRITERIA POLLUTANTS

Gas Turbine

Reciprocating Engine

Industrial Elec. Elec. Gen. Industrial Elec. Elec. Gen.
Industrial Distillate Gen. Distillate Industrial Distillate Gen, Distillate
Pollutant . _ Gas 011 Gas o1l Gas 011 Gas o1
NOx 0.52 0.82 0.17 0.32 5.66 5.09 7.09 6.35
HC 0.025 0.010 0.021 0.052 1.33 0.13 _ 1.65 0.16
co 0.0007 0.0014 0.0003 0.0002 0.0040 0.0032 0.0051 0.0040
Particulate 0.097 0.016 0.0019 0.0049 0.0055 0.5 0.0068 0.019
SO <0.0001 0.029 <0.0001 0.0089 0.0002 0.078 0.0002 0.097

X




TABLE 46. SUMMARY OF EMISSION FACTOR DATA FOR
PARTICULATE SULFATE FROM INTERNAL
COMBUSTION SOURCES TESTED*

Emission Sulfur in Particu}ate_gsj
Combustion Site Factor
Source Type No. (ng/d) Sulfur in Fuel
Distillate 011 #112 0.335 0.731%
Fueled Gas #306 0.030 >0.476%
Turbine
#307 0.0M1 >0.175%
#308 0.077 >1.222%
Mean X 0.113 0.651%
s(x) 0.075 0.222%
ts(x)/x 2.1143 1.0835
Mstijlate 0i1 #309 0.383 0.308%
Reciprocating
Engine #310 0.520 0.226%
#311 0.971 0.423%
#312 0.268 ' 0.292%
#313 , 0.468 0.420%
Mean X .0.522 0.334%
s(x) 0.120 0.038%
ts(x)/x 0.6385 0.3190

The particulate sulfate data reported include metallic sulfates and a small
amount of condensed sulfuric acid aerosols.

s(x) - Standard deviation of the mean.
ts(x)/x - Variability.
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TABLE 47 SUMMARY OF EMISSION FACTOR DATA FOR TRACE ELEMENTS FROM
ELECTRICITY GENERATION DISTILLATE OIL-FUELED GAS TURBINES TESTED
Emission Factor, pg/J ‘

Trace . _ _
St A A A s <R
Pb 27 90 59 < 46 84 61 11 0.53 -
Ba 29 293 13 0.07 8 12.6 6.2 1.55 32
Sh¥ <52 <62 <20 <21 14.5 5.8 2.3 1.09. 12
Sn 2.7 42 115 3.6 9.6 35 21 1.71 94
cd 2.9 3.8 1.0 0.3 5.8 2.8 0.98 0.99 5.5
Mo 1.9 2.8 3.6 2.9 6.7 3.6 0.82 0.64 -

Br <11.5 7.1 6.9 < 0.07 1.8 5.5 2.0 1.04 n
Se 2.3 < 5.2 1.9 0.3 1.9 2.3 0.81 0.96 4.6
As* < 0.31 < 0.3 2.0 < 2.1 < 2.1 < 1.8 0.43 0.87 2.6
Zn 251 607 314 <201 96 294 86 0.81 533
Cu 65 649 649 649 879 578 136 0.65 -

N 67 94 1110 461 900 526 210 .17 o
Co 1.1 1.6 7.3 3.8 5.7 3.9 1.2 0.84 7.2
Fe 377 356 419 5 124 256 81 0.88 481
Mn 1487 8.6 188 335 4.9 405 277 1.90 1175
cr 2.7 38 12 15 31 20 6.5 0.91 38

v 1.3 1.7 9.8 2.7 < 1. 3.3 1.7 1.37 7.9

(Continued)
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pa/d

254
8.9
a1
82
18
0.06
0.18

0.32
0.95

TABLE 47. (CONTINUED)
S P
Trace L E@issionifgqggr,
Element Site Site Site Site Site -
m 12 306 307 308 X
Ca 314 460 565 <107 205 330
’ 335 230 118 <107 135 185
P 184 92 230 < 46 80 127
S 1256 110,970 533 < 30 482 575
Al 57 293 < 59 < 50 90 64
Mg <230 1068 152 < 63 61 127
Na 691 6280 <440 <460 768 590
B 82 3770 < 15 < 2.3 < 12 28
Be < 0.044 0.M < 0.12 < 0.14 < 0.38 0.16
Hg* 0.84 10 0.50 0.15 0.06 0.39
* Sb, As, and Hg emissions were determined by AA.
X = Mean emission factor
s(x) = Standard deviation of the mean.

ts(x)/x = Variability.
iu = X + ts(x).



TABLE 48. SUMMARY OF EMISSION FACTOR DATA FOR TRACE ELEMENTS FROM
: ELECTRICITY GENERATION DISTILLATE OIL-FUELED GAS TURBINES
BASED ON COMBINED CURRENT STUDY AND EXISTING NATA

Trace Mean Emission s(x) ts(x) %

Element F?§;33)§ (pg/d) % (p97J§
Pb 25 7.8 0.67 -
Ba 8.4 2.6 0.68 -
Cd 1.8 0.52 0.62 -
Mn 145 99 1.46 357
v 1.9 0.63 0.70 -
Mg 100 27 0.65 -
Be 0.14 0.03 0.46 -

s(x) - Standard deviation of the mean.
ts(x)/x - variability.

iu = x + ts(x). xy values are not computed for trace element emissions
with ts(x)/x < 0.7.

TABLE 49. MEAN SOURCE SEVERITY FACTORS FOR TRACE ELEMENT
EMISSIONS FROM DISTILLATE OIL-FUELED GAS TURBINES

B — T TR ==
' Mean Source Severity Factor

Trace Emission TLY Elec. Gen. Industrial
Element Factor (mg/m3) Distillate 0i1- Distillate 0i1-
(pg/J) Fueled Gas Turbine  Fueled Gas Turbine
Cu 578 0.20 0.085 0.28
N 52¢ 0.10 0.16 0.5

P 127 0.10 0.037 0.12
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Emission Factor, p§7d

Trace

Sl T I S
Pb 3 34 14 27 22 26 3.7 0.40 -
Ba 4.7 3.0 <13.8 12.9 33.3 14 5.4 1.11 28
Sb 6.4 < 2.2 < 2.2 <2.2 44.4 12 8.3 2.00 35
Sn 6.4  <11.3 7.1 10.0 <10.7 9.1 1.0 0.30 ;
cd < 3.3 2.1 < 1.9 2.3 5.8 3.1 0.72 0.64 -
Mo 33 14 3 10 2 12 5.6 1.25 28
Br 5.2 2.2 < 6.7 2.0 4.1 4.0 0.89 0.61 -
Se 0.8 <1.5 < 1.1 3.7 < 3.6 2.1 0.62 0.81 3.9
As <22 <2.2 <2.2 <2.2 < 2.2 2.2 0.01 0.01 -
Zn 147 15 88 377 63 178 56 0.88 334
Cu 644 533 422 244 422 453 66 0.41 -
Ni 955 422 622 a4 375 563 106 0.52 -
Co 6.0 8.0 10.0 3.6 1.1 5.7 1.6 0.77 10.1
Fe <488 38 21 <333 <555 325 94 0.80 585
Mn 20.9 26.6 5.3 19.8 8.0 16 3.9 0.68 -
Cr 33 47 13 3 6 26 7.4 0.79 46

v 0.78 2.44 0.51 0.76 0.25 0.95 0.39 1.13 2.02

(Continued)
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TABLE 50. (CONTINUED)
Trace Emission Factor, pg/J
Element Site Site Site Site Site - - ts(x) -
. 309 310 311 312 313 X 5(x) R Xy
Ca <178 73 89 133 710 237 120 1.41 569
K <344 134 97 175 146 179 43 0.67 -
P : < 93 133 100 40 120 97 16 0.46 -
Si <733 <191 189 229 165 301 108 1.00 602
Al 62 100 69 < 40 58 66 9,7 0.41 -
Mg < 9] 35 < 5 44 37 44 15 0.95 85
Na 1110 511 5330 <287 <889 1625 937 1.60 4226
B < 33 11 < 5.1 < 4,2 2.7 n 5.7 1.41 27
Be < 0.052 0.031 < 0.018 < 0.009 0.029 0.028 0.007 0.73 0.048
*
Hg 0.07 0.20 0.16 0.16 0.09 0.13 0.02 0.51 -

Sb, As, and Hg emissions were determined by AA.
X - Mean emission factor.
s(x) - Standard deviation of the mean.
ts(x)/x - Variability.

X, = X + ts(x).



TABLE 51. MEAMN SOURCE SEVERITY FACTORS FOR TRACE ELEMENT

EMISSIONS FROM DISTILLATE OIL ENGINES

Mean Source Severity Factor

Emission TLV3 Elec. Gen. Industrial
ment Factor (mg/m”) Distillate 0i1 Distillate Qi1
(pg/Jd) Engine Engine
i 453 0.20 0.23 0.20
§ 563 0.10 0.60 0.48
» 57 0.10 0.10 0.082
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TABLE 52.

COMPARISON OF TRACE ELEMENT EMISSION FACTORS FOR DISTILLATE
OIL-FUELED GAS TURBINES AND DISTILLATE OIL ENGINES

Trace Element

Mean Emission Factor, pg/J

Distillate 071 Fueled
Gas Turbine

Distillate 0il
Reciprocating Engine

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Bromine
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Silicon
Sodium
Tin
Yanadium
Zinc

64
9.4
2.1
8.4
0.14

28
1.8
1.8

330

20

3.9
578
256

L)
&

100
145

526
127
185

575
590
35

294

66
12
2.2
14
.03
1
4.0
3.1
237
26
5.7
453
325
26
44
16
0.13
12.5
564
97
178
2.1
301
1625
9.1
0.95
178




POM EMISS FAC FROM ELECTRICITY

- Lo} TOR DATA
TABLE 83 SENERATION DISTILLATE OIL ENGINES TESTED™

Emission Factor (pg/J)

T8T-0T

Site Site Site Site Site Site Site Site ts{x -
Compound 309 310 311 312 313 309-2  312-2  313-2 X s(x) X *u
Naphthalene 8.4 12.7 35.8 - 1.9 124.5 34.5 131.9 43.7 19.0 1.03 88.8
Methyl Naphthalene - 15.5 - - - 336.2  339.2 353.7 130.6 62.3 1.13 277.8
C2 Substituted Naphthalene 15.6 8.5 63.7 - - 369.5 474.9 653.4 198.2 92.5 1.10 417.0
C3 Substituted Naphthalene 4.2 2.8 - - - 460.7 158.3 4n2.8 128.6 69.1 1.27 292.0
C4 Substituted Naphthalene - - - - - 249.7 - 16.8 33.3 31.0 2.20 1N6.6
C5 Substituted Naphthalene - - - - - a7.6 - - 11.0 11.0 2.37 36.8
Biphenyl 1.0 4.2 10.0 - 9.5 ~ - 21.6 5.8 2.7 1.10 12.2
Methyl Biphenyl - - - - - - - 167.8 21.0 21.0 2.37 70.6
C3 Biphenyl - - - - - 11.7 - - 1.5 1.5 2.37 £.9
Dibenzothiophene 2.6 1.4 - - - - - - 0.50 n.35 1.64 1.3
Methyl Dibenzothiophene - 0.5 - - - - - - 0.071 n.07v  2.37 n.24
Phenanthrene/Anthracene 4.2 2.1 - - " - 68.6 22.6 55.1 19.1 9.8 1.21 42.2
Methyl Phenanthrene+ 1C.4 5.6 59.7 40.9 95.2 62.8 13.1 - 36.0 12.1 N0.80 64.6
Dimethyl PhenanthreneL 2.1 C.6 23.9 24.4 36.8 - - - 10.8 5.3 1.13 23.5
Trimethyl Phenanthrene - - - 6.4 9.5 - - - 2.0 1.3 1.59 5.1
Ethyl Fluorene - - - - - 17.5 - - ¢.2 2.2 2.37 7.4
*Emissions below detection Vimits or cannot be distinquished from blank values are indicated by -. For Site Nes. 309, 310,

311, 312 and 313, detection 1imits for POM compounds were approximately 0.05 ng/d (0.03 na/m3). For Site Mos. 309-2,
312-2 and 3-312, detection limits for POM compounds were approximately N.03 ng/Jd (0.05 pg/md).

“an phenanthrene compounds could also be anthracenes.



TABLE 54. MEAN SOURCE SEVERITY FACTORS FOR POM EMISSIONS FROM
ELECTRICITY GENERATION DISTILLATE OIL ENGINES

Mean Emission MATE* Mean Source
Factor Value Severity
Compound (pg/J) (mg/m3) Factor S
Naphthalene 43.7 50 <0.06CT
Methyl Naphthalene 130.6 230 <0.0001
C, Substituted Naphthalene® 198.2 230 <0000
C; Substituted Naphthalene’ 128.6 230 <0.0001
C, Substituted Naphthalenej 33.3 230 <0.0007
C; Substituted Naphthalene' 11.0 230 <0.0007
Bipheny! 5.8 1.0 0.0006
Methyl Biphenyl® 21.0 1.0 0.0022
C; Biphenyl® 5 1.0 0.0002
Dibenzothiophene 0.50 23 <0.00M
Methyl Dibenzothiophene™™ 0.071 23 <0.0007
Phenanthrene/Anthracene 19.1 1.6 ¢.0013
Methyl Phenanthrene/Anthracene . 36.0 30 0.00¢C:
Dimethyl Phenanthrene/Anthracene ' 10.8 30 <C. 0001
Trimethyl Phenanthrene/Anthraceneﬁ 2.0 30 <C.0CC
Ethyl Fluorenet! 2.2 90 <0.0001

*
MATE values are obtained from Reference 29.

The MATE values for C2, C3, C4 and C5 substituted naphthalenes are assuniec
to be the same as that for dimethyl naphthalene.

IThe MATE values for methyl and C3 biphenyl are assumed to be the same as
that for biphenyl.

ok
The MATE value for methyl dibenzothiophene is assumed to be the same as
- that for dibenzothiophene.

++Tﬁe MATE values for dimethyl and trimethyl phenanthrene are assumed to be
the same as that for methyl phenanthrene.

1 .
IThe MATE for ethyl fluorene is assumed to be the same as that for
fluoranthene.
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-The purposes of this study were to chemically characterize stormwater
runoff from iron and steel mills and to determine if this runoff could cause
environmental insult.

The first task in the study was to identify runoff sources and determine
what data were available. Twelve iron and steel plants were toured. A
Titerature survey showed that previous analysis of runoff samples had been
performed at two plants. Based on this information, the following poilut-
ants were chosen to be monitored in a field study:

Total suspended solids Total dissolved solids
Cyanide Phenols

Dissolved iron Total iron

Ammonia Sulfates

011 and grease, BODs, COD, and TOC were not measured because the available
data indicated that results would not be "of sufficient magnitude to be of
concern." A1l chemical analyses were performed by procedures specified in
Standard Methods for the Examination of Water and Wastewater, 14th edition,
M. A. Franson, ed., APHA, AWWA, WPCF, Washington, D. C., 1976.

Two sites were selected for field studies. Figures 11-1 and 11-2 (from

the final report) show the sampling locations at these sites and Table 11-1
(from the document) gives general site characteristics. Automatic sequential
samplers, set for flow-based sampling rates (more samples at higher runoff
rates), were set up at sites 005, 010, and 011, along with automatic weather
stations. Grab samples were collected at other sites. Dustfall samples, for
settleable airborne particulates, were also collected. Because of site-related
constraints, no data were obtained from this study on slag dump runoff or iron
ore pile runoff.

.This study indicated that the dissolved solids content of stormwater
runoff from iron and steel mills was greater than the suspended solids content.
‘When results wére compared to point source mass loadings, which would exist
under the proposed BAT control (see Code of Federal -Regulations, Title 40,

Part 420 as of July 1, 1976), significantly higher measurements were gener-
ally noted for total suspended solids (at all sites) and for ammonia,
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TABLE 11-7. GENERAL SITE CHARACTERISTICS

Site 1

Site 2
g of Plant 37 Years 25 Years
weloped Area
(Hectares) 230 1600
wrain Flat, Semi-Permeable

wmff Receiving
body

‘wt Operations

wiod of Sampling

wer of Sampling
bints

manent Flow
kvices

Tidal River

Coke Plant, Sinter Plant,
Blast fFurnaces, Electric
Furnaces, Finishing
Operations

3/77 to 4/77

Yes

Flat, Permeable

Tidal River

Coke Plant, Siiier Plant,
Blast Furnaces, Open Hearth
Furnaces, Electric Furnaces,
Finishing Operations

5/77 to 6/77

13

No
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phenols, and total iron (at the coal pile runoff sites). The coal and coke
storage piles and handling areas showed the highest potential for contam-
inating stormwater. Parameter concentrations appeared to be positively
correlated with rainfall volume; and the runoff data did not indicate a
“first flush" effect. Since there were significant differences between

plants, a stormwater control strategy should be developed on a plant by
plant basis.
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TABLE 11-2. TSS RESULTS IN mg/L, SITES #1 AND #2
MARCH - JUNE 1977
——
TSS TDS

Sampie Sampling concentration, concentrationg
no. Qutfall Date Time event mg/L mg/L

—

Site #1

4 011 3/24 1040 Storm #1 11 1,196
5 011 3/24 1100 Storm #1 10 1,095
13 011 3/24 1200 Storm #1 16 1,095
18 011 3/24 1300 Storm #1 12 1,110
21 011 3/24 1400 Storm #1 17 1,088
32 010 3/24 1000 Storm #1 122 2,090
38 010 3/24 1100 Storm #1 54 2,222
42 010 3/24 1200 Storm #1 44 2,269
47 010 3/24 1300 Storm #1 62 2,088
52 010 3/24 1400 Storm #1 58 1,964
59 010 3/24 1500 Storm #1 100 2,310
63 010 3/24 1600 Storm #1 163 2,262
64 005 3/24 1000 Storm #1 34 939
65 005 3/24 1100 Storm #1 45 922
66 005 3/24 1200 Storm #1 53 964
67 005 3/24 1300 Storm #1 64 897
68 005 3/24 1400 Storm #1 25 947
70 005 3/24 1600 Storm #1 17 949
78 009A 3/28 0115 Storm #2 527 376
85 0G9A 3/27 2100 Storm #2 761 617
91 Coal pile 3/28 0012 Storm #2 2,384 2,205
99 Coal pile 3/28 0030 Storm #2 1,116 2,557
100 006 3/27 2240 Storm #2 511 200
102 006 3/28 0305 Storm #2 18C 373
112 011 3/28 0022 Storm #2 20 878
118 011 3/28 0225 Storm #2 151 506
125 011 3/28 1100 Storm #2 76 427
132 005 3/27 2230 Storm #2 69 319
134 005 3/28 0045 Storm #2 66 300

11-8
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TABLE 11-2 (continued)

TSS TDS
Sample Sampling concentration, concentration,
no. Outfall Date Time event mg/L mg/L
T Site #1
136 005 3/28 0140  Storm #2 78 238
138 005 3/28 0300  Storm #2 36 253
140 005 3/28 0830  Storm #2 22 357
144 005 3/28 1300  Storm #2 38 294
150 010 3/27 2100  Storm #2 22 4,993
154 010 3/27 2215  Storm #2 32 3,791
159 010 3/27 2225  Storm #2 293 2,376
163 010 3/28 0040  Storm #2 198 1,059
168 010 3/28 0145  Storm #2 238 661
172 010 3/28 0445  Storm #2 94 1,315
175 010 3/28 0645  Storm #2 10 1,684
181 011 3/29 0800 Dry weather 15 676
#
188 011 3/29 1000 Dry weather 15 668
31 . |
195 011 3/29 1200 Dry weather 15 689
#1
201 011 3/29 1400 Dry weather 13 698
#1
202 010 3/29 0800 Dry weather 14 2,007
#1
209 010 3/29 0900 Dry weather 17 2,110
#1
210 010 3/29 1000 Dry weather 5 2,172
#1
216 010 3/29 1100 Dry weather 6 2,044
#1
218 010 3/29 1200 Dry weather 7 2,048
#1
224 010 3/29 1300 Dry weather 4 2,066
#1
226 010 . 3/29 1400 Dry weather 11 2,108
#
(continued)
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TABLE 11-2 (continued)

TSS T0$s
Sample Sampling concentration, concentratia
no. OQutfall Date Time event mg/L mg/L
Site #1

231 005 3/28 0800 Dry weather 21 327
#1

232 005 3/29 0300 Dry weather 15 323
#1

233 005 3/29 1000 Dry weather 1€ 347
#1

236 005 3/29 1300 Dry weather 19 364
#1

240 005 3/29 1700  Dry weather 6 385
#1

244 005 3/28 2100 Dry weather 17 365
#1

245 005 3/31 1444 Storm #3 25 559

246 005 3/31 1740 Storm #3 44 556

247 005 3/31 2100 Storm #3 13 703

248 005 4/1 0315 Storm #3 65 482

249 005 4/1 0846 Storm #3 21 623

250 005 4/4 0450 Storm #4 50 525

251 005 4/4 0626 Storm #4 11 642

252 005 4/4 1031 Storm #4 67 753

253 005 4/4 1109 Storm #4 23 641

268 010 4/5 0900  Dry weather 184 4,063
#2

277 010 4/5 1100  Dry weather 81 4,198

#2 :

282 010 4/5 1200  Dry weather 58 3,639
#2

286 010 4/5 1300 Dry weather 29 3,955
#2

291 010 4/5 1400 Dry weather 22 4,106
. #2

295 010 4/5 1500 Dry weather 27 4,503
' ' #2

2
(continued)
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TABLE 11-2 (continued)

. TSS TDS
Sampie . Sampling concentration, concentration,
no. Outfall Date  Time event mg/L mg/L
297 005 4/5 0300 Dry weather 4 445
#2 :
300 005 4/5 1200 Dry weather 23 463
#2 :
303 005 4/5 1500 Dry weather 31 433
#2
307 005 4/5 1900 Dry weather 8 432
#2
310 011 4/5 0900 Dry weather 10 1,045
#2
314 011 4/5 1000 Dry weather 11 1,049
#2
318 011 4/5 1100 Dry weather 28 998
#2
321 011 4/5 1200 Dry weather 20 995
#2
325 011 4/5 1300 Dry weather 13 1,025
#2
328 011 4/5 1400 Dry weather 7 1,034 .
#2
332 011 4/5 1500 Dry weather 7 998
#2
342 Coal pile 4/16 1140 Storm #5 9,559 1,419
347 Coal pile 4/16 1155 Storm #5 3,691 2,974
349 009A 4/16 1040 Storm #5 951 1,023
353 009A 4/16 1125 Storm #5 474 1,316
358 009A 4/16 1205 Storm #5 159 609
363 009A 4/16 1415 Storm #5 156 529
365 006 4/16 1055 Storm #5 41 1,360
366 006 4/16 1120  Storm #5 676 - 376
367 005 4/16 1121 Storm #5 11 719
368 005 4/16 1133  Storm #5 1n 715
369 005 4/16 1146  Storm #5 18 611
(continued)
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TABLE 11-2 (continued)

= |
TSS T0S
Sample Sampling concentration, concentratig

no. OQutfali Date Time event mg/L mg/L

370 005 4/16 1208 Storm #5 65 603

371 005 4/16 1245 Storm #5 47 341

372 005 4/16 1339 Storm #5 113 305

373 005 4/16 1504 Storm #5 96 284

374 005 4/16 1626 Storm #5 65 259

378 011 4/16 0842 Storm #5 20 1,155

381 011 4/16 1138 Storm #5 84 1,133

387 011 4/16 1239 Storm #5 46 892

390 011 4/16 1423 Storm #5 34 992

400 011 4/16 1614 Storm #5 27 915

401 011 4/16 2223 Storm #5 18 845

409 011 4/17 0742 Storm #5 30 753

414 005 4/18 0945 Dry weather 19 395
#3

417 005 4/18 1245 Dry weather 12 424
#3

420 005 4/18 1545 Dry weather 16 420
#3

423 005 4/18 1845 Dry weather 14 400
#3

426 005 4/18 2145 Dry weather 11 413
#3

427 005 4/18 2245 Dry weather 10 399
#3

431 011 4/18 0830 Dry weather 36 799
#3

434 011 4/18 1030  Dry weather 23 733
#3

440 011 4/18 1130  Dry weather 42 790
#3

444 011 4/18 1230  Dry weather 20 767
#3

447 010 4/18 1137  Dry weather 649 2,713

#3

11-12
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TABLE 11-2 (conti nued)

18§ TDS

sample Sampling concentration, concentration .
no. Qutfall Date Time event mg/L mg/L
450 010 4/18 1237 Dry#;eather 171 2,757
457 010 4/18 1337 Dry‘:eather 100 5,438
451 010 4/18 1437 Dry#;eather 52 2,741
465 010 4/18 1537 Dry#v;eather 78 2,728

Site #2
1 006 5/9 0000 Dry weather 416 148
2 006 5/9 0130 Dry weather 23 140
7 006 5/9 0300 Dry weather 20 103
10 006 5/9 0430 Dry weather 25 13
14 006 5/9 0630 Dry weather 24 109
15 007 5/9 0000 Dry weather 10 126
18 007 5/9 0130 Dry weather 8 143
21 007 5/9 0300 Dry weather 1 124
24 007 5/9 0430 Dry weather 8 155
28 007 5/9 0630 Dry weather 5 87
39 015 5/10 1000 Dry weather 15 128
41 010A 5/9 0000 Dry weather 37 100
44 010A 5/9 0106 Dry weather 17 122
50 010A 5/9 0200 Dry weather 9 76
53 010A 5/9 0300 Dry weather 15 1G6
59 010A 5/9 0400 Dry weather 12 104
62 010A 5/9 0500 Dry weather 19 116
€8 010A 5/9 0600 Ory weather 22 109
75 004 5/9 0000 Dry weather 18 144
78 004 5/9 0030 Dry weather 16 145
81 004 5/9 0100 Dry weather 7 153
84 004 ~ 5/9 0130 Dry weather 9 142
(continued)
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TABLE 11-2 (continued)

1SS TDS
Sampie Sampling concentration, concentrati
no. Qutfall Date Time event mg/L mg/L
90 004 5/9 0230 Dry weather 6 164
97 004 5/9 0330 Dry weather 7 179
103 004 5/9 0430 Dry weather 11 151
109 004 5/9 0530 Dry weather 12 155
118 006 5/10 0000 Dry weather 38 109
122 006 5/10 0200  Dry weather 23 102
126 006 5/10 0630 Dry weather 63 126
127 007 5/10 0000 Dry weather 12 245
132 007 5/10 0230 Dry weather 30 140
136 007 5/10 0430 Dry weather 4 108
140 007 5/10 0630 Dry weather 13 102
141 004 5/10 0000 Dry weather 8 160
144 004 5/10 0030 Dry weather 8 140
150 004 5/10 0130 Dry weather 9 134
159 004 5/10 0300 Dry weather 7 205
168 - 004 5/10 0430 Dry weather 7 150
177 004 5/10 0600  Dry weather 17 144
184 010A 5/10 0000 Dry weather 13 93
197 010A 5/10 0300 Dry weather 16 117
205 010A 5/10 0500 Dry weather 38
211 010A 5/10 0600 Dry weather 102
219 015 5/10 1845 Dry weather 40 130
237 002 5/10 1340  Dry weather 29 137
238 002 5/10 1615 Dry weather 11 91
239 008 5/10 1125 Dry weather 55 163
242 008 5/10 1410 Dry weather 22 172
245 008 5/10 1550 Dry weather 56 112
248 009 5/10 1140 Dry weather 4 138
251 0cs 5/10 1400 Dry weather 33 116
254 009 5/10 1545 Dry weather 58 119
(continued
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TABLE 11-2 (continued)

P —

1SS TDS

Sample Sampling concentration, concentration,

no. Qutfall Date Time event mg/L mg/L
261 015 5/10 1050 Dry weather 2 103
268 006 5/10 1030 Dry weather 197 138
271 006 5/10 1200 Dry weather 46 143
274 006 5/10 1330 Dry weather 188 152
277 006 5/10 1500 Dry weather 91 159
278 007 5/10 1030 Dry weather 10 66
281 007 5/10 1200 Dry weather 60 118
284 007 5/10 1330 Dry weather 1 54
287 007 5/10 1500 Dry weather 1 88
291 007 5/10 1700 Dry weather 50 92
297 004 5/10 1030 Dry weather 4 113
26~ 004 5/10 1100 Dry weather 2 126
29t 004 5/10 1130 Dry weather 47 114
301 004 5/10 1200 Dry weather 13 187
304 004 5/10 1230 Dry weather 17 o 187
307 004 5/10 1300 Dry weather 10 185
310 004 5/10 1330 Dry weather 20 193
313 004 5/10 1400 Dry weather 8 169
316 004 5/18 1430 Dry weather 12 132
319 004 5/18 1500 Ory weather 12 166
322 004 5/18 1530 Dry weather 16 189
325 004 5/18 1600 Dry weather 17 163
328 004 5/18 1630 Dry weather 18 156
331 004 5/18 1700 Dry weather 18 162
335 010A 5/18 1030 Dry weather 21 108
338 010A 5/18 1130 Dry weather 27 125
344 010A 5/18 1230 Dry weather = 28 104
346 010A 5/18 1330 Dry weather 19 99
351 010A 5/18 1430 Dry weather 30 94
354 010A - 5/18 1530 Dry weather 11 97
363 0108 5/18 1030 Dry weather 19 89

(continued)
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TABLE 11-2 (continued)

7SS TS

Sample Sampling concentration, concentratin

no. OQutfall Date Time event mg/L mg/L
366 010B 5/18 1130 Dry weather 13 108
371 0108 5/18 1230 Dry weather 21 133
374 0108 5/18 1330 Dry weather 26 89
379 0108 5/18 1430 Dry weather 28 108
382 0108 5/18 1530 Dry weather 24 45
387 0108 5/18 1630 Dry weather 23 93
390 006 6/9 6930 Storm #1 2,537 301
393 006 6/9 1015 Storm #1 225 228
396 006 6/9 1100 Storm #1 812 186
400 006 6/9 1200 Storm #1 1,720 324
403 006 6/9 1245 Storm #1 183 218
404 007 6/9 03830 Storm #1 45 107
412 007 6/9 1130 Storm #1 6 193
416 007 6/9 1230 Storm #1 10 129
418 004 6/9 0930 Storm #1 11 171
430 004 6/9 1030 Storm #1 ! 184
442 004 6/9 1130 Storm #1 11 202
454 004 6/9 1230 Storm #1 6 201
460 007 6/9 1330 Storm #1 17 344
463 007 6/9 1500 Storm #1 33 108
466 007 6/9 1630 Storm #1 48 288
469 007 6/9 1800 Storm #1 51 418
473 007 6/9 2000 Storm #1 17 325
474 004 6/9 1345 Storm #1 € 205
483 004 6/9 1515 Storm #1 11 326
492 004 6/9 1645 Storm #1 8 359
501 004 6/9 1815 Storm #1 11 254
513 004 6/9 2015 Storm #1 276
517 010A 6/9 0930  Storm #1 48 173
525 010A 6/9 1030 Storm #1 20 211

(continued)
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TABLE 11-2 (continued)

T8S TDS
Sample Sampling concentration, concentration,

ne. Outfall Date Time event mg/L mg/L
533 010A 6/9 1130 Storm #1 17 253
540 010A 6/9 1230 Storm #1 25 212
552 0108 6/9 1030 Storm #1 60 239
568 0108 6/9 1230 Storm #1 2] 185
572 012 6/9 0930 Storm #1 513 245
582 012 6/9 1030 Storm #1 259 307
592 012 6/9 1130 Storm #1 109 316
59¢ 012 6/9 1200 Storm #1 67 431
B 012 6/9 1230 Storm #1 29 423
60 012 6/9 1430 Storm #1 563 222
61 012 6/9 1950 Storm #1 230 546
Be 010A 6/9 1515 Storm #1 38
£74 010A 6/9 1915 Storm #1 15
682 010A 6/9 2115 Storm #1 31
685 0108 6/9 1515 Storm #1 702 -
693 010B 6/9 1715 Storm #1 22
65¢ 0108 6/9 1815 Storm #1 12
701 010B 6/9 1915 Storm #1 32
704 0108 6/9 2015 Storm #1 27
708 0108 6/9 2115 Storm #1 29
712 006 6/9 1315 Storm #1 268
714 006 6/9 1415 Storm #1 331
716 006 6/9 1515 Storm #1 295
718 006 6/9 1615  Storm #1 487
720 006 6/9 1715 Storm #1 85
722 006 6/9 1815 Storm #1 629
725 006 6/9 1945  Storm #1 306
726 002 6/9 0950  Storm #1 176
727 002 6/9 1130  Storm #1 66

(continued)
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TABLE 11-2 (continued)

11-18

TSS TDS
Sample Sampling concentration, concentratim
no. Outfall Date Time event mg/L mg/L
728 002 6/9 1630 Storm #1 11
729 002 6/9 2005 Storm #1 9
730 003 6/9 0955 Storm #1 21
731 003 6/9 1125 Storm #1 14
732 003 6/9 1630 Storm #1 11
733 005 6/9 1000 Storm #1 17
734 008 6/9 1030 Storn #1 41
736 008 6/9 1215 Storm #1 30
739 008 6/9 1605 Storm #1 19
742 008 6/9 2315 Storm #1 89
745 009 6/9 1035 Storm #1 109
748 009 6/9 1230 Storm #1 69
751 009 6/9 1615 Storm #1 58
754 009 6/9 2315 Storm #1 55 172
757 011 6/9 1045 Storm #1 448 389
760 011 6/9 1205 Storm #1 223 516
764 011 6/9 1520 Storm #1 2,684 299
766 011 6/9 2025 Storm #1 56 681
769 006 6/9 2215 Storm #1 354 191
772 006 6/9 2345 Storm #1 218 190
776 006 6/10 0145 Storm #1 151
783 007 6/9 2200 Storm #1 93 143
787 007 6/10 0000 Storm #1 45 185
791 007 §/10 020C Storm #1 39 185
796 007 6/10 0430 Storm #1 10 240
842 013 6/9 1100 Storm #1 152 601
846 013 6/9 1150 Storm #1 72 873
© 850 013 6/9 1530  Storm #1 1,380 884
854 013 6/9 1650 Storm #1 12 1,353
858 013 6/9 1945 Storm #1 12 1,690
(continued)



TABLE 11-2 (continued)

11-19

78S DS

Sample Sampling concentration, concentration,
no. Outfall Date Time event mg/L mg/L
861 014 6/9 1115 Storm #1 76 430
868 014 6/9 1540 Storm #1 60 232
874 014 6/9 1935 Storm #1 24 496
877 014 6/9 2050 Storm #1 61 524
884 015 6/10 1145 Storm #1 49 159
887 015 6/9 2235  Storm #1 21 215
891 004 6/9 2225  Storm #1 233
894 004 6/9 2255 Storm #1 233
903 004 6/10 0025 Storm #1 39 213
912 004 6/10 0155  Storm #1 223
921 004 6/10 0325 Storm #1 222
9353 010A 6/10 0000  Storm #1 21 186
941 010A 6/10 0200  Storm #1 17 164
946 010A 6/10 03006  Storm #1 13 158
953 010A 6/10 0500  Storm #1 16 197
956 010A 6/10 1516 ~ Storm #1 7 207
960 010A 6/10 1716 Storm #1 3 184
962 010A 6/10 1816  Storm #1 232
966 010A 6/10 2016 Storm #1 175
970 006 6/10 1500  Storm #1 232 285
972. 006 6/10 1600 Storm #1 21 173
976 006 6/10 1800 Storm #1 54 171
980 006 6/10 2000 Storm #1 16 158
984 0108 6/9 2300 Storm #1 13 158
987 0108 6/10 0000  Storm #1 20 138
994 010B 6/10 0200 Storm #1 21 182
1001 0108 6/10 0400 Storm #1 26 179
1011 0108 6/10 1650  Storm #1 29 154
1018 0108 6/10 1850  Storm #1 21 152
1029 0108 6/10 2150  Storm #1 25 137

(continued)



TABLE 11-2 (continued)

.

TSS DS

Sample Sampling concentration, concentratj

no. Qutfall Date Time event mg/L mg/L
1032 010A 6/10 1550  Storm #1 23 165
1035 010A 6/10 1650  Storm #1 20 175
1046 010A 6/10 1950  Storm #1 27 158
1053 010A 6/10 2150  Storm #1 18 138
1056 004 6/10 1440  Storm #1 10 231
1080 004 6/10 1840  Storm #1 3 190
1095 007 6/20 1545  Storm #2 32 253
1098 007 6/20 2110  Storm #2 29 172
1100 007 6/20 1615  Storm #2 (119 157
1102 007 6/20 1645  Storm #2 100 196
1104 007 6/20 1715  Storm #2 8 352
1108 007 6/20 1815  Storm #2 62 192
1112 007 6/20 1915  Storm #2 77 186
1116 007 6/20 2015  Storm #2 71 144
1120 007 6/20 2115  Storm #2 21 361
1124 007 6/20 2215  Storm #2 6 332
1127 0108 6/20 1610  Storm #2 137 146
1135 0108 6/20 1710  Storm #2 41 158
1138 0108 6/20 1740  Storm #2 38 161
1143 0108 6/20 1810  Storm #2 36 191
1151 0108 6/20 1910  Storm #2 30 185
1154 006 6/20 1545  Storm #2 398 490
1156 006 6/20 1615  Storm #2 188 199
1158 006 6/20 1645  Storm #2 77 231
1160 006 6/20 1715  Storm #2 76 251
1164 006 6/20 1815  Storm #2 24 226
1168 006 6/20 1915  Storm #2 1 213
1172 006 6/20 2015  Storm #2 13 190
1176 006 6/20 2115  Storm #2 17 190
1180 006 ©6/20 2215  Storm #2 20 253
1182 004 6/20 1545  Storm #2 34 188

(continued)

11-20



TABLE 11-2 (continued)

TSS TDS
Sample Sampling concentration, concentration,
no. Qutfall Date Time event mg/L mg/L
1185 004 6/20 1600  Storm #2 12 164
1188 004 6/20 1615  Storm #2 12 174
1191 004 6/20 1630  Storm #2 9 164
1194 004 6/20 1645  Storm #2 12 176
1197 004 6/20 1700  Storm #2 10 170
1200 004 6/20 1715 Storm #2 12 160
1206 004 6/20 1745  Storm #2 11 167
1212 004 6/20 1815  Storm #2 13 188
1219 004 6/20 1845  Storm #2 10 195
1222 004 6/20 1900  Storm #2 12 180
1226 007 6/21 0100  Storm #2 14 270
1230 007 6/21 0300  Storm #2 10 205
1234 007 6/21 0500  Storm #2 4 225
1238 007 6/21 0700  Storm #2 9 201
1242 007 6/21 0900  Storm #2 9 271
1246 007 6/21 1100  Storm #2 3 182
1252 006 6/21 0115  Storm #2 8 147
1256 006 6/21 0315  Storm #2 13 153
1260 006 6/21 0515  Storm #2 11 145
1268 006 6/21 0915  Storm #2 24 149
1272 006 6/21 1115  Storm #2 24 146
1276 012 6/20 1530  Storm #2 533 372
1279 012 6/20 1600  Storm #2 179 370
1284 012 6/20 1630  Storm #2 182 378
1286 012 6/20 1700  Storm #2 158 350
1303 004 6/21 0115  Storm #2 7 203
1315 004 6/21 0315  Storm #2 7 264
1327 004  6/21 0515  Storm #2 5 218
1339 004 6/21 0715  Storm #2 6 217
1343 0108~ 6/20 2345  Storm #2 24 186
1354 0108 6/21 0245  Storm #2 29 190
(continued)
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TABLE 11~2 (continued)

o
TSS TDS
Sample Sampling concentration, concentratia
no. Qutfall Date Time event mg/L mg/L
1359 0108B 6/21 0345 Storm #2 27 216
1362 0108 6/21 0445 Storm #2 31 200
1370 002 6/20 1540 Storm #2 79 112
1371 002 6/20 1555 Storm #2 17 132
1372 002 6/20 1650 Storm #2 15 156
1373 003 6/20 1535 Storm #2 132 106
1374 003 6/20 1550 Storm #2 97 93
1375 003 6/20 1635 Storm #2 34 98
1376 003 6/20 1645 Storm #2 23 104
1377 005 6/20 1535 Storm #2 78 69
1378 005 6/20 1550 Storm #2 36 59
1380 013 6/20 1525 Storm #2 727 355
1384 014 6/20 1530 Storm #2 121 398
1387 014 6/20 1600 Storm #2 44 416
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TABLE 11-3.

SITES #1 AND #2
MARCH-JUNE 1977

AMMONIA ANALYSIS RESULTS

Ammonia
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #1

2 011 3/24 1040 Storm #1 1.7
10 011 3/24 1200 Storm #1 1.5
14 011 3/24 1300 Storm #1 1.6
23 011 3/24 1500 Storm #1 1.1
34 010 3/24 1100 Storm #1 47.0
43 010 3/24 1300 Storm #1 52.0
&4 009A 3/27 2225 Storm #2 3.5
ax 009A 3/27 2100 Storm #2 0.23
52 Coal pile 3/28 0012 Storm #2 84.0
111 011 3/27 2306 Storm #2 1.4
117 011 3/28 0131 Storm #2 2.0
131 011 3/28 1200 Storm #2 28.0
148 010 3/27 2100 Storm #2 73.0
157 010 3/27 2225 Storm #2 55.0
165 010 3/28 0145 Storm #2 3.6
182 011 3/29 0900 Dry weather #1 20.0
190 011 3/29 1100 Dry weather #1 21.0
197 011 3/29 1300 Dry weather #1 26.0
206 010 3/29 0900 Dry weather #1 54.0
221 010 3/29 1300 Dry weather #1 56.0
266 010 4/5 0900 Dry weather #2 96.0
284 010 4/5 1300 Ory weather #2 37.0
309 011 4/5 0900 Dry weather #2 4.9
223 011 4/5 1300 Dry weather #2 5.0
346 ‘Coal pile 4/16 1155 Storm #5 27.0
351 009A 4/16 1040 Storm #5 2.0
359 009A 4/16 1205 Storm #5 2.6
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TABLE 11-3 (continued)

Ammonia
concentration
Sample no. Qutfall Date Time Sampling event mg/L
SITE #1
377 011 4/16 0842 Storm #5 .3
385 011 4/16 1239 Storm #5 0.66
392 011 4/16 1423 Storm #5 2.77
405 011 4/16 2223 Storm #5 0.87
408 011 4717 0742 Storm #5 0.65
429 011 4/18 0930 Dry weather #3 0.57
436 011 4/18 1030 Dry weather #3 1.2
438 011 4/18 1130 Dry weather #3 1.1
442 011 4/18 1230 Dry weather #3 1.0
446 010 4/18 1137 Dry weather #3 66.0
453 010 4/18 1237 Dry weather #3 74.0
455 010 4/18 1337 Dry weather #3 56.0
460 010 4/18 1437 Dry weather #3 84.0
463 010 4/18 1537 _ Dry weather #3 82.0
SITE #2
32 015 5/9 1130 Dry weather .0
42 010A 5/9 0000 Dry weather .2
56 010A 5/9 0300 Ory weather 86.0
195 010A 5/10 0200 Ory weather 4.8
336 010A 5/18 1030 Cry weather 52
349 010A 5/18 1330 Dry weather 3.8
360 010A 5/18 1630 Ory weather 5.7
380 0108 5/18 1430 Cry weather 7.1
518 010A €/9 0930 Storm #1 0.36
526 010A 6/9 1030 Storm #1 0.70
534 010A 6/9 1130 Storm #1 0.49
541 010A 6/9 1230 Storm #1 0.45
545 0108 6/9 0930 Storm #1 0.88
{continued)
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TABLE 11-3 (continued)

Ammonia
‘ concentration,
Sampie no. Qutfall Date Time Sampling event mg/L
SITE #2

553 0108 6/9 1030 Storm #1 1.3
569 0108 6/9 1230 Storm #1 0.60
574 012 6/9 0930 Storm #1 0.41

584 012 6/9 1030 Storm #1 1.0
594 012 6/9 1130 Storm #1 0.79
604 012 6/9 1230 Storm #1 0.73
609 012 6/9 1430 Storm #1 0.56
661 010A 6/9 1515 Storm #1 0.17
668 010A 6/9 1715 Storm #1 0.10
675 010A 6/9 1915 Storm #1 0.22
683 010A 6/9 2115 Storm #1 0.21
686 0108 6/9 1515 Storm #1 0.28
694 0108 6/9 1715 Storm #1 0.10
702 0108 6/9 1915 Storm #1 0.12
710 0108 6/9 2115 Storm #1 0.10
762 011 6/9 1205 Storm #1 0.23
767 011 6/9 2025 Storm #1 0.43

845 013 6/9 1100 Storm #1 31.0

853 013 6/9 1530 Storm #1 39.0
882 015 6/9 1010 Storm #1 0.20
886 015 6/9 1145 Storm #1 0.39
889 015 6/9 2235 Storm #1 0.51
931 010A 6/9 2300 Storm #1 0.12
944 010A 6/10 0200 Storm #1 0.23
954 010A 6/10 0500 Storm #1 0.33
985 . 010B 6/9 2300 Storm #1 0.11
992 © 0108 6/10 0100 Storm #1 0.50
999 0108 6/10 0300 Storm #1 0.10
1006 0108  6/10 0500 Storm #1 0.10

(continued)
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TABLE 11-3 (continued)

N
Ammonia
concentration
Sample no. Outfall Date Time Sampling event mg/L
SITE #2
1009 010B 6/10C 1550 Storm #1 0.15
1016 0108 6/10 1750 Storm #1 0.15
1023 0108 5/10 1850 Storm #1 0.10
1030 . 01cB 6/10 2150 Storm #1 0.15
1033 010A 6/10 1550 Storm #1 0.14
1040 010A 6/10 1750 Storm #1 0.10
1051 010A 6/10 2050 Storm #1 0.10
1128 0108 6/20 1610 Storm #2 4.1
1132 010B 6/20 1640 Storm #2 1.2
1136 0108 6/20 1710 Storm #2 0.50
1140 010B 6/20 1740 Storm #2 1.6
1144 0108 6/20 1810 Storm #2 0.39
1152 0108 6/20 1910 © Storm #2 0.40
1280 012 6/20 1600 Storm #2 1.3
1288 © 012 6/20 1700 Storm #2 1.6
1295 012 6/20 1800 Storm #2 1.6
1344 010B 6/20 2345 Storm #2 0.18
1356 0108 6/21 0245 Storm #2 0.18
1364 0108 6/21 0445 Storm #2 0.23
1383 013 6/20 1525 Storm #2 18.0
1395 015 6/20 1640 Storm #2 .28
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TABLE 11-4.

SITES #1 AND #2

CYANIDE ANALYSIS RESULTS

MARCH-JUNE 1977

11-27

Cyanide
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #1

6 011 3/24 1100 Storm #1 ND
25 011 3/24 1500 Storm #1 ND
37 010 3/24 1100 Storm #1 ND
51 010 3/24 1400 Storm #1 ND
54 010 3/24 1500 Storm #1 ND
82 009A 3/27 2225 Storm #2 ND
§7 009A 3/27 2100 Storm #2 ND
95 Coal pile 3/28 0125 Storm #2 ND
11z 011 3/28 0022 Storm #2 ND
122 011 3/28 0225 Storm #2 ND
126 011 3/28 1100 Storm #2 ND
153 ~ 010 3/27 2215 Storm #2 ND
162 010 .3/28 0040  Storm #2 ND
171 010 3/28 0445 Storm #2 ND
184 011 3/29 0900  Dry weather #1 ND
198 011 3/29 1300 Dry weather #1 ND
205 010 3/29 0900 Dry weather #1 ND
222 010 3/29 1300 Dry weather #1 ND

273 010 4/5 1000 Dry weather #2 0.99

289 010 4/5 1400 Dry weather #2 0.56
12 011 4/5 1000 Dry weather #2 ND
326 011 4/5 1400 Dry weather #2 ND

343 Coal pile 4/16 1140 Storm #5 0.17

356 009A 4/16 1125 Storm #5 0.03

362 009A 4/16 1415 Storm #5 0.01
383 011 4/16 1138 Storm #5 ND

389 011 4/16 1423 Storm #5 0.01

(continued)



TABLE 11-4 (continued)
Cyanide
concentration
Sample no. Qutfall Date Time Sampling event mg/L
SITE #2
47 010A 5/9 gl1co Dry weather 0 01
55 010A 5/9 0300 Dry weather 6.01
189 010A 5/10 0100 Dry weather 0.01
259 015 5/18 1056 Dry weather n.01
267 015 5/18 1630 Dry weather 0.01
340 010A 5/18 1130 Dry weather 0.01
348 010A 5/18 1330 Dry weather 0.01
367 0108 5/18 1130 Dry weather 0.01
383 0108 5/18 1530 Dry weather ND
521 010A 6/9 1000 Storm #1 0.01
529 010A 6/9 1100 Storm #1 0.01
536 010A 6/9 1200 Storm #1 0.01
548 0108 6/9 1000 Storm #1 0.02
556 0108 6/9 1100 Storm #1 0.01
578 012 6/3 1000 Storm #1 0.22
588 012 6/9 1100 Storm #1 0.10
613 012 6/9 1710 Storm #1 0.3
664 010A 6/9 1615 Storm #1 0.01
671 010A 6/9 1815 Storm #1 0.01
678 010A 6/9 2015 Storm #1 0.01
690 0108 6/9 1615 Storm #1 0.02
698 0108 6/3 1815 Storm #1 ¢.01
705 0108 6/9 2015 Storm #1 0.01
848 013 6/9 1150 Storm #1 0.38
856 013 6/9 1650 Storm #1 0.72
935 010A 6/10 0000 Storm #1 0.01
942 010A 6/10 0200 Storm #1 0.01
{(continued)

11-28



TABLE 11-4 (continued)

Cyanide
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #2
950 010A 6/10 0400 Storm #1 0.01
988 0108 6/10 0000 Storm #1 0.01
995 0108 6/10 0200 Storm #1 0.01
1002 0108 6/10 0400 Storm #1 0.01
1012 0108 6/10 1650 Storm #1 0.01
1019 0108 6/10 1850 Storm #1 ND
1026 0108 6/10 2050 Storm #1 0.01
1036 010A 6/10 1650 Storm #1 0.01
1050 010A 6/10 2050 Storm #1 0.01
1131 0108 6/20 1640 Storm #2 0.01
1139 010B 6/20 1740 Storm #2 0.01
1282 012 6/20 1600 - Storm #2 0.29
1287 012 6/20 1700 Storm #2 0.09
1294 012 6/20 1800  Storm #2 0.17
1347 0108 6/21 0045 Storm #2 0.01
1355 0108 6/21 0245 Storm #2 0.01
1363 0108 6/21 0445 ~ Storm #2 0.01
1392 015 6/20 1640 Storm #2 0.01

ND = Not detectable; detectable limit is 0.001 mg/L.
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TABLE 11-5. SULFATE ANALYSIS RESULTS
SITES #1 AND #2
MARCH~JUNE 1977
Sulfat;q
concentratig
Sample no. Outfall Date Time Sampling event mg/L
SITE #1
36 010 3/24 11060 Storm #1 27%
41 010 3/24 1200 Storm #1 303
46 010 3/24 1300 Storm #1 260
55 010 3/24 1500 Storm #1 303
149 010 3/27 2100 Storm #2 490
152 010 3/27 2215 Storm #2 380
166 010 3/28 0145 Storm #2 180
204 010 3/29 0800 Dry weather #1 560
211 010 3/29 1000 Dry weather #1 488
219 010 3/29 1200 Dry weather #1 1380
227 010 3/29 1400 Dry weather #1 419
267 010 4/5 0900 Dry weather #2 400
276 010 4/5 1100 Dry weather #2 450
285 010 4/5 1300 Dry weather #2 1580
294 010 4/5 1500 Dry weather #2 475
SITE #2

218 015 5/10 1845 Dry weather 20
257 015 5/18 1050 Dry weather 20
263 015 5/18 1630 Dry weather 20
575 012 6/9 0930 Storm #1 6L
580 012 6/9 1000 Storm #1 70
585 012 6/9 1030 Storm #1 76
595 012 6/9 1130 Storm #1 100
605 012 6/9 1230 Storm #1 128
- 610 012 6/9 1430 Storm #1 52
615 012 6/9 1710 Storm #1 54
620 012 6/9 1950 Storm #1 70
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TABLE 11-5 (continued)

Sulfate
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #2

758 011 6/9 1045 Storm #1 195
761 011 6/9 1205 Storm #1 270
844 013 6/9 1100 Storm #1 160
851 013 6/9 1530 Storm #1 190
855 013 6/9 1650 Storm #1 36
1278 012 6/20 1530 Storm #2 85
1380 013 6/20 1525 Storm #2 128
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TABLE 11-6. TOTAL IRON ANALYSIS RESULTS
SITES #1 AND #2
MARCH-JUNE 1877 _
Total iron
concentration
Sample no. OQutfall Date Time Sampling event mg/L
SITE #1
7 011 3/24 1106 Storm #1 0.96
20 011 3/24 1400 Sterm #1 1.0
31 010 3/24 1000 Storm #1 3.6
40 010 3/24 1200 Storm #1 2.6
61 010 3/24 1600 Storm #1 2.3
79 009A 3/28 0115 Storm #2 51.0
90 Coal pile 3/28 0012 Storm #2 34.0
116 011 3/28 0131 Storm #2 5.8
151 010 3/27 2215 Storm #2 1.2
180 011 3/29 0800 Dry weather #1 1.5
200 011 3/29 1400 Dry weather #1 1.1
203 010 3/29 0800 Dry weather #1 1.5
220 010 3/29 1200 Dry weather #1 1.1
272 010 4/5 1000 Dry weather #2 2.5
288 010 4/5 1400 Dry weather #2 2.3
313 011 4/5 1000 Dry weather #2 2.7
327 011 4/5 1400 Dry weather #2 2.5
341 Coal pile 4/16 1140 Storm #5 44.0
348 009A 4/16 1040 Storm #5 29.0
357 003%A 4/16 1205 Storm #5 18.¢
380 011 4/16 1138 Storm #5 3.7
386 011 4/186 1239 Storm #5 3.5
391 011 4/16 1423 Storm #5 3.7
402 011 4/16 2223 Storm #5 1.7
430 011 4/18 0930 Dry weather #3 1.9
433 011 4/18 1030 Dry weather #3 1.7
(continued)
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TABLE 11-6 (continued)

Total iron
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #1
439 011 4/18 1130 Dry weather #3 2.6
443 011 4/18 1230 Dry weather #3 1.5
448 010 4/18 1137 Dry weather #3 8.3
451 010 4/18 1237 Dry weather #3 4.2
SITE #2
38 015 5/10 1000 Dry weather 0.57
60 010A 5/9 0400 Dry weather 0.72 |
74 004 5/9 0030 Dry weather 0.57
110 004 5/9 0530 Dry weather 0.51
145 004 5/10 0030 Dry weather 0.20
200 010A 5/10 0300 Dry weather 0.57
247 008 5/18 1125 Dry weather 1.5
243 008 5/18 1410 Dry weather 2.2
246 008 5/18 1550 ‘Dry weather 1.0
249 009 5/18 1140 Dry weather 0.78
255 009 5/18 1545 Dry weather 1.4
258 015 5/18 1050 Dry weather 0.26
268 015 5/18 1630 Dry weather 0.47
293 004 5/18 1030 Dry weather 1.2
302 004 5/18 1200 Dry weather 0.47
311 004 5/18 1330 Dry weather 0.26
320 004 5/18 1500 Dry weather 0.26
329 004 5/18 1630 Dry weather 1.2
337 010A 5/18 1030 Dry weather 1.3
361 010A 5/18 1630 Dry weather 0.82
381 0108 5/18 1430  Dry weather 1.5
- 419 004 6/9 0930 Storm #1 2.2
431 004 " 6/9 1030 Storm #1 0.25
(continued)
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TABLE 11-6 (continued)

Total iron
concentration
Sample no. OQutfall Date Time Sampling event mg/L
SITE #2
443 004 6/9 1130 Storm #1 0.28
455 004 6/9 1230 Storm #1 .96
475 004 5/9 1345 Storm #1J. 0.35
484 004 6/9 1515 Storm #1 0.30
493 004 6/9 1645 Storm #1 0.29
502 004 6/9 1815 Storm #1 0.30
514 004 6/9 2015 Storm #1 0.18
519 010A 6/9 0930 Storm #1 3.4
527 010A 6/9 1030 Storm #1 1.5
542 010A 6/9 1230 Storm #1 1.1
546 0108 6/9 0930 Storm #1 5.9
554 0108 6/9 1030 Storm #1 3.7
562 0108 6/9 1130 Storm #1 1.3
570 010B 6/9 1230 Storm #1 1.1
573 012 6/9 0930 Storm #1 26.0
583 012 6/9 1030 Storm #1 25.0
593 012 6/9 1130 Storm #1 6.0
603 012 6/9 1230 Storm #1 1.5
608 012 6/9 1430 Storm #1 3.4
€18 012 6/9 1950 Storm #1 6.5
662 010A 6/9 1515 Storm #1 5.9
669 010A 6/9 1715 Storm #1 1.5
676 010A 6/9 1915 Storm #1 1.1
684 010A 6/9 2115 Storm #1 1.6
687 0108 6/9 1515 Storm #1 225.0
695 0108 6/9 1715 Storm #1 1.1
703 0108 6/9 1515 Storm #1 1.2
735 008 6/9 1030 Storm #1 5

(continued)
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TABLE 11-6 (continued)

Total iron
concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #2
737 008 6/9 1215 Storm #1 2.8
740 008 6/9 1605 Storm #1 3.0
743 008 6/9 2315 Storm #1 7.2
746 003 6/9 1035 Storm #1 3.2
749 009 6/9 1230 Storm #1 5.2
752 009 6/9 1615 Storm #1 3.0
755 009 6/9 2315 Storm #1 3.6
759 011 6/9 1045 Storm #1 11.0
765 011 6/9 1520 Storm #1 25.0
843 013 6/9 1100 Storm #1 5.7
g5z 013 6/9 1530 Storm #1 27.0
859 013 6/9 1945 Storm #1 .82
862 014 6/9 1115 Storm #1 6.7
865 014 6/9 1145 = Storm #1 1.5
869 014 6/9 1540 Storm #1 4.0
875 014 6/9 1935 Storm #1 0.95
878 014 6/9 2050 Storm #1 3.2
881 015 6/9 1010 Storm #1 0.89
888 015 6/9 2235 Storm #1 0.95
892 004 6/9 2225 Storm #1 0.68
895 004 6/9 2255 Storm #1 0.45
904 004 6/10 0025 Storm #1 | 0.68
913 004 6/10 0155 Storm #1 0.40
922 004 6/10 0325 Storm #1 0.38
940 010A 6/10 0100 Storm #1 1.1
948 . 010A 6/10 0300 Storm #1 1.3
955 010A 6/10 0500 Storm #1 0.93
1000 0108 6/10 0300 Storm #1 0.74
1007 0108 6/10 0500 Storm #1 0.80
T (continued)
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TABLE 11-6 (continued)
Total ir&:
concentration
Sample no. Qutfall Date Time Sampling event mg/L
SITE #2
1010 0108 6/10 1550 Storm #1 0.93
1017 0108 6/10 1750 Storm #1 0.90
1031 0108 6/10 2150 Storm #1 1.2
1034 010A 6/10 1550 Storm #1 0.98
1041 010A 6/10 1750 Storm #1 1.
1048 010A 6/10 1950 Storm #1 1.
1057 004 6/10 14490 Storm #1 0.29
1081 004 6/10 1840 Storm #1 0.22
1096 004 6/10 2110 Storm #1 1.
1129 0108 6/20 1610 Storm #2 5.
1183 004 6/20 1545 Storm #2 1.
1186 004 6/20 1600 Storm #2 0.18
1189 004 6/20 1615 Storm #2 0.35
1192 004 6/20 1630 Storm #2 0.41
1207 004 6/20 1745 Storm #2 0.22
1223 004 6/20 1900 Storm #2 0.38
1277 012 6/20 1530 Storm #2 5.
1285 012 6/20 1630 Storm #2 18.
1316 004 6/21 0315 Storm #2 0.31
1340 004 6/21 0715 Storm #2 0.56
1345 0108 6/20 2345 Storm #2 1.
1381 013 6/20 1525 Storm #2 16.
1385 014 6/20 1530 Storm #2 11.0
1388 014 6/20 1600 Storm #2 .
1393 015 6/20 1640 Storm #2 0.65
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TABLE 11-7.

DISSOLVED IRON ANALYSIS RESULTS

SITES #1 AND #2
MARCH-JUNE 1977

Dissolved iron

concentration,
sample no. Outfall Date Time Sampling event mg/L
SITE #1
8 011 3/24 1100 Storm #1 0.1
89 009A 3/27 2100 Storm #2 0.1
120 011 3/28 0225 Storm #2 0.1
147 010 3/27 2100 Storm #2 6.2
167 010 3/28 0145 Storm #2 0.1
183 011 3/29 0900 Dry weather #1 0.1
207 010 3/29 0900 Dry weather #1 0.1
217 010 3/29 1100 Dry weather #1 0.1
264 010 4/5 0900 Dry weather #2 0.6
287 010 4/5 1300 Dry weather #2 0.6
311 011 4/5 0900 Dry weather #2 0.1
324 011 4/5 1300 Dry weather #2 0.1
344 Coal pile  4/16 1155 Storm #5 0.5
352 009A 4/16 1125 Storm #5 0.1
361 00SA 4/16 1415 Storm #5 0.1
379 011 4/16 1138 Storm #5 0.3
388 011 4/16 1423 Storm #5 0.1
403 011 4/16 2223 Storm #5 0.2
432 011 4/18 1030 Dry weather #3 0.1
44] 011 4/18 1230 Dry weather #3 0.1
449 010 4/18 1237 Dry weather #3 0.4
SITE #2
54 010A 5/9 0300 Dry weather 0.1
80 004 5/9 0030 Dry weather 0.2
111 004 5/9 0530 Dry weather 0.1
146 004 5/10 0030 Dry weather ND
190 010A 5/10 0100 Dry weather 0.1
(continued)
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TABLE 11-7 (continued)

Dissolved in

concentration
Sample no. Qutfall Date Time Sampling event mg/L
SITE #2
207 010A 5/10 0500 Dry weather 0.1
241 008 5/18 1125 Dry weather 0.3
247 008 /18 1550 Dry weather 2.1
250 009 5/18 1140 Dry weather 2.3
256 009 5/18 1545 Dry weather 0.1
260 015 5/18 1050 Dry weather 0.1
265 015 5/18 1630 Dry weather 0.1
294 004 5/18 1030 Dry weather ND
303 004 5/18 1200 Dry weather 0.1
312 004 5/18 1330 Dry weather 0.1
321 004 5/18 1500 Dry weather ND
330 004 5/18 1630 Dry weather 0.1
339 010A 5/18 1130 Dry weather 0.1
347 010A 5/18 1330 Dry weather 0.1
385 010B 5/18 1530 Dry weather 0.2
420 004 6/9 0930 Storm #1 0.1
432 004 6/9 1030 Storm #1 0.1
444 004 6/9 1130 Storm #1 0.1
456 004 6/9 1230 Storm #1 0.1
476 004 5/9 1345 Storm #1 3.1
485 004 6/9 1515 Storm #1 0.1
494 004 6/9 1645 Storm #1 0.1
503 004 6/9 1815 Storm #1 0.1
515 004 6/9 2015 Storm #1 0.2
531 010A 6/9 1100 Storm #1 0.1
550 010B 6/9 1000 Storm #1 0.1
558 0108 6/9 1100 Storm #1 ND
566 010B 6/9 1200 Storm #1 0
577 012 6/9 1000 Storm #1
(continued)
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TABLE 11-7 (continued)

Dissolved iron

concentration,
Sample no. Outfall Date Time Sampling event mg/L
SITE #2
587 012 6/9 1100 Storm #1 0.6
597 012 6/9 1200 Storm #1 9.1
612 012 6/9 1710 Storm #1 0.1
666 010A 6/9 1615 Storm #1 0.2
673 010A 6/9 1815 Storm #1 0.3
681 010A 6/9 2015 Storm #1 0.3
£32 0108 6/9 1615 Storm #1 ND
70 0108 6/9 1815 Storm #1 0.2
70 0108 6/9 2015 Storm #1 0.1
73 008 6/9 1030 Storm #1 0.1
738 008 6/9 1215 Storm #1 0.7
74° 008 6/9 1605 Storm #1 0.1
744 008 6/9 2315 Storm #1 0.1
747 009 6/9 1035 Storm #1 0.4
750 009 6/9 1230 Storm #1 0.2
753 009 6/9 1615 Storm #1 0.2
756 009 6/9 2315 Storm #1 0.2
763 011 6/9 1205 Storm #1 0.2
768 011 6/9 2025 Storm #1 0.2
849 013 6/9 1150 Storm #1 0.9
863 014 6/9 1115 Storm #1 0.9
867 014 6/9 1145 Storm #1 1.2
87¢ 014 6/9 1935 Storm #1 0.3
879 014 6/9 2050 Storm #1 0.2
883 015 6/9 1016 Storm #1 0.3
830 015 6/9 2235 Storm #1 0.4
833 004 6/9 2225 Storm #1 0.1
905 004 6/10 0025 Storm #1 0.2
914 004 6/10 0155 Storm #1 0.6
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TABLE 11-7 (continued)

Dissolved inm

concentration
Sample no. Qutfall Date Time Sampling event mg/L
SITE #2

937 010A 6/10 0000 Storm #1 .1
952 010A 6/10 0400 Storm #1 0.1
990 0108 6/10 0000 Storm #1 0.1
1004 . 0108 6/10 0400 Storm #1 0.3
1014 0108 6/10 1650 Storm #1 0.1
1024 0108 6/10 1950 Storm #1 1.1
1038 010A 6/10 1650 Storm #1 0.1
1052 010A 6/10 2050 Storm #1 0.4
1058 004 6/10 1440 Storm #1 0.1
1082 004 6/10 1840 Storm #1 0.1
1097 004 6/10 2110 Storm #1 0.3
1133 0108 6/20 1640 Storm #2 0.1
1184 004 6/20 1545 Storm #2 0.1
1187 004 6/20 1600 Storm #2 0.1
1190 004 6/20 1615 Storm #2 0.1
1208 004 6/20 1745 Storm #2 0.1
1224 004 6/20 1900 Storm #2 0.1
1281 012 6/20 1600 Storm #2 0.1
1289 012 6/20 1700 Storm #2 0.1
1317 004 6/21 0315 Storm #2 0.1
1382 013 6/20 1525 Storm #2 1.1
1386 014 6/20 1530 Storm #2 0.2
1389 014 6/20 16C0 Storm #2 0.3
1394 015 6/20 1640 Storm #2 C.1

ND = Not detectable; detectable 1imit is 0.02 mg/L.
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TABLE 11-8.

PHENGL ANALYSIS RESULTS
D #2

11-41

SITES #1 AND
MARCH-JUNE 1977
Pheno1.
concentration,
Sample no. Qutfall Date Time Sampling event mg/L
SITE #1

1 011 3/24 1000 Storm #1 0.52

9 011 3/24 1200 Storm #1 0.01
19 011 3/24 1400 Storm #1 0.05
27 011 3/24 1600 Storm #1 0.01
30 010 3/24 1000 Storm #1 0.21
29 010 3/24 1200 Storm #1 0.03
48 010 3/24 1400 Storm #1 0.93
60 010 3/24 1600 Storm #1 0.44
E 009A 3/28 0115 Storm #2 0.04
6 Coal pile  3/28 0030 Stors #2 0.85
109 011 3/27 2306 Storm #2 0.04
115 011 3/28 0131 Storm #2 0.06
122 011 3/28 . 0333 Storm #2 0.05
146 010 3/27 2100 Storm #2 0.05

155 010 3/27 2225 Storm #2 1.1
164 010 3/28 0145 Storm #2 0.02
178 011 3/30 1000 Storm #2 0.02
179 011 3/29 0800 Ory weather #1 0.05
199 011 3/29 1400 Dry weather #1 0.06

2565 010 4/5 0900 Dry weather #2 31.0

283 010 4/5 1300 Dry weather #2 34.0
308 011 4/5 0900 Dry weather #2 0.68
315 011 4/5 1100 Dry weather #2 0.05
322 011 4/5 1300 Dry weather #2 0.05
334 ‘Coal pile 4/16 1140 Storm #5 0.13
- 335 Coal pile 4/16 1155 Storm #5 0.18
340 009A 4/16 1205 Storm #5 0.09
360 009A 4/16 1415 Storm #5 0.06

T (continued)



TABLE 11-8 (continued)

Phenol
concentratio
Sample no. Outfall Date Time Sampling event mg/L
SITE #1
375 011 4/16 0842 Storm #5 0.06
384 011 4/16 1239 Storm #5 9.10
406 011 4/17 0742 Storm #5 0.04
428 011 4/18 03930 Dry weather #3 0.03
437 011 4/18 1130 Dry weather #3 0.02
445 010 4/18 1137 Dry weather #3 25.0
454 010 4/18 1337 Dry weather #3 16.0
462 010 4/18 1537 Dry weather #3 23.0
SITE #2
35 015 5/10 1000 Dry weather 0.02
40 010A 5/9 0000 Dry weather 0.01
58 010A 5/9 0400 Dry weather ND
183 010A 5/10 0000 Dry weather 0.01
215 015 5/10 1845 Dry weather ND
262 015 5/18 1050 Dry weather ND
264 015 5/18 1630 Dry weather ND
334 010A 5/18 1030 - Dry weather 0.01
350 010A 5/18 1430 Dry weather ND
362 0108B 5/18 1030 Dry weather 0.01
386 0108 5/18 1630 Dry weather ND
516 010A 6/9 0930 Storm #1 0.01
524 010A 6/9 1030 Storm #1 0.01
539 010A 6/9 2230 Storm #1 0.01
543 0108 6/9 0930 Storm #1 0.01
551 0108B 6/9 1030 Storm #1 0.01
559 010B 6/9 1130 Storm #1 0.06
567 010B 6/9 1230 Storm #1 0.01
(continued)

11-42



TABLE 11-8 (continued)

Phenol
concentration,
Sample no. Qutfall Date Time Sampling event mg/L
SITE #2
571 012 6/9 0930 Storm #1 0.01
581 012 6/9 1030 Storm #1 - 0.01
591 012 6/9 1130 Storm #1 0.01
601 012 6/9 1230 Storm #1 0.01
606 012 6/9 1430 Storm #1 0.03
616 012 6/9 1950 Storm #1 0.02
622 015 6/9 1010 Storm #1 0.01
624 015 6/9 - 2235 Storm #1 0.01
626 015 6/10 1145 Storm #1 0.01
627 011 6/9 1045 Storm #1 0.01
628 011 6/9 1205 Storm #1 0.02
629 011 6/9 1520 Storm #1 0.01
630 011 6/9 2025 Storm #1 ND
631 013 6/9 . 1100 Storm #1 0.04
632 013 6/9 1150 Storm #1 0.04
633 013 6/9 1530 Storm #1 0.04
634 013 6/9 1650 Storm #1 0.02
635 013 6/9 1945 Storm #1 0.01
636 010A 6/9 1515 Storm #1 0.01
637 010A 6/9 1715 Storm #1 0.01
639 010A 6/9 2115 Storm #1 0.02
640 . 0108 6/9 1515 Storm #1 0.02
642 0108 6/9 1915 Storm #1 0.01
645 0108B 6/10 0100 Storm #1 0.01
647 0108 6/10 0500 Storm #1 ND
648 010A 6/9 2300 Storm #1 0.01
649 010A 6/9 0100 Storm #1 0.01
650 010A 6/9 0300 Storm #1 0.01
(continued)
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TABLE 11-8 (continued)

Phenol
concentratig
Sample no. Outfall Date Time Sampling event mg/L
SITE #2
651 010A 6/9 0500 Storm #1 ND
653 010A 6/9 1750 Storm #1 c.01
656 0108 6/9 1550 Storm #1 ND
658 ‘ 0108 6/9 1950 Storm #1 0.01
1126 0108 €/20 1610 Storm #2 ND
1142 0108 6/20 1810 Storm #2 0.01
1150 0108 6/20 1910 Storm #2 ND
1275 012 6/20 1530 Storm #2 0.12
1283 012 6/20 1630 Storm #2 0.02
1290 012 6/20 1730 Storm #2 0.01
1297 012 6/20 1830 Storm #2 0.19
1342 010B 6/20 2345 Storm #2 0.02
1358 0108 6/21 0345 Storm #2 ND
1366 010B 6/21 0545 Storm #2 ND
1379 o 013 6/20 1525 Storm #2 0.04
1390 015 6/20 1640 Storm #2 0.03

ND = Not detectable; detectable 1imit is 0.001 mg/L.
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TABLE 5-6

STORM EVENT DATA
SITE 1
MARCH -~ APRIL, 1977

Average Maximum
Rafinfall Rainfall
: Total Rainfall Intensity Intensity
Date Storm Begluning Storm Ending cm (inches) em/hr (in/hr) cm/hr (in/hr)
SYVIYRA 0500 21730 0.84 (0.33) 0.05 (0.02) 0.1} (.0%)
327~
1/28/11 2000 (3/27) 6200 (3/28) 1.42 (0.56) 0.23 (0.03%) 0.61 (0.24)
3/31/1717 1410 14730 0.20 (0.08) 0.61 (0.24) 1.07 (0.42)
h/4al17 0200 0500 0.36 0.14) 0.13 (0.65) 0.41 (0.16)
4/16/177 0430 2000 0.71 (0.28) 0.05 (0.02) 0.56 (0.22)




Lr-11

DRY VS WET FLOWS'

TABLE 5-7

SI1TE 1

a)yid:

MARCH - AFRIL, 1977

i B o e

OHTFALL N 005 010 ottt
PATE | by vEY yeT(®) : 1 WET .
, Avg. Flow | Range Avg. Flow] Range Avg. Flow] Range Avg. Flow | Range Avg. Flow 1 Range
1pm(gpm) 1pm(gpm) fpm(grn) | lpa(gpn) lpm(gpm) | lpwinpm) | ipw(apm) Ipn(gpm) tpe(gpm) | lypm(gpm)
124 1056 227-2233 12.% 0 - 29.1 189 4% - 534
: . (279) (60-590) (3.3) 0=~ 1.7 (50) (12-141)
3/27 ~ 28 6081 §54-15026 16.0 0~ 6.0 708 8 - 2203
(1607) (120-3970) “.2) Jo-11.7) (187) (10 - 582)
3/29 473 435~568 n 27-93
(125) (115-150) (10) 7-14)
Wan 401 227-984 403 93-919
(108) (60-260) wnle) wn (<) (107) (23-248)
LY 2112 368-4542 ) () ) 170 15-367
(330 j(150-1200) wp (e o e 145) (4-97)
4/5 227 227 3.4 0-13.2
(60) (60) . (0.9) (0-1.%)
LAl 3456 228-15900 13.3 0~ 49.02 ' 503 831374
(913) (60-4200) (3.9%) 1(0 ~ 13.0) (154) (22-363)
4/18 216 16-254 87 76-106
(57) (20-67) (23) (20-28)
e - ) S
{a) No flow data were taken at Outfells 006 and 009, not at the coal pile drainage ditch,
(b) There wae no measurable dry fiow at 010 during the program.
(c) WD - No tlow data were obtafucd.
(4) Fiow valucs are time weighted averages for the entire avent.



TABLE 5-8

RANGE OF POLLUTANT CONCENTRATTONS AT THE
SAMPLING LOCATIONS AT SITE 1
MARCH - APRIL, 1977

.

I ” o B mn«‘l.l;",t: .()“—-~"_".l.;l;'llnt ,‘:U“L:L‘“t rat lU“H“ -'"":'/-;A I A N
Outfall 005 outfatl one'™ Oatfatt 0o9a(® () Gutfatl oto Outfali ot coat riset™
Pol Tut aat 7 ‘N'Ql';‘_v—h—/ —T;T‘A .‘n";”> o W«'I - ) _l)l'y "ct . A‘i;r.y o - ;’L‘t‘ ) .—'M-_l;;;‘h»" o Vt'l- r y o V_Q;‘-(‘_“A
Total Suspended Solfda] 4-31 | 11-113 1676 156-951 4-649 t0-1212)  1-62 9-151 1116-9559
 Total Dinsolved Sol bt | 327-463 | 218-964 200-1501 16-1316 2001-56418 | 661-4991) 668-1040 427-1196 1419-2974
%m;u fron 18-51 1.1-8.3 1.2-3.6] 1.1-2.2 0.96-5.8 Vo- it
Disuolved Lron . 0.10¢) o.1-0.6 | o.1-0.2] o0.10(9) 0.10-0. 30 0.50'?
Phenoly ' 0.04-0.09 16-34 0.02-1.1] 0.02-0.68 0.01-0.52 0.13-0.485
Cyanlde {Tovad) n.d.-0.0l(d) n.d.—".ﬂﬂ(d) n.d.(d) n.d.‘d) n.d.—0.0l‘d) u.d.-ﬂ.li(d)
Amaonta : 0.23-3.5 54-96 3.6-73 | 0.51-26 0.065-28 27-84
Sulfate ’ . 40D~} 580 180- 490

(a)
(b)
()
1y

Road runoff at 009,
No dey samples obtalned,
Only vae value obtataed,

n.d. -oot detectable - detectable Hult « 0,001 my /.
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TABLE 5-9

MEAN POLLUTANT CONCENTRATIONS, IN mg/t AT SITE 1
MARCH - APRIL, 1977

Nutlall 003 006(s) ong (»)
Pollutant Pry Vet Dry Vet bry Vet
188 1} ] 43 11 308
™S 196 sS4l 162 745
Total lron 32.4
Dlesolved o.1
Iron .
Phenols 0.06
(:ynnhlu .01
(fotal)

Ammontia 4 2.1
Sulfate

o0
Pey Vet
P T
078 |2138
1w | 2
0.4 | 0
:5 0.3
es | _w
”» 4

s ur

Dry

18

68
1.9
0.1

0.13

9.1

oy

S ——

on Coal Pile Diatnage Ditch(®
Wet ey Wet
1)
108
e
2289
2.6 .3
0.2 _
0.086 ‘
 0.39
0.002 _m
3.4
6

(a) Wo dry semples collected.

(h) Several non-detectsble values were sleo obtalned,



TABLE 5-10

AVERAGE MASS LOADINGS OF POLLuTanTs 3)»(P),(e)
DRY VS. WET WEATHER
MARCH - APRIL, 1977
OUTFALL 005 - SITE 1

Date 372 (uet) 3/21-28 (uac) 3729 (Dr+) 3/31 (Wet)
Avg. Avg. hvg . Avg,
Avg. Mass Avg. Mass Avg. Mass Avg. Mass
Avg. Flow, | Losding,| Avg. Flow, | Loeding, | Avg. Flov, | Loading, | Avg. Plow, | Louding,
Conc.,{ lpm kg/hr | Conc.,{ 1lpm kg/hr { Conc.,| lpm kg/hr | Conc., lew “g/hr
Patameter wg/L | (gem)| (Ib/hr)] wg/l | (gpw)| (1b/Mr) | wg/l | (gpm) ! (1b/hr) | wg/1 | (gpm) (1b/hr)
Total Suspended 39 1200 2.82 L 3045 1.1 16 73 9.45 38 401 0.91
Solids (NNNy§ . (1016) | (24.4) (125) (9.99> (106) (2.0)
Total Dissolvedi 938 1200 6.3 332 3847 76.6 333 473 10.0 581 Q) 1:.0
Solids (317)] a9 (1016} | (168.3) (123§ 2.0 (106 i (30.8)
Date 4/4 (Yat; 4/5% (bry) «/16 (UYer) «/18 (Drv)
Avg. Avg. Avg. Avy.
Avg, Mass Avg. Mass Avg. Mass Avg. YMage
Avg. Flow, | Loading.] Avg. Flow,| Loading, { Avg. Flow, | Losding, | Avg. Flow, | Loading,
Cone., lpm kg/br | Come., lps kg/he | Come., lpa kg/hr | Comc., lps kg/hr
Paraseter ag/l | (gpm) | {1b/hz)| =g/l | (gpm)| (1b/he) | wg/i | (gomy | (Ib/vr) | we/l | (gpm) | (1b/he)
A ' sy |
Total Suspended | 37 2434 .46 17 227 0.23 75 420% 19.0 14 2 0.19
Solids (643){ (22.0) (60) {0.51) (1111) (4i.8) (60} (0.42)
Tatal Diesolved | 669 2434 97.7 543 27 6.0 n 4205 93.6 409 227 5.6
Solids (643) ] (234.9) 60) | (13.2) {1111 (206.0) (60) (12.?)

(a)Average Mass Loadings for wet weather calculated by multiplying
the time weighted average concentration by the time weightad
average flow, which were determined from the flow and concentra-
tion curves for each event.

(b)Ayerage wet weather flows are time-weighted flows for the sam-
pling period for each parameter. These may vary for the dif-
ferant parameters within each storm.

(c)

Average Mass Loadings for dry weather calculated by multiplying

the- straight average concentration by the time-weighted average
£flow irom Table 5-7.
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AVERAGE MaSS LOADINGS OF porruTants(d)» (B),(e)

TABLE 5-11

DRY VS. WET WEATEER
MARCH - APRIL, 1977
OUTFALL 010 - SITE 1

Date 3/24 (Wet) 3/27-28 (Wet)
Avg. Avg.
Avg. Mass Avg. Mass
Avg. Flow, Loadiag, aAvg. Flow, Loading,
Conc., lpm kg/hr Conc., ipm © kg/hr
Parameter mg/1l (gpm) (1b/hr) ng/l (gpm) (1b/hr)
Total Suspended Solids 76 12.7 0.06 1717 34.4 3.54
(3.36) (0.13) (9.1) (7.80)
Total Dissclved Solids 2170 12.7 1.653 150 34.4 0.31
(3.36) (3.64) (9.1) (0.68)
Total Iron 2.61 12.7 0.002
' (3.36) (0.004)
Mssolved Iron 0.119 34.4 0.0002
| (9.1) (0.0005)
Phenol 0.46 12.7 0.0004 0.559 34.4 G.0C1
(3.36) (0.0009) {9.1) (0.003)
\monia 50 4,43 £.013 41.0 34.4 0.08
‘ (1.17) (0.03) (9.0) (0.13)
julfate 285 14.7 0.25 224 34.4 0.46
(3.88) (0.55) {9.1) {(1.02)

a
)Average Mass Loadings for wet weather calculated by multiplying the time weighted
dverage ccncentration by the time weighted average flow, which were determined

.from the flow and concentration curves for each event.

) .
Average wet weather flows are time-weighted average flows for the sampling period

for- each parameter.

storm.
\

These may vary for the different parameters within each

c, . .
Average Mass Lcadings for dry weather calculated by multiplying the straight

' @verage concentration from Appendix B by the time-weighted average flow from

Table 3-7.
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YIrames er
Total
Suspended

£a114
]

‘mlul
lunotvid
Solldy

Total
fron

T<-

Binuolved
oo

Ihenot

Awman b

hatralght

Avp.
Cone .

/1t

]
1349

UN LA
[ A2
0147

1,44

WY

dhoue value ouly

(2)

3124 (Wer)

Avg.
Flow,
T
(gpm)
27
(51.29)

17
(1.29)

w2
(14.4)

215

12.8

o2
(69.22)

92
)

2
(h6. 01

-

Avg.
Mann
Load tug,
/e
(1b/he)

0. 14
0.32

17.5
(18.5)

0.02
(0.04)

0.002
(0.004%)

0.002
(0.004)

0.92)3
(0.09)

i

- -

Avg.
anc. ,
g/t

——

97

624

5,088

0,144

0.018

13.04

concentrat bon cmrves fop enchi ¢vent

(h)

Wil pavameter,

)

tConcent Yat son brom thee

TABLE 5-12

AVERAGE MASS LOADINGS of rorLutants(®)» (1), (c)
DRY VS. WET WEATHER
MARCH - APRIL, 1977

OUTFALL 011 - SITE 1

.

e St 8 hing. i i e+ don

3/21-28 (Wet)

Avg.
Flow,
Lpm
(gpm)

1764
(h6b)

1764
(4L00)

1a2
(196)

6Y6
(184h)

H60Y
(i)

14
{(190)

Averape Hess Loadbiges for wet weather calenlated
concentration by the Chse weldphted averape flow,

Avg.
Muun
loading,] Avg.

kg/hwr | Cone.,
(1b/he b | me/d

10.) 14
(22.6)

(6.0 [ X]
(45,1

0,26 1.}
(n.57)

W 004 O, hae
(0. 009)

0,004 1 8,09
(0, 009)

.54 2¢
(1.28)

by moltiplyom the Clme welphted averape

Avy.
Flow,
lym
(rpm)
8
(q11)]

il
)

1]
(1)

1]
(10)

1]
(1)

AL}
(o)

329 (hry)

Avie.
AT
Loading,

kg /e
(ih/hr)

0.0)
(0.07)

1.56
(3.4))

0.00}
(0.007)

0.0002
(0.0015)

0,000
(0.000))

0.05
(0. 11)

whibeh were et crmbacal Srom the

Averape wet veather Thows are Llawe-weiehtcd averange thows 1o

These may vary for e i ferent pavametvrs vl thin cach stoom,

Avevage Masag Loadiogs tor dry weathur calonlated by nnttipty fag
Chone- v bt cd avasape 1 tow Croam Tab b

(3 )
N 7.

b ralpght

Avg.
Cone.,,
g/}

4

1021

0.26

flow and

the sampling pealod for

averapge

47% (ry)
Avg.
Avy. Moy
¥low, | Luadling,
1pm kg/hr
(gpm) (b/hr)
1.4 0.003
(n.v) (0.007)
1.4 0.1
(0.9) (0.56)
3.4 0. 60l
(1.9) (0.002)
1.4 Toxloh
(0.9 ] 4.4x107%)
1.4 5.xt0” 8
(] 2z
1.4 0.0
(0.9) (0. 002)

4/16 (Mor)

Avg.
Conwe. ,
mg/i

51

1062

1.6

0,24

0.084*

0.912

Avg.
Flow,
Tpm
(gpm)
5648
[RRI1))]

568
{150)

915
(247)

91Y
(247)

W17
(126)

8

l

Reproduced from
best available copy.

Avg.
Maas

Loadling,

kg/hr

Avg.
Cone.,,

(Ih/he )H wp/l

i.74
(3.8))

.2
(79.6)

0.2
(0.44)

o.m

(50)

.

U,
0.

0.
.

[173]

002
DA ¥

ay
071}

4 11]

185

0.1

0.029

®.97

4/18 (nhy)

Avg.
Flow,
Tpm
(rpm)
7
(21)

87
(21

87
(23)

a7
213

87
@y

a7
(2%

Avg.
Nays
lomding,
/e
(1b/hr)

0.16
(0.3%4)

4.4
(9.0

.01
(0.02)

0.001
(0.002)

0.000
(0.0007)

0.005
(0.011)

g

s
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TABLE 5-13

STORM EVENT DATA
SITE 2
MAY - JUNE, 1977

Max fmum
Average Rafnfall
Rainfall Intensity
Total Rainfall Intenaity _ f  During Storm
Date Storm Beginning Storm Ending cm (inches) em/ hr {(in/hr) cm/br (in/hr)
6/9-
6/10/117 0500 (6/9) 1500 (6/10) 4.45 (1.75) 0.13 (0.05) 1.42 (0.56)
6/20/77 0900 2030 2.59 .02y | 0.23 (0.09) (@ (@)

(a)No rainfall intensity data were collected on June 20 duc to equipment faflure
and manpower constralnts.




TABLE 5-14

DRY VS. WET FLOWS'®)
‘ SITE 2
MAY - JUNE, 1977

Sampling Average Flow Range,

Outfall Date Condition lpm (gpm) lpm (gpm)
5/10 Dry - -

002(b) 5/18 Dry 53 (14) 23-91  (6=24)

‘ 6/9-10 Wet - -
6/20 Wet - -
5/10 Dry 163 (43) | 132-310 (35-82)

ooa(c) 5/18 Dry 413 (109) 223-727 (59-192
6/9-10 Vet 549 (145) 163-988 (43-261)
6/20 Vet 382 (101) 189-795 (50-210)
5/10 Dry 1120 (296) 655-3410 (173-900)

006(c) 5/18 Dry 2150 (568) 1540-3293 (407~870)
6/9-10 Wet 2498 (660) 730-4290 (193-1132)
6/20 - Wet 3066 (810) 1692-9463 (447-2500"
5/10 Dry 4.5 (1.2) 4.0-4.9 (1.0-1.3

»007(c) -1 5/18 Dry 2.9 (0.8) . 2.5-4.0 (0.7-1.0)
6/9-10 Wet 45 (12) 1.1-216 (0.3-57)
6/20 Wet 291 (77) 45-5776 (12-152%6)
5/10 Dry - -

009(5) 5/18 - Dry 5344 (1412) 5223-5465 (1380-1i-2)
6/9-10 et : - -
/20 vet - -
5/10 Dry - -

OIOA(h) 5/18 dry 1.08x105 (28570) 1.03x105-1.12x105 (2728C-29580)
6/9-10 Vet - -
6/20 Vet - -
5/10 Dry - -

orop® | 5/18 Dry 5.14x10* (13590) 3.3x10%-6.6x10" (8640-17480)
6/9-10 Vet - -
6/20 Vet - -

(a)

Flow data were not collected at cutfalls 003, 005, 008, 011, 012,
013, 014, and 015.. .

(b)s:raight averages.
(c)rinl—wcighced averages.
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TABLE 5-~15

RANGE OF POLLUTANT CONCENTRATIONS AT THE
SAMPLING LOCATIONS AT SITE 2 IN =g/l
MAY - JUNE, 1977

; Cutfall
1
i
! 002 003 004 006 007 008 009
T iDrv o Wer D . bet Dry et Drv__ i wet Dro | et Bro . wer Bre_ . wer
¢ |
1l Sespended ! i
Ko 11-29 | 9176 11-132) 2-47 ‘ 3-39 20416 { 8-2537 |1-60 {3-119 |22-56 | 19-39 | 4-58 i 55-109
wl Mesolved l ! i !
s hy.2019| 112-284 93-148] 113-205 | 160-355 | 102-159 | 145-490 | 54-245 | 107-418 | 112-172 ! 224~265 116-138 | 151-I51
i
il tron ' o.zo—x.z| 0.18-2.2 1.0-2.2 | 2.8-7.5] 0.78-1.4] 3.0-5.2
‘ i
et ; n.4.-0.21 0.1-0.6 _ 0.1-0.3! 8.1-0.7] 0.1-0.3 ! 0.2-0.4
- ‘ ‘ x ' ' :
i 1 H
|
' ourfaid
@) @ (a) ()
cm—e 0104 0108 011 -1, o012 013 0l4
} ] Dry We Drv ! Wet Drv ¢ wet Drv wet Drv i Wet Dry C der
i
lids 537 38 13-28 ‘12-702 56-2684 28-563 12-1380 26-121
ibeal Dissoived
‘tids Y6-125 131-253 89-133 137-239 299-681 222-546 355-1690 232-524
i ]
{ (b’
{Wal Iron 0.57-1.3 | 0.93-5.9 | 1.5 0.74-225 11-25 1.5-26 0.82~28 0.95-14
2 td) : ®)
;Hwolved Iron d 0.1 ion.1-0.4 0.2 f n.d.~1.1 0.2 0.1-0.6 . C.9-1.1 0.2-1.2
;
{e} )
Rasel 5.d.-0.01) 7.d.~0.02 | qa.4.-0.01] n.d.-0.06 n.d.=-0.02 0.01- 0.01-
0.19 0.04
: (§2] (c)
itde(Total) 9.0l 0.01 n.d.-0.01] n.d.-0.02 o.os-o.# 0.38-
i - 0.72
-ta 3.8-8.6 . 0.1-0.7 L 0.07~4.1 0.23- l8.41- 18-19
1, ! 0.43 1.6
i
ttate | 195-270 1 52-128 36-190

@

Yo drv weather samples collected.
. Only cne saxmple analyzad.

Cyanide was nct analyzed at this ocutrfall.

9
H
.
rt
rt
Q
[a}

8.d.-not detactable. Derectable 1li
C 14

8.d.~not detecrcabla. -Detectable
4}

dissolved iron is 0.02 mg/l.

'J
=]
o8
(a}
h
0]
2]

phenol is 0.001 mg/l.

"
o
(a3

%.d.-not derectatle. Detectable limit

sotal cyanide is C.001 mg/l.
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TABLE 5-16

MEAN POLLUTANT CONCENTRATIONS 1N wg/l AT SITE 2
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AVERAGE MASS 1.OADINGS OF PorLuTAnTs () (W), (e), (£)

DRY VS. WET WEATHER
MAY-.JUNF.,

1927

OUTFALL 002-SITE 2

bate 5/18 (bry) 6/9-10 (Wet) 6/20 (wet) D

| Avg. Avg. Avg,
© Avg. Mass . .| Ave. Mass Avg. Masa

Avg.®’l Flow, | Loading, Avgfe) Flow, | loadlug, Avg!e) Flow, | lLoading,

, Conc., lpm kg/hr Conc., 1pm kg/hr Conc.,| Ipm kg/hr

Farameter mg/1 (gpm) (1b/hr) mg/1 (gpm) (1b/hr) | mg/l (gnm) (1b/hr)
Total Suspended 20 53 0.07 65 53 0.21 37 53 0.12
Sol ids (14) , (0.14) (14) (0.45) (14) (0.26)
Total bissolved 114 53 0.6 212 53 0.67 133 53 0.42
Solids (14) (0.8) (14) (1.48) (14) (0.93)

(a)

Average mass loadings for wet weather calculated by multiplying the time weighted average

concentration by the time weighted average flow, which were determined from the flow and
concentration curves for each event,

(h)

each parameter.

(c)

These may vary for the different parameters within each storm.

concentrations from the Appendices by the average flows from Table 5-14.

(d)

weather flow data were not obtained.

(e)
(t),

Strafght average used.

No dry flow data collected on 5/10/77.

Average mass loadings for dry weather calculated by multiplying the straight average

tlet weather average mass loadings were estimated.uslng dry wveather flows because wet

Average wet weather flows are time weighted averdge flows for the sampling period for
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-

Pate s/10 (bry) bYAL. (vrr) _1
Avg. Avg.
Avg. Hnaw Avg. Hann
Avy, Flow, | loading, | Avg. Flow, | loading,
Conc.,| Ipm ba/he Cane.,|  tpm kg/he
Fatamcter wg/l (gy») (th/hr) | wmg/l (gpm) (1h/he)
Total Surpended 9 16) 0,09 1} ] A 0.3
Solidu 43) (0.2) (107) 0.81)
Total hWlusolved 155 16) 1.5 160 413 4,0
Sul idy (43) .1) o)) (8.8)
Fotal Trom 0.2} 16 o.002 |0.68 Al 0.02
(41) (0. 004) [§1i1)] (0.04)
Ninnotved hion o d.(") 16) - 0.06 413 0. 061
(43) (109) (0.002)

TABLE 5-18

AVERAGE MASS LOADINGS OF roLiutants(®)» (b, (c)
DRY V3. WET WEATHER
MAY-JUNE, 1977
OUTFALL 004 ~ SITE 2

(a)

L . e e

6]9-10 (Wer)

Avg.
Cone,,

wg/

10
250
0.4

0.1
(0.0n2)

Avg.

Flow,
lpm

(gpm)

h62
(17%)

662
t175)

662
(L75)

693
(181)

Avg.
Maen
Load lng,
kg/hr
(Lh/tr)

PEE——— B

0.4
(0.88)

9.9
(21.8)

0.02
(U.04)

0.003
(0.011)

0.3

0.04

6/20 (Wet)

Avg.
Flow,
I
(gym)
401
(106)

LU
(106)

am
(106)

424
(e

(1h/n)

Avp.
Hang
Loading,

kp/hr

0.2
(1.48)

4.9
(10.8)

0.01
(v.02)

0.om
(0.002)

Average mass loadings for wet weather calculated by multiplying the time welghted average

concentration by the time welpghted average flow, which were determined from the flow and
concentration curves for each event,

(b)

each parameter,

These may vary for the different parameters within each storm.

Average wet weather flows are time weighted averayge ilows for the sampling period for

c
)Average mass loadings for dry weather calculated by multiplying the straight averaype
concentrations from the Appendices by the averapge tlows from Table 5-14.

()
()

One value only,

n.d.-not detectable.

Detectable 1imit 1is 0.02 mg/}.
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TABLE 5-19

AVERAGE MASS LOADINGS OF poLLutanrs @)+ (D). ()
DRY VS. WET WEATHER
MAY-JUNE, 1977
OUTFALL 006 - SITE 2

ate

Parameler

Total Saspended
Salids

Total Digsolved
Solldy

(a)

. T B
5/10 (bry) 5/18 (bry) 6/9-10 (Wet) 6/20 (Wet)
Avg. Avg. Avg. Avg.
Avg. Hasn Avg. Hoss Avg. Masn Avg. Maan
Avg. Flow, lLoading, Avg. Flow, Loadtng, Avg. Flow, Loading, Avg. Flow, Lomllag,
Conc.,, lpm kg/hr Couc.,, Ipm kg/hr Conc ., lpa kg/hr Cone,,] ipn kg/hr
wg/1 (gpm) (1h/hr) | wmg/l (gpm) (b/he) § mp/) (gpm) (/) | wg/t | (gpm) (Ib/lr)
41 1120 2.8 130 2150 16.8 495 1851 35 12 2824 5.4
(296) {6.2) {568) ) (489) (121) (746) (11.9)
112 1120 7.5 148 2150 19.1 244 1851 27.1 186 2824 3L.6
(296) (16.5) (568) (n2) (489) (59.6) (746) (69.3)

Average mass loadings for wet weather calculated by multiplying the time weighted average

concentration by the time weighted average flpow, which were determined from the flow and
concentration curves faor each event.

(b)

Average wet weather flows are time weighted average flows for the sampling period for

each parameter. These may vary for the different parameters within each storm.

(C)Average mass loadings for dry weather calculated by multiplying the straight average
concentrations from.the Appendices by the average flows from Table 5-14.
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AVERAGE MASS LOADINGS OF POLLUTANTS

TABLE 5-20

DRY VS. WET WEATHER

MAY-JUNE, 1977

(h)

each parameler.

(¢)

Averape wass loadings for wet weather calculated

(2),(b),(c)

6/9-10 (Wetr)

Avg.
¥low,
Ipm
{gpw)

31.3
(R.8)

1.1
(8.8)

OUTFAL) 007 - SITE 2
 patw h 3/10 (bey) o s/i8 (thl_ o
Avg. Avg.
Avg. Hann Avg., Hase
Avg. Flow, Loadtng, Avg. Flow, luading, Avg.
Counc., Ipm kg/hr Conc., Tpm g/l Conc.,
Parameter wg/l (gpm) (th/he) | wmg/i (gpm) (Ob/he) | wg/t
Totnl Sugapclhh}d 15 4.3 N, 004 24 2.9 0.0 36
Soltds (1.2) (n.009) (0.8) {0.0n9)
Tuta) Disnolved 149 4.5 0.04 R4 2.9 o.M 222
Sol lds (1.2) (0.09) (0.8) (0.02)
(a)

Avg.
Hune
Loadfong,
kp/hr
(b/hr)

0.07
(n0.15)

0.44
(0.97)

244

6/20 (Wet)

Avg.

Flow,
Lpm

(grm)

165.4
(41.7)

165.4
(43.7)

Avg.

taan
Load iy,

kp/hr
(1h/hr)

0.22
(0. 4R8)

2.42
(5.32)

by wmultiplyfng the time weighted averape
concentrat fon by the tine welghted average flow, which were determlned Lrom the flow and
concentration curves for each cvent.

These may vary for the different paramcters within each storm.

concentrations from the Appendices by the averape tlows from Table 5-14,

Average wet weather flows are Lime welghted average flows for the sampling perfod for

Average wass loadings for dry weather calculated by multliplyling the stralght average
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AVERAGE MASS 1LOADINGS OF porLuTAnts () (1) (e), (1)

DRY VS. WET WEATHER
MAY-JUNE, 1977

OUTFALL 009 - ST17TE 2

(a)

Date 5/18 (bry) 6/9-10 (Wet)

Avg. Avg.
Avg. Masy Avp. Mass

Avg. Flow, Load tng, Avg. Flow, Loadlng,

Conc., 1pm kg/hr Conc., 1pm kg/hr

Paramecter my/1 (gpm) (Qb/he) | mp/d (gpm) (1b/ur)
Total Suspeunded 12 5344 10.3 13 5344 23.4
Solids (1412) (22.7) (1412) (51.5)
Total Dissolved 124 5344 39.3 201 5344 64.4

Sol ids (1412) (87.6) (1412) (141.7)
Total lron 1.1 5344 0.15 4.0 5344 1.28
(1412) 0.77) (1412) (2.82)
Dissolved lron 0.2 5344 0.06 0.25 5344 0.08
(L412) (0.13) (1412) (0.18)

Average mass loadings calculated by multiplying the stralght

average concentrations from the Appendices by the strafght

average flow,

(m

Wet weather average mass loadings were estimated using dry weather

flow data because wet weather flow data were not obtafned.

(c)
(4

No dry flow data collected on 5/10/77.
No sample collected on 6/20/77,
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TABLE 5-22

AVERAGE MASS LOADINGS OF POLLUTANTS(Q)’(b)'(c)’(d)

DRY VS,

OUTFALL 010A - SITE 2

MAY-HINE, 1977

WET WEATHER

Date 5/18 (bry) 6/9-10 (Wet)

Avg. Avg.
Avg. Mass Avg. Mass

Avg. Flow, Loading, Avyg. Flow, Loadling,

Conce., lpn kg/hr Conc ., 1pm kg/hr

Parameter wmp /L (gpm) (1b/tr) | we/d (spm) (tb/hr)

e . e - . — s o i e e s ]

Total Suspended 2 1.08x10° 149 19 |1.08x105 12)
Soltdsy (28570) (328) (28570) (271)
Total Dissolved | 104 1.08x105 674 183 |1.08x105 1186
Soltds (28570) ] (1481) (28570) | (2609}
Total Tron 1.06 1.08x10% 6.87 1.73 |1.08x105 11.21

(28570) (15.11) (28570) (24.66)
Vissolved Iron 0.1 1.08x103 0.65 0.2 ]1.08x10% 1.3
(28570)| (1.43) (28570) | (2.86)
Phenol 0.005 {1.08x10% 0.03 0.01 |1.08x10° 0.06
(28570)| (0.07) (28570) | (0.13)
Total 0.01 1.08x105 0.06 0.01 |1.08x105 0.06
Cyanlde (28570) {0.13) (28570) (0.{])
Ammon i a 4.9 1.08x10° 31.7 0.27 |1.08x10% 1.75
(28570) | (069.7) (28570) | (3.85)

a
( )Avcrnge mass loadings calculated by multiplylng the gstraight
average concentvations from the Appendices by the stralght

average {low.

b
( )Net weather averapge mass loadlings were estimated uslng dry weather

flow data because wet weather flow data were not obtalned.

(u)l‘]u_,,;,lrv fFlow data collected on. SLA10L2T.
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MHAY-JUNE, 1977
OUTFALL 0108 - SITE 2

6/9-10 (Wer)

bate S5/18 (hry)
Avg.

Avg. Mass . Avg.
Avg. Flow, Loading, Avg. Flow,

Conc., 1pm kg/hr Conc., 1pm
Paramecter mg/l (gpm) (Lb/hr) | mg/l (gpm)
Total Suspended 22 |5.14x10% 67.8 71 |5.14x10"
Solids (13590) | (149.2) (13590)
Total bissolved 102 |5.14x10" 314.6 185 |5.14x10"
Solids (13590) | (692.1) (13590)
Total Iron 1.5‘“’ 5.14x10" 4.63 20.3 |5.14x10"
(13590) | (10.2) (13590)
Dissolved lron O.Z(d) 5.14x%x10" 0.62 0.21 5.14x10"
(13590) | (1.36) (13590)
Phenol 0.005 |S5.14x10" 0.02 0.014 {5.14x10"
(13590) | (0.04) (13590)
Total Cyanide 0.005 |5.14x10" 0.02 0.011 |5.14x10"
(13590) | (0.04) 1 (13590)
Amnonia 7.l(d) 5.14x10" 21.9 0.32 5.14x10"
- A3500) | (48.2) (13550)

6/20 (Wet)

Avg. Avg.
Hass Avg. Mass
Loading, | Avg. Flow, Load Ing,
kg/hr Conc.|- Ipm kg/hr
(Ib/he) | mg/l (gpm) (1b/hr)
219 44 | 5.14x10" 136
(482) (13590) (299)
570.5 181 | 5.14x10" 558 .2
(1255.1) (13590) | (1228)

62.6 3.75 |5.14x10" 11.57
(137.7) (13590) | (25.45)
0.65 10.19 |5, 14x10 0.1
(1.43) (13590) (0.68)
0.04 0.005 | 5.14x10" 0.02
(0.09) -(13590) (0.04)
0.03 0.0L |5.t14x10" 0.0}
(0.07) (13590) (0.07)
0.99 0.98 |5.14x10% 1.02
(2.18) (13590) (6.64)

(“)Avcragc mass loadings calculated by multiplying the straight average concentrations from
the Appendlces by the straight average flow.

(b)wet weather average mass loadings were estimated using dry weather flow data because
wet weather flow data were not obtalned.

(¢)
@))

e value only,

No dry flow data collected on 5/10/77,




TABLE 5-24

MEAN POLLUTANT CCNCENTRATIONS, mg/l
IN THE TIDAL RIVER AT SITE 2
MAY-JUNE, 1977
(SAMPLING LOCATION 015)

Mean Pollutant Concentrations, =g/l
Pollutant Dry Wet
TS5 19 35
T8 120 182
Total Iron 0.43 0.83
Dissolved Iron 0.1 0.3
Phenols ' 0.0CS 0.010
Tctal Cvanide 0.004 ‘ -
Ammonia - 0.34
Suifa:es 20 -
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TABLEZ B-1

DUSTFALL DATA, SITE 1%

QuzZfall 010 Estimated Acreage 2.6 Coal Handling
Sample Area Description
#1 Moderate Activity - Near Water Tower

#2 High Activity - Year Conveyor

#3 Low Activity - Outside Conveyor Area

Dustfall Values (mg)/4 sq ft

#1 #2 #3

Day Cumulative Average Cumulative Average Cumulative Average
No. wWeights Par Dav Weights Per Dav Weights Per Dav
! Y 4.67 15.22 15.22 0.06 0.06
2 7.48 3.74 28.54 14.27 Q.09 0.04
3 49,45 16.48 32.23 10.74 2.38 0.7¢
4 16.29 4.07 26.27 6.57 2.94 0.74
5 15.04 ~3.01 96.61 19.32 1.25 0.25

Total Daily Average/ft? = 1.67 mg/day/fc?
Total Dailv Average/Acre = 72.75 g/day/acre

fotal Dailv Average/Basin 010 = 0.19 kg/day (0.42 1b/day)

*Data is calculated in metric/English units from raw field data
and is converzed to metric units only in text of report.

11-65



TABLE B-2

DUSTFALL DATA SITI 2%*

Siuter Plant Egtimated Acreage 11.4 High Activity
Coke and Coal Plles Estimated Acrceage 1.5 Moderate Activity
Sinter Flant Dustfal) Site Coke and Coal Stovage Site
Sample ! bustfall Welghts (mg)/4 sy ft bustfall Weights (mg) /4 oq fe
Squarey [} ” 3] [ 2] ”» 16 " 1n 9 " ¥ [ B 4 #5 [1 'Y 8 79
B.48 8.09 2.91 5.86 9.0} 15.24 25.76 22,21 25.46 2.064 5.16 1.43 5.88 6.50 1.36 6.73 23.27 34.52
11.38 16.90 8.72 13,16 6.98 7.86  14.09 4.05 4. 8.92 11.1) * 5.66 5.39  13.5%5 6.05 0.82 1.59
i 7.05 6.91 9.50 3.50 3.05 17.60 9.53 7.36 2.3 2.27 0.99 1.73 2.56 4.08 3.70 8.52
ﬁ‘ — — —— —
OYotal
%elght 26.91 31.9 21.1 22.52 19.06 40.7 49,18 313.62 29,63 13.29 19.16 4,02 13.27 14.45 24.99 16.48 32.61 36.11
No.,
Duys 20 21 22 23 24 25 26 27 19 20 21 22 23 24 25 26 27 19
Avg.
Wgli. 1,35 1.52 0.9 0.98 0.79 1.63 1.90 1.25 1.56 0.067 0.91 - C 58 0.60 1.0 0.63 1.21 1.9

Averaga Dally Accumulation 1.33 mp/day/4 sq [t Average Datly Accumulation 0.94 mg/day/bd sq fu

0.3 mg/day/fe? 0.24 my/day/fe2
14.48 gw/day/acxe 10.24 gm/day/acre
Average Datly Accumulation Average Dafly Accumulat fon
for the Sinter Plant Arca 0.17 kg/day for the Coke and Coal Arca 0.015 kp/day
0.36 1b/day 0.034 1b/day

Arthe sample square was tampered with,

kihata Is caleulated fn metrcic/Faglish units from raw fleld data
and s converted to motric units only in text of report.
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The objective of this study, performed in Denver, Colorado, during June
1977, was to compile an emissions data base for coal-fired residential combus-
tion sources. With the recent trend toward again using coal as a home heating
fuel, this information is important in planning regional air quality manage-
ment strategies. Two coal-fired home units were tested: a stoker-fed hot-
water boiler and a stoker-fed warm-air furnace. Tests were run using three
types of coal of varying ash and sulfur content and with representative "on"
and "off" cycles. In the coal burner beds, combustion continues during the
"off" cycle, although at a much slower rate. Table 12-1 from the final report
shows the sampling plan.

A modified and supplemented Level 1 protocol was followed. Particulates
and condensable organics were collected with a Method 5 train and analyzed by
AA, ICAP, and GC/MS.

Atomic absorption analysis was performed for arsenic, mercury, and sele-
nium; inductively coupled argon plasma was employed for the analysis of alum-
inum, antimony, barium, boron, cadmium, calcium, chromium, cobalt, copper,
iron, lead, magnesium, manganese, molybdenum, nickel, phosphorus, silicon,
silver, sodium, strontium, tin, titanium, vanadium, and zinc. The Level 1
separation scheme (CH,C1, extraction, solvent exchange, LC fractionation) was
followed for organics but analysis of the fractionated sample was by GC/MS.

It should also be noted that the second, third, and fourth LC fractions were
combined for specific analysis by GC/MS for PCB and POM components.

Sulfur oxides were sampled and analyzed by Federal Register Method 6.
Method 7 was used for NOx determinations. Carbon monoxide was determined by
Drager tube, and a Fyrith test kit (employing the Orsat Method) was used to
‘analyze Tedlar bag samples for 0, and CO,. Grab samples of coal and bottom
ash (and a 1:10 distilled water leachate of the ash) were analyzed by AA and
ICAP for the same selected elements as in the modified Method 5 sample. The
coal was also analyzed by standard procedures for p ix-wate and ultimate composi-
tion (moisture, ash, S, C, H, N, 0, C1, volatiles, fixed carbon, Btu value),

12-2
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TABLE 12-1. EMISSION SAMPLING PROGRAM FOR COAL-FIRED RESIDENTIAL COMBUSTION EQUIPMENT

Combustion Test coal Heating cycle Sample types collected

Test equipment - Deslgnatedd Ash level segment sampled Condensable

run  Boiler Turnace AB € Low Hedium High ON OFF TYotal Particulates so, N0 CO POM organics Elements  SASS
1 X X X X X X X X X X
2 X X X X X X X X X

3 X X X X X X X X X

4 X X X X X X X X X

5 X X X X X X X X X X
6 X: X X X X X X X X

7 X X X X X X X X X

8 X X X X X X X X X

9 X X X X X X X X X

10 X X X X X X X X X

11 X X X X X X X X X

12 X X X X X X X X X

13 X X X X X X X X X } X
14 X X X X X X X X X X
15 X X X X X X X X X X
16 X X X X X X X XK X X
17 X X X X X X X X X * X
18 X X X X X X X X X

19 X X X X X X X X X

20 X X X X X X X X X

21 X X X X X X X X X X
22 X X X X X X X X X X
23 X X X X X X X X X X
24 X X X X X X X X X X
25 X X X X X X X X X

26 X X X X X X X X X

27 X X X X X X X X X

28 X X X % X X X X X

29 X X X X X X

8Coal A rank: high volatile B bituminous; Coal B rank: bhigh volatile C bituminous; Coal C rank: subbituminous C.



ash fusion temperature, and free swelling index (a test in which 1 g of pulver-
ized coal is heated under specified conditions to form a coke button, the size
and shape of which are compared with a series of standard profiles numbered

1 to 9 in increasing order of swelling).

SASS train samples of the flue gas were also taken from the warm-air
furnace during the "on" cycle. The SASS cyclone and filter catches were
weighed to determine particulate loading and analyzed for the 27 selected
elements by AA and ICAP. Organic extracts were analyzed for C,-C;, organics b
GC/FID and for PCB's and POM's by GC/MS.

Quoting from the abstract of the final report, the following significant
results were found:

Particulate emissions factors from the warm-air furnace were found

to be about an order of magnitude higher than those from the boiler
while burning a high volatile western coal. High volatile coals

with high free swelling index produced the highest particulate
emission factors. No correlation was observed between particulate
emission factors and the ash content of the coals fired. The compos:-
tion of particulate emissions was primarily carbon, rather than
elements present in the ash. In most cases, emissions of individual
elements amounted to less than 5% of the elemental content of the

coal burned.

The Tow-fire, or "off", portion of a typical heating cycle made a
significant contribution to the total emissions from the combustion
equipment. In the case of polynucliear organic materials (POM's)

the greatest contribution came during the off period. Over 50 organic
species, including many POM's, were identified in the organic material
collected from the flue gas during combustion of high volatile

coals. Maximum POM emission factors occurred when high volatile

coals were burned at low excess air levels.

12-4



LEVEL 1

12-5



TABLE 12-2. ATOMIC ABSORPTION ANALYSIS
TEST COAL B, LOW AND HIGH ASH CONTENT

(1b/ton)
Sample As Hg

Low ash content 0.006 <0.00002

High ash content 0.01 <(. 00002
Note: For this intermittent feed process, 1b/ton of feed coal is

an appropriate unit of measure {rather than the standard
Level 1 measures).
TABLE 12-3. GAS CHROMATOGRAPHY ANALYSIS
COAL-FIRED RESIDENTIAL FURNACE HEATING CYCLE
SASS RUN 2, COAL B, LOW ASH CONTENT
(1b/ton)
Volatile No. of

Gas Range weight, ppm peaks
GC7* 90-110 0.004
GC8 110-140 0.012
GCS 140-160 ND
GC10 160-180 . ND
GC11 180-200 ND
GC12 200-220 0.016
GC13 ND
GCl4 ND
GC15 0.008
GC16 ND
GC17

*Not usually included in TCO range, i.e., Cg-C;g.

Notes:

1. For this intermittent feed process, 1b/ton of feed coal
is an appropriate unit of measure (rather than the standard
Level 1 ppm).

2. The authors include a category, C; to Cg, that shows a weight
of 0.090 1b/ton. This is not standard Level 1 procedure.

3. Test run of 100 minutes' duration.
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TABLE 12-4. GAS CHROMATOGRAPHY ANALYSIS
COAL-FIRED RESIDENTIAL FURNACE HEATING CYCLE
SASS RUN 2, COAL B, HIGH ASH CONTENT

(1b/ton)

Volatile No. of
Gas Range weight, ppm peaks
GC7* 90-110 ND
GC8 110-140 ND
GCS 140-160 0.004
GC10 160-180 0.008
GC11 180-200 0.006
GC12 200-220 0.022
GC13 ND
GC14 0.002
GC15 0.008
GC16 0.002
GC17

*Not usually included in TCO range, i.e., Cg~Cyg.

Notes: 1. For this intermittent feed process, 1b/ton of feed coal
is an appropriate unit of measure (rather than the stand-
ard Level 1 ppm).

2. The authors include a category, C, to Cg, that shows a
weight of 0.038 1b/ton. This is not standard Level 1
procedure.

3. Test run of 480 minutes' duration.
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TABLE 12-5. SIZE DISTRIBUTION OF PARTICULATE EMISSIONS
DURING "ON" SEGMENT OF A COAL-FIRED
RESIDENTIAL FURNACE HEATING CYCLE

Emission factors

SASS run 2,* SASS run 3,
Coal B, Coal B,
Particle size low ash content high ash content
range by SASS 3 Percent + Percent
train component ib/ton” of total 1b/ton’ of total
Large cyclone (10 um) 2.1 10.7 1.6 9.9
Intermediate cyclone (3 um) 0.78 4.0 0.42 2.5
Small cyclone (1 um) 1.1 5.4 0.34 2.1
Filter 16 79.9 14 85.5
Total 20 100 16 100

*Test run of 100-min duration.
1Test run of 480-min duration.
#For this intermittent feed process, 1b/ton of feed coal is an appro-

priate
Note:

unit of measure (rather than the standard Level 1 units).
From 80% to 85% of the particulate emissions during the ON
segment of the warm-air furnace heating cycle pass through
the cyclones and are trapped on the filter. The filter catch
normally represents particulates of less than 1l-um diameter;
however, proper operation of the cyclones requires a volumetric
flow rate at the dry gas meter of 3 cfm to 5 cfm. In this
program, the volumetric flow rate for the SASS runs could not
be maintained above an average of 2.8 cfm. Lower velocities
result in more particulates greater than 1 um passing through
the cyclones and being caught by the filter.
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TABLE 1.

40-MIN OFF HEATING CYCLE

AVERAGE EMISSION FACTORS FOR COAL-FIRED RESIDENTI
COMBUSTION EQUIPMENT OPERATING ON A 20-MIN ON/

(1b/ton)°
Boller Furnace
Emission species Coal A Coal B Coal Coa. C
Particulate 6.6b(0.28)b 4.4 (D.20)b 32. (1.5) 4. (0.21)
S0x 8.8,(0.37)p 200 . (0.90), 26, (1.2) -< -¢
NOx 9.2°(0.39) 4.6° (0.21) 10.  (0.46) - -¢
co 1.6 (0.07) 0.08 (0.004) 22, (1.0) -C -
Condensable organics 2.2 (0.09) 3.6 (0.16) 7.4 (0.34) 3,6 {0.19)
POM 0.4 (0.02) -¢ -€ 0.06 (0.003) ¢ -<
Elements:
Aluminum 0.014, -g 0.17 , -
Antimony <0.001 -c <0.032 -<
Arsenic 0.0008 -¢ 0.002 -
Barium 0.0006 -c 0.014 -E
Boron 0.004d e 0.034 d “c
Cadmium <0.004 “c <0.0008 “c
Calcium 0.024 “c 0.32 -
Chromium <0.001d ~c 0.004d e
Cobalt <0.001d “c <0.001 “c
Copper <0.001 - 0.006 -c
Iron 0.034d - 0.2 d “c
Lead <0.006 “c <0.014 -
Magnesium 0.004 ~c 0.094 -¢
Manganase 0.00006 “c 0.002 -c
Mercury 0.0002, “c 0.00Q6 -
Molybdenum <0.0002 “c <0.04§ -c
Nickel 0.000 ~¢ <0.04 d “c
Phosphorus <O.018d “c <0.028 -c
Selenium <0.004 “c 0.001 ~c
Silicon 0.004d "e 0.18 d -
Silver <0.001 “c <0.066d -
Sodium 0.018 d “c <0.012 -;
Strontium <0,0008 -c 0.004d “c
Tin 0.006 ~e <0.074 -
Titanium 0.004d “c 0.014 ~c
Vanadium <0.004 -c 0.006 -c
Zinc 0.006 - 6.028 -

Spound of pollutant per ton of coal feed. Emissions of nonelemental pollutants
are also shown parenthetically in pounds per million BTU's.

b

Data for the ON segment of the heating cycle only.

®Ro data obtained due to procram limitations.
dyalue is the detection limit.
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#E 2. AVERAGE EMISSION RATES FOR THE ON AND OFF HEATING CYCLE
SEGMENTS OF THE WARM-AIR FURNACE BURNING COAL B
(10-3 1b/hr)

Heating cvcle segment

Emission species ON OFF

Particulates 183 36

S0y 167 10

NOx 61 12

co 127 31

POM 0.057 0.17

Condensable organics 28 13

Elements:
Aluminum 0.85 b 0.26
Antimony <0.048 <0.12P
Arsenic : 0.019 0.006
Barium 0.055 0.020
Boron 0.15 0.051,
Cadmium <0.0007 <0.005
Calcium 1.8 0.13
Chromium 0.017 0.021
Cobalt 0.007 0.011
Copper 0.031 <0.003b
Iron 1.3 0.15
Lead <0.016 <0.081°
Magnesium 0.64 0.036,
Manganese 0.016 b <0.001
Mercury <0.000g7 0.004b
Molybdenum <0.083 <0.030
Nickel <0.048b 0.13
Phosphorus <0.069b <0.071b
Selenium 0.007 <0.012b
Silicon 0.42 0.50
Silver <0.26° <0.067P
Sodium 0.12 <0.052P
Strontium 0.024 <0.003
Tin <0.21b <0.33b
Titanium 0.097 <0.010
vanadium 0.013 0.013
zinc 0.16 <0.018P

aEmissions are presented as pounds per hour
rather than pounds per ton because guantify-
ing the amount of coal combusted during
each cycle segment was not possible.

bValue is the detection limit.
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TABLE 4. PROXIMATE AND ULTIMATE ANALYSES, FREE SWELLING INDEX, AND ASH FUSION
TEMPERATURES FOR TEST COALS COMPARED WITH 86 ROCKY MOUNTAIN PROVINCE
COAL SAMPLES (PROXIMATE AND ULTIMATE ONLY) (6)

M “Test coals (as recelved) Rocky Mountain Province coal
f.) B < Average
Low - Low/high High~ "Tow  Yow/RIgh ATgh of 86 Range
ash ash blend ash ash ___ash blend ash as mined _samples Minimum Maximum
Moisture, § 8.77 8.36 7.82 10.00 i1.18 12.3% 21.15 12,9 1.6 35.0
Ash, § 4.26 7.50 10.92 5.04 7.09 9.06 3.26 9.1 2,1 32.2
Sulfur, o 0.42 0.18 0.41 0.58 0.97 1.45 0.47 0.6 0.2 5.1
Carbon, § 69.23 66.55 64.26 65.80 62,56 $9.79 -: 59.7 27.1 75.2
Hydrogen, % 5.22 4.98 4.84 4.72 4.75 4.44 “a %.6 4.4 6.7
Itrogon, 1.46 1.36 1.48 1.53% 1.31 1.36 “a 1.2 0.5 1.6
Oxygen, 10.64 10.87 10.27 12,31 12,14 11.52 “a 23.3 0.3 “ 47.8
Chlorine, 0.00 0.00 0.00 0.00 0.00 0.00 - - - -
Volatile matter, o 42,27 40.52 39.08 38.68 3.9 37.51 34.72 36.0 22.7 46.7
rixed carbon, % 44.70 43.62 42.12 46,28 42.94 41.05 40,87 42.0 17.1 52.5
Heat value, Btu/lb 12,368 11,894 11,510 11,593 11,079 10,592 2,638 10,480 4,660 13,390
Free swelling index 1 1 1 1/2 1/2 0 0 b b b
Ash fusion temperatures, °F

Oxidizing atmosphere: a b b b
Inftial deformation 2,285 2,295 2,310 2,180 2,220 2,210 a “b b b

* Pirst softening 2,305 2,318 2,33 2,190 2,240 2,260 “a “b “b b
Second aoftening 2,325 2,330 2,350 2,200 2,250 2,280 a “b “b b
Pluid 2,345 2,360 2,370 2,220 2,270 2,310 - - - -
_.adu¢ing atmosphere: a b b b
Initial deformation 2,160 2,230 2,255 2,100 2,170 2,175 ~a “b b b
rirst softening 2,180 2,250 2,275 2,110 2,190 2,210 ~a “b b b
Bacond softening 2,200 2,270 2,295 2,120 2,218 2,240 “a “b “b b
Pluid 2,220 2,290 2,315 2,140 2,240 2,245 - - - -

‘Analyuln not performed.
No data reported in reference.
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TABLE 7. EMISSION FACTORS FOR POM AND CRITERIA POLLUTANTS FROM COAL-FIRED
RESIDENTIAL HEATING EQUIPMENT OPERATED ON A 20-MIN "ON"/40-MIN
"OFF" HEATING CYCLE?Q

Coal
Ash 8ul fur c Excess Emission factor, lb/ton ﬂb/lo6 Btu)

‘Test run Heating content, content, air, d e r g Condensable $

number equipwent  Designation ) . \ Particulates 80y Oy co organice POM
1,2 Boiler A 10.9 0.41 238 $.0 (0.22) 6.0" (0.26) 12.83 (0.56) 0.26 (0.011) 2.0 (0.087) 0.26 (0.011)
3,4 Boiler A 7.8 0.38 123 7.8 {0.3)) u.o‘; (0.46) 7.01 (0.29) 4.0 (0.17) 2.4 (0.10) _k
5,6 Boiler A 4.1 0.42 1mn 6.8 (0.20) 9.61 10.139) 1.SJ (0.31) 0.30 (0.012) 2.2 (0.089) 0.5 (0.023)
7,8 Boiler ] 9.1 1.% 128 2.8 (0.13) 17.’8 (0.84) z.sj {0.13) 0.08 (0.0038) 2.4 (0.11) _k
9,10 Boiler ] 7.1 1.0 151 4.9 (0.22) JOJ (1.4) 4.67(0.21) 0.08 (0.0036) 3.6 (0.16) ~k
11,12 Boiler B 5.0 0.58 160 5.8 (0.25) 14¥ (0.60) 6.4 (0.208) 0.08 (0.00)5) 5.0 (0.22) _k
13,14,15,16 Purnace ] 5.0 0.50 129 44 {1.9) 12.6 (0.54) 13.6 {0.59) 24 (1.0) _k 0.070 (0.0030)
25,26,27,20 Purnace ] 7.1 1.0 k 20 (0.90) 30 (1.4) 13.2 (0.60) 8.8 (0.40) 9.4 (0.42) _k
17,18,19,20 Furnace ] 9.1 1.8 1l 26 (1.2) 28 (1.3) 7.8 {0.37) 26 (1.2) 5.2 (0.25) _k
21,32,23,24 Yrurnace B 9.1 1.5 102 34 (1.96) 30 (1.4) 6.0 (0.20) 26 (1.2) _k 0.038 (0.0017)
29 Furnace ¢ 3.3 0.47 207 4.0 {0.21) ko k X 3.6 (0.19) k

.Dblt emission factors represent the averaga of duplicate sampling runs.
bnoth units are rated at about 200,000 Btu/hr; boiler fuel feed rate averaged 19.8 1lb/hr when stoker was ON, furnace fuel feed rate averaged 15.5 lb/hr
when stoker was ON.

e

Cas received. Yrront half Methoa 5. ®etnod 6.
"lel for ON segment of heating cicla only. tIm data obtained due to program limitations.

'lhthod 7. gntiqar tube. thck half Method 5. 'Hodlfi.d Method 5 with XAD-2 resin trap.
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TABLE 8. EXPERIMENTAL DATA FOR THE COAL-FIRED HEATING
EQUIPMENT OPERATED ON A 20-MIN ON/40-MIN OFF CYCLE

Stoker Average stack gas condlitions® Total Heating
Test feed Flow particulate cycle
run Heating Coal rate, Temperature, Velocity, rate, H30, CO3, Oz, run time, segment
number equipment type 1lb/hr °F frm acfm L) L) 2 min (cycles) tested
1 " poiler . A 21.3 226 164 57 5.5 0.2 21.0 300 (5) Total
2 Boller’ A 21.3 168 265 92 3.0 0.8 20.8 180 (3) Total
3 Boiler A 22.0 200 159 56 4.2 1.2 18.8 300 (5) Total
4 Boiler A 22.0 179 325 114 1.9 0.1 18.8 240 (4) Total
5 Boiler A 21.6 240 177 62 4.3 0.8 20.2 300 (5) Total
6 Boiler A 21.6 233 288 100 3.1 0.6 20.3 180 (3) Total
7 Boiler B 21.1 214 170 59 4.0 O 20.7 300 (5) Total
8 Boliler B 21.1 204 164 57 4.2 ] 20.5 300 (5) Total
9 Boiler B 17.2 222 192 67 2.7 2.4 17.7 420 (7) Total
10 Boiler B 17.2 189 240 84 3.0 0.5 20.5 360 (6) Total
11 Boiley B 15.4 239 216 75 3.1 0.3 21.0 240 (4) Total
12 Boiler B 15.4 217 204 71 3.2 0.5 20.2 240 (4) Total
13 Furnace B 15.6 277 496 173 3.0 3.2 17.3 80 (4) ON
14 Furnace B 15.6 252 527 184 2.9 l.8 18.0 80 (4) ON
15 Furnace B _b 199 318 111 2.0 o 21.0 120 (4) OFF
16 Furnace B b 186 330 115 1.9 0.2 21.1 120 (4) OFF
17 Furnace B 15.8 256 530 185 5.2 2.6 17.3 160 (8) oN
18 Furnace B 15.8 318 ‘ 589 206 2.5 2.6 17.0 160 (8) ON
19 Furnace R _b 180 343 120 2.5 0.2 20.0 240 (8) OFF
20 Furnace B _b 162 270 94 0.9 0.2 20.8 240 (8) OFF
21 Furance B 15.8 278 498 174 2,7 1.8 18.9 80 (4) ON
22 Furance B 15.8 338 504 176 3.7 1.6 16.5 80 (4) ON
23 Furnace ‘B _b 202 129 45 1.8 0.1 20.8 120 (4) OFF
24 Furnace B _b 204 186 65 1.4 o 19.5 120 (4) OFF
25 Furnace B 15.0 282 398 139 2.9 0 20.5 80 (4) ON
26 Furnace B 15.0 260 488 170 4.8 0 20.5 60 (3) ON
27 Furnace B _b 185 192 67 1.6 0.8 20.3 120 (4) OFF
28 Furnace B ~ 167 288 100 1.8 0.3 21.0 100 (3) OFF
29 Furnace C 22.0 187 374 141 2.3 1.0 21.2 180 (3) Total

aConditions are at sampling location.
b
Stoker off; no fuel fed,



g€ 10. CARBON, HYDROGEN, AND NITROGEN CONTENT OF PARTICULATE
EMISSIONS FROM COAL-FIRED RESIDENTIAL HEATING SYSTEMS

Composition,
_percent of particulate
Run Sample identification Carbon Hydrogen Nitrogen
a
Particulate train filter catch 77.84 1.53 c.87
Particulate train filter catcha 82.33 1.24 0.53
POM train front half particulate catch
after extraction of organicsa 79.81 1.97 0.94
SASS 2 SASS train filter catch of one filterb 88.66 0.97 0.50
SASS 3 SASS train filter catch of filter lb 50.38 0.93 1.20
SASS 3 SASS train filter catch of filter 20 83.61 0.93 1.20

aSample collected from total heating cycle.

Sample collected during ON segment of heating cycle. Each SASS filter
represents approximately 40 min of sampling time.

12-15



TABLE 1ll. ELEMENTAL EMISSION FACTORS FROM COAL-FIRED
RESIDENTIAL HEATING EQUIPMENT OPERATED ON
A 20-MIN "ON"/40-MIN "OFF" HEATING CYCLE

(1b/ton)
Boiler burning Furnace durning
Coal A Coal B

High ash Low ash Eigh ash Low ash
_Element content content content? content
Aluminom 0.014b 0.014 0.17 0.18 b
Antimony <0.002 0.00008 0.054 <0.01¢0
Arsenic 0.002 ¢ 0.0002 0.004 £.002
Bariwn <0.0008 0.001 0.014 0.014
Boron 0.002b 0.004 0.016 0.050
Cadmium <0.006 0.0004 0.0002 <0.001
Calcium 0.0ZBb 0.02 0.28 .34
Chromium <°'°°2b 0.0004 0.001 0.006
Cobalt <0.002 0.0002 0.001 0.001
Copper <0.001 0.0014 0.008 0.004
Iron 0.030b 0.036 6.22 0.19
Lead <0.008 0.002 0.002 0.024
Magnesium 0.006 ¢ 0.002 ¢.072 0.11
Manganess <0.0008 b 0.0001 0.001 0.002 b
Mercury <0.0000 0.0004 0.000 <0.000¢C2
NOolybdenum <0.0004 0.00002 <0.066 <0.014°
Nickel <0.000 0.0002 0.012 0.068
Phosphorus <o.032b 0.002 b 0.(114b ().042b
Selenium <0.003 <0.0004 <0.006 <0.007
Silicon 0.006, <0.0312¢ 0.17 0.19
Silver <0.002. <0.0008¢ 0.12 0.010
Sodium <0.015 b 0.034 0.001 0.024
Strontium <0.0008 0.0006 0.004 0.002
Tin 0.004 0.006 0.014 0.14
Titanium 0.002., 0.004 0.010 0.016
Vanadium <0.008 0.0002 ¢.004 0.006
2inc 0.008 0.004 0.04 0.016

‘Amcqc of duplicate runs.
Value is the detection limit.
“Value is that of the reagent blank used as upper limit.

TABLE 12. EMISSION FACTORS FOR Cy; TO C;¢ HYDROCARBONS
DURING THE "ON" SEGMENT OF A COAL-FIRED
RESIDENTIAL FURNACE HEATING CYCLE

PrissiOn factors

$ASS runm 2,° SASS run 3.°
Coal B, Coal B,

iow ash content high ash content
Percen Percent

T
fyvdrocarbor  ib/ton of total 1b/ton of toisl

[ ] g.004 3.1 -C [}
Cry w0 C 0.0%0 68.2 0.038 42.2
Cs 8.012 9.2 -C [
Co -C (-] 0.004 4.4
Cre -t ] 0.008 8.9
cun -c ¢ 0.006 6.7

Ciz 0.01¢6 12.3 0.022 24.5
Cia -C 0 - ¢
Cis -t ° 0.002 2.2
Cas 0.000 6.2 c.008 8.9
Cie I o 0.002 2.2
Total 0.13 100 0.090 100

Y2est run of 100-min duration.
Yrest run of 480-min duration. C‘Nome found.
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TABLE 14. ASH RESIDUE FROM COAL B BURNED

IN THE WARM-AIR FURNACE

(1b/ton)
————
Coal Average
Test ash ash
number content residue
13 100 600
14 100 242
17 182 310
18 182 298
22 182 236
25 142 220

TABLE 16. FRACTION OF COAL ELEMENTAL CONTENT EMITTED TO
THE ATMOSPHERE AND TOTAL MATERIAL BALANCE?
(percent)
Coal B, low ash content Coal B, high ash content
Air solid Air Solid

Elemant emission residue Total emission residue Total
Aluminum 1.8 110 112 1.4 105 106
Antimony <36 164 <200 19 22 4
Arsenic 33 33 66 40 20 60
Barium 5.4 131 136 4.4 81 BS
Boron 1.oc 1.2 2c 1.0 2 3
Cadmiua 8.6 >10 19 >1.4 >29 >30
Calcium 4.1 136 140 2.2 58 60
Chromium 7.0 8l 88 1.8 74 76
Cobalt 35 700 735 4.0 100 104
Copper 6.1 142 148 7.6 132 140
Iron 3.2 157 160 1.8 80 82
Lead <18 >38 d >1.5 >23 >25
Magnesium 3.8 140 144 2.1 s9 61
Manganese 4.8 267c 272c 1.5 100c 102c
Marcury 1002 10 1100 3,000, 10 3,010,
Molybdenum 25 >18 43 118 >29 147
Nickel 20 25 45 6.0 43 49
Phosphorus G.BC 84 91c 2.0 94 96
Selenium 9.7 >0.6 10 <250 <83 <333
Silicon 70 12 82 70 14 84
Silver 19 78 97 400 233 633
Sodium 0.6 23 24 0.2 28 28
Strontium 1.5 169 171 1.2 88 89
Tin >128 >19 >147 >13 >20 >33
Titanium 2.7 140 143 1.1 130 131
Vanadium 5.3 104 109 3.0 91 94
Zinc >2,000 >14,750 >16,750 >667 >200 >867

3 iarm-air furnace employing a 20-min ON/40-min OFF heating cycle.

beniasion factor, lb/ton

coal content, lb/ton

cvnlue determined by using the detection limit in numerator and
dencminator; actual value may be lower or higher.

d

(100)

Cannot be determined from data.
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TABLE 17.

ELEMENTS LEACEED FROM ASH REMOVED

THE COAL-FIRED WARM-AIR FURNACE

Amount leached
per guantity

Fracticn cf element
in ash leached

Element of ash, lb/ton +to water, %
Aluminum 0.024 0.0358
Antimony <0.0004 <0.13
Barium 0.038 2.3
Boron 0.004 1.9
Cadmium <0.0001 <0.77
Calcium 11.6 23
Chromium <0.00004 <0.011
Cobalt <0.0002 <0.12
Copper <0.0002 <0.029
Iron <0.00002 <0.00004
Lead <0.001 <D.42
Magnesium 0.004 0.024
Manganese <0.00002 <0.004
Mercury <0.000004 <92
Molybdenum 0.002 2.0
Nickel <0.001 <0.20
Phosphorus <0.002 <0.059
Selenium 0.0006 74
Silicon 0.094 45
Silver <0.0008 <0.23
Sodium 2.4 91
Strontium 0.30 20
Tin <0.0008 <0.62
Titanium <0.00004 <0.0007
Vanadium <0.0001 <0.015
Zinc <0.00004 <0.01i3
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TABLE 19.

COMPARISON OF EMISSIONS FROM THE ON AND
OFF SEGMENTS OF THE WARM-AIR FURNACE

HEATING CYCLE WHILE BURNING COAL B

(10-3 1b/hr)

low ash Medium ash High ash
content content content Average
Pmission species ON OF T ON OFF ON OFT ON OFF
Particulates 240 53 134 29 174 26 183 36
5o, 97 4.2 176 20 229 6.4 167 10
Wy 42 31 g2 2.6 48 2.6 61 12
Foe) 191 0 1.32 90° 190 2.2 127 31
PO 0.055 0.21 _b _b 0.059 0.12 0.057 0.17
Condensable organics 26 _b 44 13 15 12 28 13
Blements:
Aluminum c.86 0.26 b b 0.84 0.26 0.85 ©.26
Antimony <0.009 <0.033 b “b <¢.086 <0.21 <0.048 <0.12
Arsenic 0.013 0.004 “b “b 0.024 0.007 0.018 0.006
Barium 0.062 0.020 “b ) 0.046 0.020 0.055 0.020
Boron 0.26 0.062 “b “b 0.033 £.040 0.15 0.051
Cadmium <0.0004  <0.C07 “b “b <C. 001 <0.002 <0.0007  <0.005
calcium 2.4 0.059 “b i) 1.2 0.20 1.8 0.13
Chromium 0.02 €.013 “b “b 0.013 0.029 0.017 0.021
Cobalt 0.009 0.009 “b “b 0.004 0.013 0.007 0.011
Copper 0.02 <0.004 “b “b 0.042 0.002 0.031 <Q.003
Iron 1.3 0.092 “b “b 1.2 0.2 1.3 0.15
Lead <0.020 <0.086 “b “b <0.011 <0.075 <0.016 <0.081
Magnesium 0.84 0.020 “b “b C.44 0.051 0.64 0.036
Manganese 0.018 <0.001 “b “b 0.013 <0.0600% 0.016 <0.001
Nercury <0.00004  0.007 “b “b 0.0001 0.0002 <0.00007  0.004
Molybdenum. <0.079 <0.026 “b “b 0.086 <0.033 <p.083 <0.030
Nickel 0.055 0.24 “b “b <0.040 0.018 <0.048 0.13
Phosphorus 0.062 <0.14 “b “b <0.075 <0.001 <0.069 <0.071
| Selenium <0.013 <0.012 “b “b 0.0002 0.011 0.007 <0.012
Silicon 0.48. "0.51 “b “b 0.35- 0.48 0.42 0.50
Silver 0.013 0.035 “b “b <0.51 <0.099 <0.26 <0.067
sodium 0.19 <0.058 “b “b 0.057 <0.046 0.12 <0.052
Strontium 0.018 <0.0004 “b “b 0.029 <0.006 0.024 <0.003
Tin 0.35 <0.37 “b “b <0.077 0.29 <0.21 <0.33
Titanium 0.13 <0.011 b “b 0.064 <0.009 0.097 <0.010
. Vanadium 0.015 0.018 “b "y 0.011 0.007 0.013 0.013
0.12 <0.029 b “b 0.20 0.007 0.16 <0.018

2inc

‘hu are not consistent with the majority of

"o data collected.
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TABLE 20. COMPARISON OF EMISSION DATA FROM_THE SASS TRAIN
TO CONVENTIONAL SAMPLING METHODS®
(10> 1b/yr)

Emission rate

SASS train Method £
Low ash High ash Low ash Flon =sh
Emission species coal coal® coal coal
Particulate 154 128 1879 1638
Organic material 8.1 ¢ g.1 £ 286 147 "
POM 0.013 0.013 0.0559 o.os8"
Trace elements:
Aluminum 0.88 0.84 0.84 0.8¢6
Antimony <0.004 <0.0004 <0.011 <C.13
Arsenic 0.022 0.022 0.007 0.02¢
Barium 0.048 0.024 0.070 0.057
Boron 0.46 0.013 0.064 0.0«
Cadmium 0.002 <0.002 0.002 ¢.001
Calcium 2.2 0.16 2.9 1.7
Chromium 0.040 £.031 0.004 0.004
Cobalt 0.013 0.004 0.004 C.004
Copper 0.024 0.011 0.020 0.03%
Iron 1.1 1.2 1.5 1.3
Lead <0.009 <0.004 <0.031 0.012
Magnesium 0.68 0.40 0.99 $.48
Manganese 0.02 0.02 ' 0.015 ¢.011
Mercury 0.00009 0.00009 <0.0000007 0.3¢c02
Molybdenum 0.018 <0.007 <0.14 <¢.13
Nickel 0.077 <0.04 0.033 $.240
Phosphorus 0.099 <0.095 0.026 .07
Selenium 0.024 0.0008 <0.002 <(,0CZ
Silicon 0.79 0.53 0.17 .l
Silver 0.015 <0.004 <0.008 <G,%7%
Sodium 0.35 0.17 <0.08 <C.C07
Strontium 0.018 0.026 0.17 ¢.czo¢
Tin 0.70 0.024 0.024 C.152
Titanium 0.20 0.064 0.053 0.064
Vanadium 0.015 0.009 0.013 .01
Zinc 0.097 0.24 0.14 0.17

a, .. : ,
Emissions from the warm-air furnace ON segment of <he heating
cycle while burning Coal B.

SASS run 2. CSASS run 3.
Data are from run 13 sampled simultanecusly to SASS run 2.
Data are from runs 17 and 18 sampled simultaneously to SASS run 3.

Average value from SASS runs 2 and 3; samples were accidentally
combined. .

qnata are from run 14 sampled at conditions similar to thcse Zcr
SASS run 2 but not sampled simultanecusly.

ta are from runs 21 and 22 sampled at conditions simi
thoge for SASS run 3 but not sampled simultar > ly.

-»n 0 O o

ar ¢

[ %)
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The objectives of this study, as stated in the documentation, were ‘tg
obtain preliminary gquantitative and qualitative measurements of air, water,
and solid compositions (from the effluents of shale oil retorting), and to
gain experience that would lead to improved sampling procedures and the deterpi,
nation of priorities for sampling and analysis of shale oil recovery creration
To achieve these goals, Denver Research Institute and TRW conducted a samp1ing:
and analysis research program at the Paraho oil shale demonstration site at
Anvil Points, Colorado, in the spring of 13976.

Recovery of crude oil from shale at the Paraho site involves mining the
shale rock, crushing the rock, and heating the crushed shale to drive off
volatile crude oils and gases. The Anvil Points o0il shale mine is 5.% miles
from the retorting plant, but no sampling was done at the mine since the mine
was not in operation at the time of this study. This effort was, theretcre,
directed at the crushing and the retorting processes.

The Paraho site has the only operationa! surface retorting plant within
the United States. Figure 13-1 (from the report on this study) is a drawing
of a Paraho retort. Two such retorts are located at the site, a 75-ft-high
semiworks unit and a 60-ft-high pilot plant retort. These oil shale retorts
can be operated in a direct mode in which the shale is combusted in the re-
tort as the principal heat source, with the volatile offgases being recvcled
to both the combustion zone and the gas preheating zone; or the retoris can
be operated in an indirect mode, where heat for retorting is supplied »y com
bustion of the offgases in an external furnace. Figures 13-2 and 13-3 (from
the report) are schematic representations of the direct and indirect orerating .
modes. During this study, the semi-works retort was operated oniy in tne in-
direct mode and the pilot plant was operated only in the direct mode.

_ Sampling and analysis included some Level 1 and some additional methods.
Sampling approaches included the following:
Proportional and grab sampling of the recycle process gas
stream for analysis by instrumental and wet chemical methods
Grab sampling of the product crude oil, recycle process gas

condensate water, and retorted shale for organic and trace
element analysis

Grab sampling of recycle process gas stream condensate water
for gross parameter analysis--for example, biochemical oxygen
demand chemical oxygen demand, and total organic carbon
High-volume sampling of particulate emissions from raw shale
crushing

Cascade impactor sampling for particulate sizing of airborne
crushing emissions
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*from Jones, John B., "The
Paraho 01l Shale Retort,
8ist Nat. Mtg., AIChE,

FEED SHALE— Kansas City, Mo., ! 11-
1976 Y April 11-14,
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Figure 13-1. The Paraho retort.
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Standard analytical methods were used wherever possible. Specific
techniques were developed to handle some of the various process
samples. Analytical methods included

Inorganic and trace elements analysis

- wet chemistry

- atomic absorption spectrophotometry

- spark source mass spectrometry (SSMS)

Organic analysis, separation with

- gas chromatography (GC)/mass spectrometry (MS)
- thin layer chromatography (TLC)

- high-pressure liquid chromatography (HPLC)

- spectrophotofluoremetry (SPF)

. Polynuclear aromatic hydrocarbons analysis--two-dimensional

etution with TLC*

Figures 13-4, 13-5, and 13-6 from the publication references above are flow
diagrams for the analysis of the various samples.

Analysis of the recycle gases indicated a need to remove NHy and HyS
before combustion. Contrary to some predictions, the recycled gas was not
found to contain significant levels of C0S, CS;, HCN, or AsH;. The inorganic
constituents in the condensate water were principally ammonium carbonate and
bicarbonates with very low levels of trace elements. Traces of similar organic
compounds were detected in the retorted shale, the condensate, and the product
water. These organics were characterized as neutrals (especially aromatics),
acids, and bases. )

A great deal of qualitative information was accumulated during this study.
Quantitative Level 2 type efforts, long-term studies, and a battery of bioas-
says were recommended to more thoroughly characterize the various plant dis-

charges.

*Executive Briefing, Environmental Sampling of the Paraho 0il Shale Retort
Process at Anvil Points, technology transfer series, EPA-625/9-77-002, U.S.
Environmental Protection Agency, Environmental Research Information Center,
Cincinnati, Ohio, October 1977.
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Figure 13-4. Separation and analysis scheme, gaseous samples.
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RETORTED SHALE
AND RIGH-VOLUME
AIR PARTICULATES

C.H,0,N,§® WATER b
SOLVENT -H.0,K, FLASHER
SSMS EXTRACTION ASH AND SIEVE EXTRACTION W;f:m)
e ANALYSIS (LEACHATE®
P
SOLVENT
DESULFURIZATION EXTRACTION
HPLC
HC* FLOURESCENCE ¢
ULTRAVIOLET
SPF MS
ANALYSIS

M HYDROGEN, OXYGEN, NITROGEN, SULFUR.
h’EﬂFORHED ON AIR PARTICULATES.

YEARALYTICAL SCHEME.

Figure 13-6. Separation and analysis scheme, retorted shale and high-volume
sampler air particulates.
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TABLE 13-1. SPARK SOURCE MASS SPECTROSCOPY
RETORTED SHALE, INDIRECT MODE, SEMI-WORKS, 3-16-76, 1415 HRS

(ppm)
u 5 Dy Rh Cr 82
Th 5 Tb 0.3 Ru % 110
Bi Gd 0.6 Mo 12 Ti
4] 14 Eu 0.3 Nb 5 Sc 12
) Sm 6.8 Zr 77 Ca
Hg* 0.04 Nd 6 Y 19 K
A Pr 1 Sr 760 C1 45
49 Ce 37 Rb 130
Ir La 11 Br 0.3
g Ba 210 Se 0.3 Si
Re Cs 6 As 22 Al
¥ 1 0.1 Ge 0.5 Mg
Ta Te Ga 8 Na
Bf Sb 1 Zn 26 F 560
{u Sn 1 Cu 32 ‘ B 22
] In Ni 17 Be 0.
f ] Cd Co - 20 Li .33
r Ag Fe
to Pd Mn 340

K = Major component.
B - Not determined.
flameless atomic absorption.

lote: 1. Fe, Ti, Ca, K, S, P, Si, A1, Mg, Na, 0, N, C, H are all present in
quantities greater than 1,000 ppm. _
2. All elements not reported <0.2 ppm by weight.
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TABLE 13-2. SPARK SOURCE MASS SPECTROSCOPY
INDIRECT MODE, RETORTED SHALE (COLLECTED AS AIR PARTICULATE),
3-17-76, 1545 HOURS

(ppm)

U 5 Dy Rh cr 210
Th 5 Tb 0.7 Ru v 140
Bi Gd 2 Mo 23 Ti

Pb 20 Eu 0.7 Nb 11 Sc 43
T Sm 2 lr 130 Ca

Hg*  ND Nd 13 Y 45 K

Au Pr 10 Sr MC C) 25
Pt Ce 130 Rb 200 s

Ir La 48 Br 0.8 p

0s Ba 410 Se 1 3

Re Cs 8 As 32 Al

W I 0.2 Ge 0.8 Mg

Ta Te Ga 15 Na

Hf Sb 1 In 20 F MC
Lu sn 0.9 Cu 62 B 23

CYb In NP 25 Be 2

Tm cd Co 38 L3 130
Er Ag Fe

Ho Pd Mn 650

MC = Major component.
ND = Not determined.
*Flameless atomic absorption.

Note: 1. Fe, Ti, Ca, K, S, P, Si, Al, Mg, Na, O, N, C, H are all present in
quantities greater than 1,000 ppm.
2. All elements not reported <0.2 ppm by weight.
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TABLE 13-3. SPARK SOURCE MASS SPECTROSCOPY
RETORTED SHALES, DIRECT MODE (PILOT PLANT), 3-15-76, 1100 HOURS

| (ppm)

i 5 Dy Rh Cr 230
) 7 Tb 0.7 Ru v 180
¥ Gd 1 Mo 14 Ti

» 23 Eu 0.7 Nb 7 Sc 26
n Sm 2 ir 65 Ca

i 0.06 Nd 6 Y 40 K

M Pr 2 Sr 970 ! 43
" Ce 59 Rb 110

Ir La 21 Br 0.2

& Ba 180 Se 0.5 Si

) Cs 6 As 35 Al

i I <0.2 Ge 0.9 Mg

fa Te Ga 17 Na

K Sb 0.7 Zn 22 F >1,000
I Sn 0.2 Cu 57 B 48
. In Ni 75 Be 2
'] Cd Co 19 Li 85
3 Ag Fe

') Pd Mn 800

—

flameless atomic absorption.

Bte: 1. Fe, Ti, Ca, K, S, P, Si, Al, Mg, Na, 0, N, C, H are all present in
quantities greater than 1,000 ppm.
2. A1l elements not reported <0.2 ppm by weight.
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TABLE 13-4.

(ppm)

SPARK SOURCE MASS SPECTROSCOPY
RETORTED SHALES, DIRECT MODE (Semi-Works), 3-15-75, 1100 hours

u
Th
Bi
Pb
T
Hg*
Au
Pt
Ir
Os
Re
w
Ta
Hf
Lu
Yb
Tm
Er
Ho

24

0.06

Dy
Tb
Gd
Eu
Sm
Nd
Pr
Ce
La
Ba
Cs
1

Te
Sb
Sn
In
Cd
Ag
Pd

0.6
0.9
0.6

100
33

310
10
<0.2

Rh
Ru
Mo
Nb
ir
Y

Sr
Rb
Br
Se
As
Ge
Ga
In
Cu
Ni
Co
Fe
Mn

18

41
17
760
85

18
<0.

13
17
53
20
15

700

Cr
Vv

Ti
Sc
Ca
K

€1

Si
Al
Mg
Na

Be
Li

110
110

20

42

820
82

XFlameless atomic absorption.

Note:

quantities > 1,000 ppm.
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TABLE 13-5. SPARK SOURCE MASS SPECTROSCOPY
COLD CONDENSATE WATER, PILOT PLANT, 3/10/76, 1700-0800 HOURS

(ug/L)
] 30 Dy Rh Cr 70
Th Tb Ru Y <10
Bi Gd Mo 300 Ti 900
Pb 700 Eu Nb Sc 10
T Sm Ir 50 Ca 8,000
Hg <10 Nd Y 7 K 3,000
Au Pr 8 Sr 100 o1 400
Pt Ce 10 Rb 400 S 3,000
Ir La 40 Br 20 p 200
Os Ba 100 Se . 40 Si 4,000
Re Cs As 30 Al 200
L} I 8 Ge Mg 3,000
Ta Te Ga 40 Na 5,000%
Hf Sb Zn 200 F ~100
Lu Sn 50 Cu 100 B 60
Yb In Ni 100 Be
Tm Cd Co <10 Li 20
Er Ag Fe <10,000
Ho Pd Mn 200

*Heterogeneous.

Note: After extraction of organics, sample was thermally ashed @ 450° C for
L hr in a laboratory furnace in a quartz crucible prior to analysis.
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TABLE 13-6. SPARK SOURCE MASS SPECTROSCOPY
CONDENSATE WATER, SEMI-WORKS, 3/18/76, 1120-1330 HOURS

(ng/L)
u 70 Dy Rh Cr 7¢
Th b Ru Vv ¢
Bi Gd Mo 100 T3 800
Pb 300 Eu Nb Sc <10
T Sm Ir 50 Ca 10,000
Hg <10 Nd Y K 1,000
Au Pr 8 Sr 80 C1 >10,000>
Pt Ce 10 Rb 10 S >10,00¢
Ir La 10 Br 20 P 200
Os Ba 100 Se 80 Si 7.00¢
Re Cs As 30 Al 50¢
L] I 10 Ge Mg 7,000
Ta Te Ga 100 Na Gl
Hf Sb In 200 F~2,00C
Lu Sn 40 Cu 200 B el
Yb In Ni  1,000% Be
" Tm Cd - Co <40 Li a(
Er Ag Fe >10,000
Ho Pd Mn 300

*Heterogeneous.

Note: After extraction of organics, sample was thermally ashed @ 450° C for
X hr in a laboratory furpace in a gquartz crucible prior to analysis.
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TABLE 13-7. SPARK SOURCE MASS SPECTRQSCOPY
PROCESS WATER, SEMI-WORKS, 3/15/76, 1500 HOURS

(ng/L)

U Dy Rh Cr 300
Th Tb Ru v 30
Bi Gd Mo 100* Ti 300
Pb 200 Eu Nb Sc <50
mn Sm Ir ta >10,000
#g <10 Nd Y K >10,000
Au Pr Sr 3,000 C1 2,000
Pt Ce 10 Rb S >10,000
Ir La Br 9 P 5,000
0s Ba 2,000 Se 100 Si >10,000
Re Cs As 1,000 Al 800
N I Ge <50 Mg >10,000
Ta Te Ga <20 Na >10,000
Hf Sb in 400 F 7,000
Lu Sn Cu 200 B ~5,000
b In Ni 200 Be

T Cd Co <40 Li 1,000
Er Ag Fe 5,000

o Pd Mn 300

*Heterogeneous.

Mote: After extraction of organics, sample was thermally ashed @ 450° C for
L hr in a laboratory furnace in a quartz crucible prior to analysis.
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TABLE 13-8. RECYCLE GAS--AMMONIA, ARSINE

(ppmv)

Pilot plant (direct mode)

March 9-12, 1976

NF5 AsHy

Semi-works (indirect mode}
March 14-15, 1976
NH3 AsHa

3/9, 1330-1445

3/9, 1500-1545

3/10, 1000-1400 ND
3/11, 1000-1400 ND
3/11, 1500 1,614

3/11, 1600 2,689

3/12, 1600

3/14, 1500
3/14, 1700
3/15, 1200
3/15, 1600
3/15, 1715
3/15, 1730

25,945
27,642

ND = Not detected.

TABLE 13-9. RECYCLE GAS--FIXED GASES

(vol %)

Pilot plant (direct mode)
March 9-12, 1976
0, €0, co

Semi-works (indirect mode)
March 14-15, 1976

02 o o

3/9, 1330-1445

3/9, 1500-1545

3/10, 1000-1400

3/11, 1000-1400 ND 24.5 2.1
3/11, 1500

3/11, 1600

3/12, 1600

3/14, 1500
3/14, 1700
3/15, 1200
3/15, 1600
3/15, 1700
3/15, 1715
3/15, 1730

ND = Not detected.
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TABLE 13-10. RECYCLE GAS--SULFUR SPECIES

(ppmv)
Pilot plant (direct mode) Semi-works (indirect mode)
March 9-12, 1976 March 14-15, 1976
C0S/CS, HyS SO, C0S/SC, HoS SO,
3/9, 1330-1445 14
3/9, 1500-1545 4
3710, 1000-1400 2600

(Bendix tube)
3/11, 1000-1400
3/11, 1500
3/11, 1600
3/12, 1600 ND

3/14, 1500 773
3/14, 1700 328
3/15, 1200
3/15, 1600
3/15, 1700
3/15, 1715
3/15, 1730

W = Not detected.

TABLE 13-11. RECYCLE GAS--NITROGEN OXIDES
(ppmv)

Pilot plant (direct mode) Semi-works (indirect mode)
March 9-12, 1976 March 14-15, 1976
NOx NOx

39, 1330-1445 9
3/9, 1500-1545 16
/10, 1000-1400

¥11, 1000-1400

¥11, 1500

¥11, 1600

V12, 1600

¥14, 1500
yi4, 1700
yi15, 1200
15, 1600
¥15, 1700 30
{15, 1715 37
, 1730 49
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TABLE 13-12.
(mg/L)

ANION ANALYSIS

Pilot plant recycle gas cold
condensate {(direct mode)

Semi-works recycle gas hct
condensate (indirect mode:

Anion 3/11/76 - 0800-1800 hr 3/14/76 - 0800-1800 hrs
F 0.35 0.10
cr TR TR
Br
NO, 0.02 <.002
NO3 118 1.0
S03
S0, 113.6 1.65
PO,

s * <0.1 390
Co3 * 30,500t 3,030%
HCOg * 31,2651 6,280%

*Not included in Level 1 protocol (October 1978).

tCalculated rather than measured.

TABLE 13-13. CATION ANALYSIS

(mg/L)

Pilot plant recycle gas cold
condensate (direct mode)

Semi-works recycle gas hot
condensate (indirect mode)

Cation 3/11/76 - 0800-1800 hr 3/14/76 - 0800-1800 hr
Calcium 60.74 39.16
Magnesium <0.1 0.1

Sodium .20 0.29
Potassium .08 0.18
Ammonium (NHy) 5,652% 13,540%

*Calculated rather than measured.
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TABLE 13-14. NUTRIENT ANALYSIS

(mg/L)

Pilot plant recycle gas cold

condensate (direct mode)

Semi-works recycle gas hot
condensate (indirect mode)

Nutrient 3/11/76 - 0800-1800 hr 3/14/76 - 0800-1800 hr
NH;-N 14,060% 16,800%
TKNT 31,400
Phosphate (total) 0.58 0.75

*Calculated rather than measured.
$Total Kjeldahl nitrogen.

TABLE 13-15. GROSS PARAMETER ANALYSIS

(mg/L)

Pilot plant recycie gas cold

Semi-works recycle gas hot

Gross condensate (direct mode) condensate (indirect mode)
~parameter 3/11/76 - 0800-1800 hr 3/14/76 - 0800-1800 hrs
- BOD* 12,000 4,850

cop* 19,400 17,100

TOoC* 29,200 9,800%

TIC* 9,800 1,600
0i1 & Grease* 502 33.3

Solids, Total 22,000 429
Solids, Dissolved 21,800 406
Solids, Suspended 200
Total, Alkalinity 68,550 12,900
ﬂardness 152¢ 98y
Phenols* 46 42
pH 9.8 9.5
—

*This is not a Level 1 required analysis.
¥Semi-works process water total organic carbon
1500 hr.

¥alculated rather than measured.

13-21

(T0C) was 36,900 mg/L on 3/15 @



TABLE 13-16. CARBON ANALYSIS AND pH VALUES FOR AQUEOUS SAMPLE
COLLECTED FROM PARAHO PROCESS

(ppm)

Indirect mode Direct mode
semi-works Indirect mode pilot plant
recycle gas semi-works recycle gas

(cold) condensate process water condensate
3/17/76 3/15/76 3/15/76

Total carbon 8,000 37,200 13,500
Total inorganic

carbon (TIC) 4,450 275 10,000
Total organic

carbon (TOC) 3,550 36,900 3,500
pH 8.5 9.7 9.4

Note: A1l oily material was removed from the top of the sample followed by
equilibrating at ambient for 4 hours, then removing any additional
surficial oils before analysis.
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TABLE 13-17. SUMMARY OF HIGH-VOLUME AIR PARTICULATES

Dry weight of Mass concentration
Total volume air particulates of suspended
filter At of air filtered collected particulates
umber Date (hr)  (m®) (9) (ug/m*)

PRIMARY CRUSHER BUILDING

18 3-15 24.1 22.48 2.6277 116,900
day-night

2 3-16 8.1 8.47 1.4530 171,500
day

22 3-16 16.7 20.08 0.4739 23,600
night

27 3-17 6.3 7.16 0.9708 135,600
day

32 3-17 . 16.9 20.61 0.9764 47,400
night

SECONDARY CRUSHER AREA

17 3-15 24.4 20.76 6.9700 335,700
day-night

12 3-16 8.4 7.96 6.9126 868,400

day

3 ©3-16 16.6 19.96 2.2272 111,600

: night

8 3-17 6.3 5.92 7.0380 1,188,900

day :

: BINS AND WEIGH HOUSE

16 3-15 24.7 12.91 92.1878 7,140,800

. day-night

B 3-16 6.8 3.62 39.9150 11,026,200

. day ‘

o 3-16 16.8 8.55 90.5423 10,589,700

; night

. ] 3-17 6.2 2.80 33.6678 12,024,200

| day

» 3-17 - 24.4 12.09 101.3944 8,386,600

3 night

= (continued)
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TABLE 13-17 (continued)

Dry weight of Mass concentration
Total volume air particulates of suspended
Filter At of air filtered collected particulates
number Date (hr) (m3) (gr) (ug/m3)

BELT DIVERTER BOX
(During Pilot Plant Oniy Run)

11 3-9 5.2 4.62 11.4303 2,474 100
day

15 3-10 6.3 3.4 $.4080 2,767,100
day

SEMI-WORKS OUTPUT BELT
(Next to Last Stationary Belt)

19 3-15 24.6 14.61 89.4437 6,122,100
day-night
14 3-16 7.8 6.09 32.2564 5,296,600
day
25 3-16 16.8 9.97 63.7401 6,393,200
night
30 3-17 6.2 5.58 25.0370 4,486,900
. day
35 3-17 17.0 10.85 84.0003 7,742,000
night

SEMI-WORKS OUTPUT BELT
(At End of Last Stationary Belt)

20 3-15 24.4 14.53 43.4301 2,993,100
day-night

21 3-16 7.9 6.06 23.8886 3,942,000
day

26 3-16 16.7 17.05 11.4969 674,300
night

31 3-17 6.2 5.69 16. 3360 2,871,000
day

36 3-17 17.2 16.54 11.2979 683,100

. night -
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TRBLE 2. TRACE ORGANICS IDENTIFIED BY GC/MS IN THE RECYCLE GAS STREAM
(DIRECT AND INDIRECT MODE) SUMMARY OF ALL SAMPLES

Peak Bsiling Point Molgcular

Number (*C at 760 mm) Compound Weight
1 36 Pentane 72
2 69 Hexane 86
3 80.1 Benzene 78
4 93-98 Heptenes 98
5 98.5 Heptane 100
6 110.6 Toluene 92
7 121-129 Octenes 112
8 125.6 Octane 114
9 136.2 Ethyl benzene 106
10 138.3 p-Xylene 106
N 139.1 m-Xylene 106
12 140.6 Cyclooctatetraene 104
13 144 .5 o-Xylene 106
14 145-146 Styrene 104
15 150.8 Nonane 128
16 161-165 Methyl ethyl benzene 120
17 163.4 a-Methyl styrene 118
18 164.7 1,3,5-Trimethyl benzene 120
19 169.4 1,2,4-Trimethyl benzene 120
20 170.6 1-Decene 140
21 174 Decane 142
22 178 Indan 118
23 181 1,3-Diethyl benzene 134
24 182.6 Indene 116
25 192.7 Undecene 154
26 195.6 Undecane 156
27 213.4 . Dodecene 168
28 216.3 Dodecane 170
29 218 Naphthalene 128




Lt %\

TABELE 9.

ELEMENTAL ANALYSIS OF RETORTE

D SHALE, PARTICULATES, AND ORGANIC EXTRACTS

c

c

c

N S S S Ash
Total Org. | Inorg. H | o0 (Dumas) | (Free) | (S04) | (Sx) | (dry)

Benzene Extract of Direct | 81.41 | 81.41 * 10.70 | 2.22 2.05 7.79 NA NA | <0.15

Mode Retorted Shale

(3/12/76, 1000 hrs)

Direct Mode Retorted 2.95 | 0.80 | 2.15 0.10 ND 0.13 ND 0.08 | 0.74 | 92.88

Shale |

(3/12/76, 1000 hrs)

Raw Shale Collected as 14.25 | 9.58 | 4.67 1.51 ND 0.43 ND 0.01 | 0.04| 70.91

Air Particulate

(3/15/76 to 3/17/76)

Organic Matter’ in Raw 80.5 10.3 5.8 2.4 1.0

Shale (average of 10
cores from Colorado &
Utah)

* 0.5% of total C

ND = Not Determined
NA = Not Applicable

*Smith, J. W., Ultimate Composition of Organic Matter in Green River 0il1 Shale, USBM RI5725 (1961)
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Figure 5.35 One dimensional preseparatory thin layer

chromatogram of benzene solubles from

carbonacecus spent shale [CSA VII (1)7.
layer: silica gel G. Solvents: benzene,

cyclohexane (1.5:1). Compounds: 1 ard 2,

PAH composite mixture; 3, acridine; 4,
carbazole; 5, 1,2,7,8-dibenzacridine;
6, phenanthridine.
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Figure 5. 36 One dimensional preseparatory thin layer

chromatogram of benzene solubles from
carbonaceous spent shale [CSA VIII (1)].
Layer: silica gel G. Solvents: benzene,
cyclohexane (1.5:1). Compounds: 1 and 2,
PAH composite mixture; 3, acridine;

4, carbazole; 5, 1,2,7,8-dibenzacridine;
6, phenanthridine.
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< SOLVENT DIRECTION
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Figure 5.37 One dimensional preseparatory thin layer
chromatogram of benzene solubles from
unretorted shale collected as air particulate
!AP vi (1) [ Layer: silica gel G.

Solvents: benzene, cyclohexane (1.5:1).
Compounds: 1 and 2, PAH composite mixture;
3, acridine; &4, carbazole; 5, 1,2,7,8-
dibenzacridine; 6, phenanthridine.
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Figure 5.38

One dimensional preseparatory thin 1ayef

zt> " Quench
chromatogram of benzene solubles from
retorted shale collected as air particulate
[AP vV (1)]. Layer: silica gel G.
Solvents: benzene, cyclohexane (1l.5:1).
Compounds: 1 and 2, PAH composite mixture;
3, acridine; 4, carbazcle; 5, 1,2,7,8-
dibenzacridine; 6, phenanthridine.
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-~ SOLVENT SYSTEM I
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Figure 539 1Two dimensional mixed thin layer chromatogram
of the PAH fraction of benzene solubles from
carbonaceous spent shale [CSA VII (1)].
Layer: 407 acetylated cellulose, aluminum
oxide G, silica gel G (1:1:1). Solvents:
System 1, isooctane, drying followed by
n-hexane, benzene (95:5). System I1I,
methanol, ether, water (4:4:1). Compounds:

1 and 1tailing, benzo(a)pyrene.
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SOLVENT SYSTEM 1I - -

Mgure 543 Two dimensional mixed thin layer chromatogram
of the PAH fraction of benzene sclubles from
carbonaceous spent shale [CSA VIII (1)].
Layer: 40% acetylated cellulose, aluminum
oxide G, silica gel G (1:1:1). Solvents:
System 1, isooctane, drying followed by
n-hexane, benzene (95:5). System 11, methanol,
ether, water (4:4:1). Compounds: 2, benzo(a)

pyrene.
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Table 3.9 Elemental Analysis of Retort Shale, Particulates and Organic Extracts

C Cc C N S S S Ash

Total  Org. Inorg. H 0 (Dumas)  (Free) (50,) (Sx) (Dry)
Benzene Extract of Paraho
Indirect Mode Spent Shale 84.69 84.69 * 9.60 2,45 2.88 1.01 NA NA <0.15
Benzene Extract of Paraho
Direct Mode Spent Shale 81.41 81.41 * 10.70 2.22 2.05 7.79 NA NA <0.15
Paraho Indirect Mode Spent
Shale 9.68 5.85 3.83 0.49 ND 0.29 ND 0.01 0.38 75.99
Paraho Direct Mode Spent
Shale 2,95 0.80 2.15 0.10 ND 0.13 ND 0.08 0.73 92.88
Paraho Indirect Mode Spent
Shale Collected as Air
Particulate 10.43 5.27 5.16 0.48 ND 0.34 ND 0.04 0.42 75.61
Raw Shale Collected as
Alr Particulate 14.25 9.58 4.67 1,51 ND 0.43 ND 0.01 0.06 70.91
Organic Matter
Raw Shale
(Smith, LERC, 1961) 80.5 10.3 5.8 2.4 1.0

*<0.5% of total C

ND Not Determined
NA Not Applicable



Table 5.19 Polar "Oxy" Compounds Present in
Carbonaceous Spent Shale

Compound GC Confirmation Approx. ppm
Heptanoic Acid + 0.26
Benzoic Acid + 0.18
Octanoic Acid + 0.39
o-Toluic Acid + ————
m~Toluic Acid + 0.60
p-Toluic Acid + | 0.60
Nonanoic Acid + A 0.70
2,5 -Dimethylbenzoic Acid o+ cam=
3,5-Dimethy1bénzoic Acid + amwe
Decanoic Acid + cmwe
3,5-Dimethylbenzoic Acid o+ ————
Isopropylbenzoic Acid + cee-
Trimethylbenzoic Acid + ceme
Tetramethylbenzoic Acid + —m——-
g -Hydroxy Aliphatic Acid + ———-
Methylisopropyl Benzoic + ~——-
Aliphatic Di:basic' Acid (018) + ————
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Operating Parameters for Water Data

Plant Feed Rate, Recycle Gas Rate,
Tonne/hr (TPH) Std.Cu.Meters/hr (SCFM)

Semi-Works Hot

Condensate (3/14/76),

0800-1800 hrs 10.2 (11.2) 6320 (3650)
and Process Water

(3/15/76, 1500 hrs)*=

Pilot Plant Cold

Condensate

(3/18/76, 1130-1330 hrs) ©0-91 (1.0) 493 (290)
(3/10/76. 0800-1700 hre)*+

**These operating parameters also apply to Table 4, following.

TABLE 5. SIZE RANGES OF SOLIDS

Material Size Range Remarks
Raw Feed Shale <7.62 cm, >6 mm (-3" +%")
Fines <6 mm (%") Includes crushing fines
Raw Shale Air >0.01 <5 mm For particle size distri-
Particulates bution see Table 6 and 7
Retorted Shale see below

Screen Sieve Analyses of Direct Mode
Retorted Shale (3/12/76, 1000 hrs)

Sieve Designation Standard

Weight Percent (New U.S. Hos.)

26.4 >19.0 mm
9.9 19.0
9.0 13.2
11.5 9.5
4.4 4.75
6.6 3.25
3.2 1.70
6.2 1.18
2.7 600 um
2.4 425
2.4 300
2.1 212
0.6 150
2.4 106
8.7 75
1.6 <45
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TABLE 6. MASS FRACTION OF RAW SHALE PARTICULATES

Particulate Size Range <0.3 um <1.0 um <3 um

Cumulative Weiqht Percent less than 2 26
ctated cive

73

(Sample taken at 1400 hrs, 3/17/76
crushing 28 gal/ton shale)

TABLE 7. NUMERICAL FRACTION OF RAW SHALE PARTICULATES

Breakdown % <1.0 um

Particulate Size Range <0.01 10.01-0.05]0.05-1 | Cumulative 1-5
um um um % <1.0 um um

n

um

Cumulative Count Percent | g5 4 33.3

less than stated size 1.2 84.9 10.1

5.0

(Sample taken at 1410 hrs, 3/15/76
handling 28 gal/ton shale)

TABLE 8, PARTICLE SIZE VS, MEAN ELEMENTAL COMPOSITION OF RAW SHALE

AIR PARTICULATES AS DETERMINED BY X-RAY FLUORESCENCE

Size Ranges | L e
of Particles g | =
nalyzed £ > 9 £
Elemental = < - =
Components © ~ 1 Yy
Detected g
si a0y | 30z | aax | a3
Ca 20 1 | 28 1 22
Al 10 (11 10 8
Mg 10 ‘12 | 6 8
Fe + 19 | 5 6
K + 2 |5 6
Na + 2 | 3 2
P - 3 4+ +
S - + 12 , + 4
Ti ~ + - |+ +

*High background fluorescence.
+Indicates presence of element but not quantifiable

-Indicates element not found in sample at sufficient
concentration to be detected by x-ray fluorescence.
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TABLE 11. BENZENE AND WATER EXTRACTABLES OF RETORTED SHALE, AND RAW SHALE PARTICULATES

Total Benzene Benzene Solubles Water Solubles Benzene Solubles
Solubles Sulfur Removed Wt ¢ of Water Solubles
Wt % Wt % Wt %
Pilot Plant
(Direct Mode)
Retorted Shale
(3/12/76, 1000 hrs) 0.03(4) 0.03(7) 3.39 0.00(3)
Raw Shale Collected
as Air Particulate
in the Crushing Area
(3/15/76 to 3/17/76) 2.05 ND ND ND

ND = Not determined

TABLE 12.

COMPARISON OF PAH TO POLAR COMPOUNDS IN SOLID SAMPLES

Sample Designation

Wt. % PAH

Wt % Polar Compounds

Pilot Plant Retorted
Shale, Direct Mode
(3/12/76, 1000 hrs)

Raw Shale Air
Particulate
(3/15/76 to 3/17/76)

43

16

57

84




TABLE 13. Rg VALUES FOR PAH FRACTION OF BENZENE SOLUBLES FROM DIRECT
MODE RETORTED SHALE |

Spot No. on RB
Figure 1q__ Fluorescence I II Compound
B 1 purple 1.00 1.00 *Benzo(a)pyrene
1 purple 0.79 1.02 *Benzo(a)pyrene
(tailing)
2 light blue 1.02 1.25 **Coronene
blue 0.93 1.27
4 yellow 0.87 1.45
5 purple 0.95 1.64 **1,2 Benzanthracene
6 blue 0.83 1.89
7 purple 1.08 1.95 **]1 2 Benzanthracene
8 blue 1.19 1.84
9 purple 1.36 1.91 **Pyrene
10 blue green 1.24 2.18 **Flucranthene
1" purple 1.38 2.34
12 purple 1.27 2.80
13 blue 0.31 2.41
14 blue 0.00 2.34

*Quantitatively identified by fluorescence spectrometry and/or
high pressure liquid chromatography.

**Th?se compounds have been qualitatively identified by Rg values
only.
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TABLE 14. EVALUATION OF BENZO(A)PYRENE CONTENT IN SAMPLES OF BENZENE

EXTRACTS FROM DIRECT MODE RETORTED

SHALES
Bz. Sol. BaP/TLC Wt % BaP in BaP in BaP in BaP in
Quantity Spot BaP in Bz.Sol. Shale Bz. Sols. Sample
Analyzed (ng) Bz. (ng/kg) Sample ppm ppm
Sample Designation (mg) . Solubles (ug/kg)
?ilot Plant ) 8.7 0.050 .000(5) 4.7x103 2.0 4.7 0.2x10-2
Direct Mode 3 -2
Retorted Shale 8.7 0.038 .000(4) 3.6x10 1.5 3.6 0.2x10
(3/12/76, 1000 hrs)
Ave. 0.044 .001 4.2x103 1.8 4.2 0.2x10-2
Retorted Shale 3 -2
(Direct Mode) Ave. 0.189 0.001 14x10 1.50 14 0.2x10
Semi-Works
(3/75)
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Fraction

Neutrals

Acids

Bases

Table 5.5

Evaluation of Organics
Extracted from Aqueous

Fhase of Recycle Gas

(Cold) Condensate (RG-10)

Extraction Weight Weight Total Total

—Solvent mg) Percent LRy Wt. Percent Ppw
Methylene Chloride 242.9 0.081 810
Bengzene 40.0 0.013 130

Total 282.9 0.094 940 0.094 940
Methylene Chloride 247.9 0.083 830
Benzene 11.7 0,004 40

Total 259.6 0.087 870 0.087 870
Methylene Chloride 35.2 0.012 120
Benzene 26.4 0.009 90

Total 61.6 0.021 210 0.021 210

0.202% wt. 2,020 ppw



ev-tl

Fraction

Neutrals

Acids

Bases

Table 5.6

Evaluation of Organics Extracted from
Aqueous Phase of Recycle
Gas (Hot) Condensate (RG-7)

Extraction Weight Weight Total Total

Solvent (mg) Percent ppm Wt, Percent bpm
Methylene Chloride 99.4 0.041 410
Benzene 2.9 0.001 10

Total 102.3 0.042 420 0.042 420
Methylene Chloride 43.1 0.018 180
Benzene 10.2 0.004 40

Total 53.3 0.022 220 0.022 220
Methylene Chloride 11.9 0.005 50
Benzene 0.5 0.000(2) 2

Total 12.4 0.005 52 0.005 52

0.0697 692 ppm



Table 5.11

Size Distribution of PARAHO Solids

Materisl Size Range Remarks
Raw Feed Shale «7.62 cm + 6 o= (-3" + %)
Fines <6 mm (") Includes crushing fines,
Raw Shale Particulates .01 ym - 5 ym For psrticle size
istribution see
Table V.
Retorted Shale >19 mm Seive Analysis see

Table VI. Larger pieces
laminate upon weathering.

Air Particulates from +0.01l ym - 5 um See Table V for particle

Retorted Shale size distribution,
(above conveyor belt)
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Table 5.12

Screen Sieve Analyses of PARAHO
Retorted Shale*

Sieve Designation

Standard Semi-Works Pilot Plant
(New U.S. Nos.) Indirect Mode Direct Mode
>19.0 mm 16.9% 26.47%
19.0 9.9 9.9
13.2 11.8 9.0
9.5 15.8 11.5
4.75 5.5 4.4
3.35 10.0 6.6
1.70 8.5 3.2
1.18 3.9 6.2
600 ym 3.0 2.7
425 : 2.6 2.4
300 2.2 2.4
212 1.8 2.1
150 1.5 0.6
106 0.8 2.4
75 3.9 8.7
<45 2.1 1.6

.%Collected from the retorted shale belts.
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Table 5.14, Mean Particle Size (Effective Diameter) of
L0 VOL AIR PARTICULATE SAMPLES
Collected at the Paraho Plant as Determined by
Scanning and Transmission Electron Microscopy
(Values in Count Percent)

Percent >1.(0um

g
s
Y
E eV
o £ w
[ E [ -Y
E . 3 -t -
- (= - o U
< S A é o o~ =
g = < F & ~ _"
Bins & Weigh House
(Handling at Unretorted Shale)
3-15-76 1410 hrs. 50.4% 33,3% 1,2% 84.9 1.1 5.0
Pilot Plant Retorted
Shale Belt
3-9-76 1030 hrs. <0.1 <0.1 100 83.2 14.3 2.6
Semi-Works Retorted
Shale Belt
_3-16-76 1115 hrs. <0.1 <0.1 100 2.0 71.4 25.5

*Walues obtained by Transmission Electron Microscopy as explained in text.

Table 5.15. Particle Size Analysis of Air Particulate Samples
Collected at the Paraho Plant
as Determined by Cascade Impaction Collector
(Cumulative Weight Percent Less than Stated Micron Size)

%<0.3,m <l.0ym

Primary Crusher Bldg.

3-17-76 1300 hrs. 2 26
- Bins & Weigh House

3-18-76 76 87
Semi-Works Retorted

Shale Belt

3-18-76 1345 hrs. 2 28
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Table 5.16

PARTICLE S1ZE VS,
MEAN ELEMENTAL COMPOSITION OF
AIR PARTICULATES
AS DETERMINED BY X-RAY FLUORESCENCE

Pilot Plaut Semi-Works
Bins & Weigh House bDirect lode Indirect Mode
(Unretorted Shale) (3- 9-76, 1030 hrs) (3-16-76, 1115 hrs.)
® _ £ E E
E B ) 3 o1
] 3 . -

" iz 5] " 2] & e

" o A -3 2 A, ! 3 v,
(:. —-: ~— oWy - L "y -t ~—i [Ta)
\V \ N A W A A Vv A A
{ ~ 40 30 b4 43 4l 40 40 45 52 41
] ~'Z0 10 24 22 28 23 23 21 34 23
1 ~10 11 10 14 9 13 11 14 8
§ ~10 12 6 7 11 9 5 12 10
|} + 9 5 3 5 4 7 5 4
+ 2 5 6 + + 3 5 5 6
i + 2 3 2 + + 3 + + +
- 3 + + + + + + + +
+ 12 + 4 7 11 2 + 5.4 4
i + - + + + - + + + +
+ + + + + + + + + +

H\ background f{luorescence, sce text,
@icates presence of element but not quantifiable.
,'5‘

ﬁlicates element not found in sample at sufficient concentration to be detected,
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Table 5.17 Bensene and Water Extractables of Solid Samples

Total Benzene Benzene Solubles Benzene Solubles
Solubles Sul fur Removed Water Solubles of Water Solubles
we. % we. % We, % we. %

Pilot Plant

(Direct Mode)
Retorted Shale 0.03(4) 0.03(7) 3.39 0.00(3)

(3-12-76, 1000 hrs)

Semi{-Works

(Indirect Mode)

Retorted Shale 2,15 2,15 *0.98 0.03
(3~16-76, 1415 hrs)

Semi~Works

Retorted Shale

Collected as

Alr Particulate 1.67 N.D, N.D. N.D.
(3-15-76 to 3-18-76) ‘

Unretorted Shale

Collected as

Alxr Particulate 2.05 N. D, N.D., N,D.
(3-15-76 to 3-17-76)

*Low value is probably due to olly hydrophobic nature of sample,

N.D. = Not Determined



Table 5.21

Evaluation of Benzo(a)pyrene
Content in Samples of Benzene Extracts from
Paraho Spent Shale Coke Samples

ple Bz. Sol. BaP/TLC Wt. % BaP in BaP in BaP in BaP in

tigna - Quantity Spot BaP in Bz.Sol. Shale Bz.Sols. Sample

n Analyzed (mcg) Bz. (meg/kg) Sample p.p.m. P.pP.m.

(mg) Solubles (mcg/kg)

iVIII (1) 3 5
1 18.4 0.100 .000(5)  5.4x10 116 5.4 12. x10°

d+rorks 3 y

direct 2 18.4 0.146 .000(8) 7.9x10 170 7.9 17. x10 ©

ode) 3 -2
3 18.4 0.144 .000(8) 7.8x10 168 7.8 17. x10

Ave. 0.130 .000(7) 7.0::103 151 7.0 15. x10°2

(VI (1) 3 -2
1 8.7 0.050 .000(5) 4.7x10 2.0 4.7 0.2x10

z:clt’l‘“‘t 2 0.038 .000 (4) 3.6x10° 1.5 3.6 0.2x10"2

¥ode) '

Ive. 0.044 .001 4.2x10° 1.8 4.2 0.2x10"2

dier PARAHO

torted Shale

trect Mode)

-2
kve. 0.189 0.001 14x103 1.50 14 0.2x10
0 Retorted
aC 3 -2
Ive. 0.295 0.002 17x10 42.4 17 4.2x10
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Table 5.22

RB Values for PAH Fraction of

Benzene Solubles from Csrbonsceous

Spent Shale [SA VIII (1)

Spot No. Fluorescence ] RB . Compound
1 purple 0.95 0.64 *%BgP derivative
2 purple 1.00 1.00 *Benzo(a)pyrene
3 blve 0.93 1.31
4 purple 0.97 1.72
5 purple 0.95 2.75 *%%] 2 Benzanthracene
derivative
6 blue 0.58 2.33
7 light blue 1.15 2.38 ***Fluoranthene
8 blue 1.00 2.64
9 yellow 0.85 1.49

*These compounds have been quantitatively identified by fluorescence
spectrometry and/or high pressure liquid chromatography (Figure 5.36).

**The fluorescent spectra of these compounds indicate possible
derivatives of benzo(a)pyrene.

¥**These compounds have been qualitativelv identified by RB values only.



Gas Sampled

Co

co

802
NO-NO2

HCN

Cco

NO-NO2

HCN

#Jalues obtained corracted tor pressure.

*xIndicates that differ

Table 5.23 Pilot Plant (Direct Mode) Recycle Gas

Tube Tvpe

1H
1H
H
2H

3H
3H**
3M*x*

4R

LR %%
4HY**
4HH
S5La
10

12

Corrected
Values Obtained*

4.71
4.7%
4.7%

>20%

6.3%
7.5%
1000 ppm
1000 ppm

2600 ppm
2600 ppm
0.25%
0.25%

<2 ppm

< 5 ppm

3.2%
140

Notes

HZS produces erroneously
high values

HZS Produces erroneously
high values

Amines and diamines
produ_e & plus error

SO2 >50 ppm produces
plus error

below minimum detectable
below minimum detectable

both CO and H,S produce
erronious high values

Semi Works (Indirect Mode) Recycle Gas

1H
1H

2H
M

3M**
3R**

4HH
4HH

- 5L
SL

10

121

12.5%
12.5%

550 ppm
675 ppm

3.1%
3.1%

150 ppm
150 ppm

<2 ppm
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Several color bands
produced by interferring
hydrocarbons. Values in
doubt.

Interferences rendered
tube unreadable.

Amines and diamines
produce plus error.
Interference rendered tube
unreadable probably HZS'

SO2 < 50 ppm produces
plus error.

Many interferences.

Below minimum detectable.

CO rendered tube
unreadable.

No other corrections are suggested.

ent chemistries are used for the different tube ranges.



Table 6.1.

Flame Ionization Response of Sample MSA-34 Extracted with CS,

PTIMT Flinl

] Ti4T
H 197
2 2zs8
2 349
4 395
S 4es
) 422
7 436
8 457
9 49%
i0 Sla
i1 525
12 547
13 570
14 s88
1S €97
16 52
17 €58
18 666
i9 78S
20 730
21 824

S

o7, TI et

197. 2222
328. 020
349.220¢2
3%5.0020
4¢5.2¢0¢
a22. €009
43e. 2eQ
457. 208280
495, 0eece
Sla.00€2
S25.¢23¢e8
Sa7.0¢0882
57¢.382€
588.0008¢C
£97. 0000
€52. 2200
658. 2000
666. 2002
705.0000
730.200€
8e4a.00020

AFEDR

9265.21CC
Su94. 222
878.20e¢
167.000¢€
g12.ece¢C
T4€. 00082
7739.220¢0
7538. 82222
6u€. 9002
429, 220¢
£294. 2¢0¢
3543, 2722¢
2923.00¢2¢
5334.202¢
a8s9.geee
15s8.¢220
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3745%. 0000
1880@.c200
1322.2¢08
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-
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78876
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37.3183
3. 5772
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16. 4183
14. 8628
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19.8e2¢
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VA IAT T L
7315.18C¢
T78CC.8€8¢C

£53, 5560

131.9¢2%¢

b42.245¢C
58%9.3zZ2¢
€113. €20
€954.812¢
512.3222
32¢F.522¢
4i18z.12¢2¢
2798.4729
2293.2582¢
4253.212¢
3E3B.4u8¢€2
1232. 7728
1114.65%6¢C
2958. 4580
4B8s, luge
1228.540¢€
339.688¢
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* ALTHOUGH A QUANTITATIVE DETERMINAT 1On OANM NOT BE MADE UNTIL A CTANDARD HAS8

BEEN PREPARED CONTAINING THESE COMPONENTS 1T I8 POSSIBLE TO EBTABLISH AN

APPROXIMAT 10N THIS I8 ACHIEVED BY MULT IPLING THE PEAK RESPONSE TIMES THE

RESPONSE FACTOR PER CARBON FOR THE FLAME IONIZATION DETECTOR TIMES TWE SAMPLE

DILUTION FACTOR AND DIVIDE By THE TOTAL VOLUME OF GAS SAMPLED.
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SOURCE ASSESSMENT: TEXTILE PLANT
WASTEWATER TOXICS STUDY PHASE 11

This document reports on Phase II of a study cosponsored by the EPA and
the American Textile Manufacturers Institute to determine the toxicity of tex-
tile plant wastewaters. Phase I of this study was published as Source Assess-
ment: Textile Plant Wastewater Toxics Study, Phase I (EPA-600/2-78-004h)% and
was reported in a previous compilation of data with summaries of phased
environmental assessments. The purpose of the study was "to examine the level
of removal of specific toxic pollutants and toxicity (as measured by results

of bioassay tests) attained by selected tertiary systems treating secondary
effluents from textile plants."

The Phase I study had used IERL's Level 1 chemical tests and bioassays as
well as GC/MS analysis for priority pollutants (129 toxic compounds), and wet
methods for criteria pollutants (BOD;, COD, color, sulfide, pH, chromium,
phenols, TSS). Phase I results gave preliminary toxicity data and were used
to rank 23 textile plant effluents for toxicity.

Phase I1 employed seven mobile tertiary treatment systems to determine
the best available technology economically achievable (BATEA) for the treatment
of eight of the most toxic plant effluents as determined in Phase I. Chemical
analyses for intake water, secondary effluents, and tertiary effluents are
presented; biocassay results are given only for secondary and tertiary effluents.
The chemical tests include the effluent guidelines' protocol for analysis of
the 129 priority pollutants, analysis for selected metals by ICAP, and other
selected aqueous analyses (NHj, NOQ, P0;3, salinity, pH, specific conductance,
COD, TSS, color, and sulfide). The bioassay procedures performed in the study
include the freshwater ecology series (algae, Daphnia, fathead minnow, and/or
"bluegill), microbial mutagenicity (Ames and pol A), and cytotoxicity (CHO-K1).

The seven tertiary treatment systems were ranked in terms of total pollut-
ant removal efficiency (based on chemical analysis) and in terms of toxicity
removal capability (based on bioassay) as shown in Figure 14-1.
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Increasing Removal of

Toxicity/Toxic Pollutants

RANKED BY

CHEMICAL ANALYSIS

Multimedia filtration followed
by granular activated carbon

Flocculation/sedimentation fol-
lowed by multimedia filtration

Sedimentation; flocculation/
sedimentation

Flocculation/sedimentation fol-
lowed by multimedia filtration
and granular activated carbon

Multimedia filtration

Multimedia filtration with pre-
coagulation

Multimedia filtration followed
by ozenation

Figure 14-1.
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RANKED BY

BIOASSAY

Multimedia filtration

Multimedia filtration followed
by granular activated carbon;
Flocculation/sedimentation
followed by multiwedia filtra-
tion and granular activated
carbon

Flocculation/sedimentation fol-
lowed by multimedia filtration;
Multimedia filtration followed
by ozonation

Sedimentation
Flocculation/sedimentation;

Multimedia filtration with
precoagulation

Ranking of tertiary treatment systems.



The report, in Section 3, p. 8, mentions several trends:

1. Only seven organic toxic pollutants in excess of 10 pug/L were seen
in secondary effluents of the eight textile plants. These were
bis(2-ethylhexyl) phthalate, 1,2-dichlorobenzene, 1,2,4-trichloro-
benzene, toluene, methylene chloride, di-n-butyl phthalate, and
total phenol.

2. Eleven inorganic toxic pollutants were seen in at least one of the
eight secondary effluents in levels greater than 10 pg/L (or the
detection limit). These were antimony, arsenic, beryllium, cadmium,
chromium, copper, cyanide, lead, nickel, silver, and zinc.

3. None of the secondary effluents or tertiary effluents gave a positive
response in the mutagenicity or cytotoxicity tests.

4. The freshwater algal assay was the most sensitive bioassay test used
in the Phase 1I progranm.

5. Multimedia filtration followed by granular activated carbon adsorp-
tion demonstrated the best overall toxic pollutant removal capability.

6. Ozonation appeared to add organic and inorganic toxic pollutants to
the wastewater being treated.

7. Multimedia filtration alone demonstrated the best overall toxicity
removal capability.

8. Tertiary treatment systems that left high levels of residual aluminum
or iron from coagulation in their effluents generally increased the
toxicity of the wastewater, as compared with treatment systems whose
effluents contained lower levels.

9. Systems employing cationic polymer coagulation increased the toxicity
of the wastewater being treated.

In this section, the following recommendations were made:

1. Coagulation with high doses of coagulant (alum or ferric salts)
should be avoided as a tertiary treatment option, since it appeared
that high levels of residual aluminum and iron resulted in an
increase in effluent toxicity.

2. Since freshwater algal and Daphnia bioassays were the more sensitive
bioassays, these tests should be considered first as a means to
characterize the toxicity of textile mill wastewaters.

The results of chemical and biological analysis of each of the eight
plants plus conclusions and recommendations for each plant were discussed in
detail. The tertiary treatment systems are referred to by number in the
following data tables as follows:
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Sedimentation

Coaguiation then flocculation/sedimentation

Multimedia filtration

Coagulation then multimedia filtration

Coagulation then flocculation/sedimentation then multimedia filtration
Multimedia filtration then granular activated carbon

Multimedia filtration then ozonation

o N O bW N

Coagulation then flocculation/sedimentation then multimedia filtration
then granular activated carbon.

Table 14-1 (from the report) shows the tertiary treatment systems that
were selected at each plant for detailed chemical analysis and bioca.say.

TABLE 14-1. TERTIARY TREATMENT SYSTEMS
USED AT SPECIFIC PILOT PLANT SITES

Type of tertiary
treatment system studied
Plant 1 2 3 4 5 6 7 8

A -4 X X X
c X X X
W X X X X

S X X X

p X X X X

N X X X X

v X X X X

T X X X X

881anks indicate treatment technology ngt tested in
"candidate" mode studies at this location.
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TABLE 6. MINIMUM DETERMINABLE CONCENTRATIONS
FOR ORGANIC TOXIC POLLUTANTS

Concen- Concen~
tration, tration,
Compound vg/liter Compound pg/liter
ACIDS BASE NEUTRALS
2-Chlorophenol 0.09 l1.3-Dichlorobenzene 0.02
Phenol 0.07 l,4-Dichlorobenzene 0.04
2,.4-~-Dichlorophenol 0.1 Hexachloroethane Q.1
2-Nitrophenol 0.4 1,2-Dichlorobenzene 0.05
p-Chloro-m-cresol 0.1 Bis{2-chloroisopropyl} ether 0.06
2,4,6-Trichlorophenol 0.2 Hexachlorocbutadiene 0.08
2,4~Dimethylphencl 0.1 1,2,4-Trichlorobenzene 0.09
2,4~Dinitrophencl 2.0 Naphthalene - 0.007
4,6-Dinitro~o-cresol 40.0 Bis {2-chlorocethyl) ether 0.07
4-Nitrophenol 0.9 Hexachlorocyclopentadiene 0.2
Pentachlorophenol 0.4 Nitrobenzene 0.08
Bis(2-chloroethoxy)methane 0.086
VOLATILES 2-Chloronaphthalene 0.02
Acenaphthylene 0.02
Chloromethane 0.2 Acenaphthene 0.04
Dichlorodiflucrcmethane 0.2 Isophorone 0.06
Bromomethane 0.2 Fluorene 0.02
vinyl chloride 0.4 2,6-Dinitrotoluene 0.2
Chloroethane 0.5 1,2-Diphenylhydrazine 0.02
Methylene chloride 0.4 2,4-Dinitrotoluene 0.02
Trichlorofluoromethane 2.0 N-nitrosodiphenylamine 0.07
1,1~Dichlorcethylene 2.0 Hexachlorobenzene 0.0%
1,1-Dichloroethane 3.0 4-Bromophenyl phenyl ether 0.1
Trans-1,2-dichloroethylene 2.0 Phenanthrene 0.01
Chicrofom 5.0 Anthracene 0.01
},2-Dichlorosthane 2.0 Dimethyl phtbalate Q.03
1,1,1-Trichloroethane 2.0 Diethyl phthalate 0.03
Carpon tetrachloride 4.0 Fluoranthene 0.02
Bromodichloromethane 0.9 Pyrene 0.01
Bis{chloromethyl) etherxr 1.0 pi-n-butyl phthalate 0.02
1,2-Dichloropropane . 0.7 Benzidine 0.02
Trans-1,2-dichloroethylene 2.0 Butyl benzyl phthalate 0.03
Trichloroethylene 0.5 Chrysene 0.02
Dibromochloromethane 0.3 Bis(2-ethylhexyl) phthalate 0.04
Cis-1,3~-dichloropropene 0.5 Benzo (a)anthracene 0.02
1,1,2-Trichloroethane 0.7 Benzo (b) fluoranthene 0.02
Benzene 0.2 Benzo (k] fluoranthene 0.02
2-Chloroethyl vinyl ether 1.0 Benzo (a)pyrene 0.02
Bromoform 0.6 indeno(l,2,3-cd)pyrene 0.02
1,1,2,2~-Tetrachlorocethene 0.9 Dibenzo(a. h)anthracene 0.02
1.1,2,2-Tetrachloroethane 0.6 Benzo(g,h,i)perylene 0.01
Toluene 0.1 N~nitrosodimethylamine 0.8
Chlorobenzene 0.2 N-nitrosodi-n-propylanmine 0.2
Ethylbenzene 0.2 4-Chlorophenyl phenyl ether 0.03
3,3'~Dichlorobenzidine 1.0
DIRECT INJECTABLES
—_— PESTICIDES 1.0
Acrolein . 200
Acrylonitrile 100
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TABLE 7. PLANT A ORGANIC TOXIC POLLUTANTS DETECTED
{Concentration, ug/%; percent removal in parentheses)

Secondarv effluent Tertiary effluent

Pollutant Intake Phase I Phase II - Tyoe 2 Type 5 Tvpe 8
Bis{2~-ethylhexyl) phthalate 5.4 6b 32 44 (-38)a 14 {586) 4.7 (85)
Pyrene . 1.2 - ‘
Heptachlor 1.6 1.4
1l,2-Dichlorchbenzene 1 20 {100) 5.4 (73) {100)
1,2,4-Trichlorcbenzene 46 1,600 150 ({91) 94 (94) (100)
u-BRC : 5.8 1.9
4,4'-DDT 2.1
Toluene 8.4 31 14 (55) 12 (3L} (100)
Ethylbenzene 5
Phenol -3 3 1.5
Benzo{a)}pyrene 0.8
N-nitrosodiphenylamine 0.4
2,4-Dimethylphenol 0.9
Pentachlorophencl . 10
l,4=-Dichlorobenzene 0.05
Phenol (total) 12 65 60 47  (22) S5 (8) 17 {(72)

a i s . . . . os
Minus percent removals indicate an increase in the concentration of the specific
pollutant.

bBlanks indicate concentration below detection limit (see Table 6).

14-8



6-%1

TABLE 8. PLANT A INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, ug/%; percent removal in parentheses)

Secondary Effluent Tertiary effluent
Pollutant 1Intake Phase I Phase 1I Type 2 Type 5 Type 8
Antimony <10 30 <10 <10 <10 24% ,(—140).b '
Arsenic 72 <5 60 62 (-3) 103 (-72) <1 (>98)
Beryllium 0.2 <0.1 <0.04 <0.04 - 1.2 (-2,900) 5.4 (-130,000)
Cadmium = 7.5% <0.5 <2 <2 97 (-4,800) 5.2% (-62)
Chromium <4 - 180 110 31 (72) 34 (69) 192 (83)
Copper <4 27 20 13 (35) 110 (-4,500) 47 (-140)
Cyanide <4 15 10 <4 (>60) 10 - (0) <4 (>60)
Lead <22 <1 <22 <22 79° (-260) <22
Mercury NAS <0.5 NA NA NA NA
Nickel <36 140 <36 <36 <36 <36
Selenium NA <5 NA | NA NA NA
Silver <5 <5 <5 <5 : <5 <5 |
Thallium  NA <5 NA NA _ NA NA
zinc 56 6,400 6,400 5,700 . (11) 5,900 (8) 6,000 (6)

®semiquantitative region; value not within 95% confidence limits.
bMinus percent removals indicate an increase in the concentration of the tpecified pollutant.

cNot analyzed.
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TABLE 9.

PLANT A OTHER POLLUTANTS DETECTED

(Concentration, ug/t; percent removal in parentheses

Secondary Tertiary effluent

Pollutant Intake effluent Type 2 Type 5 Type 8
Aluminum <12 230 1,600 (-600)° 520  (-130) 100 (57)
Barium <0.2 20 18 (10) 18 (10) 50 (-150)
Boron 50 270 270 (0) 300 (-11) 320 (~19)
calcium 16,000 37,000 70,000 (-89) 70,000 (-89) 70,000  (-89)
Cobalt 7.7° 16° 17° (-6 110 (~590) 18°  (-13)
ron 175 2,000 2,800 (-40) 2,700 (-35) 1,700 (15)
Magnesium 3,000 5,000 4,900 (2) 5,300 (-6) 5,800  (-16)
Manganese 49 92 100 (-9) 200 (-120) 120 (-30)
Molybdenum <10 <10 <10 <10 <10
Phosphorus 490" 280 <70 (>75) <10 (>75) <70 (>75)
Sodium 8,000 270,000 270,000 (0) 280,000 (-4) 265,000 (2)
silicon 480 1,400 1,300 (7 1,300 (N 1,400 (0)
Strontium 90 220 240 (-9) 260 (-18) 370 (-68)
Tin <15 <15 20°  (-33) 17 (-13) <15
Titanium <1.0 .22 207 (e 1.0 (>69) <1.0  (>69)
vanadium 17 40 53 (33) 42 (-5) 33 (18)

®Minus percent removals indicate an increase in the concentration of the specified pollutant.

bSemiquantitatlve region; value not within 95% confidence limits.



TABLE 11. PLANT A EFFLUENT DESCRIPTIONS

Secondary effjuent Tertaary effluent
Parameter Phese .+ Pnase 1] Type < iype 5
ﬁxcnl description Gray with considerable Dark purple with Light purple

Light puzple with
amount of fine partic- particulate matter

particulate
ulate; chlorinated matter
6.2 €.6 6.1 6.6
linity, 978 rn® 6.05 6.02 0.05
wific conductivity, NM 850 900 850
mhos /cxd

R measurecd.

14-11



TABLE 12.

PLANT C ORGANIC TOXIC POLLUTANTS DETECTED

(Concentration, ug/L; percent removal in parentheses)

Secondary effluent

Tertiarv effluens

Pollutans Iintake Phase 1 Phase 1! Tvpe 2 Tvpe 5 Tvoe t
Di-n-butyl phthalate 1.9 -8 0.6 0.6 0.6 0.4
Bis{2-ethylhexyl) phthalate 6.6 3.0 7.6 a3 ('330)b 5.3 (30) 11 (-45)
2-Chlorophencl D.2
Anthracene 4.4 0.05 6.1 0.03 0.01
1,4-Dichlorobenzene 8.7
Pentachlorophensl 6.7 12 (-79)

Phenol 0.5 0.4

Toluene 240 15 1.0 (s3) (>98) (>89}
Dibromochloromethane 0.6

1,2-Dichlorcbenzene 0.3 13 (-260,000) 5.8

Ethylbenzene 110 1.3

Acenaphthene 0.5

1,2.4-Trachlorobarnzene 10

Trichloroethylans 1

Tetrachlorosthylens 26

Methylene chloride® as 160 70 {56) 210 (-31) 110 (31)
Phenol {(total) 88 23 16 (30) 19 an (»93)

%3lanks indicaze concentration below detection limit (see Table 6).

bui

cucthylcm chloride nmay originate from= analysis contamination.

percent rexovals indicate an increase in the concentration of the specified pollutant.

TABLE 13.. PLANT C INORGANIC TOXIC POLLUTANTS DIZTECTED
(Concentration, ug/%; percent removal in parentheses)

Sezondarv effluent

Tertiarv effluent

Pollutant nrake Prase 1 Phase I Tvpe 2 Tvoe 5 Tvoe €
Antimony <10 4 120 (-33)* 160 (-56) 120 (-33)
Arsenic <« <s «Q Q a

Beryllius 30 <0.2 2.2 1.2 2.7

Catmium 29 6 2.9° 2.7° s.8°
Chromiue <4 32 5.5° e ad (-210) 1<® (-150) 15> (=170}
Copper €5 30 n® (1) 25 (s6) 35 (39)
Cyanide <4 13 <& <4 <2

Lead <22 120 66® {-140) <> (-140)  6<° {~140)
Mercury ®a® 0.7 ®A R m

xickel <36 140 <6 <36 <36

Selenius ®A < "A Ty 1Y

Silver s¢ <s 72 {20 ” %y 9 (14
Thallium | 73 <5 RA RA RA

2inc s3 120 150 (-19) 230 -s¢) 83 (48)

‘nims percert removals inficate an increase ir the concentration of the specified pollutant.

)

c)iot analyzel.
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TABLE 14. PLANT C OTHER POLLUTANTS DETECTED
(Concentration, pg/L; percent removal in parentheses)

Secondary Tertiary effluent
Pollutant 1Intake effluent Type 2 Type 5 Type 8
Aluminum <12 98 13,000  (-13,0000% 11,000 (-10,000) 9,200  (-9,300)
Barium 81 72 70 (3) 71 (1) 81 (-13)
Boron <1 54 58 - (-7) 57 (-6) 29 (46)
calcium 3,300 5,200 5,700 (-10) 5,600 (-8) 5,600 (-8)
Cobalt 29° <6 <6 . <6 <6 |
Iron 110 230 930 © (-300) 750 (-230) 310 (-35)
Magnesium 720 3,700 3,700 (0) 3,700 (0) 3,700 (0)
Manganese 33 17 24 (-41) 24 (-41) 28 (-65)
Molybdenum <10 <10 20P (~100) 22P (~120) 19° (-90)
Nickel <36 <36 <36 <36 <36
Phosphorus 1207 2,700 2,300 - (15) 2,000 (26) 1,900 (30)
silicon 7,500 15,000 15,000 (0 15,000 (0) 14,000 (7)
Strontium 49 67 68 (~1) 71 (-6) 74 {-10)
Tin <15 6oP 62" (10) 66° (4) 56° (19)
ritanim = <« 2 14 (~600) 11 (-450) 11 (-450)
vanadium <2 410 560 (~37) 520 (~27) 180 (-56)

%Minus percent removals indicate an increase in the concentration of the specified pollutant.

bSemiquantitétive region; value not within 95% confidence limits.
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TABLE 15.

PLANT C BIOASSAY RESULTS

“Becondary ¢l lucn

3
3

Tortlocry ellJuont

Test npccies Paromoters Ihinse 1 “Thase T Type 2 " ypa & Type 8
Frashwater algae = ECge ~ 7 day, V effluent ' 6) (47-05)” 7.7 (2.3-25) 12 (1.2-100) 17 (0.3-100)
8. capricornutum ECso ~ 12 day, § affluent NM 56 (40-78) 5.6 (2.3-13) 6.5 (2.%-17) 7.4 (1.9-30)
. ECgo = 14 day, \ effluent - 49 (27-89) 5.2 (1.3-20) 5.3 (2.2-13) 4.5 (2.2-9.4)
Woter flea - 1Cse = 24 hr, V effluent Nud >100 >100 >100 >100
p. magna tCse = 48 hr, § effluent 41 »100 79 85 89
Bluegill ~ 1Cs0 = 24 hr, V affluent NM >100 >100 >100 >100
L. machrochirus 1Cse ~ 48 hr, V afl(luent uM >100 >100 s1q0 >100
1Cso = 72 hr, ¢ effluent NM >100 >100 >100 >100
LCse ~ 96 hr, V effluent NM >100 >100 >100 >100
Fathecad minnow - LCso = 24 hr, % effluent 1] >100 100 >100 100
P. promelas LCso = 48 hr, V) effluent NM >100 >100 >100 >100
1Cse ~ 12 hr, § effluent NM 100 >100 >100 »100
1Cse - 96 hr, V effluent NM >100 >100 >100 >100
§. typhimurium -  Response to Ames test for (- -)¢ (-) NM (-)
stralns TA9B, mutagenicity - (-) or (4)
TAL00, TAL535,
TA13)7, and
TAL15)8
E. coli = Response to pol A test for 0 0 n NM 0
strains W3110 mutagenicity-zone of
and pl478 inhibition, mm
Chinege hamster Response to CHO-K1 test -t >100 >109 M >100

ovary cells

for acute cytotoxicity-

ECso

aNot measured,

b95\ confidence interval.
C20v secondary effluent was highly stimulatory to the growth of 8§, eapricornutum,

dEC.o « 48 hr determined using Daphnia pulez.
®Increase in number of revertants over background was observed; however, the result

there a dose responsc.

rEc;. not determinables cytotoxicity procedure emplo

s were not twofold, nor was

ying rabbit alveolar macrophage (RAM) used in Phase I,



TABLE 16. PLANT C EFFLUENT

DESCRIPTIONS
Seconcary efijuent Tertiary efflvent

Parameser Pnase I Phase 17 TYPpe < Tvpe 5 Type E
al description Clear, bluve-black with Orange~brown with Light orange- Light orange- Cloudy white

moderate amount of particulate matter with partic~ brown with - liquid

particulate; ulate matter particulate

unchlorinated matter

10.2 8.3 6.9 7.0 7.2

ty, s/t e 3 3 3 2.%
jc conductavity, NN 3,800 4,000 3,900 3,500
s/em?
:ouurec‘
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TABLE 17.
(Concentration,

PLANT W ORGANIC TOXIC POLLUTANTS DEZTECTED
vg/%; percent removal in parentheses)

Pollutent

Seconoarv efijuvent

Tertiary effjvent

Intake Phase ] Pnase 1] — Tvoe & Tvde 3 Type € Type
Bis (2-athylhexyl) phthalate 19 19 42 23 s) 14 67 26 671 106 (-150)*
Anthracene °.9 P 1.8 0.4 0.2 0.1 0.4
» {a)anth 0.1 1.%
Flvoranthene 0.7 3.1 C.4 0.2 0.1
Benzo(a)pyrene 0.7 3.2 0.2
PyTene 0.5 c.8 0.2 c.3 0.1
benzoik)fivoranthene 0.4 0.¥ 0.1
Di=p~butyl phthalste 1.1
Tolvene .7 1.4 8.% 3.1 1.2
Lthylbenzens 3.0 1.3
methylene chlorise® 2.2 s 1.8 61  (-15,000}
Phansl (total} [ 232 1€ 4% (-7} 1? {~6) 17 {-6} 13 (1%)

*manus perceant removals andicste an increase in the concentration of the specified polliuianz.
b‘lma Andicete concentration delow detection lirat (see Tadle §).
‘mwylm chloride may oriQinate from analysis conta=ination.

TABLE 18.

PLANT W INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, ug/%L; percent remcval in parentheses)

Secondarv effluent

Tertiary effluent

Pollutant Intake Phase 1 Phasgse 11 ™De ) ™nDe 3 ™pe & Tvoe ~
Antimony <10 <0.5 540 <200 {>€3) <200 (»63) <200 (>63) 1,200 (-120).
Arsenic <l1.0 <5 s 39 -3 83 (-120) €2 (-10) 43 (-13)
Berylliua <5 <0.1 <2 <2 <2 <2 <4

Catnium <2 13 130 <60 {>69) <40 {>69) <40 (>69) 250 (~92}
Chromium <4 3 <B0 <@l <BO <80 <200

Copper < 2 320 130 (66) 120 (63) <80 (>75) 590 (-84)
Cyaznide <4 20 200 240 {-20) 260 (-30) 40 80) <4 {>98)
Lead <20 57 3,500 <400 (»86) <400 (>86) <400 (>86) <900 (>74)
Marcury P c.5 » 138 RA RA 7

Rickel <40 60 2,000 <7¢d {>65) <700 (»65) <700 (>65) 5,000 (~150)
Seleniun RA <3 » RA RA RA NA

S$ilvar 6 95 . 500 <3100 {>80) <100 (>80) <100 {>80) 1,300 (-160}
Thalliue BA <5 KA KA | 7 Y RA NA

Zinc 17 90 1,500 190 87 400 (73) 120 (82) 460 (E9)

‘m,m pazrcent removals indicate an increase in the concentration of the specified pollutant.

b

Mot analyzed.
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(Coficaitration, g/L;: percent removal in parentheses)

Secondary Tertiary ellluent
Pollutant Intake effluent Type 1 Type 3 Type 6 Type 7
Aluminum 22 8,400 4,700 (49) 3,100 (63) 3,100 (63) 7,000 an
Bar ium 110 290 120 (591 110 (62) 50 (a3) 120 (59)
Boron <1 490 ga0  (-3n° 600  (-22) 630  (-29) 1,000 (-104)
Calcium 16,000 31,000 31,000 (0) 33,000 {(6) 22,000 (29) 30,000 (3)
Cobalt ' 5 170 <40 {>76) 60 {65) <40 {>76) 380 (-124)
Iron 1,100 5,000 3,400 (32) 2,400 (52) 1,900 {62) 2,300 {54)
Magnesium 1,700 7,000 6,600 {6) 6,600 (6) 4,900 (30) 6,100 {13)
Manganese 30 20 70  {~250) 40 (-100) 20 (0) 90  (-350)
Molybdenum <10 <200 <200 <200 <200 <400
Sodium 2,400 54,000 56,000 {-4) 61,000 (-17y 57,000 (-6} 56,000 (-4)
Silicon 5,600 4,800 3,200 (33) 2,700 (44) 2,200 (54) 2,600 (46)
Tin <20 <300 <300 <300 <300 <600
Strontium 95 170 160 (6) 160 (6} 120 (29) 2 (99)
Titanium <1 200 110 (45) 60 (70} 80 (60) 180 (10)
vanadium 12 2,700 120 {96) 110 (96) <40 {>99) 540 (80}
Ammonia NAb 3,300 3,000 (9) 2,600 (21) 2,200 {33) 5,500 (-67)
nitrogen '
Nitrate NA 5,300 7,100 {-34) 6,500 {-23) 6,500 (-23) 8,800 (-66)
nitrogen
Phosphate NA 200 210 {(-5) 100 (50) 100 (50) le0 (20)
phosphorus

%minus percent removals

b
Not analyzed.

indicate an increase in the concentration of the specified pollutant.
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TABLE 20. PLANT W BITOASSAY RESULTS
Socomdary eolflvent Teetiary effluent
Test spocies Parameter hape 1 Phano 11 Type 1 Type } Type 6 Type 7
Froshwater algae = ECye ~ 7 day, \ effluent NM“ 1.0 (0.6-5.4) 6.0 (0.9-4.0} 12 13.6-41) 47 (23-9%) 37 (26-%))
8. capricormutum  ®Cee = 11 day, \ eftiuent mc 2.4 (0.%-12) 10 (4.2-24) 17 {1.5-100) 3 (16-08) 44 (5,.5-100)
ECge ~ 14 day, § effiuent - 4.0 {2,1-7.9) 8.9 (2.6-)0) 11 13.4-37) 28 (33-61) 29 (16-54)
Wator flea - 1Cse = 24 hr, % efflucnt Mo, >36¢60 $7 (33-79) 58 (34-100) S1 (16-72) $S (32-9%)
D, magna 1Co0 - 48 hr, § effluent 6.3 $6 {33-97) 48 (34-66) 9 ()4-100) 49 (1%-70) 54 (01-9))
BPluo gill - iCge ~ 24 hr, \ efflvent ] 17 >100 >t00 >100 ) M
L. macrochirus ICee - 49 hr, § effluent M 71 (63-81) 77 (67-85%) 68 (61-7%) 75 169-80) ]
oo =~ 72 hr, A efflucnt 1] 65 (50-71) 72 (65-81) 61 (54-67) 60 (61-7%) HM
L0 = 96 hr, \ effluent N 60 (53-66) 84 (57-71) 60 (53-66) 66 (59-71) NM
rathead minnow = 1Cpo =~ 24 hr, V effluent M 7% (70-80) 76 (68-089) »77¢100 76 (69-86) >60<100
P, promelas ICyo ~ 48 hr, 8 effluent M 83 (52-76) %9 (50-717} 7) (65-04) 68 (61-75) 68 (54-84)
1Cs0 = 72 hr, § effluaent NM 61 (S1-7%) 33 (43-62) 69 (61-79) 6% (50-72) 68 (54-84)
1Ce0 ~ 98 hr, § offluent 35 61 (51-7%) 48 (39-3%) 68 (%9-79}) 61 (54-67) 65 (31-080}
8. typhimurivn - Response to Ames test for (-} (-) () - -) -1
strains TA9R, mutagenicity - (-) or (4}
TALINO, TAL1535,
TAL1S)?, and
TALS5)8
L colt - Responge to pol A test for 0 0 0 (] 0 0
strains w3110 mutagenicity-increase in
ond pl470 rorve of inhibition, we
Chinese hamster Response to CHO-K1 test ! >100 *100 >100 »100 ' »100

ovary cells

for acute cytotoxicity-

ECse

Not measyred,

® O 0 W

obgerved,

954 confidence 1imity,
Growth of 8. eapricornutum supported with 29 and 5% secondary effluent, but inhlbited st 10% and 20% levels.

FCso ~ 48 hr determined using Daphnia pulex.
Increase i{n number of revertants was observed with TAL538, with and without metabolic activation; however, a dose response was not

'ECso not determinable; cytotoxicity procedure employing rabbit alveolar macrophnge (RAM) used {n Phame I,



TABLE 21.

PLANT W EFFLUENT

DESCRIPTIONS

Parametrer

Secondary elfjvent

Phase

Tertiary eifluent

Phase 11 Svpe o Type 3 Tvoe € ~“Type T
Physical descripraon Cloudy orange with Cloudy brown Cloudy brown Cloudy brown Pale yellow Cloudy pale
& r.oderate amount laguad liquig liquie laguic yellow liquid
©f partitulate;
nonchlorinsted
) s.0 7.7 7.8 7.8 7.9 7.6
Salinity, g/i " 2 2 2 2 2
Zi’tcnhe conductivity, N 2.400 2.900 2,800 2,400 2,900
L ymhos/cm3

'lbt meassured.
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TABLE

22.

PLANT S ORGANIC TOXIC POLLUTANTS DETECTED

(Concentration, ug/%4; percent removal in parentheses)

Pollutant

Secondary effluent

Terziarv effjuent

Phase . Phase . Type 3 Tyoe & Type ©
Ris{2-ethylhexyl) phihalate 4 @2 (-e8)* 16 (36) 4)0 {(-3,500)
Acensphthene 0.6 6.6
Di-n-butyl phihalaze [
Phenol .4 .2
2,4~Dimethylphencl 0.4
2,4-Dichlorophenci 0.2
>~Chloro-—-cresol 0.3
Chlorofors 7
Toluene 21 0.4 1.4 1.8
frichloroefluoromethane (14 (-3,500)
1.2.4~Txichlorodenzene 220
Naphthalene 260
Ithylbenzene 110
Tetrachlorosethylene 6.
nethylane chlorade® 4.6 (62 7.9 (34} %40 (~7,700)
Phensl (total) 2 .8 21 {=40) .4
Phenol (rotal)® 29 5.0 16 (=45) >32)

.W parcent remcvals inficete an incresss ir the concentrazion of the specified pollutant.
bllmu indicate congentrazion below detection lirit (see Tadble 6). :
‘nusylcm chloride =z ©riginste from analysis contamination.

‘sa:p)e portie brokas in shipment.
‘Snw)e taken dsy after all other samples were taken.
‘mlc not taken.

TABLE 23. PLANT S INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration,.ugll; percent removal in parentheses)

Seconcarv effiuent

Tertoarv efZiuent

Polluzant  Intake Phese 11 Fvoe 3 Tvoe & Type 6
Antimony 20 610 620 (-2)% 60D (2) 590 (3)
Arsenic <10 <10 <10 (0) 1P (a0 1P pao
Beryllium <35 <5 <5 <5 <5
Cadmium 3 s sP 3 6
Chromiun <$ <4 <4 <4 <é

Coppezx 10 26 27 (-4) 24 {8B) <4 (>85)
Cyanide <19 <10 <10 <10 <10

lead 3¢ 5 82® (- gs® (-13:) 1% (%)
Mercury 0.5 1.7 0.4 0.7 0.4
Rickel 61° 83’ er® (@ 98® (-18)  96® (-16)
Selenium <10 <10 <10 <10 <10

Silver <5 <5 <S <5 <5
Thallium <50 <50 <50 <50 <50

Zinc 62 3 75 (-83) 55  (-36) 31 (24)

Buinus percent removals indicate
specified pollutant.

an increase in the concentration of the

bs:aiquan:itazive region; value not within 95% confidence limits.
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TABLE 24,

PLANT S OTHER POLLUTANTS DETECTED
(Concentration, ug/%; percent removal in parentheses)

Secondary Tertiary c({]uent
Pollutant Intake effluent Type 3 Type 4 Type 6
Aluminum 110 690 450 (35) 330 {(52) 10 (55)
Barium’ 12 8.3 6.2 5.9 5.7
Boron <1 1,100 1,100 (0) 1,000 (9) 1,100 (0)
“Calcium 5,500 5,900 6,200 (-5)% 5,800 (2) 5,200 (12)
Cobalt g 10P 7P 1P (-10) 6P
+Iron 240 100 150 {-50) 190 {-90) 58 (42)
Magnesium 860 1,600 1,500 {6) 1,500 (6) 1,400 (13)
Manganese 7.7 11 12 (-9) 11 (0) 8 (27)
Molybdenum <10 13 14 {(-8) 13 (0) 17 (-31)
Sodium 10,000 180,000 190,000 (-6) 180,000 {(0) 190,000 (-6)
Silicon 3,600 11,000 11,000 (0) 11,000 (0) 11,000 (0)
Tin <15 <15 <15 <15 <15
Strontium 21 22 22 (0) 22 (0) 22 (0)
Titanium 2P 4 a® 4P 4®
vVanadium 11 57 23 (60) 23 (60) 22 (61)
Ammonia NAS 6,600 60 (99) 5,600 (15) 1,200 (82)
nitrogen
Nitrate NA 250 120 (52) 210 (16) 670 (-170)
nitrogen ' :
Phosphate NA 1,700 2,100 (-24) 4,500 (-170) 2,000 (-18)
phosphorus

AMinus percent removals indicate an increase in the concentration ~f the specified

pollutant,

b A
Semiquantitative region; value not within 95% confidence limits,

CNot analyzed.



22-91

TABLE 25. PLANT S BIOASSAY RESULTS

Sccondary cifluent Tortiary elfluent
Test species Parameter Thawe 1 Tliage 11 Tyre J Type 4 Ype &
Freshwater algag - ECsy - 7 doy, § effluent nu? 79 (5-100)b >100 13 (26-100) >100
§, capricornutum ECgo -~ 12 day, V effluent N"c 79 (6-100) 40 (6~100) 62 (16-100) 56 (3-100}
ECyo =~ 14 day, % effluent - 72 (7-100) >56<100 49 (25-95) >100
Water flea - ICse = 24 hr, % effluent ""d >100 >100 >100 >100
D. magna ICse =~ 48 hr, ¢ effluent - >100 >100 >100 >100
Fothead minnow - 1Cas = 24 hr, V effluent NM >100 >100 >100 >100
P, promelas ICso - 48 hr, V clfluent NM >100 >100 >100 >100
ICe0 = 72 hr, ¢ effluent NM >100 >100 >100 >100
LCae = 96 hr, % effluent >100 >100 >100 >100 >100
5. typhimurium - Response to Ames test for (=) () (-) (-) (-)
strains TA9S, mutagenicity - (~) or (+)
TA100, TA153%,
TAL1537, and
TALS)S
E, coli - stralns Response to pol A test for 0 0 0 0 0
W)110 and plA78 mutagenicity-increase in
zone of inhibition, mm
Chinese hamster Response to CHO-K1 test NM >100 >100 >100 >100
ovary cells for acute cytotoxicity-~

ECso

®Not measured,
b95| confidence interval,
€204 secondary effluent was highly stimulatory to the growth of 3. eapricornutum,

dLC-« not calculated since a heavy solids concentration abscured the analysis; sample did not appear to be

acutely toxlicy Daphnia pulex vsed in determination,



PLANT S

h okt
EFFLUENT DESCRIPTIONS
Seronzary eff nt
Paremeros T y effluen I —— — Ter:xar;);:fiuent - "
7 g Ype

pical description

Cleaz, light champagne
wit.. small amount ol
partitulate;

Oranee liguid
containing

Orange liguid

containing &

light orange
liquid con-

Clear liguid

unchlorinated precipitate precipitate ;::21:?::::
7.7 7.2 7.3 2.0 7.4

dnity, g/t et 1 o 1 1
wific condustivaty, N¥
.w‘/cﬁg ivaty » 1,100 870 1,182 1,100
® meascred.

TARLE 27. PLANT P ORGANIC TOXIC POLLUTANTS DETECTED

(Concentration, ug/L; percent removal in parentheses)

sSecondary effluent

Tertiary effluent

pPollutant In+t2ke Phase I Phase II Type 2 Tvpe 3 Type 5 Type 6
Bis (2~ethylhexyl) phthalate 2.0 72 10 10 3.9 3.3 3.9
Di-n-butyl phihalite 0.8 -8 2.1 2.8 1.6 2.5
Diethyl phthalaze 1.3 0.8 1.0 1.4
Anthracene . 0.8 0.5 0.5 0.1
Phenol 0.7 0.5 1.8 2.6
Chleroform £.1 6.9
Trichlcroethylene 1.4 0.8
Toluene 1.5 22 0.4 0.4 2.7 2.6 3.6
benzene 0.4 1.0 0.5
S~nitroso-di-n~-propyiamine 1%
Ethylbenzene 280 0.1
Rethylene chloride’ 20 0.4 2.5 4.1 6.7 7.3
Phenol (total) 11 32 72 g2 (-2 &8 (&) 130 (-81) 18  (75)

%Blanks indicate concentration below detection limit (see Table 6).

bnethylene crioride may criginate from analysis contamination.

€, s
Minus percent removals inc

14-23

icate an increase in the concentration of

the specified pollutant.
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TABLE 28.
(Concentration, ug/f; percent removal in parentheses)

PLANT P INORGANIC TOXIC POLLUTANTS DETECTED

Secondary effluent

Tertiary effluent

Pollutant Intake Phase 1 Phase II Type 2 Type 3 Type 5 Type 6
Antimony °  28° <10 77® 43%  (44) 48® (38) 34° (56) 36° (53)
Arsenilc <2 <2 <2 <2 <2 <2 12 (-500)b
Beryllium  <0.2 <0.1 <0.2  <0.2 <0.2 <0.2 <0.2
Cadmium <2 <2 <2 <2 <2 <2 <2

Chromium  5.7%° <4 98 4 (>96) <4  (>96) <4  (>96) <4 (>96)
Copper o8 <4 36 <4 (>89) <4 (>89) <4 {>89) <4 (>89)
Cyanide <4 140 <4 <4 <4 <4 <4

Lead 58? <22 258 <22 (>12) <22 (>12) <22 (>12) <22 (>12)
Mercury <0.3 <0.5 0.4 <0.3 0.3 0.4 0.4

Nickel 56° 40 66> 43 (35) 58 (120 36* (831  s0° (24)
Selenium <8 <5 <8 <8 <8 <8 <8

Silver <5 8 <5 <5 5 <5 <5

Thallium <50 <50 <50 <50 <50 <50 <50

zinc 150 140 5,200 160 (97) 150 (97) 160 (97) <1 (100)

aSemiquantitative region; value not within 95% confidence limits.

lenus percent removals indicate an increase in the concentration of the specified pollutant.
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TABLE 29.

PLANT P OTHER POLLUTANTS DETECTED

(Concentration, ug/%; percent removal in parentheses)

Secondary effluent

Tertlary effluent

rollutant  Intake  Phase 1 Phage 11 Type 2 Type 3 Type 5 Type 6
Aluminum 670 140 300 20 (93) 30" (90) 50 (83) 10*  (87)
Barium 11 <0,2 <0.2 <0.2 <0.2 <0.2 <0.2
Boron 150 520 950 880 (7N 860 (9) 860 (N 660 (31
Calcium 3,600 9,500 8,300 7,500 (10) 7,500 (10) 7,300 (10} 5,000 (40)
cObalg <6 0.5 <6 <6 <6 <6 <6
Iron 1,400 100 1,000 300 (70) 300 (70) 600 (40) 20 (98)
Magnesium 1,600 1,800 1,800 1,800 0 1,800 (0) 1,800 (0) 1,500 (17)
Manganese 73 20 80 49 (39) 50 (38) 43 (46) <0.5 (>99)
Molybdenum 10? <0.6 202 <100 (>50) <10 (>50) <10 (>50) <10 (>50)
Sodium 6,200 >100,000 130,000 120,000 .{8) 120,000 (8) 120,000 (8) 110,000 {15)
Silicon 6,400 4,800 2,400 2,300 1)) 2,300 (4) 2,100 (13) 2,600 (-8)
Tin 162 <10 <15 222 (~40)P <15 18%  (-20€) <15
Strontium 25 NA® 35 33 (6) 3 (6) 35 (0) 35 (o)
Titanium 36 <1 36 <1 (>97) <1 (>97) <1 (>97) <1 (>97)
vanadium 21 20 18 14 (22) 15 un 15 (7 14 {22)
Ammonia NA 200 790 700 (11) 360 (54) 580 (27) 830 (~5)

nitrogen
Nitrate NA 80 300 280 (7N 130 (57) 250 (17) 300 (0}

nitrogen
Phosphate NA 208 2,800 2,900 (-4) 2,700 (4) 2,500 (11) 2,400 (14)
phosphorus '

GSemiquantltative region; value not within 95% confidence limits.
bMinus percent removals indicate an increase in the concentration of the specified pollutant.
ot analyzed.

do-Phosphate_only.
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TABLE 30.

PLANT P BIOASSAY RESULTS

secondary elfluent

Tertiary effluent

Test specien tarameter Phase 1 Thone 11 Type 2 Type 3 Type 5 Type 6
Freshwater algac = ECsg = 7 day, b effluant " 54'(30-100)b 41 (14-100) 42 (29-62) 64 (25-100) 03 (18-100)
5. cuprfcornutum ECso ~ 12 day, V elfluent Nﬂc 54 (18-100) 24 (13-42) 47 (14-100) »32¢100 »56<100
£Cso ~ 14 day, % effluent - 53 (20-100) 26 {15-4)) 33 {10~100) 4] (28-59) >56<100
Wotor fleca - 1Cuo ~ 24 hr, § effluent Nﬂd »100, >100 >100 100 >100
D. magna Cao ~ 48 hr, A effluent >100 >100 >100 >100 >100 >100
Fathead minnow - 1Cso ~ 24 hr, % effluent NM - - - - -
P. promalas LCso ~ 48 hr, ¥ effluent N -: - -* .e -®
ICso ~ 72 hr, \ effluent N - -2 .© -° -*
LCso ~ 96 hr, % effluent >100 - - € e -
S, typhimurium - Response to Ames test for  (-) - (-) =) (-1 t-)
strains TA9S, mutagenicity (-) or (4)
TALOO, TA1S513%,
TAL1537 and
TAL1518
Chinese hamster Response to CHO-K1 test *100 . »100 >100 »100 100 >100

ovary ceclls

Not meapured,
958 conlidence interval,

ECso =~ 48 hr determined with Daphnia pulex.

s & a0 o

20V secondary effluent stimulated the growth of S. capricornutum.

than a 208 kill in any of the tests with 100% effluent,

ICsg's not calculated because of data scatter) however, none of the somples appear to be torlic since there was no more



TABLEZ 31. PLANT P EFFLUENT DESCRIPTIONS

. Sesondar effiyent
ATABELEY Phase o Prase 13 Tettasry efiiven:
by Tyoe 2 Tyre 3
pe S Type €
s1cal description et b
™y 3 lr:::‘::;:;: ;::3“ Atown turbid liquid, Arown turbid liguid, Brown turbid liguid 5lightly cloudy pale
maaaany suspended parti~ suspended parti- suspended parti~ ysllow liquid
Punaed Pe Suiate culate matter Culate wmatter culate natter
! Fresent present present
" L5 6.6 6.9 6.8 6.3 6.9
falamaty, g/t Nm 0 [ -] [
)
Bpecafic condusiivaty, N &C0
3 e 520 500 430 480

.'hl neasured.

32. PLANT N ORGANIC TOXIC POLLUTANTS DETECTED

Seconaary efiluent Bertiary eftiuent

Pcllutant Irsake Phase 1  Phase f: _ Tvpe © TYDpe _© Tvoe ©
Bis{2~ethylhexyl) phthalate 53 16.7 230 29 {87} 3 (67} 78 (66)
rrhracene 0.2 .8 0.4 0.4 c.4
pieshyl phthalate 3.0 8.4 e.8 0.4 0.3 1.2
sie-pn-butyl phthalaste 3.2 0.6 1.1 .6 1.8
Methylene chiorice® Y « 7 =% 23 09N 27«
Teoluene 0.5 17 0.4 ¢.€ 0.4
1,2-Dichlorsbenzene €.0 .9 0.5
Dimethyl: phthalaze 1.4
Fiuoranthense .07 .08 0.05
Pyrene .3 c.3 8.0%
Fiuorense .05
2,4-Dichlorophennd 0.5
Phenanthrens 0.8
1,2-D:ehloropzopane 1.0
l,4-Pichlorcbhenzens 1.5
Tesrazhloroethylene .7
Etrylbenzene 75 0.5
Prerczl 1
Phencl (tozal) 14 €8 £33 17 (¢5) 25 Qas 1 165)

35 anks inficate concentratien Delow detection limit (see Table €).

tf‘se'.h;.'ltne ehipride may cTiginste from analysis contaminstion.

Cuinus percent removals indicate an increase in the concenzration of a specified
peliutant.

14-27
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TABLE 33. PLANT N INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, pg/L; percent removal in parentheses)

A ~Secondary effluent “Tertiary effluent

Pollutant Intake Phase I Phase 11 Type J Type 5 Type 6
Antimony  14° <10 18 <10 (>44) <10 (>44) <10 (>44)
Arsenic 5 <5 3 3 <1 3
Beryllium 0.6 NAP <0.04 <0.04 0.1° <0.04
Cadmium <2 <0.5 <2 <2 <2 <2
Chromium <4 1,800 170 95 (44) 34 (80) 5.22  (97)
Copper 160 8 14% 130 (-830)¢ 86  (-510) 24 (-71)
Cyanide <5 <4 <5 <5 <5 <5

Lead <22 1 <22 <22 <22 <22

Mercury <0.1 <0.5 <0.1 <0.1 <0.1 <0.1
Nickel <36 30 <36 <36 <36 <36
Selenium <1 <5 <1 <1 <1 <1

silver 102 <5 5.2 <5 <5 <5
Thallium <50 <5 <50 <50 <50 <50

Zinc 22 38,000 1,300 590 (55) 440 (66) 430 (67)

%semiquantitative region; value not within 95% confidence limits.

b

Not analyzed.

°Minus percent removals indicate an increagse in the concentration of the
specified pollutant.



TABLE 34.

PLANT N OTHER POLLUTANTS DETECTED

(Concentration, ug/%; percent removal in parentheses)

Secondary Tertiary effluent
Pollutant Intake effluent Type 3 Type 5 Type &
Aluminum 120 120 ag® (67) 390 (-260)° 21% (81)
Barium 6.7 6.0 3.3 2.7 4.8
Boron 0.6 s.1 6.7 6.4 8.0
Calcium 5,400 7,100 6,200 (13) 6,200 (13) 5,000 (30)
Cobalt 6.2° 12 8.7 (28) 8.6  (28) <6 (>50)
Iron 620 720 290 (60) 55 (92) 110 (85)
Magnesium 1,000 1,100 990 (10) 1,000 ) 860 (22)
Manganese 530 210 180 {10) 200 {S5) 160 {24)
Molybdenum <10. <10 <l0 <l0 <10
Sodium 12,000 180,000 180,000 (0) 200,000 (-211® 180,000 (0)
Phosphorus <70 2,500 2,300 (§:)] 1,200 (52) 1,000 (60)
silicon 4,000 3,800 3,700 (3) 3,400 (11) 3,800 {))
Tin <15 <15 <15 <15 <15
Strontium 51 41 40 (2) 39 {5) 40 (2)
Titanium 2.1% 1.9% 1.2% <1 ’ <1
vanadium 6.9" 8.5% 7.7° 8.5" 6.5°
sulfide 14 12 <5 (>58) <5 (>58) <5 (>58)
Amonia A€ 1,700 1,200 (29) 1,600 6) 1,300 (24)
nitrogen
Nitrate NA 5,200 4,600 (12) 5,200 (0) 3,100 (40)
nitrogen
coo 11,000 128,000 210,000 (-64) 172,000 (-38) 44,000 (66)
7SS 6,000 75,000 <1,000 (>99) 8,000 (89) 12,000 (84)
color® at 47 as 38 3) 52 (33) 51 (-31)
pH 7.6
“color® at 48 36 43 (-19) a8 (-33) 51 (-42)
sample pH
pu® 6.46 7.97 6.95 7.45 246 (6.4)

o Nn U »

ADMI units.

Semiguantitative region:
Not analyzed.

pi units (- log [H*]).

value not within 95s confidence limits.

Minus percent removals indicate an

14-29

increase in the concentration of

the specified pollutant.
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TABLE 35.

PLANT N BIOASSAY RESULTS

Secondary cllluvent Tertlary elfluent

Test speciecs Paramoter FPhase 1 Thase 11 Typc 3 '*‘ﬁizo 5 “Type &

Freshwater algae - ECso - 7 day, V effluent (N 20 (11-36)P 23 (13-41) 44 (26-75) 13 (1
- - 0-51

S, capricornutum  ECse = 12 day, § effluent Nﬂc 28 (20-41) 38 (27-%3) 35 (19-66G) 16 210-27;

' > ECso =~ 14 day, % effluent - 23 (18-31) 30 (16-56) 29 (15-57) 23 (14-38)
Wator flea - 1Cs0 =~ 24 hr, \ effluent Nﬂd >100 (86->100) >100 >100 >100

b, magng LCso - 48 hr, ¥ effluent - 77 (60-100) 78 {67-92) 100 77 (60-100)
Fathead minnow - ICso - 24 hr, % elfluent NM >100 >100 >100 >100

I, promelan LCso ~ 48 hr, % effluent NM 91 (73->100) >100 >100 >100

1Cse = 72 hr, V effluent NM 81 (68-99) >100 >100 >100
ICso ~ 96 hr, \ effluent 49 81 (68-99) >100 >100 >100

S. typhimurium - Response to Ames test for (-) (-) (-) () (-)

strains TA99, mutagenicity - (-) or (+)

TA100, TA153S,

TALS37, and

TAL5)38
E. coli - Response to pol A test for 0 o (] 0 0

strains wW3llo mutagenicity~-increase in

and pl478 zone of inhibition, mm
Chinese hamster Response to CHO-K1 test -8 >100 >100 >100 >100

ovary cells

for acute cytotoxicity-
ECso

%Not measured.

b95\ confidence interval,
©All concentrations of secondary effluent (2%, 5%, 10%, and 10%) failed to support the growth of S. capricornutum,

91008 ki1l in all dilutions {4.7% -~ 100%), ECso determined with Daphnia pulex.
®ECso not determinable; cytotoxicity procedure employing rabbit alveolar macrophage (RAM) used in Phase I.



TABLE 36. PLANT N EFFLUENT DESCRIPTION

Sezontcary tffjvent Tertiary effivent

Parameses Pnase 1 Phase 13 ‘Tvpe 3 Type 3 Tvpe &
Wysical descraipaon Cleaz, light grey Turbid, brown liguié Turbdbid, brown liquié Clouvdy, light brown Slightly turbié
liguid with with suspended with suspended liquié with iigud
moderate amount particles particles suspended partitles .

%
Minity, 971

Weific conduriivity.
wmhos /cr2

©f particulate
matter; non~-

chlorinsted
3.7 6.6 6.2 6.9 6.5
n ° ® v °
N 00 €50 €50 950

14-31
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TABLE 37. PLANT V ORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, ug/%; percent removal in parentheses)

Secondary eflluent ~Jertlary elllucnt

Pollutant Intake FEEEETT‘X"Fhase 1T Type J Type 4 Type & Type 1
Bis(2-ethylhoxyl) phthalate 17 9.5 9.5 16 (-68)% 46  (-380) 17 (-79) 90 (-850)
Di-n-butyl phthalate 2.0 b 5.7 12 (-110) 5.4 2.7
Anthracene 0.2 0.) 0.1
Butyl benzyl phthalate , 0.9
Methylehe chloride® 18 24 13 (46) 14 (42) 17 (29) 18 (38)
Toluene 1.3 1,400 1.1 1.3 1.1 1.0 0.9
Trichloroethylene 1.5 0.7 0.4 2.1 0.6 0.9
1,1-Dichloroethane 0.4
Benzene 0.05 0.05
Fthylbenzene 0.07 0.1 0.1
Chloroform 0.2
Trano~1,2~dichloroethylene : 1.1 2.1
Phenol (total) 1,000 230 29 13 (55) 22 (24) 8 (72) 21 (28)

Minus percent removals indicate any increase in the concentration of the specified pollutant,
bplanks indicate concentration below detection 1imit (see Table 6).
cMethylcne chloride may originate from analysis contamination,



TABLE 38. PLANT V INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, ug/%:; percent removal in parentheses)

Secondary effluent Tertiary cfflluent

€E-vT

Pollutant Intake Phase 1 Phase II Type 3 Type 4 Type 6 Type 7
Antimony <10 4 <10 <10 24" (-10® 24 (c140) 257 (-150)
Arsenic <1 <5 4 4 <1 S 4
Beryllium <0.04 <0.1 <0.04 <0.04 <0.04 <0.04 <0.04
Cadmium <2 <0.5 <2 <2 <2 <2 <2
Chromium <4 3 4.3 <4 6.7% <4 6.3°
Copper <4 170 85 75 (12) 100 (-18) 16" (81) 89 (-5)
Cyanide <2 18 23 3 (87) 27 (-17) <2 (>91) <2 (>91)
Lead <22 <1 <22 31 (-ap 372 (-68) 262 (-18) <22
AMercury <1l.1 <0.5 <1.1 <1.1 <1.1 <1.1 <1.1
Nickel <36 <10 <36 <36 73 (-103) 7% (-86)  66° (-83)
AsSelenium <1 <5 <1 <1 <1 , 2 <1
silver <5 <5 <5 <5 122 (-140) 15% (-2000 16  (-220)
>fhallium <50 <5 <50 <50 <50 <50 <50
Zinc 98 340 240 190 (21) 330 (-38) 69 (71) 240 (0)

aSemiquantitative region; value not within 95% confidence limits.

bMinus percent removals indicate an increase in‘the concentration of the specified pollutant.
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TABLE 40.

PLANT V BIOASSAY RESULTS

“Secondary effluent

— Tertlary eflluent

Test species Parameter Phage 1 Phase 11 Type 3 “Type 4 Type & Type 7
Freshwater algea « ECesq =~ 7 day, \ effluent N 78 (59-100)b 76 (60-96) 19 (14-27) 5100 >1
- 00
S, capricornutum ECse - 12 day, % effluent NMc 94 (57~100) 95 (52-100) 25 (13-47) >100 100
ECso -~ 14 day, v effluent - >100 >100 24 {(12-48) >100 >100
Water flea - 1Cao ~ 24 hr, % effluent NM >100 >100 77 (60-100) >100 >100
D, magna LCso - 48 hi, § effluent  9.4% >60<100 >100 54 (44-66) 100  >100
Fathead minnow - LCso - 24 hr, \ effluent NM -° -& -2 - -
P. promelas LCso ~ 48 hr, % effluent NM -2 -° - -° -2
: LCso - 72 hr, ¢ effluent NM - -e - -8 -°
LCso - 96 hr, \ effluent 136 - - - -2 e
8. typhimurium - Response to Ames test for () {-) {-) (<) {-) (-)
strains TA98, mutagenicity~ (=) or (+)
TA100, TAL15135,
TA1537, and
TA1518
E. cold - Response to pol A test for o‘ 0 0 0 0 0
strains wW3llo0 mutagenicity~increase in
and pl478 zone of inhibition, mm
Chinese hamster Response to CHO-K1 test -f >100 >100 >100 >100 >100

ovary cells

for acute cytotoxicity-

ECao, V effluent

%not measured,
b

95% confidence limits.

€204 secondary effluent was highly stimulatory for the growth of 8, capricornutum,

dECgo determined with Daphnia pulex.

®1LCso not calculated since mortality data did not follow a normal dose ~- response relationshipss secondary effluent
(Phase Il), Type 3 tertiary effluent, Type 7 tertiary effluent, and Type 8 tertiary effluent do not appear to be
acutely toxic to the fathead minnow,

'8050 not determinable; cytotoxicity procedure employing rabbit alveolar macrophage (RAM) used in Phase I.



TABLE 41].

PLANT

V EFFLUENT DESCRIPTIONS

Paraneter

Sescngary: effluent

ase .

Phase

Jertiary effjuent

Type 3 Type & Type 6 Type 1 _
Physical descripion et Turbid dark Turbid dark Turbid, tan Slightly turbid Turbid brown
brown brown liguied lagquid liquid,
ligusie liquie with suse particles
pended presant
particles
P Ny €.5 €.3 38 €.6 €.5
$alinity, g/t N™ o0 [ 4 0 °
‘specific conduziivity, N 210 220 300 210 220

ughos/om?

Spot measured.

14-35



9e-+1

TABLE 42.

PLANT T ORGANIC TOXIC POLLUTANTS DETECTED

(Concentration, ug/%: percent removal in parentheses)

Well River Sccondary cfflucnt Tertiary cf(luent

Pollutant Intake Intake rPhase 1  thase 1f Type 3 Type 5 Type 6
Benzene 7.1 6.2 5.7 6.9 6.8 9.8
Chlorobenzene -8 . 1.0 0.1
1,1~-bichlorocthylene 4.2 1.8 1.4
p-Chloro-m-cresol 0.6 1.1
1,1-Dichloroethane 0.5
'Ethylbenzene 0.3 0.5 0.2 0.3
Methylene chloride® 24 18 20 19 () 18  (10) 19 (5)
Trichlorofluoromethane 0.8
Phenol 0.7 0.4 1.1 0.3 0.9
Bis(2-ethylhexyl) phthalate 4.8 6.1 23 24 19 (21) 5.2 {(78) 14 (42)
Butyl benzyl phthalate 1.2 1.1 5.2 2.5 1.3
pi-n-putyl phthalate 0.4 0.04 4.4 7.0 1.7 1.7
Tetrachloroethylene 2.9 0.8 1.4
Toluene 1.2 0.6 N 1.0 0.8 1.0 0.6
Trichloroethylene 0.3 0.4 0.1
Phenol (total) 10 36 a1 26 160 (-5200° 14  (46) 120 (-360)

aBlanks indicate concentration below detection limit (see Table 6).

b

Methylene chloride may originate from analysis contamination.

“Minus percent removals indicate an increase in the concentratlon of the specified pollutant.
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TABLE 43.

PLANT T INORGANIC TOXIC POLLUTANTS DETECTED
(Concentration, pg/f&; percent removal in parentheses)

Well River Secondary effluent Tertiary effluent
Pollutant intake intake Phase 1  Phase 1I Type 3 Type 5 Type 6
Antimony <10 18” <0.5 54 58 -nP 49" (9 39" (28)
Arsenic <l <1 <5 3 3 1 3
Peryllium <0.04 <0.04 <0.1 <0.04 <0.04 <0.04 <0.04
Cadmium <2 <2 <0.5 Za <2 <2 <2
Chromium - <4 <4 <0.2 97 95 (2) 20 (79) 84 (13)
Copper 780 g® 60 110 100 (9) 18 (84) 87 (21)
Cyanide <2 <2 <4 11 20 (82) 5 (55) <2 (>82)
Lead <22 <22 <1 222 26° (-18) <22 (>0)  29° (-32)
Mercury <1 <L <0.5 <1 <1 <1 <1
Nickel 557 60% 4 932 100" (-8) 597  (37)  90° (3)
Selenium <1 <1 <5 2 2 2 <1
silver 192 27 <5 232 32 (-39) 197 an  28® (~22)
Thallium <50 <50 <5 <50 <50 <50 <50
Zinc 99 370 80 150 97 (35) 52 (65) 110 (27)

Semiquantitative region; value not within 95% confidence limits.

bMinus percent removals indicate an increase in the concentration of the specified pollutant.
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TABLE 44, PLANT T OTHER POLLUTANTS DETECTED
(Concentration, ug/f%; percent removal in parentheses)

Well Hiver Hecondary ¥ortlary elfluent
ollutant intake intoke  effluent Type J ?;pc 5 Type ©
Muminum 50" 100 160 180 -1m% 3,600 (-2,200) 130 (19)
Narium 5.8 6.0 7.7 7.1 0.6" 5.3
Boron <1 <1 270 260 (4) 270 (0) 250 (1)
Calcium 13,000 4,700 12,000 11,000 (8) 7,600 (N 11,000 (0)
Cobalt <6 <6 <6 <6 <6 <6
Iron 61 210 520 520 (0) 340 (35) 590 t-13)
Magnesium 4,300 1,500 3,000 3,000 (0) 2,700 (10} 3,300 (-10)
Manganese 300 16 690 110 (-3 430 (38) 610 (12)
Molybdenum <10 <10 <10 10" <10 <10
Sodium 20,000 7,700 180,000 170,000 (6) 370,000 (-106) 170,000 (6)
Phosphorus 140 <70 14,000 13,000 nm 1,900 (86) 14,000 (0)
Silicon 6,700 2,100 6,400 6,300 (2 3,300 (40) 6,400 t0)
Tin <15 <15 <15 <193 <1% <19
Strontium 85 3 12 70 $}) 50 0N 70 3
Titanium 1.9° 3.2° 4.0° ..8° 4.0" 5.o"
vanadium 33 10 32 1 (-9) 56 (=75) 32 (0)
Ammonia NAS NA 16,000 18,000 (-13 16,000 (0) 19,000 {-19)
nitrogen .
Nitrate NA NA 1,200 1,200 (0) 1,200 (0) 1,100 (8)
nitrogen .
coo 22,000 95,000 630,000 160,000 (159 140,000 (78) 140,000 (46)
758 «1,000 <1,000 20,000 14,000 (30) 28,000 (-40) 12,000 (67)
Sulfide <3 <) 21 20 is) 9 (57 13 (39)
cotor? at 9 32 177 164 (n 99 (44) 106 (40)
i 7.6
colord at 9 26 174 164 (6) 120 (I 115 (34)
sample pil
pn® 7.6 6.9 8.0 7.6 7.9 7.5

°Sem£quantitative region; value not within 95% confldence 1imits.,

Puinus percent rcmovals indicate an increase in the concentration of the specified pollutant.

®Not analyzed.
dADMl units.

®pit units (- log [H*]).
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TABLE 45. PLANT T BIOASSAY RESULTS

‘ Secondary efflucnt Tertiary effluent
Test species Parameter Phase 1 Phase 11 Type 3 . Type 5 Type 6
Freshwateg algae -~ ECsp - 7 day, % effluent m? >100 >100 >100 >100
S. eapricornutum ECso - 12 day, % effluent NHb >100 >100 >100 >100
ECso - 14 day, % effluent - >100 >100 >100 >100
Water flea =~ ] 1Cup -~ 24 hr, % effluent NMd 54 (47-63)c 77 (66-100) 100 >100
D. magna : ICso - 48 hr, v effluent >100 16 (14-19) 23 (23-36) 80 (69-91) >100
Fathead minnow - LCso -~ 24 hr, % effiluent NM 22 (15-32) 18 (15-22) 68 (46-100) -8
P. promelas LCso - 48 hr, % effluent NM 18 (15-22) 17 (15-19) 56 (46-68) -
LCso ~ 72 hr, % effluent NM 18 (15-22) 17 (15-19) 56 {46-68) -
' LCso = 96 hr, % effluent a1 . 17 (15-19) 17 (15-19) 56 (16-68) -
S, typhimurium - Response to Ames test for (-) (-} (-) (-) (-)
strains TA98, mutagenicity - (~) or (+)
TAL100, TA1535,
TA1537, and
TALS538
E. coli =~ Response to pol A test for 0 0 0 0 0
strains W3110 mutagenicity-increase in
and pl478 zone of inhibition, mm
Chinese hamster Respone to cno~k1 test -f >100 >100 >100 >100
ovary cells for acute cytotoxicity :

ECso

ot measured,

by04 secondary effluent was extremely stimulatory to the growth of S. capricornutum,
c9§% confidence limits, ’

dECso determined with Daphnia pulecz.

©lCso not calculated since mortality data did not follow a normal dose-response relationship; effluent
did not appear to be acutely toxic.

fBCso not determinable; cytotoxicity procedure émploylng rabbit alveolar macroohage (RAM) used in Phase I.
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TABLE 46.

PLANT T EFFLUENT DESCRIPTIONS

Parameter

Secondary effluent

Tertlary effluent

Type 3 Type 5 Type b

Physical déscription

pH
Sallnity. 9/1

Specific conductivity,
pmhos/cm32

Phase 1 Phase 11
Clear, blue green Turbid, green-

with a moderate brown
amount of liquid
particulate,
nonchlorinated

7.4 7.1

M 0

NM 150

Turbid, dark Turbid, light Turbid yellow-

green green brown liquid
liquid liquid
3.5 7.2 7.2
o 0 0
700 1,500 700

8Not measured.



